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In recent years, there has been an effort towards establishing a more complete picture for jet
substructure in the presence of the quark gluon plasma. Such a program requires not only a
more detailed description of medium induced effects, but also the design of novel substructure
observables. Very recently, it has been noticed that Energy Energy correlators (EECs) might
provide one type of such observables. Although the full extent of their sensitivity to the medium
has not been completely explored, they are capable to resolve the transverse structure of the jet. In
particular, they are sensitive to the critical angle separating coherent and decoherent jet evolution
in the medium. In this talk, we show for the first time the effects of medium induced radiative
energy loss in EECs at leading order in the number of vacuum-like emissions. The calculation
takes into account all order soft gluon emissions, in the large N, limit and neglecting subdominant
interfering contributions.
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1. Introduction

In recent years, there has been a strong interest in applying jet substructure techniques to study
medium induced modifications to jets. One of the most interesting ideas being currently pursued
relates to measuring the so called critical coherence angle 6., which determines the radiation pattern
of jets in medium, see e.g. [1, 2]. As far as we are aware, two recent proposals were made to extract
information related to this parameter: one resorts to measuring the angular distribution associated
to groomed emissions [3], while the other uses the information related to energy flow correlations
inside jets [4]. Although these observables have very different properties, it is interesting to note that
while for the former the coherence angle effects enter mainly through the energy loss mechanism,
in the latter it emerges due to the medium modified splitting kernel. Thus, our goal is to explore the
sensitivity of the energy flow correlations to radiative energy loss.

2. Energy Energy Correlators and medium modified cross-section

The idea of understanding high energy scattering events using energy flow correlations was
proposed a long time ago [5]. Recently, these ideas have been extended to study the structure of
QCD jets in vacuum [6] and in heavy ion collisions [4, 7]. At leading order in the strong coupling
constant and assuming an isotropic and homogenous medium, one can define the two point energy
flow correlator (EEC) as [7]

dx 1 1 do
_E/ dzz(1 — 7)— a8 (1)
0 a,

where we have focused on a jet originating from a single quark, z denotes the energy sharing fraction
for the outgoing gluon, 6 is the angle between the outgoing states and we neglect the initial quark
cross-section in what follows. In the vacuum and at leading accuracy, this object is fully determined
by
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where the relevant splitting function is given by P(z) = (1 + (1 —z)?)/z. In the presence of a dense
QCD medium, the partonic cross-section gets corrections due to the interactions with the medium
constituents. Although the general form of such a cross-section is known, it is a highly complex
object for practical applications, see e.g. [8]. Therefore, for phenomenology, different limits of this
are typically used. Here we shall consider two limiting cases:

1. Hard splitting: It is natural to consider the scenario where the outgoing partons are very
energetic, and thus they propagate close to their classical trajectories. In this limit, it has been
shown that one can write [9, 10]
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where the medium modifications are encapsulated in the Fy,eq factor, which reads

os (L) embat?er _ g (L) p~hacorwn?
' '

1 - e—ixqezﬂ(L—z))

F d:_/ dt
" o tr (LxG6%2)

“

Here we have neglected subleading terms related to color interference, N, is the number of

colors, g is the jet quenching parameter, L the medium length and 7 with p,

_ 2
. . : ~ z(l-g)p 6
the total jet energy. We note that since the outgoing states are very energetic, this leads to the

kinematical constraint min(z, 1 — z)p; > > 1 ciL2 [11]. We have also introduced the variables

{ = (1 +72+ ZZ ) and y = (1 -2z + 3z2) In Fig. 1 (left), we plot the integrand of Eq. 1
using Eq. 4, as a functlon of the gluon energy fraction for several values of 8. We observe that

for angles close to 6 the distribution has a flat dependence in z, but at large angles

¢ =
\/_
it is dominated by very asymmetrical topologies, with the gluon carrying a small amount of
energy.
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Figure 1: Integrand of the in-medium EEC: hard branching (left) and soft splitting (right). Here we used
p: =100 GeV, § = 0.2GeV? and L = 6 fm. As aresult 6. = 0.047.

2. Soft gluon splitting: In opposition to the previous case, we also consider the exact soft gluon
limit, i.e z < 1. In this case, the medium modified cross-section is given by

doped wdl zp*6
Tqg 2 Pi
—2° = 0(z(1 - 2)E < we), 5
dodz = (27) dwd*k 21 (z(1=2) ) ©)
where 2w, = §L?, w = zp;, Bw = |k| and the single gluon spectrums reads (see e.g. [12])
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Here Q2 = G(L —s) and 75 = ta;((ﬁ;) ,Q=(1-1)/2+/G/(zp;). In Fig. 1 (right) we again plot
the EEC integrand for thlS limit of the in-medium cross-section. We observe that for angles
close to 6. the behavior differs significantly from the one seen in Fig. 1 (left). However, at large
angles, we observe that the system is again dominated by very asymmetrical configurations.
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3. Jet energy loss

The above results do not take into account the possibility of transporting the jet energy down
to the temperature scale (7") by the emission of multiple gluons, which are thought to dominate the
energy loss mechanism in matter, see e.g. [13]. To include this effect here we use the quenching
weight approximation [14], in the limit of two color sources being produced in the medium [15].
This allows us to model the jet energy loss via the relation (f, = 2/ (402)%) [16]

dx 1 do
(p:) :/ dzz7(1 _Z)_ q8
do 0 04e dOdz
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Here Q, (¢ denote the single quark (gluon) quenching factor, which can be computed, under some
assumptions, as the modified Laplace transform over the single gluon spectrum
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with Q standing for either the quark or gluon quenching weights. Here, we further model this object
by assuming 1) all radiation between 7 and the scale where gluon emission becomes abundant
(wg = a2C2 “/ 2w, ) is lost to the medium 2) gluon radiation above this limit is only lost if emitted
at angles larger than 2R, with R the jet radius. Then, one can write that!
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In Figs. 2 and 3, we show the numerical results after taking into account radiative energy loss,
for hard (Fig. 2) and soft splittings (Fig. 3). For the hard branchings, we observe that the energy
loss does not change the shape of the distribution, unless a kinematical cut is imposed. In this case,
energy loss leads to a dip with respect to the vacuum at large angles. For soft splittings, we observe
a qualitatively similar behavior, despite the fact that this limit is more sensitive to the energy loss.
We note that in this limit the validity of the description is stretched by integrating over the full z
domain.

4. Conclusion and Discussion

In this talk, we discussed the effects of energy loss in EECs measured inside jets produced in
heavy ion collisions. These exploratory results indicate that energy loss effects might be important
in the description of EECs, but a more careful treatment of the in-medium cross-sections is needed.

2
Here: n = p—’ a= ) and n ~ 6 is the spectral index of the jet spectra.
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Figure 2: EEC distribution including energy loss using p; = 100 (250) GeV (right), R = 0.3, T = 0.3 GeV
and the same parameters as in the previous plots. Dashed lines denote the vacuum results, solid red and blue
curves correspond to including the medium modified cross-section. The vacuum lines including energy loss,
convolute the vacuum kernel with the energy loss model. The black line corresponds to the full result while
imposing the constraint min(z, 1 — z)p; > we.
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Figure 3: Same distributions as in Fig. 2, but for soft gluon branching.
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