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One of the widely used kinematic assumptions in calculating hard probe radiative energy loss
within QGP, is the soft-gluon approximation, which considers that energy loss of the parent parton
via gluon’s bremsstrahlung is small compared to its initial energy. However, diverse theoretical
formalisams obtained a notable energy loss of high p⊥ partons, implicitly suggesting inadequacy
of this approximation.
To address this issue, we relax the soft-gluon approximation within the DGLV formalism. Al-
though the obtained analytic expressions are quite more involved compared to the soft-gluon
case, the numerical predictions are surprisingly nearly indistinguishable in these two cases. Ad-
ditionally, we also obtained that the above conclusion is robust with respect to variations of the
presumed longitudinal distance distribution of scattering centers. Consequently, the results pre-
sented here provide confidence that, regardless of the concerns mentioned above, surprisingly, the
soft-gluon approximation can reliably be applied within the DGLV formalism. Finally, we discuss
generalizing the relaxation in the dynamical medium as well, which ensures broader relevance of
the conclusions obtained here.
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1. Introduction

One of the most common assumptions in calculating radiative energy loss of high p⊥ partons
is the soft-gluon (sg) approximation, which assumes that the radiated gluon energy (ω) is much
smaller (x = ω

E � 1) than the initial parton energy (E). This approximation was widely used in var-
ious theoretical models [1, 2, 3, 4], which obtained considerable radiative energy loss, suggesting
the inadequacy of the approximation. On that note, some of these models went beyond the soft-
gluon (bsg) approximation [5, 6, 7], but reported inconsistent conclusions on the adequacy of this
assumption. Contrarily, our dynamical energy loss model [8], by applying the same approxima-
tion, obtained very good agreement with the extensive set of experimental suppression data [8, 9],
implicitly indicating the adequacy of such approximation. Nevertheless even within this dynamical
model, the approximation is not applicable in the intermediate momentum range (5 < p⊥ < 10
GeV), and primarily for gluon jets, as gluons lose notably more energy compared to quarks, due to
the relative color factor of 9/4. Therefore, the question of validity of the soft-gluon approximation
(sga) remained still unresolved, which we systematically reconsider in [10] for gluon-jet radiative
energy loss within the DGLV [11] formalism to the 1st order in opacity. Its generalization to the
case when a dynamical medium is considered is also discussed in that paper. Additionally, we
address the robustness of our conclusions, by taking into account two opposite limits of scattering
centers longitudinal distribution: the exponential and the uniform one. It is worth noting that, these
proceedings contain only the main results, while for more details, we refer the reader to [10].

2. Analytical and numerical results

We relax the sga in radiative energy loss calculations within the DGLV [11] formalism, which
considers: finite size and an optically thin QGP consisting of static scattering centers. The jet-
medium interactions are modelled by a static color-screened Yukawa potential (Eq.(5) from [12]),
while, according to [13], gluons in a finite T QCD medium are considered to be transversely
polarized with effective mass given by mg = µ/

√
2, where µ is Debye mass. On that note, in [10]

we calculated 11 Feynman diagrams for gluon jets, by allowing x to acquire a finite value and under
the following assumptions: i) that consistently for all diagrams, the direction of flight of the initial
gluon is the longitudinal one; ii) the soft-rescattering approximation and iii) the 1st order in opacity
approximation.

Under the common assumption of an exponentially distributed scattering centers 2
L e−2 z1−z0

L

(which mimics a rapidly evolving medium, e.g. in [11]), and after involving calculations (for
details see [10]), we obtain the bsg expression for the single gluon radiation spectrum:
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=
C2(G)αs

π

L
λ

∫ d2q1

π

µ2

(q2
1 +µ2)2

∫
dk2 f exp

bsg (k,q1,x), (2.1)

where k and q1 are the transverse momentum of radiated and exchanged gluons, respectively; αs is
the strong coupling constant, λ the mean free path, L the medium length and χ = m2

g(1− x+ x2).
To the extent of our knowledge, this result presents the first introduction of the effective gluon mass

in the bsga radiative energy loss. Note that, only a part of
dN(1)

g,bsg
dx , corresponding to the jet-radiated

gluon interaction, i.e. f (k,q1,x), is altered by this relaxation, and in the sg had the form (from [11]
for gluon jets):

f exp
sg (k,q1,x) =

1
x

(k−q1)
2 +m2

g

(4xE
L )2 +((k−q1)2 +m2

g)
2

2
{ (k−q1)

2

(k−q1)2 +m2
g
− k · (k−q1)

k2 +m2
g

}
. (2.2)

It is straightforward to show that Eq. (2.1) is symmetric under the exchange of radiated (k) and final
(p) gluons, as anticipated, due to the inability to distinguish between two identical gluons, and that
for an infinitesimally small x recovers the sg limit given by Eq. (2.2).

Next we address how the sga relaxation affects our RAA [14] predictions (for predictions for
additional observables see [10]). The numerical procedure for generating the bare gluon quenched
spectrum is thoroughly explained in [10], where the following standard parameters values are used:
αs =

g2
s

4π
= 0.3, L = 5 fm, λ = 1 fm, µ =

√
4παs(1+n f /6)T , n f = 3 and T = 300 MeV, to mimic

the LHC conditions. From Fig. 1 we unexpectedly (based on the expressions analysis above)
observe nearly overlapping RAA predictions for the bsg and sg cases.
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Figure 1: (a) Comparison of gluon-jet RAA in bsg (solid line) with the one in sg (dashed line) case as a
function of p⊥, when exponential distribution of scattering centers is taken into account. (b) The relative
change of RAA with respect to the sg limit. Adapted from [10].

3. Sensitivity to the longitudinal distance distribution

To examine the robustness of our results, next we test the sensitivity of the conclusions from
Section 2 to the presumed longitudinal distance distribution between scattering centers. On that
note, we apply the opposite limit to the one studied in the previous section, i.e. the uniform distri-
bution, and in the bsg case obtain (for details see [10]):
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while in the sg case it acquired the form (from [15] for gluon jets and a static medium):
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(3.2)

where the notation is the same as in the previous section. Again we observe that Eq. (3.1) is
symmetric under the exchange of radiated (k) and final (p) gluons, and that for x� 1 it reduces

to the sg limit given by Eq. (3.2). Since the
dN(1)

g,bsg
dx expression for a uniform distribution (obtained

from Eq. (3.1)) is notably different than its exponential analogon (Eq. (2.1)), we assess also for
this case the effect of the sga relaxation on the numerical predictions. Analogous to Section 2, we
obtain Fig. 2 for the uniform distribution, and by comparing Figs. 1 and 2 we infer that numerical
results for these two opposite longitudinal distance distribution limits are practically identical.
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Figure 2: (a) Comparison of gluon-jet RAA in bsg (solid line) with the one in sg (dashed line) case as a
function of p⊥, when uniform distribution of scattering centers is taken into account. (b) The quantification
of the effect and its expression in percentage. Adapted from [10].

4. Conclusions

In order to address the adequacy of the sga, first we considered exponential distribution of
scattering centers, and obtained that gluon’s bsg expression is apparently different, and consider-
ably more complicated than in the sg case. However, we surprisingly obtained that the numerical
predictions in these two cases are nearly indistinguishable. Due to the relative color factor of 4/9,
high p⊥ quarks are less likely to be affected by this relaxation. This implies that, within the DGLV
formalism, the sga remains valid. Furthermore, by applying the opposite, i.e. the uniform distribu-
tion, we obtained that the conclusions regarding the importance of the sga in the DGLV formalism
are robust to the presumed longitudinal distance distribution. As an outlook, we also expect that
the sga can be reliably applied to the dynamical energy loss formalism, which still remains to be
explicitly tested in the future.
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