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Abstract

In this work we disentangle the underlying physical picture of the in-medium gluon
radiation process across its different energy regimes by comparing the recently obtained
fully-resummed – without any further approximations – BDMPS-Z in-medium emission
spectrum with the extensively used analytical approaches. We observe that in the high-
energy regime the radiation process is dominated by a single hard scattering, while in
the intermediate-energy region coherence effects among multiple scatterings are crucial.
Finally, we prove that in the low-energy regime the dynamics is again controlled by a
single scattering but where one must include a suppression factor accounting for the
probability of not having any further scatterings.
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1 Introduction

The single-inclusive gluon emission spectrum is the building block of medium-induced radia-
tion. Usually, this spectrum is computed within analytic approximations such as the Harmonic
Oscillator (HO), where multiple in-medium scatterings are resummed within a Gaussian ap-
proximation, or the opacity expansion, which performs a series expansion on the number of
scatterings. In this talk, based on [1], we make use of a recent approach which allows us to
perform the numerical evaluation of the BDMPS-Z spectrum with full resummation of multi-
ple scatterings without any further approximations [2] to determine the range of validity of
the usually employed first opacity and HO results. Furthermore, we obtain the low-energy
asymptotic limit of the fully resummed result, showing that in this regime the spectrum shall
be interpreted as a single in-medium scattering times the probability of not having any further
scatterings.
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2 Medium-induced energy distribution

As we showed in [1], the low-energy asymptotic limit of the all-order medium-induced energy
distribution off a hard parton traversing a brick of density n0 and length L is given by
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where ω is the energy of the emitted gluon, ~p and ~q denote transverse momenta, σ is the
dipole cross section which can be written in terms of the collision rate V as

σ(~q) = −V (~q) + (2π)2δ(2)(~q)

∫

~l
V (~l) , (2)

and Σ is given by1

Σ(p2) ≡
∫

q2>p2

V (~q) . (3)

Clearly this expression has the form of the first opacity result (N = 1 GLV) times a no-scattering
probability factor. This suppression factor comes from the resummation of the virtual contri-
butions, and thus highlights the importance of accounting for multiple scatterings in order to
properly describe the fully resummed result for low gluon energies. We illustrate this in Fig-
ure 1, where it can be seen that the all-order evaluation (solid lines) is well described by the
asymptotic result given by eq. (1) (dotted lines) for different medium densities, while the first
opacity approximation (dash-dotted) overpredicts the energy spectrum.
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Figure 1: Fully resummed (solid lines), low energy limit given by eq. (1) (dot-
ted), and first opacity (dash-dotted) in-medium energy spectra for a Yukawa parton-
medium interaction as a function of ω/ω̄c = 2ω/µ2 L (µ being the screening mass
of the Yukawa potential) for several values of n0 L. Figure extracted from [1] under
Creative Commons Attribution License (CC BY 4.0).

Moving to higher energies, multiple soft scatterings are expected to play an essential role
in the intermediate-energy regime. We thus perform in this kinematic region a comparison
between our all-order result and the so-called Improved Opacity Expansion (IOE) [3], an an-
alytic approximation including multiple scatterings. This comparison is shown in Figure 2,

1See ref. [1] for further details.
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where we plot the all-order energy distribution together with the IOE (HO+NLO) and single
hard scattering (GLV N = 1) spectra for different medium densities. It can be clearly seen in
this figure that the HO+NLO result agrees the full evaluation, while the single hard scattering
approximation does not, thus proving that the inclusion of coherence effects among multiple
scatterings is fundamental to properly describe the in-medium radiation process in this regime.
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Figure 2: All-order (solid lines), IOE HO+NLO (dashed), and GLV N = 1 (dash-
dotted) medium-induced gluon energy spectra for a Yukawa parton-medium inter-
action as a function of ω/ω̄c = 2ω/µ2 L for different values of n0 L. Figure extracted
from [1] under Creative Commons Attribution License (CC BY 4.0).

Finally, we can see also in Figure 2 that for high gluon energies both the full and IOE
results agree with the N = 1 GLV approximation, showing that, as expected, in this regime the
spectrum is dominated by just one single hard scattering.

3 Conclusions

In this talk we present a comparison between the fully resummed medium-induced gluon
radiation spectrum and the widely employed analytical approximations in order to discern the
dominant dynamics across the different energy regimes. We find that in the high-energy regime
the radiation process is dominated by a single hard scattering, while in the intermediate-energy
region coherence effects among multiple scatterings become essential. Furthermore, we show
for the first time that in the low-energy regime (also known as Bethe-Heitler regime) the energy
distribution can be interpreted as the single scattering result times a probability of not having
any further scatterings, thus, proving that multiple scattering effects are crucial to correctly
describe the emission process in this region.
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