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General idea

RHIC data show a suppression of high-pt hadrons → more scatterings and
energy loss than in vacuum → formation of plasma
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Figure: Nuclear modification factor RAA (from PHENIX coll., 2005)
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General idea

In vacuum, fragmentation functions fulfill the DGLAP equation

∂Dh
i (x , Q2)

∂ ln Q2
=

αs(Q
2)

2π

∑

j=q,q̄,g

∫

1

x

dz

z
Pji (z)Dh

j

(x

z
, Q2

)

with the splitting functions Pji (z).

In the QGP, fragmentation will be modified – also by scattering of a
leading jet parton with the plasma constituents.
Main topic of this talk: Extension of DGLAP equations by scattering terms
– starting with gluons only.
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General idea

Consider only gluons and a fixed plasma (constant temperature, not
expanding).
DGLAP equation uses the differential probability for splitting g → g + g .

dPsplit(z , Q2) =
αs(Q

2)

2π
P̂(z)dz

dQ2

Q2

P̂(z) = CA

(

z
1−z

+ 1−z
z

+ z(1 − z)
)

is the unregularized gg splitting

function.

Time scale between two splittings: dτ = E
Q2

dQ2

Q2
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General idea

Write a similar term for the scattering g + g → g + g :

dPscat(z , Q2) = ng (T )
dσ

d2qt
d2qt dτ

Basic idea:

Between two splittings the jet parton can also be scattered on a
plasma constituent with thermal mass ms .

Scatterings are determined by the mean free path τscat = 1/(ngσ).

average number of scatterings between two splittings ∝ τsplit/τscat

The jet parton acquires transverse momentum qt in the collisions
which is being integrated over.
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Medium-modified evolution

Scattering term with transverse momentum

S(x , Q2,~p⊥) =
E

Q2
ng (T )

∫

1

x

dy

∫

d2~q⊥
dσ

d2~q⊥
δ

(

y − x −
q2

⊥

2msE

)

×

×
(

yD(y , Q2,~p⊥ − y~q⊥) − xD(x , Q2,~p⊥)
)

Besides scattering probability, two more ingredients:

gain term: scattering into x-bin from a higher fraction y , loss term
(with a minus): scattering out of this x-bin.

approximation of soft scatterings: small shifts in the energy fraction
ensured by the δ-function.
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Medium-modified evolution

Transverse momentum relevant for generalization of DGLAP equation
(Bassetto, Ciafaloni and Marchesini, 1980)

∂D(x , Q2,~p⊥)

∂ log(Q2)
=

αs(Q
2)

2π

∫

1

x

dz

z
P(z , αs(Q

2))

×

∫

d2~q⊥
π

δ

(

z(1 − z)Q2
−

Q2
0

4
− q2

⊥

)

D
(x

z
, Q2,~p⊥ −

x

z
~q⊥

)

P(z) is the gg -splitting function:

P(z) = 2CA

(

x

(1 − x)+
+

1 − x

x
+ x(1 − x)

)

+ δ(1 − x)
11CA

6
.

Conceptually important, but hard to compute • study pt-integrated
equation.
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Medium-modified evolution

After some calculation, we arrive at the following equation

∂D(x , Q2)

∂ ln Q2
=

αs(Q
2)

2π

∫

1

x

dz

z
P(z)D

(x

z
, Q2

)

+ εα2

s (Q
2)

T 2

Q2

(

D(x , Q2) + x
∂D(x , Q2)

∂x

)

Here, ε ≃ 5 is a dimensionless parameter constructed from the gluon
density in the plasma

ng (T ) =
16

π2
ζ(3)T 3

the Debye mass µD ∝ T (parametrization from Braun, Pirner, 2007) and
the perturbative, Debye-screened gluon-gluon cross-section (αs is running
perturbatively in 1-loop).

dσ

dq2
t

≃
9

4

2πα2
s (Q

2)

(q2
t + m2

D)2
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Medium-modified evolution

Solve the evolution equation in the medium and in the vacuum (ε = 0)
numerically (by discretization in x) for Qmax = 100 GeV and T = 500 MeV.
Initial condition:

Dπ

g (x , Q2

0 ) = 3.73x−0.742(1 − x)2.33

with Q2
0

= 2 GeV2 (Kniehl, Kramer, Poetter, 2001)

no dependence on parton energy, but only valid for soft scatterings.
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Medium-modified evolution
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Figure: Ratio of medium to vacuum gluon fragmentation functions at
Q2 = (100 GeV)2 and T = 500 MeV
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MC oriented approach

Away from soft scatterings and transverse momentum:

∂ D(x , Q2)

∂ ln Q2
=

1
∫

x

dz

z

αs(Q
2)

2π
P(z)D(
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z
, Q2)

+α2

s (Q
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(
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z
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1
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where

K̂
(

z , E , Q2
)

= ng (T )
dσ

dz

E

Q2
=

9π ng (T )msE
2

Q2(2msE(1 − z) + µ2

D
)2

Domdey (HD) QCD evolution of jets in the QGP Feb. ’08 12 / 15



MC oriented approach

Comparison:

This approach allows also large momentum transfers and is more
appropiate for a MC study,

but destroys the scaling property of the DGLAP equation.

Solve this equation numerically with the same inital condition
Dπ

g (x , Q2
0
) = 3.73x−0.742(1 − x)2.33 with Q2

0
= 2 GeV2 for Qmax = 100

GeV and T = 500 MeV.
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MC oriented approach
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Figure: Ratio of medium to vacuum gluon fragmentation functions at
Q2 = (100 GeV)2 and T = 500 MeV
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Conclusions

Extension of DGLAP equations by scattering in the medium yields
suppression which is increasing with energy fraction x .

Qualitative agreement between the two approaches (because soft
scatterings dominate).

Scattering may also (besides medium-induced gluon emission) be
relevant for jet quenching in the QGP.
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