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Outline

✓ One-gluon emission in a dense QGP (BDMPS-Z)  

✓ In-medium Color decorrelation (decoherence)

✓ Multiple-gluon emissions: Master Equation
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• Resummation?
Probabilistic Scheme? 
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• Medium-induced gluon radiation in the regime 
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Medium-induced branching

0th order (no-splitting)   and   1st order (1-branching) 
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• Brownian motion in transverse plan
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Medium-induced branching

➡     (amplitude) times (complex conjugate amplitude)
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Transverse momentum broadening
Phase I  (for illustration)     

• First building block for in-medium jet 
branching

• 2-point function correlator 
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The branching process
The 3-point function
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➡  Full transverse dependence of the emission vertex computed
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Color decoherence
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Factorization of the 4-point function
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Color decoherence

k1

k2

x̄+ L+

Factorization of the 4-point function

III

S(4)
≡ �G1G2G

†
1G

†
2�

≈ �G1G
†
1��G2G

†
2�+O

�
tbr

L

�

tbr

∝ q̂

� tbr

0
dξ (r11̄ · r22̄) ∼

q̂ tbr

Q2
s

Q2
s = q̂L

J∗
⊥(p, x+

0 )

p̄′′ p′

L

k1

k2

p̄ − q̄

q̄

J⊥(p, x+
0 )

p′′ p′

k1

k2

p′ − q′

q′

x+ x̄+

p̄′ p̄

q

p − q

IIIIII

Color decorrelation (decoherence) 



The branching process (result)

• Integrating over transverse momenta 
we recover the BDMPS-Z result 
• letting                   we recover 
Wiedeman’s result 

p+ →∞
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The branching process (factorization limit)
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➡ Interferences are limited to emissions within  
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• Decoherence of successive splittings: ⇒ No Angular Ordering!
Y. M.-T. , K. Tywoniuk, C. A. Salgado (2011) 
E. Iancu, J. Casalderrey Solana (2011)
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Master Equation for Generating Functional
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• In-medium splitting function • Relative pT at branching time



Master Equation for Generating Functional
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• In-medium splitting function • Relative pT at branching time

• Sudakov form factor:
Prob. not to emit 
(Unitarity)



Summary

✓In the limit of a dense medium, parton branchings are incoherent due 

to rapid color randomization. 

✓ A probabilistic description of in-medium jet evolution is 

formulated in terms of a Master Eq. for Generating Functional.

✓ ⇒ Fully exclusive description of the jet including momentum 

broadening 

✓ Possible implementation in a Monte Carlo generator  
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Markov process!
TASSO Collaboration, Z. Phys. C 47 (1990) 
OPAL Collaboration, Phys. Lett. B 247 (1990) 

softhard

AO limits 
phase space 
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Application 1: gluon distribution
• Integrating over  
transverse momenta:
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Application 1: gluon distribution
• Integrating over  
transverse momenta:
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• Gluon distribution 

x = ω/E

S. Jeon, G. D. Moore(2003)  



Application I1: Correlations
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Generating Functional Method

• n-gluon probability       Pn

Z(u = 1) = 1

�n� ≡ d

du
Z(u = 1)

• Probability conservation       

• Average gluon number
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• Higher moments

• To compute differential distributions in k
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N-gluon emissions

• Decoherence of 

successive splittings: 

Interferences are 

suppressed in a dense 

medium ⇒ No Angular 

Ordering!

• Ordering variable: 
emission time 

Y. M.-T. , K. Tywoniuk, C. A. Salgado (2011) 
E. Iancu, J. Casalderrey Solana (2011)
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• Resummation:


