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Jets as probe of the QGP

e Jet quenching effects from the interaction of high < [T T T T

energetic partons with the medium: T [ mARgT e B APE S 5 Adse:

1.2 LBT = Mehtar-Taniet. al, g —

- JEWEL w/ Recoils mmMehtar-Taniet. al, q -

Jet energy loss Jet substructure modifications Jet deflection 1: =}f/|iv|\:lﬁ-l|'Nv|W° Recolls mm Mehtar-Tani et. al, all -

This talk Talk by Peter Jacobs today, 11:30 " ALICE |5, = 5.02 TeV, 0-10% Pb-Pb -

0.8 - Ch-particle jets, anti-k;, R = 0.4, |njet| <05 -

e Measurement of reconstructed jets in heavy-ion collisions is i _
challenging due to huge non-uniform uncorrelated 0.6r

background, especially for very low p; jets 0.4k =

e Current ALICE jet R, , measurement: low pr reach achieved 0oL N

using Machine Learnin I . . _

J J - T AR normallnzatlon Iuncertalmty -

0 1 1 1 | | 1 | 1 1 1 L1 | 1 1 1 1 |

20 40 60 80 100 120 140

e Goal of this analysis: extend inclusive jet measurement p (GeV/c)
T

. . , ch jet
to lower p; & smaller uncertainties

ALICE Collaboration, Phys.Lett.B 849 (2024) 138412
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Inclusive jet measurements

Bulk particles Jet constituents

Background has two distinct effects:

e Combinatorial (“fake”) jet yield arising from random
combination of products from soft (low 0?) interactions

: : . _ _(ME) S
e Smearing of p; of true jets arising from hard processes % [ ALCE pertormance
= = 2018 Pb-Pb, {5,y = 5.02 TeV, 0-10% =
8 107 &= anti-ky, R=0.5, Ay > 0.65, || < 0.4
:ﬂ = ch-particle jets, p'Tead >4GeVic 3
Background correction methods: . e E
. = e =
: : I 2 E E
* Use Mixed Events (ME) to determine the distribution % "¢ E
of the combinatorial jets z° ook =
* Purely statistical approach I 2;_ correction _;
5 T (unfolding) Z
 ME successfully used at STAR (Phys.Rev.C 96 (2017) 2, 024905) oF S
-100 0 100 200 300
pree (GeV/e)

T,jet
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Dataset & technical details

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

e Charged particle jet reconstruction

e Fastlet, jet reconstruction algorithm:

e anti-ky (jet finding) & ky (background)
e R=0.3(R=0.5iswork in progress)
e Fiducial cut:|n| <09 —-R

e Areacut: A > 0.2forR=0.3

jet

o "“Jet-wise” background subtraction:

reco _ raw __ .
pT,jet o pT,jet Ajet

.I_ I I I I I I
‘-',G 10 k& ALICE Performance
= E 2018 Pb-Pb, {5, = 5.02 TeV, 0-10%
O
O

1L Ch-particle jets, anti-ky, R = 0.3, A, > 0.2, || < 0.6

|

|

|

| | | | | | | | | | |
L- after jet-wise background subtraction

reco _ praw _ 5 A
P T,jet P T,jet P

|

jet

|

|

paW (GeV/c)

T,jet

0 50 100
p'ece (GeV/c)

T,jet
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Creating the mixed events

e How to create the mixed events: Mixed event

g
o

e (Categorisation of events into multiplicity, z-vertex,
event plane & p'™ (9600 categories)

e Assembling of full events: same event (SE)
multiplicity distribution and acceptance effects from
real data are reproduced in the ME

-
/////
/////

e For one ME only one random track from each real
event — by construction no multi-hadron

correlations in ME

Real events

Ev.1 Ev.2 Ev.3 ... Ev. 3000
Important aspects of the ME production:
e Mixing categories
e How to normalise ME to SE — Alternative mixing procedures
e How to avoid jet-like high p tracks in ME were tested but rejected
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Mixing categories: ME dependence on correlations

e ME shape/width depends strongly on different correlations

— Additional correlations increase the width of the ME

: o : : 107 — |
e Essential criterion of the ME: identical shape of SE & ME o B ALICE Performance  —
=S _ 2018 Pb-Pb, |s,,, = 5.02 TeV, 0-10% __|
at the left-hand side 8 anti-k;, R=05, A, >0.65, [y < 0.4
—~ 1073 — ch-particle jets, p'Tead>4GeV/c —
e Already included in 9600 categories: gﬁ - _ISE ]
ST {ME without mult. from real data  —
e 10 multiplicity bins S~ 105 — TIME without mixing cat. —
-O T
e 4 z-vertex bins - — =M
, "o
e 10 ¥, bins =, 107 —
e 6 ¥, bins z° - i —
. L = 107 — —]
e 4 py'™ bins (sum of track p within an event) o ! . =
e Number of categories is limited by statistics & physical i1 F =
resolution N - .
0p) i ]
— Remaining contributions are absorbed in a scaling factor - -
for the ME width -100 100 200 300
pfrejce‘; (GeV/c)

Effect of individual categories: Master thesis, Nadine Grinwald: https://www.

Mixing only within categories, mixing
without categories & without
sampling from real multiplicity dist.

physi.uni-heidelberg.de/Publications/MasterThesis_NadineGruenwald.

df
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https://www.physi.uni-heidelberg.de/Publications/MasterThesis_NadineGruenwald.pdf

Raw quasi-incl. jet distribution, R = 0.3

ME (combinatorial background)

Raw biased jet distribution, Prd > 3 GeV/e

Ec—g'" it = | | | | | | | | AILICE|PreIin"I|inaryl =
= e (— —
o - : o = . 2018 Pb-Pb, |5,y = 5.02 TeV, 0-10% =
Same jet reconstruction for SE and ME & .E SE (signal + ik R-03 4,502 <06 —
R = background) Ch-particle jets =
. = "
® |eading track cut of 3 GeV/cand 4 GeV/c: Pz 10 EICRp—
2 = T =
5 I =
* Introduce a small bias to define jet object that == o5 -
can be interpreted in theory el 6 = =
'UE] 107 = =
 Vary the bias to measure its effect and 2 107 =
determine the py region where the bias is - S T =
negligible y e =
= = =
o 10 = =
D - E
T -
%90 40 20
prTe;’G‘: (GeV/c)
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Raw quasi-incl. jet distribution, R = 0.3

e Essential criterion of the ME: identical shape

. . .« L . . lead
of SE & ME at the left-hand side Raw biased jet distribution, /T > 3 GeV/c
s F e ALICEPreliminaryy =
— ME shape/width depends on correlations > V= 2018 Pb-Pb, (S = 5.02 TeV, 0-10% =
S o2 anti-ky, R =03, Ag > 0.2, || <0.6 __
* Yield normalisation of ME to SE within the = - Ch-particle jets =
shaded region up to -18 GeV/c 8 2 - pr>3GeVic =
s 107 =
— excellent agreement over 5 orders of g 105 =
magnitude T 10 -
S _E | 4 i_%
= : i | : —
Identical shape = ' P R
between SE & ME . 102 —
= = =
Ei 10 = . =
1 =
0 — 100 =200
reco
pT’iet (GeV/c)
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e Essential criterion of the ME: identical shape
of SE & ME at the left-hand side

— ME shape/width depends on correlations

* Yield normalisation of ME to SE within the
shaded region up to -18 GeV/c

— excellent agreement over 5 orders of
magnitude

e Subtraction of combinatorial background
yield using ME

) (GeV/c)

et

» —

reco
T,jetdn

(1/Nogyenis) (@°N, /dp

Raw quasi-incl. jet distribution, R = 0.3

. . « . . lead
Raw correlated biased jet distribution, PT > 3 GeV/c:
SE-ME

| | | | | | | |
i ALICE Preliminary |
) 2018 Pb-Pb, |5, = 5.02 TeV, 0-10%
B anti-k, R=03, A, >02,|7[<0.6 _
0.02— Ch-particle jets
i . o SE-ME, p*>3GeVic
001_ & .

] ] ] | ] | ] | | ]

50 100
reco (GeV/c
Cboad )

SoftJet 2024

Nadine Grunwald



Raw quasi-incl. jet distribution, R = 0.3

e . . . . o lead
* Essential criterion of the ME: identical shape Raw correlated biased jet distribution, PT > 3 GeV/c:
of SE & ME at the left-hand side
SE-ME
— ME shape/width depends on correlations = i C TN KOEE Prelkminary ™
> b @, 2018 Pb-Pb, 5, =502 TeV, 0-10%
e Yield normalisation of ME to SE within the 5 I . ° anti-ky, R=03,A,>02, 7| <06 _
shaded region up to -18 GeV/c :E 0.02 e Ch-particle jets _
~ ! . _
" « SE-ME, p**> 3 GeV/
— excellent agreement over 5 orders of §?§ - . ) £ ——
L
magnitude = i . . ]
' ' ' Z'Q 0.01 » E —
e Subtraction of combinatorial background 5 I . ]
yield using ME > - ; g -
. ME procedure removes uncorrelated background yield E 0;_____._.-' '«..W
. Leading track p cut generates countable objects — 0 5 700
. Leading track p cut is decoupled from background PrTe;:: (GeV/c)

suppression
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Corrections for pr-smearing

150

(GeV/c)
o
T

part

T,jet

L

| a4

n |
H sy -

o4 ) :

13 -
0 L
| | I ] | |

S

b )

[ - i L

1111 '
L

B B .:'Ai.i S T i
§ g
-~ MR T e
Enay BN £

1" PYTHIA embedded in _
-" 2018 Pb-Pb Data, 0-10% —

\fsNN =5.02 TeV _
"* Ch-particle jets, p';:'a“ >3 GeV/c —

L, entknR=03.ml 506
0 50 100 150
p$3219°° (GeV/c)

ALI-PREL-550384

In addition to yield correction: correction of pr-smearing

due to background and instrumental effects — Unfolding

Instrumental effects: correction for efficiency and py
-resolution

Background effects: correction for local fluctuations

Response matrix calculation with embedding of PYTHIA
jets: fragmentation modification for systematic studies of
the response matrix

ROOT unfolding framework RooUnfold with Bayesian
unfolding method

Additional correction for jet reconstruction efficiency after
the unfolding

SoftJet 2024
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Corrected jet distributions, R = 0.3

— Unbiased Pb-Pb at p;

Fully corrected quasi-incl. charged-
particle jet distributions with

P 3 GeV/e & P> 4 GeV/c

Systematic uncertainties from ME, DCA,
tracking efficiency & unfolding

Measuring where the bias is small

Effect of the leading track bias: less than

10% difference for p... > 13.5 GeV/c

Jjet

> 13.5 GeV/c

Jet

jet

(1/ Nevems)(dzNjet/de,jetdn ) (GeV/c)!

ratio

O

! |||| IIII|I||| ||||III|| Illlllll‘ |I|I|I||| I||||II|| |I|I|I|I| |

—

—
=

= ! | ' T+ E X = _! = & o
ALICE Preliminary 2018 Pb-Pb, |5, = 5.02 TeV, 0-10%
anti-k;, R =0.3, A, >0.2, 5 <0.6

Ch-particle jets

p':ad >3 GeV/c
p';-‘ad > 4 GeV/c

—=13.5 GeV/c

« unbiased pp times {_TM), R=03
Phys. Rev. D 100, 092004 (2019)

T —

-

| | IIIIIII‘ IIIIIIII| |IIIIIII‘ IIIIIIIII IIII|I|I| L L

g_ p';*ad> 3 GeWc/p':ad:»zlGeWc _g
0 20 40 80 80 100
p_ - (GeV/c)

Unbiased pp: ALICE Collaboration, Phys.Rev.D 100 (2019) 9, 092004 (R = 0.3)
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Charged-particle jet R, ,: R=0.3

AA e
e AWNjets /dprdi ' 018 Pb-Pb, y5. = 5.02 TeV, 0-10%  ALICE Preliminary I:
(Taardoig/dprdn | anti-ky, R =0.3, A, >0.2,[7] < 0.6 -
0-8__ Ch-particle jets -
-~ p'Tea"> 3 GeV/c |
* R, , is calculated relative to unbiased pp 0.6/ (rel. to unbiased pp) -
charged-particle jets - | i
' 04 135GeVic s T 7
« Combined pp & Pb-Pb uncertainties i } % % { }
« Syst. + stat. uncertainty added in r Kl -
quadrature 0_ unbiased Pb-Pb _
|_ | | ] | | | ] | | | | | | ] | I | | ] |—
— Unbiased Pb-Pb R, , down to 13.5 GeV/c 0 20 40 60 80 100
ch
;.:vT’jet (GeV/c)

(conservative estimate)

Unbiased pp: ALICE Collaboration, Phys.Rev.D 100 (2019) 9, 092004 (R = 0.3)
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Comparison to previous ALICE R, ,

T 018 Pb-Pb, VS = 5.02TeV,0-10%  ALICE Preliminary
| anti-ky, R=03, A, > 0.2, 1] < 0.6 I
0.8~ Ch-particle jets

- . p';-ad >3 GeV/c

» Consistent with previous ALICE R, 4 0.6| (rel. to unbiased pp)

I|I|I

measurement with 2015 Pb-Pb data s T FooU -
s - 13.5GeV/c T | ]
o Lower in p; & smaller uncertainties L {H}. 1 {é I
0.2— - arXiv:2303.00592
at low P : - = 2015Pb-Pb, R =0.2 _
. unbiased Pb-Pb o 2015 Pb-Pb, R=0.4 -
0
I_ | | ] | | | | | | ] | | ] ] | | | | | |—
0 20 40 60 80 100
P (GeVic)

2015 Pb-Pb: ALICE Collaboration, Phys.Lett.B 849 (2024) 138412
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Comparison to RHIC R, ,: R=0.3

 First direct comparison of reconstructed jet ] . ] L
5.02 TeV, 0-10% ALICE Preliminary

- 2018 Pb-Pb, -
suppression at LHC & RHIC in same kinematic g ISun

- anti-ky, R =03, A, >0.2, [n| <0.6 —
range 0-8__ Ch-particle jets -
£ lead . |
: e p*s3GeV/c
e Unbiased Au+Au at pyp... > 16 GeV/c - N b
) 0.6|— (rel. to unbiased pp) ) =
« Comparable R, , between /sy = 5.02 TeV & < r -- ]
P AR NN [E’: - 13.5GeV/c » I ]
/5un = 200 GeV 0.4/ +T % } { -
* Yield suppression is combined effect of spectrum shape and 0.2 %L +STAR Au+AU, S, = 200 GeV, —
energy loss " — R=-03 p|Tead o Bttt )
unbiased Pb-Pb
# Phys.Rev.C 102 (2020) 5, 054913 —
* Inclusive jet spectrum much harder at LHC than RHIC O——— il ( )
|_ | | | | | | ] l | | | | | | ] | | | | |_
« g/g composition is different at LHC (gluon-dominated) & 0 20 40 60 80 100
RHIC (larger quark fraction) pihjet (GeV/c)

— Same R, , does not mean same energy loss

STAR: Phys.Rev.C 102 (2020) 5, 054913
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Model comparisons: R = 0.3

1 | | | | | | | | | | | | | | | | | | | | I
~ 2018 Pb-Pb, (s, =5.02 TeV, 0-10%  ALICE Preliminary
| anti-ky, R=0.3, A, >0.2, |1| <0.6 T -

. . 0.8 anrarticie i -
» Models describe Ry at high pr . Wi-particie jots -
’ - . p'TEE” > 3 GeV/c (rel. to unbiased pp) -
I '
» Models differ at low pr 0.6
= il 2 - e e -
 Acoplanarity is much better described with o o, 130GV .. g SRRl

JEWEL recoils on - .

JETSCAPE (MATTER+LBT) _

: .. : : : 0.2 N IR e = Mehtar-Tani et. al, g+g _

— Inclusive & coincidence give opposite pictures el I MARTINI _

s — 1 JEWEL (recoils on) =

— unblased Pb_Pb ' JEWEL (I’ECDilS Uﬁ:) —

0

Talk by Peter Jacobs today, [ 9 sle £a ¢ ¢ £a ¢ ¢34 5 ¢ 4 3 g |

11:30 0 20 40 60 80 100
ch
;::vT’jEt (GeV/c)
JETSCAPE: JETSCAPE Collaboration, Phys. Rev. C 107, 034911, 16 March 2023,arXiv:1903.07706 JEWEL: JHEP 1707 (2017) 141

Mehtar-Tani et. al: Phys.Rev.Lett. 127 (2021) 25, 252301 MARTINI: Phys.Rev.C 107 (2023) 3, 034908, arXiv:2212.05944
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Radius dependence: R = 0.5

. . .« 4 . . lead
Raw biased jet distribution, P1 > 4 GeV/c
~ — ' | ' ' ' ' | ' ' ' ' | ' ' ' ' I e
o S C ALICE Performance  __|
* Measure larger R to be more sensitive to > = 2018 Pb-Pb, |5, = 5.02 TeV, 0-10% =
. 8 1073 & anti-ky, A= 0.5, Ay, > 0.65, || < 0.4 —_
response of the medium — = ch-particle jets, p**® >4 GeV/ic =
5 s E
* R=0.5is already work in progress 510t e =
. . Qg %_ norm _%'
e |arger R & small leading track cut is more E oL =
O =— =
challenging e = =
N = 7 =
° = 107 i =
e |arger pr-smearing ) = | | =
e Normalisation ME to SE only up to -40 GeV/c [ 2¢ —
= - -
. e . L 1__ |
* | ower statistics/smaller ME to SE ratio Z - -
O__ L ] ] ] ] ] ] ] ] ] ] | ] __
100 100 200 300
prTejce‘i (GeV/c)
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Summary

e \With mixed-event technique we can push the inclusive jet

measurement to very low pr .

 Unbiased charged particle jet R, , down to 13.5 GeV/c (R = 0.3)
Next steps:

e Measurement of the radius dependence

®* h-jet measurement

e Mixed events in Run3

SoftJet 2024 Nadine Grunwald
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ALICE Preliminary

2018 Pb-Pb, |5, = 5.02 TeV, 0-10% _ ]
anti-ky, R = 0.3, A, > 0.2, ] < 0.6

Ch-particle jets

LLULm L E | |I|I|II| | I||I|||| L LU L L

o T

AT W

[ LI

[ LI

LTI v rrmm TrrnnyCreemepei T i T reamy T i

LLLLI

100
reco
pT,jet GeV/ec

jet

dn ) (GeV/c)"

reco
T,jet

(1/Ngyonis) (BN, o,/dp

0.005

Raw quasi-incl. jet distribution, R = 0.

ALICE Preliminary

2018 Pb-Pb, |s,, = 5.02 TeV, 0-10%
anti-k+, A =0.3, Ajet >0.2,|n<0.6
Ch-particle jets

s s SE-ME, p':ad >4 GeV/c

50
reco (GeV/e)

T,jet
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Model comparisons

e JETSCAPE: Framework for pp and heavy-ion event simulation and Bayesian inference
e Jet interactions, no medium response:
e MATTER: High virtuality shower

e MARTINI: Low virtuality shower. Includes elastic scattering processes similar to LBT and radiative energy
loss according to AMY formalism

e Jet interactions with medium response:

e LBT: Transport of parton in QGP is described by linear Boltzmann equation. Medium particles can become
part of the jet due to scattering: “recoiled partons”

e JEWEL: PYTHIA based, microscopic response, energy-momentum locally conserved
e Hybrid: PYTHIA based, hard (soft) jet-medium interaction based on DGLAP evolution (AdS/CTF)

e Mehtar-Tani et. al: Analytic calculation based on BDMPS/GLV and hydrodynamics
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