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Calibrated (3+1)D hydrodynamic medium for ultrarelativistic collision physics
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Calibrated medium as a background for hard processes

Sievert talk, Wed.

Bahder, Rahman, Sievert, Vitev. (2024)
arxiv:2412.05474
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T=4.6 fm/c

bulk medium + Z-jet
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5 GeV/fm?

Stewart talk, Wed.

Wang talk, Wed.

Chen, Cao, Luo, Pang, Wang. (2018)
PLB777(2018)86

Yang, Cao, Luo, Pang, Wang. (2023)
PRL. 130, 052301



https://indico.cern.ch/event/1416077/contributions/6248925/attachments/2992532/5271804/HotJets2025_Stewart.pdf
https://indico.cern.ch/event/1416077/contributions/6253286/attachments/2992723/5272249/hot-jet-wksh.pdf
https://arxiv.org/pdf/1704.03648
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.052301
https://indico.cern.ch/event/1416077/contributions/6248919/attachments/2992222/5271219/Sievert_HotJets_2025.pdf
https://arxiv.org/abs/2412.05474
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Stewart talk, Wed.

Phys. Rev. C. 94, 024907
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T=4.6 fm/c

Sievert talk, Wed.

Bahder, Rahman, Sievert, Vitev. (2024)
arxiv:2412.05474

Wang talk, Wed.

Chen, Cao, Luo, Pang, Wang. (2018)
PLB777(2018)86

bulk medium + Z-jet
1 2 3 4 5 GeV/fm?’

e — Yang, Cao, Luo, Pang, Wang. (2023)
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Bahder, Rahman, Sievert, Vitev. (2024)
arxiv:2412.05474
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Stewart talk, Wed.

T=4.6 fm/c

-~ “...[fitted to] reproduce experimental data
on bulk hadron spectra and anisotropic
flows at the LHC...” within Co-LBT

Wang talk, Wed.

o~ Chen, Cao, Luo, Pang, Wang. (2018)
bulk medium + Z-jet PLB777(2O1 8)86

1 2 = 4 5 GeV/fm?

B —— Yang, Cao, Luo, Pang, Wang. (2023)

PRL. 130, 052301
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The experimental data for calibration

e Large and small system Au-Au 200 GeV d-Au 200 GeV

. + dN_, /d PHOBOS
® A” fOUF RHIC chh/dﬂ(i’]) PHOBOS. Vz(”) AR ch ’7(’7)
experiments . v,(cent) STAR « dN., /dn(n) PHENIX
- v,(17) PHOBOS
. 3(cent) STAR + V,(p7) PHENIX
- {(p7) 7, k STAR
+ V,(p7) PHENIX + v,(p7) STAR
TN - {(p7) k, p PHENIX
PH-ENIX . vo(py) STAR + 1,(17) PHENIX

® Focus on rapidity-dependent observables

¢ Include p,~dependent (at low p;) observables with small uncertainties

V
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3D model parametrizations

Initial State Hydrodynamics
y loss,2 . y lotss,é-l y loss,6 o100 o0
| Cls A\ nls

JETSERFPE
0.075 - 0.15 -

({/ s)max | (1/$)kink]
0.050 - . 0.10

r
rd

\

N\

\

Parametrization
N

ManunnnunnnnnEnnnERRnuEERRRERRRRIRRERIIIIIINEID

(Fannnnnnnnnnnn

0.000 Y
]

100% Prior
1 90% Prior 0.175-
IR 60% Prior

~ 100% Prior " 100% Prior
1 90% Prior = 90% Prior
0.150 B 60% Prior | ' ) 4 W 60% Prior

0.125

0.100

Prior

0.075
0.050

Schenke, Shen, Zhao. — -

0.000- - ; , :
010 015 020 02y 030 035 010

Phys. Rev. C 105, 064905

(2022) . T[ Ge V]

Phys. Rev. C 97, 024907
(2018)
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Model emulation and comparison with data

Model simulations
® 20 model parameters

e ~2000 events at 400 parameter points simulated with full model

I\/I | | I 't !  AuAu 200 GeV - 20-70% centrality ~ AuAu 200 GeV - 20-70% centrality 1000 [ Au Au édo ‘G‘e\-, ld}v‘ - n A
! * * * ! * * * ! * * * ! : * * ! ! * * * ! * : * ! * * * ! * * * I 1 - 7 h
O e el I I u a I O n 14 + Validation Point 1 - 14 + Validation Point 2 . o0 I_ 0-5% cent. n = [-3,(;,-2_7]
12 | 1 12t . -
® ~1000 observable bins

e ~10 principal components j;/\j g | —

— Model — Model

® Estimation of uncertainty A N 0 e

—_ —_ 4 . .
n n Emulator Predictions

(%)
%)

(
Model Calculations
S

Comparison with data
e Likelihood function: P(Y.|0) « exp (—[Yezp — Yeim(0)] [Zeap + Ssim(0)] [Yeap — Yaim(6)])

v
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Calibrated description of the data
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Rapidity-dependent constraints on the shear viscosity

e Mid-rapidity data often includes

3D information | Mo 90%prior
| | . .jEd/TSE‘ﬁFE 90% C.I. default
e Centrality selection PRELWMINARY === 90% C.l. mid-rapidity

e Flow measurement reference

e Data with explicit rapidity-
dependence reduces the shear
viscosity

020 025 030 035 040

e Minimal sensitivity at high T | T [GeV]
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The information content of the MAP vs the full posterior

® The Maximum a Posteriori (MAP)
IS the highest-likelihood point in o5

parameter space A\t T 90% P
0.4{  srETEIEE | Vgt

0.3

n/s

0.2

0.1

0 - - -
0.10 0.15 0.20 0.25 0.30 0.35 0.40
T [GeV]

Vv

Andi Mankolli Hotdets 2025



The information content of the MAP vs the full posterior

® The Maximum a Posteriori (MAP)
IS the highest-likelihood point in o5

parameter space SN\ —90% Fud
0.41 ERIEAEE — Vi
® |t does not reflect uncertainties
inherent in the full posterior 03
£
<

e A similarly-likely point in
parameter space may be
physically very different

0.2

0.1

® [0 avoid precise but inaccurate
predictions, a sampling of the °010 015 020 025 030 035  0.40
posterior should be used T [GeV]
whenever feasible
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Steps toward including hard observables

® A sequential calibration may be
appropriate when: A sequential calibration

second inference

* There are no model non-uniform prior from hardl sector
Inconsistencies observables

first inference
from soft sector
observables

* The datasets do not overlap

® \\We know the medium properties
affect hard observables

® Need to gauge whether sensitivity

can overcome experimental and Lipei Du

. C ft
theoretical uncertainties sott sector JETSCAPE

v
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Summary

e 3D Bayesian fit to the widest 0.5
dataset at RHIC top energy may Mo " 90% Prior
be used as a calibrated medium 04 SETSTARE — MAP

for future studies, including for

jet-medium interaction
0.3

n/s

e Rapidity-dependent data
provides additional constraints 0.2
for viscosity

® Jo fully exploit a Bayesian >

analysis, a sample of the
posterior should be used 0810  o0.15 020  0.25 0.30  0.35 0.40
whenever feasible T [GeV]

Vv
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Large and small system constraints on the shear viscosity

A\t D acas DAl combined
;'REI'F'\'"E*‘ZFR'F s Tkink 2 low-T slope 2 high-T slope

8-

6
4 -
2
0 - 0 - 0 -
0.15 0.20 0.25 0.30 -2 -1 0 1 -1 0 1 2

® Au-Au and d-Au constraints largely consistent

10 -

2 at kink

o N » (o)} Qo
L 1 1 1 1

0.05 010 0.15 0.20

® Au-Au dominates the fit due to data volume & uncertainties
e Including d-Au in the fit does not appreciably affect shear viscosity

IN Au-Au simulations
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The experimental data

system Experiment cent.bins data points
dN.y/dn(n) Au-Au PHOBOS 11 594

v2(n) Au-Au PHOBOS 3 48
v2(n) Au-Au  STAR 1 21
v (pr) Au-Au PHENIX 6 30
(D) (pT) Au—Au STAR 7 63
v2(cent.) Au-Au  STAR 6 6
vs(cent.) Au-Au  STAR 6 6
7w (pT)(cent.) Au-Au  STAR 7 7
k (pT)(cent.) Au-Au  STAR 7 7
k (pT)(cent.) Au-Au PHENIX 8 8
p (pT)(cent.) Au-Au PHENIX 8 8
dN./dn(n) d-Au PHOBOS 1 54
dN.n/dn(n) d-Au PHENIX 3 102
v2(n) d-Au PHENIX 1 14
v (pr) d-Au PHENIX 1 5
U2 (PT) d-Au STAR 1 5}
Total 978

Vv
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The model parameters

Parameter Collision Stage Prior Range
Yloss,2 Initial State 0,2]
Yioss.4 Initial State [Yioss,2,4]
Yioss,6 Initial State [Yioss,4,0]
Ty Initial State 0,1
Qlrem Initial State 0,1
Shadowing Factor Initial State 0,1
Tform Mean Initial State [0.2,1]
Bg [1/GeV?] Initial State 2,25]
String Source o, [fm] Initial State (0.1,0.5]
String Source o, Initial State (0.1,0.8]
String Trans. Shift Frac.  Initial State 0,1]
% Think [GeV] Hydro 0.13,0.3]
1 low-T slope Hydro -2,1]
1 high-T slope Hydro -1,2]
1 at kink Hydro 0.01,0.2
$ max Hydro 0.01,0.2
§ Tpear [GeV] Hydro 0.12,0.3
S width Hydro (0.025,0.15]
S X assym. Hydro -0.8,0.6]
EPS Switch [GeV/fm®]  Particlization [0.1,0.6]

HotJets 2025



The information content of the MAP vs the full posterior

60 PHENIX, 0-5% cent. ®  He3-Au | PHENIX, 0-5% cent. ®  He3-Au
© p-Au 0.10 | o pAu -
- pr > 0 GeV -3.9 < Nrer < -3.1 GeV
< :
S 40
~
O
20 |
10
o 1
-3 -2 -1 0 1 2 3

Vv
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PHENIX, 0-5% cent.
pr > 0 GeV

¥ He3-Au _

o p-Au

Vv
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0.10

0.08

™N 0.06

0.04

0.02

HotJets 2025

The information content of the MAP vs the full posterior

PHENIX, 0-5% cent.

'3.9 < nref < '3.1 GeV

# He3-Au
~ p-Au
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Observable posterior in d-Au
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