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Jets in the Quark-Gluon Plasma

eHard scattered partons undergo collisional and radiational energy loss in the QGP medium

® Jet yield is observed to be suppressed in heavy-ion collisions compared to pp baseline
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https://www.sciencedirect.com/science/article/pii/S037026931830995X

Jets in the QGP

e Jet energy loss or “quenching” in QGP characterized using nuclear modification factor (Raa)
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Jet production: heavy ion (PbPb) collisions vs. pp collisions
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https://www.sciencedirect.com/science/article/pii/S037026931830995X

Jets in the QGP

eDepletion of hard fragments of a jet observed outside of the jet core

e[nergy recovered via an excess of soft fragments at larger angles to the jet axis

CMS Supplementary JHEP 05(2018) 006
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Jets in the QGP

e Back-to-back jets in observed to be much more asymmetric in central PbPb collisions

e R —— : e Jet energy loss in the QGP observed to fluctuate -> Need to measure it differentially
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https://arxiv.org/pdf/2205.00682.pdf

Jet substructure vs. suppression

® Does the jet energy loss in the QGP depend on its substructure?

® Does the QGP medium have an inherent angular scale beyond which it resolves the two prongs”?

Nuclear per-NN yields in PobPb
modification factor Rpp = vields in pp
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Jet substructure vs. suppression

® Does the jet energy loss in the QGP depend on its substructure?

® Does the QGP medium have an inherent angular scale beyond which it resolves the two prongs”?

Nuclear per-NN yields in PobPb
modification factor Rpp = vields in pp
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Splitting Scale (/d,)

e Substructure of large-radius jet characterized using its splitting scale 4/d, measured using the kr algorithm
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Splitting Scale (y/d,)

e Substructure of large-radius jet characterized using its splitting scale 4/dy, measured using the kr algorithm o9

\
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Jet Suppression vs. /d,,

e Suppression of large-radius jets in QGP characterized using its splitting scale 4/d 5 . per-NN vyields in PbPb
AA =

yields in pp
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Jet Suppression vs. /d,,

e Suppression of large-radius jets in QGP characterized using its splitting scale 4/d 5 . per-NN vyields in PbPb
AA =

yields in pp

vV di, = mln(PT,ppT,z) ARy,
Jet Constituents : R = 0.2 jets (pt > 35 GeV)
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Soft-Drop

e Characterize a jet using the energy

imbalance of its hardest splitting (zq) Measured
anti-k; jet
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Soft-Drop

e Characterize a jet using the energy

Recluster
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Soft-Drop

: : : prong
e Characterize a jet using the energy N Soft-Drop condition
imbalance of its hardest splitting (z) Measured with C/A min(py ;, Pr)
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Z4 is a measure of subjet energy imbalance when SD condition is satisfied
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Soft-Drop

: : : prong
e Characterize a jet using the energy N Soft-Drop condition
imbalance of its hardest splitting (z) Measured with C/A min(py ;, Pr)
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Splitting function (CMS)

® 74 IS a measure of energy imbalance of subjets corresponding to a jet’'s hard splitting

® Modification of self-normalized zg olbbserved in central PbPb collisions relative to pp
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Splitting function (CMS)

® 74 IS a measure of energy imbalance of subjets corresponding to a jet’'s hard splitting

® Modification of self-normalized zg olbbserved in central PbPb collisions relative to pp
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® No significant modification of zqg observed in central PoPb collisions relative to pp
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Splitting function (ALICE & STAR)

® 74 IS a measure of energy imbalance of subjets corresponding to a jet’'s hard splitting




Splitting function (ALICE & STAR)

® 74 IS a measure of energy imbalance of subjets corresponding to a jet’'s hard splitting PT. constituent > 2 GeV/c

Matched jet

® No significant modification of zg observed in central PbPb collisions relative to pp P conienen > 0.2 GeV/c

Centralit : pralty
0-10% 1 IIllIl(pT,i, pT,j) 0-20%
Z —
o] O ————— . Pr; Tt Dr, j Trigger HC jet p_> 16 [GeV/c]
S 10k ®pp ALICE (s =5.02TeV - A R(jet, HT) < 0.4
‘g’ " ®m Pb-Pb 0-10% Charged-r:artlclzle jets i
—| & gp = Sysuncertainty =02, ln 1<07 - Trigger jets STAR
0 8; 60 < p .]<80GeV/c: 10— e 1
B Soft Drop z,,=0.2, =0 }_ g— |
6 - N AtA ' 85 Au+Au, p+p \(SNN =200 GeV 0-20%
I fiooeq = 0-87, froo. oy =0.88 o — i
P tagged tagged R _g : * Ant|-k1_, Riet =0.4
i R — =~ F % I +R <10
N u o gE % i€ :
I 2 . Eg
- N T © 5k ’:;
o m JETSCAPE =2 JEWEL, recoils off — : b@g HC Mat
| & - Caucal JEWEL, recoils on - o 4F &%,
Q 1.47 Pablos, L, =0 Chien : 2 7 & ’%% = e Au+Au
1.2 pablos, Loz " : < 3 e, ;
i — oF !‘%,Q ﬁ« # ;gggg p+p @ Au+Au
1 “l»s;:@;‘;;:;;;j i
0; ! | . . . | !
0.2 03 0.4 0.5 0.2 0.4
u Lawrence Livermore 19
—4 National Laboratory



Jet substructure interpretation

® [ension Iin self-normalized distributions of splitting function, z4, between CMS vs. ALICE and STAR?
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Jet substructure interpretation

® [ension Iin self-normalized distributions of splitting function, z4, between CMS vs. ALICE and STAR?
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Soft-Drop
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Unfolded jet pr & rq distributions
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Unfolded jet pr & rq distributions
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Angle of hardest splitting

e \odification of self-normalized distribution of angle of hardest splitting, 84, observed in central PoPb collisions

Substructure modification
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Angle of hardest splitting

e \odification of self-normalized distribution of angle of hardest splitting observed in central PbPb collisions

e Ratio of absolute cross-sections allows us to keep track of energy loss as a function of the substructure
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Angle of hardest splitting

e \odification of self-normalized distribution of angle of hardest splitting observed in central PbPb collisions

e Ratio of absolute cross-sections allows us to keep track of energy loss as a function of the substructure

Centrality &8
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Jet suppression vs. splitting

e (Clear ordering observed in jet suppression vs. angle of hardest splitting (rg)
~ per-NNyields in PbPb
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Jet suppression vs. splitting

e (Clear ordering observed in jet suppression vs. angle of hardest splitting (rg)

e Jet Raa vs. pr is flatter in bins of rg compared to rising trend of inclusive jets
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Soft Drop Parameters

e\\Vhat Is the effect of including angle-dependent grooming in

Soft-Drop on measuring the hardest splitting angle of a jet”

| | | [ | | | | [ | |
o i L -
. 60—ATLAS Preliminary PP
B L& -~ pp 5.02 TeV, 260 pb” i
'O"CJ _ Pb+Pb 5.02 TeV, 1.72 nb” i
— anti-k; R=0.4 jets, lyl < 2.1 S
500 .,
- pC > 158 GeV = Z,,=02,=0
400 __ | O —— ZCUt —_ 0.2, /)) —_ -0_1__
i o i
B O —~—z,,=0.2,8=1 |
300 — = - —
i © |
200 B O O * |
§ . & |
100 |- 5 a -
i « |
i 2 8 i
i 8§
0 );( ] l?} L 1 )\i& ] | 4 ] ] ] ] L 1 11 | ] Ié
0.003 0.01  0.02 0.1 0.2 0.3
Iy

=

ATLAS-CONF-2022-026

|l Lawrence Livermore
—4 National Laboratory

min(pr ;, Pro)

0.5

0.4

0.003 0.01  0.02 0.1

0.2 0.3

30



Soft Drop Parameters

e\\Vhat is the effect of including angle-dependent grooming in

Soft-Drop on measuring the hardest splitting angle of a jet”

L — | | [ | | | | [ | |
o) i L -
. 60—ATLAS Preliminary PP
B L& -~ pp 5.02 TeV, 260 pb” i
'O"CJ | Pb+Pb 5.02 TeV, 1.72 nb” i
— anti-k; R=0.4 jets, lyl < 2.1 —
500(— ., ]
- p’: > 158 GeV = 2z,=02,8=0 7
200l g O o z,,=0.2,5=-0.1" .
- ® N
i O ——z,,=02,5=1 | Qi
300— O O = -
. B | -
- - N§
| _ | —
200~ O i i — =
:O @ X : E
100 5 a 7
i . i
i 2 = i
i 8 0§
O ):;(I l?vi ] I);LI | );L ] ] ] ] L 1 11 | ] Ié
0.003 0.01  0.02 0.1 0.2 0.3
Iy

=

ATLAS-CONF-2022-026

|l Lawrence Livermore
—4 National Laboratory

0.5

0.4

I I
0.2 0.3

31



Soft Drop Parameters

e\\Vhat Is the effect of including angle-dependent grooming in

Soft-Drop on measuring the hardest splitting angle of a jet”
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Jet Suppression vs. Substructure

® Jet suppression vs. substructure measured using varied Soft-Drop parameters

can be used to interpret modification of non-perturbative jet components
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Jet Suppression vs. Substructure

® Jet suppression vs. substructure measured using varied Soft-Drop parameters

RAA
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can be used to interpret modification of non-perturbative jet components
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Jet Mass

® Opening angle of the parton splitting (rg) is correlated with the jet mass (Mg)

® Minor modifications observed in central PobPb collisions relative to pp collisions
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Jet Angularities

® Significant modification observed for jet girth in PoPb compared to Pythia, but not for jet mass (ungroomed jets)

® Non-perturbative components of the jet play a significant role in understanding the modification of jet substructure
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Summary

® Jet suppression in the QGP has been measured differentially using complementary substructure olbservables

® [he jet Raa Is observed to depend significantly on many substructure observables

e \any more substructure observables like energy correlators yet to be explored to get a better handle on jet quenching
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Jets in the QGP

® Quark-initiated jets expected to lose lesser energy in the QGP due to color factor

® Jet charge in PbPDb is consistent with quark-gluon fraction predictions from Pythia
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https://cds.cern.ch/record/2805980

Large Radius Jets

®| arge radius jets (R=1.0) reconstructed by clustering R=0.2 jets using anti-kr

e Background-subtracted R=0.2 jets can be used as constituents for sulbstructure measurement Raa =

eSmall R (=0.2) jets re-clustered using kr algorithm, hardest subjets clustered last

UE

“Conventional”
R=1.0 jet
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nSD splittings
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Topological Cell Clusters
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topo-cluster reconstruction in heavy-ion collisions
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3D objects representing local particle showers in the detector

¢ - modulated background subtraction applied at cell-level in
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Track Calo-Clusters (TCCs)
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* ¢ - modulated background subtraction applied at cell-level in

topo-cluster reconstruction in heavy-ion collisions
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Large R jet kinematics
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Large R jet kinematics
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Large R jet systematics
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Large R jet systematics
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Large R jet Raa
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Large R jet Raa
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ro with TCCs vs. Truth

e Characterize a jet using the angular separation of its hardest splitting (rg)

® [ CCs show significantly improved performance in measuring rq
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e\\Vhat Is the effect of including angle-de

Soft-Drop on measuring the hardest sp
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Unfolded jet rq distributions

®\leasurements of jet rq unfolded to the truth hadron level for pp collisions

® 14 distributions get narrower with increasing jet pr
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Unfolded jet rq distributions

®\leasurements of jet rq unfolded to the truth hadron level for PbPb collisions

®Results shown differentially in event centrality and jet pr intervals
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e\\hat is the effect of including angle-dependent grooming in Soft-Drop on measuring the hardest splitting angle of a jet”

eHow do we reconcile the measurement of rq using varying Soft-Drop parameters with the observed modifications of the

Soft Drop Parameters

jet’s fragmentation function in the QGP?
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