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Energy-energy correlator definition

jl? /dnl 2@(»52( 2 — cos(0))

@ ¢(n) = Energy flow to direction
@ 2 = Hard scale of the process

e 52(fy - iy — cos(#)) = Require angle 6 between
direction vectors

@ Reasons to love energy correlators:
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e Scaling: Different time scales of jet evolution imprinted in different angular scales
e Simplicity: No jet declustering needed, can be constructed using tracks
e Control: Well understood pp baseline, medium modifications perturbatively calculable
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Physics goal 1: color coherence

Casalderrey-Solana, Mehtar-Tani, Salgado, Tywoniuk
PLB 725 (2013) 357-360

Color coherence

How Monp Qluons
) do .ru\ 5::7

W
E @ Large angle emission: medium resolves
emitted gluon as separate object

@ Small angle emission: emitted gluon and
emitter resolved as single object

= B @ Critical angle: minimum separation

Image credit: Jennifer James (Vanderbilt) where medium resolves separate ObjeCtS
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Color coherence effects to the correlator shape
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o Color coherence effects expected to
change the shape at # = 0.08
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Andrés, Dominguez, Holguin, Marquet, Moult
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Physics goal 2: jet wake

Chen, Cao, Luo, Pang, Wang
Jet wake PLB 777 (2018) 86
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@ Energetic parton pulls medium with it,
Image stolen from: Yen-Jie Lee (MIT) |eaving depletion behind
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Jet wake effects to the correlator shape

Normalized EEC
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e Jet wake effects expected to change
the shape at # > 0.3
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Simple energy loss model: pp spectrum shift in Pythia8

10°E T 3 ATLAS: PRL 114 (2015) 072302
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e Estimating energy loss effects in data

o Shift the jet pr spectrum in Pythia8
e Find a shift that produces measured jet Rya around pr = 120 GeV (e = 15 GeV)
e Compare energy-energy correlators in shifted and reference pr bins
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Medium effects: jet pr spectrum shift
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@ Shift in peak position creates enhancement at small Ar region
@ Simple energy loss does not modify large Ar region significantly
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Energy-energy correlator definition for this analysis

% = /dﬁl’zw52(ﬁl . ﬁz — COS(G))

EEC(Ar) = Wl E Z Z (pr,ipr,;)"

i r
airs . .
P jets€[pr.1,p1.2] pairs€[Ara,Arp)

Normalize with weighted number of pairs Whairs

Bin width normalization: r = Ar, — Ar,
@ Hard scale appears only in jet pr binning
e Improves resolution, no need for unfolding

Exponent values n = 1 and n = 2 used in this analysis

Selects pairs within R = 0.4 from winner-take-all jet axis
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Expected background in PbPb collisions
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The good @
Jussi Viinikainen (Vanderbilt)

The bad @

EEC lessons

@ Different pairings in the simulation

o All pairs

e Signal+signal pairs

e Signal+background pairs

e Background+background pairs

@ Background contributions dominant
at large Ar

@ Background subtraction needed

The ugly
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Mixed cone background subtraction method

A Signal A MB1 A MB2

6. 0. O,

@ Three cones are used in this method

© Signal cone: this is around the studied jet

@ Minimum bias cone 1: same location as jet cone in minimum bias event

© Minimum bias cone 2: same location as jet cone in another minimum bias event
@ Three different pairings are made from the cones

@ S+ M1: signal+fake together with mismodeled fake+fake
@ M1 + M1: properly modeled fake+fake
© M1+ M2: mismodeled fake+fake

e Extract background: BG = (S + M1) + (M1 4+ M1) — (M1 4 M2)
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Signal extraction in Pythia+Hydjet
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@ Even with high background, signal can be very accurately extracted!
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Energy-energy correlator distributions, PbPb 0-10%
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@ PbPb distributions have the same
features as previously seen in pp!

e CMS: PRL 133 (2024) 071903
o STAR: PoS HP2023 (2024) 175
o ALICE: ALI-PREL-540213

Low Ar — free hadrons
Moderate Ar — transition
High Ar — free quark/gluon
Peak depends on jet pr

Lesson 1: Breaking of angular
ordering does not break the general
picture!
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Medium modifications in energy-energy correlators
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EEC
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1.70 nb ™ PbPb (5.02 TeV) + 302 pb™pp (5.02 TeV)
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EEC lessons

@ The jet peak moves towards smaller
Ar for more central collisions

@ Energy loss effect — more central jets
have higher initial virtuality

@ Also the shape of the distribution at
large Ar is modified!
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Medium modifications in energy-energy correlators

1.70 nb ™ PbPb (5.02 TeV) + 302 pb™pp (5.02 TeV)
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1.70 nb™* PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

| CMS Preliminary 120 < jet p_ < 140 GeV

T @ Peripheral distribution shows onl
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1.70 nb™* PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

| CMS Preliminary
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@ Peripheral distribution shows only
small modifications

@ Enhancement at low Ar due to
energy loss


https://cds.cern.ch/record/2906425
https://jusaviin.github.io

PbPb to pp ratio, centrality evolution

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

| CMS Preliminary 120 < jet p, <140 GeV
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PbPb to pp ratio, centrality evolution
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1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

| CMS Preliminary 120 < jet p, <140 GeV +
L anti-k, R=0.4

|qjel| <16 +
peh > 1 GeV, n=1
i

— PbPb 0-10%

r CMS-PAS-HIN-23-004
Lol |
1072 107
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Peripheral distribution shows only
small modifications

Enhancement at low Ar due to
energy loss

Change in trend around Ar ~ 0.1 to
enhancement at large Ar

Flat trend at few lowest Ar bins —
Lesson 4: universal scaling for free
hadrons!
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pSh > 1GeV

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)
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CMS-PAS-HIN-23-004 PP > 2 GeV

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)
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@ Lesson 5: Sensitivity to low pr particles essential for large Ar enhancement!
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CoLBT model comparison for PbPb/pp ratio

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)
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g-parameter in CoLBTM model
describes the minimum virtuality for
vacuum splittings

g = 0.5 doesn't describe the data well
g = 1 is better, but earlier turn-on
and less enhancement than in data

Enhancement at large Ar in CoLBT
mainly coming from medium response

There is also gluon radiation
component

1PLB 777 (2018) 86, PLB 810 (2020) 135783, PRL 128 (2022) 2, 022302
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Perturbative calculation with color coherence effects

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)
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*arXiv:2407.07936
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Jet wake in the Hybrid model and JEWEL
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@ Both Hybrid modell? and JEWELB! only predict large Ar enhancement with wake included

2JHEP 09 (2015) 175, JHEP 03 (2017) 135 3 EPJC 60 (2009) 617, JHEP 1707 (2017) 141
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Jet wake in the Hybrid model and JEWEL

CMS-PAS-HIN-23-004 1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)
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@ Both Hybrid modell? and JEWELB! only predict large Ar enhancement with wake included
o Elastic scatterings important to get good description of the data

2JHEP 09 (2015) 175, JHEP 03 (2017) 135 3 EPJC 60 (2009) 617, JHEP 1707 (2017) 141
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Hybrid model and JEWEL comparison for double ratio
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@ Isolate the effects of soft-hard correlations with double ratio
@ Interesting to see what elastic scatterings do for the double ratio
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Conclusions from model comparisons

Double-edged lesson
@ Color coherence, jet wake, elastic scattering predictions qualitatively agree with data
@ Sensitivity to these effects! _—

@ All in similar angular region = difficult to disentangle —
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@ Might be able to isolate (some) effects better with EEEC:s (see Arjun’s talk, Sat 14:30)
@ We could also be able to improve sensitivity to medium modifications
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Improve sensitivity by reducing energy loss effects

e Mitigate leading energy loss effects with

Andrés, Holguin, Kunnawalkam Elayavalli, JV

cumulative distribution functions: AR * ‘ ]
—— = pp simulation 5.02 TeV
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@ See hadronization modifications? 11 09f o E
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@ See medium modifications more clearly? e o 3
’ . R
@ See Carlota's talk at 16:40 for details -
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Summary

The first EEC measurement teaches us several valuable lessons

o
e Free hadron, transition, and free quark/gluon regions visible in PbPb EECs
@ Energy loss moves the peak in PbPb to smaller Ar, vacuum-like radiation suppressed
@ Sensitivity to low pr particles needed to see modifications at large Ar region
@ Models with jet wake and color coherence show qualitatively similar behavior as data
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Construct
correlators

Background
subtraction

Jet pr unfolding

Result fully corrected
to particle level!
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o Small, medium, large I

Jet energy scale
Jet energy resolution

Jet pr prior for unfolding
Track selection

Track pair efficiency

°
°
°
@ Number of iterations for unfolding
o
°
e Background subtraction

°

Signal-to-background ratio scaling
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Energy-energy correlator distributions, pp

CMS-PAS-HIN-23-004 302 pb™ pp (5.02 TeV)

i CMS Preliminary
e pp, n=1 @ pp results have consistent features
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Model comparisons with pp distribution
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e Models agree with pp data within ~ 5% for n =1
@ Models predict too narrow shape for n = 2
@ Hybrid vacuum = Pythia8 with MPI off
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Hybrid model comparison for PbPb 0-10%

CMS-PAS-HIN-23-004

CMS Preliminary 1.70 nb PbPb (5.02 TeV)
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Pablos, Kudinoor, Rajagopal

1JHEP 09 (2015) 175, JHEP 03 (2017) 135, PRC 99 (2019) 5, 051901
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Perturbative calculation comparison for PbPb 0-10%

CMS-PAS-HIN-23-004

CMS Preliminary 1.70 b PbPb (5.02 TeV)
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Holguin, Andrés, Dominguez, Marquet, Moult
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PbPb to pp ratio, Holguin, 0-10%, p$* > 1GeV, n =1

Theory

Data
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1.70 nb™ PbPb (5.02 TeV) + 302 pb* pp (5.02 TeV)

T T
r CMS preliminary 120 < jet p, <140 GeV
anti-k; R =0.4

II'I <16

et

=== PbPb 0-; lo%lpp

I A R I e S

[ ——Holguin, h
05p —— Holguin, P$ >1Gev
F —= Holguin, 0.5 n=1
L~ ;
15— Data syst. unc. — - Data stat. unc.
051 .
107 107

Ar

140 < pi¥* < 160 GeV

1.70 nb* PbPb (5.02 TeV) + 302 pbpp (5.02 Tev)
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180 < pi¥* < 200 GeV

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)
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PbPb distribution, Holguin, 0-10%, p%h >1GeV, n=1

120 < pi¥* < 140 GeV 140 < p* < 160 GeV 180 < pi* < 200 GeV
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e Data from CMS-PAS-HIN-23-004
e Calculation by Holguin, Andrés, Dominguez, Marquet, Moult (arXiv:2407.07936)
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PbPb to pp ratio, Holguin, 0-10%, p$* > 1GeV, n =1

120 < pi¥* < 140 GeV 140 < p* < 160 GeV 180 < pi* < 200 GeV
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e Data from CMS-PAS-HIN-23-004
e Calculation by Holguin, Andrés, Dominguez, Marquet, Moult (arXiv:2407.07936)
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PbPb distribution, Hybrid, 0-10%, p%h >1GeV, n=1

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi¥ < 200 GeV
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e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal
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PbPb distribution, Hybrid, 10-30%, p$* > 1GeV, n = 1
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e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal
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PbPb distribution, Hybrid, 30-50%, p$* > 1GeV, n = 1

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi¥ < 200 GeV
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e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal
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PbPb distribution, Hybrid, 50-90%, p$* > 1GeV, n = 1

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi* < 200 GeV
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e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal
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PbPb distribution, Hybrid, 0-10%, p%h >2GeV, n=1
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e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal
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PbPb distribution, Hybrid, 10-30%, p$* > 2GeV, n = 1
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CMS Preliminary 1.70 nb™ PbPb (5.02 TeV)
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e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal

Jussi Viinikainen (Vanderbilt)

EEC lessons

180 < pi¥ < 200 GeV

CMS Preliminary 1.70 nb™* PbPb (5.02 TeV)

Epnt—ea 180 < jet p, < 200 GeV
10 T anti-k; R=0.4
: e e | <16
8 [ peh> 2 Gev T
w | === PbPb 10-30% T
E [JHybrid, no wake *;;
r [Hybrid, pos. wake -
L [Hybrid, full wake
il | .
1.5 Data syst. unc. — - Data stat. unc.
fl
R P
L T
<0
= L
055 1y P P
10 107
Ar

SoftJet 2024

39/23


https://cds.cern.ch/record/2906425
https://jusaviin.github.io

PbPb distribution, Hybrid, 30-50%, p$* > 2GeV, n = 1
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PbPb distribution, Hybrid, 50-90%, p$* > 2GeV, n = 1
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PbPb distribution, Hybrid, 0-10%, p%h >1GeV, n=2
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PbPb distribution, Hybrid, 10-30%, p$* > 1GeV, n = 2
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PbPb distribution, Hybrid, 30-50%, p$* > 1GeV, n = 2
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PbPb distribution, Hybrid, 50-90%, p$* > 1GeV, n = 2
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PbPb distribution, Hybrid, 0-10%, p%h >2GeV, n=2
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PbPb distribution, Hybrid, 10-30%, p$* > 2 GeV, n = 2
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PbPb distribution, Hybrid, 30-50%, p$! > 2 GeV, n = 2
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PbPb distribution, Hybrid, 50-90%, p$! > 2 GeV, n = 2

120 < p)* < 140 GeV

CMS Preliminary 1.70 nb™ PbPb (5.02 TeV)

F 120 <jet p, <140 GeV
;‘_.P—\& anti-k; R=0.4
10 W <1e
E n=2 njel .
B r p"> 2 Gev
W 1 g= PbPb 50-90% ~
E [ Hybrid, no wake Ty
r [ Hybrid, pos. wake x
107 [ Hybrid, full wake
Fuil R | N
15 Data syst. unc. — - Data stat. unc.
s F , Ay
C \ )
R aSEEEEEA
[=E S N >
05 | L R
107 107
Ar

CMS Preliminary

140 < pi¥ < 160 GeV

1.70 nb™ PbPb (5.02 TeV)

£ 140 < jet p, < 160 GeV
10 Zf""\ anti-k; R=0.4
£ n=2 - gl <16
B r p"> 2 Gev
W 1 g=PbPb 50-90%
E [CJHybrid, no wake
r [ Hybrid, pos. wake
10 [ Hybrid, full wake
ool | M
15 Data syst. unc. — - Data stat. unc.
g F— s~
Ole FTEm—— —— — ———____ ——
D& 1 — e
o e —— = —=\
= n —
0.5 | Ll R
10 10

@ Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal

inikainen (Vanderbilt)

EEC lessons

CMS Preliminary

180 < pi¥ < 200 GeV

1.70 nb™* PbPb (5.02 TeV)

180 <jet P, < 200 Gev
anti-k; R=0.4

10
E n=2 gl <16
Q pe">2 GeV .
W 1z B PbPb 50-90%
£ [CJHybrid, no wake
r [Hybrid, pos. wake
107 = [ Hybrid, full wake
ool | M
15 Data syst. unc. — - Data stat. unc.,~
D Fo—e P
8 © 1 e 4 NN\ P =
0 5 = TN
[ [— X
E \
055 1y P L
107 107
Ar

SoftJet 2024

49 /23


https://cds.cern.ch/record/2906425
https://jusaviin.github.io

PbPb to pp ratio, Hybrid, 0-10%, p%h >1GeV, n=1
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PbPb to pp ratio, Hybrid, 10-30%, p%h >1GeV, n=1
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PbPb to pp ratio, Hybrid, 30-50%, p%h >1GeV, n=1
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PbPb to pp ratio, Hybrid, 50-90%, p* > 1GeV, n =1

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV

1.70 nb™* PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV) 1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

[ CMS preliminary 120 < jet p, <140 GeV [ CMS preliminary 140 < jet p, <160 GeV
15 anll k;R=04 15 aml -k R=0.4
[ Iﬂlg‘l <16 [ Iﬂm\ <16
o E o E
[a8[=X ol
ol 1 == Sl 1©
o L ["% L
[ == PbPb 50-90%/ pp [ == PbPb 50-90%/ pp
[ [ Hybrid, no wake h [ [ Hybrid, no wake h
0.5~ E= Hybrid, pos. wake P7 > 1GeV 0.5~ EmHybrid, pos. wake P7 > 1 GeV
L @@ Hybrid, full wake  n=1 L Hybnd qu wake n=1
ool G P ol | P
1.5 Data syst. unc. — - Data stat. unc. 1.5
b L L
Sle F | El= i
8|S | EEmSse———=—= === s —
[ L = L
050 1| | P 050, | P P
107 10" 107 107

@ Data from CMS-PAS-HIN-23-004

PbPb

Data

Theory

180 < pi¥* < 200 GeV

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV)

[ CMS preliminary 180 < jet p, <200 GeV

|.-|m\<16
- I— " -

anti-k; R=0.4

=4
@

=== PbPb 50-90% / pp
[ Hybrid, no wake

[ Hybrid, pos. wake T
|‘:|Hybrid. full wake

IR e an aas L anne

e

@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal

Jussi Viinikainen (Vanderbilt) EEC lessons

SoftJet 2024 53 /23


https://cds.cern.ch/record/2906425
https://jusaviin.github.io

PbPb to pp ratio, Hybrid, 0-10%, p%h >2GeV, n=1
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PbPb to pp ratio, Hybrid, 10-30%, p%h >2GeV, n=1
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PbPb to pp ratio, Hybrid, 30-50%, p%h >2GeV, n=1
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PbPb to pp ratio, Hybrid, 50-90%, p$* > 2GeV, n =1
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PbPb to pp ratio, Hybrid, 0-10%, p%h >1GeV, n=2

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi¥ < 200 GeV

1.70 nb™ PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV) 1.70 nb™* PbPb (5.02 TeV) + 302 pb* pp (5.02 TeV) 1.70 nb™ PbPb (5.02 TeV) + 302 pb* pp (5.02 TeV)
CMS preliminary 120 < jet p, <140 GeV CMS Preliminary 140 < jet p, <160 GeV CMS preliminary 180 < jet p, <200 GeV
1.5] anti-k; R=0.4 15 anti-k; R=0.4 15 anti-k; R=0.4
| <16 | <16 Il <16
o Fel Qo
e ¢ e N fe &
oa 1¢ ol I Qa T
o [ o [ o L
[ == PbPb 0-10%/ pp [ === PbPb 0-10%/ pp [ === PbPb 0-10%/ pp
[ [ Hybrid, no wake h [ [ Hybrid, no wake h [ [ Hybrid, no wake h
0.5 =3 Hybrid, pos. wake P7 >1GeV 051 £ Hybrid, pos. wake Py > 1GeV 051 £ Hybrid, pos. wake Py > 1GeV
L 3 Hybrid, full wake — n=2 L 3 Hybrid, full wake  n=2 L 3 Hybrid, full wake  n=2
ool G P ol i P ol i P
15 1.5 m Data syst. unc. — - Data stat. unc. 1.5+ m Data syst. unc. — - Data stat. unc.
> [ [ [
gle f gle | | —
_qC) 8 - g g - g 8 - ez -
= [ = [ = [
05(; 055,y P P 055 1y P P
107 10" 10 10" 107 10"
Ar Ar Ar

e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal

Jussi Viinikainen (Vanderbilt) EEC lessons SoftJet 2024 58 /23


https://cds.cern.ch/record/2906425
https://jusaviin.github.io

PbPb to pp ratio, Hybrid, 10-30%, p$* > 1GeV, n = 2
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PbPb to pp ratio, Hybrid, 30-50%, p$* > 1GeV, n = 2
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PbPb to pp ratio, Hybrid, 50-90%, p* > 1 GeV, n = 2
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PbPb to pp ratio, Hybrid, 0-10%, p%h >2GeV, n=2
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PbPb to pp ratio, Hybrid, 10-30%, p$* > 2GeV, n = 2
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PbPb to pp ratio, Hybrid, 30-50%, p$* > 2GeV, n = 2
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PbPb to pp ratio, Hybrid, 50-90%, p$* > 2GeV, n = 2
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PbPb to pp double ratio, Hybrid, 0-10%, n =1
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PbPb to pp double ratio, Hybrid, 10-30%, n =1

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi¥* < 200 GeV

1.70 b PbPb (5.02 TeV) + 302 pb™ pp (5.02 TeV) 1.70 nb™ PbPb (5.02 TeV) + 302 pb pp (5.02 TeV) 1.70 nb™ PbPb (5.02 TeV) + 302 pb* pp (5.02 TeV)
% % 1.40 CMSPreliminary 120 < jet p_ < 140 GeV % % 1.4 CMSPreliminary 140 < jet p_< 160 GeV % % 1.4 CMSPreliminary 180 < jet p__ < 200 GeV
Olo ¢ anti-k; R=0.4 [CRIY)] anti-k; R=0.4 Olo ¢ anti-k; R=0.4
(SR R In_ <16 N[ g n_ <16 N | A oo n <16
AlA T et A A et AlANTTE et
S -6 - F -y S 6 5»—%»—3_:——*
o | o I- o | o ala Ir
= |S = |& = | &
ala [ ala ola [ \\
S| 2 os- =B K S| S os =000 k £ 15 os =00 K
re) [ @ Hybrid, no wake [ Hybrid, no wake [ [ Hybrid, no wake
ﬁ i [ mmHybrid, pos. wake PbPb 10-30% g ﬁ [ Hybrid, pos. wake PbPb 10-30% ﬁ g [ mmHybrid, pos. wake PbPb 10-30%
O | 2 0.6 3 Hybrid, full wake  n=1 O | 9 0.6 3 Hybrid, full wake  n=1 O | 9 06 3 Hybrid, full wake  n=1
ala Lo L - ala L L I ala  r | I
15 Data syst. unc. — - Data stat. unc. 151 Data syst. unc. —— Data stat. unc. 1.5 Data syst. unc. — - Data stat. unc.
> [ [ [
s|g f S ¢ Sls ¢
25 % g5 ¢ g5 o
[ L = L = L
o5f, L - o5f, | M 05E, L M
107 10" 107 107 107 107
Ar Ar Ar
e Data from CMS-PAS-HIN-23-004
@ Hybrid model prediction provided by Pablos, Kudinoor, Rajagopal
EEC lessons SoftJet 2024 67 /23

Jussi Viinikainen (Vanderbilt)


https://cds.cern.ch/record/2906425
https://jusaviin.github.io

PbPb to pp double ratio, Hybrid, 30-50%, n =1
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PbPb to pp double ratio, Hybrid, 50-90%, n =1
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PbPb to pp double ratio, Hybrid, 0-10%, n = 2
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PbPb to pp double ratio, Hybrid, 10-30%, n = 2
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PbPb to pp double ratio, Hybrid, 30-50%, n = 2
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PbPb to pp double ratio, Hybrid, 50-90%, n = 2
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PbPb distribution, JEWEL, 0-10%, p$' > 1GeV, n =1
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PbPb distribution, JEWEL, 0-10%, p$' > 2GeV, n =1
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PbPb distribution, JEWEL, 0-10%,
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PbPb distribution, JEWEL, 0-10%, p$' > 2 GeV, n = 2
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PbPb to pp ratio, JEWEL, 0-10%,
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PbPb to pp ratio, JEWEL, 0-10%, p$* > 2GeV, n =1
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PbPb to pp ratio, JEWEL, 0-10%, p$* > 1GeV, n =2
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PbPb to pp ratio, JEWEL, 0-10%, p$* > 2GeV, n =2
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PbPb to pp double ratio, JEWEL, 0-10%, n =1
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PbPb to pp double ratio, JEWEL, 0-10%, n = 2
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pp distribution, p$* > 1GeV, n
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pp distribution, p$* > 2GeV, n =1

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi¥ < 200 GeV
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pp distribution, p$* > 1GeV, n
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pp distribution, p$* > 2GeV, n =2

120 < pi¥ < 140 GeV 140 < pi¥ < 160 GeV 180 < pi¥ < 200 GeV
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@ Most of the pairs are the same

@ For e-scheme axis, strong enhancement
with respect to WTA around the jet
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Background estimation for systematics: reflected n cone

@ Reflect jet n coordinate, require at least twice the cone radius distance from original axis

to avoid overlapping

cones

o if |7]jet‘ >R= Nreflected = —Tjet
o if —R < Mjet <0= Treflected = Tjet + 2R
o if0 S Tiet S R= Tlreflected = Tljet — 2R

@ The background estimation is constructed by pairing all particles from the signal cone with

all particles in the reflected cone

n
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O
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