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Comprehensive Framework Ingredients

Particle
. » Observables
Medium

Raa, v2, etc.

Initial
State

amization

Jet Evolution

> etFinder

Hadronization

r-------
Hydrc

Jet

Observables
RAA, V2, Aij! XVJ!
rho(r), D(2), ...
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13098 Framework ingredients

Ideal 1+1D
Bjorken hydro

Glauber

2x2 scattering ordered by T+

Fastdet +
RIVET

PYTHIAG hard scattering
PYTHIAG hadronization

Jet

Observables

Any medium profile can be inserted Raa, V2, Aij, Xyy,
rho(r), D(z), ...
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J EWEL RGSU |tS (Zapp,Krauss,Wiedemann:1312.5536)
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SET Partial Framework

Mostly

Various Hydro
Glauber ous Y

GLV-CUJET
HT-BW —> LBT
HT-M —> MATTER
McGill-AMY / MARTINI

single hadron Raa

Consistent hydro profile given to each model practitioner
Apples-to-apples determination of g-hat

Ron Soltz (WSU/LLNL) Wuhan Quark Matter 2019
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Nuclear Parton
Distribution
Function

Initial hard
N-parton
distribution

.

Initial soft
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Marquee Result and JETSCAPE Motivation

A. Majumder et al.

Modify, input parameters e.g., a, e.

No

Detector
simulation

i Statistical

Phenomenological input:
Transport coefficients
Energy deposition

hadronization

fit test

Hard & semi-hard

[%p]
()
>

Statistical emulation
Corrected
data

Success!

JETSCAPE Event Generator —




/N Event Generator Ingredients
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/N Event Generator Ingredients

AEVILAFE
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HEPMC Output
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Results and Comparisons

JETSCAPE 1.0: PYTHIA/MATTER (pp19 tune)
JETSCAPE 1.0: MATTER+LBT (PbPb MLQo2)

Wuhan Quark Matter 2019
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M pp Implementation and benchmarks to data/PYTHIA 1910.05841
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JEVILAPE
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JEVILAPE
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AEVSLAPE
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X,,for Pb-Pb and p-p
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X,,for Pb-Pb and p-p
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Bayesian Analyses
JETSCAPE 1.0 and patchcode
with statistics package

followed by discussion of
experimental systematic errors

Wuhan Quark Matter 2019
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M Statistics Package (adapted from Bass, Bernhard, Moreland 1704.0767)

JEVILAPE

Ron Soltz (WSU/LLNL)

* energy loss scale

Model Parameters - System Properties

* medium coupling constant

calculate events on Latin hypercube

Experimental Data
RHIC+LHC

Physics Package:
- TRENTO

- MATTER + LBT

» VISHNU/MUSIC

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

T

after many steps, MCMC equilibrates to

Bayes’ Theorem
posterior =« likelihood x prior

 prior: initial knowledge of parameters
- likelthood: 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

Wuhan Quark Matter 2019
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M TRENTO+VISHNU Bayesian Constraints with Soft Physics

AEVILAFE
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/\.4. Constrain q(E,T) dependence with Hadron Raa

AETSCAPE
(patch-code) Qo parameter switches from MATTER to LBT
Qo CB) (4m\ [ A (F) -In(B)]  C[n(7)—In(D)]
T Y ENE | BT\
[ln(x)\ In (7).
‘O.ZGeV‘
Pure dependence on the  Perturbative scattering
scale of jet when Q>>T  with quasi-particles from
a thermal medium (7)
Q9
o>
0 _ 4o S63) (4w>2 Al (%) -1 (%)) | ¢ m(®) - m)
3 R—™— |\ o 2 2
g AN ()] In (7))

For Q<Qo (LBT-stage), only 2nd term contributes
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/4. Bayesian Posteriors and Parameter Constraints

JETILAPE

non-central

non-central
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A\t MATTER+LBT preliminary q(E,T) forA5-parameter ansatz

JEVILAPE
10 10
- MATTER+LBT 90% CR - MATTER+LBT 90% CR
" LBT 90% CR ~ " LBT 90% CR
ol MATTER 90% CR oL T = 300 MeV MATTER 90% CR
@ JET Collaboration
p =100 GeV
6 -
M
I~
~~
ey
4 -
2 e
ol l l l l l l 0 | | | | l l l
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 20 50 75 100 125 150 175 200
T (GeV) p (GeV)

Consistent with JET Collaboration result

Final result pending improved treatment of experimental systematic errors
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Experimental Systematic Error Table Example

27.4 pb™" (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)

SyStematiC uncertainties [%] 1.6 | | T T T T7T] T T T | |

ATLAS Spectra Rcp Raa Strongest _ C M S SCET; (30-50%) i

Source JHEP09(2015)50 | PHh4+Pb  pp variation 1.4~ JHEP4(2017)039 T
Luminosity 3 3 fu" - CUJET 3.0 (hi+7'50, 30-50%) |
| correlated 1.2 —

(T'An) 1.5-13 centrality ﬁ | | ]
(Thn)/ <T/§(}g80%> 53 19 centrality el Taa @nd lumi. uncertainty i
Jet trigger efficiency 1 3 1 3 pT B - ]
Track selection 10 4 10 10  pr c 0.8 _
Fake and secondary tracks 5 0.5 5 5 pr, centrality 0 6: I
Matching gen — rec 20 15 15 13 pg o -
Unfolding 8 2 4 2 pr 0.4* ‘
pT resolution 20 7 14 12 pr E E
Efficiency correction D 1 4 4 pT, 0.2— ]
| ! - 30-50% -

Detector material 2—6 2-6 7 oLl | | _

1 10 10°
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A Tale of Two Systematic Errors

arbitrary
measurement

Ron Soltz (WSU/LLNL)
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A Tale of Two Systematic Errors
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A more realistic example

arbitrary
measurement

1.4 -

1.2 -

1.0 ¢ g

0.8-
0.6-
0.4-
Sys. Error 1
0.2- fully correlated
0.0 - . . . .
00 25 50 75  10.0
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1.4 -
1.2_ .....................
Y L
0.6 1
0.4
Sys. Error 2
0.2- fully correlated
0.0 1= . . . .
0.0 2.5 5.0 7.5  10.0

quadrature sum
of errors

0.0

2.5 5.0 7.5

Properly treated systematic errors will admit a change of slope

See PRC.77.064907 Type B Errors and others
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Summary

e Comprehensive MC Frameworks provide self-consistent description of Jet-
Quenching (and other soft/hard physics observables)

e Converging on unified description of: Jet, hadron, and heavy quark Raa, XyJ, vo,
jet shapes and fragmentation

e More attention needed for peripheral collisions, pre-requisite for small systems

e Bayesian constraints provide validation for multi-stage approach to jet-quenching
—> more results soon

e Experiments : please provide pr (abcissa) dependence for each systematic error
component and/or full covariance error-matrix
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Thank you !

JEWEL https://jewel.hepforge.org/

M JETSCAPE http://jetscape.org
JETSCAPE

TRENTO http://gcd.phy.duke.edu/trento

.n.-'” 'j} SMASH https://smash-transport.github.io/
l.'.‘i_ T L,

MUSIC http://www.physics.mcqill.ca/music/

IEBE-VISHNU https://u.osu.edu/vishnu

Ron Soltz (WSU/LLNL) Wuhan Quark Matter 2019
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JETSCAPE 2.0 and pp19 parameter settings

« Trento for initial condition

« Free Streaming for pre-equilibrium

- MUSIC (2+1, 3+1), brick, Gubser, Bjorken
« Pythia8, parton gun

- Matter, Martini, LBT, AdS/CFT

Modules in the envelope

« Cooper Frye, Pythia8 string fragmentation, quark coalescence

« Hadronic cascade using SMASH
« Custom and HepMC format output

TRENTO initial condition from (24+1)D to (3+1)D.
Liquifier module to create causal jet source terms for jet energy deposition and medium evolution.

Hybrid hadronization of partons.

Handling heavy-quarks in energy-loss modules.

New features in JETSCAPE 2.0

Handling photons generated in hard scattering and in energy-loss modules.

= Docker portable installation and CLVisc (In private repository)

Ron Soltz (WSU/LLNL)

Wuhan Quark Matter 2019

JETSCAPE PP19

Setting

Value

PYTHIA Hard Processes

PYTHIA version

default 8.230

Initial state radiation ON

Multi parton interactions (MPI) ON

Final state radiation OFF

Hard QCD processes ON

Electroweak processes OFF

Hadronization OFF

Parton distribution function NNPDF2.3 LO
as = 0.13

PYTHIA to MATTER

Parton status code 62

Elx'i?;slvle);ietorggmentum cut for pr > 2 GeV /e

MATTER

Initial shower parton virtuality Qini 0.5pr

Medium induced energy loss ¢ 0

Final shower parton virtuality Qo 1 GeV

Hadronization

Hadron decay cutoff c7 1 cm

Others

QCD scale Agqcp 0.2 GeV
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Old Treatment of Systematic Errors

* We have been treating systematic errors in HEPdata this way
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Improved Treatment of Systematic Errors

e Posterior and Parameters with improved errors
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JEWEL Model Errors

dijet asymmetry in Pb+Pb (/s = 2.76 A TeV)

2.5

1/Neyt dN/d A,

MC /data
=

Figure 19. Uncertainties due to varying the formation time (yellow band) and the pdf (blue band)
on the di-jet asymmetry (LHS) and the azimuthal decorrelation (RHS) in central Pb+Pb collisions.

B T ‘ T 1T 1 ‘ T T 1 ‘ T T 1 ‘ T T 1 ‘ T T 1 T ]
- formation time variation -
B mmmm pdf variations -
| —— JEWEL+PYTHIA default |
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azimuthal decorrelation in Pb+Pb (1/s = 2.76 A TeV)

N formation time variation
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—— JEWEL+PYTHIA default

1.6 1.8 2 2.2 2.4 2.6 2.8 3
A

JHEPO03(2013)080

The statistical uncertainty on the default set-up is shown as error bars in the upper panel and as

the red band in the ratio plots.
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Results: p-p jet cross-section
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Results: p-p jet mass (STAR)

0
L e L R LA B e i 3 LU LA R R L L L A L R
s /M ; ¥ /M :
10-2 I Ww\glnw ] 10-2 I nmr\glmm ]
= 3 JETISLRAPE = 3 JETILRAPE -
_ i ” L -
S 103 — 2 103 -
= - . 2 C -
= 1 = :
~ 1074 | - « 1074 L8 —
o C - g - -
= [ ve.vs5=200Gev - = [ oee.s=200Gev | ° .
"3, 10 = anti-k, R=0.6 . i '?J 10 = anti-ki R=06 . E
-g —6 I p¥}lead >8GeV, p¥fsuh > 6 GeV === = g 10—6 ] p‘]f',tlead > 8 GeV, p¥}sub >6Gevy . -
o OUE il mi<0s, 40> 213 E o OTE il ml<08, a¢>21/3 E
e = - (of) e -
© 107k — © 0L _
= STAR [PI;D 95, no.7, 071103 (2017)] —e— = = STAR [PJI}EI% g% :I())]g ,103111)03 (20}7); —@— =
C JETSCAPE 1.0 (Colored Had.) — i [ .0 (Parton Jet) — i
1 0—8 JETSCAPE 1.0 (Colorless Had.) - - 1 0—8 PYTHIA 8.230 (Parton Jet) ......
= PYTHIA 8.230 ...... = = =
-9 ' T BT T DT DT R A -9 " T TN TR NN T NN AT R A
10 L L L L L L L e e 10 - Tttt 1Tttt
§ 1.5 o § 3F .
o - —— . o
: 1E..... e g o OO _' : 7
S = - I R - T - S - -
o = SN Il il o= . F
52 °F s 'F
m R 0 - 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 m R 0 -
10 20 30 40 50 60 70 80 90 100 10
my; [GeV] my; [GeV]

Ron Soltz (WSU/LLNL) Wuhan Quark Matter 2019



JetScape parton shower graph
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Y
AEVSLERPE Collaboration

I JETSCAPE talks at Quark Matter 2019

4 Hydrodynamic response to jets with a source based on causal diffusion by Y. Tachibana (Tues)

<4 Multi-stage evolution of heavy quarks in the Quark Gluon plasma by G. Vujanovic (Tues)

<4 Multi-system bayesian constraints on the transport coefficients of QCD by J. -F. Paquet (Tues)

4 A comprehensive MC framework for jet quenching by Ron Soltz (this talk)

4 JETSCAPE 2.0: Towards a complete event generator for heavy ion collisions by L. -G. Pang (Poster)
<4 First results from hybrid hadronization in small and large systems by R. Fries (Poster)

<4 Photons associated with jets in p-p and A-A collisions by C. Sirimana (Poster)
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