
Hard probes of heavy ion 
collisions with ATLAS

Martin Krivos 
for ATLAS collaboration

QCD22 Montpellier 1



Introduction 

2

Quark
Gluon

Plasma

Nucleus A

Nucleus B



Introduction 

3

Quark
Gluon

Plasma

Properties and 
degrees of freedom of 
QGP?

How does the color charge interact 
and lose energy in the medium?

Is there flavour or 
mass dependence of 
the energy loss? 

What is the resolution scale of 
the medium?

How does the 
hadronization process 
work?



Nuclear modification factor:

● RAA < 1 → suppression. 

● Suppression is stronger for more central 

collisions.

● While jets are strongly suppressed vector 

bosons remain unsuppressed (next slide)  

Inclusive jet production

Ncoll ✕  Yield(           )
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Physics Letters B 790 (2019) 108–128

RAA = 
Yield (                    )Pb

p p

Pb

https://reader.elsevier.com/reader/sd/pii/S037026931830995X?token=7CD1D59CDD58C80AE2849C3A4575D05D6493D7383A0EA56DDD5599F65473D345D5C22A2E24EAE616E3975BCB66A173A8&originRegion=eu-west-1&originCreation=20210914134244


W and Z bosons
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W: arXiv:1907.10414, Z: arXiv:1910.13396

Z

● Z0 consistent with unity ● larger fraction of valence-quarks in Pb 
nuclei than in protons →

● Deviation from unity → isospin effect

W

https://arxiv.org/abs/1907.10414
https://arxiv.org/abs/1910.13396


D(pT) and D(z) distributions
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arXiv:1805.05424 (5.02TeV), PRC 98 (2018) 024908, EPJC 77 (2017) 379

To understand the large 
jet suppression we need 
to measure modifications 
of the jet substructure 

https://mmm.cern.ch/owa/redir.aspx?C=G5t7NkqLleDeiIZiHkl2e_rKPSdYdnb_Wy3Awo5FfBaOcbdfXkzZCA..&URL=https%3a%2f%2farxiv.org%2fabs%2f1805.05424
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.024908
https://link.springer.com/article/10.1140/epjc/s10052-017-4915-5


D(pT) and D(z) distributions
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arXiv:1805.05424 (5.02TeV), PRC 98 (2018) 024908, EPJC 77 (2017) 379

Enhancement -> Suppression -> Enhancement

To understand the large 
jet suppression we need 
to measure modifications 
of the jet substructure 

https://mmm.cern.ch/owa/redir.aspx?C=G5t7NkqLleDeiIZiHkl2e_rKPSdYdnb_Wy3Awo5FfBaOcbdfXkzZCA..&URL=https%3a%2f%2farxiv.org%2fabs%2f1805.05424
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.024908
https://link.springer.com/article/10.1140/epjc/s10052-017-4915-5


𝛾-tagged jets
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ATLAS-CONF-2022-019

● Q:  Is there flavour dependence of the energy loss?

● Motivation:
○ Get lower in pT
○ Removes the survival bias
○ Ɣ-tagging constrains the jet flavor

Ɣ

jet

𝑝𝛾
T > 50 GeV

● Quark initiated jets are 
dominant

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


𝛾-tagged jets
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ATLAS-CONF-2022-019

Suppression is present

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


𝛾-tagged jets
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ATLAS-CONF-2022-019

● Ratio > 1 → visible effect from 
colour difference

● Quarks lose less energy than 
gluons

Suppression is present

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


Z-tagged charged particles
● Motivation:

○ Get lower in pT
○ Removes the survival bias
○ Z-tagging constrains the jet flavor

● Ratio of per-Z yields:

● No explicit jet required
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Phys. Rev. Lett. 126, 072301

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.072301


Z-tagged charged particles
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Phys. Rev. Lett. 126, 072301

SuppressedEnhanced

● Motivation:
○ Get lower in pT
○ Removes the survival bias
○ Z-tagging constrains the jet flavor

● Ratio of per-Z yields:

● No explicit jet required

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.072301


Z-tagged charged particles

● Larger amplitude
○ smaller Z pT

● 0-10% centrality JEWEL theoretical prediction 
describes the trends
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Phys. Rev. Lett. 126, 072301

Wake is important in low pT region

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.072301


b-tagged jets
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arXiv:2204.13530

Dead cone effect:

Q:  Is there mass dependence of the energy loss?

Heavy-tagged jets Inclusive jets - lighter 
quarks

m/E
m/E

https://arxiv.org/abs/2204.13530


b-tagged jets
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Less suppression of b-jets than inclusive jets

arXiv:2204.13530

https://arxiv.org/abs/2204.13530


b-tagged jets

16

Less suppression of b-jets than inclusive jets

arXiv:2204.13530

RAA (b-jet) / RAA (inc. jet) ~20% above unity 

https://arxiv.org/abs/2204.13530


RAA of muons from D and B meson decays

17

● Low pT : charmonia suppressed more than B-hadrons
● High pT: About the same suppression (mass is less 

important)

ATLAS-CONF-2021-020

● Underprediction at low pT from 
charmonia model

Central collisions: 0 - 10%

μ
μ

https://cds.cern.ch/record/2766615/files/ATLAS-CONF-2021-020.pdf


Dependence of suppression on jet structure

18

ATLAS-CONF-2022-026

Q: What is the resolution scale of the medium?

https://cds.cern.ch/record/2806467/files/ATLAS-CONF-2022-026.pdf


Dependence of suppression on jet structure
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ATLAS-CONF-2022-026

Grooming procedure:

Anti-kT jet
Track-calo-clus
ter constituents 
of the jet

Recluste with 
Cambridge-Aac
hen

Decluster for 
two sub-jets

Soft-drop condition:

rg = ΔRj1,j2  →   rg > 0 → jet has substructure

                  →   rg = 0 → jet does not have substructure

https://cds.cern.ch/record/2806467/files/ATLAS-CONF-2022-026.pdf


Dependence of suppression on jet structure
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ATLAS-CONF-2022-026

Strong rg dependence Weak pT dependence

https://cds.cern.ch/record/2806467/files/ATLAS-CONF-2022-026.pdf


Dijet balance
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arXiv:2205.00682

Leading jet
Subleading jet

𝛥ɸ = ⅞ π opposite 
leading jet

Path length energy loss

https://arxiv.org/abs/2205.00682


Dijet balance
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arXiv:2205.00682

● Broadening of xJ for low cent. and pT
● High pT → no visible broadening. (not 

shown)

https://arxiv.org/abs/2205.00682


Dijet balance
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arXiv:2205.00682

● Not low xJ increase, but rather 
high xJ decrease

● Broadening of xJ for low cent. and pT
● High pT → no visible broadening. (not 

shown)

https://arxiv.org/abs/2205.00682


Upsilon suppression
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ATLAS-CONF-2019-054, Eur. Phys. J. C 78 (2018) 762 

● The theory predicts sequential melting dependent on the binding energy
● Good analogy with Debeye screening

https://cds.cern.ch/record/2698298/files/ATLAS-CONF-2019-054.pdf
https://link.springer.com/article/10.1140/epjc/s10052-018-6219-9


Upsilon suppression
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● The theory predicts sequential melting dependent on the binding energy
● Good analogy with Debeye screening

ATLAS-CONF-2019-054, Eur. Phys. J. C 78 (2018) 762 

proton-proton Pb+Pb

https://cds.cern.ch/record/2698298/files/ATLAS-CONF-2019-054.pdf
https://link.springer.com/article/10.1140/epjc/s10052-018-6219-9


Upsilon suppression
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ATLAS-CONF-2019-054

● No strong pT or |y| 
dependence is observed.

● Expected suppression 
hierarchy confirmed:
1S < 2S < (2+3)S

https://cds.cern.ch/record/2698298/files/ATLAS-CONF-2019-054.pdf


Summary

27

● Presence of QGP is affecting produced particles in the scattering process
● Significant suppression in Pb+Pb wrt pp collisions reported for: 

○ inclusive jets, γ-tagged jets, and b-tagged jets
○ B and D mesons
○ charmonia and bottomonia

● Substructure of the jets is studied to better understand the mechanism of energy loss
● To understand the role of fluctuations and path-length in the jet quenching the dijet 

suppression is quantified

Thank you for your attention

Questions?



Backup slides
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Measuring fragmentation function
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PRC 98 (2018) 024908, EPJC 77 (2017) 379

To understand the large jet suppression we need to measure 
modifications of the jet substructure 

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.024908
https://link.springer.com/article/10.1140/epjc/s10052-017-4915-5


Dependence of suppression on jet structure
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ATLAS-CONF-2019-056

● First measurement of large-R heavy-ion jets
● R=0.2 jets with pT > 35 GeV reclustered using 

anti-kT
○ Soft contribution removed
○ Recluster with anti-kT
○ Allows to study kT splitting scale

● Observe suppression up to 1 TeV

https://cds.cern.ch/record/2701506?ln=en


Dependence of suppression on jet structure
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● Jets with single sub jet are less suppressed

ATLAS-CONF-2019-056

https://cds.cern.ch/record/2701506?ln=en

