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In this work, we extend the resummation of multiple medium-induced emissions to apply to dy-
namically expanding media. This is done by recasting the quenching weight as the solution of
a rate equation with medium-induced partonic splitting functions that are sensitive to the expan-
sion. We perform the calculations in the framework of Baier-Dokshitzer-Mueller-Peigne-Schift-
Zakharov (BDMPSZ) formalism for multiple soft scatterings with a time-dependent transport
coefficient. Furthermore, we discuss the validity of a dynamical scaling law that relates the spec-
trum in an expanding medium to the equivalent static case with re-scaled medium parameters and

test the scaling law for the gluon splitting rates.
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1. Introduction

Medium induced radiative energy loss for highly energetic jet constituents has proven to be
one of the most important mechanisms required to characterize hot and dense deconfined QCD
matter. In fact, high pr hadronic observables are modified due to the interplay of soft and hard
processes of energy loss at partonic level inside the medium. It has been established that a fast
parton produced by hard process radiates gluons in course of interactions with a dynamically ex-
panding medium, thus transfering significant energy at large angles due to multiple soft scattering
within the dynamically expanding medium [1, 2, 3, 4, 5]. As a consequence, the jet spectrum and
internal jet shape is modified leading to a renewed interest for the study of jet quenching parame-
ters for evolving partonic matter for Monte Carlo event generators. In this work, we present results
confirming the validity of a dynamical scaling law, first derived in [6] for the gluon spectrum and
extending it to the gluon splitting rates for an expanding medium. We outline the methodology for
the formulation of the medium induced splitting function through the kinematic rate equation to
understand the quenching of jets for a dynamically extending partonic medium.

2. Formalism

We start with the gluon emission spectra induced by multiple soft scattering in the partonic
medium and is given as [2, 1],
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which is valid at small transverse distances r = |r| and under the dipole approximation o (r) <
2

r“. The path integral # (ry,y;;r2,y2|®) (the last integral) is identical to the path integral of a
2-dimensional harmonic oscillator with time-dependent imaginary frequency. In fact, the time
dependence of the transport coefficient §(£) and the equivalent static transport coefficient § can be
expressed by the following power law [1],

Q%) _ (o)
Ea i2m
- o
&= =g [ -8 3

LZ

(2.2)

where o@ = 0 characterizes the static medium, ¢« = 1 is attributed for a one-dimensional boost
invariant longitudinal expanding partonic medium. The solution of the path integral can be written
as [1, 2],
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where, v=(2—a)" ', z=2(&) =2vQqy (&) E/?Y) and correspondingly 7 = z(&'). For a =0, we
recover the known form of the BDMPS-Z gluon distribution function in the limit R — oo (R = Y .L,
X — ©0; R — o) for ® < @, (soft) case as [1, 3, 7],
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Now, starting from the Eq. (2.1), we can compute the analogous gluon spectra for the expanding

medium in the unconstrained kinematical case R — oo as,
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where the [in,out] terminology is based upon the limits of the y integrals [2]. In addition, we
have also extended the computation to the case of constrained kinematics (R # o) starting with
equation (2.1). The gluon splitting rate can be computed by taking the differential of the BDMPS-
Z equation, Eq. (2.9) as well as that of constrained kinematical case; with respect to the length of
the medium. The results are presented in Figs. 1 and 2. It is to be noted that we have used an
equivalent static transport coefficient § in order to compare to the spectrum in a static medium.
Thus, we re-confirm the validity of the scaling law as in [1, 6].

3. Results and discussions

In Fig. 1, we present the comparison of the gluon splitting rate derived from the BDMPS-Z
spectra which is valid for the static medium with that of the expanding medium for the constrained
kinematical scenario. For our purpose, we have explored the validity of the scaling law by using the
equivalent static transport coefficient for the expanding case (§ ~ goL). The splitting rate for the
case of small @, which is independent of the length of the medium, is also plotted. We see that there
is a modest agreement between the two cases at values of 2 and 10 GeV in o respectively. In Fig. 2,
we plot the splitting rates for the static and expanding medium for the constrained kinematical case
for different values of . The validity of the scaling law is in good agreement as depicted in the
plots.

In this ongoing work, we have analysed the modification to the gluon spectra for the case of
Bjorken expanding medium. We have presented results for the calculation of the gluon splitting
rates for the static and expanding medium and discussed the validity of the scaling law for the
equivalent transport coefficient. Next, we plan to resum multiple medium induced radiation using
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Figure 1: A comparison of the gluon splitting rate in a expanding medium with that of the BDMPS-Z rate for
the unconstrained case for @ =2 GeV (left) and @ = 10 GeV (right) respectively. The rate of the expanding
medium has been produced with the equivalent static transport coefficient.
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Figure 2: A comparison of the gluon splitting rate in a static medium (solid line) with that of an expanding
medium (dashed line) for the constrained case with scaling by the equivalent static transport coefficient for
o = 1,2 GeV (left) and w = 10,20 GeV (right) respectively .

the rate equation for expanding medium with defined kinematical constraints. Furthermore, we
want to extend this work to study the medium modified intra-jet and out-of-jet distribution of the
particles. In addition, we would also like to generalize to more complicated medium models like
implementation of the hot spots in future.
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