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Introduction: QGP and jet quenchinguic;

C CMS Experiment at LHC, CERN _
Data recorded: Sun Nov 14 19:31:39 2010 CEST \,
Run/Event: 151076 / 1328520 [
Lumi section: 249 [
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® Quark-Gluon Plasma (QGP): A thermally equilibrated, deconfined color-charged
P

state formed during the collision of two heavy nuclei. .
® Jet: A collimated stream of particles produced in hard scattering processes. "\ _
s ! Quenched jet

® Jet quenching: The phenomenon where a jet loses energy as it interacts with the LY
Quark-Gluon Plasma (QGP), leading to modifications in its structure and substructure
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https://cms.cern/news/jet-quenching-observed-cms-heavy-ion-collisions

Introduction: jet axis

e Jet axis represents the direction of jet in 7 and ¢
coordinates

o g\e et

. . . L . n ' 1

e This analysis focused on E-scheme and WTA axis el adWee T

o2 50Ty soft radigtion

T e SRS

» E-scheme axis : Coordinates in 77 and ¢ - I e S
determined by the energy-weighted sum of the "7t s E-scheme
particle 4-momenta within a jet R 5:”:7@ .................... WTA

~~~~~ al',-a

» Winner-takes-all (WTA) axis : Coordinates in 7

and @ representing the direction of the leading

energy flow in a jet. Align with hard-collinear core
of the jet

UIC Raghunath Pradhan, UIC

HO-2024, 21-27 September 2024, Nagagaki, Japan

In vacuum

‘f
-
-
'ﬁ
L 2




Introduction: jet axis uic it

How the jet axes get modified in presence
of medium? In the presence of a medium

For example:

® [n medium gluon radiation can influencing
the direction of E-scheme axis

e However, the WTA axis might be more E-scheme
susceptible to direction changes compared
to the E-scheme axis if deflections of WA

different jet partons go in random
directions.
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Introduction: angle between jet axis uicp*

How the jet axes get modified in presence
of medium? In the presence of a medium

For example:

® [n medium gluon radiation can influencing
the direction of E-scheme axis

e However, the WTA axis might be more Escheme
susceptible to direction changes compared /] A]
to the E-scheme axis if deflections of WA

different jet partons go in random
directions.

JHEP04(2020)211

E—scheme ;,]WTA)Z 4 ( ¢E—scheme _ ¢WTA)2

Jet substructure observable Aj =1/ (#

UIC Raghunath Pradhan, UIC HO-2024, 21-2'7 September 2024, Nagagaki, Japan 5


https://link.springer.com/article/10.1007/JHEP04(2020)211

Introduction: angle between jet axis uicp*

How the jet axes get modified in presence
of medium? In the presence of a medium

For example:

® [n medium gluon radiation can influencing
the direction of E-scheme axis

e However, the WTA axis might be more ) E-scheme
susceptible to direction changes compared
to the E-scheme axis If deflections of
different jet partons go in random
directions.

WTA

: Narrow angle

JHEP04(2020)211

E—scheme ;,]WTA)Z 4 ( ¢E—scheme _ ¢WTA)2

Jet substructure observable Aj =1/ (#
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https://link.springer.com/article/10.1007/JHEP04(2020)211

Introduction: angle between jet axis uicp*

How the jet axes get modified in presence
of medium? In the presence of a medium

For example:

® [n medium gluon radiation can influencing
the direction of E-scheme axis

e However, the WTA axis might be more | Frscheme
susceptible to direction changes compared _
to the E-scheme axis if deflections of ' / Wide angle
different jet partons go in random TR A
directions.
JHEP04(2020)211
Jet substructure observable Aj = 4/ (pE=scheme _ p WIAYZ 4 (gpE=scheme _ 5 WIAY2
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- - CMS,/|
Motivation uiC =4

Search for QGP induced jet substructure
modification
® [he correlation between E-scheme and WTA
axis Is used to access jet substructure

In the presence of a medium

»Boost invariant and analytical calculation
possible (JHEP04(2020)211)

E-scheme

» Could provide insights into radiative energy
loss in QGP, as the E-scheme and WTA axis
exhibit different sensitivities to soft radiation

» Sensitive to various medium-induced effects Jet substructure observable

AJ — \/(;,]E—scheme _ ;,]WTA)2 4 (¢E—scheme _ ¢WTA)2
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https://link.springer.com/article/10.1007/JHEP04(2020)211

Analysis set up and CMS detector uicp*

2018 PbPb data at 5.02 TeV
e Centrality: 0-80%
e Centrality binning: {0, 10, 30, 50, 80}%

o Anti-k; R = 0.4
o |7 < 1.6
e 120 < P! < 300 GeV

e P! binning: {120, 150, 190, 230, 300} GeV
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Analysis set up and CMS detector

2018 PbPb data at 5.02 TeV
e Centrality: 0-80%
e Centrality binning: {0, 10, 30, 50, 80}%

o Anti-k; R = 0.4
o |17 < 1.6
e 120 < P! < 300 GeV

e P! binning: {120, 150, 190, 230, 300} GeV

e Particle flow candidates used to reconstruct jets Link

|
om

3-
N
3
ol
3
Py
3
w
3
(]
3
~
3

)
=

Muon
Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
-~ Photon

Cross-sectional view
of the CMS detector
=27,

C b4
C
C
D Bamey, CERN, Febrmary 2008

with Muon chambers
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideParticleFlow#Particle_Identification_and_Reco

Analysis set up and CMS detector

2018 PbPb data at 5.02 TeV
e Centrality: 0-80%
e Centrality binning: {0, 10, 30, 50, 80}%

o Anti-k; R = 0.4
o 7% < 1.6
e 120 < p!*' < 300 Gev

e P! binning: {120, 150, 190, 230, 300} GeV
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Muon
Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Cross-sectional view
of the CMS detector

Iron return yoke interspersed
with Muon chambers
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D Bamey, CER
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Normalised —)

1 dN

N dAj

'Observable AJ — \/(nE—scheme _ nWTA)Z + (¢E—scheme _ ¢WTA)2 |

N = total number of jets

—
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideParticleFlow#Particle_Identification_and_Reco

Analysis set up and CMS detector

2018 PbPb data at 5.02 TeV
e Centrality: 0-80%
e Centrality binning: {0, 10, 30, 50, 80}%

o Ant|‘kT R = 04
o |17 < 1.6
e 120 < P! < 300 GeV

e P! binning: {120, 150, 190, 230, 300} GeV
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Charged Hadron (e.g. Pion)
— = = - Neutral Hadron (e.g. Neutron)
----- Photon

Cross-sectional view
of the CMS detector
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'Observable A] — \/(nE—scheme _ nWTA)Z + (¢E—scheme _ ¢WTA)2 |

1 dN
Normalised —)

, N = total number of jets

N dA;]

___ —

Unfolding procedure
® Method: D’ Agostini iterative

e Unfold two-dimensionally in pjTet and Aj

[d ® [V) uiq [oAs)] pajesauan
(A®D) 1d 19 pojessusn

L
ol

Response matrix
cartoon =

G

Reconstructed Jet p (GeV) _
Reconstructed level bin (A] @ p’Tet)

UIC Raghunath Pradhan, UIC HO-2024, 21-2'7 September 2024, Nagagaki, Japan


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SWGuideParticleFlow#Particle_Identification_and_Reco

e Relative enhancement at lower Aj and
suppression at higher Aj

eThe A] distributions in central
collisions Is narrower than peripheral

collisions

® Applied cancelation of the correlated
systematic error in the ratio

[l Correlated systematic error
™ Uncorrelated systematic error

UIC Raghunath Pradhan, UIC
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Results: unfolded Aj distributions  vicg
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120 < p*' < 150 GeV

e centrality: 0-10%
m centrality: 10-30%
A centrality: 30-50%

CMS Preliminary  PbPb, |s  =5.02 TeV (0.66 nb™)
— 1 T T - 1 T 1 1 T

120<piet< 150 GeV

Z\|a
© % v centrality: 50-80%
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Results: in higher p bins

Increasing p.~

jet

120 < p*' < 150 GeV

150 < p*' < 190 GeV

CMS Preliminary  PbPb, |s, =5.02 TeV (0.66 nb™') CMS Preliminary  PbPb, s  =5.02 TeV (0.66 nb™)
L ) L B AL BRI B L A I

190 < pi*! < 230 GeV

CMS Prellmmary Pbe F 5. 02 TeV (0. 66 nb’ )
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230 < p'*! < 300 GeV

CMS Prellmmary Pbe F 5. 02 TeV (0. 66 nb’ )

== 120 < p™* < 150 GeV 30:_ * 150 <p™ <190 GeV | | 190 < p* <2soGev . 230<pJet<SOOGeV
- EIE = ® centrality: 0-10% . : % o centrality: 0-10% 1 30k ® centrallty 0-10% _- 40_@ ¢centrallty 0-10% g
i m centrality: 10-30% | i m centrality: 10-30% | - m centrality: 10-30% - m centrality: 10-30%
20 B ] - == _ - i
iz | & A centrality: 30-50% 1 20 i 25 A centrality: 30-50% 1 : A centrality: 30-50% : 30 A centrality: 30-50%
ol | E 5 v centrality: 50-80% | - v centrality: 50-80% 1 20 Evs v centrality: 50-80% - y OE v centrality: 50-80% |
—1Zz | [ =Y j : 2og .
1ok A anti-k; R = 0.4 ] = anti-k; R = 0.4 - E s T anti-k; R = 0.4 | ©F HB anti-k; R = 0.4
- HE <16 | 108 = = Ml < 1.6 1 10l . Ml < 1.6 1 o == e < 1.6
1.2

Ratio to 50-80%

1 0.8}

| 0.6l
0

e Narrowing behaviour observed in all the pjet bins studied In this analysis

» modification of jet substructure and/or selection bias
due to pjet selection?
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CMS

Comp. with previous measurements vicp "

. et -
CMS Preliminary  PbPb, s =5.02 TeV (0.66 nb™) 40 < pJ < 80 GeV arxXiv:2303.13347
—— T T T T T T~ T T T T T T T T T
i _ % [ ALICE ® pp ] % | ALICE ® pp ]
i 120 < pJet <150 GeV | ST 40b Vs =5.02TeV ® Pb-Pb0-10% Sl L Sy =5.02 TeV ® Pb-Pb 0-10%
T _ o 3 - Ch-particle jets, anti-k Syst. uncertainty - 3 Ch-particle jets, anti-k Syst. uncertainty -
- ® centrality: 0-10% o 30F = 1 o 400 -
i g WTA-Standard . WTA-Standard
== m centrality: 10-30% I °y 40 < p™* < 60 GeV/c E B e 60 < p"* < 80 GeV/c ]
20 —! _ - o 8 Ro03 In_1<0.7 o0 L R=02, In |<07 ]
. ' A centrality: 30-50% ALICE —» 1}t s _ E [} . | _
) O|Oo = S v centrality: 50-80% o 3 g o - A .
— —|= £ 25 MATTER+LBT _ —— JEWEL, recoils off 2 2F —— MATTER+LBT == JEWEL, recoils off
) | i E ] .c!: % = medium q/g = JEWEL, recoils on .c|> 8—_ 1 5; ...... geg;grar\dgﬁng = JEWEL, recoils on ]
; - anti- k R=04 _ o O F o : N\ Pr B
N 10: S <16 - ;
Z i _ ) ) _ _ . . i
f == E‘Q 2F —— Hybrid (L =0) E‘Q 2F —— Hybrid (L, =0) -
** a b —— Hybrid (L. = 2/ a f ~ Hybrid (L. = 2/nT
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< o\o :.’ 1 ----------------------------------------------- s, ————————
et C | ‘ ] N
— S 12F o 120<pl>' <150 GeV - 05 @ RS osp T T
92 S — . 0 002 004 006 008 01 A . 0 002 004 006 008 ,_ 0.t A .
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% > T —i——— J J
e ! ~o=ee
o [
= 0.8f =
= [ ]
C 5 [
0 0.02 0.04 0. 06 0.08 0.1
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® Similar narrowing observed in ALICE inclusive measurement using
charge jet
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https://arxiv.org/pdf/2303.13347

Comp. with previous measurements uicp

® Similar narrowing observed in ALICE inclusive measurement using
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CMS Preliminary  PbPb, |s = 5.02 TeV (0.66 nb™)
— 1 T T T T T T

C—
ﬁ 120<pft<150 GeV |
- ® centrality: 0-10%
20l == mcentrality: 10-30% |
- ! A centrality: 30-50%
I = £ v centrality: 50-80%
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0 002 004 006 008 01
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/

jet
40 <p,. <80 GeV arXiv:2303. 13347
o x [ ALICE ® pp : o x | ALICE ® pp |
S 40F Sy =502 TeV M Pb-Pb0-10% S| - Sy =5.02 TeV W Pb-Pb0-10% -
3 - Ch-particle jets, anti-k Syst. uncertainty ] 3 10 " Ch-particle jets, anti-k Syst. uncertainty -
— b B ] -~ b N ]
0F "n WTA-Standard : - . WTA-Standard
ook M a 40 < p2'* < 60 GeV/c E [ ¢ > 60 < p°" <80 GeV/c ]
C ® R=02, In 1<0.7 ’ 20 R=02, In I<0.7 _
. jet . ’_ jet i
ALICE —» i : . - _ .
: . : " a, I ' - v
2 25 MATTER+LBT _ —— JEWEL, recoils off £ 2F  —— MATTER+LBT = JEWEL, recoils off —
| & EN e medium g/g we JEWEL, recoils on | 8‘_ o LT medium g/g e JEWEL, recoils on ]
g i & 1.5 = N\ P, broadening -
= : 1F '".'.-......-..........::::::ZZ::::-.:“..,,._._._._. ............. -
) ; 05 ; ..... j_
£ 5 2 — — Hybrid (L,les =0) o o 2 ‘ | | me Hybrid (L s=0) _j
Lle |5 ; Hybrid (Lies = 2/nT) 3 &l i 5b Hybrid (Lyes = 2/7T) -
ol e . Hybrid (Les =) al top Hybrid (Lies =)
o e m—nnatii o ——— - - - - 1B i oo~ =
0.5 — | 05 |
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CMS: See Molly I
Park’s talk

PbPb / pp

sing y+jet, CMS also observed narrowing in 60 < pJet < 100 GeV

® Not a apple to apple comparison, but physics observation is same

UIC Raghunath Pradhan, UIC
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afi‘ A]
30 < pJet < 100 GeV

0 0.02 0.04

8 R0 AJ
CMS PAS-HIN-21-019

CMS Prellmmafy
T

- 30<p <60 GeV
3.5

- ‘@ CMS data

3L JEWEL, no recoil

- = JEWEL, recoil

-~ EEPYQUEN

- B9 PYQUEN, wide angle

= - < Y 3~ D, g d o3 3 .
P OREY V. R CEIN T Peed 3 % O W JTR DO DU RN T X eerid O3 R WS
F y c. =y

__PbPb 1.69 nb, pp 302 pb"’ (5.02 TeV)

60<p ‘<100 GeV

60 < pg <200 GeV
'l < 1.442

2m | jet
A¢jy> 3,In l<1.6
anti-k; R=0.3
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https://cds.cern.ch/record/2904759/files/HIN-21-019-pas.pdf
https://indico.cern.ch/event/1339555/contributions/6040782/
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Models comparison

e Comparison with unquenched PYTHIA and
HERWIG, and JEWEL

o PYTHIA describe well for peripheral 50-80% f%~

1.5¢

data, but fails to explain central 0-10% data as -
expected o :
o HERWIG has broader distribution compared to

data

e /EWEL also fails to explain the central 0-10% s
data

—h
9)
)l( N T T

® However, good to check the ratio between J8
0-10% and 50-80% in JEWEL (when it will §lg

available) and then compare the same in data

UIC Raghunath Pradhan, UIC

CMS Preliminary PbPb, s, = 5.02 TeV (0.66 nb™)

120 < pf* <150 GeV
® PbPb (centrality: 50-80%)
— PYTHIA8 CP5
~ HERWIG7 CH3

230 < pf‘ <300 GeV -
® PDbPDb (centrality: 50-80%)
— PYTHIA8 CP5 ]
~~ HERWIG7 CH3

nti-k, R =0.4
M’ <1.6

r 3
B [ =
B ]
m .
r
| NP
-
= =

anti-kT R=04
Ml <1.6

230 < p/®! < 300 GeV

data
simulation

—
T T T T T
—

0.02 0.04 0.06 0.08
PbPb, \s,, = 5.02 TeV (0.66 nb™)

o
o
o
o

0.02 0.04 0.06 0.08

CMS Preliminary PbPb, \s,, =5.02 TeV (0.66 nb™)

anti-kT R=04
InJe‘I <1.6

CMS Preliminary

anti-kT R=04
InJe‘I <1.6

q é
r:’
Wl
- ¥, ” w
B A

— PYTHIA8 CP5
~— HERWIG7 CHS3
252 JEWEL, no recoil
JEWEL, recoil

— PYTHIA8 CP5

~— HERWIG7 CHS3

22 JEWEL, no recoil
JEWEL, recoil

2530
—|Z 20}
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data
simulation
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T T T T T T
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T T T T T T

0.04 0.06 0.08



Models comparison continue..

. Gluon jets

Modified quark/gluon fractions in presence  eColor charge dependent sk Quark jets =
of medium using modified jet function: energy loss .
PRL 122 (2019) 252301 >gluon jet lose more energy s.p

than quark jet

Medium g/g: Rewight the vacuum PYTHIA based
on modified quark/gluon fractions

UIC Raghunath Pradhan, UIC HO-2024, 21-2'7 September 2024, Nagagaki, Japan


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.252301
https://doi.org/10.1016/j.physletb.2024.138523

Models comparison continue..

CMS

UIC /

Modified quark/gluon fractions in presence  eColor charge dependent
of medium using modified jet function: energy loss gl

PRL 122 (2019) 252301 >gluon jet lose more energy ;.

than quark jet

Gluon jets
Quark jets
PLB 850 (2024) 138523 |

Medium g/g: Rewight the vacuum PYTHIA based

» _ CMS PAS-HIN-24-010
on modified quark/gluon fractions

| e M po
120 < p/* < 150 GeVv
CMS Preliminary PbPb, |s,, = 5.02 TeV (0.66 nb™)

Pl antik, R=04 120 <p’™ <150 GeV

P\ e < 1.6 ® PbPb (centrality: 0-10%) |

~ PYTHIA8 CP5

== HERWIG7 CH3

22 JEWEL, no recaoill
JEWEL, recaoill

#4 Medium q/g

e Medium g/g describe well the low pr central 0-10%
data Zg

:f‘“::::o::::::’
R

—
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1 Ixxl 1 1

data
simulation

| A\
\ -
1 DIV e
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% 002 004 006 008 071
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.252301
https://doi.org/10.1016/j.physletb.2024.138523

Models comparison continue..

Modified quark/gluon fractions in presence  eColor charge dependent

of medium using modified jet function: energy loss
PRL 122 (2019) 252301

than quark jet

Medium qg/g: Rewight the vacuum PYTHIA based

>gluon jet lose more energy .

<
\'%

N
2
A

6

Gluon jets

L Quark jets

] ] ] ]
25 50 75 100

1 1 1
125 150 175 200

.o _ CMS PAS-HIN-24-010 pr (GeV)
on modified quark/gluon fractions | Pl oo |
120 < p'*' < 150 GeV 230 < pi°' < 300 GeV
CMS Preliminary _ PbPb, s, =5.02 TeV (0.66 np“) CMS Preliminary __ PbPb, |s, =5.02 TeV (0.66 np'1)
B | anti-k Fli =04 | 120 Jet 150 G.I \Y - @ | anti-k FI{ =0.4 | 230 Jet 300 GI V
e \Medium g/g describe well the low p+ central 0-10% LTS e P Gomalty 010 | 40- [ MI<16 @ Popb oty 0-10%) -
T WiP: : — PYTHIA8 CP5 J A\t — PYTHIA8 CP5
20 = HERWIG7 CH3 1 _.._30f = HERWIG7 CH3 i
data == %2 JEWEL, no recoil 1597 %2 JEWEL, no recoil
-z ‘/ JEWEL, recoil T —|= 20f JEWEL, recoil B
%4 Medium g/g ] 5 %4 Medium g/g

e [t fails to explain the high pr central data, particularly
towards high Aj |

||||||||||||||||||||||
IIIIIIIIIIIIIIIIIIII

® |.e., only quark/gluon fractions change cannot explain 5
this narrowing behaviour S N
> Indicating the need to account for medium-induced * | =
substructure O 002 004 006 008 01

HO-2024, 21-27 September 2024, Nagagaki, Japan
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.122.252301
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Models comparison continue.. uic B

<« M

CMS Preliminary __ PbPb, |/, =5.02 TeV (0.66 np*_) CMS Preliminary _ PbPb, |, =5.02 TeV (0.66 np'1)
- [ 'I'clgltil-kT1F'l6= 0.4 '120<pf‘<150 GeV - 40;_ 'i'aggl-kT1Fll6= 0.4 |230<pf't<300 GeV -
N - I a1 < 1. ® PbPb (centrality: 50-80%) i m-i<l. @ PbPb (centrality: 50-80%);
Further test on modified quark/gluon fractions 20_“ \ =PYissces 30} =PYTHRsCRs -
% _g‘ -~ Two-component fit % _g‘ 20: - Two-component fit 1
~1Z 10 —|Z :
e Two-component fit: fit to unfolded data using vacuum =33 10)
PYTHIA quark and gluon templates - |
c 1.5 c 1.5
® The obtained gluon fractions in peripheral 50-80% CER! CERS!
aligns with PYTHIA expectations T T
0% 002 004 006 008 07 0% 002 004 006 008 07
.. . . CMS Preliminary PbPb, s, =5.02 TeV (0.66 nb™) CMS Preliminary PbPb, s, =5.02 TeV (0.66 nb™)
® For central 0-10%, it is in excellent agreement with the Wi antik B-04  120<p <150 Gov @ anik Fo04  s30<p_a0Gev
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Summary

CMS PAS-HIN-24-010

120<pjTet<150 GeV éo<pjTet<300 GeV
e The Aj distribution is narrower in central CMS Preliminary _PbPb, |s,, = 5.02 TeV (0.66 nb) CMS Proliminary ___ PbPb, {5, = 5,02 TeV (0,66 nt’)
_ . o . - | | | Jot | 1 i anti-k;, R =0.4 230<pf‘<300 GeV -
collisions than peripheral collisions in all ﬁ 120<p” <150 GeV | 4ot Ny <16 @ Popb Cenaty: 0-10% -
jet " . . . . i - - ¢central!tyf 0-10/2 : : § — PYTHIA8 CP5 :
the S bins studied in this analysis 201 :gg;gg:;g; ;gggj 1213%] e
== 5 v centrality: 50-80% | ™IZ 20f 2 Wi o -

—|Z I .

. i = : _ 1 i ~ Two-component fit

e Two energy loss models (Medium g/g 10 = e 1Y

and Two-component fit) fail to explain

R

—
Ol
N T

high Aj behaviour for high p/tinthe 15" i
3 e | XS 9800 90
0-10% central data 3 PlE PN S :
» Indicates the need to account for g |
medium-induced substructure : > 002 004 006 008 01
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Thank Yyou for Your kind attention!
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Systematic sources

JES uncertainty . up and down [(anti)correlated with Aj]
JER uncertainty . centrality independent (JER up and down), centrality dependent

[(anti)correlated with Aj]

Background subtraction : akFlowPuCs4PF jets collection

Unfolding iteration : varied to 2 and 4
Response matrix statistics : using 50 toy response matrices
Modified template . reweight the response matrix and modify the quark gluon template
based on the fraction extracted from raw data
Unfolding prior . generate new response matrix without pT reweight
Centrality variation : up and down
‘ Correlated source ‘ ‘ Uncorrelated source ‘
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Systematic uncertainty for A;

120 < pjTet < 150 GeV

PbPb, Vs, =5.02 TeV (0.66 nb™)

1.5

CMS F’Irelirlninéry

'Cent: 50-80% |
120 < p%§< 150 GeV

< lantik,R=0.4 N
S [Mi<1e  ioguneareeduncetany
c 1- — JER uncertainty .
Pb 'g _ — gggk; ng? gggjgtraction
- S | ~ e atstics
Pb > . — modified template -
" . 4 o o — unfolding prior i
Absolute systematic uncertainty 57 — centaly Variaton
Q —
g
e JES and JER are the dominant S S S
systematic for this analysis, which are Aj
also treated as correlated uncertainty 15 oo 0600

® Others are sub-dominant and teated as
uncorrelated uncertainty
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- anti-kT R=04
-’ < 1.6

Pb Pb
_.,.,___

0.5

CMS I5reliflninalvry

120<pT <150 GeV

— total uncorrelated uncertainty .
— total correlated uncertainty

— JER uncertainty n
—JES uncertaintg

— background subtraction
—— unfolding iteration

— response matrix statistics
— modified template -
— unfolding prior |
centrality variation

el

Systematic uncertainty on Aj
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230 < p!°' < 300 GeV

UICH
2

PbPb, Vs, =5.02 TeV (0.66 nb™)

1.5

-anti-k, R=0.4
" < 1.6

—h
T

o

.
O
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Systematic uncertainty on Aj

:

CMS I5relirlninéry

'Cent:50:80% |
230 < p. < 300 GeV i}

— total uncorrelated uncertainty -
— total correlated uncertainty

— JER uncertainty 7
—JES uncertaint%

— background subtraction
—— unfolding iteration

— response matrix statistics
— modified template .
— unfolding prior i
— centrality variation

A
PbPb, |s,, = 5.02 TeV (0.66 nb"™)

1.5
- anti-kT R=04

-Wld_etl<1.6

-1

f L

CMS F5relillninalry

'Cen’t: O'J‘gpo/o | | | |
230 <~ <300 GeV

— total uncorrelated uncertainty |
— total correlated uncertainty

— JER uncertainty 7
—JES uncertaintt/)

— background subtraction
—— unfolding iteration

— response matrix statistics
— modified template

— unfolding prior |
centrality variation

Systematic uncertainty on Aj




Template fit to data
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data
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20 < p/*! < 150 Gev

CMS prellmmary PbPb, s, = 5.02 TeV (0.66 nb™)
L A B

centrality: 50-80%

120 <p’ <150 GeV
¢ Data

— fit

B quark jets

B gluon jets

anti-kT R=0.4
Ml <1.6

gluon fraction: 0.55 + 0.01 (stat.)|
+ 0.07 (correlated syst.)

+ 0.01 (uncorrelated syst.)

CMS preliminary PbPb, s, = 5.02 TeV (0.66 nb™)
= ' - T 1T T

centrality: 0-10%
120 < pft <150 GeV

¢ Data
— fit =
I quark jets
B gluon jets

anti-k; R = 0.4
M <1.6

gluon fraction: 0.32 + 0.01 (stat.\
+ 0.14 (correlated syst.) -

+ 0.04 (uncorrelated syst.)
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SIS 20 B gluon jets
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Using vacuum PYTHIA
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Compact Muon Solenoid

A] is sensitive to parton flavour
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