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Motivation

e We want to explore jet quenching across the full LHC phase space

« Specifically low-pT and large R - probe medium response effects
e Uncorrelated background is huge in these regions

 \We cannot discriminate between signal and uncorrelated background on a
per event basis

o Apply statistical, data driven-approach for background yield
suppression: semi-inclusive approach

o Cleanly select events based on a high-p trigger ALICE Run 1: JHEP 09 (2015) 170
oy STAR: Phys.Rev.C 96 (2017) 2, 024905
e Count recoll jets

See Aimeric’s talk (24/09, 15:00): statistical approach for inclusive jets!
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https://inspirehep.net/literature/1376027
https://inspirehep.net/literature/1512115

Semi-inclusive hadron-jet measurements

e Measure the yield of charged particle jets recoiling from a high-p
hadron as a function of: Pb-Pb! Ax

o The jet transverse momentum (pT Jet) /

e The trigger-jet opening angle (A@) Z|muthlbroa‘n|n
e In pp: ki -4

e Test pQCD predictions

e |nvestigate the limits of QGP formation

 Reference for Pb-Pb

e This talk: | Y . '
e Run 2, 13 TeV pp High Multiplicity (HM) § \i‘/ ~R=05 ~recolson lomsd

1 VS =5.02 TeV, Pb-Pb 0-10 %
| Ch-particle jets, anti-k;
TT1{20,50} — TT{5,7}

I —Q-R =0.2 JEWEL:
|

e Run 3, 13.6 TeV pp (Preliminary) | 10<p, ,, <20 GeVic
TN T ST S B Phys. Rev. Lett. 133, 022301
2 2.5 3
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https://link.springer.com/article/10.1007/JHEP05(2024)229
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.022301

Arecoil - approach to uncorrelated background yield subtraction

e Take the difference between two semi inclusive, trigger normalised jet
yields: signal and reference

Arecoil ( PT jet; A‘P) —
< El L L L It
: Ty -~ ¢, =0.99 ALICE Perf .
e Advantages: S o g i
e Data-driven subtraction of S 102p ar, e _
: T S <05 Ap-n<06 =
uncorrelated background yield e 210°E T e, .
" NZ QQI_ _4 - - ++—0— .
e Perturbatively calculable B[S, 10 -~ —
. . . -gm 10_5 = ___TT{5,7} reference +++_._ JE
C,.» hormalisation factor - derived 2 F Tmegai=1278=0000 T, -
ref Z 107 & TT{20,50} signal —— =
from data = ™ Integral = 1.407 = 0.001 —
107" & A (TT{20,50} - TT{5,7) E
- ooy

A R
0 20 40 60 80 100
pree  (GeV/e)
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What is the limit of QGP formation?

e We know a QGP forms in heavy-ion collisions. What about small collision
systems?

* p- -Pb?
'« High multiplicity pp? | «——— QGP like effects seen in HM small systems
. ofor tkey |gatures of QGP formation:
e Strangeness enhancement
e Collective flow (Biao Zhang 23/09, Yiping Wang 24/09)
e Jet quenching <——
e Suppression of back to back correlations
e Enhancement at large acoplanarity
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Event selection

e Event selections:
e MB: in-time coincidence of VOA

1 | | | | | | | | J_g
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https://link.springer.com/article/10.1007/JHEP05(2024)229

I/N , &N Jdprc> " dA@ (GeV/e X rad) !

T, jet

Raw distributions
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JHEP 05 (2024) 229

e Arecoil corrects uncorrelated
background yield

e Distribution then corrected for pt

smearing due to detector effects and
residual background (unfolding)



https://link.springer.com/article/10.1007/JHEP05(2024)229

Fully corrected HM/MB A o oi| ratio
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PYTHIA does NOT model Jet Quenching! JHEP 05 (2024) 229
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https://link.springer.com/article/10.1007/JHEP05(2024)229

Event selections - bias

e Bias towards multi-jet final
states
e Seen in both data and PYTHIA
e EXxplains the jet quenching like

effects

e Bias is generic - must be
considered in all Jet Quenching
searches in small systems
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https://link.springer.com/article/10.1007/JHEP05(2024)229

Run 3: Whats new?

e Run 3 of the LHC began in July 2022:
e Increased collision energy - 13.6 TeV
 Improved luminosity - already surpassed
Run 2 luminosity in first few weeks In
Run 3!
e First Run 3 jet based preliminary results
shown at Hard Probes 2024
e We analyse 2022 pp data:

+ 49.2B events (1.04Bin 5.02 TeV Run 2)! ["lusiy, . = "=,
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e Measure A gcoil(pT) from 7 GeVic to 110 GeV/c for R =0.2and R = 0.4
— PYTHIA describes the data well within uncertainties
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Fully corrected yield ratio, (R = 0.2)/(R = 0.4)
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Far smaller systematics in Run 3!
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Ratio R=0.2/ R=0.4

Fully corrected yield ratio, (R = 0.2)/(R = 0.4)

Robust jet shape observable - precise theory and
experiment pQCD: JHEP 04 (2015) 039

e Good agreement with Run 2

2_2 B | | | | | | | | | | I | | | | |
- ALICEPreliminary  __ {acTey A - result
2 Ch-particle jets, anti-k+ '  ~recoll =
1 8 :_ Hr_l‘ |A¢ _ TC| < 0.6 S 502 TeV, Arecoil _:
L, TT{20,50} - TT{5,7} " PYTHIA S -
1.6 = —<— incl. jets, pp Vs =5.02 TeV—
14 = —+incl. jets, pp Vs =13 TeV =
1.2 = —
1 —
0.8 -
0.6 —
0.4 —
0

Phys.Rev.C 110 (2024) 1, 014906
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https://arxiv.org/pdf/2308.16128
https://inspirehep.net/literature/1328806

Ratio R=0.2 / R=0.4

Fully corrected yield ratio, (R = 0.2)/(R = 0.4)

Robust jet shape observable - precise theory and
experiment pQCD: JHEP 04 (2015) 039

e Good agreement with Run 2

22— 71 T T T T T T T T -
2 éhl-gaErtliDc:Ieelijrgtig,a%ti-kT —== 136 TeV, A = result
18F g 1l<08 s E
=, TT{20,50} - TT{5,7) -
1.6 : —<— incl. jets, pp Vs = 5.02 TeV—
14F = —+—incl. jets, pp s =13 TeV =
12F -
= -
0.8 f— -
0.6 =
0.4 E
0

Phys.Rev.C 110 (2024) 1, 014906
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https://arxiv.org/pdf/2308.16128
https://inspirehep.net/literature/1328806

Ratio R=0.2 / R=0.4

Fully corrected yield ratio, (R = 0.2)/(R = 0.4)

Robust jet shape observable - precise theory and
experiment pQCD: JHEP 04 (2015) 039

e Good agreement with Run 2

N ALICE Preliminary . N
2 Ch-particle jets, anti-k; 13.0 TeV, Ao = result
b q} Ao — | < 0.6 = 5.02TeV, A, E
“E D TT20,50) - TT{5,77 =" PYTHIA 8 -
1.6 ——incl. jets, pp Vs = 5.02 TeV—
14 f_ . ——incl. jets, pp Vs =13 TeV —
oF & 1 ¢ Agreement between inclusive jets
B & - .. : :
| |-~ Ml -+~ = and semi-inclusive at high p
0.8 ;— =
0.6 =
0.4 | | | | N E
0 20 40 60 30 100
pT ch jet (GeV/C)

Phys.Rev.C 110 (2024) 1, 014906
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https://arxiv.org/pdf/2308.16128
https://inspirehep.net/literature/1328806

Ratio R=0.2 / R=0.4

Fully corrected yield ratio, (R = 0.2)/(R = 0.4)

Robust jet shape observable - precise theory and
experiment pQCD: JHEP 04 (2015) 039

e Good agreement with Run 2 result
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TE A B B B
0 20 40 60 80 100, PT,jet < PTtrig”
ev/C
Pronia b Jet splitting?

Phys.Rev.C 110 (2024) 1, 014906
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https://arxiv.org/pdf/2308.16128
https://inspirehep.net/literature/1328806

Looking ahead...

e Investigate the origin of the low p; R-ratio shape

e Introduce an observable to look at recoil jet substructure: ARaxis

o Utilise the statistical approach - the first application to jet substructure
e Begin Pb-Pb analysis!

 What is the origin of the acoplanarity broadening?
JHEP 07 (2023) 201

1 Bm=5.02TeV,Pb-Pb0-10% e : _3- _—» WTA axis
Ch-particle jets, anti-k

. . '. - %
1 u"“ - ::: e
: . . TSy TE S Groomed axis
TT{2050}-T145,7»  =m===- Collinear radiation PPt e L -t ARaXiS

| [ _._R _ 0.0 JEWEL: e Soft radlatlon > Standard aX|S
|

........................
.....................

31 =R=04 - recoilsoff
—~71 L R=0p —recoilson, 4MomSub
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https://arxiv.org/pdf/2211.08928
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e Search for QGP signatures in high multiplicity pp collisions
e Jet quenching like effects masked by generic event selection bias
e First look at recoil jet spectra in Run 3
 Results in good agreement with PYTHIA and Run 2
 Probe of pQCD with the additional scale from hadron trigger
e Next steps: investigate recoil jet substructure including in Pb-Pb

JHEP 05 (2024) 229
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https://link.springer.com/article/10.1007/JHEP05

Backup
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Corrections

e Raw spectrum calibrations:
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reco ch (GGV/C)

T jet

e The raw distributions are

unfolded to remove detector
effects

Closure test for validation: Take
embedded PYTHIA, unfold and
compare to truth-level

e Small non closure (7-10%) In

Run 3 — added as a

systematic
1 dzN'et
Arecoil (PT jet, AQ) = :
eco Jje Ntrig de ,jetdA(P p?gETTmf
20



Systematics

e Run 2:
e Tracking efficiency
e Unfolding procedure
 Background fluctuations

o Crof calculation (low-p)

e Run 3:
e Tracking efficiency
 Non-closure

o Cpof calculation (low-p7)
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HM/MB recoil jet yield as a function of p
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T;e; SPectra in MB and HM events - data and PYTHIA
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Fully corrected A acoil(P7)
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e Measure A gqpil(p7) from 7 GeV/c to 110 GeV/ic for R =0.2and R = 0.4
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