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Motivation

e Jet production in vacuum

© Provides constraints to pQCD calculation

© Serves as a reference for measurements 1n heavy-ion collisions




Motivation

e Jet production in vacuum

© Provides constraints to pQCD calculation

~ Serves as a reference for measurements in heavy-ion collisions

e Jet modification in heavy-ion collisions

o Jet energy redistribution (energy loss)
o Jet angular deflection

- Modification of jet substructure ST
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Opening angle (Ag) of the recoil jet relative to trigger axis

Azimuthal distributions provide additional msight into QGP properties

Trigger track (TT) close to the surface, but no bias on recoil jets Recoil jet

Provide a good handle of combinatorial background by varying the

trigger track intervals — access low pr, large R jets



e Opening angle (A@) of the recoil jet relative to trigger axis
 Azimuthal distributions provide additional insight into QGP properties

0.05

e Trigger track (TT) close to the surface, but no bias on recoil jets Recoil jet
 Provide a good handle of combinatorial background by varying the JPra.Y"
trigger track intervals — access low pr, large R jets
~ Ol 1 IR R
. . S ’ .
2 regions of interest: Ap ~ 7 S [ oronrorosazretey o |
S : Anti-k; charged jets, R =0.4 1
e Hadron-jet acoplanarity broadening: vacuum (Sudakov) radiation | 40<pr " <60 GeVic :

e Multiple soft scattering in the QGP may further broaden Ag

L Chen, Phys. Lett. B 773 (2017) 672

- Related to transport coefficient § ~ (p7)/L ~ (Ap?)/L

B. G. Zakharov, arxiv:2003.1018 B

e Negative radiative correction — reduction of broadening
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https://www.sciencedirect.com/science/article/pii/S0370269317307402

Motivation

Opening angle (Ag) of the recoil jet relative to trigger axis
 Azimuthal distributions provide additional insight into QGP properties

e Trigger track (TT) close to the surface, but no bias on recoil jets

 Provide a good handle of combinatorial background by varying the

trigger track intervals — access low pr, large R jets

~ Ol 1
- - S ALICE
2 regions of interest: A < 7 2 [ 0-10% Pb-Pb {5 = 276 ToV
S  Anti-ky charged jets, R =0.4
e Large-angle deflection of hard partons off quasi-particle 2 é’so}; S
. . 0.05- | |
~ Probe short distance partonic structure of the QGP - @ Pb-PD: 0 = 0.173:0.031(stat)=0.005(sys)

F. D’Eramo, Rajagopal, Y. Yin, JHEP 01 (2019) 172 - W PYTHIA + Pb-Pb: o = 0.164+0.015(stat)
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Motivation

Opening angle (Ag) of the recoil jet relative to trigger axis

 Azimuthal distributions provide additional insight into QGP properties

e Trigger track (TT) close to the surface, but no bias on recoil jets

 Provide a good handle of combinatorial background by varying the

trigger track intervals — access low pr, large R jets

2 regions of interest: Ap < 7 2

e Large-angle deflection of hard partons off quasi-particle

~ Probe short distance partonic structure of the QGP

F. D’Eramo, Rajagopal, Y. Yin, JHEP 01 (2019) 172
No medlum mduced acoplanarlty observed W|th|n uncertalntles ;;
- Statistics-limited
- Uncorrected for angular / pr smearing
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Jet measurements in ALICE

e ITS (Inner Tracking System)

THE ALICE DETECTOR (19) T/ A\ a. ITS SPD (Pixel)
P . c: TS 29 v e |7 <09, 0<¢p<2rx

d VOand T0 “Sie
&. FMD, =3

* Primary vertex reconstruction

e (harged particle tracking

e TPC (Time Projection Chamber)
e |7 <09, 0<¢p<2n
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TRD
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. PHOS, CPV | ™

10. L3 Magnet

11. Absorber

12. Muon Tracker

13. Muon Wall

14, Muon Trnigger

15. Dipole Magnet

e Particle identification

e VO (VOC + VOA)

74 el L ” ¢ —37<n<-17,28<n<51
Data: pp and 0 -10% Pb-Pb

e (Charged particle tracking

OoNOOAWONH

e Event trigger

~ samples at/Syy = 5.02 TeV

e FEvent multiplicity, centrality determination



Observables

e Measure trigger-normalised yield of jets recoiling from a trigger hadron

%rigier
rac
2 ATAA : ’
1 d Njet - 1 | d25AA—~hHjet+X —
AA —\ sAA-hHX , | ~ 7
‘]Vtrig dﬂjﬁt de,jet . onnT dﬂjet de,Jet .7 Ag
pre€lT pra€TT

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

trigger track intervals in order to remove uncorrelated background jets

Arecoil (Prjer AP) = W c 1 T
1 (DT et = — CRef
recol J€ Ntrig dﬂjet de,j ot dA(p | ; Ntrig dr]jet de,jet dA¢ .
p{}’lg cTT Sie P "}ﬂg < TTRef

e TT signal: pr € (20, 50) GeV/c, TT reference: pp € (5, 7) GeV/e, jet R: 0.2, 0.4

e (.. alignment” constant extracted from data; precise subtraction of uncorrelated jet yield



Analysis details
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e Get the raw pr vs Ap 2-dimensional distributions for two trigger track py intervals and A

recoil



Analysis details
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e Get the raw pr vs Ap 2-dimensional distributions for two trigger track py intervals and A
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e Recolil jet p distributions measured for two p trigger track classes using 2D projection
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e Combinatorial background uncorrelated with the trigger
e Small background contribution 1n pp, much larger in Pb-Pb

e Combinatorial background can be removed by taking the difference of the recoil jet distributions in two
TT intervals
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e Combinatorial background uncorrelated with the trigger
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Recoil jet energy redistribution
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Recoil jet energy redistribution
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e First measurements of semi-inclusive recoil jet yields down to very low pr (5 GeV/c)
~ Connection to low pr jet quenching and intra-jet broadening

e Increase of low py yields — hint of energy recovery in low pr jets



Recoil jet energy redistribution
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e First measurements of semi-inclusive recoil jet yields down to very low pr (5 GeV/c)
~ Connection to low pr jet quenching and intra-jet broadening

e Increase of low py yields — hint of energy recovery in low pr jets



Recoil jet energy redistribution
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e First measurements of semi-inclusive recoil jet yields down to very low pr (5 GeV/c)

~ Connection to low pr jet quenching and intra-jet broadening

e Increase of low py yields — hint of energy recovery in low pr jets

o Rlsmg trend 1nterplay of Jet quenchmg effects on hadron and Jet productmn‘?
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Comparing to models
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Comparing to models
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 The rising trend 1s qualitatively described by all predictions
o~ JETSCAPE largely reproduces the /, , distributions, but Hybrid Model predictions overestimate the suppression

e The Hybrid Models with wake seem to catch the yield enhancement at low p for R = 0.4

© the wake effect or medium response could be responsible for the enhancement
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Recoil jet angular distributions

8 2m 3 J ' ] |} ' ] |} I l | I ] I | ] 1 I ] 1 1 ' 1 | 1 I ' 1 | l 1 l-
= ALICE Preliminary pp Vs = 5.02 TeV - recoil - ALICE Preliminary =
o - - 0.121— LY pp :u
S Ch-particle jets, anti-k,, A = 0.4 ] - pp Vs =5.02TeV
- 3 ) p?  >0.15 GeVic, | | <0.5 Y 5 " 4 Cnicemecd ]
S 5150 - ' i 1073 < "L Ch-particle jets, anti-k;, R = 0.4 2
‘-Q" - TT(20,50) - TT(5,7) signal - reference - X L N
v J L o pg > 015GeVie,[n_ | <05 ]
> . © 0.08— 20<p™ <30GeV/c + =
- - Q) - i -
Projection to Ap g IR - y
100 . _g . =©=TT(5,7) reference =
. wit PT jet cut = 0061~ o TT(20,50) signal p
— ‘o [ —
A | -4, [TT(20,50) - (5.7)] i
©_0.04[— =#= —
50 > L =¢= J
"""" " 0.02+ —— —
— - g S — =
- Q!: = - "‘ —
0 ! T e e e I o T 0 vl s S i
— e, S e el e i, e e e el el e L L e el e el e
-9 1 0 1 2 3 4 5 1.6 1.8 2 2.2 2.4 2.6 2.8 3
A (rad) ALI-PREL-50858: A (rad)
I 3 3 .
Ay (Ag) = — e - 1 e '
recoil Q) =" "~ CRef
Ntrig dnjet de,jet dA¢ . ! | Ntrig dnjet de,jet dA¢ ,
; pr *€TTgiy | | pr *€TTRet
28/3/2023 Hard Probes 2023 (Germany) yongzhen.hou@cern.ch 11



e PYTHIA 8 (LO) and pQCD@NLO! |

predictions describe the data well

1. [L Chen, Phys. Lett. B 773 (2017) 672]
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Recoil jet angular deflection
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Recoil jet angular deflection
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Summary and outlook

e Semi-inclusive recoil jet measurements in pp and 0 - 10% Pb-Pb collisions at 4/Syy = 5.02 TeV

e Yield suppression in high p jets, jet energy recovery at low py
e First observation of jet azimuthal broadening for large R = 0.4 at low py

— Possible origins: in-medium hard scattering, multiple soft scattering, jet fragments,

medium response

 The consistent picture between recoil jet A broadening and energy recovery at low p.

e (Qutlook

 Looking at profile and substructure of semi-inclusive measurements to disentangle possible

Origins
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