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Abstract In this paper the use of the photothermal radiometry technique in the fre-
quency domain (PRTF) and the use of multivariate methods in the study of two types
of skin phantoms: (a) one in which skin pigmentation was simulated dyeing the gel
phantom and (b) the other consists of exposure of animal skin samples to different
degrees of thermal damage. In experiment (a), gel phantoms were prepared with dif-
ferent concentrations of methylene blue (MB). The mean values of the radiometry
signal (RS) show significant differences in only those cases in which changes in the
concentration of MB were higher than 0.38 mM. This result was confirmed with a t
test for independent samples of the data (p < 0.05). The mean values of the amplitude
and phase signal do not permit discrimination between phantoms with changes in
pigmentation equal to or lower than this value. However, principal component anal-
ysis (PCA) demonstrated that it is possible to discriminate between phantoms with
changes in molar concentration equal to 0.38 mM (for the phase signal). In the case
of experiment (b), the following four groups of pork skin samples were analyzed: one
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Registration of Intravascular Pressure Curves: 
Magneto-Mechanical Evaluation
Maldonado-Moreles, Martín A.; Córdova-Fraga, T.; Cano, M. E.; Solorio-Meza, Sergio E.; 
Sosa, M. A.
MEDICAL PHYSICS: Tenth Mexican Symposium on Medical Physics. AIP Conference Proceedings, 
Volume 1032, pp. 302-305 (2008).

In this work, graphs of the intravascular blood pressures at both the left primitive carotid 
artery and the left jugular vein are presented, by using a ``magneto-mechanical'' 
technique with pulse-pressure gauge, a device designed especially to register the 
magnetic flux variability of a magnetic marker placed superficially on the skin over a 
blood vessel. It is presented the implementation of a device used for registration of the 
magnetic induction generated by the periodical movements of a magnetic marker (MM) 
by using a magnetoresistive transductor, which is placed superficially on the skin (non-
invasive) over a blood vessel, at the cervical level in the path of the left carotid, identified 
by the amplitude of the arterial pulse.

Keywords: Blood flow in cardiovascular system, Blood-brain barrier, General theory and 
mathematical aspects, Therapeutic applications, Medical imaging: general
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Volume 1032, pp. 37-44 (2008).

Large intestine is part of the gastrointestinal tract with an average length, in adults, of 1.5 
m. The gold standard technique in clinical medicine is the colonoscopy. Nevertheless, 
other techniques are capable of presenting information on physiological processes which 
take place in this part of the gastrointestinal system. Three recent studies are discussed in 
this paper in order to make this information more widely available. The authors consider 
that the biomagnetic technique could be easily implemented in hospitals around the 
world. Options will be available for research and clinical medicine.

Keywords: Superconducting quantum interference devices, Magnetic resonance imaging, Ionizing-
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a b s t r a c t

Gastric motility (GM) has been assessed using bio-impedance (BI) techniques in the time domain using
short term recordings and analyzing mainly the median of the area under the fast Fourier transform
(FFT) spectra. The BI technique has been applied to the gastric system mainly for gastric emptying (GE)
studies. However, gastric motility evaluation using BI has not been fully implemented. In this study, we
propose the use of the BI technique for the evaluation of gastric motility considering global features of the
fast FFT spectra. The study was performed in eleven healthy subjects who were evaluated in fasting and
postprandial conditions. The results indicate that the use of the median of the area under the FFT spectra
is equivalent to the use of the main peak of the spectra to determine the changes in gastric motility from
7.19.rf

eywords:
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mptying

the fasting to the postprandial state. This demonstrates that BI is a valid technique for gastric motility
evaluation in short time recordings.

© 2009 IPEM. Published by Elsevier Ltd. All rights reserved.
io-impedance
ime domain

. Introduction

The mechanical movement of the stomach or gastric motil-
ty (GM) consists of peristaltic waves caused by ring contractions
hrough the distal gastric wall due to mioelectrical activity. The
astric mioelectrical activity has an average frequency of three
ycles per minute (cpm), 2.5–3.75 cpm in normal conditions [1];
M has similar frequency due to such stimulation [2]. Frequencies
f GM higher than 3.75 cpm are considered as a tachygastric condi-
ion. Similarly, lower frequencies for GM are known as bradygastria
<2.5 cpm). The purpose of these gastric movements is to facilitate
ood processing and gastric emptying (GE). Both phenomena, GM
nd GE, have been monitored in clinical settings, using a great vari-
ty of methods. For example, in the assessment of the GE, one of

he most common methods used is scintigraphy. This method has
ecome the gold standard for GE assessment, and in this way could
e considered an indirect method of measuring GM [3]. Among
he direct techniques, antro duodenal manometry uses a catheter
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with pressure sensors to measure the intensity and frequency of
motility in a specific region of the gastrointestinal (GI) tract. Elec-
trogastrography records myoelectrical impulses through cutaneous
or internal sensors on either side of the gastric wall. Manometry and
electrogastrography have been compared [4] and show poor corre-
lation over time due to the fact that the electrical impulses do not
always result in movement. Ultrasonography is another technique
used for the measurement of GM and GE. It works best when used
to assess the passage of liquids, but has the advantage of being non-
invasive [3]. In both GM and GE assessments, the balance between
invasiveness and sensitivity is not always easy to maintain. Cur-
rently, the techniques to evaluate GE and GM are active areas of
research [5,6].

In the evaluation of GM and GE, the bio-impedance (BI) tech-
nique may be a useful method for clinical assessment because it
is non-invasive, easy to administer, and straightforward to inter-
pret. Both epigastric impedance and electrogastrography generate
a data set consisting of information from the whole GI sensitive
region. In the BI technique, the conductivity and resistivity are used

as the principal variables. This technique has been reported [7] for
GE assessments since 1985. These GE evaluations using the BI tech-
nique are performed during long and continuous periods of time,
recording the amplitude of the impedance or conductance of the
gastric region by assessing its general behavior over time. Although
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R. Hidalgo-Álvarez,1 and V. Trappe5,†

1Grupo de Fı́sica de Fluidos y Biocoloides, Departamento de Fı́sica Aplicada, Universidad de Granada, 18071 Granada, Spain
2Departamento de Fı́sica, Cinvestav-IPN, 07360 México Distrito Federal, Mexico
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Suspensions of charged liposomes are found to exhibit typical features of strongly repulsive fluid

systems at short length scales, while exhibiting structural heterogeneities at larger length scales that are

characteristic of attractive systems. We model the static structure factor of these systems using effective

pair interaction potentials composed of a long-range attraction and a shorter range repulsion. Our

modeling of the static structure yields conditions for dynamically arrested states at larger volume

fractions, which we find to agree with the experimentally observed dynamics.

DOI: 10.1103/PhysRevLett.102.018301 PACS numbers: 82.70.Dd, 81.05.Kf

Charged colloids have been extensively used as model
systems to study the static and dynamic properties of
strongly interacting particles in both in- and out-of-
equilibrium states [1]. In many cases their phase behavior
could be described by the well established Derjaguin-
Landau-Verwey-Overbeek theory [2]; a theory that consid-
ers the interactions between charged colloids to be deter-
mined by repulsive screened Coulomb interactions. More
recently, however, experimental and theoretical investiga-
tions of highly charged colloidal suspensions showed evi-
dence for the existence of effective long-range attractions
between like-charged particles (for a review see [3]). In
particular, structural investigations reporting gas-crystal
and gas-liquid coexistence associated to the formation of
voids [4] led to controversial discussions on the limitation
of the Derjaguin-Landau-Verwey-Overbeek theory.
Despite the enhanced efforts in understanding the origin
of these phenomena, our comprehension of the phase
behavior of highly charged colloidal systems remains far
from complete. In particular, implications of effective
attractions on the dynamical properties of charged colloids
remain to be addressed.

In this Letter we report on an experimental investigation
of the volume fraction dependent structural and dynamic
properties of charged liposome suspensions at quasideion-
ized conditions. For all volume fractions investigated, the
suspensions are characterized by structural heterogeneities
at large length scales, while exhibiting typical features of
strongly repulsive, disordered fluid systems at shorter
length scales. We successfully model the static structure
factor by effective pair interaction potentials that comprise
a long-range attraction and a shorter range repulsion. This
modeling reveals an unusual development of the effective
particle-particle interactions with volume fraction. In par-
ticular, the position of the repulsive barrier ceases to de-

crease at large volume fractions, which causes a dynamic
arrest of the system. Our findings indicate that in highly
charged colloidal systems the formation of structural het-
erogeneities and the dynamic arrest have a common origin.
Our liposomes are composed of phosphatidylserine (PS)

and egg phosphatidylcholine (PC) at a ratio of PS=PC� 1.
They are prepared by using the technique described in
Ref. [5], yielding unilamellar vesicles with a mean diame-
ter of d ¼ 120� 12 nm as determined by static and dy-
namic light scattering. For the pH conditions used in this
study (pH� 7) the zwitterionic phospholipid PC is un-
charged, such that the total surface charge of the liposome
is determined by the monovalent ionic phospholipid PS.
We estimate the number of dissociated charges to be
�2000 electrons per particle. Because of the small size
and high surface charge, shape fluctuations are insignifi-
cant, such that our vesicles can be considered as charged
spherical colloids. We prepare suspensions with volume
fractions ranging from � ¼ 0:009 to � ¼ 0:12. To ensure
the lowest possible ionic strength, we seal the suspensions
in contact with a mixed bed of ion exchanger resin in
cylindrical quartz cells 5 days prior to our light scattering
experiments. Such treatment with an ionic exchange resin
results for pure water in a reduction of the ionic strength
from 10�5 to 10�6M. None of our samples exhibit the
typical iridescence, which is usually observed when
charged colloids organize into crystals at low ionic
strength. Instead, for � up to 0.06 we observe that the
viscosity gradually increases during a few hours after the
liposome dispersion has been put into contact with the
resin. For the two largest � investigated, � ¼ 0:09 and
� ¼ 0:12, we find a strikingly different behavior. Shaking
up the just prepared mixture of dispersion and resin trans-
forms the sample into an elastic solid that withstands even
rigorous shaking. Upon addition of a small quantity of a
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Diffusion in two-dimensional colloidal systems on periodic substrates
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We study the diffusive behavior of two-dimensional charged colloidal suspensions subjected to a sinusoidal
substrate by means of Brownian dynamics simulations. We mainly focus on the dependence of the mean-square
displacement on the substrate strength. Our findings show a variation in the particle diffusion due to a
substrate-induced distortion of the dynamic cage of nearest-neighbor colloids. This mechanism leads to a
transition from normal diffusion at short times to subdiffusion on intermediate time scales. However, at long
times normal diffusion is recovered. We also show that the variation in the long-time self-diffusion coefficient
may be associated with the freezing and re-entrant melting transitions.

DOI: 10.1103/PhysRevE.79.041407 PACS number�s�: 82.70.�y, 61.20.�p

I. INTRODUCTION

The study of transport properties in restricted dimensions
is crucial to understand dynamical processes that occur in
confinement conditions. For example, studies of Brownian
particles in narrow channels, where no mutual passage is
possible, have elucidated the activation of dynamic modes
responsible for a subdiffusive process known as single-file
diffusion �1–4�. Also, the study of the dynamical properties
of noninteracting particles on solid surfaces has explained
the anomalous diffusion in crystalline substrates �5,6�. Fur-
thermore, the dynamics of biological motors and macromol-
ecules occurs usually under confinement, i.e., heterogeneous
substrates or cell membranes �7,8�.

Generally speaking, the dynamics in confinement depends
on the substrate-particle interaction, i.e., the topology of the
substrate, the particle-particle interaction, temperature, and
particle density. Basically, both interactions define the ener-
getic landscape where particles diffuse. In atomic systems, it
is difficult to quantify such energetic landscape. However,
micron-sized particles, i.e., colloids, are ideal candidates for
studying diffusion of interacting particles in external poten-
tials since the energetic landscape can be easily controlled
�9�. In particular, in the last few years two-dimensional �2D�
colloidal systems created artificially by confining the colloids
between two glass plates or two media �e.g., air-water inter-
face� �10,11� have served as fascinating and well-controlled
model systems to study phenomena such as freezing �12�, the
controversial chargelike attraction �13�, and many-body ef-
fective interactions �14�, among others.

From both theoretical and experimental points of view,
the 2D colloidal systems exposed to periodic laser fields
have been the focus of extensive investigations. Since the
pioneering work of Chowdhury et al. �15�, such systems
have been found to exhibit a rich phase behavior with a
solidlike order that depends on both the suspension proper-
ties and the substrate parameters, e.g., strength and periodic-
ity �16,17�. Related research also deals with topics such as
strain-induced domain formation �18�, laser-induced freezing
�LIF�, and melting �19–23�.

Although the phase behavior of 2D colloids exposed to
light forces is well understood, less is known about the cor-
responding dynamical properties. A few works reported in
such direction show a rich variety of pinned and dynamic
states including pinned smectic, pinned buckled, two-phase
flow, and moving partially ordered structures �24,25�. None-
theless, the dependence of the mean-square displacement
�MSD� on the substrate strength has not been analyzed in
detail. The MSD is a suitable quantity for studying the dy-
namical behavior at different time scales. Recently, the MSD
of a single Brownian particle in random and quasicrystalline
potentials has been investigated �26�. Interestingly,
Schmiedeberg et al. �26� demonstrated that although quasic-
rystalline potentials exhibit long-range positional order the
nonequilibrium Brownian motion is very similar to the mo-
tion in a random substrate.

In this work, the MSD �W�t�� of charged colloids in
monolayers subjected to sinusoidal-like substrates with a
commensurability ratio p=1 is measured by means of
Brownian dynamics �BD� simulations. With the increasing of
the substrate strength, we observe a transition from normal
diffusion, W�t�� t, at short times to subdiffusion at interme-
diate times, W�t�� t�, described by a variable exponent �.
Such transition is explained in terms of a substrate-induced
distortion of the dynamic cage of nearest-neighbor colloids.
At long times normal diffusion is recovered, i.e., �=1, with
a self-diffusion coefficient that varies with the substrate
strength and becomes smaller than that of the free-particle
diffusion coefficient. We particularly show that the variation
in the MSD at long times may be associated with the freez-
ing and the re-entrant melting transitions �15,20,22�.

The paper is organized as follows. In Sec. II, we describe
the two-dimensional colloidal model system and the Brown-
ian dynamics simulation technique. We also review the struc-
tural and dynamic properties in the substrate-free case. In
Sec. III, the MSD and the average energy per particle as
function of the substrate strength are discussed. Finally, the
paper ends with concluding remarks.

II. MODEL SYSTEM, BROWNIAN DYNAMICS
SIMULATION, AND SUBSTRATE-FREE CASE

A. Model system and Brownian dynamics simulation

Let us consider a two-dimensional system consisting of N
particles and a particle number density �=N /A, with A being*ramoncp@fisica.ugto.mx

PHYSICAL REVIEW E 79, 041407 �2009�
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a b s t r a c t

In this paper we present a molecular thermodynamics approach for the modeling of adsorption isotherms
of asphaltenes adsorbed on Berea sandstone, Bedford limestone and dolomite rock, using a model for
bulk asphaltenes precipitation and a quasi-two-dimensional approach for confined fluids [E. Buenrostro-
González, C. Lira-Galeana, A. Gil-Villegas, J. Wu, AIChE J., 50 (2004) 2552–2570; A. Martínez, M. Castro,
C. McCabe A. Gil-Villegas, J. Chem. Phys. 126 (2007) 074707, respectively], both based on the Statistical
Associating Fluid Theory for Potentials of Variable Range [A. Gil-Villegas, A. Galindo, P.J. Whitehead, S.J.
Mills, G. Jackson, A.N. Burgess, J. Chem. Phys. 106 (1997) 4168–4186]. The theory is applied to model
adsorption isotherms from experimental data of asphaltenes extracted from a dead sample of heavy
crude oil from a Mexican reservoir. The theoretical results give the right Langmuir Type II adsorption
isotherms observed experimentally. The model requires the determination of ten molecular parameters
related to the size of the particles and the square-well potentials used to describe the particle–surface and
particle–particle interactions at the bulk and adsorbed phases. Nine parameters are taken from previous

published results about the behavior of asphaltenes in bulk phases and the adsorption of several molecular
fluids onto activated carbon and graphite surfaces. The remaining parameter, the energy strength of the
particle–surface interaction, is adjusted to reproduce the experimental data, obtaining values that are
consistent with Molecular Mechanics calculations for asphaltenes adsorbed on different surfaces and
solutions. Although the agreement between theory and experiments shows some deviations at low bulk
concentrations, the model reproduces adsorption data at high concentrations where other semi-empirical

approaches fail.

. Introduction

Asphaltenes adsorption on reservoir rocks modifies the relative
roportions of the total pores surface area which are in contact with
he formation fluids [1,2], and reservoir wettability is a major fac-
or controlling the location, fluid distribution, and flow properties
f the system [3,4]. The subject of surfactant adsorption on polar
urfaces from non-polar and weakly polar non-aqueous solutions is
argely unexplored [5], and in the case of adsorption of asphaltenes,

he nature of those processes is still not understood [1,6–9].

The liquid phase adsorption is a very complex phenomenon
ue to the presence of solvent molecules, formation of molecu-

ar aggregates, irregular packing and multilayer coverage [8,10]. In

∗ Corresponding author. Tel.: +52 4777885100x8415;
ax: +52 4777885100x8410.

E-mail addresses: mgcastro13@gmail.com (M. Castro), jlmendoz@imp.mx (J.L.M.
e la Cruz), ebuenro@imp.mx (E. Buenrostro-Gonzalez), slopezr@imp.mx (S. López-
amírez), gil@fisica.ugto.mx (A. Gil-Villegas).
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© 2009 Elsevier B.V. All rights reserved.

the case of asphaltenes, the extent of their adsorption on mineral
surfaces relies on an important way on their tendency to aggre-
gate and separate from the crude oil in response to changes in oil
solvency.

Asphaltenes are the most heavy and polar fraction in the crude
oil. The asphaltene fraction is formed by many series of relatively
large molecules containing aromatic rings, several heteroaromatic
and napthenic ring plus relatively short paraffinic branches [11,12].
The adsorption of asphaltenes on solids is the result of favorable
interactions of the asphaltene species or its aggregates with chem-
ical species on or near the mineral surface. Different interparticle
forces are responsible of this effect, individually or due to the inter-
play between them. The major forces that can contribute to the
adsorption process are electrostatic, charge transfer, van der Waals,
hydrogen-bonding and steric interactions [4,13,14].
Adsorption of asphaltenes on various dry mineral surfaces
has been the subject of many investigations [15]. As a result of
these studies, both monolayer [1–4,16–18] and multilayer [4,5,7,8]
adsorption behavior have been reported, depending on the sol-
vent and source of asphaltenes used in experiments. For studies

http://www.sciencedirect.com/science/journal/03783812
http://www.elsevier.com/locate/fluid
mailto:mgcastro13@gmail.com
mailto:jlmendoz@imp.mx
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mailto:gil@fisica.ugto.mx
dx.doi.org/10.1016/j.fluid.2009.08.009


High Resolution Electronic Spectroscopy of o- and m-Toluidine in the Gas Phase.
Barrier Height Determinations for the Methyl Group Torsional Motions†
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High resolution electronic spectra of o- and m-toluidine have each been recorded for the S1rS0 origin band
transitions of the isolated molecules. Each spectrum is split into two sub-bands owing to tunneling motions
along the methyl group torsional coordinate. Analyses of these data provide information about the preferred
configurations of the methyl groups and the barriers opposing their motions in both the ground and excited
electronic states. Despite their apparent similarities, the experiments reveal that these properties are quite
different in the two molecules. Possible reasons for this behavior are discussed.

I. Introduction

The subject of internal rotation has been studied extensively
for many years, especially concerning molecules containing an
attached methyl group.1-8 Of particular interest is the effect that
different neighboring groups have on the potential barrier heights
of a methyl group attached to a benzene ring. In toluene itself,
internal rotation of the methyl group is relatively free in both
the ground electronic state (S0) and the lowest excited electronic
state (S1). The measured barriers are ∼5 and ∼25 cm-1,
respectively.6 However, substitution of a second ring hydrogen
atom with a methoxy group changes this situation dramatically.
A recent study of 2- and 3-methylanisole7 showed that the
methyl group internal motions are significantly more rigid in
one of the electronic states and less rigid in the other, with the
corresponding barriers depending on the positions of the two
groups relative to one another.

In this contribution, we report on a similar study of 2- and
3-methylaniline (o- and m-toluidine) in which an amino group
replaces the methoxy group in the methylanisoles. This problem
has been addressed before by Ito and co-workers2 using low
resolution fluorescence excitation spectroscopy (FES). These
studies showed that the potential barrier of the methyl rotor in
o-toluidine is very large in the ground state but very small in
the first excited electronic state. The opposite behavior was
observed for m-toluidine with nearly free internal rotation in
the ground state and much more rigid internal rotation in the
excited state. Okuyama et al.2 found no change in conformation
of the methyl group upon excitation in either o- or m-toluidine.
It is the goal of the present work to determine if these
conclusions are correct and to explore in greater detail the factors
that might be responsible for these remarkable effects. Our tool
is high resolution FES, as in the case of the methylanisoles.7

II. Experimental Section

Both o-toluidine and m-toluidine were purchased from Sigma
Aldrich and used as received. Rotationally resolved S1rS0

excitation spectra were recorded using the molecular beam laser
spectrometer described elsewhere.9 Briefly, samples were heated

to ∼45 °C in a quartz source, seeded in dry argon gas (>90%
purity), and then expanded through a 240 µm tip nozzle. The
expansion was skimmed ∼2 cm downstream with a 1 mm
diameter skimmer to form a molecular beam and then crossed
15 cm downstream of the nozzle with a laser beam operating
in the UV. The laser radiation was generated by a ring dye laser
operating in the visible (Rhodamine 590 dye) whose output was
externally doubled using a Wavetrain frequency doubler (572
and 600 BBO nm crystals) to produce ∼2 mW of UV radiation
with a line width of ∼1 MHz. Fluorescence was collected with
spatially selective optics and detected by a photon counting
system and a PMT. All spectra were recorded using the jba95
data acquisition software.10 Typical scan lengths were 4 cm-1

over 1000 s. The I2 absorption spectrum was used to determine
the absolute transition frequencies of the excitation spectrum
to an accuracy of (30 MHz. A stabilized etalon was used to
produce relative frequency markers having a mode-matched free
spectral range of 599.5040 ( 0.0010 MHz in the UV, corre-
sponding to a free spectral range of 299.7520 ( 0.0005 MHz
in the visible. The resulting spectra were fit using the jb95 least-
squares fitting program.11

Theoretical calculations were performed using the Gaussian
03 suite of programs12 to supplement the experiments. Geometry
optimizations of both o-toluidine and m-toluidine in the ground
state were performed at the MP2 level of theory with a 6-31G**
basis set. Configuration interaction singles (CIS) calculations
with a 6-31G** basis set were performed on the excited state.

III. Results

Figure 1 shows the vibrationally resolved fluorescence
excitation spectra of o-toluidine and m-toluidine obtained by
Ito and co-workers.5 In this figure, a labeling scheme of the
vibrational bands 0a1, 1e, 2e, and so forth is used where a
number indexes the upper state torsional levels and a letter
designates their symmetries. In the infinite barrier limit, the
levels 0a1 and 1e, 2e and 3a1, and so forth are degenerate.
Reduction of this barrier leads to a methyl group tunneling
motion that lifts the degeneracy of the 0a1, 1e; 2e, 3a1; and so
forth levels in both electronic states. The origin band of
o-toluidine appears at 34316.9 cm-1, red shifted with respect
to toluene by more than 3000 cm-1. The origin band of
m-toluidine is red shifted by an even larger amount, appearing
at 33820.2 cm-1. As assigned by Okuyama et al.,4 the 1e band
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is blue shifted with respect to the 0a1 band for o-toluidine but
is red-shifted with respect to the 0a1 band for m-toluidine. These
assignments suggest that the potential barriers for the methyl
group torsional motion in both electronic states are significantly
influenced by the relative positions of the methyl and amino
groups on the benzene ring.

High resolution experiments have been performed to validate
these conclusions. Figure 2 shows the rotationally resolved
S1rS0 fluorescence excitation spectrum of band 0a1 in o-
toluidine. The spectrum spans approximately 2.9 cm-1 and
exhibits both a- and b-type transitions. The spectrum was fit
using rigid-rotor Hamiltonians13 for both electronic states,
confirming its identity as the 0a1 vibronic band. First, a simulated
spectrum was generated using estimated rotational constants
from the ab initio calculations. Single transitions from the
simulated spectrum were then assigned to corresponding transi-

tions in the experimental spectrum, using the fitting program
jb95.11 A linear least-squares fitting procedure was finally used
to optimize the rotational constants from a comparison of the
observed and calculated transitions. The bottom of Figure 2
shows a portion of the fit spectrum, where a standard deviation
of 1.40 MHz was obtained by fitting 135 lines. The band was
found to be a hybrid band, having 59% a-type and 41% b-type
transition character. The spectrum was fit using a Voigt line
shape profile for individual transitions with Gaussian widths of
20 MHz and Lorentzian widths of 38 MHz, corresponding to a
fluorescence lifetime of τ ) 4.2 ns. Table 1 lists all of the inertial
parameters obtained from the fit of the spectrum.

Band 1e of o-toluidine located at 34320.2 cm-1 is shown in
Figure 3 and spans approximately 2.8 cm-1. Unlike the 0a1 band
in this molecule, the high resolution spectrum of the 1e band
in o-toluidine exhibits further splittings of the individual
rovibronic transitions into two components. This confirms its
identity as the 1e band. The normally degenerate rovibronic
transitions in this band are coupled by the torsion-rotation
interaction, leading to a K-dependent splitting in the high
resolution spectrum.14 These splittings are described by the

Figure 1. Vibrationally resolved fluorescence excitation spectra of
o-toluidine (top) and m-toluidine (bottom) (ref 2).

Figure 2. Rotationally resolved fluorescence excitation spectrum of
the 0a1 band of o-toluidine with origin at 34316.9 cm-1. The lower
part of the figure shows an expanded view of the Q-branch region. In
this view, the upper trace is the experimental spectrum, and the lower
trace is the simulated spectrum. Individual lines represent the transitions
responsible for the spectrum. The band was fit using a Voigt line shape
profile.

TABLE 1: Rotational Constants of o-Toluidine in Its
Ground and Excited Electronic Statesa

parameter o-toluidine 0a1 o-toluidine 1eb theoreticalc

A′′ (MHz) 3230.9 (1) 3228.5 (1) 3243.6
B′′ (MHz) 2189.0 (1) 2189.1 (1) 2185.9
C′′ (MHz) 1316.8 (1) 1316.9 (1) 1318.7
∆A (MHz) -74.3 (1) -113.4 (1) -91.5
∆B (MHz) -1.8 (1) -8.3 (1) 21.1
∆C (MHz) -20.8 (1) -20.5 (1) -9.8
∆I′′ (amu Å2) -3.51 -3.65 -3.77
∆I′ (amu Å2) -1.21 -4.15 -3.21
TM angle to

a-inertial axis
(40(2)° (40(2)° +42°

a Numbers in parentheses are the standard deviations of the last
significant figure. b See Table 3 for additional information about the
first-order torsion-rotation perturbation coefficients that were used in
the fit of this spectrum. c Geometry optimization calculations done
at the MP2/6-31G** and CIS/6-31G** levels of theory.

Figure 3. Rotationally resolved fluorescence excitation spectrum of
the 1e band of o-toluidine with origin at 34320.2 cm-1. The lower part
of the figure shows an expanded view of the P-branch region. In this
view, the upper trace is the experimental spectrum, and the lower trace
is the simulated spectrum. Individual lines represent the transitions
responsible for the spectrum. The band was fit using a Voigt line shape
profile.

13222 J. Phys. Chem. A, Vol. 113, No. 47, 2009 Morgan et al.

http://pubs.acs.org/action/showImage?doi=10.1021/jp904023x&iName=master.img-000.png&w=238&h=205
http://pubs.acs.org/action/showImage?doi=10.1021/jp904023x&iName=master.img-001.jpg&w=238&h=201
http://pubs.acs.org/action/showImage?doi=10.1021/jp904023x&iName=master.img-002.jpg&w=239&h=180


following “non-rigid” rotor Hamiltonian for both electronic
states:3,13

Here, AE and BE are the effective rotational constants given
by

F is the internal rotor constant, WE
(1)and WE

(2) are the first- and
second-order perturbation terms, first written down by Hersch-
bach,15 and Fa and Fb are weighted direction cosines of the angle
between the axis of internal rotation and the a- and b-inertial
axes of the molecule, where Fa ) λa(IR/Ia). IR is the moment of
inertia of the methyl group, and r is a reduction factor

A portion of the fit spectrum of the 1e band of o-toluidine is
shown at the bottom of Figure 3; a standard deviation of 7.82
MHz was obtained from a fit of 100 lines. The inertial
parameters obtained from the fit of the spectrum are also listed
in Table 1. The inertial parameters obtained for the 1e band of
o-toluidine are consistent with those obtained by Kalkman and
Meerts.16

The rotationally resolved spectrum of the 0a1 band of
m-toluidine spans approximately 3.0 cm-1 and is shown in
Figure 4. No additional splittings appear in this spectrum. Hence,
it was fit using rigid-rotor Hamiltonians for both electronic
states, confirming its identity as an a1 vibronic band. The bottom
of Figure 4 shows a portion of the fit at full experimental
resolution; 153 lines were assigned and a standard deviation of
1.73 MHz was obtained. The spectrum was again fit with a Voigt
line shape profile with Gaussian widths of 20 MHz and

Lorentzian widths of 38 MHz, corresponding to a lifetime of τ
) 4.2 ns. The origin band of m-toluidine was also found to be
as hybrid band with 48% a-type and 52% b-type transition
character. The inertial parameters obtained from the fit of the
spectrum are listed in Table 2.

Figure 5 shows the rotationally resolved spectrum of the 1e
band of m-toluidine located at 33814.9 cm-1. As in the case of
the 1e band for o-toluidine, this band could not be fit using a
rigid-rotor Hamiltonian and required the addition of perturbation
terms. This is again a result of the torsion-rotation interaction
lifting the degeneracies of certain rovibronic transitions, con-
firming the identity of this vibronic band as the 1e band. The
Hamiltonian in eq 1 was again used to obtain a fit with a
standard deviation of 3.24 MHz for the 115 assigned lines. A
comparison of the simulated spectrum to the experimental shows
excellent agreement and can be seen in the bottom of Figure 5.
The inertial parameters obtained from the fit are also listed in
Table 2. Neither 1e band required the use of Watson distortion
terms in the fit.17

IV. Discussion

4.1. Ground and Excited State Conformers. Tables 1 and
2 list the ground and excited state rotational constants for both

Figure 4. Rotationally resolved fluorescence excitation spectrum of
the 0a1 band of m-toluidine with origin at 33820.2 cm-1. The lower
part of the figure shows an expanded view of the Q-branch region. In
this view, the upper trace is the experimental spectrum, and the lower
trace is the simulated spectrum. Individual lines represent the transitions
responsible for the spectrum. The band was fit using a Voigt line shape
profile.

Heff
E ) AEPa

2 + BEPb
2 + CPc

2 + FWE
(1)(FaPa + FbPb) (1)

AE ) A + FWE
(2)Fa

2, BE ) B + FWE
(2)Fb

2 (2)

r ) 1 - ∑ (λg
2IR/Ig), g ) a, b, c (3)

Figure 5. Rotationally resolved fluorescence excitation spectrum of
the 1e band of m-toluidine with origin at 33814.9 cm-1. The lower
part of the figure shows an expanded view of the Q-branch region. In
this view, the upper trace is the experimental spectrum, and the lower
trace is the simulated spectrum. Individual lines represent the transitions
responsible for the spectrum. The band was fit using a Voigt line shape
profile.

TABLE 2: Rotational Constants of m-Toluidine in Its
Ground and Excited Electronic Statesa

parameter m-toluidine 0a1 m-toluidine 1eb theoreticalc

A′′ (MHz) 3701.3 (1) 3700.2 (1) 3637.7
B′′ (MHz) 1795.9 (1) 1795.4 (1) 1796.3
C′′ (MHz) 1210.4 (1) 1210.3 (1) 1211.5
∆A (MHz) -164.7 (1) -164.9 (1) -46.5
∆B (MHz) -7.1 (1) -7.0 (1) 9.0
∆C (MHz) -12.9 (1) -12.9 (1) -1.3
∆I′′ (amu Å2) -0.414 -0.508 -3.12
∆I′ (amu Å2) -3.40 -3.50 -3.06
TM angle to

a-inertial axis
(46(2)° (46(2)° +45°

a Numbers in parentheses are the standard deviations of the last
significant figure. b See Table 3 for additional information about the
first-order torsion-rotation perturbation coefficients that were used in
the fit of this spectrum. c Geometry optimization calculation done at
the MP2/6-31G** and CIS/6-31G** levels of theory.
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origin bands of o-toluidine and m-toluidine, respectively, along
with the corresponding theoretical values. Comparisons between
the theoretical and experimental rotational constants of both
molecules confirm their respective identities. It can be seen that
the set of rotational constants obtained for both o- and
m-toluidine are very different from one another.

These differences in the values of the ground and excited
rotational constants can be easily understood from Figure 6,
which depicts the ground state molecular structures of o- and
m-toluidine in their ab inertial planes. The a and b axes are
rotated with respect to their “canonical” positions owing to the
simultaneous presence of the -NH2 and -CH3 groups. In
o-toluidine, the a axis lies between the two substituents, passing
through the connecting ring C-C bond, whereas in m-toluidine,
the b axis lies between them, passing through the adjacent C-H
bond. As a result, the -NH2 group in m-toluidine lies closer to
the a inertial axis, giving it the larger A value. Correspondingly,
the -NH2 group in o-toluidine lies closer to the b axis, giving
it the larger B value. The C value of o-toluidine is larger than
that of m-toluidine owing to the displacement of its COM
relative to the center of the ring.

The ground state inertial defect values of the 0a1 and 1e
methyl torsional bands in o-toluidine are close to the value
expected for an attached methyl group (-3.30 amu Å2), -3.51
and -3.65 amu Å2, respectively. (The slightly more negative
values of ∆I can be attributed to some nonplanar character of
the attached -NH2 group.) However, the inertial defect values
of the 0a1 and 1e methyl torsional bands in m-toluidine are
significantly less in magnitude, -0.414 and -0.508 amu Å2,
respectively. Moreover, the ∆I value of the 0a1 level in
o-toluidine decreases in magnitude to -1.21 amu Å2, the ∆I
value of the 1e level in o-toluidine increases in magnitude to
-4.15 amu Å2, and the ∆I values of the 0a1 and 1e level in
m-toluidine increase in magnitude to -3.40 and -3.50 amu Å2,
respectively, when the molecules are excited to their S1 states.

Figure 6 also shows the S1rS0 transition moment (TM)
orientations in the inertial frames of both molecules. Two
orientations are possible, making angles of approximately θ )
(45° with respect to a in both o- and m-toluidine. Taking θ to
be negative orients the TM vector approximately parallel to the
C-N bond in both molecules, whereas taking θ to be positive
orients the TM vector approximately perpendicular to the C-N
bond in both molecules. If the S1 states of o- and m-toluidine
are both Lb states, then the perpendicular orientation is expected
if the -NH2 group is the “dominant” substituent.

The molecular orbitals (MOs) that participate in the S1rS0

transitions of the two molecules are shown in Figure 7, together
with the corresponding MOs of toluene and aniline. Each
transition is predicted by theory to be primarily highest occupied
molecular orbital (HOMO)-lowest unoccupied molecular or-
bital (LUMO) in nature. But the relevant MOs in o- and
m-toluidine are clearly much more similar to those of aniline
than to those of toluene. The TM orientations are also similar,

as is clear from Figure 7. Thus, we conclude that the amino
group is the dominant substituent in the two molecules, and
that the S1rS0 TM vector is oriented approximately perpen-
dicular to the C-N bond in both species.

Experimental confirmation of this conclusion can be done
using an analysis first carried out by Plusquellic and Pratt.18 If
we take the inertial axis frames to be those shown in Figure 6,
we know that the torsion-rotation parameters Da and Db, and
Fa and Fb must have the same signs in this configuration (cf.
Table 3). Therefore, either Fa > 0 and Fb > 0 or Fa < 0 and Fb

< 0, depending on the sense of rotation of the methyl rotor
relative to its own C3 axis. It has been found in the previous
study that the line positions in the computed ETE torsional
bands are insensitive to the choice of signs, but that the
calculated line intensities are sensitive to choice of signs.
Therefore, the correct relative intensities of the a- and b-type
lines would be given by either Fa > 0 and Fb > 0 or Fa < 0 and
Fb < 0 if θTM > 0, and Fa < 0 and Fb > 0 or Fa > 0 and Fb < 0
if θTM < 0. Since we know that Fa and Fb must have the same
signs, we can deduce that the θTM must be positive, which is
also the sign choice that gives the correct relative intensities.
Theory agrees with these determinations (Tables 1 and 2).

Upon excitation, both molecules exhibit a large decrease in
the A rotational constant and much smaller decreases in B (and
C); ∆A ∼ -100 and ∆B ∼ -10 MHz in o-toluidine and ∆A ∼
-150 and ∆B ∼ -10 MHz in m-toluidine. Aniline, by contrast,

Figure 6. Ground-state structures and S1rS0 TM orientation vectors
in the o- and m-toluidines.

Figure 7. Frontier molecular orbitals calculated at the CIS/6-31G(d,p)
level of toluene, o-toluidine, m-toluidine, and aniline. All transitions
are primarily HOMOfLUMO.

TABLE 3: First-Order Torsion-Rotation Perturbation
Coefficients in the Hamiltonian and Deduced Barrier
Heights for e-Symmetry Torsional Bands in o- and
m-Toluidinea

parameter o-toluidine 1e band m-toluidine 1e band

Da′′ (MHz) 0.23b 6406.1 (1)
Db′′ (MHz) 0.069b 1719.7 (1)
W(1)′′ 7.64 × 10-5 1.911
s′′ 59.202 0.769
V3′′ (cm-1) 703b 9.45
Da′ (MHz) 2628.4 (1) 21.5 (1)
Db′ (MHz) 1004.7 (1) 26.4 (30)
W(1)′ 0.873 0.006
s′ 3.702 27.269
V3′ (cm-1) 44.9 322

a Numbers in parentheses are the standard deviations of the last
significant figure. b Torsion-rotation terms derived from an assumed
barrier height of 703 cm-1 (ref 2).
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has ∆A ∼ -300 and ∆B ∼ +40 MHz.19 The changes in aniline
have their origin in a quinoidal distortion of the S1 state; the
“perpendicular” C-C ring bonds are longer than the “parallel”
ones. The smaller (in-magnitude) values ∆A and ∆B in the
toluidines, in which similar distortions are occurring, may be
attributed to the tilts of their inertial axes with respect to those
of aniline. Curiously, the values of ∆A and ∆B are significantly
different in the 0a1 and 1e torsional levels of the S1 state of
o-toluidine.

4.2. Methyl Torsional Barriers. The torsional parameters
Dg() FWE

(1)Fg, g ) a, b, c) obtained from the fits of the 1e
bands of o- and m-toluidine are listed in Table 3. Using
Herschbach’s tables, both the reduced barrier heights (s) and
the corresponding 3-fold barriers V3() (9/4)F · s) could be
calculated. Because of the very large barrier in the ground
electronic state, values of the torsion-rotation terms for o-
toluidine in the S0 state were not experimentally measured.
Instead, they were calculated from the barrier height of V3′′ )
703 cm-1 obtained by Okuyama et al.2 (Barrier heights much
larger than 500 cm-1 do not produce measurable perturbations
at our experimental resolution.) A reduced barrier height of
59.202 was calculated and the first-order perturbation coefficient
(WE

(1) ) 7.64 × 10-5) was obtained through interpolation,
yielding torsion-rotation terms of Da ) 0.23 and Db ) 0.069
MHz. In the S1 state, the torsion-rotation terms were found to
be much larger and could be determined by experiment (Da )
2628.4 and Db ) 1004.7 MHz). The reduced barrier height was
obtained through interpolation of the first-order perturbation
coefficient (WE

(1) ) 0.873) and a value of 3.702 (V3
′ ) 44.89

cm-1) was calculated.
Interestingly, the opposite behavior was observed in m-

toluidine, where the torsion-rotation terms in the S0 state are
quite large (Da ) 6406.1 and Db ) 1719.7 MHz) but much
smaller in the S1 state (Da ) 21.5 and Db ) 26.4 MHz). This
resulted in calculated reduced barrier heights of 0.769 (V3 )
9.45 cm-1) in the ground state and 27.269 (V3

′ ) 322.23 cm-1)
in the excited state. These results are consistent with the finding
that the 1e band is blue shifted with respect to the 0a1 origin
band in o-toluidine and red shifted in m-toluidine. The corre-
sponding potential energy curves for both o- and m-toluidine
are shown in Figure 8.

As mentioned earlier, the observed inertial defect values of
o-toluidine in the excited state (∼-1.2 amu Å2) and m-toluidine
in the ground state (∼-0.5 amu Å2) are much smaller than the
expected value for a methyl group attached to an aromatic plane
(-3.3 amu Å2). It can be seen that the small inertial defect values
occur whenever the 3-fold potential barrier heights are small,
while the expected and larger values occur when the barrier
heights are much larger. This general trend has been observed
before, most notably in 2- and 3-methylanisole.3 Because of
the planarity of the ring to which the methyl group is attached,
the inertial defect is zero in the free rotor limit for an internal
rotor that is collinear with an inertial axis of the molecule. This
also holds to a good approximation for an arbitrary orientation
of the symmetry axis of the methyl group in the symmetry plane
of the molecule.20 The smaller the barrier height, the more the
inertial defect value approaches zero, as observed in both
molecules.

The barrier heights obtained for the ground and excited states
of both molecules are consistent with those measured by
Okuyama et al.2

4.3. Origins of the Torsional Barriers. As has been
previously shown in the methylpyrimidines2 and the methy-
lanisoles,3 the preferred configuration (staggered or eclipsed)
and the potential energy curve along the torsional coordinate
have their origins in two factors, the position of the methyl group
relative to other ring substituents and differences in the π-bond
orders of the adjacent C-C bonds. (The staggered and eclipsed
configurations are shown below in Scheme 1, where S denotes
the attached substituent in the plane of the benzene ring.)
According to theory, the methyl group in o-toluidine is
staggered, whereas the methyl group in m-toluidine is eclipsed,
in the electronic ground states of the two molecules. The

Figure 8. Torsional energy curves of o-toluidine (left) and m-toluidine (right).

SCHEME 1
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staggered configuration of the methyl group in o-toluidine can
be attributed to both factors. There is a repulsive steric
interaction of the in-plane hydrogen atom with the amino group,
and the C2-C3 bond has a higher π-bond order than the C1-C2

bond. (The C1-C2 bond is 1.18 pm longer than the C2-C3

bond.) The repulsive steric interaction is absent in m-toluidine,
so the small preference for the eclipsed conformation of the
methyl group in this molecule can be traced to the slightly higher
π-bond order of the C2-C3 bond. (The C3-C4 bond is 0.02 pm
longer than the C2-C3 bond.)

Excitation of the two molecules to their S1 states has a
significant impact on the methyl rotor potentials, owing to a
quinoidal distortion of the aromatic ring. Thus, in m-toluidine,
this results in a larger difference of the S1 π-bond orders of the
adjacent C-C bonds. The difference between the C2-C3 and
C3-C4 bond lengths is now about 0.14 pm, an increase of 0.12
pm. This further stabilizes the eclipsed form and produces a
significant increase in the magnitude of the barrier height, V3(S0)
) 9.45 f V3(S1) ) 322 cm-1. In o-toluidine, the difference
between the C1-C2 and C2-C3 bond lengths is now 0.86 pm
on excitation of the S1 state, a decrease of about 0.3 pm.
Therefore, the staggered form is still favored in the S1 state but
there is a significant decrease in the magnitude of the barrier
height, V3(S0) ) 703 f V3(S1) ) 44.9 cm-1. Some reduction
in the magnitude of the repulsive term also would be expected,
since all C-C bonds in the S1 state are longer than in the S0

state. Thus, light-induced changes in the π-electron distributions
of the aromatic rings have a major impact on the preferred
geometries and dynamic behaviors of the attached methyl
groups.

5. Conclusions

Rotationally resolved S1rS0 fluorescence excitation studies
of o- and m-toluidine have been performed. Analysis of the
results reveals that the amino group is the dominant substituent
in the electronic transition; the S1rS0 transition moment is
essentially perpendicular to the position of attachment of this
group in both molecules. The resulting S1 states have signifi-
cantly different π-electron distributions in the aromatic ring,
compared to the ground states. As a consequence, the preferred
configurations and potential barriers that govern the motion of
the attached methyl groups in the two molecules are quite
different.
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Aplicaciones Interdisciplinarias entre Física, 
Medicina y Psicología
José María De la Roca-Chiapas*,*****, Teodoro Cordova-Fraga**, Gloria Barbosa Sabanero***, 
J. Humberto Macías de la Cruz****, M.E. Cano******, Aleph Pacheco Hain**, Antonio Rivera 
Cisneros*, Silvia Solís*** y Modesto Sosa**.

INTRODUCCIÓN

El presente trabajo muestra de manera sucinta la importancia de las relaciones interdisciplinarias, así como 
los métodos por los cuales se ha llegado a resultados de investigación. El  abordaje de problemas de salud se 
ha podido realizar con la participación de diferentes ciencias como la medicina, psicología y física médica.

Desde el enfoque interdisciplinario presentamos dos casos exitosos y los 
métodos o formas en como se han llegado a los resultados. El primero con-
siste en el desarrollo tecnológico de la Mecano–Magnetogastrografía (MMGG) 
el cual sirve para medir el vaciado gástrico y las contracciones peristálticas, 
lo cual se ha vinculado a la psicología al estudiar la infl uencia de los estados 
emocionales como la ansiedad, depresión y estrés en pacientes con Dispepsia 
Funcional y en personas sanas. La MMGG se usa también como método para 
evaluar trastornos gastrointestinales como la Gastroparesía.

Palabras clave:
Estudios interdisciplinarios; Psicomagneto-
biología; Mecano-magnetogastrografía.

Keywords:  
Interdisciplinary studies; Psicomagnetobio-
logy; Mecano-magnetogastrography.

RESUMEN

El presente trabajo muestra dos líneas de investigación que vinculan a la física, la medicina 
y la psicología. La primera consiste en la Mecano-magnetogastrografía que sirve para medir 
el vaciamiento gástrico así como las contracciones peristálticas las cuales se evaluaron junto 
con estados emocionales para conocer la infl uencia del estrés, ansiedad y depresión en las 
respuestas fi siológicas. La segunda consiste en la psicomagnetobiología como un modelo de 
inducción de cáncer y de estrés que permiten comparar marcadores bioquímicos, caracteri-
zación espectroscópica y obtener imágenes a través de un escáner magnético, la cual podría 
utilizarse en el diagnóstico y  el uso de la hipertermia como tratamiento del cáncer.  La Meca-
no-magnetogastrografía es una técnica útil para medir el vaciado gástrico, que no es invasiva, 
no usa radiación ionizante y demuestra que a través de la lectura de los campos magnéticos 
del trazador magnético ingerido se puede obtener información sobre el vaciado gástrico y 
contracciones peristálticas presentando resultados reproducibles. En cuanto a la línea de 
investigación que llamamos psicomagnetobiología, se ha usado la inducción de cáncer con 
N-metil-N-nitrosourea, resultando con  cáncer mamario  el 58% de las ratas.

ABSTRACT

This paper presents two lines of research linking physics, medicine and psychology. The 
fi rst is the mechanical magnetogastrography used to measure gastric emptying and pe-
ristaltic contractions and its relationship to evaluate the physiological behavior related to 
emotional states. The second is the psicomagnetobiology as a model of induction of cancer 
stress and biochemical markers that enable the comparison, spectroscopic characterization 
and imaging using a magnetic scanner, which could be used in the diagnosis and the use 
of hyperthermia as a treatment for cancer. The Mecano-magnetogastrography is a useful 
technique for measuring gastric emptying, which is not invasive, does not use ionizing ra-
diation and demonstrates that through the reading of the magnetic fi elds of magnetic tracer 
ingested can obtain information on gastric emptying and peristaltic contraction, presented 
reproducible results. In terms of research we call psicomagnetobiology has been used for 
induction of cancer with N-methyl-N-nitrosourea, resulting in breast cancer 58% of rats.
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Process design in chemical engineering is based on kinetics models and thermophysical 
properties strongly dependent on experimental measurements which are generally 
expensive and very time consuming, or under specific conditions could be unfeasible. 
Computer simulations can be implemented to overcome some of these limitations. An 
important problem in chemical engineering is the accurate prediction of reaction and 
phase equilibrium for complex chemical systems in reaction-separation (or hybrid) 
process design, like reactive distillation, extraction or adsorption. There are two general 
approaches to solve this problem: 1) the standard one based on the equality of chemical 
potentials derived from cubic and empirical equations of state, as well as group 
contribution methods and 2) systems modeled by computer simulations, using specific 
intermolecular interactions between the constituent molecules. In this work we present 
results using molecular modeling coupled to a mass exchanger process design, where 
the reaction can take place into or between phases. The Reactive Monte Carlo method 
(Smith and Triska, 1994), (Johnson, et al, 1994). and the Statistical Associating Fluid 
Theory for Potentials of Variable Range ( Gil-Villegas, et al, 1997) are applied to model 
phase equilibrium when chemical reactions are present in  mixtures of industrial 
interest, such as a mixture of water, alcohols and organic acid mixtures. 

1.  Introduction 

The reactive mass-exchange process is a process where the chemical reaction and 
separation of the reaction mixture occur simultaneously and combined (in one 
apparatus) with predominant removing of target reaction products. Process design in 
chemical engineering has been based on kinetics models and properties strongly 
dependents on experimental measurement whose determination generally is expensive, 
very time consuming, or under specific conditions are unfeasible. On the other hand, 
computer simulation can be implemented to overcome some of these problems, using 
molecular models. A particular case and important problem in chemical engineering is 
the accurate prediction of reaction and phase equilibrium for complex chemical systems 
for reaction-separation process (or hybrid process) design like reactive distillation, 
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Abstract The purpose of this research was to investigate the sensitivity of a system
for the detection of circulating melanoma cells based on the thermoelastic properties
of melanoma. The method employs photoacoustic (PA) excitation coupled with an
optical transducer capable of determining the presence of cells within the circulating
system in vitro. The transducer is based on stress wave-induced changes of the optical
reflectance of a glass–water interface, probed with a continuous laser beam that is
incident at an angle close to the critical angle of total internal reflection. A frequency
tripled Nd:YAG laser pumping an optical parametric oscillator was employed to pro-
vide 532 nm and 620 nm laser light with a pulse duration of 10 ns. A custom-made
flow chamber was used as an excitation and acoustic wave collection device. The
targets were a human melanoma cell line HS 936 with an average diameter of about
15µm. Melanoma cells were suspended in 10 mL of two types of media. The first
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Abstract. In this paper it is presented the maps of magnetic field obtained in phantoms magnetically 
marked, wich were produced in the laboratory. Using a mobile device automatic two-way, developed 
to detect changes in magnetic flux, which is based on an array of magnetoresistive sensors designed to 
detect magnetic fields of 100mT to 10 nT. There are also stages in the development of experimental 
and discusses the prospects for using this device. 
Keywords: Magnetic; Magnetorresistive; Scanning; Tissue 

1. Introduction 
There are currently several devices for obtain images inside the human body, that have resulted in 

techniques of imaging, commonly used in laboratories of hospitals, with the aim of helping doctors to 
deliver clinical diagnostics, for example: Radiographs whose physical principle is based on the 
emission of x rays through a material, or well, obtaining images using a Nuclear Magnetic Resonance 
(NMR), where the physical principle used is funded on quantum mechanics and is based on the 
detection by means of antennas the radio waves emitted by atomic nucleus. They previously suffered 
an alignment by using an intense uniform magnetic field and small localized field gradients 
subsequently the nucleus are perturbed using radiofrequency waves. Ultrasound images, whose 
reconstruction was based on the detection of acoustic waves using small arrangements of piezoelectric 
transducers, which recorded the sound wave that bounces in the material medium (echo). There are 
also other types of images based on the detection of X-ray, known as Computed Axial Tomography 
(CT scan), which is based on the detection of radiation absorbed by a material medium, similar to the 
radiograph, with the difference that a CT scan, the detector makes a sweep around a circle in the axial 
plane to the sample under study, while recording images. 

Some of the above techniques can be supplemented by substances that improve the quality of an 
image called contrast media, these substances can be radio-opaque elements such as barium or highly 
paramagnetic heavy elements such as gadolinium, however, there are other techniques for obtaining 
medical images such as the Nuclear Medicine (NM) and Positron Emission Tomography (PET) using 
cameras for detection and short-lived radioactive isotopes. 

The aim of this work is to demonstrate a novel device based on magnetoresistive sensors designed 
to obtain two-dimensional maps of the magnetic flux in phantoms prepared in the laboratory using a 
mixture of Vaseline and magnetite (Fe3O2) as a magnetic tracer. This kind of magnetic tracer has been 
used in some biomagnetic studies developed in humans. [Córdova] and [Carneiro] carried out studies 
of gastric motility, for which it was necessary that the tracer was ingested by the volunteers, they 
underscore the fact that this substance is not absorbed by the body, and this same type of iron oxide 
were also used for studies of hyperthermia induced cell magnetically as tracer tumour tissue, see for 
examples [Bahadur, Hergt]. 

On the other hand, have developed some similar measurement devices that use transducers of the 
same nature as our own, like the [Cano et. al.], who developed a magnetic 16-channel scanner for 
imaging magnetic surfaces, either developed by [Leyva et. al.], which was used to determine images of 
ferromagnetic tracers. In these devices (unlike ours) the array of sensors remains static while the 
sample moves in a plane above them. 
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Detection of Melanoma Cells In Vitro Using an Optical
Detector of Photoacoustic Waves
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Chris Papageorgio, MD,2 and John A. Viator, PhD
2*
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2University of Missouri, Columbia, Missouri 65211

Background and Objective: Circulating tumor cells
have been shown to correlate positively with metastatic
disease state in patients with advanced cancer. We have
demonstrated the ability to detect melanoma cells in a flow
system by generating and detecting photoacoustic waves
inmelanomacells.Thismethod is similar toflowcytometry,
although using photoacoustics rather than fluorescence.
Previously, we used piezoelectric films as our acoustic
sensors. However, such films have indicated false-positive
signals due to unwanted direct interactions between
photons from the high laser fluence in the flow system
and the film itself. We have adapted an optical detection
scheme that obviates the need for piezoelectric films.
Study Design/Materials and Methods: Our photo-
acoustic system comprised a tunable laser system with an
output of 410–710nm with a pulse duration of 5 nano-
seconds. The light was delivered by optical fiber to a glass
microcuvette that contained saline buffer suspensions of
melanoma and white blood cells. We used a continuous
HeNe laser to provide a probe beam that reflected off of a
glass and water interface in close proximity to the micro-
cuvette. The beam was detected by a high-speed photo-
diode. When a photoacoustic wave was generated in
the microcuvette, the wave propagated and changed the
reflectance of the beam due to index of refraction change
in the water. This perturbation was used to detect the
presence of melanoma cells.
Results: We determined a detection threshold of about
one individual melanoma cell with no pyroelectric noise
indicated in the signals.
Conclusions: The optical reflectance method provides
sensitivity to detect small numbers of melanoma cells
without created false-positive signals from pyroelectric
interference, showing promise as a means to perform tests
for circulating melanoma cells in blood samples. Lasers
Surg. Med. 42:274–281, 2010. ! 2010 Wiley-Liss, Inc.

Key words: cancer; metastasis; optical reflectance; opto-
acoustic; Q-switched

INTRODUCTION

Circulating tumor cells (CTCs) are those cells that detach
from a primary or secondary tumor and spread to distant
organs via the blood or lymph systems [1–5]. CTCs have
been shown to correlate with metastatic disease state and

their detection and quantificationmaybeused by clinicians
to optimize the therapy of cancer patients. CTCsmay occur
as one cell among millions of normal blood cells and may
originate from solid tumors or hematological malignancies
such as leukemia. Many methods have been proposed to
find CTCs, but due to their rare occurrence no accepted
method has been implemented in clinical practice.
RT-PCR, immunomagnetic separation, micro-fluidics,

and automated digital microscopy have all been investi-
gated as means for CTC detection [6–8]. All of these
methods suffer from a combination of sensitivity problem,
the need for specialists for sample analysis, and slow
processing time. RT-PCR in particular has been hampered
by high cost and difficult preparation. While it has
successfully been used to detect CTCs in a research setting,
its peculiar absence in clinical diagnosis is due to these
short comings.
Automated digital microscopy has been used along with

fiber-optic array scanning, although the need for single cell
passes requires several hours for testing a single sample.
Immunomagnetic separation has been used widely in
research and has even manifested as a commercial device,
the CellSearch system. However, this system requires
manual imaging of suspect cells and takes hours to process
a single sample.
Flow cytometry, however, is used routinely to count

leukemia cells using fluorescence detection [9]. This
method uses high flow rates of single cells through a
detection volume within which cells pass. This method is
effective for finding large numbers of CTCs, although rare
CTCs from solid tumors would probably pass unnoticed.
For leukemia,CTCsarenot rare events, as thedisease itself
is characterized by a proliferation of malignant cells in the
blood stream.
We have developed a system for detecting circulating

melanomacells (CMCs)exploiting thenatural chromophore,
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Estimation of phase behavior and thermophysical properties of Biodiesel

blends using SAFT-VR
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Departmen of Physical Engineering,Science and Engineering Division, University of Guanajuato

León,Guanajuato; México

September 27, 2010

Abstract

We present an efficient approach based in the statistical associating fluid theory for chain molecules with
attractive potentials of variable range(SAFT-VR; A.Gil-Villegas, A.Galindo, P.J. Whitehead, S.J. Mills, G.Jackson,
A.N. Burgess, J.Chem.Phys. 106 (1997) 4168) to modeling the thermodynamic properties, chemical and phase
equilibria of long-chain alkylesters mixtures (Biodesel Blends).The Molecules presents in the systems(reacting or
non-reacting) are represented as chains of spheical segments that can associate due to the presence of short-ranged
attractive sites. These attractive sites as well as the intermolecular interaction between monomers segments are
modeled via square-well potentials of Variable Range.The pure fatty acid methyl esters component parameters
are taken of our earlier work, where we develop a molecular thermodyanmic model for biodiesel fuel compounds.
For the thermodynamics of mixtures we implemented a standard combining and mixing rule for mixtures of non-
conformal molecules.(A.Galindo, L.A.Davies, A.Gil-Villegas, G.Jackson, Mol.Phys. 93 (1998) 241).The selecction
of corresponding mixing rule was made whith the purpose of observing the behavior of the biodiesel blend under and
below of vapor-liquid critical point of mixture. The phase equilibria of the mixtures was described implementing a
global stability analysis due to formation of several phases at specific composition and temperature conditions as
well as the construction of binary and thernary phase diagrams. Due to the complex nature of involved species,
the simultaneous equilibria (chemical and phase equilibria) was calculed implementing an efficient and robust
algorithm based in the Helmhotz free energy mixture minimization as well as a stability criterion for multiphase
reacting system.For comparing theorical results against experimental data points, we designed a experimental set-
up for mesuring chemical and phase equilibria of the esterification of lauric acid (dodecanoic acid) with methanol to
produce methyl laureate, with this system we can obseved a vapor-liquid-iquid phase separation.The simultaneous
equilibrium was described very accurately.

1 Molecular model for Thermodynamic of mixtures in Biodiesel Blends

Chemically, Biodiesel is formed by several fatty acid alkylesters , which depending of its composition in each compound
form a specific Biodiesel Blend. In this work the systems that we consider are conformed specially by long-chain
alkylesters multicomponet mixtures. This systems will be represented by mean a mixture of homonuclear chains
molecules formed from tangentially bondend monomers (spherical segments) , this chain molecules can associate due

1
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Abstract

We present an efficient approach based in the statistical associating fluid theory for chain molecules with attrac-
tive potentials of variable range(SAFT-VR; A.Gil-Villegas, A.Galindo, P.J. Whitehead, S.J. Mills, G.Jackson, A.N.
Burgess, J.Chem.Phys. 106 (1997) 4168) to modeling the chemical equilibria of long-chain fatty acid monohydric
alcohol esters (Biodesel compounds). The Molecules presents in the reactive system are represented as chains of
spherical segments that can associate due to the presence of short-ranged attractive sites. These attractive sites
as well as the intermolecular interaction between monomers segments are modeled via square-well potentials of
Variable Range.For the thermodynamics of mixtures we implemented a standard combining and mixing rule for
mixtures of non-conformal molecules.(A.Galindo, L.A.Davies, A.Gil-Villegas, G.Jackson, Mol.Phys. 93 (1998) 241).
We designed a experimental set-up for mesuring chemical and phase equilibria of the esterification of lauric acid
(dodecanoic acid) with methanol to produce methyl laureate, with this system we can obseved liquid-iquid phase
separation.The simultaneous equilibrium was described very accurately.

1 Introduction

Biodiesel is defined as a liquid hydrocarbon fuel commonly composed of fatty acid methyl esters (FAMES) whose
molecular composition may change according to the feed-stock used for the fuel synthesis. The transesterificattion of
vegetable oils and animal fats is the most used method to produce biodiesel, generating a by product with comercial
value, glycerol [1].An attractive ecological alternative is to convert hazardous waste for enviroment like yellow greases
an used vegetable oils to biodiesel. The problem with these source of low cost , oils and fats, is that they contain large
amount of free fatty acids that can not be converted to biodiesel using an alkaline catalyst (transesterification) due
to presence of unwanted secondary reactions like saponification (soap formation )that dificult the biodiesel separation
after reaction and reduce drastically the process efficiency. An alternative to avoid these unwanted effects is to carry
on a direct esterification of fatty acids in presence of acids catalyst before transesterifyning the triglycerides with an
alkaline catalyst. Esterification of fatty acids is a common practice in the chemical industtry becouse, additionally,
fatty esters are also important fine chemicals used in the manufacturing of cosmetics, detergents and surfactants, and
therefore in the open literature exists several works where investigate the synthesis of a wide range of fatty acid esters
[2] , [3].In a previous work [4] we have propoused a molecular model fatty acid methyl esters Biodiesel compounds ,

1
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a b s t r a c t

Modeling of thermophysical properties and phase equilibria of long-chain methylesters mixtures are
presented, using the SAFT-VR approach for mixtures. Molecules are represented as chains of spherical
segments that can associate due to the presence of short-ranged attractive sites, using previous molecular
parameters obtained for pure fatty acid methyl esters. These attractive sites as well as the intermolecular
vailable online 5 March 2011

eywords:
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interactions between monomers segments are modeled via variable-ranged square-well potentials. The
cross-energy binary-interaction parameter of the extended Berthelot combining rule was fitted to liquid
densities and speed of sound. Very good predictions are obtained for isochoric heat capacities and for
binary and ternary phase diagrams.
peed of sound
eat capacity

. Introduction

Biofuels are now seen as promising and sustainable alterna-
ive fuels due to depletion in fossil energies and the enviromental
mpact generated by petroleum-based fuels. The world produc-
ion of liquid biofuels in 2008 was approximately 87 Gl of liquid
iofuels, which is close to the volume of liquid fossile-fuel con-
umption of Germany in the same year [1]. The combustion of
iomass-derived liquid fuels such as biodiesels has gained signif-

cant importance in practical combustion systems such as diesel
ngines, requiring a better chemical–physics analysis of these sys-
ems. Although various biodiesel blends are currently accepted in
he market, the availability of information about thermophysical
roperties for these systems will become more critical in the near
uture. Additionaly, depending on the kind of feed-stock used for
uel synthesis, its molecular composition as well as its physical and
hemical properties varies [2], resulting impractical and expensive
o rely only on the measurement of such properties for all biodiesel
uel possibilities. Previous work dealing with this issue has been
one by Olivera et al. [3] and Huber et al. [4]. The first authors
ave evaluated the capability of the Cubic-Plus-Association Equa-
ion of State (CPA EoS) [5] to model systems that contain glycerol

ike byproduct in alkylesters synthesis. On the other hand, the sec-
nd authors developed an equation of state based on experimental
ata of thermodynamic properties of a soy based biodiesel fuel.
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In our previous article [6], the SAFT-VR approach [7,8] was used
to model the vapor–liquid equilibria of three fatty acid methyl
esters (FAME) biodiesel compounds. Each FAME was modeled as
a chain of spherical segments that can associate due to presence
of short-ranged attractive sites. These attractive sites as well as
the intermolecular interaction between monomers segments were
modeled by square-well potentials of variable range.

In this work we continue the study of the application of SAFT-VR
to model biodiesel blends, by determining isochoric heat capaci-
ties, speed of sound as well as the phase diagram of binary and
ternary FAME mixtures, considering that a biodiesel that is ener-
getically equivalent to a fosil diesel must work in a combustion
chamber with typical values of pressures of the order of 45 Mpa
and temperatures within the range of 473 K–1073 K [2].

Results obtained are good enough in order to determine the
specific influence of each one of the mixture components in
the biodiesel blends thermophysical properties, specifically, the
residue curve map, that is a very important engineering tool to
study complex fluids mixtures in the context of petrochemical,
petroleum refining and process engineering for mixtures separa-
tion applications.

2. Thermodynamics of biodiesel blends

Biodiesel is formed by several fatty acid alkylesters, and their
composition form a specific biodiesel blend. The three FAME con-

sidered in this study are methyl linolenate, methyl palmitate and
methyl oleate, that can be represented by homonuclear chains
molecules formed from tangentially bonded spherical segments
that associate due to the presence of short-ranged attractive sites

dx.doi.org/10.1016/j.fluid.2011.02.021
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ABSTRACT: A molecular-based approach for modelling mixtures adsorbed
onto solid surfaces using the Statistical Associating Fluid Theory for Potentials
of Variable Range (SAFT-VR) for three- and two-dimensional systems is
presented in this work. The theory is used to describe the adsorption of binary
mixtures of carbon dioxide, methane and nitrogen onto dry activated carbon,
describing the overall adsorption phase diagram reported for these systems even
at high pressures. 

INTRODUCTION

The processes of adsorption and diffusion of fluids in porous media is of great interest in the
chemical industry, with applications on environmental remediation being of specific concern
(Patel et al. 1972; Ruthven 1984; Yang 1987). The design of the optimized process requires a good
understanding of the adsorption equilibrium of mixtures. Theories of adsorption where systems
are composed of several compounds have been developed on the basis of classical
thermodynamics and statistical mechanics. At low pressures, theories for ideal adsorption
solutions (Myers and Prausnitz 1965) or simplified statistical thermodynamic models (Ruthven
and Wong 1985) can reproduce experimental systems. However, more robust equations of state
are required at high pressures.

Recently, adsorption isotherms for simple single-component fluids have been studied using the
Statistical Associating Fluid Theory for Potentials of Variable Range (SAFT-VR) (Gil-Villegas
et al. 1997) adapted for two-dimensional (2D) fluids interacting with discrete potentials (Martínez
et al. 2007; Jiménez et al. 2008). This approach has been applied to model adsorption isotherms
for pure molecular fluids, such as methane, nitrogen, carbon dioxide, ethane, ethylene and
propane, adsorbed onto activated carbon and silica gel (Martínez et al. 2007; Jiménez et al. 2008;
Castro et al. 2010), as well as asphaltenes adsorbed onto Berea sandstone, Bedford limestone and
dolomite rock (Castro et al. 2009). In all cases, very good agreement was found.

In the present work, we present an extension of this approach in order to model mixtures within
a one-fluid van der Waals approximation (Lee 1988; Galindo et al. 1998) that has been used
previously for 3D mixtures modelled by SAFT-VR (Galindo et al. 1998; McCabe et al. 1999).
This theory is applied to describe adsorption isotherms of methane/nitrogen, methane/carbon
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a b s t r a c t

We propose a simple analytical expression of the direct correlation function for the
square-shoulder and square-well fluids. Our approximation is based on an ansatz for the
direct correlation function of a modified soft-core fluid, whose parameters are adjusted
by fitting the data obtained from Monte Carlo computer simulations. Moreover, it is
complemented with a Wertheim-like parametrization to reproduce correctly the direct
correlation inside the hard-core. We demonstrate that this approach is in quantitative
agreement with the numerical solution of the Ornstein–Zernike equation within the
Percus–Yevick approximation. We also show that our results are accurate in a large regime
of densities for different interaction ranges and potential strengths. Therefore, this opens
up the possibility of introducing the square-shoulder or the square-well potentials as new
reference systems in advanced theoretical approximations.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

During the past few years, physicists have dealt with the nature of the (effective) interactions between particles in either
simple or complex fluids [1–3]. Usually, the resulting interaction is not given in analytic form. However, a simplified version
of such interaction potential can provide a realistic description of the system properties. For example, the so-called discrete
potential fluids have provided a useful description to study the thermodynamic properties of a large variety of fluids. One
can find in the literature that systems like water [4], methanol [5], polymers [6], electrolytes [7], among others, can be
successfully modeled by using the well-known square-shoulder (SS) or square-well (SW) (or a combination of them) fluids.
An advantage of both SS and SW fluids is that they can be used to discretize continuous potentials thus facilitating their
incorporation in elaborated theoretical frameworks [8,9]; this discretization procedure allows to capture, in a simple way,
the structural and thermodynamic properties of continuous potentials [10–12].

In fact, due to the potential application of the SS fluid in different approaches, a renewed interest on its structural
and thermodynamic properties has been recently reported [13–15]. Particularly, we have introduced a simple soft-core
fluid model to include a parametrization of the direct correlation function of the SS fluid. Moreover, Yuste et al. [14] have
developed an analytic approximation based on the rational function approximation method to obtain a simple expression
for its radial distribution function. Noteworthy, in our recent work [13] we only focused on the SS fluid while here both SS
and SW fluids are explicitly considered.

∗ Corresponding author. Tel.: +52 477 7885100; fax: +52 477 7885100.
E-mail address: ramoncp@fisica.ugto.mx (R. Castañeda-Priego).
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Gastric assessment by images processing 
of ultrasound in LabVIEW platform: 
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Abstract
Nowadays, the gold technique in gastric evaluations still is scintigraphy in spite of ionization radiation dose per patient undergoing this procedure. 
Gastro images with ultrasound technique are controversial, because the stomach is a hollow cavity filled with gas in basal conditions or in fast state. 
Fortunately, a stomach with food is recommended in gastric motility and gastric emptying assessment. So, a lack of air in stomach contributes in this 
kind of study and in recordings of excellent images by ultrasound. In this study, a digital image processing of gastric ultrasound is presented. Whole 
automated routine and implemented filters are described in order to use this procedure in gastric peristalsis and gastric emptying evaluations. Ten 
volunteers were recruited and required to attend the measurements about dominant frequency, with values of at least 3 cpm. Although the behavior 
stomach activity is observed in dynamic graph, an analysis in frequency space is performed.

Keywords: gastric, peristalsis, ultrasound, emptying, LabVIEW.

Resumo
Hoje em dia, a técnica de ouro nas avaliações gástricas ainda é a cintilografia apesar da dose de radiação de ionização por paciente submetido a esse 
procedimento. As imagens gástricas com a técnica do ultrassom são controversas, pois o estômago é uma cavidade oca preenchida com gás em 
condições basais ou em estado rápido. Felizmente, um estômago com comida é recomendado em motilidade gástrica, como também na avaliação do 
esvaziamento gástrico. Portanto, falta de ar no estômago contribui para este tipo de estudo e para gravações de excelentes imagens por ultrassom. 
Neste estudo, o processamento da imagem digital do ultrassom gástrico é apresentado. Uma rotina totalmente automatizada e filtros implementados 
estão descritos para usar este procedimento no peristaltismo gástrico e nas avaliações de esvaziamento gástrico. Dez voluntários foram avaliados 
em relação à frequência dominante, com valores de no mínimo 3 cpm. Embora a atividade estomacal comportamental seja observada em gráfico de 
dinâmica, uma análise de frequência espacial é realizada. 

Palavras-chave: gástrico, peristaltismo, ultrassonografia, esvaziamento, LabVIEW.

Introduction

The gastrointestinal system evaluation is, currently, as 
important as other clinical procedures, like heart moni-
toring. If patients are not adequately treated, they may 
die. This is especially important for some kinds of pa-
tients, for instance, diabetes patients with problems 
of gastroparesis. The scintigraphy technique is now 
the gold standard in this evaluation, despite ionizing 
radiations that undergo the persons1. There are other 

imaging techniques for this study, like the ultrasound, 
that has been an alternative for assessment and moni-
toring of the gastric activity in the last years2-6, although 
it has still not taken off, which could be due to a lack 
of conclusive results and proper procedure, leading to 
results highly correlated with the gold standard tech-
nique, scintigraphy.

A routine for processing ultrasound images of 
stomach, implemented in LabVIEW platform, is pre-
sented. This has been used to perform evaluations of 

Corresponding author: Teodoro Córdova – Departamento de Ingeniería Física – DCI, Universidad de Guanajuato, campus León – Loma del Bosque, 103 – 
Lomas del Campestre – León, GTO, Mexico – E-mail: theo@fisica.ugto.mx
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En este trabajo, una expresión analítica de la presión fotoacústica (PA) generada por objetos 
esféricamente simétricos con una densidad de energía por unidad de tiempo efectiva, se obtuvo 
utilizando la fórmula de Kirchhoff, como solución de la ecuación de onda PA.  Suponiendo que el 
mecanismo dominante en tejidos biológicos es el de expansión termolelástica y, que las células de 
melanoma poseen una simetría esférica, se utilizó la expresión analítica encontrada para estudiar el 
comportamiento de la presión PA  generada por células de melanoma in vitro en el régimen diluido.  Se 
estudiaron los casos de una, dos y una monocapa de células.  Finalmente se compararon los resultados 
analíticos con resultados experimentales previamente obtenidos, [1, 2].  Se encuentra que existe una 
buena concordancia cualitativa entre teoría y experimento. 
 

I.  INTRODUCCIÓN 

La técnica fotoacústica (PA, de PhotoAcoustic) tiene como fundamento físico al efecto PA.  Éste se 

refiere a la generación de una onda acústica debido a la absorción de fotones.  La generación de una 

señal PA es el resultado de los efectos causados por el incremento de temperatura, que se siguen 

después de iluminar un objeto.  En el dominio temporal se han reportado al menos seis mecanismos de 

generación del efecto PA, [3].  Dependiendo de las características de absorción óptica de las muestras y 

de la potencia del láser, la onda PA es generada por medio de uno, o una combinación de estos 

mecanismos. 
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Abstract: During the last decade there has been increased research on breast cancer detection 
using the pulsed optoacoustic spectroscopy technique (POS), where mostly commercial ultrasonic 
sensors are used to detect the received signal. However, it has been continually difficult to obtain 
the correct signal because adequate detectors for this technique have not been developed. This 
paper presents a model to compare and determine the output signal of the piezoelectric active 
element for the design of an acoustic wave detector to apply to the POS without a signal 
conditioning stage. We compared two types of piezoelectric materials: piezoceramic PZT-5A and 
piezopolymer PVDF with different thickness widths.  We adopted the Leach model to analyze the 
thickness-mode system. We applied the pulse – echo which is similar in the detection of the POS, 
to model the system using the properties of a commercial sensor considered as a source of 
excitation and taking water as a means of propagation. We used the Morris and Hutchens model 
with electronic simulation software OrCAD. The results are presented and discussed. 

Keywords: Characterization, OrCAD, Piezoelectric, PVDF, PZT-5A, Simulation. 

 

 

 

 

 



Hysteresis in Pressure-Driven DNA Denaturation
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Abstract

In the past, a great deal of attention has been drawn to thermal driven denaturation processes. In recent years, however, the
discovery of stress-induced denaturation, observed at the one-molecule level, has revealed new insights into the complex
phenomena involved in the thermo-mechanics of DNA function. Understanding the effect of local pressure variations in DNA
stability is thus an appealing topic. Such processes as cellular stress, dehydration, and changes in the ionic strength of the
medium could explain local pressure changes that will affect the molecular mechanics of DNA and hence its stability. In this
work, a theory that accounts for hysteresis in pressure-driven DNA denaturation is proposed. We here combine an irreversible
thermodynamic approach with an equation of state based on the Poisson-Boltzmann cell model. The latter one provides a
good description of the osmotic pressure over a wide range of DNA concentrations. The resulting theoretical framework
predicts, in general, the process of denaturation and, in particular, hysteresis curves for a DNA sequence in terms of system
parameters such as salt concentration, density of DNA molecules and temperature in addition to structural and configurational
states of DNA. Furthermore, this formalism can be naturally extended to more complex situations, for example, in cases where
the host medium is made up of asymmetric salts or in the description of the (helical-like) charge distribution along the DNA
molecule. Moreover, since this study incorporates the effect of pressure through a thermodynamic analysis, much of what is
known from temperature-driven experiments will shed light on the pressure-induced melting issue.
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Introduction

The molecule of Deoxyribonucleic acid (DNA) is a very complex

one, both from the physicochemical point of view, as well as its

obvious biological function. In recent times many of its dynamic and

structural features have re-attracted the attention of the scientific

community. Clearly, the number of sophisticated experiments

(spectroscopical, biochemical, mechanical tests, among others),

many of them at the one-molecule level, has increased [1–3] whereas

deep theoretical studies ranging from continuous mechanics to

quantum chemistry and statistical physics abound [4–7]. The variety

of available experimental and theoretical findings is thus almost

endless see, e.g., [8–10] and references therein. Nevertheless, there is

a lack of a conceptual framework to categorize and analyze this

enormous bunch of information. A thermodynamic theory seems to

be the ideal candidate for doing such a task. Since many of the

interesting features of the behavior of DNA are dynamic in nature

and due to the fact that many of them occur in a mesoscopic scale, a

non-equilibrium thermodynamic treatment is therefore appropri-

ate. Of course, such a general theory does not seem to be at hand at

the moment. Nonetheless, in this work we will try to establish some

grounds of it, specifically with respect to the problem of DNA

melting, since it is one of the most important features which is closely

related with the biological function of genetic transcription [11,12].

Nowadays, it is well understood that the static structure of

complex biological molecules is not sufficient to explain their

functions. A well-established fact is that such biomolecules,

specifically proteins and nucleic acid heteropolymers reveal, apart

from the usual molecular vibrations, purely stochastic transitions

between a multitude of conformational substates [13]. This fact is

particularly true for the DNA molecule which undergoes large

conformational changes during transcription or replication.

Several physiological reasons are behind such a large number of

conformational states. On one hand, such a large number of

conformational states is needed for the selective catalysis

mechanisms involved in the highly accurate mechanisms of

genomic expression. On the other hand, at a fundamental physical

level, it has been possible to show experimentally that a single

chromosome is made up of one DNA molecule that is some 4 to

10 cm long (see [4] and references 4 and 5 therein). So that the

entire genome contained on a human cell is about 2 m long. For

this reason the genome is highly compacted in a variety of complex

arrays within each cell [11,12]. The ternary structure of DNA has

been proved to be helicoidal (the double helix); the length of the

molecule is much larger than its diameter, so it is common to

describe it as a one dimensional deformable string [5,14,15] or,

sometimes, like a highly charged rod [16]. Such an oversimpli-

fication is useful only when one is not interested in phenomena

related to its internal structure [17]. Additionally, the fundamental

biological features of the DNA function are replication and

transcription; both phenomena are so complex that a fundamental

(physical) description of them is unavailable at the moment.

PLoS ONE | www.plosone.org 1 April 2012 | Volume 7 | Issue 4 | e33789



Dynamical Arrest, Percolation, Gelation, and Glass Formation in
Model Nanoparticle Dispersions with Thermoreversible Adhesive
Interactions
Aaron P. R. Eberle,‡,† Ramoń Castañeda-Priego,‡,§ Jung M. Kim,‡ and Norman J. Wagner*,‡

‡Center for Neutron Science, Department of Chemical Engineering, University of Delaware, Newark, Delaware 19716, United States
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ABSTRACT: We report an experimental study of the dynamical
arrest transition for a model system consisting of octadecyl coated silica
suspended in n-tetradecane from dilute to concentrated conditions
spanning the state diagram. The dispersion’s interparticle potential is
tuned by temperature affecting the brush conformation leading to a
thermoreversible model system. The critical temperature for dynamical
arrest, T*, is determined as a function of dispersion volume fraction by
small-amplitude dynamic oscillatory shear rheology. We corroborate
this transition temperature by measuring a power-law decay of the autocorrelation function and a loss of ergodicity via fiber-optic
quasi-elastic light scattering. The structure at T* is measured using small-angle neutron scattering. The scattering intensity is fit
to extract the interparticle pair-potential using the Ornstein−Zernike equation with the Percus−Yevick closure approximation,
assuming a square-well interaction potential with a short-range interaction (1% of particle diameter).1 The strength of attraction
is characterized using the Baxter temperature2 and mapped onto the adhesive hard sphere state diagram. The experiments show a
continuous dynamical arrest transition line that follows the predicted dynamical percolation line until ϕ ≈ 0.41 where it subtends
the predictions toward the mode coupling theory attractive-driven glass line. An alternative analysis of the phase transition
through the reduced second virial coefficient B2* shows a change in the functional dependence of B2* on particle concentration
around ϕ ≈ 0.36. We propose this signifies the location of a gel-to-glass transition. The results presented herein differ from those
observed for depletion flocculated dispersion of micrometer-sized particles in polymer solutions, where dynamical arrest is a
consequence of multicomponent phase separation, suggesting dynamical arrest is sensitive to the physical mechanism of
attraction.

1. INTRODUCTION
The macroscopic behavior of colloidal dispersions can change
from a fluid to solid-like state as a result of a nonequilibrium
dynamical arrest transition of the disperse phase when either
the volume fraction, ϕ, or the interparticle potential, Φ(r), is
varied.3,4 For hard spheres (HS), at ϕ ≈ 0.58 dynamical arrest
occurs through the “caging” of particles by their nearest
neighbors forming a repulsive driven glass (RDG).3 The
addition of a short-ranged attraction can relax this constraint
and fluidize the dispersion at constant ϕ, while attractions will
ultimately lead to a glass and possible multiple glassy states for
one dispersion.5 In addition, dynamical arrest driven by
attraction can occur at much lower ϕ,6−12 although the particle
density defining the transition between glass and a gel is ill
defined.13 Generally speaking, dynamical arrest leading to a
macroscopically homogeneous sample in moderately high to
low concentrated dispersions ϕ < ∼0.40 is often termed
“gelation” and is characterized by a network of particles that
displays large scale fractal properties without any significant
order. Similarly, colloidal glasses are disordered solids.
A short-ranged attraction in a colloidal system will cause

structural reordering of the disperse phase. For strengths of

attraction larger than the thermal energy (kBT) larger bodies
composed of individual particles form, such as fractal aggregates
or cluster.14−16 Above a threshold ϕ, these structures will
percolate through the system resulting in an infinitely large
cluster leading to bulk dynamical arrest.6,17,18 It is well
established that dynamical arrest can occur in very dilute
colloidal systems (ϕ ≈ 10−4) that interact with a relatively large
attractive strength and form irreversible bonds.6

Three general classes of model systems have been used to
study fractal aggregation, flocculation, gelation, and glass
formation. One example is charge stabilized colloidal latex
with added electrolyte,19 but other examples exist such as
colloidal gold and silica, as well as carbon black.7 Typically, the
attraction is due to London-van der Waals dispersion forces and
flocculation is induced by screening the stabilizing electrostatic
repulsive forces from surface charges by the addition of an
electrolyte.20 For sufficient electrolyte addition such that
repulsive interactions are negligible and in the absence of
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ABSTRACT 
Based on the pulsed photoacoustic effect, we set up an experimental system to obtain bi-dimensional images of 
optically-opaque samples embedded within the bulk of turbid medium.  The turbid medium was made of agar gel 
mixed with single-sized nanoparticles; with these materials we induce an optical absorption and an optical scattering 
like that appearing in human tissues.  The PA signals are generated from the absorption processes in the buried 
target, and then traveling through the bulk of scatter medium.  The optical absorption properties and the shape of 
target, defines the amplitude and shape of the PA signals.  This time the laser pulses are set from a pulsed Nd: YAG 
laser, with pulse width of 10 ns, at rate repetition of 10 Hz and wavelength set at 1064 nm.  The signals generated in 
this way are registered by means of an ultrasonic transducer with resonance cut at 10 MHz.  The sample was rotated 
to obtain as many as 36 projections which are used to feed an image reconstruction forward-projection algorithm 
based on the Radon Transform.  As result we obtain 2D tomographic slices of three different samples. 

 
Keywords: Photoacoustic imaging, radon transform, tomography. 

 
RESUMEN 
Basados en el efecto fotoacústico pulsado, se desarrolló un dispositivo experimental para generar imágenes 
bidimensionales de muestras ópticamente opacas ocultas en un medio turbio.  El medio turbio se hizo de agar y 
nanopartículas monodispersas, con estos materiales indujimos una absorción y esparcimiento óptico semejante al de 
los tejidos humanos.  La señal PA se genera por la absorción óptica del la muestra; una vez producida viaja a través 
del medio esparsor.  Las propiedades de ópticas de la muestra así como la forma de éste definen la amplitud y forma 
de la señal PA.  En el sistema fotoacústico se utilizaron pulsos láser de Nd: YAG de 10 ns, con frecuencia de 
repetición de 10Hz, y longitud de onda de 1064 nm.  Las señales generadas fueron registradas por un transductor 
ultrasónico con frecuencia de corte de 10 MHz.  Tanto la muestra como el medio esparsor se rotaron para obtener 36 
proyecciones, las cuales fueron utilizadas para alimentar un algoritmo de reconstrucción de imágenes basado en la 
transformada de Radon. Como resultado se obtuvieron imágenes tomográficas 2D de tres muestras distintas. 
 

 
1. Introduction 
 
Because of its non-invasive properties, in last 
decades, optical tomographies have been accepted 
as a diagnostic tool in biomedical imaging 
researches.  The basis of the technique is to exploit 
the light-tissue interaction and its optical contrast in 
terms of optical absorption, from where one can 

obtain images.  Notice that, since the tissue 
presents large amounts of light scattering, the 
option of optically reconstructing a tomographic 
image is not good enough.  However, the 
photoacoustic tomography (PAT) [1-7] is a novel 
imaging technique that combines the high optical 
contrast of the optical tomographies with the high 
resolution of the ultrasound imaging.  The PAT is 
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Neutron scattering techniques shed new light 
on gel formation 
A.P.R. Eberle1,2, N.J. Wagner2 and R. Castañeda-Priego2,3

Colloidal dispersions are used in many household 
products ranging from paints to shaving cream 

to gelatin and even to foods such as salad dressings 
or mayonnaise. The stability and processing of these 
and similar products highly depend on the state 
of the material. Of particular interest is the phase 
transition	from	fluid	to	a	solid,	called	a	gel	at	low	
particle volume fractions, f < ≈ 0.40, and a glass at 
higher volume fractions. While the phase behavior 
for such systems has been studied for decades, 
the	boundary	separating	a	fluid	from	a	gel	is	still	
debated.

In	this	work	we	study	gelation	using	a	model	
nanoparticle	system	with	thermoreversible	
interactions. The system consists of nanometer 
spheres of silica dioxide (≈	30	nm)	coated	with	a	short	
carbon chain (C14), and suspended in tetradecane. 
At high temperatures T > ≈ 32 °C the particles are 
stable and the system behaves like a simple hard 
sphere	fluid.	Upon	quenching	the	system,	particles	
aggregate	in	connection	with	a	phase	transition	of	
the molecular brush [1]. This in-turn causes a short-
range	attraction	between	particles,	and	if	the	particle	
volume	fraction	is	sufficient,	f	≥	0.05,	the	system	will	
form a stress-supporting gel. We	define	gelation	and	
determine the gel temperature (Tgel )	to	within	±	0.1	
°C using a combination of rheological experiments 
and an experimental study of the dynamics using 
fiber-optic	quasi-elastic	light	scattering	(FOQELS).	
Finally,	we	study	the	structure	of	the	dispersion	
at and around the gel transition using small-angle 
neutron scattering (SANS).

Small-amplitude oscillatory shear (SAOS) rheological 
measurements are used to identify the transition 
from	the	fluid	state	to	the	gel	state	employing	
a	well-defined	criterion	established	for	cross	
linking polymer resins [2]. The SAOS results for a 
temperature ramp experiment for one dispersion,  
f = 0.12, can be seen in Fig. 1. At high temperatures 
(T > ≈ 31 °C),	in	the	fluid	state,	the	suspension	
exhibits a negligible storage modulus G’,	which	
defines	the	amount	of	elastic	energy	the	fluid	 
can store.

1NIST Center for Neutron Research, National Institute of Standards and Technology, Gaithersburg, MD 20899
2University of Delaware, Newark, DE 19716, USA
3Universidad de Guanajuato, 37150 León, Mexico

FIGURE 1: Storage, G′ (closed symbols), and loss, G′′ (open 

As	the	system	is	quenched	to	lower	temperatures	from	the	
fluid	state,	the	elastic	modulus	increases	over	five	orders	
of	magnitude	in	the	narrow	temperature	range	of	29	°C to 
27 °C.	This	shows	the	suspension	undergoes	a	transition	
to a strong viscoelastic solid similar to cooled Jello. 
Frequency	sweep	measurements	provide	a	determination	
of	the	strength	of	the	gel.	Frequency	sweep	experiments	
on the same sample can be seen in the inset to Fig. 1 as a 
function of temperature near the gel point. At the highest 
temperature	shown,	28.4	°C, G′′ (the loss modulus) is 
larger than G′	over	the	whole	frequency	range	tested.	As	
the temperature is decreased to 28.2 °C, G′ and G′′ become 
comparable	at	high	frequencies.	At	lower	temperatures	
the sample has a greater elastic modulus, characteristic of 
solid-like behavior. At 28.2 °C, G′ and G′′ are nearly equal 
with	power	law	slopes	of	½,	over	more	than	a	decade	of	
frequency,	which	is	a	characteristic	feature	of	gelation	
[2].	The	gel	temperature	is	confirmed	using	FOQELS	
(not	shown)	which	provides	a	measure	of	the	particles’	
dynamics.	From	FOQELS	measurements	it	can	be	shown	
that the dynamics decrease and exhibit an entire relaxation 
spectrum at the gel temperature determined from rheology. 

symbols), moduli vs. temperature in a small-amplitude oscillatory 
(stress amplitude, so = 17.68 mPa, frequency, ω = 2π rad/s) 
temperature ramp experiment (ramp rate 0.2 °C/min). Inset: G′ and 
G′′ from frequency sweep measurements at temperatures around 
the gel-point. Data are offset vertically for clarity by factors 0.03, 
0.05, 0.08, and 0.2 for temperatures (28.4, 28.2, 28.1, and 28) °C, 
respectively.





Is there a paradox in CP asymmetries of �� ! KL;S�
�� decays?
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D. Delepine†

Instituto de Fı́sica de la Universidad de Guanajuato, C.P. 37150, León, Guanajuato, México
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Based on the description of unstable KL;S particles in quantum field theory (QFT), we compute the
time-dependent probabilities for transitions between asymptotic states in �� ! ������K�

�� decays,
where the pair ������K is the product of (intermediate state) neutral kaon decays. Then we propose a
definition of � decays into KL and KS states, which reflects into the cancellation between their CP rate
asymmetries, thus solving in a natural way the paradox pointed out in [I. I. Bigi and A. I. Sanda, Phys.
Lett. B 625, 47 (2005).]. Since our definition of KL;S final states in � decays is motivated on experimental
grounds, our predictions for the integrated CP rate asymmetries can be tested in a dedicated experiment.

DOI: 10.1103/PhysRevD.75.076001 PACS numbers: 11.10.St, 11.30.Er, 13.35.Dx

I. INTRODUCTION

In a recent paper, Bigi and Sanda [1] have pointed out
that �� ! KL;S�

��� decays exhibit a CP asymmetry of
the same size as the one measured in the charge asymmetry
of semileptonic KL decays. The ‘‘known‘‘ CP rate asym-
metries for KS and KL final states [1]

 

���� ! KS�� ��� � ���� ! KS����
���� ! KS�� ��� � ���� ! KS����

� jpj2 � jqj2;

(1)

 

���� ! KL�
� ��� � ���� ! KL�

���
���� ! KL�

� ��� � ���� ! KL�
���

� jpj2 � jqj2;

(2)

turn out to be identical. If true, this would indicate a para-
dox because the total rates of �� and �� would be differ-
ent, in contradiction with the CPT theorem.

Bigi and Sanda [1] proposed a solution to this contra-
diction by looking at the time evolution of theK0 ( �K0) state
produced in �� (��) decays at t � 0. They concluded that
the sum of time integrated rates (from t � 0 to 1) over all
the final states that can be reached by neutral kaon decays
is free from such CP asymmetries, restoring the equality of
the �� lifetimes. In their discussion of the problem [1], the
interference of the KS;L states in the time-dependent rates
plays an essential role in the cancellation of the contribu-
tions of pure KL and KS exponential decays.

In this paper we approach this problem from a different
point of view. Based on the description of unstable KL;S

particles in quantum field theory (QFT), we compute the
time evolution of transition amplitudes between physical
(in and out) states. Let us point out that, in the evaluation of
the matrix elements giving rise to the rates that enter
Eqs. (1) and (2), neutral kaons (KL;S) are assumed to be
asymptotic physical states (defined as outgoing states at
t! �1). Since unstable particles in QFT enter as inter-
mediate states of the physical amplitudes, the paradox
contained in Eqs. (1) and (2) does not appear. We compute
the time-dependent probabilities for transitions between
asymptotic states in �� ! ������K���, where
������K is the pair produced from neutral kaon decays.
Then we propose a definition of � decays into KL;S states,
which reflects into a natural cancellation between the CP
rate asymmetries defined in Eqs. (1) and (2).

Searches for CP violation effects in a double kinemati-
cal distribution of �� ! KS�

��� decays have been pur-
sued recently by the CLEO Collaboration [2]. Prospects for
improved experimental searches are interesting in the light
of the larger data samples of � pairs accumulated at
B-factories [3]. These exclusive decays can be used to
provide further tests on the violation of the CP symmetry
[1,2,4,5]. On the other hand, within the standard model, the
CP rate asymmetry turns out to be negligibly small (of
order 10�12) in �� ! K��0�� decays [5], opening a large
window to consider the effects of New Physics contribu-
tions. Indeed, virtual effects of supersymmetric particles
may enhance this CP rate asymmetry to the level of
10�7 	 10�6 [6].

II. TIME-DEPENDENT AMPLITUDES IN �
LEPTON DECAYS

In this section we focus on calculation of the time
evolution amplitudes of � lepton decays into asymptotic
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Flat rotation curves in scalar field galaxy halos
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Abstract We start with a model where the dark matter is of scalar field nature, which
condensates and form the dark halos of galaxies. In this work we study Bose–Einstein
condensates (BEC) where the scalar field particles are in many different states, and
not only in the ground state, as in a realistic BEC. We find that this model is in better
agreement with the rotation curves of galaxies than previous models with scalar field
dark matter.

1 Introduction

If one accepts Einstein’s General Relativity as the correct description of the gravity
force in galaxies, one is led to conclude that the so-called flat rotation curves are
gravitationally sustained by the existence of some type of non-baryonic matter. As
observations seem to suggest, this dark matter makes up to 90% of the total material
content in most galaxies [1,2]. Experiments aimed to detect dark matter particles have
been unsuccessful in having any positive signal for their existence [3], and then flat
rotation curves still stand as one of the most striking observation for the presence of
dark matter in galaxies. More recently, new micro-lensing observations also support
the separate existence of dark matter [4,5].

The common wisdom assumes that baryonic matter dominates the central region of
galaxies, whereas dark matter takes control of the outer parts. A simple exercise using
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Electron-positron annihilation into �f0�980� and clues for a new 1�� resonance
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We study the e�e� ! ��� reaction for pions in an isoscalar s wave which is dominated by loop
mechanisms. For kaon loops we start from the conventional R�PT, but use the unitarized amplitude for
K �K � �� scattering and the full kaon form factor instead of the lowest order terms. We study also effects
of vector mesons using R�PT supplemented with the conventional anomalous term for VVP interactions
and taking into account the effects of heavy vector mesons in the K�K transition form factor. We find a
peak in m�� around the f0�980� as in the experiment. Selecting the �f0�980� contribution as a function of
the e�e� energy we also reproduce the experimental data except for a narrow peak, yielding support to the
existence of a 1�� resonance above the �f0�980� threshold, coupling strongly to this state.

DOI: 10.1103/PhysRevD.76.074012 PACS numbers: 13.66.Bc, 12.39.Fe, 13.75.Lb

I. INTRODUCTION

The initial state radiation e�e� ! �ISR � �� ! �ISR �
X in electron-positron machines is being used to study
electron-positron annihilation into hadronic states X, scan-
ning energies below the original design in the so-called
radiative return method. This method has proved to be
useful both in the study of the properties of low-lying
resonances in� factories [1] as well as in the measurement
of the cross section for electron-positron annihilation into
different hadronic final states in B factories [2]. In the latter
case it is possible to study electron-positron annihilation
into hadronic states over the range from 1 up to 5 GeV with
a clean identification of the desired final states over the
hadronic background. Detailed analysis of some of these
processes shows enhancements of the corresponding cross
sections whose proper description seems to require the
existence of new resonances. Indeed, a broad structure
was found in the e�e� ! �ISRJ= ���� cross section
showing the existence of a resonance with a mass of about
4.26 GeV [3]. More recently, in studying the cross section
as a function of the center of mass for e�e� ! �ISR���
with the dipion mass close to the f0�980�, another structure
was found around 2.2 GeV indicating the existence of a
new resonance with a mass of about 2.175 GeVand a width
of 58 MeV [4].

For final pions in a C even state, the leading electromag-
netic contributions to the e�e� ! ��� process come
from the exchange of a virtual photon. The quark lines of
the� and�� final states are disconnected thus at tree level
the �� ! ��� can only be induced by sequential decays
like �� ! !��! ��� which are suppressed by the
small !�� mixing. We explored this possibility finding
this contribution rather small. The natural mechanisms
appear at one loop level. In particular for a dipion mass
close to the f0�980� this process involves the ���f0 vertex
function with a photon with a virtuality above 2 GeV. The

very same vertex function appears also in one of the
mechanisms (dominant in the case of neutral pions) for
the radiative decay �! ��� recently measured in
electron-positron � factories [5] but there photons are
on-shell. The vertex function at k2 � 0, the �f0� cou-
pling, appearing in these decays is an important piece in
the elucidation of the structure of the lowest lying scalar
nonet.

The �! ��� decays have been studied in effective
models for nonperturbative QCD [6] incorporating scalar
degrees of freedom and in unitarized chiral perturbation
theory [7] (see also applications to �! K0 �K0� in [8]). In
both formalisms, the dynamics is dominated by the chain
�! S�! ��� where the �! S� decay is induced at
one loop level through charged kaon loops which couple to
the explicit scalar fields in the former case or generate them
dynamically through K �K � �� rescattering in the latter
case. The very same dynamics must be at work in the case
of virtual photons and should be the dominant one for low
photon virtualities. The calculation of such effects is the
subject of this paper.

Unlike the case of the �! S� decay where the real
photon tests only the electric charge, here we have a highly
virtual photon which couples to higher multipoles and the
way to incorporate systematically the effects of kaon loops
is to consider the full kaon form factor FK��k

2� in the
�K�K� interaction. Furthermore, although the contribu-
tion of neutral kaons vanishes for real photons, in the case
of virtual photons the ��K0 �K0 coupling is not null and we
must consider also neutral kaon loops with the correspond-
ing form factor. The challenge here is the proper charac-
terization of the kaon form factor at the energy of the
reaction. Fortunately we have at our disposal both a theo-
retical calculation of the neutral and charged kaon form
factors in U�PT [9] and direct measurements [10] in the
energy region of interest. In the former case, the kaon form
factor is matched with the perturbative QCD predictions at
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Noncommutativity and scalar field cosmology
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In this work we extend and apply a previous proposal to study noncommutative cosmology to the
Friedmann-Robertson-Walker cosmological background coupled to a scalar field. This is done in classical
and quantum scenarios. In both cases noncommutativity is introduced in the gravitational field as well as
in the scalar field through a deformation of minisuperspace, and we are able to find exact solutions.
Finally, the effects of noncommutativity on the classical evolution are analyzed.
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It is a common issue in cosmology to make use of scalar
fields � as the responsible agents of some of the most
intriguing aspects of our Universe (see [1] and references
therein). Just to mention a few, we find that scalar fields are
used as the inflaton which seeds the primordial perturba-
tions for structure formation during an early inflationary
epoch, as the cold dark matter candidate responsible for the
formation of the actual cosmological structure, and as the
dark energy component which seems to be driving the
current accelerated expansion of the Universe. The key
feature for such flexibility of scalar fields (spin-0 bosons)
is the freedom one has to propose a scalar potential V���,
which encodes in itself the (non-gravitational) self-
interactions among the scalar particles.

To study the very early Universe one of the simplest
approaches is quantum cosmology. In this framework
gravitational and matter variables have been reduced to a
finite number of degrees of freedom. For homogenous
cosmological models the metric depends only on time
and gives a model with a finite dimensional configuration
space, minisuperspace [2]. This simplification is used be-
cause a full quantum theory of gravity does not exist
(although two main candidates have been constructed:
string theory and loop quantum gravity), and these ap-
proximate models can be canonically quantized.

Since the end of the 20th century the old idea of non-
commutative space-time [3] has been rekindled; the re-
newed interest is a consequence of the developments in M-
theory and string theory [4]. Although most of the work of
noncommutative field theory has been done in connection
with Yang-Mills theory [5], several noncommutative mod-
els of gravity have been constructed [6]. All of these
formulations of gravity in noncommutative space-time
share a common issue; they are highly nonlinear and
solutions to the noncommutative equations of motion are
incredibly difficult. One may expect that at very early

times nontrivial effects of noncommutativity could affect
the evolution of the Universe, making the study of non-
commutative cosmological models an interesting testing
ground for noncommutativity. Unfortunately, as was al-
ready mentioned, the complexity of the field equations
for noncommutative gravity makes a direct calculation of
cosmological models a very complex task. On this line of
reasoning, in the last few years there have been several
attempts to study the possible effects of noncommutativity
in the cosmological and inflationary scenario [7–9]. In [7]
the authors in a cunning way avoid the difficult technical-
ities of analyzing noncommutative cosmological models
when these are derived from the full noncommutative
theory of gravity. They achieved this by introducing the
effects of noncommutativity in quantum cosmology by
deforming the minisuperspace variables and introducing
the Moyal product of functions in the Wheeler-DeWitt
equation (WDW), similar to noncommutative quantum
mechanics [10]. Other authors have analyzed some phe-
nomenological effects of noncommutativity in cosmology
[9], but in their analysis they neglect the noncommutative
effects on the gravitational sector. The aim of this paper is
to construct a noncommutative formulation of a simple
scalar field cosmological model in which the matter and
gravitational sector are affected by the noncommutative
deformation.

Let us start with the line element for a homogeneous,
flat, and isotropic universe, the Friedmann-Robertson-
Walker (FRW) metric

 ds2 � �N2�t�dt2 � e2��t��dr2 � r2d�2�; (1)

where a�t� � e��t� is the scale factor and N�t� is the lapse
function. The classical evolution is obtained by solving
Einstein’s field equations. Using the energy momentum
tensor of a scalar field we get the Einsten-Klein-Gordon
equations

 H2 �
8�G

3

�
1

2
_�2 � V���

�
; ��� 3H _� � �

@V���
@�

;

(2)
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Abstract In this paper we present the noncommutative Bianchi Class A cosmological mod-
els coupled to barotropic perfect fluid. The commutative and noncommutative quantum so-
lution to the Wheeler–DeWitt equation for any factor ordering, to the anisotropic Bianchi
type II cosmological model are found, using a stiff fluid (γ = 1). In our toy model, we in-
troduce noncommutative scale factors, is say, we consider that all minisuperspace variables
qi does not commute, so the simplectic structure was modified.

1 Introduction

In the last few years there has been several attempts to study the possible effects of non-
commutativity in the cosmological scenario. In particular, Compean et al. [1–3] avoid the
difficult technicalities of analyzing noncommutative cosmological models, when these are
derived from the full noncommutative theory of gravity, see by example [4–11], their pro-
posal is to introduce the effects of noncommutativity in quantum cosmology including one
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Using the canonical quantum theory apply to spherically symmetric pure gravitational
systems, we present the study of the closed Friedmann-Robertson-Walker (FRW) cos-
mological model filled with pressureless matter (dust) content as a toy model. The
Wheeler-DeWitt equation is view as the Schrödinger equation for the linear harmonic
oscillator with energy E. We show that such type of universe has a quantized masses
of the order of the Planck mass and harmonic oscillator wave functions, where a dual
symmetry emerge among the quantum parameters.

KEY WORDS: quantum gravity; quantum cosmology; dual simmetry.

PACS Numbers: 04.20.Fy; 04.60.Ds; 04.70.-s; 04.70.Dy; 98.80.Hw.

1. INTRODUCTION

The absence of a fundamental understanding of physics at very high energies
and, in particular, in the absence of a consistent quantum theory of gravity, there
is no hope, at present, to meet an understanding of the quantum origin of the
Universe in a definitive way. However, it appears desirable to develop highly and
simplified, but consistent toy models, which contain as many as possible of those
features which are believed will be present in a future complete quantum theory
of gravity.

In order to give one possible mechanism for to find certain quantization rules
for the parameters that describes our universe, we present the simpler approach,
where we view the Wheeler-DeWitt equation at energy zero, obtained with the
canonical procedure quantization for a closed FRW cosmological model filled
with pressureless matter (dust) content, like the Schrödinger equation for a linear
harmonic oscillator at energy E. This energy is associated with the mass parameter
quantization, and such type of universe has a quantized masses of the order of
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We consider B ! PS decays where P stands for pseudoscalar and S for a heavy (1500 MeV) scalar

meson. We achieve agreement with available experimental data, which includes two orders of magnitude

hierarchy, assuming the scalars mesons are two quark states. The contribution of the dipolar penguin

operator O11 is quantified.
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I. INTRODUCTION

The scalar sector below 2 GeV is poorly understood,
nevertheless several features—like the presence of two
multiplets and several of their properties—naturally arise
in the analysis of a number of authors. A first set of scalars
with masses around 1.5 GeV [1] is grouped in a heavy
multiplet, including the K�

0ð1430Þ, a0ð1450Þ, f0ð1500Þ for
the octet, f0ð1370Þ which is identified with the singlet and
the f0ð1710Þ which seems to be mainly glueball. The octet
is nearly degenerate, like similar pseudoscalar, vector,
axial vector and tensor multiplets, their widths are small
( � 100 MeV). The mixing angles seems to be small ex-
cept by the singlet-glueball which is around�20�, accord-
ing to H.Y. Cheng in Ref. [2]. It has been more difficult to
establish the lighter multiplet, even the existence and na-
ture of some of their members is in doubt. The light
multiplet should include the a0ð980Þ, f0ð980Þ and the � ¼
K�

0ð800Þ in the octet; while the singlet could be identified

with the � ¼ f0ð600Þ. The mixing is not clear and their
widths are very large. Ideally, the former multiplet can be
identified as the ground state of quark-antiquark bound
states with angular momenta one while the latter with the
ground state of four quarks systems with zero angular
momenta. In the real world an undetermined mixing be-
tween the two multiplets is expected. Alternatively both
multiplets could be identified as quark-antiquark states
with angular momenta one, the lighter being the ground
state while the heavier the first excited state.

A full understanding of the scalar multiplets previously
described remains a challenge, both from the experimental
perspective as well as from the theoretical point of view
[1]. To start with, there is not enough conclusive experi-

mental information regarding the existence and properties
of the scalars. Notice that the information is poor not
because of the lack of sources of scalar mesons, for ex-
ample, many of the decays of particles containing c or b
quarks involve the production of scalar mesons. The infor-
mation on the scalars is scarce because of the large width
they have since that produces a large overlap with nearby
resonances and with the background. In spite of those
problems, precise experimental results are available
[1,3,4] for the mass and width of the f0 and K�

0 , for the

� angle [5] of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix and for several partial widths. It has been speculated
that the � angle can be extracted in processes involving
scalars [6] and new projects like the LHCB [7] will im-
prove the old measurements and obtain new results.
Relevant to our work are the branching ratios for the B !
PS decays measured by different groups, which show a
nontrivial hierarchy. The experimental data collected in
Table I suggest that, for B ! PS decays including mem-
bers of the heavy scalar multiplet, the order of magnitude
of the branching ratios involving the K�

0ð1430Þ, the

f0ð1370Þ, f0ð1500Þ and the a0ð1450Þ are different.
On the theoretical side the situation is not better. The

origin of the difficulties are the nonperturbative regime of
QCD and the limited computer capacity for the lattice
approach. The nature of the observed scalars has been
discussed at length, and proposals exist to identify them
as 2 or 4 quark states, glueballs, molecules, etc., and
several theoretical formalisms have been developed to
calculate nonleptonic decays. The simplest one is the so-
called ‘‘Naive Factorization Approach’’ (NFA) [9], which
in general produces the correct order of magnitude and its
predictions are in rough agreement with the experimental
results. Discrepancies are known to occur in two cases, for
‘‘color suppressed’’ processes and when important rescat-
tering effects are involved, for example, processes where
direct CP violation is relevant [10,11]. The advantage of
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We analyze the CP violation in the semileptonic j�Sj � 1 � decays in supersymmetric extensions of
the standard model with R parity violating term. We show that the CP asymmetry of � decay is enhanced
significantly and the current experimental limits obtained by CLEO collaborations can be easily
accommodated. We argue that observing CP violation in semileptonic � decay would be a clear evidence
for R parity violating supersymmetry extension of the standard model.
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I. INTRODUCTION

CP violation is one of the main open questions in high
energy physics. In the standard model (SM), all CP violat-
ing observables should be explained by one complex phase
�CKM in the Cabibbo-Kobayashi-Maskawa (CKM)quark
mixing matrix. The effect of this phase was first observed
in the kaon system and recently confirmed inB decays. The
quark-lepton symmetry suggests that the lepton mixing
matrix should also violate CP invariance. However, the
situation in the lepton sector is very different. The only
evidence for flavor violation in this sector comes from the
neutrino oscillations and there is, so far, no confirmation
for CP violation in leptonic decays. Hence, measuring CP
asymmetry in � decays will open a new window for study-
ing CP violation.

In recent papers [1,2], it has been pointed out that �� !
KL;S��� decays exhibit a CP asymmetry of the same size
as the one measured in the charge asymmetry of semi-
leptonic KL decays. This large CP asymmetry is induced
by the CP violation in K0 � �K0 mixing. But within the
SM, the direct CP asymmetry rate of �� ! K��0� is of
order O�10�12� [3]. This nearly vanishing asymmetry im-
plies that the observation of any CP asymmetry in this �
decay channel would be a clear signal for the presence of
CP violation beyond the SM.

Supersymmetry (SUSY) is one of the most interesting
candidates for physics beyond the SM. Supersymmetry
provides a new source of CP violation through complex
couplings in the soft SUSY breaking terms. The CP asym-
metry in the decay mode �� ! K��0�, in minimal super-
symmetric extension of the SM with R parity conservation,
has been computed in Ref. [4]. It was shown that the SUSY
contributions can enhance the CP asymmetry rate in �
decay by many orders of magnitude. However, the typical

value is of order O�10�7� which is still much smaller than
the current experimental bound.

The aim of this paper is to show that a significant
enhancement for the CP asymmetry of �� ! K��0�
can be obtained in SUSY models with R parity violating
terms. It turns out that the R parity violating terms (in
particular, the Lepton number violating ones) induce a
tree-level contribution to � decay. This contribution is
proportional to the R parity couplings � and �0, which in
general are complex. We find that this new source of CP
violation enhances the asymmetry of � decay. We impose
new constraints on the couplings � and �0 from the experi-
mental limits, obtained by CLEO collaborations [5–8].

The paper is organized as follows. In Sec. II, some
general features on � semileptonic decays are recalled.
Section III is devoted for analyzing the CP asymmetry of
�� ! K��0� in SUSY models with R parity violation. We
derive the corresponding effective Hamiltonian and show
the terms that violate R parity may give significant con-
tribution to the CP asymmetry in � decay. Finally, we give
our conclusions in Sec. IV.

II. CP ASYMMETRY OF � SEMILEPTONIC DECAY
IN MSSM

In this section we analyze the CP asymmetry of � semi-
leptonic decay modes within the minimal supersymmetric
standard model (MSSM); we will focus on the decay mode
�� ! K��0�. The general amplitude for ���p� !
K��k��0�k0����p0� is given by

 M �
GFVus���

2
p

�
�u�p0����1� �5�u�p�FV�t�

�
�k� k0��

�
�2

t
q�

�
� �u�p0��1� �5�u�p�m��FS�t�

�2

t

� FThK�j �s��	uj0i �u�p0���	�1� �5�u�p�
�
;

where q � k� k0 (t � q2) is the momentum transfer to the
hadronic system, and �2 � m2

K �m
2
� and FV;S;T�t� are the
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We consider thick brane configurations in a pure geometric Weyl integrable 5D space-time, a non-

Riemannian generalization of Kaluza-Klein (KK) theory involving a geometric scalar field. Thus, the

5D theory describes gravity coupled to a self-interacting scalar field which gives rise to the structure of the

thick branes. We continue the study of the properties of a previously found family of solutions which is

smooth at the position of the brane but involves naked singularities in the fifth dimension. Analyzing their

graviton spectrum, we find that a particularly interesting situation arises for a special case in which the

4D graviton is separated from the KK gravitons by a mass gap. The corresponding effective Schrödinger

equation has a modified Pöschl-Teller potential and can be solved exactly. Apart from the massless

4D graviton, it contains one massive KK bound state, and the continuum spectrum of delocalized

KK modes. We also discuss the mass hierarchy problem, and explicitly compute the corrections to

Newton’s law in the thin brane limit.
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I. INTRODUCTION

The success of brane world scenarios to address a
number of high energy physics problems [1] and the
expectation of possible experimental evidence for extra
dimensions [2–7] have given rise to various modifications
and generalizations of the initial thin brane models [4–7].
Among them we find several types of thick brane configu-
rations: scalar smooth branes [8–10], tachyonic branes
[11], branes on black holes [12,13], branes with nonmini-
mally coupled scalar fields [14,15]; within this framework
several physical aspects have been studied like localization
of gravity [16–22] and matter fields [23], brane stability
[24,25], critical phenomena [26], etc.

The model to be considered here is of the class intro-
duced by [8]. It describes Weyl gravity coupled to a
geometrical scalar field and constitutes a noncompact
generalization of the Randall-Sundrum (RS) model [5,6]
with the advantage that the 5D manifold is no longer
restricted to be an orbifold and the branes in the action
need not be introduced by hand.

In this paper, we briefly review localization of 4D grav-
ity on previously constructed thick branes in a Weyl inte-
grable manifold [21]. In Weyl geometry, a scalar field
enters in the definition of the affine connection of the
manifold, revealing its geometrical nature. Weyl integrable
manifolds are invariant under Weyl rescalings (see, e.g.,
[20] for details); when this invariance is broken, via a self-

interacting potential, for instance, the scalar field trans-
forms into an observable degree of freedom.
Various classes of thick brane solutions have been

discussed in the literature. In particular, in
[8,9,11,15,16,18,26], it was proposed to smooth out the
results obtained in the RS model with the aid of a scalar
field. Moreover, the stability of these thick objects was
considered in [24]. All these models have a continuous
Kaluza-Klein (KK) graviton spectrum starting at zero
mass, causing a need for explaining why such arbitrarily
light extra gravitons have not led to detectable deviations
from standard gravity. Although a number of mechanisms
have been proposed how such light extra gravitons could
go unobserved (see, e.g., [7]), it is obviously an interesting
question whether thick brane solutions exist which have a
mass gap and thereby avoid this problem altogether.
Reconsidering some of the previously found families of
solutions we have found one such case, and the main
purpose of this paper is a detailed study of its properties.
The solution family in question involves a simple trigo-

nometric warp factor [8,9,19–23]. Following [5,8,16], we
study linear fluctuations of the classical metric and cast the
wave equation for the transverse traceless modes in the
form of a Schrödinger equation. Contrary to previous stud-
ies of this type of solutions, where the potential in this
equation usually went to zero far from the brane, we fix the
free parameter of the model in such a way that it asymp-
totes to a positive constant. The corresponding Schrödinger
equation turns out to be exactly solvable, being of Pöschl-
Teller type. Apart from the massless 4D graviton, it has one
more bound state, describing a massive localized graviton,
as well as a continuum tower of delocalized massive
modes. Thus, it indeed leads to a mass gap for the graviton
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We construct an explicit scenario whereby the same material driving inflation in the early universe can

comprise dark matter in the present universe, using a simple quadratic potential. Following inflation and

preheating, the density of inflaton/dark matter particles is reduced to the observed level by a period of

thermal inflation, of a duration already invoked in the literature for other reasons. Within the context of the

string landscape, one can further argue for a nonzero vacuum energy of this field, thus unifying inflation,

dark matter, and dark energy into a single fundamental field.

DOI: 10.1103/PhysRevD.77.121301 PACS numbers: 98.80.Cq, 95.35.+d, 95.36.+x

I. INTRODUCTION

In a recent paper [1], two of us proposed a general
scenario for unification of dark matter and inflation into a
single field. The key ingredient is the survival of a residual
amount of the inflaton field’s energy density, which under-
goes coherent oscillations and can serve as a cold dark
matter candidate. In the context of the string landscape, one
can further argue for a nonzero vacuum energy of this field
on anthropic grounds, thus providing a single description
of the three key unknowns of modern cosmology, namely,
dark energy, dark matter, and the material responsible for
early universe inflation.

In practice, however, realizing this scenario is nontrivial,
due to the need for a long radiation-dominated era of the
Universe encompassing the nucleosynthesis period. This
requires that the amplitude of scalar field oscillations be
extremely small after the energy trapped in the inflaton is
released into normal particles. Preheating scenarios can
provide part of the required reduction of the oscillation
amplitude, but still leave it too high and in conflict with the
observed dark matter to radiation density ratio.1

In this paper, we explore a modification to the original
scenario of Ref. [1]. As we shall discuss below, after
preheating the Universe undergoes a short period of radia-
tion quickly followed by a period of matter domination
driven by the relic energy density of the inflaton field itself.
This early matter domination period is interrupted by a
short second period of inflation, known as thermal infla-
tion, driven by a separate field and perhaps associated with
the supersymmetry breaking transition. We find that ther-
mal inflation can reduce the oscillation amplitude of the
scalar field to the desired level, and then provide a proper
reheating of the Universe.

II. COSMOLOGICAL EVOLUTION

For definiteness, we consider throughout the model of
Ref. [1] where the inflaton � has potential V0 þ 1

2m
2�2.

Here V0 has the small value needed to explain the observed
dark energy density, and otherwise does not play a signifi-
cant role. For sufficiently large j�j * mPl, this potential
drives inflation and produces density perturbations in
agreement with observations provided m ’ 10�6mPl.
Subsequently H � m at all times, where H is the
Hubble parameter, and the � field oscillates rapidly on
the Hubble time scale. Such an oscillating field behaves as
cold dark matter, both in the redshifting of the mean
density �� / a�3 and in the evolution of perturbations.

Unless some mechanism exists to reduce the energy
density of the oscillating field, and indeed to transform
some of it into conventional material, it is not possible to
recover a satisfactory big bang cosmology. The original
resolution was reheating—the complete transfer of energy
from the inflaton via single-particle decays. Later coherent
decays, known as preheating [2–4,6], were invoked as well.
Such decays may be extremely efficient when the inflaton
oscillations are large, but if the only interactions present
are annihilations, the process will necessarily shut off once
the density reduces. This led Kofman, Linde, and
Starobinsky [2,4] to propose that the residual field could
act as dark matter, but in fact detailed calculations [1] show
the relic abundance is far too high under standard assump-
tions. It has usually thus been considered that preheating is
followed by a period of reheating leading to complete
decay of the inflaton field.
Having recognized that an inefficient reheating is a main

concern in our unification scenario, the authors in
Refs. [7,8]2 suggest that plasma mass effects [10] could

1This holds for the original four-legs interaction studied in the
preheating literature [2–4], though a complete decay of the
inflaton can be obtained from the introduction of other couplings
[5].

2There exists an sneutrino (which is a scalar field) unification
model for inflation and dark matter [8,9], with similar properties
to our phenomenological model; under certain conditions, our
approach also applies to it.
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∗octavio@fisica.ugto.mx
†msabido@fisica.ugto.mx

Received 28 February 2008
Communicated by A. A. Starobinsky

In this paper, we develop and apply the WKB-type approximation to several examples
of noncommutative quantum cosmology, obtaining the time evolution of the noncom-
mutative universe. This is accomplished by starting from a noncommutative quantum
formulation of cosmology, where the noncommutativity is introduced by a deformation
on the minisuperspace variables. This procedure gives a straightforward algorithm to
incorporate noncommutativity into cosmology and inflation.

Keywords: Noncommutativity; cosmology.

1. Introduction

There has been a lot of interest in the old idea of noncommutative space–time,1 and
an immense amount of work has been done on this subject. This renewed interest
is a consequence of the developments in M -theory and string theory, where in the
description of the low-energy excitations of open strings, in the presence of a Neveu–
Schwarz (NS) constant background B-field, a noncommutative effective low-energy
gauge theory action2,3 occurs in a natural way. Along the lines of noncommutative
gauge theory, noncommutative theories of gravity have been constructed.4–16 All of
these formulations of gravity on noncommutative space–time are highly nonlinear
and a direct calculation of cosmological models is incredibly difficult. One may
naively expect noncommutative effects to be present at the Planck scale, so it is
almost impossible to detect them, but due to the UV/IR mixing,17,18 the effects of
noncommutativity might be important at the cosmological scale.

95



Crossing the phantom divide in an interacting generalized Chaplygin gas

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2008 J. Cosmol. Astropart. Phys. 2008 016

(http://iopscience.iop.org/1475-7516/2008/07/016)

Download details:

IP Address: 148.214.16.113

The article was downloaded on 29/07/2008 at 18:48

Please note that terms and conditions apply.

The Table of Contents and more related content is available

HOME | SEARCH | PACS & MSC | JOURNALS | ABOUT | CONTACT US

http://www.iop.org/Terms_&_Conditions
http://iopscience.iop.org/1475-7516/2008/07
http://iopscience.iop.org/1475-7516/2008/07/016/related
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/pacs
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact


JC
A

P
07(2008)016

ournal of Cosmology and Astroparticle Physics
An IOP and SISSA journalJ

Crossing the phantom divide in an
interacting generalized Chaplygin gas
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Abstract. Unified generalized Chaplygin gas models assuming an interaction
between dark energy and dark matter fluids have been previously proposed.
Following these ideas, we consider a particular relation between dark densities,
which allows the possibility of a time varying equation of state for dark energy
that crosses the phantom divide at a recent epoch. Moreover, these densities
decay throughout the evolution of the Universe, avoiding a big rip. We find
also a scaling solution, i.e. these densities are asymptotically proportional in the
future, which contributes to the solution of the coincidence problem.
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A twisted covariant formulation of noncommutative self-dual gravity is presented. The formulation for

constructing twisted noncommutative Yang-Mills theories is used. It is shown that the noncommutative

torsion is solved at any order of the � expansion in terms of the tetrad and some extra fields of the theory.

In the process the first order expansion in � for the Plebański action is explicitly obtained.

DOI: 10.1103/PhysRevD.78.124008 PACS numbers: 04.70.Dy, 04.30.Nk, 04.62.+v, 11.10.Nx

I. INTRODUCTION

Noncommutative structures in field theory have been
studied over the years and the subject has been introduced
in several forms. The idea of noncommutative space-time
seems to be first proposed by Heisenberg [1], as a possible
cutoff to cure UV divergences in quantum field theory (for
some historical remarks, see [2]). This idea was further
developed by H. S. Snyder and applied to find an imple-
mentation of the Lorentz symmetry on a space-time with
noncommuting coordinates [3]. Snyder’s construction was
realized in (4þ 1)-dimensional space-time, however it
allows coordinate transformations which break down the
Lorentz symmetry in a (3þ 1) space-time subspace. The
extension to include the gauge symmetry of the electro-
magnetic field was pursued in a second paper [4] (for a
recent review, see [5]).

Deformation quantization and Connes’s approach are
two of the most used formulations of noncommutative
spaces. On one hand, deformation quantization was first
introduced in the context of phase-space quantization [6],
some years before Snyder’s paper and finally formulated as
an alternative quantization method in Ref. [7] (for a review,
see [8]). On the other hand, Connes’s noncommutative
geometry [9] is a rigorous mathematical setting containing
nontrivial structures originated from von Neumann [10]
and Gelfand-Naimark’s results [11].

An important step done recently, was the discovery that
noncommutative gauge theory is obtained naturally from
nonperturbative string theory (D-brane physics) via the
Seiberg-Witten map [12]. Furthermore, M-theory, in its
M(atrix) theory approach, was also shown to be compatible
with these noncommutative structures [13]. This relation to
string theory has been one of the main motivations to
further explore the physics of noncommutative theories.
Noncommutative field theory can incorporate nonlocal

effects in field theory at the classical and quantum levels in
an interesting and subtle way. For instance it gives rise to
surprising effects like the IR/UV mixing [14] (for some
reviews, see [15,16]). Recently nonperturbative studies
(via Monte Carlo simulations) seem to support the exis-
tence of this mixing [17].
Noncommutative field theories can be carried over to

SUðNÞ gauge theories through the implementation of the
universal enveloping algebra associated to the Lie algebra
of the gauge group (of the limiting commutative field
theory). Consequently, the standard model or grand unified
theory’s models [18] can be constructed in this way by
using the Seiberg-Witten map. Similarly, noncommutative
versions of topological and self-dual gravity [19] can be
constructed by using the same methods.
In fact, there are numerous proposals of noncommuta-

tive gravity theories in four dimensions [20]. However,
they do not have a clear relation to string theory as the
gauge theory counterpart does [21]. Moreover, the diffeo-
morphism invariance turns out to be broken even at the
classical level. This is the problem of covariance and there
is evidence that noncommutative field theories also could
be nonunitary and violate causality (see for instance, [22]).

*sendic@fis.cinvestav.mx
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We perform a Faddeev calculation for the three-meson system �K �K, taking the interaction between

two pseudoscalar mesons and between a vector and a pseudoscalar meson from the chiral unitary

approach. We obtain a neat resonance peak around a total mass of 2150 MeV and an invariant mass

for the K �K system around 970 MeV, very close to the f0ð980Þ mass. The state appears in I ¼ 0 and

qualifies as a �f0ð980Þ resonance. We enlarge the space of states including ���, since �� and K �K build

up the f0ð980Þ, and find moderate changes that serve to quantify theoretical uncertainties. No state is seen

in I ¼ 1. This finding provides a natural explanation for the recent state found at BABAR and BES, the

Xð2175Þ, which decays into �f0ð980Þ.
DOI: 10.1103/PhysRevD.78.074031 PACS numbers: 14.40.Cs, 21.45.�v, 25.75.Dw

I. INTRODUCTION

The discovery of the Xð2175Þ 1�� resonance in eþe� !
�f0ð980Þ with initial state radiation at BABAR [1,2], also
confirmed at BES in J=� ! ��f0ð980Þ [3], has stimu-
lated research around its nontrivial nature in terms of quark
components. The possibility of it being a tetraquark s�ss �s is
investigated within QCD sum rules in [4], and as a gluon
hybrid s�sg state has been discussed in [5,6]. A recent
review on this issue can be seen in [7], where the basic
problem of the expected large decay widths into two
mesons of the states of these models, contrary to what is
experimentally observed, is discussed. The basic data on
this resonance from [1,2] are MX ¼ 2175� 10 MeV and
� ¼ 58� 16� 20 MeV, which are consistent with the
numbers quoted from BES MX ¼ 2186� 10� 6 MeV
and � ¼ 65� 25� 17 MeV. In Ref. [2] an indication of
this resonance is seen as an increase of the KþK�KþK�
cross section around 2150 MeV. A detailed theoretical
study of the eþe� ! �f0ð980Þ reaction was done in
Ref. [8] by means of loop diagrams involving kaons and
K�, using chiral amplitudes for the K �K ! �� channel
which contains the f0ð980Þ pole generated dynamically
by the theory. The study revealed that the loop mechanisms
reproduced the background but failed to produce the peak
around 2175 MeV, thus reinforcing the claims for a new
resonance around this mass.

In the present paper, we advocate a very different picture
for the Xð2175Þ resonance which allows for a reliable
calculation and leads naturally to a very narrow width
and no coupling to two pseudoscalar mesons. The picture

is that the Xð2175Þ is an ordinary resonant state of
�f0ð980Þ due to the interaction of these components.
The f0ð980Þ resonance is dynamically generated from the
interaction of �� and K �K treated as coupled channels
within the chiral unitary approach of [9–11], qualifying
as a kind of molecule with �� and K �K as its components,
with a large coupling to K �K and a weaker one to ��
[hence, the small width compared to that of the �ð600Þ].
Similar studies for the vector-pseudoscalar interaction
have also been carried out using chiral dynamics in
[12,13], which lead to the dynamical generation of the
low-lying axial vectors. We shall follow the approach of
Ref. [13] to deal with this part of the problem and will use
the �K and �� amplitudes obtained in that approach.
To study the �f0ð980Þ interaction, we are thus forced to

investigate the three-body system �K �K considering the
interaction of the three components among themselves and
keeping in mind the expected strong correlations of theK �K
system to make the f0ð980Þ resonance. For this purpose we
have solved the Faddeev equations with coupled channels
�KþK� and �K0 �K0. The picture is later complemented
with the addition of the ��� state as a coupled channel.
The study benefits from previous ones on the � �KN and
��N along with their coupled channels done in [14,15],
where many 1=2þ, strange, and nonstrange low-lying
baryon resonances of the Particle Data Group [16] were
reproduced. This success encourages us to extend the
model of Refs. [14,15] to study the three-meson system,
i.e., �K �K. One of the interesting findings of Refs. [14,15]
was a cancellation of the off-shell part of the amplitudes
with the genuine three-body forces that one obtains from
the same chiral Lagrangians. This simplified technically
the approach, and we shall stick to this formalism also
here.
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On the basis of the three fundamental principles of (i) Poincaré symmetry of space-time,
(ii) electromagnetic gauge symmetry, and (iii) unitarity, we construct an universal Lagrangian for the
electromagnetic interactions of elementary vector particles, i.e., massive spin-1 particles transforming in
the �12 ;

1
2� representation space of the homogeneous Lorentz group. We make the point that the first two

symmetries alone do not fix the electromagnetic couplings uniquely but solely prescribe a general
Lagrangian depending on two free parameters, here denoted by � and g. The first one defines the
electric-dipole and the magnetic-quadrupole moments of the vector particle, while the second determines
its magnetic-dipole and electric-quadrupole moments. In order to fix the parameters one needs an
additional physical input suited for the implementation of the third principle. As such, one chooses
Compton scattering off a vector target and requires the cross section to respect the unitarity bounds in the
high-energy limit. As a result, we obtain the universal g � 2 and � � 0 values which completely
characterize the electromagnetic couplings of the considered elementary vector field at tree level. The
nature of this vector particle, Abelian versus non-Abelian, does not affect this structure. Merely, a partition
of the g � 2 value into non-Abelian, gna, and Abelian, ga � 2� gna, contributions occurs for non-
Abelian fields with the size of gna being determined by the specific non-Abelian group appearing in the
theory of interest, be it the standard model or any other theory.

DOI: 10.1103/PhysRevD.77.014009 PACS numbers: 13.60.Fz, 13.40.Em, 13.40.�f

I. INTRODUCTION

In the forthcoming years, energies ranging from several
hundred GeV to a few TeVs are expected to become
accessible at the particle accelerators, a progress which
will facilitate testing various fundamental theoretical con-
cepts. In particular, it is quite possible that some of the
elementary high-spin particles predicted by supersymmet-
ric- or excited-lepton theories could be observed either as
gauge fields to some still unknown non-Abelian groups or
as matter fields. Additional effects may or may not come
from the more recently developed respective theories of
large extra dimensions, noncommutative space-time, etc.
In view of the theoretical uncertainties it appears quite
important indeed to single out the impact of the first
principles underlying the space-time on the properties of
the elementary high-spin fields and in first place on their
electromagnetic properties. As an example one may think
of the value of the gyromagnetic factor, g. In recent time,
voicing universality of the g � 2 value for particles of any
spin becomes stronger (see Ref. [1] and references therein
for a recent review). An indirect indication in favor of g �
2 is provided already by the Drell-Hearn-Gerasimov sum
rule [2] (generalized by Weinberg [3] to any spin) which
assigns to strong interactions the anomalous magnetic mo-
ment of the nucleon in terms of the �g� 2�e=2m differ-

ence. Ferrara, Porrati, and Telegdi made the point [4] that
unitarity of the amplitude of Compton scattering off a
target of any spin s demands for the universal value of g �
2. Specifically for spin-3=2, they showed that g � 2 also
allows to avoid the pathology of acausal propagation [5] of
such particles within an electromagnetic environment as
suffered by the Rarita-Schwinger formalism. However, the
resolution of this so-called Velo-Zwanziger problem was
obtained at the cost of the introduction of nonminimal
electromagnetic couplings. In contrast to the Ferrara,
Porrati, and Telegdi approach, in the recently proposed
covariant projector formalism of Ref. [6], spin-3=2 causal
propagation and g � 2 were achieved by means of a
Lagrangian containing only minimal couplings but of sec-
ond order in the momenta. The latter formalism treats
high-spins as appropriate sectors of finite-dimensional
multispin valued homogeneous Lorentz group (HLG) rep-
resentations that behave as invariant eigensubspaces of the
two Casimir operators of the Poincaré group, the squared
four-momentum, p2, and the squared Pauli-Lubanski vec-
tor, W 2. It is the goal of the present study to apply the
covariant projector formalism to fields residing in the �12 ;

1
2�

irreducible representation of the HLG, the massive vector
fields, and explore consequences on their electromagnetic
couplings.
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In this work we study the eþe� ! �KþK� reaction. The leading order electromagnetic contributions

to this process involve the ���KþK� vertex function with a highly virtual photon. We calculate this

function at low energies using R�PT supplemented with the anomalous term for the VV 0P interactions.

Tree-level contributions involve the kaon form factors and the K�K transition form factors. We improve

this result, valid for low photon virtualities, replacing the lowest order terms in the kaon form factors and

K�K transition form factors by the form factors as obtained in U�PT in the former case and the ones

extracted from recent data on eþe� ! KK� in the latter case. We calculate rescattering effects which

involve meson-meson amplitudes. The corresponding result is improved using the unitarized meson-

meson amplitudes containing the scalar poles instead of the lowest order terms. Using the BABAR value

for BRðX ! �f0Þ�ðX ! eþe�Þ, we calculate the contribution from intermediate Xð2175Þ. A good

description of data is obtained in the case of destructive interference between this contribution and the

previous ones, but more accurate data on the isovector K�K transition form factor is required in order to

exclude contributions from an intermediate isovector resonance to eþe� ! �KþK� around 2.2 GeV.

DOI: 10.1103/PhysRevD.79.034018 PACS numbers: 13.66.Bc, 12.39.Fe, 13.60.Le, 13.75.Lb

I. INTRODUCTION

Recently, using the radiative return method [1–3], a new
state, the Xð2175Þ (also named Yð2175Þ in the literature),
was observed in eþe� ! ��� with the dipion invariant
mass close to the f0ð980Þ region, explicitly, for m�� ¼
850–1100 MeV [2]. Later on this state was also detected at
BES in the J=� ! ��f0ð980Þ reaction [4] and BELLE in
eþe� ! ��þ�� [5]. In an update of the analysis of
Ref. [2], results on the channel eþe� ! �KþK� were
presented in the form of the number of events as a function
of the dikaon invariant mass [3]. Indeed, in this work, the
cross section for eþe� ! KþK�KþK� was measured as a
function of the center of mass energy up to

ffiffiffi
s

p ¼
4:54 MeV and it is shown there that this reaction is domi-
nated by events where one kaon pair comes from the decay
of a �. Selecting events with a kaon pair within 10 MeVof
the � mass, an enhancement in the invariant mass of the
other kaon pair close to threshold is observed and sug-
gested to be due to the f0ð980Þ tail, but the low statistics
and uncertainties in the f0ð980Þ ! KþK� line shape pre-
vent the authors from presenting a cross section for
eþe� ! �f0ð980Þ using the �KþK� final state.

Inspired in the physics behind the radiative � ! ���
decay [6–8], a detailed theoretical study of eþe� ! ���
for pions in the s wave was performed in [9]. The process
eþe� ! �f0 has been also studied in the context of
Nambu-Jona-Lasinio models [10]. In Ref. [9], it was
shown that the tree-level contributions through the !�
� mixing are negligible and eþe� ! ��� proceeds
through the production of off-shell K �K and K�K pairs,
the successive decay of the off-shell kaon or K� into an on-

shell � and an off-shell K, and the subsequent K �K ! ��
scattering. The starting point was the R�PT Lagrangian
[11] supplemented with the anomalous term for the V 0VP
interactions. The corresponding predictions, valid for low
virtualities of the exchanged photon and low dipion invari-
ant mass were improved in two respects. First, the s-wave
K �K ! �� amplitudes entering the loop calculations were
replaced by the full K �K ! �� isoscalar amplitudes as
calculated in U�PT, which contain the scalar poles
[12,13]. Second, the lowest order terms of the kaon form
factor were replaced by the full kaon form factor as calcu-
lated in U�PT [14] which describes satisfactorily the
scarce data for energies around 2 GeV [15,16]. Likewise,
the K�K isoscalar transition form factor arising from
R�PT and the anomalous term, was replaced by the tran-
sition form factors as extracted from data on eþe� !
K0K��� [17].
The f0ð980Þ couples strongly to the K �K system and it

should contribute to the mechanisms studied in [9] in the
case of �K �K production. Therefore it is worthy to study
this channel also. As discussed above, some experimental
data has been released for eþe� ! �KþK�. We devote
this work to the study of this reaction in the framework
developed in Ref. [9]. In contrast to the ��� final state,
the �KþK� final state is induced at tree level in this
framework. Furthermore, as noticed in [3], the f0ð980Þ
pole is close to the threshold for the production of the
dikaon system and the loop contributions can be enhanced
by this pole thus a complete analysis requires to calculate
rescattering contributions. In this concern, we know that
the a0ð980Þ meson couples strongly to the KþK� system
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Abstract

In these lectures I will show some results obtained with the chiral unitary approach applied to the photo- and electro-production
of mesons. The results for the photo-production of ηπ0 p and K 0π0Σ+, together with related reactions will be shown, having with
common denominator the excitation of the ∆(1700) resonance which is one of those dynamically generated in the chiral unitary
approach. Then I will show the results obtained for the e+e−

→ φ f0(980) reaction which reproduce the bulk of the data except for
a pronounced peak, giving support to a new mesonic resonance, X(2175). Results will also be shown for the electromagnetic form
factors of the N∗(1535) resonance, also dynamically generated in this approach. Finally, I will show some results on the photo-
production of the ω in the nuclei, showing that present experimental results claiming a shift of the ω mass in the medium are tied to
a particular choice of background and are not conclusive. On the other hand, the same experimental results show unambiguously a
huge increase of the ω width in the nuclear medium.
c© 2007 Elsevier B.V. All rights reserved.

Keywords: Photo-production of mesons; Electro-production of mesons; Meson medium effects

1. Introduction

Nowadays it is commonly accepted that QCD is the theory of the strong interactions, with the quarks as building
blocks for baryons and mesons, and the gluons as the mediators of the interaction. However, at low energies typical of
the nuclear phenomena, perturbative calculations with the QCD Lagrangian are not possible and one has to resort to
other techniques to use the information of the QCD Lagrangian. One of the most fruitful approaches has been the use of
chiral perturbation theory, χPT [1–3]. The theory introduces effective Lagrangians which involve only observable par-
ticles, mesons and baryons, respects the basic symmetries of the original QCD Lagrangian, particularly chiral symme-
try, and organizes these effective Lagrangians according to the number of derivatives of the meson and baryon fields.
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Stationary oscillations in a damped wave equation from isospectral
Bessel functions
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Using the isospectral partners of the Bessel functions derived by Reyeset al. [1], we find, on one hand, that these functions show non-typical
supersymmetric (SUSY) behavior and, on the other, that the isospectral partner of the classical wave equation is equivalent to that of a
damped system whose oscillations do not vanish in time, but show a non-harmonic shape.

Keywords: Supersymmetry; Bessel functions.

Usando las compañeras isoespectrales de las funciones de Bessel obtenidas por Reyeset al.[1], encontramos, por un lado, que estas funciones
muestran un comportamiento atı́pico de SUSY, mientras que, por otro lado, la compañera isoespectral de la ecuación de onda cĺasica es
equivalente a la de un sistema amortiguado cuyas oscilaciones no desvanecen con el tiempo, sino que obtienen una forma que no es armónica.

Descriptores: Supersimetŕıa; ecuacíon de Bessel.

PACS: 02.30.Hq; 03.65.-w; 11.30.Pb

1. Introduction

In quantum mechanics (QM), the number of problems that
can be exactly solved is very limited, and one can only hope
to get the approximate solution using a variety of methods, or
turn to a modified problem which can be described in terms of
the known exact problems. In fact, one of the main virtues of
supersymmetric (SUSY) quantum mechanics is that there one
can find an infinite number of one-parameter problems which
possesses the same spectra as the known exact ones. If SUSY
cannot be applied, one can still find isospectral solutions by
using the classical factorization method, or the interwinning
method, to look for new equations with the old spectra.

In classical mechanics, the only problem that can be di-
rectly compared to quantum mechanics is that described by
the classical wave equation

(
∇2 − 1

v2

)
ψ(x, y; t) = 0, (1)

but it has been stated before that there is no SUSY partner for
this equation [2]. In fact, a factorization of the Bessel equa-
tion a la Infeld and Hull cannot be found [3]. However, the
Bessel equation,

d2Jn(r)
dr2

+
1
r

dJn(r)
dr

+
(

1− n2

r2

)
Jn(r) = 0 , (2)

with n ≥ 0, which arises from the wave equation after sepa-
ration of variables, still possesses a factorization in terms of
raising and lowering operators defined by the equations [4]

A+
n Jn(r) =

(
d

dr
− n

r

)
Jn(r) = −Jn+1(r) , (3)

A−n+1Jn+1(r) =
(

d

dr
+

n + 1
r

)
Jn+1(r) = Jn(r) , (4)

respectively.

Following the work of Mielnik [5], who finds a family of
potentials that posses the same spectrum as that of the one-
dimensional harmonic oscillator, and the work of Piña [6] on
the factorization of some special functions found in mathe-
matical physics, Reyeset al. [1] are able to derive second-
order differential equations that are ‘isospectral’ to the equa-
tions described in the Sturm-Liouville theory. Note that since
the ‘spectral’ parametern appears inA+

n andA−n , contrary to
SUSYQM [5], it shows up in the partner equation in a more
complicated fashion than the original equation.

As one can see, obtaining the isospectral partner of the
Bessel equation is the first step toward an isospectral classi-
cal wave equation, this being the main purpose of this letter.
But, before proceeding in this direction, we first show that the
partner functions of the Bessel functions show a unique and
unusual SUSY behavior. Then, we show that the isospectral
classical wave equation that comes from the isospectral part-
ner of the Bessel equation resembles the problem of damped
waves, which nevertheless do not vanish in time, but show
non-harmonic shapes due to this damping term.
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The CP asymmetry in neutrino oscillations, assuming new physics at production and/or detection

processes, is analyzed. We compute this CP asymmetry using the standard quantum field theory within a

general new physics scenario that may generate new sources of CP and flavor violation. Well-known

results for the CP asymmetry are reproduced in the case of V � A operators, and additional contributions

from new physics operators are derived. We apply this formalism to SUSY extensions of the standard

model where the contributions from new operators could produce a CP asymmetry observable in the next

generation of neutrino experiments.
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I. INTRODUCTION

Since the experimental results implying that the neutri-
nos are massive [1], it is expected to have CP violation
phases in the leptonic sector. However, the situation in the
leptonic sector is very different from the quark sector
where the CP violation is clearly established in K and B
mesons physics. The only evidence for flavor violation in
the leptonic sector comes from neutrino oscillations and
there is, so far, no confirmation forCP violation in leptonic
decays. Hence, measuring any CP asymmetry in neutrino
oscillation will open a new window to study CP violation
and related problems as leptogenesis or CP violation in �
decays. New physics beyond the standard model (SM), like
low energy supersymmetry, may be probed at the LHC and
consequently new sources of CP and flavor violation can
be expected. These new sources of CP and lepton flavor
violation, also classified as nonstandard interactions (NSI),
could give important contributions to the CP asymmetry in
neutrino oscillation (see Refs. [2–5]).

In addition, a proper procedure to take into account these
nonstandard interactions is important as neutrino experi-
ments are reaching a high level of accuracy. Even if
neutrino masses and lepton mixing matrices solve the solar
and atmospheric neutrinos anomalies, it is clear that NSI
could affect the oscillations parameters as determined by
the next generation of neutrino experiments. Effects of NSI
have been widely studied, considering their contributions
to solar and atmospheric neutrino problems, in neutrinos

factories, in conventional and upgraded neutrino beta
beams, eþe� colliders, neutrino-electron and neutrino-
nucleus scattering and in many other aspects of neutrino
physics [5–13].
The interpretation of a possible CP asymmetry in neu-

trino oscillation due to the SM or NSI is still an open
question. The following two hypothesis are usually con-
sidered in the analysis of CP asymmetry in neutrino oscil-
lations: (i) The probability of a process associated to
neutrino oscillation can be factorized into three indepen-
dent parts: the production process, the oscillation proba-
bility and the detection cross section. (ii) The CP
asymmetry in this process is due to the CP violating phase
in the lepton mixing matrix. In a pioneering work, the
authors of Ref. [2] have studied CP violating effects due
to contributions from new neutrino interactions in the
production and/or detection processes in neutrino oscilla-
tion experiments. However, only corrections to the V � A
SM charged current interactions were considered [2]. In
Ref. [3], the (V � A) (V � A) and (V � A) (V þ A) opera-
tors associated to muon decays, but not to the pion decay,
have been considered. In muon decays, the interference
between SM and new physics of (V � A) (V þ A) opera-
tors is suppressed by me=m� [14]. In Ref. [15], the quan-

tum field theory formalism has been used to describe
neutrino oscillations but new flavor interactions were not
taken into account.
The goal of this paper is to go beyond this approximation

and to propose a generic framework based on quantum
field theory to get a simple expression for the CP asym-
metry without imposing any assumptions on the operators
generated by new physics. We shall show that in such a
case, new contributions to the CP asymmetry appear and it
could be important to take them into account once we want
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We review the attractor properties of the simplest chaotic model of inflation, in which
a minimally coupled scalar field is endowed with a quadratic scalar potential. The
equations of motion in a flat Friedmann–Robertson–Walker universe are written as an
autonomous system of equations, and the solutions of physical interest appear as critical
points. This new formalism is then applied to the study of inflation dynamics, in which
we can go beyond the known slow-roll approximation.
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1. Introduction

One of the most-studied issues in cosmology is the dynamics of cosmological scalar
fields, mostly because of their usefulness in providing models for different needed
processes in the evolution of the universe. It is not an easy task at all to present a
full bibliography on scalar fields, but a nice and comprehensive review was recently
given by Copeland, Sami and Tsujikawa.1

A plethora of methods exist in the specialized literature for studying the dynam-
ics of cosmological scalar fields, but only a few can be said to be extreme useful
and of general applicability, in a field where exact solutions are rarely found.

One of these methods is the writing of the scalar and gravitational evolution equa-
tions in the form of a dynamical system. This is an idea that has pervaded the spe-
cialized literature on cosmological scalar fields.2–4 The reason is that the theory of
dynamical systems can show the existence of (fixed) stationary points that may rep-
resent important cosmological solutions; often these solutions are attractors which
the system evolves to independently of the initial conditions. This is of wide interest
in the case of inflationary and dark energy models.1 However, the dynamical system
approach is not always completely suitable for the study of scalar field dynamics.

A typical example is a scalar field model endowed with a quadratic potential.
The first attempt for this case was made by Belinsky et al.2 (see also Ref. 5), in
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Abstract. Standard thermodynamical results of ideal Bose gases are used to study the
possible formation of a cosmological Bose-Einstein condensate in Scalar Field Dark Matter
models; the main hypothesis is that the boson particles were in thermal equilibrium in the
early Universe. It is then shown that the only relevant case needs the presence of both
particles and anti-particles, and that it corresponds to models in which the bosonic particle is
very light. Contrary to common wisdom, the condensate should be a relativistic phenomenon.
Some cosmological implications are discussed in turn.
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The dynamics of a cosmological model of dark matter and dark energy represented by a scalar field

endowed with a cosh-like potential plus a cosmological constant is investigated in detail. By studying the

appropriate phase space of the equations of motion, it is shown that a standard evolution of the Universe is

recovered for appropriate values of the free parameters, and that the only late-time attractor is always the

de Sitter solution. We also discuss the appearance of scalar field oscillations corresponding to dark matter

behavior.
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I. INTRODUCTION

One of the greatest mysteries of modern cosmology
doubtless is the nature of dark matter (DM) [1,2]; around
23% of the matter of the Universe is attractive, but of
unknown nature. The most accepted DM candidates are
particles from the minimal supersymmetric standard model
[3,4]. The paradigm arising from this is the cold dark
matter (CDM) model that has been proved at the cosmo-
logical level with great success. For example, it predicts
very well the formation and clustering of galaxies [5].

Nevertheless, some inconsistencies of the model appear
when compared with observations at the galactic level in
the last decade. Among other problems, the predicted
number of satellite galaxies around large galaxies is
much bigger than the observed one [6], and the DM density
profile at the center of galaxies seems to be less steep than
predicted [7].

Even though there have been several attempts to deal
with these inconsistencies [8], one compelling possibility
is that the DM particle is a scalar field [9]. The idea is
rooted in the fact that, for the sake of mathematical and
physical consistency, almost all the unified theories of
physics contain scalar fields as the simplest geometrical
objects; these appear with a plethora of names: Higgs,
inflatons, dilatons, scalerons, radions, etc. Moreover, the
discovery of the dark energy (DE) renewed the interest of
cosmologists in scalar fields (see [10] for a comprehensive
review).

In Ref. [9,11] some of us proposed that a scalar field
rolling down a convex self-interaction potential can be a
reasonable candidate for DM, calling this paradigm scalar
field dark matter (SFDM). This hypothesis has some nice
features. For instance, SFDM does not need extra assump-
tions to explain the flat DM profile in the centers of
galaxies [12], or the number of satellite galaxies around
the Milky Way [13].
The SFDM hypothesis has been investigated for a num-

ber of self-interaction potentials like the cosh-like
[11,14,15], and the quadratic ones [15,16], with the con-
sequent discovery of several exact solutions of cosmologi-
cal interest. However, within the cosmological context, a
full and detailed study of the dynamics of SFDM models,
to uncover their relevant asymptotic properties, is still
desirable.
The main goal of the present paper is, precisely, to study,

within the cosmological context and by means of the
dynamical systems tools, the asymptotic properties of the
SFDM model driven by a cosh-like potential. Several
relevant cosmological solutions will be correlated with
concepts like past and future attractors, signaling the way
the cosmic dynamics transits from early-time to intermedi-
ate, and then to late-time asymptotic states.
It is shown that the SFDM model driven by a cosh-like

potential with a cosmological constant term added can also
describe the cosmic dynamics of the standard model
!CDM. Due attention will be paid to the late-time oscil-
latory solution that can be associated with CDM behavior
in the model.
The paper has been organized as follows. The relevant

physical features of the model are discussed in Sec. II, and
then, in Sec. III, its mathematical features are specified.
The details of the dynamical systems study of the SFDM
model with a cosh-like potential are given in Sec. IV.
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Dark energy and dark matter are only indirectly measured via their gravitational effects. It is possible

that there is an exchange of energy within the dark sector, and this offers an interesting alternative

approach to the coincidence problem. We consider two broad classes of interacting models where the

energy exchange is a linear combination of the dark sector densities. The first class has been previously

investigated, but we define new variables and find a new exact solution, which allows for a more direct,

transparent, and comprehensive analysis. The second class has not been investigated in general form

before. We give general conditions on the parameters in both classes to avoid unphysical behavior (such as

negative energy densities).
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I. INTRODUCTION

Cosmological observations point to the existence of
nonbaryonic cold matter and of a late-time acceleration
of the Universe (see, e.g., [1–3]). If gravity is modeled on
cosmological scales by general relativity, and if we assume
that the Universe is homogeneous and isotropic on these
scales, then the late-time acceleration is sourced by a dark
energy component, and the Universe is dominated by the
‘‘dark sector.’’ The quest to uncover the true nature of dark
matter (DM) and dark energy (DE) is one of the most
pressing topics of modern cosmology.

One of the fundamental puzzles within this quest is the
‘‘coincidence problem’’: how is it that we seem to live in a
time when the densities of DM and DE are of the same
order of magnitude, given that they evolve very differently
with redshift? An interesting proposal is that interaction
between the dark fields could perhaps alleviate the coinci-
dence problem. Various interaction models have been put
forward and studied (see, e.g., [4–24]).

For a flat Friedmann-Robertson-Walker universe, the
background dynamics after recombination are governed
by the equations of energy balance and the Raychaudhuri
field equation:

_!b ¼ !3H!b; (1a)

_!c ¼ !3H!c þQ; (1b)

_!x ¼ !3ð1þ wxÞH!x !Q; (1c)

_H ¼ !4"G½!b þ !c þ ð1þ wxÞ!x'; (1d)

where H ¼ _a=a is the Hubble parameter, !c is the cold
DM density, !b is the baryonic density, !x is the density of

DE, and wx < 0 is its constant equation of state. The
baryons only interact gravitationally with the dark sector,
and Q is the rate of energy transfer in the dark sector. The
Friedmann constraint equation is

H2 ¼ 8"G

3
ð!b þ !c þ !xÞ: (2)

Note that the field equations (1d) and (2) are independent
ofQ, because of total energy conservation. A positiveQ>
0 represents transfer of energy from DE to DM; a negative
Q< 0 represents transfer of energy from DM to DE.
In this paper, we consider interactions that are linear

combinations of the dark sector densities:

Q ¼ Ac!c þ Ax!x: (3)

Here the rate factors AI are either proportional to H or
constants, leading to two classes of interaction model:

model I AI ¼ 3#IH; (4)

model II AI ¼ 3!I; (5)

where #I are dimensionless constants and !I are constant
transfer rates. Observations impose the general constraint
that the interaction should be subdominant today, so that

j#Ij ( 1; j!Ij ( H0: (6)

Model I has been recently analyzed by [4] (and earlier
work considered the special cases #c ¼ #x [5] and #x ¼ 0
[6]). We use an alternative approach, defining new varia-
bles to simplify the parameter space and finding the general
exact solution. We are able to recover previous results
more directly and simply and to provide some new insights
into the model.
The H in the Q-term for model I is motivated purely by

mathematical simplicity. By contrast, the energy exchange
in model II is motivated by similar models that have been
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The Wheeler-DeWitt (WDW) equation for the Kantowski-Sachs model can also be understood as the

WDW equation corresponding to the Schwarzschild black hole due to the well known diffeomorphism

between these two metrics. The WDWequation and its solutions are ignorant of the coordinate patch one

is using, only by imposing coordinate conditions we can differentiate between cosmological and black

hole models. At that point, the foliation parameter t or r will appear in the solution of interest. In this work

we supersymmetrize this WDW equation obtaining an extra term in the potential with two possible signs.

The WKB method is then applied, giving rise to two classical equations. It is shown that the event horizon

can never be reached because very near to it, the extra term in the potential, for each one of the equations,

is more relevant than the one that corresponds to Schwarzschild. One can then study the asymptotic cases

in which one of the two terms in the Hamiltonian dominates the behavior. One of them corresponds to the

usual Schwarzschild black hole. We will study here the other two asymptotic regions; they provide three

solutions. All of them have a singularity in r ¼ 0 and depending on an integration constant C they can also

present a singularity in r ¼ C2. Neither of these solutions have a Newtonian limit. The black hole solution

we study is analyzed between the singularity r ¼ C2 and a maximum radius rm. We find an associated

mass, considering the related cosmological solution inside r ¼ C2, and based on the holographic principle

an entropy can be assigned to this asymptotic solution.

DOI: 10.1103/PhysRevD.80.104020 PACS numbers: 04.70.Bw, 04.60.Ds, 04.65.+e, 12.60.Jv

I. INTRODUCTION

Black hole physics has been extensively studied in the
literature. It is useless to try to address the many interesting
aspects, even those related with a single topic. A very rich
discussion exists in the literature in one of these topics,
namely, that concerning black holes (event) horizons. One
can begin by mentioning the fact that in general relativity
[1], for stationary vacuum, solutions to the Einstein field
equations event horizons arise. Moreover, classical col-
lapse of astrophysical objects results in (future) event
horizons [2]. The existence of an event horizon means
that one has an inaccessible region, and therefore an ex-
ternal observer must then consider hidden states; pure
states become density matrices. So that, seen from outside,
the evolution results nonunitary, there is information loss.
This is one of those things one has to live with, if one
accepts the usual Carter-Penrose diagram. Modifications to
this diagram have been proposed based on different theo-
retical frameworks and models all hinting to a more subtle
history for collapse [3]. In classical numerical relativity
calculations, event horizons are almost impossible to find
with any certainty. Other definitions of horizons like local
or quasilocal are used to be able to perform calculations
that make sense [4]. It has also been claimed by several
authors (see [5] and works cited therein) that there is a

variety of physically realistic stellar collapse scenarios in
which an event horizon does not in fact forms, so that the
singularity remains exposed. Moreover, even though as-
tronomers will recognize that what they have observed so
far is compatible with the Schwarzschild or Kerr metrics
[6], they will also argue that one cannot unambiguously
conclude that the dark objects they observe are black holes
in the sense of general relativity. There is an increasing
consensus, or at least suspicion, within the general relativ-
ity community that event horizons are simply the wrong
thing to be looking at. Other possible definitions of hori-
zons have then been proposed; apparent [7], dynamical [8],
trapping [9] horizons that make more physical sense. Very
powerful and sophisticated methods have been developed
since the birth of general relativity searching for solutions
to its field equations. For a long time it has been known that
changing the structure of spacetime (i.e. interchanging the
coordinates t $ r), changes a static solution for a cosmo-
logical one and vice versa. The best known case is the
Schwarzschild metric that under this particular diffeomor-
phism transforms into the Kantowski-Sachs metric [10].
This interchange of variables has been recently proposed as
a method to generate new cosmological models from sta-
tionary axisymmetric solutions [11]. In string theory, it has
been suggested that by interchanging r $ it we can get
time-dependent solutions also from static and stationary
solutions. In this way we may relateDp-branes solutions to
S-brane solutions, i.e. time-dependent backgrounds of the
theory [12]. On the other hand, there are proposals to
obtain directly S-brane solutions [13]; thus, if cosmologi-
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In this letter we study the effects of a noncommutative minisuperspace, including matter
degrees of freedom on a toy model for FRW universe with cosmological constant. In this
simple model the vacuum energy density is modified by the presence of the noncommu-
tative minisuperspace parameter, from which we conjecture on the discrepancy between
the calculated and observed vacuum energy density associated to Λ.

Keywords: Noncommutativity; cosmology.

PACS Nos.: 02.40.Gh, 95.36+x, 98.80.Qc

The cosmological constant problem has been addressed by means of different ap-

proaches for several years and still remains as one of the central issues of not only

modern day cosmology but also particle physics.1 The remarkable discovery and

confirmation of the acceleration of the universe is usually attributed to a small,

nonvanishing Λ. Unfortunately there is no known mechanism that guarantees a

zero or nearly zero value for Λ in a stable or metastable vacuum. This has been

complicated by the fact that its associated energy density has a similar value as

that of the energy of present-day matter. These and other questions connected to

the cosmological constant can be casted as three fundamental problems: why is

the cosmological constant so small? why it is not zero? and why is it comparable

to the matter energy-density (cosmic coincidence)? The apparent impossibility of

addressing these questions has lead to speculate on the necessity of an anthropic
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We calculate Compton scattering off an elementary spin 3
2 particle in a recently proposed framework for

the description of high spin fields based on the projection onto eigensubspaces of the Casimir operators of

the Poincaré group. We also calculate this process in the conventional Rarita-Schwinger formalism. Both

formalisms yield the correct Thomson limit but the predictions for the angular distribution and total cross

section differ beyond this point. We point out that the average squared amplitudes in the forward direction

for Compton scattering off targets with spin s ¼ 0, 1
2 , 1 are energy independent and have the common

value 4e4. As a consequence, in the rest frame of the particle the differential cross section for Compton

scattering in the forward direction is energy independent and coincides with the classical squared radius.

We show that these properties are also satisfied by a spin 3
2 target in the Poincaré projector formalism but

not by the Rarita-Schwinger spin 3
2 particle.

DOI: 10.1103/PhysRevD.80.054002 PACS numbers: 13.60.Fz, 13.40.Em, 13.40.�f

I. INTRODUCTION

A long standing problem in particle physics is the proper
description of high spin fields. The widely used Rarita-
Schwinger (RS) formalism [1] was shown to be inconsis-
tent for interacting particles long ago [2], and lead to
superluminical propagation of spin 3

2 waves in the presence

of an external electromagnetic field [3]. Similar and related
problems have been found in the presence of other inter-
actions [4].

Recently, a new formalism for the description of high
spin fields was put forward by Napsuciale Kirchbach and
Rodrı́guez [5] (NKR in the following), based on the pro-
jection onto eigensubspaces of the Casimir operators of the
Poincaré group. In that work, it is shown that, under
minimal coupling, the (parity-conserving) electromagnetic
structure of a spin 3

2 particle transforming in the

ð1=2; 1=2Þ � ½ð1=2; 0Þ � ð0; 1=2Þ� representation of the ho-
mogeneous Lorentz group (HLG) depend on two free
parameters denoted by g and f. The propagation of
spin 3

2 waves was studied for the case f ¼ 0 and it is shown

there that the value of the gyromagnetic factor g is related
to the causality of the propagation of spin 3

2 waves and

causal propagation is obtained for g ¼ 2. This result re-
lates the ‘‘natural’’ value of the gyromagnetic factor [6] to
causality for spin 3

2 .

The case of spin 1 particles in the ( 12 ,
1
2 ) representation

space of the HLG was addressed in [7]. In this case, the
most general electromagnetic interaction of a spin 1 vector
particle was also shown to depend on two parameters
(denoted by g and �) which cannot be fixed from the
Poincaré projection alone. These parameters determine
the electromagnetic structure of the particle and were fixed
imposing unitarity at high energies for Compton scattering.
This procedure fixes the parameters to g ¼ 2 and � ¼ 0
predicting a gyromagnetic factor g ¼ 2, a related quadru-

pole electric moment Q ¼ �eðg� 1Þ=m2 and vanishing
odd-parity couplings as a consequence of � ¼ 0. The
obtained couplings coincide with the ones predicted for
the W boson in the standard model [8].
These results make it worthy to study the analogous

problems for spin 3
2 particles and this work is devoted to

this purpose. The electromagnetic properties of spin 3
2 par-

ticles have been addressed in a number of previous papers
aiming to understand either the electromagnetic structure
of hypothetical elementary particles or the electromagnetic
properties of hadrons [6,9].
In this work, we study the electromagnetic structure of a

spin 3
2 particle in the NKR formalism and calculate

Compton scattering both in the NKR and RS formalisms.
We compare the predictions of these formalisms for the
angular distribution and total cross section and notice that
the average squared amplitude for Compton scattering of
spin 0, 12 , and 1 particles in the forward direction is energy

independent. This property is satisfied by spin 3
2 particles in

the NKR formalism but not in the Rarita-Schwinger one.
This paper is organized as follows: in the next section we
revisit the electromagnetic structure of a spin 3

2 particle

under Uð1Þem gauge principle in the NKR formalism, ex-
tract the corresponding Feynman rules and prove that Ward
identities are satisfied. In Sec. III, we calculate the ampli-
tude for Compton scattering, show that it is gauge invari-
ant, and work out the predictions for the differential and
total cross sections. In Sec. IV, we calculate this process in
the conventional Rarita-Schwinger formalism. We discuss
our results in Sec. V and give a summary in Sec. VI.

II. ELECTROMAGNETIC INTERACTIONS OF
SPIN 3

2 PARTICLES IN THE NKR FORMALISM

The NKR Lagrangian for spin 3
2 interacting particles

with charge �e has been discussed in [5] and we refer
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Abstract Using the ADM formalism in the minisuperspace, we obtain the commutative and
noncommutative exact classical solutions and exact wave function to the Wheeler-DeWitt
equation with an arbitrary factor ordering, for the anisotropic Bianchi type I cosmological
model, coupled to a scalar field, cosmological term and barotropic perfect fluid. We intro-
duce noncommutative scale factors, considering that all minisuperspace variables qi do not
commute, so the symplectic structure was modified. In the classical regime, it is shown that
the anisotropic parameter β±nc and the field φ, for some value in the λeff cosmological term
and noncommutative θ parameter, present a dynamical isotropization up to a critical cosmic
time tc; after this time, the effects of isotropization in the noncommutative minisuperspace
seems to disappear. In the quantum regimen, the probability density presents a new structure
that corresponds to the value of the noncommutativity parameter.
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Abstract. We propose a new strategy for detecting the CP-violating phases and the effective
mass of muon Majorana neutrinos by measuring observables associated with neutrino-antineutrino
oscillations in π± decays. Within the generic framework of quantum field theory, we compute
the non-factorizable probability for producing a pair of same-charged muons in π± decays as a
distinctive signature of νµ − ν̄µ oscillations. Using the neutrino-antineutrino oscillation probability
reported by MINOS collaboration, a new stringent bound on the effective muon-neutrino mass is
derived.

Keywords: lepton number violation, majorana phases, neutrino antineutrino oscillations
PACS: 11.30.Er, 14.60Pq, 14.60.St

INTRODUCTION

The measurement of the effective electron-neutrino mass in the neutrinoless double beta
decay (0νββ ) experiments can not restrict the two Majorana CP violating phases present
in the PMNS mixing matrix [1, 2, 3]. This may be expected since in the (0νββ ) one
measures the lifetime of the decay of two neutrons in a nucleus into two protons and two
electrons, which is a CP conserving quantity. Direct bounds on other effective neutrino
mass parameters 〈mll〉 ≡ ∑iU2

limνi from present experimental data are very poor, which
lead to negligible constraints on the neutrino masses and CP violating phases.

Here we propose a mechanism, based on neutrino-antineutrino oscillation [4, 5, 6,
7], to derive a strong bound on the effective mass of the muon-neutrino, using the
results reported by the MINOS collaboration [8]. In addition, it provides a method
for detecting the Majorana neutrino CP violating phases through measuring the CP
asymmetry of the π± decay. It is worth noting that the probability of a process associated
to neutrino oscillation is usually assumed to be factorized into three independent parts:
the production process, the oscillation probability and the detection cross section. Here,
we adopt the S-matrix amplitude method described in [9], in order to avoid the usual
factorization scheme.
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We study the transformation into a baryon asymmetry of a charge initially stored in a complex

(waterfall) scalar field at the end of a hybrid inflation phase as described by Delepine, Martinez, and

Urena-Lopez [Phys. Rev. Lett. 98, 161302 (2007)]. The waterfall field is coupled to right-handed

neutrinos, and is also responsible for their Majorana masses. The charge is finally transferred to the

leptons of the standard model through the decay of the right-handed neutrinos without introducing new

CP violating interactions. Other needed processes, like the decay of the inflaton field and the reheating of

the Universe, are also discussed in detail.

DOI: 10.1103/PhysRevD.81.036001 PACS numbers: 98.80.Cq, 11.30.Er, 11.30.Fs

I. INTRODUCTION

We have shown in a recent paper [1] that a complex
hybrid inflation model can generate a charge asymmetry
that may be further transferred into a baryon charge, then
providing a possible solution to the baryogenesis problem
of cosmology [2].

The scalar field potential associated with the complex
hybrid inflation model is

Vð�; aÞ ¼ 1

4�2
ðM2 � �2jaj2Þ2 þ 1

2
ðm2 þ g2jaj2Þ�2

þ �

4
a2�2 þ c:c:; (1)

where � is the inflaton field and a is the (complex) water-
fall field. Notice that there is an explicit term that violates
the Uð1Þ global symmetry. The needed charge is generated
at the end of inflation and is associated with the charge of
the waterfall field a.

The aim of this paper is to discuss the transfer of the a
charge to fermionic matter after the end of inflation. The
task is not a simple one, there may be some transfer
processes during the reheating phase of the Universe that
can wash out the generated charge.

To fix ideas, we shall work on a leptogenesis model in
which the a charge is transferred to standard model parti-
cles through interactions between the waterfall field a and
a right-handed neutrino NR. We assume that the a field has
a leptonic number of 2, and that initially our Lagrangian
conserves the leptonic number. The interaction Lagrangian
reads

L int ¼ hY �‘L�NR þ h2 �N
c
RNRaþ H:c:; (2)

where � is the Higgs doublet, ‘L is the leptonic doublet,
and hY is the usual Yukawa coupling.
The interaction Lagrangian (2) is inspired in the

Majoron model and in the standard leptogenesis scenario
[3–6]. Our model is then composed of just one family of
leptons that contains one leptonic doublet and one right-
handed neutrino.
A summary of the paper is as follows. In Sec. II we

briefly review the inflationary dynamics of the complex
hybrid inflation model as presented in Ref. [1]. In Sec. III
we study the post-inflationary dynamics of the different
fields involved in the model, and focus our attention in the
stages of preheating and reheating. Section IV is entirely
devoted to the study of the Boltzmann equations in order to
estimate the amount of the a charge that is finally con-
verted into a useful baryon charge. Finally, conclusions are
presented in Sec. V.

II. INFLATIONARY DYNAMICS

The model is given by the potential (1), where g and �
are real constants, and � is a complex parameter; for � ¼ 0
we recover the standard hybrid inflation model [7]. The �
term violates the Uð1Þ symmetry associated with the com-
plex field a. However, the potential (1) is CP conserving as
the phase of complex parameter � can be removed through
a phase redefinition of the a field.
The scalar potential has a local maximum at � ¼ jaj ¼

0 with a height given by Vð0; 0Þ ¼ M4=ð4�2Þ that corre-
sponds to a false vacuum. The true vacuum of the system
corresponds to the global minimum located at � ¼ 0 and
�jaj=M ¼ 1; this true vacuum is degenerate. The Uð1Þ
charge density at any time is given by na ¼ ar _ai � ai _ar,
where r and i refer to the real and imaginary components of
the a field.
The constant term in the potential (1) is initially the

dominant one, which is usually dubbed as false vacuum
inflation [8]. In the regime of slow roll, the scale factor
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We consider the forward–backward pion charge asymmetry for the e+e− → π+π−γ process. At tree
level we consider bremsstrahlung and double resonance contributions. Although the latter contribution is
formally sub-leading, it is enhanced at low dipion invariant mass due to ρ resonant effects. We consider
also four alternative models to describe the final state radiation at the loop level: Resonance Chiral
Perturbation Theory, Unitarized Chiral Perturbation Theory, Kaon Loop Model and Linear Sigma Model.
The last three models yield results compatible with experimental data. The Kaon Loop Model requires an
energy dependent phase to achieve the agreement.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The nature of low mass scalar mesons nonet is a long-standing puzzle. The φ radiative decays are expected to provide information
about the f0(980) and a0(980) scalar mesons. Unfortunately data reported by the KLOE Collaboration on the φ decays to f0γ [1] and
a0γ [2] — with π0π0γ and π0ηγ final states respectively — together with results for the φ → π+π−γ process, including the f0γ as
intermediate state [3], are not conclusive. In the latter work, results on the forward–backward asymmetry as a function of the π+π−
invariant mass are presented. The asymmetry is sensitive to the mechanisms involved in the final state radiation [4] and it provides
information on the pion form factor [5]. Related work on the reaction e+e− → π+π−γ has been done aiming to elucidate the partonic
structure of pions [6]. The asymmetry requires a non-vanishing interference between initial (ISR) and final (FSR) state radiation, the latter
being strongly model dependent [7]. The invariant amplitude for the e+e− → π+π−γ process can be parameterized in terms of three
independent Lorentz structures and thus the model dependence in FSR can be included in three scalar functions f i [8]. The final state
radiation has been calculated in different models. The simplest approximation has been named scalar QED [7,9] and it actually includes
the ρ contributions to the pion form factor. The contribution of scalars ( f0(980) and σ ) have been also considered using a point-like
φ f0γ interaction, in the so-called “no-structure” model [7,9]. Later on, the tree level bremsstrahlung of final pions was calculated [5,8,10]
within Resonance Chiral Perturbation Theory (RχPT) [11]. In particular, in [10] sub-leading intermediate vector mesons contributions like
e+e− → φ → ρ±π∓ → π+π−γ , named double resonance contributions, were incorporated.

The aim of this Letter is to work out the one loop predictions for e+e− → π+π−γ at the φ resonance using four alternative models,
namely RχPT , Unitarized Chiral Perturbation Theory (UχPT) [12] (containing actually a resummation of loops), Linear Sigma Model (LSM)

[13,14] and the so-called “kaon-loop” model (KLM) [15]. In each case we add the tree level contributions from bremsstrahlung of pions
and the intermediate double resonance, both proposed in [10]. We report the forward–backward pion charge asymmetry and compare our
results with KLOE data.

The Letter is organized as follows: Section 2 includes the general formalism to describe the e+e− → π+π−γ process. In Section 3 we
derive the scalar functions f i that characterize the RχPT , LSM, UχPT and KLM contributions, including the tree level bremsstrahlung and
double resonance exchange. In Section 4 we present the numerical results and compare them with data. Finally, conclusions are given in
Section 5.
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Abstract. In this work a supersymmetric cosmological model is analyzed in which we con-
sider a general superfield action of a homogeneous scalar field supermultiplet interacting with
the scale factor in a supersymmetric FRW model. There appear fermionic superpartners as-
sociated with both the scale factor and the scalar field, and classical equations of motion are
obtained from the super-Wheeler-DeWitt equation through the usual WKB method. The
resulting supersymmetric Einstein-Klein-Gordon equations contain extra radiation and stiff
matter terms, and we study their solutions in flat space for different scalar field potentials.
The solutions are compared to the standard case, in particular those corresponding to the
exponential potential, and their implications for the dynamics of the early Universe are dis-
cussed in turn.
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Does Dirac-Born-Infeld modification of quadratic theories really matter?

Israel Quiros* and L. Arturo Ureña-López†

Departamento de Fı́sica, División de Ciencias e Ingenierı́as, Campus León, Universidad de Guanajuato, Código Postal 37150, León,
Guanajuato, México

(Received 16 April 2010; published 4 August 2010)

We study the consequences of further modification of fðR;R!"R
!"; R!"#$R

!"#$Þ=fðRÞ theories by

means of the Dirac-Born-Infeld procedure, which is the replacement of f by %ð
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 2f=%

p
$ 1Þ (the free

parameter % fixes an additional energy scale). We pay special attention to the definition of masses of the

linearized propagating degrees of freedom because they are important to judge the stability of the

linearization around vacuum background spaces. In this context we discuss the subtleties associated with

expanding fðR;R!"R
!"; R!"#$R

!"#$Þ Lagrangians around maximally symmetric spaces of constant

curvature, as well as with equivalence of the linearized Lagrangian to a scalar-tensor theory.

Investigation of the consequences of applying the Dirac-Born-Infeld (DBI) strategy to further modify

quadratic theories on the stability of de Sitter vacuum, as well as its impact on the cosmological dynamics,

are the main concern of this paper. We show that (i) although the DBI deformation does not affect the

Ostrogradski stability, other important instabilities such as the Ricci and scalar-tachyon ones, may be

indeed surmounted (sometimes at the cost of renouncing to the original motivation of the DBI strategy, to

avoid singularities), and (ii) DBI transforming the original theory broadens its possibilities to do

cosmology since the asymptotic structure of the DBI-dual theory is richer than in the standard case. In

particular, either the dimension of the phase space is increased, or there appear bifurcations in the control-

parameter space.

DOI: 10.1103/PhysRevD.82.044002 PACS numbers: 04.20.$q, 04.50.Kd, 95.36.+x, 98.80.$k

I. INTRODUCTION

Attempts to modify the Einstein-Hilbert (EH) action of
general relativity (GR)

SEH ¼ 1

2&2

Z
d4x

ffiffiffiffiffiffi
jgj

q
ðR$ 2!Þ; (1)

where R ¼ g!"R!" is the Ricci curvature scalar and!- the
cosmological constant (&2 ¼ m$2

Pl ¼ 8'G), have been
motivated by a number of reasons. In particular, renormal-
ization at one loop demands that the Einstein-Hilbert ac-
tion be supplemented by higher-order curvature terms [1].1

Besides, when quantum or string theory corrections are
taken into account, the effective low energy action for pure
gravity admits higher-order curvature invariants [3].

More recently it has been suggested that the present
cosmic speed-up could have its origin in—among other
possibilities—corrections to the GR equations of motion
generated by nonlinear contributions of the scalar curva-
ture R in the pure gravity Lagrangian of fðRÞ theories
[4–7].

Solar System constraints on fðRÞ theories that are able to
accommodate present accelerated expansion of the
Universe have been one of the most discussed subjects
lately [8–13]. Comparison of these theories with Solar

System measurements, relies on the weak-field limit ex-
pansion of the fðRÞ Lagrangian and the consequent calcu-
lation of post-Newtonian contributions to the metric
coefficients [8,9,11]. Nonetheless, even if fðRÞ theories
were not a viable alternative to explain current acceleration
of the expansion, their relevance to study early-time in-
flation [14] might fuel further interest in these alternatives
to general relativity.
Next in the degree of complexity are the so-called

fðR; R!"R
!"; R!"#$R

!"#$Þ—fðR; . . .Þ for short—theories
[7,15–19]. The gravitational spectrum of the linearization
of these theories consists of a massless spin-2 graviton plus
two additional gravitational propagating degrees of free-
dom: a massive spin-0 excitation and a massive spin-2
propagating mode. The latter appears to be a ghost mode
associated with the Weyl curvature invariant C2 &
C!"#%C

!"#% [15–17]. Notwithstanding, there are ways to
overcome (or at least to smooth out) the consequences of
the would be massive spin-2 ghost mode [18].
There are additional ways to modify the EH GR action.

For instance, the one based on the DBI procedure for
smoothing out singularities [7,20,21].2 According to this

procedure the original Lagrangian density L ¼
ffiffiffiffiffiffi
jgj

p
L—

whose singularities are to be cured—is replaced by one of
the DBI form

*iquiros@fisica.ugto.mx
†lurena@fisica.ugto.mx
1Higher-order actions are indeed renormalizable but not uni-

tary [2]).

2The proposal to remove initial as well as final singularities in
modified gravity has been given in Ref. [22]. It was shown there
that the addition of a R2 term to otherwise divergent modified
gravity makes it regular.
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Bosonic gas as a galactic dark matter halo
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We study in detail the properties of gravitationally bounded multistate configurations, made of spin-

zero bosons, in the Newtonian regime. We show that the properties of such configurations, in particular,

their stability, depend upon how the particles are distributed in the different states they are composed of.

Numerical techniques are used to distinguish between stable and unstable solutions, and to determine the

final configurations they evolve towards. Multistate equilibrium configurations could be used as models of

galactic halos made of scalar field dark matter, whose rotation curves appear more realistic than in the case

of single-state configurations.

DOI: 10.1103/PhysRevD.82.123535 PACS numbers: 95.35.+d, 04.40.!b, 04.62.+v, 98.62.Gq

I. INTRODUCTION

It has been known for a long time that, within the context
of Einstein’s General Relativity, the luminous matter con-
tent of galaxies cannot explain the so-called rotational
curves (RC) [1–3], which are still considered one of the
cornerstone evidences for the existence of nonbaryonic
dark matter. There are many candidates for dark matter
particles; the most popular ones are known as weak inter-
active massive particles (WIMPS) [4–6]. The accepted
paradigm that describes the way in which those particles
form structures is the so-called Lambda cold dark matter
(!CDM) model [7–9].

An interesting alternative some of us have been working
on is to consider a (real) scalar field as a dark matter
candidate, a hypothesis that has been widely explored in
the specialized literature by many other authors [10–25];
see also for a comprehensive review. In most scalar field
models, the dark matter particle is an ultralight massive
boson, with a Compton wavelength of astrophysical pro-
portions and a very large mean number density, so that
their collective behavior is well described by a classical
scalar field. The scalar field dark matter (SFDM) model, as
we shall call it in general, offers the same results as the
!CDM model at large scales, up to linear order perturba-
tions [14,16,23,25,27,28].

The RC problem has also been addressed using scalar
fields; see for instance [10–12,17,29]. These works con-
sidered the dark matter halo as a Newtonian Bose-Einstein
condensate (BEC), in which the scalar field dynamics is
driven by the so-called Schroedinger-Poisson system of
equations. However, none of the studies carried on so far
have shown, undeniably, that these scalar field models can
account for all features of realistic galactic halo.

The modeling of scalar field halos was based on the
(nodeless) ground-state solutions of the SP system, which
is the only stable solution, and the predicted rotation
curves are marginally in agreement with the observed
ones [11–13,30–32]. In all cases above, the only stable
scalar field configuration is that in which boson particles
are all in the ground state. The ground state is the only
stable solution of the SP system against gravitational per-
turbations; other excited configurations are intrinsically
unstable [18,32] (see also [33,34] and references therein).
The main purpose in this work is to further explore the

proposal that was first put forward by Matos and Ureña-
López in Ref. [35]: that realistic scalar field galaxy halos
must be comprised of multistate configurations. As we
shall show, equilibrium configurations of the SP system
can be constructed in which many-particle states coexist
simultaneously, so that the whole system is stable under
small (radial) perturbations.1 Probably not surprisingly, we
have found that RC could be better fitted by these many-
particle systems.
Although the inclusion of baryonic matter is indeed

needed for fitting realistic RC, our stability study of con-
figurations made only of SFDM is a first step towards such
objective. Actually, stable dark matter halos are expected
to be the sites of galaxy formation, see [8]. As we shall see
too, a dark matter halo made of a multistate configuration
clearly shows an improvement in the expected profile of
RC at large radii, which is a promising motivation.
The plan of the paper is as follows. In Sec. II, we present

the mathematical theory behind multiparticle states. In
Sec. III, we show that their general properties depend
upon the distribution of the particles in the different
excited states. In Sec. IV, we give numerical evidence
that there are stable configurations under small radial

*lurena@fisica.ugto.mx
†abernal@aei.mpg.de

1The relativistic version of the multistate hypothesis was
studied recently in [36,37], in which stability was also
confirmed.
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Abstract: We suggest to consider the spacetime as a non-equilibrium system with a
long-term stationary state that possess as a spatio-temporally fluctuating quantity β. These
systems can be described by a superposition of several statistics, “superstatistics”. We
propose a Gamma distribution for f(β) that depends on a parameter pl. By means of it
the corresponding entropy is calculated, pl is identified with the probability corresponding
to this model. A generalized Newton’s law of gravitation is then obtained following the
entropic force formulation. We discuss some of the difficulties to try to get an associated
theory of gravity.

Keywords: superstatistics; entropy; modified gravity

Classification: PACS 04.50.Kd, 04.70.Dy, 05.40.-a, 05.70.Ln, 89.70.Cf

1. Introduction

Several years ago Beck and Cohen [1,2] considered nonequilibrium systems with a long-term
stationary state that possess a spatio-temporally fluctuating intensive quantity. They have shown that
after averaging over the fluctuations one can obtain not only non-extensive statistical mechanics [3,4]
but an infinite set of more general statistics that they called “superstatistics”. In their work they selected
the temperature as fluctuating quantity among various possible intensive quantities (e.g., chemical
potential or energy dissipation) and showed for general distributions f(β), how to get a kind of effective
Boltzmann factor

B(E) =

∫ ∞

0

dβ f(β)e−βE (1)
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We briefly study the dynamics at classical level of the Carrollian limit, with vanishing speed of light and no possible propagation of signals,
for a simply effective action in a flat space with an open string tachyon as a scalar field. The canonical analysis of the theory indicates that
the equation of motion is of Dirac type contrary to the non-relativistic case where the equation is of Schrodinger type. The ultimate intention
is to analize the latter case with electromagnetic fluxes to find that in this case the open string tachyon cannot be interpreted as time.

Keywords:String theory; tachyon.

Estudiaremos brevemente la dinámica del Ĺımite de Carroll a nivel cĺasico de una acción efectiva en un espacio plano y con un campo escalar
del tipo taquíon de cuerda abierta. El análisis cańonico de la teoŕıa indica que la ecuación de movimiento es del tipo Dirac, contrario al caso
no relativista donde la ecuación es del tipo Schrödinger. Finalmente, analizaremos el caso con flujos electromagnéticos y encontraremos que
el taquíon de cuerda abierta no puede ser interpretado como el tiempo.

Descriptores:Teoŕıa de cuerdas; taquión.

PACS: 11.25.Sq; 04.20.Fy; 02.30.Mv

1. Introduction

In past years the role of the tachyon in certain string theories
has been explored and this has resulted in a better understand-
ing of the D-brane decaying process [1,2]. The basic idea is
that the usual open string vacuum is unstable, but there ex-
ists a stable vacuum with zero energy density which is stable,
which a tachyon fieldT (x) naturally moves to. Neverthe-
less, it seems that aspects of this process can be compared
with some simple effective field theory models. In this case,
maybe the simplest model was proposed by Sen [1]. This suc-
cess of effective action methods, together with the difficulties
of other approaches described encourages one to pursue this
further and to attempt an exact description of the cosmology
of tachyon rolling [3].

Moreover, in the case where there are electromagnetic
fluxes, the tachyon field is on the same footing as a transverse
scalar in the Dirac-Born-Infeld action for a brane [4]. In this
case we look for a solution with a constant electromagnetic
field and find that the condensed state atV (T ) → 0 is given
by Ṫ 2+E2 = 1, whereṪ means derivative with respect to the
dimensionless time of tachyon field andE = | ~E|. To under-
stand the dynamics it is convenient to follow the Hamiltonian
formulation of the theory.

The present manuscript is organized as follows. In Sec. 2

we review the role of the open string tachyon in field theory
and how this scalar field takes place in the decaying process.

In Sec. 3 we describe what we have called the Carrol-
lian limit mechanism for open string states. Since this entails
familiarity with Carroll group, I planned to include also the
Galilean group and the differences between them.

In Sec. 4 we discuss some aspects of this theory when is
coupled to gravity.

In Sec. 5 we use the low energy effective action of the
open string tachyon and take the two possible limits: first the
Galileo limit (whenc → ∞), i.e., the contravariant metric
ηµν = (−c−2, 1, 1, 1) is well defined, contrary to the Car-
rollian limit (when c → 0). For this case we obtain, in the
Hamiltonian formulation, a Dirac type equation.

In Sec. 6 we use again the effective action and consider
the case in whichFµν 6= 0 to find that the tachyon is accel-
erated and emits radiation in the direction of the electromag-
netic field.

2. Open string tachyon in field theory

To understand clearly the tachyon dynamics we take into con-
sideration a real scalar fieldφ in a flat space-time. The La-
grangian of this theory is given by



Hacking commercial quantum cryptography
systems by tailored bright illumination
Lars Lydersen1,2*, Carlos Wiechers3,4,5, Christoffer Wittmann3,4, Dominique Elser3,4, Johannes Skaar1,2

and Vadim Makarov1

The peculiar properties of quantum mechanics allow two
remote parties to communicate a private, secret key, which is
protected from eavesdropping by the laws of physics1–4. So-
called quantum key distribution (QKD) implementations
always rely on detectors to measure the relevant quantum prop-
erty of single photons5. Here we demonstrate experimentally
that the detectors in two commercially available QKD
systems can be fully remote-controlled using specially tailored
bright illumination. This makes it possible to tracelessly acquire
the full secret key; we propose an eavesdropping apparatus
built from off-the-shelf components. The loophole is likely to
be present in most QKD systems using avalanche photodiodes
to detect single photons. We believe that our findings are
crucial for strengthening the security of practical QKD, by iden-
tifying and patching technological deficiencies.

The field of quantum key distribution has evolved rapidly in recent
decades. Today, quantum key distribution (QKD) implementations in
laboratories can generate key over fibre channels with lengths up to
250 km (ref. 6), and a few QKD systems are even commercially avail-
able, promising enhanced security for data communication.

In all proofs for the security of QKD, assumptions are made for
the devices involved. However, the components used for experimen-
tal realizations of QKD deviate from the models in the security
proofs. This has led to iterations in which security threats caused
by deviations have been discovered, and the loopholes have been
closed either by modification of the implementation, or more
general security proofs7–9. In other cases, information leaking to
the eavesdropper has been quantified10,11.

Attacks exploiting the most severe loopholes are usually exper-
imentally unfeasible with current technology. A prominent
example is the photon number splitting attack12, which requires
the eavesdropper Eve to perform a quantum non-demolition
measurement of the photon number sent by Alice. The attack is
still unfeasible, and has been nullified by improved QKD proto-
cols13,14. In contrast, a more implementation-friendly attack is the
time-shift attack15 based on detector efficiency mismatch16.
Experimentally however, this attack only gave a small infor-
mation-theoretical advantage for Eve when applied to a modified
version of a commercial QKD system17. In the attack, Eve captured
partial information about the key in 4% of her attempts, such that
she could improve her random (brute-force) search over all
possible keys.

In this Letter, we demonstrate how two commercial QKD
systems id3110 Clavis2 and QPN 5505, from the commercial
vendors ID Quantique and MagiQ Technologies, can be fully

cracked. We show experimentally that Eve can blind the gated detec-
tors in the QKD systems using bright illumination, thereby convert-
ing them into classical, linear detectors. The detectors are then fully
controlled by classical laser pulses superimposed over the bright
continuous-wave (c.w.) illumination. Remarkably, the detectors
exactly measure what is dictated by Eve; with matching measure-
ment bases Bob detects exactly the bit value sent by Eve, whereas

IAPD
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a

b c

Geiger mode

Single photon

IAPD

VAPDVbr

Vbr

Vbias

Quenching

Ith

Ith
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Time
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Rbias

Bias to APD (Vbias)
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Figure 1 | APD as a single-photon detector. a, In Geiger mode, where the

APD is reverse-biased above the breakdown voltage Vbr, an absorbed single

photon causes a large current IAPD through the APD. A detection signal

called a ‘click’ occurs when IAPD crosses the threshold Ith. Afterwards, VAPD

is lowered below Vbr to quench the avalanche, before returning to Geiger

mode. Below Vbr, in the linear mode, the current IAPD is proportional to the

incident optical power Popt. Then Ith becomes an optical power threshold Pth.

b, Commercial systems use gated detectors, with the APDs in Geiger mode

only when a photon is expected, to reduce false detections called ‘dark

counts’. In practice, the APD is biased just below Vbr, and periodical �3 V

voltage pulses create Geiger mode time regions, so-called ‘gates’. c, In both

systems, the bias high-voltage supply VHV has impedance Rbias (Rbias¼ 1 kV

in Clavis2 and 20 kV in QPN 5505) before Vbias is applied to the APD

at the point T1. Therefore, any current through Rbias reduces Vbias

(see Supplementary Section I for more details).
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Abstract: It has previously been shown that the gated detectors of
two commercially available quantum key distribution (QKD) systems are
blindable and controllable by an eavesdropper using continuous-wave
illumination and short bright trigger pulses, manipulating voltages in
the circuit [Nat. Photonics 4, 686 (2010)]. This allows for an attack
eavesdropping the full raw and secret key without increasing the quantum
bit error rate (QBER). Here we show how thermal effects in detectors
under bright illumination can lead to the same outcome. We demonstrate
that the detectors in a commercial QKD system Clavis2 can be blinded
by heating the avalanche photo diodes (APDs) using bright illumination,
so-called thermal blinding. Further, the detectors can be triggered using
short bright pulses once they are blind. For systems with pauses between
packet transmission such as the plug-and-play systems, thermal inertia
enables Eve to apply the bright blinding illumination before eavesdropping,
making her more difficult to catch.
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Abstract: We present a fiber-based continuous-variable quantum key
distribution system. In the scheme, a quantum signal of two non-orthogonal
weak optical coherent states is sent through a fiber-based quantum chan-
nel. The receiver simultaneously measures conjugate quadratures of the
light using two homodyne detectors. From the measured Q-function of
the transmitted signal, we estimate the attenuation and the excess noise
caused by the channel. The estimated excess noise originating from the
channel and the channel attenuation including the quantum efficiency
of the detection setup is investigated with respect to the detection of
effective entanglement. The local oscillator is considered in the verifica-
tion. We witness effective entanglement with a channel length of up to 2km.
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newein, J. Perdigues, P. Trojek, B. Ömer, M. Fürst, M. Meyenburg, J. Rarity, Z. Sodnik, C. Barbieri, H. We-
infurter, and A. Zeilinger, “Entanglement-based quantum communication over 144km,” Nat. Phys. 3, 481–486
(2007).

11. T. Schmitt-Manderbach, H. Weier, M. Fürst, R. Ursin, F. Tiefenbacher, T. Scheidl, J. Perdigues, Z. Sodnik,
C. Kurtsiefer, J. G. Rarity, A. Zeilinger, and H. Weinfurter, “Experimental demonstration of free-space decoy-
state quantum key distribution over 144 km,” Phys. Rev. Lett. 98, 010504 (2007).

12. T. C. Ralph, “Continuous variable quantum cryptography,” Phys. Rev. A 61, 010303 (1999).
13. C. Silberhorn, T. C. Ralph, N. Lütkenhaus, and G. Leuchs, “Continuous variable quantum cryptography: Beating

the 3 dB loss limit,” Phys. Rev. Lett. 89, 167901 (2002).
14. F. Grosshans, G. V. Assche, J. Wenger, R. Brouri, N. J. Cerf, and P. Grangier, “Quantum key distribution using

gaussian-modulated coherent states,” Nature 421, 238–241 (2003).
15. J. Lodewyck, M. Bloch, R. Garcia-Patron, S. Fossier, E. Karpov, E. Diamanti, T. Debuisschert, N. J. Cerf,

R. Tualle-Brouri, S. W. McLaughlin, and P. Grangier, “Quantum key distribution over 25 km with an all-fiber
continuous-variable system,” Phys. Rev. A 76, 042305–10 (2007).

16. B. Qi, L. Huang, L. Qian, and H. Lo, “Experimental study on the gaussian-modulated coherent-state quantum
key distribution over standard telecommunication fibers,” Phys. Rev. A 76, 052323–9 (2007).

17. S. Lorenz, N. Korolkova, and G. Leuchs, “Continuous-variable quantum key distribution using polarization en-
coding and post selection,” Appl. Phys. B 79, 273–277 (2004).

18. A. M. Lance, T. Symul, V. Sharma, C. Weedbrook, T. C. Ralph, and P. K. Lam, “No-switching quantum key
distribution using broadband modulated coherent light,” Phys. Rev. Lett. 95, 180503–4 (2005).

19. N. Gisin, S. Fasel, B. Kraus, H. Zbinden, and G. Ribordy, “Trojan-horse attacks on quantum-key-distribution
systems,” Phys. Rev. A 73, 022320–6 (2006).

20. S. Pirandola, S. Mancini, S. Lloyd, and S. L. Braunstein, “Continuous-variable quantum cryptography using
two-way quantum communication,” Nat. Phys. 4, 726–730 (2008).

21. C. Weedbrook, A. M. Lance, W. P. Bowen, T. Symul, T. C. Ralph, and P. K. Lam, “Coherent-state quantum key
distribution without random basis switching,” Phys. Rev. A 73, 022316–9 (2006).

22. J. Lodewyck and P. Grangier, “Tight bound on the coherent-state quantum key distribution with heterodyne
detection,” Phys. Rev. A 76, 022332–8 (2007).

23. D. Elser, T. Bartley, B. Heim, C. Wittmann, D. Sych, and G. Leuchs, “Feasibility of free space quantum key
distribution with coherent polarization states,” New J. Phys. 11, 045014 (2009).
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1. Introduction

“Kerckhoffs’ principle” [1] and Shannon’s assumption “The enemy knows the system” [2] es-
tablished the basis for modern cryptography and enhanced secure communication between two
parties. With the proposal of the “one time pad” [3], the security aspect shifted from secure
communication to secure key distribution between these two parties. Quantum key distribu-
tion (QKD), first proposed 1984 [4], offers a way to exchange a secret key using the quantum
mechanical properties of light as the carrier of information. The security is thereby based on
fundamental physical concepts.

First proof of principle experiments for QKD [5, 6, 7] were followed by practical im-
plementations over long and extremely long distances [8, 9, 10, 11]. In parallel to these
discrete-variable QKD systems, continuous-variable QKD using homodyne detection was pro-
posed [12]. It was shown, that the limit of 3 dB channel attenuation can be overcome by
the concept of postselection [13] and the postprocessing method reverse reconciliation [14].
Continuous-variable QKD has been tested on quantum channels of up to 25k̇m length [15, 16]
using homodyne detection and basis switching. Besides using a single homodyne detection, also
simultaneous detection of both conjugate quadratures of the signal was demonstrated [17, 18].
Homodyne detection of conjugate quadratures referred to as heterodyne detection is particularly
interesting for three reasons:

• Random numbers are not needed in the receiver’s setup.

• The Trojan-horse attack [19], where Eve gains information by reading the basis choice
in Bob’s setup, is not possible.

• The heterodyne detection strategy achieves higher secure bit rates than schemes with
homodyne detection in some QKD protocols [20, 21, 22].

Experiments using heterodyne detection on a long fiber channel, however, had not yet been
demonstrated.

In this paper, we present a fiber-based QKD-system using a double-homodyne detection
setup. As in previous experiments [17, 23], we use binary encoded continuous-variable quan-
tum states consisting of a signal mode and a local oscillator mode. We adapt our previous
polarization-based experiments to a fiber channel. To this end, our two mode states are sent
through the quantum channel using a combination of time [15] and polarization multiplex-
ing [16] of signal and local oscillator (LO). Therefore, detrimental effects from photon-phonon
interactions (GAWBS) are avoided [24]. By describing the sent quantum information in the
Stokes space [25], it is possible to verify effective entanglement in the measurement data ac-
cording to the method in [26]. In contrast to all previous experiments, not only the signal but
also the strong reference beam (LO) is considered in this security analysis. We show how to
measure conjugate Stokes parameters with a freely drifting interferometric phase. The phase
drift is monitored by additional classical calibration pulses on the quantum channel. Subse-
quently, Bob remaps his measurement data, similar to [16]. Finally, monitoring the intensity of
the local oscillator at the detection stage allows us to unambiguously demonstrate the genera-
tion of quantum-correlated data.

The paper is organized as follows. In Section 2, we introduce our protocol and the Stokes
formalism. In Section 3, we describe the setup focusing on the implementation of the detec-
tion part. In Section 4, noise characteristics of the system and the transmitted signal states are
presented. Finally, the entanglement criterion is applied.
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Fig. 1. (left) Schematics of the QKD setup, (right) the detection part is a random phase
heterodyne detection using the polarization degree of freedom. Our scheme is similar to a
technique called linear optical sampling [27]. In contrast to their system, we have a shot
noise limited detection and a SNR improvement of about 40 dB.

2. The protocol

Our protocol is a continuous-variable adaptation of the two-state protocol proposed by Ben-
nett [28]. Alice wishes to share a random bit string with Bob and starts by encoding binary
information in the phase of coherent states. These two signal states |α〉 and |−α〉 are transmit-
ted through a quantum channel and evolve to the output states ρ0 and ρ1, which are detected by
Bob in a heterodyne setup. Bob records the expectation values and variances of two orthogonal
quadratures, which allows him to reconstruct a bit value from each signal and to estimate the
information potentially extracted by an eavesdropper. A detailed account of the classical data
processing necessary to distill a secret key from the raw measurement outcomes is presented in
Ref. [29].

This two-state protocol is attractive from an experimental point of view, since the signal
preparation is the simplest possible. Theoretically, lower bounds on the achievable secret key
rate have been evaluated in Ref. [29]. Unfortunately, those results are not applicable to practical
scenarios, since the key rate drops too quickly with increasing excess noise. The theory needs
further development to make the protocol more robust against noise.

Here, we show that our experiment can establish quantum correlations in the classical data
held by Alice and Bob, which is a necessary precondition for the distillation of a secret key [30].
The existence of quantum correlations is proven through the verification of so-called effective
entanglement [31], a theoretically constructed, alternative description of the signal source. In
this description, Alice prepares bipartite states

|Ψ〉AB =
1√
2
(|0〉A|α〉B + |1〉A|−α〉B). (1)

Her subsequent orthogonal projective measurements {|0〉A〈0|, |1〉A〈1|} effectively prepare the
signal states | ±α〉B, with equal probability. The action of the quantum channel on the state
|Ψ〉AB leads to an effective bipartite quantum state ρAB shared by Alice and Bob. It is their task
to prove that the classical measurement data must come exclusively from entangled ρAB, i.e.,
their data is quantum correlated.

Due to the discrete-continuous structure of the setup, we use the Expectation Value Matrix
method [26, 32] to verify the existence of quantum correlations. In this method, all measured
expectation values are stored in a matrix, and the separability of this matrix is linked to the
separability of the possible underlying quantum states. For a detailed description, the reader is
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Fig. 2. Curves show lower bounds for quantum correlations. The variance of the Stokes
operators is normalized by the local oscillator intensity resulting in the normalized variance
Var(Ŝ2,3)/〈n̂LO〉. The different curves correspond to different channel transmissions η .
Effective entanglement is verified in the shaded areas.

referred to Ref. [26]. Reference [26] also reveals a vulnerability of the protocol arising from
an attack on the local oscillator mode. In a homodyne setup, the assumption that the local
oscillator is a strong coherent state allows us to regard the measurement as the single-mode
detection of the signal’s quadrature [33]. Precisely this assumption allows Eve to perform an
intercept-resend attack which modifies the intensities of signal and local oscillator modes. Such
an attack will not show in Bob’s quadrature detection, but could lead to data which is, at best,
classically correlated and therefore not suitable for key generation.

To take this into account, we consider the binary signals as true two-mode states | ±α〉⊗
|αLO〉 and we regard the homodyne detection as a measurement of the quantum Stokes operators

Ŝ1 = â†
LOâLO − â†

SâS = n̂LO − n̂s (2)

Ŝ2 = â†
LOâS + â†

SâLO

Ŝ3 = i(â†
SâLO − â†

LOâS).

The protocol gives access to the expectation values and variances of two of the Stokes operators,
say Ŝ2 and Ŝ3. Then, a suitable Expectation Value Matrix is constructed as follows [26]:

χ(ρAB) =

⎡
⎢⎣
〈
|0〉〈0|⊗B

〉
ρAB

〈
|0〉〈1|⊗B

〉
ρAB〈

|1〉〈0|⊗B
〉

ρAB

〈
|1〉〈1|⊗B

〉
ρAB

⎤
⎥⎦ (3)

with

B =

⎡
⎣1̂B Ŝ2 Ŝ3

Ŝ2 Ŝ2
2 Ŝ2Ŝ3

Ŝ3 Ŝ3Ŝ2 Ŝ2
3

⎤
⎦ . (4)

Separability of the underlying state is then tested through the condition

χ(ρAB)TA ≥ 0, (5)

and violation of this certifies effective entanglement. The remaining Stokes operator Ŝ1 enters
the Expectation Value Matrix through the symmetrizing step Ŝ2Ŝ3 = (Ŝ2Ŝ3 + Ŝ3Ŝ2)/2+(Ŝ2Ŝ3−
Ŝ3Ŝ2)/2 = {Ŝ2, Ŝ3}/2+ iŜ1, which is instrumental to the verification process. However, due to
practical reasons, the expectation value 〈Ŝ1〉 is not directly measured in our experiment, and
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instead, we measure the photon number in the local oscillator mode (monitor B in Fig. 1(left)).
We now show how this detour can provide a lower bound on 〈Ŝ1〉:

Direct calculation leads to the relation

Ŝ2
2 + Ŝ2

3 = 2(Ŝ0 +2n̂LOn̂s), (6)

where Ŝ0 is defined as the total intensity n̂s + n̂LO. Equation (6) contains two quantities which
are not directly accessible in our experiment, namely Ŝ0 and n̂s. The latter is easily replaced by
the relation

n̂s =
1
2
(Ŝ0 − Ŝ1), (7)

leading to

Ŝ1 = Ŝ0(1+
1

n̂LO
)− Ŝ2

2 + Ŝ2
3

2n̂LO
. (8)

Finally, we use the relation 〈Ŝ0〉 ≥ 〈n̂LO〉 to arrive at the desired bound

〈Ŝ1〉 ≥ 1+ 〈n̂LO〉−
〈Ŝ2

2 + Ŝ2
3〉

2〈n̂LO〉
. (9)

At this point, we can directly apply the Expectation Value Matrix method to verify the existence
of quantum correlations, using the approximation (9) instead of the actual value of 〈Ŝ1〉. Figure
2 shows the noise levels for different choices of input intensities, under the assumption that
the noise is equal for both quadratures and both signal states. The variances are normalized by
〈n̂LO〉 to make the results independent of the local oscillator intensity. We observe that more
noise can be tolerated when smaller signal amplitudes are chosen. Channel losses decrease the
tolerable excess noise for quantum-correlated data.

3. Experimental setup

In this section, we first describe Alice’s and Bob’s optical hardware. We then separately discuss
the detection scheme and finally explain the control software.

3.1. Optical setup

The optical setup of our QKD-system is shown in Fig. 1. The Alice module consists of a diode
laser (SLT5411 from Sumitomo Electronic Industries as used in [34]) pulsed by a self-made
pulsed current supply. The laser pulses are approximately 100 ns long and have a wavelength
of 1549.3 nm. The line width is 6.6 GHz at -10 dB of optical power and the coherence time
is estimated with self-homodyning to be 0.2 ns. The laser pulses are split asymmetrically in
the LO and the signal arm. The smaller fraction is used for the signal preparation. The signal
arm consists of a delay fiber, a Mach-Zehnder modulator for amplitude modulation, a moni-
tor detector, and an optical attenuator. This results in a shot noise limited weak signal at the
single photon level. In the second fiber beamsplitter (BS) the LO pulses and the signal pulses
are spatially combined with a 500 ns time shift. Additionally, the polarization of the pulses is
chosen orthogonal. The last component in the Alice setup is a computer controlled polarization
controller pre-compensating the slow polarization drift in the fiber channel.

In the Bob module the signal is demultiplexed with a polarizing beamsplitter (PBS). We
control the second port of the PBS with a physical block to ensure the second input mode is in
a vacuum state. The LO passes a delay fiber, while the signal is directly sent to the free-space
detection setup. A monitor diode behind a highly reflective mirror measures the LO energy
pulse by pulse. The polarization control is set such that the power on the monitor diode is
maximized. Finally the signal is measured with our detection scheme shown in (Fig. 1 (right)).
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3.2. Detection system

The detection system in Fig. 1 (right) consists of two homodyne detectors detecting two conju-
gate quadratures of the signal mode simultaneously. This was first investigated in [36, 37, 38].
Our scheme consists of free-space optics and therefore allows for easy and lossless manipu-
lations of the polarization. The LO’s polarization is then chosen to be circular. The signal’s
polarization is tilted by 45◦ with respect to H and V polarization. Both beams interfere on a
polarization independent 50:50 beam splitter with acute angle of incidence.

For the H-polarized component, we label the relative phase between the signal and the bright
LO φH = φI , where φI originates from interferometer drifts in sender and receiver modules.
The phase shift of π/2 between two orthogonally polarized LO components results in a relative
phase for the V-components of φV = φI +π/2. Both beams propagate to a PBS, which separates
the H- and V-polarization. The reflected V-components impinge on the first homodyne detector
(HD1), while the transmitted H-components impinge on the second homodyne detector (HD2).
The difference of the photo currents is recorded.

Commonly, homodyne detectors are treated as quadrature detectors. We calculate the photon
number difference n̂HD1

− detected by HD1 using the linearized field operators âS = α · 1̂ + δ âS

and âLO = αLO · 1̂+δ âLO. We assume that αLO and α are real and αLO � α . Additionally, the
modes S⊥ and LO⊥, the modes orthogonally polarized to signal and LO, are in a vacuum state,
i.e. âS⊥ = δ âS⊥ and âLO⊥ = δ âLO⊥ . The last assumption is justified, since the other input port of
the PBS is under Bob’s control. The detected signal is found after a straightforward calculation
to be

n̂HD1
− =

1
2

(
(âLOeiφI + âLO⊥eiφI )†(âS + âS⊥) (10)

+(âS + âS⊥)†(âLOeiφI + âLO⊥eiφI )
)

= αLO
(
cos(φI) ·α +δ X̂S,φI +δ X̂S⊥

)
,

where X̂M,φ = 1
2 (â†

Meiφ + âMe−iφ ) is a quadrature operator for mode M with a phase φ . This
quadrature measurement is derived analogously for HD2. It reads

n̂HD2
− =

1
2

(
(âLOeiφI+π/2 − âLO⊥eiφI+π/2)†(âS − âS⊥) (11)

+(âS − âS⊥)†(âLOeiφI+π/2 − âLO⊥eiφI+π/2)
)

= αLO
(
cos(φI +π/2) ·α +δ X̂S,φI+π/2 +δ X̂S⊥

)
.

The vacuum input S⊥ at the PBS adds additional 3 dB noise to the variance of the measurement.
Therefore our setup is equivalent to a standard heterodyne detection. We do not stabilize the
interferometric phase φI but let it drift freely. However, we have an inherent stabilization of the
relative phase of φH −φV = π/2. Therefore two random but conjugate quadratures are measured
with HD1 and HD2.

The simultaneous measurement of two conjugate quadratures depends strongly on the proper
choice of the polarization of signal and LO in the detection setup. For balancing, a linearly
polarized LO is equally split to both homodyne detectors. A weak signal beam is then sent into
the detection scheme. The quadrature measurements of 4000 signals are averaged and the mean
values are plotted in the two-dimensional measurement space of Fig. 3(a). Phase drifts of the
interferometric phase will result in elliptical or circular graphs, depending on the angle of the
quarter wave plate (QWP) in the LO path, corresponding to largely correlated measurements
(elliptical) and uncorrelated measurements (circular). It is easy to show, that by turning the
QWP, two quadratures with arbitrary relative angle can be measured. We desire uncorrelated
measurements (orange trace in Fig. 3(a)).
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(a) (b)

Fig. 3. (a) Lissajous figure of a phase randomized signal is measured for different settings
of the QWP in the setup. If the measured quadratures Xψ and Xφ are not orthogonal, the
shape of the graph will be elliptical. We demonstrate that orthogonal quadratures are meas-
ured for the correct QWP angle (orange trace). (b) The phase is estimated from blocks
of calibration pulses. The figure shows the standard deviation of the phase drift between
different calibration blocks.

3.3. Electronics and automatization

In the following, we describe the electronic hardware, the control software and the steps in the
postprocessing. The Alice electronics is essentially a 14-bit-D/A-converter to prepare the signal
with a sampling rate of 20 MS/s. One port drives the laser with a pulse rate of 1 MHz. Another
port produces rectangular pulses for the amplitude modulator. A third port synchronizes Bob’s
experiment with an electronic clock signal at approximately 1 kHz. The clock could be substi-
tuted for a synchronization using the LO monitor diode and calibration pulses as time stamp in
future experiments.

A quaternary modulation is applied to the amplitude modulator to create the states |α〉, |−α〉,
|αcal〉 and |−αcal〉, where α is the signal amplitude and αcal is the amplitude of brighter “classi-
cal” calibration pulses sent along with the signal. The pulse pattern consists of four calibration
pulses followed by 28 signal pulses.

To pre-compensate the polarization drift, we inserted the polarization control in Alice’s setup.
An optimal separation of signal and LO is obtained by maximizing the LO power on the monitor
diode. The power is maximized either manually or with Bob’s PC using a simplex method [35].
This demultiplexing method is very stable. It is furthermore lossless as opposed to a coupler
with fixed splitting ratio [15].

In the following, we describe the electronic circuits. The difference signal in the homodyne
detectors is amplified by charge sensitive amplifiers as in the design by [39]. The electrical
pulse duration produced by the detectors is set to 400 ns (foot), which allows for repetition rates
up to 2 MHz while maintaining linear amplification. The linearity was confirmed for all four
photodiodes independently. Due to limitations of computing power, and an electronic signal
due to LO light leaking into the signal arm, we run the experiment at 1 MHz. When varying the
LO power for balanced homodyne detection of vacuum, we find a linear behavior of the signal
variance versus the LO intensity. For typical LO power of 108 photons/pulse, the electronic
noise is 20 dB below the signals variance. The common mode rejection ratio is always better
that 40 dB. The detection efficiency of the homodyne detectors was 70%, including the quantum
efficiency of the diodes (86%), the mode matching efficiency (95.4%) and the loss in optical
components (10%).

Bob’s 12-bit-A/D-converter digitizes the signal and the LO monitor detectors with 16 MS/s.
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We reduce the number of samples by neglecting samples in between the pulses 1 and averaging
8 samples (approximately the electronic pulse length). These mean values are used to estimate
the shot noise level, as shown in Eqn. (9). In the postprocessing, we estimate the mean value
of the Stokes operators Ŝ2 and Ŝ3 for 1024 signal states. The displacement with respect to this
mean value is considered as quantum signal. Long term fluctuations of the detector are thereby
compensated.

The interferometric phase φI is estimated with the four bright calibration pulses in each 32-
pulse-frame. To measure the phase noise, we calculate the phase drift between two calibration
steps. We show the standard deviation of the phase drift in Fig. 3(b). We find that for weak
calibration pulses the standard deviation depends on the calibration pulse amplitude. This stems
from the limit for the phase estimation of weak coherent states [40]. For stronger amplitudes,
the standard deviation of the phase drift is measured to be 4 degree for calibration times of
32 μs. With the estimated phase, we remap the coordinate system of the measured frame to the
phase space of Alice’s signal states. Subsequently, the data can be analyzed as described in the
next section. The computational power needed for the complete postprocessing is high, but at
1MHz repetition rate the system runs continuously in realtime, as required for practical use in
a QKD system.

4. Verification of effective entanglement

Reformulating the measurement in the Stokes representation (see Eqns. (2)) is of great impor-
tance for the security analysis of the system. We find that Eqns. (10) and (11) have the form
of a simultaneous Stokes measurement of the Ŝφ - and the Ŝφ+π/2-operator, respectively, where
Ŝθ = Ŝ2 cosθ + Ŝ3 sinθ . The Stokes operator Ŝ1 is estimated by the monitor diode, as shown in
Eqn. (9).

To verify the effective entanglement in our experiment, we compare the measured excess
noise to the theoretical upper noise bounds (see Fig. 2). The excess noise estimation demands
a calibration step. The standard procedure to calibrate the shotnoise level is to probe vacuum.
Therefore, we physically block the signal arm of the detection stage and monitor the noise
power of the Stokes measurements, as well as the signal of the LO monitor diode. The shot-
noise estimation thus corresponds to a measurement of the electronic gains in the detection
system using a well known and low noise light beam2. In standard homodyne detection, the
variance of the shot noise will then scale with the power of the LO in following measurements.
However, a new aspect is introduced in Eqn. (9): If there is significant noise power in the Ŝ2- or
Ŝ3-component of the signal states, the bound on 〈Ŝ1〉 will deteriorate, and with it the ability to
detect quantum correlations. We estimate the contribution of the last term in Eqn. (9). We con-
sider the worst case, i.e. the maximal reduction of the expectation value in each measurement
run for a single amplitude (5 million signal pulses).

〈Ŝ2
2〉

〈n̂LO〉
+

〈Ŝ2
3〉

〈n̂LO〉
≤ γLO

γ2
S2

max

(
〈û2

S2
〉

〈ûLO〉

)
+

γLO

γ2
S3

max

(
〈û2

S3
〉

〈ûLO〉

)
, (12)

where γSi , ûSi , γLO and ûLO are gains and output voltages of the detectors for the Ŝi-components
(i = 2,3) and the LO power, respectively. The calibration measurement is used to measure the
gain ratio. For an approximately shot noise limited beam we find

1In a QKD system the removed samples should be checked for manipulation attacks.
2If the LO has traveled through the eavesdropper’s regime, it is mandatory to verify that the beam exhibits small

excess noise compared to the detector’s common mode rejection ratio, e.g. with an attenuation measurement [41].
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Fig. 4. Alice and Bob are connected back to back. (a) Combined Q-function generated from
5 million pulses with amplitudes αS = 0.5 (b) Q-functions for each signal state. (c) Excess
noise estimated from Q-function for varying signal amplitudes. (d) Average excess noise
(circles) compared to the bounds given by the entanglement criterion (solid line), shown
with the 3-sigma confidentiality interval (dashed lines).

γLO

γ2
Si

Δ2ûSi,snl

〈ûLO,snl〉
=

Δ2Ŝi,snl

〈n̂LO,snl〉
= 1. (13)

The reduction of the normalized expectation value is fluctuating during the measurements.
However, using Eqns. (12) and (13), we calculated that it never surpasses 10−3. This factor
is considered by shifting the bound for the entanglement verification. Another uncertainty in
the level of shotnoise is the estimation error of the LO power. The LO power is measured for
every signal pulse separately and therefore has a rather large standard deviation of 6 ·10−3. We
consider the deviation by plotting the three sigma confidence interval around the upper noise
bound.

In our first measurement, we connected both modules back to back. The effective detection
efficiency is therefore merely the 70% efficiency of the receiver module. The Q-functions are
measured for the two signal states combined or separately as shown in Fig. 4(a) and (b), re-
spectively. From the Q-functions, we estimate the mean value and the variance for both Stokes
opertors of both signal states as shown in Fig. 4(c). We find that the variances are approximately
equal. Their average variance is therefore compared to the upper bound of the variance given
by the Expectation Value Matrix method. The comparison of upper bound and average variance
is shown in 4(d). We find, that for all tested signal amplitudes the measured noise is below the

#120058 - $15.00 USD Received 16 Nov 2009; revised 1 Feb 2010; accepted 2 Feb 2010; published 19 Feb 2010



0.1 0.2 0.3 0.4 0.5 0.6 0.7

1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

1.4

signal amplitude α

no
rm

al
iz

ed
 v

ar
ia

nc
e

(a) (b)

Fig. 5. Alice and Bob are connected with a 2 km optical fiber. (a) Excess noise estimated
from Q-function measurement for varying signal amplitudes. (b) Average excess noise (cir-
cles) compared to the bounds given by the entanglement criterion (solid line), shown with
the 3-sigma confidentiality interval (dashed lines).

3-sigma confidentiality interval. Therefore the effective entanglement is verified.
We then substitute the 2 m quantum channel with a 2 km standard optical fiber. The effective

detection efficiency was 44.8%. The transmission of the channel decreases to 64% also due
to additional splices. In an optimized setting, this attenuation corresponds to at least 10 km of
fiber. Again, we estimate the mean values and the variance for both Stokes opertors of both
signal states as shown in Fig. 5(a). Finally, we compare the average values to the upper bound
of the variance given by the Expectation Value Matrix method (Fig. 5(b)). We find that for
signal amplitudes below 0.45, effective entanglement is verified in our system.

5. Conclusion

In conclusion, we present a fiber-based continuous-variable quantum key distribution system.
We demonstrate a receiver module, which simultaneously measures conjugate Stokes operators
of light. This is the first simultaneous detection of conjugate Stokes operator of a quantum sig-
nal after a fiber channel. From the measured Q-function of the transmitted signal, we estimate
the attenuation and the excess noise caused by the channel. For the measured amount of excess
noise, the theory has not progressed far enough to generate an unconditionally secure and secret
key. Nevertheless, we successfully witness effective entanglement with a channel length of up
to 2km considering both parts of the quantum signal, the signal and the LO mode.
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In this work we study the generalization of twisted homology to geometric and nongeometric back-

grounds. In the process, we describe the necessary conditions to wrap a network of D-branes on twisted

cycles. If the cycle is localized in time, we show how by an instantonic brane mediation, some D-branes

transform into fluxes on different backgrounds, including nongeometric fluxes. As a consequence, we

show that in the case of a IIB six-dimensional torus compactification on a simple orientifold, the flux

superpotential is not invariant by this brane-flux transition, allowing the connection among different

Minkowski vacuum solutions. For the case in which nongeometric fluxes are turned on, we also discuss

some topological restrictions for the transition to occur. In this context, we show that there are some

vacuum solutions protected to change by a brane-flux transition.
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I. INTRODUCTION

Incorporation of fluxes in string theory compactification
has been a rich and fertile topic over the last decade [1,2].
Besides the important possibility to stabilize (perturba-
tively) all moduli at the minimum of a scalar potential
generated by the fluxes, the presence of new kinds of fluxes
has enriched our comprehension about geometry and to-
pology on the internal spaces on which string theory is
compactified.

The traditional way to realize the existence of these new
fluxes, comes from performing T duality on a type IIB
compactification threaded with Neveu-Schwarz-Neveu-
Schwarz (NS-NS) flux. In this way, it is necessary to
introduce fluxes referred to as metric and nongeometric.
In [3] (see also [4] for a review) it was shown that the
inclusion of nongeometric fluxes1 in a tori compactifica-
tion leads to two important facts. First, that the metric of a
torus threaded with nongeometric fluxes (Q space) is not
globally defined, and second, that the corresponding IIB
superpotential does not preserve S duality.

The first statement means that it is impossible to con-
sistently define one-cycles on the six-dimensional corre-
sponding torus on which some nongeometric flux is
supported. The reason for this comes from the application
of Buscher rules to the flat torus metric, from which one
gets that the metric is not invariant after performing a
translation along one coordinate. Hence, the corresponding
one-cycle is also ill-defined.

However, if one T dualizes back to the H space, the
problem translates into a configuration involving NS-NS

flux H3. Specifically, it is inconsistent to define three-
cycles on which the NS-NS-form is supported. This is
the classical version of Freed-Witten anomaly [8].
Traditionally, in the literature the anomaly is cancelled
by enforcing the pull back of fluxes to the D-branes to
vanish. An alternative way to cancel it is to add extra D-
branes.
In this context, a NS-NS flux pullbacks on the worldvo-

lume of a D3-brane inducing the term H3 ^ A1 over the
four-dimensional worldvolume. The equations of motion
for the gauge field A1 are fulfilled once we add magnetic
sources, otherwise the system suffers of an anomaly. By
adding extra D1-branes ending at the former, the anomaly
is cured. T dualizing forward in the appropriate coordi-
nates, leads us to a configuration involving a net of D-
branes in which is possible to wrap D1-branes in any one-
cycle of the Q space as far as we consider D3-branes with
one leg along a noncompact direction, and the other two
wrapping internal coordinates, implying that we also re-
quire to twist the notion of a form. Notice that in the H
space, we can safely take zero-, one- and two-cycles glob-
ally, but bigger ones require extra branes if NS-NS flux is
present. The same applies for the Q space, but in this case
we can only safely consider zero-cycles.
Yet, there are some D-branes that despite of being non-

anomalous, could be unstable to decay into fluxes. In this
paper, we shall concentrate in the above way to cancel the
anomaly which does not require the fluxes to vanish at the
D-branes. In terms of forms, the Freed-Witten anomaly
implies the existence of an obstruction to define a 3-form
supported on the same coordinates asH3. This makes sense
as soon as we think on a cycle as the locus on which we can
safely wrap a D-brane [9].
Hence, by considering an adequate set of submanifolds

(chains), we can wrap D-branes on generalized cycles
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We derive a special scalar field potential using the anisotropic Bianchi type I cosmological model from

canonical quantum cosmology under determined conditions in the evolution to anisotropic variables ��.
In the process, we obtain a family of potentials that has been introduced by hand in the literature to explain

cosmological data. Considering supersymmetric quantum cosmology, this family is scanned, fixing the

exponential potential as more viable in the inflation scenario Vð�Þ ¼ V0e
� ffiffi

3
p

�.
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I. INTRODUCTION

One of the main problems of inflationary cosmology is
to find a mechanism to derive in a natural way the appro-
priate scalar field potential in order to develop enough
e-foldings of inflation. By natural, we understand a mecha-
nism from which some theory provides a scalar field
potential that offers the convenient features of inflation.
In this work, we derive a scalar field potential from super-
symmetric quantum cosmology that gives these conditions.

In a previous work, we determined scalar potentials
from an exact solution to the Wheeler-DeWitt (WDW)
equation in the quantum cosmology scenario [1], using
as a toy model a homogenous and isotropic cosmological
model. There we focus on solutions that may be relevant
for the early universe constructed within the WKB ap-
proximation. Recently, these scalars potentials were ob-
tained using a local supersymmetric scheme [2]. Nowadays
it is a common issue in cosmology to make use of scalar
fields � as the responsible agents of some of the most
intriguing aspects of our universe [3–11], such as inflation
[12,13], dark matter, and dark energy [14]. The natural
derivation of a scalar potential is a challenge, posing the
following question: What physical processes provide the
adequate scalar field potentials that govern the universe in
determined epoch? To answer this question, we use the
ideas of quantum cosmology to solve the Wheeler-DeWitt
equation with a particular ansatz for the Bianchi type I
universe wave function. In this scheme, we obtain two
possible scenarios, the first one with a scalar exponential
potential Vð�Þ ¼ V0e

��, and the second one giving a
family of potentials, similar to those obtained in our pre-
vious work [1]. It is interesting that in the first scenario the
� parameter is not fixed by the quantum scheme, remaining
as a free parameter of the theory. To fix it, we invoke a

supersymmetric scale, using the tools of supersymmetric
quantum cosmology in order to find the most viable scalar
potential for the inflationary epoch, in this scale. To do this,
we applied supersymmetry as a square root of general
relativity [15–18], in which the Grassmann variables are
only auxiliary and cannot be identified as the supersym-
metric partners of the cosmological bosonic variables.
Therefore, we construct a family of scalar potentials treat-
ing the quantum solutions to anisotropic Bianchi type I
cosmological model in the anisotropic variables �þ and
��. The conditions we use give us a special structure for
the scalar potential; by simplifying the Wheeler-DeWitt
equation we obtain two cases: one in which both parame-
ters �� have hyperbolic trigonometric functions as solu-
tions, and another where �� (�þ) have a trigonometric
(hyperbolic trigonometric) behavior. This potential is also
a good candidate, depending on the parameter value, in
order to study inflation, dark matter, dark energy, or
tachyon models [19]. The transform Wheeler-DeWitt
equation can be solved using a particular ansatz in the
WKB approximation (Bohmian representation [20]). This
method has been used in the literature [21] to solve the
cosmological Bianchi class A models, and in a particular,
our result in the second case is similar to the one found in
Ref. [1] for the isotropic Friedmann-Robertson-Walker
(FRW) cosmological model. On the other hand, the best
candidates for quantum solutions become those that have a
damping behavior with respect to the scale factor, in the
sense that we obtain a good classical solution using the
WKB approximation in any scenario in the evolution of our
universe [22,23]. The supersymmetric scheme has the
particularity that is very restrictive because there are
more constraints equations applied to the wave function.
So, in this work we found that there exists a tendency for
supersymmetric vacua to remain close to their semiclassi-
cal limits, because the exact solutions found are also the
lowest-order WKB approximation, and do not correspond
to the full quantum solutions found previously.
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We use the Sáez-Ballester theory on anisotropic Bianchi I cosmological model, with barotropic flui and cosmological constant. We obtain
the classical solution by using the Hamilton-Jacobi approach. Also the quantum regime is constructed and exact solutions to the Wheeler-
DeWitt equation are found.

Keywords: Classical and quantum exact solutions; cosmology.

Usamos la teorı́a de Sáez-Ballester en el modelo anisotrópico Bianchi I con un fluid barotrópico y constante cosmológica. Obtenemos las
soluciones clásicas usando el enfoque de Hamilton-Jacobi. El regimen cuántico también es construido y soluciones exactas a la ecuación de
Wheeler-DeWitt son encontradas.

Descriptores: Soluciones clásicas y cuánticas exactas; cosmologı́a.
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1. Introduction

In the 80’s Saez and Ballester [1] formulated a scalar-tensor
theory of gravity in which the metric is coupled to a dimen-
sionless scalar field several papers in the classical regime
have been written [2-5], yet a study of anisotropic models,
where the anisotropy is introduced in the line element, has
been connected. In this theory of gravity the strength of the
coupling between gravity and the scalar fiel is determined by
an arbitrary coupling function ω; one particularly interesting
result is the appearance of an antigravity regime, which sug-
gests a possible connection to the missing matter problem in
non-fla FRW cosmologies. In particular, Armendariz-Picon,
et al., related this scenario to K-essence[6], which is charac-
terized by a scalar fiel with a non-canonical kinetic energy.
Usually K-essence models are restricted to lagrangian densi-
ties of the form

S =
∫

d4x
√−g f(φ) (∇φ)2 ; (1)

one of the motivations for considering this type of lagrangian
originates from string theory [7] and is relation to the Dark
energy problem (for more details for K-essence applied to
dark energy, see Ref. 8 and reference therein).

Furthermore, the quantization program of the theory is
an open problem; this is related to the difficultie of building
the ADM formalism. In order to proceed with the quanti-
zation program, we transform this theory to a conventional
one, by interpreting the dimensionless scalar fiel as part of
the energy-momentum tensor as an exotic matter component;
this is achieved by an appropriate transformation of the cou-
pling function ω, so that we can use this modifie theory
where the ADM formalism is well known [9].

In this paper we use this formulation to obtain classical
and quantum solutions for the anisotropic Bianchi type I cos-
mological model with cosmological constantΛ. The firs step
is to write Sáez-Ballester formalism in the usual manner, that
is, we calculate the corresponding energy-momentum tensor
to the scalar fiel and give the equivalent lagrangian density.
Next, we proceed to obtain the corresponding canonical la-
grangian for the Bianchi type I metric and calculate the clas-
sical hamiltonian constraint H, and finall fin the Wheeler-
DeWitt (WDW) equation for the model.

The simplest generalization of the lagrangian density for
the Sáez-Ballester theory [1] with cosmological constant, is

Lgeo = (R− 2Λ− F(φ)φ,γφ,γ) , (2)

where φ,γ = gγαφ,α, R is the scalar curvature, and F (φ) a
dimensionless functional of the scalar field In classical fiel
theory, this formalism corresponds to null potential for φ, but
with an exotic kinetic term due to the presence of F (φ).

From the lagrangian (2) we can build the complete action

I =
∫

Σ

√−g(Lgeo + Lmat)d4x, (3)

where Lmat is the matter lagrangian, and g is the determinant
of metric tensor. The fiel equations for this theory are

Gαβ+gαβΛ−F(φ)
(

φ,αφ,β−1
2
gαβφ,γφ,γ

)
=8πGTαβ ,

2F(φ)φ,α
;α+

dF
dφ

φ,γφ,γ=0, (4)

where G is the gravitational constant and as usual the semi-
colon means a covariant derivative.
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Lepton number violation can be induced by Majorana neutrinos in four-body decays of the neutral B

meson and the top quark. We study the effects of Majorana neutrinos in these j�Lj ¼ 2 decays in a

scenario where a single heavy neutrino can enhance the amplitude via the resonant mechanism. Using

current bounds on heavy neutrino mixings, the most optimistic branching ratios turn out to be at the level

of 10�6 for �B0 ! Dþe�e��þ and t ! blþlþW� decays. Searches for these lepton number violation

decays at future facilities can provide complementary constraints on masses and mixings of Majorana

neutrinos.
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I. INTRODUCTION

After being established that neutrinos are massive and
mixed particles [1–3], one of the most interesting current
issues in flavor physics is to elucidate if neutrinos are Dirac
or Majorana fermions [4]. If neutrinos turn out to be
Majorana particles, important consequences as lepton
number-violating (LNV) processes [5,6] and further
sources of CP violation become possible [7–10].
Searches for LNV processes (where the lepton number is
violated in two units, �L ¼ 2) in dedicated low energy
experiments as neutrinoless double beta decays, have led to
very strong constraints on the effective mass of light
Majorana neutrinos [11–15] since the rates for these pro-
cesses are driven by the effective mass parameter hmeei
[16]. On the other hand, very restrictive bounds on hmll0 i
can be obtained by combining neutrino oscillation data
[17], cosmological bounds [18–21] and tritium beta decay
[22]. Interestingly, these sub-eV bounds on the scale of
effective Majorana masses are at the sensitivity reaches of
current experimental projects [23–26].

As it has been extensively discussed by many authors,
the existence of very light neutrinos may find a natural
explanation by means of heavy neutrinos via the seesaw
mechanism [27–33]. Heavy neutrinos naturally appears in
some extensions of the standard model and may play an
important role in cosmology and various particle physics
and astrophysical processes [34,35]. The possibility to
observe the effects of heavier neutrinos, accessible in the
kinematical range of current experiments, is very exciting
as they can induce large rates for �L ¼ 2 decays through
the mechanism of resonant enhancement [35]. Indeed, the
appearance of sterile neutrinos with masses in the range of
hundreds of MeV’s to a few GeV’s is possible in scenarios

of dynamical electroweak symmetry breaking as shown for
instance in [36–38]. By means of the resonant mechanism,
neutrinos with these intermediate mass scales can produce
an enhancement in the three-body �L ¼ 2 decays of pseu-
doscalar mesons Mþ

1 ! lþlþM�
2 and the tau lepton �� !

lþM�
1 M

�
2 ; these decay processes have been extensively

studied by many authors [35,39–43] in the cases where
final state hadrons can be pseudoscalar or vector mesons.
So far, some experimental uppers bounds have been re-
ported in Refs. [44–47] in the case of heavy meson decays;
very recently, by using 36 pb�1 of integrated luminosity,
the LHCb Collaboration has reported improved upper lim-
its for LNV charged B meson decays BðBþ !
K�ð��Þ�þ�þÞ< 5:8ð5:4Þ � 10�8 at the 95% C.L. [48].
These studies are expected to be extended by the
LHCb experiment by including the Bþ ! D�

ðsÞ�
þ�þ,

�D0�þ�þ�� decay modes [48], which together with simi-
lar analyses that can be performed at the SuperB Flavor
Factories [49] makes very attractive the studies of LNV B
meson decays. Similarly, like-sign dileptons may be pro-
duced via the resonance enhancement mechanism in four-
body decays of top quarks and W gauge bosons, as it has
been investigated for instance in Refs. [50–52].
In the present paper we consider the four-body decays of

neutral B mesons, �B0 ! Dþl�l��þ with l ¼ e, �, in the
favored scenario of resonant neutrino enhancement. The
dynamics of this four-body decay involves the transition
B ! D form factors and is different from the one driving
the three-body decays of mesons and tau leptons which
involve the meson decay constants. To our knowledge,
these �L ¼ 2 decays of neutral B mesons have not been
investigated before neither from a theoretical nor from an
experimental point of view. In addition, we also consider
and update the analogous four-body t ! blþlþW� decays
(l ¼ e, �, �), which was previously studied in [50], since
one naively expects it can be largely enhanced due to the
resonances in the virtual W boson and heavy neutrino
exchanges.
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We analyze the supersymmetric contributions to the direct CP asymmetries of the decays B → π K ∗
and B → ρK within Soft Collinear Effective Theory. We extend the Standard Model analysis of these
asymmetries to include the next leading order QCD corrections. We find that, even with QCD correction,
the Standard Model predictions cannot accommodate the direct CP asymmetries in these decay modes.
Using Mass Insertion Approximation (MIA), we show that non-minimal flavor SUSY contributions
mediated by gluino exchange can enhance the CP asymmetries significantly and thus can accommodate
the experimental results.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

In the standard model (SM), Charge conjugation Parity (CP) vi-
olation and flavor transition arise from the complex Yukawa cou-
plings in the Cabibbo Kobayashi Maskawa (CKM) matrix. The effect
of this phase has been first observed in kaon system and confirmed
in B decays. However, the expected CP asymmetries in some decay
channels for B meson are in contradiction with the experimental
measurements carried by Babar and Belle B-factories and proton
antiproton collider as Tevatron, with its experiments CDF and D0.
The largest discrepancy has been observed in the decay B → Kπ
where the world averages for the CP asymmetries of B0 → K ±π∓
and B± → K ±π0 are given by [1]:

ACP
(

B0 → K ±π∓) = −0.098 ± 0.012, (1)

ACP
(

B± → K ±π0) = 0.050 ± 0.025, (2)

which implies that

�ACP = ACP
(

B± → K ±π0) −ACP
(

B0 → K ±π∓)
= 0.14 ± 0.029. (3)

In the SM and using QCD factorization approach, the results of the
above two asymmetries read [2]:

ACP
(

B± → K ±π0) = (
7.1+1.7+2.0+0.8+9.0

−1.8−2.0−0.6−9.7

)
%, (4)
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ACP
(

B0 → K ±π∓) = (
4.5+1.1+2.2+0.5+8.7

−1.1−2.5−0.6−9.5

)
%, (5)

where the first error corresponds to uncertainties on the CKM pa-
rameters and the other three errors correspond to variation of
various hadronic parameters. These results imply that �AQCD

CP =
0.025 ± 0.015, which differs from the experimental value by 3.5σ
and thus motivate exploring new physics beyond SM.

The decay modes B → π K ∗ and B → ρK are generated at the
quark level in the same way as B → Kπ and hence it is interest-
ing to explore hints of New Physics (NP) in these decays. These
decay modes are studied within SM in framework of QCDF [2],
PQCD [3,4,6,5] and Soft Collinear Effective Theory (SCET) [7]. A de-
tailed comparison between the results for the branching ratios and
CP asymmetries in these different factorizations methods can be
found in Ref. [7]. The comparison showed that PQCD results for
most B → π K ∗ and B → ρK channels are much larger than SCET
results. On the other hand the QCDF results are small and compa-
rable with SCET results but with a relative minus sign. Moreover, in
SCET, the direct CP asymmetries of B− → π− K̄ ∗ 0 and B− → ρ− K̄ 0

are zero while the CP asymmetries in other channels are small.
Recently, in Ref. [8] fits to B → π K ∗ and B → ρK decays are
performed where data can be accommodated within the standard
model due principally to the large experimental uncertainties, par-
ticularly in the CP-violating asymmetries.

One of the four large experiments operating at the Large
Hadron Collider (LHC) is LHCb. The main task of the LHCb is
to measure precisely the CP asymmetries in B meson decays.
These measurements are so important to test the different mech-
anisms proposed by many models beyond SM to explain the
matter–antimatter asymmetry. This test can be regarded as an in-
direct search for physics beyond SM.

http://dx.doi.org/10.1016/j.physletb.2011.10.041
http://www.ScienceDirect.com/
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Adding a fourth generation to the standard model and assuming it to be valid up to some cutoff �, we

show that electroweak symmetry is broken by radiative corrections due to the fourth generation. The

effects of the fourth generation are isolated using a Lagrangian with a genuine scalar without self-

interactions at the classical level. For masses of the fourth generation consistent with electroweak

precision data (including the B ! K� CP asymmetries), we obtain a Higgs mass of the order of a few

hundreds GeV and a cutoff � around 1–2 TeV. We study the reliability of the perturbative treatment used

to obtain these results taking into account the running of the Yukawa couplings of the fourth quark

generation with the aid of the renormalization group equations, finding similar allowed values for the

Higgs mass but a slightly lower cutoff due to the breaking of the perturbative regime. Such low cutoff

means that the effects of new physics needed to describe electroweak interactions at energy above �

should be measurable at the LHC. We use the minimal supersymmetric extension of the standard model

with four generations as an explicit example of models realizing the dynamical electroweak symmetry

breaking by radiative corrections and containing new physics. Here, the cutoff is replaced by the masses of

the squarks and electroweak symmetry breaking by radiative corrections requires the squark masses to be

of the order of 1 TeV.

DOI: 10.1103/PhysRevD.84.033008 PACS numbers: 12.15.Lk, 12.60.Jv, 14.80.Bn

I. INTRODUCTION

Many experimental results on B physics (see [1]) can be
seen as hints of physics beyond the standard model (SM).
Electroweak precision data also points to new physics
scenarios [2]. In the LHC era, new physics related to the
observability of the Higgs boson is worthy to study and the
elucidation of the Higgs sector properties is a topic of
utmost importance.

A simple extension of the standard model (SM) is the
introduction of a new generation of quarks and leptons
(SM4). Precision data do not exclude the existence of a
sequential fourth generation [3–8]. An extensive review
and an exhaustive list of references to the work on the
subject previous to our century can be found in [9]. Recent
highlights on consequences of a fourth generation can be
found in [10]. These include mechanisms of dynamical
electroweak symmetry breaking by condensates of fourth
generation quarks and leptons [11–14], convergence im-
provement of the three SM gauge couplings due to the
Yukawa coupling contributions from the fourth generation
[15], the possibility of electroweak baryogenesis through
first-order electroweak phase transition with four genera-
tions [16–18], CP violation based on Jarlskog invariants
generalized to four generations [19], and the hierarchy
problem [20].

The B ! K� CP asymmetries puzzles can also be
easily solved by a fourth generation [21–23] for a range

of extra quark masses within the values allowed by high
precision LEP measurements [3–5], namely [24]

m‘4 �m�4 ’ 30–60 GeV

mu4 �md4 ’
�
1þ 1

5
ln

mH

115 GeV

�
� 50 GeV

jVud4 j; jVu4dj & 0:04

jU‘4 j; jU�4
j & 0:02; (1)

where V (U) is the Cabibbo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) quark (lepton) mixing matrix which is
now a 4� 4 unitary matrix. These bounds are subject to
direct search limits from LEPII [25] and CDF [26,27]:

m�4;‘4 >100GeV mu4 >311GeV md4 >338GeV: (2)

In Refs. [21–23], in order to solve the CP asymmetry
puzzles in B ! K�, one needs the extra quarks to be
within the following range [21]:

400 GeV<mu4 < 600 GeV: (3)

Such values of new quark masses imply strong Yukawa
couplings. So, it is natural to expect that this fourth gen-
eration could play a special role in the electroweak sym-
metry breaking (EWSB). Contrary to other works where it
is assumed that Yukawa couplings are strong enough to
produce composite scalars at low energy [11–14], we shall
assume that the perturbative treatment [28] is still valid.
This assumption is justified by the fact that even fourth
generation masses in the range of 300–600 GeV imply
Yukawa couplings (gf) around 2–3. In the loop expansion,
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We study the generalization of the Sáez-Ballester theory for a flat FRW cosmology.
Classical solutions are obtained by using the Hamilton-Jacobi approach. Contrary
to claims in the literature, it is shown that the Sáez-Ballester theory cannot provide
a realistic solution to the dark matter problem. Furthermore, the quantization pro-
cedure of the theory can be simplified by reinterpreting the theory in the Einstein
frame, where the scalar field can be considered as part of the matter content of the
theory. Finally, exact solutions are found for the Wheeler-DeWitt equation.

PACS numbers: 04.20.Fy, 04.20.Jb, 04.60.Kz, 98.80.Qc UDC 524.83

Keywords: Sáez-Ballester theory, generalization, flat FRW cosmology, quantization pro-

cedure, solutions of Wheeler-DeWitt equation

1. Introduction

The inclusion of scalar fields to homogeneous cosmologies is a typical practice
in different scenarios, such as inflation, dark matter, and dark energy [1]. Since the
early seventies, the problem of finding the appropriate sources of matter and its
corresponding Lagrangian to describe particular scenarios has been studied [2, 3].
An interesting approach was presented by Sáez and Ballester (SB) [4], a scalar-
tensor theory of gravity where the metric is coupled to a dimensionless scalar field.

Despite the dimensionless character of the scalar field, an antigravity regime
appears, and has been proposed as a possible way to solve the missing-matter prob-
lem in non-flat Friedmann-Robertson-Walker (FRW) cosmologies [5, 6, 7, 8]. Also,
Armendariz-Picon et al. called this scenario as K-essence [9], which is characterized
by a scalar field with a non-canonical kinetic energy.

FIZIKA B (Zagreb) 19 (2010) 4, 177–186 177



Cosmological dark fluid from five-dimensional vacuum
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In the framework of the induced matter theory of gravity, we derive a five-dimensional solution of the

field equations that can describe a four-dimensional cosmological scenario where the dark fluid (dark

matter plus dark energy) equation of state has a geometrical origin. There is not a natural separation of the

dark sector into different components, and so the model may provide a geometrical explanation for the

existence of a dark degeneracy in cosmological scenarios.

DOI: 10.1103/PhysRevD.84.027503 PACS numbers: 04.50.�h, 95.35.+d, 95.36.+x

I. INTRODUCTION

The idea of the existence of exotic components in the
Universe, namely, dark matter and dark energy, comes
basically from three pieces of observational evidence:
supernovae of the type Ia, surveys of clusters of galaxies,
and observations of anisotropies in the cosmic microwave
background radiation [1]. Observations of high redshift of
type Ia supernovae suggest that the expansion of the
Universe is accelerating [2–4]. Surveys of clusters of gal-
axies indicate that the energy density of matter is less than
the critical density of the Universe [5], whereas observa-
tions of the temperature anisotropies of the cosmic micro-
wave background show evidence that our Universe is
spatially flat, and so the total energy density parameter is
very close to the critical one [6].

In obtaining these observational constraints, it has been
considered the model assumption that there are two sepa-
rated dark components: dark matter, responsible for the
formation of cosmological structure, and dark energy, re-
sponsible for the accelerated expansion of the Universe.
From this arises the so-called standard cosmological
model, also known as �CDM, where dark matter is a
(cold) pressureless fluid and the dark energy is described
by a cosmological constant [1,6].

However, the observations through which these two
components have been detected are gravitational in nature,
and these kinds of measurements are unable to provide
information about a unique decomposition of the dark
sector into these components [7]. As clearly argued in
[8], when we are in a state of total ignorance about the
nature of a single one of the dark components, we can also
not completely measure the others.

In this case, the separation into dark matter and dark
energy can be seen as a convenient parametrization without
experimental reality. In models where this split is assumed,
it is necessary to impose some additional conditions upon
the models in order to make the assumption well-defined.

These conditions can be that the dark energy vanishes at
high redshift, or that the dark energy constitutes the
nonclustering part of the dark energy-momentum tensor.
The lack of guidance of gravity observations leads to the
so-called dark degeneracy [8].
Theoretically, a great effort has been made to construct

models to explain dark energy. In the literature, we can find
proposals, among others, like quintessence models, inter-
acting models of dark energy, k-essence models, and pro-
posals coming from modified theories of gravity [9] (see
also[10–12] and references therein). Other alternatives are
models based in theories with extra dimensions, like the
induced matter (IM) theory of gravity [13,14] and brane
world (BW) scenarios [15].
In BW scenarios, the four-dimensional (4D) universe is

viewed as a hypersurface called the brane, which is em-
bedded in a higher dimensional spacetime called the bulk.
In this context, ordinary matter is confined to the brane by a
variety of different mechanisms, while gravity can propa-
gate freely through the bulk.
Parallel to BW scenarios we have the IM theory.

This theory can be considered as an extension of 4D
general relativity to 5D. In this approach, our Universe is
described by a 4D hypersurface embedded in a 5D

Ricci-flat (ð5ÞRab ¼ 0) spacetime. The extra dimension is

considered as noncompact, and classical sources of
matter in 4D are identified with the curvature of the 4D
hypersurface. This curvature is a consequence of the
embedding [14].
The IM theory is mathematically supported by the

Campbell-Magaard theorem, which states that any analyti-
cal solution of the n-dimensional Einstein equations can be
embedded in a (nþ 1)-dimensional Ricci-flat manifold
[16–18]. Both the BW and the IM theory have different
physical motivations; an equivalence to each other has
been shown by Ponce de Leon in [19]. In spite of such
an equivalence, the requirement in IM theory of starting
from a 5D Ricci-flat spacetime makes the task of finding
solutions easier than in the BW theories.
The purpose of this paper is to derive a particular solu-

tion to the 5D field equations of the IM theory capable
of describing not just the dark energy component of the
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Black holes and the absorption rate of cosmological scalar fields
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We study the absorption of a massless scalar field by a static black hole. Using the continuity equation

that arises from the Klein-Gordon equation, it is possible to define a normalized absorption rate �ðtÞ
for the scalar field as it falls into the black hole. It is found that the absorption mainly depends upon

the characteristics wavelengths involved in the physical system: the mean wave number and the width

of the wave packet, but that it is insensitive to the scalar field’s strength. By taking a limiting procedure,

we determine the minimum absorption fraction of the scalar field’s mass by the black hole, which is

around 50%.

DOI: 10.1103/PhysRevD.84.044052 PACS numbers: 04.40.�b, 04.25.D�, 95.35.+d, 95.36.+x

I. INTRODUCTION

Black holes, a concept that emerged from the simplest
exact solution of Einstein’s equations, are some of the most
fascinating objects in gravitational physics. Equally fasci-
nating is our current belief that most galaxies must host a
supermassive black hole (SMBH) in their center, with mass
values in the range of 105 to 1010 solar masses, most likely
in a state of very low matter accretion nowadays [1,2].
In particular, the measurements of the velocities of stars
near the center of the Milky Way have provided strong
evidence for the presence of a SBH with a mass of around
4� 106M� [2].

There are some models that attempt to explain the
present existence of galactic SMBH’s. Among others, we
can mention the collision of two or more black holes to
form a larger one, the core collapse of a stellar cluster, and
the formation of primordial black holes directly out from
the primordial plasma in the first instants of time after the
big bang [3].

The key point in the discussion are the features of the
precise mechanism under which a black hole can accrete
enough matter to become supermassive. In particular, some
authors have proposed that primordial black holes (PBH)
can go supermassive simply by accreting matter from a
cosmological scalar field related to dark energy (quintes-
sence). In a first study, the authors in [4] (see also [5–7])
found that PBH could have effectively accreted enough
matter from a quintessence field endowed with an expo-
nential potential.

The calculations for the accretion were in fact based
upon the simple and exact results of the accretion of a
massless scalar field into a black hole found in [8], see also
[7,9,10]. However, the results in [4] were later refuted in
[11], where it was shown that the quintessence flux must
decrease slower than t�2 for PBHs to grow at all. This same

result seems to have been confirmed by other authors under
more general assumptions [9,10,12].
On the other hand, a related topic is the use of a cosmo-

logical scalar field as a model for dark matter in the
Universe [13], and the possibility that they can be the
dominant matter in galaxy halos [14]. If so, then one has
to address the accretion of this dark matter scalar field into
the central SBH that seems to be present in most galaxies
[15,16].
The aim of this paper is to present some simple results of

the interaction of a scalar field with a black hole, with
numerical calculations based upon previous works in the
literature [17] that may be useful in the understanding of
the accretion, in general terms, of cosmological scalar
fields into black holes.
We shall make use of the fact that there exists a continuity

equation of the scalar field as long as the background space-
time is static [17]. This fact will allow us to quantify the
absorption rate of a scalar wave packet by a black hole in a
more precise manner in terms of absorption flux and decay
rates. For simplicity, we will only focus our attention in the
case of a massless scalar field.
A brief summary of the paper is as follows. In Sec. II we

set the mathematical background for the equations of
motion, boundary conditions, and initial conditions for
the scalar field’s wave packet. Here we also show the
existence of a continuity equation arising directly from
the equation of motion of the scalar field. In Sec. III, we
present the main numerical results, and the description of
the fall of the scalar field in terms of a normalized absorp-
tion rate. The latter arises naturally from the use of the
continuity equation found in Sec. II. Finally, Sec. IV is
devoted to conclusions and final comments.

II. MATHEMATICAL BACKGROUND

We first consider a fixed Schwarzschild background with
an Eddinton-Finkelstein (EF) gauge, which is defined such
that tþ r is an ingoing null coordinate. Using the 3þ 1
decomposition of the metric [17,18], the 3-metric �ij is
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The Wheeler-DeWitt (WDW) equation for the Lambda-Kantowski-Sachs model can also be understood

as the WDW-equation corresponding to the Schwarzschild-(anti)deSitter space-times, due to the well-

known diffeomorphism between these two metrics. This equation ignores the coordinate patch one chooses

and only by imposing coordinate conditions will it be possible to distinguish between black hole or

cosmological models. At that point, the foliation parameter t or r will appear in the solution of interest. In

this work we supersymmetrize this WDW-equation obtaining an extra term in the potential with two

possible signs. We have already, in a similar manner, proposed and analyzed a supersymmetric general-

ization of a Schwarzschild black hole. The WKB method is then applied, given rise to four classical

equations, two for the Schwarzschild-deSitter space-time and another two for the Schwarzschild-anti-

deSitter space-time. One can then study the asymptotic cases in which one of two potential terms arising in

each Hamiltonian, for each of these space-times, dominates the behavior. One of these limiting (bosonic)

cases gives the usual Schwarzschild-(anti)deSitter space-times. We will study here the other four

asymptotic regions; they provide six solutions. For the Schwarzschild-deSitter space-time we get two

solutions which have singularities at r ¼ 0 and rs0, and depending on an integration constant C and the sign

at the potential due to these SUSY region, they can also present another two singularities in rsh and r
s
c. For

the Schwarzschild-anti-deSitter space-time the solutions have a singularity at r ¼ 0 and depending on the

integration constant and the sign of the SUSY potential another singularity can appear at rþ. We find

associated masses and, based on the holographic principle, we find also the entropies for the bosonic region,

which coincide with the ones obtained by the usual methods. We apply this same procedure to get entropies

associated to the supersymmetric asymptotic solutions. Even though wewere unable to obtain the complete

solution to the model, it is shown that horizons can never be reached because when one would approach the

standard horizons (the bosonic region), the relevant term in the potential is the one due to supersymmetry

and as mentioned in this asymptotic limit one does not have horizons but instead singularities.

DOI: 10.1103/PhysRevD.84.024015 PACS numbers: 04.70.Bw, 04.60.Ds, 04.60.Kz, 04.65.+e

I. INTRODUCTION

All recently available data from cosmological observa-
tions give strong indications that in the framework of
inflationary cosmology a nonzero repulsive cosmological
constant �> 0, has to be invoked in order to explain the
properties of the presently observed Universe [1]. The
presence of a cosmological constant alters significantly
the asymptotic character of black hole space-times. On
the other hand, the anti-deSitter space-time plays a central
role in our understanding of the relation between gravity
and conformal field theory by means of the well-known
and successful AdS-CFT conjecture (for a review, see for
example [2]).

Very powerful and sophisticated methods have been
developed since the birth of general relativity searching
for solutions to its field equations. For a long time it has
been known that changing the structure of space-time (i.e.
interchanging the coordinates t $ r), changes a static

solution for a cosmological one and vice versa. The best
known case is the Schwarzschild metric that under this
particular diffeomorphism transforms into the Kantowski-
Sachs metric [3]. This interchange of variables has been
recently proposed as a method to generate also new
cosmological models from stationary axisymmetric solu-
tions [4]. In string theory, it has been suggested that by
interchanging r $ it we can get time-dependent solutions
also from static solutions. In this way we may relate Dp-
branes solutions to S-brane solutions, i.e. time-dependent
backgrounds of the theory [5]. On the other hand, there are
proposals to obtain directly S-brane solutions [6]; thus, if
cosmological solutions (i.e. S-branes) can be generated
from stationary ones (i.e. Dp-branes), this procedure also
works the other way around.
For a Schwarzschild black hole, Kuchař [7] has shown

how to reconstruct the curvature coordinates T and R (or
the Kruskal coordinate U and V) from spherically sym-
metric initial data. A discussion of the action of space-time
diffeomorphism on the quantum geometry is possible by
this means. A particular interesting example is the inter-
change of the curvature coordinates T and R. This choice
of coordinates interchanges the static and dynamical

*jlopez@fisica.ugto.mx
†octavio@fisica.ugto.mx
‡szacarias@fisica.ugto.mx

PHYSICAL REVIEW D 84, 024015 (2011)

1550-7998=2011=84(2)=024015(12) 024015-1 � 2011 American Physical Society

http://dx.doi.org/10.1103/PhysRevD.84.024015


Can noncommutative effects account for the present speed up of the cosmic expansion?

Octavio Obregon* and Israel Quiros†

División de Ciencias e Ingenierı́a de la Universidad de Guanajuato, A.P. 150, 37150, León, Guanajuato, México
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In this paper we investigate to which extent noncommutativity, an intrinsically quantum property, may

influence the Friedmann-Robertson-Walker cosmological dynamics at late times/large scales. To our

purpose it will be enough to explore the asymptotic properties of the cosmological model in the phase

space. Our recipe to build noncommutativity into our model is based in the approach of Ref. [4] and can be

summarized in the following steps: i) the Hamiltonian is derived from the Einstein-Hilbert action (plus a

self-interacting scalar field action) for a Friedmann-Robertson-Walker space-time with flat spatial

sections, ii) canonical quantization recipe is applied, i.e., the mini-superspace variables are promoted

to operators, and the WDW equation is written in terms of these variables, iii) noncommutativity in the

mini-superspace is achieved through the replacement of the standard product of functions by the Moyal

star product in the WDW equation, and, finally, iv) semiclassical cosmological equations are obtained by

means of the WKB approximation applied to the (equivalent) modified Hamilton-Jacobi equation. We

demonstrate, indeed, that noncommutative effects of the kind considered here can be those responsible for

the present speed up of the cosmic expansion.

DOI: 10.1103/PhysRevD.84.044005 PACS numbers: 02.40.Gh, 04.20.Ha, 04.60.Kz, 11.10.Nx

I. INTRODUCTION

Noncommutativity of space-time coordinates, an old
idea dated back to 1947 [1], is the simplest expected modi-
fication to quantum field theory. Noncommutativity—the
central mathematical concept in quantum mechanics—
expresses uncertainty in the simultaneous measurement of
any pair of conjugate variables, such as position and mo-
mentum. In the presence of a strong magnetic field, non-
commutativity arises [2], even in a classical context. More
recently, noncommutativity has received increased interest
in connection with developments in string theory. Attempts
to connectM(atrix)-string theory to cosmology on the brane
[3] have shown that noncommutativity arises in the former
theory.

There are several approaches in the literature to build
noncommutativity into field theories. One of the authors
and collaborators have explored several of these ap-
proaches [4–12]. In some of these formalisms, the assump-
tion of noncommutativity among the space-time
coordinates has a consequence that the fields present do
not commute themselves. This is the particular case of the
Seiberg-Witten map [13] and its generalization by Wess
and collaborators [14], in which noncommutative fields are
obtained as an (infinite) expansion of the usual commuta-
tive fields in the noncommutative parameter. Space-time
noncommutativity has as a consequence a different product
of functions (the Moyal/star product), which induces non-
commutativity among the fields.

In cosmological settings an already well explored way to
include the effects of noncommutativity is given in

Ref. [4], where deformation of space-time itself is replaced
by noncommutativity in mini-superspace instead (see also
Refs. [15,16] where similar approaches are applied).1 The
latter proposal is inspired in various related results in the
literature, among which we can cite the above mentioned
case of the Seiberg-Witten map [6,13,18]. In the case of
quantum cosmology, the mini-superspace variables play
the role of the coordinates in configuration space.2 Thus,
as stated in [4], it seems reasonable to propose a kind of
noncommutativity among these specific gravitational var-
iables. The noncommutative proposal there is formulated
in terms of models with a finite number of degrees of
freedom, where the Wheeler-DeWitt (WDW) equation
resembles a Klein-Gordon equation, this time in terms of
the mini-superspace variables. One can then apply the
same procedure as in noncommutative quantum mechanics
to end up with a noncommutative version of quantum
cosmology [21].
In the present paper, we shall investigate the possible

effect of noncommutativity in the late-time/large-scale
cosmological dynamics. In Ref. [22] the effects of
noncommutativity were investigated within a dilatonic
cosmological model for an exponential dilaton potential.
The existence of such noncommutativity results in a de-
formed Poisson algebra between the mini-superspace
variables and their conjugated momenta. The authors
found that noncommutativity modifies the cosmic dynam-
ics at late times. Their result relies, however, on the study
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1For further consideration of the approach of [4] in the context
of extra-dimensional cosmology see, for instance, Ref. [17] and
references therein.

2See, for instance, Refs. [19,20], for an alternative path inte-
gral approach to quantum cosmology.
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Abstract. We present a method to control the detection events in quantum key
distribution systems that use gated single-photon detectors. We employ bright
pulses as faked states, timed to arrive at the avalanche photodiodes outside the
activation time. The attack can remain unnoticed, since the faked states do not
increase the error rate per se. This allows for an intercept–resend attack, where
an eavesdropper transfers her detection events to the legitimate receiver without
causing any errors. As a side effect, afterpulses, originating from accumulated
charge carriers in the detectors, increase the error rate. We have experimentally
tested detectors of the system id3110 (Clavis2) from ID Quantique. We identify
the parameter regime in which the attack is feasible despite the side effect.
Furthermore, we outline how simple modifications in the implementation can
make the device immune to this attack.
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Characterizing the physical channel and calibrating the cryptosystem hardware are prerequisites for

establishing a quantum channel for quantum key distribution (QKD). Moreover, an inappropriately

implemented calibration routine can open a fatal security loophole. We propose and experimentally

demonstrate a method to induce a large temporal detector efficiency mismatch in a commercial QKD

system by deceiving a channel length calibration routine. We then devise an optimal and realistic strategy

using faked states to break the security of the cryptosystem. A fix for this loophole is also suggested.

DOI: 10.1103/PhysRevLett.107.110501 PACS numbers: 03.67.Dd, 03.67.Ac, 03.67.Hk, 42.50.Ex

Quantum key distribution (QKD) offers unconditionally
secure communication as eavesdropping disturbs the trans-
mitted quantum states, which in principle leads to the
discovery of the eavesdropper Eve [1]. However, practical
QKD implementations may suffer from technological and
protocol-operational imperfections that Eve could exploit
in order to remain concealed [2,3].

Until now, a variety of eavesdropping strategies have
utilized differences between the theoretical model and the
practical implementation, arising from (technical) imper-
fections or deficiencies of the components. Ranging from
photon number splitting [4] and Trojan horse [5], to leak-
age of information in a side channel [6], time shifting [7],
and phase remapping [8], several attacks have been pro-
posed and experimentally demonstrated. Recently, proof-
of-principle attacks [9–11] based on the concept of faked
states [12] have been presented. Eve targets imperfections
of avalanche photodiode (APD) based single-photon de-
tectors [13] that allow her to control them remotely.

Another important aspect of QKD security not yet in-
vestigated, however, is the calibration of the devices. A
QKD protocol requires a classical and a quantum channel;
while the former must be authenticated, the latter is merely
required to preserve certain properties of the quantum
signals [2,14]. The establishment of the quantum channel
remains an implicit assumption in security proofs: channel
characterization (e.g., channel length) and calibration of
the cryptosystem hardware, especially the steps involving
two-party communication, have not yet been taken into
account. As we show, the calibration of the QKD devices
must be carefully implemented, otherwise it is prone to
hacks that may strengthen existing (or create new) eaves-
dropping opportunities for Eve.

In this Letter, we propose and experimentally demon-
strate the hacking of a vital calibration sequence during the
establishment of the quantum channel in the commercial
QKD system model Clavis2 from ID Quantique [15].
Eve induces a parameter mismatch [16] between the de-
tectors that can break the security of the QKD system.
Specifically, she causes a temporal separation of the order
of 450 ps of the detection efficiencies by deceiving the
detection system, shown in Fig. 1. This allows her to
control Bob’s detection outcomes using time, a parameter
already shown to be instrumental in applying a time-
shift attack [7]. Alternatively, she could launch a faked-
state attack (FSA) [16] for which we calculate the
quantum bit error rate (QBER) under realistic conditions.
Since FSA is an intercept-resend attack, Eve has full
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FIG. 1 (color online). Typical detection system in a Mach-
Zehnder interferometer based QKD implementation. The bit
and basis choices of Alice and Bob (phases ’Alice and ’Bob)
determine the interference result at the 50:50 beam splitter
(BS), deciding in turn which of the two detectorsD0 orD1would
click. It is thus crucial thatD0 andD1 are indistinguishable to the
outside world (i.e., Eve). If gated mode APDs are employed, the
detector control board ensures that the activation of D0 and D1
[via voltage pulses V0ðtÞ and V1ðtÞ] happens almost simulta-
neously, to nullify any existing temporal efficiency mismatch.
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We develop a second order formalism for massive spin 1=2 fermions based on the projection over

Poincaré invariant subspaces in the ð12 ; 0Þ � ð0; 12Þ representation of the homogeneous Lorentz group. Using

the Uð1Þem gauge principle we obtain a second order description for the electromagnetic interactions of a

spin 1=2 fermion with two free parameters, the gyromagnetic factor g and a parameter � related to odd-

parity Lorentz structures. We calculate Compton scattering in this formalism. In the particular case g ¼ 2,

� ¼ 0, and for states with well-defined parity, we recover Dirac results. In general, we find the correct

classical limit and a finite value r2c for the forward differential cross section, independent of the photon

energy and of the value of the parameters g and �. The differential cross section vanishes at high energies

for all g, � except in the forward direction. The total cross section at high energies vanishes only for

g ¼ 2, � ¼ 0. We argue that this formalism is more convenient than Dirac theory in the description of low

energy electromagnetic properties of baryons and illustrate the point with the proton case.

DOI: 10.1103/PhysRevD.83.073001 PACS numbers: 12.20.Ds, 13.40.Em, 13.60.Fz, 14.20.Dh

I. INTRODUCTION

States describing a free particle transform in the irre-
ducible representations (irreps) of the Poincaré group. We
will denote these states as j�i, where � generically denotes
the set of good quantum numbers of this group, among
which we have the quantum numbers associated with the
Casimir operators, the squared four-momentum operator
P2, and the squared Pauli-Lubanski operator W2. These
states can be obtained from the vacuum using the creation
and annihilation operators as

j�i ¼ ayð�Þj0i: (1)

The transformation properties of the creation and annihi-
lation operators under the Poincaré group are fixed by this
relation. Poincaré invariance of the scattering matrix and
cluster decomposition implies the following general form
for the fields [1]:

c lðxÞ ¼
Z

d�½�e�ip�xulð�Það�Þ þ �eip�xvlð�Þacyð�Þ�;
(2)

and c lðxÞ must transform in some representation of the
homogeneous Lorentz group (HLG) which in turn requires
(because of the fixed transformation properties of the
creation operators) that the coefficients ulð�Þ and vlð�Þ
also transform in this representation of the HLG. In this
construction, extensively discussed in [1] and which we
will adopt here, the coefficients ulð�Þ and vlð�Þ are just the
Clebsch-Gordan coefficients to select from the chosen
HLG representation the desired Poincaré irrep. The case

of particles with well-defined parity in the ð12 ; 0Þ � ð0; 12Þ
representation of the HLG can be found in [1] and yields
the conventional Dirac formalism where the coefficients
ulð�Þ and vlð�Þ are now interpreted as states with well-
defined parity. From this point of view, Dirac theory is
appropriate for the description of particles with well-
defined parity, and it can be shown that the Dirac equation
is just the equation for the projection onto well-defined
parity states in the ð12 ; 0Þ � ð0; 12Þ representation. Similarly,

the conventional Proca equation is just the projection onto
a subspace with well-defined parity in the ð12 ; 12Þ represen-
tation of the HLG. Unlike the ð12 ; 0Þ � ð0; 12Þ representation
which contains only spin 1=2, in the ð12 ; 12Þ case there are

two Poincaré sectors, and it can be shown that parity
projection and Poincaré projection coincide.
In [2] a formalism was developed for the description of

spin 3=2 fields using the projectors over well-defined mass
and spin in the spinor-vector representation. These ideas
were also applied to the vector representation in [3].
Gauging the formalism to account for electromagnetic
interactions, in both cases we obtain a theory containing
a free parameter g which can be identified with the gyro-
magnetic factor. For elementary particles, this parameter is
fixed using general arguments. In the spin 3=2 case it is
shown in [2] that causality of the interacting theory re-
quires g3=2 ¼ 2 at tree level. This value for the gyromag-

netic factor has been obtained for general fields using
unitarity, gauge invariance, and rotational symmetry argu-
ments [4] (see also [5–7]), but to the best of our knowledge
has never been related to causality of the interacting theory
which historically has been a severe problem for
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We study the Z0 ! �qq; ggg decays in the context of a manifest left-right symmetric gauge theory with

three and four generations. The Z0 couplings to quarks are fixed essentially by the parameters of the

standard model and we obtain �ðZ0 ! q �qÞ � 14 GeV for MZ0 � 1 TeV. For the Z0 ! ggg decay and

three families we obtain a branching ratio BRðZ0 ! gggÞ ¼ �ðZ0!gggÞ
�ðZ0!q �qÞ ¼ 1:2� 2:8� 10�5 for mZ0 ¼

700–1500 GeV. The fourth generation produces an enhancement in the branching ratio for Z0 masses

close to the �b0b0 threshold and a dip for Z0 masses close to the �t0t0 threshold. Using the values of the

fourth-generation quark masses allowed by electroweak precision data, we obtain a branching ratio

BRðZ0 ! gggÞ ¼ ð1� 6Þ � 10�5 for mZ0 ¼ ð700–1500Þ GeV.
DOI: 10.1103/PhysRevD.84.115010 PACS numbers: 12.60.Cn, 13.38.�b, 14.70.Pw, 14.65.Jk

I. INTRODUCTION

Additional Z0 gauge bosons are ubiquitous in standard
model (SM) extensions. Among them, models based on
left-right symmetry groups have been extensively studied
[1] and are particularly important from the point of view of
LHC phenomenology. The basic assumption of manifest
left-right symmetric models is that the fundamental weak
interaction Lagrangian is invariant under parity symmetry,
which is spontaneously broken at low energy due to a
noninvariant vacuum. Models based on the smallest left-
right symmetric gauge group SUð3ÞC�SUð2ÞL�SUð2ÞR�
Uð1ÞB�L have many additional appealing attributes (for a
review see [2]). These include the same quark-lepton sym-
metry of the weak interaction; the possibility of writing
electric charge in terms of purely physical quantum num-
bers such as weak-isospin, baryon, and lepton number; the
natural accommodation of the seesaw mechanism for neu-
trino masses; understanding of the small CP violation in
the quark sector [2]; and the solution to the strong CP
problem[3].

In this work we study the Z0 ! �qq; ggg decays in the
context of a left-right symmetric model based on the
SUð3ÞC � SUð2ÞR � SUð2ÞL �Uð1ÞB�L gauge group with
three (LRSM) and four fermion families (LRSM4). The
first decay is expected to give an important contribution to
the Z0 decay width and it is worthy to estimate the size of
this channel for the search of Z0 bosons in hadron colliders.
The Z0 ! ggg decay is related to the production mecha-
nism gg ! gZ0 and gg ! �Z0 which could also be rele-
vant to the searches of the Z0 in hadron colliders. In
general, the coupling Vggg (with V ¼ Z; Z0) is absent in
the classical action of any renormalizable extension of the
standard model. The process V ! ggg is induced via
quark loops and turns out to be a very interesting prediction
which allows us to analyze the interplay between strong
and weak sectors of a particular model. The Vggg
couplings are also important because they are much less

suppressed than those coming from purely weak interac-
tions, like VVVV.
A detailed analysis of the one-loop couplings Vggg and

Vgg�, with V ¼ Z; Z0, in the context of the minimal 3-3-1
model [4], was performed in [5,6]. It was explicitly shown
there that the Z ! ggg decay [7] does not receive sizable
contribution from quarks in the loops with masses higher
than mZ=2 and therefore neither t nor an additional quark
family is expected to contribute significantly to this pro-
cess. These results remain valid in LRSM provided the
mixing angle between neutral gauge bosons is small which
is the case [8].
In LRSM the Z0 ! ggg decay is induced by quark loops

and the necessary Z0 �qq couplings depend only on a mixing
angle which is severely constrained by experimental data.
As we shall show below, the most important contributions
come from the third family of quarks which motivate us
to study also the contributions of a fourth family to both
Z0 ! �qq and Z0 ! ggg decays.
A fourth sequential fermion family is the simplest pos-

sible extension to the SM and can be easily adapted to left-
right models. It is well-known that the number of families
is not fixed by the theory and precision electroweak data do
not exclude a fourth one [9–16]. Our results for LRSM
suggest that the existence of a fourth generation of quarks
could produce an enhancement of the Z0 ! ggg branching
ratio and it is worthy to quantify this effect. An extensive
review and an exhaustive list of references to the work on
the possible existence of a fourth generation can be found
in [17]. Recent highlights on the consequences of a fourth
generation are contained in [18]. These include several
appealing features:
(i) A fourth generation could relax the current SM low

Higgs mass bounds from electroweak precision ob-
servables [11–13].

(ii) Mechanisms of dynamical electroweak symmetry
breaking by a fourth generation of quarks and
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We study the conditions an arbitrary flux configuration must fulfill in order to construct a 4d space-time

of the type AdS2 � S2 from a type IIB supergravity flux compactification in which Neveu-Schwarz-

Neveu-Schwarz (NS-NS) fluxes are included. We present a solution consisting on a compactification in

the presence of 3-form NS-NS andRamond-Ramond (RR) fluxes. The internal manifold is a SUð3Þ
structure six-dimensional manifold, with null curvature and with torsion. By preserving two super-

symmetries in the four-dimensional low energy theory, we find a way to obtain the AdS2 � S2 geometry as

a near-horizon solution by compactification in non-Calabi-Yau manifolds.

DOI: 10.1103/PhysRevD.84.066010 PACS numbers: 11.25.Mj

I. INTRODUCTION

Solutions of AdS2 � S2 as near-horizon geometries of
extremal black holes have been studied in the past years in
the context of N ¼ 2, d ¼ 4 ungauged supergravity by
performing Calabi-Yau (CY) compactifications in type II
superstring theories (see [1] and references therein). A
typical example considers type IIB superstring theory
compactified on a CY threefold on which D3-branes
wrap internal supersymmetric three-cycles. In the low
energy four-dimensional (4d) effective theory, this is
interpreted as an extremal supersymmetric black hole.
The AdS2 � S2 geometry emerges once the corresponding
near-horizon limit is taken. This is equivalent to consider
a compactification of type IIB superstring to a
2-dimensional spacetime in a CY threefold X6 times S2

threaded with a 5-form RR flux of the form F5 ¼ !2 ^ F3,
where !2 is the unit volume form on S2 and F3 a 3-form in
X6. The 5-form F5 is the corresponding field strength
associated to the aforementioned D3-branes [2].

On the other hand, we have learned in the past decade
that CY compactifications in string theory yields the pres-
ence of flat potentials in the low energy effective theory,
which becomes moduli-dependent once internal fluxes are
turned on. The consequent backreaction forces the depar-
ture of the nice and smooth geometry on CYmanifolds into
manifolds with generalized geometry. In this context,
string compactifications to Minkowski, anti-de Sitter
(AdS) and de Sitter spaces have been extensively studied
in the past few years [3–6] (see also [7–9] for recent
studies). In particular, the construction of gauged super-
gravities from type II compactifications on CY manifolds
threaded with Ramond-Ramond (RR) and Neveu-
Schwarz-Neveu-Schwarz (NS-NS) fluxes has been studied,
where the hypermultiplet scalars become charged under
the gauge bosons in the vector multiplet.

However, it is known that not all gauged supergravities
are obtained from flux compactifications on CY manifolds,
since some of them are constructed by compactifications
on manifolds with generalized structures (see, for instance,
[10] and references therein). In other cases, the gauged
supergravity does not have a (known) related flux string
compactification, although maximal symmetric solutions
have been studied in such scenarios [11] with the subse-
quent construction of black-hole solutions [12]. Therefore,
in the context of gauged supergravities constructed from
flux compactifications on manifolds with generalized ge-
ometry, supersymmetric black holes is a topic under recent
research. In a similar context, within the flux compactifi-
cation scenario (including NS-NS fluxes), the construction
of solutions of the type AdS2 � S2 has not been considered
in the literature so far. The objective of this work is to start
filling this gap.
We study the conditions under which a flux string com-

pactification yields a 4d space-time of the type AdS2 � S2,
on which arbitrary fluxes are present, including NS-NS
fluxes. We find a general constraint that a flux configura-
tion must fulfill in order to be consistent with the desired 4d
symmetry. A general solution is difficult to obtain, there-
fore by constraining the system to have a constant dilaton
and in consequence a constant warping factor, we find a
simple minimalist solution. It consists on a compactifica-
tion of type IIB string theory on a SUð3Þ-structure mani-
fold, Ricci-flat and with torsion, in the presence of RR and
NS-NS 3-form fluxes. We show that our flux configuration
is a solution of the Einstein equations with a null contri-
bution to the scalar curvature in 4d and that it satisfies the
corresponding Bianchi identities and integrability condi-
tions. As a result, we provide a novel way to obtain the
AdS2 � S2 geometry as a near-horizon solution. It is also
important to mention that the known solution consisting on
5-form RR fluxes is also a solution in our setup.
Our work is organized as follows. In Sec. II, we study, in

the spirit of [13], the allowed flux configurations in super-
gravity compactifications yielding a Ricci-flat space-time
formed by the product AdS2 � S2, by computing the
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Abstract
We solve numerically the Einstein–Klein–Gordon (EKG) system, assuming
spherical symmetry, for a real scalar field endowed with a quartic self-
interaction potential, and obtain the so-called oscillatons: oscillating soliton
stars. We obtain the equilibrium configurations for �4oscillatons. Also, we
analyze numerically the evolution of the EKG equations to study the stability
of such oscillatons. We present the influence of the quartic potential on
the behavior of both the stable (S-oscillatons) and unstable (U-oscillatons)
branches, under the influence of small and large radial perturbations.

PACS numbers: 04.40.−b, 04.25.D−, 95.30.Sf, 95.35.+d

(Some figures may appear in colour only in the online journal)

1. Introduction

Oscillatons are non-singular and asymptotically flat solutions of the Einstein–Klein–Gordon
(EKG) equations, in which both the metric and scalar field are fully time dependent [1–5]. They
can be considered as gravitationally bounded objects made of a real scalar field in the classical
regime and were first discovered by Seidel and Suen [1]. Oscillatons should be distinguished
from their complex counterparts, the so-called boson stars, for which the spacetime geometry
remains static [6–9].

There is a great interest in the study of scalar fields due to the fact that they are viable
candidates for dark matter [10–18], and may be the responsible field for the formation and
evolution of galaxies. In particular, the properties of galaxies could help to constrain the
strength of a possible quartic self-interaction of the scalar field, see [19]. The same kind of
self-interaction could also be useful for the use of boson stars as candidates for the ultracompact
objects found in the nuclei of active galaxies, see for instance [20, 21].
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Abstract. Using the dynamical system approach, we describe the general dynamics of cos-
mological scalar fields in terms of critical points and heteroclinic lines. It is found that critical
points describe the initial and final states of the scalar field dynamics, but that heteroclinic
lines give a more complete description of the evolution in between the critical points. In
particular, the heteroclinic line that departs from the (saddle) critical point of perfect fluid-
domination is the representative path in phase space of quintessence fields that may be viable
dark energy candidates. We also discuss the attractor properties of the heteroclinic lines,
and their importance for the description of thawing and freezing fields.
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We study the possibility of reheating the universe through the evaporation of primordial black holes

created at the end of inflation. This is shown to allow for the unification of inflation with dark matter or

dark energy, or both, under the dynamics of a single scalar field. We determine the necessary conditions to

recover the standard big bang by the time of nucleosynthesis after reheating through black holes.

DOI: 10.1103/PhysRevD.85.044055 PACS numbers: 04.70.�s, 98.80.Cq, 98.80.Jk

I. INTRODUCTION

The quest for the unification of inflation, dark matter,
and dark energy, in different combinations, by a single
field, has been studied in Refs. [1–15]. The main motiva-
tion behind all proposals is that we do not yet understand
the nature of the components responsible for the three
phenomena, but we do know that their special properties
are beyond the realm of the ordinary matter described by
the standard model of particle physics.

An extreme, most economical, possibility is that all
three phenomena can be explained by the existence of
one single field. As was first put forward in Ref. [8], the
simplest option at hand is a scalar field � with a potential
of the form Vð�Þ ¼ V0 þ ð1=2Þm2�2. The energy scale V0

is to be set at the tiny value of the observed cosmological
constant considered in the concordance�CDMmodel, and
the mass scale of the field, m ’ 10�6mpl, is determined by

the amplitude of primordial perturbations generated during
inflation.

A crucial ingredient in unification schemes that include
the inflaton field is a proper and smooth transition from an
inflationary era to the hot big bang phase we are all familiar
with. There needs to be a reheating phase in which the
inflaton field can transfer most of its energy to other
relativistic particles, yet be able to survive the reheating
process and attain the right amplitude to later become a
subdominant dark matter/dark energy component in the
radiation-dominated era.

The viability of some phenomenological models of re-
heating for unification models was explored in Refs. [2,8].
Some other, more detailed proposals have been explored in
the literature, from extra periods of inflation at low energy
scales [8], to the more popular gravitational particle pro-
duction at the end of inflation (e.g., [1,11,16–18]).
This reheating mechanism is largely ineffective, however,

because the relative proportion of radiation to scalar field
�rel=�� evolves at the same rate as the proportion of

gravitational waves to scalar field �GW=�� [19]. In the

case of steep potentials, inflation is followed by a kination
era (a possibility first explored in the context of electro-
weak baryogenesis [20]). If the kinetic energy of the scalar
field dominates for some time, the relative density
of gravitational waves created during inflation can grow
significantly and violate the observational bounds.
Specifically, the process of Big Bang Nucleosynthesis
(BBN) imposes a condition on the energy density of gravi-
tational waves �GW, BBN requiring that [21]

�GWðtBBNÞ< 0:2�relðtBBNÞ: (1)

In fact, the BBN bound in Eq. (1) has been used to con-
strain and exclude some models of braneworld inflation
and other unification models [22].
In this paper, we explore an alternative mechanism to

reheat the Universe, exploiting the evaporation of primor-
dial black holes (PBHs) produced at the end of the infla-
tionary phase [23,24], and study its usefulness in
unification models. A small initial population of tiny black
holes will grow significantly (in relative energy density) in
a universe dominated by a stiff fluid. The evaporation of
such black holes at the right time would produce the
required amount of radiation more effectively than, for
instance, the process of quantum particle production in
an expanding space-time.
In the PBH reheating scenario, the black hole compo-

nent effectively reduces the relative density of gravitational
waves as

�GW

�PBH
/
�

a

aend

��1
: (2)

Reheating takes place when the energy density �PBH is
transformed into relativistic particles. Therefore, even if
the densities �GW and �PBH were equivalent at the end of
inflation, we would only require 3 e-folds of kinetic energy
domination to meet the nucleosynthesis requirements.
PBH reheating therefore solves the problem described

*jhidalgo@astro.unam.mx
†lurena@fisica.ugto.mx
‡a.liddle@sussex.ac.uk

PHYSICAL REVIEW D 85, 044055 (2012)

1550-7998=2012=85(4)=044055(6) 044055-1 � 2012 American Physical Society

http://dx.doi.org/10.1103/PhysRevD.85.044055


B meson decays into charmless pseudoscalar scalar mesons
D. Delepine, J. L. Lucio M., Carlos A. Ramírez, and J. A. Mendoza S. 
 
Citation: AIP Conf. Proc. 917, 398 (2007); doi: 10.1063/1.2751983 
View online: http://dx.doi.org/10.1063/1.2751983 
View Table of Contents: http://proceedings.aip.org/dbt/dbt.jsp?KEY=APCPCS&Volume=917&Issue=1 
Published by the American Institute of Physics. 
 
Additional information on AIP Conf. Proc.
Journal Homepage: http://proceedings.aip.org/ 
Journal Information: http://proceedings.aip.org/about/about_the_proceedings 
Top downloads: http://proceedings.aip.org/dbt/most_downloaded.jsp?KEY=APCPCS 
Information for Authors: http://proceedings.aip.org/authors/information_for_authors 

Downloaded 21 Jun 2012 to 148.214.16.156. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions

http://proceedings.aip.org/?ver=pdfcov
http://aipadvances.aip.org?ver=pdfcov
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&uSeDeFaUlTkEy=TrUe&possible1=D. Delepine&possible1zone=author&maxdisp=25&smode=strresults&aqs=true&ver=pdfcov
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&uSeDeFaUlTkEy=TrUe&possible1=J. L. Lucio M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true&ver=pdfcov
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&uSeDeFaUlTkEy=TrUe&possible1=Carlos A. Ram�rez&possible1zone=author&maxdisp=25&smode=strresults&aqs=true&ver=pdfcov
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&uSeDeFaUlTkEy=TrUe&possible1=J. A. Mendoza S.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true&ver=pdfcov
http://proceedings.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.2751983?ver=pdfcov
http://proceedings.aip.org/dbt/dbt.jsp?KEY=APCPCS&Volume=917&Issue=1&ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://proceedings.aip.org/?ver=pdfcov
http://proceedings.aip.org/about/about_the_proceedings?ver=pdfcov
http://proceedings.aip.org/dbt/most_downloaded.jsp?KEY=APCPCS&ver=pdfcov
http://proceedings.aip.org/authors/information_for_authors?ver=pdfcov


B meson decays into charmless 
pseudoscalar scalar mesons 

D. Delepine*, J. L. Lucio M.*, Carlos A. Ramirez* and J. A. 
Mendoza S.* 

* Institute de Fisica, Universidad de Guanajuato 
Loma del Bosque # 103, Lomas del Campestre, 

37150 Leon, Guanajuato; Mexico 
^Depto. de Fisica, Universidad Industrial de Santander, 

A.A. 678, Bucaramanga, Colombia 
Depto. de Fsica-matemdticas, Universidad de Pamplona 

Pamplona, Norte de Santander, Colombia. 

Abstract. The nonleptonic weak decays of meson B into a scalar and pseudoscalar meson 
are studied. The scalar mesons under consideration are a ( or /o(600)), /o(980), ao(980) 
and KQ (1430). We calculate the Branching ratios in the Naive Factorization approximation. 
Scalars are assumed to be qq bounded sates, but an estimation can be obtained in the case 
they are four bounded states. 

1. INTRODUCTION 

There are several reasons to study the B —> PS (P and S are pseudoscalar and 
scalar mesons) decays, let us mention several ones. Scalars have been an issue for 
long tine [1] and B —> PS is another window to study their properties [2]. CP 
asymmetries of these decays provide another way to mesure the CKM angles /3 
and maybe a [3]. Additionally B —> PS decays have to be taken into account in 
order to analyze the B —> 3P decays in the different channels [4] and perhaps these 
decays can be used to study mew physics [5]. 

From the experimental point of view several results have been already obtained 
[6] and future experiments like LHCB [7] are expected to improve them. It is re­
markable how the /o properties measured in the B —> f$K decay are in total agree­
ment width those obtained at lower energies [6]. Similarly the /3 angle also agrees 
with more accurate measurements like B —> J/^K decays. Recently, BABAR has 
searched for the decays B —>• a^ir and B —> a§K tha t may allow us to discriminate 
between 2 and 4 quarks scalars [2], unfortunately the experiment is still not sensible 
to these decays. 

Given the actual experimental an theoretical accuracies we work in the Naive 
Factorization Approximation (NFA) [8, 9]. This approximation has given a reason­
able fit for B —> PP decays, except for these decays dominated by the so called 
'color suppressed 'diagrams and for the strong CP phases. Naturally when our 
knowledge of B —>• PS decays improves one has to go use more accurate formalisms 
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Abstract. The preliminary results of a A0 and anti-A° polarization study as functions of the 

M„ , XF and their corresponding PT are reported in this work. 

Keywords: Polarization, E690. 
PACS: 13.88.+e 

The polarization of A0 or anti-A° is measured with respect to the normal vector to 
its corresponding production plane; it is extracted by fitting to a straight line the 
angular distribution (cos 0) of the proton decaying from A0 or anti-A°, cos 0 has the 
following dependence on the polarization (P) : dN/d£l = N0(1- aPcos #). 

A0 polarization and anti-A° polarization depend on M(A-bA) (A°anti-A° invariant 
mass), PT and XF. Both A0 and anti-A° polarizations have a similar dependence on PT; 
and a symmetric dependence as functions of XF. The dependence of A0 polarization on 
M(A-bA) suggests that the origin of the polarization might be related to the production 
of the A0 anti-A° system. The preliminary results are shown in Figure 1. 

r-n 

FIGURE 1. Polarization as a function of M(A-bA) (left), XF (center) and PT (right). The squares (•) 
correspond to the results for Lambda, triangles (A) for anti-Lambda and stars for results reported in [1]. 
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CP violation in Semi-Leptonic T decays 
David Delepine 

Instituto de Fisica de la Universidad de Guanajuato, Loma del Bosque 103, 37150 Leon, Gto, 
Mexico 

Abstract. We study CP violation in semi-leptonic x decays and we determine the conditions 
necessary to be able to define a observable CP asymmetry. We apply these conditions in both 
models, the standard model for the electroweak interactions and its supersymmetric extensions. 
In the first case, the leading order contribution to the direct CP asymmetry in T* —>• K^ift\x decay 
rates is evaluated. In the second case,we compute the SUSY effective hamiltonian that describes the 
| AS | = 1 semileptonic decays of tau leptons. We show that SUSY contributions may enhance the CP 
asymmetry of x —> Knv-c decays by several orders of magnitude compared to the standard model 
expectations. 

Keywords: CP violation, x decay, supersymmetry 
PACS: ll.30.Er, ll.30.Pb, 12.60Jv,13.35.Dx 

INTRODUCTION 

Experimental searches for CP violating asymmetries in tau lepton semileptonic decays 
have been carried out in the T —»• %%v% [1] and T —> Ks7tvT [2] modes. Motivation for 
these searches in the context of beyond the Standard Model approaches were provided in 
refs. [3,4]. In ref. [2], the missing evidence for a non-zero CP asymmetry was interpreted 
in terms of a (CP-violating) coupling A due to a charged scalar exchange and the limit 
-0.172 < 7m(A) < 0.067 (at 90% c.l.) has been derived. The CP-odd observable studied 
in [2] depends upon two variables of a particular kinematical distribution of semileptonic 
tau decays as long as this effect is assumed to have its origin in the interference of 
scalar and vector form factors In this talk, we shall first determine the general conditions 
to get observable CP asymmetry. Then we should apply it to Standard Model and its 
supersymmetric extensions 

The general amplitude for z~(p) —»• K~ (k)nQ (k')vT{p')h given by 

2 

A2 

+u{p'){\+Y5)u{p)m%KFs{t) — 

+FT{K%\sahlvu\Q)u{pl)a^{\ + Y5)u{p)}, 

where q = k + k' (t = q2) is the momentum transfer to the hadronic system, A2 = 
m i — " 4 a nd Fv,s,r(t) are the effective form factors describing the hadronic matrix 
elements (In Standard Model, FT = 0, A = 1) 

CP917, Particles and Fields, edited by H. Castilla Valdez, J. C. D'Olivo, and M. A. Perez 
© 2007 American Institute of Physics 978-0-7354-0427-4/07/$23.00 

90 

Downloaded 22 Jun 2012 to 148.214.16.156. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions

ll.30.Er
ll.30.Pb
http://dx.doi.org/10.1063/1.2751944


Alternative interpretation for the moduli fields of string theories

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2007 J. Phys.: Conf. Ser. 91 012014

(http://iopscience.iop.org/1742-6596/91/1/012014)

Download details:
IP Address: 148.214.16.127
The article was downloaded on 28/08/2010 at 00:37

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/91/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


Alternative interpretation for the moduli fields of

string theories

Tonatiuh Matos*1 , José-Rubén Luévano†2 , L. Arturo
Ureña-López‡3 and J. Alberto Vázquez*4‡
*Departamento de F́ısica, CINVESTAV, A.P. 14-740, 07000 México D.F.,
México.
†Departamento de Ciencias Básicas, UAM-A, C.P. 02200 México, D.F., México.
‡Instituto de F́ısica, IFUG, A.P. 150, 37150, León, Guanajuato, México.

E-mail: 1tmatos@fis.cinvestav.mx, 2jrle@azc.uam.mx,
3lurena@fisica.ugto.mx,4jvazquez@fis.cinvestav.mx

Abstract. In this work we provide a basis for studying the cosmologies derived
from superstring theory. Distinct features of these cosmologies are the presence
of an axion field, and the interaction of the dilaton field with all the other matter
fields. We make a first study of the equations of motion and write them as
an autonomous dynamical system. The fixed points of the equations and their
corresponding stability are determined in turn. We then discuss the viability of
the string fields as dark energy and dark matter.

1. Introduction

Doubtless one of the main problems in physics now is the nature of dark matter
and the understanding of the accelerated expansion of the universe. There are a
number of observations supporting the existence of dark matter [1] and the accelerated
expansion of the universe as well [2]. On the other hand, one of the main problems
of superstring theory is that there is no real phenomenology that can support the
theory. Usually, superstring theory is supported only by its mathematical and internal
consistency, but not by real experiments or observations. One way in which superstring
theory can make contact with phenomenology is through cosmology [3]. In the last
years, a number of new observations have given rise to a new cosmology and to a
new perception of the universe (see for example [4]). The discovery of two kind of
substances in the universe, one of them attractive, called dark matter and the other
one repulsive, called dark energy, have changed our paradigm on the cosmos. On the
other hand, the superstring theory contains a set of fields and particles that have not
been seen in nature. In particular, two fields, the dilaton and the axion, are two very
important components of the theory which can not be easily fixed. In fact, one should
find a physical interpretation for these fields or give an explanation of why we are not
able to see them in nature. Some explanations for the present non-existence of the
moduli fields is that there exists a mechanism for eliminating these fields during the
evolution of the universe [5]. One of the most popular interpretations for the dilaton

‡ Part of the Instituto Avanzado de Cosmoloǵıa (IAC) collaboration

VII Mexican School on Gravitation and Mathematical Physics IOP Publishing
Journal of Physics: Conference Series 91 (2007) 012014 doi:10.1088/1742-6596/91/1/012014
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Extra-dimensional noncommutative field theory model
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The influence of higher dimensions in noncommutative fie]d theories is considered. For this purpose, we analyze the bosonic sector of
a recently proposed 6 dimensional SU(3) orbifold model for the electroweak interactions. The corresponding noncommutative theory is
constructed by means of the Seiberg-Witten map in 6D. We find in the reduced bosonic interactions in 4D theory, couplings which are new
with respect to other known 4D noncommutative formulations of the Standard Model using the Seiberg-Witten map.

Keywords: non-commutativity; extra dimensions.

Se considera el efecto de ]a presencia de dimensiones extra en las teorías de campo no conmutativas. Para este propósito, se analiza el
sector bosónico del recientemente propuesto modelo de orbifoldio SU(3) para las interacciones electro-débiles. La teoría no conmuntativa
correspondiente se contruye utilizando el mapa de Seiberg-Witten en 6D. Encontramos en las interacciones bosónicas reducidas en la teoría
de 4D acoplamientos que son nuevos con respecto a otras formulaciones no conmutativas conocidas en 4D del modelo estándar que utilizan
el mapa de Seiberg-Witten.

Descriptores: No conmutatividad; dimensiones extra.

PACS: I I.IO.Nx; 12.10.-g; 12.60.-i

1. Introduction

A renewed interest in theories in 6D has recently emerged [1].
An anomaly free gauged supergravity in D = 6, the Salam-
Sezgin model [2], has been considered. This model is
compactified on a 2-sphere and in four dimensions gives a
SU(2) x U(l) gauge theory [3]. In particular, it has been
argued that these theories with 3-Branes could point out to-
wards solving the cosmological constant problem [4]. Also,
in Ref. 5 it is shown that chaotic inflation consistent with con-
straints coming from the amplitude of the cosmic microwave
anisotropies can be naturally realized.

In the search for a unified theory of elementary partic1es,
the incorporation of the Higgs field in the standard model
(SM) of electroweak interactions has motivated various pro-
posals in 6D [6]. These are 6D pure gauge theories, in which
after dimensional reduction the Higgs field naturally arises.
Recently new proposals have been made, considering orb-
ifold compactifications; in Ref. 7, a U(3) x U(3) model was
considered. In these works the mass term of the Higgs po-
tential is generated radiatively, with a finite value without the
need of supersymmetry. Further, a SU(3) model was devel-
oped in Refs. 8 and 9 with one Higgs doublet and a predicted
~v-boson mass. In this case the weak angle has a nonrealis-
tic value, although it can be improved by an extended gauge
group as in Ref. 7 or by the introduction of an U(1) factor as
done in Ref. 8.

Noncommutativity in field theories has been the subject
of an important number of works in the last few years. In par-

ticular, the Seiberg-Witten construction [10] and its geoeral-
ization for any gauge group [11] have been studied. This con-
struction allows to express the noncommutative gauge fields
in terms of the usual ones and their derivatives, maintaining
the same degrees of freedom. It has been extended for noo-
commutative matter fields, which also can be generated in
terms of the commutative matter fields and gauge fields of
interest [11]. By this procedure, noncommutative versioos of
the standard model and consequeotly the electroweak inter-
action sector have been give in Ref. 12 (see also Ref. 13). As
a consequence, new interactions among the fields of the the-
ory are predicted. In this work, we will investigate the noo-
commutative generalization of the bosonic sector of Gauge
Higgs unification models in 6D based on the SU(3) gauge
group compactified on T2/Z2 [9]. The noncommutative ex-
tension is obtained by means of the Seiberg-Witten map. We
caIculate, for the bosonic sector, the resulting first order cor-
rections and compare them with the results obtained in other
works.

2. The 6-Dimensional Model

Let us consider a Yang-Mills theory in 6-dimensional space-
time with a SU(3) gauge group, the Lagrangian ofthe theory
IS

.c = -~TrF Fmn
2 mn ,

the field strength tensor is defined by
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Noncommutative Black Holes

J. C. López-Domı́nguez1, O. Obregón1, C. Ramı́rez2 and

M. Sabido1.
1Instituto de F́ısica de la Universidad de Guanajuato P.O. Box E-143, 37150
León Gto., México.
2Facultad de Ciencias F́ısico Matemáticas, Universidad Autónoma de Puebla,
P.O. Box 1364, 72000 Puebla, México.

E-mail: jlopez@fisica.ugto.mx, octavio@fisica.ugto.mx,

cramirez@fcfm.buap.mx, msabido@fisica.ugto.mx

Abstract. We study noncommutative black holes, by using a diffeomorphism
between the Schwarzschild black hole and the Kantowski-Sachs cosmological
model, which is generalized to noncommutative minisuperspace. Through the
use of the Feynman-Hibbs procedure we are able to study the thermodynamics
of the black hole, in particular, we calculate Hawking’s temperature and entropy
for the “noncommutative” Schwarzschild black hole.

1. Introduction

In the last years, noncommutativity (NC) has attracted a lot of attention [1,
2]. Although most of the work has been in the context of Yang-Mills theories,
noncommutative deformations of gravity have been proposed (see for example [3]
and references therein). If we attempt to write down the field equations and solve
them, it turns to be technically very difficult, due to the highly non linear character
of the theory. In [4], an alternative procedure to incorporate noncommutativity to
cosmological models has been proposed, by performing a noncommutative deformation
of the minisuperspace. Further, we know that from quantum mechanics we can get the
thermodynamical properties of a system. This already has been used in connection
with black holes [5]. In [6], the authors use the Feynman-Hibbs path integral procedure
[7] to calculate the temperature and entropy of a black hole, in agreement with previous
results [8].

In this paper we apply some of these ideas to obtain thermodynamical properties
for a quantum black hole and its noncommutative counterpart. We propose a quantum
equation for the Schwarzschild black hole, starting from the WDW equation for
the Kantowski-Sachs cosmological model. We apply the Feynman-Hibbs method
to calculate the thermodynamical properties. We extend this procedure to include
noncommutativity by making the same kind of ansatz as in [4], namely, imposing
that the minisuperspace variables do not commute; from this we are able to define
the WDW equation for the noncommutative Schwarzschild black hole and following
a similar procedure as in [6], we find the noncommutative wave function, the
temperature and entropy of the “noncommutative Schwarzschild black hole”.

This contribution is based on the paper [9] and a parallel talk given in the VII
Mexican School on Gravitation and Mathematical Physics.

VII Mexican School on Gravitation and Mathematical Physics IOP Publishing
Journal of Physics: Conference Series 91 (2007) 012010 doi:10.1088/1742-6596/91/1/012010

c© 2007 IOP Publishing Ltd 1
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On the WKB approximation of noncommutative quantum cosmology
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Recibidoel I de mayode 2006;aceptadoel I de noviembrede2006

In this work we propose a formalism to introduce the effects of noncommutativity to cIassical cosmological models. The method is based on
noncommutative quantum cosmology and by means of a WKB type approximation the noncommutative cIassical solutions can be obtained.

Keywords: non-commutativity; quantum cosmology.

En este trabajo se propone un formalismo para introducir los efectos de la no conmutatividad a modelos cosmológicos clásicos. El método
esta basado en la cosmología cuántica no conmutativa en la cual por medio de la aproximación WKB se obtienen las soluciones clásicas no
conmutativas.

Descriptores: No conmutatividad; cosmología cuántica.

PACS:02.40.Gh; 04.60.Kz; 98.80.Qc

1. Introduction

During the early days of quantum mechanics and quantum
field theory, continuous space-time and Lorentz symmetry
was considered inappropriate to describe the small scale
structure of the universe. It was also argued that one should
introduce a fundamental length scale, limiting the precision
of position measurements. The introduction of fundamental
length is suggested to cure the ultraviolet divergencies oc-
curing in quantum field theory. H. Snyder was the first to
formulate these ideas mathematically [1], introducing non-
commutative coordinates brings an uncertainty in the posi-
tion. The success of the renormalisation made people forget
about these ideas for some time. But when the quantization
of gravity was considered thoroughly, it became clear that the
usual concepts of space-time are inadequate and that space-
time has to be quantised or noncommutative, in some way.

Quantum cosmology, is a simplified approach to the study
of the very early universe , which means that the gravitational
and matter variables have been reduced to a finite number of

degrees of freedom (these models were extensively studied
by means of Hamiltonian methods in the 1970's, forreviews
see [2,3]); for homogenous cosmological models the metric
depends only on time, this permits to integrate the space de-
pendence and obtain a model with a finite dimensional con-
figuration space, minisuperspace, whose variables are the 3-
metric components. One way to extract useful dynamical in-
fonllation is through a WKB type method. The semiclassical
or WKB approximations is usually discussed in text books
on nonrelativistic quantum mechanics in the context of sta-
tionary states, i.e., detennination of the energy eigenvalues
and eigenfunctions [4]. This approximation can also be used
to obtain approximate and in some cases exact solutions of
the dynamical problem, i.e., full Schr6dinger equation, so the
utility of the semiclassical approximation in obtaining exact
solutions of the Schr6dinger equation has not yet fully ex-

plored. The same seems to be the case for the relativistic
quantum mechanics. The importance of the semiclassical ap-
proximation in the relativistic case is probably best appreci-
ated in quantum cosmology [5], specifically, in the analysis
ofthe Wheeler-DeWitt equation which is essentially a Klein-
Gordon equation on the minisuperspace [6].

In the last few years there have been several attempts to
study the possible effects of noncommutativity in the classi-
cal cosmological scenario [7,8]. In Ref. 9 the authors avoid
the difficulties of analyzing noncommutative cosmological
models, if these would be derived from the full noncommuta-
tive theory of gravity. Their proposal introduces the effects
of noncommutativity at the quantum level, namely quan-
tum cosmology, by deforming the minisuperspace through a
Moyal deformation of the Wheeler-DeWitt equation, similar
to noncommutative quantum mechanics [10].

The aim of this work is to apply a WKB type method to
noncommutative quantum cosmology, and find the noncom-
mutative classical solutions, avoiding in this way the difficult
task to solve this cosmological models in the complicated
framework of noncommutative gravity [11]. We know how
to introduce noncommutativity at a quantum level, by taking
into account the changes that the Moyal product of functions
induces on the quantum equation, and from there ca\culate
the effects of noncommutativity at the classical level. This
also has the advantage that for some noncommutaive models
for which the quantum solutions can not be found, the non-
commutative classical solutions arise very easily from this
formulation. This procedure is presented through an exam-
ple,the Kanstowski-Sachs cosmological.

2. The Cosmological Kantowski-Sachs Model

The Kantowski-Sachs Universe is one of the simplest
anisotropic cosmological models [12]. The Kanstowski-
Sachs line element is
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Schrodinger's Born-Infeld representation, the non Abelian case
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We propose a non-Abelian Born-Infeld theory based on an Abelian theory by Erwin SchrOdingerthat, as he showed, is equivalent to Born-
Infeld theory. Its construction does not require at any stage the square root structure that characterizes the Dirac-Born-Infeld (DBI) action.
Various non-Abelian generalizations are possible. We focus our attention, in this work, in one of them. For it, it is shown that Instantons
solutions exist.Our formalism could be of interest in connection with string theory and possible extensions of well known physical results in
the usual Born-Infeld Abelian case.

Keywords: Born-Infeld; Non-Abelian.

Se propone una teoría no-Abeliana de Born-Infeld basada en una teoría Abeliana de Erwin Schrodinger que, como él lo ha mostrado, es
equivalente a la teoría propuesta por Born e Infeld. Su construcción no requiere en ninguna etapa de la estructura de raíz cuadrada que
caracteriza la acción Dirac-Born-Infeld (D8I). Varias generalizaciones no Abelianas son posibles; nos centramos en este trabajo en una de
ellas. Para esto, se muestra que las soluciones de Instantones existen. Nuestro formalismo puede ser de interés en conexión con teoría de
cuerdas y posibles extensiones de resultados físicos bien conocidos en el caso de Born-Infeld Abeliano usual.

Descriptores: Born-Infeld; no-Abeliano.

PACS: 11.l5.-q; 11.90.+t

Seventy years ago Erwin Schrodinger wrote a paper entitied
Contributions to Born's New Theory of the Electomagnetic
Field [1]. As is known and he himself pointed out the classi-
cal (Dirac-Born-Infeld,DBI) Born's theory [2-6] can be con-
structed by means of the two vectors B and E, the magnetic
induction and the electric field-strength respectively. The par-
tial derivatives of the Lagrangian with respect to the compo-
nents of B and E define a second pair of vectors correspond-
ingly H, the magnetic field and - D, the electric displace-
ment. It was already shown by Born that one can choose four
different ways to write a Lagrange function in terms of one
of the magnetic vectors with one of the electric vectors. For
each of these theories, the Lagrangians have essentially the
same structure.

Schrodinger proposed a theory whose structure is entirely
different from the above mentioned. He used two complex
combinations of B, E, H and D as independent variables

n = B - iD , :E= E + iH,

and constructed a Lagrangian in such a way that the com-
plex conjugate of one of these variables is identical with the
partial derivative of the Lagrangian with respect to the other
one. This he called the condition of conjugateness. The La-
grangian is

L = n~ - ~2 (2)

In this Lagrangian the square root structure typical of the
Dirac-Born-Infeld action has disappeared. The Lagrangian
results are rational and homogeneous of the zeroth degree.

Schrodinger showed that the classical treatment of the La-
grangian (2) is entirely equivalent to Born's theory (DBI), this

will be shown below. He then writes consequently it cannot
provide us with any new insight, which could not, virtually,
be derived from Born's original treatment as well. He recog-
nized that for practical calculations, however, the imaginary
vectors structure will be hard to handle with. Quoting, once
more Schrodinger: yet for certain theoretical considerations
of a general kind 1am inclined to consider the present treat-
ment as the standard form on account of its extremal sim-
plicity, the Lagrangian being simply the ratio of the two in-
variants, whereas in Maxwell's theory it was equal to one of
them.

(1)

In this work we will present a generalization of
Schrodinger's Lagrangian (2) to a non-Abelian gauge the-
ory. The complexification of the fields will provide us with
a direct clue to find the non-Abelian framework based on
the Abelian Schrodinger's representation. As in the stan-
dard Yang-Mills theories, this theory admits instantons so-
lutions. This work, however, is also partially motivated by
the fact that in the framework of string theory, the possi-
bility to define a non-Abelian generalization of the standard
Dirac-Born-Infeld bosonic and/or supersymmetric actions [7]
has been extensively explored beginning in 1990 [8]. If this
theory could be constructed, it should represent the worid-
volume VeN) gauge theory that arises when one has N coin-
cident type 11Dp branes. The symmetrized trace prescription
proposed by Tseytlin [9] seems to be correct up to terms of
the order F4, but if fails at higher orders [10]. Also in the
supersymmetric setup certain terms cannot be expressed in
terms of symmetrized traces [11]. Lacking a general rule to
construct the non-Abelian Born-Infeld theory, our formula-
tion represents different alternatives to be explored in future

..1
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Abstract. We propose a hybrid inflation model with a complex waterfall field which contains
an interaction term that breaks the U(1) global symmetry associated to the waterfall field
charge. We show that the asymmetric evolution of the real and imaginary parts of the complex
field during the phase transition at the end of inflation translates into a charge asymmetry [1].

We know that only 4% of the total material content of the universe is of baryonic nature, the
type of matter we seem to understand thanks to the Standard Model of Particle Physics and
nucleosynthesis process of the early universe.

However, even in this well understood case one fundamental question remains open: why
this baryonic component is almost completely made of matter and not of antimatter? This is
usually quoted as the baryonic asymmetry problem. Sakharov in Ref.[2] has shown that any
quantum field theory could generate a baryonic asymmetry if three conditions are satisfied: no-
conservation of the baryonic charge, CP and C violation, and out-of equilibrium condition for
the Universe. The electroweak standard model cannot produce the baryonic asymmetry of the
Universe as the condition to be out of equilibrium cannot be fulfilled at the electroweak phase
transition.

In this paper, we shall present a particular model of hybrid inflation[3, 4] in which a complex
scalar field is the responsible for both the symmetry breaking that puts an end to inflation and
for the production of a baryonic asymmetry in the early universe.

1 poster presented at the 2nd school on cosmic rays and astrophysics, Puebla, Mexico, August 30-September 8,
2006

Second School on Cosmic Rays and Astrophysics IOP Publishing
Journal of Physics: Conference Series 116 (2008) 012002 doi:10.1088/1742-6596/116/1/012002
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CP violation in neutrino oscillations in Minimal
Supersymmetric extension of the Standard

Model
David Delepine and Vannia González Macias

Instituto de Física de la Universidad de Guanajuato, C.P. 37150, León, Guanajuato, México.

Abstract. In this talk, we estimate the size of lepton flavor and CP violation in neutrino oscillations
in the framework of Minimal Supersymmetric extension of theStandard Model (MSSM). We find
that we may have significant CP-violating contributions up to an order of magnitude (∼ 10−2)
smaller than the standard four-Fermi couplings.

Keywords: cp violation, non standard neutrino oscillations, MSSM
PACS: 11.30.Pb, 11.30.Er,14.60.St

INTRODUCTION

In an extension of the Standard Model, it is possible to have non standard neutrino flavor
changing interactions. Such interactions may also providenew sources of CP violation
accessible in future long-baseline (LBL) neutrino vacuum oscillation experiments. In
future experiments the mixing angles and square mass differences are expected to be
determined with high precision (for recent reviews see [1] and [2]). Therefore, it might
be possible to observe these effects. Our interest is to study new sources of CP violation
in the Minimal Supersymmetric Standard Model (MSSM). In thenext section, we shall
first discuss how to introduce new flavor physics in neutrino oscillations. Then we shall
compute analytically and numerically some of the radiativecorrections inducing flavor
changing current in MSSM. Finally, we shall conclude.

NON-STANDARD PHYSICS IN NEUTRINO OSCILLATIONS

Let us consider a model independent parametrization [3],[4] of these new interaction
effects on production processes (at first order) in neutrinooscillation experiments.
We will analyse theνµ → ντ oscillation channel, relevant in long-baseline accelerator
experiments and neutrino factories. A similar (model-independent) analysis was done
for theνe → νµ oscillation channel in [3].
Let us assume three interaction eigenstates as a superposition of the mass eigenstates
να = ∑3

i=1U∗
α i |νi >, with α = e,µ,τ. Where the matrixU∗

α i is parametrized with three
mixing angles and one CP-violating phase [5].
The new physics interaction is parametrized in the source and in the detector by two sets
of effective four-fermion couplings(Gs

NP)αβ and(Gd
NP)αβ , whereα,β = e,µ,τ. Here
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Abstract. We determined Λ0 polarization as function of XF, PT, MX, and EΛ, with respect to the 
normal of the following two different production planes: The first one defined by the momentum 
of the 800 GeV/c proton beam and the moment of Λ0; the second one, by the momentum of the 
transferred object and the momentum of Λ0, from the sample created in the FNAL E690 
experiment. We present results, compare and discuss them. 

Keywords: Polarization, Production plane, spin 
PACS: 13.88.+e, 13.85.Hd, 14.20.Jn 

INTRODUCTION 

The experiment E690 investigated proton-proton collisions using an 800GeV/c 
proton beam incident on a liquid Hydrogen target. The E690 detector apparatus 
consisted of two separate spectrometers; a beam spectrometer and multi-particle 
spectrometer [1]. The data analysis was done in four steps as follows: Track 
reconstruction, vertex reconstruction, particle identification, and selection of exclusive 
events. This experimental study was on a sample of 41899 events obtained with the 
following cuts: (ΔPT)2<0.001(GeV/c)2 and -0.02GeV< Δ(E-PL) < 0.015GeV, defining 
exclusive events. The Figure 1 shows the mass distributions. 
     Important in this study are the following concepts: Invariant mass (MX), the mass 
of diffracted object (Λ0 and K+); transversal momentum (PT), the transversal 
momentum of Λ0 with respect to the incoming beam proton; Feynman scaling 
parameter (XF), the longitudinal momentum of Λ0 measured in the reaction center of 
mass with respect to the incoming beam proton divided by its maximum possible 
value; transferred momentum (PX), the transferred momentum from the incoming 
beam proton to the target proton -it is also the sum of Λ0 momentum and K+ 
momentum-; energy of Λ0 (EΛ), energy of lambda measured in laboratory coordinate 
system; production plane defined by the Λ0 momentum and the beam momentum [2]: 

ΛΛ ××= PPPPn ii )(ˆ , where i is the incoming beam proton momentum or the 
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Abstract. 
We present a scalar thick brane configuration arising in a theory of 5D gravity coupled to a 

self-interacting scalar field. We start from a classical solution of the field equations and study the 
physics of linear fluctuations around this background which obey a Schrodinger-like equation. We 
further focus our attention on a special case in which it is possible to solve this equation analytically 
for any massive mode. This fact allows us to make a closed analysis of the massive spectrum of 
Kaluza-Klein (KK) excitations and to compute the corrections to Newton's law in the thin brane 
limit. There exist two bound states: the massless 4D graviton, which is free of tachyonic instabilities, 
and a massive KK excitation. There is also a continuous spectrum of massive KK modes. The mass 
gap existing between the massless and the excited modes is completely defined by the inverse of 
the brane thickness. This fact eliminates the experimentally dangerous arbitrarily light KK modes. 
Moreover, in this picture the solution of the mass hierarchy problem is very simple. 

Keywords: Brane worlds. Gravity localization. Mass gap. 
PACS: ll.25.Mj, 11.27.+d, 11.10.Kk,04.50.+h 

THE MODEL AND ITS F R A M E W O R K 

The problem of localizing gravity on brane worlds has been addressed by many authors 
with different approaches [1]-[19]. Some of them have used thin branes [2]-[7], while 
others have preferred to consider thick configurations [8]-[19]. 

In this sense, our 4D world could be embedded in a higher dimensional manifold and 
many natural questions arise like: Why do we not see the extra dimensions? Are they 
compact or extended? Do they have temporal or spatial nature? What is the topology 
of the extra dimensional spacetime? How is the spectrum of gravitational fluctuations 
and/or particles in the higher dimensional world? Are there extra dimensional forces? 
What is the effect of higher dimensional forces on 4D Newton's law? How can we 
detect extra dimensional effects or particles? Can extra dimensions help solving standing 
problems in modern physics? 

Quite soon after the appearance of the first papers on gravity localization on brane 
worlds, the community started proposing high accuracy experiments that could lead to 
evidence of the existence of extra dimensions. One such experiment started running on 
early September, 2008, at the Large Hadron Collider (LHC) and many people around 
the world are wondering about the output of this fascinating event that could lead to 
revolutionary changes in the human understanding of our universe. 

CP1083, Gravitation and Cosmology, Proceedings of the Third International Meeting 
edited by F. S. Guzman Murillo, A. Herrera-Aguilar, U. Nucamendi, and I. Quiros 
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Abstract. We study the physical properties of a thick brane solution arising in a 5D theory of
gravity coupled to a bulk self–interacting scalar field in a Riemannian manifold. By analyzing the
graviton spectrum of this model, we find a particular case in which the 4D graviton is separated
from the massive KK gravitons by a mass gap. In this case, the corresponding effective Schrödinger
equation can be solved exactly and has a modified Pöschl-Teller potential. Apart from the massless
4D graviton, there is one massive KK bound state, and a continuum spectrum of delocalized KK
modes. We discuss on the mass hierarchy problem and, finally, compute the corrections to Newton’s
law in the thin brane limit for this case.

Keywords: Brane worlds, Gravity localization, Mass gap.
PACS: 11.25.Mj, 11.27.+d, 11.10.Kk, 04.50.+h

INTRODUCTION AND SETUP

Brane world scenarios have been very useful to address some high energy physics prob-
lems [1]; moreover, possible experimental evidence of extra dimensions [2]–[7] moti-
vated various modifications and generalizations of the original thin brane models [4]–
[7]. Among them there are several types of thick brane configurations: scalar branes [8]–
[10], tachyonic branes [11], branes with non–minimally coupled scalar fields [12, 13];
in this context, several physical aspects have been studied like corrections to Newton’s
law [14], localization of 4D gravity [15]–[20] and matter fields [21], brane stability [22],
critical phenomena [23], etc.

The model we shall consider describes gravity coupled to a bulk scalar field and con-
stitutes a generalization of the Randall–Sundrum (RS) model [5, 6] with the advantages
that the scalar curvature is nonsingular at the position of the brane, the 5D manifold is
not restricted to be an orbifold and there is no need to introduce the thin branes in the
action by hand. Moreover, it appears that for a special case there is a mass gap in the
graviton KK–spectrum of the linearized metric fluctuations.

Consider a 5D action given by (we takeM3∗ = 1/8 for the time being)

S5 =
∫

d5x
√
|G|

[
1
4

R5− 1
2
(∇φ)2−V(φ)

]
, (1)
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Abstract. This paper we study the effects of a noncommutativity minisuperspace on a FRW 
universe with cosmological constant. A relationship between the non commutative parameter and A 
is obtained. 
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INTRODUCTION 

The cosmological constant problem has been addressed by means of different ap­
proaches for several years and still remains as one of the central issues of not only 
modern day cosmology but also particle physics [1]. The questions connected to the 
cosmological constant can be casted as three fundamental problems: why is the cosmo­
logical constant so small?, why it is not zero? and why is it comparable to the matter 
energy-density (cosmic coincidence)?. 

In this paper we will focus on the first question, also known as the "old cosmological 
constant problem". In a more precise manner, why is the effective cosmological constant 
Keff SO close to zero. The different contributions to the vacuum energy density, from 
ordinary particle physics should give a value for (p) of order M^, which should be 
canceled by the bare value of A. This canceUation has to be better than 10^'^' if we 
compare the zero-point energy of a scalar field, using the Planck scale as a cut-off, to 
the experimental value of {pobs) ~ 10^'*^(GeF)'*. This incredible degree of fine tuning, 
suggests that we are missing important physics. Then its likely that the correct way 
to interpret the tiny value of the cosmological constant by conventional quantum field 
theory is not the whole story, leading many authors to try different approaches to dark 
energy. 

One interesting possibility lies in the old idea of noncommutative space-time [2]. This 
idea has seen renewed interest as a consequence of the developments in M-theory and 
string theory [3, 4]. But still one can ask of the relevance of noncommutativity in the 
cosmological scenario or its relevance at the early universe. In quantum gravity the 
measurement of length is limited to distances grater that Ip, because in order to locate a 
particle we would need an energy greater than Mp. The corresponding gravitational field 
will have an horizon R = —^ = 2Lp. Therefore a minimal size should exist for quanta 
of space and time configurations. This can be written as an uncertainty relationship 
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Abstract. The covariant approach to noncommutative field and gauge theories is revisited. In the
process the formalism is applied to field theories invariant under diffeomorphisms. Local differen-
tiable forms are defined in this context. The lagrangian and hamiltonian formalism is consistently
introduced.

INTRODUCTION

The idea of the noncommutative nature of space-time coordinates is quite old [1]. Many
authors have extensively studied it from the mathematical [2], as well as from a physical
point of view (for a review, see for instance [3, 4]). One construction of noncommutative
theories on a space-time whose coordinates satisfy,

[x̂µ , x̂ν ] = iθ µν , (1)

where θ µν is a constant tensor, is done by means the Weyl-Wigner-Moyal correspon-
dence [5], which establishes an equivalence between the algebra of operators ̂A of
these noncommutative variables (with the usual product of operators) and the algebra
of smooth functions Aθ (with the noncommutative Moyal product). This correspon-
dence expresses a Lie algebra isomorphism [ ̂f , ĝ] 7→ { f ,g}M, where [̂f , ĝ] ≡ ̂f · ĝ− ĝ · ̂f
is the commutator and { f ,g}M ≡ f ?g−g? f is the Moyal bracket in terms of the Moyal
product ? defined by

f (x)?g(x) = exp
(

i
2

θ µν ∂
∂xµ

∂
∂yν

)

f (x)g(y)
∣

∣

∣

∣

x=y
. (2)

Noncommutative theories are obtained by the substitution of the usual (commutative)
product of functions by the noncomutative one, f (x) · g(x) → f (x) ? g(x) with some
suitable ordering.
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Dynamical Baryogenesis in Complex Hybrid
Inflation

David Delepine∗, Carlos Martínez∗ and L. Arturo Ureña–López∗

∗Instituto de Física de la Universidad de Guanajuato, C.P. 37150, León, Guanajuato, México

Abstract. We propose a hybrid inflation model with a complex waterfall field which contains an
interaction term that breaks the U(1) global symmetry associated to the waterfall field charge. We
show that the asymmetric evolution of the real and imaginary parts of the complex field during
the phase transition at the end of inflation translates into a charge asymmetry. The latter strongly
depends on the vev of the waterfall field, which is well constrained by diverse cosmological
observations.

INTRODUCTION

The model is an hybrid inflationary model where the waterfall field that is responsible
to finish inflation is complex and has a barionic charge (global U(1)). To generate an
asymmetry of the baryonic charge we nedd: Violation of baryonic charge, C and CP
violation, and out of equilibrium condition. In our model the violation of the baryonic
number is explicit, the violation of C and CP is dynamical and it is due to the asymmetric
evolution of the real and imaginary components od the fluctuations of the waterfall field.
They have a tachyonic instability at diferent times. This give us a CP phase that is the
phase of the fluctuation of the waterfall field. The out of equilibrium condition is given
by the inflationary period itself that provided us a direction in the arrow of time[1]. These
model could in principle explain how the asymmetry between matter and antimatter is
generated.

OBSERVATIONS

In our universe we observe that there are baryons and almost nothing of antibaryons. The
process trough wich this asymmetry is generated is called baryogenesis. The asymmetry
between baryon and antibaryon can be measured by the quantity

B =
ηB

s
(1)

where ηB = ηb − ηb̄ that it is the difference between tha baryonic and antibaryonic
density, and s is the entropy density. The astronomical observation give us the numerical
constraint [1]

6(4)×10−11 ≤ B ≤ 1(1.4)×10−10. (2)
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Abstract. We show that the naive factorization approach can accommodate the existence of the
observed hierarchy of branching ratios for the B → PS decays (P stands for pseudoscalar and S for
scalar mesons respectively[1]).

Keywords: Factorization, Scalar Mesons, B-Meson Decays
PACS: 12.39.St, 13.25.Hw

1. INTRODUCTION

The scalar sector below two GeV is poorly understood, nevertheless several features –
like the presence of two multiplets and several of their properties – naturally arise in
the analysis of a number of authors. Thus the scalars are grouped in a heavy multiplet
with masses around 1.5 GeV [2], including the K∗

0 (1430), a0(1450), f0(1500) for the
octet, f0(1370) which is identified with the singlet and the f0(1710) which seems to
be mainly glueball. The octet is nearly degenerate, like similar pseudoscalar, vector and
tensor multiplets, their widths are small (≤ 100 MeV), the octet-singlet mixing is almost
ideal and mixing with the glueball is expected. It has been more difficult to establish the
other multiplet, the lighter, since even the existence and nature of some of their members
is in doubt. The multiplet should include the a0(980), f0(980) and the κ = K∗

0 (800) in
the octet; while the singlet could be identified with the σ = f0(600). The mixing is not
clear and their widths are very large. Ideally the former multiplet can be identified as the
ground state of quark antiquark bound states with angular momenta one while the later
with the ground state of four quarks systems with angular momenta zero. In the real
world an undetermined mixing between the two multiplets is expected. Alternatively
both multiplets could be identified as quark-antiquark states with angular momenta one,
the lighter being the ground state while the heavier with the first excited state.

The scalars remain a challenge, both from the experimental perspective as well as
from the theory point of view [2]. To start with, there is not enough and conclusive
experimental information on the existence and properties of the scalars. The information
are poor not because of experimental limitations, in fact energy is easily available, for
example many of the decays of particles containing c or b quarks involves the production
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A New Model for Baryogenesis through Hybrid 
Inflation 
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Abstract. We propose a hybrid inflation model with a complex waterfall field which contains an 
interaction term that breaks the U{\) global symmetry associated to the waterfall field charge. The 
asymmetric evolution of the real and imaginary parts of the complex field during the phase transition 
at the end of inflation translates into a charge asymmetry. 

Keywords: Inflation, cosmology, baryogenesis 
PACS: 98.80.Cq 

INTRODUCTION 

We know that only 4% of the total material content of the universe is of baryonic nature, 
the type of matter we seem to understand thanks to the Standard Model of Particle 
Physics and nucleosynthesis process of the early universe. 

However, even in this well understood case one fundamental question remains open: 
why this baryonic component is almost completely made of matter and not of antimatter? 
This is usually quoted as the baryonic asymmetry problem. Sakharov in Ref.[l] has 
shown that any quantum field theory could generate a baryonic asymmetry if three 
conditions are satisfied: no-conservation of the baryonic charge, CP and C violation, 
and out-of equilibrium condition for the Universe. The electroweak standard model 
cannot produce the baryonic asymmetry of the Universe as the condition to be out of 
equilibrium cannot be fulfilled at the electroweak phase transition. 

In this talk, we shall present a particular model of hybrid inflation[2, 7] in which a 
complex scalar field is the responsible for both the symmetry breaking that puts an end 
to inflation and for the production of a baryonic asymmetry in the early universe [4]. 
The Lagrangian of our model is CP conserving for most of inflation, but we shall show 
that the dynamics of the waterfall field will generate an effective CP asymmetry at the 
very end of inflation. 

THE MODEL 

Our model consists of two scalar fields, the inflaton ^ and another complex one a 
wearing a charge which we call baryonic charge. These fields are both minimally 
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Abstract. -The MINERvA (Main INjector ExpeRiment for v A) experiment 
(http://minerva.fnal.gov/) is a neutrino scattering experiment which uses the NuMI beamUne 
at Fermilab. It seeks to measure low energy neutrino interactions both to support neutrino 
oscillation experiments and to study the strong dynamics of the nucleon and nucleus that affect 
these interactions. For energy calibration of the main detector, a tertiary test beam line was designed 
and commissioned. This test beam consisted of target, collimator, two TOE stations and four wire 
chamber stations. Two dipole trim magnets were used to form a spectrometer. Here we present the 
simidation and characterization of these dipole magnets. 

Keywords: MINERvA, magnets. Test Beam, EERMILAB 
PACS: 13.15.+g,14.60.Lm, 29.00.00 

INTRODUCTION 

The Fermilab's Meson Test Beam Facility is located in the Meson Detector Building. 
There, users can set up and dismantle any large equipment, can get the required beam, 
and can get DAQ and beam monitoring assistance. MINERvA experimenters are setting 
up the MINERvA Test Beam Line in this area: one Cu target, one iron collimator, two 
dipole magnets, four Wire Chambers, one time of flight system, and one Test Beam 
detector, for calibration of the main MINERvA detector. See Figure 1. 

The physics that MINERvA experiment is pursuing has more than fifty years of 
tradition, that started from the detection of electron antineutrino[l, 2, 3, 4, 5], and 
continue up to these days -MINERvA collaboration (FNAL e938)[6]-. 

MINERvA COLLABORATION 

MINERvA experiment is a high statistics, high resolution, neutrino-antineutrino nu­
cleon (nucleus) scattering experiment. It uses the neutrino-Main Injector beam line fa­
cility at FERMILAB. MINERvA main goal is to measure low energy neutrino interac­
tions to support neutrino oscillation experiments and to study the strong dynamics of the 
nucleon and nucleus that affects these interactions. 
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Abstract. MINERvA is a neutrino scattering experiment that uses the NuMI beamUne at Fermilab. 
A Tracking Prototype was assembled, commissioned and tested at Fermilab before moving it into 
the NuMI beamline. A description of some of the main commissioning activities is presented here. 

Keywords: minerva, e938, numi, neutrino 
PACS: 29.25.-t, 29.27.Fh 

INTRODUCTION 

The FNAL Experiment E-938, MINERvA[l], is a neutrino scattering experiment that 
has been designed to measure and to study the interaction of a low energy neutrino beam 
with different nuclear targets. Some of the main goals are: the study of the strong dy­
namics that rule low energy neutrino interactions with nuclear targets, fully reconstruct 
exclusive reactions and perform precise measurements of neutrino cross section. In its 
first phase, it was built a prototype version of the full MINERvA detector; which was 
assembled, tested, and commissioned on the surface before taking it underground. In 
this paper it will be described some of the first commissioning activities. 

OVERVIEW OF THE MINERvA EXPERIMENT 

MINERvA is located at about 105 meters underground in the NuMI^ beamline at 
Fermilab. At MINERvA[2] it has been designed a hybrid detector which combines 
the use of a fully active detector and the use of a series of both electromagnetic and 
hadronic calorimeters. The fully active region of the MINERvA detector consists of a 
series of modules containing two scintillator planes each. The scintillator material in 
every plane is divided in 127 triangular strips. The strips in each plane can be positioned 
in one of three different orientations: X, U and V views. MINERvA is using the 64-pixel 
7600-00-M64 Multi-Anode^ PMTs produced by Hamamatsu Photonics. FIGURE 1 is an 

More information about the NuMI project can be found at http://www-numi.fnal.gov/ 
The specifications for this PMT can be found at http://sales.hamamatsu.com/en/products/electron-tube-

division/detectors/photomidtipUer-tubes/part-r7600-00-m64.php 
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Abstract. MINERvA Main INjector ExpeRiment v - A is a high-statistic neutrino scattering 
experiment that will ran in the NuMI Beam Hall at Fermilab. To calibrate the energy response of the 
MINERvA detector, a beamUne is being designed for the MINERvA Test Beam Detector (TBD). 
The TBD is a replica of the fidl MINERvA detector at small scale for calibration studies of the 
main detector. The beamline design consists of the following parts: a copper target, used to generate 
tertiaries from an incoming secondary beam; a steel collimator for tertiaries, which also serves as 
a dump for the incoming beam; a time of fight system (scintillator planes); four wire chambers, 
for angle measurements and tracking; and two dipole magnets, used as an spectrometer. During 
last October, the first commissioning ran of the MINERvA Test Beam took place in the Meson Test 
Beam FaciUty at Fermilab. We commissioned the target and collimator of the new tertiary beamline. 

Keywords: MINERvA, Test Beam, First Commissioning, 
PACS: 29.25.-t, 29.27.Fh 

INTRODUCTION 

The MINERvA test beam and detector is being prepared. We will expose a 40 plane 
mini- MINERvA detector where each plane is 107 x 107 cm square, which is 63 strips 
wide instead of the full 128 strips. These planes will have the same UXVX sequence and 
tracking capabihties as the full MINERvA detector [1]. The frame holding the detector 
will allow the experimenters to insert and remove lead and iron absorbers equivalent 
to the electron calorimeter (ECAL) and hadron calorimeter (HCAL) portions of the 
MINERvA detector. With no absorbers, the test detector will be like the fully-active 
MINERvA inner tracking detector. This will allow us to test all the basic configurations 
and combinations. In addition to all ECAL and all HCAL configurations, two examples 
of combinations are: 10 tracker + 20 ECAL + 10 HCAL layers or 20 ECAL + 20 HCAL. 
The top priority for the test beam effort is to expose the detector to hadrons in a similar 
momentum range for the three primary processes that MINERvA will study, to obtain 
a calibration of the calorimetric quantities such as total visible energy deposit and its 
fluctuations. For quasielastic and resonance interactions, the momentum distribution is 
dominated by protons and pions at and below 500 MeV/c. At around this momentum, it 
is already likely that the hadron will undergo an inelastic interaction rather than range 
out. On the other hand, the spectrum from the low hadron invariant mass interactions 
has a tail going up to a few GeV while high invariant mass "deep inelastic scattering" 
events have a much higher momentum spectrum [2]. 

The MINERvA test beam calibrations will take place in the Meson Test Beam Facility 
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Abstract. The MINERvA (Main INjector ExpeRiment for vA) collaboration 
(http://minerva.fnal.gOv//) is a neutrino scattering experiment which uses the NuMI beam-
line at Fermilab. It seeks to measure low energy neutrino interactions both to support neutrino 
oscillation experiments and to study the strong dynamics of the nucleon and nucleus that affect 
these interactions. It is currently in its final prototyping stage and is preparing for fidl-scale 
construction. The first detector modide was completed in early 2006 and it is planned to begin 
taking data in 2009. We present an overview of this experiment, emphasizing the Mexican 
contribution, and giving the potential physics residts that this collaboration can contribute to the 
physics of neutrino. 

Keywords: Test Beam, Tracking Prototype, MINERvA, Cross section 
PACS: 13.15.+g,14.60.Lm, 29.00.00 

INTRODUCTION 

The detection of electron antineutrino[l], more than fifty years ago, start a new course 
in high energy physics. For it triggered a vigorous field of research that continues up to 
these days[2, 3]: Neutrino physics. 
Since those days up to today, there are many open problems in neutrino high energy 
physics: Neutrino oscillations, neutrino mass, neutrino-antineutrino identity, description 
of neutrino oscillations, neutrino geological problem, nature of neutrinos, precise de­
termination of mixing parameters, CP violation, absolute value of hierarchy mass, rehc 
neutrino, and many others [4]. 
There are many installed and proposed experiments trying to solve those problems 
-Underwater Neutrino Telescopes, Reactor Neutrino Oscillation Experiments, Long-
Baseline Accelerator Neutrino Oscillation Experiments, Underground Detectors, etc. [5] -
. One of those is MINERvA collaboration (FNAL e938)[6]. 
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Abstract. 
It is an experimental evidence that all baryons are created polarized from unpolarized p — nucleus 

collisions. So far, the origin of this polarization remains unexplained in spite of the experimental 
evidences accumulated in the past thirty years. Up to these days, A" is the most studied baryon for 
polarization, for it is copiously produced in p — nucleus collisions at the energies of the principal 
high energy physics accelerators of the world. This paper is an overview of the experimental 
evidences accumulated on the polarization of A" from unpolarized exclusive pp collisions as 
function of xp, Pj, and M(A''^+) in the past fifteen years inside Fermilab e690 experiment, in 

the particular reactions pp -^ plsPK^n^ , pp -^ ppA°A^, pp -^ pA°K+, produced at 800 GeV. 

Keywords: Polarization, A", Production plane. Resonance 
PACS: 13.88.+e, 13.85.Hd, 14.20.Jn 

INTRODUCTION 

Many experiments have reveal that baryons from unpolarized pp inclusive and exclusive 
collisions, at different energies, are produced polarized[l] -specially A°[2]-; and that this 
polarization depends on xp, Pr, and A°2r+ invariant mass[3]. 

Some authors have proposed many theoretical ideas trying to understand A° 
polarization [4]. These models lack of predictive power, and the problem of A° po­
larization, and in general of baryon polarization, remains as an open problem. Some 
experiments have been conducted to measure A° polarization, in exclusive pp colh-
sions, trying to unveil A° polarization origin studying specific final states where A° is 
produced. 
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particles in NKR formalism 
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Abstract. In this work we present results for Compton scattering off spin 3/2 particles in NKR 
formalism and relate the behavior of the cross section to the electromagnetic multipole moments of 
the particle included by this formalism. We obtain expressions for such multipole moments using 
model independent definitions. 

Keywords: Compton scattering, electromagnetic properties. 
PACS: 13.60.Fz,13.40.Em,13.40.-f 

INTRODUCTION 

Recently, a new formalism for the description of particles with spin was proposed in 
[1]. The special case of spin 3/2 shows advantages with respect to the commonly used 
Rarita-Schwinger (RS) formalism. Unlike the RS method, in the formalism of Ref. [1] 
(NKR formalism here on) one gets a causal theory in the presence of an electromagnetic 
field. 

In a previous work we calculated Compton Scattering off spin 3/2 particles in the 
NKR framework, we obtain the correct classical limit and the calculated cross section 
satisfy the unitarity constraints for center of mass energies up to the mass of the spin 
3/2 particle. However, in the high energy limit, we obtain a cross section that violates 
unitarity. In this work we calculate the electromagnetic moments of a NKR particle. 

SPIN 3/2 LAGRANGIAN 

The e.o.m. in NKR formahsm for spin 3/2 particles is based on the [{\,\) ^ 
[(2,0) © (0,2)] representation, a general construction results in a two parameter 
expression [1]: 

where T^^^^ = \ [(/cJajg +2g„j3)g^v + {io^v - ^g^v)gav - if^ang^^] - ig[M^v]a^ -
if^^apnv with Mjuv being the generators of the representation. This equation implies 
the constrictions: {p^ — m^)\j/a = 0, y"y^a = 0, p"y^a = 0. The propagator can be 
found as the inverse of the T^apuvP'^P^ — '^^gap operator. Studying the propagation of 
the spin 3/2 waves in an electromagnetic background , it is shown in [1] that the only 
values of g leading to causal propagation are g = 0,2. The latter value is chosen as 
appropriate for the description of charged particles and a striking connection between 
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Abstract. Weinberg has shown that massless fields of helicity ±1 (vector fields) do not transform 
homogeneously under Unitary Lorentz Transformations (LT). We calculate explicitly the inhomo-
geneous term. We show that imposing strict invariance of the Lagrangian under LT for an iteracting 
Dirac field reqiures the fermion field to transform with a space-time (and photon creation and an­
nihilation operators) dependent phase and dictates the interaction terms as those arising from the 
conventional gauge principle. 

Keywords: gauge symmetries, space-time symmetries 
PACS: 11.30.Cp, 

A unitary representation of the Poincare group associates to each Poincare trans­
formation b'^,Ai (where b'^ is a space time translation and Ai an homogeneous 
Lorentz transformation) a unitary operator U{b,Ai), satisfying the composition rule 
U{b,Ai)U{c,A2) = U{b+ Aic,A2Ai). The transformation properties of free particle 
states under the Poincare group is essentially included in the corresponding httle group. 
For massless particles this subgroup is given by the subset of Lorentz Transformations 
(LT) leaving invariant light-like four vectors, i.e. given k^ hght-like, ^ belongs to the 
little group iff .^k'^ = k^. For the sake of simphcity we take a representative of hght-like 
vector as k^ = (fe, 0,0, fe), fe > 0. A massless free particle with helicity a and momentum 
p is described by the state |^P,<T) transforming under unitary Lorentz transformation, 
;7(0,A) = ;7(A),as[2] 

U{A)\Wp,a) = J ^-^exp{iae{.^{A,p)))\WAp,c), (D 

where 9 is the Wigner angle [1]. 
The physical requirement of locality forces us to introduce creation and annihilation 

operators for the particle states, |^P,<T) = a^(p,cj)|0). The transformation rule for the 
creation and annihilation operators of the states |^p,<j), is dictated by Eq. (1) as 

U{A)aHp,a)U-\A) = ji^exp{iae{A,p)),aHpA,<y)- (2) 

Our physical theories must also be causal, thus we must work in configuration space 
leading us to the integration of creation and annihilation operators over all spatial mo­
menta p. This procedure configures a field which in order to produce a Lorentz covari-
ant S matrix must transform in the irreducible representations (non-necessarily unitary 
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Abstract. In this talk I summarize recent findings around tlie description of axial vector mesons 
as dynamically generated states from the interaction of pseudoscalar mesons and vector mesons, 
dedicating some attention to the two iCi(1270) states. Then I review the generation of open and 
hidden charm scalar and axial states, and how some recent experiment supports the existence of the 
new hidden charm scalar state predicted. I present recent results showing that the low lying 1/2+ 
baryon resonances for S=— 1 can be obtained as bound states or resonances of two mesons and one 
baryon in coupled channels. Then show the differences with the S=0 case, where the Af*(1710) 
appears also dynamically generated from the two pion one nucleon system, but the Af*(1440) does 
not appear, indicating a more complex structure of the Roper resonance. Finally I shall show how 
the state X(2175), recently discovered at BABAR and BES, appears naturally as a resonance of the 
(j>KK system. 

Keywords: Chiral dynamics. Dynamically generated resonances 
PACS: 25.80,13.75.Jz,36.10.-k 

INTRODUCTION 

The combination of nonperturbative unitary techniques in coupled channels with the 
QCD information contained in the chiral Lagrangians has allowed one to extend the 
application domain of traditional Chiral Perturbation theory to a much larger range of 
energies where many low lying meson and baryon resonances appear. For instance, for 
the interactions between the members of the lightest octet of pseudoscalars, one starts 
with the chiral Lagrangian of ref. [1,2] and selects the set of channels that couple 
to certain quantum numbers. Then, independently of using either the Bethe-Salpeter 
equation in coupled channels [3], the N/D method [4] or the Inverse Amplitude Method 
[5], the well known scalar resonances C7(600), /o(980), ao(980) and K(800) appear 
as poles in the obtained L=0 meson-meson partial waves. These resonances are not 
introduced by hand, they appear naturally as a consequence of the meson interaction 
and they qualify as ordinary bound states or resonances in coupled channels. These are 
states that we call dynamically generated, by contrast to other states which would rather 
qualify as qq states, such as the p [6]. Similarly, in the baryon sector, the interaction of 
the pseudoscalar mesons with baryons of the octet of the proton generates dynamically 
1/2^ resonances [7, 8, 9, 10, 11, 12] and the interaction of the pseudoscalar mesons 
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Abstract. In this paper we study noncommutative black holes. In particular, we use a deform 
Schwarzschild solution in noncommutative gauge theory of gravity. By means of eucUdean quantum 
gravity we obtain the entropy, temperatute and the time of evaporation of the noncommutative black 
hole. 

Keywords: Black Holes, Noncommutativity, Thermodynamics 
PACS: 02.40.Gh,04.60.-m,04.70.Dy 

INTRODUCTION 

Recently there has been interest in the properties of black holes in noncommutative 
space-time(see for example [1], and references there in), where several approaches 
have been proposed, in particular in [2] the authors obtain a deformed Schwarzschild 
solution for a noncommutative gauge theory of gravity. The solution is constructed 
from a deformation of the gravitational fields by gauging the noncommutative de Sitter 
S0(4,l) group and using the Seibeg-Witten map [3]. The new gauge fields are obtain up 
to second order in the noncommutative parameters Q^^. Finally they calculte the new 
gravitational gauge potentials by contracting the noncommutative gauge group S0(4,l) 
to the Poincare group IS0(3,1). 

In this paper we will follow the approach as in [2] to calculate thermodynamical 
properties. As we will show the temperature, entropy and time of evaporation get 
corrected by the nature of the noncommutative solution. 

Noncommutative Solutions: To calculate the thermodynamical properties of the 
Schwarzschild black hole in the classical picture, one can use the euchdean quantum 
gravity approach. In this formalism the path integral procedure is employed to obtain the 
partition function of the system and then the thermodynamical properties of interest (for 
details see for example [4]). In this work we proceed in the same manner to calculate 
the temperature, entropy and time of evaporation for the noncommutative black hole. 
As mentioned on the introduction, we start with a deformed Schwarzschild solution in 
noncommutative gauge theory of gravity [2], where the non-zero components of the 
metric have the following form 

/ a\ a (8a - l l a ) 2 ,ix 

/, a \ - i a(4r-3a) ^, 
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Abstract. This is a brief account of the short course in Cosmology presented at the Advanced
Summer School of Physics 2009 of the Physics Department at CINVESTAV-IPN (Mexico). The
purpose of the course was two fold: to draw the attention of Physics students to Cosmology, and to
give a concise description of modern Cosmology and of its two main challenges, Dark Matter and
Dark Energy.

Keywords: Cosmology, Dark Matter, Dark Energy
PACS: 98.80.-k,95.35.+d,95.36.+x

1. INTRODUCTION

According to John Peacock in his book Cosmological Physics [1], Cosmology is a
subject that has the modest aim of understanding the entire Universe and all its contents.
A fortunate definition indeed, as it describes in a few words the out-of-this-world
challenge of Cosmology.

It is said that the first article in the history of modern Cosmology was published by
Albert Einstein in 1917[2, 3]. This is because a true cosmological model could only
arise from Einstein’s Theory of General Relativity (TGR), which allows us to deal with
a Universe filled everywhere with matter and also probably infinite in extension.

Since the publication of Einstein’s paper, a lot of theoretical and observational work
has been carried out by many people, and nowadays we have been successful in building
up a model of the Universe that is consistent with our accepted physical theories. The
model has been dubbed the Standard Cosmological Model, as it has become the standard
paradigm in Cosmology.

For the rest of the paper, I shall give a brief description of the main topics and issues in
Cosmology, much in the same spirit they were presented during the Cosmology course
of the Summer School. The interested reader can find all the details of the calculations
in the textbooks of different levels listed at the Bibliography section [4, 5, 6, 7, 8, 2].

2. THEORETICAL COSMOLOGY

To start with, we should first recognize that gravity is the fundamental and leading
interaction at cosmological scales, which range from the size of galaxies up to the
longest scale corresponding to the farthest object detected by present technology.

It is very illustrative to see Fig. 1 and the full set of figures presented in [9] (see also
the webpage http://www.astro.princeton.edu.mx/universe, in which
the authors describe a comprehensive collection of objects that have been detected so
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Bose-Einstein condensates from scalar field dark
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Abstract. We review the properties of astrophysical and cosmological relevance that may arise
from the bosonic nature of scalar field dark matter models. The key property is the formation of
Bose-Einstein condensates, but we also consider the presence of non-empty excited states that may
be relevant for the description of scalar field galaxy halos and the properties of rotation curves.

Keywords: Bose-Einstein condensates, cosmology, dark matter
PACS: 95.35.+d,04.40.-b

INTRODUCTION

According to our modern view of the Universe, dark matter models are necessary, in
general, to explain the properties of the so-called cosmological structure[1, 2, 3, 4, 5].
The most succesful proposal is the one that considers that dark matter is composed of
weakly interacting massive particles, whose origin could be explained in models beyond
the Standard Model of Particle Physics[6, 7]. There is currently little doubt about the
capabilities of the model to explain most of the properties observed in galaxies, even
though some issues must still be clarified.

A simple alternative proposal is to consider that dark matter is made of a massive
scalar field φ , whose inherent properties could also explain the behavior of dark matter
at all scales[8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]; see also[24] for
a comprehensive review.

Due to the bosonic nature of scalar fields, scalar field dark matter (SFDM) models,
as we shall call them hereafter, must imprint particular features in the behavior of
cosmological structure that are, in principle, distinguishable from the ones caused by
fermionic dark matter particles.

The most obvious of all inherent properties is the possible formation of Bose-Einstein
condensates (BEC) of astrophysical size and relevance. This is an idea that has pervaded
SFDM models from the very beginning, and the comparison with the observed rotation
curves in galaxies seems promising at first look[8, 9, 10, 11].

However, as noticed already in Ref.[33], it is not usual that BEC exist alone without
the presence of particles also populating excited energy states. This may have conse-
quences at astrophysical scales, and then we argue that excited states should be also
taken into account in the discussion of SFDM models.
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Abstract. We study the case of a supersymmetric FRW model in a flat space in the superfield
formulation. Some exact solutions of the model are found and we provide a range of possible
applications in the evolution of the Universe at early times for two scalar fields potentials.
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INTRODUCTION
One of the cornerstone problems in cosmology is that of the initial conditions of our
Universe. In standard Big Bang cosmology, the Universe somehow started a hot expand-
ing phase from a singular state, and later entered a stage of inflation before becoming
radiation and matter dominated[1, 2, 3, 4].

The understanding of initial singular state of Universe is beyond the capabilities of
our current physical theories, but the inflationary stage that followed can be explored
by extending our ideas about gravitational phenomena. Typically, inflationary theories
make use of a scalar field, which would be responsible for driving an accelerated
expansion of the Universe, solving some caveats of standard Big Bang models, and
providing the primordial seeds for structure formation[2, 5, 4].

Scalar fields in cosmological models are of great importance in the study of the early
Universe. There have been a number of studies of spatially homogeneous scalar fields
cosmological models with a variety of self interaction potentials. One potential that is
commonly investigated, and which arises in a number of physical situations, has an
exponential dependence on the scalar field[6, 7, 8, 9].

On the other hand, years ago supersymmetric quantum cosmology was first proposed
in[10], and later on various formulation were developed (for a review see[11, 12]). One
of them, the superfield method, was formulated in[13, 14, 15]. This local supersymmetry
procedure has the advantage that, by defining the superfields on superspace, all the
component fields in a supermultiplet can be manipulated simultaneously in a manner
that automatically preserves supersymmetry. Besides, the fermionic fields, which in a
whole supergravity formulation would correspond to a gravitino field, are obtained in a
clear manner as the supersymmetric partners of the cosmological bosonic variables.

For the purposes of this paper, we will use the superfield formalism [15, 16], and
find the Hamiltonian operator, where the momenta operator are represented, as usual,
by differential operators, and the Grassmann variables by matrices [10, 17, 18]. A WKB
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Abstract. We study the attractors solutions of the dynamical system of a scalar field endowed with
monomial potentials of the formV φ ∼ φ2n( ) . The evolution equations of the system are written as
a dynamical system, and the critical points represent solutions of physical interest. It is easy to find
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INTRODUCTION
Scalar fields play important roles in Cosmology nowadays because their dynamical prop-
erties and behavior can help us to understand properties of different models of inflation,
dark energy, and also dark matter [1]. Part of the importance of scalar fields resides
in the existence of attractor solutions in their dynamics which are almost completely
independent of the initial conditions.

There exist several techniques to study the dynamical properties of cosmological
scalar field, but one that has proved very useful is that of dynamical systems [2, 3, 4,
5]. The dynamical system techniques can easily reveal the attractor properties of the
solutions of the equations of motion.

There are many inflationary models, see [2, 6, 7, 8], where some authors have studied
their behavior for different potentials. One of the most studied is a model with an
exponential scalar potential [5, 3], because the equations of motion can easily be written
as an autonomous dynamical system.

However, sometimes the equations of motion result into a non-autonomous dynamical
system, and then the properties of the dynamics are more involved and difficult to study.
An example is the dynamical system arising from the inflationary model of a scalar
field endowed with a quadratic potential [9]. The dynamics in this model was not only
classified in terms of the critical points, but also in terms of trajectories of physical
interest.

In this paper, we study the dynamics of inflationary models with monomial potentials
using the same kind of variables as in Ref. [9]. As we shall show, when we write
the evolution equations as a dynamical system we can find a formal equivalence of
all models and also the trajectories that entail useful physical information. The results
coincide with those obtained for the quartic potential studied in Ref.[10].
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Abstract. In this paper we study the evolution of a scalar field falling into a static black hole, for
which we consider Eddington-Finkelstein coordinates. For both the massless and massive cases, we
find that dispersion depends upon the mean wave numberk0 of the initial scalar field wave packet.
In particular, we find total absorption for large values ofk0 independently of the mass value of the
scalar field.
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INTRODUCTION

It is currently believed that most galaxies host asupermassiveblack hole (SMBH) at
their center, with masses in the range of 105−1010 solar masses, but currently in a state
of very low matter accretion [1, 2, 3]. In particular, the measurements of the velocities of
stars near the center of the Milky Way have provided evidence for the presence of a SBH
with a mass of around 4×106M⊙ [4]. There are some models that attempt to explain
the present existence of galactic SBH’s. Among others, we can mention the collision of
2 or more black holes to form a larger one, the core-collapse of a stellar cluster, and the
formation of primordial black holes directly from external pressure in the first instances
of the Big Bang [5].

In any case, the problem still is the precise mechanism under which a black hole can
accrete enough matter to become supermassive. Some authors have then proposed that
PBHs could have the opportunity to become SBH’s simply by accreting some scalar
field matter related, for instance, to dark energy. In a first study, the authors in [6, 7]
found that PBH could have effectively accreted enough matter from a quintessence field
endowed with an exponential potential. The basic calculations were made following the
simple results of the flux of a massless scalar field into a black hole [7]. Such a result
was later refused by the authors in [8], in which the quintessence fluxϕ̇2 must decrease
slower thant−2 for PBHs to grow at all.

However, all of those works mentioned above used Schwarzschild-like coordinates
to model the spacetime of a black hole, and then an observer at infinity sees that the
scalar field from accretion is accumulated outside the Schwarzschild radius and this
produces a considerable increasing of the black hole mass [9]. Another drawback is that
Schwarzschild coordinates are singular at the event horizon of a black hole, and then it is
not possible to reliably follow the evolution of the scalar field accretion; see for instance
[10].

The aim of this paper is to present some simple results of the interaction of a scalar
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Abstract. We search for equilibrium configurations of the (coupled) Einstein-Klein-Gordon equa-
tions for the case of a real scalar field endowed with a quartic self-interaction potential. The resulting
solutions are the generalizations of the (massive) oscillating soliton stars, the so-called oscillatons.
Among other parameters, we estimate the mass curve of the configurations, and determine their
critical mass for different values of the quartic interaction.
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INTRODUCTION

Oscillatons (short name for oscillating soliton stars) were first discovered by Seidel and
Suen in [1], see also [2], and are non-singular and asymptotically flat solutions of the
Einstein-Klein-Gordon (EKG) equations in which the metric and the scalar field are
time-dependent.

The time dependence of all field quantities arise because we are working with a
real scalar field. This should be distinguished from the case of a complex scalar field,
for which the EKG equations provide non-singular solitonic solutions with a static
geometry: the components of the complex field oscillate in precisely such a way that
the stress-energy tensor is time-independent[3, 4, 5, 6].

The properties of oscillatons have been studied in some extent, and it is now known
that in the massive case the equilibrium configurations are stable under any kind of
perturbations, see([7]) for spherically symmetric cases, and also[8] for studies without
any imposed symmetry.

Oscillatons may have some importance in both Astrophysics and Cosmology, because
scalar fields have been proposed as candidates to be dark matter in the Universe [9,
10, 11, 12]. A such, scalar field dark matter would form cosmological structure with
properties similar to those of oscillatons. More recently, it has been suggested that multi-
state bosonic objects could also provide an alternative explanation for the flat rotation
curves in galaxies [13, 14, 15].

The purpose of this work is to study the equilibrium configurations of spherically
symmetric oscillatons in which the scalar field is endowed with a quartic scalar field
potential. As mentioned before, much work exists for the massive case, but it is known,
from boson star studies, that the inclusion of non-linear interactions may change the
equilibrium properties of the bosonic configurations.
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Abstract. We provide a brief introduction on string compactifications for non-experts. The predic-
tion of critical string theory to have a ten-dimensional space-time gives a rich background to answer
fundamental questions in theoretical physics. From the Calabi-Yau compactification to recent flux
compactification models, we discuss the attempts made to construct a consistent and realistic effec-
tive four-dimensional theory.

Keywords: String Theory, String compactification, flux compactification
PACS: 11.25.Mj, 11.25.Wx

INTRODUCTION

Critical string theory predicts the existence of nine spatial dimensions at the perturbative
level. This suggests that,by getting rid of extra dimensions, one could reproduce effec-
tive four-dimensional (4D) gauge and gravitational theories1. Although there is so far no
experimental evidence for string theory, still, the model predicts the existence of gravi-
tational and gauge forces in an unified way . In this sense, string theory is a consistent
theory of quantum gravity and gauge interactions [1].

This fact has inspired a large part of the string phenomenology community to develop
novel models and techniques with the purpose to reproduce the (exact) matter content
of the (Minimal Supersymmetric) Standard Model (MS)(SM) of particles [2, 3, 4, 5]
and to obtain consistent effective 4D theories from string compactifications [6]. All such
attempts, faced several and important problems rendering some models inconsistent.
However, string theory is not a theory as quantum field theory or general relativity.
Unfortunately, it is much less than that, in the sense that we do not know the elementary
degrees of freedom of the theory. For this reason, string theory is until now, a collection
of data, making the theory to be under development. It is not strange then, that some
of the unsolvable problems, at some point become accessible by adding the newest
available knowledge. For instance, until recently, it was understood that compactification
backgrounds and/or SM-like models from string theory requires the presence of extra
degrees of freedom, mainly from fluxes and non-perturbative effects, solving some of
the most intriguing problems in previous models and opening up a vast possibility to
address some others. Therefore, there is still a long way to cover till we can say by sure,

1 Plus the inclusion of possible corrections at the scale of the string length. In this note we will not address
such corrections.
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Abstract. In this work we study noncommutative Friedmann-Robertson-Walker (FRW) cosmology
coupled to a scalar field endowed with an exponential potential. The quantum scenario is analyzed
in the Bohmian formalism of quantum trajectories to investigate the effects of noncommutativity in
the evolution of the universe.

Keywords: Noncommutativity, Quantum Cosmology
PACS: 02.40.Gh,98.80.Qc

The purpose of this work is to introduce a noncommutaive deformation on scalar field
cosmology with an exponential potential and analyze the evolution at the classical and
quantum level. In order to study the time evolution of the system we use Bohm’s onto-
logical interpretation of quantum mechanics [1]. The main motivation is the variety of
evidence indicating the possibility that noncommutativity could be related to the quan-
tum theory of gravity, then the study of simplified models might give some insight on
quantum gravity, for example the effects of noncommutativity might have implications
on quantum cosmology [2]. Furthermore, the use of the Bohmian formalism has the
advantage that one can adopt it as a tool to get intuition about the nature of quantum
phenomena from the detailed description of the underlying dynamics it provides.

QUANTUM GRAVITY AND THE BOHMIAN FORMALISM

The Hamiltonian of general relativity without matter is

H =
�

dx
3(NH +NjH

j), (1)

where

H = Gi jklΠi jΠkl −h
1/2

R
(3), H

j = 2DiΠi j. (2)

The momentum Πi j canonically conjugated to h
i j is

Πi j =−h
1/2(Ki j −hi jK), (3)

where Ki j =−(∂thi j −DiNj −D jNi)/2N.
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Abstract.
Recently it has been a lot of interest in the theory proposed by Hořava due to the renormalizability

properties of the theory and as a candidate for the UV completion of Einstein gravity. On the other
hand, we also investigate three dimensional black holes at a Lifshitz point. In the present work
we study thermodynamical properties in this setups. In particular we are able to obtain time of
evaporation for black hole solutions for the two formalisim.

Keywords: Hořava Gravity, Black Holes, Thermodynamics
PACS: 02.40.Gh,04.60.-m,04.70.Dy

INTRODUCTION

Recently a new four-dimensional theory of gravity was propesed by Hořava [1], inspired
by condesed matter models of dynamical critical systems. This theory has manifest
three-dimensional spatial general covariance and time-reparameterisation invariance,
but only acquires four-dimensional general covariance in a infra-red large distance limit.
It may be describe in a language akin to the ADM 3+1 formulation of general relativity,
but in which Einstein gravity is modified so that the full underlying four-dimensional
covariance is broken. On the other hand the authors in [2] show that three-dimensional
gravity admits Lifshitz metrics with generic values of the dynamical exponent z as exact
solutions. In particular they show that at the z = 3 point they can obtain exact black hole
solutions wich are asymptotically Lisfshitz.

HORAˇ VA GRAVITY

In the ADM formalism, the four-dimensional metric of general relativity is parame-
terised as [3]

ds2 2
4 =−N dt2 +gi j(dxi−Nidt)(dx j−N jdt), (1)

where N is the lapse function, Ni is the shift function and gi j is the 3-metric and all are
function of (t,xi). So the Einstein-Hilbert action for the ADM descomposition is given
by

1
SEH = d

16πG

�
4x
√

gN(Ki jKi j−K2 +R−2Λ), (2)
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Noncommutativity and the Friedmann Equations
M. Sabido1∗, W. Guzmán 2† and J. Socorro.3∗
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Abstract. In this paper we study noncommutative scalar field cosmology, we find the noncommu-
tative Friedmann equations as well as the noncommutative Klein-Gordon equation, interestingly the
noncommutative contributions are only present up to second order in the noncommutitive parameter.

Keywords: Cosmology, Noncommutativity, minisuperspace models.
PACS: 02.40.Gh,04.60.Kz, 98.80.Jk,98.80.Qc

INTRODUCTION
The initial interest in noncommutative field theory [1] slowly but steadily permeated
in the realm of gravity, all of these formulations showed that the end result of a non-
commutative theory of gravity. Even though working with a full noncommutative theory
of gravity looks like a fruitless ordeal, several attempts where made to understand the
effects of noncommuativity on different aspects of the universe.

One particularly interesting proposal concerning noncommutative cosmology, was
presented in [3], the authors conjectured from the fact that the noncommutative defor-
mations modify the commutative fields, the effects of the full noncummutative theory
of gravity should be reflected in the minisuperspace variables. This was achieved by in-
troducing the Moyal product of functions in the Wheeler-DeWitt equation, in the same
manner as is done in noncommutative quantum mechanics (NCQM). The authors show
that new states of the universe can be created as a consequence of introducing this kind
of deformations in the quantum phase space, several works followed with this main idea
[4, 5].

Although the noncommutative deformations of the minisuperspace where originally
analyzed at the quantum level by introducing the effective noncommutativity on the
minisuperspace, classical noncommutative formulations have been proposed, in [4] for
example the authors considered classical noncommutative relations in the phase space
for the Kantowski-Sach cosmological model, and they establish the classical noncom-
mutative equations of motion. For scalar field cosmology the classical minisuperspace
is deformed and a scalar field is used as the matter component of the universe. In [6],

1 e-mail: msabido@fisica.ugto.mx
2 e-mail: wguzmanr@if.ufrj.br
3 e-mail: socorro@fisica.ugto.mx
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Abstract. In this work a construction of supersymmetric noncommutative cosmology is presented.
We start with a "noncommutative" deformation of the minisuperspace variables, and by using the
time reparametrization invariance of the noncommutative bosonic model we proceed to construct a
super field description of the model.

Keywords: Cosmology, Noncommutativity, minisuperspace models.
PACS: 02.40.Gh,04.65.+e, 98.80.Jk,98.80.Qc

INTRODUCTION

One of the simplest approaches in the study of the very early universe is Quantum Cos-
mology (QC), which means that the gravitational and matter variables have been reduced
to a finite number of degrees of freedom, these models where extensively studied by
means of Hamiltonian methods in the 1970’s [1]. For homogenous cosmological models
the metric depends only on time, this permits to integrate out the space dependence and
obtain a model with a finite dimensional configuration space, minisuperspace, whose
variables are the 3-metric components. This approach is used, because a full quantum
theory of gravity does not exist (although several candidates exist String Theory and
Loop Quantum Gravity being the more successful), therefore we can canonically quan-
tize these approximate models. From this construction a Klein-Gordon type equation
arises, which describes the quantum behavior of the universe.

One of the first attempts to fix the UV behavior of quantum gravity was the use
of supersymmetry, the reasoning was that the inclusion of the fermionic degrees of
freedom would cancel the divergences of the theory, the resulting theory is Supergravity.
In the 80’s, to study SUSY quantum cosmology [2] the authors realized that they could
construct a Dirac-type equation to the Wheeler-DeWitt equation, this was the beginning
on the study of supersymmetric quantum cosmology.

In the last decade there has been a lot of interest in the old idea of noncommutative
space-time [3], not to mention an immense amount of work that has been done on this

1 e-mail: msabido@fisica.ugto.mx
2 e-mail: wguzman@cbpf.br
3 e-mail: socorro@fisica.ugto.mx
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Abstract. The CP asymmetry in neutrino oscillations, assuming new physics at production and/or
detection processes, is analyzed. We compute this CP asymmetry using the standard quantum field
theory within a general new physics scenario that may generate new sources of CP and flavor
violation. Well known results for the CP asymmetry are reproduced in the case of V -A operators,
and additional contributions from new physics operators are derived.

Keywords: cp violation, new physics, neutrino oscillations, qft approach
PACS: 11.30.Er,12.60.cn, 14.60Pq, 14.60.St

INTRODUCTION

The only evidence for flavor violation in the leptonic sector comes from neutrino oscil-
lations and there is, so far, no confirmation for CP violation in leptonic decays. Hence,
measuring any CP asymmetry in neutrino oscillation will open a new window to study
CP violation and related problems (such as leptogenesis). We should also expect new
sources of CP and lepton flavor violation, if New Physics is probed at the LHC. These
new sources, also classified as non-standard interactions (NSI), could give important
contributions to the CP asymmetry in neutrino oscillation (see ref.[1, 2, 3, 4]).
A proper procedure to take into account these non-standard interactions is important as
neutrino experiments are reaching a high level of accuracy (see refs. [4, 5, 6, 7, 8, 9, 10,
11, 12] for effects of NSI). The following two hypothesis are usually considered: (i) The
probability of a process associated to neutrino oscillation can be factorized into three in-
dependent parts: the production process, the oscillation probability and the detection
cross section. (ii) The CP asymmetry in this process is due to the CP violating phase in
the lepton mixing matrix. In a pioneering work, the authors of Ref. [1] have studied CP
violating effects due to contributions from new neutrino interactions in the production
and/or detection processes in neutrino oscillation experiments. However, only correc-
tions to the V-A SM charged current interactions were considered [1]. In Ref.[2], the
(V-A)(V-A) and (V-A)(V+A) operators associated to muon decays, but not to the pion
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Nuclear reactors Monitoring using neutrinos
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David Delepine, Jose Antonio Hernandez Valencia and Gerardo Moreno
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C.P. 37150, León, Guanajuato, México.

Abstract. We study the feasibility to use antineutrinos detectors for monitoring of nuclear reactors.
Using a simple model of fission shower with two components, we illustrate how the numbers of
antineutrinos detected at a distance L from the reactor depend on the composition of the nuclear
combustible and how it could be used for nuclear safeguards policy.

Keywords: neutrino, fission, nuclear reactor
PACS: 25.30.ft, 24.75.+i, 28.41.Te

INTRODUCTION

Since the first anti-neutrino detection done in the 50’s using a nuclear reactor as a source
of anti-neutrinos[1], it has been proposed to use the technics developed for neutrino
detection to nuclear physics and particularly to the nuclear reactor monitoring [2] as a
way to improve the nuclear safeguards imposed by the International Agency For Atomic
Energy (AIEA). Various previous experiments have demonstrated its feasibility [3, 4].
In the last years, our knowledge on neutrino physics and their technics of detection has
impressively improved and these progress are making possible the conception of "mini"-
neutrino detectors which could be used for nuclear reactor monitoring [5, 6].

In this work, we shall describe what are the principles on which the nuclear reactor
monitoring using neutrino detectors is possible [7]. We shall use a simplified model
which will be easy to generalize to a real case.

BASIC PRINCIPLES

The basics principles is to establish a correlation between the observed events number
and the composition of the nuclear reactor. To illustrate how to get this correlation, we
shall use a simplified model with a fission shower with two components:

A→ B +e−+ ν̄e

↪→ C + e−+ ν̄e (1)
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Abstract. Direct CP asymmetry for B̄0(B0)→ K∓π± and B∓→ K∓π0 has been measured[1]. The
similarity in the two decays suggest ACP

B̄0→K−π+ ∼ ACP
B−→K−π0 . However the asymmetries turned out

to be very different. In this work we investigate if this could be a result of physics beyond the
Standard Model. A numerical model independent approach is proposed.

Keywords: CP violation, B decays
PACS: 13.25.Hw

INTRODUCTION

Belle measured direct CP asymmetries for the B̄0(B0) → K∓π± and B∓ → K∓π0

decays[1]. The values found are:

ACP
B̄0→K−π+ =−0.094±0.018±0.008 ACP

B−→K−π0 = 0.07±0.03±0.01. (1)

Due to isospin symmetry of the strong interactions and the similarity in the quark
contents of the meson involved, one expect ACP

B̄0→K−π+ ∼ ACP
B−→K−π0 . The only difference

between both processes should be due to color-suppressed contributions or due to weak
penguins Feynman diagrams.

AMPLITUDES IN THE FACTORIZATION APPROXIMATION

The operators for b → uūs can be calculated using the Standard Model Feynman rules.
Of course, it is an approximation since in a Feynman diagram initial and final states are
supposed to be free, however b,u, ū,s quarks are constituents of meson states and hence
not free. The Feynman diagrams contributing to these processes are tree level diagrams,
penguin and box diagrams (see fig.1). Dominant contributions come from the tree and
strong penguin diagrams. The contributions to this diagrams can be summarized using
the effective Hamiltonian:

GF√
2

[
VubV ∗

us
(
C1(µ)Ô1 +C2(µ)Ô2

)
+VtbV ∗

ts
( 10

∑
i=3

Ci(µ)Ôi
)]

+h.c. (2)
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Abstract. We consider the forward-backward pion charge asymmetry forthe e+e− → π+π−γ
process. In addition to the Bremsstrahlung and double resonance contributions, we use four different
models to describe the final state radiation at the loop level(Kaon Loop Model, Resonance Chiral
Perturbation Theory, Unitarized Chiral Perturbation Theory and Linear Sigma Model) and compare
our results with experimental data.

Keywords: charge asymmetry, chiral lagrangians
PACS: 13.25.Gv,12.39.Fe,13.40.Fq.

INTRODUCTION

The forward-backward pion charge asymmetries in the process φ → π+π−γ has been
recently measured as a function of theπ+π− invariant mass [1]. The asymmetry is
sensitive to the mechanisms involved in the final state radiation [2] and it has been
proposed as an appropriate observable to test the importance of the different mechanisms
at work in this reaction.

The asymmetry requires a non vanishing interference between initial (ISR) and fi-
nal (FSR) state radiation, the latter being strongly model dependent [3]. The invariant
amplitude for thee+e− → π+π−γ process can be parameterized in terms of three in-
dependent Lorentz structures and thus the model dependencein FSR can be included
in three scalar functionsfi [4]. The final state radiation has been calculated in different
models. The simplest approximation has been named scalar QED (sQED) [3, 5] and it
actually includes theρ contributions to the pion form factor. In that work the contri-
butions of intermediate scalars (f0(980) andσ ) are also considered using a point-like
φ f0γ interaction, in the so called "no-structure" model. Later on, final state radiation
was calculated within Resonance Chiral Perturbation Theory (RχPT) [6] at tree level
[4, 7, 8]. In particular, in [8] sub-leading intermediate vector mesons contributions like
e+e− → φ → ρ−π+ → π+π−γ, named double resonance contributions, were incorpo-
rated.

The aim of this work is to work out the predictions fore+e− → π+π−γ at theφ
resonance at one loop level for four alternative models, namely RχPT, Unitarized Chiral
Perturbation Theory (UχPT) [9] (containing actually a resumation of loops), Linear
Sigma Model(LSM) [10, 11] and the so-called "kaon-loop" model [12]. In each case
we add the Bremsstrahlung contributions (sQED∗VMD) and the double resonance

XII Mexican Workshop on Particles and Fields
AIP Conf. Proc. 1361, 187-191 (2011); doi: 10.1063/1.3622698

©   2011 American Institute of Physics 978-0-7354-0919-4/$30.00

187

Downloaded 21 Jun 2012 to 148.214.16.156. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions



Stability of Φ4 oscillatons

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2011 J. Phys.: Conf. Ser. 315 012013

(http://iopscience.iop.org/1742-6596/315/1/012013)

Download details:

IP Address: 24.130.80.96

The article was downloaded on 24/08/2011 at 15:44

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/315/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


Stability of Φ4 oscillatons

S Valdez-Alvarado1, L A Ureña-López1 and R Becerril-Bárcenas2
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Abstract. We investigate the stability of oscillatons with a quartic self-interaction.
Oscillatons are spherically symmetric solutions of the coupled Einstein-Klein-Gordon for the
case of a real scalar field. It is shown that there exist equilibrium configurations which are stables
under small and strong (radial) perturbations. Some basic numerical tools are implemented that
shall help in the study of arbitrary equilibrium configurations.

1. Introduction

Seidel and Suen were the first that found non-singular and asymptotically flat solutions of the
coupled Einstein-Klein-Gordon (EKG) equations, in which both the (real) scalar field and the
metric are time-dependent [1, 2]. These solutions are so-called oscillatons that is the short name
for oscillating soliton stars. Time-dependent of oscillatons arise because we working with real
scalar field, and this case is different from its complex counterpart, boson stars, for which the
spacetime geometry is static[3].

In an exhaustive analysis presented in[4], it was shown that oscillatons are classified into stable
(S-branch) and unstable (U-branch) configurations. S-oscillatons are stable configurations under
small radial perturbations, and they typically migrate to other S-profiles if strongly perturbed.
On the other hand, U-oscillatons are intrinsically unstable: they migrate to the S-branch if their
mass is moderate, but they may collapse into black holes if their mass is large enough.

As we mention in [5], oscillatons may have some importance in both Astrophysics and
Cosmology, because scalar fields have been proposed as candidates to be dark matter in the
Universe [6, 7, 8, 9]. Scalar field dark matter would form cosmological structure with properties
similar to those of oscillatons.More recently, it has been suggested that multistate bosonic
objects could also provide an alternative explanation for the flat rotation curves in galaxies
[10, 11, 12, 13].

In this work, we study the evolution of oscillatons with a quartic self-interaction in the scalar
field potential, and analyze the stability in some selected cases following closely the numerical
tools presented in Ref.[4].
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Cosmological constraints for a two brane-world
system with single equation of state
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Abstract. We present the study of two 3-brane system embedded in a 5-dimensional space-time in
which the fifth dimension is compactified on a S1/Z2 orbifold. Assuming isotropic, homogeneous,
and static branes, it can be shown that the dynamics of one brane is dominated by the other one
when the metric coefficients have a particular form. We study the resulting cosmologies when one
brane is dominated by a given single-fluid component.

Keywords: Braneworlds, cosmology
PACS: 04.50.-h, 98.80.-k, 11.10.Kk, 98.80.Jk

INTRODUCTION

In the last years, there has been a great expectation about braneworld scenario as
an alternative proposal to explain some unsolved problems in particle physics and
cosmology, including the hierarchy and the dark matter-energy problems. It is in this
context that diverse braneworld models have emerged in an attempt to put a final point
to these problems.

Superstring and M-theory suggest that we may live in a world that has more than three
spatial dimensions [1]. Because only three of these dimensions are presently observable,
one has to explain why the others are hidden from detection. One such explanation is the
so-called Kaluza-Klein (KK) compactification (see [2] and [3] for a review), according
to which the extra dimensions are very small, probably with a size of the order of the
Planck length. As a consequence, modes that have momentum in the directions of the
extra dimensions are excited at currently inaccessible energies.

In 1998, N. Arkani-Hamed, S. Dimopoulus and G. R. Dvali (ADD) [4] pointed
out that the extra dimensions are not necessarily small, and may even be in the scale
of millimeters. This model assumes that the Standard Model fields are confined to a
three dimensional surface (a 3-brane) embedded in a larger dimensional background
spacetime (bulk) where the gravitational field is free to propagate. Additional fields
may live only on the brane or in the bulk, provided that their current undetectability
is consistent with experimental bounds [5].

An alternative approach was proposed by L. Randall and R. Sundrum (RS) [6], which
will be hereafter referred to as RS1 model (see [7] for a general treatment of two 3-
branes in a RS setup). The bulk in this model is 5-dimensional, with the extra dimension
being compactified on an S1/Z2 orbifold i.e. the extra dimension y is periodic, and its
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Preheating studies in a chaotic inflationary model
E. Torres-Lomas and L. Arturo Ureña-López
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Guanajuato, México

Abstract. Inflationary cosmological models must include a process able to produce an evolution
towards a phase of radiation domination so that Hot Big Bang is retrieved satisfactory. At the end of
inflation, the universe enters to the stage known as (p)reheating during which cosmological reheating
temperature should be increased in an explosive way. We study the process of preheating in a model
that includes two scalar fields, one of which is the inflaton field, and four-leg interaction term in the
Lagrangian.
Keywords: Scalar fields, reheating, preheating.
PACS: 95.30Cq, 95.30.Tg, 98.80.

INTRODUCTION

During the period of inflation all energy is contained in a classical scalar field φ (inflaton)
with negligible kinetic energy. Eventually, the inflaton field decays and transfers all its
energy to relativistic particles causing that the universe evolves to a state of domination
of radiation; this process should produce a hot Friedmann universe. This stage is known
as reheating, and during its development (almost) all elementary particles are created
and subsequently populate the universe. It is then important to analyze the processes
that take place and the potential consequences on the late-time cosmological evolution.

The basic idea for cosmological reheating was proposed by A. D. Linde in[1, 2,
3, 4]. Particle production occurs due to oscillations of the scalar field φ around the
minimum of the self-interaction potential, immediately after the inflationary era ends.
The particles interact with each other, and eventually reach a thermal equilibrium state
with a reheating temperature Tr. This process is considered complete once the inflaton
has given all its energy to relativistic particles. Reheating can be analyzed by perturbative
methods[4], but in many inflationary models the production of particles is carried out by
non-perturbative processes in the so-called parametric excitation regime[5, 6, 7, 8]. This
process is known as preheating and occurs immediately after inflation has ended and
before perturbative contributions come into play.

The preheating stage occurs in a very short time period in which relativistic particles
are produced copiously, and is followed by turbulent interactions between different
oscillation modes of the scalar fields. We present the analytical study for preheating
in a model with two scalar fields, one of which is the inflaton field with quadratic self-
interaction potential, and the second scalar field is an auxiliary one with negligible bare
mass. An interaction term of four-legs is included in the theory which induces resonant
parametric solutions for the field equations.
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A quantum cosmological model in
Hořava-Lifshitz gravity

O. Obregón and J. A. Preciado

Departamento de Física, División de Ciencias e Ingenierías, Campus León, Universidad de
Guanajuato, A.P. E-143, C.P. 37150, León, Guanajuato, México.

Abstract. AWheeler-DeWitt equation for the Kantowski-Sachs model is derived within the frame-
work of the minimal quantum gravity theory proposed by Hořava. We study the solution to this
equation in the ultraviolet limit for the specific case where the λ parameter of the theory takes its
relativistic value λ = 1. It is observed that the minisuperspace variables switch their role compared
with their usual infrared (General Relativity) behavior.

Keywords: Horava gravity, quantum cosmology, minisuperspace models
PACS: 04.60.-m; 04.50.Kd; 98.80.Qc; 04.60.Kz

1. INTRODUCTION

Recently Petr Hořava proposed an interesting approach to quantum gravity [1, 2]. The
central idea of his theory is to combine gravity with the concept of anisotropic scaling
between space and time, motivated by the recent developments in the study of condensed
matter systems. Based on this principle, higher-derivative correction terms may be added
to the standard Einstein-Hilbert action such as different powers of the spatial curvature.
This improves the ultraviolet (UV) behavior of the graviton propagator and makes the
theory power counting renormalizable, but at the cost of giving up to Lorentz invariance
as a fundamental symmetry. Instead of that, it is expected to emerge as an accidental
symmetry in the infrared (IR) regime where general covariance must be restored.

In the minimal version of the theory the nature of the modifications is governed by
the gravitational analog of the “detailed balance” principle, frequently used in the study
of the dynamics of nonequilibrium systems, and the so called “projectability condition”
which restricts the lapse function to be a function of time only. However, it is possible
to construct a generalization by relaxing any or both of these conditions. This has lead
to the projectable and non-projectable versions of the theory [3, 4].

It has been claimed that Hořava’s proposal and its extensions suffer from several
issues related to a badly behaved scalar mode [5, 6]. However, it has many desirable
features and seems worth exploring it. Many aspects of the theory have been discussed in
the literature, particularly, cosmological and black hole solutions have been obtained [7,
8]. Many issues of cosmology arising from it have also been analyzed (see for example
[9]). However, no model that provides information about the quantum properties of this
theory seems to have been considered up to now.

For this purpose in this work we consider the Kantowski-Sachs (KS) universe which
is one of the simplest anisotropic models. A Wheeler-DeWitt (WDW) equation for this
model is derived in the context of the minimal theory proposed by Hořava. We study the
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Low energy theorems for gauge boson scattering
in left-right symmetric models

C. A. Vaquera-Araujo and M. Napsuciale

Departamento de Física, Universidad de Guanajuato, Campus Leon, C.P. 37150, León,
Guanajuato, México.

Abstract. In this work, low energy theorems for gauge boson longitudinal modes of the SU(2)L×
SU(2)R×U(1)B−L electroweak gauge theory are derived. These theorems are valid for energies in
the domain of applicability of the Equivalence Theorem, and hold for all left-right symmetric models
assuming that there are no extra contributions from light scalars to the scattering amplitudes.

Keywords: Left-right, gauge boson scattering, electroweak chiral lagrangian
PACS: 12.39.Fe, 12.60.Cn, 12.15.Ji

INTRODUCTION

The standard model (SM) of weak interactions is extremely successful. Nevertheless
the actual electroweak symmetry breaking (EWSB) mechanism is still unknown. Per-
haps the most important goal of the Large Hadron Collider (LHC) is to elucidate this
phenomenon, and an essential part of the prescription is the analysis of gauge boson
scattering reactions VV → VV [1]. If we do observe those reactions, it means that the
quanta of the symmetry breaking sector are of strong magnitude; otherwise, EWSB
is accomplished by weakly coupled quanta below O(1) TeV, the typical scale where
the amplitude of this class of processes would saturate tree-unitarity. If the Higgs
mechanism turns to be realized, a Higgs boson is enough to restore unitarity, and that
is a very desirable feature of the theory, but unsatisfactorily theories with fundamental
scalars are probably trivial. Beyond SM, a huge class of new physics models exist in
which the population of fundamental scalars increases dramatically, and therefore they
inherit many problems of the SM related with the symmetry breaking sector. This is the
case for many models based on left-right (L-R) symmetry.

L-R symmetric extensions of the SM which implement the gauge group

SU(2)L×SU(2)R×U(1)B−L (1)

have several attractive features (for a review see [2]). These include the same quark-
lepton symmetry with respect to the SU(2) group, the understanding of space-time
inversion symmetry violation as a consequence of the vacuum structure of the theory
and the natural existence of right handed neutrinos. Plenty of L-R symmetric models
have been proposed with different contents of Higgs multiplets, but there also exist
the possibility of strong dynamics taking place in this kind of models. In this work we
find LETs for the scattering of longitudinally polarized gauge bosons in a general L-R
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M. Napsuciale

Departamento de Física, División de Ciencias e Ingenierías, Universidad de Guanajuato, Campus
León, Lomas del Bosque 103, Fraccionamiento Lomas del Campestre, 37150, León, Guanajuato,

México

Abstract. The DPyC Medal award 2009 has been granted to José Luis Lucio for his contributions to
the field of particle physics and to the development of the Mexican high energy physics community.
In this contribution I briefly discuss these topics.

INTRODUCTION

The 2009 edition of the medal award of Division of Particles and Fields-Mexican
Physical Society has been granted to José Luis Lucio Martínez and it is my pleasure
to attend the organizing committee invitation to account for his contributions to the field
of particle physics and to the development of the Mexican community working in this
field. I will dwell first on the second topic and then go through the different problems in
particle physics on which José Luis did work .

CONTRIBUTIONS TO THE DEVELOPMENT OF PARTICLE
PHYSICS IN MEXICO

José Luis emigrated from his born place, San Luis Potosí, during his third year (out of
five) of the bachelor program, to México City where he got his Master degree at Cin-
vestav in 1977 working in elementary particle physics. Since then he has worked in this
discipline getting his PhD in 1980 at the Catholic University of Louvain (UCL), Bel-
gium, after which he got back to México to work at Cinvestav. I meet José Luis for the
first time in 1986 at the Physics Department of Cinvestav where I went to start the Master
program in physics. There was a small group at this place doing particle physics (Ar-
nulfo Zepeda, Augusto García, Miguel Angel Perez, José Luis Lucio, Alfonso Rosado
and Rodrigo González) and a nice academic atmosphere, where the close relationship
between professors and students of the Physics Department stimulated intense discus-
sions on the different topics on which the members of the Department were working.
These discussions were specially interesting during the Department celebrations when a
student presented his/her thesis defense and it was in these meetings where I learn most
of what I will write here about the particle physics community before 1986.

The Mexican School of Particle and Fields (MSPF) was created in 1984 by José Luis
Lucio, Matías Moreno and Arnulfo Zepeda. José Luis gave continuity to this conference
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Spinor fields in 4+1 dimensions and the Dirac
equation

Selim Gómez-Ávila∗,† and Mauro Napsuciale Mendivil∗,∗∗

∗Departamento de Física, Universidad de Guanajuato
†selimibn@fisica.ugto.mx
∗∗mauro@fisica.ugto.mx

Abstract. We discuss the local properties of free spinor fields in 4 + 1 dimensions. The Poincaré
group has in this case three algebraic invariants (C2,C3,C4), which correspond to extra dimen-
sional mass, spin, and a new quantum number related to the little algebra so(4). We construct the
eigenspaces for these invariant operators in the spinor representation. In the fermion case the eigen-
value equation (C3±3m)ψ = 0 for the cubic Casimir turns out to be equal to the Dirac equation.

Keywords: Extra dimensions, field theory
PACS: 11.10.Kk, 11.30.Cp

GOOD QUANTUM NUMBERS

In order to use the induced representation method to construct a quantum field theory
in extra dimensions [1] we need to adequately characterize the spacetime quantum
numbers of D + 1 spacetime. This is a first step necessary for the consistency of extra
dimensional models; it means both finding the abstract independent algebraic invariants
of the iso(1,D) and so(1,D) spacetime algebras and contructing representations where
they can be explicitely realized. In particular we are interested in the most immediate
case of the 4+1 spacetime. There are many systematic studies of the global properties of
contracted spacetimes (see for an example [2], or the review [3] and references therein),
but the local structure can also provide interesting information; this will be the focus of
this work.

First we discuss the extra dimensional Poincaré algebra and its invariants. Then we
proceed with the construction of irreducible representations of the so(1,4) algebra
through the standard Cartan-Weyl decomposition (see for example [4] for a detailed
discussion).

THE iso(1,D) AND so(1,D) ALGEBRAS

The Poincaré algebra is the semidirect product tD nso(1,D), with Lie brackets given by

[Mµν ,Pρ ] =−i(ηµρPν −ηνρPµ) [Pµ ,Pν ] = 0 (1)
[Mµν ,Mρσ ] =−i(ηµρMνσ −ηµσ Mνρ −ηνρMµσ +ηνσ Mµρ).

The generalization of the Poincaré algebra to an arbitrary number of dimensions is
direct. Since P2 is an invariant for every D, the idea of mass makes sense across dimen-
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Hard photon production by inverse Compton
scattering

A. Castilla∗, M. Napsuciale∗ and J. M. López Romero†

∗Departamento de Física, Universidad de Guanajuato
†Departamento de Tiempo y Frecuencia, Centro Nacional de Metrología

Abstract. The controlled production of hard photons (X and γ-rays) is of relevance in many
medical, industrial and science applications. In this work an alternative method for producing both
X and γ-rays via Inverse Compton Scattering with both electron and proton beams is discussed. We
present results for the cross section for this process with non static electron and protons. The results
are evaluated for a particular energy interval, and an experimental design is proposed.

Keywords: Compton scattering, inverse, hard photon, X rays, γ rays
PACS: 12.39.Fe

INTRODUCTION

The Inverse Compton Scattering (ICS) is basically a momentum transference process
using photon collisions with non-static electrons, to increase the energy of incoming
light. Kinematics calculations are made to estimate the scattered photon frequency ω’
as a function of the incoming photon frequency ω and the electron source energy, using
visible range incoming photons (500nm), then an analysis of Feynman Diagrams is
discussed to get differential cross sections and establish if this method is experimentally
viable to get hard photons (X and γ-rays) using visible light and electron sources at the
corresponding energy. A specific case for red photons (670nm) going into blue (470nm)
by ICS is analyzed and a demonstrative experimental design is discussed.

A second alternative using γ p collisions is calculated and found impractical compared
with the ICS case.

CALCULATIONS

For ICS using both electron or proton sources, there are two contribution of tree Feyn-
man diagrams, one on s-channel and the second on u-channel.

k k′

p p′

Q = p+ k

k k′

p p′

Q′ = p− k′
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Oscar Loaiza-Brito
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Guanajuato, P.O. Box E-143, León, Guanajuato, México

Abstract. We review some topological effects on the construction of string flux-vacua. Specifically
we study the effects of brane-flux transitions on the stability of D-branes on a generalized tori
compactificaction, the transition that a black hole suffers in a background threaded with fluxes and
the connections among some Minkowsky vacua solutions.

Keywords: String theory, string compactificaction, fluxes
PACS: 11.25.-w

INTRODUCTION

During the last decade, flux string compactifications have become an important setup on
the construction of realistic string vacua [1]. The main reason for that lies on the pos-
sibility to construct a superpotential depending on the compactificaction moduli which
in turn yields their stabilization. However, the presence of such fluxes impose some
stringent constraints on the models involving wrapping D-branes on internal cycles. An
important consequence is the realization of a topological transition between a brane con-
figuration into one involving fluxes.

Wrapping a D-brane on a submanifold supporting NS-NS flux flux makes the D-
brane, Freed-Witten (FW) anomalous [2]. This anomaly in the corresponding string
worldsheet, can be understood in the following way. Consider a D(p + 2)-brane wrap-
ping a submanifold Wp+3. If there exists a NS-NS 3-form H3 with its three legs on the
worldvolume of the D-brane (a non-vanishing pullback of H3 on Wp+3), a monopole
charge is induced through the action term

∫
W Ap∧H3, where Ap is the dual gauge poten-

tial on Wp+3. The corresponding equations of motion are not fulfilled unless the source
for the magnetic charge is added. This is accomplished by considering an extra D-brane
ending at the worldvolume of the FW-anomalous brane. Altogether, the system is well
defined and consistent.

Hence, in the presence of NS-NS flux, D-branes cannot wrap any submanifold. A
consistent brane configuration should involve a net of submanifolds on which branes of
different dimensions are wrapped. Specifically, if a D(p+2)-brane wraps a submanifold
Wp+3 on which the pullback of H3 is different from zero, an extra Dp-brane wrapping
a (p− 1)-submanifold of Wp+3 and extending on one coordinate on the transversal
space to Wp+3 is required. Being the submanifolds adequate to define spinors and their
coupling with gauge fields, this configuration guarantees the absence of inconsistencies.

There are however, D-branes which in spite of being FW anomaly-free, are never-
theless unstable. This is physically interpreted as a topological transformation between
D-branes and fluxes through the appearance of instantonic branes [3]. Formally, the tran-
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Campus León P.O. Box E-143, 37150 León Gto., México

Abstract.
Recently it has been a lot of interest in the theory proposed by Hořava because is a remormal-

izable theory of gravity and may be a candidate for the UV completion of Einstein gravity. In the
present work we study thermodynamical properties of black hole type solutions in this setup. In
particular we are able to obtain times of evaporation for black hole solution in this formalism.

Keywords: Hořava Gravity, Black Holes, Thermodynamics
PACS: 02.40.Gh,04.60.-m,04.70.Dy

INTRODUCTION

Recently a new four-dimensional renormalizable theory of gravity was proposed
by Hořava [1], inspired by condensed matter models of dynamical critical systems.
This theory has manifest three-dimensional spatial general covariance and time-
reparameterization invariance, but only acquires four-dimensional general covariance in
a infra-red large distance limit. It may be describe in a language akin to the ADM 3+1
formulation of general relativity, but in which Einstein gravity is modified so that the
full underlying four-dimensional covariance is broken.

THE HO ŘAVA THEORY

In the ADM formalism, the four-dimensional metric of general relativity is parameter-
ized as [2]

ds2
4 = −N2dt2+gi j (dxi −Nidt)(dxj −N jdt), (1)

whereN is the lapse function,Ni is the shift function andgi j is the 3-metric and all are
function of (t,xi). So the Einstein-Hilbert action for the ADM decomposition is given
by

SEH =
1

16πG

∫
d4x

√
gN(Ki j K

i j −K2+R−2Λ), (2)

whereG is the Newton constant andKi j is defined byKi j = 1/2N(ġi j −∇iNj −∇ jNi),
and a dot represents a derivative with respect tot. The action of the theory proposed by
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