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Introduction to jet quenching - Phenomenology

[O. Saarimäki’s (2018)]
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QCD with medium bkg:
• Colored background 𝒜!(𝑡, 𝑥)
• Energy is conserved (p+), transverse kick (p)
• Multiple scatterings

Keeping space-time: partial Fourier space (p+, p, p-) → (p+, x, t)
• Effective propagator:

• Effective vertices:
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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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[Zakharov, BDMPS, GLV, Wiedemann (1996-2000)  
Blaizot, Iancu, Salgado, CGC formalism (2012-)]
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[Implementation: Caucal, Soyez, Iancu & 
Kutak, Placzek, Rohrmoser, Tywoniuk]
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Transverse broadening:

Gaussian broadening: 𝑁"𝑛𝜎 𝒓 ≈ /𝑞𝒓)/2

Improved opacity expansion: 
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[Barata, Mehtar-Tani, Soto-Ontoso, Tywoniuk]

𝜎 𝒓 = 𝜎EF + 𝛿𝜎
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[To identify hard emissions, see Alba’s 
talk about dynamical grooming]
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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: 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: J. High Energ. Phys. 2021, 206 (2021)]
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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 probaebility

𝒫;
, 𝜀 ≈

𝑑𝐼;
𝑑𝜀

𝒫;
, 𝜀 = ?

2<,

-
1
𝑛!

B
=

2

4𝑑𝜔=
𝑑𝐼;
𝑑𝜔=

𝛿 𝜀 −?
=<>

2

𝜔= 𝑒
1 ∫ $@&

$A'
$@&

𝒬;
, 𝑝+ = exp −4

,

-
𝑑𝜔 1 − 𝑒1

2@
4%

𝑑𝐼;
𝑑𝜔

[JHEP09 (2001) 033]

𝒬;
=*!(𝑝+) ≈ 𝑄;

, (𝑝+)𝒞(𝑝+ , 𝑅)

[Phys.Rev.D98 (2018) 051501]

Adam Takacs Parton Showers and Resummation 2021



Single parton, single medium induced emission

Single parton, multiple induced emission

Multi parton (jet), multiple induced emission

14

The quenched spectrum: energy loss probaebility
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The quenched spectrum: energy loss probaebility
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The quenched spectrum: energy loss probaebility

𝒫;
, 𝜀 ≈

𝑑𝐼;
𝑑𝜀

𝒫;
, 𝜀 = ?

2<,

-
1
𝑛!

B
=

2

4𝑑𝜔=
𝑑𝐼;
𝑑𝜔=

𝛿 𝜀 −?
=<>

2

𝜔= 𝑒
1 ∫ $@&

$A'
$@&

𝒬;
, 𝑝+ = exp −4

,

-
𝑑𝜔 1 − 𝑒1

2@
4%

𝑑𝐼;
𝑑𝜔

[JHEP09 (2001) 033]

𝒬;
=*!(𝑝+) ≈ 𝑄;

, (𝑝+)𝒞(𝑝+ , 𝑅)

[Phys.Rev.D98 (2018) 051501]

Adam Takacs Parton Showers and Resummation 2021



Single parton, single medium induced emission

Single parton, multiple induced emission

Multi parton (jet), multiple induced emission

17

The quenched spectrum: energy loss probaebility
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The quenched spectrum: energy loss probaebility
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To include more effects:

• Assuming factorization: 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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0-10% PbPb @ 5.02TeV, |η| < 2.8
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[see RAA also in arXiv:2101.01742, 2103.14676]
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Thank you for your attention!
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Quenching weight
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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)!

17

𝑅BB(𝑝+) = ;
d𝜎567
d𝑝+

(𝑝+)
d𝜎89:
d𝑝+

(𝑝+)

vac

Introduction: What is the jet RAA?

ln 𝑝+
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𝑅BB
1

𝑑𝜎
𝑑𝑝+

~ 𝑝+12

𝑝+Phys. Rev. Lett. 122, 222301 (2019)
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[J.Brewer et. al. Phys.Rev.Lett. 122, 222301 (2019)]

Adam Takacs        Tennessee Heavy Ion group seminar 2021



Transverse broadening:

Gaussian broadening: 𝑁"𝑛𝜎 𝒓 ≈ /𝑞𝒓)/2

Improved opacity expansion: 

Introduction to jet quenching - Framework

5

[Zakharov, BDMPS, GLV, Wiedemann (1996-2000)  
Blaizot, Iancu, Salgado, CGC formalism (2012-)]

~4𝒟𝒓𝒟6𝒓 𝑒'
*2
) ∫34

35 ,! (𝒓̇*%0̇𝒓𝟐) 1
𝑑2

Tr 𝑒%'3 ∫34
35 ,! [𝒜7(𝒓)%𝒜7

2(0𝒓)]

𝒫 𝒑, 𝑡 =
4𝜋
/𝑞𝑡 𝑒

%𝒑
*

89$ 𝒑) = /𝑞𝑡

⊗ ⊗ ⊗

2

≈ exp −𝑁!@
")

"
𝑑𝑠 𝑛(𝑠)𝜎(𝒓 − 0𝒓)

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

𝜎 𝒓 = 𝜎EF + 𝛿𝜎

⊗ ⊗ ⊗
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[Barata, Mehtar-Tani, Soto-Ontoso, Tywoniuk (2020)]
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To include more effects:

• Assuming factorization: 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

Missing:

• Geometry and time dependence

• Fluctuations

Comparison to data
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Quenching weight
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