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QCD in a background medium

QCD with color bkg:	 𝒜 𝑡, 𝒙 + 𝒜!(𝑡, 𝒙)

• Multiple scatterings

Medium Feynman rules:

• medium propagator:

• medium vertex:

• Medium average:
o weakly coupled, thermal plasma

o random fields

o “idk, evaluate later”
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Medium-induced emission
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LO radiation in vacuum:

soft and collinear singularity
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Medium-induced emission

LO radiation:

Approximate solutions:
1. analytic:

• harmonic oscillator [BDMPSZ(1997)]
• opacity expansion [GLV-Wiedemann(2000)]
• improved opacity expansion [Mehtar-Tani(2020)]

2. numeric:   

&'
&(&)

= &'"#$

&(&)
+ &'%&'

&(&)
= complicated integral

• 𝐼&'( > 0: induced emissions
• 𝐼&'(: no collinear divergence: 𝜗 is integrated 

[Feal,Vazquez(2018)]
[Andres,Aploinario,Dominigues(2020)]
[Schlichting,Soudi(2021)]

[Isaksen,Tywoniuk(2023)]
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Unified picture of MIE

Leading physical picture of &'
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Unified picture of MIE

Physical picture of &'
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[Numeric from Andres,Apoliniaro,Dominigues]

10°7

10°5

10°3

10°1

101

103

!
d
I

d
!

t = 0.04 fm
Æs = 0.28, q̂0 = 0.3 GeV3, µ = 0.3 GeV

t = 0.4 fm

Limits

Full analytic

Full numeric

t = 4 fm

10°3 10°1 101 103

! [GeV]

0.0
0.5
1.0
1.5

ra
ti

o

!̄c 10°3 10°1 101 103

! [GeV]
!BH

L
∏!̄c 10°3 10°1 101 103

! [GeV]
!BH

L
∏!̄c

10°7

10°5

10°3

10°1

101

103

!
d
I

d
!

t = 0.04 fm
Æs = 0.28, q̂0 = 0.3 GeV3, µ = 0.3 GeV

t = 0.4 fm

Limits

Full analytic

Full numeric

t = 4 fm

10°3 10°1 101 103

! [GeV]

0.0
0.5
1.0
1.5

ra
ti

o

!̄c 10°3 10°1 101 103

! [GeV]
!BH

L
∏!̄c 10°3 10°1 101 103

! [GeV]
!BH

L
∏!̄c

Testing the unified picture

Comparing to numerical solution:

Analytic LO
Numeric

• Very good agreement.
• Computationally very effective.
• https://github.com/adam-takacs/kernels

4 fm
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Application of the unified picture
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Application: MIE cascade

Medium-induced fragmentation function:

𝐷 𝑥, 𝑡 = 𝑥
𝑑𝑁
𝑑𝑥

𝑥 =
𝜔
𝐸

𝐸

𝐿
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Application: MIE cascade
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Summary

• Understanding jet modification in medium

• In this work:

o single induced emission #$
#%

, 

o energy loss of a parton

• Outlook:

o event generator implementation

o energy loss of a whole jet

o understanding pQCD in the plasma to all orders
18
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Application: accuracy

Single emission in vacuum

Power counting in vacuum

B𝑑𝑧B𝑑𝜗	𝑃*) 𝑧, 𝜗 = 𝒪 𝛼+𝐿, + 𝒪 𝛼+𝐿 + 𝒪 𝛼+

Σ 𝑣 = B𝑑𝑣′
1
𝜎-
𝑑𝜎
𝑑𝑣′

logarithmic enhancement: soft 
& collinear emission 

= 1 + 𝛼+ Σ$,𝐿, 	 + Σ$$𝐿	 + Σ$-

+	𝛼+, Σ,.𝐿. 	 + Σ,/𝐿/ 	 + Σ,,𝐿, +⋯

+⋯

+	𝛼+" Σ",,"𝐿," + Σ",,"1$𝐿,"1$ +⋯

DL NDL

Single emission in medium

Power counting in medium

B𝑑𝑧B𝑑𝜗	𝐼*)" 𝑧, 𝜗 = 𝒪 𝛼+𝑃2 + 𝒪 𝛼+𝐿2 + 𝒪 𝛼+

power & logarithmic enhancement: soft 
emission & large medium 

Σ2 𝑣 = B𝑑𝑣′
1
𝜎-
𝑑𝜎2
𝑑𝑣′

= 1 + 𝛼+ Σ$,𝑃2 	 + Σ$$𝐿2 	 + Σ$-

+	𝛼+, Σ,.𝑃2, 	 + Σ,/𝑃2𝐿2 	 + Σ,,𝐿2, +⋯

+⋯

+	𝛼+" Σ","𝑃2" + Σ","1$𝑃2"1$𝐿2 +⋯

Pm NPm
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