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Outline

- Phenomenological motivations
- Radiative energy loss (BDMPSZ)
- Multiple branching, decoherence
- Outlook

Work done in collaboration with F. Dominguez, E. Iancu 
and Y. Mehtar-Tani (arXiv:1209.4585)



Radiative energy loss

The energy loss is dominated by the emission of a single gluon with maximum energy 
(long formation time).

But multiple gluon branchings can be important and 
transport soft gluons towards large emission angles. This 
mechanism seems relevant to explain LHC data.

Fast parton propagating in a random, time-dependent, color background field (models 
the effect of collisions with plasma constituents)



BDMPSZ spectrum
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Energy loss

Dominated by largest energy

Involves a single emission, that occurs with a low 
probability



Multiple emissions

Dominated by lower part of the spectrum 

When

Then, non perturbative physics set in (multiple emissions)

Number of radiated gluons with energy larger than  !

This corresponds to large angle emissions

Possible if the medium is large enough

!BH ⌧ !s
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Independent emissions are enhanced by a fator L/⌧ f

Interference effects are subleading

Resumming the leading terms

When
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L

τ
br
(ω)

ω
BH

# ω ! ωc

x± =
1
√
2
(x0 ± x3)

∂µT
µν = 0

∂µj
µ = 0

T µν = (ε+ P )uµuν − Pgµν

jµ = nuµ

P =
ε

3

' # ᾱL
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need to be resummed.

A priori this is (very) complicated. HOWEVER:

Thus, the leading order resummation is equivalent to a probabilistic cascade
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Setting up the calculation
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Propagation of a fast parton in a random, ‘time’-dependent, 
background field

Only one component gauge field component

BRIEF ARTICLE

THE AUTHOR

ω
dN

dω
!

αsNc

π

√

ωc

ω
≡ ᾱ
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Simple correlator for the background gauge fields

For instance, for a thermalized medium, 

Parametrically, 



Momentum broadening (1)

Elementary amplitude for propagation with no splitting

Effective two-dimensional (non relativistic) propagator



Squaring and averaging over the background field 

‘Factorized’ cross section

Momentum broadening (2)



Propagation with one splitting

Main result (1)
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ᾱL/τbr ∼ 1

A−(x+,x)

K(p− zq, z, p+0 ) ≈
2

z(1− z)p+0
Pgg(z) sin

[

(p− zq)2

2k2

br

]

exp

[

−
(p− zq)2

2k2

br

]

1

Main result (2)



color structure

amplitude and its complex conjugate

JPB, F. Dominguez, E. Iancu, Y. 
Mehtar-Tani, arXiv:1209.4585

Some insight on main steps of the calculation



A QCD cascade of a new kind 

JPB, F. Dominguez, E. Iancu, Y. 
Mehtar-Tani, work in progress

Some noticeable features
- radiation (transport of momentum from hard to soft)
- turbulent flow (‘wave turbulence’, nearly local interactions in momentum 
space)
- ‘democratic’ branching 

Outlook

Equation for the energy density
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