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Jet interactions with the QGP

Jet quenching causes modification of the jet
radiation pattern \\
. . p = <
« Collisional energy loss = )))
* from 2 = 2 scatterings with medium \" .\\\
ati S )l —
» Radiative energy loss S )))\\\\\“\, . .-).). quenched jet
* from medium-induced gluon radiation 2 ’;? 000
Interactions induce wake in the QGP gt ‘.l)l)i!?,,.///
‘,';; \
: QGP '
How can we use jets to learn about the QGP?

Based on figure from Yen-Jie
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Color coherence

* Medium resolution length affects if jet constituents interact a single charge or multiple charges
* Modulates differences in quark and gluon jet quenching
* Jets which have more resolved constituents or are wider may be more strongly quenched

resolved as a single charge resolved as two charges
- less quenching -> more quenching

A

Diagrams from
J. Casalderrey-Solana,
Y. Mehtar-Tani,
C. A. Salgado,
K. Tywoniuk:
arXiv:1210.7765
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https://arxiv.org/abs/1210.7765

Selection bias

jet quenching bias
quenched @
4 quark jets 4
.- quark jets
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measured jet pr width

Based on figure from CMS: PAS-HIN-23-001
* Gluon jets (wider) more strongly quenched than quark jets (narrower) due to color factor
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https://cds.cern.ch/record/2867449

Selection bias

jet quenching bias
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Based on figure from CMS: PAS-HIN-23-001

yield

width
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width

/\wide jets

* Gluon jets (wider) more strongly quenched than quark jets (narrower) due to color factor

* Broader jets may also be more quenched than

Illi |- Molly Park

due to finite resolution length
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Selection bias

jet quenching bias
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widejets | ™ 00 U, SN
> >
measured jet pr width

Based on figure from CMS: PAS-HIN-23-001
* Gluon jets (wider) more strongly quenched than quark jets (narrower) due to color factor

e Broader jets may also be more quenched than due to finite resolution length

 Potential effect in a measured jet py bin = higher population of narrow jets
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https://cds.cern.ch/record/2867449

Photon-tagged jets

hard scattering
quenched jet

photon QGP

heavy ion collision

* Photon does not interact strongly with QGP = does not lose energy
* Photon energy ~ initial recoil parton py

* No selection bias comparing PbPb to pp ... except we still have jet selections

N - CMS
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Photon production

Pro: more statistics than Z-bosons

Photon production is well understood

Dominated by photons recoiling from quark jets

Con: impurity from jet fragmentation photons and
neutral meson decays, must be subtracted
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CMS: PRL 122 (2019) 152001
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https://arxiv.org/abs/1809.08602.pdf

Additional effects

A A
. g= high-pr jets
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Y SN
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= width
= .
pp spectrum 4
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....... o low-pr jets
"""" >
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measured jet pr width

Inspired by figure from Raghav
» Additional effect: higher-p jets are more boosted and thus narrower than lower-pr jets

- CMS
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Additional effects

A 4
. E
“ q_)
=
>
= \s width
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..,..“ pp spectrum 4
...~~....... % low-pr jets
.... l -&
> >
measured jet pr width
Inspired by figure from Raghav
» Additional effect: are more boosted and thus narrower than lower-pr jets

* If these jets lose energy, could contribute to narrowing in a measured jet pt bin

CMS
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Additional effects

A 4
. .=
_ “‘ T)
. &
PbPb >
© :
o spectrum width
=
A
% low-pr jets
=
>
measured jet pr width
Inspired by figure from Raghav
» Additional effect: are more boosted and thus narrower than lower-pr jets

* If these jets lose energy, could contribute to narrowing in a measured jet pt bin
* How do we isolate the physical effects from medium interaction?

N - CMS
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Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

Groomed
observables

Subset of hadrons

N - CMS
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Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

Groomed
observables

Subset of hadrons

longitudinal energy distribution
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Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects
photon-tagged

Groomed
observables

p'T’k >1GeV/c, antik jet R =0.3
pr' > 30 GeVie, || < 1.6
p! > 60 GeV/c, n'| < 1.44, 40, > %
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https://arxiv.org/pdf/1801.04895.pdf

Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

photon-tagged

p'T’k >1GeV/c, antik jet R =0.3
pr' > 30 GeVie, || < 1.6
p! > 60 GeV/c, n'| < 1.44, 40, > %

'''''''''''''''
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:Supplementary -

| '® Data
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Groomed
observables

highpy &1 lowpy Subset of hadrons
longitudinal energy distribution
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Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects
inclusive

Groomed
observables

pye > 1GeV/c,R<0.3
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https://www.arxiv.org/abs/1406.0932

Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

Groomed
observables

Subset of hadrons

transverse energy distribution
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Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

photon-tagged
Groomed
observables
Sy =5-02 TeV pyT > 60 GeV/c
PbPb 404 ub™ antik, jet R = 0.3

pp27.4pb"  pF'>30 GeVic, A¢ > L
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Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects
photon-tagged

Groomed
observables

Sy =5-02 TeV pyT > 60 GeV/c
PbPb 404 ub™ antik, jet R = 0.3
-1 jet n
pp 27.4 pb P, > 30 GeVrc, A<]>jv >3
e
rCMS Cent.0-10% -
3 | Supplementary ]
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0 01 0.2 03 Subset of hadrons

transverse energy distribution
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https://arxiv.org/abs/1809.08602.pdf

Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects
inclusive

Groomed

observables

anti-k; jets: R =0.3
pi* > 100 GeVic

track ' 1
pi* >1 GeVic 0.3 < ™| <2

vvvvvv T
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r

transverse energy distribution
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https://arxiv.org/abs/1310.0878

Groomed jet radius

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

Groomed
observables

Subset of hadrons

hard components
Ilir Moy Park 20 Sj2024 | -
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Groomed jet radius

Groomed jet radius (Ry) is the angle between the first two subjets that pass the soft drop condition

Proxy for the hardest 1 = 2 splitting in the jet shower

. min(pr, p7)
Z —
g = 1 2
Pt + DT

>02 Ry & ARy,

Potentially sensitive to elastic scattering effects in the QGP
Insensitive to soft contribution within the jet
If no there were no bias...

* Medium doesn’t resolve jet substructure = flat suppression

* Medium does resolve jet substructure = increasing suppression

Can measure the medium resolution length?

groomed jet radius

N - CMS
Ilir Moy Park 21 S)2024 |



Jet substructure

* Jet substructure observables map constituent four-momenta onto meaningful observables

* Different substructure observables are sensitive to different effects

Groomed
observables

Subset of hadrons

transverse energy distribution
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Jet axis decorrelation

Jet axis decorrelation (4j) is the angular difference between the WTA and E-Scheme jet axes

WTA axis = direction of leading energy flow E-Scheme axis = direction of average energy flow

Aj = \/(nE—SCheme —pWTA)2 4 (pE—Scheme _ WTA)2

Potentially sensitive to elastic scattering effects in the QGP jet axis decorrelation

Still includes information from soft jet constituents WTA

\Y

Compare to R, to see if soft jet component is important to

understand elastic scattering
ES

photon

N - CMS
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Photon-tagged results in pp collisions
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CMS: PAS-HIN-21-019

jet axis decorrelation

60 < pi' < 100 GeV

pp 302 pb (5 02 TeV)

30 < pl* < 60 GeV
CMS Prellm/nary

Pythia: Pythia 8.230 with the CP5 tune
: based on Pythia 8.3 with the Monash tune
Jewel: based on Pythia 6.4

Pyquen: based on Pythia 6.4

CMS: arXiv:2405.02737

groomed jet radius
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Pythia8 CP5: Pythia 8.230 with the CP5 tune
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Predictions are too narrow to describe R, or Aj, need higher order terms

Molly Park

24

Predictions miss overall jet yield, visible with Aj measurement normalized per photon
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https://cds.cern.ch/record/2904759?ln=en
https://arxiv.org/abs/2405.02737

Photon-tagged results in pp collisions
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jet axis decorrelation
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Photon-tagged results in pp collisions

CMS: PRL 121 (2018) 242301 CMS: PRL 122 (2019) 152001
fragmentation function jet shape
{Su = 5.02 TeV p* > 1 GeVic, antik_jet R=0.3 e 18=5.02TeV, pp 274 pbi
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* Pythia tuned to recreate particle spectra, underlying event, etc

* Describes fragmentation function and jet shape well, but it is missing higher order terms...
i Molly Park 26 S 2024
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Photon-tagged results in pp collisions

jet pp spectrum * Need accurate pp spectrum to get correct
modification in PbPb
* Higher order predictions could be useful
minimum 4
4 photon tag pr
| gl--=---- 1
pp spectrum : 2
e
I [a W
S | >
= | jet pr jet pr
| A A
|
Q,
: 2l - mmmp S| 1
jetpr PbPb N\ &
> >
jet pr jetpr
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Inclusive groomed jet radius

normalized groomed jet radius

groomed jet radius R,
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In inclusive jets, we do see suppression dependence on R; = narrowing of PbPb R,

[s it because we are cutting out the soft jet constituents, leaving us with narrow PbPb jets?

CMS
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[s it due to the difference in quark/gluon jet quenching?
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.102001
https://cds.cern.ch/record/2841580/files/Publication.pdf

Inclusive jet axis decorrelation
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In inclusive jets, we also see narrowing in the Aj
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Now soft jet constituents are somewhat considered, since they affect the E-scheme axis

[s it due to the difference in quark/gluon jet quenching?

Illi |- Molly Park
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Inclusive jet axis decorrelation
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Inclusive jet axis decorrelation
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Photon-tagged jet axis decorrelation

CMS: PAS-HIN-21-019

jet jet
30 < < 60 GeV 60 < < 100 GeV
T T

CMS Pre//mmary POPb 1.69 b, pp 302 pb’” (502 TeV)
O T T T T _
35i 30<p <60GeV I 60<p ' <100 GeV E
‘® CMS data 60 < p, <200 GeV ]
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C , ) C A > 1<1.6 —
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: strongly-coupled model of jet quenching : scattering from medium particles
Hybrld’ no elastic’ wake: conservation of energy imposed HYbrld, elaStiC, wake: conservation of energy + Scattering within medium

See narrowing emerge in high jet pr interval
Narrowing even in sample dominated by quark jets = suppression depends on width?

Favors inclusion of elastic scatterings in the Hybrid model
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Photon-tagged groomed jet radius

x: > 0.4 x:. > 0.8 CMS: arXiv:2405.02737
JY JY

CMS _PbPb 1 7 nb”, pp 301 pb (5.02 TeV) CMS PbPb 1 7 nb”, pp 301 pb (5.02 TeV)
T T T T | T T T [ T T T T | T T T T ]
B e 0-30° +Data ] 1.6 H 0-200 +Data -
O 14Softdropz =0.2 = Elastic, no wake — i 1.4-Softdropz =0.2 e Elastic, no wake _
%‘% : cut e E|ast|c wake : _Q‘% - cut — EIaS“C wake 1
o - p=0 No elastic, no wake . o 12& B=0 No elastic, no wake ]
1.2~ == No elastic, wake 7] == No elastic, wake ]
: . —_—— ]
- — _: _: _: —-:_:_f— 0.8 -
0.8-Mml<144 T - 0.6/~ | <1.44 =
B y i : y ]
o Injetl <2 p; > 100 GeV i 0_4__Injetl <2 p. > 100 GeV -
O jet ¥ : C jet ;.Y 7
] Acp”_et > 21/3 pe/p, > 0.4 - O_Z—Acpy,jet > 271/3 pJT /p.>0.8 E
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]

0 0.05 0.1 015 02 0 0.05 0.1 015 02
Groomed jet radius Rg Groomed jet radius Rg

: strongly-coupled model of jet quenching : scattering from medium particles
: conservation of energy imposed Hybrid, elastic, wake: conservation of energy + scattering within medium

See narrowing emerge after minimum Xx;, increases from 0.4 to 0.8
Narrowing even in sample dominated by quark jets = suppression depends on width?

Tension in agreement with Hybrid model, need to match the x;, distribution with data
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Comparison with Hybrid

jet
x,y>04 30 <p) <100 GeV

CMS _PoPb17 nb”, pp 301 Pb (502Tev) CMS Preliminary (5.02 TeV)
: ] - o + Data : Z : T T T T ‘ T T T T 1T ‘ T : n
- Centrality: 0-30% Hybrid model, L_=0 | & a5k 30 <p™ <100 GeV 315
O 1.4 Soft dropz =02 e Elastic, no wake — B L 60 < p’. <200 GeV, 'l < 1.442 7 |
o o - cut EI — >< L p m B ;>
ol | - = Elastic, wake 1 & o o 7
o N B=0 No elastic, no wake 1 5 8- A >F <16 antik R=03 'H=:
1.2 == No elastic, wake 1B 2 55 @ CMS data HYBRID =
: 1B — T F no elastic, no wake L
—-'————;—-——— ~ o) oL #1 no elastic, wake I
5 I s e oo R o - elastic, no wake s

0 8‘_|n | <1.44 — N i 1.5 B elastic, wake —

g Y _ L :

L Y 4 <« == I

o Injetl<2 p; > 100 GeV 1 17 :

6 jet : - ]

B ACPY,jet > 2n/3 pf /p?r >0.4 ] 0.5 Cent. 0-10% -

I T WA T (N T N T TR IR SO T SO SO H T R W E 302 pb PbPb 1.69 nb'1 E

0 005 01 015 . 02 0 [ | P | L
Groomed jet radius Rg 0.01 Aj 0.1
: strongly-coupled model of jet quenching : strongly-coupled model of jet quenching
: conservation of energy imposed Hybrid, no elastic, wake: conservation of energy imposed
: scattering from medium particles : scattering from medium particles

Hybrid, elastic, wake: conservation of energy + scattering within medium  Hybrid, elastic, wake: conservation of energy + scattering within medium
Data with lower jet pt thresholds favors Hybrid with elastic scattering
Can’t conclude physics message from single measurement when sensitive to many effects
i Molly Park 34 S 2024


https://arxiv.org/abs/2405.02737
https://cds.cern.ch/record/2904759?ln=en

Photon-tagged jet axis decorrelation

'et 'et pjet piet
30<pi'<60GeV 60 <P’ <100 GeV 40 <pr <60 GeV 60 <pr <80GeV
L. 4 4 '% - ALICE ® pp 1 L ALICE ® pp |
CMS Prellmmary PbPb 1.69 nb™, pp 302 pb™ (5.02 TeV)  §|x 405 VS =5.02 TeV ® Pb-Pb0-10% L (S =5.02Tev ™ Pb-Pb0-10% -
FTT T ‘ et CoT T T + T ‘jet T [ 3 - Ch-particle jets, anti-k; Syst. uncertainty ]  Ch-particle jets, anti-k; Syst. uncertainty 1
- 30 <p” <60 GeV T 60 <p. <100 GeV 1 o s0f = 4 40 _ o ]
3.5 T -+ T . - W = WTA-Standard ; ro. oo WTA-Standard I
- T v ] g L 40 < p='*' < 60 GeV/c ; [ ® 60 < p~'*' < 80 GeV/c 1
3k *S!viEdfta _ - 60<p;<200GeV B 0r B g0l 1y 1<07 1 ook Bl R=02, | |<07 ]
- , no recoil T l<1.442 5 o™ [ | e . [ s j |
Q55 EHIEWEL recoi s >2 <16 3 = i g 1 T .
- EEPYQUEN T ] . . . A e o ] . . . s
=~ r . |- anti-k; R=0.3 ] g 2F we MATTER+LBT s JEWEL, recoils off 2K e MATTER+LBT s JEWEL, recoils off
o) o == PYQUEN, wide angle I — P fon :\ ------ medium g/g . JEWEL, recoilson ] NI medium g/g , JEWEL, recoilson
o E :E E g 15 :" . P, broadening 4 15F P, broadening 3
£ 15 == = ] — et S - : E
E E: E E ---------------- E E “eag = - .
o — e EEEEET R [ B 0.5F 4 05F —_—— j
8 - T &l 2 - '  Hybid Le=0 1 2F ' —— Hybrid (Ls=0) 1
0.5 T - 4l 156 Hybrid (Les = 2/2T) § | oF Hybrid (Lies = 2/nT) 1
B Cent. 0-10% l Cent. 0-10% 8ol 1O Hybrid (Les =) ] 'F Hybrid (Lies = =)
07 Lo | | Lo T Lo 1 1 Lo 7 1;_ ____________________________________________________________ _E ] SRR _E
0.01 Aj 0.1 0.01 Aj 0.1 : ] : ]
| | 05F 4 o5} .
Jewel, recoil: medium recoil particles included and subtracted 0 002 004 006 008 , 01 0 002 004 006 008 . 0t
: medium recoil particles ignored
Pyquen: baseline model of jet quenching Jewel, recoil: medium recoil particles included and subtracted
Pyquen, wide angle: additional wide angle gluon radiation Jewel, no recoil: medium recoil particles ignored

Pyguen model can be ruled out, also disagrees with many other jet observables

Tension in agreement with Jewel model
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Summary

* Photon-jet measurements help mitigate selection biases
» See narrowing even when q/g fraction is controlled = preferential quenching of wide jets
« Will we start to see broadening if we access more quenched jets?

* Need better pp photon-jet predictions

« Will affect the relative modification in PbPb — )

* Need NLO terms to capture the width of the hard part of the jet Supl\ggif bSyV{JOSnggSNP
* Cannot conclude physics messages from single measurements when sensitive to many different effects

* Looking at multiple measurements, favor the inclusion of elastic scattering effects

* Pyquen can be ruled out

< T T T T T1T | T T T T TTT ‘ T T
4 4 < 1.2FATLAS 0-10% ]
CMS Prelimina PbPb 1.69 nb™", pp 302 pb™* (5.02 TeV) CMS _ PoPb17nb, pp301pb (502TeV) g " pp 5.02 TeV, 260 pb"! ]

‘ v ‘ ! ‘ C =e- Data ] Pb+Pb 5.02 TeV bt
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g 30 < p <60 GeV 60 <p <100 GeV [ Centrality: 0-30% Hybrid model, L_=0 oo AR R -
351 T Ea B o 14-Softdropz =02 e Elastic, no wake — C anti-k, R=0.4jets
[ ZeCMS data 1 60 <p! <200 GeV e T out — = Elastic, wake ] L | <2.1 -
3 - JEWEL, no recoil bl < 1.442 B o L p=0 No elastic, no wake . 0.81 2,,=02,8=0 ]
o F B2 JEWEL, recoil T 21 | jot 1.2 == No elastic, wake - i I I i ]
o 25- ’ + A(j)iv >% M7l <1.6 E L ] - l ]
- F EEPYQUEN T antik R=03 ! 3 N 0.61 g
o o = PYQUEN, wide angle T , = >———— b l > } -
% 15é — 3 e :+pjet>158GeV ! i E i 1
& 15 L ] ogfmi<144 B —' oA T 't
. g S g A - . L —-—158<pJT <200 GeV I-
F T § rh <2 p. >100 GeV - o R
0.5 3 T ] 0.6-—Ajet o3 L ; 0.2_— —+200 < pJ_r <315 GeV o
' | Cent. 0-10% | | Cent. 0-10% | 1 C 2P et > | pJT Ip; > OI'4 | ] [ *315< piTet <501 GeV
O L1 L L L Lo L L Lo L L L Lo I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ) L \l ) ) ) L |‘ ) )
0.01 : 0.1 0.01 : 0.1 0 0.05 0.1 0.15 0.2
Aj Aj Groomed jet radius Rg 0.%03 0.01 0.02 0.1 0.2
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. . jet i 7 _ R
CMS anti-k;jetR=0.3,p> >30 GeVic, 'l < 1.6, 'l <1.44, pYT >60 GeVic, Ap > ?“ \Syy = 502 TeV, PbPb 404 ub™, pp 27.4 pb™

'@ PbPb Cent. 50 - 100°/c; o 'éér{t.'3'0'-'5'02°/c; o CIJent ‘I'OI -'3'0'°/<; o IC')e'n"[.'OI -'1'0'°/c'>5
1.2p 0 pp (smeared) 1
1t .
=1 = [ o ]
Z 15 2% # © ‘OO 0%o ]
= 06f ) o teo 4y O ‘;
04F a © H © ®0 © *,0 ;
0.2¢ h . °Q I o :
OEO.-G.__T_____I___ P T t.!._T_____l ______ &__T_T_._._l_.,_._.i%.“.:

0.5 1 1.5 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

_ Aty jet, Y jet, Y jet, ¥

- CMS
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CMS

anti-k; jet R =0.3, p "> 30 GeV/c, Wl < 1.6, I'nYI <1.44, Aq) >JVS_NN 5.02 TeV, PbPb 404 ub™

' _-PbeO 30%

© pl E(40,50) GeV/c}

ks Bt K

0.5 1 1 5
— et
Xy = pT /pT

Molly Park

O 5 1
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iY - pT /pT

" pl €(50,60) GeV/c | £(80,100) GeV/c
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 —JEWEL + PYTHIA
¥ —LBT (2017)

p '£(60,80) GeVi/c 5_

p > 100 GeV/c

o T - e
i
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i LB B e e e e e e e

} — JEWEL + PYTHIA
I —LBT (2017)
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CMS anti-k; jet R =0.3, p_ > 30 GeVrc, 'l < 1.6, InYI < 1.44, Aq) >7§'5 Vs = 5.02 TeV, PbPb 404 ptb pp 27.4 pb

P s e o e e AL IS B Rl B as na s s R A L a ey L IR BLALELELE BLELELELE BLELELELE BLRLALELE [LALELALE BLALELEL BLELILELE BLALELELE AL I I LR B BN BLELLLE LA

: p 6(40 50) GeV/c: p 6(50 60) GeV/c p (60 80) GeV/c p 6(80 100) GeV/c p > 100 GeV/c

1.5} 81PbPb 0 - 30% -} 1 -} 1 .
i_jé 0 1] -
0.5F i -
-Pbe 30 - 100% I
15F 1

Ijet
AA
—T
|

0.5} 1 1 1 1
50 100 150 200 250 50 100 150 200250 50 100 150 200250 50 100 150200 250 50 100 150 200 250
P (GeVrc) P (GeVic) P (GeVic) P (GeVic) P (GeVic)

. CMS
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VSny = 5.02 TeV
PbPb 404 ub™

p‘Trk >1GeVrc, anti-k_jet R =0.3
p:' > 30 GeVic, [ < 1.6

pp 27.4 b pi > 60 GeVic, h'l <1.44, Ap > 78—“
- CMS Cent. 10 - 30% Cent.0-10% -
- Supplementar T :
i PP y T~ CoLBT-hydro 1
2| '™ Data +Hybrid |

+ [ w/o back reaction
w/ back reaction

Illi |- Molly Park

ISny = 5.02 TeV
PbPb 404 ub™

pp 27.4 pb™

ptTrk >1GeV/c, anti-k_jet R=0.3
p=' > 30 GeVic, [ < 1.6

pL> 60 GeVic, h'l <1.44, Ap > %
Y
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\syn = 5.02 TeV pi“>1 GeV/c, anti-k jet R = 0.3

PbPb 404 ub™

pr'>30 GeV/e, || < 1.6

pp 27.4 pb pL>60 GeV/c, h'l <1.44, A¢, > %
4[CMS Cent.30-100%{  Cent.0-30%]
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VSyy = 5.02 TeV pl > 60 GeV/c, 'l < 1.4, p‘Trk >1 GeV/c
PbPb 404 ub™, pp 27.4 pb” anti-k; jet R = 0.3, p' > 30 GeV/c, | < 1.6, A > 7—8“
'CMS Cent.50-100%f  Cent.30-50%f  Cent.10-30%f  Cent.0-10%]
' s PbPb i i 1 '
10 o 181 pp T T ¥ 3
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CMS Preliminary

PbPb 1.69 nb™, pp 302 pb™ (5.02 TeV)
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CMS Preliminary

Cent. 50-90%
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eV

27w | jet |
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Cent. 30-50%
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:

PbPb 1.69 nb™, pp 302 pb™ (5.02 TeV)
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CMS Preliminary PbPb 1.69 nb”, pp 302 pb" (5.02 TeV)
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CMS Preliminary PbPb 1.69 nb™", pp 302 pb™ (5.02 TeV)
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CMS Preliminary pp 302 pb' (5.02 TeV) CMS Preliminary (5.02 TeV)
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CMS Preliminary

Pbe 1.69 nb™ (5.02 TeV)
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PbPb / pp

PbPb / pp
[\

CMS Preliminary

PbPb 1.69 nb pp 302 pb™ (5.02 TeV

~
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