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the ATLAS detector. The process pp — y+jet+X and its analogue in Pb+Pb collisions is measured in
events containing an isolated photon with transverse momentum (pt) above 50 GeV and reported as

Editor: M. Doser a function of jet pr. This selection results in a sample of jets with a steeply falling pr distribution that This note describes the measurement of jet-hadron correlations in photon-jet events, using
are mostly initiated by the showering of quarks. The pp and Pb+Pb measurements are used to report the -1 _ . .

Dataset link: https://hepdata.cedar.ac.uk nuclear modification factor, Raa, and the fractional energy loss, Sjoss, for photon-tagged jets. In addition, 1.7nb™" of P b.+Pb.data taken at VSNN = 5.02 TeV Wlth.the ATLAS detector in 2018. Events
the results are compared with the analogous ones for inclusive jets, which have a significantly smaller are selected with high-pr photons (90 — 180 GeV) and jets (pt > 40 GeV), where the photon
quark-initiated fraction. The Raa and Sy, values are found to be significantly different between those and jet are back-to-back in azimuth, |A¢(y,jet)| > 3x/4. Then the angular correlation is

for photon-tagged jets and inclusive jets, demonstrating that energy loss in the QGP is sensitive to the reported as a function of relative pseudorapidity | An(jet,track)l between these jets and charged
colour-charge of the initiating parton. The results are also compared with a variety of theoretical models

of colour-charge-dependent energy loss. hadrons with pt = 0.5-2.0 GeV in opposite azimuthal hemispheres |A¢(jet,track)| > x/2.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license These correlations in central Pb+Pb collisions are predicted to be sensitive to the diffusion

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP®. wake in the quark-gluon plasma resulting from the lost energy of high-pt partons traversing

the plasma. No diffusion wake signal is observed within the current sensitivity and limits on
the diffusion wake amplitude are quantified.
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n Plasma and Heavy-ion Collisions
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Nature Physics 15 (2019) 1113
* Quark Gluon Plasma (QGP). extremely hot and dense phase of matter in which quarks and
gluons are no more confined into hadrons
= properties known as an almost perfect fluid
= |owest specific sheer viscosity (n/s) of any known substance

Yeonju Go Nuclear Physics Seminar @ BNL / 2023 Oct. 10 3



* Understand parton-to-medium interaction in QGP using the jet quenching phenomenon

e Various LHC & RHIC results of nuclear modification factor (Raa) show
significant suppression of jets in heavy ion collisions compared to that in pp collisions

& | ATLAS  anti-k, R=0.4 jets, (S =5.02TeV |,
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Je-dependent Jet Quenching

e Photon-tagged jet vs Inclusive jet PLB 846 (2023) 138154

. . . . . - . i I I I | | | I I I | I | | I | | | I | | I | | I |
Inclu.swe jet productlc?n_lrj PT <_ 200 GeV is § [ ATLAS Simulation /s=502TeV
dominated by gluon-initiated jets 3 L anti-k, R =04 jets 7 <2.8 -

- Jets in association with photon (pp—y+jet+X) are % I ]
largely produced by Compton scattering o 08 ';iii**¢ # il -
— quark-initiated jets § - Thege +i * . -

- Comparing photon-tagged jet and inclusive jet, one 0.6 — N l
can examine the sensitivity to color charge in jet I v g ° j = P
energy loss in QGP 04 j%ﬁ«i**m FE0 o -

T~ ro =i Inc. jets y-jets -
AE Cplg L? t -
q Y (AE,) o asg_fq : _ &~ -@ PYTHIA8 -
\ f ¥ 0.2 |- For y-tagged jets o e SHERPA
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g-g Compton scattering
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ated Photons

e Direct photon

q Y q Y q q
» produced from primary vertex \\f,f \\J/J
* Processes : Compton scattering, Annihilation Y
e Fragmentation photon Y Y
- radiated from partons after the primary hard
scattering &99999’\ /‘GQQQQQ

g q q

e Decay photon 8 q q

0 guark-gluon quark - anti-quark
 decayed from hadrons, such as 7= = yy Compton scattering  Annihilation

- major background

Fragmentation

Direct photons
* Photon Isolation condition significantly reduces

decay photons and fragmentation photons in the sample

e Discrimination between isolated direct and fragmentation - Prompt Pho"?“s
photons is arbitrary in experiment = Direct + Fragmentation photons
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tion & Analysis Procedure

e Photons
= pt > 50 GeV V
= n| <2.37
= Prompt Isolated photons (direct+fragmentation photons)

* Jets | ) A¢p > Tn/8
= anti-kt R=0.4

= 50 < pt <316 GeV/c

= |n| <2.8

= Ao(y,jet) > 711/8

= all (photon, jet) pairs are considered rather than just leading objects

a
e
.
e,
]
.
.
-
.
*

e Main analysis procedure
= combinatoric background jet subtraction using event-mixing technique
= subtraction of jets associated with background-photons using photon purity
= 2D simultaneous unfolding for photon pt and jet pT
= final observables (e.g. cross section, Raa, Siess, etc) as a function of jet pr
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dification Factor (Raa)

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb™, \/ 5 02 TeV
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v-tagged jet P [GeV]
e Centrality ordering in Raa
e For jet pr < ~80 GeV, photon pt > 50 GeV threshold effect
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clusive jets: pt spectra

2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb™, \/s, = 5.02 TeV

EI | | | I | | | | | | | | I IE
afg 100 ATLAS anti-kr R =04 jets__ For the same energy loss,
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< [ 107 pl>50 GeV, n'| <2.373
Lla . E ' Ag(y,jet) > 7Tn/8 1 PP
o S 10 g“# =
S 1;.— P _
£ |5 5+"‘+ & -, =
52 - 10~ _ +++ =.=:=.== ______ __
O N
- T:,;, 107 ;—' **42,:, =+==+=:+: ------------ ... .=
N e R —4— TS flatter steeper
= 10°E - . e . . . C . .
5 F ' S G - pt distribution in pp pt distribution in pp
0TE W0-10% yet W R — higher Raa — lower Raa
(o5 L # 10-30% v-jet (x10) —-= -
=+ 30-80% y-jet (x107) ® o om 3
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107 = —= : . . . . .
T 1 o o(y-jet) in pp collisions (without energy loss in QGP) has a less
i . —  steep spectrum than
B 0.001) . ° E . . :
N SO = = E e This impact must be considered when comparing Raa
© - - . .
= : between two different samples
50 100 150 200 250 300
Jet P, [GeV]
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o [ PYTHIA8 anti-k; R = 0.4 jets -
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e NnPDF effects (dashed lines) are similar for both
photon-tagged jets and inclusive jets

* The photon-tagged jet production rate decreases In
Pb+Pb collisions because of the isospin effect
(solid lines), while the inclusive jet production rate Iin
Pb+Pb collisions is not affected by the isospin effect

* |n summary for other effects
besides the different g/g fraction,

= the pr spectrum effect increases photon-tagged
jets Raa by ~5-10%

= the isospin effect decreases photon-tagged jets Raa
by ~10-20%

= combined effect makes photon-tagged jet Raa lower

Yeonju Go
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dification Factor (Raa)

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb™", |[s = 5.02 TeV

B | | | | I | | | | I | |
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e Comparison in Raa between y-jets and inclusive jets for the 0-10% centrality bin

* For pt <~200 GeV, Raa (y-Jets) > Raa (inclusive jets)

* This indicates that quark-initiated jets lose less energy than gluon-initiated jets

Yeonju Go

Nuclear Physics Seminar @ BNL / 2023 Oct. 10 11



dification Factor (Raa)

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb™", |[s = 5.02 TeV
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e For pt > ~200 GeV, Raa (y-jets) ~ Raa (inclusive jets), why?
= |sospin effect becomes larger
= Quark-initiated jet fraction becomes similar btw y-jets and inclusive jets

Quark Jet Fraction

—h

- ATLAS Simulation Internal Vs =5.02 TeV _
_ anti-k; R=0.4 jets 17l <2.8 -

Inc. jets \‘(;-j;ets
—©- @ PYTHIAS
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- p! >50 GeV, In'l <2.37 — —¥ SHERPA
- A¢(y,jet) > 7n/8 -5 & HERWIG
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nergy Loss, Sioss

e |imitation of Raa: a steeper pr distribution in pp (before jet quenching) will result in lower Raa
e but, Sicss and Apr are less affected by the pt spectrum in pp collisions

* The Sioss was originally defined and further detailed by the PHENIX Collaboration:
Nucl. Phys. A 757 (2005) 184, Phys. Rev. C 76 (2007) 034904, JHEP 09 (2001) 033

PhaPh 1 1 d2 NPb+Pb ( p'II"b+Pb — pgp _ APT) B d2 PP ( pﬁp)

dApT
— PP
Apt = Pt — Pt when (Tan) Nov Pb+Pb

d pqp

X |1+

dpF+Pody - dpfPdp

Apt

pp
Pt

Sloss(p %p) =
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nergy Loss, Sioss

2018 Pb+Pb1 7nb 2017 pp 260 pb 502 TeV
o 60—ATLAS Pb+Pb Centrality 0-10%—
O, — anti-k; R=0.4jets == Inclusive jets -
Q.l— 50 - 1% <2.8 ---= Inclusive jets (corrected for isospin+nPDF) -
< — For y-tagged jets —— y-tagged jets ]
40 — p! >50 GeV ---- y-tagged jets (corrected for isospin+nPDF) -
— In'l <2.37 -
30 = Ag(y jet) > 78 —
) SRR SRR TTLIELEL _
.................. e For < ~200 GeV, Sioss and Apr values for y-jets
R e R — are significantly smaller than those for inclusive
- 048 £ | | | | | | | - Jets
Q = T :
o 1O = = significant color-charge dependence to jet
0.14 = _" —
< 01z . E energy loss
2 0%; =~ & ¢ The isospin-corrected Sioss and Apt (dashed
N lines) even strengthen the evidence that
8:8‘21 E Photon-tagged jets = quark-initiated jets lose less energy
00 120 140 160 180 200 220 240 260 280 aoo than gluon-initiated ones

Jet P [GeV]
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$12F ATLA

parison: Raa

- ATLAS
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ol I m ) === JEWEL -
S/ I ) 8l 6f
N o .
0.4- — n'
- Centrality 0-10% - |
antl -k+ R =0.4 jets - -
0257 5 50 GeV, || < 2.37 B 0.2 N
|Je‘| <28, A¢(y Jet) >7n/8 ™ Data ) i —® Data ]
1 I [ | 1 1 | 1 I | _— | | _— | I 1 | | 1 I 1 1 1 1 1 I 1 1 1 1 I 1 1 || 1 I 1 [ 1 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
O50 100 150 200 250 300 %0 100 150 200 250 300 50 100 150 200 250 300
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* Inclusive jet: data is well described by all calculations
 Photon-tagged jet: data is generally higher than many of the calculations
 Theory predictions include color-charge dependence of the parton-QGP interaction

y—Jet/Rmcluswe jet > 1 at Raa < ~ 200 GeV

o For both data and calculations, generally, R N
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Jet ptr dependent X,y : Data vs. MC

50 < jet pt < 60 GeV 100 < jet pt < 120 GeV 200 < jet pT < 250 GeV
2017 pp 260 pb™”, s = 5.02 TeV
sk ATLAS anti-k; R=0.4 jets ~F 100 < p' <120 Gev - 200 < p** < 250 GeV -

\pL>50 GeV||n'|<2.37 ¥
7' |<2.8, Ag(y,jet) > 7n/8 _:

50 < p! <60 GeV

N
&)
| I LI

—

—o— Data —:—
=== PYTHIAS8 (Dir. + Frag. vy)
PYTHIAS8 (Dir. )

Arbitrary normalization
o N
1 I UL I LI

fragmentation phatons

—_
IIlll

O
(&)
LI I LI

05 1 15 2 25 3 35 4 45 5 05 1 15 2

s i s
e XJy IS measured in each jet prt bin
— he higher jet pT, the larger fragmentation photon contribution
 This demonstrates the -fragmentation photon fraction in each jet pt bin in our sample

* Potential mis-modeling of the fraction of direct-fragmentation photons in MC

Note that these are reconstructed-level jets and photons
for both data and MC, without any corrections
(i.e. photon purity, efficiency, unfolding)
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Cross section in pp: Data vs. MC

2017 pp 260 pb™!, Vs =5.02 TeV

— L I L I | N |
gj . !_.ATLAS anti-ky R = 0.4 jets._
% ng™ T <2.8 -
A - W p_*r>5o GeV, |n'| <2.37 -
o | - @ .
°'g = . A@(y,jet) > 7n/8 -
10_3 = il —
- b =
- v -
- H‘ﬂ —
107 — =g —
: 2 - |
C e pp data == 1 ¢ MC generators (Pythia,
~ — PYTHIAS8 (x1.0) ETEggTET 7 . a -
105 L s SHERPA2.2.4 (x1.2) e Sherpa, Herwig) do not describe the data well for either pr
P rEReREeEn - E=F gpectrum or the total cross section
© E L L L | ] g . .
8 1sE o tronsas 7 = |f theory predictions use one of these MC generators,
O 3 - E - :
= f TreRwer2 S one needs to consider the differences between the data
12 t— | = and predictions
0.9? A =
50 100 150 200 250 300
y-tagged jet P [GeV]
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dification Incurred by Jets
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action : Medium & Jets

e As jets are modified by medium, the medium is also affected by jets!

G.-Y. Qin et al, PRL 103, 152303 (2009)

e Structures formed; Mach cone, sonic boom, shock wave, wake, diffusion wake, ...

By energy and momentum conservation, lost jet energy = into medium
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um response important to understand?

e Essential to describe the jet (sub)structure precisely

e Understanding in QGP bulk properties e.g. /s, sound velocity
nls = 1/4rn nls = 3/4n n/s =6/4x  R.B. Neufeld, PRC 79 (2009) 054909

Jet
x [fm] x [fm] x [fm] 1+~ Vs=5.02TeV Pb+Pb 0-10 % —
~ anti-k, R=041yl<2.8 w/ medium
 In-medium thermalization information e.g. £, .4, Dgis: Toy response

AA

1 o - K
R _-v-v-V-$'-V-V—V—V-lv-v—v-_

vV

 Medium response affects the extraction of jet transport coefficient 05

= can be related to local gluon density distribution of the medium "+ ATLAS data w/0 medium
-~ LBT 0=0.15 shower+me.r¢ response

- v LBT 0=0.15 showers only

ATLAS, PLB 790 (2019) 108 | * LIBT laf=?°1.3 IS“I"‘I“’I"SI"‘I"YI -
Yayun He et al, PRC 106 (2022) 044904 0 200 400 600 800 1000
p, (GeV)
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Diffusion Wake in Photon-Jet eve

e Jet-hadron correlation to study medium modification incurred by jets

= Modification in jet direction, so-called wake effect, Mach cone, are convoluted with
in-medium parton shower modification and medium response — hard to disentangle ...

= Diffusion wake in photon-jet events;
unlike di-jet events, a jet associated a photon is NOT contaminated by or
by another jets

K Di'jet “““ ‘ \
““““ Wa.kE’
diffusion, wake; " 5310n shower
5 R
"¢'Wia.k‘e,
A Y-jet pa’rton shower
bulk medium + Z-jet jet-induced medium excitation + Z-jet diffusion wake
1 2 3 4 5 GeV/fm? -0.4-0.20.0.0.2.-04 0.6 0.8GeV/fm?

. ' ' ' ' ' '
-~ I

CoLBT, Xin-Nian et al, PRL127, 082301 (2021)
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Diffusion Wake in Photon-Jet events (2)

e CoLBT model predicts
= Yield as a function of A@: overall enhancement from multi-parton interaction (MPI) at Ag ~ «

CMS PRL 128 (2022) 122301 Wei Chen, PRL 127 (2021) 082301

-I I 11 I 1P 1 11 I 1P 1 11 I 1P 1 11 I I 111 I I 111 I I-
6: Hybrid I CoLBT : CoLBT-hydro
W/O wake - | @3 ColLBT-hydro 4 CMS MPI i"cluded
Q Apb- ., ©7 mmm CoLBT-hydro (MPI sub)
Q- : >_°' | ———==€ei=BI-hydro (MPI off)
LI - I 4' -
ol 2f 3 )
AN 5 2
D_:_____ ______________ _ > 0
_o[™5™=%0 GeVic . — . -
2: tTrk>1 GeV/o : 0.0 ™ A0 15 20 25 30
_4 -I 1. L 1 I 1 1 b1 I IIIIIIIIIIII MPI SUbfracfed |A¢hzl — |¢h ¢Z|
05 1 1 5 2 2 5 3
A rad
q)trk,Z ( )
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Diffusion Wake in Photon-Jet events (2)

e CoLBT model predicts

= Yield as a function of A@: overall enhancement from multi-carton interaction (MPIl) at A¢p ~ &

= Jet-hadron (A@, An) ~ (x,0) in y-jet events
= Unambiguous diffusion wake signal

pp Pb+Pb 0-10 % . -
(a) (b) (a) Ap>m2
pt = 0-2 GeV/c pt =0-2GeV/c 2.5 - 0<p; <2 GeV 75 -
©-112.0 ©-1120 |
g | ‘<O] 1100 ©-
T T80 <
<] < ., o
k) ol IS <
ST =T 40 <
< < S
OT OT 20 E
- - 0.0 S
3

—2|.5 OI.O 2.5 5.0 ' .5
An=nn—n jet
CoLBT, Xin-Nian et al, PRL 130, 052301 (2023)

75 =50

Note) the “bulk only” yield is subtracted from the “bulk + photon+jet” yield
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ake: Dependence on Jet Energy Loss

CoLBT, Xin-Nian et al, PRL 130, 052301 (2023) Diffusion Wake Multi-parton interaction (MPI)
0.0 (b)
(b) <
pr=0-2GeV/c ~ 0.5 -
©-1120 i~ . |
< 00 A 0.1 - Small jet B loss
© - 04 -
T80 J -
St 60 =
=T 490 2' -0.2 - 0.3 -
OT 20 e :
S jet, y
< —-0.3 -+ — —
= 0-10% Pb+Pb 0.1 - pr /pr>1.0
L jet, .y
/S =5.02 TeV 0.0 - Prlpr € 0610
~6 -4 -2 4 6 4 -2 0 2 4 6
An =N, — Njer L@rge jet E loss AN = Np — Niet

e Smaller Xy, = p%et/pfr’ means larger jet energy loss and longer path through the medium and
hence larger medium response i.e., diffusion wake

o However, the MPI signal has no significant dependence on the XJy» while the diffusion wake does
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* Photons Y
= pt > 50 GeV Tracks
= |n| < 2.37

= Prompt Isolated photons (direct+fragmentation photons)

o Jets
= anti-kt R=0.4
= 50 < p1 <316 GeV/c
= |n| <2.5
= Ap(y,jet) > 311/4
= only leading photons and leading jets are considered

Ag > 3r/4

e Tracks
= 0.5 <pr<2GeV
= [n| < 2.5
= A@(jet, track) > 11/2
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k)| distributions in pp collisions

s . g X 09— 71— 7 T T

e No X;, dependence found within uncertainties 8 |§ F ATLAS Preliminary 90 < p!. < 180 GeV -
/ ‘012 % 0.8 - 2017 pp 260 pb” p"Tet > 40 GeV

* The data Is in agreement with the theory expectation B[P 07 Vs=502TeV In'l <2.37, In*1<2.5=
S s Ap(y jet) > 3n/4

: : . = 0.6 _ —

e This validates that any xj, -dependent change in Pb+Pb o 0T
_ D N 5<p™<2.0GeV2

should be from different amounts of energy loss - T, e <25
0.4:— == L =

Multi-parton Interaction O E

§ 05 (b) 0'25_—0.6<ij¥<0.8 §: E

A s 01 —08<x, <10 ﬁ_b%"—l_ E

ﬂ OF—-----“"“"““““- - ___T= —

S 04- —~ ] | | | -

< - = 3

2 93- S 14E | g

<] et y V>. 135_ —g

§ 07 - — P"T /py<0.6 <7 12F + |1t e

s —— pfpf>1.0 é 1'}§F by be T T E

L jet, .y & = T T F 14T =

6 —4 -2 0 2 4 6 2 o7E T —E

AN = Np = Niet s 0.6 F E

o 1 2 38 4 5 &

CoLBT, Xin-Nian et al, PRL 130, 052301 (2023) IAn(jet, track)l

Yeonju Go Nuclear Physics Seminar @ BNL / 2023 Oct. 10 20



g In Pb+Pb collisions

 Bulk medium property w/o jet can be obtained from event mixing
= by correlating the photon-jet pair in a signal event with tracks in different minimum-bias (MB) events
- photon and jet kinematics are exactly the same between signal events and mixed events
= matching signal and MB events in bins of

- ZE;CE‘I: 200 bins in [0,5000] GeV; much finer than a 1%-width centrality bin in central collisions

- WYs: 16 bins In [-11/2,11/2
[ ] All tracks In a Uncorrelated tracks

- z vertex: 20 bins in [-10,10] cm; bin width of 1cm signal event in MB events
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o Ad(y,jet) > 3n/4 -2 S Ad(y jet) > 3n/4 -2 Ag(y jet) > 3n/4 -
Z 80— Ad(jettrack) > m/2 — Z 8- Ag(jet,track) > /2 — < 80| Ag(jet,track) > /2 —
- 05<p"a°k<20GeV s = 05<pt’a°k<20GeV . = 05<pl**<2.0GeV -
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k)| distributions in Pb+Pb collisions

0.3 <x, <0.6

2018 Pb+Pb 1 7 nb - \/ 5 02 TeV

|IAn(jet, track)l

O6<x < 0.8

2018 Pb+Pb 1 7 nb \/ 5 02 TeV

08<x <1.0

2018 Pb+Pb 1 7 nb \/ 5 02 TeV

|An(jet, track)l

|An(jet, track)!

d2 Nj et—track

Nr=iet dAndA

Y. jet-track pairs from the S|gna (photon-jet) events

=Y

COIT

per-(photon, jet) yield ( ) as a function of | Axy(jet, track) | in three different X, regions

Y oo Pairs from mixed events; jets from signal events and tracks from MB events
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Y

( CorT uncorr)x =0.3-0.6 ( CorT uncorr)x =0.6—0.8 ( corr uncorr)x =(0.8—1.0
Jy— Jy— J}/
2018 Pb+Pb 1.7 nb’’ 1 5 02 TeV

ld Ratio Y

COIT U.IlC OIT

g‘.08| |IIII|IIII|IIII|IIll|lll__lIIIIIIIIIIIIIIIIIIIIIIIIIIII__IIIIIIIIIIIIIIIIII I IIIIII
O ATLAS Preliminary 0.3 < x,, <0.6 } 90<p] <180 Gev 0.6<x,, <08 T apl.jet) >34 0.8<x,,<1.0
. 06 Centraity 0-10% R >40 GoV 1 Ag(etirack) > /2 AT

- 0.5<p"™*<2.0GeV R | <2.37, 171 <25 1 PIRPTEL
~ 1.04F i1, W 3 L
S - Y

He
HoH
Hte-H
o1+ |
[
i
I
I
I
I
L_1 I 1
LI I ]
[
%

i + |

J 1 b : ;

:I....I....I....I....I....I...':|||||||||||||||||||||||||||||EEI|||||||||||||||||||||||“|I|||:
09475 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

IAn(jet, track)l IAn(jet, track)l IAn(jet, track)l

1 d2 Njet—track
* No clear diffusion wake signal is found Yeorr = N7-iet  dAndAd

within uncertainties for all three x, regions

e Y. /Y

COIT Uncorr
= Relative yield ratio btw signal and mixed events
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O (Ycorr/Yuncorr)xJ =O.3—O.6/(Ycorr/Yuncorr)xJ =0.8—1.0

2018 Pb+Pb 1.7 nb" \I 5 02 TeV

O_ 1_1 I I I I | I I I I | I I I I | I I I I | I I I I I I i
& - ATLAS Preliminary .
CIi_I 08 - Centrallty 0-10% [ -
~ - A¢(jet,track) > /2 _
W 8 1.06 - 05< ptIraCk < 2.0 GeV B
> | track _
y t 104 P/ < 2.5 -
5 -
S -
= . i
= '- ___________ _‘
% m i, i
w\"" § oo | ) 1 e« Noclear x;, dependence found
Y > | 90<p, <180GeV M1<237,1771<25 4 i the diffusion wake signal
T 0.94 - P, >40GeV Ag(y Jet)>3n/4_ o o
>~8 ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] I ] ] ] ] Wlthln uncertalntles
- 0 1 2 3 4 5 6

IAn(jet, track)l
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( corr uncorr)xJ =0.3-0.6 ( corr uncorr)xJ =0.6—-0.8 ( corr uncorr)xJ =0.8—1.0
2018 Pb+Pb 1.7 nb’ i =5.02 TeV

= [ .
o 008 ATLAS Preliminary 0.3 < x;, <0.6 F 90<p' <180 Gev 0.6<x,, <08 T | Ap(y.jet) > 3n/4 0.8<x, <1.0 °
o 0.06F Centrality 0-10% -+ P’ > 40 GeV + | Ag(jettrack) > m/2 -
O [ 0.5 < pi*<2.0 GeV I 1n1<237, 10" <25 I ;
£ 0.04F <25 I T .
CEL i T T ]
< 002F 1 T ;
9 Of R B e LCITTTrEEEEEEE e :
© - / — T T e
= _0.02F I T 1 1.8
- - T T 1 ¢ - ATLAS Preliminary 03<XJY<06
2 _0.04F — best fit I T 7 >-’1 gj; S’ZLZ”VOJSQGGV :
= - T T - \Ct) C 1% < 2.5 E
£ _0.06F +10 +20 —+ .y 7 >1.02F .
D B P R T N T N T N T N T M N N U M RN AN AN A B | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | ol R A R A A o A O O o AN AN BN AN I N N | 1:___ E gﬂggggnnunp @__ _____:
O 0.5 1 1.5 2 25 30 0.5 1 1.5 2 2.5 30 05 1 1.5 2 2.5 3 - EEE 2 E}J[ﬂ#}j}] ;
Diffusion Wake Width (o, ) Diffusion Wake Width (o ) Diffusion Wake Width (o, ) 0_965_ [L
e Monte Carlo sampling method is used to obtain probability distribution of A (jet, track)

diffusion wake amplitude, considering all statistical and systematic
uncertainties and their correlations.

e Statistical uncertainty dominates as systematic uncertainties are highly

F

-
Diffusion Wake Amplitude Diffusion Wake Width

1AN(; 21752
a, n gy * € | An(jet,track)|”/(205,,)

correlated bin-by-bin L J
o All results are consistent with no signal, i.e., a;,,=0, within approximately 1o
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ake Double Ratio Amplitude

I . . . .
Double Ratio Amplitude I;)ouble Ra’go Width Prob. Dist. for width Oy = 1.033 v
bO n bd . o~ |An(et,track)) /(264 = \2@@ PO+Pb 1.7 nb F 502 Te
J 2018 Pb+Pb V— 502 Tev _?:: 0.08 - A LAS Prellmmary | 90 <p! Gt< 180 GeV E
= | T T | < - Centrality 0-10% ! p_ >40 GeV 0
& 0.051 ATLAS Prellmlnar 90<pTet< 180 GeV — 2 0.07 - Ag(jet,track) > /2 : —
Centrality 0-10% p. >40 GeV = - 05 rack _ 5 0 GeV | Z
0.04~ Agp(jet,track) >n/2 | In'l <2. 37 <25 O 0.06 = trac<k Py < © : ]
0.03 0.5< ptTraC" < 2.0 Ge A@(y ,jet) > 3n/4 _ - 7] ™ < 2 S ! i.th ( - | i =
In"ek| < 2.5 ~ 0.05 ! S =
0.02}- _ - - | ﬁdquble ratio = 1.03 =
0.01- B 0.04 - : S =
B 0.03F : -
C N — ] " E 90 % CL | E
e Data indicates no ool s ] 0.02 = 95 % CL : E
significant diffusion 002l | 001 ' CoLBT E
WakeSignaIthat -0.03 _be15tfit , — OE.|....| M
: : =¥ =e0 -0.03 -0.02 -0.01 0 0.01 0.02 0.03
_0.04 | | | | | | | | | | | | | | | | | | | | | | | | | | | |
INCreases W|th Iarger 0 0.5 1 1.5 2 2.5 - 3 Amplitude (bdwr) for (Y zor/ yuncorr)x . ICY core! yuncorr) U
parton energy loss dwr
o Data provides limits on double ratio amplitude (|64,,,|) y “"}M

= 95% CL upper limit of 0.0095 does not rule out CoLBT prediction of 0.0018
= Stat. uncert. dominates in probability distribution; more statistics in Run-3 would be valuable
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* The photon-tagged jet Raa results provide the strongest confirmation to date of larger jet quenching
for gluon-initiated jets compared with quark-initiated jets

e Jet-hadron correlations in photon-jet events provides unambiguous signal of medium response
= no significant diffusion wake signal found within current data sensitivity; need for future larger datasets
= data provides limits on diffusion wake amplitude

2018 Pb+Pb 1.7 nb™", 2017 pp 260 pb™, sy = 5.02 TeV 2018 Pb"'Pb 1 7 nb V 5 02 TeV
— R B L B I B HL SN H > il | | | [ =
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% . 0.06 -, ek [ 5 =
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E """"""""""" = 0.04 | —
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ATLAS-CONF-2023-008
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NPDF effects

* To calculate this, one should use an updated formula:

— 0 T T [ T 1T T |IIII|IIII| IIIIIIIIIIII |IIII|IIII

'Té = ATLAS Simulation (s =5.02 TeV

Rop = VAL nPD F427(A - Z)o, nPD Fr - Z)2 nPDF A’c o 'E PYTHIAS anti-k; R = 0.4 jets -

pp }_3\ 1.3 == y-tagged jet, Isospin only 7% <2.8 =

8 .+ y-tagged jet, EPPS16 only For y-tagged jets -

) ) o 1.2 - — Inclusive jet, Isospin only Py > 50 GeV, || <2.37 -

« Where the nPDF denotes an event-by-event weighting R A(x] . f], 0°)X R A(xz, fz, Q<) 4 nclusive et, EPPS16 only Ag(yjet) > m/2

o R g T —
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« Since the uncertainties are strongly correlated between 0'III and o, | instead 09 Fmee, E
evaluate this as: 08 T bt e

2 ,nPDF 0.7 -

Z app nPDF 2 nPDF 2 IIIII | 1 1 1 1 | | I | | I I | | 1 1 1 1 | | I | | 1 1 1 1 | 1 1 1 1 | | I—
50 100 150 200 250 300 350 400 450 500

RAA u— Z (ZZ(A Z) + (A Z) ) A Upp Jet pT [GeV]

Opp

 Where | assign zero statistical uncertainty to the first term, but treat the uncertainties
in the terms in the second block as fully uncorrelated.
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