
P
o
S
(
H
a
r
d
P
r
o
b
e
s
2
0
1
8
)
1
7
2

Measurements of inclusive, boson-tagged, and
heavy quark flavor jet energy loss in PbPb collisions
at
√

sNN = 5.02 TeV with the CMS detector

Xiao Wang, on behalf of the CMS Collaboration∗

The University of Illinois at Chicago
E-mail: x.wang@cern.ch

In this talk, we present measurements of jet energy loss in jets back-to-back with a Z or photon
tag. With a clean tag of initial parton momentum quantifying the magnitude of energy loss, we
then study the angular redistribution of energy with inclusive jet shapes, boson-tagged jet shapes.
The implications of these measurements are discussed through comparisons of jet energy loss,
redistribution, and the medium response as a function of the parton flavor.

International Conference on Hard and Electromagnetic Probes of High-Energy Nuclear Collisions
30 September - 5 October 2018
Aix-Les-Bains, Savoie, France

∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/

mailto:x.wang@cern.ch


P
o
S
(
H
a
r
d
P
r
o
b
e
s
2
0
1
8
)
1
7
2

Short Title for header Xiao Wang, on behalf of the CMS Collaboration

1. Introduction

After jet quenching was observed in several studies at RHIC [1] and LHC [2], jets, as objects
closely related to the parton created in the initial hard scattering can be good probes to study the
parton energy loss while traversing the hot median. Furthermore, various types of jets may advance
the study of energy loss from different aspects. Z boson and photons do not carry color charge and
therefore do not interact with the QGP. These color neutral objects can be used to control the initial
state of the hard process in the collision to provide a reference to the recoiling jet. Although the
cross-section of Z bosons are smaller than that of the photons, the Z boson selection is affected to
a lesser extent by contamination compared to the photon selection.

On the other hand, the jet quenching may depend on the type of the partons initiating the
jets [3]. The jets associated with an isolated photon mainly originate from quarks [4] and therefore
can be used to determine the quark and gluon behavior in the quenching by comparing it to the
inclusive studies [5]. Furthermore, the b-tagging method provides a way to select the jets originated
from bottom quarks, which can be used to study the jet quenching as a function of the parton flavor.
CMS experiments provided a great opportunity to study on these topics [6].

2. Jet quenching in various types of jets

Figure 1 shows the photon+jet transverse momentum imbalance XJγ = pjet
T /pγ

T for PbPb in
different centrality bins. Comparing to the pp reference overlaid, jet transverse momentum in
the heavy-ion collision is shifted significantly towards low pT implying jet suppression. The Z
boson+jet XJZ measurement (right canvas, Fig. 2) shows a similar level of jet transverse momentum
shift compared to the pp reference. Meanwhile, no broadening is observed in the ∆φ = |φJ −φZ|
distribution which has been normalized by the number of Z bosons (left canvas, Fig. 2).
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Figure 1: The centrality dependence of X jγ of photon+jet pairs normalized by the number of photons for
PbPb (full markers) and smeared pp (open markers) data. The vertical lines (bands) through the points
represent statistical (systematic) uncertainties [7].
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Figure 2: Distributions of the azimuthal angle difference ∆φ jZ between the Z boson and the jet (left), and
of the transverse momentum ratio x jZ between the jet and the Z boson with ∆φ jZ > 7π/8 (right). The distri-
butions are normalized by the number of Z events, NZ . Vertical lines (bands) indicate statistical (systematic)
uncertainties [8].
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Figure 3: Distributions of XJ in PbPb collisions for inclusive dijets (left) and b dijets (right). Systematic
uncertainties are shown as shaded boxes, while statistical uncertainties are shown as vertical lines. The top,
middle and bottom rows show the 0–10, 10–30 and 30–100% centrality selections, respectively. The data
are compared to a reference obtained by smearing pp according to the jet resolution for the given centrality
class [12].

Figure 3 shows the dijet imbalance comparison between b-dijets and inclusive dijets. The b-
jets are not only from the initial hard scattering but also significantly from the subsequent gluon
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splitting process. Fortunately, this gluon splitting contribution will be suppressed in b dijet events
which required two jets to be back-to-back. While the significant imbalance has observed in in-
clusive dijets in 30-100% bins, the momentum imbalance in b dijet is likely to be smaller than the
inclusive dijets: b dijets imbalance is compatible with pp reference in peripheral bins (30-100%),
lies between the pp and inclusive dijets in the 10-30% bin and significant shifted in bins 0-10%.

3. Energy distribution around jets

The track transverse momentum distribution around inclusive jets (Fig. 4) is defined as:

P(∆r) =
1

δ r
1

Njets
∑

jets,
∑

tracks∈(∆ra,∆rb)

ptrk
T , ∆r < 1, (3.1)

where ∆ra and ∆rb defines the angular edges of ∆r =
√
(∆φ)2 +(∆η)2 which is the angular distance

between the jets and tracks. The ratio of the PbPb to pp data from three different ptrk
T range shown

in the bottom panel of Fig. 4. The observed high pT particles depletion and soft particle yield
enhancement relative to pp data is possibly due to the quenched jet recombination and the medium
back reaction to the jets [9, 10, 11]. A pronounced energy redistribution from the small to large
angles away from the jet axis is also observed in the most central collision.
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Figure 4: The distribution of jet-correlated charged-particle tracks as a function of ∆r in pp (top left) and
PbPb (middle row) collisions. The PbPb results are shown for different centrality regions. The bottom
row shows the difference between the PbPb and pp data. The intervals in ptrk

T are indicated by the stacked

histograms. The inclusive points (0.7 < ptrk
T 20 GeV) are shown by open white circles. The grey bands

surrounding these points show the total systematic uncertainties [14].
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Figure 5: The ratio of PbPb over pp differential jet shape, ρ(r), for 0-10% centrality interval [13].

Furthermore, the photon tagged jet shape ratio of PbPb (0–10%) to pp shown in Fig. 5 provides
more constraint on the quark and gluon contribution in jet quenching as the photon tagged jets are
mostly quark jets. The photon tagged jets show a similar trend in the jet shape ratio compared to
the inclusive jets, except at the large r region where the former jets show a stronger enhancement.

4. Summary

CMS has measured the jet quenching and energy loss using different types of jets. The jet
imbalance measurement is performed for inclusive dijets, photon+jets, Z boson+jets, and the b
dijets and will put strong constraints for modeling the interaction between parton and medium.
CMS also extended the measurement to other jet properties, like transverse momentum distribution
and the jet shapes, for inclusive jets and photon tagged jets. It is generally observed that the high
pT particles around the jets are shifted to the lower pT region and the energy is redistributed from
small ∆r region to large ∆r region and this feature seems even stronger in the photon tagged jets.
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