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QCD Parton model in vacuum

QCD factorization theorem (leading twist):

do(A+B — C+X)=],,(x,. Mp%) & 15X ﬂ%) &® do,pa(O . Hg) @ D¢y (2., M )

Perturbative QCD (pQCD) is used to calculate Factorization scale /i,

Renormalization scale ;i

® Partonic cross section

12 M) Non-perturbative, universal

Fun (i 12) ® Parton distribution functions (PDF)

LR
.......
L4
L 4
*

® Fragmentation function (FF)

S
%
L J
I
4,
na,
Nag,

JorB(Xps ﬂ%)

> Jet: access the whole shower of initial parton
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QCD factorization in medium

QCD factorization in vacuum:

dG(A + B — C + X) — fa/A(xaa M}z?’) ®]C[9/B(xba /’t}%’) ® ddab—md(Qz . /’tR) ® DC/C(ZC’ Mz)

l Parton-medium
interaction

Assumed QCD factorization in QGP: l
do(A + B — C+ X) |geometry = f cf‘,f(xa,ﬂ%) X l’j‘/f(xb, /4;27) X d%b_)cd(QZ Ug) @ P c—>c’(TQGP) ® DeyAzen M 2)

Medium | Medium-parton interaction | | Models |
Weakly coupl roach :
y upled approac assumption R — ;
. ] PQCD Eijoss BDMPS-Z
. ® Elastic + Inelastic i Poisson ansatz ;
& y === . GLV
“‘quasi-particle” B .
in medium 5 5 : : - :
Static center . Sum of multiple soft | 5 Evolution equations i AMY
scatterings g Y : SCETs
Parton shower JEWEL
Equilibrated
Portiialie Opacity expansion / """"""""""""""""""""
higher:ingl Boltzmann transport | LBT
Gener-| E,................................................'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'i LIDO
MERR ' Langevin transport :
QG P Single gluon . Multiple gluon
radiation radiations

| ** Many models are more advanced than shown here
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QCD factorization in medium — Cont.
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QGP

QCD factorization in vacuum:

do(A+B = C+X) =|f /.(x,, /4}27) ®fb/B(xbn“1%)

/

Weakly coupled approach

Assumed QCD factorization in QGP: l
dG(A +B— C+ X) |geometry = f;‘f(xa, /4]%) 03¢

® Quenching formalism: BDMPS-Z, GLV, AMY, SCETg etc.

® Transport: LBT, LIDO etc.

Strongly coupled approach
® Holographic “jet”

e Strong/weak coupling hybrid

Qipeng Hu (LLNL)

ot JHEP 05 (2016) 098

® daab—)g‘d(Qz . MR) ® DC/C(ZC’ M2)

l Parton-medium
interaction

;};Z(xb’ :ul%) X daab—wd(Q2 -MR) ® P c—>c’(TQGP) X DC’/C’(ZC’a M 2)

Multiple scales involved:
e Vacuum QCD scales: ur, Up

o Medium scales: T, Apeq, Ly
2

e [eading parton: m=, r |, etc

med’ h etc.

boundary 4

'/
S ///«\t\w

horizon / hydrodynamic
AN modes

N\

falling string

Weak
coupling



https://link.springer.com/article/10.1007/JHEP05(2016)098
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ATLAS detector

Simplified ATLAS detector geometry

Muon detector

. R

HCal Barrel \m

// =

y. i

Y 4
;7—qu

EMCal Barrel

LAr — - LAr forward (FCal)
................................. . ... Centrality, event plane

Inner Tracker

= ]” H ] | I scT 2017 pp collisions, 5.02 TeV, f Ldtr =272 pb_1

=111 Pixel 2018 Pb+Pb collisions, 5.02 TeV, [Ldt = 1.76 nb™!
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Centrality

Low activity

Low Number of binary
~ 50

Event fraction

LS
Energy deposition in FCal

Peripheral collisions MinBias Pb+Pb collisions
Centrality 50-80%

I I I | I I I I | I I I I | I I I I | I I_
- ATLAS -
3 1 T3
- 50-80% Pb+Pb 5.02 TeV, 0.49 nb -
107 \
B ¢ SR
i 0-10% ‘%ﬁh *\%
10_3 g_ \
- Central collisions
10 i Centrality 0-10%
—5 _I Lue | | | | | | | | | | | | | | | | | | | | | | | I\I | | I_
107775 1 > 3 4 5
SE_[TeV]
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Phys. Lett. B 789 (2019) 167

10% events with highest activities
High Number of binary collisions ~ 1600


https://linkinghub.elsevier.com/retrieve/pii/S037026931830950X
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Jet reconstruction — Heavy ion version

Phys. Lett. B 719 (2013) 220-241

:

(4

Energy deposition

» Calorimeter Cells

|

I: Calorimeter Towers
CalorieTeter IE l Area based UE subtraction
j :. Subtracted Towers
I: Anti-kt jet clustering
E Calorimeter Jet
I: Jet calibration
: Unfolding
. «
Track jet :: p%aamcle jet p;alibrated jet

Qipeng Hu (LLNL)


https://www.sciencedirect.com/science/article/pii/S037026931300049X
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Jet performance in heavy ion collisions

JES

arXiv:2205.00682
1 _1_ T T T T T I. T T T u o 05 = T T T T .I ] . I- T T T = ATLAS_CONF_2015_016/
1 08F- ATLAS Simulation anti-k, R =0.4 E = 0450 ATLAS Simulation anti-k; R=0.4 E
"UE sy =5.02 TeV ml < 2.1 - TE Y sy =5.02TeV ml < 2.1 -
1.061— Pb+Pb: Data Overlay — 0.4, , Pb+Pb: Data Overlay =
1.04 pp: PYTHIAS — 0.355 . pp: PYTHIAS8 =
1.02— * o 0 4 — 03" o° e 0-10% =
-8 200522 e 0 - LI o 10-20% -
1§+Smw§5§§8&$wé““uaa.z 0.258* % . " oo a0 E
0.98 & e 0-10% 7 02F ., 0 ".° . 0 40 - 60% =
o o 10-20% . =, O R : o ® ¢ 60-80% =
0.961% = 20-40% - 015 vy Yoo maoss, * E
B O 40 - 60% _ [ 2 3 O g " (.) (.) 8 _
0.94:— . 60805 — 0.1 FAyo o0 E E N 500 = R y/pa— , , | :
0.921— . _ 0.05E LN Y= ‘" 1.3F ATLASPreliminary _, pgatg E
Tor i - YR - ~  1ob 03<lyl <08 _ E
0.9_ 1 1 1 Lo 1 1 1 1 | O_ 1 1 1 Lo L 1 1 1 u o ] 15_ —=— Pyth|a8 _E
40 50 60 10° 2x10° 40 50 60 10° 2x10° ~ E
pI" [GeV] pI" [GeV] 0.9F s t * t E
0.8 anti-k, R =0.4 Hl jets =
i 0.7 Data 2013, \s =2.76 TeV, 4.0 pb” E
Jet Energy Scale (JES) Jet Energy Resolution (JER) ggb_ oo Eel FhATR :
12 J T T T
ci) 1.4t === Cross calibration — Data/MC
s 1 . - \ :
8 09t
' 0.8— ' ' —
S'mUIa_ted 50 60 70 80 90 107
QCD jet P! [GeV]
UE MinBias Good Data/MC agreement
Pb+Pb data
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https://arxiv.org/abs/2205.00682
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-016/
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Measuring jet quenching

PLB 790 (2019) 108

pp spectrum

Jet yield ~ unquenched spectrum
Raa Jet production: heavy ion (A-A) collisions vs. pp collisions
x [N P
A-A : :
spectrum Nuclear R per—NN yleldS in A-A
modification factor AA yleldS in pp
pT Raa < 1 due to jet-QGP interaction: jets in A-A collisions
N » are suppressed / quenched
- pp spectrum
Jet yleld ~ unquenched spectrum PT
Raa depends on:
®
s Energy loss
spectrum ® Jet spectrum before quenching

pPT Qipeng Hu (LLNL) 10


https://www.sciencedirect.com/science/article/pii/S037026931830995X
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PLB 790 (2019) 108
Phys. Rev. C 98 (2018) 024908

What we learnt from inclusive jet quenching

1 &y, Phys. Rev. C 100 (2019) 064901
Modifications in Spectrum Modifications in jet fragmentation 271"« N dpiicdr
< T T T ] g ' T T T T 2.5 T — T = — Rp = Dpppyp/D
D:< ATLAS antl-kt R =0.4 jets, m =5.02 TeV | ATLAS ly 1 <2.1 anti-k, R=0.4 jets | o i ) il 12|6 < plet| < 158|GeV )
Ao E',:, """"""""""""""" "l —~ I i a - Bb+<PD AR(trk, jet) 49 nb! ! 0-10% -
¥ Q | 1 @ — - . O
| _ = o | 41-pp (s =5.02 TeV, 25 pb™ anti-k, R=0.4 _
s [E E+:|:+:I | mQ . m 1.0<p_<1.6 GeV
¢ 1 ‘ g 316 < p’ft < 398 GeV : B ! i
_ A 1O.O<pT<25.1 GeV .
15 |
: | | [ ] | - — —
| e ] - o1 -
1 e S : | L] i _
lyl <238 = 510-10% | - w\u/ <
2015 data; Pb+Pb 0.49 nb™", pp 25 pb i - _1 | & \J
. . +Pb, ‘/ﬁ=5.02 TeV, 0.49 nb™, 0-10%
| ll.l“.<T.AA.> elmld Iumlnosnyluncer.l ' [+160 - 70% | 0.5 P, i1=502Tev, 25 pb" b - -
] Lo Lo L RN T T AT A T T N T T AT T T T O M S A
4060 100 200 300 50°p | Ggi’/‘? 1 10 107 ® 01 02 03 04 05 06 07 08
. .
| | | PT [GeV]
Jets are quenched in Pb+Pb, suppressed by a factor of 2 in central collisions op jet Quenched jet
Quenched jet:
J Soft fragments Soft fragments
® Suppressed and narrowed hard fragments
rd fragments fragments
® Enhanced and broadened soft fragments =
Next generation jet quenching measurements to directly — Jet cone —; — Jet cone—

probe different scales: A, .4, m?, Lpath, etc.

Qipeng Hu (LLNL) 11


https://www.sciencedirect.com/science/article/pii/S037026931830995X
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.024908
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.100.064901
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R dependence of jet qguenching

‘%:% 2; Pb+Pb |5, = 2.76 TeV 0-10% - Phys. Lett. B 719 (2013) 220-241
ob 18f f Ldt=7ub’ ATLAS -
C - ’
1.6 4 R=0.5/R=0.2
C/\T B I | I I I | I I I | I 1 | I I I | I I I | I 1 | E * * * R — 0 5 E
S 1.4~ ALICE Preliminary, 0-10% Pb-Pb |5, = 5.02 TeV — 1.4 * + -
& | Ch-particle jets, anti-ky, n | <09-R _ I . SRR * + |
=12[ - 2f . {r :
Se: i : 1 2: :l‘:_ i i E
= [ _ : E
d 1:1.1..1..1..1..1..1..1.r..n.n.n.n.n.n.n.n.n.n.n.n.n.n.n.ri. m e m ] e AR A A AR AR RN AR N RN EAREEEAREEEEEEAREEREEEEREEEEE
Il u _
x| . - -
308_ I I I | 1 08 : : : : : : | :
=T | ) 40 50 60 70 100 GoV) 200
] ) e
0.6/ - P
oal - Different UE estimations: vS. Area based (ATLAS)
- i Different Jets: vS. calorimeter jet (ATLAS)
0.2~ ALICE Data JEWEL w/o Recoils ]
- LIDO Hybrid Model w/ Wake -
B I | I l l | | | | l l l | L1 I | l l l | | I l ]
720 40 60 80 100 120 140 | |
Pr et (GEV/C) Lager jet radius:

® \\Vider area to recover lost energy

® Open phase space to jets with wide splittings

Qipeng Hu (LLNL) 12


https://www.sciencedirect.com/science/article/pii/S037026931300049X
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Jet quenching — substructure dependence

Phys.Lett.B 725 (2013) 357-360

Jet quenching dictated
by color coherence

Medium color coherence scale Amed

® Partons with separations below the scale — radiate as a single parton

/ \\ Medium color coherence — Jet quenching depends on hard splitting of
leading parton

Control jet substructure:
® [rimming of R=1.0 jet

e Soft drop grooming of R=0.4 et
QGP

Qipeng Hu (LLNL) 13


https://linkinghub.elsevier.com/retrieve/pii/S0370269313006102
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Raa of trimmed large-R jet

ATLAS-CONF-2019-056

_— . : < rr 1 """ 1 "1
rimming procedure o - ATLAS Preliminary
| | | | | Pb+Pb 1.72 nb™", pp 257 pb™, 5.02 TeV -
1. Cluster Anti-kt R=0.2 jets to form Anti-kt R=1.0 |et 1 5L ¢ 0-10% _
. . . . i m 10-20% i
2. Recluster R=0.2 jets in R=1.0 with algorithm to get kt splitting scales I A 20-40%
+ 40-60%
" ' 60-80% .
.. s ; | R - =il =-
Vdip = min(py 1, pry) X ARy, LA L+ m R
60-80% A -
n L4+ ¥
UE contribution o T *
AR suppressed by 0.5 N —
- using R=0.2 jet y &.., y ‘& A - ‘ A A t A
as constituents _ D Bl B - e °
v ” - y]<2.0, 200< p_<251 GeV
0-10% - Reclustered R = 1.0 jets 2
I 1 1 1 1 I 1 1 1 L I 1 [ 1 1 I 1 U
So 50 100 150
v \d., [GeV]

Single sub-jet (SSJ):
Two distinguished classes of jets:
e+/d, > 0, more suppressed, weakly depend on4/d, value, r; > A .4

o \/d;, = 0, significant less suppressed, r;| > A g+ F| < A g

Qipeng Hu (LLNL) 14


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-056/
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Jet grooming procedure

To further access AR, < 0.2, jet grooming is used:
1.Jet finding: R=0.4 Anti-kT jet

2.Reclustering: C/A cluster sequence

3.Declustering: Soft drop grooming with z.,, = 0.2, =0

prong1
Update
Sﬁ&sg’;ﬁzz Recluster : Remove if fails
R=0.4 Anti-kr jet flow alg with C/A \ soft drop
using Calorimeter > — —
towers (0.1X0.1) min(py 1, Pro)
if — > 027
Pr1+Pr2

Continue until
branching passes

(¢ — 6’52)2 + (1 — ’72)2

\

Groomed radius

Schematic sketch from A. Larkoski min(pr,;, Prp)
w/ modifications pr1t+pPro

> 0.2

Qipeng Hu (LLNL) 15
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Raa of groomed jets

ATLAS-CONF-2022-026

< I L L e
o - ATLAS Preliminary ]
L Pb+Pb 1.72 nb™", pp 257 pb’, 5.02 TeV i
1 51 ¢ 0-10% -
} 12_IIIIII|. I I IIIII| I I_ - -
o “l ATLAS internal 0-10% | - .
. pp 5.02 TeV, 260 pb™ anti-k; R =0.4 jets, lyl <2.1 _ i _
- Pb+Pb5.02 TeV, 1.72 nb" Ze1=02,5=0 - i |
1_ __________________________________________________________________ J—
1.0f -

0.8

05— -

ool by
: _._pT>158GeV : ... ® ® ® ® :
0-4__ = 158 <p_ <200 GeV i I_V|<20, 200¢< pT <251 GeV )
; T - Reclustered R = 1.0 jets -
— 1 1 1 1 I 1 1 1 1 I 1 U
0o TH200<P <SISGY ﬂ%\ 50 100
i (V4
. % 315<p_<501GeV \/d12 [GeV]
i | | I I | | I T I | | |
0003 0.01  0.02 0.1 0.2 0.3
Ig
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-026/

<
<
QC

rq = 0: jets failing
SD conditions

Ungroomead
iInclusive jet Raa

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0

Raa of groomed jets — model comparison
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Inclusive
rq= 0

- pp 5.02 TeV, 260 pb”’

% 1=
I -

ATLAS Preliminary -
0-10 %-—

----- Caucal et al. -
1.2<Q,<1.8GeV -

017<a__,<0.35 |

med

----------------------
-- -

anti-k; R =0.4 jets, lyl < 2.1

_ Pb+Pb 5.02 TeV, 1.72 nb™ z,;=02,8=0
200 300 400 500 600
t
p= [GeV]
0-10%

Groomed jet Raa
0.00 < rg < 0.02

Qipeng Hu (LLNL)

ATLAS-CONF-2022-026

® Caucal et al.%, MC generator with pQCD in-
medium parton shower

e \ery good agreement at small and large Ty

e Discrepanciesin 0.11 < r, < 0.26

17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-026/
https://link.springer.com/article/10.1007/JHEP10(2019)273

Gluon jet:

CA=3

Jet quenching — color charge dependence

Quark jet:
Cr=4/3

QGP

prompt,
Isolated y
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ATLAS-CONF-2022-019

Gluon jets vs. quark jets:

® (Gluon jets are more active: fatter and produce more particles

— Jet quenching depends on color charge

1 | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [
- ATLAS Simulation Preliminary s =5.02 TeV -
09 antik, R = 0.4 jets 1 < 2.8
0O8FEFm—S @ o m = u L =
- = = i *'1: —— - 1 y-jet
S 0.6 —
LL — N 7
j 5 05 ~¢  “ ° Inclusive jet
. —p— - n IV
Ag(y,jet) > /2 © 0.5 _q}__d}__q}_—q]:——#]:—_m_ il g— ciusive je
- Ll G=—5-0"0 .
X 04T T o g8 -
s C . =OF -
C:} 0.3 f—@: Inc. jets y-jets =
- -~ —e— Pythia A
0.2 —For y-tagged jets Y —
0 1P >50GeV, In'l <2.37 <~ —+- Sherpa -
" E Ad(y.jet) > a/2 = -#& Herwig 3
O 1 I | | | I | | | I | | | I | | | I | | | I | | | I | | |

60 80 100 120 140 160 180 200
Jet p:“th [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/

I:{AA

0.8

0.6

0.4

0.2

y-tagged jet Raa
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2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb™
B | | | | | | | | | | | | | | | | | | | | | | | | I_
- ATLAS Preliminary S\w=502Tev |
e R LR — 30-80%
B | + . _+_
B | + | _
e [ F ; N
KX ' - =
R : (= : : ’ 0
— N ] ‘ ] - | I 0-10 /o
B y-jet _
- anti-k, R =0.4 jets “®m 0-10% _ o
- pl >50 GeV, 'l <2.37 —4— 10-30% Strong centra
— jet . |
- In || <28, Ad)(lv jet) > n/2 | | | —4— 30 , 80% _ ® \Weak depend
60 80 100 120 140 160

y-tagged jet P_ [GeV]

Qipeng Hu (LLNL)

ATLAS-CONF-2022-019

ity dependence

ence on jet pt In central collisions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/

I:{AA

0.8

0.6

0.4

0.2

y-tagged jets vs. inclusive jets
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2018 Pb+Pb 1.7 nb 2017 pp 260 pb™ &

y-tagged jet P_ [GeV]

- ATLAS Preliminary \/ 5 02 TeV _
- :
LA = W O o [] B * o
B - . @ — -
- - — -
B [PLB 790 (2019) 108] B
i Inc. jet v-jet ]
— anti-k; R =0.4 jets —©— 0-10% -—m- 0-10% __
- pl >5OGeV 'l <2.37 -
i In I <2.8, Ad(y,jet) > n/2 ]
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
60 80 100 120 140 160

5 &8

0-10%

y-tagged jet

Inclusive jet

~80% quark jets

~40% quark jets

ATLAS-CONF-2022-019

y-tagged jets are less suppressed than inclusive jets

Qipeng Hu (LLNL)

DIff

DIff

erent virtuality / substructures

erent jet spectra
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/

y-tagged jet Raa — model comparisons

I:{AA

™ |
0.8-ATLAS Preliminary
. v-tagged jets

VS = 5.02 TeV

0.7

Z)
7
067

-7
7 7/,

t

;

-

s
' /////4//‘/////7///,,///////4

oh

<
-<

o0 :_\'- = Pl
Z\\\\\\\\\““" i Takacs et al.

0_42 7] LIDO (u=1.3-1.8xT)
N ] SCET, (9,=1.8-2.2)
- Centrallty 0-10% = 1= CoLBT

0-3Fanti-k, R = 0.4 jets = JEWEL

—

- p! >50 GeV, In'l <2.37
0.2 I*I < 2.8, Ad(y,jet) > n/2

I - Data %
S T B R P B A

60 80 100 120 140 160
v-tagged jet P [GeV]

0.8

0.7

0.6

0.5

0.4

2018 Pb+Pb 1.7 nb’™", 2017 pp 260 pb™

Inclusive jets

—— =
W W n"»z-/////A
ly
s WY
W \\p
| @ XV

2.9

- Data

1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1

60 80 100 120 140 160
Jet P [GeV]

Qipeng Hu (LLNL)
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Models Details Uncetaitnty
Pythia8 + Boltzmann-Langevin Medium-jet coupling
transport
SCETG# EFTs w/ medium modified Medium-jet coupling

splitting + Evolution equations

Takacs et al.x

Pythia8 + BDMPS-Z + GLV +
Poisson ansatz

N/A

JEWELx

Pythia6.4 + BDMPS + parton
shower

N/A

Models describe inclusive jet Raa well while under-
predict y-tagged jet at high pr

21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/
https://link.springer.com/10.1007/JHEP05(2021)041
https://linkinghub.elsevier.com/retrieve/pii/S0370269317309929
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.014912
https://link.springer.com/10.1007/JHEP10(2021)038
https://link.springer.com/article/10.1140/epjc/s10052-016-4534-6
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Jet quenching — parton mass dependence

arxiv:2204.13530

Heavy flavor jet: Particle jet contains heavy flavor hadrons

Heavy flavor quark created earlier in the heavy ion collisions,
introduce variations on parton mass — dead cone effect

)
dP (0) 1 + 2 2—1
: X
Rad;Q EQ 92

Heavy flavor quark selection also introduces variations on
initial parton color charge

QGP

Qipeng Hu (LLNL) 22
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Jet quenching — parton mass dependence

0
Q p%el ]
; Muon in jets: AR(u, jet) < 0.2
b-jet yields are measured from fitting p%el
q Event vertex
q9=4, d’ > x10°
’>-\ 9_I I I I l I I I I l I I I I l I I I I l I I I ]
o - ATLAS o @ndf=070 -
e - - gt Pb+Pb,5.02TeV, 1.4nb™  antik, R=0.2 -
2 ook Pythia8 fs=502Tev 3 N - 80.7<plt <95.0GeV  AR(etu) <02 -
q £ - b-iet anti-k, =02 3§ o 7 p® 58GeV, Iyl <2.1 —
- 08=, , D-je Iyl <2.1 ER = oR i 02000 —e- Data ]
8 47E T 38 b MW ° W light-jets E
X F L - = == - B C-ets =
S 0.6 —, I v o -b-jetg.t ]
&) - - PE——— — I mix-jets —
. 0.5 S = ~ B Template stats. ]
qg=1u d Ky AR(//{,JGt) < 0.2 0 45 o - 41— Template syst.+stats.
s Uy A, —O0— = — _|
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Centrality 50-80%
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arxiv:2204.13530

e Significantly more suppressed in 0-20%

compare to 50-80%
® \Veak dependence on b-jet pr
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ATLAS ! y
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arxiv:2204.13530

radiation

Models Details Uncetaitnty
FONLL + Boltzmann-Langevin Medium-jet coupling
transport
Dai et al Sherpa + Langevin transport w/ N/A

_i anc Vitey*

EFTs w/ medium modified splitting
+ Evolution equations

Medium-jet coupling

e | IDO (Boltzmann + Langevin) in good agreement
with data

® Dai (modified Langevin) underpredicts b-jet Raa In
central collisions

e | i and Vitev (SCET) central values underpredict b-
jet Raa at low pr
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Models Details Uncetaitnty
LIDOx FONLL + Boltzmann-Langevin Medium-jet coupling
transport
Dai et al.* Sherpa + Langevin transport w/ N/A

radiation

e | [DO (Boltzmann + Langevin) overpredicts

relative ¢

® Dai (MocC

Ifference

iflied Langevin) describes the relative

difference better

Selected models cannot describe b-jet vs. inclusive
jet simultaneously

Difference at
dependence

different centralities: more likely a mass
driven effect
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Jet quenching — path-length dependence

Control jet path-length through the QGP medium
® Correlate jet with event plane angle — ® Jet azimuthal anisotropy

® Correlate back-to-back dijet events — ® Dijet asymmetry
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Jet production wrt. event plane angle

dN.

jet

dg

x 1+2v, COS(H(ijet — \Png))

________________ D S LR BN B LI B B
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R NSl Tl (\_]O-OI_ 0.13 —
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4 —O |
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Jet vo results

Lem T T T T . Lo eI N arXiv:2111.06606
'O // \\ \‘ '¢ ,z \\ \‘
L A, L e,
‘\ ‘\ /I :' \Pgbs ‘\ ‘\ ,/ ,' \Pgbs
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| | | |
~ ATLAS anti-k, R=0.2
-1 _ ]
0.06~ Pb+Pb2.2nb™ \s,, =5.02 TeV lyl < 1.2
i A ]
0.04F — . " .
I "Om B e Centrality dependence — Initial geometric
i ) Z anisotropy
002_ *' | .
- - ® o7 dependence — less suppression at
i * i a _ higher pr, surface bias
or s "{45' % &
- o= 71<p <398 GeV == 71<p < 79GeV ¥l -
- %= 79<p' < 89GeV =e= 89<p' <100 GeV -
—0.02} === 100 < p' <126 GeV 126 < p' < 158 GeV
- B 158 < p' <200 GeV == 200< p' <251 GeV -
- —~—251<p1<316GeV -316<p1<398caev -
| | | |
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Jet v results — model comparisons

[ [ [ | [ [ [ [ l [ [ C l [ | [ [ [ [ l
- ATLAS > - ATLAS -
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Comparison to LIDO

Comparison to LBT

e | IDOX: Pythia8 + Boltzmann + Langevin transport

o | BT*: Pythiad + Boltzmann transport

® Both transport models get the size of the v2 & vz well, except for v below ~100 GeV
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Normalized dijet xy distribution

Physics Letters B 774 (2017) 379

arxiv:2205.00682
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Normalized dijet x; model comparison
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arXiv:2205.00682
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LIDO transport model reproduces high pt and peripheral results, not low pr and in central collision
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Absolutely normalized dijet xy distribution
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Summary

observation PLB 790 (2019) 108
Parton-QGP interaction > Jet quenching
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Summary

_ _ observation _ ATL-PHYS-PUB-2022-020
Parton-QGP interaction > Jet quenching
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Summary

0.4

0.2 O R=0.2, Inclusive jets, Cent. 0-20%, lyl<2.1
® R=0.2, b-jets, Cent. 0-20%, lyl<2.1

_ _ observation _ ATL-PHYS-PUB-2022-020
Parton-QGP interaction > Jet quenching
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Summary

_ _ observation _ ATL-PHYS-PUB-2022-020
Parton-QGP interaction > Jet quenching
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Recent ATLAS HI jet measurements and beyond

® Jot vn, arXiv:2111.06606
® Di-jet asymmetry, arXiv:2205.00682 Final
® D-jet suppression, arXiv:2204.13530

e y-tagged jet suppression, ATLAS-CONF-2022-019
® Substructure dependence of jet suppression, ATLAS-CONF-2022-026

Preliminary

Run3 outlook:
® More data — better statistical precision
® |[mproved jet reconstruction and calibration — better systematic precision
® New collision system (O-O) — explore jet quenching in smaller systems

see all ATLAS Heavy lon results here: https://twiki.cern.ch/
twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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