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Jets as a probe of the quark-gluon plasma

® Jet: a collimated cluster of hadrons produced by the ;/\. a 5o 4/\\
fragmentation of high-energy quarks or gluons ‘H.‘ — —
/ g
® Jet quenching: jet energy loss caused by interaction between %/ \

jet and QGP medium

® Jet nuclear modification factor:

1 d*Njgiy/dprdn
<Taa > Uj?zs/ dprdn

Rap =




Jets measurements down to low py

® Jet measurements in Pb-Pb challenging due to
large non-uniform uncorrelated background

® Current ALICE jet Ry, measurement: low pt reached Final State Radiation
with Machine Learning based background subtraction o

O jet Ry, measurement only down to about 30 GeV/c Initial State Radiation

(ISR)
‘ Phys Lett B 849 (2024) 138412
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THE ALICE DETECTOR

TOF
HMPID
EMCal
DCal
. PHOS, CPV
10. L3 Magnet
11. Absorber
12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD
17.AD
18.ZDC
19. ACORDE
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® |TS (Inner Tracking System)

O Primary vertex reconstruction

O Charged particle tracking

® TPC (Time Projection Chamber)
O Charged particle tracking
O Particle identification

ALICEIn Run 2 & Run 3

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. VO and TO

e. FMD

= | Charged-particle jet reconstruction

ALICE 2018 Pb-Pb data, /syy = 5.02 TeV, 0-10% centrality




ALICEIn Run 2 & Run 3

THE ALICE DETECTOR

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. VO and TO

e. FMD
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® |TS (Inner Tracking System) N ® Upgraded ITS
O Primary vertex reconstruction — _ > Vertex reconstruction
O Charged particle tracking — | Charged-particle jet reconstruction ® Upgraded TPC
® TPC (Time Projection Chamber) » Continuous readout
O Charged particle trackin :
0 Partigle idpentification J ® PDb-Pb data taking 50kHz at \/syy = 5.36 TeV

® Collected 12B minimum bias events

ALICE 2018 Pb-Pb data, /syy = 5.02 TeV, 0-10% centrality Use a new technique to push to even low py




Jets analysis with event mixing technique

First use of ME technique: in STAR
(PRC 96 (2017) 2, 024905)

® Assembly of mixed events (ME):
O Categorisation of events into 9600(multiplicity, z-vertex, event plane,
PT.tracks) Categories
O One track form each real event

» Remove multi-hadron correlations in ME

Mixed event

® Same events (SE): real events

® Jet analysis:
O Charged particle jets: anti-kp, R = 0.3, |n]| < 0.6

® Background correction:

O Remove pedestal underlying event from the jets: Bulk particles Real jet constituents

reco __ raw
Prjet = PTjet — Ajet * P

O Use Mixed Event (ME) to remove combinatorial jets from the yield
O Unfolding to correct for smearing




Raw jet distribution —= R =0.3

® Inclusive distribution of partons at low p: many
overlapping objects, cannot reconstruct as distinct jets

O Introduce a small bias to define physics jet
O Vary the bias to measure its effect and determine the pt
region where the bias is negligible
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Raw jet distribution —= R =0.3

Inclusive distribution of partons at low pr: many
overlapping objects, cannot reconstruct as distinct jets

O Introduce a small bias to define physics jet g - 2 ALICE Preliminary é
O Vary the bias to measure its effect and determine the pr 8 . F gl s ;Jig%T;‘f;}fjg?;
region where the bias is negligible g@- e = Ch-particle jets 5
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Raw jet distribution — after subtraction

® Inclusive distribution of partons at low p: many
overlapping objects, cannot reconstruct as distinct jets

O Introduce a small bias to define physics jet
O Vary the bias to measure its effect and determine the pr
region where the bias is negligible

® Essential criterion for ME: ratio needs to be flat on the
left-hand side (not jet signal)

® Normalisation of ME: data driven

® Subtraction of combinatorial background yield using ME

® ME procedure removes uncorrelated bkg yield

® [eading track pt cut generates countable objects

. Ch-particle jets

l T T T T

ALICE Preliminary

2018 Pb-Pb, {s,,, = 5.02 TeV, 0-10%
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Raw correlated biased jet distribution, p¢%¢ > 3GeV/c: SE-ME



Corrected jet distributions — R =0.3

Once the yield is subtracted, unfolding to correct the
smearing of jets

Fully corrected charged-particle jet distributions with
pieed > 3 GeV/c and pi¢e? > 4 GeVic

Systematic uncertainties from ME, DCA, tracking
efficiency and unfolding

® Determining where the bias is small

® Effect of the leading track bias: no bias within

uncertainties for pr ;. > 13.5 GeV/c

> unbiased Pb-Pb at pr ;. > 13.5 GeV/c
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« unbiased pp times (T, ), R =0.3
Phys. Rev. D 100, 092004 (2019}
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Charged-particle jet Raa
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Unbiased pp: ALICE collaboration, Phys. Rev. D, 100, 092004, 2019.
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Charged-particle jet Ry — model comparisons
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Unbiased pp: ALICE collaboration, Phys. Rev. D, 100, 092004, 2019.

® R, IS calculated relative to unbiased pp charged-
particle jets?

® Combined pp and Pb-Pb uncertainties

® Syst. + stat. uncertainties added in quadrature

» unbiased Pb-Pb Ry, down to 13.5 GeV/c

® Models describe Rp4 at high pr, disagree with each
other at low pr



Charged-particl

e jet Rayp - comparison to RHIC

® Comparison of reconstructed jet suppression at
LHC & RHIC in the same kinematic range

® Unbiased Au+Au at prjec > 16 GeV/c

® Comparable Ry, between /syy = 200GeV and
VSNN — 5.02TeV

| — R =0.3, p*'>5 GeV/c .| » Same Ry, does not mean same energy loss
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Unbiased pp: ALICE collaboration, Phys. Rev. D, 100, 092004, 2019.

STAR: Phys.Rev.C 102 (2020) 5, 054913
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First background study with Run 3 Pb-Pb data
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® Important assessment of detector response for jet studies ® Two pedestal background subtraction methods

® Similar shapes and widths as in Run 2 in four centrality classes



Summary & outlook

® First application of event-mixing approach to inclusive jet measurements
® Unbiased Pb-Pb jet R4, measurement down to lower py

® Comparison of jet suppression at LHC & RHIC

Outlook:

® Run 3 Pb-Pb analysis:
O Jet Ry, measurement at /syy = 5.36 TeV
O Study of path length dependent jet energy loss

Thanks for your attention!
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Corrections for py smearing

® Unfolding: correction of py smearing due to background
and detector effects S ——

) ] "ALICE Preliminary o 10"1
® Background effects: corrections for local fluctuations 150 I
® Detector effects: corrections for efficiency and p resolution . -',,l“‘ a
O wctUd

® Response matrix calculation with embedding of PYTHIA % 100 '_- -4 102
jets into SE 9} gl

part
T,jet
] T T T T l T T T T l T T T T

® ROOT unfolding framework RooUnfold with Bayesian
unfolding method 2 S0 4* BYTHIA embedded in _
_ _ = 2018 Pb-Pb Data, 0-10% -
® Prior: PYTHIA particle level : Sy =5.02TeV _
. " Ch-particle jets, p':ad >3 GeV/c
® Correction for jet reconstruction efficiency after unfolding | AR I I s L i 1L
0 50 100 150
det,reco
,oT’jet (GeV/ce)
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