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Temperature (MeV)

The Beam Energy Scan (BES)

> Main Objective:
Probe thermal behavior of
Quark-Gluon Plasma QCD in Baryon rich regime
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Relativistic Heavy-Ion Collisions
made by Chun Shen

Vs =7.7 GeV
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Hydro Implementation| This talk touches

> (341)D with finite BSQ
> Transport Coefficients?
> (Critical Fluctuations

> (Correct Formulation?

on these different
areas of needed
research

Initial State

> Baryon Stopping (some

work has been done)
C. Shen, B. Schenke Phys.Rev. C. 97

> [Initializing full T#v
o Also problem atpz=10

Kquation of State

> QCD EoS and Fermi
Sign Problem

Kreeze-out
> Need to conserve locally,
not just on average D.

Oliinychenko, et al., Phys. Rev.C 102 (2020)
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> Qut of equilibrium

corrections
o Also problem at lB =0
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) J. Stafford et al.
Phenomenological Tool:  aXiv2103.08146v1

Lattice QCD EoS with Parameterized CP (3D Ising University Class)
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Enforcement Of Strangess Neutrality:

Str. Neutr. Hs=Ho=0
—— S/ng=68 -=-=- S§/ng=68
— S§/ng=35 -==- §/ng=35
— S/ng=21 -==- S/ngp=21
J. Stafford et al.
arXiv:2103.08146v1
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KEnforcing the
condition (solid)
ng — O,nQ =4
Leads to very
different
behavior
compared to

(dashed)
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Hydrodynamic Picture

Superconductor
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Without viscous effects
there is no entropy
production. System evolves
isentropically

Close to equilibrium
scenario may not alter
trajectories dramatically

Far from equilibrium
effects may significantly
affect trajectories.




Main Question:
For a given beam energy, how might the probed
kurtosis change with an off equilibrium initial
state?

This Work:

Qualitative study on kurtosis using a
simplified hydrodynamic scenario




DNMR Equations of Motion

% Independent and dynamic viscous currents that relax to
Navier-Stokes values before equilibrium
Independent of initial energy distribution and flow!!

% Energy conservation requires knowledge of EoS
Relaxation equations with boost invariance and polar symmetry:
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Out Of Equilibrium Effects Are Important
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Influence of Criticality on Bulk Viscosity

TD,E. McLaughlin, J. Noronha-Hostler, Phys.Rev.D 102 (2020) 7

L0 |

Monnai, Akihiko et al,
Nucl. Phys.

(c) Critically Scaled Bulk: #7727

(F)e= )1+ (2)]

E-O & Critical Scaling
Correlation length &
0.3 —| diverges at the critical
01 - , , point
0.6 1.0 3.0 10.0 20.0

T(fm)

Correlation length calculated in linear parametrization model

For more on transport coefficients see talk: E. Mclaughlin, Bulk Correlations



Trajectories For Same Initial Energy
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X4 Along Transition Parabola

Geen: AT =1 MeV
Red: AT =3 MeV
Cyan: AT = 5 MeV
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Point Markers:
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Range of X4 Given Off Equilibrium Initial State

AT =1 MeV ~—
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Range of X4 Given Off Equilibrium Initial State
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Range of X4 Given Off Equilibrium Initial State
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Max and Min of Probed Off Equilibrium X4

Takeaway: .
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Conclusions

e Initial state effects have important
consequences on hydro evolution, and thus
probed observables

e Out of equilibrium effects leads to EbE spread
at freeze out

e Much more dynamic modeling needs to be done
o See talk V. Vovchenko (earlier this session)
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y (fm)

y (fm)

Next Steps towards BES Hydrodynamies
Start with what we know: LHC energies and ICCING - t2lizing

Energy Density (GeV / fm?)
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Conserved

e Charges
Initializing charges at 0 0 Nl
net density allows study Geometries

M. Martinez, et al., arXiv:1911.12454

Of difquion in a better M. Martinez, et al., arXiv:1911.10272
controlled environment

Requirements:
> (24-1) dimensional Hydro
o V-USPhydro

> 4: D EO S Noronha-Hostler, et al. Phys.Rev.C 100 (2019)

{€,pB,pq,ps} = {T, 1B, pq, s}

For more on ICCING, see poster: Carzon (session O) 19
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Net-proton Moments

Derivative

Central Au+Au - STAR (2021): 2101.12413

3

L " 1 1 1 1 ¥ 1 I
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= =+ Poisson baseline
w— pOly4 (x%/ndf = 1.3)

. i . Non-monotonic: 3.10
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Keeping Track of Reference Density: Example

M+ LIt =—¢0 => §+mg(g) =30

Use relation Extra
d 1
o= = 0 d term
dr IT + TII d_'rH+ — _(C @0 unique to
SPH
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Relativistic Coupled Diffusion

. . Greif, Fotakis et al., PRL 120, 242301 (2018)
Generalization: f or g, [ {B ) S ) Q } Fotakis, Greif et al., PRD 101, 076007 (2020)

. po_ 0 . o "
Tog + Mg = kg Vo, = ), TaTy +ng = Y ka VP

TP A (24-1) SPH equations
AN N e for Israel-Stewart

currently being derived
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S and implemented into

I Matrix :'t\;-_
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Transport Coefficient Behavior

=0 MeV 0.30
----- us=0.30 GeV
— — pp=0.35 GeV | 0.25
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T [GeV] TD,E. McLaughlin, J. Noronha-Hostler, Phys.Rev.D 102 (2020) 7 T(fm)

Shear viscosity not sensitive  Bylk viscosity away from
to criticality explicitly CP shows similar behavior



