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This presentation

¢* Hadron-jet correlations in pp collisions at 13.6 TeV (Run 3, New preliminary) w

¢* Hadron-jet correlations in high multiplicity pp collisions at 13 TeV (Run 2)

JHEP 05 (2024) 229

¢* Hadron-jet correlations in pp and central Pb—Pb collisions at 5.02 TeV (Run 2)

PRL 133 (2024) 022301, PRC 110 (2024) 014906
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Jet Probes

Jets are defined as collimated sprays of particles originating from initial hard B — %
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scattered partons
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Jet. Probes

Jets are defined as collimated sprays of particles originating from initial hard without OGP Jef %
"

/
Jets in pp collisions — study the strong force - O
i

 Well described by pQCD calculations
e Investigate the parton splitting functions 1n vacuum

scattered partons

e Serves as a reference for jet measurements 1in heavy-ion collisions to study
jet quenching
e Scarching for QGP droplet formation in small collision systems
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Jets in pp collisions — study the strong force - O
/

 Well described by pQCD calculations
e Investigate the parton splitting functions 1n vacuum

scattered partons

e Serves as a reference for jet measurements 1in heavy-ion collisions to study
jet quenching
e Scarching for QGP droplet formation in small collision systems

with QGP

Jets in heavy-ion collisions — study the transport properties of the QGP

e Partons interact with QGP and lose energy through medium-induced gluon

radiations (inelastic) and collisions (elastic) with medium constituents

o Jet(E) — Jet(E'— AE) + soft particles(AE)
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Jet quenching observables

Study structure of QGP by understanding jet modification from medium interaction (quenching)

e Several types of jet observables

e Jet reconstruction and declustering — substructure (rg, ©,) modification

o Jet yields and constituents — jet suppression and energy redistribution (R, I 5)

e Angular correlation — jet deflection (Agp)

Substructure modification Energy redistribution Deflection
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Jet quenching observables

Study structure of QGP by understanding jet modification from medium interaction (quenching)

e Several types of jet observables

e Jet reconstruction and declustering — substructure (rg, ©,) modification

o Jet yields and constituents — jet suppression and energy redistribution (Ry. /1, 5)

e Angular correlation — jet deflection (A e oo

L . ~ hadron-jet correlations |
= Semi-inclusive measurements of a jet

recolling from a trigger (e.g. y-jet , Z-jet, .

or hadron-jet)

Apply statistical, data driven-approach

for background yield suppression

\ Energy redistribution Deflection
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Hadron-jet correlations

* Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional

insight into QGP properties

Trigger hadron

Recoiling jet
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Hadron-jet correlations

* Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional

-~

insight into QGP properties — broadening transverse to its initial direction

Deflection

Trigger hadron

Recoiling jet
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Hadron-jet correlations

* Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional
insight into QGP properties — broadening transverse to its initial direction

 In vacuum: transverse broadening due to gluon emission (Sudakov broadening): 2

Deflection

Trigger hadron

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212
3. JHEP 01 (2019) 172 Recoiling jet
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Hadron-jet correlations

* Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional
insight into QGP properties — broadening transverse to its initial direction

 In vacuum: transverse broadening due to gluon emission (Sudakov broadening): 2

 In medium: additional broadening due to scatterings with medium constituentsi2i

Deflection

Trigger hadron

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212
3. JHEP 01 (2019) 172 Recoiling jet
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Hadron-jet correlations

* Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional
insight into QGP properties — broadening transverse to its initial direction
 In vacuum: transverse broadening due to gluon emission (Sudakov broadening):.: ‘

 In medium: additional broadening due to scatterings with medium constituentsi2i

Deflection

 Transverse broadening due to multiple soft scatterings in the QGP
» Related to transport coefficient g ~ (k%)/L ~ (Ap?)/L

Trigger hadron

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212
3. JHEP 01 (2019) 172 Recoiling jet
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Hadron-jet correlations

e Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional
insight into QGP properties — broadening transverse to its initial direction
 In vacuum: transverse broadening due to gluon emission (Sudakov broadening):.: ‘

 In medium: additional broadening due to scatterings with medium constituentsi2i

Deflection

 Transverse broadening due to multiple soft scatterings in the QGP
» Related to transport coefficient g ~ (k%)/L ~ (Ap?)/L

Trigger hadron

e Large-angle deflection (A¢ < 7) of hard partons off quasi-particles?

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212
3. JHEP 01 (2019) 172 Recoiling jet
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Hadron-jet correlations

* Measurements of semi-inclusive jets recoiling from a trigger hadron provide a good handle of

combinatorial background by varying the trigger track intervals — access low pr, large R jets

e Opening angle (Agp) measurements of the recoil jet relative to the trigger axis provide additional

insight into QGP properties — broadening transverse to its initial direction
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QGP-like behavior in small collision systems

Yongzhen HOU 7
yongzhen.hou(@cern.ch

e Effects considered as signatures of QGP formation in heavy-ion collisions are observed 1n small

systems: collectivity, strangeness enhancement ...
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QGP-like behavior in small collision systems

e Effects considered as signatures of QGP formation in heavy-ion collisions are observed 1n small

systems: collectivity, strangeness enhancement ...
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ALICE

pp,\s=13 TeV
pp,\s=7TeV

p-Pb, \ s, =2.02 TeV
Pb-Pb, \ s, =2.76 TeV
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= How does jet production behave in high-multiplicity environments? =m0 AN /dm, o

= What is the limit for QGP formation?
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Jet measurements in ALICE (Run 2)
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e VO (VOC+ VOA)
e 37<np<—-17,28<n<3.1

b. ITS SDD (Drift)

fa,

e FEvent trigger L » THE ALICE DETECTOR (19) Jo) a. ITS SPD (Pixel)

c. ITS SSD (Strip)
d Voand TO
e. FMD

e Event multiplicity, centrality determination ™

i®
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e
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TPC

TRD T (3) = . @)

TOF y : 15 . I (18)
HMPID > A 7 . "“

EMCal sy ot ¥ )

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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Jet measurements in ALICE (Run 2)
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e VO (VOC+ VOA)
e 37<np<—-17,28<n<3.1

e Event trigger A THE ALICE DETECTOR (19) v, a. ITS SPD (Pixel)
T T e c. TS SSD (Strip)
e Event multiplicity, centrality determination ™ B o
Charged-particle tracks and jets .
18 G_a
<
e ITS (Inner Tracking System) e
2. FMD, TO, VO
3. TPC
® ‘7]‘<O9,0<§0<2ﬂ' & IRD - g) @)
1 . ? gmg? . o -y
e Primary vertex reconstruction 8. DCa
10. 13 Magngpee”
e (Charged particle tracking Lgarton Tracker

_#**13_Muon Wall
14, Muon Trigger

e TPC (Time Projection Chamber) £~ " 15 Dipok Magne

16, PMD
17. AD

® ‘7/]‘ < 09, 0 < QP < 2T 19 ACORDE
 (Charged particle tracking

e Particle identification
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Jet measurements in ALICE (Run 3)

Fast Interaction Trigger (FTOC + FT0A)

—33<np<-21,35<n<49

Luminosity, event trigger

0 ACORDE | ALICE Cosmic Rays Detector

e—e— €©) AD | Auce Diffractive Detector
° 7 - ) | ., =
C eIltrallty e » eIlt [)lal le @ e Y - | S e’ DCal | Diet Calorimeter
— - 4 — — - = Ehos- “ 2
y 7 Sy W E== S “llll'l i
? S— /= Kk, Ny ¥ T I L ‘:’ EMCal | Electroma gnetic Calorimeter
c;_7=>u77~> ”,v - = = : ‘
—ea / L 9 HMPID | High Momentum Particle
Identification Detector

Interaction time

t’ ITS-OB | Inner Tracking System - Outer Barrel

0 MCH | Muon Tracking Chambers

% o o MFT | Muon Forward Tracker
@ MID | Muon Identifier
m PHOS / CPV | Photon Spectrometer

@ TOF | Time Of Flight

@ TO+A | Tzero + A

@ T0+C|1e0C

@ TPC | Time Projection Chamber

@ TRD | Transition Radiation Detector

m VO+ | Vzero + Detector

e || <13, 0<¢p<2n

@ ZDC | Zero Degree Calorimeter

e New Si1 1nner tracker

r Barrel

» o 3 1nner layers 0.36% X0 each

e 50 kHz continuous readout

o iy T f]
] _----==--

Beam pipe

e [ <09, 0<p<2x
e 4 layers of GEM

e 50 kHz continuous readout
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Observables

e Measure trigger-normalised yield of jets recoiling from a trigger hadron Troger hadron
1 d? ]\Ijlg*tA - 1 J2AA—h+Het+X
Aféﬁ? d”jet de,jet dA¢jet , GAA_)h_I_X dy]jet de,jet dA¢jet
pro€TT pri€TT

Recoiling jet
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Observables

e Measure trigger-normalised yield of jets recoiling from a trigger hadron Troger hadron
1 d? ]\Ijlg*tA - 1 J25AA—hHet+X '
Mﬁ? d’?jet de,jet dA¢jet , GAA_)h_I_X dy]jet de,jet dA¢jet
pr t€TT pra€TT

e Recoil jets measured 1n two exclusive trigger track (TT) intervals:

TT signal: p; € (20, 50) GeV/c, TT reference: pp € (5, 7) GeV/c R.g "
(except pp 13 TeV, TTs [20,30], TTr: [6,7])
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Observables

e Measure trigger-normalised yield of jets recoiling from a trigger hadron THgger hadron
1 dzl\G‘QtA B 1 d2 0AA—>h+j et+X
M’%‘g‘ d’?jet dPT,jet dAC”jet | oAA—hHX d’?jet de,jet dAC”jet
pr *€TT pria€TT

e Recoil jets measured 1n two exclusive trigger track (TT) intervals:

TT signal: pp € (20, 50) GeV/e, TT reference: pp € (5, 7) GeV/e R.g "
(except pp 13 TeV, TTs [20,30], TTr: [6,7])

e Observables defined as the difference between trigger-normalised recoil jet yields in two

trigger track intervals to remove uncorrelated combinational background

d°N,, 1 d°N,y,
— CRef

A : : ,A —
recoil (pT,]et (p) Ntrig dnjet de,jet dA(p

pT igermﬂsig o 2T Ty

Ntrig dﬂjet de,jet dA(p

* (p. “alignment” constant extracted from data

e Allow for precise measurements down to very low p; and large R
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Fully-corrected Arecoil (P1) distributions in pp collisions
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e Fully-corrected A .. (pr) distributions for R = 0.4 1n pp collisions at 5.02, 13, 13.6 TeV
* All model calculations, except JEWEL, reproduce the ALICE data within uncertainties
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Fully-corrected Arecoil (P1) distributions in pp collisions
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e Fully-corrected A .. (pr) distributions for R = 0.4 1n pp collisions at 5.02, 13, 13.6 TeV

* All model calculations, except JEWEL, reproduce the ALICE data within uncertainties

e Avyield suppression in the HM collisions with respect to MB events — independent of p
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Fully-corrected Arecoil (P1) distributions in pp & Pb-Pb
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> R *h martials . b —&— PP L .

particle jets, anti-k- - . -

& - — [] Sys. uncertainty - )
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pT,ch jet ( ) pT,ch jet ( ) pT,ch jet ( )

A ..oif(pr) distributions measured down to pr ~7 GeV/c in pp and Pb-Pb collisions
Among the lowest jet measurement in Pb-Pb collisions with ALICE at the LHC!

The 10th China LHC Physics Conference (CLHCP2024) 2024/11/16



- . - - . Py Yongzhen HOU
I\ A(p1) - recoil jet yield modification in Pb-Pb collisions

- Arecoit (PaA )

v O Il I —
“" : 1 — ; AA i
"%‘.u‘ » E R 04 O — 10 % R - 0.4 {\_._ Arecoil (pT)pp
, .... ."‘:. S - )
é B IE | | | | | | | | | | | | | | | | | | | | | | | | .
~ C L ALICE R 1 e Jetyield enhancement at low py
2.5 — + V'S = 5.02 TeV —
s Ch-particle jets, anti-k; - 1 1 1
3 Wiy - — hint of energy recovery in low p jets?
2 Ag — 7 <0.6 ]
N TT[20,50] - TT[5,7] |
1.5\ + B
L L e —
- —— —
0.5 et -
O : I§ ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] :
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pT,ch jet (GeV/C)
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I\ A(p1) - recoil jet yield modification in Pb-Pb collisions
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- . - - . Py Yongzhen HOU
I\ A(p1) - recoil jet yield modification in Pb-Pb collisions

IAA

2.5

8
.....
N
4y " =
b,

0—-10%

R=04

ALICE

Ch-particle jets, anti-k

+  (5,.=5.02TeV

—u— Data

(Bt Pan)
CAAT A

recoil (PTpp ) .-

. at low py

— hint of energy recovery in low p jets?

~ ' R=04,1n 1<05
2 | jet
e |A(p—3’l§|<06

\

. FERT R o Jetyield suppression at 20 < py; < 60 GeV/c
N l _________ e — Jet energy loss
o5 T e Rising trend with increasing jet py
o R E N B R R R — Interplay of jet quenching and jet production or
0° 20 40 60 80 100 120 140
o (GeV/c) hadron energy loss?
T,ch jet Phys.Lett.B 854 (2024) 138739
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https://www.sciencedirect.com/science/article/pii/S0370269324002971?via=ihub

I A(p1) compared to models

IAA

v O
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. Ch-particle jets, anti-k; = ‘I{IE\Q/'EIL (redcolils on, 4MomSub) 4
B _ ybrid mode .
2 | R=04, ITIJetI <0.5 B No Elastic, No Wake ]
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0 N
0
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 LAA
1 Ar

ecoil (PT)pp )

JETSCAPE with Pb-Pb tune:
Multi-stage energy loss based on MATTER (high virtuality) + LBT
' (low virtuality)

|

JEWEL: perturbative treatment to jet quenching

Includes collisional and radiative parton energy loss mechanisms in a
pQCD approach. medium response effects via the treatment of
‘recoils’

'Hybrid Model: strong (DGLAP) / weak (AdS/CFT) coupling model

With/without elastic energy loss (i.e ‘Moliere’ scattering)
'medium response via with and without wake.
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https://arxiv.org/pdf/1903.07706.pdf
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202204.01163
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I A(p1) compared to models

IAA
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7. = A1‘ecoil (p T)AA

g3 R=04 recoil (PT)pp )

e .
) _ 0
I: | | | | | | | | | | | | | | | | | | | | | | | | | Aqg ]z-l < O°6 0

- ALICE o JETSCAPE (MattersLBT) 1 o The rising trend is qualitatively described by all
2.5 — : \'Syy = 5.02 TeV — JEWEL (recoils off) ] o
. - icle i i- — JEWEL 1 , 4MomSub _
- C/;h=poa.l£1tjclls Jclatjoa.lg“ : Hybrid ”g.z’edceo'ls o AT ’ predictions
21 || o <8 == losmowise 1 o JETSCAPE largely reproduces the /, , distributions
- TT[20,50] - TT[5,7] Elastic, No Wake N stly rep AA
| asltic, vvake —
150 - e Hybrid Model and JEWEL predictions overestimate
B - the suppression at high p
05 1 o Hybrid Models with wake effect and JEWEL with
- - recoils on seem to catch the yield enhancement at low pq,
O B IE 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 B . .
6- 2 40 60 8 100 120 140 e Medium response could be responsible for the yield
pT ch jet (GGV/C)
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Arecoil (A) distributions in pp at 13 TeV: R = 0.4

%1073 HM event activity selection: 5 < VOM / {(VOM) < 9 %1073 ;
S ALICEpp 5= 13TeV '_#J AR ’-| e Suppression of back-to-back jet production
- I 1[ p. €40, 60) GeV/c g
'~ 6.4} Charged-particle jets g4 E 2.4 ¢ Broadening of HM acoplanarity distribution with
= - ik R = 0.4 0 1 = -=pQCD@LO + Sudakov (MB) =¥+
e - — <0. 41 F -
X 49 nti-ky R =04, |, /o] [ Data: 1y g  respectto MB
S L TT{20, 30} - TT{6, 7} 1l —=MB {1 , :
> [ 0 €(20,40) GeVie 1[ —HM ) o The etfect 1s stronger for low p jets
O 3.2F e 4 F | 1.2 | |
=~ I Syst. uncert. 10 PYT;IHQ S: ) e Resembles jet quenching effects?
O — — - " —
L 16 . 10-6
o =23 | T T T T T L
LS A B D UL LA LA 5 BLELLE BLELLE BLELELE BLELELE BLELLE BLELELE BLELELE B
= —e— Data 1L
2 M L.5 :_ + Syst. uncert. __ :_ )i +
Z S S S | 35 o
© 0 PYTHIA 8 ek + ‘+‘—+——+—
0.5E l I l ] L l | |
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1.6 1.8 2 222426 28 3 16 18 2 222426 28 3
A@ (rad)
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Arecoil (A¢p) distributions in pp at 13 TeV: R = 0.4
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%1073 HM event activity selection: 5 < VOM / {(VOM) < 9 %1073 ;
o R B B i s e s e [ s B S LS LAAE LERE RARE RES e S . - -
- _ 1t uppression of back-to-back jet production
- . ALICE pp Vs =13 TeV 4 | P < (40, 60) GeVie I,:I PP . J. p OFUEHE |
z 6.4 Charged-particle jets /7F - - QCD@LO + Sudakoy () 4324 ¢ Broadening of HM acoplanarity distribution with
;5 48[ ?;t{lz](c) f()} i)ir[!?gt|7<} 0-5 / _.=' i Data:IVIB ; 1.8 I’GSpGCt tO MB
% - S €(20,40) GeVic 1[ —HM ) o o The effect 1s stronger for low pr jets
= 0 Syst. uncert. 1L PYTI:AI];" 5: 1 e Resembles jet quenching effects?
<8 1.6 - ~ - 0.6
= "_—:—— - -
O paa el laoa sl bl las wdaa gl e el ' O . . .
15?"+""""""'_'.'_']'3;“;""""'5? AR o e (Quantitative comparison to PYTHIA 8 Monash
= et 1 b + does not account for jet quenching effects
E‘E 1;_____-.-+-.-.-.-+-.-_.+__:’____;____; ;__. _____ + _______ _+_ ( Jet( g )
0.51,,,,1’?1,{1,",‘?,_,,,,,,.,__,,,,,‘,’: L shows similar suppression pattern
1.5 IR AR RE= I SN AL AL AL A R . . .
IS : ! 4 : * Indicate the effect 1s not from the jet-
5= ; _t_;’_#;t_-.-.-!: E;-}-- ______ * _____ g L .
al® IE : ; medium interaction
a® - . )
O | L.

5 ]
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16 1.8 2 2224 26 28 3

e Use PYTHIA to explore the origin of the

effect — HM event selection bias
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I\ A(Ag@) - recoil jet angular modification in Pb-Pb collisions
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ei ? A \;,

i I | I I I T I I v I I
< 107'F 10<p._ <20GeVic 20<p,  <30GeVic = ALICE 30<p,  <50GeVic
& T Vs =5.02 Tev
X 3 L .
8 1072 -(I?:[-partlc]le ]:_t-ls_; an;u-kT
S e 20,50] - TT[5,7 — . . .
& o —_— = e Significant broadening for
= 10 —— E
= —_—
4@ ot —e— Pb-Pb 0-10% —— ) Pr € [10’20] GeV/c
—— pp ?
10~ D Sys. uncertainty ’
10 ‘ — i
<
\< 1
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I\ A(Ag@) - recoil jet angular modification in Pb-Pb collisions

'&“,u‘ . *R=04 R =04 _ Arecoﬂ (A(p)AA
| ~~.'~. ,:,‘:. N /.'
i ] | 1 I | | | I I I
s 10°F 10<p,  <20GeVic 20<p, . <30GeVic £ ALICE 30<p,,  <50GeVic
T | T V5 =5.02 Tev
z; 10-2 Ch-particle jets, anti-k-
3 ———a— TT[20,50] - TT[5,7] — N . .
3 o . - : ¢ Significant broadening for
j (0 —— Pb-Pb 0-10% e i Pt € [10,20] GeV/c
—— pp
. Sys. uncertainty i o o
10° = = : 1 * No broadening or suppression for
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~ 1 E
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I\ A(Ag@) - recoil jet angular modification in Pb-Pb collisions

Bt (B
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—~~ 1
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© — T
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O 107 =
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<
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20<p_. <30GeV/c
T,ch jet

—o— Pb-Pb 0-10%

D Sys. uncertainty

* ALICE 30<p_ <50GeV/c
EE T,ch jet
T VSNN =5.02 TeV

Ch-particle jets, anti-k-

TT[20,50] - TT[5,7] —
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¢ Significant broadening for

pr € [10,20] GeV/c

¢ No broadening or suppression for
pr € [20,30] GeV/e

¢ Jet yield suppression for

pr € [30,50] GeV/c
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I\ A(Ag@) compared to models
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= = JEWEL (recoils off)
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-

T —
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—-

I ] ] ] ] I ] ] ] ] I
m mm JETSCAPE (Matter+LBT)

pQCD@LO + Sudakov broadening
e (G L) = 13 GeV?
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L

— 1 t &+ T
Hybrid model
I No Elastic, No Wake
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Elastic, No Wake
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Y JETSCAPE with Pb-Pb tune:

|
|

|
|
f

Multi-stage energy loss based on MATTER (high virtuality) + LBT (low
; virtuality)

- JEWEL: perturbative treatment to jet quenching

Includes collisional and radiative parton energy loss mechanisms in a pQCD |
approach. medium response effects via the treatment of ‘recoils’

Hybrid Model: strong (DGLAP) / weak (AdS/CFT) coupling model

With/without elastic energy loss (i.e ‘Moliere’ scattering)
medium response via with and without wake.

pQCD@LO + Sudakov broadening:

Leading order pQCD, azimuthal broadening via jet transport coefficient

—_—
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I\ A(Ag@) compared to models
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Phys. Rev.Lett—103, 152303

.”‘"4 ! _

‘.'x
~_ |/

JETSCAPE and pQCD w/
broadening reasonably describe the
data for jet pr € [20,50] GeV/c —

lacking precision to resolve the

.
.
.,
.
.

difference between two g values
JEWEL (recoils-on) describes well
the /, , Iin-all p; bins

Hybrid model captures the

, but no broadening
effects are seen when including
elastic and wake components
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Summary and outlook
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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 FKirst observation of significant low-p jet yield and large-angle enhancement in Pb-Pb collisions with ALICE!
e Medium response 1s favored instead of Moliere scattering as the cause for both effects

¢ First look at recolil jet spectra in Run 3

-3
x10
8 _I LENL I I LN N LI LN B L B LN LB LB LB I l- g - L L L L L L L L L e -
. ALICE pp Vs =13 TeV _y-: - - i ALICE e S)S%CAPE Matter+LBT -
'_l' - . . - 2.5 + VS = 5.02 TeV — JEWEL (recc()ilsaof(:f)r+ ) —
~ 6.4 Charged-particle jets 1/ — C @ | Ch-particle jets, anti-k; ~—— JEWEL (recoils on, 4MomSub) ]
= - - - R=0.4,1n 1<05 Hybrid model N
S [ Anti-k; R=04,[n |<0.5 - 201 | g - ni<b6 S No Elastio, Wake. ~
X 48 ~ Jet I —o— - TT[20,50] - TT[5,7] Elastic, No Wake 5
& Or TT{20, 30} _ TT{6, 7} | 15 A Elastic, Wake =
% 39 : p;hjet € (20, 40) GeV/c : - .
O J.2[ ’ - 1 ]
~ - Syst. uncert. . - :
B ) il N _ 1
3 ) 1 0.5 —]
48 1.6 - - - : | 10 <pT'°hjft< 20 GeV/Ic _
B n B PR T T RO TR N YA SO TR K TR SO TR NN Y SO M N NN T NN M A N e | e .
R " 20 40 60 80 100 120 140 2 25 3
1.6 1.8 2 2224 26 2.8 3 Py e (GEV/C) Ag (rad)

A@ (rad)

e Looking forward to further studies with Run 3 data with ALICE ~~ investigate recoil jet substructure including in Pb-Pb
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Arecoil (Ap) distributions in pp at 5.02 TeV: R =04
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ALICE

’c-%\ 107 E 10 < Pion o < 20 GeV/c T Vs=5.02TeV 20< Pion o< 30 GeV/c 30 < Pi o o < 50 GeV/c 50 < Pson o< 100 GeV/c';'
— - Ch-particle jets, anti-k; , .
é o2 . TT120.50] - TT[5,7] e Data fitted with the function:
~ - g 2 - Ap — 7
%) gt Arecoil(Aqo) =4 X eXp( ) + 4>
CRT] e
— == pp —
g B D Sys. uncertainty
<107 F - = fit
S m— PYTHIA8 Monash 2013
5 —— JETSCAPE (vacuum)
e R =0.4, |77jet| <0.5 —— JEWEL (vacuum)
POWHEG
F | | | | | |
| | | | | |
ic 2 T T
S~~~ -
©
s : <+ + +
8 e LS =
] ———— =
! ! e g l l ' R l l l l l l
2 2.5 3 2 2.5 3 2 2.5 3 2 2.5 3
Ag (rad) Ag (rad) Ag (rad) Ag (rad)

e Corrected A_...;;(Ag) distributions for R = 0.4 1in different jet p bins (10-20-30-50-100 GeV/c)

 Described well by different model calculations within uncertainties
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Broadening effect observed with ALICE & STAR
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- i | | | I | I | | I | | | | I 3

8 . STAR Preliminary .

= 43 Au+Au s, = 200 GeV, 0-15% E

‘S’ , - —e— y+jet -

3 107E  —a— nO+jet - =

— - .

s, —— PYTHIA8 =

§ 107k et

5| S i o -

Zla 10°E 2 =

| T, - ,/ :

5 i 10~ - i anti-k,, R=0.5 N

] - 11<Ef<15GeV =

o — ch -

— ZB 1 0_5 - 10< pT'jet <15 GeV/c .
P
@|<
©|T
Q%

Q 1
1 0— | ! | . ! ; ! |
2 2.5 3
Ad (=0 - rad
0 (=0, -0 ) lrad

o Significant acoplanarity
broadening for R=04and R = 0.5
at low pr interval

e Similar observation also found by
STAR
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Raw yield distributions
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e Recolil jet pr vs Ap 2-dimensional distributions in two trigger track pr intervals
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Recoll jet py distributions Yongzhen HOU
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ALICE O —
e N o Vs 502TeV R=0.4,|n \<05 S 1 Cper=0811£0.008 R=04,n |<0.5
". |I Ch-particle jets, anti-k (\%/ 1 0—1 " ¢: ‘l .—*.
PP s 10T T el Pb-Pb
: 2 § IC—J 0_3 4 .‘ "" [ *E*‘ -y,
_‘_' . --- -y, - - % % ¢ - - . - *‘-._ b J- ~ -
' —— .'ln ~ oS ()_4' - ’ - '-‘-:-p_
- > —_— ——
Lo 5 st ST
- " w
— Y~ I o = v ! 4 —— . T ammm=
il -~ - | = 4 -1 Y S
. TT{5 7} reference ——+— S — => 0, . ___TT{57}reference ——
™ Integral = 1.351+ 0.002 T 1077 ’ Trio0s0 simal
_ TT{20,50} signal 1075 o’ " Integral = 1.748 + 0.002
Integral = 1.489 £ 0.010 5 -
A (TT{20,50} - TT{5, 7} ) Crt - 0.977 + 0.007 10” —— Aregoit ( TT120,50} = TT{5,7} ).
IIIIIIIIIIIIII Ly L | Ll | | ] ] ] ] I I I I ] ] ]
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ev/C
pie  (GeVie) prot =p = phy Proja

e Recoil jet pr distributions in two trigger track pr intervals are then obtained from 2D projection

. . : : 1 d>N., 1 d>N.,

e Combinational background uncorrelated with the trigger Arecot (Pjes A@) = X — oot - o
wig T Ntrig dr]jet de,jet dACD —
pr €T T, pr 2€T TRyt

Nyig d’?jet de,jet dAg

e Small background contribution in pp, much larger in Pb-Pb

e (Combinatorial background can be removed by taking the difference of recoil jet distributions in two TT intervals
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Raw distribution in pp 13 TeV
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PYTHIA simulation
yongzhen.hou@cern.ch

pp Vs =13 TeV Trigger track {20, 30}  Charged-particle jets

o~ |> 72 S —o— ' _

PYTHIA 8 Monash InTTI <09 Anti-k-, algorithm, R = 0.4 e . 107 = =

o 035 - Ihl L L L L e . I I\I]OCI I I ' {](I)A - E 10_2 - -

Z c —e-pt. > 10GeV/e JE j = = & E

z F Do > 25 GeVie 1 . | s - :
0 025F T l: o i1 B {03 PYTHIA 8 Monash

o = p > 40GeVie 1E Oyon ] = = o MB

2 0.2f 1E 0 ] A - S——

=k W%’ 1E s < : F +Hm :

:_C.‘; 0.155— ElS . - 1074 L | | _E

S 0.1F 4F % — - _ | -

BV S R N "% 1S o _

Om T e M Mga. O Qm E 15 — #ofreéoiljets O
4 =2 0 2 4 S S R = - o -
n | A R

Recoil jet pseudorapidity distribution vs. event activity et 1 > 3

Number of recoil jets with p%hjet > 15 GeV/c

* Larger enhancement in VOC resulting from the asymmetric pseudorapidity acceptance of VOA and VOC in HM events
— significant bias in the distribution of high-p recoil jets

* Broader jets are selected more in the VOC for HM events could hide the jet-medium interaction signal

— Jet quenching signals can be masked by effects coming from trigger
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Fully-corrected Arecoil (P1) distributions in pp collisions

Yongzhen HOU 26
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—h

<
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|

A (GeVic x rad)”
S
I

ALICE
Vs =5.02TeV

TT[20,50] - TT[5,7]
IAp — nl <0.6

Ch-particle jets, anti-k;

R=02,1n 1<0.7 I

+ — UETSCAPE (vacuum)
I — JEWEL vaccum

T = PYTHIA8 Monash 2013
e POWHEG Yo =+

D Sys. uncertainty
= = « fit

R=04,1n 1<0.5

1 Data fitted with the function:
1A(p1) = poexp(—p; X pr) + pr X (pp)P

PYTHIA (8.125, Monash 2013 tune): LO pQCD

1‘ .
| calculation

i

R =0.5, lnjetl <0.4 E

POWHEG: NLO pQCD calculation

Data / Fit

R JETSCAPE PP19 tune: based on PYTHIAS, with |
modified parton shower.

- JEWEL vaccum: based on PYTHIAG, which has
no medium related parameters (ho medium)

T20 40 60 80

100 120 140

p (GeV/ce)

T,ch jet

100 120
p (GeV/ce)

T,ch jet

20 40 60 80

L .1 o
140

100 120 140
p (GeV/ce)

T,ch jet

20 40 60 80

e Fully-corrected A .. ;(pr) distributions for R = 0.2, 0.4, and 0.5 in pp collisions

 The model calculations except JEWEL can reproduce the ALICE data within uncertainties
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Fully corrected yield ratio: R=0.2/ R =04 Yongzheg HOU
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<+ 22— 71 +———+—T17———T7———1— * The jetyield ratios of inclusive and simi-inclusive for R =
- E ALICE Preliminary .
& 2F | Ch-particle jets, anti-k; ~*~ 136 TeV. Ao -4 02/04
— 18 Ap — 1| < 0.6 -8-5.02 TeV, A .. = . o o .
o F TT{20,50} - TT{5,7} 4 * Agreement between inclusive jets and semi-inclusive at
?I. 1.6 —— incl. jets, pp ¥s = 5.02 TeV— high py
C 4 = —— incl. jets, pp ¥s =13 TeV _
@ I =
© 1.2 =
oC m l .
| o T b =
0.8 =
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0.4 I | 1 L l L | L l | 1 | l L | L l | 1 | l L N
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ALI-PREL-581865 T,ch jet ( )
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Fully corrected yield ratio: R=02/R =04

<+ 22 ——1 71— ————r———1—— * The jet yield ratios of inclusive and simi-inclusive for R =
- = ALICE Preliminary . .
& 2 - Ch-particle jets, anti-k ;302 1T_e://, ifewi' - 0.2/0.4
~ 1.8 [ 129 =l <056 o™ = P .
~ E [ TT{20,50} - TT{5,7}  **** PYTHIA 8 1« Agreement between inclusive jets and semi-inclusive at
C"5 1.6 ;— - —— incl. jets, pp Vs = 5.02 TeV—; high py
T 4 = —— incl. jets, pp ¥s =13 TeV _ .
o F % 1 ¢ Well described by PYTHIA
T -2 E— ! _5 * (Good agreement between Run 2 and Run 3 results
=== Miaaa=""="="""""="cc=escccssccrersrcrarsransrorstoroesnororsece: =
08E 1 o Difference at low pr due to TT selection
0.6 f_ ‘ — in R = 0.2 recoil jet yield at low pr.
0.4+ o 1 1 1 .= — preference for more, small R jets w.r.t. large R jets to be
0 20 40 60 80 100 reconstructed?
- (GeV/e) | ST
ALI-PREL-581870 T.ch jet — bias towards LO processes suppressed when pr”™ < p'=?
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1 " 11 I I 1Cl Yongzhen HOU
I\ A(p1) - recoil jet yield modification in Pb-Pb collisions

[ _ Aot (Pr)an )
AA =T

recoil (PT)pp

e R=02 NESOE] R =0.2

2 OF e T TTTrTTTTTTE e The rising trend is qualitatively described by all
55 - Pb-Pb 0-10% = ===== :JJE;IFVSECI;_APE (I_\I/Iattfefr+LBT) - d t
T ISy = 5.02 TeV — JEWEL 8238:@ gn) 4MomSub) prediciions
- Ch-particle jets, anti-k- Hybrid model 7
2/~ R=021lyl<07 M NoEastc o Wake 2 e JETSCAPE largely reproduces the /, ,
- Ag - nl <0.6 Elastic, No Wake - o ,
B TT1{20,50} - TT{5,7 Elastic, Wak _
15F (20,50} - TT{5,7} e ke | - distributions
1 5 / E e Hybrid Model and JEWEL predictions
overestimate the suppression at high py
0.5 — —] . .
- 1 ¢ JEWEL calculations seems to be consistent with
O B IE 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | _I
0: 20 40 60 80 100 120 140 measurements at low pr.
pT ch jet (GeV/C)
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I\ A(p1) - recoil jet yield modification in Pb-Pb collisions

ot ' Inp = |
et 80> (gl R=05 Arecoil (Pr)pp )
e
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O [ —— JEWEL I ]
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- 1 ¢ Indication of intra-jet energy recovery within cone
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- 1 o Redistribution of energy for R=0.5 jets more
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I\ A(Ag@) - recoil jet angular modification in Pb-Pb collisions .
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H."". C Arecoil (pT)PP }
Y . recott 2717PP K
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E B o - o Expected that high p hadrons leading fragment of
s ~Trenso R |
o —TT(15,20 - jet originating from QGP surface (‘surface bias’)
& o[ — TT(20,30) - | |
- — 11050 M o pI* ~ p ' : suppression - surface bias picture
______ e . n jet trig . o..; :
1 — g r— o pr > p. °:trigger hadron may not be leading
B 0 ]
0.5 - fragment or from higher order process - interplay
- - between jet and hadron
0 | | | | | T R
20 40 60 80 100 120 140 . . . . .
p_(GeVio)  New insight into interplay between hadron and jet

suppression
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Recoil jet Ag distributions
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e Recoll jet pr vs Ap 2-dimensional dlstrlbutlonsm two tr1ggertrackpntervals S

e A distributions measured for the two TT classes using 2D projections
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Arecoil (A @) distributions in
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PP
Pb-Pb

* Significant acoplanarity
broadening for R = 0.4 and
R = 0.5 at low py interval
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[sa(A9) vs R l
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<20 GeV/c |

I == R=02 JEWEL:
l =R=04 = recoils off
:: —— R =0.5 = recoils on, 4MomSub T

| ALICE
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medium response clustered inside a jet scale with R?

with medium response rather than Molicre scattering
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Iax =

B Ban)

e Transition to broadening from R = 0.2 to R = 0.4 for p; € [10,20] GeV/c — soft particles from the

e All features of distribution reproduced by JEWEL with recoils on — observed broadening consistent
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