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Heavy ion collisions at high energies can be used as an interesting way to recreate and study
the medium of the quark-gluon plasma (QGP). We particularly investigate the jets produced in
hard binary collisions and their interactions with a tentative medium. These jets were obtained
numerically from the Monte-Carlo simulations of hard collisions using the KATIE -algorithm
[1], where parton momenta within the colliding nucleons were describe by means of unintegrated
parton distribution functions (uPDF). We evolved these jets within a medium that contains both,
transverse kicks (yielding a broadening in momentum transvers to the jet-axis) as well as medium
induced radiation within the MINCAS-algorithm [2] following the works of Blaizot, Iancu, MehtarTani, Domiguez. We produce qualitative results for the decorrelation of dijets. In particular, we
study deviations from a transverse momentum broadening that follows a Gaussian distribution.
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di-jet observables

In-medium transverse momentum broadening effects on di-jet observables

2 , µ2 ) (for i = 1, 2) are unintegrated parton distribution functions at factorization
where Fg (xi, k iT
F
scale µF , which give the distribution of the transverse momenta k iT and the momentum fraction xi
in direction of the collision axis. The momentum fractions xi , the rapidities yi and the transverse
momenta qiT of the outgoing particles are related to one another as x1 = q√1Ts exp(y1 ) + q√2Ts exp(y2 ),

and x2 = q√1Ts exp(−y1 ) + q√2Ts exp(−y2 ) . M goff−shell
∗ g∗ →gg is the matrix element for production of on-shell
partons via collision of off-shell incoming partons. We obtained our numerical results for p-p
collisions via an implementation of Eq. (1) in the Monte-Carlo program KATIE. For the description
of di-jet production in heavy ion collisions, it can be approximated that the formula for cross section
factorizes into factorizes into a density for the initial hard scattering (universal for p-p and A-A) and
a density for the jet-medium interactions, since either of these subprocesses involves largely different
scales of momentum transfer. We again describe the hard scattering using the factorization formula
Eq. (1). We consider an in-medium jet-evolution for which, under the assumption that transverse
momentum transfers from the medium to the jet particles are small, the following evolution equation
was found in [5] for distributions of the leading jet particle
 r
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with t ∗ = π
E defined via the quenching parameter q̂ and the energy of the incoming parton
E. D( x̃, l, t) is defined as an energy density with x̃ the fraction of energy E that the jet-particle
retains and l its momentum component orthogonal to the momentum of the incoming particle. The
splitting kernel takes the form
K(z) =

[ f (z)]5/2
[z(1 − z)]3/2

,

f (z) = 1 − z + z 2,

0 ≤ z ≤ 1,

(3)

The scattering kernel is
C(q) = w(q) − δ(q)
2

∫

d 2 q0 w(q0) .

(4)
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We study jet-pairs produced in hard partonic collisions during the early stages of ultrarelativistic
heavy ion collisions. In order to study the ultrarelativistic nuclear collisions, we first describe di-jet
production in p-p collisions, where we assume that a QGP-medium is not formed, and later on
extend this description to include medium effects. In our study of di-jet observables we focus on
distributions of jet-pairs in the transverse plane, orthogonal to the collision axis of the incoming
nucleons. In this case the momentum components of the incoming hard partons transverse to the
collision axis cannot be neglected, since they contribute considerably to the deviations of pure
back-to-back emission of the di-jet pairs. Thus, we describe the di-jet production cross section
σhar d using the following factorization formula
∫ 2
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We consider here a scattering off medium particles of a form [6] such that
w(q) =

16π 2 αs2 Nc n
,
q2 (q2 + m2D )

(5)

It was shown in [2] that both Eqs. (2) and (6) can be written as integral equations, which can be
solved numerically via a Monte-Carlo algorithm, as it was done by the MINCAS-program [2].
In our approach [7] we obtained the four momenta of the gluons produced in the hard collisions
via the KATIE-program and then the changes in gluon momenta due to in-medium evolution via the
MINCAS-program. We parametrize the medium as follows: q̂ = 0.29 GeV2 /fm, n = 0.08 GeV3 ,
mD = 0.61 GeV. These parameters are estimates for a medium of constant temperature T = 250 MeV
(cf. [7] for further explanations). The particles evolve over a time of t L = 5 fm/c in the medium.
dN
We obtained numerical results for the azimuthal angular decorrelations d∆φ
(N is the number
of di-jets; ∆φ is the difference of the azimuthal angles of the two outgoing jet-momenta). We
compared the following three cases
1. A case without jet-medium interactions, referred to as the "vacuum case", where the outgoing
di-jet momenta where obtained via the KATIE-algorithm
2. A case with jet-medium interactions, where the in-medium jet-evolution follows Eq. (2) . We
refer to this case as "non-Gaussian kT broadening".
3. A case referred to as "Gaussian kT broadening", where the distribution of momentum fractions
x̃ follow Eq. (6) , while the transverse momentum
l are selected from a Gaussian
 components

l2
1
√
exp − 2q̂tL .
distribution P(||l||), i.e.: P(||l||) =
2π q̂t L

√
For jet-pairs produced in collisions at sNN = 2.76 TeV, where jets are emitted in directions
dN
with rapidities 1.2<|y|<2.1, the left panel of Fig. 1 shows results for d∆φ
. There, the cases with jetmedium interactions are considerably suppressed. We also note here that our selection of rapidity is
motivated by maximizing contribution from gluons since. This is because at present we do not have
appropriate rate equations which describe jet medium interactions that account for broadening.
Differences in shapes of the cases are examined in the right panel of Fig. 1, which shows the
dN
d∆φ distributions for all three cases divided by their respective maxima. The vacuum case behaves
similarly to the case of Gaussian kT broadening, where the curves for the latter case correspond
to an even slightly narrower distribution than that of the former. However, the distribution for
non-Gaussian kT broadening is considerably broader.
We studied di-jet production in heavy ion collisions by using a Monte-Carlo approach which
accounts for the momentum components of the colliding partons transverse to the beam axis via
unintegrated parton densities and an in-medium jet evolution that follows Eqs. (2) and (6) from [5]
with both scattering off-medium particles and coherent medium induced radiation.
3
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with mD the medium quasi-particle Debye mass. After integration of Eq. (2) over the transverse
momenta, one obtains
r
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Some shortcomings of our approach are that it does not include quark jets, that the leading jetgluon momenta are taken as the jet momenta, and that we do not include bremsstrahlung emission
in vacuum. Thus, we do not use our approach for comparison with the experiment, but rather to
qualitatively study the influences of in-medium interactions on di-jet observables.
dN
We obtained phenomenological results for the azimuthal angular decorrelations d∆φ
. We
conclude that the obtained distribution for di-jets in a QGP-medium is considerably suppressed as
compared to di-jet production without consideration of a medium and also considerably broader.
The main reason of the broadening are deviations of the kT distributions from Gaussian behavior.
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Figure 1: Left panel: results for azimuthal angular decorrelations for di-jets produced in nuclear collisions
√
at sNN = 2.76 TeV. Right panel: same curves, but now normalized to their respective maxima.
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