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‣ Photon induced processes— UPCs

‣ Nuclear modification of parton 

densities

‣ Collective dynamics


- Medium response 

- Role of fluctuating geometry


‣ Penetrating probes

- Jet quenching

- Heavy quarks

The ATLAS Heavy Ion Physics Program

Best place to find new ATLAS results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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‣ Observation of  process

- Sensitive to anomalous magnetic 

moment  and BSM 
physics


‣ Constrain  at 95% 
confidence level

- Competitive with LEP2 limits

γγ → ττ

aτ =
1
2 (gτ − 2)

−0.057 < aτ < 0.024

Photon-induced processes

 and constraints on  anomalous magnetic momentγγ → ττ τ

See talk by P. Steinberg

Tues. 4:50

Observation of 

arXiv:2204.13478

γγ → ττ

Feynman diagrams

Lydia Beresford1, ⇤ and Jesse Liu2, †

1Department of Physics, University of Oxford, Oxford OX1 3RH, UK
2Department of Physics, University of Chicago, Chicago, IL 60637, USA

(Dated: February 17, 2022)

Some Feynman diagrams made using feynmp for use.

I. INTRODUCTION

Precision measurements of electromagnetic couplings are fundamental tests of quantum electrodynamics (QED)
and powerful probes of new physics beyond the Standard Model (BSM). The electron anomalous magnetic moment
ae = 1

2 (ge � 2) is among the most precisely measured observables in nature [1, 2]. The muon counterpart aµ is
measured to 1 part in 107 [3] and reports a longstanding 3 � 4� deviation from the SM prediction, which may be a
harbinger of new physics.
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https://arxiv.org/abs/2204.13478
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‣ Flow-like correlations observed in 

- Dominated by resolved contributions


‣ How well do we understand these systems?

- Aspects of geometry relevant for hydro calculations


‣ Natural to ask whether other signatures associated with 
QGP are observable 

γA → X

Photo-nuclear processes

Event characteristics

Dileptons
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Accessible photon structure at high energy
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Photo-nuclear processes

Event characteristics

New for

QM23

See talk by S. Das

Wed. 9:30

Dileptons
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Theory prediction at fixed 
multiplicity   and  have 
same radial flow  (PRL 129 (2022) 
25, 252302)  compare  
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‣ To improve the predictive power of hydro 
models we need accurate description of 
3D geometry, especially important in 
small systems


‣ Constrain geometry in longitudinal 
direction using flow decorrelations

- Measure 2PC between two regions in 

η and extract flow harmonics

- Parameterize by 


‣ Compare with AMPT— per nucleon 
longitudinal strings, uniform in rapidity, 
serve as a simple model with no 
geometric decorrelation


‣ Works reasonably well in Xe+Xe

‣ Fails in pp


- Evidence for longitudinal fluctuations 
in energy deposition possibly arising 
from sub-nucleonic structures

cn = A (1 + Fnη + Snη2)

Longitudinal flow decorrelations

Constraints on geometry

Final for

QM23

Longitudinal flow 
decorrelation in pp & Xe+Xe


HION-2022-17

See talk by B. Seidlitz 
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2− 1− 0 1 2
aη

0

0.0005

0.001

   na
 o

r 
nc

ATLAS -1 13 TeV   1.7 pbpp
 < 4.9refη < 5.0 GeV  4.0 < ref

T
p0.5 < 

 < 5.0 GeVa
T
p0.3 < 

=[60,200)rec
chN

)2aRaw Fourier (
)2cNon-flow subtracted (

)3aRaw Fourier (
)3cNon-flow subtracted (

0 20 40 60 80 100 120 140
rec
chN

2−10

1−10

n
F  ATLAS

 < 5.0 GeVa
T
p0.3 < 

 < 4.9refη4.0 < 
| < 2.5aη|

-1 13 TeV 1.7 pbpp
 Non-flow sub.2F
 Non-flow sub.3F

 initial-state partonsAMPT
2F 3F

210 310
rec
chN

2−10

1−10

n
F ATLAS

 < 5.0 GeVa
T
p0.3 < 

 < 4.9refη4.0 < 
| < 2.5aη|

-1bµXe+Xe 5.44 TeV 3 
 Non-flow sub.2F
 Non-flow sub.3F

 initial-state partonsAMPT
2F 3F

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2022-17/
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‣ Puzzle in ultra-central collisions (UCC)

-  in data but   in hydro 

calculations

‣ Need to understand role of fluctuations in 

initial conditions

- Geometric fluctuations vs

- “Intrinsic” fluctuations


‣ Observe qualitative change in behavior in 
most central ~ 1% of collisions (“knee”)

- Completely saturate overlap area and 

eliminate geometric fluctuations

• Higher  but fixed area more radial 

flow

• Deviations from  and  scaling 

behavior in cumulants expected from 
independent source models

v2 ∼ v3 v2 > v3

Nch

1/Nch 1/N2
ch

Ultra central collisions

Mean  fluctuationspT

See talk by T. Bold

Wed. 5:10

See poster by S. Bhatta

New for

QM23

ATLAS DRAFT

0 1000 2000 3000 4000rec
chN

0.8

1

1.2

[G
eV

]
] T

[p

1

210

410

Ev
en

ts

Preliminary ATLAS
-1bµPb+Pb 5.02 TeV, 470 

 < 5 GeV
T

0.5 < p
| < 2.5η|

(a)

0 500 1000 1500 2000
0.8

1

1.2
-1bµXe+Xe 5.44 TeV, 3 

1

210

410

Ev
en

ts

0 1000 2000 3000 4000
rec
chN

1

1.05

[G
eV

]
 〉] T

[p〈

Xe+Xe1% Pb+Pb1%

-1bµPb+Pb 5.02 TeV, 470 
-1bµXe+Xe 5.44 TeV, 3 

Preliminary ATLAS
 < 5 GeV

T
0.5 < p

| < 2.5η|

(b)

0 1000 2000 3000 4000
rec
chN

4−10

3−10

2k

Xe+Xe1% Pb+Pb1%

Preliminary ATLAS

(c)

0 1000 2000 3000 4000
rec
chN

8−10

7−10

6−10

5−10

4−10

3k

Xe+Xe1% Pb+Pb1%

Preliminary ATLAS

(d)

Figure 1: Panel (a) depicts the two-dimensional distribution of event-wise [?T] and #
rec
ch for Pb+Pb and Xe+Xe

collisions, where the solid line indicates the mean value and the dashed lines indicate the two standard deviations.
Panels (b), (c), and (d) illustrate the dependence of the cumulants, h[?T]i, :2, and :3, respectively, on #

rec
ch in both

collision systems. The shaded bands represent the systematic uncertainties, which are smaller than the symbol size in
the case of :2 and :3. The gray-dashed vertical lines indicate #

rec
ch values corresponding to 1% centrality.

The multiplicity-scaled :2 and :3 agree between Xe+Xe and Pb+Pb collisions at the same #
rec
ch , except in209

UCC. To enable a more direct comparison of deviations in UCC across different collision systems, the #
rec
ch210

values are scaled by their respective values corresponding to 1% centrality, denoted as # rec
ch,scaled,211

#
rec
ch,scaled =

#
rec
ch

#
rec
ch (1%) . (4)212

The scaled := data versus # rec
ch,scaled are depicted in the lower panels of Fig. 2. In UCC, the :2#

rec
ch displays213

very similar variations between the two collision systems, both in the magnitude of the variation and range214

of the variation in #
rec
ch,scaled. The level of agreement is slightly worse for :3(# rec

ch )2.215

In light of these observations, the remaining part of this note focuses on exploring the behavior of [?T]216

fluctuations in UCC. To facilitate this analysis, the results are not only plotted as functions of # rec
ch,scaled, but217

the observables themselves are normalized by their values corresponding to #
rec
ch (or ⌃⇢T) at 5% centrality.218

This normalization process enables a partial cancellation of systematic uncertainties and proves particularly219

valuable when investigating the behavior of h[?T]i.220

3rd September 2023 – 17:07 7

https://indico.cern.ch/event/1139644/contributions/5491031/
https://indico.cern.ch/event/1139644/contributions/5503038/
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‣ Is the ridge associated with jet production?

‣ Define two-particle correlations among particles from different 

categories: UE or associated with jet

- Careful to remove UE contribution to correlation within jet cone


‣ Also study different event selection related to jets

Hard-soft correlations

2PCs with jets in pp collisions

Final for

QM23

Sensitivity of 2PCs to hard 
scattering in pp collisions


arXiv:2303.17357

See talk by S. Mohapatra

Wed. 5:50
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‣ Recall some unresolved issues with jet production in 

‣ Centrality dependence of inclusive jet yields RpPb > 1 for 

“peripheral” and < 1 for “central”

‣ Interesting kinematic dependence:  increases with  with a 

slope that depends on rapidity (looks like  )

- Depends solely on 


‣ Correlated with x in the proton, when  is large

p + Pb

pT
cosh y

E ∼ pTcosh y
xp

Geometry and hard-soft correlations

Updates from a curious scaling relation in  p + Pb
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‣ Measure using 



‣ Can repeat previous 
mapping but separately 
for effective 

pT avg , yb, y⋆

xp, xPb

Geometry and hard-soft correlations

Updates from a curious scaling relation in  p + Pb

08/10/2023Longo, Sickles, Tate
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Geometry and hard-soft correlations

Comparison to CMS dijets

EPJC 74 (2014) 2951
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‣ Original ATLAS and CMS observations arise from the same feature

‣ Can see full kinematic dependence in new ATLAS data
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Nuclear PDF constraints

New  dijet result  
precision measurement over 
large phase space

p + Pb →
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UPC jets

Unique  range connecting LHC to EICx − Q2

Photo-nuclear jets

ATLAS-CONF-2022-02

See talk by B. Gilbert

Wed. 3:00
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Phase space coverage in 2018 Pb+Pb data

Preliminary measurement 
shown here, final precision 
measurement expected soon, 
stay tuned!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-021/
https://indico.cern.ch/event/1139644/contributions/5542628/
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‣ Cross section extracted from fits to 
                        

in 6 signal regions in both single and 
dilepton channels 


‣ Dileptons have poorer statistics but 
much better purity  complements single 
leptons well


‣ Extends previous CMS measurement 
(PRL 119, 242001 (2017)), which used 
single lepton only

- Uncertainty improved by ~2x

Hℓ j
T = ∑

jets

pj
T + ∑

leptons

pℓ
T

Top production in p+Pb See talk by P. Potepa

Wed. 5:50

 +  + 1 b-jet + 2 jetstt̄ → e μ

New for

QM23

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.242001
https://indico.cern.ch/event/1139644/contributions/5542724/
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‣ Heavy quark pairs are produced with an azimuthal correlation that may be 
distorted by scattering in the medium

- Diffusion of heavy quarks and degree to which they thermalize


‣ Study angular (de)correlation between  pairs produced from c, b decays 

- Same-sign, opposite-sign and combination carry complementary 

information, different c/b composition

‣ Characterize away-side width and measure vs centrality

μ±μ±

 Dimuon angular correlations
HF dimuon angular 

correlations

arXiv:2308.16652

Final for

QM23

μ

μ
0 2 4
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Δ(
C -1 5.02 TeV, 0.26 fbpp

ppData 
µµ→c + cµµ→bPOWHEG b
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ATLAS

>5 GeV
T
p
Same-sign pairs
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0.4

)
φ

Δ(
C -1 5.02 TeV, 0.26 fbpp

ppData 
µµ→c + cµµ→bPOWHEG b

 [85%]µµ→bPOWHEG b
 [15%]µµ→cPOWHEG c

ATLAS

>5 GeV
T
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Opp-sign pairs

0 2 4
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φ
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C -1 5.02 TeV, 0.26 fbpp

ppData 
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ATLAS

>5 GeV
T
p
All pairs

No significant broadening observed  new constraint on heavy quark diffusion→

See talk by A. Sickles

 Tues. 9:30

https://arxiv.org/abs/2308.16652
https://indico.cern.ch/event/1139644/contributions/5539886/
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0-10%
-jetγ

ATLAS

 = 5.02 TeVNNs, -1 260 pbpp, 2017 -12018 Pb+Pb 1.7 nb

 = 0.4 jetsR Tkanti-
| < 2.8jetη|

-tagged jetsγFor 
| < 2.37γη > 50 GeV, |γ

T
p

/8π,jet) > 7γ(φΔ 0-10%
Inclusive jet

[PLB 790 (2019) 108]

16

Jet suppression: photon-tagged jets

Flavor dependence of energy loss

 for -tagged jets

arXiv:2303.10090

RAA γ

Access this 
experimentally by 
measuring  for 
jet events: higher 
quark fraction

RAA γ−

See talk by C. Mcginn

Wed. 8:50

 ∼
9
4

×Expect gluon jets to lose more 
energy than quark jets, naively:

~ 80% quark jets

~ 40—50 % quark jets

New for

QM23

https://arxiv.org/abs/2303.10090
https://indico.cern.ch/event/1139644/contributions/5541342/
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‣ Build large radius jets ( ) using small radius 
jets ( ) as constituents using  algorithm


‣ Decluster to find last splitting and define


- Opening angle: 


- Splitting scale: 

R = 1.0
R = 0.2 kt

ΔR12 ≡ Δy2
12 + Δϕ2

12

d12 ≡ min(pT 1, pT 2) × ΔR12

Jet suppression: substructure dependence

Large angles access jet’s internal scales using reclustering

Substructure and suppression 
for large  jets


arXiv:2301.05606
R

Final for

QM23

ΔR12

 
subjets
R = 0.2

reclustered
 jetR = 1.0

Single subjet (SSJ): single jet 

Jets with multiple subjets are significantly 
more suppressed, but only weak 
dependence on  and  beyond this.

R = 0.2

d12 ΔR12

https://arxiv.org/abs/2301.05606


A. Angerami for the ATLAS Collaboration, Quark Matter 2023 18

Jet suppression: substructure dependence

Access hard splittings at small angles using grooming

Substructure and suppression 
for small  jets


PRC 107 (2023) 054909
R
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200 300 400 500 600

 [GeV]jet
T
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

AA
R Inclusive

 = 0gr
 < 0.02gr0.00 < 
 < 0.11gr0.02 < 
 < 0.26gr0.11 < 
 < 0.40gr0.26 < 

JETSCAPE
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0 - 10 %

-1 5.02 TeV, 260 pbpp
-1Pb+Pb 5.02 TeV, 1.72 nb

| < 2.1y = 0.4 jets, |R tkanti-
 = 0β = 0.2, cutz

(MATTER+LBT)

Final for

QM23

Narrow jets less 
suppressed than 
wide jets

Apply SoftDrop ( ) to  jets

Identify “hardest” splitting to define 

zcut = 0.2, β = 0 R = 0.4
rg

Relative suppression exhibits 
little  dependencepT

https://arxiv.org/abs/2211.11470
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Jet suppression: substructure dependence

Model comparisons
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2L = 5 GeV q broadening (
T
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ATLAS
0 - 10 %

-1 5.02 TeV, 260 pbpp
-1Pb+Pb 5.02 TeV, 1.72 nb

| < 2.1y = 0.4 jets, |R tkanti-
 = 0β = 0.2, cutz

 dependence of energy loss may 
arise due to loss of coherence
rg However, behavior also described 

by models implementing empirical 
quark vs gluon energy loss

PLB 808 
(2020) 135634

JHEP 10 
(2020) 204

See talk by D. Hangal

Wed. 8:30

https://arxiv.org/abs/1907.12541
https://arxiv.org/abs/1907.12541
https://arxiv.org/abs/2005.05852
https://arxiv.org/abs/2005.05852
https://indico.cern.ch/event/1139644/contributions/5541340/
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Jet suppression: substructure dependence

Interpretation

See talk by D. Hangal

Wed. 8:30

Or is it more subtle, gluon jets are both: 

- Wider in general and also

- Expected to have a larger coupling to the medium

Does this observation arise from “trivial” flavor effects?

 =
9
4

×

vs from decoherence effects?

We have lots of new results sensitive to both 
aspects that we should be able to address these 
subtleties through detailed model comparisons
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[PLB 790 (2019) 108]
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https://indico.cern.ch/event/1139644/contributions/5541340/
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Dijet asymmetry

Historical perspective

Run 3

Run 2

Run 1
Initial observation of 
asymmetric dijets

PRL 105 (2010) 252303

Unfolded  distributions

PLB 774 (2017) 379

xJ

Absolutely normalized yields

PRC 107 (2023) 054908

Photon-jet balance

PLB 789 (2019) 167

Today:

-Geometric dependence 
Xe+Xe vs Pb+Pb


-New/final results comparing 
Different R values

Theme:

Continual improvement in 
methodology and precision, 
and refinement in answering 
physics questions

https://arxiv.org/abs/1011.6182
https://arxiv.org/abs/1706.09363
https://arxiv.org/abs/2205.00682
https://arxiv.org/abs/1809.07280
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Dijet Asymmetry

Dependence on system size and shape

Xe+Xe data shows qualitatively same features as Pb+Pb both in 
terms of shape and suppression

Final for

QM23

Dijet asymmetry in Xe+Xe

PRC 108 (2023) 024906
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In quantitative 
agreement when 
matching equivalent 
event activity levels and 
accounting for different 
CM energies

In sensitive to path 
length differences in 
Pb+Pb and Xe+Xe


Suggests fluctuations in 
energy loss itself 
dominating the behavior

See talk by A. Sickles

 Tues. 9:30

https://arxiv.org/abs/2302.03967
https://indico.cern.ch/event/1139644/contributions/5539886/
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Dijet asymmetry

Dependence on jet radius

See talk by A. Sickles

 Tues. 9:30

See poster by A. Romero
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New for

QM23

https://indico.cern.ch/event/1139644/contributions/5539886/
https://indico.cern.ch/event/1139644/contributions/5503038/
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3

FIG. 3. CoLBT-hydro results on �-triggered jet-hadron cor-
relation for soft hadrons (pT = 0-2 GeV/c) in �⌘ = ⌘h � ⌘jet
and �� = �h � �jet in (a) p + p and (b) 0-10% Pb+Pb col-
lisions at

p
sNN = 5.02 TeV, with the same kinematics as in

Fig. 1.

a charged track, r =
p

(�trk � �jet)2 + (⌘trk � �jet)2 is
the distance between the track and the jet axis in rapid-
ity (⌘) and azimuthal angle (�). The summation is over
all jets within the kinematic cuts and over an annulus
of width �r with respect to the jet axis in the numera-
tor and over the jet cone R = 0.3 in the denominator.
Both CoLBT-hydro and experimental data [59] show a
significant broadening of the jet shape toward the edge
of the jet cone due to the jet-induced medium response
and medium-induced gluon radiation. The same mech-
anisms also lead to the enhancement of soft hadrons in
the jet fragmentation function [22, 34]. However, it is
di�cult to separate the two mechanisms in both the ex-
perimental data and CoLBT-hydro simulations.

3. 3D structure of the di↵usion wake.—To find out the
3D structure of the jet-induced medium response in the
momentum space, we plot in Fig. 3 the jet-hadron cor-
relations in �⌘ = ⌘h � ⌘jet and �� = �h � �jet for soft
hadrons in pT 2 (0, 2) GeV/c in (a) p+ p and (b) 0-10%
central Pb+Pb collisions at

p
sNN = 5.02 TeV. The cor-

relation in p+ p collisions has a peak around the jet axis
for hadrons from the jet on top of a ridge along the az-
imuthal angle from MPI (a small fraction ⇠ 20% of this
ridge comes from initial state radiation). In Pb+Pb col-
lisions, the jet peak is clearly enhanced by both the recoil
and radiated partons as a result of the jet modification.
This is consistent with soft hadron enhancement in the
modified jet fragmentation functions [22, 23, 34]. In the
azimuthal angle region |��| > ⇡/2 opposite to the jet
axis around |��| = ⇡, however, a valley is formed on top
of the MPI ridge due to the depletion of soft hadrons by
jet-induced di↵usion wake. We refer this as the di↵usion
wake (DF-wake) valley. We will focus on the structure
of this valley in rapidity �⌘ as a unique signal of the
di↵usion wake in the remainder of this Letter.

To examine the structure of the DF-wake valley in de-
tail, we plot in Fig. 4 the jet-hadron correlation (a) as

FIG. 4. CoLBT-hydro results on �-triggered jet-hadron cor-
relation (a) in �⌘ within |��| > ⇡/2 and (b) in �� within
|�⌘| < 2.2 for soft hadrons within pT = 0-2 GeV/c (red) and
pT = 1-2 GeV/c range (blue) in p + p (dashed) and 0-10%
central Pb+Pb (solid) collisions at

p
sNN = 5.02 TeV. The �-

jet kinematics is the same as in Fig. 1. The black dot-dashed
line is the 2-Gaussian fit using Eq. (2).

a function of rapidity �⌘ in the region |��| > ⇡/2 and
(b) as a function of �� in the region |�⌘| < 2.2 for
soft hadrons in p+p (dashed) and 0-10% central Pb+Pb
(solid) collisions [60]. The Gaussian-like MPI ridge of
the correlation in p+p collisions comes from independent
minijets in MPI. In Pb+Pb collisions, these minijets are
also quenched, leading to enhancement of soft hadrons
and suppression of high pT hadrons. Their rapidity-
azimuthal distributions, however, remain a Gaussian-like
ridge plus a valley due to the di↵usion wake. The DF-
wake valley on top of the MPI ridge gives rise to a double
peak feature in the rapidity distribution of the jet-hadron
correlation in Fig. 4 (a). The DF-wake valley is the deep-
est in the direction opposite to the jet axis (|��| = ⇡).
As one moves toward the jet axis in azimuthal angle, the
valley gradually gives away to the jet peak starting at
around |��|  ⇡/2 as seen in Figs. 3(b) and 4(b).
In order to disentangle the DF-wake valley and MPI

ridge in the jet-hadron correlation, we use a 2-Gaussian,

F (�⌘) =

Z ⌘j2

⌘j1

d⌘jF3(⌘j)(F2(�⌘, ⌘j) + F1(�⌘)), (2)

to fit the rapidity distribution of the correlation,
where F1(�⌘) = A1e��⌘2/�2

1 is the DF-wake valley,

F2(�⌘, ⌘j) = A2e�(�⌘+⌘j)
2/�2

2 is the MPI ridge, F3(⌘j)
is the self-normalized Gaussian-like rapidity distribution
of �-triggered jets from CoLBT-hydro simulations, and
⌘j1,j2 define the jet rapidity range in the analysis. We
assume that the DF-wake valley and MPI ridge are both
Gaussian-like. The dot-dashed line in Fig. 4(a) demon-
strates the robustness of the 2-Gaussian fit to the double
peak structure. We will only focus on soft hadrons in the
pT =1–2 GeV/c range in the following analyses.
Since the �-jet asymmetry distribution in Pb+Pb col-

lisions is modified by jet energy loss as shown in Fig. 1,
one can use xj� to select events with di↵erent jet energy
loss which is controlled by the jet propagation length

3

FIG. 3. CoLBT-hydro results on �-triggered jet-hadron cor-
relation for soft hadrons (pT = 0-2 GeV/c) in �⌘ = ⌘h � ⌘jet
and �� = �h � �jet in (a) p + p and (b) 0-10% Pb+Pb col-
lisions at

p
sNN = 5.02 TeV, with the same kinematics as in

Fig. 1.

a charged track, r =
p

(�trk � �jet)2 + (⌘trk � �jet)2 is
the distance between the track and the jet axis in rapid-
ity (⌘) and azimuthal angle (�). The summation is over
all jets within the kinematic cuts and over an annulus
of width �r with respect to the jet axis in the numera-
tor and over the jet cone R = 0.3 in the denominator.
Both CoLBT-hydro and experimental data [59] show a
significant broadening of the jet shape toward the edge
of the jet cone due to the jet-induced medium response
and medium-induced gluon radiation. The same mech-
anisms also lead to the enhancement of soft hadrons in
the jet fragmentation function [22, 34]. However, it is
di�cult to separate the two mechanisms in both the ex-
perimental data and CoLBT-hydro simulations.

3. 3D structure of the di↵usion wake.—To find out the
3D structure of the jet-induced medium response in the
momentum space, we plot in Fig. 3 the jet-hadron cor-
relations in �⌘ = ⌘h � ⌘jet and �� = �h � �jet for soft
hadrons in pT 2 (0, 2) GeV/c in (a) p+ p and (b) 0-10%
central Pb+Pb collisions at

p
sNN = 5.02 TeV. The cor-

relation in p+ p collisions has a peak around the jet axis
for hadrons from the jet on top of a ridge along the az-
imuthal angle from MPI (a small fraction ⇠ 20% of this
ridge comes from initial state radiation). In Pb+Pb col-
lisions, the jet peak is clearly enhanced by both the recoil
and radiated partons as a result of the jet modification.
This is consistent with soft hadron enhancement in the
modified jet fragmentation functions [22, 23, 34]. In the
azimuthal angle region |��| > ⇡/2 opposite to the jet
axis around |��| = ⇡, however, a valley is formed on top
of the MPI ridge due to the depletion of soft hadrons by
jet-induced di↵usion wake. We refer this as the di↵usion
wake (DF-wake) valley. We will focus on the structure
of this valley in rapidity �⌘ as a unique signal of the
di↵usion wake in the remainder of this Letter.

To examine the structure of the DF-wake valley in de-
tail, we plot in Fig. 4 the jet-hadron correlation (a) as

FIG. 4. CoLBT-hydro results on �-triggered jet-hadron cor-
relation (a) in �⌘ within |��| > ⇡/2 and (b) in �� within
|�⌘| < 2.2 for soft hadrons within pT = 0-2 GeV/c (red) and
pT = 1-2 GeV/c range (blue) in p + p (dashed) and 0-10%
central Pb+Pb (solid) collisions at

p
sNN = 5.02 TeV. The �-

jet kinematics is the same as in Fig. 1. The black dot-dashed
line is the 2-Gaussian fit using Eq. (2).

a function of rapidity �⌘ in the region |��| > ⇡/2 and
(b) as a function of �� in the region |�⌘| < 2.2 for
soft hadrons in p+p (dashed) and 0-10% central Pb+Pb
(solid) collisions [60]. The Gaussian-like MPI ridge of
the correlation in p+p collisions comes from independent
minijets in MPI. In Pb+Pb collisions, these minijets are
also quenched, leading to enhancement of soft hadrons
and suppression of high pT hadrons. Their rapidity-
azimuthal distributions, however, remain a Gaussian-like
ridge plus a valley due to the di↵usion wake. The DF-
wake valley on top of the MPI ridge gives rise to a double
peak feature in the rapidity distribution of the jet-hadron
correlation in Fig. 4 (a). The DF-wake valley is the deep-
est in the direction opposite to the jet axis (|��| = ⇡).
As one moves toward the jet axis in azimuthal angle, the
valley gradually gives away to the jet peak starting at
around |��|  ⇡/2 as seen in Figs. 3(b) and 4(b).
In order to disentangle the DF-wake valley and MPI

ridge in the jet-hadron correlation, we use a 2-Gaussian,

F (�⌘) =

Z ⌘j2

⌘j1

d⌘jF3(⌘j)(F2(�⌘, ⌘j) + F1(�⌘)), (2)

to fit the rapidity distribution of the correlation,
where F1(�⌘) = A1e��⌘2/�2

1 is the DF-wake valley,

F2(�⌘, ⌘j) = A2e�(�⌘+⌘j)
2/�2

2 is the MPI ridge, F3(⌘j)
is the self-normalized Gaussian-like rapidity distribution
of �-triggered jets from CoLBT-hydro simulations, and
⌘j1,j2 define the jet rapidity range in the analysis. We
assume that the DF-wake valley and MPI ridge are both
Gaussian-like. The dot-dashed line in Fig. 4(a) demon-
strates the robustness of the 2-Gaussian fit to the double
peak structure. We will only focus on soft hadrons in the
pT =1–2 GeV/c range in the following analyses.
Since the �-jet asymmetry distribution in Pb+Pb col-

lisions is modified by jet energy loss as shown in Fig. 1,
one can use xj� to select events with di↵erent jet energy
loss which is controlled by the jet propagation length
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‣ Lost energy serves as a source term in the hydrodynamic evolution 
 diffusion wake


‣ Follow proposal of (PRL 130 (2023) 5, 052301) look at photon-jet

‣ Signature depletion in particle production in photon-direction


- Larger with more energy loss  study vs 

‣ Measure soft hadron yield dividing out uncorrelated background

→

→ xγ J

Medium response

Search for diffusion wake

Search for diffusion wake

ATLAS-CONF-2023-054

Theory prediction from PRL 130 (2023) 5, 052301
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See talk by C. Mcginn

Wed. 8:50

New for

QM23

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-054/
https://arxiv.org/abs/2203.03683
https://indico.cern.ch/event/1139644/contributions/5541342/
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‣ATLAS has a diverse and vibrant physics program

‣Detailed studies of collision geometry


- Flow decorrelations, fluctuations ultra-central collisions

‣Hard-soft correlations


- Jet contribution to  in small systems, color fluctuations in  
dijets


‣Comprehensive program mapping out  dependence of nuclear PDF 
modifications

-  dijets, UPC dijets,  production in   


‣ Jet quenching

- Pinning down the relationship between flavor and substructure 

and how they determine energy loss

- Continuing program looking at dijets

v2 p + Pb

p + Pb tt̄ p + Pb

Summary
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