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Abstract: The soft-gluon approximation assumes that a high p⊥ parton propagating through dense
QCD matter loses only a small amount of its energy via gluon radiation. This assumption is made in
many different jet quenching approaches, which nevertheless predicted a sizable radiative energy loss
of such particles. This questions the reliability of this approximation, which must then be reconsidered.
To address this issue, we relaxed the soft-gluon approximation within the DGLV formalism to the first
order in opacity. The obtained analytical expressions are notably different from the soft-gluon case.
Surprisingly the numerical effects that stem from waiving this assumption on fractional radiative
energy loss and number of radiated gluons are small. Additionally, the effect on suppression is
negligible, which can be intuitively understood by the cancellation of the opposite effects on the
above mentioned variables. Consequently, our results surprisingly indicate that, contrary to the
doubts mentioned above, the soft-gluon approximation remains well-founded within the DGLV
formalism. We also investigate the effects of this assumption in the case of a dynamical medium,
which suggests generality of the conclusions presented here.
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1. Introduction

The soft-gluon (sg) approximation, which assumes that radiated gluon (ω) takes away only
small fraction (x = ω

E � 1) of an initial parton’s energy (E), was commonly used in various energy
loss models [1–4]. These models obtained a significant radiative energy loss, indicating possible
inconsistency with the applied approximation. To this end, some of the models ("effectively") relaxed
the approximation [5–8], which lead to non-unified conclusion on the reliability of this approximation.
On the other hand, our dynamical energy loss model [9], enclosing the same approximation, reported
a robust agreement with comprehensive set of experimental suppression data [9,10], implicitly
suggesting applicability of such approximation. However, the approximation clearly breaks-down for
intermediate momentum range (5 < p⊥ < 10 GeV), where the experimental data are most abundant
and with the smallest error bars; and primarily for the gluon-jets, as due to the color factor of 9/4,
gluons lose significantly more energy compared to the quarks. This questioned the applicability of
the soft-gluon approximation (sga), which we addressed in [11] for the gluon-jet radiative energy loss
within the DGLV [12] formalism to the 1st order in opacity, by allowing x to acquire a finite value, and
discussed its implications when recoiling of the medium constituents is taken into account. Note that,
in these proceedings, only the main results are presented, while for more details, we refer the reader
to [11].
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2. Methods

In this section we outline the features of the DGLV formalism, the assumptions used in the beyond
soft-gluon (bsg) calculations [11], as well as the definition of an observable for which we generated the
predictions. The DGLV formalism [12] considers a finite size, optically thin QCD medium, consisting
of static scattering centers, so that the jet-medium interactions are described by static color-screened
Yukawa potential given by Eq. (5) from [13], whereas gluons in a finite temperature QGP are considered
to be transversely polarized with an effective mass equal to mg = µ/

√
2 (µ is Debye mass), as obtained

in [14]. We applied the following assumptions in calculating 11 Feynman diagrams (for more details
see [11]) for the gluon-jet bsg approximation: (1) that initial gluon propagates along the longitudinal
axis consistently for all diagrams; (2) the soft-rescattering (eikonal) approximation and (3) the first
order in opacity approximation.

An observable for which we generate the predictions − the nuclear modification factor RAA is
defined [15] as the ratio of the quenched A + A spectrum to the p + p spectrum, scaled by the number
of binary collisions Nbin:

RAA(p⊥) =
dNAA/dp⊥

NbindNpp/dp⊥
. (1)

In order to obtain a bare gluon quenched spectra, we used the generic pQCD convolution
(Equation (1) from [16]), where the initial gluon distribution is computed according to [17,18], while
radiative energy loss probability includes the multi-gluon [19] and the path-length [15,16] fluctuations.

3. Results

In this section we provide analytical and numerical results bsg approximation [11] and also make
a comparison with the sg case [12]. After rather involved calculations (for detailed derivation see [11])
we obtained the expression for the bsg single gluon radiation spectrum to the 1st order in opacity:
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,

where αs denotes a constant strong coupling, L a medium length, λ a mean free path, χ = m2
g(1− x +

x2); while k and q1 stands for a transverse momentum of radiated and exchanged gluons, respectively.
To our knowledge, this result presents the first introduction of the effective gluon mass in the bsg

approximation radiative energy loss. On the other hand, in the sg case
dN(1)

g
dx acquired the form [12]:

dN(1)
g,sg

dx
=

C2(G)αs

π

L
λ

1
x
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1 + µ2)2
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( 4xE
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2
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}
. (3)

It can easily be verified that Equation (2): is symmetric under the exchange of two outgoing
gluons; and in the sg limit recovers Equation (3). Upon obtaining the analytical expression we
addressed the effect of finite x on the numerical predictions. The following set of parameters was

used: µ =
√

4παs(1 + n f /6)T, n f = 3, αs =
g2

s
4π = 0.3, L = 5 fm, λ = 1 fm, T = 300 MeV, to mimic the



Proceedings 2019, 10, 13 3 of 5

standard LHC conditions. From Figure 1, which corresponds to ∆E(1)/E and N(1)
g , we surprisingly

observed a small, but of an opposite sign, difference between bsg and sg curves for these variables.
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Figure 1. (a) The finite x effect on ∆E(1)/E and (b) its relative effect on ∆E(1)/E. The same for N(1)
g is

shown in (c) and (d), respectively. The full (dashed) curve corresponds to the bsg (sg) case. Adapted
from [11].

Finally, we addressed how the finite x affects the suppression predictions, by comparing the bsg
and the sg gluon RAA predictions in Figure 2 and obtained even smaller discrepancies between these
two curves, compared to the previous variables.
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Figure 2. (a) The effect of a finite x on RAA as a function of final p⊥. The full (dashed) curve corresponds
to the bsg (sg) case. (b) provides a percentage of RAA change when the sga is relaxed. Adapted from [11].
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4. Discussion

Our calculations yielded bsg analytical expression (Equation (2)) which is clearly different, and
significantly more complex than in the sg case (Equation (3)). However, we surprisingly obtained small
difference for gluon’s ∆E(1)/E and N(1)

g numerical predictions in two cases (Figure 1). Furthermore,
the effect of finite x is even smaller for RAA (Figure 2). This negligible gluon RAA change could be
intuitively explained by the interplay of the opposite effects on ∆E(1)/E and N(1)

g , which non-trivially
enter RAA (compare the right panels of Figures 1 and 2). Consequently, the high p⊥ quarks are even
less likely to be affected by this approximation. This implies that within the DGLV formalism the
soft-gluon approximation remains well-founded. Finally, we also expect that the sga can be reliably
applied when a dynamical medium is considered, which however remains to be rigorously tested in
the future.
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