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MAGIC - how Matter's extreme phases can be revealeih
Gravitational wave observations and in relativisticheavy lon
Collision experiments

Horst Stocker
Abstract

This opening talk combines a survey of our recelmilacements in two rather distinct
fields, which reveal - on first sight as a surprisa quite close similarity of both,
namely relativistic collisions of nuclei and of rien stars.

Recently, the group at FIAS and at Goethe Uniwerdiscovered that the emitted
gravitational waves, as predicted from generaltirestic magneto- hydrodynamics
from binary neutron star merger - calculations, asg¢remely sensitive to the
appearance of quark matter and the stiffnes oéthmtion of state of QCD Matter in
the inner cores of the two colliding Neutron Staas, also in their gravitational
collapse to one black hole. This is a new obseevabéssenger from outer space,
which does provide direct signals for the phasectire of strongly interacting QCD
matter at high baryon density and high temperature.

Those astrophysically created extremes of thermamayes do match, to within 20%,
the values of densities and temperatures whichinekeifh relativistic hydrodynamics
and transport theory of heavy ion collisions atéResting laboratories like LHC, SpS
at Cern, RHIC at Brookhaven, and HaDes - SiS18Sitgad at the NICA and FAIR
accelerators under construction, if though at gditierent rapidity windows, impact
parameters and bombarding energies of the heavgarngystems.

We demonstrate how the gravitational wave signadsffuture advanced LIGO-
Virgo - to radiowave signals from SKA- events candombined with the analysis of
high multiplicity fluctuation (Kurtosis and Skewrss and flow measurements in
heavy ion detectors in the lab to pin down the Bo8 the phase structure of dense
matter.



Results from Beam Energy Scan (BES) Program at RHI@nd plans
for the second phase of BES

Grazyna Odyniec
Abstract

The Beam Energy Scan (BES) program at RHIC wasclaoh with the specific aim
to explore the QCD Phase Diagram. Particular emphveas given to the search for
phase boundaries, the location of the Critical PEZP) and the disappearance or
modifications of the QGP signals observed at theR&1IC energies. The first run
with Au+Au collisions at 7.7 GeV, 11.5 GeV and 38\Gtook place in 2010, and the
next runs added data at energies of 14.5, 19.62an@eV. Additionally, the fixed
target program allowed to extend energy range 50GeV. The results of the first
phase of BES program obtained by the STAR (Solahoitacker at RHIC)
experiment will be presented and discussed, asagefilans for the second phase of
the program (BES II) starting in a few month.



New results on spectra and fluctuations from NA61

Katarzyna Grebieszkow
for the NA61/SHINE Collaboration

Abstract

The NAG61/SHINE experiment aims to discover the i@t point of strongly
interacting matter and study the properties of dheet of deconfinement. For this
purpose we perform a two-dimensional scan of thag)Tphase diagram by varying

the energy (5.1 ﬁ'SNN < 16.8/17.3 GeV) and the system size (p+p, p+Pb;BBe

Ar+Sc, Xe+La, Pb+Pb) of the collisions. In this ggatation the NA61/SHINE results
on particle spectra as well as fluctuations andetations in p+p, Be+Be, Ar+Sc, and
Pb+Pb collisions will be presented. In particuthe latest results on charged kaons
spectra, charged pions ratios (electromagnetic cisffe protons intermittency,
femtoscopic radii, anisotropic flow, and higher@rdnoments of multiplicity and net-
charge fluctuations are planned to be discussed. NA61/SHINE data will be
compared to predictions of models and to the redultm other experiments at the
same energy range. Finally, the motivation, NA6IMEH plans, and the first
measurements of open charm production in heavyatirsions at the Super Proton
Synchrotron energies will be shown.



Searching for the QCD critical point via the rapidity dependence of
cumulants

Jasmine Brewer
Abstract

The search for a possible critical point in the Q@iase diagram is ongoing in heavy
ion collision experiments at RHIC which scan theagd diagram by scanning the
beam energy, a coming upgrade will increase thenlosity and extend the rapidity
acceptance of the STAR detector. In fireballs poeduin RHIC collisions, the baryon
density depends on rapidity. By employing Ising vensality together with a
phenomenologically motivated freezeout prescriptim® show that the resulting
rapidity dependence of cumulant observables seasiib critical fluctuations is
distinctive. The dependence of the kurtosis (ofdkent-by-event distribution of the
number of protons) on rapidity near mid-rapiditylwhange qualitatively if a critical
point is passed in the scan. Hence, measuringapielity dependence of cumulant
observables can enhance the prospect of discovarangical point, in particular if it
lies between two energies in the beam energy scan.



Recent results from proton intermittency analysism nucleus-nucleus
collisions from NA61/SHINE at CERN SPS

Nikolaos Davi§’, N. Antoniou, F. Diakonos
for the NA61/SHINE Collaboration

Abstract

The search for experimental signatures of the catitipoint (CP) of strongly
interacting matter is one of the main objectivedhef NA61/SHINE experiment at
CERN SPS. In the course of the experiment, an gnfjgam momentum 13A —
150A GeV/c) and system size (p+p, p+Pb, Be+Be, Ard®+La) scan is performed.
We investigate local proton density fluctuationsmmected to the critical behavior of
the order parameter as a possible signature gdttase transition in the neighborhood
of the CP. To this end, we perform an intermitteacylysis of the proton second
scaled factorial moments (SSFMs) in transverse mdtune space, which we expect
to scale according to a universal power-law inuvieenity of the CP.

Previous analyses of this sort [1] revealed sigaift power-law fluctuations in the
NA49 heavy ion collision experiment for the “Si"+System at 158A GeV/c; no
intermittency was observed in NA49 “C"+C and Pb+dehbisions at the same energy,
nor in NA61/SHINE Be+Be collisions at 150A GeV/hd& fitted power-law exponent
in “Si"+Si was consistent with the theoreticallypected critical value, within errors,
a result suggesting a baryochemical potential lier dritical point in the vicinity of
~250 MeV. We now extend the analysis to the sinslaed NA61/SHINE Ar+Sc
system at 150A GeV/c.

In the calculation of scaled factorial momentstistiaal techniques are employed in
order to subtract non-critical background and enkatihe signal in cases of low
statistics. We investigate the effects of non-pnotontamination as well as varying
number of participant nucleons on the quality arebnitude of uncertainties of the
intermittency power-law fit. Our analysis is furthere supplemented by Monte
Carlo simulations, through which we explore the gty of non-critical effects
producing an intermittency signal.

[1] T. Anticic et al, Eur. Phys. J. C 75: 587 (2D15

¥ Speaker



Benchmark values for net proton number fluctuations

Boris Tomasik
Abstract

Fluctuations of net proton number are investigatettamework of a Monte Carlo

model, which takes into account i) overall barymmber conservation, ii) position
of (remnants of) wounded nucleons in rapidity) probabilistic assignment of a
baryon to be a proton, iv) limited acceptancehef detector, v) correlation between
the produced baryon and antibaryon in rapidity,ceintrality fluctuations. We show
that while the central moments of net proton muéity distribution do depend on

the correlation distance between produced baryomsl antibaryons, the

kappa*sigma”2 and S*sigma do not. The compositiothe baryons and antibaryons
which depends on rapidity can lead to a dependehttee cumulants on the width of
the rapidity window and also to an interestingaép dependence.



Identified Particle Fluctuations from ALICE at the CERN LHC

Anar Rustamov
Abstract

TBA



QCD matter with a crossover and a first-order phasdransition

Christopher Plumberg
Abstract

In this talk, | present a phenomenological parairetion of the phase diagram of
QCD as a function of temperature T and baryochdmjmatential p. The
parametrization is constructed by introducing at@wng function which controls the
nature of the transition between the Hadron-Resmn&uas (HRG) and Quark-Gluon
Plasma (QGP) phases of nuclear matter, such tlatetjuation of state (EOS)
possesses a rapid crossover at large T and smalkritical point placed anywhere
along the phase transition line, and a first-otdamsition at small T and large This
EOS offers a convenient phenomenological tool &seasing the possible effects of
the conjectured QCD critical point on heavy-ion@tables.



Fluid dynamical phenomena in QGP and its recent exgrimental
signatures

Laszlo P. Csernai
Abstract

Collective relativistic fluid dynamics is the doramt description of heavy ion
reactions. With a Yang-Mills flux-tube initial seatand a high-resolution (3+1)D
particle-in-cell relativistic (PICR) hydrodynamissmulation, we calculate the shear
flow, vorticity and Lambda polarization for differe energies. The origin of
polarization in high energy collisions is discusseshd we find linear impact
parameter dependence of the global Lambda polemzaEurthermore, the global
Lambda polarization in our model decreases vergkdyiwith time in the low energy
domain, and the decline curve fits well the regestlts of Beam Energy Scan (BES)
program launched by the STAR Collaboration at tle¢atvistic Heavy lon Collider
(RHIC). The time evolution of polarization is aldiscussed.

10



Explosions of massive blue-supergiant stars trigged by the QCD
phase transition

Tobias Fischer
Abstract

Motivated from the observations of yet-unexplaimeglosive phenomena associated
with massive blue-supergiant stars with zero-agennsaquence (ZAMS) masses
around 50 solar masses, new light has been shetheorold idea [1] that the
appearance of QCD degrees of freedom may explaim sasmic events [2]. Obeying
chiral physics and taking yet-another importanteobation of the very existence of
massive neutron stars of 2 solar masses seriouslyaccount, puts sever constraints
on the behavior of the equation of state at sup@#on density. In particular,
sfficient stiffness with increasing density is regd. Both aspects indicate rather high
densities for the hadron-quark phase transitieexcess of twice saturation density (at
zero temperature). As a consequence, this exclogdesand intermediate mass stars
(10-15 solar masses) - they are canonically corsidie supernova studies - from the
presence of 'exotic' high-density phases. On therdtand, during the evolution of
very massive core-collapse supernova progenitots IAMS masses of about 50
solar masses, significantly higher core temperatarel densities are reached, where
the appearance of the hadron-quark phase trangrggers not only the supernova
explosion onset but also a millisecond neutrinsbisrreleased. The latter observable
signal provides evidence not only for the presemica -order phase transition at
supersaturation density but contains also detdlsutaits properties. The future
observation of such a feature from the next galaetient will allow us to either
confirm such scenario or, if not observed, rule @@trong) T-order phase transition
at high densities encountered in astrophysicshigtalk | will review this scenario in
the light of presently known constraints from naclphysics as well as observations.
The latter includes the first binary neutronstarrgee event associated with
GW170817 [3]. Furthermore, | will discuss implicats for astrophysics, e.g., the
remnants from such supernova explosions are massiveon stars with quark-matter
core of 2 solar masses at birth.

References

[1] I. Sagert, T. Fischer, M. Hempel, G. PagliataSchaffner-Bielich, et al., "Signals
of the QCD phase transition in core-collapse supaaa" Phys.Rev.Lett., 102,
081101 (2009).

[2] T. Fischer, N.-U. F. Bastian, M.-R. Wu, S. T{jp€. Klahn, and D. B. Blaschke,
"Highdensity phase transition paves the way foresupva explosions of massive
blue-supergiant stars" ArXiv e-prints astro-ph.HE/2.08788 (2017).

[3] B. P. Abbot, et al. [LIGO scientific and Virgoollaborations] "GW170817
Observation of Gravitational Waves from a Binary uden Star Inspiral”
Phys.Rev.Lett., 119, 161101 (2017).
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QCD phase diagram from lattice

Swagato Mukherjee
Abstract

| will provide a brief overview of the recent la QCD results pertaining to the
phase structure of QCD.

13



Lattice-based Equation of State of QCD matter witha critical point

Claudia Ratti
Abstract

| will review the state-of-the art results on th€Q equation of state at finite density
from lattice simulations. | will then construct aniily of equations of state for QCD
in the temperature range 30<T<800 MeV and in thenubal potential range
O<ug<450 MeV. The equations of state match availabitecéa QCD results up to
O(us”) and in each of them we place a critical poirthia 3D Ising model universality
class. Our results for the pressure, entropy dersdtryon density, energy density and
speed of sound can be used as inputs in the hydaodgal simulations of the fireball
created in heavy ion collisions.

14



Critical end points in (2+1)-flavor QCD with imaginary chemical
potential

Jishnu Goswami
Abstract

The QCD phase diagram at finite temperature angityehas a very rich physical
structure which can be explored with first prineipattice QCD calculations. The
crossover transition at vanishing and small vabhfethe chemical potential, which is
expected to end in the QCD critical point, is expddo become a true second order
phase transition in the chiral limit. This, howeusrnot yet established beyond doubt.
Lattice QCD calculations performed with the stadgdanimproved staggered fermion
action suggest, that the chiral phase transitio@@D might be first order. In that
case a critical quark mass value would exist atkwiihe crossover transition ends on
a second order phase transition and becomes ff@st tor smaller values of the quark
mass. The value of this critical mass, if it exisisly be extracted from calculations at
imaginary values of the chemical potential. We piksent results on a determination
of the critical quark mass in simulations of (2fB+or QCD with an imaginary
chemical potential. We use the Highly Improved §eagd Quark (HISQ) action and
perform calculations in the Roberge-Weiss planegrelthe value of the critical mass
is expected to be the largest. We explore a rafgpiark masses corresponding to
pion mass values, ;890 MeV. Contrary to calculations performed withmproved
actions we find no evidence for the occurrenceirst brder transitions at the small
guark mass values explored so far.
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News on net-charge fluctuations and correlations &m lattice QCD

Frithjof Karsch
Abstract
| will present recent results from lattice QCD cddtions of higher order cumulants

of net-charge fluctuations, with a focus on cotreles of strangeness fluctuations
with net-baryon number and net-electric chargetdiatons.

16



Off-diagonal cumulants of net-charge, net-proton ad net-kaon
multiplicity distributions in Au+Au collisions at /s, = 7.7-200 GeV
from STAR

Arghya Chatterjee
Abstract

Fluctuations of conserved quantities such as ngwba net-charge, and net-
strangeness number have generated considerableesintan the study of the
thermodynamic properties of the hot and dense Q@Rem Theoretical calculations
suggest that the off-diagonal cumulants of congkokarges along with the diagonal
cumulants can help better constrain the freezeparmeters and therefore help to
map the QCD phase diagram. We present the 2nd-ofleiagonal cumulants of
net-charge, net-proton, and net-kaon multiplicitgtributions in Au+Au collisions

from the RHIC BES-I program in the energy range\/%: 7.7-200 GeV. We also

present the centrality and the acceptange dependence of the cumulants. The
measured cumulant ratios are compared with theigtieas from both thermal
(HRG) and non-thermal (UrQMD) models.

17



Bottomonia physics at RHIC and LHC

Georg Wolschin
Abstract

The suppression of Upsilon-mesons in the hot qgaren medium (QGP) versus
reduced feed-down is investigated in heavy-ionigiolhs at energies reached at RHIC
and at LHC. Our centrality- andrqlependent model encompasses screening,
collisional damping and gluodissociation in the Q@&®Br Y(1S) it is in agreement
with both STAR and CMS data provided the relatigidDoppler effect and the
reduced feed-down from the Y(nS) and chi_b(nP)estare properly considered. At
both energies, most of the Y(1S)-suppression ismdoto be due to reduced feed-
down, whereas the main Y(2S) suppression is cabgdubt-medium effects in the
collectively expanding QGP. The importance of rextliéeed-down increases with
energy. The p_T-dependence is flat due to theivedat Doppler effect. Possible
suppression effects due to the transient electraptayg fields in more peripheral
collisions are shown to be negligible. The predic¥1S)-suppression in Pb-Pb at

\/Syy =5.02 TeV is compared with CMS data. Cold nucleatter effects are
discussed for p-Pb at the same energy.

[1] J. Hoelck, F. Nendzig, and G. Wolschin, PhysyRC 95, 024905 (2017).
[2] J. Hoelck and G. Wolschin, Eur. Phys. J. A(8317).
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Recent measurements of identified hadron spectra amultiplicities
in Ar+Sc and Be+Be collisions at SPS energies

Maciej Lewicki
Abstract

NAG61/SHINE is a fixed target experiment at the CEBNper Proton Synchrotron.
The main goals of the experiment are to discover ¢htical point of strongly
interacting matter and to study the propertieshefdnset of deconfinement. In order
to reach these goals, a study of hadron produgtioperties is performed in nucleus-
nucleus, proton-proton and proton-nucleus intesastias a function of collision
energy and size of the colliding nuclei. In thiktahe newest preliminary results on
identified hadron spectra produced in Ar+Sc and EBe+ollisions at six beam
momenta (13A, 19A, 30A, 40A, 75A and 150A GeV/c)we shown. The kinematic
distributions and measured multiplicities of idéat hadrons will be compared with
NA61/SHINE and NA49 p+p and Pb+Pb results, as a®lvith available world data.

19



Strange matter and kaon to pion ratio in SU(3) PNJLmodel

Alexandra Friesen
Abstract

The "horn" in the Kin" ratio firstly described by NA49 Collaboration atiten by
experiments at the RHIC - BES, still has not extieoretical description. All
theoretical approaches, which give the behaviouhénK'/z" ratio similar to "horn"
have a common idea that at the "horn" energiesaselransition has to appear. In
this work the behavior of strange matter in thankaof the SU(3) Polyakov-loop
extended Nambu-Jona-Lasinio model including(1) anomaly is considered. The
PNJL model seems to be most promising as an instntifor description of the chiral
phase transition, the deconfinement propertiestia@e@xistence of quarks and hadron
states [1,2]. Using the model, it can be shown thatsplitting of kaon and anti-kaon
masses appearing as a result of introduction ddidefB], may explain the difference

in the K'/z" ratio and K/n ™ ratio at low+/s and their tendency to the same value at

high Js (high T), where kaons become degenerate. In thdehtbe rise in the ratio
K*/n" appears near CEP when th&K ratio is calculated along the phase transition
line and it can be considered as a critical regignal.

[1] A. V. Friesen, Yu. L. Kalinovsky, V. D. Toneeint. J. Mod. Phys. A, 30 (2015).
1550089

[2] A. Dubinin, A. Radzhabov, D. Blaschke, A. Wezlygik, Phys. Rev. D 96, 094008
(2017)

[3] P. Costa, M. C. Ruivo, Yu. L. Kalinovsky, Phy<stt. B560 (2003) 171 - 177.
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Implications of the chiralspin symmetry for QCD at high
temperatures and densities

Leonid Glozman
Abstract

At a temperature ZTat vanishing chemical potential the chiralspin Byetry emerges
in QCD, as has been recently obtained on the dattwith chiral fermions. This
symmetry is larger that the chiral symmetry of @€D Lagrangian. It is a symmetry
of the chromo-electric interaction while the chremagnetic interaction breaks it.
Emergence of this symmetry implies that the eleamynbbjects at this temperature
are quarks with a definite chirality that are corted by the chromo-electric field, i.e.
there are no free deconfined quarks. The chemataial term of the QCD action is
also chiralspin symmetric, which means that attB& chiralspin symmetry persists at
any chemical potential. This implies that the emtptview on the nature of high-
temperature QCD should be modified.

21



Production of Entropy at the Chiral Phase Transition from
Dissipation and Noise

Christoph Herold
Abstract

We study the mechanisms of entropy production ctigl phase transition from the
Langevin dynamics of the chiral condensate coupethe longitudinal expansion of
a quark fluid. Hereby, both damping and randomenai® identified as sources of an
increasing entropy per baryon number during theegaiibrium evolution towards a
chirally broken phase. We find that the initial ddgion of the medium as well as the
expansion rate that is reached at the crossinfgpefphase boundary have a strong
influence on both the produced entropy and a plessaheating of the fluid. Although
there is no latent heat at a crossover, we aretalilemonstrate that, even in this case,
the finite relaxation time will cause the mediumréheat. This effect is well known
for a first-order phase transition and naturallpde to an even stronger entropy
increase there. Finally, we discuss the possibfgonhon observables related to pion
multiplicities.
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Chiral symmetry restoration and quark deconfinementbeyond mean
field in a magnetized PNJL model

Shijun Mao
Abstract

We study chiral symmetry restoration and quark dénement beyond mean field

approximation in a magnetized PNJL model. The faekdrom mesons to quarks
modifies the quark coupling constant and Polyakoteptial. As a result, the separate
critical temperatures for the two phase transitiansiean field level coincide and the

magnetic catalysis becomes inverse magnetic c&alyben the meson contribution
is included.

23



Directed flow and freeze-out in relativistic heavyion collisions at
NICA and FAIR energies

Larissa Bravina
Abstract

The detailed analysis of the directed flow in ukfativistic heavy ion collisions has
been done in UrQMD model. We found that the flowdveloping for quite
significant time and depends drastically on thergyeln contrast to Hydro models
microscopic models can explain the changing of shape of vl(rapidity) with
increase of energy for nucleons. While for pions-#how is always dominating. We
also found that space time evolution picture of flbev has direct connection with
vorticity. The investigations confirm that arourdGeV there is a changing of the
regimes in relativistic heavy ion collisions.

24



QCD Critical Point and Finite size effect

Kun Xu
Abstract

We investigate the kurtosis of net baryon numbectélation in a realistic Polyakov-
NJL model with parameters fixed by lattice resaltzero chemical potential. To our
surprise we find the kurtosis from the PNJL modehg the experimental freeze-out
line agree well with the BES-I data very well.dtalso observed that the dip structure
of the kurtosis is sensitive to the relation betvélee freeze-out line and the phase
boundary, and the peak structure is solely detexdchioy the existence of the CEP
mountain and can be used as a clean signaturdndoexistence of CEP. We also
investigate finite-size effects on the chiral phasasition in the NJL model. To take
into account finite-size effects, momentum integrake replaced by momentum
summations. It is found that zero-mode and nonezerde momentum have opposite
behaviors as size decreases, and two sets obtptints appear.

25



From first principle QCD to dynamical fluctuations

Nicolas Wink
Abstract

| will present results for Euclidean and real-tic@relations functions in QCD and
QCD-assisted models. In particular | discuss tlstesyatic embedding of low energy
effective theories in QCD. The real-time corraatfunctions of such an embedded
low-energy effective theory across the phase dmagsarve as an input for a QCD-
assisted transport evolution of the critical modlewill present results for the
equilibration time of different cumulants of thetiwal mode for different equilibrium
states in the phase diagram.
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QCD phase diagram with a critical point from holographic black
holes

Israel Portillo Vazquez
Abstract

We use the gauge/gravity duality to map thermodyodhactuations of black holes
onto fluctuations of baryon charge in a hot andytsardense Quark-Gluon Plasma
(QGP). Our approach gives results that are in giaéine agreement with state-of-
the-art lattice simulations for the QCD equationstite at finite baryon density and
fluctuations of baryon charge, while simultaneouslycompassing nearly-perfect
fluidity. This framework provides a definite pretion for the QCD critical point,
which is found to be within the reach of low calhis energy experiments at RHIC
and also the CBM experiment at FAIR.

27
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Freeze-out temperature from net-Kaon fluctuations aRHIC

Jacquelyn Noronha-Hostler
Abstract

We compare the mean-over-variance ratio of thekaetr distribution calculated
within a state of-the-art hadron resonance gas Iodthe latest experimental data
from the Beam Energy Scan at RHIC by the STAR boltation. Our analysis
indicates that it is not possible to reproducedkperimental results using the freeze-
out parameters from the existing combined fit of-pr@ton and net-electric charge
mean-over-variance. The strange mesons need abdli MeV higher temperatures
than the light hadrons at the highest collisionrgies. In view of the future 1>
fluctuation measurements, we predict the 1> vagaoeer-mean and skewness-times-
variance at the light and strange chemical freageparameters. We observe that the
I> fluctuations are sensitive to the differencetia freeze-out temperatures established
in this analysis. Our results have implications dtiier phenomenological models in
the field of relativistic heavy ion collisions.
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Nuclear correlations and modifications of the nuclen-nucleon
potential due to the QCD critical mode

Juan Torres-Rincon
Abstract

The scalar-isoscalar mode of QCD becomes lightaripenassless close to the chiral
transition/second-order critical point. From nuclphysics we know that this mode is
the main responsible for the attractive part of thecleon-nucleon potential at
interparticle distances of 1-2 fm. Therefore onpests that close to the critical point
there is a long-range strong attraction among nsleUsing a Walecka-Serot model
for the NN potential we study the effects of thdical point in a finite system of

nucleons and mesons by solving classical Moleddiaramics+Langevin equations
for the freeze-out conditions of heavy-ion collisso Going beyond the mean-field
approximation allows us to account for strong noclecorrelations in the time

evolution, leading to baryon clustering. We obsethiat light cluster formation,

together with an enhancement of higher-order cumsilaf the proton distribution

can signal the presence of the critical point. [@wrators E. Shuryak)
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Dynamics of net-baryon density fluctuations near te QCD critical
point

Marlene Nahrgan@, Marcus Bluhm

Abstract

Critical fluctuations in the net-baryon density pkan essential role in the search for
the QCD critical point. These form dynamically fromtrinsic fluid dynamical
fluctuations in the critical region. In this talke study the diffusive dynamics of the
net-baryon density and show how long-range coioglat develop within the
framework of fluctuating fluid dynamics. We showden which conditions Gaussian
and non-Gaussian fluctuations emerge from the stergi propagation of purely
white noise. Real-time numerical simulations of #techastic diffusion allow us to
discuss the influence of exact baryon number ceasen, of the finite size of the
system and of non-equilibrium effects caused byapsd evolution. This represents a
crucial step toward a realistic modeling of critipaint signals searched for at CERN-
SPS and in the beam energy scan at RHIC.

© Speaker
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Finite-size scaling, intermittency and the QCD critcal point

Fotios Diakonos
Abstract

We argue that finite-size scaling (FSS) is linkedthe intermittency effect of the
baryon number density (order-parameter) fluctuationtransverse momentum space.
Considering the 3d Ising universality class of @€D critical endpoint (CEP) we
introduce the Ising-QCD partition function for thescription of the baryon-number
density fluctuations within the critical region. Withe help of this partition function
we calculate baryon-number multiplicity momentsstmw that the critical region is
very narrow in the chemical potential direction lehthe FSS-subregion is very
narrow also in the temperature direction. Furtheanwe propose a systematic way
to detect the CEP based on combined measuremetfits mitermittency index, and
the freeze-out parametars (baryochemical potential), T (temperature). Acaogdo
our findings the critical chemical potential liefose to the freeze-out chemical
potential of the fireball, formed in central Si+&illisions at maximum SPS energy
(NA49, CERN). Based on this, we discuss the pd#s#si to detect the CEP in the
running ion-collision experiments STAR and NAG1.
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Finite size effects on critical fluctuations

Taklit Sami, Moussa Agah, Marcus BlUApAnna Borer, Marlene
Nahrgang, Nathan Thouroux

Abstract

The search for the QCD critical point is one of tbe priorities in current and future
heavy-ion collision experiments. Unlike thermodynarsystems, the matter created
in a heavy-ion collision is not spatially infinitand a rather homogeneous temperature
near the critical point can be expected only inaeg of a couple of fm. Moreover, to
observe fluctuations for a globally conserved onqgmrameter such as the net-baryon
density the volume of observation V must be smathpared to the full system size.
In this talk, we formally expand the critical curants in powers of the correlation
length Xi over V which can be almost equal. We obsdhat the magnitude of the
variance is reduced compared to known leading-ondeXi/V results. Moreover,
depending on the values of the Ising model couplibgth skewness and kurtosis can
show interesting structures around the criticahpand even sign changes compared
to leading-order expectations. These results arangortant baseline as they show
that already equilibrium results are modified wloere takes realistic constraints of a
heavy-ion collision experiment into account.

¥ Speaker
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Chiral symmetry restoration by parity doubling and the structure of
neutron stars

David Blaschke
Abstract

We investigate the equation of state for a reced#lyeloped hybrid quark-meson-
nucleon model under neutron star conditiong-euilibrium and charge neutrality.

The model has the characteristic feature that ete@asing baryon density chiral

symmetry is restored in a first order transitionhivi the hadronic phase by lifting the
mass splitting between chiral partner states, kefluiark deconfinement takes place.
Most important for this study are the nucleon (n&ut proton) and N(1535) states.
We present three sets for the two free parametbrshwesult in compact star mass-
radius relations in accordance with modern conssain the mass from PSR J0437-
4715 and on the compactness from GW170817. Wecalssider the threshold for the

direct URCA process for which a new relationshipgisen and suggest as an
additional constraint on the parameter choice ef ittodel that this process shall
become operative at best for stars with masseseabioy range for binary radio

pulsars,M >1.4M, .

[1] M. Marczenko, D. Blaschke, K. Redlich, C. SasakXiv 1805.06886 (2018).

34



Equation of state for hot QCD and compact stars fron mean field
approach

Anton Motornenko
Abstract

The SU(3) flavor parity-doublet quark-hadron chiraddel [1-4] is used to investigate
thermodynamic properties of QCD matter. The quadta of the model is tuned to
the ug=0 lattice QCD data on trace anomaly. The structfréhe baryon number
susceptibilities in the temperature/chemical paéémiane is studied in some detalil.
The model predicts three consecutive transitioasdhn be addressed to nuclear first-
order liquid-gas phase transition, chiral symmegstoration, and transition to quark-
dominated phase. Atg=0, a good agreement with the corresponding latata is
obtained. The deviations from the free hadron gaselne in the crossover
temperature region atg=0 are mainly attributed to the leftover of theuidtgas
transition in nuclear matter, the chiral phase diteon determines the baryon
fluctuations at much highers, and at even higher baryon densities the behafior
fluctuations is controlled by deconfinement traiesit Within obtained equation of
state properties of neutron stars are studied. Nathme mass-radius relation and tidal
deformabilities are calculated. The results aradbin agreement with recent bounds
on compact star properties from GW170817 gravitatiovave signal attributed to
neutron star merger.

[1] P. Papazoglou, S. Schramm, J. Schaffner-BigkthStoecker, W. Greiner, Phys.
Rev. C 57, 2576 (1998).

[2] J. Steinheimer, S. Schramm and H. Stoeckehy3.RG38, 035001 (2011).

[3] J. Steinheimer, S. Schramm and H. Stoeckers FRgv. C 84, 045208 (2011).

[4] A. Motornenko, S. Schramm, J. Steinheimer, \ovehenko and H. Stoecker,
ongoing work.
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Strangeness Neutrality, Baryon-Strangeness Correlains and the
Phase Structure of QCD

Fabian Rennecke
Abstract

Since the incident nuclei in heavy-ion collisions bt carry strangeness, the global
net strangeness of the detected hadrons has tgshvahie show that there is an
intimate relation between strangeness neutrality lzaryon-strangeness correlations.
In the context of heavy-ion collisions, the form&ra consequence of quark number
conservation of the strong interactions while th#er are sensitive probes of the
character of QCD matter. We investigate the sefisitiof baryon-strangeness
correlations on the freeze-out conditions of he@awy-collisions by studying their
dependence on temperature, baryon- and strangehesscal potential. The impact
of strangeness neutrality on the QCD equation atesat finite chemical potentials
will also be discussed. We model the low-energytaseof QCD by an effective
Polyakov loop enhanced quark-meson model with 2giachical quark flavors and
use the functional renormalization group to accdanthe non-perturbative quantum
fluctuations of hadrons.
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Composite particle production in relativistic particle collisions
through quantum entanglement

Rene Bellwied
Abstract

| am discussing the possibility that a quantum mgitd initial state in relativistic
collisions could potentially lead to seemingly teit particle distributions in the final
state. | will develop the argument on the basigwélence in elementary collisions,
but then try to extend its applicability to heawey icollisions on the basis of evidence

from the yields of light nuclei and other compogiteticles.
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First NA61/SHINE results on Bose-Einstein correlatbn function

Barnabas Porfy
Abstract

The last decades of high energy physics revealed, ih ultra-relativistic ion-ion
collisions, a strongly interacting quark gluon phas(sQGP) is created. Varying the
collision energy allows for the investigation oéthhase diagram of QCD matter. The
nature of the quark-hadron transition can be studi@a Bose-Einstein correlation
functions (femtoscopy), as the investigation of t@toscopic correlation functions
in heavy ion reactions reveals the space-time stre®f the hadron production of the
sSQGP. In our recent measurements, we utilized {typg sources to describe the
measured correlation functions obtained by the NBBINE experiment at the
CERN SPS. In this presentation we report the measemt of the Levy source
parameters as a function of average pair transverass. One of the source
parameters, the Levy stability parameter alphacrd#eg the shape of the source,
was suggested to be related to one of the crigékpbnents (the so-called correlation
exponent eta), and thus may shed light on theitotalf the critical endpoint on the
QCD phase diagram.
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Gribov horizon, Polyakov loop and finite temperature

Pablo Pais
Abstract

We consider finite-temperature SU(2) gauge thearyhie continuum formulation.
Choosing the Landau gauge, the existing gauge €aie taken into account by
means of the Gribov-Zwanziger quantization schemteéch entails the introduction
of a dynamical mass scale (Gribov mass) directiijyémcing the Green functions of
the theory. Here, we determine simultaneously thaydRov loop (vacuum
expectation value) and Gribov mass in terms of smaipre, by minimizing the
vacuum energy w.r.t. the Polyakov-loop parameted aolving the Gribov gap
equation. The main result is that the Gribov massctly feels the deconfinement
transition, visible from a cusp occurring at thensatemperature where the Polyakov
loop becomes nonzero. We also present a first labkhe critical temperature
obtained from the refined Gribov-Zwanziger approa€Emally, problems for the
pressure at low temperatures and the new appro&gimgs to bypass it are reported.
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Prospects for the study of baryon-rich matter at nev facilities

Volker Friese
Abstract

TBA
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Decoding the Phase structure of QCD at higlhg with HADES

Tetyana Galatyuk
Abstract

TBA
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Studies of baryonic matter in the BM@N and MPD expements at
Nuclotron/NICA

Mikhail Kapishin
Abstract

The NICA (Nuclotron-based lon Collider fAcility) pject is under realization at the
Joint Institute for Nuclear Research (JINR, Dubifde main goal of the project is an
experimental study of hot and dense strongly icterg matter in heavy ion (up to
Au) collisions at center-of-mass energies up toGeV per nucleon. The physics
program will be performed at two experiments, BM@Raryonic Matter at

Nuclotron) at beams extracted from the Nuclotrond aMPD (Multi-Purpose

Detector) at the NICA collider. The aim of the BM@&kperiment is to study
interactions of relativistic heavy ion beams witketl targets. The scientific program
comprises studies of nuclear matter in the interatedenergy range between
experiments at the SIS and NICA/FAIR facilities. eTBBM@N experiment has
recorded first experimental data in the carbonpmrgnd krypton beams of kinetic
energy per nucleon ranging from 2.3 to 4.5 GeV meleon. The MPD detector is
under construction to study hot and baryon rich Q@dter in heavy ion collisions at

the NICA collider in the energy rangé%z 4 - 11 GeV. Physics program includes

the study of collective phenomena,polarization, dilepton, hyperon and hypernuclei
production under extreme conditions of highest baiydensity.
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High density matter physics at J-PARC-HI

Takao Sakaguchi
Abstract

A future project at J-PARC called J-PARC-HI hasrbeeoposed. The project aims
for accelerating and bombarding ions up to Uraniarfixed heavy ion targets at the

cms energy of,/S, =2-6.2GeV, where 8-10 times higher density as tbemal

nuclear matter is expected to be created. The lfedséam rate of up to 10ons per
cycle, a five order of magnitude higher than AGBalde us to measure statistics-
starved rare probes ever explored. The heavy-ioel@@tion scheme consists of a
new linac and a booster as the injector, followgdhe existing 3-GeV Rapid-Cycling
Synchrotron (RCS) and 50-GeV MR. Taking advantafyéhe very high intensity
beam, we introduce event selection quantities gnafothe conventional centrality
variable, which would exclusively select high-déysnatter events. The primary
observables includes the ones not measured in dsge pamely, electromagnetic
probes (photons and lepton pairs), higher ordev Bbparticles and the fluctuation of
conserved charges such as net-baryons. We willpggorm hypernuclei and exotic
hadron spectroscopy in addition to the systemate&asurement of conventional
hadronic observables. We designed a multi-purpgsectometer to measure
dileptons, photons, and hadrons, and a spectronagdicated to hypernuclei
measurement. We will discuss the physics to bdoexgh at J-PARC-HI and then
present the status on the accelerator and deteatorsell as the data acquisition
system.
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Vorticity, hydrodynamic helicity and polarization i n baryon-rich
matter

Alexander Sorif! and Oleg Teryaev
Abstract

We study the structure and energy dependence dEwpiand hydrodynamic helicity
fields in peripheral heavy ion collisions using tkieetic Quark-Gluon String and
Parton-Hadron-String Dynamics models. We observe fitrmation of specific
toroidal structures of vorticity field (vortex sl Their existence is mirrored in the
polarization of hyperons of the percent order.ripid decrease with energy was
predicted and recently confirmed by STAR collaborat The energy dependence is
sensitive to the temperature dependent term dermed discussed in various
theoretical approaches. The antihyperon polarimaoof the same sign and larger
magnitude. The crucial role of strange vector messmlso discussed.

© Speaker
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Anisotropic flow measurements at NICA energies

Arkadiy Taranenko
Abstract

Extensive measurements of azimuthal anisotroplativistic A+A collisions, have

provided invaluable insights on the expansion dyicarand the transport properties
of the strongly interacting matter produced in sgolisions. The recent results of
flow measurements from the top SIS energy to tpeSiBS energy will discussed with
emphasis on techniques, interpretation, and unogées in the measurements. The
prospects for future measurements at NICA energikbe presented and discussed.
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Anisotropic flow measurement from NA61/SHINE and NA49
experiments at CERN SPS

0. Golosov, E. Kashirin, V. Klochkov, llya Selyuzwm!’
for the NA61/SHINE Collaboration

Abstract

The NAG61/SHINE experiment at the CERN SPS recesttgnded its program for the
energy scan with Pb ions in the energy range of-13@A GeV. In the year 2016 a
sample of Pb+Pb collisions at beam momentum 13A38#dGeV/c was collected by
the NA61/SHINE experiment. The NA61/SHINE measugata with Pb ions and the
experimental techniques using spectators at thedbenergy available at the SPS are
also relevant for the preparation of the Compregsmyonic Matter (CBM) heavy-
ion experiment at the future FAIR facility in Dartadt. We present results on direct
and elliptic flow measurement in Pb+Pb collisiorts3@A GeV/c relative to the
spectator plane determined with the Projectile &percDetector. Also a new analysis
of 40A GeV/c data collected by the NA49 experimentyear 2000 using forward
spectator calorimeters (VETO and RCAL) are presknt€he flow coefficients are
reported as a function of rapidity and transversamentum in different classes of
collision centrality. The new results are compangith existing results from previous
NA49 analysis and the STAR data at RHIC.

©) Speaker
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Electromagnetic effects and the longitudinal evolubn of the system
at CERN SPS energies

Nikolaos Davis
Abstract

We review our studies of spectator-induced elecagmetic (EM) effectson charged
pion emission in nucleus-nucleus collisions at CERRS and RHIC BES energies.
These we discuss in the context of (1) new dataAotSc collisions from the
NA61/SHINE experiment (2) new findings on the roté energy-momentum
conservation for the longitudinal evolution of thstem at SPS energies, and (3) new
work on the space-time evolution of spectator fragtation. Although the average Ar
spectator charge in intermediate Ar+Sc collisianerly about 8 elementary units, the
corresponding EM field is large enough to imposésible distortion on final state
pi+/pi- ratios, and break isospin symmetry [1]. AoMe Carlo simulation of this
process provides new information on the space-éwadution of the system in Ar+Sc
collisions, as well as that of spectator fragmeotatWe compare this information to
that obtained for Au+Au and Pb+Pb collisions fromAR [2], NA49 [3], and WA98
[4] experiments. A uniform picture emerges whewre distance d_E between the pion
formation zone at freeze-out and the spectatoesystecreases with increasing pion
rapidity. At central rapidity our estimates agreg¢hvwpion decoupling times obtained
from standard femtoscopy [5]. As a result, a spegicture of the longitudinal
evolution of the system emerges. We construct glsirmodel of the heavy ion
collision, local in the impact parameter plane, apgropriate for the SPS energy
range. With some similarity to the original "firereak" approach, we start from local
energy and momentum conservation, and nicely desdthie centrality dependence of
the pion rapidity distribution and total pion yisldn heavy ion collisions at

\/Syy =17.3 GeV [6]. We also explain the broadening @ thistribution when going

from central to peripheral collisions. We discuss tesulting implications on the role
of energy and momentum conservation in the eadgesiof the A+A reaction [7].

Finally, we comment on the possibility of using E¥ects in relativistic heavy ion

collisions to test the nuclear models of specthteak-up [8]. This includes possible
new measurements in the framework of the NA61/SHIRIEase Il programme
recommended by the SPSC [9].

[1] NA61/SHINE Collab., M. Kietbowcz et al., talk &WPCF 2018.

[2] STAR Collab., L. Adamczyk et al., Phys. RevitLé12, 162301 (2014).

[3] A. Marcinek et al., Acta Phys.Polon. B49 (20X8)1-718.

[4] WA98 Collab., H. Schlagheck, Nucl. Phys. A 6825 (2000).

[5] K. Aamodt et al. Phys. Lett. B 696 (2011) 328.

[6] T. Anticic et al., Phys. Rev. C 86, 054903 (211

[7] A. Szczurek, M. Kietbowicz and A. Rybicki, PhyRev. C 95 (2017), 024908.
[8] K. Mazurek, A. Szczurek et al., Phys.Rev. C201@8) no.2, 024604.

[9] NA61/SHINE Collab., A. Aduszkiewicz et al., CERSPSC-2018-008.
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Event averaging and event-shape sorting as seen fgyntoscopy

Jakub Cimerman
Abstract

Inhomogeneities of the initial energy density dimition lead to measurable
anisotropy of the two-patrticle correlations in tela momentum. In the first part we
shall investigate how averaging over a large nunobewvents influences the shape of
the observed correlation function. We demonstrditat ta correlation function
characterised by Levy distribution may result frean average over Gaussian
correlation functions with varying sizes and orains. In the second part we try to
avoid this averaging using events which have smsif@pe. We sort events according
to their similarity and investigate the azimuth&jpdndence of the correlation radi
within events classes which differ in shape. Thethoe# is explained and
demonstrated on events simulated with various eyem¢rators.
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Forward hadron calorimeter (PSD) of NA61/SHINE forheavy ion
studies and its upgrade for experiments beyond 2020

Sergey Morozov
Abstract

The Projectile Spectator Detector (PSD) is a se¢gmdemodular hadron calorimeter
currently used in the NA61/SHINE experiment at @€RN SPS. The PSD is used
for collision centrality determination as well astimation of the event plane
orientation in nucleus-nucleus collisions. The maoal of the NA61/SHINE
experiment includes studying the onset of deconier® and searching for the critical
point of strongly interacting matter. It is of crakcimportance to have a precise event
class characterization for the analysis of evenédgnt observables. The PSD has
been already used for centrality selection at tigger level in measurements of
Be+Be, Ar+Sc, Xe+La and Pb+Pb reactions at a washge of beam energies (13 -
158 AGeV). The performance of the PSD in differesitision systems will be shown
and the proposed upgrade of the forward hadronrinster system for future
experiments planned beyond 2020 will be presented.
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QCD critical point, fluctuations and hydrodynamics
YiYin
Abstract

The search for the QCD critical point in heavy-icollision experiments requires
dynamical modeling of the bulk evolution of the QQiatter as well as of the
fluctuations near the critical point. Critical slmg down means that fluctuations are
significantly deviating from equilibrium near theitcal point. We generalize
hydrodynamics to quasi-equilibrium conditions whéhe state of the system is
characterized by the off-equilibrium magnitude latfuations in addition to the usual
hydrodynamic variables — conserved densities. \We tinat the key ingredient of the
formalism — the extended entropy taking into ac¢dbe off-equilibrium fluctuations
— is remarkably similar to the 2PI action in quantiield theory. We use the new
formalism to demonstrate the major effects of caitifluctuations on the bulk
evolution the strong frequency dependence of tioenalously large bulk viscosity as
well as the stiffening of the equation of statehwibcreasing frequency or wave-
number. Based on M. Stephanov and Yi Yin, "Hydroydrodynamics with
parametric slowing down and fluctuations near thigcal point”, arXiv 1712.10305,
to appear in PRD.
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Understanding the out-of-equilibrium dynamics neara critical point
with “Hydro+”

Gregory Ridgway
Abstract

Upcoming experimental programs, like the Beam Ep&can at RHIC, will look for
signatures of a possible critical point in the Q@DbDase diagram in fluctuation
observables. To understand and predict these sigsatone must account for the fact
that the dynamics of any critical fluctuations mhstout-of-equilibrium because of
critical slowing down, the fluctuations cannot siayequilibrium as the droplet of
QGP produced in a collision expands and coolsheuamore, their out-of-equilibrium
dynamics must also influence the hydrodynamic exatuof the cooling droplet. The
recently developed Hydro+ formalism allows for asigtent description of both the
hydrodynamics and the out-of-equilibrium fluctuaso including the feedback
between them. We shall provide the first demonisimabtf how this works, setting up
a Hydro+ simulation in a simplified setting a rapredndependent fireball undergoing
radial flow with an equation of state in which weagine a critical point close to the
us=0 axis of the phase diagram. Within this setupsiv@w that we can quantitatively
capture non-equilibrium phenomena, including citiuctuations over a range of
scales and memory effects, as well as the backoeaof the out-of-equilibrium
fluctuations on the hydrodynamic flow of the firdba
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Shear viscosity and resonance lifetimes in the haoin gas

Jean-Bernard Rose
Abstract

Previous calculations of the shear viscosity toagyt density ratio in the hadron gas
have failed to reach a consensus, wjith predictions differing by almost an order of
magnitude when approaching the phase transitiors Whrk addresses and solves
this discrepancy by providing an independent ettvacof this coefficient using the
newly-developed SMASH (Simulating Many Accelerat&trongly interacting
Hadrons) transport code and the Green-Kubo formaN¥e compare the results from
SMASH with numerical solutions of the Boltzmann atijon for various systems
using the Chapman-Enskog expansion as well asquewiesults in the literature.
Substantial deviations of the coefficient are foumetween transport approaches
mainly based on resonance propagation with finfetilne (such as SMASH) and
other (semi-analytical) approaches with energy-ddpet cross-sections, where
interactions do not introduce a timescale othen tthee inverse scattering rate. Our
conclusion is that long-lived resonances stronfflgcathe transport properties of the
system, resulting in significant differences insiwith respect to other approaches
where binary collisions dominate. We argue thatrélaxation time of the system,
which characterizes the shear viscosity, is detethiby the interplay between the
mean-free time and the lifetime of resonances. Wsvshow an artificial shortening
of the resonance lifetimes or the addition of akigamund elastic cross section nicely
interpolate between the two discrepant resultstufo this around, we note that the
temperature dependencergé can be used to constrain the properties of #uedm
gas. Finally, this analysis of the effects of reswe lifetimes is extended to other
transport coefficients such as electric condugtivand bulk viscosity in simple
systems.
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QCD equation of state at finite baryon density withfugacity
expansion

Volodymyr Vovchenko
Abstract

QCD equation of state at finite baryon density itsded in the framework of
expansion in baryonic fugacity. Recent lattice Q@dda at imaginary baryochemical
potential, obtained for physical quark masses, iges/the four leading coefficients of
the fugacity expansion of net baryon density franstpriciples. On the basis of these
lattice data, we formulate the Cluster Expansiond®qCEM), which provides all
higher-order coefficients on the basis of the Ilegdiwo. CEM is shown to be
consistent with all presently available latticeadédr baryon number susceptibilities
up to 8th order. Effective parameterization of Q€D equation of state at finite
baryon density on the basis of CEM, which can keglus hydro simulations at finite
baryon density, is presented.
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Evolution of multiplicity fluctuations in heavy ion collisions
expansion

Radka Sochorova
Abstract

The evolution of multiplicity distribution of a spes which undergoes chemical
reaction can be described with the help of masteragon. Firstly, we study the
master equation for the fixed temperature, becasmsewant to know how fast
different moments of the multiplicity distributiosmpproach their equilibrium value.
We patrticularly look at the 3rd and 4th factoriadments and their equilibrium values
from which central moments and other ratios carcddeulated. Then we study the
situation in which the temperature of the systemrekeses. We found out that in the
non-equilibrium state, higher factorial momentsfatifmore from their equilibrium
values than the lower moments and that the behawbuhe combination of the
central moments depends on the combination we ehdiosne chooses to determine
the chemical freeze-out temperature from the medsualues of higher moments,
this effects might jeopardise the correctness @fetktracted value.
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PHENIX results on centrality and collision energy @&pendent Levy
analysis of HBT correlation functions

Daniel Kincses
Abstract

The experimental investigation of the QCD phaseaymian becomes possible by
varying the center of mass collision energy andredéty in heavy-ion collisions. To

describe the space-time structure and geometrlieoparticle emitting source, HBT
correlations are among the best observables. Inlatest analysis at the PHENIX
experiment at RHIC we utilize Levy-type sourcesléscribe the measured pion-pion
correlation functions at different beam energiesl aentralities. The three main
extracted source parameters can yield differerdrinétion about the source. The
lambda parameter (the strength of the correlatiorction) may provide an indirect
measurement of in-medium mass modification, whike ttevy scale parameter R is
related to the physical size of the source. Thexmaf stability alpha is related to one
of the critical exponents (the correlation-exponetd), so it may provide information
on the nature of the quark-hadron phase transitrothis talk we report the current
status of our analysis of the centrality and bearargy dependence of the Levy

source parameters in Au+Au collisions frqq%: 15 GeV to,/S,,, = 200 GeV.
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Open charm measurements at CERN SPS energies in the
NAG61/SHINE experiment - status and plans

Anastasia Merzlaya
Abstract

The study of open charm meson production provide®féicient tool for detailed
investigations of the properties of hot and densdten formed in nucleus-nucleus
collisions. In particular, charm mesons are of ipalar interest in the context of the
phase-transition between confined hadronic mattet the quark-gluon plasma.
Recently, the experimental setup of the NA61/SHiNgperiment was supplemented
with a small-acceptance version of the Vertex Diete(SAVD) which was motivated
by the importance and the possibility of the folgect measurements of open charm
meson production in heavy ion collisions at SP8rges. First exploratory data
taking in Pb+Pb collisions at 180GeV/c with the SAVD was performed in 2016,
and a O signal was extracted in it's"D> " + K decay channel. This was the first,
direct observation of open charm in nucleus-nuctalissions at the SPS energies. In
October and November of 2017 a large statistic datawas recorded for Xe+La
collisions with the SAVD at beam momenta of A5G5A and 4@ GeV/c, these data
are currently under intense analysis. The physictvation behind the open charm
measurements at the SPS energies will be discu3$ex.concept of the SAVD
hardware and the status of the analysis will bevehaliscussing challenges related to
the reconstruction in the SAVD. Also, the futurand of open charm measurements
in the NA61/SHINE experiment after 2020 relatedtite upgraded version of the
Vertex Detector will be presented.
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K*(892)° production in p+p interactions at 158 GeV/c from
NA61/SHINE

Angelika Tefelska
for the NA61/SHINE Collaboration

Abstract

The NAG61/SHINE experimental physics program is fmm on searching for the
critical point and on the study of the propertidstite onset of deconfinement in
strongly interacting matter. A scan of the phasgdim of strongly interacting matter
is done by changing the energy of colliding ionsrff 13A to 150/15& GeV) and by
changing the system size (from p+p to Pb+Pb). man topic of this talk are
preliminary results of K*(892) meson production in p+p interactions at beam
momentum 158 GeV/c obtained by the NA61/SHINE expent. The analysis
K*(892)° was done for the first time with the template noetiin the K”+ pi*- decay
channel. The results include the double differérsgectra &h/(dydpr), dn/(mr dmy
dy) as well as pintegrated and extrapolated dn/dy spectra. Thesaned mass and
width of the K*(892) as function of transverse momenta are also predeand
compared to other published results. Finally, thetipiicity of K*(892)° and the ratio

of <K*(892)°>/<K™> as a function of/S\y is presented together with results of other
experiments.
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Meson properties in magnetized quark matter

Pengfei Zhuang
Abstract

We study neutral and charged meson properties eniagnetic field. Taking the

bosonization method in a two-flavor Nambu-Jona-hiasmodel, we derive effective

meson Lagrangian density with minimal couplingtte magnetic field, by employing

derivative expansion for both the meson fields &uthwinger phases. We extract
from the effective Lagrangian density the mesonvature, pole and screening
masses. As the only Goldstone mode, the neutralgnatrols the thermodynamics of
the system and propagates the long range quariaatien. The magnetic field breaks
down the space symmetry, and the quark interacggion changes from a sphere in
vacuum to a ellipsoid in magnetic field. Refererigue Wang and Pengfei Zhuang,
Physical Review D97, 034026(2018).
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Experimental Summary Aspects of CPOD

Seweryn Kowalski
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Theoretical Summary

Larry McLerran
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