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Recent results on charmonium-like spectroscopy and
transitions at Belle

Tuesday 9 September 2014 14:00 (25 minutes)

Using a 980 fb-1 data sample collected with the Belle detector on or near Y(nS), n=1, 2, ..., 5,
the production cross sections of e+e- —K+K-J/¥, KsKs J/¥, y xcJ, n+n-¥(2S) are measured. The
properties of the Y(4360) and Y(4660) in mt+7-¥(2S) mode are updated, and no significant signal is
observed in y xcJ, mode, except those from the ¥(2S) decays. The possible charged charmoniumlike
structures are also searched for in the K+J/¥ and n+¥(2S)intermediate states.
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Hadronic effects within dispersive approach to QCD:
tau lepton decay and vacuum polarization function

Thursday 11 September 2014 17:30 (20 minutes)

The dispersive approach to QCD, which extends the applicability
range of perturbation theory towards the infrared domain, is
developed. This approach properly accounts for the intrinsically
nonperturbative constraints, which originate in the low-energy
kinematic restrictions on pertinent strong interaction processes.
The dispersive approach proves to be capable of describing
recently updated ALEPH and OPAL experimental data on inclusive
tau lepton hadronic decay in vector and axial-vector channels in

a self-consistent way. The vacuum polarization function obtained
within developed approach appears to be in a good agreement with
relevant low-energy lattice simulation data.

[1] AV.Nesterenko,
“Dispersive approach to QCD and inclusive tau lepton hadronic decay”.
Phys. Rev. D88, 056009 (2013); arXiv:1306.4970[hep-ph].

[2] M.Baldicchi, A.V.Nesterenko, G.M.Prosperi, and C.Simolo,
“QCD coupling below 1 GeV from quarkonium spectrum”.
Phys. Rev. D77, 034013 (2008); arXiv:0705.1695[hep-ph].

[3] AV.Nesterenko,
“Inclusive tau lepton decay: the effects due to hadronization”.
PoS ConfinementX, 350 (2013); arXiv:1302.0518hep-ph].

[4] AV.Nesterenko,
“Hadronic effects in low-energy QCD: inclusive tau lepton decay”.
Nucl. Phys. B (Proc. Suppl.) 234, 199 (2013); arXiv:1209.0164[hep-phl].
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Effective Field Theories for thermal calculations in
Cosmology

Tuesday 9 September 2014 14:00 (20 minutes)

Cosmology and particle physics come across a tight connection in the attempt

to reproduce quantitatively the results of experimental findings. Indeed, the

dark matter relic abundance and the amount of baryon asymmetry in the universe are accurately
determined by the recent analysis of the cosmic microwave

background.

Majorana fermions enter in many scenarios of physics beyond the Standard

Model. In the simplest leptogenesis framework Majorana neutrinos are at the

origin of the baryon asymmetry and most of the dark matter candidates are

described by Majorana fermion fields. The non-relativistic regime comes up to

be relevant during the lepton asymmetry generation and the dark matter

dynamics at the freeze-out as well. Moreover all the interactions occur in a thermal

medium that is the universe in its early stage.

We discuss the development of an effective field theory for non-relativistic

Majorana which is analogous to the HQEFT. Then, we apply it to the case of a heavy Majorana
neutrino decaying in a hot and dense plasma of Standard Model particles, whose temperature is
much smaller than the mass of the Majorana neutrino but still much larger than the electroweak
scale. Thermal corrections to the neutrino width are addressed.

Finally we show an effective field theory derivation of the Boltzmann equation for weakly interact-
ing dark matter particles. The presented techniques have broad applications also to the treatment
of hard probes in a hot QCD medium, for instance quarkonia suppression and jet quenching. The
development and application of resummation

techniques in hot QCD or cosmology can benefit both fields.

Primary authors: Dr VAIRO, Antonio (TUM); Dr ESCOBEDO, Miguel (TUM); Prof. BRAMBILLA,
Nora (TUM); Mr BIONDINI, Simone (TUM)
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Jet broadening at NNLL in perturbation theory

Friday 12 September 2014 14:40 (20 minutes)

The effect of jet broadening and the related jet quenching parameter \hat{q} are important in the
description of energy loss of a jet moving through a medium. This effect has been calculated
perturbatively up to NLO. In this talk I will show that in order to compute the NNLO result one
needs to consider contributions from transverse momenta of order T, gT and g"2T and that in
the region gT a resummation of large logarithms is needed. Using results from the calculation
of the static potential in 3 dimensions, this resummation can be performed in the context of jet
broadening at NNLL accuracy and its effect on \hat{q} calculated.
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Heavy quarkonium suppression in a fireball

Thursday 11 September 2014 15:30 (30 minutes)

The dissociation of heavy quarkonium seen in heavy-ion collisions is a phenomena that allows to
extract information of the produced thermal medium. This was believed to be due to the screening
of the static potential, but recently perturbative computations and some lattice studies have pointed
out to the possibility of having an imaginary part of the potential that would also contribute to
dissociation. In recent years a program to study heavy quarkonium with the use of non-relativistic
effective field theories (EFTs) has been started, this allows to make the computations in a more
systematic way by defining a more suitable power counting and making it more difficult to miss
necessary resummations. However until now these studies have been done assuming thermal
equilibrium. In this talk I will discuss what happens in the EFT formalism when heavy quarkonium
is in a medium that is not in thermal equilibrium and what is the expected suppression when a
medium with a time dependent effective temperature that follows Bjorken evolution is considered.
This will be done adapting previous results from different temperature regimes.
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Instanton mediated baryon number violation in
gauge extended models.

Tuesday 9 September 2014 14:00 (18 minutes)

Instanton solutions of non-abelian Yang-Mills theories generate an effective action that may induce
lepton and baryon number violation, namely AB = AL = Ny, being N the number of families
coupled to the gauge group. It is well known that within the Standard Model the size of the viola-
tion is negligible, however this might not be longer true in non-universal gauge extended models.
I will analyze instanton mediated AB = AL = 1 interactions within a SU(2), ® SU(2), @ U(1)
extension of the Standard Model that breaks the universality of couplings of the third family. I
will apply these interactions to the study of proton decay and to the analysis of non-leptonic and
radiative decays of the tau lepton.

Primary authors: FUENTES, Javier (Instituto de Fisica Corpuscular); PORTOLES, Jorge (Instituto
de Fisica Corpuscular); RUIZ-FEMENIA, Pedro (Instituto de Fisica Corpuscular)
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Current status of Higgs physics

Monday 8 September 2014 14:00 (30 minutes)

In 2012 a resonance at around 126 GeV was discovered at the LHC in the
Higgs search channels. Since then, work has continued to verify that it

is indeed the Standard Model (SM) Higgs boson which has been found, or
to find deviations from the SM predictions, which would point to new
physics.

In this talk I will summarize the current experimental results on the
Higgs boson and discuss the state-of-the-art of its phenomenological
aspects. This will then be compared with predictions from theories
beyond the SM, in particular also composite scenarios. I will show how
well these are already constrained by today’s data and give an outlook
of what to expect in the future.
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Recent results from CMD-3 detector at VEPP-2000
collider

Friday 12 September 2014 16:40 (20 minutes)
Regular data taking with the CMD-3 detector at the VEPP-2000 electron-positron collider in Novosi-
birsk is underway since 2010. The luminosity up to 10**31 cm-2s-1 has been reached at the energy

2E=2 GeV, and another order of magnitude will be achieved after construction of the new positron
source.

The already collected physical data sample corresponds to about 60 inversed picobarns of inte-
grated luminosity in the energy range from phi-meson up to 2 GeV and currently the first scan
from 2 pion threshold up to 1 GeV with about 6 pb-1 has been performed to get a new precision
measurement of the e+e- -> pi+pi- cross section. Preliminary results on cross sections of a number
of multi-hadron final states from the CMD3 detector is reported. The obtained results are in good
agreement with previous experiments and have a comparable or better statistical precision.
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Chiral-symmetry breaking and confinement in
Minkowski space

Friday 12 September 2014 16:20 (20 minutes)

We propose a model for the quark-antiquark interaction in the framework of the Covariant Spec-
tator Theory (CST). Our interaction kernel in momentum space is the sum of a delta-function
potential and a covariant generalization of the linear confining interaction. With a pure vector
Lorentz structure for the delta-function and a mixed scalar-pseudoscalar structure for the confin-
ing part, the axial-vector Ward-Takahashi identity is preserved. The confining part decouples from
the pion CST equation in the chiral limit of vanishing current quark masses, a necessary condition
for chiral symmetry to hold. These properties also ensure that the Adler zero in pi-pi scattering
is reproduced. Within this model, the dressed quark mass function is calculated and compared
to the existing lattice QCD data at negative Minkowski-space momenta-squared. Furthermore, it
is used, together with a dressed off-shell quark current that satisfies the vector Ward-Takahashi
identity, in the calculation of the pion electromagnetic form factor in the relativistic impulse ap-
proximation. Our form factor results are in agreement with experimental data, they exhibit the
typical monopole behaviour at high-momentum transfer squared, and they satisfy some remark-

able scaling relations.

Primary author: Dr BIERNAT, Elmar P. (Centro de Fisica Teorica de Particulas (CFTP), Instituto
Superior Tecnico, Universidade de Lisboa)

Co-authors: Prof. STADLER, Alfred (Departamento de Fisica da Universidade de Evora and Cen-
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GROSS, Franz (Thomas Jefferson National Accelerator Facility (JLab), Newport News, VA, USA); Prof.
RIBEIRO, Jose Emilio F.T. (Departamento de Fisica and Centro de Fisica das Interaccoes Fundamentais,
Instituto Superior Tecnico, Universidade de Lisboa); Prof. PENA, Maria Teresa (Centro de Fisica Teorica
de Particulas (CFTP), Instituto Superior Tecnico, Universidade de Lisboa)
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Renormalons in the lattice: the pole mass and the
gluon condensate

Tuesday 9 September 2014 15:00 (30 minutes)

We obtain the asymptotic behavior of the perturbative expansion of the pole mass and the plaquette
by computing the self-energy of an static quark and
the plaquette to order alpha{20} and alpha”{35} respectively. The results fully confirm renormalon
expectations. Confronting these results with nonperturbative lattice data we confirm the OPE
beyond perturbation theory (no dimension two condensate is found) and determine the gluon
condensate and the binding energy of the B-meson.

Primary authors: BALIL Gunnar S. (University of Regensburg); ANTONIO, Pineda (Universitat
Autonoma de Barcelona)
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On transport properties of charged drop in external
electric field

Tuesday 9 September 2014 17:40 (20 minutes)

In our work we consider calculations of distribution function of the charged droplet in the electric
field of

another, relativistically moving charged drop. Namely, we consider rotating charged droplet in
transverse plane

which was created during the very first stage of interaction of two neutral objects in high-energy
scattering. Due the small droplet’s size, the thermalization of this drop was very quick and, there-
fore, the distribution function of the droplet and it’s electric field is determined by Vlasov’s equa-
tion. External field of other charge fluctuations

leads to the perturbation of initial static configuration of the droplet and makes the problem time-
dependent.

In present calculations we consider simple two-dimensional radially symmetrical problem, with
only external electric field included.

Solving time-dependent Vlasov’s equation, which describe collective motion of particles in the
drop under influence of external field, we obtain a non-equilibrium distribution function f (7, ¥, )
of the drop in the transverse plane. The 7 variable in this distribution function we define as a char-
acteristic time of drop’s particles collective motion or as a time of drop’s expansion/compression.
This time is limited by the transition from mean-field (collisionless) description of the drop’s to
the usual Boltzman equation and approximately

it is in the order of nucleon radius. Using obtained distribution function we calculate transport
properties of the drop, namely we calculate the shear viscosity of the drop’s expansion/compression
in the transverse plane. Finally, we discuss obtained results in application to the high-energy scat-
tering.
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The hadronic corrections to muonic hydrogen Lamb
shift from ChPT and the proton radius

Monday 8 September 2014 15:20 (20 minutes)

We obtain a model independent expression for the muonic hydrogen Lamb shift. The leading
hadronic effects are controlled by the chiral theory, which allows for their model independent
determination. We give their complete expression including the pion and Delta particles. Out of
this analysis and the experimental measurement of the muonic hydrogen Lamb shift we determine
the electromagnetic proton radius: r_p = 0.8412(15) fm. This number is at 6.8\sigma variance with
respect to the CODATA value. The parametric control of the uncertainties allows us to obtain a
model independent determination of the error, which is dominated by hadronic effects.

Primary authors: PINEDA, Antonio (Universitat Autonoma de Barcelona /IFAE); PESET, Clara
(Universitat Autonoma de Barcelona /IFAE)
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Chiral transition of fundamental and adjoint quarks

Friday 12 September 2014 15:00 (20 minutes)

Chiral transition of fundamental and adjoint quarks, published in Phys.Lett.B728, 626 (2014)

The chiral symmetry breaking transition of quarks in the fundamental and adjoint representation
is

studied in a model where the gap equation contains two contributions, one containing a confining
propagator and another corresponding to the exchange of one-dressed dynamically massive glu-
ons.

When quarks are in the fundamental representation the confinement effect dominates the chiral
symmetry breaking while the gluon exchange is suppressed due to the dynamical gluon mass ef-
fect

in the propagator and in the coupling constant. In this case the chiral and deconfinement transi-
tion

temperatures are approximately the same. For quarks in the adjoint representation, due to the
larger

Casimir eigenvalue, the gluon exchange is operative and the chiral transition happens at a larger
temperature than the deconfinement one

Summary

The chiral symmetry breaking transition of quarks in the fundamental and adjoint representation
is

studied in a model where the gap equation contains two contributions, one containing a confining
propagator and another corresponding to the exchange of one-dressed dynamically massive glu-
ons.

When quarks are in the fundamental representation the confinement effect dominates the chiral
symmetry breaking while the gluon exchange is suppressed due to the dynamical gluon mass ef-
fect

in the propagator and in the coupling constant. In this case the chiral and deconfinement transi-
tion

temperatures are approximately the same. For quarks in the adjoint representation, due to the
larger

Casimir eigenvalue, the gluon exchange is operative and the chiral transition happens at a larger
temperature than the deconfinement one
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A model of random center vortex lines in continuous
2+1 dimensional space-time

Friday 12 September 2014 15:30 (30 minutes)

A promising picture of confinement in QCD is based on a condensate of thick vortices with fluxes
in the center of the gauge group (center vortices). A number of studies of this picture have been
made and specific models have been formulated to obtain a concrete realization of the vortex pic-
ture. In our model,

vortices are represented by closed random lines in 2+1- dimensional space-time. These random
lines are modeled as being piece-wise linear and an ensemble is generated by Monte Carlo meth-
ods. The physical space in which the vortex lines are defined is a cube with periodic boundary
conditions. Besides moving, growing

and shrinking of the vortex configuration also reconnections are allowed. Our ensemble therefore
contains not a fixed, but a variable number of closed vortex lines. This is expected to be important
for realizing the deconfining phase transition. Using the model, we study both vortex percolation
and the potential V(R) between quark and anti-quark as a function of distance R at different vor-
tex densities, vortex segment lengths, reconnection conditions and at different temperatures. We
have found three deconfinement phase transitions, as a function of density, as a function of vortex
segment length, and as a function of temperature.

Primary author: Dr HOLLWIESER, Roman (NMSU/VUT)
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Heavy Hybrids in pNRQCD

Monday 8 September 2014 16:30 (20 minutes)

During the past years experimental observations have revealed the existence of a large number
of states above open flavor thresholds that can not be identified as standard heavy quarkonium
states. In this talk we discuss the possibility that some of these states are heavy quarkonium
hybrids. Heavy quarkonium hybrids are states formed by a heavy quark-antiquark pair in a color
octet configuration bounded together by excited gluons. Heavy quarkonium hybrids can be treated
with an analog of the Born-Oppenheimer approximation for molecules.

In a first step the heavy quarks are considered static, the energy levels of the gluonic degrees of
freedom are the static energies. The gluonic static energies are non-perturbative and are computed
on the lattice. In the short distance range the static energies can be described using potential non-
relativisitc QCD. In a second step the hybrid energy levels are obtained by solving the Schrédinger
equation for the heavy quarks with the gluonic potentials defined by the static energies.

Primary author: TARRUS CASTELLA, Jaume (Technische Universitit Miinchen)

Co-authors: VAIRO, Antonio (Institut fuer Theoretische Physik-Ruprecht-Karls-Universitaet H); Mr
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Physik)
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Strangeness in the nuclear medium: experimental
studies with the KLOE Drift Chamber.

Monday 8 September 2014 17:50 (20 minutes)

The hyperon-pion and hyperon-nucleon(s) correlations following K- nuclear absorption in Helium
and Carbon were investigated with the KLOE drift chamber and the results will be presented. To
this end, KLOE [ data (from 2004-2005) was analyzed using the detector itself as an active target.
Also results from a more recent run (end of 2012) with a dedicated solid Carbon target will be
presented.

The information extracted about the antikaon-nucleon potential is of great importance in the
framework of the non-perturbative QCD in the strangeness sector, and the understanding of these
processes has consequences that go from hadron and nuclear physics to astrophysics.

In particular, the debated resonance Lambda(1405) is investigated in the Sigma0 pi0 (a privileged,
free of contamination from Sigma(1385), but still poorly explored channel [2]) and the Sigma+ pi-
channels, generated by K- absorptions (at rest and with 120 MeV/c) on bound protons in 4He and
12C.

The Lambda(1405) is generally accepted to be a spin 1/2,1=0, S=-1 negative parity baryon resonance
assigned to the lowest L=1 supermultiplet of the three-quark system, and decays only to Sigma-pi
(I=0) through the strong interaction. Its nature still remains unsettled, in the meson-baryon picture
it is viewed as a antikaon-nucleon quasi-bound I=0 [3], and in the context of chiral unitary models
[4][5] two poles emerge in the scattering amplitude in the neighborhood of the Lambda(1405)
mass, both contributing to the final experimental invariant mass.

The antikaon-nucleon potential is also investigated searching for signals from bound kaonic clus-
ters (systems where a kaon is attached inside a nucleus [6]). The existence of such objects is very
debated, and it would open the possibility for the formation of very dense baryonic matter and
it would imply a deep attractive value for the potential. Results for the Lambda-proton, Lambda-
deuteron and Lambda-triton correlations analyses will be presented.

1 M. Adinolfi et al., Nucl. Instr. Meth. A 488, 51-73 (2002).

[2] K. Moriya, R. Schumacher, and CLAS Collaboration, AIP Conf. Proc. 1441, 296 (2012).
[3] R. H. Dalitz, T. C. Wong, G. Rajasekaran, Phys. Rev. 153, 1617 (1967).

[4] E. Oset, A. Ramos, Nuclear Phys. A 635,99 (1998).

[5] Y. Ikeda, T. Hyodo, W. Weise, Nucl. Phys. A 881, 98 (2012).

[6] Y. Akaishi and T. Yamazaki, Phys. Rev. C 65, 044005 (2002).
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"The reaction pi- p -> pi- pi- pi+ p at COMPASS:
developement of the analysis methods and selected
results.”

Thursday 11 September 2014 15:00 (30 minutes)

The COMPASS experiment, at CERN SPS, has collected the worlds largest statistics

of the reaction pi- p -> pi- pi- pi+ p - more than 5*10"7 events.

The amount and also the quality of this data sample allows for detailed

studies of 3pi partial-wave amplitudes behaviour in 2 dimentions: invariant mass m(3pi) and four
momentum transfer t’.

The method of traditional mass-independent PWA with 3 body isobar model is performed in mul-
tiple m(3pi) and t’ bins which is followed by mass-dependent analysis performed simultaneously
in all t’ slices. This makes it possible for

efficient separation between resonant and background components. The new PWA method of si-
multaneous optimization of 3pi isobaric amplitudes and several pi+pi- amplitudes - different for
each J"PC 3pi mother state (so called “de-isobared fit”) is developed and applied to the current data.
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Contribution of plasminos to the shear viscosity of a
hot and dense Yukawa-Fermi gas

Tuesday 9 September 2014 18:50 (1h 30m)

The shear viscosity of a hot and dense Yukawa-Fermi

gas will be determined, using the standard Green-Kubo relation, according to which the
shear viscosity is given by the retarded correlator of the traceless

part of viscous energy-momentum tensor. We approximate this retarded
correlator using a one-loop skeleton expansion, and express the

bosonic and fermionic shear viscosities, 7, and 7y,

in terms of bosonic and fermionic spectral widths, I'; and

I';. Here, the subscripts £ correspond to normal and

collective (plasmino) excitations of fermions. We study, in

particular, the effect of these excitations on thermal properties of
n¢[I'+]. To do this, we determine first the

dependence of I'y and I'+ on momentum p,

temperature 7', chemical potential ; and &, = m/ m(}, in a one-loop perturbative expansion in
the

orders of the Yukawa coupling. Here, m} and m(} are

T and 1 independent bosonic and fermionic masses,

respectively. We then numerically determine 7 [I']

and 77 [I'+], and study their thermal properties. It

turns out that whereas I'y, and I' . decrease with

increasing 1" or 1, I'_ increases with increasing T'

or . This behavior qualitatively changes by adding thermal

corrections to mg and m(}, while the difference

between I'; and I'_ keeps increasing with

increasing 1" or p1. Moreover, 1, (1) increases

(decreases) with increasing T’ or p. We show that the effect of
plasminos on 77 becomes negligible with increasing

(decreasing) T' (p).

Reference

N. Sadooghi and F. Taghinavaz, Contribution of plasminos to the shear viscosity of a hot and dense
Yukawa-Fermi gas, arXiv: 1404.1552, Accepted for publication in Phys. Rev. D (2014).

Summary

The contribution of plasmino modes to the shear viscosity of a Yukawa-Fermi gas will be investi-
gated at finite temperature and chemical potential.

Primary author: TAGHINAVAZ, Farid (Department of Physics, Sharif University of Technology)
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Charged charmonium-like and bottomonium-like
structures and the initial single chiral particle
emission mechanism

Monday 8 September 2014 16:50 (19 minutes)

In the past decade, many of charmoniumlike and bottomoniumlike states have been reported in
experiments, which have led us to extensive discussions on the underlying structure of these states.
We would like to address the possibility to explain these structures by hadronic one-loop diagrams,
which may correspond to recapitulate threshold effects. Starting from charged XYZ states, we also
apply our mechanism to the recent Zc(3900) as well as Zb(4430).

Summary

Including the hadronic one-loop diagrams, many of charged as well as neutral charmoniumlike
and bottomoniumlike states can be successfully explained. That is to say, many of these states as
evidence of existence of multi-quark states can be explained in the ordinary quark picture by our
findings. A real multi-quark state may exist when our fitting can not be applied, e.g., a couple of
states among three Zb states observed by Belle and LHCb.

Primary author: MATSUK]I, Takayuki (Tokyo Kasei University)

Co-authors: Prof. CHEN, Dian-Yong (Institute of Modern Physics, CAS); Prof. LIU, Xiang (Lanzhou
University)
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The Q-weak Experiment: An Overview and
Preliminary Analysis

Thursday 11 September 2014 14:26 (24 minutes)

The Q-weak experiment completed data taking at Jefferson Laboratory in 2012, with the aim
of making the first experimental determination of the proton’s weak charge, €V’ which is the
neutral-weak analogue of the proton’s electric charge. The experiment measured the small parity-
violating asymmetry in elastic electron-proton scattering at forward angles and low momentum-
transfer (% = 0.026 GeV?), allowing direct extraction of Q%;,. Once extracted, the current results
directly probe potential new parity-violating semi-leptonic physics beyond the Standard Model at
the TeV scale. This talk will focus on the implications of the current Q-weak experimental results,
including the extraction of the proton and neutron weak charges, Q% and Q7},, the individual
quark weak-vector couplings, C1,, and C4, and also highlight the mass-limit reach of Standard
Model extensions probed. An experimental overview will be provided, along with preliminary
results from the first period of data-taking, which comprises 4% of the total data set. Projections
to the final Q-weak dataset will also be discussed.
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“The coupled channel system D*D*-DD* and decays
of doubly charm mesons molecules”

Tuesday 9 September 2014 16:30 (20 minutes)

Several observed states close to the D\bar{D}"and D*{(s)}\bar{D}"{(s)] thresholds, as the X(3872) and
some XYZ particles can be described in terms of a two-meson molecule. Furthermore, doubly charmed
states are also predicted, named as R{cc}(3970) and S_{cc}(4100). These new states are near the DD",
D"D" and D"D"_s thresholds. We compute decays into DD\pi and radiative decays of doubly charmed
meson molecules into DD{(s)\gamma. Essentially, the decay modes are three body DD_{(s)}\pi and
DD_{(s)}\gamma decays, with the D\pi and D_{(s)}\gamma emitted by one of the D*_{(s)} meson
which forms the molecule. In addition, we consider the possible coupled channel system DD"-D"D".
These new states could be observed in experimental facilities as the LHCb.
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Relating the strangeness content of the nucleon with
the mass shift of the phi meson in nuclear matter

Monday 8 September 2014 17:30 (20 minutes)

The behavior of the ¢ meson at finite density is studied, making use of a QCD sum rule approach
in combination with the maximum entropy method. It is demonstrated that a

possible mass shift of the ¢ in nuclear matter is strongly correlated to the strangeness content of
the nucleon, which is proportional to the strange sigma term, 0. In contrast to earlier studies,
our results show that, depending on the value of o, the ¢ meson could receive both a positive
or negative mass shift at nuclear matter density. We find that these results depend only weakly on
potential modifications of the width of the o5y meson peak and on assumptions

made on the behavior of four-quark condensates at finite density.

Primary author: GUBLER, Philipp (RIKEN)
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Charged charmonium Zc+ from lattice QCD
Monday 8 September 2014 17:10 (20 minutes)

I will present the first evidence for the existence of the charged charmonium-like Zc+ from lattice
QCD. The results on the other charmonium and charmonium-like states will also be reviewed.

Primary author: PRELOVSEK, Sasa (University of Ljubljana)

Co-authors: LANG, Christian B. (University of Graz); MOHLER, Daniel (Fermilab); LESKOVEC,
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Light quark spectroscopy at BESIII

Tuesday 9 September 2014 17:50 (30 minutes)

Based on the world’s largest samples of ]/psi, psi(3686) decays collected at the BESIII detector, the
progresses on the hadron spectroscopy are presented, including the PWA of J/psi radiative decays,
eta and eta’physics.

Primary authors: Prof. ZHEMCHUGOV, Alexey (Joint Institute for Nuclear Research); Dr BEI-
JIANG, Liu (Institute of High Energy Physics, CAS)
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"Buddha’s light” of cumulative particles

Tuesday 9 September 2014 16:50 (20 minutes)

We show analytically that in the cumulative particles production off

nuclei multiple interactions lead to a glory-like backward focusing effect. Employing

the small phase space method we arrived at a characteristic angular dependence of the production
cross section do ~ 1/+/m — 0 near the strictly backward direction. This effect takes place for any
number n > 3 of interactions of rescattered particle, either elastic or inelastic (with resonance
excitations in

intermediate states), when the final particle is produced near corresponding kinematical boundary.
In the final angles interval including the value = 7 the angular dependence of the cumulative
production cross section can have the crater-like (or funnel-like) form.

Such a behaviour of the cross section near the backward direction is in qualitative agreement with
some of available data.

Primary author: Prof. KOPELIOVICH, Vladimir (Institute for Nuclear Research of RAS)
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Transport coefficients in superfluid neutron matter

Tuesday 9 September 2014 14:20 (20 minutes)

We study the shear and bulk viscosity coefficients as well as the thermal conductivity as arising
from the collisions among phonons in superfluid neutron stars. We use effective field theory tech-
niques to extract the allowed phonon collisional processes, written as a function of the equation
of state and the gap of the system.

We analyze the shear viscosity taking into account the contribution of superfluid phonons to the
viscosity, both in their hydrodynamical and ballistic regime. We compare to recent calculations of
the shear viscosity from electron collisions and comment on the possible consequences for r-mode
damping in superfluid neutron stars. Moreover, we find that phonon collisions give the leading
contribution to the bulk viscosities in the core of the neutron stars, except for densities n ~ 2 ng
with ng the nuclear saturation density, when the opening of the URCA processes takes place. We
finally obtain the thermal conductivity from phonon collisions and compare it with the electron

thermal conductivity in superfluid neutron stars.
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Holographic thermalization at intermediate coupling

Thursday 11 September 2014 17:00 (30 minutes)

I will describe recent efforts to take holographic studies of the thermalization process of heavy ion
collisions away from the limits of infinite ‘t Hooft coupling and the Vaidya spacetime, correspond-
ing to lightlike gravitational collapse. In particular, I will demonstrate, how classic results such as
quasinormal mode spectra, the top-down pattern of thermalization and the rate of entropy growth
during the equilibration process change when these typical assumptions are relaxed.
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High energy evolution at NLO

Tuesday 9 September 2014 14:30 (30 minutes)

We present a construction of an effective high energy QCD Hamiltonian at NLO accuracy.

This Hamiltonian is an NLO extension of the JIMWLK LO Hamiltonian, known to incorporate
BFKL dynamics with gluon saturation phenomena. We are to demonstrate how the conformal
symmetry is realized within the NLO JIMWLK.
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Baryonic forces in SU(3) chiral effective field theory

Monday 8 September 2014 16:30 (20 minutes)

We use SU(3) chiral effective field theory to describe the two- and three-baryon forces. Results
for the hyperon-nucleon interaction at next-to-leading order are reported. These potentials in-
clude one- and two-meson exchange diagrams as well as contact terms with SU(3) symmetric
low-energy constants. Furthermore we present potentials for the leading order three-baryon in-
teractions, which involve contact terms and irreducible one- and two-meson exchange diagrams.
A minimal set of terms in the chiral Lagrangian responsible for these contributions is presented
in the non-relativistic limit. The low-energy constants of the Lagrangian are estimated by includ-
ing decuplet baryons as explicit degrees of freedom. This leaves one with only two unknown
low-energy constants. These potentials could shed some light on the question how three-baryon
forces, especially between lambda-nucleon-nucleon, affect hypernuclei or neutron star matter.
Work supported in part by DFG and NSFC (CRC110).
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Jet quenching in pp and pA collisions

Monday 8 September 2014 15:30 (30 minutes)

We study jet quenching in pp and pA collisions in the scenario with
formation of a mini quark-gluon plasma.

We find a significant suppression effect. For light hadrons

at pr ~ 10 GeV we obtained the reduction of the spectra

by ~ [20 — 30,25 — 35,30 — 40]% in pp collisions at

Vs =10.2,2.76, 7] TeV.

We also give predictions for modification of the photon-tagged
and inclusive jet fragmentation functions in high multiplicity pp
events. We show that for underlying pp events with

dNep/dn ~ 20 — 60 the medium effects lead to

a considerable modification of the jet fragmentation functions.
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The quark masses and meson spectrum: A
holographic approach

Friday 12 September 2014 15:40 (20 minutes)

The spectrum of radially excited unflavored vector mesons is relatively well measured, especially
in the heavy-quark sector. This provides a unique opportunity to observe the behavior of the
hadron spectrum at fixed quantum numbers as a function of the quark mass. The experimental
data suggests the approximately Regge form for the radial spectrum, M2 = An + B, where A and
B are growing functions of the quark mass. We use the bottom-up holographic approach to find
the functions A and B. The obtained result shows a good agreement with the phenomenology and
consistency with some predictions of the Veneziano-like dual amplitudes.
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Models of Quark-Hadron Matter and Compact Stars

Thursday 11 September 2014 17:10 (20 minutes)

Phenomenological approaches to Quantum Chromodynamics covering the region from low to
high temperature and/or density have to address the problem that the effective degrees of freedom
change drastically from hadrons to quarks and gluons.

We study this situation with a unified description of hadronic and quark matter allowing for cross-
over as well as first or second-order phase transitions. As further benefit of such an approach
a quantitatively satisfactory description of nuclear ground state matter as well as nuclear and
hypernuclear properties can be achieved.

We apply the model to neutron stars and consider potential constraints on star properties arising
from heavy-ion physics and lattice gauge results in relation with the observation of 2 solar mass
stars.
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Delta-resonance production in compact stars

Thursday 11 September 2014 17:50 (20 minutes)

I'will show that Delta resonances are easily produced in compact stars when the asymmetry energy
is taken into account by using the correct value of its density derivative at saturation (the parameter
called L). The Delta production has crucial implications on the maximum mass of the compact stars
and on their radius.
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Relativistic description of the weak decays of B,
mesons

Thursday 11 September 2014 17:15 (20 minutes)

The branching fractions of the semileptonic and rare B decays are calculated in the

framework of the QCD-motivated relativistic quark model. The form factors of the weak Bj tran-
sitions are expressed through the overlap integrals of the initial and final meson wave functions
in the whole accessible kinematical range. The momentum

transfer dependence of the form factors is explicitly determined without additional model assump-
tions and extrapolations. The obtained results agree well with available experimental data.

Primary authors: FAUSTOV, Rudolf (RAS); GALKIN, Vladimir
Presenter: FAUSTOV, Rudolf (RAS)

Session Classification: Parallel IIl: C4 Heavy Quarks

Track Classification: Section C: Heavy Quarks

October 20, 2024 Page 35



Quark Confine '+ /Report of Contributions Lessons from SUSY: "Instead-of- -

Contribution ID: 44 Type: not specified

Lessons from SUSY: ’Instead-of-Confinement”
Mechanism

Tuesday 9 September 2014 15:30 (30 minutes)

Abstract

I discuss physical scenarios in different vacua of N=2 supersymmetric QCD
deformed by the mass term p

for the adjoint matter. This deformation breaks supersymmetry down to N=1
and at large p the theory flows to N=1 QCD.

I focus on dynamical scenarios which can serve as a prototypes

of what we observe in the real world QCD.

In particular, I discuss the “instead-of-confinement” phase where

quarks and gauge bosons screened at weak coupling evolve at strong
coupling into monopole-antimonopole pairs confined by non-Abelian
strings.

I also discuss the relation of this picture to the Seiberg’s duality.
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Probing heavy quarkonium production mechanism:
chi_c polarization

Thursday 11 September 2014 14:25 (20 minutes)

The necessecity of the color-octet mechanism in describing heavy quarkonium production is a
longstanding puzzle. Compared to the yields of heavy quarkonium, its polarizations should be
more sensitive to the color-octet contributions. In this talk, I will focus on the chi_c polarization
in hadroproduction processes, which may provide a unique test for the color-octet mechanism in

nonrelativistic QCD.
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Perfect Abelian dominance of confinement in SU(3)
fine lattice QCD

Thursday 11 September 2014 14:00 (30 minutes)

We investigate the inter-quark potential in the maximally Abelian (MA)
gauge in SU(3) quenched QCD on a fine lattice at beta=6.4 (a=0.058 fm).
Remarkably, we find almost perfect Abelian dominance of the string

tension or the quark confining force on the fine lattice 1.

Thus, the confinement phenomenon in QCD can be well described only with
Abelian variables in the MA gauge.

1 N. Sakumichi and H. Suganuma, arXiv:1406.2215 [hep-lat],
“Perfect Abelian dominance of quark confinement in SU(3) QCD on a fine lattice”.

Summary

We find almost perfect Abelian dominance of confinement in the MA gauge in fine lattice QCD.
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Chiral effective field theory for light nuclei

Monday 8 September 2014 16:50 (20 minutes)

I review recent progress in the application of chiral effective field theory
to nuclear forces and low-energy nuclear observables. Both the continuum
and the lattice formulations will be addressed.
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Existence of Mass-Gap & Pure Yang —Mills Theory

Tuesday 9 September 2014 18:50 (1h 30m)

Due to the non-linearity involved in quantum chromodynamics (QCD), the required uncertainty
in position of a transverse hard gluon, emitted in 3-jet event, is accommodated by allowing for
the possibility that Gribov copies are created as virtual entities by quantum fluctuations of the
transverse gluon energy over the brief intervals of time during which the special relativity theory
and the quantum theory are merged together consistently in QCD. These Gribov copies can be
ignored in perturbative sector due to asymptotic freedom of pure QCD empty space but their
common characterstic i.e., zero value of Faddeev-popov operator, serves as a mathematical proof
of mass-gap and color confinement properties on the boundary of the Gribov region, so-called the
Gribov horizon in the non-perturbative sector of pure QCD.
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Spontaneous symmetry breaking and anomalous
transport in Weyl semimetals

Monday 8 September 2014 15:00 (30 minutes)

We study interacting Dirac fermions with chirality imbalance in the mean-field approximation and
find that the chiral imbalance is strongly enhanced due to spontaneous chiral symmetry breaking.
This result is valid both for the breaking of the exact chiral symmetry and for the pion conden-
sation phase in the case of Wilson-Dirac fermions. We then consider the Chiral Magnetic Effect
(CME) in the linear response approximation and find that in a phase with broken chiral symmetry
the CME current is saturated by vector mesons with different polarizations, which are mixed in
chirally imbalanced matter. It turns out that the CME is strongly enhanced in a phase with broken
symmetry. We also argue that Weyl semimetals with chiral imbalance are free of the sign problem
by virtue of time-reversal symmetry and can be efficiently simulated using the Rational Hybrid
Monte-Carlo algorithm.
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Influence of pion condensate on neutron stars
spectrum

Monday 8 September 2014 14:20 (20 minutes)
There is no precise theory describing the structure of neutron stars. However, inside such objects
the baryon density is very high and a pion condensation may occur. This condensate, if it exist,

might give a significant effect on a spectrum of neutron stars. We investigate this influence with
a help of simplified model to give qualitative picture of the effect.
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Research on Event Search

Friday 12 September 2014 16:50 (30 minutes)

In this talk we focus on a meta-problem of physics i.e. on problems that arise in collaborative com-
putational research. HEP research is a meaningful and important example. Problems come from
different aspects of complexity of research and usually are more generic than research in physics
and probably apparent in all computational science domains. A possible solution for such prob-
lems is outlined and direction that could lead to interdisciplinary and fruitful results is provided.
This approach is by no means intended to specify an ultimate solution for those problems, but
rather it can serve as starting point for further discussion. Conclusions mentioned in this paper
are not specific to physics or industry, they might be applicable to different fields of computational
science and hopefully may serve as a foundation for boosting the overall quality of research and

eventually help next generation of scientists to reach for stars or even dark matter.
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Center vortices as composites of monopole fluxes

Tuesday 9 September 2014 18:50 (1h 30m)

We study the relation between the flux of a center vortex obtained from the vortex model and the
flux formed between monopoles obtained from the Abelian gauge fixing method.

Motivated by the Monte Carlo simulations which have

shown that almost all monopoles are sitting on the top of vortices, we combine differnet fluxes of
monopoles and obtain the flux of center vortices for SU(2)

and SU(3) gauge groups and compare the results with the Monte Carlo data.
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Hadronic resonance production measured by the
ALICE experiment at LHC

Friday 12 September 2014 14:40 (20 minutes)

Hadronic resonances are among the most interesting probes of the hot and dense matter created in
Pb-Pb collisions. Due to their short lifetime, they are sensitive to the anticipated chiral symmetry
restoration as well as to suppression and regeneration due to hadronic interactions in the final
state. At intermediate and high transverse momenta (pr) resonances which cover the range of
masses between the light pions and heavier protons contribute in systematic study of the baryon
puzzle and parton energy loss in the dense medium. Measurements in pp collisions are used as a
reference for heavier collision systems and contribute to precision tests of the pQCD and of the
currently available parameterizations of fragmentation functions. Studies in p—Pb collisions are
important for the interpretation of heavy ion results as they allow to decouple and understand the
cold nuclear matter effects from final state effects.

The ALICE collaboration has performed systematic study of the K(892)° and ¢(1020) mesons pro-
duction at mid-rapidity in pp, p-Pb and Pb-Pb collisions at LHC energies. In this presentation
recent results of these studies including pr spectra, particle ratios, nuclear modification factors in
p-Pb and Pb-Pb collisions are presented and compared to available model predictions.
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Lattice QCD results for mesons containing b-quarks
from the HPQCD Collaboration

Thursday 11 September 2014 16:30 (25 minutes)

Ireport on progress by the HPQCD Collaboration using radiatively-improved lattice NonRelativis-
tic QCD on ensembles of gluon field configurations that now include u, d, s and ¢ quarks in the sea
with the u/d quark mass going down to its physical value. I describe the background field approach
for determining the one-loop radiative improvement to coefficients in the NRQCD action, and I
present the most accurate results yet for a range of quantities, including f B/f B_s,m_B_s/m_B, the
B_Bbar mixing calculation, the determination of m_b and the Upsilon-eta_b hyperfine splitting.
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Heavy quarkonia description from a generalized
screened potential model

Friday 12 September 2014 15:21 (19 minutes)

From lattice results a new non relativistic quark model to calculate the spectrum of heavy quark
mesons has been developed. Te model interaction is generated from the identification of E(r), the
energy of two static color sources, Q and antiQ, in terms of the Q-antiQ distance, calculated in the
lattice, with the sum of the masses of the Quark (m_{Q}) and the antiQuark (m_{antiQ}) plus the
static Q-antiQ potential V(r). Thus one gets V(r)=E(r)-m_{Q}-m_{antiQ}. By using this potential in
the Schrodinger equation the heavy quarkonia spectra is calculated and compared to data.

In the so called quenched approximation (only the bare valence Q,-antiQ, configuration) lattice
results for E(r) give rise to a Cornell potential form (see for example <cite>Bal01</cite>) which has
been widely used in the literature to evaluate heavy quarkonia spectra (see for example <cite>Eic08</cite>
and references therein).

When the coupling to meson (Q-anti,q) - meson (antiQ,-q) configurations is implemented the form
of E(r) is altered by screening effects <cite>Bal05</cite>. By interpreting E(r) as the energy of a
dressed quark (Q)- dressed antiquark state the corresponding Q-antiQ interaction incorporates
the effect of meson (Q,-antiq) - meson (antiQ,-q) configurations. The resulting potential, called
Generalized Screened Potential (GSP), preserves the Cornell form but modulated by meson-meson
thresholds <cite>Gonl4</cite>. A richer spectrum (bigger number of bound states) than the one
resulting from the non-screened Cornell potential is obtained. In charmonium some of these extra
states may be assigned to new charmonium states, in particular a quite resonable description of
the masses of X type resonances is obtained.

Bal01 : G. S. Bali, Phys. Rep. 343, 1 (2001).

Eic08 : E. Eichten, S. Godfrey, H. Malke and J. L. Rosner, Rev. Mod. Phys. 80, 1161 (2008).
Bal05 : G. S. Bali et al. (SESAM Collaboration), Phys. Rev. D 71, 114513 (2005).

Gon14 : P. Gonzélez, ]. Phys. G. in print; arXiv:1406.5025 [hep-ph].
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Modeling the influence of string collective
phenomena on the long range rapidity correlations

between the transverse momentum and the
multiplicities

Friday 12 September 2014 14:20 (20 minutes)

The long-range rapidity correlations between the multiplicities (n-n) and the transverse momen-
tum and the multiplicity (pT-n) of charge particles are analyzed in the framework of the simple
string inspired model with two types of sources. The sources of the first type correspond to the ini-
tial strings formed in a hadronic collision. The sources of the second type imitate the appearance
of the emitters of a new kind resulting from interaction (fusion) of the initial strings. The model
enabled to describe effectively the influence of the string fusion effects on the strength both the
n-n and the pT-n correlations.

It was found that in the region, where the process of string fusion comes into play, the calculation
results predict the non-monotonic behavior of the n-n and pT-n correlation coefficients with the
growth of the mean number of initial strings, i.e. with the increase of the collision centrality.
It was shown also that the increase of the event-by-event fluctuation in the number of primary
strings leads to the change of the pT-n correlation sign from negative to positive. One can try to
search these signatures of string collective phenomena in interactions of various nuclei at different
energies varying the class of collision centrality and its width.

EV. Andronov acknowledges Saint-Petersburg State University for the research grant 11.38.193.2014
and V.V. Vechernin for the grant 11.38.197.2014.
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Decay constants of heavy mesons from QCD sum
rules

Thursday 11 September 2014 17:35 (20 minutes)

We present the analysis of the decay constants of charmed and beauty heavy mesons using QCD
sum rules. We show that the perturbative expansion in terms of the pole mass of the heavy quark
exhibits no sign of convergence whereas reorganizing this expansion in terms of the running mass
leads to a distinct hierarchy. Making use of the OPE in terms of the running mass, we determine
the decay constants of the D, Ds, B, Bs and the corresponding vector mesons with the emphasis on
the uncertainties in these quantities related both to the input QCD parameters and to the limited
accuracy of the method of sum rules.
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Lattice QCD analysis for relation between quark
confinement and chiral symmtery breaking

Thursday 11 September 2014 14:30 (30 minutes)

In the lattice QCD formalism, we analytically derive a relation between the Polyakov loop and
Dirac modes on the lattice where the temporal size is odd and link-variables are temporally peri-
odic. The Polyakov loop is an order parameter for quark confinement and low-lying Dirac modes
are essential for chiral symmetry breaking. Remarkably, from the relation, we find that low-lying
Dirac modes have little contribution to the Polyakov loop [1,2], which indicates no direct one-
to-one correspondence between confinement and chiral symmetry breaking in QCD. In the con-
finement phase, we also numerically find a new “positive/negative symmetry”of the Dirac-mode
matrix element of the link-variable operator, and this symmetry leads to the zero value of the
Polyakov loop [2]. Moreover, we derive a similar relation between the Wilson loop and Dirac
modes [I.

References:

1 H. Suganuma, T.M. Doi and T. Iritani, arXiv:1404.6494 [hep-lat]; Proc. Sci. (QCD-TNT-III) 042
(2014); EPJ] Web of Conf. 71 (2014).

[2] T.M. Doi, H. Suganuma and T. Iritani, arXiv:1405.1289 [hep-lat]; Proc. Sci. (Lattice 2013) 375
(2013); Proc. Sci. (Hadron 2013) 122 (2014).

Summary

In the lattice QCD formalism, we analytically derive a relation between the Polyakov loop and
Dirac modes, and find that low-lying Dirac modes have little contribution to the Polyakov loop

analytically and numerically.
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Constraints on the Jet-Energy Loss from Jet
Measurements at RHIC and LHC

Monday 8 September 2014 14:30 (30 minutes)

Results based on a generic dE/dx-model that interpolates between running coupling pQCD based
models such as CUJET2.0 and AdS/CFT-inspired holographic prescriptions are compared to recent
data on the high-pT pion nuclear modification factors and the high-pT elliptic flow in nuclear
collisions at RHIC and LHC. The jet-energy loss models are coupled to state-of-the-art viscous hy-
drodynamic fields. The impact of energy-loss fluctuations, event-by-event fluctuations, viscosity,
and different colliding systems is discussed. While RHIC data are found to be surprisingly consis-
tent with most dE/dx+Hydro models, extrapolations to

LHC energies favor running coupling QCD-based energy-loss models, while conformal hologra-
phy models are shown to be inconsistent with the data.
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Leading chiral logarithms for the nucleon mass

Monday 8 September 2014 14:30 (20 minutes)

We present the method of calculation of leading logarithms for the nucleon sector of chiral pertur-
bation theory in heavy baryon formulation and in the relativistic invariant formulation. We have
studied the leading logarithm behavior of the nucleon mass up and present the expression for it up
to four-loop order exactly. We also present some results up to six-loop order as well as all-order
conjecture. The same methods allow to calculate the main logarithm multiplying the terms with

fractional powers of quark mass.
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Holographic Estimates of the Deconfinement
Temperature

Tuesday 9 September 2014 18:50 (1h 30m)

The problem of self-consistent estimates of the deconfinement
temperature 7, in the framework of the bottom-up holographic
approach to QCD is observed. It is shown that the standard soft
wall model gives T}, around 260 MeV for planar gluodynamics in a
good agreement with the lattice data. The extensions of soft wall
model adjusted for descriptions of realistic meson spectra result
in a broad range of predictions. This variability is related to

a poor experimental information on the radially excited mesons.
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Electroweak probes in the presence of resonances on
the lattice

Monday 8 September 2014 18:00 (20 minutes)

Lattice quantum chromodynamics (LQCD) provides an <i>ab initio</i> way to study the non-
perturbative aspects of strong interaction. In recent years, it plays a more significant role in ex-
perimental physics.

The studies of the different electromagnetic and weak processes on the lattice are of particular in-
terest. Some of the important processes proceed through the resonances. However, the resonances
are treated as stable particles in current lattice simulations, due to the large pion mass values. The
LQCD data on the corresponding transition form factors are thus obtained under this assumption.
The situation changes drastically at lower values of quark masses, since the resonances decay.
Consequently, a proper theoretical framework for the lattice extraction of these form factors is
needed.

We rely on the previous work 1, in which the so called non-relativistic effective field theory frame-
work for resonance matrix elements was developed. We modify and apply it to the following
physically interesting processes:

<ul> <li> The pion photoproduction YN — 7N near the A(1232) resonance region. The AN~y
transition is experimentally most accessible one to reveal a possible hadron deformation. We show
in the recent paper [2], how to extract the AN+~ transition multipoles from lattice data. We also
give a prescription to calculate the AN~ form factor at the resonance pole. We argue that the
second approach is less model-independent. </li> <li> The rare B-meson decays with K (892) —
K in the final state. These processes are forbidden at tree level and thus sensitive to physics
beyond the Standard Model. However, the main obstacle here is a lack of good theoretical control
over the hadronic uncertanities. LQCD can potentially provide such a control. The work is in
progress and proceeds along the lines of ref. [2]. </li> </ul>

1 V. Bernard, D. Hoja, U.-G. Meissner, A. Rusetsky, JHEP 1209 (2012) 023.

[2] A. Agadjanov, V. Bernard, U.-G. Meissner, A. Rusetsky, arXiv:1405.3476 [hep-lat].
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Functional renormalization group study of nuclear
and neutron matter

Tuesday 9 September 2014 14:40 (20 minutes)

A chiral model based on nucleons interacting via boson exchange is investigated. Fluctuation
effects are then included consistently beyond the mean-field approximation in the framework of
the functional renormalization group. The liquid-gas phase transition of symmetric nuclear matter
is studied in detail. No sign of a chiral restoration is found up to 100 MeV temperature and about
three times saturation density. Moreover, the model is extended to asymmetric nuclear matter.

The constraints from neutron star observations are discussed.
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Magnetic transitions in heavy quarkonium

Friday 12 September 2014 14:19 (24 minutes)

We compute the magnetic dipole transitions between low lying Heavy Quarkonium states in a
model independent way. We use the weak-coupling version of the effective field theory named
potential NRQCD with the static potential exactly incorporated in the leading order Hamiltonian.
The convergence for the b-\bar b ground state is quite good, and also quite reasonable for the c-\bar
c ground state and the b-\bar b 1P state. For all of them we give solid predictions. For the 2S decays
the situation is less conclusive, yet our results are perfectly consistent with existing data, as the
previous disagreement with experiment for the Y(2S)—1_b(1S)y decay fades away. We also profit
to compute some expectation values like the electromagnetic radius, r"2, or p"2. We find r*2 to be
nicely convergent in all cases, whereas the convergence of p“2 is typically worse.
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QCD constraints on the equation of state for
compact stars

Monday 8 September 2014 14:00 (20 minutes)

In recent years, there have been several successful attempts to constrain the equation of state
of neutron star matter using input from low-energy nuclear physics and observational data. We
demonstrate that significant further restrictions can be placed by additionally requiring the pres-
sure to approach that of deconfined quark matter at high densities. Remarkably, the new con-
straints turn out to be highly insensitive to the amount - or even presence - of quark matter inside
the stars.

In this framework, we also present a simple effective equation of state for cold quark matter that
consistently incorporates the effects of interactions and furthermore includes a built-in estimate
of the inherent systematic uncertainties. This goes beyond the MIT bag model description in a
crucial way, yet leads to an equation of state that is equally straightforward to use.
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Search for critical point indications in long-range
correlations by energy and system size scanning in
string fusion approach

Tuesday 9 September 2014 16:30 (20 minutes)

Studies of the collisions of various hadrons and nuclei at different centrality and energy enable to
explore the QCD phase diagram over a wide range of temperature and baryon density in search
of the critical point. In the framework of the string fusion approach Il the critical behavior takes
place when the processes of string fusion and percolation come into play, what can be considered
as a possible way of Quark Gluon Plasma formation [2]. Around percolation threshold, strong
fluctuations in colors of strings appear what lead to large fluctuations in some observables, which
one can find by the event by event analysis.

In the present study, a Monte Carlo model [3] of proton-proton, proton-nucleus, and nucleus-
nucleus collisions has been developed and applied to heavy and light ion collisions at the cms
energy range from a few up to several hundred GeV per nucleon, where the critical effects are
expected. The model takes into account both the string fusion and the finite rapidity length of
strings, implementing the hadronic scattering through the interaction of color dipoles. It well
describes the proton-nucleus and nucleus-nucleus collisions at the partonic level without using
Glauber model of nuclear collisions. All parameters are fixed using experimental data on inelastic
cross section and multiplicity. In the framework of the model, we performed a beam energy and
system size scan and studied the behaviour of correlation and fluctuation observables. The detailed
modeling of the event by event charged particles production allowed to provide predictions in the
conditions close to the experimental ones and to make a direct comparison to the existing data.

The authors acknowledge Saint-Petersburg State University for the research grants 11.38.66.2012
and 11.38.197.2014. V. N. Kovalenko also acknowledges the support of Special SPbSU Rectors
Scholarship and Dynasty Foundation Scholarship.

1 N. S. Amelin, M. A. Braun and C. Pajares, Phys. Lett. B306, 312 (1993); Z. Phys. C63,507 (1994).
[2] M. A. Braun, C. Pajares, J. Ranft. Int. J. Mod. Phys. A 14 2689 (1999).

[3] V. N. Kovalenko. Phys. Atom. Nucl. 76, 1189 (2013), arXiv:1211.6209 [hep-ph]; V. Kovalenko,
V. Vechernin. PoS (Baldin ISHEPP XXI) 077, arXiv:1212.2590 [nucl-th], 2012.
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Heavy-flavour dynamics in proton-proton and
nucleus-nucleus collisions at LHC

Thursday 11 September 2014 15:00 (30 minutes)

I will present recent results on heavy-quark quenching, elliptic flow and azimuthal correlations in
proton-proton and nucleus-nucleus collisions at LHC energies.

We simulate the c-cbar and b-bbar pair initial creation with a perturbative QCD approach (POWHEG+PYTHIA).
Successively we study the propagation of the heavy quarks in the plasma with the relativistic

Langevin equation, by using transport coefficients computed with perturbative-QCD and HTL ap-
proximation.

Successively, the heavy quarks hadronize in the medium.

We compute the nuclear modification ratio R_{AA} and v_2 of the final D mesons, as well as D-h
correlations and compare our results to experimental data of ALICE and CMS Collaborations.
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Dynamical locking of the chiral and the
deconfinement phase transition in QCD at finite
chemical and isospin chemical potential

Tuesday 9 September 2014 16:50 (20 minutes)

Studies of the QCD phase diagram at finite temperature and quark chemical potential are currently
one of the most discussed topics in theoretical physics and are of great importance to better our
understanding of heavy-ion collision experiments. However, the relation of confining and chiral
dynamics is not yet completely understood. At vanishing chemical potential, results from lattice
QCD indicate that the chiral and the deconfinement phase transition lie close to each other. In
this talk, we analyze the fixed-point structure of four-fermion interactions in two-flavor QCD
and show that there indeed appears to be a mechanism which dynamically locks the chiral phase
transition to the deconfinement phase transition, both at vanishing and at finite quark chemical
potential. As a direct consequence, this observation suggests that the chiral phase transition to
the deconfinement phase transition temperatures lie close to each other, at least for small quark
chemical potentials.

Primary authors: Prof. BRAUN, Jens (Technische Universitat Darmstadt); Mr LEONHARDT, Marc
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Isospin breaking in Ke4 decays

Tuesday 9 September 2014 14:30 (30 minutes)

Isospin breaking in the Ky4 form factors induced by the difference between charged and

neutral pion masses is discussed within a framework built on suitably subtracted dispersion rep-
resentations. The Ky, form factors are constructed in an iterative way up to two loops in the
low-energy expansion by implementing analyticity, crossing, and unitarity due to two-meson
intermediate states. Analytical expressions for the phases of the two-loop form factors of the
K* — ntn~ety, channel are presented, allowing one to connect the difference of form-factor
phase shifts measured experimentally (out of the isospin limit) and the difference of S- and P-wave
77 phase shifts studied theoretically (in the isospin limit). The dependence with respect to the two
S-wave scattering lengths a3 and a2 in the isospin limit is worked out in a general way, in contrast
to previous analyses based on one-loop chiral perturbation theory. The results on the phases of
the K* — 77~ e*v, form factors obtained by the NA48/2 collaboration at the CERN SPS are
reanalysed including isospin-breaking correction to extract values for the scattering lengths a)

2
and ag.
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Quark scalar, axial and tensor charges in the
Schwinger-Dyson formalism

Friday 12 September 2014 17:00 (20 minutes)

We evaluate the quark scalar, axial and tensor charges of the nucleon in the Schwinger-Dyson
formalism.

For the scalar charge, it is found that it is enhanced by the gluon dressing effect, and that it is a
sensitive observable to the quark confinement.

For the axial and tensor charges, it is found that the gluon dressing effect suppresses them.

This result can be understood as the superposition of the spin flipped states of spin 1/2 quark due
to the emission/absorption of the gluon which carries spin 1.
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Van der Waals forces in pNRQED and pNRQCD

Tuesday 9 September 2014 16:30 (20 minutes)

The properties of quarkonia in a nuclear medium are still poorly known, yet they are very impor-
tant for the description of photo- and hadro-production of quarkonium on nuclear targets (e.g.
in experiments at the FAIR facility at GSI) as well as for the diagnostic of hadronic final states in
heavy ion collisions at the LHC at CERN.

Interactions of heavy quarkonia with hadrons or nucleons

are expected to have significant contributions from the multiple gluon exchange processes. This
type of interactions, known as the gluonic van der Waals force, can also be responsible for bound
states between quarkonia and nucleons.

Our approach is to study the gluonic van der Waals forces in the effective field theory (EFT) frame-
work using potential non-relativistic QCD, an EFT of QCD that describes bound states of heavy
quarkonia.

In this talk we will present an application of this approach to the electromagnetic van der Waals
forces between two hydrogen atoms using

potential non-relativistic QED (pNRQED) and compare the results we obtained in this framework
to the literature. Furthermore, we will discuss

perspectives for QCD, in particular concerning interactions between two heavy quarkonia or a
heavy quarkonium and a nucleon.
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The critical end point through observables

Tuesday 9 September 2014 17:10 (20 minutes)

The critical phenomena of strongly interacting matter are presented in the frame of an effective
theory at finite temperatures. The phase transitions are considered in systems where the critical
end point (CEP) is a distinct singular feature existence of which is dictated by the chiral dynamics.
The physical approach to the effective CEP is studied via the influence fluctuations of Bose-Einstein
correlations for observed particles to which the critical end mode couples. The results may be the
subject of the physical program at NICA and other heavy-ion machines to search the hadronic
matter produced at extreme conditions.

Summary

The critical phenomena of strongly interacting matter are presented in the frame of an effective
theory at finite temperatures. The phase transitions are considered in systems where the critical
end point (CEP) is a distinct singular feature existence of which is dictated by the chiral dynamics.
The physical approach to the effective CEP is studied via the influence fluctuations of Bose-Einstein
correlations for observed particles to which the critical end mode couples. The results may be the
subject of the physical program at NICA and other heavy-ion machines to search the hadronic
matter produced at extreme conditions.
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One-loop computations from the Electroweak Chiral
Lagrangian with a light Higgs

Tuesday 9 September 2014 18:50 (1h 30m)

Recently, a new boson has been discovered at LHC which, so far, fits the properties of the SM Higgs
boson. This would make the SM unitary. However, the SM is not the more general low-energy
dynamics for the minimal electroweak symmetry breaking sector (EWSBS) with three Goldstone
bosons and one light scalar.

By using a more general low energy effective Lagrangian for these four particles and their scatter-
ing amplitudes, we study different processes at one-loop precision, and identify the counterterms
needed to cancel the divergences.

Our aim is using unitarization methods over a partial wave decomposition of these amplitudes, in
order to make phenomenological prediction which can be tested at LHC run II and to discuss the
limitations of our computations. We specially look for sets of parameters which lead to a strongly
interacting regime for the EWSBS.

The studied processes are the elastic scattering amplitude for both the longitudinal components of
the gauge bosons V' = W, Z and the ligh scalar , as well as the inelastic channels V'V — ¢¢.

Summary

Based on:
http://link.springer.com/article/10.1007%2FJHEP02%282014%29121
http://iopscience.iop.org/0954-3899/41/2/025002/
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Bottom-up holographic approach to QCD

Friday 12 September 2014 10:00 (30 minutes)

The phenomenological five-dimensional holographic models represent a interesting and unexpect-
edly fruitful theoretical laboratory for studying the strongly coupled QCD.

We present a short review of these models and of various results concerning the hadron spectrum,
chiral symmetry breaking and the deconfinement temperature.
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Two potential quark models for double heavy
baryons

Tuesday 9 September 2014 18:50 (1h 30m)

Baryons containing two heavy quarks are treated in the Born-Oppenheimer approximation. Two
non-relativistic potential models are proposed, in which the Schrédinger equation admits a sepa-
ration of variables in prolate and oblate spheroidal coordinates, respectively. In the first model,
the potential is equal to the sum of Coulomb potentials of the two heavy quarks, separated from
each other by a distance - R and linear potential of confinement. In the second model the center
distance parameter R is assumed to be purely imaginary. In this case, the potential is defined by
the two-sheeted mapping with singularities being concentrated on a circle rather than at separate
points. Thus, in the first model diquark appears as a segment, and in the second - as a circle. In
this paper we calculate the mass spectrum of double heavy baryons in both models, and compare
it with previous results.

The author (A.P.) acknowledges Saint-Petersburg State University for research grants 11.38.197.2014
and 11.38.66.2012.
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Exotic few-body systems with a heavy meson

Tuesday 9 September 2014 16:50 (20 minutes)

Hadron as an impurity bound in nuclei causes interesting phenomena which
do not emerge in normal nuclei.

These effects would give us the information not only on the internal
structure of the nuclei, but also on the changing properties of the

impurity in the nuclear medium.

The hadron-nucleus systems have been studied in the light flavor

sector, especially.

However, a strong attraction between a heavy meson (D and B)

and a nucleon, provided by the one pion exchange potential (OPEP), was
suggested recently.

The OPEP is enhanced by the heavy quark spin symmetry which induces the
mass degeneracy between the heavy pseudoscalar and vector mesons.

The attraction motivates us to investigate the D (B) nuclei

having the exotic flavor structure.

Hence, these bound states are stable against the strong decay.

We discuss the possible existence of exotic few-body states realized as
DNN and BN N.

The OPEP between the D (B) meson and the nucleon N

is considered.

By solving coupled channel equations for PN N and P*NN
channels (P (P*) is the heavy pseudoscalar (vector) meson),

we obtain bound states and resonances.

In these states, the tensor force of the OPEP plays an

important role to yield the attraction.
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Strange tensor mesons decay constants at finte
temperature

Thursday 11 September 2014 18:00 (20 minutes)

tensor mesons, thermal qcd sum rules

Summary

Investigation of the thermal properties of the higher spin mesons is one of the important problems
of the hadron physics. Theoretical calculations on the physical parameters of the tensor mesons
and their comparison with experimental data could give essential information about their nature
and it can also be useful for understanding of nonperturbative QCD dynamics. At finite tempera-
ture, the Lorentz invariance is broken by the choice of a preferred frame of reference and some new
operators appear in the Wilson expansion. Taking into account these additional operators coming
up at finite temperature, we calculate the thermal two-point correlation function for D3(2460)
and D?,(2573) tensor mesons and obtain the QCD sum rules. In order to perform the numer-
ical analysis, we use the fermionic part of the energy density obtained both from lattice QCD
and Chiral perturbation theory. We also used the temperature dependent continuum threshold
and we observed that the values of the decay constants decrease considerably near to the critical
temperature comparing to their values in the vacuum. Our results at zero temperature are in good
consistency with the existing experimental data as well as predictions of the other nonperturbative
models.
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Strongly Interacting Electroweak Symmetry
Breaking Sector with a Higgs-like light scalar

Thursday 11 September 2014 15:30 (20 minutes)

The apparent finding of a 125-GeV light Higgs boson closes unitarity of the minimal Standard
Model (SM), that is weakly interacting. This is an exceptional feature not generally true if new
physics exists beyond the mass gap found at the LHC up to 700 GeV.

Such new physics induces departures of the low-energy dynamics for the minimal electroweak
symmetry-breaking sector (EWSBS), with three Goldstone bosons (related to longitudinal W bosons)
and one light scalar, from the SM couplings.

For most of parameter space, the scattering is strongly interacting (with the SM a remarkable
exception). We therefore explore various unitarization methods, that can already be applied to the
tree-level W, Wy, amplitude; we find and study a natural second sigma-like scalar pole there.

Based on arXiv:1402.0666 [hep-ph],arXiv:1404.2866 [hep-ph] and arXiv:1408.1193 [hep-ph]
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Hadronic Molecules in the Heavy Baryon Spectrum

Tuesday 9 September 2014 17:10 (20 minutes)

We study possible baryon molecules in the non-strange heavy baryon spectrum.
We include configurations with a heavy-meson and a light baryon. We find
several structures, in particular we can understand the A.(2940)

as a D* N molecule with J© = 3/2~ quantum numbers. We also find

D™ A candidates for the recently discovered X (3250) and

X(3212) resonances.

Summary

The hadron spectrum has enriched significantly during the last years

thanks to the experimental activity of facilities such as BaBar, CLEO,

Belle, CDF and LHCb. In the open charm and open bottom baryon spectrum most
of the low lying states agrees quite well with quark model expectations.

However there are excited states that are not clearly assigned in the quark

model.

In 2003 the best candidate for a state beyond the naive quark model was found,
the X (3872) 1, which is the most accepted candidate for a meson-meson
molecule. This state has challenged the naive quark model and a lot

of theoretical work to go beyond has been done during the last decade.

We have studied in a Chiral Constituent quark model possible hadron-hadron
molecules and found the X (3872) as a D D* molecule coupled to c¢
configurations [2]. In this work we apply the same ideas to study the heavy
baryon spectrum in the open charm and open bottom sectors. We have
studied possible D*) N (B*) N') and

DMA (B®A)

configurations and found several bound states. The partial widths to the
most important decay channels has been computed within the same model.

For the A.(2940) [3] we find a D* N molecule very close in mass [4]. For this state the main decay
channel is DN in agreement with the observed

experimental width. This explains why it was discovered by BaBar in the

D% invariant mass distribution, however we also find a sizable decay

into X .7 where Belle confirmed the state.

We also find more exotic configurations like D*) A states. In particular

we find a D*A with I = 2 [5] with a mass close to the mass of the
X.(3250) [6]. This state has also been proposed to be a D{(2400) N
molecule however the width of the state under this hypothesis is too big,
been our result in better agreement with the experimental data. The main
decay channel under our hypothesis would be D* N7 while in the second
would be DN 7. The experimental study of these two decay channels could
give a very important information to understand the structure of the

state.

Analogs in the bottom sector has also been found. As the position of the
states is close to the hadron-hadron threshold the discovery of these
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states would confirmed the molecule character of both, open-charm and
open-bottom, states.

1 S.K. Choi et al. (Belle Collaboration), Phys. Rev. Lett. 91, 262001 (2003).
[2] P.G. Ortega, J. Segovia, D.R. Entem, and F. Fernandez, Phys. Rev. D 81, 054023 (2010).
[3] B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 98, 012001 (2007).

[4] P.G. Ortega, D.R. Entem, and F. Fernandez, Phys. Lett. B 718, 1381 (2013).

[5] P.G. Ortega, D.R. Entem, and F. Fernandez, Phys. Lett. B 729, 24 (2014).

[6] J.P. Lees et al. (BaBar Collaboration), Phys. Rev. D 86, 091102 (2012).
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Transverse momentum dependence of spectra of
cumulative particles produced from droplets of
dense nuclear matter

Friday 12 September 2014 15:00 (30 minutes)

The approach relies on a microscopic treatment of cumulative phenomena based on perturbative
QCD calculations of the corresponding quark diagrams near the thresholds [1. This enables to find
the asymptotic behavior of the structure functions of nuclear fluctons —the dense drops of nuclear
matter in nuclei composed of a few nucleons. As a result, in the framework of the approach the
nuclear structure function of the DIS process from nuclei and the yield of charged particles in the
cumulative region were calculated [2]. It was shown [3] that the approach enables to describe the
increase of the mean transverse momentum of the produced pions with the growth of their cumu-
lativity x. It was also found [4] that in the case of cumulative proton production the mechanism
of quark coalescence (coherent quark fusion) dominates over the production by fragmentation of
one fast cumulative parton. Later it was confirmed in STAR and PHENIX experimental studies
of azimuthal flows at RHIC [5-7] that the production of hadrons with transverse momenta upto a
few GeV/c are well described by the mechanism of the coalescence (recombination) of the valence
quarks.

In present study we focus on the calculations of the transverse momentum dependence of cumula-
tive pions and protons spectra in the framework of the Quark Coherent Coalescence (QCC) model
[4]. The results are shown in Fig.1. We see that the model enables to describe the transverse
momentum dependence of the yields of cumulative pions and protons at different values of their
cumulativity  with the only parameter —the constituent quark mass, taken to be equal 300 MeV.

The author thanks Saint-Petersburg State University for the research grant 11.38.197.2014 and the
RFFI for the grant 12-02-00356-a.
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Relative dependence (normalized to the value at kt=0) of the yields of cumulative pions (left) and
protons (right) on the transverse momentum at different values of their cumulativity z. The ex-
perimental points are taken from [8-10]. The curves —results of the present calculations in the
framework of the QCC model [4] with the only parameter —the constituent quark mass m = 300
MeV.
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Puzzles in Quarkonium hadronic transitions with
two pion emission

Thursday 11 September 2014 17:55 (20 minutes)

The hadronic transitions of heavy quarkonia such as 1(n.S) or T(nS) to lower states with emis-
sion of two pions are important tools for

understanding both, the heavy quarkonium dynamics and the formation of light hadrons.

The typical momentum involve in the transition is too low for perturbative QCD and then pertur-
bative method does not apply.

The recent experimental data shows a puzzling behavior. In charmonium each Y (4260), Y (4360)
and Y (4660) decay to only one particular channel, J/¢7 "7~ or1)(25)n+ 7, showing the Y (4360)
and Y (4660) a particularly large width. Moreover, such decays have not been observed for the
1(4415). In bottomoiun, the T(10860) also shows an anomalous large width 1.

These behaviors can be due to several mechanism: contribution of hadronic loops, four quarks
molecular components of the quarkonium wave function or the existence of hybrids mesons with
a mass near the mass of the decaying resonance.

In this work we address these problems in the framework of a constituent quark model which has
been successful in describing the hadronic phenomenology [2].

Hadronic decays can be described, at least for the lower lying states, using the QCD multipole
expansion approach (QCDME) where the heavy quarkonium system serves as a compact color
source and emits soft gluons which are hadronized into pions. After the emission of the first gluon
and before de emission of the second there exist an intermediate state where the ¢ together with
the gluon constitute an hybrid state. The width of the transition depends critically on the position
of this state, therefore it is important to describe the ¢g states and the hybrid consistently using as
few parameters as possible.

Moreover, when the excited states lies above the open flavor threshold, the QCDME scenario may
change because the possible contribution of molecular components [3] can enhanced the decay
width.

Using the constituent quark model quoted above, we calculate the J /¢ and ¢ (2S)7m decays
of the J¥ = 17~ charmonium and bottomonium states. Hybrid states are consistently generated
in the original quark model using the quark confining string (QCS) scheme [4]. Above threshold
we incorporate the effects of molecular components.

We are able to explain the anomalous large decay width of the X (4360) and Y (4660) due to the
presence of hybrid states close by in energies. However this mechanism does not work in the case
of the T(10860) being in this case the large width due to the contributions of significant molecular
components. Our model also predicts a large value for the decay X (4360) — J/¢mm which has
been not seen in the experiments. Therefore the puzzling situation of the hadronic transition in
quarkonium still deserves more experimental and theoretical efforts.

\vspace
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Summary

We study the anomalously large rates of some hadronic transition from quarkonium in a con-
stituent quark model which has been successful in describing the hadronic phenomenology. Some
of the anomalies are explained due to the presence of hybrid states in the QCD multipole expan-
sion approach whereas others are due to the presence of molecular components in the state wave
function
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Symmetry on honeycomb lattice formulation
Friday 12 September 2014 15:20 (20 minutes)
We present our investigation of a symmetry on honeycomb lattice. Using the formulation devel-
oped recenetly by analogy of staggered fermion formulation, we show the explicit formulation of

“hidden” chiral symmetry on honeycomb lattice. We also discuss the possible extension of this
formulation to interacting system as an application to Graphene.
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Holographic description of QGP production in heavy
ion collisions.

Monday 8 September 2014 17:30 (30 minutes)

Dual holographic approach provides a powerful tool to study the static

properties of QGP as well as its thermalization.

There are models that reproduce perfectly the static properties of QGP,

meanwhile others models are used to reproduce non-static characteristics,

for example the charged multiplicity dependence on the energy.

We propose a holographic background that reproduces at large and small distances
the Cornell potential and in which collision of shock domains recovers

the experimental energy dependence of multiplicities obtained recently at LHC.
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Hadron interactions and exotic hadrons on the lattice

Monday 8 September 2014 17:10 (20 minutes)

One of the interesting subjects in hadron physics is to look for the multiquark configurations. One
of candidates is the H-dibaryon (udsuds), and the possibility of the bound H-dibaryon has been
recently studied from lattice QCD.

We also extend the HAL QCD method to define potential on the lattice between baryons to meson-
meson systems including charm quarks to search for the bound tetraquark Tcc (ud ¥bar{c} ¥bar{c})
and Tcs (ud ¥bar{c} ¥bar{c}).

In the presentation, after reviewing the HAL QCD method, we report the results on the H-dibaryon,
the tetraquark Tcc (ud ¥bar{c} ¥bar{c}) and Tcs (ud ¥bar{c} ¥bar{c}), where we have employed the
relativistic heavy quark action to treat the charm quark dynamics with pion masses, m_{¥pi}=410,
570, 700 MeV.
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Manifestations of local parity breaking in heavy ion
collisions

Tuesday 9 September 2014 17:00 (20 minutes)

We investigate how local parity breaking due to fluctuations of the topological charge may affect
hadron physics in heavy ion collisions. A distorted dispersion relation is derived for the lightest
vector mesons p and w and compared to the experimental results. The main characteristic of LPB is
an invariant mass splitting that depends on the polarization. We present a detailed analysis of the
invariant mass and angular distribution associated to the lepton pairs created from these mesons
looking for possible LPB effects. Two angular variables are found to carry the main information
related to the parity breaking effect. Possible signatures for experimental detection of LPB are
discussed. We also discuss how LPB may affect other hadronic processes such as Dalitz decays.
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Amplitude Analysis in Lights Hadron Spectroscopy
Thursday 11 September 2014 17:00 (30 minutes)

I give an overview of the Jefferson Lab Physics Analysis Center (JPAC) activities.

JPAC is a join center between Indiana University and the Jefferson Laboratory.

We provide theoretical tools for data analysis in hadron spectroscopy.
In this talk, I will present the following topics:

« Dalitz plot analysis of eta-> 3pi and omega-> 3pi
« omega -> pi gamma transition form factor
« Application of Dual models to charmonium -> 3pi and extension to gamma p -> K+ K- p

« pion-nucleon amplitudes from threshold to Regge energies: application of finite energy sum
rules to constrain baryon resonances
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Corrections Beyond the Leading Order in Processes
7 — ete” and 70 — eTey
Friday 12 September 2014 14:00 (20 minutes)
In this talk we will discuss two important processes of the low energy hadron physics: the Dalitz
decay of 7 and 70 — eTe™.

We briefly summarize experimental and theoretical results on the rare decay 7% — eTe™. The
analytical two-loop QED corrections together with the bremsstrahlung contribution beyond the
soft-photon approximation are reviewed. Using the leading logarithm approximation, the possible
contribution of QCD corrections is estimated. The complete result is then used to fit the value of
the contact interaction coupling to the recent KTeV experiment.

This, together with a study of the Dalitz decay w0 = ete™ 7, can be used in the theoretical calcu-
lation of the hadronic light-by-light scattering contribution in the g — 2 type experiments.
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A new look on signals of collective effects in AA and
pA at LHC based on Modified Glauber Model.

Tuesday 9 September 2014 15:40 (18 minutes)

G.Feofilov, A.Seryakov

We present current status of Modified Glauber Model (MGM) 1, which standard version is widely
used for determination of centrality classes, for comparison AA and pA collision with pp data and
for search collective effects. In MGM we take into account energy losses which are needed for
particle production in each nucleon-nucleon collision. This proposal allowed us to predict total
multiplicity in all centrality classes, which were obtained at ALICE experiment [2]. The analysis,
which based on this model, of nuclear modification factor in AA, multiplicity density and scaling
of hard and soft processes in pA, shows dramatic transformation of our view on processes in heavy
ion collisions at LHC.

The work was supported by the St.Petersburg State University grants 11.38.66.2012 and 11.38.193.2014
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culations // Journal of Physics G CS, 5, (2005) 230-237
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cles yields behind Glauber model in high energy pA and AA collisions, PoS(QFTHEP 2013)053,
2013.
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How center vortices break chiral symmetry

Friday 12 September 2014 15:00 (30 minutes)

We analyze the creation of near-zero modes from would-be zero modes of various topological
charge contributions from classical center vortices in SU(2) lattice gauge theory. We show that
colorful spherical vortex and instanton configurations have very similar Dirac eigenmodes and
also vortex intersections are able to give rise to a finite density of near-zero modes, leading to
chiral symmetry breaking via the Banks-Casher formula. We discuss the influence of the magnetic

vortex fluxes on quarks and how center vortices may break chiral symmetry.
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Gluon- and Quark-Jet Multiplicities

Friday 12 September 2014 16:20 (20 minutes)

We present a new approach to consider and include both the perturbative and the non-perturbative
contributions to the multiplicities of gluon and quark jets. Thanks to this new method, we have
included for the first time new contributions to these quantities obtaining next-to-next-to-leading-
logarithmic resummed formulas. Our analytic expressions depend on two non-perturbative param-
eters with a clear and simple physical interpretation. A global fit of these two quantities shows
how our results solve a longstanding discrepancy in the theoretical description of the data.

Primary author: Dr KOTIKOV, Anatoly (JINR)
Presenter: Dr KOTIKOV, Anatoly (JINR)

Session Classification: Parallel IIl: B6 Light Quarks

Track Classification: Section B: Light Quarks

October 20, 2024 Page 85



Quark Confine -~/ Report of Contributions Electromagnetic Strangeness Pro -

Contribution ID: 94 Type: not specified

Electromagnetic Strangeness Production at Jefferson
Lab Energies

Tuesday 9 September 2014 18:20 (30 minutes)

An overview of a decade of elementary strangeness production results
from CLAS at Jefferson Lab will be presented. Photoproduction off the
proton of the ground state A and X0 states and kaons

has been instrumental in identifying the N* resonance structure of
the nucleon around 2 GeV. Spin observables, aiming at “complete”
determination of the photoproduction amplitudes, promise to further
constrain the excitation spectrum of nucleons. Electroproduction
measurements have extended to non-zero 4-momentum transfer Q2 the
structure function information about strangeness production.
Photoproduction of the excited hyperons, the ¥.°(1385),

A(1405), and A(1520) in the reactions v +p —+ KT + Y* — K* + X + 7, can be compared to
the hyperon

ground state reactions for the first time. The cross sections have been
compared to current theoretical models based on the effective
Lagrangian approach, with varying success. The cross sections for the
A(1405) region are strikingly different for the

S, 290 and X #t decay channels,

indicating the effect of isospin interference, especially at W

values close to the threshold. We show how this behavior is reflected
in the differing mass distributions for the A(1405) in the

different decay channels. Chiral unitary models of the

A(1405) and related non-strange baryonic states suggest how

the A(1405) is a structure of several interfering poles. We

highlight also the first measurement of the spin and parity of the
A(1405). Finally, we outline the next experimental steps to

be taken in strangeness electromagnetic production in the Jefferson
Lab 12 GeV era.
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Hamiltonian Approach to QCD in Coulomb
gauge-from the vacuum to finite temperatures

Tuesday 9 September 2014 16:30 (30 minutes)

I will review recent results obtained within the Hamiltonian approach to QCD. I will focus on the
description of the deconfinement phase transition by compactifying one spatial dimension.
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All order linearized hydrodynamics from
fluid/gravity correspondence

Monday 8 September 2014 18:00 (20 minutes)

Using fluid/gravity correspondence, we determined the (linearized) stress energy tensor of N = 4
super-Yang-Mills theory at strong coupling with all orders of the boundary derivative included.
We found that the dissipative effect is totally encoded in the shear term and a newly appeared one
starting from third order. In the hydrodynamic regime, we analytically obtained the stress tensor
up to third order in derivative expansion. To our primary goal of including all orders of deriva-
tives, we numerically determined the (generalized) momenta-dependent transport coefficients to
a rather

large regime of momenta. As a partial check of our results, we also derived the linearized relativis-
tic Navier-Stokes equations from the Einstein equations in the dual gravity.
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Nonuniform phases in the 't Hooft extended
Nambu-Jona-Lasinio Model

Tuesday 9 September 2014 15:00 (20 minutes)

The possible existence of nonuniform phases in cold dense quark matter in the light quark sector
(u, d and s) is adressed using the Nambu—Jona-Lasinio Model extended to include flavor-mixing ‘t
Hooft determinant. The effect of changes in the coupling strengths of the model as well as that of
the value of the current mass of the strange quark is discussed.

It is seen that the inclusion of the strange sector actually catalyses the appearance of these nonuni-
form phases extending the domain for their appeaarance.

Summary

The Nambu-Jona-Lasinio model 1 is a simple, yet powerful, tool in the study of strongly interacting
matter in the low energy nonperturbative regime. The inclusion of flavor mixing through the ‘t
Hooft determinant [2] breaks the unwanted axial symmetry.

The possibility of nonuniform phases characterized by a spatially periodic chiral condensate has
been the subject of intense investigation (for a recent review see for instance [3]).

The results pertaining the inclusion of the strange quark in these nonuniform phases, which is of
great importance for a realistic description of dense quark matter, was done for the first time by
the authors in [4]. There it was shown that flavor mixing of the strange and light quarks allows
for existence of a much larger baryonic chemical potential window for the formation of a stable
dual chiral-wave state as compared to the two-flavor case. In addition, strangeness catalyzes the
occurrence of a new branch of nonhomogeneous solutions at moderate densities. The modulation
of the chiral condensates in the light quark sector is taken to be one dimensional, while strangeness
is embedded as a homogeneous condensate in the spontaneously broken phase of chiral symmetry.
A finite current quark mass for the strange quark is incorporated, while the up and down current
masses are set to zero. In that case the modulation considered provides an exact analytic solution
for the

system. Despite the simplicity of the ansatz, the emerging phase diagram displays a very

rich structure.

1Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345 (1961); Y. Nambu and G. Jona-Lasinio, Phys.
Rev. 124, 246 (1961); V. G. Vaks and A. L. Larkin., Zh. Eksp. Teor. Fiz. 40, 282
(1961).[Sov. Phys. JETP 13, 192 (1961)].

[2] G. 't Hooft, Phys. Rev. D 14, 3432 (1976); V. Bernard, R. L. Jaffe, and U. G. Meissner, Phys.
Lett. B198, 92 (1987); V. Bernard, R. L. Jaffe, and U. G. Meissner, Nucl. Phys. B308, 753 (1988); H.
Reinhardt and R. Alkofer, Phys. Lett. B 207, 482 (1988).

[3] Michael Buballa and Stefano Carignano, arXiv:1406.1367 [hep-ph]

[4] J. Moreira, B. Hiller, W. Broniowski, A.A. Osipov, A.H. Blin, Phys.Rev. D89 (2014) 036009
arXiv:1312.4942 [hep-ph]
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From Jet Quenching to Wave Turbulence

Monday 8 September 2014 15:00 (30 minutes)

We discuss average properties of the gluon cascade generated by an energetic parton propagating
through a dense QCD medium. The cascade is mostly made with relatively soft gluons, whose
production is not suppressed by the LPM effect. Unlike for usual QCD cascades in the vacuum,
where the typical splittings are very asymmetric (soft and collinear), the medium-induced branch-
ings are quasi-democratic and lead to wave turbulence. This results in a very efficient mechanism
for the transport of energy at large angles with respect to the jet axis, which might explain the
di-jet asymmetry observed in Pb-Pb collisions at the LHC. We furthermore present the equations
describing the non-linear evolution of the jet quenching parameter with increasing the medium
size, to leading logarithmic accuracy in perturbative QCD. These equations may be viewed as a
generalization, going beyond the

eikonal approximation, of the BK-JIMWLK equations for the gluon

distribution in a large nucleus. An important prediction of these equations is a rapid growth

of the jet quenching parameter with increasing the medium size L.
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(Multi-)Strange hadron and light (anti-) nucle
8 8
production with ALICE at the LHC

Tuesday 9 September 2014 17:50 (20 minutes)

Thanks to its excellent tracking performance and Particle Identification
capabilities, the ALICE detector allows for the identification of light

(anti-) (hyper-) nuclei and for the measurement of (multi-) strange particles

over a wide range of transverse momentum.

Deuterons, tritons, >He and *He and their corresponding

antinuclei are identified via their specific energy loss in the

Time Projection Chamber and the velocity measurement provided

by the Time-Of-Flight detector.

Strange and multi-strange baryons and mesons as well as (anti-) hypertritons are
reconstructed via their topological decays.

Detailed measurements of (multi-) strange hadron production in pp, p-Pb and Pb-Pb
collision and of light (anti-) nuclei and (anti-) hypertritons in Pb-Pb collisions
with ALICE at the LHC will be presented.

The experimental results will be compared with the predictions of both
statistical hadronization and coalescence models.
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Deconfinement transition in a massive extension of
the background field gauge

Tuesday 9 September 2014 17:30 (20 minutes)

We discuss the breaking of center symmetry in pure SU(2) and SU(3) Yang-Mills theories at finite
temperature. We explore this question using a perturbative approach within a massive extension
of the background field gauge which is seen as a phenomenological way of taking into account the
effect of the Gribov copies. At one-loop order, this simple perturbative calculation yields a second
order phase transition for SU(2) and a first order one for SU(3), in agreement with lattice results
and with previous findings from functional renormalization group techniques. I also discuss the
average of the Polyakov loop, computed at the same order, and comment on the effect of higher
loop corrections.
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Thermodynamics from lattice QCD with Nf=2+1+1
dynamical twisted fermions

Tuesday 9 September 2014 18:50 (1h 30m)

We present the results achieved for a project dealing with

lattice QCD thermodynamics in the presence of two dynamical
quark generations employing the twisted mass discretization

for Wilson-type quarks and an improved gauge action in order

to ensure (automatic) O(a) improvement of lattice artifacts.

We fix the (charged) pseudo-scalar meson mass values at 400 MeV
and around 250 MeV. The temperatures range from 150 to 650 MeV.
A fixed-lattice scale approach is used at three different

lattice spacings in order to control the approach to the

continuum limit. The effect due to the inclusion of the

second quark generation is studied by comparing with previously
obtained two-flavour results at the higher pseudo-scalar mass
value.
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The lightest scalar-isoscalar meson, its history, new
parameters and role in QCD

Thursday 11 September 2014 18:10 (20 minutes)

Recently reparameterized f;(500) (former o) meson became subject of a number of innovative
works in QCD physics.

Difficult to find and to determine experimentally after many years of failures has been finally
precisely described be means of theoretical dispersion relations with imposed crossing symmetry
condition [1,2].

Its fundamental importance for low energy QCD opened up the possibility of constructive exami-
nation of its internal structure but also allowed for study

of delicate phenomena like CP violation via final strong pion-pion state interactions.

History of this meson, of its almost re-discovery two years ago, and its importance for QCD will
be discussed.

Also presented will be evidence of the uniqueness of the dispersion method used to obtain its pa-
rameters.

Example of a successful application of dispersive method in modification of coupled channel 7,
K K and nn amplitudes fitted in past only to experimental data and not fulfilling crossing symme-
try condition will be presented.

Several questions concerning the possibility of extending the dispersion method for study of the
low energy QCD will be selected.

1 “The Pion-pion scattering amplitude. IV: Improved analysis with once subtracted Roy-like equa-
tions up to 1100°MeV”, R. Garcia-Martin, R. Kaminski, J. R. Pelaez, J. Ruiz de Elvira and FJ. Yn-
durain, Phys. Rev. D83, 074004 (2011); “Precise determination of the f,(600) and f;(980) pole
parameters from a dispersive data analysis”, R. Garcia-Martin, R. Kaminski, J. R. Pelaez and J. Ruiz
de Elvira, Phys. Rev. Lett. 107 (2011) 072001,

[
I

2] “Mass and width of the lowest resonance in QCD”,

]
. Caprini, G. Colangelo and H. Leutwyler, Phys. Rev. Lett. 96, 132001 (2006)

Summary

The described method, its uniqueness and precision of the results should facilitate modification of
often used incorrect 77 amplitudes. This should significantly increase the reliability of obtained
results (e.g. in decays of heavy mesons) and accelerate research on other light mesons - candidates
for being the lightest non quark-antiquark states.
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Exponentiation and Renormalization of Wilson line
operators

Friday 12 September 2014 15:00 (20 minutes)
I will discuss how Wilson line operators can be exponentiated, and how this exponentiation helps
in studying their renormalization properties. Explicit examples will include rectangular Wilson

loops, the cyclic Wilson loop and the Polyakov loop correlator. Relations to the Polyakov loop
correlator’s spectral decomposition will also be discussed.

Based on arXiv:1312.6651 [hep-th]
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Logarithmic violation of scaling in strongly
anisotropic turbulent transfer of a passive vector

field

Tuesday 9 September 2014 18:50 (1h 30m)

Inertial-range asymptotic behavior of a vector (e.g., magnetic) field, passively advected by a strongly
anisotropic turbulent flow, is studied by means of the field theoretic renormalization group and the
operator product expansion. The advecting velocity field is Gaussian, not correlated in time, with
the pair correlation function of the form o (¢t — t’)/kjl_71+§, where k| = |k|and k is the com-
ponent of the wave vector, perpendicular to the distinguished direction (*direction of the flow”)
- the d-dimensional generalization of the ensemble introduced by Avellaneda and Majda [Com-
mun. Math. Phys. 131: 381 (1990)]. The stochastic advection-diffusion equation for the transverse
(divergence-free) vector field includes, as special cases, the kinematic dynamo model for magne-
tohydrodynamic turbulence and the linearized Navier-Stokes equation. In contrast to the well
known isotropic Kraichnan’s model, where various correlation functions exhibit anomalous scal-
ing behavior with infinite sets of anomalous exponents, here the dependence on the integral tur-
bulence scale L has a logarithmic behavior: instead of power-like corrections to ordinary scaling,
determined by naive (canonical) dimensions, the anomalies manifest themselves as polynomials of
logarithms of L. The key point is that the matrices of scaling dimensions of the relevant families

of composite operators appear nilpotent and cannot be diagonalized. The detailed proof of this

fact is given for correlation functions of arbitrary order.
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Bose-Einstein effects in multiplicity and net-charge
correlations in pp collisions using PYTHIAS
simulations

Tuesday 9 September 2014 18:50 (1h 30m)

Correlations between various observables, e.g. multiplicities of particles produced in pp collisions
at the LHC energies within intervals separated in pseudorapidity and azimuth angle, could be a
sensitive tool to analyze hadron collisions dynamics and test hadron production models.

In this report we present results of studies of multiplicity correlation coefficient topology for like-
and unlike-sign pairs of charged particles using PYTHIAS8 event generator 1. Correlation coeffi-
cients were extracted using long-range forward-backward correlation method [2].

Peculiar behavior of correlation coefficient topology of net-charge is obtained in short-range re-
gion. Analysis shows that effects of Bose-Einstein statistics [3] have strong influence in this region
of such correlations.

The results indicate the necessity of experimental studies of net-charge correlation topology that
could bring new constraints to PYTHIAS tunes.

References:

1 http://home.thep.lu.se/ torbjorn/Pythia.html

[2] ALICE collaboration, ALICE Physics Performance Report, vol. 2, part 2 (6.5.15, Long-range
correlations, pp. 452-455), CERN/LHCC 2005-030, 5 December 2005

[3] L. Lonnblad, T. Sjéstrand, Eur.Phys.J.C2:165-180, (1998) //arXiv:hep-ph/9711460
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Potential of a combined analysis of the
7~ — (K7) v, and 7~ — K v, decays

Friday 12 September 2014 15:20 (20 minutes)

We illustrate how the K*(1410) resonance parameters can be extracted with improved precision
by exploiting the synergy of a combined study of the

77 = (K7) v, and 7~ — K~ nu, decays for the first time. On the one hand we take advantage
of the much larger statistics

accumulated for the former decay in the K g7~ channel, while on the other we also benefit from
the larger sensitivity of the latter decay to the properties of

this resonance.

Our study is done in the frame of Chiral Perturbation Theory including resonances as explicit
degrees of freedom. Different resummations of final state interactions are

considered, allowing for a better control of the theoretical uncertainties.
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Renormalized Light Front Hamiltonian in the
Pauli-Villars Regularization

Tuesday 9 September 2014 18:50 (1h 30m)

We address the problem of nonperturbative calculations on the light front in quantum field theory
regularized by Pauli-Villars method. As a preliminary step we construct light front Hamiltonians
in (2+1)-dimensional A¢* model, for the cases without and with spontaneous symmetry breaking.
The renormalization of these Hamiltonians in Pauli-Villars regularization is carried out via com-
parison of all-order perturbation theory, generated by these Hamiltonians, and the corresponding
covariant perturbation theory in Lorentz coordinates.

Summary

In the present paper we have constructed the renormalized LF Hamiltonian for the Ap* model
in (2+1)-dimensional space-time.

We have found the explicit expression for the counterterm, necessary for the renormalization,
using the PV regularization. To do this we compare the diagrams of the covariant perturbation
theory in Lorentz coordinates with the analogous diagrams of the perturbation

theory generated by the LF Hamiltonian which has also the cutoff in the momentum

p— (J]p—| > 6 > 0). We show that both perturbation theories can be described by

the same set of diagrams, with the values of the compared diagrams coinciding in the limit

0 — 0. Then we renormalize the LF Hamiltonian by the counterterm found in

the calculation of the divergent part of the corresponding diagram in the covariant perturbation
theory in Lorentz coordinates.

Furthermore we have taken into account the possibility of the spontaneous symmetry
breaking in this model and obtained the LF Hamiltonians corresponding to two different
vacua. We arrive at these LF Hamiltonians by considering the limit transition from the
theories quantized on the spacelike planes approaching the LF. It is

possible to describe the vacuum on these planes using the Gaussian approximation.

The Hamiltonians obtained with this approximation still require UV renormalization.
And the above-mentioned comparison of perturbative theories, generated by these

LF Hamiltonians, and the covariant perturbation theory in Lorentz coordinates allows
to renormalize both of these Hamiltonians in the PV regularization.
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Dynamical QCD string and its symmetries

Thursday 11 September 2014 15:30 (30 minutes)

Mesons constructed from the quark propagators without the lowest-lying eigenmodes of the Dirac
operator reveal not only restored chiral and U(1)_A symmetries, but actually a higher symmetry.
All possible

chiral and U(1)_A multiplets for the states of the same spin are degenerate, i.e. the energy of the
observed quantum levels does not depend on the spin orientation of quarks and their parities. The
quark-spin

independence of the energy levels implies absence of the magnetic interactions in the system. The
ultrarelativistic quark-antiquark system with only the color-electric interactions can be interpreted
(or defined) as a dynamical QCD string. The symmetry group of the J>=1 levels of the string is
SU(4).
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Solutions to QCD 't Hooft Equation in terms of Airy
functions

Tuesday 9 September 2014 18:50 (1h 30m)

We consider numerical solutions to 't Hooft equation. We find that the spectrum of eigenvalues
coincide with that of Airy differential equation. Physically it corresponds to one dimensional
Schrédinger equation for a particle in a triangular potential well. We use Fourier transform of 't
Hooft eigenfunctions to get to the coordinate space. The squared eigenfunctions in this space turn
out to be nothing else than the square of Airy function.
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A model of light front QCD zero mode and
description of quark-antiquark bound states

Friday 12 September 2014 16:40 (20 minutes)

We consider a transition to the light front Hamiltonian from theories quantized on spacelike planes
approaching to the light front. In this approach we preserve the dynamics of zero mode present
in the theories near the light front. We make the limit transition differently for zero and nonzero
modes. This leads to the appearance of some phenomenological parameter which can be used to
describe vacuum effects. As an illustration of our scheme we consider the quark-antiquark bound
states problem in 2+1 dimensions. We use the lattice gauge invariant regularization in transverse
coordinate space and obtain the analog of 't Hooft equation. The numerical solution to this problem
suggests that the spectrum of eigenvalues coincide with the spectrum of Airy differential equation.
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Dark matter on the lattice
Friday 12 September 2014 14:30 (30 minutes)

An overview of recent lattice computations for dark matter will be presented.
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Generalized Beth-Uhlenbeck approach to mesons
and diquarks in hot, dense quark matter

Tuesday 9 September 2014 18:50 (1h 30m)

An important first step in the program of hadronization of chiral quark models is the bosonization
in meson

and diquark channels. This procedure is presented at finite temperatures and chemical potentials
for the

SU(2) flavor case of the NJL model with special emphasis on the mixing between scalar meson and
scalar

diquark modes which occurs in the 2SC color superconducting phase. The thermodynamic poten-
tial is

obtained in the gaussian approximation for the meson and diquark fields and it is given the Beth-
Uhlenbeck

form. This allows a detailed discussion of bound state dissociation in hot, dense matter (Mott ef-
fect) in

terms of the in-medium scattering phase shift of two-particle correlations. It is shown for the case
without

meson-diquark mixing that the phase shift can be separated into a continuum and a resonance
part. In the

latter, the Mott transition manifests itself by a change of the phase shift at threshold by =t in accor-
dance

with Levinson’s theorem, when a bound state transforms to a resonance in the scattering contin-
uum. The

consequences for the contribution of pionic correlations to the pressure are discussed by evaluat-
ing the Beth-

Uhlenbeck equation of state in different approximations. A similar discussion is performed for the
scalar

diquark channel in the normal phase. Further developments and applications of the developed
approach are

outlined.
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Pion-photon reactions and chiral dynamics in
Primakoff processes at COMPASS

Tuesday 9 September 2014 15:00 (30 minutes)

With the COMPASS experiment at CERN, pion-photon reactions are investigated
via the Primakoff effect, implying that high-energetic pions react with the
quasi-real photon field surrounding the target nuclei.

The production of a single hard photon in such a pion scattering,

at lowest momentum transfer to the nucleus, is related to pion Compton
scattering. From the measured cross-section shape,

the pion polarisability is determined. The COMPASS measurement is in
contradiction to the earlier dedicated measurements, and rather in agreement
with the theoretical expectation from chiral perturbation theory.

In the same experimental data taking, reactions with neutral and charged
pions in the final state are measured and analyzed. At low energy in the
pion-photon centre-of-momentum system, these reactions are governed by
chiral dynamics and contain information relevant for chiral perturbation
theory. At higher energies, resonances are produced and their

radiative coupling is investigated.
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Constraining the physics of matter at high densities
with the r-mode instability

Monday 8 September 2014 15:00 (20 minutes)

Neutron stars are one of the most exciting nuclear laboratories in the universe. With internal den-
sities above nuclear saturation density and temperatures well below the Fermi temperature, they
allow us to prove a regime of the strong interaction that is not accessible in terrestrial laboratories.
In particular neutron stars are likely to be interesting sources of gravitational waves, which may
be detected in the near future with ground based interferometers such as Advanced LIGO or Virgo.
In this talk I will focus on neutron stars in Low Mass X-ray Binaries and on gravitational waves
emission due to unstable modes of oscillation of the star, in particular the so called r-mode’. I
will show how current electromagnetic observations of these systems are not consistent with a
neutron star model that only includes neutrons, protons and electrons in the stellar interior, but
require additional, ‘exotic’physics.

I will discuss which mechanisms are compatible with the observations and which steps are needed
(both from a theoretical and an observational point of view) to further constrain the physics of
dense matter in neutron star interiors.

Summary

Neutron stars observations have the potential to constrain the physics of matter at high densities
and low temperatures. In this talk I will discuss in particular the gravitational wave driven r-mode
instability in accreting neutron stars. I will show how X-ray observations of these systems are not
consistent with a simple model of a star that simply contains neutrons, protons and electrons, but
require additional ‘exotic’ physics. I will discuss several possibilities and how to make progress
towards further constraints on the physics of neutron star interiors.
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Pair double heavy diquarks production in high
energy proton-proton collisions

Monday 8 September 2014 17:30 (20 minutes)

On the basis of perturbative QCD and relativistic quark model we calculate cross sections of pair
double heavy diquarks production in proton-proton interaction. Both, nonrelativistic and rela-
tivistic results are obtained. Relativistic factors in the production amplitude connected with the
relative motion of heavy quarks and the transformation law of the bound state wave function to
the reference frame of the moving S-wave diquark bound states are taken into account. The gluon
and quark propagators entering the production amplitude are expanded in the ratio of the rela-
tive quark momenta to the diquark masses up to the second order. Relativistic corrections to the
quark-quark bound state wave functions in the rest frame are considered by means of the Breit-
like potential. It turns out that the examined effects significantly decrease the nonrelativistic cross
sections.
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Non-perturbative effects for the BFKL equation in
QCD and in N=4 SUSY

Monday 8 September 2014 16:30 (30 minutes)

We remind, that the high energy behavior of scattering amplitudes in QCD is described by the
BFKL equation for the pomeron as a composite state of reggeized gluons. In

the leading logarithmic approximation its hamiltonian has a number of remarkable properties
including its Moebius invariance, holomorphic separability and integrability.

These properties are valid also for the BKP equation describing the multi-gluon composite states
in the t'Hooft limit. Generally the BFKL hamiltonian is integrable only at N=4 SUSY where we
calculate its eigenvalues in a semiclassical approximation beyond perturbation theory. Due to the
asymptotic freedom the spectrum of the BFKL hamiltonian in QCD is

discreet, but for its calculation one needs boundary conditions for eigenfunctions. We discuss
various modifications of the BFKL equation in the confinement region, including

the Higgs mechanism and the conformal mapping of the imact parameter plane to the spaces with
cylinder and compact topologies.
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Poincaré Invariance in pNRQCD

Friday 12 September 2014 15:02 (19 minutes)

Potential non-relativistic QCD (pNRQCD) is an effective field theory that describes heavy quarko-
nia at the ultrasoft scale, i.e. at the scale of the binding energy. As a non-relativistic theory,
full Poincaré invariance is no longer explicit in pPNRQCD. However, since pNRQCD is ultimately
derived from QCD, Poincaré invariance is still hidden in the theory, with the effect that the Wil-
son coefficients satisfy certain constraints. I will discuss how these constraints can be obtained
through a non-linear implementation of Lorentz transformations, and how the Poincaré algebra is
satisfied for these non-linear transformations.
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Gravitational waves from spinning neutron stars
Monday 8 September 2014 15:20 (20 minutes)
In this talk I will describe how spinning neutron stars can produce long-lived gravitational wave
signals. I will explain how the strength of this emission relates to the properties of the star, and de-
scribe the connection with the properties of matter at very high density. I will also describe efforts

to detect such gravitational waves directly, and outline the key issues in this large experimental
endeavour.
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Jet physics at the LHC as probe of the QGP

Monday 8 September 2014 14:00 (30 minutes)

Hard partons produced in the initial stage of heavy-ion collisions are ideal probes to study the
quark-gluon plasma (QGP). Those hard partons, that fragment into jets, experience a sizable en-
ergy degradation as they traverse the hot and dense medium generated in ultra-relativistic heavy-
ion collisions. At the LHC regimes, the phenomena connected to the jet quenching unveils new
interesting properties of strongly-coupled matter. In this talk results on jets measured in the heavy-
ion environment at the LHC are presented. Comparison of the results to model calculations are
also discussed.
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Direct photon production in high-energy nuclear
collisions

Thursday 11 September 2014 16:30 (30 minutes)

Direct photons have always been considered a promising probe for the very early phases of high-
energy nuclear collisions. Prompt photons reveal information about the initial state and its possible
modifications in nuclei. In this context they should be one of the best probes for effects of gluon
saturation. Thermal photons emitted from the produced matter in nuclear collisions carry infor-
mation on the temperature of the very early phase. In particular a simultaneous measurement of
yield and elliptic flow of thermal photons can put strong constraints on the early time dynamics
of the system. Recent analysis at RHIC has shown very intriguing results, which are not fully
understood theoretically.

I will review the status of results on direct photon measurements at RHIC and LHC and their inter-
pretation. Furthermore I will discuss prospects for future measurements in particular at the LHC.
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Influence of quark-gluon vertex corrections on the
spectrum of Hadrons

Friday 12 September 2014 14:20 (20 minutes)

We present a calculation of the Hadron spectrum in the Dyson-Schwinger/Bethe-Salpeter
approach to continuum QCD. A sophisticated truncation featuring all covariant structures
of the quark-gluon vertex, with its inherent flavour dependence, is employed in a framework
that preserves the dynamics of chiral symmetry breaking. The study is suggestive as to the
relevance of additional resonant and non-resonant two- and three-body contributions.
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Determination of classes of events in multiplicity
and its relevance to centrality in high energy Pb-Pb
and p-Pb collisions in different MC models

Friday 12 September 2014 14:00 (20 minutes)

We present the critical review of estimates of centrality in AA and pA collisions that are usually
done by selection of classes of events with certain charged particles multiplicity. Results of MC
simulations in different models are presented. They include the Standard Glauber, the Modified
Glauber model 1 and HIJING[2] event generator (with gluon shadowing) MC calculations. We
present the estimates of the number of participants (Npart) and of the nucleon-nucleon collisions
(Ncoll) and their distributions and relations to the impact parameter in AA, and pA interactions
at the LHC energy. It is obtained that the distributions in Npart, relevant to the narrow (1%)
multiplicity class selection in Pb-Pb collisions, are wider than could be expected. Results of models
[1-2] are found to be in agreement with and AMPT[3] and the non-Glauber Model MC calculations
[4], all these data are pointing at the considerable stopping of nucleons (or high role of gluon
shadowing) in Pb-Pb and p-Pb interactions at the LHC energies. It is shown that, contrary to
the Standard Glauber model, the account of the energy-momentum conservation in soft particles
production, that is intrinsically present in the models [1-4], leads to the noticeable decrease in
the mean number of nucleon collisions Ncoll in Pb-Pb and p-Pb interactions at the LHC energies.
Importance of these effects in search of the critical phenomena at the SPS energies is also discussed.

The authors acknowledge Saint-Petersburg State University for a research
grant 11.38.66.2012
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Chiral gap effect in QCD in curved space

Monday 8 September 2014 18:00 (30 minutes)

We discuss the effect of curved spacetime on QCD phase transitions. We point out a common
feature that fermions are always gapped with a curvature in a way consistent with chiral symmetry,
which we call the chiral gap effect. We can have intuitive understanding of the behavior of the
chiral condensate as a function of positive and negative curvatures. We also address the decoupling
of the gluonic sector from dynamical quarks because of the mass gap. This suggests that QCD
would become closer to the pure Yang-Mills theory under strong gravitational fields. We mention
on a speculative scenario on the QCD surroundings near the black holes.
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Highlights on the mechanism of confinement from
lattice simulations (in memory of Misha Polikarpov)
Friday 12 September 2014 09:00 (30 minutes)
I present an overview of the lattice studies of the confinement problem. I will concentrate on the
dual superconductor scenario of confinement and on the center vortex theory of confinement. The
talk is devoted to the memory of Misha Polikarpov who passed away one year ago. Misha was

certainly one of the major figures in the lattice studies of the confinement problem. In my talk I
will recall his most important results as well as results obtained by other groups.
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Results from Cu+Au collisions at 200 GeV in PHENIX
experiment

Friday 12 September 2014 14:20 (20 minutes)

The flexibility of RHIC to collide different nuclei provides experiments with a rich set of data to
systematically test models and scaling behaviors in various collision systems. In 2012 RHIC col-
lided Cu+Au nuclei. These collisions promise an array of unique initial geometrical configurations.
Such geometries present an opportunity to measure the wide range of initial energy densities of
this system. They also allow the study of some unique features arising from these configurations.
In particular, the odd harmonics from the Cu+Au system offer sensitivity to v3 generated from the
collision geometry as opposed to fluctuations in a symmetric system.

The results from the global particle production and the challenges in analyzing this asymmetric
system will be presented in the talk: spectra as a function of centrality, nuclear modification fac-
tors RAA and particle ratios such as proton/pion, and antiproton/proton will also be shown. The
comparison with other colliding systems such as Au+Au will be carried out.
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Polyakov loop correlators and cyclic Wilson loop
from lattice QCD

We calculate the correlation function of Polyakov loops and the cyclic Wilson loops in 2+1 flavor
QCD at non-zero temperature. In our investigations we use the highly improved staggered quark
(HISQ) action and lattices with temporal extent Nt=4,6,8,10 and 12.

At high temperatures we compare our numerical results with perturbation theory.
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Study of strange mesons in p+p, d+Au and Cu+Cu
collisions at 200 GeV in PHENIX experiment at RHIC

Tuesday 9 September 2014 18:50 (1h 30m)

Strange hadrons are among the most interesting probes of the quark-gluon-plasma,
created in the collisions of heavy ions at relativistic energy.

The PHENIX experiment at RHIC has measured invariant transverse momentum spectra and nu-
clear

modification factor (R4 4) of strange mesons K** and K2, in

p+p, d+Au and Cu+Cu collisions at center of mass energy 200 GeV.

The invariant transverse momentum spectra for K *? (K?2) is measured

over a range of transverse momentum (pr) from 1.1-1.4 GeV/c to 8-8.5 GeV/c (2-3 GeV/c to 12-13
GeV/c) depending on the collision systems.

Similar to the other light-quark mesons measurements,

both these strange mesons show no cold-nuclear-matter effects in the measured py

range in d+Au collisions. The (R44,,) factor ~ 1 and is almost constant as a function of pr.

It is interesting to have the quantitative study of (Rcycw) of the strange

mesons (K*°, K2) in heavy ion collisions as a function of centrality.

In case of peripheral collisions, no suppression are registered with respect to the p+p yield
scaled with binary collisions. Where as in central collisions, both mesons suffer

substantial amount of suppression at high p (> 5 GeV/c), which is similar to the

suppression suffered by light-quark mesons.

In the intermediate pr range (2 < pr < 5 (GeV/c)), the strange mesons are less suppressed than
the light-quark meson (7°) and more suppressed than the baryons (p, p).
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MC generator HARDPING: nuclear effects in hard
interactions of leptons and hadrons with nuclei

Thursday 11 September 2014 18:10 (20 minutes)

Hadron and lepton production in hard interaction of high-energy particles with nuclei are con-
sidered in context of developing of Monte Carlo generator HARDPING (Hard Probe Interaction
Generator). Such effects as energy losses and multiple re-scattering initial and produced hadrons
and their constituents are taken into account. These effects are implemented in the current ver-
sion of generator HARDPING. The data on hadron production in lepton-nuclei collisions (HERMES
Coll.) and on lepton pair production in proton-nuclei collisions (E866 Coll.) were described with
current version of generator HARDPING. Predictions for lepton pair production in pA-collisions
at the 120 GeV Fermilab Main Injector and at the LHC at sqrt(s) = 5 TeV are presented.
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Dyson-Schwinger Equations of Hamiltonian
Quantum Chromodynamics

Tuesday 9 September 2014 17:30 (30 minutes)

The general method for treating non-Gaussian wave functionals in the Hamiltonian

formulation of a quantum field theory, which was previously proposed and developed for
Yang-Mills theory in Coulomb gauge, is generalized to full QCD. Exploiting Dyson-Schwinger
equation techniques, we express the various n-point functions, needed in expectation

values of observables like the Hamiltonian, in terms of the variational kernels of our trial ansatz.
Finally the equations of motion for these variational kernels are derived by minimizing the
energy density.
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Phenomenology of the heavy quarkonium electric
dipole transitions

Friday 12 September 2014 14:43 (19 minutes)

We use the complete expression for the O(1/m?) corrections to the quark-antiquark potential
derived from QCD in terms of Wilson loop expectation values, and a mapping, valid at large dis-
tances, between those Wilson loop expectation values and correlators evaluated in the effective
string theory (EST), to compute all O(1/m?) potentials at large distances. In particular, we present
previously unknown results for the spin-independent part of the potential and confirm known re-
sults for the spin and momentum dependent parts. We discuss the power counting and numerical
size of these new corrections. Using the EST long-distance contributions as the infrared com-
pletion of the potential we calculate the corrections induced by these to the heavy quarkonium
wavefunction. Finally, considering these corrections, we evaluate the heavy quarkonium electric
dipole (E1) transition rates at NLO in the relativistic expansion. We show that our results compare
favorable with the experiment and provide predictions for the rates for which no experimental
data is yet available.
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’Analysis of the reaction pi- Be -> pi- pi0 piO Be at
VES”

Friday 12 September 2014 17:20 (20 minutes)

The upgraded VES detector has recently collected the highest
world statistics of the reaction pi- Be -> pi- pi0 pi0 Be

- about 14 000 000 events. This allows us to perform mass
independent partial wave analysis in 10 non-equidistant
intervals of squared momentum transfer t’ in the region

0<t <1GeV2.

The second stage of the analysis is the model-dependent

fit describing 2-dim dependence of PWA sub-density matrix

on (m(3pi) , t’) by resonant and background contributions.
Results of the fit demonstrate that production of resonances is observed
by both coherent and incoherent diffraction mechanisms.

The resonant parameters are discussed as well as t’-dependence
of their intensities and production phases.
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D and D* meson mixing in magnetic field from QCD
sum rules

Tuesday 9 September 2014 17:20 (20 minutes)

Quantum chromodynamics (QCD) in strong magnetic field is one of the most exciting topic in
hadron physics. Especially, one can expect that hadrons are modified by strong magnetic fields
such as that produced in ultrarelativistic heavy-ion collisions. In this study, we investigate the
properties of the heavy-light (D) meson in magnetic field. QCD sum rule (QCDSR) is a method
to investigate the properties of hadrons from QCD including non-perturbative effect. Recently,
applications of QCDSR to systems in external magnetic field is tried by some authors. In this
presentation, we report the result of the D meson mass shift in magnetic field from QCDSR and
discuss mixing of the vector and pseudoscalar mesons by magnetic effect.
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Study of axial magnetic effect

Monday 8 September 2014 14:30 (30 minutes)

The axial magnetic field, which couples to left- and right-handed fermions with opposite signs,
may generate an equilibrium dissipationless energy flow of fermions in the direction of the field
even in the presence of interactions. In this report numerical observation of the Axial Magnetic
Effect in SU(2) lattice gauge theory is presented. The temperature behavior of the Axial Magnetic
Effect is studied. It is shown that in the confinement (hadron) phase the effect is absent. In the
deconfinement transition region the conductivity quickly increases, reaching the asymptotic T2
behavior in a deep deconfinement (quark-gluon plasma) phase.
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Two-color QCD with chiral chemical potential

Tuesday 9 September 2014 17:50 (20 minutes)

We present preliminary results of the study lattice SU(2) QCD phase diagram with chiral chemical
potential. The simulation is carried out with dynamical staggered fermions without rooting. The
dependences of the chiral density, Polyakov loop, chiral condensate and corresponding suscepti-
bilities on the chiral chemical potential and temperature are measured.

Primary author: KOTOV, Andrey (ITEP)
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(Joint Institute for Nuclear Research Dubna, Russia); MUELLER-PREUSSKER, Michael (Humboldt-Uni-
versitaet zu Berlin); BRAGUTA, Victor (I)
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Two dimensional thick center vortex model

Tuesday 9 September 2014 18:50 (1h 30m)

The potential between static color sources is calculated in the SU(3) gauge group by introducing
a two dimensional vortex flux. To generalize the model, the length of the Wilson loop is equal to R
oriented along the x axis, and the vortex flux is considered as a function of x and y. The comparison
between the generalized model and the original one shows that the intermediate linear regime is
increased significantly and better agreement with Casimir scaling is achieved. Furthermore, the

model is applied to calculate the potential between baryons.
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A covariant variational approach to Yang-Mills
theory

Tuesday 9 September 2014 17:00 (30 minutes)

We investigate the low-order Green’s functions of SU(N) Yang-Mills

theory in Landau gauge, using a covariant variational principle based on the
effective action formalism. Employing an approximation to the Faddeev-Popov
determinant established previously in the Hamiltonian approach in Coulomb gauge
leads to a closed and renormalizable set of integral equations for the ghost and
gluon propagator. We perform a full infrared analysis of this system, solve

it numerically and compare our results to findings from lattice gauge theory

and other functional approaches. We also discuss formal aspects such as the lack
of full BRST symmetry and its implications on confinement in our approach.
Furthermore, we demonstrate how the system can be extended to finite temperatures
and search the renormalized numerical solution for signals of a phase transition

in the shape of the propagators and, in particular, in the infrared exponents.
Finally, we discuss briefly the inclusion of fermions and how the method could

be extended to non-zero chemical potential.
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An analysis of the nucleon spectral function in the
nuclear medium from QCD sum rule

Tuesday 9 September 2014 17:10 (20 minutes)

The QCD sum rule method is a powerful tool for studying hadron properties directly from QCD.
In this method, the correlation function of an interpolating field operator coupled to the hadron
of interest,

which can be calculated in the deep Euclidean region by the operator product expansion (OPE),
is related to the hadronic spectral function. The non-perturbative contributions in the correlation
function

are expressed by vacuum condensates such as the chiral condensate.

In the traditional analysis, it is necessary to assume some specific functional form,

such as the “pole + continuum”-ansatz, for the spectral function.

On the other hand, our approach with the help of the Maximum Entropy Method (MEM) is able to
extract the spectral

function without assuming a specific form.

The method has been successfully applied to the rho meson sum rule 1 and the nucleon sum rule
[2] in vacuum.

We have applied this analysis method of QCD sum rules to the spectral function of the nucleon
and

its negative parity excited states in vacuum [3]. We construct the parity projected nucleon sum
rules

including the first order \alpha_{s} corrections by using a phase-rotated Gaussian kernel.

Both the positive and negative parity spectral function of the nucleon are extracted after the MEM
is applied to the sum rule.

We find that the difference between the positive and negative parity spectral function is

mainly caused by the chiral condensate.

Applying this method to the analyses in nuclear medium, the mass modification of both the positive
and

negative parity states can be examined.

An investigation of the nucleon spectral function in nuclear medium is now in progress.

1 P. Gubler and M. Oka, Prog. Theor. Phys. 124, 995 (2010).
[2] K. Ohtani, P. Gubler and M. Oka, Eur. Phys. J. A 47, 114 (2011).

[3] K. Ohtani, P. Gubler and M. Oka, Phys. Rev. D 87, 034027 (2013).
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Magnetic Properties of QCD Matter: Lattice Results

Tuesday 9 September 2014 16:30 (30 minutes)

We present recent lattice results of magnetic properties of QCD matter obtained with 1+1+1 sea
quarks at physical mass and several lattice spacings at zero and at non-zero temperatures.

The results include the phase diagram, the magnetization and the equation of state.
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The Impact of Resonaces in the Electroweak
Effective Lagrangian

Monday 8 September 2014 15:00 (20 minutes)

We study strongly coupled models of electroweak symmetry breaking with a light Higgs boson. We
use a resonance effective Lagrangian with bosonic massive resonances together with the Standard
Model degrees of freedom, including a light Higgs. We consider constraints from the phenomenol-
ogy and from the assumed high-energy behavior of the underlying theory. This resonance effective
theory can be used to estimate the low-energy constants (LECs) of the Electroweak Effective The-
ory in terms of resonance parameters and to make predictions of low-energy observables like, for
instance, the oblique parameters.
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Status of the theoretical prediction for the muon g-2
Thursday 11 September 2014 14:00 (25 minutes)

I will summarize the status of the theoretical prediction for the anomalous magnetic moment of
the muon, focusing on its latest developments.
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Regge trajectories of ordinary and non-ordinary
mesons from their poles

Friday 12 September 2014 15:00 (20 minutes)

Our results on obtaining the Regge trajectory of a resonance from its pole in a

scattering process and from analytic constraints in the complex angular momentum plane will be
presented. The method, suited for resonances that dominate an elastic

scattering amplitude, has been applied to the rho(770), £_2(1275), £_2"(1525) and the f0(500) reso-
nances.

Whereas for the first three we obtain linear Regge trajectories, characteristic of ordinary quark-
antiquark states, for the latter we find a non-linear trajectory with a much smaller slope at the
resonance mass. We also show that if a linear trajectory with a slope of typical size is imposed for
the f0(500), the corresponding amplitude is at odds with the data. This provides a strong indication
of the non-ordinary nature of the sigma meson.
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Green functions of currents in the odd-intrinsic
parity sector of QCD

Friday 12 September 2014 17:20 (20 minutes)
The independent operator basis of the most important resonances in the odd-intrinsic parity sector

of QCD allows us to construct Lagrangians for corresponding Feynman diagrams of several types
of interaction channels of the mesons and resonances.

In this talk, we will discuss all three-point current correlators non-trivial for this sector. We briefly
summarize their basic properties and high energy bahaviour via the OPE framework. We also show
that vector field formalism is not compatible with the OPE, and for this reason the antisymmetric
field formalism is a more suitable choice. At the end we briefly introduce fundamental phenomo-
logical aspects that could be useful in the next studies.
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Tetraquarks as four-body bound states in a
Bethe-Salpeter approach

Friday 12 September 2014 14:40 (20 minutes)

In the framework of Dyson-Schwinger equations, we present the first calculation of a four-body
Bethe-Salpeter equation as required for the covariant description of tetraquarks. In a first ap-
proach we focus on the lightest tetraquark candidate, the f,(500), with an aim to determine the
complete scalar nonet. Further investigations in this approach will focus on tetraquarks in the

vector channel, mixing with ¢§ mesons and the inclusion of charm quarks.
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Meson Production in Low Energy e+e- Collisions and
Its Applications

Monday 8 September 2014 15:30 (30 minutes)

Experiments on e+e- annihilation into hadrons performed with the CMD-3
and SND detectors at the VEPP-2000 collider in Novosibirsk are described.
We report preliminary results on various two-body and multibody final states
obtained with the integrated luminosity of 60/pb per detector in the
center-of-mass energy range 320 MeV to 2000 MeV. Various applications

of these measurements, in particular to the hadronic contribution to the
muon anomalous magnetic moment are discussed.

Primary author: EIDELMAN, Simon (Novosibirsk State University)
Presenter: EIDELMAN, Simon (Novosibirsk State University)

Session Classification: Parallel III: B10 Light Quarks

Track Classification: Section B: Light Quarks

October 20, 2024 Page 137



Quark Confine *-- / Report of Contributions Discriminating between two refo *-

Contribution ID: 152 Type: not specified

Discriminating between two reformulations of SU(3)
Yang-Mills theory on a lattice: Abelian monopole or
non-Abelian monopole responsible for confinement

Monday 8 September 2014 17:00 (30 minutes)

We have pointed out that the SU(3) Yang-Mills theory has a new way of reformulation

using new field variables (minimal option), in addition to the conventional option

adopted by Cho, Faddeev and Niemi (maximal option). The reformulation enables us to change
the original non-Abelian gauge field into the new field variables such that one of them called the
restricted field gives the dominant contribution to quark confinement in the gauge-independent
way. In the minimal option, especially, the restricted field is non-Abelian U(2) and involves the
non-Abelian magnetic monopole. This should be compared with the maximal option: the restricted
field is Abelian U(1) x U(1) and involves only the Abelian magnetic monopole, just like the Abelian
projection.

In the preceding lattice conferences, we have accumulated the numerical evidences

for the non-Abelian magnetic-monopole dominance in addition to the restricted non-Abelian field
dominance for quark confinement supporting the non-Abelian dual superconductivity using the
minimal option for the SU(3) Yang-Mills theory.

In this talk, we focus on discriminating between two reformulations, i.e., maximal and minimal
options of SU(3) Yang-Mills theory for quark confinement from the viewpoint of dual supercon-
ductivity. For this purpose, we measure the distribution of the chromoelectric flux connecting a
quark and an antiquark and the induced magnetic-monopole current around the flux tube, etc.
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The JLab Eta Factory (JEF) Experiment

Tuesday 9 September 2014 14:20 (18 minutes)

Decays of the 77 meson provide a unique, flavor-conserving laboratory to probe the isospin violat-
ing sector of low energy QCD and search for new physics beyond the Standard Model. The JEF
Experiment has been developed in Hall D at Jlab to measure 7 decays emphasizing on rare neutral
modes with two orders of magnitude background reduction compared to the previous experiments.
The projected results will have profound physics impact: the n — By — 7%y decay provides a
stringent constraint on a dark leptophobic gauge boson (B) coupled to baryon number in 140-550
MeV mass range; C-violating 1 decays offer the best window for direct constraint on C-violating
and P-conserving (CVPC) new physics; the Dalitz distribution of 7 — 7%~ probes interplay of
vector & scalar meson resonances in ChPT; 7 — 37 will offer an improvement in the uncertainty
of the light quark mass ratio. The detail of the experiment will be presented.
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The conformal window in theories beyond QCD
Thursday 11 September 2014 17:30 (20 minutes)
Fixed points in gauge theories with fermions have been studied for a long time, and their presence
or absence has been mapped out quite thoroughly in the so-called conformal window. However,
by adding scalar particles to the theory, many more things can happen as the Yukawa and quartic
interactions greatly influence the running of the couplings. We will discuss the structure of fixed
points in gauge-Yukawa theories, and see how dramatic features can occur as a results of including

scalars. The question of how trustable these new features are is of the utmost importance, and one
we will thoroughly address.

http://arxiv.org/abs/arXiv:1205.6157

http://arxiv.org/abs/arXiv:1303.1525
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Gauge field topology and the hadron spectrum

Thursday 11 September 2014 12:00 (30 minutes)

Topologically non-trivial gauge field configurations are an interesting aspect of non-abelian gauge
theories. These become particularly important upon quantizing the theory, especially through
their effect on the pseudo-scalar spectrum. These effects are closely tied to chiral anomalies and
the possibility of CP violation in the strong interactions. This talk will review these topics.

Summary

The importance of gauge field topology to understanding the pseudo-scalar spectrum will be re-
viewed.
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Nucleon Compton scattering and the muon g-2

Tuesday 9 September 2014 17:00 (20 minutes)

The light-by-light scattering contribution to the muon anomalous magnetic moment is discussed
from the Dyson-Schwinger perspective. The structure of the four-photon amplitude and the var-
ious slices of the phase space that play an important role for the muon g-2 are examined. The
systematic construction of the four-photon vertex from the quark level satisfies electromagnetic
gauge invariance by construction; it contains quark loops but also all intermediate meson reso-
nances in the two-photon channels. It depends on the quark-photon and quark-Compton vertices
which also enter in the calculation of nucleon form factors and the nucleon Compton scattering
amplitude. In this way it becomes possible to link together a variety of electromagnetic processes
from the same underlying building blocks. I will present first results for the muon g-2 and discuss
how they compare with present model calculations.
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Strange Baryonic Resonances

Thursday 11 September 2014 14:00 (30 minutes)

The study of Baryonic resonances with strangeness content

produced in hadron-hadron collisions is important

not only to understand the production mechanisms and the

structure of the various resonates, but also as fundamental

input for the modelling and understanding of heavy ion collisions.

New analysis techniques have been employes by the HADES collaboration
to study quantitatively the production of Sigma(1385), Lambda(1405),
N*(1650-1950), Delta++(1900) emerging from p+p collisions measured

at 3.5 GeV. In this talk the results of these measurements will be discussed
with particular emphasis on the Partial wave analysis carried out

to study the pKLambda final state and the possible existence of kaonic
bound states and the intriguing nature of the Lambda(1405).

Perspective for the upcoming measurement at FAIR and NICA will also be
discussed.
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True self energy function, mixing and reducibility in

effective scalar theories.

Tuesday 9 September 2014 18:50 (1h 30m)

I discuss the renormalization of the one-loop 2-leg functions in
multi-component effective scalar theory. It is shown that only a part of
numerous contributions that appear in the general expression for 2-leg
graph can be considered as the true self energy function. This part is
completely fixed by two conventional requirements — correctness of the
pole position and the wave function normalization. This part is the only
one which should be taken into account in the conventional process of
simming Dyson’s chain that results in explicit expression for the full
propagator in S-matrix graphs. The other parts provide well defined finite
corrections for the graphs with the number of legs n>2.

It is also shown that there is no need in attracting the prescriptions

for the higher derivatives of the 2-leg function on the mass shell: the
requirements of finiteness and diagonability turn out quite sufficient.
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Study of mean transverse momenta correlations in
rapidity and azimuthal windows in heavy ion
collisions

Tuesday 9 September 2014 18:50 (1h 30m)

The reported study is dedicated to the correlations between mean transverse momenta pr of par-
ticles in two observation windows in heavy-ion collisions.

Analysis approach of mean pr correlations is described.

Dependence on rapidity and azimuthal acceptance of the windows is studied

using AMPT event generator and toy Monte-Carlo simulations.

Influence of the selection cuts - pr range and event centrality - is also investigated.

Predictions for mean pr correlations for heavy-ion collisions at ALICE (LHC) are expressed.

Author acknowledges Saint-Petersburg State University for a research grant 11.38.197.2014.

Summary

Analysis approach of mean pr correlations is described.

Dependence on rapidity and azimuthal acceptance of the windows is studied

using AMPT event generator and toy Monte-Carlo simulations.

Influence of the selection cuts - pr range and event centrality - is also investigated.

Predictions for mean pr correlations for heavy-ion collisions at ALICE (LHC) are expressed.
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Open Issues in Light Baryon Spectroscopy

Monday 8 September 2014 14:30 (30 minutes)

Nucleons are complex systems of confined quarks and gluons and exhibit the characteristic spec-
tra of excited states. These states serve as an excellent probe of quantum chromodynamics (QCD),
the fundamental theory of strong interaction. Highly-excited states are sensitive to the details
of quark confinement, which is only poorly understood within QCD. This is the regime of non-
perturbative QCD and it is one of the key issues in hadronic physics to identify the corresponding
internal degrees of freedom and how they relate to strong coupling QCD. In recent years, lattice-
QCD has made significant progress toward understanding the spectra of hadrons but many open
questions remain, in particular on the role of gluons. On the experimental side, high-energy elec-
trons and photons are a remarkably clean probe of hadronic matter, providing a microscope for
examining atomic nuclei and the strong nuclear force. For more than a decade, laboratories world-
wide have accumulated data for such investigations, resulting in a number of surprising discover-
ies and contributing to our understanding of the nucleon. Current experimental efforts in light
baryon spectroscopy utilize highly-polarized frozen-spin (butanol) targets and deuterium targets
in combination with polarized photon beams. These are important steps toward so-called complete
experiments that will allow us to unambiguously determine the scattering amplitudes in the under-
lying reactions and to identify resonance contributions. In my talk, I will give an overview of the
excited light-baryon program and a discussion of the experimental as well as phenomenological

challenges.
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Medium effects in proton-induced strangeness
production

Tuesday 9 September 2014 18:10 (20 minutes)

High-precision data on neutral kaon production collected by the HADES collaboration in proton-
niobium collisions at a beam energy of 3.5 GeV were analysed with the aim to extract the kaon in-
medium potential. Predictions of the Chiral Perturbation Theory (ChPT) for the kaon in-medium
properties were tested by means of GiBUU transport model simulations. The uncertainties of
the model were considered in detail. The data support the presence of a repulsive potential that
amounts to 35 MeV at normal nuclear density for kaons at rest. These results set an important

benchmark for future studies of dense nuclear matter by means of strange probes.
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QCD with axial chemical potential: possible
manifestations

Monday 8 September 2014 14:00 (30 minutes)

The low energy realization of QCD in terms of mesons is studied when an axial chemical potential is
present; a situation that may be relevant in heavy ion collisions. We also consider the ‘two flavour’
Nambu—-Jona-Lasinio model in the presence of a vector and an axial external chemical potential
as a QCD replica and study the phase structure of the model at zero temperature. The presence of
an axial charge has profound consequences on meson physics and causes birefringence of vector
mesons and photons in such a medium. We propose that local parity breaking induced by a large-
scale fluctuation of topological charge at large temperatures and/or condensation of pseudoscalar
mesons in the isotriplet channel for large baryon densities may be (partly) responsible for the
substantial dilepton excess that is found for low invariant masses and moderate values of pT in
central heavy ions collisions.

Primary author: ANDRIANOV, Alexander (Saint Petersburg State University)
Presenter: ANDRIANOYV, Alexander (Saint Petersburg State University)

Session Classification: Parallel I: A1 Vacuum structure and confinement

Track Classification: Section A: Vacuum Structure and Confinement

October 20, 2024 Page 148



Quark Confine '+ /Report of Contributions Constraints on the percolation m -

Contribution ID: 164 Type: not specified

Constraints on the percolation model from
anomalous centrality evolution of two-particle

correlations in Au-Au col(l}is{/ons at VYsNN = 62 and 200
e

Friday 12 September 2014 15:30 (30 minutes)

Some sudden change in two-dimensional two-particle angular correlations (i.e. the onset of a
so-called near-side «ridge» structure, localized in azimuth and extended in pseudorapidity) was
observed by STAR collaboration at RHIC in AuAu collisions at 62 and 200 GeV . It was shown
for the first time that this change occurs at a specific Au-Au centrality, common to both energies.
These results motivated the study [2] where the hypothesis of string percolation phase transition
was used as a natural explanation of the conditions of the given onset. More

detailed experimental data analysis appeared recently and the obtained centrality trends of Au-Au
angular correlations were compared in [3] to generic models of nucleus-nucleus collisions includ-
ing Glauber linear superposition of N-N collisions, parton/hadron rescattering in a dissipative
medium and a locally thermalized “opaque» medium.

In the present work we continue studies started in [2] focusing at the onset and the more accurate
determination of the string percolation model parameters by using the data [3]. String percolation
model was successfully used recently in [4] to qualitatively explain the dependence of the pseudo-
rapidty and azimuthal widths of ridge structure on multiplicity and energy.

Our approach developed previously in [2] is briefly described. Modified Bjorken formula calcula-
tions are performed for the local energy densities in AA collisions at different impact-parameters
(centralities) and with account of the latest data available on the charged particles densities at
midrapidity. Finally we compare variations of mean local energy and of string densities and match
the occurrence of the critical percolation phenomenon with the critical energy density value, con-
sidering them at the same values of centrality. The condition of the onset of the near-side ridge in
AA collisions, that happens at some definite (critical”) number of participating nucleons, is found
to be consistent with the hypothesis of the string percolation phase transition. Extrapolations of
model results to the other colliding systems and energies are discussed.

The authors G.F. and I.A. acknowledge Saint-Petersburg State University
for a research grant 11.38.66.2012
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The condition of the onset of the near-side ridge in AA collisions, that happens at some definite
(Pcritical”) number of participating nucleons, is found to be consistent with the hypothesis of the
string percolation phase transition. Extrapolations of model results to the other colliding systems
and energies are discussed.
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Dispersive representation of the Kpi and pipi form
factors: application to hadronic tau decays

Thursday 11 September 2014 16:30 (30 minutes)

In this talk, we review the recent theoretical progress towards a precise determination of some
hadronic observables such as the Kpi and pipi form factors. We show that significant improvement
can be achieved by combining dispersive techniques with chiral perturbation theory calculations,
lattice results and experimental measurements. We will then present two applications for precise
tests of the Standard Model and new physics effects using the measurements of the hadronic decays
of the tau lepton.

The extraction of the CKM mixing matrix element |V_us| from tau -> K pi nu_tau decay will be
discussed. Secondly, we will show how the knowledge of the pipi form factor can provide a unique
handle to constrain lepton flavour violation in the Higgs sector studying

the tau -> 1 pi pi decays.
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Jet evolution and the Pomeron

Thursday 11 September 2014 17:30 (30 minutes)

I will discuss the use of the Pomeron as a theoretical tool to describe the interactions between a
high-energy jet and an underlying quark-gluon plasma. By varying the intercept and other prop-
erties of the Pomeron, I will argue that one obtains a robust class of models which interpolate
and unify the phenomenology of weak-coupling (perturbative QCD) and strong-coupling (holo-
graphic) models.
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Supporting the existence of the QCD critical point
by compact star observations

Thursday 11 September 2014 16:50 (20 minutes)

In order to prove the existence of a critical end point (CEP) in the
QCD phase diagram it is sufficient to demonstrate that at zero
temperature 7" = 0 a first order phase transition exists as a function
of the baryochemical potential y, since it is established

knowledge from ab-initio lattice QCD simulations that at ; = 0 the
transition on the temperature axis is a crossover.

We present the argument that the observation of a gap in the

mass-radius relationship for compact stars which proves the existence

of a so-called third family (aka “mass twins”) will imply

that the 7" = 0 equation of state of compact star matter exhibits a

strong first order transition with a latent heat that satisfies

Ace/e.gt; 0.6 [Alford et al., arxiv:1302.4732].

Since such a strong first order transition under compact

star conditions will remain first order when going to symmetric matter, the observation of a dis-
connected

branch (third family) of compact stars in the mass-radius diagram proves the existence of a CEP
in QCD.

Modelling of such compact star twins in realistic models based on a QCD motivated nonlocal PNJL
model with density-dependent vector

coupling strength will be presented here.

Furthermore we show results of a Bayesian analysis (BA) using disjunct M-R constraints for
extracting probability measures for cold, dense matter equations of state. In particular this study
reveals

that measuring radii of the neutron star twins has the potential to

support the existence of a first order phase transition for compact star matter.
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Solving reconfinement, masquerade and hyperon
puzzles of compact star interiors

Thursday 11 September 2014 16:30 (20 minutes)

We aim at clarifying three of the fundamental puzzles related to the still unsolved problem of
the structure of the dense core of compact stars (CS): (i) hyperon puzzle: how to reconcile pulsar
masses of 2Mg, with the hyperon softening of the equation of state (EoS); (ii) masquerade problem:
modern EoS for cold, high density hadronic and quark matter are almost identical; and (iii) recon-
finement puzzle: what to do when after a deconfinement transition the hadronic EoS becomes
favorable again?

We show that taking into account the compositeness of baryons (by excluded volume and/or quark
Pauli blocking) on the hadronic side and confining and stiffening effects on the quark matter side
results in an early phase transition to quark matter with sufficient stiffening at high densities
which removes all three present-day puzzles of CS interiors.

Primary author: BLASCHKE, David (University of Wroclaw)
Presenter: BLASCHKE, David (University of Wroclaw)

Session Classification: Parallel V: F5 Nuclear and Astroparticle Physics

Track Classification: Section F: Nuclear and Astroparticle Physics

October 20, 2024 Page 154



Quark Confine '+ /Report of Contributions Potential description of the char -

Contribution ID: 170 Type: not specified

Potential description of the charmonium from lattice
QCD

Thursday 11 September 2014 16:55 (20 minutes)

We present quark-antiquark potentials for the charmonium, that are calculated using a relativistic
heavy quark action for charm quarks and PACS-CS Iwasaki gauge configurations with 2 + 1 flavors
of dynamical clover light quarks. The light quark masses are almost physical (pion mass ~ 156(7)
MeV). The interquark potential with finite quark masses are defined through the equal-time Bethe-
Salpeter amplitude. We solve the non-relativistic Schrodinger equation with resulting charmonium
potentials as theoretical inputs.
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Reformulations of the Yang-Mills theory toward
quark confinement and mass gap

Monday 8 September 2014 16:30 (30 minutes)

We propose a reformulation of the SU(N) Yang-Mills theory toward quark confinement and mass
gap. In fact, we have given a number of new reformulations for the SU(N) Yang-Mills theory us-
ing new field variables, other than the framework given by Cho, Faddeev and Niemi, which is
included in our reformulations as a special case called the maximal option. The advantage of the
reformulations is that the original non-Abelian gauge field variables can be changed into the new
field variables such that one of them called the restricted field gives the dominant contribution to
quark confinement in the gauge-independent way. The reformulation is suggested from the SU(N)
extension of the Diakonov-Petrov version of the non-Abelian Stokes theorem for the Wilson loop
operator. Especially, in the minimal option, the restricted field is non-Abelian U(N-1) and involves
the non-Abelian magnetic monopole. This suggests the non-Abelian dual superconductivity pic-
ture for quark confinement. This should be compared with the maximal option: the restricted field
is Abelian U(1) x U(1) and involves only the Abelian magnetic monopole, just like the Abelian
projection. We give some applications of this reformulation, e.g., large N treatment for deriving
the dimensional transmutation and understanding the mass gap, stability for the homogeneous
chromomagnetic condensation of the Savvidy type, numerical simulations (given by Dr. Shibata),

etc.
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Mapping the Little Bangs Through Energy Density
and Temperature Fluctuations

Friday 12 September 2014 15:40 (20 minutes)

Heavy-ion collisions at relativistic energies, which are accessible at the Relativistic Heavy Ion Col-
lider (RHIC) and the Large Hadron Collider (LHC), are often

referred to as little bangs. Experiments at these energies probe the conditions which prevail at
freeze-out, and often it is not possible to define the correct equation-of-state (EoS) and the condi-
tions at the initial stages of the collision. By employing hydrodynamic evolution of the fireball 1
created in the

collisions, we have generated maps of the energy density (¢) and temperature (1) of the system
throughout its evolution. With the help of the maps, we obtain time evolution of the fluctuations
ineand T.

We have shown for the first time that the method of interpolation of fluctuations obtained from
the maps can provide a powerful technique in looking back at the initial stages of the heavy-ion
collisions.

In case of cosmic microwave background radiation (CMBR),

temperature maps of the sky [2], made by scanning in 6-¢ bins, provide vital information regard-
ing the age and composition of the Universe, galaxy formation, expansion rate, etc. This is possible
by analyzing the map to

extract temperature fluctuations and making power spectrum. For heavy-ion collisions, we pro-
pose to make temperature maps in rapidity and azimuthal angle (y-¢). This is demonstrated by
using the AMPT event generator. By making correspondence with the evolution of fluctuations
from hydrodynamics,

vital information regarding the fireball can be obtained at very early stage

and throughout the evolution of the system [3]. We will present this new method, first results and
make the proposal for its application to experimental data at RHIC and LHC.

1 H. Holopainen, H. Niemiand and K.J. Eskola, Phys. Rev.C 83, 034901(2011).

[2] C. L. Bennett et al. [WMAP Collaboration], Astrophys. J. Suppl. 148, 1(2003); E. Komatsu et al.
[WMAP Collaboration], arXiv:0803.0547 [astro-ph].

[3] S. Basu, R. Chatterjee, B.K. Nandi and T.K. Nayak
(arxiv : 1405.3969).
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Lattice NRQCD study on the in-medium
modification of Bottomonium spectra using a novel
Bayesian reconstruction

Thursday 11 September 2014 14:30 (30 minutes)

We present the results of a recent study on the in-medium modification of the spectral properties
of Bottomonium S-wave (\Upsilon) and P-wave (\chi_b1) states. The light degrees of freedom of
the surrounding medium are represented by 48"3x12 HotQCD lattices with Nf=2+1 HISQ flavors,
which span the temperature range 140.40(MeV)(= 0.911T_C) < T < 248.63(MeV)(= 1.614T_C). The
heavy quarks on the other hand are treated as probes, evolving in the background of the medium
fields according to non-relativistic QCD (NRQCD) .

Spectral functions are extracted from the NRQCD propagators using a novel Bayesian approach,
which is contrasted to the standard Maximum Entropy method. We confirm the finding of previous
studies that \Upsilon retains a well defined peak structure even at 1.6TC. Inspection of its mass
reveal that medium effects only begin to play a role above T\sim175MeV, while its width appears
to grow monotonously. For \chi_b1 we find that with the new Bayesian method, it is possible to
resolve a ground state peak also up to T=248.6MeV, contrary to the MEM, which suggests ground
state melting already at T>205MeV.
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Baryon as dyonic instanton

Thursday 11 September 2014 17:30 (31 minutes)

The generalized Skyrme model for the baryon motivated by the holography is formulated.
It involves the whole tower of vector and axial mesons as well as the chiral symmetry breaking.
The origin of the Ioffe,s formula for the baryon mass is clarified.
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Equation of State of hot and dense QCD: Resummed
perturbation theory confronts lattice data

Wednesday 10 September 2014 11:00 (30 minutes)

The perturbative series for finite-temperature field theories has very poor convergence
properties and one needs a way to reorganize it.

In this talk, I review two ways of reorganizing the perturbative series for

field theories at finite temperature and chemical potential, namely hard-thermal-loop perturbation
theory (HTLpt) and dimensional reduction (DR).

I will present results for the pressure and the quark susceptibilities from a 3-loop

HTLpt calculation and for the quark susceptibilities using DR at four loops.

A careful comparison with available lattice data shows good agreement for a number

of physical quantities.
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The Weyl Consistency conditions and their
consequences

Thursday 11 September 2014 14:30 (30 minutes)
The conformal symmetry plays an important role in quantum field theories, even when it is explic-
itly broken by a renormalization group flow. The Weyl consistency conditions reflect its presence
in the renormalized theory. They provide relations among the beta functions at different loop

orders, with a broad range of applications, from the determination of the vacuum stability in the
Standard Model to the mixing of higher-dimensional operators in effective theories.
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Status of Precision Extractions of alpha_s and Heavy
Quark Masses

Tuesday 9 September 2014 10:00 (30 minutes)

An overview of precision determinations of the strong coupling constant, as well as the top, bottom
and charm quark masses is presented.
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Jets in QCD: The Case for Jet Substructure
Monday 8 September 2014 09:00 (30 minutes)

This plenary talk will cover the latest development in jet substructure at the LHC.
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A prediction of D*-multi-p states

Monday 8 September 2014 17:50 (20 minutes)

We present a study of the many-body interaction between a D* and multi-p. We use an extrapola-
tion to SU(4) of the hidden gauge formalism, which produced dynamically the resonances f2(1270)
in the pp interaction and D3(2460) in the pD* interaction. Then let a third particle, p, D*, or a
resonance collide with them, evaluating the scattering amplitudes in terms of the Fixed Center Ap-
proximation of the Faddeev equations. We find several clear resonant structures above 2800 MeV
in the multibody scattering amplitudes. They would correspond to new charmed resonances, D3,
Dy, Dt and D¢, which are not yet listed in the PDG, which would be analogous to the p3(1690),
f4(2050), p5(2350), f6(2510) and K3(1780), K;(2045), K*(2380) described before as multi-p
and K*-multi-p states respectively.
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Hadron spectroscopy at CLAS and CLAS12

Tuesday 9 September 2014 17:20 (30 minutes)

The known hadron matter is made of two possible configurations: baryons, combination of 3
quarks and mesons, made by a quark and an anti-quark pair. QCD, the fundamental theory
of strong interaction does not exclude the existence of states made by different combination of
quarks and gluons: tetra-quarks, exotic and hybrid mesons, glue-balls. Precise determination of
the hadron spectrum as well as finding evidence for such configurations would help in under-
standing one of the main open question in hadron physics: how the quark are confined within
hadrons. In spite of a several decades of investigation, the experimental proof of the existence of
such states is still under debate and the excited spectrum of mesons and baryons produced with
different beams represent one of the main topic in the research programs of many existing (CERN,
SLAC, BES, JLab ..) and future (JLAB12, FAIR ...) facilities. In my talk I will present the the results
obtained at Jefferson Lab with the CLAS detector and the physic program that will be pursued in
the Hall-B using the CLAS12 detector and the energy-upgraded beam of JLab. The physic case as
well as the quasi-real photon tagger facility proposed for that experimental Hall will be described
and some expected results will be shown.

Primary author: BATTAGLIER], Marco Andrea (INFN-Genova)
Presenter: BATTAGLIERI, Marco Andrea (INFN-Genova)

Session Classification: Parallel II: B5 Light Quarks

Track Classification: Section B: Light Quarks

October 20, 2024 Page 165



Quark Confine -*- /Report of Contributions semileptonic B decays

Contribution ID: 181 Type: not specified
semileptonic B decays
Tuesday 9 September 2014 15:20 (25 minutes)

We review recent progress on semileptonic B decays
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Overview and status of the proton radius
measurements

Monday 8 September 2014 14:50 (30 minutes)

The discrepancy between the proton charge radius extracted

from the muonic hydrogen Lamb shift measurement and the best present
value obtained from the elastic scattering experiments, remains
unexplained and represents a burning problem of today’s nuclear physics.
After more than 50 years of research the radius of a basic

constituent of matter is still not understood.

This discrepancy created a great excitement in the physics community,
because it rigorously tests the theory of quantum electrodynamics and our
understanding of nuclear physics. Since the observation of the discrepancy

in 2010, various explanations for the problem have been offered, ranging from
trivial experimental mistakes to those that suggest the need for physics
beyond the Standard model. Some of the explanations

have already been rejected, while the intriguing ideas, like the introduction
of a new mediator particle, still need to be tested. Therefore, several new
experiments have been proposed that will provide new constraints

to the existing interpretations.

High-precision electron scattering experiments are scheduled at the

Thomas Jefferson National Accelerator Facility and the Mainz Microtron
accelerator at the Johannes Gutenberg University Mainz. As a complement to
these measurements, a muon-proton scattering experiment is envisioned at the
Paul Scherrer Institute. This will be the first experiment of its kind and

will provide information on proton radius from a perspective yet unexplored.
Together with the nuclear scattering experiments, new atomic experiments are
also foreseen. Very precise measurements of Lamb shift in both hydrogen and
deuterium will be performed in order to provide further insight into the
proton radius puzzle.

Summary

In the presentation results of existing proton radius measurements
will be discussed together with an overview of ongoing and upcoming
experiments, dedicated to remeasuring the proton radius

with improved statistical and systematic precision.
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Searching for calorons and dyons in SU(3)
gluodynamic near to the transition and in
deconfinement with the help of near-zero overlap
modes

Friday 12 September 2014 14:00 (30 minutes)

The topological structure of SU (3) gluodynamics close to the infrared scale
is studied near to the transition temperature with the help of zero and
near-zero modes of the overlap Dirac operator. The associated UV filtered
topological charge density is considered for antiperiodic and two other
thermal boundary conditions. In this way three types of localized topological
clusters can be identified as dyons with a characteristic pattern of the

local Polyakov loops. We can classify them either as constituents of
(anti)calorons of van Baal type or as constituents of (anti)dyon pairs or

as isolated (anti)dyons. Deeper in the deconfinement phase we complete the
analysis of the topological structure by confronting it with the thermal
monopoles visible in the Maximal Abelian gauge.
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Four-pomeron interaction

Tuesday 9 September 2014 14:40 (18 minutes)
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We study the processes of nucleus-nucleus interaction. The bulk of the amplitude can be repre-
sented in terms of pomerons propagating from the multi-nucleon projectile to the multi-nucleon
target. The pomeron couples to the separate valence quarks in a hadron, rather than to the
hadron as a whole. This particular assumption forms the basis of an internally consistent and
extremely successful model. It is consistent with experiment. Phenomenological properties of
the pomeron are derived from high energy qq and Afl Afl Abr A% V4 total and differential cross-
section data. Each pomeron can also split into two ones through a certain known triple pomeron
vertex (pomeron fan diagrams).

Our aim is to analyse, if apart from the triple-pomeron coupling one has to account couplings of
a larger number of pomerons in nucleus-nucleus interactions. Our immediate problem is to take
into account the four-pomeron interaction, which appears when two nucleons from the projectile
nucleus interact with two nucleons from the target nucleus in a non-trivial way, that is, with a
connected diagram. In the lowest order each nucleon can be imitated by a quark-antiquark loop
with at least two gluons attached to it. Still more simplifying, we can substitute the loop by a single
quark, provided we assume that it interacts with a double gluon exchange in the colourless state.

This is the problem to be solved by calculating effective vertex Ggq

To study this process we use the Lipatov effective action, which provides a powerful and construc-
tive technique for the calculation of all Feynman diagrams in the Regge kinematics.

The effective Lagrangian is local in rapidity and describes the
self-interaction of gluons at a given rapidity by means of the usual
QCD Lagrangian

AT AT AN Ay

and their interaction with reggeons.

It has the form:
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where
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The shift calLocp with V,, — V,, + A, is done
to exclude direct gluon-reggeon transitions.

The reggeon fields are assumed to be subject to kinematic conditions
A =0
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In my report I would like to talk about the problem arising in 3 0_ Ay = 0. A_ = 0 3 reggeons
transition, which includes the effective vertex.

The authors (S.P. and M.B.) acknowledge Saint-Petersburg State University for a research grant
11.38.197.2014
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Continuity of the Deconfinement Transition in
(Super) Yang Mills Theory

Tuesday 9 September 2014 14:30 (30 minutes)

Finding controlled, analytical approaches to the deconfinement
transition in QCD is an old problem. Here we present a weak
coupling calculation of the deconfinement transition in a deformed
version of QCD. The deformation involves adding a fermion in the
adjoint representation, subject to twisted boundary condistions
along the thermal circle. We argue that the transition in the
deformed theory is continuously connected to the transition in
pure gauge theory, which takes place in strong coupling.

Primary author: SCHAEFER, Thomas (North Carolina State University)
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Magnetohydrodynamics, charged currents and
directed flow in heavy ion collisions

Friday 12 September 2014 16:20 (30 minutes)

The hot QCD matter produced in any heavy ion collision with a nonzero impact parameter is
produced within a strong magnetic field. We study the imprint that these fields leave on the az-
imuthal distributions and correlations of the produced charged hadrons. The magnetic field is
time-dependent and the medium is expanding, which leads to the induction of charged currents
due to the combination of Faraday and Hall effects. We find that these currents result in a charge-
dependent directed flow v1 that is odd in rapidity and odd under charge exchange. It can be
detected by measuring correlations between the directed flow of charged hadrons at different ra-
pidities, (v1£(y1)v1£(y2)).
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QGP phenomenology from anisotropic lattice QCD

Monday 8 September 2014 17:30 (30 minutes)

The FASTSUM collaboration has been carrying out simulations of Ny = 2 + 1 QCD at high tem-
perature in the fixed-scale approach using anisotropic lattices. I will present the status of these
studies, including recent results for charmonium physics and the deconfinement transition.

Primary author: SKULLERUD, Jon-Ivar (National University of Ireland Maynooth)
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Status of chiral meson physics
Tuesday 9 September 2014 11:30 (30 minutes)

I will give an overview of mesonic Chiral Perturbation Theory concentrating on recent develop-
ments.

Primary author: BIJNENS, Johan (Lund University)
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Quark mass dependence of the nature of QCD phase
transition at high temperature and density by a
histogram method

Monday 8 September 2014 17:00 (30 minutes)

We study the phase structure of QCD at high temperature and density by lattice QCD simulations
focusing on the probability distribution function (histogram).

First, we investigate the quark mass and chemical potential dependence of the probability distri-
bution functions as functions of appropriate physical quantities when all quark masses are suffi-
ciently large.

Through the shape of the distribution, the critical surface, which separates the first order transition
and crossover regions in the heavy quark region, is determined for the 2+1-flavor case.

Next, we study the phase structure of (2+Nf)-flavor QCD, where two light flavors and Nf massive
flavors exist.

Applying the reweighting method, the probability distribution function of the plaquette is calcu-
lated in (2+Nf)-flavor QCD.

From the distribution, we determine the critical mass of heavy flavors terminating the first order
region, and find it to become larger with Nf.

Moreover, the first order region is found to become wider as increasing the chemical potential at
finite density and the light-quark mass dependence of the critical mass seems to be small.

From the results of (2+Nf)-flavor QCD, we discuss the properties of 2-flavor QCD and (2+1)-flavor
QCD at finite temperature and density.
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D-meson production at the Tevatron and LHC in the
Parton Reggeization Approach

Thursday 11 September 2014 14:50 (20 minutes)

The hadroproduction of D0, D**, D"+ and D_s mesons is calculated in the LO of Parton Reggeiza-
tion Approach, using the KMR1 set of unintegrated PDFs of the proton to take into account the
factorisable effects of initial-state radiation, and the set of fragmentation functions 2.

The obtained accuracy of the description of the recent Tevatron (sqrt(S)=1960 GeV) and LHC
(sqrt(S)=1960 GeV) data is comparable with the accuracy of the NLO Collinear Parton Model cal-
culations of the Ref. 3.

This work continues the series of our studies of the production of jets [4] and heavy quarks [5,6,7]
in the high energy hadron collisions, exploiting the kT-factorization and parton Reggeization hy-
pothesis.

1 M. A. Kimber, A. D. Martin, and M. G. Ryskin, “Unintegrated parton distributions and prompt
photon hadroproduction, ’Eur. Phys. J. C 12, 655 (2000).

2 J. Binnewies, B.A. Kniehl, G. Kramer. Predictions for D*+- - photoproduction at HERA with new
fragmentation functions from LEP-1, Phys.Rev. D58 (1998) 014014.

3 B.A. Kniehl, G. Kramer, I. Schienbein, H. Spiesberger. Inclusive photoproduction of D*+- mesons
at next-to-leading order in the General-Mass Variable-Flavor-Number Scheme.
EurPhys.J. C62 (2009) 365-374.

[4] M. A. Nefedov, V. A. Saleev, and A. V. Shipilova, “Dijet azimuthal decorrelations at the LHC in
the parton Reggeization approach,” ’Phys. Rev. D 87, 094030 (2013).

[5] V. A. Saleev and A. V. Shipilova, Inclusive b-jet and b"b-dijet production at the LHC via
Reggeized gluons, Phys. Rev. D 86, 034032 (2012).

[6] M. A. Nefedov, V. A. Saleev, A. V. Shipilova, Heavy quarkonium production in the Regge limit
of QCD: from Tevatron to LHC PoS(ConfinementX)314

[7] M. A. Nefedov, V. A. Saleev, A. V. Shipilova, Prompt Y(nS) production at the LHC in the Regge
limit of QCD, Phys. Rev. D88, 014003 (2013)
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Dispersive approach to hadronic light-by-light

Tuesday 9 September 2014 14:00 (30 minutes)

I will describe our recent dispersive analysis of the hadronic light-by-light tensor. We relate the
latter to the helicity amplitudes of the process v*y* — w7 and provide a formula for the calculation
of the hadronic light-by-light contribution to (g — 2),.
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Overview of the HERMES results

Friday 12 September 2014 17:00 (20 minutes)

Experiment HERMES at DESY collected a large set of DIS data using the 27.6 GeV polarized
electron/positron beam and various, polarized and unpolarized, gaseous targets.
In this talk an overview of the results obtained in the experiment will be presented.
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Probing anomalous top quark couplings in
diffractive events at the LHC

Tuesday 9 September 2014 18:50 (1h 30m)

We investigated the impact of anomalous chromomagnetic and chromoelectric dipole moments
on the top pair production in diffractive events at the LHC. The exclusive diffractive production of
top quarks provide clean environment due to having one proton intact. We found that the effect
of these corrections is remarkable in pp — pyp — ptt X processes.
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2-color QCD at High Density

Tuesday 9 September 2014 18:10 (20 minutes)

QCD at high chemical potential has interesting properties such as deconfinement of quarks. 2-
color QCD, which enables numerical simulations on the lattice, constitutes a laboratory to study
QCD at high chemical potential. The quark propagator in 2-color QCD at high density is referred
to as the Gorkov propagator. We examine the Gorkov propagator and in particular, find the form
factors of the Gorkov propagator making use of the symmetries it obeys.
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Recent Experimental Developments in Heavy
Quarkonium

Monday 8 September 2014 12:30 (30 minutes)

The study of bound states of a heavy quark and anti-quark continues to be an interesting way to
probe QCD and the hadron spectrum. Even more interesting are those states that have masses sim-
ilar to heavy quarkonium but cannot by interpreted as a bound state of a heavy quark and heavy
anti-quark. For example, there have been recent discoveries of new states in the charmonium spec-
trum that have non-zero electric charge, and therefore cannot be charm anti-charm bound states.
In this talk I will present the current experimental status of the spectrum of heavy quarkonium
states and their unconventional counterparts. Recent results in heavy quarkonium production will
also be discussed.
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Advances in QCD sum rules calculations
Tuesday 9 September 2014 09:30 (30 minutes)

Advances in QCD sum rules calculations
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Review of hadrons in medium

Thursday 11 September 2014 10:00 (30 minutes)

I review the present status in the theoretical and phenomenological
understanding of hadron properties in strongly interacting matter.

I will start considering electromagnetic nucleon form factors and

light vector meson spectral properties in cold nuclear matter. Next,

I will concentrate on in-medium properties of heavy flavored hadrons,

with emphasis on the formation of charmonium and D-meson nuclear bound
states and properties of charmonium and bottomonium in relativistic
heavy-ion collisions.
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The QCD parton-hadron phase boundary line
located from Statistical Model analysis of the
hadronic multiplicities in Pb+Pb collisions at SPS and
LHC

Monday 8 September 2014 16:30 (30 minutes)

The QCD phase transformation line in the plane of temperature T and baryochemical potential
mu(B) represents the major property of the QCD phase diagram at finite temperature and mu(B).
Recent lattice QCD calculations(1,2) have made predictions for this line, not only at mu(B) near
zero but also extending to finite mu(B), up to about 500MeV. At the experimental side, the hadronic
multiplicities in A+A collisions reveal an approximate hadro-chemical equilibrium distribution,
that is described in the Gibbs grand canonical hadron/resonance ensemble incorporated in the Sta-
tistical Hadronization Model(SHM). In priciple, if hadronic species freeze-out occured at, or in the
close vicinity of the QCD hadronization line, SHM analysis (carried out at various center of mass
energies in A+A collisions) could deliver an estimate of the (T,mu(B)) position of the QCD line.
We have studied hadron production in Pb+Pb collisions at SPS and LHC energies, and the detailed
conditions of hadro-chemical freeze-out. We have determined the effects of inelastic and annihi-
lation processes occuring after hadronization that have been traditionally ignored in SHM
analysis. To this end we have empoyed the hybrid version of the microscopic transport model
UrQMD(3), in which a hydrodynamic evolution phase is terminated by the Cooper-Frye hadroniza-
tion prescription, and matched to a final hadron/resonance cascade stage.It turns out that, indeed,
the inelastic sector (governing the bulk meson output) freezes out almost directly after hadroniza-
tion, whereas baryon-antibaryon annihilation and regeneration modify he observed yields, in a
pattern depending on the collisional energy(4). Thus, in order to reconstruct the hadronic compo-
sition prevailing at hadronization, we have determined the survival factors for all species, occuring
during the final cascade stage, from UrQMD, then applying them in the subsequent SHM analysis
of central and minimum bias Pb+Pb collisions from the SPS NA49 and the LHC ALICE experi-
ments(4,5). For the latter data we resolve the much discussed

LHC “proton (and antiproton) anomaly” obtaining a universal hadronization temperature of T =

164+/-5MeV at mu(B)=0. And, overall, we shall report a sequence of (energy dependent) points in

the (T,mu(B)) plane which follow, closely, the lattice QCD predictions(1,2) up to mu(B)=430MeV.
1. G.Endrodi et al., JHEP 1104(2011)001

O.Kaczmarek et al., Phys.Rev.D83(2011)014504

H.Petersen et al., Phys.Rev.C78(2008)044901

F.Becattini et al., Phys.Rev.Lett. 111(2013)082302

AR A

F.Becattini et al., arXiv:1405.0710, submitted to PRC
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Quantum Chromodynamics with massive gluons
Tuesday 9 September 2014 15:20 (18 minutes)

It is shown that the QCD Lagrangian can be modified by the adding gluon masses.
On mass-shell renormalizability of the resulting theory is discussed.
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Exclusive Electroexcitation of Baryon Resonances
with CLAS and CLAS12

Monday 8 September 2014 15:00 (30 minutes)

Meson-photoproduction measurements and their reaction-amplitude analyses can establish more
sensitively, and in some cases in an almost model-independent way, the nucleon excitations and
non-resonant reaction amplitudes. However, to investigate the strong interaction from explored
—where meson-cloud degrees of freedom contribute substantially to the baryon structure —to still
unexplored distance scales —where quark degrees of freedom dominate and the transition from
dressed to current quarks occurs —we depend on experiments that allow us to measure observables
that are probing this evolving non-perturbative QCD regime over its full range.

Transition form factors are uniquely suited to trace this evolution by measuring exclusive single-
meson and double-pion electroproduction cross sections off the free proton. Recent efforts try to
include their isospin dependence by analyzing the cross sections off the quasi-free neutron and
proton in Deuterium. In the near future, these exclusive measurements will be extended to higher
momentum transfers with the energy-upgraded CEBAF beam at JLab to study the quark degrees
of freedom, where their strong interaction is responsible for the ground and excited nucleon state
formations. After establishing unprecedented high-precision data, the imminent next challenge is
a high-quality analysis to extract these relevant electrocoupling parameters for various resonances
that then can be compared to state-of-the-art models and QCD-based calculations. Recent results
will demonstrate the status of the analysis and of their theoretical descriptions, and an experimen-
tal and theoretical outlook will highlight what shall and may be achieved in the new era of the
12-GeV upgraded transition form factor program.
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Excited states in Lattice QCD

Monday 8 September 2014 12:00 (30 minutes)

Excited hadron properties are of great experimental and theoretical interest. Recent algorithmic
advances in Lattice QCD have enabled many low-lying hadron resonances to be studied with un-
precedented accuracy, while several interesting systems remain a challenge. After discussing al-
gorithmic advances which enable the calculation of finite volume QCD spectra, I will discuss how
physical properties of low-lying resonances can be obtained. Finally, I will review recent lattice
results for these finite volume spectra in selected meson and baryon systems, as well as the masses

and widths of some low-lying resonances.
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The recent result about Charmonium (like) states at
BESIII

Tuesday 9 September 2014 17:30 (25 minutes)

The result results about Charmonium states ( etac(2S)... ) and Charmonium-like states
(Z¢c(3900)...) studied at BESIII will mentioned in the talk.
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Deriving Polyakov line actions from SU(3) lattice
gauge theory at finite chemical potential

Tuesday 9 September 2014 14:00 (30 minutes)

The method of relative weights is used to extract, from an underlying SU(3) lattice gauge theory
at finite chemical potential, an effective theory which depends only on Polyakov line holonomies.
The effective theory can be solved by both mean field and complex Langevin methods, and the
solutions from the two approaches can be compared. It is found that when the two methods agree,
they agree almost perfectly, and when the results disagree, the complex Langevin approach suffers
from the branch-cut problem pointed out by Mollgaard and Splittorff.
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QCD and strongly coupled models versus
holography and strings: news and highlights

Friday 12 September 2014 09:30 (30 minutes)
QCD and strongly coupled models versus holography and strings: news and

highlights
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Open heavy-flavour and quarkonium measurements
in heavy-ion collisions at the LHC

Thursday 11 September 2014 14:00 (30 minutes)

The LHC heavy-ion physics program aims at investigating the properties of strongly interacting
matter in extreme conditions of temperature and energy density where the formation of the Quark
Gluon Plasma (QGP) is expected. In high-energy heavy-ion collisions, heavy quarks and quarko-
nium states are regarded as efficient probes of the properties of the QGP as they are created on a
short time scale with respect to that of the QGP, thus being sensitive to the whole evolution of the
system.

An overview of the main results on open heavy-flavour and quarkonium measurements in Pb-Pb
(and p-Pb) collisions at the LHC will be presented and the results will be compared to theoretical
models.
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Does Confinement Influence High Energy
Scattering?

Thursday 11 September 2014 17:50 (20 minutes)

Formulation of confinement is discussed in the framework of general principles of q.f.t.
Characteristic space-time scales which define the bulk of high-energy hadron scattering
are derived.

Summary

Confinement leads to specific analytic properties of quark-gluon Green functions.
One of the general consequences is the degeneracy of Regge trajectories including the Pomeron.
The bulk of hadronic scattering at high energies is defined by large distances and long times.
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News and highlights in the Quark Gluon Plasma
characterization

Wednesday 10 September 2014 09:00 (30 minutes)
I will review recent progress in characterizing the properties of QGP.
Main focus will be on the much progress achieved in hydrodynamic simulations of the evolution

of QGP. The role of not only the shear viscosity but the importance of including the bulk viscosity
will be discussed.

Primary author: JEON, Sangyong (McGill University)
Presenter: JEON, Sangyong (McGill University)

Session Classification: Plenary 5

Track Classification: Plenary talks

October 20, 2024 Page 194



Quark Confine -*- /Report of Contributions Dyons and confinement at non- -

Contribution ID: 212 Type: not specified

Dyons and confinement at non-zero T

Monday 8 September 2014 15:30 (30 minutes)

We consider a model for the vacuum of pure glue theory based on dyons. Temperatures of confinement-
deconfinement, string tensions and other physical quantities for different gauge groups and rep-
resentations are calculated. The relation with supersymmetric confining theories is discussed.
Considered mechanism of confinement/deconfinement implies specific behavior of the effective
potential for Polyakov’s loop in the Yang-Mills theory. Lattice measurements and theoretical de-
scription of this effective potential are presented.
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Spontaneous symmetry breaking and
Nambu-Goldstone modes in QCD matter

Thursday 11 September 2014 11:30 (30 minutes)

The theory of spontaneous symmetry breaking and Nambu-Goldstone modes (bosons) was devel-
oped in 1960’s. When a global symmetry is spontaneously broken, there appears a gapless exci-
tation mode, the Nambu-Goldstone (NG) mode. The theorem is based on Lorentz invariance of
the grand state, and it implies that the number of NG modes coincides with the number of broken
generators, and they have the linear dispersion relation. In QCD, the pions are nothing but the
NG modes associated with spontaneous breaking of chiral symmetry.

In contrast, in non-Lorentz invariant systems, it is known that NG modes possessing quadratic
dispersion relation may appear. The number of NG modes does not coincides with the number
of broken generators. An example in QCD matter is the NG mode in the Kaon condensed color
locked phase.

The relation between broken generators and NG modes were not completely understood until
recently. I review recent developments in the theory of spontaneous symmetry breaking in non-
Lorentz invariant systems. I also discuss the spontaneous breaking of space-time symmetries and
NG modes.
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Recent Results on Flavour Physics

Tuesday 9 September 2014 11:00 (30 minutes)

I will present a summary of what we learned so far from low-energy flavour

observables, concerning on physics beyond the Standard Model

(SM). In the past few years there has been a great experimental progress in

quark and lepton flavour physics. In the quark sector, the validity of the SM

has been strongly reinforced by a series of challenging tests.

As I try to show, looking for physics beyond the SM via the Flavour Window is still a powerful
tool thanks also to forthcoming results from LHC and future B Factories.
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Hadron Structure from Lattice QCD

Monday 8 September 2014 14:00 (30 minutes)

Recent progress in lattice QCD calculations of hadron structure will

be presented, with an emphasis on nucleon structure. Calculations of
nucleon form factors have long been difficult to reconcile with
experiment, but with advances in both methodology and computing
resources, this situation is changing. Agreement with experiment is
beginning to be obtained for several key observables, and the improved
understanding of systematics should increase confidence in predictions
of unmeasured quantities. Finally, the long-omitted disconnected
contributions are now seeing considerable attention and are being
calculated.
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Study of magnetic monopole condensation using
surface operators

Thursday 11 September 2014 15:00 (30 minutes)

The most important probes for the phase states of a four-dimensional gauge field theory are the
Wilson and t'Hooft line operators that are defined on one-dimensional curves in the space-time.
However, for more detail understanding of four-dimensional gauge field theory dynamics and vac-
uum topology we need additional probes expressed by operators defined on the subspaces with
higher dimensions. Possible candidates are operators that are defined on the two-dimensional sur-
face in the four-dimensional space-time. The corresponding spatial surface operators are sensitive
to the magnetic flux through a closed surface, what provides a tool for monopole condensate study.
The area and volume dependence of the surface operator can provide a probe for the correlated
and uncorrelated monopoles and antimonopoles condensation. The corresponding temporal sur-
face operators can provide new order parameters.

In the present work the surface operator dependence on the surface area and volume are studied
in the confinement and deconfinement phases within the SU(2) pure gauge field theory on the
lattice. It is obtained that the spatial surface operator exhibits areal law in the both phases, what
points on the color dipole condensation. Indications on the volume law in the confinement phase

are discussed.
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Lattice QCD study of strangeness S=-2 two-baryon
system

Tuesday 9 September 2014 17:30 (20 minutes)

Knowledge of baryon-baryon interactions with strangeness is important to study the hypernuclear
structures and exotic few body states.

Especially for the strangeness S=-2 two-baryon system, it is interesting to investigate the SU(3)
structure and its breaking effect of baryon-baryon interactions because the flavor singlet combi-
nation is allowed only in this system.

We report our latest results of the S=-2 baryon-baryon interactions and mass of H-dibaryon from
lattice QCD simulation.

Our approach to baryon-baryon interactions is deriving a potential from inverting coupled chan-
nel Schroedinger equation using Nambu-Bethe-Salpeter wave function simulated on lattice.

Our numerical results are obtained from 2+1 flavor full QCD gauge configurations provided by the
PACS-CS Collaboration.

Flavor SU(3) breaking effects of the interactions are discussed by comparing with the results sim-
ulated with different quark masses.

We also discuss flavor SU(3) breaking effects of H-dibaryon mass.
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Recent Highlights in Light-Baryon Spectroscopy and
Searches for Gluonic Excitations

Thursday 11 September 2014 09:00 (30 minutes)

The spectrum of excited hadrons - mesons and baryons - serves as an excellent probe of Quantum
Chromodynamics (QCD), the fundamental theory of the strong interaction. The strong coupling
however makes QCD very challenging. It confines quarks and breaks chiral symmetry, thus provid-
ing us with the world of light hadrons. Highly-excited hadronic states are sensitive to the details
of quark confinement, which is only poorly understood within QCD. This is the regime of non-
perturbative QCD and it is one of the key issues in hadronic physics to identify the corresponding
internal degrees of freedom that give rise to excited hadrons and how these relate to strong cou-
pling QCD. The quark model suggests mesons are made of a constituent quark and an anti-quark
and baryons consist of three such quarks. The current experimental efforts toward mapping the
baryon spectrum at several facilities around the world involve the challenging study of meson
production off the nucleon using electromagnetic probes in so-called complete experiments uti-
lizing beam and target polarization. Other questions in hadron spectroscopy remain open: What
is the role of glue? Resonances with large gluonic components are predicted as bound states by
QCD. The lightest hybrid mesons with exotic quantum numbers are estimated to have masses in
the range from 1 to 2 GeV/c? and are well within reach of current experimental programs such
as COMPASS at CERN and experiments at Jefferson Laboratory. In this talk, I will discuss recent
highlights in light-baryon spectroscopy and efforts to search for gluonic excitations.
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Mechanisms of chiral symmetry breaking in QCD: a
lattice perspective

Thursday 11 September 2014 12:30 (30 minutes)

TBA
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Supersymmetry and neutral bions: hints about
deconfinement?

Monday 8 September 2014 17:00 (30 minutes)

I will review the conjecture that the thermal deconfinement transition in pure Yang-Mills theory
is continuously connected to a quantum phase transition in softly-broken N=1 supersymmetric
Yang-Mills theory on R*3 x S"1. The latter is driven by a competition between various exotic
“topological” molecules, and, since it occurs in a calculable weak-coupling regime, a great deal can
be learned about its properties. I will present evidence, from past and ongoing work, in favor of
the continuity conjecture. I will also discuss possible directions for future study and speculations
on the implications for the pure Yang-Mills deconfinement transition.
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The origin of thermal component in the transverse

momentum spectra in high energy hadronic
processes

Tuesday 9 September 2014 18:50 (1h 30m)

The transverse momentum spectra of hadrons produced in high energy collisions can be decom-
posed into the two components: the exponential ("thermal”) and the power ("hard”) ones.
Recently, the H1 Collaboration has discovered that the relative strength of these two components
in Deep Inelastic Scattering depends drastically upon the global structure of the event - namely,
the exponential component is absent in the diffractive events characterized by a rapidity gap. We
discuss the possible origin of this effect, and speculate that it is linked to the mechanism of con-
finement. Specifically, we argue that the thermal component is produced in the fragmentation of
the color string due to the effective event horizon introduced by confinement, in analogy to the
Hawking-Unruh effect. In diffractive events, the t-channel exchange is color-singlet and there is
no fragmenting string - so the thermal component is absent.

Analyzing the data on non-diffractive pp collisions, we find that the slope of the thermal compo-
nent of the hadron spectrum is proportional to the saturation momentum that drives the deceler-
ation in the color field, and thus the Hawking-Unruh temperature.
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Quenching of hadron production spectra in
heavy-ion collisions

Friday 12 September 2014 15:20 (20 minutes)

The dependence of the spectral shape of produced charged hadrons on the size of a colliding sys-
tem is discussed using a two-component model. As a result, the system-size hierarchy in spectral
shape is observed. Next, a hydrodynamic extension of a two-component model for hadroproduc-
tion using recent theoretical calculations is suggested to describe the spectra of charged particles
produced in heavy-ion collisions in the full range of transverse momenta pT. Data from heavy-ion
collisions measured at the Relativistic Heavy Ion Collider and the Large Hadron Collider are ana-
lyzed using the introduced approach and are combined in terms of energy density. The observed
regularities might be explained by the formation of a quark-gluon plasma during the collision.
Finally, the quenching of hadron production spectra in terms of number of participants (Npart)
and number of collisions (Ncoll) is discussed using the two-component model.

Summary

First part of the talk is published recently in Phys.Rev.C:
http://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.018201
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Pion electric polarizability from Lattice QCD

Tuesday 9 September 2014 15:30 (30 minutes)

Electromagnetic polarizabilities are important parameters for understanding the interaction
between photons and hadrons. For pions these quantities are poorly constrained experimentally
since they can only be measured indirectly. New experiments at CERN and Jefferson Lab are
planned that will measure the polarizabilities more precisely. Lattice QCD can be used to compute
these quantities directly in terms of quark and gluons degrees of freedom,

using the background field method. We present results for the electric polarizability for two
different quark masses, light enough to connect to chiral perturbation theory. These are
currently the lightest quark masses used in polarizability studies. For each pion mass we
compute the polarizability at four different volumes and perform an infinite volume extrapolation.
For one ensemble, we also discuss the effect of turning on the coupling between the background
field and the sea quarks.
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Dynamical Chiral Polarization of QCD Dirac
Spectrum

Friday 12 September 2014 14:30 (30 minutes)

Dynamical polarization methods offer a novel way to characterize vacuum correlations of strong
interactions in a model-independent manner. Selected aspects of this description are discussed
with applications both for confinement and spontaneous chiral symmetry breaking.
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Is the X(3915)Xw]/y resonance the cc0’?

Tuesday 9 September 2014 18:50 (1h 30m)

The 2013 PDG tables lists the JPC=0++ X(3915)Xw]/y resonance, seen in BXKw]/y decays and the
gelw]/y fusion process by both the Belle and BaBar experiments, as the cc0’, i.e., the cc0(2P) radial
excitation of the ccO(1P) charmonium state. I (and others) dispute this assignment for a number
of reasons, including its peak mass value, M=3918.4£1.9 MeV, narrow width G=20+5 MeV, and the
absence of any evidence for decays to the DDbar open-charmed meson channel. Evidence for an al-
ternative cc0’ candidate with properties that more closely match charmonium model expectations
in published Belle and BaBar measurements are shown and discussed.
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Anisotropic flow fluctuations from p-Pb to PbPb

the collective expansion of matter created in collisions of heavy-ions, ranging from collision en-
ergies of tens of MeV to a few TeV per nucleon pair, proved to be one of the best probes to study
the detailed properties of these unknown states of matter. Collective expansion, also called flow,
originates from the initial pressure gradients in the created hot and dense matter. These pressure
gradients transform the initial spatial deformations and inhomogeneities of the created matter into
momentum anisotropies of the final state particle production. These momentum anisotropies are
experimentally characterised by so-called flow harmonics. In this talk I will present our current

understanding from proton-nucleus to nucleus-nucleus collisions
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Alpha_s determination from the C-parameter
distribution

Friday 12 September 2014 15:40 (20 minutes)

For the e+e- C-parameter we use soft-collinear effective theory to derive a factorization theorem,
and then compute the cross section at N3LL + O(alphas”3). Differences with Thrust are highlighted.
Our result holds for C in the peak, tail, and far tail regions, and we treat hadronization effects
using a universal nonperturbative soft function defined in field theory. We analyze all available
C-parameter tail data and obtain a global fit for alphas(mZ) and one nonperturbative parameter
Omegal”C with chi"2/dof close to 1. These C-parameter results for alphas(mZ) and Omegal are
in excellent agreement with earlier results from thrust. Furthermore, for the first time we include
hadron mass effects in the analysis of thrust and C-parameter experimental data.
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Primary and secondary production of heavy quarks
in final state jets

Tuesday 9 September 2014 14:50 (30 minutes)

We present results for the production of primary heavy quarks in final state jets, as well as sec-
ondary radiation of heavy quark pairs related to gluon splitting. We focus in the thrust and C-
parameter distributions for e+e- collisions. The results are given in the dijet limit where the hard
interaction scale and the scales related to collinear and soft radiation are widely separated. In this
limit one can use Soft-Collinear Effective Theory with the inclusion of mass modes in order to fac-
torize the cross section and perform resummation of large Sudakov logs at N3LL order. When the
invariant mass of the massive jet is close to the heavy quark mass we match onto a boosted Heavy
Quark Effective Theory to sum up a new class of large logs along with the treatment of finite width
effects. Our results are relevant for determining the bottom mass, and more importantly for the
measurement of the top mass at a future linear collider.
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Bottom-up thermalization and heavy-ion collisions

Tuesday 9 September 2014 15:00 (30 minutes)

It is a commonly held belief that weak coupling dynamics are in contradiction with the apparently
fast thermalization observed in heavy-ion collisions at RHIC and at the LHC. This belief is based
on parametric estimates and naturalness arguments in the Bottom-up picture of thermalization of
Baier, Mueller, Schiff, and Son. In my talk, I will discuss elevating this parametric picture into a
numerical one through simulations in an effective kinetic theory. I discuss how the numerical fac-

tors play an important role and show that the Bottom-Up scenario results in rapid thermalization
at realistic couplings.
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Fundamental Composite Higgs Dynamics

Thursday 11 September 2014 15:00 (30 minutes)

The discovered Higgs boson has properties similar to the ones expected from the standard model,
however the possibility that it may be a state composite of fundamental fermions is not excluded.
It may in fact be either a heavy resonance of the dynamics, or a light pseudo-Goldstone boson. In
truth, the two cases are limits of a more general scenario. I will review the state of the art of the
construction of dynamical models of composite Higgses, with main focus on the interplay between
lattice results, knowledge of the fundamental dynamics and study of a symmetry-based effective

Lagrangian.
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The in-medium heavy-quark potential from
quenched and dynamical lattice QCD

Tuesday 9 September 2014 18:50 (1h 30m)

Heavy Quarkonium provides a unique opportunity to investigate the physics of the quark-gluon
plasma created in relativistic heavy-ion collisions. From the measured suppression patterns in
nucleus-nucleus collisions relative to the yields in proton-proton collisions, we ultimately aim at
extracting the properties of the bulk matter created in the collision center.

Hence a thorough understanding of the real-time evolution of in-medium heavy quarkonium is
called for. Due to the inherent separation of scales between the heavy quark rest mass and the
surrounding energy densities it can actually be described in terms of a Schroedinger equation
with interaction potential, based on non-relativistic effective field theories such as NRQCD. Here
we report on the current status of extracting the in general complex values of the potential from
first principles lattice QCD simulations.

The real and imaginary part of this real-time potential is obtained from the position and width of
the lowest lying peak in the Coulomb gauge Wilson line correlator spectral function. We extract
spectral information from Euclidean time data using a novel Bayesian approach different from the
Maximum Entropy Method. We find that Re[V] lies close to the color singlet free energies, while
Im[V] is of the same order as the predictions from resummed perturbation theory (HTL) already
close above the critical temperature.
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Higgs Critical Exponents and Conformal Bootstrap
in Four Dimensions

Friday 12 September 2014 14:00 (30 minutes)

We study properties of composite operators emerging in nonsupersymmetric, four-dimensional
gauge-Yukawa theories with interacting conformal fixed points. The theories investigated are
structurally similar to the standard model of particle interactions, but differ from the standard
model by developing perturbative interacting fixed points. We investigate the physical properties
of the singlet and the adjoint composite operators quadratic in the Higgs field. We show that,
in the Veneziano limit, and at the highest known order in perturbation theory, the singlet sector
decouples from the other operators. This fact allows us to test the numerical bootstrap constraints
against precise four dimensional conformal field theoretical results.
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The confining baryonic Y-string on the lattice

Friday 12 September 2014 17:20 (30 minutes)

We look for the signature of the confining Y-bosonic string in the gluonic profile due to a system
of three static quarks on the lattice. The gluonic distribution is calculated in pure Yang-Mills lat-
tice gauge theory at finite temperature with Polyakov loops operators. The analysis of the action
density unveils a background of a filled-A distribution. However, we found an underlying struc-
ture of three string-like configuration that interpolates from A to a Y'-configurations; all within
the A-shaped background. The length of the revealed Y-string-like distribution is maximum near
the deconfinment point. The action density width profile returns good fits to a baryonic string
model only for large quark separation. The Y-string configurations provides good fits for both the
in-plane and off-plane width profile.
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Recent progress in holographic QCD

Thursday 11 September 2014 17:00 (30 minutes)

I will start by a generic review of holography and its application to QCD, including the top-down
and bottom-up approaches. I will go on discussing some of the latest developments in the construc-
tion of holographic models for QCD, concentrating on the bottom-up ones. I will cover improved
holographic QCD, which is a string-theory inspired model for the Yang-Mills theory. Finally I will
discuss holographic modeling of QCD in the Veneziano limit by introducing quarks in improved
holographic QCD, and letting them backreact fully.
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Partial restoration of chiral symmetry inside hadrons

Tuesday 9 September 2014 18:50 (1h 30m)

The presence of color source may modify the chiral condensate that characterizes the spontaneous
breaking of chiral symmetry in the QCD vacuum. Using the overlap-Dirac eigenmodes, we investi-
gate this phenomenon around static color sources representing quark-antiquark and three-quark
systems. We show that the chiral condensate is reduced inside the flux-tube that is formed be-
tween the color sources. Using the three-quark system in a finite box, we estimate the magnitude
of partial chiral restoration at finite density.
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The COMPASS hadron program

Thursday 11 September 2014 14:30 (30 minutes)

COMPASS is a multi-purpose fixed-target experiment at the CERN Super Proton Synchrotron
aimed at studying the structure and spectrum of hadrons. One main goal is the search for new
hadronic states, in particular hybrid mesons and glueballs. Its large acceptance, high resolution,
and high-rate capability make the COMPASS experiment an excellent device to study the spec-
trum of light-quark mesons in diffractive and central production up to masses of about 2.5 GeV/c?.
COMPASS is able to measure final states with charged as well as neutral particles, so that reso-
nances can be studied in different reactions and decay channels. During 2008 and 2009, COMPASS
took a large data sample using 190 GeV negative and positive hadron beams on various targets.
We present new results from the analyses of this data set. One focus lies on the search for new
mesons in diffractively produced multi-particle final states. Here novel analysis methods are ap-
plied to study the dependence of partial waves on the squared four-momentum transfer t" from
the beam to the target. This also leads to a better separation of resonant and non-resonant con-
tributions. In addition a new analysis scheme was developed that permits to extract information
about the m+m— subsystem in the m—m+n- final state with only inimal model bias. In addition
central-production reactions are studied in order to search for glueball candidates in the scalar
sector. Finally an update will be given on the recent analysis of the pion polarizability, well suited
to test chiral dynamics.

Supported by BMBF, MLL and the Cluster of Excellence Exc153 “Origin and Structure of the Uni-
verse”
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Recent results on the baryon spectrum from the
CBELSA/TAPS experiment

Monday 8 September 2014 14:00 (30 minutes)

One of the remaining challenges within the standard model is to gain a good understanding of QCD
in the low-energy, non-perturbative regime. One key towards this aim is baryon spectroscopy
investigating the spectrum and the properties of baryon resonances. Unfortunately, most baryon
spectroscopy data were obtained only using m N scattering. To gain access to resonances with
small 7 N partial width, photoproduction experiments provide essential information. In order to
extract the contributing resonances, partial wave analyses need to be performed. Here, a complete
experiment is required to unambiguously determine the contributing amplitudes. This involves
the measurement of carefully chosen single and double polarization observables.

The Crystal Barrel/TAPS experiment with a longitudinally or transversely polarized target and an
energy tagged, linearly or circularly polarized photon beam allows the measurement of a large
set of polarization observables. Due to its good energy resolution, high detection efficiency for
photons, and the nearly complete solid angle coverage it is ideally suited for the measurement of
photoproduction of neutral mesons decaying into photons.

In this talk recent results for various double polarization observables and their impact on the partial
wave analysis will be presented.

Supported by DFG within CRC 16
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A New Hadron Spectroscopy

Tuesday 9 September 2014 17:55 (25 minutes)

Recently, many candidate multiquark mesons, i.e., mesons with substructures that are more com-
plex that the quark-antiquark prescription that is in the textbooks, have been observed. Many of
the most recently observed candidate states are electrically charged and have the same spin and
parity, namely JP=1+. In this talk I will give an overview of the current experimental situation
and try to identify some patterns among the recently discovered JP=1+ states that may give some
hints about the underlying dynamics that are at play and suggest the existence of other states that
should be accessible at LHC and the Bellell experiments.
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Round table 1: Strongly coupled scenarios and the
LHC: prospective for the next decade

Monday 8 September 2014 11:00 (1 hour)
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Round table 2: Challenges and impact of the lattice
on hadron phenomenology in the near future

Tuesday 9 September 2014 12:00 (1 hour)

Presenters: PALLANTE, Elisabetta (U. Groningen, Netherlands); MESCIA, Federico (Universitat de
Barcelona); COLANGELO, Gilberto (Bern University); MARTINELLI, Guido (Scuola Int. Superiore di
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Round table 3: What can we learn from large Nc
gauge theories?

Friday 12 September 2014 12:00 (1 hour)
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Highlights from LHC experiments
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Review of QCD and BSM with precision
measurements and computations

Tuesday 9 September 2014 09:00 (30 minutes)

New Physics Searches at the Intensity Frontier: QCD Challenges and Prospects

Primary author: GARDNER, Susan (U.Kentucky,USA)
Presenter: GARDNER, Susan (U.Kentucky,USA)
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Heavy probes in thermal baths in heavy ions

Wednesday 10 September 2014 10:00 (30 minutes)
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The 1/Nc expansion in Baryons

Friday 12 September 2014 11:30 (30 minutes)

N/A
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Problems and Highlights of QCD at finite chemical
potential

Wednesday 10 September 2014 11:30 (30 minutes)
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Project on Master Class in Particle Physics

Wednesday 10 September 2014 12:00 (15 minutes)
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Chiral effects and physics of chiral media

Thursday 11 September 2014 17:00 (30 minutes)

We consider chiral liquids,consisting of massless fermions and right-left asymmetric.In such media,
one expects existence of new transports in equilibrium. Among them electric current flowing along
external magnetic field which is predicted to be dissipation free. We argue that actually the chiral
liquids in the hydrodynamic approximation should satisfy further constraints, like infinite classical
conductivity.

Summary

We have shown that conservation of the axial charge implies that classically chiral media are
perfect liquids, with no dissipation. It was demonstrated recently that the chiral anomaly modifies
hydrodynamics of chiral media on the classical level. What we are adding to this observation, is
that for the consistency of the hydrodynamic approximation, the novel pieces in the axial charge
should conserve on the classical level as well.

Primary author: SADOFYEV, Andrey (MIT)
Co-author: ZAKHAROV, Valentin (I)
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The inclusive production of the meson resonances in
neutrino-nucleon interactions

Friday 12 September 2014 17:40 (20 minutes)

The inclusive production of the meson resonances p°(770), fo(980),

f2(1270), K**(892) in neutrino-nucleon interactions has been

studied with the NOMAD detector. The detector was exposed to the wide band neutrino beam
generated by 450-GeV protons at CERN SPS. For the first time the f(980)

meson is observed in neutrino interactions. The presence of f5(1270) in the neutrino interactions
is reliably established. The average multiplicity of these three resonances

is measured as a function of several kinematic variables.

The experimental results are compared to the multiplicities obtained from a

simulation based on the Lund model.

Matrix element of spin density matrix

for K**(892) meson have been measured.

Primary author: Dr POLYARUSH, Alexandr (INR RAS)
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Beyond the Standard Model Matrix Elements with
the gradient flow

Tuesday 9 September 2014 15:00 (18 minutes)

With the gradient flow, we propose to calculate the QCD component of key beyond the Standard
Model (BSM) matrix elements related to quark and strong theta-CP violations and the strange
scalar content within the nucleon. The former set of matrix elements impacts our understanding
of Electric Dipole Moments (EDMs) of nucleons and nuclei (a key signature of BSM physics), while
the latter contributes to elastic recoil of Dark Matter particles of nucleons and nuclei. If successful,
these results will lay the foundation for extraction of BSM observables from future low-energy,
high-intensity and high-accuracy experimental measurements.

Primary author: Dr SHINDLER, Andrea (DESY Zeuthen)
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Non-ordinary meson couplings in the 1/Nc expansion

Monday 8 September 2014 15:40 (20 minutes)

We study the large Nc behavior of couplings among light meson states with
different compositions in terms of quarks and gluons. We shortly review the
most common compositions of mesons, which are of interest for the
understanding of low-lying meson resonances, namely, the ordinary
quark-antiquark states as well as the non-ordinary, glueball, tetraquark,

etc. We dedicate special attention to Jaffe’s generalization of the

tetraquark with Nc-1 quark-antiquark pairs, that is the only type of state
we have identified, whose width does not necessarily vanish

with large Nc while it does decouple exponentially with Nc from the
pion-pion channel, so that is weakly coupled to the meson-meson system.
(see arXiv:1405.4831)
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Chiral Symmetry Breaking and the Quantum Hall
Effect in Monolayer Graphene

Thursday 11 September 2014 16:30 (30 minutes)

Monolayer graphene in a strong magnetic field exhibits quantum Hall states at filling fractions
v = 0 and v = =1 that are not explained within a picture of non-interacting electrons. In this
talk I will argue that these states possibly arise from interaction induced chiral symmetry break-
ing orders on the honeycomb lattice, such as Neel antiferromagnetism and charge-density-wave
order. In particular, I will show that when the chemical potential is at the Dirac point, weak onsite
repulsion supports an easy-plane antiferromagnet state, which simultaneously gives rise to ferro-
magnetism oriented parallel to the magnetic field direction, whereas for |v| = 1 chiral symmetry
breaking easy-axis antiferromagnetism and charge-density-wave orders coexist. I present self-
consistent calculations of the magnetic field dependence of the activation gap for the v = 0 and
|v| = 1 states and establish excellent agreement with recent experimental results. Our proposed
scenario therefore may provide a strong experimental evidence of condensed matter realization
of spontaneous chiral symmetry breaking phenomena, which has also occupied a central stage of
high energy physics for long time.
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Higher order calculations and the phase diagram of
strongly coupled theories

Thursday 11 September 2014 16:30 (30 minutes)

In the past decade many advances have been made in the attempt to uncover the phase diagram
of nonsupersymmetric strongly coupled gauge theories. Progress has come from both analytic
computations and analysis as well as lattice simulations. In this talk I will present the most recent
calculations and estimates of the phase boundary of the conformal window performed using higher
order perturbation theory. Calculations are done in a variety of different explicit schemes in which
comparison can then be made.

Primary author: RYTTOV, Thomas (CP3 - Origins)
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Neutrino photoproduction on pseudo
Nambu-Goldstone bosons

Tuesday 9 September 2014 18:50 (1h 30m)

Production of single neutrinos as well as neutrino-antineutrino pairs by photons interacting with
pseudo Nambu-Goldstone bosons is studied within the Standard Model. The corresponding cross
sections are found analytically. The energy loss due to neutrino emission in a thermal plasma of
photons and pions is calculated. It is shown that the obtained neutrino emissivity may be signif-
icantly enhanced in hot and dense matter due to in-medium modification of the pion decay con-

stant. Phenomenological consequences for ultrarelativistic heavy-ion collisions and astrophysics
are discussed.

Primary author: ALIKHANOV, Ibragim ()
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QCD and Strongly Coupled Gauge Theories:
Challenges and Perspectives

Wednesday 10 September 2014 12:15 (15 minutes)

QCD and Strongly Coupled Gauge Theories: Challenges and Perspectives,
http://arxiv.org/abs/arXiv:1404.3723
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Hadronic contributions to the muon g-2

Tuesday 9 September 2014 16:30 (30 minutes)

After a brief introduction, I will review the current status of lattice calculations of the hadronic
vacuum polarization and light-by-light scattering contributions to the muon anomalous magnetic
moment. The errors on these contributions dominate the standard model error for this quantity

and must be reduced to make the best use of new experimental measurements at Fermilab and
J-PARC.

Primary author: BLUM, Thomas (UCONN)
Presenter: BLUM, Thomas (UCONN)

Session Classification: Parallel II: B5 Light Quarks

Track Classification: Section B: Light Quarks

October 20, 2024 Page 241



Quark Confine -*- /Report of Contributions Review of Minimal Walking Theories

Contribution ID: 267 Type: not specified

Review of Minimal Walking Theories

Thursday 11 September 2014 14:00 (30 minutes)

Development of minimal walking theories and their properties are briefly reviewed. Recent lattice
results relevant for these theories are considered and the applications to dynamical electroweak
symmetry breaking and related LHC phenomenology are also discussed.
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Baryon spectroscopy from Lattice QCD

Monday 8 September 2014 16:30 (30 minutes)

Baryon spectroscopy has played a crucial role in formulating the theory of strong interaction,
particularly in the low-energy regime. In this talk I will review the recent progress in the excited
state spectroscopy of baryons using lattice QCD and the implications of these results. In particular,

excited state spectroscopy of heavy baryons will be emphasized where the experimental efforts are
still at a rather elemental stage.
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When does the gluon reggeize
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When does the gluon reggeize
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Experimental overview of heavy ions physics: open
challenges and future

Wednesday 10 September 2014 09:30 (30 minutes)

Experimental overview of heavy ions physics: open challenges and future
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Bottomonium spectroscopy at Belle
Tuesday 9 September 2014 14:25 (25 minutes)
The description of single meson transitions among quarkonium states represent both a challenging
topic for current non-relativistic QCD models and a powerful tool for the study of the dynamic in

heavy quarks systems. In particular, theoretical debates arose around the role of mesonic molecules
and coupled channel effects in the description of the single meson transitions from Y(4S) and Y(5S).

Using the world largest samples of Y(4S) and Y(5S) collected by the Belle experiment at the KEKB

+

eTe~ collider, we present the most recent experimental discoveries on single and double me-

son transition from the Y(4S) and Y(5S), including the first observation of the non spin-flipping
Y (4S) — nhy(1P) decay and a new measurement of the 7,(1.5) mass.
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QCD Sum Rules for Heavy-Meson Decay Constants:
Impact of Renormalization Scale and Scheme

Tuesday 9 September 2014 18:50 (1h 30m)

Within realm of QCD sum rules, one of the central fields of application is the prediction of the
decay constants of heavy mesons. However, although the applied techniques are

very similar, we encounter rather dissimilar challenges and obstacles when extracting, from two-
point correlators of appropriate heavy-light interpolating currents, characteristics of charmed
mesons carrying different spin. In view of this, it appears worthwhile to us to revisit this issue for
the case of charmed pseudoscalar and vector mesons.

Primary authors: MELIKHOV, Dmitri (HEPHY); Dr SIMULA, Silvano (INFN Roma Tre); Dr
LUCHA, Wolfgang

Presenter: MELIKHOV, Dmitri (HEPHY)

Session Classification: Poster Session

Track Classification: Poster Session

October 20, 2024 Page 247



Quark Confine '+ /Report of Contributions SU (4) magnetic monopoles and -

Contribution ID: 273 Type: Poster

SU(4) magnetic monopoles and abelian gauge fixing

Tuesday 9 September 2014 18:50 (1h 30m)

Abelian gauge fixing procedure is used to create the SU(4) magnetic
monopoles in the vicinity of the points where the gluon filed becomes
singular. The matrix of the scalar field is considered as almost

diagonal in the SU(2) and SU(3) subspaces. The gauge transformation
which diagonalizes the hedgehog field, transforms the gluon filed into
two regular and singular parts. The abelian magnetic monopoles which
appear in the latter part obey the quantisation condition.
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Electromagnetic corrections to weak matrix
elements

Monday 8 September 2014 17:30 (30 minutes)

A new strategy to compute electromagnetic corrections to weak transitions is presented. The
specific case of I'(m+ — 1" 4+ v + ) is discussed in detail, and possible extensions of the
method will also be discussed.
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Determination of the p-n mass difference in Lattice
QCD

Monday 8 September 2014 17:00 (30 minutes)

We compute the neutron-proton mass splitting and show that it is greater than zero by five stan-
dard deviations. Furthermore, splittings in the Sigma, Xi, D and Xi_cc isospin multiplets are deter-
mined providing also predictions. We perform lattice Quantum-Chromodynamics plus Quantum-
Electrodynamics computations with four, non-degenerate Wilson fermion flavors. Four lattice

spacings and pion masses down to 195 MeV are used.
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Non-Standard Charged Current Interactions in Beta
Decay: Sources and Prospects
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Bound states in Minkowski space in 2+1 dimensions

Tuesday 9 September 2014 18:50 (1h 30m)

The Nakanishi perturbative integral representation of the Bethe-Salpeter amplitude in
three-dimensions (2+1) is investigated in order to derive a workable framework for bound states,
which is solution of the homogeneous Bethe-Salpeter Equation (BSE) in Minkowski space. The
projection onto the null-plane of the three-dimensional homogeneous BSE is used to derive an
equation for the Nakanishi weight function for bound states. In this work, the formal development
isillustrated in detail and applied to the bound system composed by two massive scalars interacting
through the exchange of a massive scalar. The explicit forms of the integral equations are also
obtained in ladder approximation.

Primary authors: Mr GUTIERREZ, Cristian (Universidade Estadual Paulista Julio de Mesquita
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de Aeronautica 12228-900, Sao Jose dos Campos, SP, Brasil)
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Wrecks on atomic reactors

Thursday 11 September 2014 22:30 (30 minutes)

The After-dinner talk.
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Symmetry-preserving contact interaction model for
heavy-light mesons

Tuesday 9 September 2014 18:50 (1h 30m)

We have calculated properties of pseudoscalar mesons using contact interaction in the Bethe-
Salpeter equation. Contrary to the traditional treatment of the divergent amplitudes, we have
implemented a novel approach in order to avoid the standard steps to evaluate divergent integrals
which leads to symmetry violation. The basic idea of the novel approach is simples and consists in
to assume a Poincar\’e invariant regularization in the amplitudes and then to perform subtractions
on the propagators in order to obtain in general three kinds of terms at the end of the manipu-
lations: quadratic and logarithmically divergent integrals, symmetry violating terms and a finite
integral. Identifying the symmetries offending terms and removing them from the amplitudes us-
ing a consistent regularization scheme that does vanish the offending terms, we obtain amplitudes
free of ambiguities and symmetry preserving. We have investigated the masses and electroweak

decay constant of pseudoscalar mesons (7°, K°, D) finding good results.
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Few-Body physics from lattice QCD

Thursday 11 September 2014 11:00 (30 minutes)

I review the present status of few-body nuclear and hyper-nuclear calculations from lattice QCD,
highlighting the challenges that have been overcome both theoretically and algorithmically within
the past few years. I describe the current issues related to this field and conclude by discussing

calculations that are anticipated in the near future and their potential impact on other physics
disciplines.
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Holographic Glueball Decay Rates in the
Witten-Sakai-Sugimoto Model

Monday 8 September 2014 15:20 (30 minutes)

The glueball spectrum of Witten’s model for nonsupersymmetric Yang-Mills theory from type IIA
supergravity is discussed with regard to the Sakai-Sugimoto model, which introduces chiral quarks
through probe D8 branes. The couplings of glueballs with the mesons are worked out, leading to
almost parameter-free predictions for the decay rates of glueballs.
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Partial twisting for scalar mesons

Tuesday 9 September 2014 18:50 (1h 30m)

The possibility of imposing partially twisted boundary

conditions is investigated for the scalar sector of lattice QCD.

According to the commonly shared belief, the presence of quark-antiquark annihilation diagrams
in the intermediate state generally hinders the use of the partial twisting. Using effective field
theory techniques in a finite volume, and studying the scalar sector of QCD with total isospin [ =
1, it is demonstrated that partial twisting can still be performed, despite the fact that annihilation
diagrams are present. The modified Luescher equation in case of partial twisting is given.
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The nature of a1(1420) and triangle singularity
mechanism

We demonstrate that the triangle singularity mechanism would account for the creation of the
a1(1420) in the invariant mass spectrum of pi- pi- pi+ in the pi- p scattering observed by the COM-
PASS Collaboration. The same mechanism also accounts for the eta(1405/1475) puzzle since its
interference will lead to significant changes to the lineshapes and peak positions for the same
state when it decays into different channels such as K K-bar pi, eta pi pi, and 3pi. The property of
its isospin-0 partner f1(1420) is also driven by the same mechanism.
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In-medium neutral pion decay to two photons

Tuesday 9 September 2014 18:50 (1h 30m)

We study the in-medium corrections to the neutral pion decay into two photons. For the calcula-
tion we use in-medium chiral perturbation theory. We take into account both the wave function
renormalization and the medium correction to the one-particle irreducible vertex. Since it was
previously shown that there are no medium corrections to the vertex up to O(p"5), that is, linear
density in the density expansion, here we go up to next to linear order, or O(p“6). We study the
dependence of the corrections with the nuclear density and find that, at normal nuclear density,

the corrections to the decay width are of the order of a few percent.
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Precise lattice calculation of nucleon form factor
with all-mode-averaging

Tuesday 9 September 2014 18:50 (1h 30m)

We present the high-statistics analysis of axial charge and isovector form factor of nucleon in
Nf=2 Wilson-clover fermion configurations. Using all-mode-averaging techniques at m, = 190-
300 MeV in 2.5-4.0 fm lattice with three different lattice cut-off, we aim to compute these observ-
ables below 5% accuracy. In this poster we present preliminary study of rigorous calculation to
search the region of ground-state nucleon dominance in which the excited state contamination is
efficiently suppressed.
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Zero modes of overlap fermions, instantons and
monopoles (1)

Tuesday 9 September 2014 18:50 (1h 30m)

University of Kanazawa and Pisa groups have shown a number of studies which support the con-
finement mechanism due to monopole condensations by the lattice simulations. The close relations
between the instanton and chiral symmetry breaking are theoretically explained, moreover, the
relations are revealed by numerical simulations. The purpose of our study is to show that the
monopoles relate to the instantons and chiral symmetry breaking by using the overlap fermions
as an analytical tool.

To show the relations, first we generate SU(3) configurations for the Wilson gauge action. We con-
struct the overlap Dirac operator from link variables of the configurations, solve the eigenvalue
problems by using of the subroutines (ARPACK), and save O(80) pairs of eigenvalues and eigenvec-
tors each configurations. We count the number of the zero modes each ensemble. After analytical
computations, we confirm that the instanton density is consistent with the instanton liquid model
by E. V. Shuryak.

Second, we generate configurations adding monopoles and anti-monopoles with several charges
by the monopole creation operator which is defined by the University of Pisa group. Third, we fix
the maximally abelian gauge. After performed the abelian projection we localize the monopoles
on the lattice. We measure the length of monopole loops to confirm that the monopoles are suc-
cessfully added by the monopole creation operator.

The last, we diagonalize the overlap Dirac operator of the configurations without fixing the gauge
which the monopoles are added. We quantitatively verify how many the monopoles and the
monopole charges create the zero modes and instantons in order to show the relations between
them. Moreover, we evaluate the pseudoscalar and scalar meson masses from the eigenvalues and
eigenvectors.

I will present our preliminary results.
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Magnetic catalysis in nuclear matter

Monday 8 September 2014 14:40 (20 minutes)

Due to magnetic catalysis, a strong magnetic field enhances the chiral condensate and thus can
also be expected to increase the vacuum mass of nucleons. I will discuss resulting effect on the
transition between vacuum and nuclear matter at zero temperature within two relativistic field-
theoretical models. The results show that the creation of nuclear matter in a sufficiently strong
magnetic field becomes energetically more costly due to the heaviness of magnetized nucleons,
even though it is also found that nuclear matter is more strongly bound in a magnetic field. These
results are potentially important for dense nuclear matter in compact stars, especially since previ-
ous studies in the astrophysical context have always ignored the contribution of the magnetized
Dirac sea and thus the effect of magnetic catalysis.

Primary author: SCHMITT, Andreas (Vienna University of Technology)
Presenter: SCHMITT, Andreas (Vienna University of Technology)

Session Classification: Parallel V: F1 Nuclear and Astroparticle Physics

Track Classification: Section F: Nuclear and Astroparticle Physics

October 20, 2024 Page 262



Quark Confine '+ /Report of Contributions Theory of electric dipole moments *

Contribution ID: 291 Type: Oral

Theory of electric dipole moments of hadrons and
nuclei

Thursday 11 September 2014 15:18 (25 minutes)

Electric dipole moments (EDMs) break parity and time-reversal (T) symmetry and, by the CPT-
theorem, CP-symmetry. If measured they are unambigious signs of new physics, since CP-violation
in the quark mixing matrix predict EDMs orders of magnitude away from current experimental
limits. The SM also contains the QCD vacuum angle (the theta term) whose value is unknown
but strongly limited by neutron EDM experiments. This smallness leaves room for T-violation
from physics beyond-the-SM which is expected to exist in order to explain the universal mat-
ter/antimatter asymmetry.

An open question remains: If an EDM is measured, is it caused by the theta-term or from physics
beyond the SM?

Triggered by experimental plans to measure the EDMs of light nuclei with unprecedented accuracy
in storage rings, this talk will be focused on these systems. After giving an overview of the field
of EDMs and the relevant concepts, I will present a framework, based on effective field theories
(in particular chiral perturbation theory), in which we calculate light-nuclear EDMs in a consis-
tent framework. I will argue that measurements of a few of these EDMs could point towards the

fundamental mechanism of time-reversal violation.
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HYDJET++ : Ultrarelativistic heavy ion collisions - a
hot cocktail of hydrodynamics, resonances and jets

Tuesday 9 September 2014 15:30 (30 minutes)
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Partition Function of Interacting Calorons Ensemble

Tuesday 9 September 2014 18:50 (1h 30m)

In this research we try to suggest computing the potential between interacting calorons with non-
trivial holonomy. Two methods of sum ansatz and caloron-Dirac string interaction may be used to
obtain the interacting potential between two calorons. With this potential, one can compute the
partition function of the calorons ensemble with non interacting pairs (Interaction exists between
calorons in each pair.) This partition function is essential to compute the ensemble average of two
polyakov loops which calculates the heavy quark potential.
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