Jets with preequilibrium quenching
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Introduction:

Precision with jets
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Precision with jets

o Jet observables = scattering amplitudes

do o)
o= [ den 135 (0 - O, .. 0)
n=0
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Precision with jets

NNLOJET ATLAS 7 TeV, ,:-mti-kT jets, R=0.4,1.5<ly*1 <2.0 E NLEEO
o Jet observables = scattering amplitudes sl ™ ESE
05 ; u=F;T — _'L_\_,—\_._,—-_,_‘_‘_\—’_' — E
dO‘ 2 ~ g5 o =
n=0 °s = . ‘12,3 2a0° 3x‘1o#5;1¢‘;
m; (GeV)

) [NNLOJET 1807.06057]
o Separation of scales (& IRC safety):

Qrara > 0 > Agcp
(~ TeV  ~10-10°GeV  ~ 0.1-1 GeV)

e fixed order: LO = NLO — N2LO ~10% accurate

(distribution of jets)
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Precision with jets

o Jet observables = scattering amplitudes

do 5
5= z j dD,, | M| 8 (0 = 0(py, ---,pn))
n=0

o Separation of scales (& IRC safety):

Qnara > 0> Agep
(~ TeV ~10-10°GeV  ~ 0.1-1 GeV )

e fixed order: LO = NLO — N2LO ~10% accurate

(distribution of jets)

e resummation: LL = NLL — N2LL ~10% accurate

(substructure of jets)
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1/oda/dv

ratio to data

ratio to data

ratio to data

NNLOJET  ATLASTTeV, antik, jets, R=04,15<ly'1<20 = NLE(EO
— — : — —no
c u:m“ B
= TrreTrErEeTrree =
- ——+ 1 ———
Y _'_,_\_,—\_._,—._,_'_‘—\J_' E
= L . . —

5x10? 10° 2x10°  3x10° 5x10°
m; (GeV)

[NNLOJET 1807.06057]
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Precision with jets
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[J. Gebhard, A. Mazeliauskas, AT, 2410.22405]
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Precision jet quenching

o Jet observables = scattering amplitudes

do )
E = Z) j dq)n (lMAA—ﬂllz)med 6 (0 - 0(p1' ’pn))
n=

o Separation of scales:

?
Qhard >0 > Qmed > AQCD
(~ TeV  ~10-103GeV ~ 1-10 GeV ~ 0.1-1 GeV)

* In-medium fixed order & resummation

e  Medium evolution
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Jet modification in the QG
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Introduction

» Separate hard and background fields (q = q, + qo, A = Ay + 4p)

Locp(q,A) = L(qn, Ap) + £(qo, Ao) + Line(qn, An, 9o, Ao)
— L(qn, An) + 9qn{)qn + gAn{)Ax

* Dressed propagators (and vertices):

———Pe— = e—— ]
g g g > Medium
TR - o000 T f% Feynman rules
J
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Introduction

Adam Takacs (Heidelberg)

Goal: (1 ...n|AA)

A

High energy probes of the initial stages

11



Introduction

» Separate hard and background fields (q = q, + qo, A = Ay + 4p)

Locp(q,A) = L(qn, Ap) + £(qo, Ao) + Line(qn, An, 9o, Ao)
— L(qn, An) + 9qn{)qn + gAn{)Ax

* Dressed propagators (and vertices):

> Medium

TR - TOOT + fcmgm f% Feynman rules
J
* Models for the background (J(x*)):

o Equilibrium plasma (T 2 Agcp) [HTL, EQCD — AMY, EKT]
@) Color—charge distribution [MV-model - CGC, BDMPS-Z (also Glama and hydro)]
o Non-perturbative “kernel” [Bayesian fits, EFT]
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Introduction
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Goal: (1 ...n|AA)

A
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Introduction

Goal: (1 ...

n|AA)

Q

n-1

“In certain limits.
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Introduction

Recently also 1-3 and 2—3.
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Medium-induced emissions
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dr ~ drvec  drmed

dzd9 _ dzdd | dzdo
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Medium-induced

e1missions

dI B dlvac dlmed

dzd9 dzdd T dzdd9

—

drr*c  ay2C; 1
dzd9  mw z ¥

soft & collinear poles!
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Medium-induced

e1missions

dI B drvec dlmed

dzd9 dzdd T dzdd9

0\

drr*c  ay2C; 1
dzd9  mw z ¥

dInee
L =~
dzdJ

g ZCL

%

0, if zOE > gL,

soft & collinear poles!
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soft poles!
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/ “B(z,9), else.
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Medium-induced emissions

%

I _dre drmed 9
dzd9 dzd9 dzdd

0\

0, if zOE > gL,

vac med
dIf*e  a,2C;1 et )
dzdd m z ¥ dzdd = — / ~B(z,9), else.
m z \NzE
soft & collinear poles! soft poles!
‘_f‘ +‘_@gﬁe‘ .= 2 |
N

-
collinear resummation = jet e
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Medium-induced emissions

%

I _dre drmed 9
dzd9 dzd9 dzdd

0\

0, if zOE > gL,

vac med
dIf*e  a,2C;1 et )
~ ~ S l Cc
dzd9 @w z 0 dzdV / B(z,9), else.
T 7z \NzE
soft & collinear poles! soft poles!
2 2 == 2 2 y—)//
R e R N R o
S o N ! ) tﬁ\
collinear resummation = jet soft resummation = cascade
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Jet energy loss framework\
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Energy loss

* 1 parton, 1 emission:

Many emissions:
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I, (w) = f dy —— + virtual
95R

PO () = z ll_”dw] I (w;)| 6 & -
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Energy loss

* 1 parton, 1 emission:

I, (w) = f dy —— + virtual ::: ' :
o 9>R Ot
Many emissions:
o n n -,
?(0)(8)_2—' l_ljdwjl>(wj) 6 8_20)] \\:\ l‘ :
n=0 | j = ~u
e Spectrum:
damed . do?ac
= | deP (e)
dpr OJ d(pr+e)
do.med/de

Rypy=——7—7-—
AA dovec /dp,
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Energy loss

101t Go=0.08 GeV3, L =4 fm, pu = 0.45 GeV |
Qmeq = 0.3, Ty = 0.45 GeV
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GE
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[AT, K. Tywoniuk, 2103.14676]
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Energy loss

e Jets contain many partons.

2 sources up to medium resolution [Mehtar-Tani, Salgado, Tywoniuk, 1102.4317]:

0. _ |9. <Yy two sources (more Eloss)
|99 <9, one source
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Energy loss

e Jets contain many partons.

2 sources up to medium resolution [Mehtar-Tani, Salgado, Tywoniuk, 1102.4317]:

0. _ |9. <Yy two sources (more Eloss)
|99 <9, one source

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

ac

Ores [:]5] (zv, ﬂ):ﬁk((l —zZ)v, 19) - .731' v,9) ]

60?(Vﬁ)_ded a9

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

Adam Takacs (Heidelberg) High energy probes of the initial stages

26


https://arxiv.org/abs/1102.4317
https://arxiv.org/abs/1707.07361

Energy loss
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Go = 0.08 GeV3, L =4 fm, pu = 0.45 GeV 10
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[AT, K. Tywoniuk, 2103.14676]
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Quenching framework

 Vacuum jets: LO + LL + nPDF
* Induced radiations: LO HTL (brick w T) + HO + 1% opacity

* Thermalized energy can be recaptured (med. resp)
[Mehtar-Tani, Soudi, Schlichting, 2209.10569]
* Elastic scatterings

 [P-Glasma + MUSIC 4+ UrQMD
[Schenke, Shen, Tribedy, 2005.14682

* Fluctuating hydro and path lengths
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Phenomenology with Pb
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RAA ObePb

14 R=0.4 we )
t ALICE e ;
1.2 F CMS —=— 7
| ATLAS —a— | do™e? /dpr
1 AA — davac/de
j 0.8 F 7
&} Only data we fit!
0.6 | * g=15
4 o GeV?
ol > G=08 m
_ > §/T®=9
0.2 -
- PbPb /s = 5.02 ATeV, [n| <2 1 Good agreement!
100 1000
Jet pr [GeV]
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cone size

T T
14 R=0.2 T r R=0.6

ALICE —eo— ALICE
1.2 ATLAS = AL L oMS
CMS —=—
1
3 0.8 | % 4
&
0.6 [ p S tT1

0 T
14 R=0.8 1 R=1
CMS CMS
12k il ]
. Good agreement! (no refitting)
<08} * pr-dependence v
& * R-dependence v
0.6
04 | + i
What we learned:
v ! | *  Ry4(R) ~ radiation vs resolution
0 100 1000 100 1000 “coherence”
Jet pr [GeV] Jet pr [GeV]
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R, , vs centrality

1 :
0.8 - i
T
0.6 F
s
oal - | Good agreement! (no refitting)
0-10% | centrality v/
20-30%
02} 40-50% 1 What we learned:
[ R=04 60-70% | ¢ Ry4(%) ~ average path lengths
PbPb /5 = 5.02 ATeV, |n| < 2
O N N N PP | N N N N N o
100 1000

Jet pr [GeV]
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v, 15 R 4,4 with azimuth

o Jet flow:

d
f do cos(n(go 60)) e

et /de

Un =

* v, is a path length derivative:

" _1R4a(Lin) — Raa(Lout)
" 2 RAA (Lm) + RAA (Lout)
AL 1 ARy, 4

~ .

4 Ry, AL
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v, = R, , with azimuth

Jet vy

O.]. T T T T T T T T
0-5% m— 5-10% 40-50%
0.08 L 10-20% 20-40% ATLAS
0.06 /s=5.02 ATeV L R=02 L gl <12
0.04 ~ - -
0.02 - + = }
02— - Rl
¥ I
O F | I
0.02 | 1 1
50 150 250 350 50 150 250 350 50 150 250 350
Jet pr [GeV] Jet pr [GeV] Jet pr [GeV]

Good agreement! (no refitting)

* ppr-dependence
* %-dependence
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What we learned:

*  Path length differences v, ~ %RAA

jet flow vy «» energy loss Ryy

34
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Jets with preequilibrium quenching

[Almaalol, Kurkela,Strickland, 2004.05195]

5 TR EKT evolution (RS) ()
\ ———— EKT evolution (CGC)

* So far: no quenching before 7,4 = 0.4 fm.

« Extrapolate with hydro. attractors to 0.1 fm:

e(r < Thyd) = fatt (T, €hyd (Thyd))
[Giacalone,Mazeliauskas, Schlichting, 1908.02866]

10 T T
hydro attractor
ideal hydro
SN e free streaming 7
= — T = = p y N7
vT T < Thyd - — vhyd Thyd £ Gmed = 1.4, Tiya = 0.6 GeV
=
Thyd 3
gy 4
[Keegan,Kurkela,Mazeliauskas, Teaney, 1605.04287] ©
2
8.0() 0.05 0.10 ().‘15 l).‘QU 0.125 [].:’3() U.“JS ().Lll)

7 [fm]
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Preequilibrium in PbPb
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Raa

1.4
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0.8

0.6

0.4

0.2

[ w/ prehydro 1
- —— w/o prehydro T
We refit the same data:
i | * g=15-gy/pre = 14
"""" ~ GeV?
i i > Quspre = 0.8 ;m
A 3
| 40-50% | > CIw/pre/T ~ 9
i R=0.4 |n| <2 Not h ch ]
? mucn change:
0-5% Pbe /s =5.02 ATeV &
100 1000
Jet pr What we learned:
*  Peripheral is more sensitive
*  The effect is small.
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v, = R, , with azimuth

Ol T T T T T T T

0-5% 5-10% | 40-50% =
0.08 L w/ prehydro 0-5% o000 | w/ prehydro 5-10% i w/ prehydro 40-50% socooo |
10-20% 20-40% ATLAS
i w/ prehydro 10-20% xoooc w/ prehydro 20-40%
' Vs =5.02 ATeV, PbPb R=0.2 In] < 1.2

g 0.04 F 8 1
. 0.02 %
oyt
it t
0.02 - 1 1 1
50 15IO 25IO 35IO 50 15IO 25IO 35IO 50 15;0 25IO 35IO
Jet pr [GeV] Jet pr [GeV] Jet pr [GeV]
Some changes! What we learned:
(one should fit 1) * jet flow v, > energy loss Rya
*  Preequilibrium can matter
° Small effects no quenching preeq.

before py,q quenching

Adam Takacs (Heidelberg) High energy probes of the initial stages 38


https://arxiv.org/abs/2111.06606

Phenomenology with O
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Preequilibrium in OO
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— w/o prehydro

00 40-50%

PbPb 0-5%

..‘llii i {
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M|
100
Jet pr

1000

Some changes!
(one should fit 7)

What we learned:

* Still a small effect for Ryy

* In smaller systems preeq is
more important



Preequilibrium in OO
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0.05 ————— ————
ooa L == w/ prehydro OO
' — w/o prehydro OO
0.03 |-

0.02

Jet vy

0.01

—0.01

Jet pr [GeV]
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Some changes!
(one should fit 7)

What we learned:

* v, is slightly change

* In smaller systems preeq is
more important v/

i : 1000



Summary: jets with preeq. quenching

Powerful semi-analytical framework
Exceptional agreement with data: R s & v vs pr, R, %,+/s, (Pb, Au, 0)
All ingredients improvable.
Extending hydro fields with attractor scaling
Preeq. resilient: large ions (Pb, Au): Ryy, v, even for peripheral
Preeq. sensitive: small ions (0): Ry, V5, v3 even for central

Future: Glasma parametrization?
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RAA at RHIC
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