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How do mitial conditions vary by
Beam Energy?

Strings between nucleons to simulate baryon stopping

Werner, Phys.Rept. 232 (1993) 87-299 ; Jeon and Kapusta, Phys.Rev. C56 (1997) 468-480 ; Bialis, Bzdak, Bozek, Acta Phys.Polon. B49
(2018) 103; Schenke and Shen Phys.Rev. C97 (2018) no.2, 024907

Iranport (UrQMD)

Rarpenko, P> Huovinen, H. Petersen, M. Blewcher;Phys.Rev. C91 (2015) no.6, 064901

But the question we want to ask, 1s how different are
they from the LHG/top RHIG energies?


https://inspirehep.net/author/profile/Karpenko%2C%20Iu.A.?recid=1343339&ln=en
https://inspirehep.net/author/profile/Huovinen%2C%20P.?recid=1343339&ln=en
https://inspirehep.net/author/profile/Petersen%2C%20H.?recid=1343339&ln=en
https://inspirehep.net/author/profile/Bleicher%2C%20M.?recid=1343339&ln=en

Flow fluctuations constrain Initial

Conditions
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http://arxiv.org/abs/arXiv:1901.01319

Flow fluctuations at the Beam
Energy Scan
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See Skanda Rao’s poster




5 conserved charges

QCD has not only baryon number but strangeness and electric
charge conservation

Quark Gluon Plasma
Stor = 0

Bi,tat = Bf,mt

Oitor = Cton Each grid point in
an 1nitial condition
needs to mitialize

/ {TapBapSapQ}

- Local charge
- fluctuations



Inittal Condittons+Conserved

Charges

Need a sampling function that consider the mass ot the quarks
Gluon Spectrum Sampling in ‘Irento (Patrick Garzon)

Gluon spectrum & the quark correlations derived within a
(semi1)dilute-dense approximation (Martinez, Sievert, Wertepny)

Must coincide with the background (i.e. very statistically
unlikely to produce a charm quark in a low density region)

Z.ero-sum game (only limited amount of energy at each
coordinate)

Fine grid spacings



Gluon Spectrum (Preliminary)

| x+b
1 —exp (—EK‘B|X — |§TB(T)> Ol — |x—b|,.A)
Camb. Monogr. Part. Phys. Nucl. Phys. Cosmol. 33 (2012) 1-350

i « N°AY szb T.(b)

d’x  3275a20; Ix—b |§

nel

1.0
. .lllll'.-.‘—l'll:l?.h':.ﬁ..’.H.~.~N"
0.8}, -
& 0.6}
G
<+ |
O 0.4}
| VTaTg
0.2' @1 es0w TATB
== == Gluon Spectrum PbPb @ 200GeV
M0 200 300 400



[CGCING- Inmtializing Conserved

Charges in Nuclear Geometries

10—

xf

107" 3

1072
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X

from gluon splittings .

Martinez, Sievert, Wertepny
arXiv:1808.04896;

- Initialize quark anti-quark pairs

JHEP 1807 (2018) 003 -



http://arxiv.org/abs/arXiv:1808.04896

Future for ICCING

Open-Source code (being built to run with

TRENTO)

Baryon stopping (not clear how to do yet)
Gluons into gluons g — g8

Initialized nitial flow (and eventually 7+ )
¢.g Lappi, Phys.Lett. B643 (2006) 11-16

See M. Martinez’s Talk in Small Systems
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Upgrades to Hydrodynamics

Equation of State
Baryon, Strangeness,
Electric Charge

EOS+CP

BSQ Hydro
Transport Coeflicients Ideal BSOQ

Shear and bulk viscosity GMB” = 0. B =pu’+ ng
nT/W(Ta /’tBa ﬂSa MQ) DifoSiOn
BSQ Diffusion kg0, (ug/T)

KpB> Kps> --- BSQ) cross terms

KpsA™0, (//tB/ T)




Equation of State

JNH, Paolo Parotto, Israel Portillo Vazquez, Claudia Ratti, Jamie Stafford 1902.06723
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Speed of sound

JNH, Paolo Parotto, Israel Portillo Vazquez, Claudia Ratti, Jamie Stafford 1902.06723

Isentrope trajectories Steeper speed of sound
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http://arxiv.org/abs/arXiv:1902.05095

Viscosity at finite densities
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See Travis Dore’s Poster

Varying characteristic
temperatures significantly
change hydrodynamical
evolution times



BSQ) Daittusion

Kinetic Theory

Greyf, Fotakus, Denicol, Greiner
Phys.Rev.Lett. 120 (2018) no.24,

L Ug = 0 MeV
10" [ g =300 MeV .
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lllllllll
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242301

Holography
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Rougemont, Critell, JNH, Noronha,
Rattv Phys.Rev. D96 (2017) no. 1,
014032
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Freeze-out: inding the cross-over
temperature

jet in-medium
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T'hermal fits: position on the phase
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@ Assume particles are in thermal and chemical equilibrium (Grand
Canonical Ensemble)

@ Calculate ratios of particles in HRG across T and ug (volume cancels)
@ Extract chemical equilibrium T & g, — shortly after hadronization

@ Lower Beam Energies=Larger ug Beam Energy Scan
20



Caveats
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 'lension between light and strange particles
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Should hght freeze-out = strange hadrons
freeze-out?

Strange
Hadrons

Light
Hadrons

Look to fluctuations of conserved charges

04/



Susceptibilities

Taking derivatives of the pressure gives turther information

- 5l+m+np /T4
%) (,uB/T)l(S (//tS/T)mé (//tQ/T)n

 partial dervatives respect to Strangeness selects on only
strange hadrons

* ['’he chemical potentials are constrained by experiments
(ps) = 0 and (py) = 0.4(pp)

» Higher-order susceptibilities more sensitive to critical
behavior
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Connecting the Beam Energy Scan to

Lattice QCD

RHIC measures Mean M = x1V  Variance o¢? = VYV

Skewness

Number of Events
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Removing the volume

'To make direct comparison to Lattice QUD we need volume
independent quantities

7 o o

M X1 1
3

Sa:é Si:)ﬁ

X2 M ){1

Rarsch Central Eur f.Phys. 10 (2012) 1254-1237
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Freeze-out baryon chemical potential
from Lattice

Ratios of baryon susceptibilities compared to experimental data
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Selecting only charged kaons 1n

Lattice QGD

Experiments measure charged kaons, Lattice QCD includes

KA O

Partial pressure of charged kaons

Pysr- = Pojijj1 cosh(dis + fig) where Py =25 = 27

The, the derivatives can be written as

ya cosh(fg+ fip)

xt sinh(fg + fip)
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Flavor hierarchy seen compared to STAR
data at RHIC
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Phys.Rev. €99 (2019) no.3, 034912

T'hermal fits also see flavor hierarchy
ISTAR] Phys. Rev. C 96 (2017) 44904
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With Lattice QCD partial pressures
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net-l.ambda fluctuations
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_— L
" e 0-5% net-A (STAR)
— | Assuming A FO at Kaon FO (HRG)

- B Assuming A FO at charge/proton FO (HRG)

bl

- Xof/Xq .
- Au + Au collisions at STAR/ N
- o ]
. —
- o 2 -
:__ n i i n : PR | ——
- ' ' . ' N I -
i X3/ X2 lyl <0.5 :
N 09 < P, (GeV/c) <2.0 —

Efficiency corrected.

B + .
i STAR Preliminary :
5030 40 50 100 560

(sxn (GEV)

30

LLambda fluctuations also

appear to prefer 2 flavor
freeze-out.

Mudiyanselage QM Poster 2013
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http://arxiv.org/abs/arXiv:1903.05370

Conclusions and Outlook

Predictions ot flow fluctuations at lower beam energies
coming soon!

[GCING- mitializes conserved charges using GGG
» Flavor dependent eccentricities

Many unanswered questions about transport
coefhicients at finite densities

Possible signs of a flavor hierarchy at freeze-out,
mixed susceptibilities need to be better understood
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v,

Linear response

Linear vs. Cubic response
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Linear+cubic response

0.2

0.15

0.1 |

0.05 1

(a)

Pb+Pb 45-50%

0 0.2

0.4
e,

0.6

0.8

|V3|

0.08

0.06

0.04

0.02

Dred- —
V. =Kx.6%tK |-
JNH,Yan,Gardim,Ollitrault Phys. Rev. C 93, 014909 (2016)

T

(b)

Pb+Pb45-50% 7

0.4

0.6



