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Motivation
Pb+Pb, Xe+Xe collisions: 
– Hot, deconfined QCD matter – QGP (collective / 

non-perturbative aspects of strong interaction, 
hadronization; similar to matter in early stages of the 
universe)

– Ultra-peripheral collisions (em. processes, light-by-
light, BSM, nPDFs) – turns LHC into  collider

p+Pb collisions: 
– Nuclear modifications of PDFs, initial state of 

Pb+Pb collision
– QGP in small systems? Collectivity in hadronic 

collisions? Universality of particle production?

p+p collisions: 
– Reference for Pb+Pb and p+Pb 
– QGP in small systems? Collectivity in hadronic 

collisions? Universality of particle production?
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In 2020 ...
Tim Rinn, …, M.S. [ATLAS], “Dijet asymmetry in 2018+2015 PbPb & 
pp”, ATLAS-CONF-2020-017

S. Adhya, C. Salgado, M.S., K. Tywoniuk, “Medium-induced cascade in 
expanding media”, JHEP 07 (2020) 150 

P. Castorina, A. Iorio, M.S., D. Lanteri “Universality in Hadronic and 
Nuclear Collisions”, Phys. Rev. C 101 (2020) 5, 054902 

H. Andrews et al, “Novel tools and observables for jet physics in 
heavy-ion collisions”,  J. Phys. G 47 (2020) 6, 065102

Continue working on:

– Dijet asymmetry measurement in XeXe; numerical inversion and 
cross-calibration for HI jets [Ph.D. thesis of M. Krivoš]

– Full cascades in expanding media [more by Souvik]

– Large-R jets and jet substructure in PbPb & pp [M. Rybář & some 
inputs from M. Krivoš]

– Parametric modeling of jet quenching [M. Rybář & M.S.]
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… this talk
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Dijet asymmetry in 2010
Dijet asymmetry:

… a measure of energy imbalance 
In pp collisions, dijets are on average balanced
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Dijet asymmetry in 2010
Dijet asymmetry:

… a measure of energy imbalance 
In pp collisions, dijets are on average balanced
In central heavy ion collisions a significant imbalance 
is observed

First observation of jet 
quenching at the LHC

A. Agerami, B. Cole,
 M.S., M. Rybář [ATLAS] 
PRL 105 (2010) 252303
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Dijet asymmetry in 2020

Significant imbalance seen for central HI collisions which evolves with pT.

Peripheral collisions have xJ compatible with pp collisions.

This should improve understanding of the path-length dependence of 
parton energy loss and role of fluctuations.

More precise measurement: precise 2D unfolding, all background corrections, 
systematic uncertainties. Took many years to get there.
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Expanding medium

… knowing the way how the medium expands is crucial

In our case the medium is deconfined matter which expands to the vacuum 
and hadronizes ...
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Example for exponential
decaying medium:

… calculated in approximation of multiple 
soft scatterings and leading order in log of 
number of scattering centers

Parton cascades
 in expanding medium

Splitting function

Function of 
energy transfered
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Parton cascades
 in expanding medium

“time”
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Parton cascades
 in expanding medium
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Parton cascades
 in expanding medium

We quantify the impact of the medium expansion on basic jet observables 
(suppression factor and derived quantities).

In some cases this impact can be scaled out and measurements are 
largely insensitive to the way how the medium expands.

Full results in talk by Souvik.
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Physics interest
Pb+Pb, Xe+Xe collisions: 
– Hot, deconfined QCD matter – QGP (collective / 

non-perturbative aspects of strong interaction, 
hadronization; similar to matter in early stages of the 
universe)

– Ultra-peripheral collisions (em. processes, light-by-
light, BSM, nPDFs) – turns LHC into  collider

p+Pb collisions: 
– Nuclear modifications of PDFs, initial state of 

Pb+Pb collision
– QGP in small systems? Collectivity in hadronic 

collisions? Universality of particle production?

p+p collisions: 
– Reference for Pb+Pb and p+Pb 
– QGP in small systems? Collectivity in hadronic 

collisions? Universality of particle production?
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Universality: strangeness production

Strangeness suppression: quantified by 
s factor (obtained from fits of particle
abundances by statistical hadronization model)

s ~ 1 chiral symmetry restoration. 

Different behavior for different collision systems.



16

Universality: strangeness production

Strangeness suppression: quantified by 
s factor (obtained from fits of particle
abundances by statistical hadronization model)

s ~ 1 chiral symmetry restoration. 

Different behavior for different collision systems.
Differences removed when evaluating in an appropriate quantity.

 s



17

Universality: strangeness production

Strangeness suppression: quantified by 
s factor (obtained from fits of particle
abundances by statistical hadronization model)

s ~ 1 chiral symmetry restoration. 

Different behavior for different collision systems.
Differences removed when evaluating in an appropriate quantity.
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Universality: strangeness production

… excellent scaling observed
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Universality: mean pT

… scaling observed
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Universality: elliptic flow
… what is the elliptic flow?

Initial asymmetry in space => pressure gradients. 
Deconfined matter is expanding differently in different directions.
Quantification using Fourier expansion in azimuthal angle wrt to
the plane of the interaction. First order in that expansion is the elliptic flow:
 

Behavior of vn(pT) successfully described by the relativistic hydrodynamics.
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Universality: elliptic flow

Magnitude of v2 different for different collision systems.

Again, it scales when evaluating as a function of a proxy for initial entropy 
density.
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Basic summary
Studying dijet asymmetry in Pb+Pb (and Xe+Xe) collisions may help to 
better understand the path-length dependence of parton energy loss in 
the deconfined QCD medium. 

Some of jet observables are not sensitive to the way how the deconfined 
medium expands. 

Physics of soft particle production seems universal, driven by initial 
entropy density.
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Some additional information
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Centrality

It is not possible to directly measure the impact parameter. The degree of 
overlap of two colliding ions is quantified by a measure called centrality.

Centrality is based on information from FCal or forward detectors. 
Centrality is expressed in percentiles (e.g. 0-10% refers to the 10% of the 
most central collisions; 80-100% is 20% of the most peripheral collisions) 


