The Imprint of Preequilibrium in

Jet Flow and Suppression

[2101.01742, 2103.14676, 2402.07869]

=
=655

T §
SE TRy %A@szw-

ERE TN

@
4

—Cl — “/I

Initial Stages 2025, Taipei


https://arxiv.org/abs/2101.01742
https://arxiv.org/abs/2103.14676
https://arxiv.org/abs/2402.07869

Motivation: jet quenching based on coherence

1. Stress-testing the framework

e Inclusive observables: R4, Vs, ...
« System scan: Pb, Au, %, +/s

 Substructure

2. Pushing boundaries

QGP
in large
systems

energy
loss

collective
i\l Collective flow observed in
peripheral AA, pA and pp!
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Jet energy loss framework)
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Energy loss

* Jet spectrum:

med vac
d(’Jet A0je da™* /dpr
deSD(s pr,R) ————— Ry=——-
d(pr+e) dov?¢/dpr
jet loose € jet is created in vacuum
energy (factorization: Qmeq <K prR)

e 1-parton losing energy:
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Energy loss

* Jet spectrum:

med vac
d(’Jet A0je da™* /dpr
deSD(s pr,R) ————— Ry=——-
d(pr+e) dov?¢/dpr
jet loose € jet is created in vacuum
energy (factorization: Qmeq <K prR)

e Jets = many partons: more energy loss.

Only resolved and color decohered ones lose energy.

[Mehtar-Tani, Tywoniuk, 1707.07361]
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Quenching framework

e  Vacuum jets: EPPS21 NLO nPDF + MadGraph NLO pQCD + LL Pythia (+ NPC23 NLO FF).
* Induced radiations: LO HTL (brick) + Improved opacity expansion.
* Elastic energy loss & medium response.

"+ Fluctuating hydro and path lengths
JIMWLK + IP-Glasma + MUSIC + UrQMD [Mantysaari,Schenke,Shen,Zhao 2502:05138|

* Preequilibrium quenching:

new
A

Hydro attractor form EKT

 Bayesian fit of all R44 and v, data. jETscape/STAT

&. Predictions for hadrons.
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Quenching framework

* Preequilibrium quenching:

new
A

Hydro attractor form EKT

\.
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Pre-equilibrium quenching

[Almaalol, Kurkela,Strickland, 2004.05195]

_ Ay — == crenkmmed®
* Usually: no quenching before 7,4 = 0.4 fm. \\ T g ordergrdenten
1t
v, is known to be sensitive to starting time! 05
\J}
[Andres,Nestor, Luzum,Salgado,Zurita, 1606.04837] o
[Andres,Armesto,Niemi,Paatelainen,Salgado, 1902.03231] 0z _/ et
) . . . . 0'1 '
* { increases going backwards in time.
[Ipp,Muller,Schuh, 2009.14206]
[Avramescu,Baran,Greco,Ipp,Muller,Ruggieri 2303.05599] 10 ‘ i — hvd‘m rtttr%mr‘
[Boguslavski,Kurkela,Lappi,Lindenbauer,Peuron 2303.12595 | :';‘_. ideal h;,dr;
8 PNV e free streaming
 Extrapolate 7' with hydro. attractors: gl Gined = 14, Thya = 0.6 GeV |
0 :
> .
e
T(T < Thyd) = fattr(T' Thyd) s
[Giacalone,Mazeliauskas, Schlichting, 1908.02866] 2l
B0 0.1 0.2 0.3 0.4
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Bayesian parameter estimation

: 1.6 oA c
Lo.ol =1 only R ] Fitting only jet Ryy:
I Rm &2 15}
7.5} . o * little constraint on preeq!
£1.4f =
>0 ° * lat hing «» smaller
ater quenching «» smaller g 4.
2.5} 1.3¢
%80 0.2 0.4 90 0.2
Tmin Tmin
1.6
o 0 o 151
Simultaneous fit of jet Ryy & v,:  15¢ 1
* constraint on preeq! st
. . . 1.3} 5
*  Quenching starting time
- 19.0 0.2 04 92 14 16 e i
Ut Thyd Toin Ormed Tmin: €arlies quenching

Imea: jet-medium coupling
(Sensitivity to other parameters is in 2402.07869)
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Posteriors
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osteriors
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Jet cone
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Posteriors and predictions
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Predictions: hadron R , ,
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Predictions: hadron wv,
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Refinements are necessary in the model, e.g. correlated jet production.
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Towards small systems: 00
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Baseline studies in OO

1590 Voyny =68TeV antichy R=04 |yul <3.0 | 1590 Voyy = 6.8 TeV  antirky R =04 |1 <28
1.2 1 . away-side
1.1 i
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114 14
2 . v A X ‘J X At =
o L0 PR A A o I = 10 —
e QLG V 3 V4w 8 ;
0.9_ e, io 100 L — : /
0.8 MadGraph5_aMCONLO + Pythia8 MadGraph5_aMC@NLO + Pythia8
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Preequilibrium in OO

I No quenching
B 00: 0-30%
B OO: 30-100%

0.7 OO/pp @ 5.36 TeV

inclusive jets: Rap, = 0.4, |15t < 2.1

EPPS21 + NLO QCD + coherent energy loss
06520 50 100 500

Py [GeV]

* 68% Bayesian parameter confidence
* 68% nPDF confidence
* Clear quenching signal below 100 GeV!

Adam Takacs (Heidelberg)

0.03
E 0O: 0-30%
B OO: 30-100%

0.02

0
OO/pp @ 5.36 TeV
inclusive jets: R, = 0.4, [njet] < 2.1
EPPS21 + NLO QCD + coherent energy loss
—0‘0% — x
0 40 50 100 500

P [GeV]

* nPDF unc are less of a problem for v2!
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Preequilibrium in OO

1.2
1.1
1.0 '
ik &i\’
WS ° 4
23091 ool ° ]
[ ]
Ry
0y
0.8f o® |' B No quenching
[ ]
- 00: 0-100%
¢  CMS Preliminary

0.7 Ybp Q@ 5.36 TeV

Inclusive charged hadrons: |nu:| < 2.1

0 EPPS21 + NLO QCD + coherent energy loss + NPC23
'Clo 20 50 100 200 400
Pl [GeV]

* 68% Bayesian parameter confidence
* 68% nPDF confidence
* Clear quenching signal below 30 GeV!
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0.03 . .
E 0O0: 0-30%
B OO: 30-100%

0.02

= 0.01

! OO/pp @ 5.36 TeV
inclusive charged hadrons|! :| < 2.1
EPPS21 + NLO QCD + coherent energy loss + NPC23
B TRy 50100 200 400
pY [GeV]

* nPDF unc are less of a problem for v2!
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Summary: jet !y & "

Powerful semi-analytical framework:

Good agreement with data: vs pr, R, %, /s, (Pb,Au,0)

Bayesian extraction of initial quenching time = 0.3 fm.

Jet quenching in small systems (00):
R,, prediction for CMS.

More measurements on the go.

Outlook:

Systematically improvable: e.g. elastic energy loss in small medium, MCMC

Other observables: NeNe, pA, substructure
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Thank you for your

attention!
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Motivation: jet quenching based on coherence

1. Stress-testing the framework 2. Pushing boundaries

185! NJI'™ < 250

4 subevent

e Inclusive observables: R4, Vs, ...
« System scan: Pb, Au, %, +/s

e Substructure
*pPb 8.16 TeV
o PbPb 5.02 TeV

10 12 14 16 18
p_(GeV)

[CMS, 2502.07525
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Energy loss

1.2 " : —
Go = 0.08 GeV3, L =4 fm, pn = 0.45 GeV 10
r0.8
g 0.6
:O‘: 06 [ Y . Cd
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0-9¢1 102 10 104
pr [GeV]
[AT, K. Tywoniuk, 2103.14676
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Energy loss

e Jet with 2 parton (medium resolution [Mehtar-Tani, Salgado, Tywoniuk, 1102.4317})2

-~y |U. <Yy two sources (more Eloss)
>= N -
el b Uy <V, one source

* all sources: collimator resummation [Mehtar-Tani, Tywoniuk, 1707.07361]

ac

V)

09P;(v,9) = jdzd - Oyes|Pi(zv, )P, ((1 — 2)v,9) — P;(v,9) |

Laplace tf: P, 9) = f de P;(e)e™"¢
0
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Energy loss

1.2 " " —
G =0.08 GeV, L =4 fm, g = 0.45 GeV 10
' mea=0.3,Top=0.45GeVn=5 '
1.0F-" ed = Moy 0T Y P T S
a8 08
0.8
T 0.6
= 06 x
g, more eloss 04
© source 1 '
0.4+
0.2
oz” Q%
— Qs 0.0
0.0 17 16 10t
pr [GeV]

[AT, K. Tywoniuk, 2103.14676
Adam Takacs (Heidelberg)
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Preequilibrium in OO

12 " " " " 0.03 " "
B 00: 0-30%
.20 0
11l B OO0: 30-100%
0.02
1.0 —
w < - =
& 09 — - (.01
I No quenching
Bl OO: 0-30% 0
B OO: 30-100% | OO/pp @ 5.36 TeV
usive charged hadrons|! y: | < 2.1 inclusive charged hadrons|! :| < 2.1
EPPS21 + NLO QCD + coherent energy loss + NPC23 EPPS21 + NLO QCD + coherent energy loss + NPC23
20 50 100 200 400 0.0%5 20 50100 200 400
By’ [GeV] pl* [GeV]
* 68% Bayesian parameter confidence * nPDF unc are less of a problem for v2!

* 68% nPDF confidence
* Clear quenching signal below 100 GeV!
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Preequilibrium in PbPb

16— e 0.1 ——————————
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Some changes in Raa!

* More important for smaller systems
no quenching preeq
before !y quenching
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