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Effects of transverse momentum broadening of parton
cascades from coherent emissions and scatterings in a
medium
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Highly energetic particles in the medium of a quark gluon plasma undergo processes of coherent
medium induced radiation and scatterings offmedium particles. We solved the evolution equations
for particle fragmentation functions that describe in-medium evolution via these two in-medium
processes numerically via Monte-Carlo algorithms. We study the in-medium broadening of the
distribution overmomentum components transverse to the jet-axis for different cases of jet-medium
interactions and different values of average transverse momentum transfer.
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kT broadening effects in jets from coherent emissions and scatterings M. Rohrmoser

In this work, we particularly focus on the evolution of parton jets, highly energetic collimated
sprays of strongly interacting particles, which can be used as a means to study the hot and dense
medium of a quark gluon plasma (QGP). Within the medium jet particles can undergo processes of
scatterings off medium particles. These scattering processes can also involve particle momenta off
the mass shell, which lead to emissions of new particles. The emissions can occur simultaneously
to multiple scatterings off medium particles giving rise to interference effects. The spectra for these
coherent medium induced radiations were first described for a QCD medium by Baier, Dokshitzer,
Mueller, Peigné, Schiff and independently by Zakharov (BDMPS-Z) [1–7]. Later on an effective
splitting kernel for coherent medium induced radiations that also allows to reproduce the BDMPS-Z
emission spectra was obtained in [8] as

K(Q, z, p+0 ) =
2
p+0

Pgg(z)
z(1 − z)

sin
[

Q2

2ω0q̂0

]
exp

[
−

Q2

2ω0q̂0

]
(1)

with

Q = k − z q , ω0 = z(1 − z)p+0 , q̂0 = q̂(1 − z(1 − z)) , Pgg(z) = Nc
[1 − z(1 − z)]2

z(1 − z)
, (2)

where p+0 = E is the energy of the initial jet particle, z the parton momentum fraction (with regard
to the decaying particle), k the jet-particle momentum components transverse to the jet axis, q̂
the average transverse momentum transfer, αS the QCD coupling constant and NC the number
of colors. An evolution equation for the fragmentation function D(x, k, t) of gluons that includes
besides coherent medium induced radiations also scatterings has been formulated [9, 10] as

∂

∂t
D(x, k, t) = αs

∫ 1

0
dz

∫
d2q
(2π)2

[
2K(Q, z, x

z
p+0 )D

(
x
z
, q, t

)
− K(q, z, xp+0 )D(x, k, t)

]
+

∫
d2l
(2π)2

w(l)D(x, k − l, t) −
∫

d2l′

(2π)2
w(l′)D(x, k, t). (3)

For our current work we used the following scattering kernels from [9, 10] and [11]

w(l) =
16π2α2

sNcn
l4

, and (4)

w(l) =
4παsm2

DT

l2(l2 + m2
D)

. (5)

where n is the density of scatterers in the medium and mD the Debye mass.
Via integration over the transverse momentum components an effective collinear splitting

kernel K(z) can be obtained as

K(z) =
∫

d2QK(Q, z, yp+0 )
√
y

2π
t∗
αsNc

π
=
(1 − z(1 − z))5/2

(z(1 − z))3/2
, with t∗ =

π

αsNc

√
p+0
q̂
. (6)

which corresponds to the following evolution equation [9, 10]

∂

∂t
D(x, k, t) = 1

t∗

∫ 1

0
dzK(z)

[
1
z2

√
z
x

D
(

x
z
,
k
z
, t

)
θ(z − x) −

z
√

x
D(x, k, t)

]
+

∫
d2l
(2π)2

w(l)D(x, k − l, t) −
∫

d2l′

(2π)2
w(l′)D(x, k, t). (7)
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After integration over the transverse momentum an evolution equation for the fragmentation func-
tions integrated over transverse momentum D(x, t) can be obtained as

∂

∂t
D(x, t) =

1
t∗

∫ 1

0
dzK(z)

[√
z
x

D
(

x
z
, t

)
θ(z − x) −

z
√

x
D(x, t)

]
. (8)

For the here presented work, we solved the evolution equations (3), (7), and (8) numerically via
Monte-Carlo algorithms [12, 13]. The following six cases of in-medium jet-evolution were studied:
three cases with non-collinear branching, which follow Eq. (3), where the scattering kernels either
follow Eq. (4), Eq. (5) or w(q) = 0, two cases with collinear branching that follow Eq. (3), where
the scattering kernels either follow Eq. (4), Eq. (5), and a case that will be referred to as Gaussian
approximation. In the Gaussian approximation D(x, k, t) is given by

D(x, k, t) = D(x, t)
4π
〈k2
⊥〉

exp
[
−

k2

〈k2
⊥〉

]
, with 〈k2

⊥〉 = min
{

1
2

q̂t(1 + x2),
xEq̂
4ᾱ

, (xE)2
}
, (9)

where D(x, t) follows Eq. (8) and it is assumed that k2
⊥ < ω2 = (xE)2. These models were used to

study the relative importance of non-collinear branching and scattering for transverse momentum
broadening. For the numerical calculations a few constant parameters were assumed as well as a
medium described by constant parameters. These parameters are

q̂ = 1GeV2/fm , αs =
π

10
, n = 0.243GeV3 , mD = 0.993GeV , p+0 = 100GeV , t = 4fm/c , (10)

where t is the time that the jets need to traverse the medium. We studied the dependence of the
distribution D̃(x, kT , t) =

∫ 2π
0 dφ kT D(x, k, t), with kT = | |k| | on varying values of the average

transverse momentum transfer q̂. Results are shown in Fig. 1. It can be seen that for the Gaussian
model and the model with non-collinear branching without scattering the distributions in transverse
momentum become broader for increasing values of q̂. However, for cases with both branching
as well as scattering the distributions for the smallest q̂ value, q̂ = 0.5 GeV3/fm, is the broadest,
indicating a non-trivial dependence on the interplay between broadenings and scatterings.
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Figure 1: Transverse momentum distributions for varying values of q̂ in different models as indicated.
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