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JETSCAPE AN\t

JEVILAPE

Event generator Statistical toolkit

A framework for
general-purpose MC
event generators in
heavy-ion collisions

Extract model parameters
via Bayesian analysis with
Gaussian Process
Emulators

https://github.com/JETSCAPE/JETSCAPE https://github.com/JETSCAPE/STAT
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https://github.com/JETSCAPE/JETSCAPE
https://github.com/JETSCAPE/STAT

A general-purpose MC framework M

JEVILAPE

JETSCAPE is not just for jets!
It is a framework for general-purpose event generators

@ The JETSCAPE framework is modular

The core framework decides how physics modules can interact with
each other — but the modules themselves can be user-contributed

@ Physics modules are open-source

Key improvement in heavy-ion physics — predictions can be
checked against many observables simultaneously

A unified framework has clear benefits when we want to compare

models of one particular part of a multi-stage event evolution

James Mulligan, UC Berkeley ALICE Week, July 2020



JETSCAPE Event Generator M

JAETILAFE

JETSCAPE Manual: 1903.07706
https://github.com/JETSCAPE/JETSCAPE

Medium-modified

Hard Parton shower Jot

scattering hadronization

Hadronic
cascade

\ Initial soft IS Viscous Cooper-Frye
Hydrodynamics hadronization

James Mulligan, UC Berkeley ALICE Week, July 2020 4



JETSCAPE Event Generator M

JAETILAFE

JETSCAPE Manual: 1903.07706
https://github.com/JETSCAPE/JETSCAPE

MATTER

Colored
PYTHIAS BYTRIAS Colorless

Parton gun LBT —> (based on Pythia8)

Martini _
AdS/CFT Hybrid

SMASH*

MUSIC (2+1, 3+1)*
CLVisc*
md External file reader 5 2
Brick
Gubser

Cooper-Frye
sampler*

Free
streaming®

* Optional download

James Mulligan, UC Berkeley ALICE Week, July 2020



The current status N

JEVILAPE

JETSCAPE 3.0

The framewo rk |S avallable The JETSCAPE simulation framework is an overarching computational envelope for developing complete event
= generators for heavy-ion collisions. It allows for modular incorporation of a wide variety of existing and future
and ready for pu bllc use software that simulates different aspects of a heavy-ion collision. For a full introduction to JETSCAPE, please see
The JETSCAPE framework.

Please cite The JETSCAPE framework if you use this package for scientific work.

Many recent improvements
to user experience Installation

Please see the Installation Instructions.

i i Running JETSCAPE
Work ongoing to incorporate unning JETSC

J ETSCAPE in‘to ‘the ALlCE framework The main executable to generate JETSCAPE events is runJetscape , located in the build/ directory. To generate
JETSCAPE events, you should pass an XML file specifying the settings with which you would like to run:

Thanks to R. Preghenella,
A_ Maire M Fasel ./runJetscape ../config/jetscape_user.xml

James Mulligan, UC Berkeley ALICE Week, July 2020 6


https://github.com/JETSCAPE/JETSCAPE

The current status M

JEVILAPE

The framewo rk Is avallable The JETSCAPE simulation framework is an overarching computational envelope for developing complete event
= generators for heavy-ion collisions. It allows for modular incorporation of a wide variety of existing and future
and ready for public use

software that simulates different aspects of a heavy-ion collision. For a full introduction to JETSCAPE, please see
The JETSCAPE framework.

Please cite The JETSCAPE framework if you use this package for scientific work.

Many recent improvements
to user experience Installation

Please see the Installation Instructions.

i i Running JETSCAPE
Work ongoing to incorporate unning JETSC

J ETSCAPE in‘to ‘the ALlCE framework The main executable to generate JETSCAPE events is runJetscape , located in the build/ directory. To generate
JETSCAPE events, you should pass an XML file specifying the settings with which you would like to run:

Thanks to R. Preghenella,
A_ Maire M Fasel ./runjetscape ../config/jetscape_user.xml

What this means for physics comparisons

First physics results of “out-of-the-box” models from the JETSCAPE Collaboration

Use responsibly — it is a framework — you get out the physics you put in
There is a lot of theoretical work inside — but it is only a slice of the theory landscape

—p We are at the start of the exciting phase — well-controlled theory comparisons

James Mulligan, UC Berkeley ALICE Week, July 2020 7


https://github.com/JETSCAPE/JETSCAPE

JETSCAPE — pp collisions  1910.05481 A\t

JEVILAPE

PP19 Tune

Charged hadron cross-section

106 L) L] L)
PYTHIA 8 ol ' ' ' - i i i
o ey g Inclusive jet cross-section
Hard Process, ISR, MPI °ls L . JETSCRAFE
‘L'l > [7|<1.0, h Preliminary | — — T T T 71—
g‘ i i b %:T 1.5 pp, Vs=2.76 TeV J/ _
. LRI =) i- = (
Light par:tons % RS ry;llilzkg k=04 JETSCRAPE
wit < i _ . i
pr > 2 GeV/c = 0. ¥ - &
£ B i { P RO —
- —4— CMIS [JHEP 1704, 039 (2017)] o | T mmee
= 0-61— 7 = ®eoe o °« °
< - = JETSCAPE . = o OO
"_.E; 0.4— o = o~ | —4— CMS [PRC 96, 015202 (2017)] _
M ATTE R = : | .[ } IIHI"\ :‘;'230| . | . T D; 0.5 —— JETSCAPE 1.0 (Colored Had.)
Fln al State Radlatlon 0.2 20 40 60 80 100 E | — — JETSCAPE 1.0 (Colorless Had.)
P (GeV) E ------- PYTHIA 8.230
T I

Y00 130 200 230 300
Jet shap Py (GeV)

10 LB |

Trrr[rrrr[rrrr [ rr T

COLORED COLORLESS N DO cross-section

HADRONIZATION HADRONIZATION 1—

JETICAPE 1

= 10: E
E 10| ®
String Formation String Formation T pee b e 10 f
Q anti-k,; R=0.6
1071 80 GeV<p®! <110 GeV - 107
E 1y1<03 E »

—@— ATLAS [PRD 83, 052003 (2011)] -

do/dpr [mb]

JETSCAPE 1.0 (Colored Had) - 107 g —— Ppythia K=1.5
102k = = JETSCAPE 1.0 (Colorless Had.) _| 10 —— Pythia+MATTER K=1.5
E e PYTHIA 8.230 3 —
N TP T B A I 10°f W CMS D /Sw =5.02 TeV pp
PYTHIA 8 83 > S o
22 1f
String Fragmentation, Frosf
0 0.1 0.2 0.3 0.4 0.5 0.6
Resonance Decays r

Comparable performance to Pythia8

James Mulligan, UC Berkeley ALICE Week, July 2020 8



JETSCAPE — heavy-ion collisions A\t

JEVILAPE

Multi-stage energy loss

The virtuality of each parton in the shower determines
which energy loss module it will undergo

Yasuki Tachibana, HP2018

Large-Q ( > Q) Small-Q ( < Q)
Large-E Small-E£
MATTER LBT MARTINI AdS/GFT
Majumder(13), Kordell, Majumder(17), Wang, Zhu(13), Luo, et al.(15,18) Schenke, Gale, Jeon(09), Chesler, Rajagopal(14, 15)
Cao, Majumder(17) Cao, et al.(16,17), He, et al.(18) Park, Jeon, Gale(17, 18) Pablos, et al.(15, 16, 17)
Radiation dominated Scattering dominated SRt e e
Virtuality ordered splitting On-shell parton transport
Higher Twist Higher Twist AMY N = 4 super
Formalism Formalism Formalism Yang-Mills
PRC 96, 024909 (2017)

James Mulligan, UC Berkeley ALICE Week, July 2020 9



JETSCAPE — heavy-ion collisions

PYTHIAS

NN

JEVILAPE

Colorless

hard mdl hadronization

scattering el

Event-by-event
Free 2+1d VISHNU

streaminig (No jet deposition
iInto medium)

(based on Pythia8)

Medium recoil implemented in jet shower, based
on weakly-coupled kinetic theory approach

James Mulligan, UC Berkeley ALICE Week, July 2020
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Example: Inclusive cross-sections

JEVILAPE

1.5

Jet Ry A

—$— ATLAS [PLB 790 108 (2019)]
L e 0,=1GeV,0,=0.25, JS (MATTER+LBT) -

. —-0,=2GeV /M

— Q =3GeV JAETSCAFE
Prellmlnary

s=5.02 TeV, PbPb (0-10%)
anti k R=0.4
ly . |<2 8

jet

g 10°
p. (GeV)

1.5

Hadron R, o

1 I 1 I 1 I 1 I 1
—+— CMS [JHEP 1704 039 (2017)]

Q =1GeV,0,=0.25, JS (MATTER+LBT)

——=-0,=2GeV M

— Q =3GeV JEVSLCAFE
Preliminary

Vs=5.02 TeV
A. Kumar In|<1.0

QM2019 PbPb (0-10%)

20 40 60 80
p, (GeV)

Virtuality switching parameter J, = 2 GeV provides

reasonably good simultaneous description of the data

James Mulligan, UC Berkeley
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https://indico.cern.ch/event/792436/contributions/3535716/attachments/1938760/3213945/QuarkMatter_2019_Amit.pdf

Example: Jet substructure

Hadron-in-jet distribution

D Pbe(Z)/ D pp(Z)

1.8

— —
B o))
.I-F l

—
N

0.8

I
o
~
&N
~

I

1

e ATLASI[EPJC77(2017)379]
m—— JETSCAPE (MATTER + LBT)

== JETSCAPE (MATTER|[vacuum] + LBT)__

PbPb (0-5%),2.76 TeV

pit: 100-398 GeV, | Y, | < 2.1
pik > 1GeV

ANt

JETSLAPE
Preliminary

anti-k,, R = 0.4 —

— Y. Tachibana

QM2019

107" 1

<

I\t

JETSEHFE

Groomed jet radius

J

3L

0 0.05 0.1 0.15 Ay
(@) T T T T T T T T T T T T T T
31 = oD ALICE Preliminary
© 35~ mPb-Pb0-10% \'Syn = 5.02 TeV
—| = = Sys. uncertainty  Charged jets anti-k-
<) 3 R=02 In 1<07
25F  am 60<p o <80GeV/c
oF * Soft Drép ZC”&ZO 2, B=0
5EI® O = | Fragged = 0-89; Fragseq = 0.88
5E 5
1@ .
0.5F 4
i
@)
ils
o 2

mm JETSCAPE, MATTER+LBT (Prel.)

pm Caucal etal., 75 < p
Pablos etal., L

<100 GeV/c
Yuan et al., med g/g

Pablos et al., L = 2/nT = = Yuan et al., quark
mm Pablos et al., L =

Yuan etal.,, gL = 5 GeV?

Reasonable (not perfect) description of jet substructure

ALICE Week, July 2020
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https://indico.cern.ch/event/792436/contributions/3535712/attachments/1938021/3212361/tachibana_qm19.pdf

Example: Jet substructure

I\t

JETSEHPE

Hadron-in-jet distribution

D Pbe(Z)/ D pp(Z)

1 _8 | I I T T T | I I I T T T
- e ATLAS[EPJC77(2017)379] §
- = JETSCAPE (MATTER + LBT) .
1 6 __ ’ == JETSCAPE (MATTER[vacuum] + LBT)_
! PbPb (0-5%), 2.76 TeV ]
1.4+ anti-k,, R = 0.4 _
- pit: 100-398 GeV, | Y, | < 2.1 .
i pik > 1GeV FFh ]
2 M P
- _i n",,\glmm |
i L—. JETSCAFPE =
1‘ Preliminary
i v — _ |
- D@ =5 Y. Tachibana
0.8]" QM2019
| I A | | | L1 1 1 I
107 10”

<

do
Ojet, inc deg

Pb-Pb
PP

S 2l

o~ -

Groomed jet radius

0 0.05 01 015 A
45 o pp ALICE Preliminary
35F mPb-Pb0-10%  |Syy=5.02TeV
- Sys. uncertainty  Charged jets anti-k;
3 R=02 In <07
2.5;— ..* 60<p, o <80GeV/c
o S;Sft Drop zcu/L:O 2, =0
s 3 ¢ o = | Fragged = 0-89; Fiaggeq = 0-88
5 b .
159 .
05F g
' i

{ First JETSCAPE “predlctlon
“ Supplied to an experiment,.”

- JE SCAPE MATTER+LBT (Prel. )

ical et aI 75 < p
Ios etal., L

Wlos et al.,
Pablos etal., L =

L = 2/rcT = = Yuan et al., quark _

<100 GeV/c
Yuan et al., med g/g

Yuan et al., gL = 5 GeV?

Reasonable (not perfect) description of jet substructure

James Mulligan, UC Berkeley

ALICE Week, July 2020
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https://indico.cern.ch/event/792436/contributions/3535712/attachments/1938021/3212361/tachibana_qm19.pdf

flavor — W.Fan,HP2020  Srirhre

Dy meson Ry 5 D, meson v,
i T T T I I T I T | T T T | T T T | O 10
1.2 === MATTER+LBT (Qo = 2 GeV) - ' —— MATTER+LBT (Qp = 2GeV)
: ﬂﬂﬂﬂﬂﬂﬂ MATTER (Qp = 1 GeV) . 0.08 - — = MATTER+LBT (Qo = V2GeV)
Ll —
1.0 . MATTER+LBT (Qo = V2 GeV) + CMS v2{2}
ogh ¥ CMS D° \/syy =5.02 TeV PbRb 0-10%
o ?}j i‘ J :
R ) B
i —-0.02
: ag = 025 : . . ' r T T
0.0 | | | I | | | I | | | | | | | I | | | 10 15 20 25 30 35 40
0 20 40 60 80 100 pr [GeV]

pr [GeV]

No additional tuning for heavy-flavor
Future studies: Consider recombination and hadronic transport

Reasonably good description of the data with multi-stage approach

James Mulligan, UC Berkeley ALICE Week, July 2020 14



Two-stage hydro

Y. Tachibana, QM2019

JEVILAPE

Run first hydro event without jet deposition — determine jet evolution
Re-run same hydro event — with quenched jet depositions into medium

Strongly-coupled Description of Medium Response

VT (%) = Ji ()

Diffusion into the medium

Model: Causal Diffusion

=P Source Profile for Fluid
Evolution as part of bulk medium
Model:

* Hydrodynamic Response

_ dp¥
 dndg

dp”
dﬂd¢ med.

shower w/o jet

signal

Physics results using “two-stage

hydro” in the works...

James Mulligan, UC Berkeley

_10_

A med

JIE‘EI%E&F[E Adapted from Chun Shen
2 10
T (fm/ c)

ALICE Week, July 2020
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JETSCAPE AN\t

JEVILAPE

Statistical toolkit

Extract model parameters
via Bayesian analysis with
Gaussian Process
Emulators

https://github.com/JETSCAPE/STAT

James Mulligan, UC Berkeley ALICE Week, July 2020 16


https://github.com/JETSCAPE/JETSCAPE
https://github.com/JETSCAPE/STAT

JETSCAPE AN\t

JEVILAPE

. - Statistical toolkit
Heavy-ion collisions are

complicated — but we have

measured a large number of . Extract model parameters

complementary observables via Bayesian analysis with
Gaussian Process
Emulators

—» Global analysis

Can models simultaneously

fit all observables? _
https://github.com/JETSCAPE/STAT

@ Extract free parameters

James Mulligan, UC Berkeley ALICE Week, July 2020 17
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JETSCAPE — Bayesian Analysis

* energy loss scale
« medium coupling constant

Model Parameters - System Properties

calculate events on Latin hypercube

JEVILAPE

Experimental Data

\4

>o

Physics Package:
TRENTO

- MATTER + LBT

- VISHNU/MUSIC

RHIC+LHC

v

Gaussian Process Emulator
* non-parametric interpolation
- fast surrogate to full Physics Model

MCMC

(Markov-Chain Monte-Carlo)
- random walk through parameter space
weighted by posterior probability

after many steps, MCMC equilibrates to

|

|

Bayes’ Theorem
posterior < likelihood x prior

« prior: initial knowledge of parameters
- likelihood: probability of observing exp.
data, given proposed parameters

Posterior Distribution
- diagonals: probability distribution of each
parameter, integrating out all others

- off-diagonals: pairwise distributions showing
dependence between parameters

Slide from R. Soltz QMZ2019 (adapted from Bass, Bernhard, Moreland 1704.0767)

James Mulligan, UC Berkeley

ALICE Week, July 2020
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Example Extractlon of bulk propertles N

JETSEHFE

Extract C /s, ;7/ s as a functlon of T using soft observables
at RHIC and LHC

Modelling the soft sector J-F. Paquet
QM2019

T ="0"": Nuclei collide

= Trento ansatz used to parametrize the energy deposition

= 5 parameters: (i-iii) nucleon width, fluctuation & minimum distance, 0.6 -
(iv) transparency parameter, (v) normalization

.. . w0 ' ngh—T
T ~ 0.1 fm: “Pre-equilibrium phase” = low-T clope |
= Free-streaming | 9-2 18 27
= Free-streaming time is a parameter Value at '”f'ec(t)'f)g _T"TI Z??r:?lz;tion
.. . 0.15 0.25 0.35
T ~ 1 fm: Beginning of “hydrodynamic phase” T [GeV]
= 2+1D relativistic viscous hydrodynamics [MUSIC]
= Equation of state: hadron resonance gas + lattice QCD [HotQCD] 0.2 1
=  Shear and bulk viscosity: g (T) and g (T') parametrized Max .
0 1
=~ 0.14 .7 Position
N g \ of max.
T ~ 10 fm: End of “hydrodynamic phase” ‘é";‘:;m: \\ “
" Fluid converted to hadrons [iS3D]: Cooper-Frye at temperature T, 0.0 1, .
= Viscous corrections in Cooper-Frye: 4 different models 015 025 0.35
= Hadronic interactions with SMASH hadronic transport T [GeV]
Figure ref.: J. ernrd, H.
Petersen, MADAI Collaboration 4

James Mulligan, UC Berkeley ALICE Week, July 2020 19



Example: Extraction of bulk properties <

Extract (/s,#/s as a function of T using soft observables
at RHIC and LHC

17-parameter extraction to constrain /s, /s as a function of T
using ALICE measurements at 4 /syn = 2.76 TeV

dNcn/dn , dN/dy, dEt/dn [GeV]
() = = = =
© 2 2 2 g

{p1)
= =
o n QL

o
U

©
o

—diu/dy 0.12 -
) ==aNg/ay . . . .
=N ,/d
oy 0 0.104 Bulk Viscosity Shear Viscosity
== dE7r/dnx5.0
. 0-087 035 . J-F. Paquet
: ~ 1 Prior 0.5 -
] z 0.06 1 JETSCAFE 0.30 4 I 90% Confidence Interval QM2019
? > 0.04 | y Prellmlnary - 60% Conﬁdence Interval
; 0.25 - I\t 0.4 -
0.02 - e —— JETSCRPE
] | reliminary
' - 0.00 . . 5 020 n 0.3 1
0 25 50 0 25 50 N =
] 0.04 - 0.15 -
\ 0.2 -
_ ~ - 0.03] 010 -
H-”Y\"' =
1 002 7] 0.1 -
f— . ., 8 0.05 -
—n 0.01
_p 0-00 1 I I I 0.0 I 1 1 1
p o . 0.00 J e = 010 0.15 020 025 0.30 010 0.15 020 025 0.30
Centrality % T1GeV] T [GeV]
James Mulligan, UC Berkeley ALICE Week, July 2020 20



Example: Extraction of g A\t

JEVILAPE

Extract g as a function of T, Ejct using inclusive hadron Raa at RHIC, LHC

10 10
"’IPQLIM MATTER+LBT 90% CR MATTER+LBT 90% CR
My LBT 90% CR LBT 90% CR
sl 2 MATTER 90% CR sl T = 300 MeV MATTER 90% CR
JETILAFE @ JET Collaboration
p = 100 GeV \
OF e —_ 6] il
%) : I gl \
I\ | I—-: ————— S ] l\ *
~ : Y | ~ \‘
‘< S 1k i R
4 B 1 ~N~ 1 | 1 4 ——\-I.
3 =~ il ?! A = T
..—_..T_—_-T=T='.:‘-—-.-d'.--..:...-_ e ree,. Trmre—me— T TT -
..... I T,
------ T : e s EssaEa s ss e,
L e 2
ol | | | | | | 0 | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 25 50 75 100 125 150 175 200
T (GeV) p (GeV)

Final result pending improved treatment of experimental systematic uncertainties

Successful extraction of g-hat as a smooth function of T, pjet!
(Proof of principle — uses only inclusive hadron Raa data)

James Mulligan, UC Berkeley ALICE Week, July 2020 21


https://indico.cern.ch/event/792436/contributions/3570550/attachments/1939869/3218937/mc_jetquench_framework_qm19_soltz.pdf

Summary S\t

JEVILAPE

JETSCAPE is a framework for general-purpose
heavy-ion event generators

Modular — encourage your theory friends to contribute modules

JETSCAPE is producing first physics results
Event generator — jet olbbservables

Bayesian analysis — soft and hard physics

JETSCAPE is a tool for the community
To enable well-controlled event generator comparisons
To perform global analyses and extract free parameters
As a testbed for theoretical and experimental development

2020 JETSCAPE School (online)
July 13-24
https://indico.bnl.gov/event/8660/

James Mulligan, UC Berkeley ALICE Week, July 2020 22



JETSCAPE and ALICE A\

JEVILAPE

Ideas — How can ALICE maximize benefit to
ourselves and to the community?

@ Generate sets of JETSCAPE predictions to compare to our
measurements, and constrain specific physics mechanisms
Central productions to share among each other? Computing effort?
Note: Bayesian analysis ~ @ (10M) CPU-hours

@ Report sufficient measurement information for global analyses

We need to report correlations of systematic uncertainties
—> Report signed uncertainty breakdowns on HEPData

@ Use JETSCAPE as a testbed to decide what observables are
sensitive to specific physics mechanisms

Other ideas welcome!

James Mulligan, UC Berkeley ALICE Week, July 2020
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Thank youl!

JEVILAPE

James Mulligan,

UC Berkeley

ALICE Week, July 2020
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Sackup

James Mulligan, UC Berkeley

ALICE Week, July 2020

JEVILAPE
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Example — Inclusive jets ot

JAETSLAPE
Low pr High pt
— Ph /e = —— Qo=1.0 GeV CMS Prelimi
N Pb-Pb SNN 5.02TeV | go —20 Gev T A (basedr%rlm?lif(% results)
o 0-10% T o 3.0 GeV
1 151 anti-kr, [/*f] < 2.0 Qo=3.06e
q I I |
5 1 O T S T e T ST S AR e — - -~ —ear L: "'-"“-""-"“-‘“'-'""-""—-“"'“'-1‘--"——-*"--+;-"$"-:_* ------ ;—+-—A“+-"—-
x Proliminary | | |
oc:E 051 250<pt<300Gev | 300<p®<400Gev | 500 <p <1000 GeV
02 04 06 08 1002 04 06 08 1002 04 06 08 1.0
LA LA BRI BN LA I LI B R A B [ RN ELEL AL L B B
[ 250 <p’ <300GeV_. ] 300<p’ <400 GeV anti-ky, I | <2 0-10% ]
a\ [ 1 1 = Factorizajtion ]
© | [1SCET w/o coll. E-loss _
1 [ Li and Vitev
C Coherent antenna BDMPS
oC — HYBRID w/ wake
— I  — HYBRID w/o wake ]
< €1 HYBRID w/ pos wake -
T3 1 — MARTINI ]
oC —PYQUEN
PYQUEN w/ wide angle rad.
i 1 JEWEL ]
a 1 — ﬂlé\_{_VEl/_ V¥]/0 recoil | i
4 W/ snowers on
Molly Taylor BT w/ o, respon{:e

oVl BN c 08 1 02 04 06 08 102 04 06 08 1
Jet R

James Mulligan, UC Berkeley ALICE Week, July 2020 26




Hadron v,

vo(pp) = {cos (2¢™(pr) — 25

“Dev

0.3

JETSCAPE Preliminary (s=5.02 TeV

A. Kumar
QM2019

0.2 |n|<2.5

. —+ ATLAS [EPJ C78 997 (2018)]

PbPb (30-40%) -

A~ JS (MATTER+LBT),0,=0.25,Q =2GeV—

5 10 ]
p. (GeV)

80

cxample =V,

JEVILAPE

Jet Vr, V3

Reasonably good description of the data

James Mulligan, UC Berkeley

anti-kr R=10.2, |n/¢| < 1.2
0.08]
I\t
AETSCAPE
Preliminary
LA t
- . ; JL +
A0 ] —— §+_ __—__-_t_-:_-_-_-_-_-_+::_:_'_:_'____-__—__-:_-_—_.,.+,.___
V> — JETSCAPE (30-50%)
—0.041 V3 <+ ATLAS Preliminary (20-40%)
50 100 150 200 250
et
Pt (GeV)
ALICE Week, July 2020 27


https://indico.cern.ch/event/792436/contributions/3535716/attachments/1938760/3213945/QuarkMatter_2019_Amit.pdf

dNen/dn , dN/dy, dEr/dn [GeV]

I

(pr)

105 .

104 4

103

102 J

10t

10°

1.54

1.0 1

0.5 1

0.0

at RHIC and LHC

=—dN/dy
=—dNp/dy

== dNcp/dNx2.0
=—dE1/dnx5.0

0.12 -

2
0.101Zy

0.08
pu.

< 0.06 -
>

0.041 J

JETSCAPE
Preliminary

0.02 {v*

Ncn/dn , dN/dy, dE7/dn [GeV]

d
=
o

o

0.00
0
0.04

—~ 0.03 4
[y

© 0.01 1
0.00

0

25 50
Centrality %

- 0.00

[y
o
[

==dN,/dy
1 ==dN/dy
1044
| Aot
103 4 JETSCRPE

Preliminary

102 ;

I

101 4

20 40
1.5
— T
—
1.0
S -
0.5 { ey —
0.0 : .
0 20 40
0.12 -
—2{2}
—v3(2)

0.10

Vv
0.08 -
>
& 0.06
N
0.04 -
0.02

0 20 40

2
K>

Example: Extraction of bulk properties

Extract (/s,#/s as a function of T using soft observables

Bulk viscosity

0.35 -
0.30 1 [ 90% Confidence LHC
I 90% Confidence LHC+RHIC
2 /M
€\
0.20 A JETILAPE
: Preliminary
0.15 4
0.10 A
0.05 A
0.00 T T : :
0.10 0.15 0.20 0.25 0.30
T [GeV]

JEVILAPE

Shear viscosity

05 | J-F. Paquet
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RHIC and LHC data complement each other to some extent
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Example: Extraction of g R S A\t

JEVILAPE

Extract g as a function of T, Ejct using inclusive hadron Raa at RHIC, LHC

Parameterize: ¢ ¢3) (4r\? [ A (E) —n(B)]  C [ (£) —In(D)]
—3 — 420R < -9 _|_ 9
g mAYS U I (R). In(32)]" .
Depends on jet scale only Depends on medium scale
200 GeV Au+Au 2.76 TeV Pb+Pb 5.02 TeV Pb+Pb

Jet energy loss models
considered:

MATTER

Central
Raa

LBT
MATTER+LBT

Peripheral
Raa

T T T T T T T
14 16 18 20 40 60 80 20 40 60
P pr PT
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