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Why jets?

Jets are defined as collimated sprays of particles originating from initial

hard scattered partons
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Why jets?

Jets are defined as collimated sprays of particles originating from initial

hard scattered partons

Jets in pp collisions — study the strong force using jet production

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

e Serves as a reference for jet measurements in heavy-ion collisions to

study jet quenching
e Searching for QGP droplet formation in small collision systems
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Why jets?

Jets are defined as collimated sprays of particles originating from initial
hard scattered partons

Jets in pp collisions — study the strong force using jet production

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

e Serves as a reference for jet measurements in heavy-ion collisions to
study jet quenching

e Searching for QGP droplet formation in small collision systems
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

e Jet(E) —» Jet(E'— AE) + soft particles(AE)
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Jet observables

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

e Several types of jet observables

e Jet reconstruction and declustering — jet substructure (1, 6;) modification

e Jet yields and constituents — jet suppression and energy redistribution (Raa, 1aa)

e Angular correlation — jet deflection (Agp)

Substructure modification Energy redistribution Deflection
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Jet observables

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

e Several types of jet observables

e Jet reconstruction and declustering — jet substructure (rg, 6x) modification

e Jet yields and constituents — jet suppression and energy redistribution (Raa, Iaa)

e Angular correlation — jet deflection (Agp)

e (Can be studied through semi-inclusive measurements of a jet recoiling
from a trigger (e.g. y-jet , Z-jet, or hadron-jet)
Why hadron-jets?

 Provide a good handle of combinatorial background by varying

. . : il ]
trigger track intervals — access low p, large R jets e

e Opening angle (Ag) of the recoil jet relative to trigger axis
o Ago dlstrlbutlons prov1de additional 1ns1ght into QGP propertles

2024006/13 " FCPPL/N 2024: jet measurements yongzhen.hou@cern.ch 4


mailto:yongzhen.hou@cern.ch

Hadron-jet correlations

Jet 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 constituentst:2
* Transverse broadening due to multiple soft scatterings in the QGP
» Related to transport coefficient § ~ (k)/L ~ (Ap?)/L

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212

3.JHEP 01 (2019) 172 B
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Hadron-jet correlations

Jet 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 constituentst:2
* Transverse broadening due to multiple soft scatterings in the QGP
» Related to transport coefficient § ~ (k)/L ~ (Ap?)/L

e Large-angle deflection (A¢ < ») of hard partons off

quasi-particles?

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212

3.JHEPO1 (2019)172
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Hadron-jet correlations

Jet 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 constituentsi:2

* Transverse broadening due to multiple soft scatterings in the QGP

» Related to transport coefficient § ~ (k)/L ~ (Ap?)/L
e Large-angle deflection (A¢ < ) of hard partons off

quasi-particles?

1. L Chen, Phys. Lett. B 773 (2017) 672
2. Phys.Lett.B 763 (2016) 208-212

3.JHEPO1 (2019)172
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ALICE detector

- e |n] <09 |
. Charged part1cle 1dent1ﬁcat10n (PID) |

e VO (VOC + VOA)
o —37<np<—-17,28<n<3.1

THE ALICE DETECTOR 4 ® a 175 5P (Pe) Event trigger
., | b. ITS SDD (Drift) N
: Yis c. ITS SSD (Strip)

svoaato 9 ® Event multiplicity, centrality determination

e. FMD v

Charged-particle tracks and jets

i®
™)
)

’ |
'
!

e ITS (Inner Tracking System)
e |7 <09, 0<¢p<2n

ITS

FMD, TO, VO
TPC

TOF . -, T . ' @i9) : :
v oy, AN 5 oy e Primary vertex reconstruction
PHOS, CPV : ot S

ONOOAEWNH

10 L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Tnigger
15. Dipole Magnet
16, PMD

17. AD

18. ZDC

19. ACORDE

e (harged particle tracking

e TPC (Time Projection Chamber)
e [ <09 0<¢p<2x

e (Charged particle tracking

* Particle 1dent1ﬁcat10n
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Inclusive jet cross section in pp collisions

10° ALICE, pp fs=5.02 TeV
102 Charged-particle jets, anti-k, Injetl <05
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e Cross sections are compared with different MC calculations

e Connection of jets to pQCD
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Inclusive jet yield modification

1 | | | | | | | | I | | | | | | | | | | | |
E 2018 Pb-Pb, ys,, = 5.02 TeV, 0-10% ALICE Preliminary ]
: : : R.. = M - anti-k;, =03, A, >02,|n <0.6 | .
e Nuclear modification factor: AA N do d - L -
< A A> Opp/ UPT  Ch-particle jets i
. . p'fad > 3 GeV/c (rel. to unbiased pp) =
° ° ° 0-6_ :
* Energy loss and redistribution: lost energy i g
5 I | (P -
<L I B N
transported to larger angles T g4 . il
 Recent years: expanding phase space to larger R, i | JETSCAPE (MATTER4LBT) ~
0.2— LT, ' ' Mehtar-Tani et. al, g+g _
lower pr =L == MARTINI _
. | — JEWEL (reﬂﬂils on) ]
e New background subtraction techniques ol GF, [essCOPLEPD RS -PRRre e -
] ] | I ] ] | | ] | | ] | ] ] | I_

— Use Mixed Events (ME) to determine the 20 50 30 100

distribution of combinatorial jets p;, (GeVic)

O 1
N
-

Nuclear modification factor down to low p

— where 1impact of jet quenching 1s largest
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Semi-inclusive jet pr distributions
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e Recoil jet pr vs Ap 2-dimensional distributions in two trigger track pT1erls o

e Recolil jet pr distributions in two trigger track p; intervals are then obtained from 2D projection
. Comblnatorlal background can be removed by takmg the dlfference of the recoﬂ Jet dlstrlbutlons 1n two TT 1ntervals
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Semi-inclusive jet energy redistribution
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Semi-inclusive jet energy redistribution
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e First measurements of semi-inclusive recoil jet yields
down to very low p (7 GeV/c) with ALICE

o Jetyield enhancement at low py

— hint of energy recovery in low p jets?
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Semi-inclusive jet energy redistribution
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e First measurements of semi-inclusive recoil jet yields
down to very low p (7 GeV/c) with ALICE

o Jetyield enhancement at low py

— hint of energy recovery in low p jets?

o Jetyield suppression at 20 < pp;, < 60 GeV/c

— Jet energy loss
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Semi-inclusive jet energy redistribution

“““““ $R=04 = |
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o ALICE —a— Data )
250 |5,=502TeV down to very low p (7 GeV/c) with ALICE
- Ch-particle jets, anti-k
B R=04,ln 1<0.5 o
oF o _meSe e Jetyield enhancement at low pr
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\ i

151 — hint of energy recovery in low p jets?
1_ “““ F— l e e Jetyield suppression at 20 < pr,., < 60 GeV/c
os5f-i  TET — Jet energy loss
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0 20 40 60 80 100 120 140 e Rising trend with increasing jet pq-
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— Interplay of jet quenching and jet production
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Semi-inclusive jet energy redistribution

an =

Arecoil (PT)pp

IAA

ALICE
VS = 5.02 TeV

Ch-particle jets, anti-k;

R =0.4, Injetl <0.5
Ap - nl <0.6
TT[20,50] - TT[5,7]

—a— Data
----- JETSCAPE (Matter+LBT)
—— JEWEL (recoils off)

— JEWEL (recoils on, 4AMomSub)

Hybrid model
B No Elastic, No Wake
I No Elastic, Wake
Elastic, No Wake
Elastic, Wake

JETSCAPE with Pb-Pb tune:

Recoll jet

Multi-stage energy loss MATTER+LBT
JEWEL:

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

Hybrid Model:

With/without elastic energy loss (i.e ‘Moliere’ scattering)

medium response via with and without wake.

=S————
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Semi-inclusive jet energy redistribution

Len® . ‘.:‘.‘ R — 04 \ IAA — A |
,"%. ..... = 00— 10 % R = 0.4 ! recoil (pT)pp ]
'..", o bt b gt
 EFE T N I The rising trend is qualitatively described by all
— - ) ALICE —=— Data -
| [t JETSCAPE (Matter+LBT — R
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- : Ch-particle jets, anti-k; ~ —— JEWEL (recails on, 4MomSub) -
JE | AE0An <05 oy N st No Wake E  JETSCAPE largely reproduces the /, o
- ;|| |Ap - nl<0.6 mm No Elastic, Wake _ . . .
[ 1| TTI20,50] - TTI5,7) Elastic, No Wake - distributions
Elastic, Wake i

e Hybrid Model and JEWEL predictions overestimate
the suppression at high p

e Hybrid Models with wake effect and JEWEL with
recoils on seem to catch the yield enhancement at low p

040 60 80 100 1(2((3)6\/ /;;‘O e the medium response could be responsible for the

T,ch jet
cnie enhancement
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Sem1 inclusive jet angular dlstrlbutlons

— =‘ I I I I | | | I I I I I I | I I I I I I | | | | I I I I I I T
§ - ALICE pp Vs = 5.02 TeV —I 14_' ' I U
@ - ' - i ) ny =
S L Anti-k, R = 0.4 _ - g O - A =04, '",etl <0.5 N
= X B N
S % el i P o > 0-15 GeV/C, I | < 0.5 - o 12 = TH5.7; reference :*:
- B = ’ O S [ —— ' -
e ] - TT(20,50) signal 1 % ok TT1{20,50} signal -
- g ——— - 9] F 4 Argoon ( T{20,50} - TTY5,7}) :
— - - : : o = reco N
100l = _ LN Projection to Ag 38 | 20< pT e <30 GeV/c -
- B o= with pr . cut [ ] e -
- ; i Ll - ) 4 4 0 » PP == =
- | = _ - _;E-_i:-__ :_' o — 13 B =’= i
50— - “HE - T ErET - — S oL .
IR, S - R —— :
- = - g e — o - T Z: 0 F———— " i
T i ta iR e — el e o . |
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0f— _
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A
1 d3]vjet 1 d3]vjet
A o Ap) = — Cref
recoil (pT,]C §0) Ntrig dﬂjet de,jet dAgp - CRef Ntrig dﬂjet de,jet d Aqﬂ e

e Get the raw p vs Ap 2-dimensional distributions for two trigger track py intervals

. Ago dlstrlbutlons measured for the two TT classes usmg 2D proj jections
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Semi-inclusive jet angular distributions in Pb-Pb
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¢ Significant broadening for

pr € [10,20] GeV/c
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Semi-inclusive jet angular distributions in Pb-Pb

(GeV/c x rad)”
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¢ Significant broadening for

pr € [10,20] GeV/c

¢ No broadening or suppression for
pr € [20,30] GeV/e
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Semi-inclusive jet angular distributions in Pb-Pb

AA = :

1T llllllllllllllll I || I || || I || I || || || || I || || || I ||
< 107 10<p 20 GeV/c = 20<p,  <30GeVic = ALICE 30<p,  <50GeVic
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8 — - == T
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3 T —ee
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= o0 E
0 T D Sys. uncertainty ]
................ | | | | | |

A B TR SR P S B B PR P R
2 2.5
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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/ce
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Semi-inclusive jet angular distributions in Pb-Pb
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- - 1 .\ » o Elastic, Wake
B e R T T Qb=19Gey Elastic, No Wake
< -~ . + —— (G L)=26 GeV Elastic, Wake
\<E

1=~
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JETSCAPE with Pb-Pb tune:

| Multi-stage energy loss MATTER+LBT
JEWEL:

treatment of ‘recoils’

Hybrid Model:

‘medium response via with and without wake.

pQCD@LO + Sudakov broadening:

coefficient

Includes collisional and radiative parton energy loss
mechanisms in a pQCD approach. medium response effects via

With/without elastic energy loss (i.e ‘Moliere’ scattering)

Leading order pQCD, azimuthal broadening via jet transport

EvE
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Semi-inclusive jet angular distributions in Pb-Pb
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* ALICE 30<p_ <50GeV/c
= T,ch jet
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Ch-particle jets, anti-k-
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+ Hybrid model

JETSCAPE and pQCD w/
broadening reasonably describe the
data for jet pp € [20,50] GeV/c —
lacking precision to resolve the

difference between two g values

JEWEL (recoils-on) describes well
the /, , in-all p; bins

Hybrid model captures yicld
enhancement, but no broadening 1s
seen when including elastic
component
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Semi-inclusive jet angular modification /4 »(Ag): different R
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T Ch-particle jets, anti-k-
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T,ch jet

e Transition to broadening from R = 0.2 to R = 0.4 for p; € [10,20] GeV/c: soft particles from the
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2 2.5 3
A (rad)

2 2.5 3
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medium response clustered inside a jet scale with R?

e All features of distribution reproduced by JEWEL with recoils on
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VO 1n jets with Run3

0.5 < z,9 < 0.7: the majority of jet momentum carried by VO Ne
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Summary and outlook

1 I I T | l I I I I I I l

- 2018 Pb-Pb, /s, = 5.02 TeV, 0-10% ALICE Preliminary
| anti-k;, R=0.3,A,,>0.2, |1 <0.6 I
0.8 | Ch-particle jets

— p'fad > 3 GeV/c (rel. to unbiased pp)

I I I I l I I I

L 2

JETSCAPE (MATTER+LBT)
Mehtar-Tani et. al, g+g
MARTINI

JEWEL (recoils on)

~ JEWEL (recoils off)
e I I e —
L L | | 1 | | I | \ |
60 80 100
GeV/c)

e Inclusive charged-particle jet Raa down to low p (13.5 GeV/c) by ME technique
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Summary and outlook

Elastic, Wake
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e Inclusive charged-particle jet Raa down to low p (13.5 GeV/c) by ME technique

e First observation of significant low-p jet yield and large-angle enhancement in Pb-Pb collisions with ALICE!
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Summary and outlook
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e Inclusive charged-particle jet Raa down to low p (13.5 GeV/c) by ME technique
e First observation of significant low-p jet yield and large-angle enhancement in Pb-Pb collisions with ALICE!

e First look at the novel measurement of jet fragmentation into A, KS for Run 3 data
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Summary and outlook

Elastic, Wake
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e Inclusive charged-particle jet Raa down to low p (13.5 GeV/c) by ME technique
e First observation of significant low-p jet yield and large-angle enhancement in Pb-Pb collisions with ALICE!

e First look at the novel measurement of jet fragmentation into A, KS for Run 3 data

 Looking forwam’ to further studies with Run 3 data wzth ALI CE ~~ ALICE analyses on the way + LH C Run 3!!
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Thank you for your listening!
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ALICE RUN3 data

e ALICE RUN3 data take ongoing
* high statistic and high precision ITS with ALICE

Total integrated pp luminosity

ALICE Performance, Run 3, pp, Vs = 13.6 TeV
5t July 2022 P

10 kHz Recorded: 29.0 pb™’

Integrated luminosity, pb’

IIII|1I|I|IIII|IIII|IIII|IIII|IIII

0 | | | | |
02Jul22 010ct22 31Dec22 02Apr23 02 Jul?23

Run number: 520143

First TF orbit: 692888

Date: Tue Jul 5 16:53:05 2022

Detectors: ITS,TPC.TRD,TOF,PHS,EMC,MFT,MCH,MID
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VO yield 1n jets and UE

Estimate UE yields with perpendicular cone (PC) method ., Jetaxis

Charged primary

Jet yield = yield within jet cone (JC) - yield within PC b

dpJE dpJC dﬂ
de de de Jet cone

'Den51ty distribution E

: dp L 1 L N

I B dpr Perpendicul
vdpr Ny (Area acceptance)  dpr: erpendicular
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VO yield 1n jets and UE with Run2

ALICE pp Vs = 13 TeV Particle || < 0.75 Jet: anti-k.. R = 0.4
. T, - =

" > 10 GeV/c

T, jet
. |77jet| < 0.35

e |Inclusive

o Perp. cone

= R(par,jet) < 0.4
v Particle in jets

d,o/dpT (GeV/c rad)
9 39 2 3

Y
<
O

A+A AR - p@) +7 (")

0 2 4 6 8 10 12 0 2 4 6 8 10 12
P- (GeV/e)  uepo7 0023) 136 P- (GeV/c)

e Underlying event yield has similar slope with pr as inclusive sample
e UE 1s dominant at low py

-« High py1s dominated by jet fragmentation f f f f f o
2024/06/13 FCPPL/N 2024: jet measurements yongzhen.hou@cern.ch 2


mailto:yongzhen.hou@cern.ch
https://doi.org/10.1007/JHEP07(2023)136

Jet Fragmentation with Run 3

Jet fragmentation into A, K with Run 3

Ch jet Ch jet + VO particle Ch+ VO jet

e Not yield inside jet cone, but A, Kg

candidates (VO0) included as input for jet
clustering

Charged particles

o 0 VO particle
e Due to long lifetimes, A, K; decay daughters

are removed from jet clustering input
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Jet fragmentation with Run 3
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