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1. Introduction

The measurement of jets recoiling from a high-prt hadron is sensitive to jet azimuthal broaden-
ing effects. In vacuum, broadening effects occur via Sudakov radiation [1]. In medium, additional
jet deflection may occur via multiple soft scatterings, resulting in modification of the azimuthal cor-
relation between the trigger hadron and the recoiling jet [1, 2]. In addition, the tail of this azimuthal
correlation is sensitive to Moliere scatterings off quasi-particles in the medium [3]. A search for
these phenemona in Run-1 of the LHC' data using hadron-jet acoplanarity showed no evidence
of jet broadening with respect to the vacuum expectation within experimental uncertainties [4].
However, lower recoiling jet pr configurations should be more sensitive to in-medium modifica-
tions to the acoplanarity [1-3]. Recent theoretical work [5] suggests that radiative corrections to
in-medium modification may be negative and comparable to the non-radiative contribution, which
could suppress the broadening or even narrow the azimuthal jet distribution with respect to vacuum.
This contribution reports the first exploration of hadron-jet acoplanarity in central (0—10%) Pb—Pb
collisions using high-statistics Run-2 data?, with emphasis on the region of low recoil jet pr, and is
the first such analysis that has been fully corrected to the particle level.

The measurement reported here is the trigger-normalised semi-inclusive yield of jets recoiling
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is the jet transverse momentum and

is then defined as the difference between the trigger-normalised recoil jet distributions in Signal
(TTsjg) and Reference (TTrer) trigger track pr (pr,uig) intervals [4]:
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where crer accounts for the combined effects of invariance of total jet yield with pr gig. Cref is
calculated bin-by-bin in A, and ranges from 0.94 in the Ag region closest to %n to 0.86 in the
Agp region closest to . With the Ao Observable one removes entirely the background from
uncorrelated reconstructed jets, giving the possibility of extending jet measurements to low-pr.
The jet population measured with this technique is likewise not biased in terms of jet fragmentation
pattern. The pr g trigger-track classes chosen for this analysis are 5 < pr uig < 7 GeV/c for the
Reference class and 20 < pr yig < 50 GeV /c for the Signal class.

2. Analysis

This analysis was carried out using central 0—10% Pb—Pb collisions at /sx\y = 5.02 TeV
collected by ALICE in 2018. The ALICE experimental setup is detailed in Ref. [6]. The events
were triggered using both minimum bias and central triggers based on signals in the ALICE
VO detector, and further offline selection was applied to ensure background events (e.g. beam-
gas events) were removed. 92M events were selected for analysis. The measurement uses jets
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reconstructed from charged tracks from the ALICE Inner Tracking System and Time Projection
Chamber, i.e. ‘track-based jets’. To ensure statistical independence of the Signal and Reference
recoil jet distributions, each event is randomly assigned to one of the TT classes, and the statistical
reach of the distributions is optimised by using 80% of events for the Signal subset and 20% for
the Reference subset. Jet finding was performed with the Fastlet package [7] using the anti-kt
algorithm [8] with jet resolution parameter R = 0.2, using tracks with a low—p%h constituent cut-
off of p%h = 0.15 GeV/c. The underlying event density p was then subtracted from the raw pr
(prTa"Jf“e’fh) of each jet with area Aje as p;?j;’fh = ?jvetch — pAjet. p was estimated event-by-event by
reconstructing jets with the kt algorithm and using the median pr-density of these jets, excluding
the two leading jets in the event from the median. Events with high-pr tracks have on average a
higher p using this method, and to account for this offset, the difference between the mean p in
Signal- and Reference-classified events is added to p in reference-classified events.

2-dimensional distributions (pfrec."’Ch
Ljet
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Figure 1: The raw trigger-normalised recoil jet distributions as a function of p;?";gfh (left) and A (right).

reco,ch
T jet and Ag for detector effects and

residual background fluctuations using 2-dimensional Bayesian unfolding techniques [9], with a
response mapping detector-level prTe"szt’Ch and Ag to particle level. The response was constructed
using simulated PYTHIA events, which were reconstructed using a full GEANT simulation, and
embedded into heavy-ion data events. PYTHIA detector-level jets were reconstructed among the
heavy-ion background (hybrid-level jets) and matched with the PYTHIA detector-level jets, which

were then matched with PYTHIA particle-level jets, and the response was generated with matched

The raw distributions were corrected simultaneously in p

hybrid-level and particle-level jets. The systematic uncertainties considered in this analysis include
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the uncertainties due to the tracking efficiency, the unfolding (including the choice of prior, binning
and Bayesian regularisation parameter), the cer scaling, and jet matching criteria.

3. Results

The fully-corrected Arecoi distribution as a function of Ay in the region 30 < p%fjjet <40GeV/c
is shown in Fig. 2. The reference distribution for pp collisions was generated by PYTHIAS [10]
(Monash 2013 tune [11]). The recoil jet yield in Pb—Pb collisions is observed to be suppressed
with respect to the pp reference, indicating jet quenching effects. The ratio of the two distributions
in the lower panel shows a clear indication that the A¢ distribution is narrower in central Pb—Pb
collisions, with the ratio of Pb—Pb / PYTHIA equal to around 0.9 at A¢ ~ m, and around 0.4-0.5 in

the region /2 < Ap < 3 /4.

x107°
- — AR
§ 7 ALICE Preliminary E
) Pb-Pb, \jsNN =5.02 TeV E
O gl charged jets, anti-k; 3
§ R=02, |7]jet| <0.7 =
2 3 30<p™ <40 GeVic ]
<] T,jet ]
—&— Pb-Pb 0-10 %
3 |: Sys. uncertainty
—&— pp PYTHIA8 Monash 2013 ——
2

III\‘H\I‘IIII'\I\['

—
o

N
[T T T[T TT T[T [T [T [TITT[T71TY

—_

Y S
18 2 22 24 26 28

Pb—Pb / PYTHIA

—_
»

iy
*+

w
>
AS)

Figure 2: The fully corrected Arecoi distributions in 0—10% Pb—Pb collisions as a function of Ag, compared
to a PYTHIA reference.

4. Outlook

The first measurement of the fully-corrected semi-inclusive distribution of charged jets recoiling
from a trigger hadron in 0—10% Pb—Pb collisions at 4/syn = 5.02 TeV as a function of the azimuthal
angle Ay has been shown. The results indicate a suppression and narrowing of the recoil jet yield

in 30 < p%hjet < 40 GeV /¢ with respect to PYTHIA. For a robust interpretation of this result, it is
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crucial that a measurement in pp collisions is taken as a true vacuum reference. A measurement
using the high statistics pp dataset at 5 TeV taken in 2017 will provide this necessary reference.

Work to extend this measurement to higher jet R and a wider p

ch

Tjet 1S also ongoing.

References

[1]

(2]

[5]

[6]
[7]

[9]
[10]

[11]

L. Chen, G.-Y. Qin, S.-Y. Wei, B.-W. Xiao and H.-Z. Zhang, Probing Transverse Momentum
Broadening via Dihadron and Hadron-jet Angular Correlations in Relativistic Heavy-ion
Collisions, Phys. Lett. B773 (2017) 672 [1607.01932].

M. Gyulassy, P. Levai, J. Liao, S. Shi, F. Yuan and X. Wang, Precision Dijet Acoplanarity
Tomography of the Chromo Structure of Perfect QCD Fluids, Nucl. Phys. A 982 (2019) 627
[1808.03238].

F. D’Eramo, K. Rajagopal and Y. Yin, Moliére scattering in quark-gluon plasma: finding
point-like scatterers in a liquid, JHEP 01 (2019) 172 [1808.03250].

ALICE collaboration, Measurement of jet quenching with semi-inclusive hadron-jet
distributions in central Pb—Pb collisions at \[snn = 2.76 TeV, JHEP 09 (2015) 170
[1506.03984].

B. Zakharov, Radiative p, -broadening of fast partons in an expanding quark-gluon plasma,
2003.10182.

ALICE collaboration, The ALICE experiment at the CERN LHC, JINST 3 (2008) S08002.

M. Cacciari, G.P. Salam and G. Soyez, FastJet User Manual, Eur. Phys. J. C 72 (2012) 1896
[1111.6097].

M. Cacciari, G.P. Salam and G. Soyez, The anti-k; jet clustering algorithm, JHEP 04 (2008)
063 [0802.1189].

T. Adye, Unfolding algorithms and tests using RooUnfold, 1105.1160.

T. Sjostrand, S. Mrenna and P.Z. Skands, A Brief Introduction to PYTHIA 8.1, Comput. Phys.
Commun. 178 (2008) 852 [0710.3820].

P. Skands, S. Carrazza and J. Rojo, Tuning PYTHIA 8.1: the Monash 2013 Tune, Eur. Phys.
J. C74(2014) 3024 [1404.5630].


https://doi.org/10.1016/j.physletb.2017.09.031
https://arxiv.org/abs/1607.01932
https://doi.org/10.1016/j.nuclphysa.2018.08.038
https://arxiv.org/abs/1808.03238
https://doi.org/10.1007/JHEP01(2019)172
https://arxiv.org/abs/1808.03250
https://doi.org/10.1007/JHEP09(2015)170
https://arxiv.org/abs/1506.03984
https://arxiv.org/abs/2003.10182
https://doi.org/10.1088/1748-0221/3/08/S08002
https://doi.org/10.1140/epjc/s10052-012-1896-2
https://arxiv.org/abs/1111.6097
https://doi.org/10.1088/1126-6708/2008/04/063
https://doi.org/10.1088/1126-6708/2008/04/063
https://arxiv.org/abs/0802.1189
https://arxiv.org/abs/1105.1160
https://doi.org/10.1016/j.cpc.2008.01.036
https://doi.org/10.1016/j.cpc.2008.01.036
https://arxiv.org/abs/0710.3820
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://doi.org/10.1140/epjc/s10052-014-3024-y
https://arxiv.org/abs/1404.5630

	Introduction
	Analysis
	Results
	Outlook

