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QCD matter — Quark-gluon plasma (QGP)
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QCD Parton model in vacuum
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QCD factorization theorem (leading twist): 

Perturbative QCD (pQCD) is used to calculate 
• Partonic cross section


Non-perturbative, universal 
• Parton distribution functions (PDF)

• Fragmentation function (FF)


dσ(A + B → C + X) = fa/A(xa, μ2
F) ⊗ fb/B(xb, μ2

F) ⊗ dσab→cd(Q2 . μR) ⊗ DC/c(zc, M2)

fa/A(xa, μ2
F)

fb/B(xb, μ2
F)

σab→cd(Q2, μR)

DC/c(zc, M2)

a

b

c

X

Factorization scale  

Renormalization scale 

μF

μR

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

Weakly coupled approach

dσ(A + B → C + X) = fa/A(xa, μ2
F) ⊗ fb/B(xb, μ2

F) ⊗ dσab→cd(Q2 . μR) ⊗ DC/c(zc, M2)

QCD factorization in vacuum:

dσ(A + B → C + X) |geometry = ⊗ dσab→cd(Q2 . μR) ⊗ Pc→c′￼(TQGP) ⊗ DC/c′￼(zc′￼, M2)

Assumed QCD factorization in QGP:
f A,Z
a/A (xa, μ2

F) ⊗ f A,Z
b/B (xb, μ2

F)

Parton-medium 
interaction

×
×

×

×

×
×

×

×

“quasi-particle” 
in medium

*** Many models are more advanced than shown here
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Strong 
coupling

Weak 
coupling

QCD factorization in medium — Cont.
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QGP

dσ(A + B → C + X) = fa/A(xa, μ2
F) ⊗ fb/B(xb, μ2

F) ⊗ dσab→cd(Q2 . μR) ⊗ DC/c(zc, M2)

QCD factorization in vacuum:

dσ(A + B → C + X) |geometry = ⊗ dσab→cd(Q2 . μR) ⊗ Pc→c′￼(TQGP) ⊗ DC/c′￼(zc′￼, M2)

Assumed QCD factorization in QGP:
f A,Z
a/A (xa, μ2

F) ⊗ f A,Z
b/B (xb, μ2

F)

Parton-medium 
interaction

Strongly coupled approach  

• Holographic “jet”

• Strong/weak coupling hybrid

jet

hydrodynamic
modes

boundary

horizon

falling string

Figure 4. A cartoon showing the gravitational description of a jet propagating through the strongly
coupled fluid, losing energy to hydrodynamic modes. The cartoon is a snapshot at one moment in
time. The string is moving along the jet direction, as it falls. The fact that the endpoint of the string
is falling as it moves corresponds, in the boundary theory, to the fact that the red sphere encompassing
all the nonhydrodynamic stress energy — aka the jet — expands as it moves. In the gravitational
description, the falling string encodes the description of both the nonhydrodynamic stress energy
corresponding to the jet itself and the hydrodynamic stress corresponding to its wake.

with L the AdS radius. The boundary of the geometry, which is where the dual field theory

lives, is at AdS radial coordinate u = 0. The geometry contains an event horizon at radial

coordinate u = uh = 1/(⇡T ) with T the Hawking temperature of the black brane, which

coincides with the temperature of the SYM plasma.

Adding a massless quark jet to SYM plasma is equivalent to adding an open string to the

black brane geometry [37]. The string falls under the influence of gravity towards the black

brane, with the approach to the event horizon encoding the thermalization of the jet in the

field theory, see Fig. 4. The presence of the string perturbs the metric GMN ,

GMN = G(0)
MN +

L2

u2
HMN , (3.2)

where G(0)
MN is the AdS-Schwarzschild metric (3.1). The metric perturbation HMN is governed

by the linearized Einstein field equations,

L
MN
AB HMN = 8⇡GNewtonJAB, (3.3)

where L
MN
AB is a linear di↵erential operator (whose precise form follows from linearizing the

Einstein equations about the AdS-Schwarzschild metric), GNewton is the 5d gravitational

constant and JAB is the 5d string stress tensor.

Let h�Tµ⌫
i be the perturbation in the stress due to the presence of the jet,

h�Tµ⌫
i ⌘ hTµ⌫

i � hTµ⌫
eq i, (3.4)

– 12 –

JHEP 05 (2016) 098

Multiple scales involved:

• Vacuum QCD scales: , 

• Medium scales: , , , etc.


• Leading parton: , , etc

μF μR
T Λmed Lpath
m2 r⊥

Weakly coupled approach 

• Quenching formalism: BDMPS-Z, GLV, AMY, SCETG etc.

• Transport: LBT, LIDO etc.

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

EMCal Barrel 
LAr

Inner Tracker
TRT

SCT

Pixel

η = 1.0

η = 1.5

Simplified ATLAS detector geometry

z

y

2017 pp collisions, 5.02 TeV,  ∫  

2018 Pb+Pb collisions, 5.02 TeV,  ∫
L dt = 272 pb−1

L dt = 1.76 nb−1

LAr forward (FCal) 
Centrality, event plane

Muon detector
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Centrality
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-1Pb+Pb 5.02 TeV, 0.49 nb50-80%
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10-20%
0-10%

Central collisions 
Centrality 0-10%

Phys. Lett. B 789 (2019) 167

Low activity 
Low Number of binary  

~ 50

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

Energy deposition in FCal  
MinBias Pb+Pb collisionsPeripheral collisions 

Centrality 50-80%

https://linkinghub.elsevier.com/retrieve/pii/S037026931830950X
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η = 1.0

η = 1.5

Jet reconstruction — Heavy ion version
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Hadronization

Parton jet

Track jet

Calorimeter 
jet

Particle jet

Calorimeter Cells

Calorimeter Towers

Area based UE subtraction

Subtracted Towers

Calorimeter Jet

Calibrated jet

Jet calibration

Anti-kt jet clustering

Unfolding

Energy deposition 

pparticle jet
T ∼ pcalibrated jet

T

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

Particle jet

https://www.sciencedirect.com/science/article/pii/S037026931300049X
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Jet performance in heavy ion collisions
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Jet Energy Scale (JES) Jet Energy Resolution (JER)

arXiv:2205.00682 

ATLAS-CONF-2015-016/ 
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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
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PLB 790 (2019) 108 

RAA =
per-NN yields in A-A

yields in pp

Jet production: heavy ion (A-A) collisions vs. pp collisions

Nuclear 
modification factor

pT

RAA

1

RAA < 1 due to jet-QGP interaction: jets in A-A collisions 
are suppressed / quenched 

Jet yield

pT

Energy 
loss

pp spectrum 
~ unquenched spectrum

A-A 
spectrum

RAA depends on:

• Energy loss

• Jet spectrum before quenching 

Jet yield

pT

Energy 
loss

pp spectrum 
~ unquenched spectrum

A-A 
spectrum

https://www.sciencedirect.com/science/article/pii/S037026931830995X
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What we learnt from inclusive jet quenching
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Phys. Rev. C 100 (2019) 064901

Modifications in Spectrum

Next generation jet quenching measurements to directly 
probe different scales: , , , etc.Λmed m2 Lpath

Jets are quenched in Pb+Pb, suppressed by a factor of 2 in central collisions

Modifications in jet fragmentation

Soft fragments

Hard fragments

Soft fragments

Hard fragments

pp jet
Quenched jet
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Quenched jet: 

• Suppressed and narrowed hard fragments

• Enhanced and broadened soft fragments 

Jet cone Jet cone

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 quenching
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New for

Hannah Bossi (Yale University) 11

R-dependence via  ratiosRAA

Quark Matter 2022

R = 0.6 jets appear more suppressed than R = 0.2 jets, suggesting an R-dependence.

R = 0.4 / R = 0.2 R = 0.6 / R = 0.2R-dependence 
of the is a 
useful and 
discriminative 
measurement 
when compared 
to models.

RAA

No evidence of 
R-dependence 
between R = 0.2 
and R = 0.4.
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• Wider area to recover lost energy

• Open phase space to jets with wide splittings

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

Different UE estimations: ML based (ALICE) vs. Area based (ATLAS)

Different Jets: track jet (ALICE) vs. calorimeter jet (ATLAS)

R = 0.6 / R = 0.2 R = 0.5 / R = 0.2

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


• Partons with separations below the scale → radiate as a single parton


Medium color coherence → Jet quenching depends on hard splitting of 
leading parton 


Λmed

2
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FIG. 1. A sample jet event resolved with Rmed = 0.1 (left

panel) and 0.15 (right panel). The blue histogram denotes

the hardest resolved sub-jet, the green the next-to-hardest

one, while the pink histogram denotes soft fragments.

only loosing energy by induced radiation as a single par-
ton. As will be shown below, for typical LHC kinematics
there is a significant probability that the experimentally
reconstructed jet with cone parameter R accommodates
only one resolved charge which contains the leading con-
stituents carrying nearly all of the total jet transverse
energy.

From the antenna to the jet. The dynamics of a
QCD jet in vacuum is described in terms of the scales
of the problem. The initial hardness, given by the jet
transverse mass E⇥jet, where E is the jet energy and ⇥jet

its aperture, is distributed among several constituents in
the course of a branching process. Multiple emissions in
the shower are governed by color coherence which can
most easily be understood in the context of the antenna
radiation, the soft gluon radiation o↵ a pair of highly
energetic color correlated partons. The antenna serves
as the building block for a probabilistic scheme of jet
evolution.

In the radiation process from any such antenna of
opening angle ⇥, the emitted gluon transverse wave-
length �?, which is related to its transverse momentum
by �? ⇠ 1/k?, needs to be compared to the transverse
separation of the pair at the time of formation of the
gluon, r? = ⇥ tf, with tf ⇠ k2

?/! and ! the gluon fre-
quency . If �? > r?, the gluon cannot resolve the two
components of the antenna which act coherently as a sin-
gle emitter; in the opposite case, when �? < r?, the
radiative spectrum is the superposition of independent
gluon emissions o↵ each of the antenna components. In
other words, radiation with �? > r? is only sensitive to
the total charge. This relation takes a particularly simple
form for the angular distribution of gluons, namely glu-
ons emitted at small angles ✓ < ⇥ resolve the individual
charges while those with ✓ > ⇥ behave as if emitted o↵
the total charge. This generic feature is responsible for

the angular ordering constraint [5].
The presence of a deconfined medium introduces a new

transverse length scale into the problem, which we sim-
ply denote by ⇤med, defining the transverse size of the
color correlations of the plasma as seen by a probe. The
response of a single, energetic parton immersed in this en-
vironment is the radiation of modes with k? . 1/⇤med,
giving rise to an energy depletion of the projectile. The
nature of this radiation has been extensively discussed
in the literature and is generically referred to as the
BDMPS-Z spectrum [6]. For more than one simultane-
ously propagating parton, this medium-induced compo-
nent will also be accompanied by a modification of the
color correlation structure among the di↵erent charges
[4], which we proceed to discuss.

Let us start by the simplest case of a single antenna
in a static and homogeneous medium of length L. The
maximal degree of decoherence, due to color randomiza-
tion, of the two constituents of the antenna is controlled
by [4]

�med ' 1 � e� 1
12 q̂Lr2? ⌘ 1 � e�(⇥/✓c)

2

. (1)

Here q̂ is the well known quenching parameter, character-
izing the degree of momentum broadening in the trans-
verse plane per unit length, and r? = ⇥L. Moreover,
1/⇤2

med ⌘ q̂L. Since the first jet splitting defines the
largest antenna in the jet, it is now simple to discuss the
two possible scenarios, depicted in Fig. 1, for a jet with
opening angle ⇥ = ⇥jet.

When ⇥jet ⌧ ✓c, the whole jet is not resolved by the
medium. Therefore, all its components act as a single
emitter. This gives rise to two central consequences.
Firstly, the fragmentation pattern of the jet is unmod-
ified compared to the vacuum. Secondly, the jet energy
is depleted coherently proportionally to the color charge
of the jet initiator (e.g., with color charge CR = CF in the
case of a quark jet). In other words, for a jet energy loss
�E, each parton reduces its energy by a constant factor
1��E/E. This is a manifestation of color transparency
for highly collimated jets.

For the case ⇥jet � ✓c, on the other hand, some parts
of the jet can be resolved by the medium depending on
the formation time of the di↵erent jet fragments. Nev-
ertheless, the partons within the jet may be reorganized
into a reduced e↵ective number of emitters which are sen-
sitive to medium e↵ects in the shower.
An estimate of the relevance of color coherence

for LHC conditions. As a proof-of-principle study,
we have analyzed the transverse structure of vacuum
jet showers in the kinematic range of the LHC. Using
PYTHIA 8.150 [7], we studied jet events at partonic level
in p+p collisions at 2.76 TeV identified via the anti-kt al-
gorithm, as implemented in FastJet 3.0.3 [8]. Since the
resolution power of the medium depends upon the ge-
ometry encountered by the jet, we have embedded these
events into an evolution model for the plasma. Each
event was assigned a production point in the transverse
plane according to the Ncoll distribution in the Glauber

Jet quenching dictated 
by color coherence 

Phys.Lett.B 725 (2013) 357-360

QGP

r⊥ < Λmed

r⊥ > Λmed

Control jet substructure:

• Trimming of R=1.0 jet

• Soft drop grooming of R=0.4 jet

https://linkinghub.elsevier.com/retrieve/pii/S0370269313006102
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Single sub-jet (SSJ): 

60-80%

0-10%

RAA of trimmed large-R jet
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Trimming procedure 

1. Cluster Anti-kT R=0.2 jets to form Anti-kT R=1.0 jet

2. Recluster R=0.2 jets in R=1.0 with algorithm to get kT splitting scales 

ΔR12

d12 = min(pT,1, pT,2) × ΔR12

ATLAS-CONF-2019-056 

UE contribution 
suppressed by 
using R=0.2 jet 
as constituents

Two distinguished classes of jets:


• , more suppressed, weakly depend on  value, 


• , significant less suppressed,  + 

d12 > 0 d12 r⊥ > Λmed

d12 = 0 r⊥ > Λmed r⊥ < Λmed

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

ΔR12 < 0.2

zcut = 0.2, β = 0

4

Analysis Procedure

Soft Drop Condition

• Jets are reclustered with C/A algorithm and iteratively declustered till the subjets satisfy the Soft Drop (SD) condition

• Observable measured in this analysis, rg, is the angular distance (ΔRij) between subjets satisfying the SD condition

• rg and jet pT are unfolded using 2D Bayesian unfolding to the truth hadron level

if
min(pT,1, pT,2)

pT,1 + pT,2
> 0.2 ?

prong1

prong2

Update 
constituents 
with particle 

flow algR=0.4 Anti-kT jet 
using Calorimeter 
towers (0.1X0.1)

4

Analysis Procedure

Soft Drop Condition

• Jets are reclustered with C/A algorithm and iteratively declustered till the subjets satisfy the Soft Drop (SD) condition

• Observable measured in this analysis, rg, is the angular distance (ΔRij) between subjets satisfying the SD condition

• rg and jet pT are unfolded using 2D Bayesian unfolding to the truth hadron level

min(pT,1, pT,2)
pT,1 + pT,2

> 0.2

prong1

prong2
Schematic sketch from A. Larkoski


w/ modifications

Groomed radius

rg = (ϕ1 − ϕ2)2 + (η1 − η2)2
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ATLAS-CONF-2022-026

0-10%

rg

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-026/


Qipeng Hu (LLNL)

RAA of groomed jets — model comparison
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• Caucal et al.※, MC generator with pQCD in-
medium parton shower


• Very good agreement at small and large  


• Discrepancies in 

rg
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rg = 0: jets failing 
SD conditions
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inclusive jet RAA
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-026/
https://link.springer.com/article/10.1007/JHEP10(2019)273
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Jet quenching — color charge dependence

18

QGP

Gluon jets vs. quark jets:

• Gluon jets are more active: fatter and produce more particles

→ Jet quenching depends on color charge

Gluon jet: 
CA = 3

Quark jet: 
CF = 4/3

ATLAS-CONF-2022-019
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Qipeng Hu (LLNL)

𝛾-tagged jet RAA

19

60 80 100 120 140 160
 [GeV]

T
-tagged jet pγ

0

0.2

0.4

0.6

0.8

1

AAR

0 - 10%
10 - 30%
30 - 80%

 PreliminaryATLAS

-1 260 pbpp, 2017 -12018 Pb+Pb 1.7 nb

 = 5.02 TeVNNs

 R = 0.4 jetsTanti-k
| < 2.37γη > 50 GeV, |γ

T
p

/2π,jet) > γ(φΔ| < 2.8, jetη|

 0 - 10%
-jetγ

[PLB 790 (2019) 108]
Inc. jet

ATLAS-CONF-2022-019

• Strong centrality dependence

• Weak dependence on jet pT in central collisions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/
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Inclusive jet

𝛾-tagged jets are less suppressed than inclusive jets


• Different virtuality / substructures

• Different jet spectra

ATLAS-CONF-2022-019

0-10%

~80% quark jets

~40% quark jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/
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Models describe inclusive jet RAA well while under-
predict 𝛾-tagged jet at high pT

Models Details Uncetaitnty

LIDO※ Pythia8 + Boltzmann-Langevin 
transport Medium-jet coupling

CoLBT※ Pythia8 + Higher-twist + 
Boltzmann transport N/A

SCETG※ EFTs w/ medium modified 
splitting + Evolution equations Medium-jet coupling

Takacs et al.※ Pythia8 + BDMPS-Z + GLV + 
Poisson ansatz N/A

JEWEL※ Pythia6.4 + BDMPS + parton 
shower N/A

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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QGP

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


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

Q

Q̄

Q = c, b
q

q̄

q = u, d, s

q = u, d, s

q

q

Q = c, b

Q

Q

arXiv:2204.13530

dPRad;Q(θ) ∝ (1 + (MQ

EQ )
2 1

θ2 )
−2

https://arxiv.org/abs/2204.13530
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• Significantly more suppressed in 0-20% 
compare to 50-80%


• Weak dependence on b-jet pT

arXiv:2204.13530

50-80%

0-20%

https://arxiv.org/abs/2204.13530
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arXiv:2204.13530

50-80%

0-20%

• LIDO (Boltzmann + Langevin) in good agreement 
with data


• Dai (modified Langevin) underpredicts b-jet RAA in 
central collisions


• Li and Vitev (SCET) central values underpredict b-
jet RAA at low pT

Models Details Uncetaitnty

LIDO※ FONLL + Boltzmann-Langevin 
transport Medium-jet coupling

Dai et al.※ Sherpa + Langevin transport w/ 
radiation N/A

Li and Vitev※ EFTs w/ medium modified splitting 
+ Evolution equations Medium-jet coupling

https://arxiv.org/abs/2204.13530
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.064901
https://iopscience.iop.org/article/10.1088/1674-1137/abab8f
https://link.springer.com/article/10.1007/JHEP07(2019)148


Qipeng Hu (LLNL)

80 100 120 140 160 180 200 220 240 260 280
 [GeV]

T
p

0.6

0.8

1

1.2

1.4

1.6

1.8

AAin
cl

us
iv

e 
je

t
R/

AA-je
t

b
R ATLAS

| < 2.1y = 0.2 jets, |R tkanti-
-1Pb+Pb 2018, 1.4(1.7) nb

-1 2017, 260 pbpp

Centrality 0-20%
 = 5.02 TeVNNs

LIDO model
Dai et al.

80 100 120 140 160 180 200 220 240 260 280
 [GeV]

T
p

0.6

0.8

1

1.2

1.4

1.6

1.8

AAin
cl

us
iv

e 
je

t
R/

AA-je
t

b
R

LIDO model
Dai et al.

ATLAS
| < 2.1y = 0.2 jets, |R tkanti-

-1Pb+Pb 2018, 1.4(1.7) nb
-1 2017, 260 pbpp

Centrality 20-50%
 = 5.02 TeVNNs

80 100 120 140 160 180 200 220 240 260 280
 [GeV]

T
p

0.6

0.8

1

1.2

1.4

1.6

1.8

AAin
cl

us
iv

e 
je

t
R/

AA-je
t

b
R

LIDO model
Dai et al.

ATLAS
| < 2.1y = 0.2 jets, |R tkanti-

-1Pb+Pb 2018, 1.4(1.7) nb
-1 2017, 260 pbpp

Centrality 50-80%
 = 5.02 TeVNNs

80 100 120 140 160 180 200 220 240 260 280
 [GeV]

T
p

0.6

0.8

1

1.2

1.4

1.6

1.8

AAin
cl

us
iv

e 
je

t
R/

AA-je
t

b
R ATLAS

| < 2.1y = 0.2 jets, |R tkanti-
-1Pb+Pb 2018, 1.4(1.7) nb

-1 2017, 260 pbpp

Centrality 0-20%
 = 5.02 TeVNNs

LIDO model
Dai et al.

80 100 120 140 160 180 200 220 240 260 280
 [GeV]

T
p

0.6

0.8

1

1.2

1.4

1.6

1.8

AAin
cl

us
iv

e 
je

t
R/

AA-je
t

b
R

LIDO model
Dai et al.

ATLAS
| < 2.1y = 0.2 jets, |R tkanti-

-1Pb+Pb 2018, 1.4(1.7) nb
-1 2017, 260 pbpp

Centrality 20-50%
 = 5.02 TeVNNs

80 100 120 140 160 180 200 220 240 260 280
 [GeV]

T
p

0.6

0.8

1

1.2

1.4

1.6

1.8

AAin
cl

us
iv

e 
je

t
R/

AA-je
t

b
R

LIDO model
Dai et al.

ATLAS
| < 2.1y = 0.2 jets, |R tkanti-

-1Pb+Pb 2018, 1.4(1.7) nb
-1 2017, 260 pbpp

Centrality 50-80%
 = 5.02 TeVNNs
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Rb−jet
AA ∼ Rinclusive jet

AA

Rb−jet
AA > Rinclusive jet

AA

arXiv:2204.13530

• LIDO (Boltzmann + Langevin) overpredicts 
relative difference


• Dai (modified Langevin) describes the relative 
difference better

50-80%

0-20%

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

Difference at different centralities: more likely a mass 
dependence driven effect

Models Details Uncetaitnty

LIDO※ FONLL + Boltzmann-Langevin 
transport Medium-jet coupling

Dai et al.※ Sherpa + Langevin transport w/ 
radiation N/A

https://arxiv.org/abs/2204.13530
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.064901
https://iopscience.iop.org/article/10.1088/1674-1137/abab8f
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QGP

Lc
path

Ld
path

Ψ

Ψ

QGP

QGP

• Jet azimuthal anisotropy

• Dijet asymmetry

Control jet path-length through the QGP medium

• Correlate jet with event plane angle →

• Correlate back-to-back dijet events →
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Jet production wrt. event plane angle
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• Centrality dependence → Initial geometric 
anisotropy


• pT dependence → less suppression at 
higher pT, surface bias
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• LIDO※: Pythia8 + Boltzmann + Langevin transport

• LBT※: Pythia8 + Boltzmann transport

arXiv:2111.06606
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• Both transport models get the size of the v2 & v3 well, except for v2 below ~100 GeV

Comparison to LIDO Comparison to LBT

Ψ3

https://link.springer.com/10.1007/JHEP05(2021)041
https://link.aps.org/doi/10.1103/PhysRevC.99.054911


Qipeng Hu (LLNL)

Normalized dijet xJ distribution 

31

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
 < 126 GeV

T1
p100 < 0 - 10 %

Pb+Pb
pp

10 - 20 %ATLAS
 = 0.4 jetsR tkanti-

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
20 - 30 % 30 - 40 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
40 - 60 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

60 - 80 % = 2.76 TeVNNs

-1 data, 4.0 pbpp2013 

-12011 Pb+Pb data, 0.14 nb

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
 < 126 GeV

T1
p100 < 0 - 10 %

Pb+Pb
pp

10 - 20 %ATLAS
 = 0.4 jetsR tkanti-

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
20 - 30 % 30 - 40 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
40 - 60 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

60 - 80 % = 2.76 TeVNNs

-1 data, 4.0 pbpp2013 

-12011 Pb+Pb data, 0.14 nb

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
 < 126 GeV

T1
p100 < 0 - 10 %

Pb+Pb
pp

10 - 20 %ATLAS
 = 0.4 jetsR tkanti-

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
20 - 30 % 30 - 40 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
40 - 60 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

60 - 80 % = 2.76 TeVNNs

-1 data, 4.0 pbpp2013 

-12011 Pb+Pb data, 0.14 nb

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
 < 126 GeV

T1
p100 < 0 - 10 %

Pb+Pb
pp

10 - 20 %ATLAS
 = 0.4 jetsR tkanti-

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
20 - 30 % 30 - 40 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
40 - 60 %

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

60 - 80 % = 2.76 TeVNNs

-1 data, 4.0 pbpp2013 

-12011 Pb+Pb data, 0.14 nb

Leading jet

Sub-leading jet

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Jx

0

0.5

1

1.5

2

2.5

3

3.5

4J
dxpa

ir
dN  

pa
ir

N1

ATLAS0-10% Pb+Pb 
 R = 0.4tkanti- < 158 GeV

T,1
p126 < 

 -1 = 5.02 TeV: 2.2 nbNNs
-1 = 2.76 TeV: 0.14 nbNNs

Physics Letters B 774 (2017) 379
arXiv:2205.00682 

xJ =
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pleading
T

https://www.sciencedirect.com/science/article/pii/S0370269317307906
https://arxiv.org/abs/2205.00682
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Parton-QGP interaction 

QGP size/temperature 
  
  
 

Jet quenching 

Centrality dependence 
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ATL-PHYS-PUB-2022-020
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ATL-PHYS-PUB-2022-020
Parton-QGP interaction 

QGP size/temperature 
QGP color coherence 

Parton mass 
Parton path-length in QGP

Jet quenching 

Centrality dependence 
Color charge / substructure dependence 

Flavor dependence 
Inclusive jet vn / dijet asymmetry

observation
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• Jet vn, arXiv:2111.06606

• Di-jet asymmetry, arXiv:2205.00682 

• b-jet suppression, arXiv:2204.13530


• 𝛾-tagged jet suppression, ATLAS-CONF-2022-019 


• Substructure dependence of jet suppression, ATLAS-CONF-2022-026

Final

Preliminary

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

Run3 outlook: 
• More data → better statistical precision

• Improved jet reconstruction and calibration → better systematic precision

• New collision system (O-O) → explore jet quenching in smaller systems

https://arxiv.org/abs/2111.06606
https://arxiv.org/abs/2205.00682
https://arxiv.org/abs/2204.13530
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-019/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-026/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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