
Quenching effects in the jet spectrum at various cone sizes

Adam Takacs* University of Bergen (Norway)

and others Joao Barata, Yacine Mehtar-Tani, 
Alba Soto-Ontoso, Daniel Pablos, Konrad Tywoniuk

*adam.takacs@uib.no
Supported by the Trond Mohn Foundation BFS2018REK01 and
MCnetITN3 H2020 Marie Curie Initial Training Network 722104

EPS-HEP Conference 2021



RAA of PbPb @ 5.02 ATeV

Adam Takacs EPS-HEP 2021
1

 [GeV]
T
p

AA
R

0.5

1

40       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          900

0 - 10%
20 - 30%
40 - 50%
60 - 70%

ATLAS  = 5.02 TeVNNs = 0.4 jets, R tkanti-

| < 2.8y|
-1 25 pbpp, -12015 data: Pb+Pb 0.49 nb

 and luminosity uncer.〉AAT〈

[Phys. Lett. B 790 (2019) 108]

210 310
)c (GeV/

T,jet
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4AA
R  = 0.4         ALICERPb-Pb  0-10%  

 = 5.02 TeV  [This publication]NNsALICE    
 = 5.02 TeV  [PLB 790 (2019) 108-128]NNsATLAS   
 = 2.76 TeV  [PRL 114 (2015) 072302]NNsATLAS   
 = 2.76 TeV  [PRC 96 (2017) 015202]NNsCMS      

T,lead
p, 

jet
ηSee publications for: 

Correlated uncertainty
Shape uncertainty
See publications for full description of uncertainties

210 310
)c (GeV/

T,jet
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4AA
R  = 0.2         ALICERPb-Pb  0-10%  

 = 5.02 TeV  [This publication]NNsALICE    
 = 2.76 TeV  [PLB 746 (2015) 1]NNsALICE    
 = 2.76 TeV  [PRC 96 (2017) 015202]NNsCMS      

T,lead
p, 

jet
ηSee publications for: 

Correlated uncertainty
Shape uncertainty
See publications for full description of uncertainties

[Phys. Rev. C 101, 034911 (2020)] [JHEP 05, 284 (2020)]

Precision! Good idea! Dedication!



RAA of PbPb @ 5.02 ATeV

2

 [GeV]
T
p

AA
R

0.5

1

40       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          900

0 - 10%
20 - 30%
40 - 50%
60 - 70%

ATLAS  = 5.02 TeVNNs = 0.4 jets, R tkanti-

| < 2.8y|
-1 25 pbpp, -12015 data: Pb+Pb 0.49 nb

 and luminosity uncer.〉AAT〈

[Phys. Lett. B 790 (2019) 108]

210 310
)c (GeV/

T,jet
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4AA
R  = 0.4         ALICERPb-Pb  0-10%  

 = 5.02 TeV  [This publication]NNsALICE    
 = 5.02 TeV  [PLB 790 (2019) 108-128]NNsATLAS   
 = 2.76 TeV  [PRL 114 (2015) 072302]NNsATLAS   
 = 2.76 TeV  [PRC 96 (2017) 015202]NNsCMS      

T,lead
p, 

jet
ηSee publications for: 

Correlated uncertainty
Shape uncertainty
See publications for full description of uncertainties

210 310
)c (GeV/

T,jet
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4AA
R  = 0.2         ALICERPb-Pb  0-10%  

 = 5.02 TeV  [This publication]NNsALICE    
 = 2.76 TeV  [PLB 746 (2015) 1]NNsALICE    
 = 2.76 TeV  [PRC 96 (2017) 015202]NNsCMS      

T,lead
p, 

jet
ηSee publications for: 

Correlated uncertainty
Shape uncertainty
See publications for full description of uncertainties

[Phys. Rev. C 101, 034911 (2020)] [JHEP 05, 284 (2020)]

Precision! Good idea! Dedication!

Adam Takacs EPS-HEP 2021



RAA of PbPb @ 5.02 ATeV

3

 [GeV]
T
p

AA
R

0.5

1

40       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          90040       60         100             200      300        500          900

0 - 10%
20 - 30%
40 - 50%
60 - 70%

ATLAS  = 5.02 TeVNNs = 0.4 jets, R tkanti-

| < 2.8y|
-1 25 pbpp, -12015 data: Pb+Pb 0.49 nb

 and luminosity uncer.〉AAT〈

[Phys. Lett. B 790 (2019) 108]

210 310
)c (GeV/

T,jet
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4AA
R  = 0.4         ALICERPb-Pb  0-10%  

 = 5.02 TeV  [This publication]NNsALICE    
 = 5.02 TeV  [PLB 790 (2019) 108-128]NNsATLAS   
 = 2.76 TeV  [PRL 114 (2015) 072302]NNsATLAS   
 = 2.76 TeV  [PRC 96 (2017) 015202]NNsCMS      

T,lead
p, 

jet
ηSee publications for: 

Correlated uncertainty
Shape uncertainty
See publications for full description of uncertainties

210 310
)c (GeV/

T,jet
p

0

0.2

0.4

0.6

0.8

1

1.2

1.4AA
R  = 0.2         ALICERPb-Pb  0-10%  

 = 5.02 TeV  [This publication]NNsALICE    
 = 2.76 TeV  [PLB 746 (2015) 1]NNsALICE    
 = 2.76 TeV  [PRC 96 (2017) 015202]NNsCMS      

T,lead
p, 

jet
ηSee publications for: 

Correlated uncertainty
Shape uncertainty
See publications for full description of uncertainties

[Phys. Rev. C 101, 034911 (2020)] [JHEP 05, 284 (2020)]

Precision! Good idea! Dedication!

Adam Takacs EPS-HEP 2021



4

Introduction to the Framework
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QCD with medium bkg:
• Colored background 𝒜!(𝑡, 𝑥)
• Elastic scatterings
• Multiple scatterings

Partial Fourier space (p+, p, p-) → (p+, x, t)

• Effective propagator:

• Effective vertices:

Jet Quenching - Framework
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[Zakharov, BDMPS, GLV, Wiedemann (1996-2000)  
Blaizot, Iancu, Salgado, CGC formalism (2012-)]
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Transverse broadening:

Gaussian broadening: 𝑁"𝑛𝜎 𝒓 ≈ /𝑞𝒓)/2

Medium induced emission (in addition to vacuum):

+ color decoherence: 𝜗"#" ≪ 𝜗$
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[Implementation: Caucal-Soyez-Iancu, 
Kutak-Placzek-Rohrmoser-Tywoniuk]
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Improved opacity expansion: 

Introduction to jet quenching - Framework
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𝜎 𝒓 = 𝜎EF + 𝛿𝜎 ⊗ ⊗ ⊗

⊗hard scattering

[Barata, Mehtar-Tani, Soto-Ontoso, Tywoniuk]

[arXiv:2106.07402 , Full: JHEP07114 (2020)]
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Application: Quenched jet spectrum
[arXiv:2101.01742, 2103.14676]
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The quenched spectrum (probability 𝒫 of loosing 𝜀 energy)

The RAA is the quenching weight
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The quenched spectrum: the quenching weight
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The quenched spectrum (probability 𝒫 of loosing 𝜀 energy)

The RAA is the quenching weight

What is 𝒫 𝜀 ?
[Bayesian: Phys. Rev. Lett. 122 (2019)
ML: JHEP 2021, 206 (2021)]

[Dasgupta, Dreyer, Salam, Soyez]
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Single parton, single medium induced emission

Single parton, multiple induced emission

Multi parton (jet), multiple induced emission
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The quenched spectrum: energy loss probability
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To include more effects:

• PDF and nPDF effects, quark/gluon ratio

• Medium resolution and color coherence effects

• Broadening of the induced gluons in/out of the cone

• Thermalizing soft gluons

• Energy loss from elastic scattering

• Geometry and time dependence

• Fluctuations

Comparison to data
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Precision! Good idea! Dedication!
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Summary:

• Medium = color background, multiple elastic scatterings

• Effective Feynman rules, soft scatterings

• Hard scattering corrections

• Theory applied to observables

Outlook:

• Substructure observables

• Improved medium-cascade

Thank you for your attention!
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• Definition:

• RAA: Compares jets in vacuum to jets in 
medium at the same pT.

• Jet with pT in medium loose energy and 
ends up with pT - 𝜀.

• Complication 1:
RAA doesn’t compare the “same” jets!

• The spectrum is steeply falling n ≫ 1.

• Complication 2:
RAA is sensitive to n (bias on energy loss)!
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Introduction: What is the jet RAA?
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Quenching weight
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