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Beam Energy Scan (BES) Il @ RHIC

starting 2019

o QCD critical point & phase diagram
o properties of baryon-rich QGP
< onset of chiral symmetry restoration

@ unexpected new phenomena
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Taylor expansion up to @ (,ug)
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T4 = Z m)(f(T)(7)
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location of critical point: ugz/T S 2 presently disfavored (consistency check)

: crit
rX -- estimator for ug /T
W

analyzing radius of convergence of Taylor expansion:
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Paolo Parotto; CPOD-2017

parametrize critical (3-d Ising) match to LQCD EOS
E0S: 6 free parameters

= w (rp sinay + h sinay)

=w (—rp cosay — h cos ay)
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-+2(n—1)

static universality:  n'" cumulant ~ o

- QCD critical point «—— 3-d Ising

- coupling of critical mode to baryon & proton

Stephanov: Phys. Rev. Lett. 107, 052301 (2011)
Stephanov: Phys. Rev. Lett. 102, 032301 (2009)

Son, Stephanov: Phys.Rev. D70 (2004) 056001 (2004)
Hatta, Stephanov: Phys. Rev. Lett. 91, 102003 (2003)

equiliorium QCD baseline ?

specific signs

A
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L QCD: cumulants of net baryon fluctuations

HotQCD: arXiv:1708.04897

0.2 F To<149 MeV =W fit to STAR data
151 MeV<Tp<159 MeV Bl 0.4 GeV<p<0.8 GeV
161 MeV<Ty<169 MeV W 0.4 GeV<pi<2.0 GeV m =
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L QCD: cumulants of net-baryon fluctuations

HotQCD: arxiv:1708.04897 STAR: cumulants of net-p fluctuations
sNA(GeV]: 200 624 39 27 19614511577  §'%Gev):200 624 39 27 196 11577
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time evolution of non-Gaussian fluctuations signs can e different from equiliorium
— Ibased on generalized Fokker-Planck evolution . universality lost

Mukherjee, Venugopalan, Yin: Phys. Rev. C92, no.3, 034912 (2015)
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Mukherjee, Venugopalan, Yin: Phys. Rev. Lett. 117, no.22, 222301 (20106)
(editor’'s suggestion)

o off-equilibrium Kibble-Zurek scaling
”_ — universality regained

K4(T)

S8
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equilibrium =

‘Equench
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scaling - scaling i i
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KZ dynamics of the correlation function of the critical critical mode

momentum dependence
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Talk by Y1 Yin
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Langevin dynamics:  9"0,0 (t,z) + ndyo (t,z) + V), (o) =& (t, 2) -Model A

with effective potential from linear sigma model with constituent quarks
2 3
Veps (o) =U (0)+Q4, (T, 0) = /\T (02 — u2)2—hqa—U0—2qu/ (j 1))3 In (1 + exp (—E))
w
Jiang, Wu, Song, NPA 2017, paper in preparation

On the crossover side
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-The signs of Cs & C4 are different from the equil. ones due to memory effects

-in the near future: maping with 3D Ising model; extend to model B;
dynamical universal behavior

Talk by Huichao Song
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MUSIC: (3+1)-d, shear & bulk viscosities, baryon current & diffusion Chun Shen: CPOD-2017

sensitivity to baryon diffusion contant (Cpg)
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v2(p) — v2(P)

sensitivity to baryon diffusion contant (Cp)
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sensitivity to baryon diffusion contant (Cy)
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Participants

before collision after collision

nuclel overlap time large at low \/E

-~ suitable boost non-invariant initial state model
-~ pre-equilibrium dynamics
- dynamical initialization of hydrodynamics

Toverlap (fm )
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initial state model: 3-d MC quark Glauber, rapidity loss, string declarations, SR shen: CROD-201

SK T T T | T T T | T T T | T T T

0-5% AU+AU @ 200 GeV _ AN 0-5% Au+Au @ 19.6 GeV :
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o sample valance quarks from incoming participants

o sample rapidity loss is determined using the LEXUS model Jeon, Kapusta: PRC 56, 468 (1997)

o collision time & 3-d spatial positions determined for every binary collision

o QQCD strings are randomly produced from collision points Bialas, Bzdak, Koch: arXiv:1608.0704

o strings are decelerated with a constant string tension 1 GeV/fm before thermalize into medium o6
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nucleon deceleration A7=0.5 fm
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dynamically initialized hydrodynamic evolution Chun Shen: CPOD-2017

energy-momentum & net-baryon density are fed into hydro evolution as sources

T =0.51 fm t=1.11 fm = 1.51 fm =191 fm

;
z

time evolution of net baryon density @ \/E = 19.6 GeV
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diverging bulk viscosity at QCD critical point

Monnal, Mukherjee, Yin: Phys. Rev. C95 no.3, 034902 (2017)
3
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Hydro+: hydrodynamics with critical fluctuations Talk by Yi Yin

extends the validity of hydro down to scales: @ ~ 5‘1 (from @ ~ 5‘3)
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— Re Wsound
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~ by coupling fluctuations of slow critical mode to hydro

- critical slowdown modifies the speed of sounad Hydro. Hydro.+

Wsound (Q)<r¢ Wsound (Q)>r¢
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anomalous-viscous fluid dynamics Talk by Shuzhe Shi: CPOD-2017

Jiang, Shi, Yin, Liao: arXiv:1611.04586

chiral anomalous current on hydro + EM background Shi, Jiang, Lileskov, Liao: in final preparation
N.qg? N.g?
DHJR” = + e EH B# DHJL” = — . EM B

CME hydro background:

(2+1)-d viscous VISHNU
(Heinz et. al.)

Viscous Effect

L

,a KB O
K= 2TA”' avT+7q Eﬂ
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extended to event-by-event
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what can we learn from these data ?
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Talk by Adam Bzdak

N, Strodthotl: arXiv:1607.0/375
N, Skokov: arXiv:1612.05128
N arXiv: 1707.026040

N. 1IN Progress
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from cumulants to reduced correlation functions (factorial cumulants)

K, = (N) 4+ (N)*c,

e |/ :
K, ={(N)+ 7(N)?cy + 6(N)3c; + (N)*c, a4 —a gy .
107 L se S
Based on preliminary
STAR data -9 ¢4 -
50 100 150 200
Vs (GeV)

Ling, Stephanov: PRC 93 (2016) no.3, 034915
Bzdak, Koch, Strodthoff: PRC 95 (2017) no.5, 054906
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constant correlation length
(over unit rapidity)
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but baryon chemical potential might also be changing with rapidity ...

simplified example: (1+1)-d, Israel-Stewart hydro

0.25f CP n=0.5

0.15¢

0.10 0.15 0.20 0.25 0.30
pg (GeV)

Monnai, Mukherjee, Yin: Phys. Rev. C95 no.3, 034902 (2017)
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things needed to be addressed:

<~ numerical implementation of Hydro+
< Improve freeze-out prescription:
o event-by-event conservation of conserve charges
< how to freeze-out critical correlations?
< hadronic transport:
< how to match critical correlations to hadronic transport model
< more suitable hadronic dynamics for lowe collision energies

o early-time dynamics of chiral anomaly
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