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LEPTONIC CP VIOLATION FROM DISCRETE SYMMETRIES

S.T. Petcov! 2

1SISSA/INEN, Trieste, Italy
2Kavli IPMU, University of Tokyo, Japan

We explore the possibility that the observed pattern of neutrino mixing is determined by
new fundamental (discrete) symmetry of the particle interactions. Possible candidates
for such symmetries of the lepton sector include Sy, A4, T”, A5, among other. The in-
dicated discrete symmetries lead to specific underlying symmetry forms of the neutrino
mixing matrix: i) A4, T" to tri-bimaximal mixing (TBM) form, ii) S, to bi-maximal mix-
ing (BM) form, iii) A5 to golden ratio type A (GRA) from, iv) D1 to golden ratio type B
(GRA) from, v) D15 to hexagonal (HG) form. In each of these cases the approach of inter-
est leads to specific predictions for the magnitude of the Dirac CP violation in the lepton
sector. The results that will be discussed in this presentation show, in particular, that
the experimental measurement of the Dirac phase § (or of cos d) of the neutrino mixing
matrix combined with the data on the neutrino mixing angles, can provide unique infor-
mation about the possible discrete symmetry origin of the observed pattern of neutrino
mixing.

4 The Third National Congress on Physical Sciences



NATURAL DYNAMICAL GENERATION OF ELECTRO-WEAK SPONTANEOUS
SYMMETRY BREAKING IN THE POST-INFLATIONARY UNIVERSE

E. Guendelman', E. Nissimov?, S. Pacheva®

!Department of Physics, Ben-Gurion University of the Negev, Beer-Sheba, Israel
2Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

In a remarkable paper from 1986 J. Bekenstein proposed the intriguing idea about a
gravity-assisted spontaneous symmetry breaking of electro-weak (Higgs) type without
invoking unnatural (according to Bekenstein’s opinion) ingredients like negative mass
squared and a quartic self-interaction for the Higgs field.

Motivated by Bekenstein’s idea, in the present talk we will discuss a new non-standard
model of gravity coupled to a neutral scalar “inflaton”, as well as to a U(1)-charged
SU(2) iso-doublet scalar field with a standard positive mass squared and no self-
interaction, and to SU (2) x U (1) gauge fields. Recall that the SU(2) x U(1) scalar and
gauge fields constitute the bosonic part of the electro-weak particle sector. The essen-
tial non-standard feature of our model is employing the formalism of non-Riemannian
space-time volume forms — alternative generally covariant integration measure densi-
ties defined in terms of auxiliary antisymmetric tensor gauge fields independent of the
pertinent Riemannian metric.

Although being pure-gauge degrees of freedom, the non-Riemannian space-time vol-
ume forms trigger a series of important features unavailable in ordinary gravity-matter
models with the standard Riemannian volume-form (given by the square-root of the de-
terminant of the Riemannian metric): (i) The “inflaton” developes a remarkable effec-
tive scalar potential in the Einstein frame possessing an infinitely large flat region for
large negative values describing the “early” universe evolution; (ii) In the absence of the
SU(2) x U(1) iso-doublet scalar field, the “inflaton” effective potential has another in-
finitely large flat region for large positive values describing the “late” (post-inflationary)
universe; (iii) Inclusion of the SU(2) x U (1) iso-doublet scalar field introduces a drastic
change in the total effective scalar potential in the post-inflationary universe - the total
effective scalar field potential acquires exactly the celebrated electro-weak Higgs-type
spontaneous symmetry breaking form.

The talk is based on an essay http://arxiv.org/abs/1603.06231, which received a
honorable mention in 2016 Gravity Research Foundation Competition for Essays on Gravita-
tion (http://www.gravityresearchfoundation.org/pdf/2016_Awards.pdf).
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POSITIVE ENERGY UNITARY IRREDUCIBLE REPRESENTATIONS OF
THE SUPERALGEBRAS osp(1|2n,R)

V. Dobrev

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

We continue the study of positive energy (lowest weight) unitary irreducible represen-
tations of the superalgebras osp(1]2n, R).

We update previous results and present the full list of these unitary irreducible repre-
sentations.
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A COMPUTER TEST OF HOLOGRAPHIC FLAVOUR DYNAMICS

V. Filev, D. O’Connor

School of Theoretical Physics, Dublin Institute for Advanced Studies,
10 Burlington Road, Dublin 4, Ireland

Gauge/gravity duality is among the most important theoretical developments coming
from string theory. In the original formulation of Maldacena, the duality relates string
theory in the AdS5 x S5 background space-time to the large N limit of 3 + 1 dimensional
N =4 Super-symmetric Yang-Mill theory living on the asymptotic boundary of the AdS5
space-time. This idea has inspired numerous extensions of the duality with ever in-
creasing phenomenological relevance, currently ranging from heavy ion collisions to
condensed matter physics. In this work we are interested in holographic flavour dynam-
ics—the generalisation of the AdS/CFT correspondence to flavoured gauge theories.

The first such generalisation was proposed by Karch and Katz, who introduced a probe
D7-brane to the AdS5x S5 supergravity background. On the field theory side this cor-
responds to introducing an N = 2 fundamental hypermultiplet in the quenched approx-
imation. The classical dynamics of the probe brane is governed by an effective Dirac-
Born-Infeld action. Remarkably the AdS/CFT dictionary relates the classical properties
of the brane to quantum vacuum expectation values in the dual flavoured gauge theory.
One such quantity is the fundamental condensate of the theory, which is encoded in the
classical profile of the probe brane near the asymptotic boundary.

Testing the AdS/CFT correspondence requires an alternative nonperturbative approach
and for a four dimensional gauge theory lattice simulations on a computer seem a natural
approach. We perform computer simulations of the Berkooz-Douglas (BD) matrix model,
holographically dual to the DO/D4-brane intersection. We generate the fundamental
condensate versus bare mass curve of the theory both holographically and from simu-
lations of the BD model. Our studies show excellent agreement of the two approaches
in the deconfined phase of the theory and significant deviations in the confined phase.
We argue the discrepancy in the confined phase is explained by the embedding of the
D4-brane which yields stronger o corrections to the condensate in this phase.
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BLACK HOLE MICROSTATES IN STRING THEORY

F. Benini', K. Hristov?, A. Zaffaroni?

!Imperial College, London, UK

?Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

3Universita di MilanoBicocca, Italy

This talk addresses the problem of counting the black hole microstates witihin the
framework of string theory. The particular example we take are super symmetric asymp-
totically AdS black holes in four dimensions and our description is in terms of a holo-
graphically dual field theory. We focus on a class of asymptotically AdS_4 static black
holes preserving two real supercharges which are dual to a topologically twisted defor-
mation of the ABJM theory. We evaluate in the large N limit the topologically twisted
index of the ABJM theory and show that it correctly reproduces the entropy of the AdS_4
black holes. An extremization of the index with respect to a set of chemical potentials is
required. We interpret it as the selection of the exact Rsymmetry of the superconformal
quantum mechanics describing the horizon of the black hole.
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BA3UC HA TEN®AHA-UETNIMH 3A KJNTAC OT NMPEACTABAHUA
HA CYNEPAJITEBPATA HA JU gl(n|n)

N.L Stoilova', J. Van der Jeugt?

Mnstitute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,

Sofia, Bulgaria
2Department of Applied Mathematics, Computer Science and Statistics, Ghent

University, Krijgslaan 281-S9, B-9000 Gent, Belgium

Hog, Taka HapeueH, HeueTeH 6a3uc Ha Tendana-1leTIMH e BbBeIeH 3a HEePUBOAVMUTE
KOBAapMaHTHM TeH30PHM MPeLCTaBsHMs Ha cynepanre6para Ha JIu gl(n|n). CBbp3ann-
Te ¢ ToBa Tabauuy Ha lendana-LieTnnH ce 6a3MpaT Ha Pas3IOKEHUETO 0 OTHOIIeHUe
Ha OIpeieieHa Bepura oT ropaure6pu Ha gl(n|n). Tasu Bepura ChabpKa Camo CyIe-
panre6pu Ha Jln ot Buga gl(k|l) ¢ k u | pasmuunm ot Hyna (C U3KIIOUEHME Ha KPANHMS
elleMeHT Ha Bepurara, KoiTo e gl(1|0) = gl(1)). Hamepenu ca TouHM U3pasu 3a feiic-
TBMETO HA MHOXECTBO OT TeHepaTopy Ha anreépara BbpXy TO3 6asuc.
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QUINTESSENCE AND UNIFIED DARK ENERGY AND DARK MATTER

E. Guendelman', E. Nissimov?, S. Pacheva?

!Department of Physics, Ben-Gurion University of the Negev, Beer-Sheba, Israel
?Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

Dark energy and dark matter, occupying around 70% and 25% of the matter content
of the Universe, respectively, continue to be the two most unexplained “mysteries” in
cosmology and astrophysics. In most loose terms dark energy is responsible for the ac-
celerated expansion of today’s Universe, i.e., dark energy acts effectively as repulsion
force among the galaxies — a phenomenon completely counterintuitive w.r.t. naive no-
tion about gravity as an attractive force. And vice versa, dark matter holds together the
matter objects inside the galaxies. The adjective “dark” is due to the fact that both these
fundamental matter components of the Universe interact only gravitationally, and they
do not directly interact with ordinary (baryonic) matter, in particular, they do not inter-
act electromagnetically and thus they remain “dark”.

There exist a multitude of proposals for an adequate description of dark energy’s and
dark matter’s dynamics within the framework of standard general relativity or its mod-
ern extensions. On this topic our collaborative group has already certain non-trivial
contribution through few joint publications in leading European physics journals. In
the present talk we will briefly describe and further extend the basic features of our ap-
proach.

Using the method of non-Riemannian spacetime volume-forms (metric-independent
generally-covariant integration measure densities) we first construct a new non-
canonical cosmological model of gravity interacting with a single scalar field (“darkon”),
which explicitly yields a self-consistent unified description of “dark energy” as a dynam-
ically generated cosmological constant, and “dark matter” as a dust fluid flowing along
spacetime geodesics, by unifying them as an exact sum of two separate contributions
to the pertinent scalar field energy-momentum tensor. In other words, this unified de-
scription shows that “dark energy” and “dark matter” may be viewed as two different
manifestations of one single matter source — the scalar “darkon” field.

Next, extending our formalism of non-Riemannian spacetime volume-forms, we couple
the above non-canonical gravity-matter system to a second scalar field - the “inflaton” -
in such a way that the “inflaton” dynamics provides a unified description of the evolution
of both the “early” and “late” Universe - this is a model of “quintessence”. We exhibit in
some detail the interplay between the “inflaton” and the “darkon” in the “early” (infla-
tionary) and the “late” (dark energy dominated) epochs of the Universe.
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ARE THE ELEMENTARY PARTICLES REALLY ELEMENTARY: OPE ALGEBRAS IN
QUANTUM FIELD THEORY

Nikolay M. Nikolov

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

In Quantum Field theory (QFT) and in the theory of elementary particles two closely re-
lated notions are considered: composite fields and composite particles, respectively. In
the field picture the compositeness is conceptually fully understood by the notion of Op-
erator Product Expansion (OPE), which has been introduced by Nobel laureate Kenneth
Wilson in 1964. Intuitively, the OPE describes the product of quantum fields at short
distances in terms of other (composite) quantum fields. Afterwards, it has been realized
that the OPE is a new algebraic structure, which itself can provide an alternative defini-
tion of QFT. In this talk I shall make a popular level review of the above mentioned basic
notions, and in conclusion I shall briefly present a result of mine on this topic.
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EINSTEIN-ROSEN “BRIDGE” REVISITED AND LIGHTLIKE
THIN-SHELL WORMHOLES

E. Guendelman', E. Nissimov?, S. Pacheva?, M. Stoilov?

!Department of Physics, Ben-Gurion University of the Negev, Beer-Sheba, Israel
2Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

The celebrated Einstein-Rosen “bridge” in its original formulation from 1935 is histori-
cally the first example of a traversable gravitational wormhole spacetime. However, the
traditional presentation of the Einstein-Rosen “bridge” in modern textbooks in general
relativity does not correspond to its original formulation. The “textbook” version of the
Einstein-Rosen “bridge” is physically inequivalent to the original 1935 construction as
it represents both a non-static spacetime geometry as well as it is non-traversable.

Based on earlier works of ours we revisit the original Einstein-Rosen formulation from
1935. We find that the originally used local spacetime coordinates suffer from a serious
problem - the pertinent spacetime metric in these coordinates possesses an essential
unphysical singularity at the wormhole “throat” - the boundary between the two “uni-
verses” of the Einstein-Rosen “bridge” manifold.

We propose instead a different set of local coordinates for the Einstein-Rosen “bridge”
such that its spacetime geometry becomes well-defined everywhere, including on the
wormbhole “throat”.

On the other hand, this reveals a very important new feature of the correctly defined
Einstein-Rosen “bridge”, which was overlooked in the original Einstein-Rosen paper.
Namely, we show that the correct construction of the Einstein-Rosen “bridge” as self-
consistent solution of the corresponding Einstein equations requires the presence of a
“thin-shell” “exotic” matter on the wormhole “throat” - a special particular member of
the (originally introduced in other papers of ours) class of lightlike membranes.

In the present talk we will discuss briefly several crucial properties of the correct for-
mulation of the original Einstein-Rosen “bridge” as a specific well-defined solution of
wormbhole type of gravity interacting self-consistently with a lightlike membrane mat-
ter: Lagrangian action principle; traversability of the Einstein-Rosen wormhole w.r.t.
proper-time of travelling observers; Kruskal-Penrose formalism and maximal analytic
extension of the Einstein-Rosen “bridge” manifold.

Finally, we will briefly illustrate the application of the above formalism to more com-
plex physically interesting lightlike thin-shell wormholes with more than one wormhole
“throat”, in particular - QCD-like electric flux confinement in “tube-like” wormholes.
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COSMOLOGICAL ASPECTS OF A UNIFIED DARK ENERGY AND DUST DARK MATTER
MODEL DUAL TO QUADRATIC PURELY KINETIC K-ESSENCE

M. Stoilov, D. Staicova

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

Recently, a model of modified gravity plus single-scalar-field model was proposed by
Guendelman et al., in which the scalar Lagrangian couples symmetrically both to the
standard Riemannian volume-form given by the square-root of the determinant of the
Riemannian metric, as well as to another non-Riemannian volume-form given in terms
of an auxiliary maximal-rank antisymmetric tensor gauge field. This model provides
an exact unified description of both dark energy and dark matter, because on the one
hand, it dynamically generates a cosmological constant, and on the other - it features a
“dust” fluid with geodesic flow as a result of a hidden Noether symmetry, which can be
interpreted as a dark matter candidate. Here we apply this f(R) theory with two measures
to cosmology and we report our first results.
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W4 TODA CFT EXAMPLE AND SOME APPLICATIONS

P. Furlan!, V.B. Petkova?

Dipartimento di Fisica dell’Universita di Trieste, Italy
?Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

There are few explicit results for the basic structures of the 2d conformal field theories
(CFT) based on higher rank algebras. We construct some new examples of 3- and 4-point
correlators for the W4 Toda CFT and use them to compute a class of braiding/fusing ma-
trices. Possible applications of these results to the 4d models with superconformal sym-
metry sl(2,2]4) in the context of the AdS5/CFT4 correspondence are discussed in the
heavy and light charge classical limits. The 4-point Toda correlator admits an explicit
integral representation which reveals a surprising relation to a correlator in the Liouville
CFT with different central charge.
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QUANTUM ENTANGLEMENT OF PAIS-UHLENBECK OSCILLATORS

Hristo Dimov!, Stefan Mladenov!, Radoslav C. Rashkov'2,
Tsvetan Vetsov!

1Department of Physics, University of Sofia, 5 J. Bourchier Blvd., 1164 Sofia,
Bulgaria

2Institute for Theoretical Physics, Vienna University of Technology,
Wiedner Hauptstr. 8-10, 1040 Vienna, Austria

We study the quantum entanglement of coupled Pais-Uhlenbeck oscillators using the
formalism of thermo-field dynamics. The entanglement entropy is computed for the
specific cases of two and a ring of N coupled Pais-Uhlenbeck oscillators of fourth order.
It is shown that the entanglement entropy depends on the temperatures, frequencies
and coupling parameters of the different degrees of freedom corresponding to harmonic
oscillators. Finally, we advert to the information geometry theory by calculating the
Fisher information metric for the considered system of coupled oscillators.
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META-CONFORMAL INVARIANCE AND THE BOUNDEDNESS OF TWO-POINT
CORRELATION FUNCTIONS

S. Stoimenov

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

The covariant two-point functions, derived from Ward identities in direct space, can be
affected by consistency problems and can become unbounded for large time- or space-
separations. This difficulty arises for several extensions of dynamical scaling, for exam-
ple Schrédinger-invariance, conformal Galilei invariance or meta-conformal invariance,
but not for standard ortho-conformal invariance.

For meta-conformal invariance in (1 4 1) dimensions, these difficulties can be cured by
going over to a dual space and an extension of these dynamical symmetries through the
construction of a new generator in the Cartan sub-algebra. This provides a canonical in-
terpretation of meta-conformally covariant two-point functions as correlators. Galilei-
conformal correlators can be obtained from meta-conformal invariance through a simple
contraction. In contrast, by an analogus construction, Schrodinger-covariant two-point
functions are causal response functions. All these two-point functions are bounded at
large separations, for sufficiently positive values of the scaling exponents.
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KOMIMAKTHA KAPTUHA 3A NOJIEBU TEOPUN C PASLLMPEHA
CYNEPKOH®OPMHA CUMETPUA

[. HepaHoBcku

VSWSE, Bearapcka akagemust Ha HaykuTe, 6yi1. Lapurpaacko moce 72, Codus 1784

3a KOHGOPMHUTE TeOPMHM Ha MOJIETO ChIIECTBYBA YA0OHO KOOPAMHATHO OMMCAHNE, U3-
BECTHO KaTo KOMITaKTHA KapTuHa. To ce ocuUrypsiBa OT KOMIUIeKCHa KOHGOpPMHA TpaH-
copmanus (06061eHMe Ha U300pakeHeTo Ha Keiiu), KoaTo 1306passiBa peasTHOTO
D-MepHO MPOCTPAHCTBO Ha MMHKOBCKM B OTPaHMUYEHO MTOJMHOXKECTBO B D-MepHOTO
KOMILJIEKCHO BEKTOPHO MTPOCTPAHCTBO. B TO3M AOKIAZ, Ilie TPeCTaBUM pasilpeHne Ha
KOMITaKTHATa KapTUHA 3a TI0JIeBY TEOPUM ChC CYTIEPKOHGOPMHA CUMETPMSI.
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ON THE RENORMALIZATION GROUP FLOW IN GENERAL su(2) COSET MODELS

M. Stanishkov

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

We consider a RG flow in a general su(2) coset model perturbed by the least relevant field.
This is done using two different approaches. We first compute the mixing coefficients of
certain fields in the UV and IR theories using a conformal perturbation theory. The per-
turbing field as well as some particular fields of dimension close to one are constructed
recursively in terms of lower level fields. Using this construction we obtain the structure
constants and the four-point correlation functions up to the desired order. This allows
us to compute the anomalous dimensions and the aforementioned mixing coefficients.
The same coefficients can be calculated using the RG domain wall construction proposed
by Gaiotto. We compute the corresponding one-point functions and show that the two
approaches give the same result in the leading order.
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W4 TODA CFT EXAMPLE AND SOME APPLICATIONS

P. Furlan!, V.B. Petkova?

Dipartimento di Fisica dell’Universita di Trieste, Italy
?Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences,
Sofia, Bulgaria

There are few explicit results for the basic structures of the 2d conformal field theories
(CFT) based on higher rank algebras. We construct some new examples of 3- and 4-point
correlators for the W4 Toda CFT and use them to compute a class of braiding/fusing ma-
trices. Possible applications of these results to the 4d models with superconformal sym-
metry sl(2,2]4) in the context of the AdS5/CFT4 correspondence are discussed in the
heavy and light charge classical limits. The 4-point Toda correlator admits an explicit
integral representation which reveals a surprising relation to a correlator in the Liouville
CFT with different central charge.
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