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( Backdrop - Exploration strategy for the specific viscosity

Collision-systems

®efo

» Leverage the wealth of measurements across
collision energies (1/syy) and collision-systems
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Use system-dependent measures to constrain initial-
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| | ] state and reaction dynamics;
0 500 1000 1500 Vs (GeV) v Initial-shape dependence
Baryonic Chemical Potential uz (MeV) v' Geometric-size dependence
> Use beam-energy-dependent measures to probe; v Initial-state-fluctuations dependence
v (T, ug) — domain of the phase diagram v Dimensionless size dependence

v

» The \/syy and system dependencies provide important
constraints which can be leveraged in tandem, via
scaling functions

2(T, g, s, 1)
manifest via charged currents
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» Anisotropy Scaling Functions (ASF) for unidentified and

identified particle species are used as constraints
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‘/ Anisotropy Scaling Function - Proof of principle

Simulated data [for identified particles] from Huichao Song et al.
Pb+Pb 5.02 TeV @ Hydrodynamics
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» Characteristic patterns for viscous attenuation and
expansion dynamics validated!

v’ Can serve as a calibration for the scaling coefficient
since simulation parameters are known.
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| Anisotropy Scaling Functions |
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v Characteristic patterns of viscous damping and jet quenching
validated for the same parameters

v" Scaling coefficients indicate an increase of g from RHIC to LHC
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Anisotropy Scaling Functions - Systems & Energies
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» Indications for viscous attenuation and jet quenching across systems.

v Signal attenuation very important for small dimensionless
sizes.

v' Same (Npg) for U+U, Pb+Pb, Au+Au,
Cu+Au and Cu+Cu

v Different (N4) for d(®He)+Au

% Scaling coefficients indicate;
v'an increase in n/s from RHIC to LHC.
v' A modest increase in n/s from large to small systems.
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Anisotropy Scaling Functions - LHC data
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Anisotropy Scaling Functions - ldentified particles R AV
03F = = B
| Pb+Pb 5.02 TeV @ ALICE I : $
o °®
o 7: E 20-30% | 10 P . _ : ;[zo (10-40%) ]
¢ p ] o F 1
s Al = &b
s« DO(10-30%) CMS = A48 | T
oA S s Ay
L il 0. o ¥
0.2 & ) T
.:; g 77*
ST ;f} 01 gl et
ST }Q 0.1 1 10
o‘:’j ?? E p; (GeV/e)
00l ':;?T % o £ | 00 He+Au @ 200 GeV
- 1 10 - 03 o x N
p, (GeVic) M
v" PID-independent control variables ol |
v PID-dependent expansion dynamics '
» Characteristic patterns of viscous damping and jet - 7
guenching validated for identified particles o1l ’ ]
> Scaling coefficients indicate; o
v_an increase in n/s from RHIC to LHC *
v Smaller % for charmed mesons at the LHC T T
p; (GeVic)

v" An increase in n/s from large to small systems.

VJle,

1.0 |

Fo(v,/e,)

101

0.0

02r

0.0

2
KE, ' (GeVicy '

v' PID-dependent expansion dynamics
v'  Size-dependent expansion dynamics

Roy A. Lacey, Stony Brook University, SQM2021, May. 18, 2021

Fs(vole,)

10



Anisotropy Scaling Functions - Systems species & Energies \\
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| Extracting transport coefficients |
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» Transport coefficients extracted across beam energies
v" Nonmonotonic patterns suggestive of critical behavior?
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viscosity difference

]

Relative viscous coefficient (RVC)

0.3

0.2

0.1

a A
YA
* ¥
- *
I *;Fﬁ':',,, 4 * -
% *= *x
. - * &%
00 Lol Ll Lol Loy Lol I il il !
1 10 100 1000 1 10 100 1000
S (GeV)
F u 4
. - 404
x -
= i
B 1 0.2
Fy
¥z
% ]
Ii* - ?IIII 3 ¢ - 00
u £ 1
ol vl ol ul ul T \|\|||_ 0.2
1 10 100 1000 1 10 100 1000

Vs (GeV)

Roy A. Lacey, Stony Brook University, SQM2021, May. 18, 2021

0.1

0.0

ARVC)

ARVC)

12



' Non-monotonic patterns Other expansion-dynamics-driven
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\ Succeptiblity Scaling F-— "~ L_V/V)((S, L=f (SLl/V)

TT | T TTT | T T TT | TTTT | T TTT | T TTT | TT 5
v  00-05% i _
* 1020% | [* 10-20%
B 21 e 20-30%
Charged hadrons e 20-30% 30-40% o~
a - 0 -
10 Ystg © 3040%| |4 40550% 4 %
& ¢ 40-50% e 50-60% _ =
I ® = ° =
0.15 + = D L i
n - Nn:m __ __ 3 Nn:m cep
S i . - , I ] , TP ~155MeV, ug " ~90 MeV
0.10 = = 5 | | =
I - o ° ~ °
Y - 1 v ~0.66
__ __ 2 { Yy~ 12
| i 1
005 . Lol 11l il | - - ~ B~0.33
1 10 100 1000 I Nt - S5~4.8
VSNN(GeV) 0 Ll Ll AT _||||||||||||||||||||||||||||||_1
0.001 0.01 0.1 1 20 -10 0 10 20 30

M (TeV) (le)Ts (fmm)
s= (v/s — /Scep)\/Scep

Data collapse onto a single curve, confirms the expected
non-singular scaling function.
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| Scaling Function for Net baryon Succeptiblity ratio TCeP ~ 155 MeV, uSP ~90 MeV
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Data collapse onto a single curve, confirms the expected
non-singular scaling function.
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Summary

Anisotropy scaling functions provide a powerful tool for systematic study of
ALL of the anisotropy data. They indicate;

v % (T, HUp, Us, Ivll);

v %(T; Up, Us, 1)
v Nonmontonic patterns forg(T,uB,uS,u,) and %(T,uB,us,u,) consistent with
earlier indications for the CEP
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