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Interpreting inclusive jet and gamma-jet
suppression in heavy-ion collisions at the LHC
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We use the parametric approach to analyze jet suppression measured using the nuclear modifica-
tion factor of inclusive jets, 𝑏-jets, and jets from 𝛾-jet events. With minimum model assumptions,
we quantify the magnitude of the average energy loss and its transverse momentum dependence.
Then, we quantify the impact of fluctuations in the energy loss and nuclear PDFs on the mea-
sured jet suppression. Employing the Glauber model to infer the information about the collision
geometry, we quantify the path-length dependence of the average energy loss. Using the obtained
parameterizations, we evaluate jet 𝑣2, obtaining results consistent with measurements. We also
provide model-independent predictions for the magnitude of energy loss expected in upcoming
oxygen-oxygen collisions. Finally, we analyze intriguing features seen in the suppression of jets
in the 𝛾-jet system.
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Interpreting inclusive jet and gamma-jet suppression in HI collisions Agnieszka Ogrodnik

1. Introduction

It is predicted that in heavy-ion collisions a matter may occur in a state of deconfined quarks and
gluons [1], also referred to as quark-gluon plasma (QGP). Properties of the QGP can be studied by its
interactions with the particles traversing through it. One example of such studies is measurement of
the jet energy loss in the heavy-ion collisions. Despite jet suppression being a complex phenomenon,
a simple model with minimal assumptions on the quenching physics could help in identification
of the components that play a major role in this process. The approach presented in this article
uses parametric modelling of the parton energy loss with three free parameters, first proposed in
[2, 3]. The newest results from this model, presented in detail in [4], are discussed in this article.
In particular, the impact of fluctuations in the energy loss and nuclear PDFs on the measured jet
suppression were quantified, using model comparison to measured nuclear modification factor of
inclusive jets. The path-length dependence of the average energy loss was estimated based on the
initial collision geometry from the Glauber model. The quenching model can also reproduce the
measurement of the jet 𝑣2. Model independent prediction of the jet suppression in the upcoming
oxygen-oxygen collisions is provided. Level of agreement between the model and the measured jet
suppression in the 𝛾-jet system is also studied.

2. Parametric modelling of jet quenching

The parametric modelling of jet quenching first proposed in [2, 3] uses the modified power-law
parametization of the jet spectra, separately for quark- and gluon-initiated jets. Detailed description
of the spectra parametization, also including the modification by the fluctuations, can be found in
Ref. [4]. As the input jet spectra several Monte-Carlo samples are used: PYTHIA8 [5, 6] with
A14 tune [7] and a NNPDF 2.3 LO PDF set [8] and alternative samples from Herwig7 [9]. To
reconstruct jets, the anti-𝑘𝑡 algorithm [10] implemented in FastJet package [11] is used with the
default value of distance parameter 𝑅 = 0.4. The obtained spectra are compared with jet spectra
measured in 5.02 TeV 𝑝𝑝 collisions [12] in case of inclusive jets, and with measured jet spectrum
from the 𝛾-jet system [13]. The simulated spectra are then reweighted to fit the measured spectra
and parameterized with the extended power-law [2]. The comparison between the measured spectra
and the refitted spectra is shown for inclusive jet spectra on the left panel of Fig. 1.

The average energy loss is modelled using three parameters, 𝑐𝐹,𝑖 , 𝑠 and 𝛼:

⟨Δ𝑝jet
T ⟩𝑖 = 𝑐𝐹,𝑖 𝑠

(
𝑝

jet
T

𝑝T0

)𝛼
, (1)

where the index 𝑖 = 1, 2 labels quark-initiated and gluon-initiated jets, respectively. The color factor
𝑐𝐹,1 for quark-initiated jets is set to unity and 𝑐𝐹,2 for gluon-initiated jets is labelled 𝑐𝐹 . To obtained
the energy loss parameters 𝑠 and 𝛼, a 𝜒2 minimization is performed with respect to 5.02 TeV jet
𝑅𝐴𝐴 data [12] for various 𝑐𝐹 parameters.

When including nPDF effects and fluctuations the measured jet 𝑅𝐴𝐴 can be described in all
centrality bins with single power 𝛼 = 0.27, for 𝑐𝐹 = 1.78, with 𝜒2/ndof of 1.06. This result is
presented in Fig. 1. The energy loss parameters are further used to model other observables.
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Figure 1: Left: Reweighted cross-section for the inclusive jet production from PYTHIA8 and HERWIG7
compared with the data [12]. Middle, right: Measured jet 𝑅𝐴𝐴 [12] (data points) compared to the parame-
terization of jet quenching (solid line), which provides the best description of the data.

3. Path-length dependence of energy loss and jet 𝑣2

The fitted value of ⟨Δ𝑝jet
T ⟩ can be used to extract path-length (𝐿) dependence of energy loss,

which can be expressed as ⟨Δ𝑝jet
T ⟩ ∼ ⟨𝐿⟩ 𝛿 with 𝛿 = 1, 2, and 3 employed in baseline calculations of

collisional energy loss, pQCD radiative energy loss, and non-perturbative strong coupling models,
respectively. We model the geometry by assuming that average path-length is proportional to the
path length estimates given by Glauber model from Ref. [14]. For each centrality bin the average
path-length is estimated, and the ⟨Δ𝑝jet

T ⟩ is obtained for the initial jet 𝑝T = 100 GeV from the best
parameterization to the measured jet 𝑅𝐴𝐴. The path-length is parameterized by the power-law:

⟨Δ𝑝jet
T ⟩ = 𝑐0 + 𝑐1⟨𝐿⟩ 𝛿 , (2)

with 𝑐0, 𝑐1, and 𝛿 being free parameters of the fit. The fit results are shown in left panel of Fig. 2, and
the resulting fit parameter are 𝛿 = 2.01± 0.08, 𝑐0 = −0.9± 0.3, and 𝑐1 = 0.6± 0.1. Since the value
of 𝛿 is consistent with 2, this result may be interpreted as supporting the radiative nature of parton
energy loss under the assumption that the medium expansion does not change the proportionality
between the physical path length and the path length from the Glauber model.

The path-length dependence is further explored by modelling of jet 𝑣2. This quantity shows
the modulation of the jet yields caused by the difference in energy loss for jets travelling in the
direction of the interaction plane ("in") or perpendicular to it ("out"). The former suffer the energy
loss over the path-length 𝐿𝑖𝑛, while the latter suffer the energy loss over the path-length 𝐿𝑜𝑢𝑡 . The
jet 𝑣2 may then be estimated as [15]

𝑣2 ≈ 1
2
𝑅𝐴𝐴(𝐿𝑖𝑛) − 𝑅𝐴𝐴(𝐿𝑜𝑢𝑡 )
𝑅𝐴𝐴(𝐿𝑖𝑛) + 𝑅𝐴𝐴(𝐿𝑜𝑢𝑡 )

, (3)

where 𝐿𝑖𝑛 = ⟨𝐿⟩ − 𝑐 ·Δ𝐿𝑖𝑛 and 𝐿𝑜𝑢𝑡 = ⟨𝐿⟩ + 𝑐 ·Δ𝐿𝑜𝑢𝑡 . The parameter 𝑐 is responsible for smearing
of the Glauber model shape due to expansion of the medium. The comparison of the modelled and
measured jet 𝑣2 [16] is shown in the middle panel of Fig. 2. The best agreement with the data is
found for 𝑐 = 0.35. This successful description of jet 𝑣2 supports the validity of 𝐿2 dependence of
the energy loss.
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Figure 2: Left: Path-length dependence of average jet energy loss extracted from the data using the
parametric model for the optimal parameterization. Middle: Jet 𝑣2 determined using the parameterization of
path-length dependence of inclusive jet suppression (lines) compared with measured jet 𝑣2 [16] (data points).
Right: Prediction of jet 𝑅𝐴𝐴 distributions for 7 TeV oxygen-oxygen collisions using parameterizations of
inclusive jet suppression at 2.76 TeV and 5.02 TeV.

The parametrization of the average energy loss enables also to make predictions for the jet 𝑅𝐴𝐴

in the upcoming oxygen-oxygen (O+O) collisions. The linear extrapolation is performed to energy
loss at 7 TeV, from the ⟨Δ𝑝jet

T ⟩ at 2.76 TeV [3] and 5.02 TeV [4]. Extracted path-length dependence
allows extrapolating from Pb+Pb to O+O system using Glauber model [14], and providing results in
centrality classes using centrality analysis from Ref. [17]. The prediction for 0 − 10% and 0 − 70%
centrality bins in O+O collisions is shown in the right panel of Fig. 2. The band includes the
uncertainty related to the energy loss parametrization. Energy loss is expected to be significant in
central O+O collisions, with the jet 𝑅𝐴𝐴 of about 0.8 at 50 GeV.

4. Interpreting jet suppression in 𝛾-jet system

From the fits to inclusive jet 𝑅𝐴𝐴 data with different 𝑐𝐹 values several different parametrizations
of the ⟨Δ𝑝jet

T ⟩ were obtained. They are further used to describe the quenching of jets in the 𝛾-jet
system. The Galuber model and the above-given parameterization of ⟨Δ𝑝jet

T ⟩(⟨𝐿⟩) dependence are
used to obtain the energy loss parametrizations in the centality bins of the jet 𝑅𝐴𝐴 measurement in
the 𝛾-jet system [13]. As shown in the left panel of Fig. 3, the differences in 𝑅𝐴𝐴 between different
𝑐𝐹 values are rather significant. This confirms that the role of flavor in the jet quenching can be
constrained with measurements of jets in the 𝛾-jet system. The shape of the 𝑅𝐴𝐴 is qualitatively
reproduced below 120 GeV, but the local maximum around 150 GeV is not reproduced. Also, the
model fails in describing the overall magnitude of 𝑅𝐴𝐴 in 0-10% and 10-30% centrality bins.

To explore the impact of the shape of input spectra, alternative spectra weighting was performed,
while the impact of nPDF effects is estimated using samples without the nPDF effects. The results
from these different input spectra are shown in the middle panel of Fig. 3. Substantial differences
can be seen, with up to 10% change of the modelled 𝑅𝐴𝐴 when varying the spectra weighting,
and between 15-20% from the nPDF effects. Change of the MC generator introduced further 10%
difference. This shows that precise knowledge of input parton spectra is crucial to determine the
exact shape of 𝑅𝐴𝐴, but cannot explain the differences observed between different centrality classes.
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Selection bias may cause difference in energy loss suffered by jets between gamma-jet and
inclusive jet systems. The inclusive sample is dominated by the dijet system, where both jets suffer
from the energy loss, while in the 𝛾-jet system only the jet interacts with the medium. Quenching
parameter 𝑠 is refitted to match the measured jet 𝑅𝐴𝐴 in the 𝛾-jet system. This is translated to
change in average path-length travelled by jets in the case of 𝛾-jet events, ⟨𝐿𝛾⟩. Ratio between
⟨𝐿𝛾⟩/⟨𝐿⟩ is 0.80 ± 0.02, 0.9 ± 0.03, and 1.07 ± 0.03 for 0-10%, 10-30%, and 30-80% centrality
bins, respectively.
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Figure 3: Jet 𝑅𝐴𝐴 measured in the 𝛾-jet system [13] (data points) compared with various setup of the
parametric modelling (lines): different choice of color factor (left), different choice of input jet spectra
(middle), and rescaled parameterization with input spectra from PYTHIA with with default reweighting
(right).

5. Conclusions

Energy loss fluctuations are crucial for describing jet quenching. Using the presented paramet-
ric model one can describe the energy loss in the inclusive jet sample for all the measured centrality
bins. The path-length dependence of the energy loss, supports the radiative nature of the parton
energy loss, assuming that medium expansion does not change the proportionality of the path length
to that from the Glauber model. Prediction of the inclusive jet 𝑅𝐴𝐴 being at the level of 0.8 was
made for central O+O collisions. Energy loss of jets in 𝛾-jet system was shown to be different from
energy loss of inclusive jets and provided quantifications may help understanding those biases.
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