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Introduction

Motivation : characterization of the jet energy loss using Z+jet pairs

CMS Experiment at LHC, CERN C
Data recorded: Mon Dec 7 06:42:40 2015 CET Muon 1,
Run/Event: 263410 / 4195409 pt = 32.66
Lumi section: 106 eta =-0.435
phi=1.958 : X
i I

\
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Jet 0,
et=101.90
eta = -0.350
phi =-0.063

eta = 0.076
phi =-3.027
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Jet energy loss - dijet
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Jet energy loss - photon+jet
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Jet energy loss - photon+jet

Photon+jet - PYTHIA 6 22 Truth __ guuon i

y : No strong interaction "2 y-jet pi > 30 GeV = lr:%gwuqagrlz
Clean probe @ 1) y
Higher quark jet fraction % 0.8
Background .E 06

Jet fragmentation =

o
n

Neutral meson decay

o
(N

Latest photon+jet results, 0
Chris McGinn's talk in the next session :
“Photon-Jet Correlations in pp and PbPb
collisions at 5.02 TeV with CMS”

Gamma-jet
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Jet energy loss - Z+jet

Z+jet " PYTHIA 6 Z2 Truth __ i
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Jet energy loss - Z+jet

Z+jet " PYTHIA 6 Z2 Truth __ ]

gluon .
== light quark —
Bl heavy quark

-
\}

- Z-jet pZ > 30 GeV

Z - > 1l : No strong interaction

—

Clean probe o
2
Higher quark jet fraction %5 0.8
C
NO Background Q
T 0.6
Low production cross-section I_%
0.4
Possible with the high statistics PbPb 0.

and pp data at sqrt(s) = 5.02 TeV

lepton2
leptonl
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Analysis : Z+jet

« Data used in Z+jet analysis:

2015 PbPb data at 5.02 TeV, 404 ubt

focus on 0-30 % centrality
2015 pp data at 5.02 TeV, 25.8 pb!

* Analysis steps :
1. Select electron and muon triggered data
2. Reconstruct Z bosons, reconstruct jets

 Smear jet spectra in pp
3. Make Z+jet pairs

» Background subtraction (for PbPb only)
4. Combine Z+jet pairs from muon and electron channels

Final plots :

Distributions are normalized by number of Z events.

| Z
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Z Boson reconstruction
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Smearing jet spectra

« Jet energy resolution and jet angular resolution differ between pp and PbPb due to

underlying event, so

Estimate relative resolution between pp and PbPb using simulations
Smear jet spectra in pp using this relative resolution

« Smearing jet energy

Parametrize jet energy resolution via

2 2
_ 2, S N
_\/C + GEN + GEN

pr " (pr )

RECO

Pr
GEN

Pr

o

Fit C, S and N parameters and apply relative resolution via

PbPb~ “~pp GEN + ( GEN)Z

G :\/(Cz Cz )_I_('SlZJbe_Sip) (szabpb_Nip)
“ Pr Pr

« Smearing jet azimuthal angle

2 2
Use same parametrization as in jet energy resolution g(|¢RECO—¢GEN|):\/C2+ ‘ZEN+< Z(XENY

Pr T

Apply relative resolution in the same fashion
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Z Bosons

- electron channel : p.¢ > 20 GeV/c?, [ne| < 2.5 pff
- muon channel :p#> 10 GeV/c?, |n¥| < 2.4 | .«d»

— opposite charge pairs e

- p;#> 60 GeV/c (for Ap,, and x,, distributions) | ;

- 70<M, <110 GeV/c? ==> 232 Z boson events in PbPb ' >
Jets 673 Z boson events in pp

- Anti-k; jets, R=0.3 A (I)JZ
- p,et> 30 GeV/c Vv

- I <16
Z+jet pairs

- All jets which meet the given kinematics are included,

not just leading.

Apply MinBias event mixing to subtract background | pi

(PbPb only)

11 Hard Probes 2016 |1




Background Subtraction

Background source : Jets from underlying event CMS-PAS-HIN-15-013
. CMS Preliminary {s,, = 5.02 TeV 393 ub™” (PbPb)
qeﬁ L L L B L L L L
Subtraction method : 59 [ &5 RawJetData .
. _ o _ ~[2' 251 -+ Background Jet 5
Minimum bias event mixing technique - e Signal Jet ye
» Background contribution is by definition 2_ i;‘;‘; Ve E
not correlated to the Z boson 5[ P > 30 GeV/o E
« Estimate this contribution by correlating - m*l<16 -
the Z boson to jets from matching I ]
minbias events - # & -
0.5 %F ﬁ} —
? jitﬁk—v— g; 4& +4$F = —% ——'——‘i
HRSSEHERSHIR S AR
SIGNAL RAW BKG * * :
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\
Z+tjet event MB event
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Azimuthal Correlation

Azimuthal correlation Deflection of jet ? CMS-PAS-HIN-15-013
Jet 7 VS = 5:02 TeV PbPb 404 ub’', pp 25.8 pb’’
A¢JZ:|(I) _q) | p‘YI_’et 3_IIII|IIII|IIII IIII|IIII|IIII|I_
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\"4 TIZ° [ per>20Gevie, et <25 ]
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C : A
Similar shape in general. \

0-30% PbPb has slightly narrower shape at large A@,,.
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Transverse Momentum Imbalance

Transverse momentum imbalance  energy loss ? | CMS-PAS-HIN-15-013
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X, IN 0-30% PbPDb shifts to lower values wrt. pp.
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Mean Value of Momentum Imbalance

<X,,> : Mean value of transverse momentum CMS-PAS-HIN-15-013
Imbalance - . . )
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Average Number of Jets per Z Boson

R,, : Average number of jets per Z boson CMS-PAS-HIN-15-013
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Comparison with photon+jet results

CMS-PAS-HIN-15-013 CMS-PAS-HIN-13-006
VSpn = 5-02 TeV PbPb 404 ub™, pp 25.8 pb™
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Z+jet at 5.02 TeV vs photon+jet at 2.76 TeV
Photon rapidity : [n¥] < 1.44
Same kinematic selections for jets.
Agreement within statistical uncertainties
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photon+jet results at 5.02 TeV
Chris McGinn's talk in the next session
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Summary

Studied Z+jet pairs in pp and 0-30% centrality PbPb data at 5.02 TeV
Comparison between pp data and MC model :

- MADGRAPH NLO is in good agreement with data
Characterization of jet energy loss using Z+jet pairs :

Z+jet at 5.02 TeV
CMS-PAS-HIN-15-013

Transverse momentum imbalance : - CMS pZ > 60 GeV/c
) ) 1.2— Preliminar ! 2
X,, in PbPb has a shift to lower values. - Y , o< <TI0 Bevie
- . PbPb, 0-30 % pi >10 GeV/c, M| <24 7
<x,,> in PbPb is lower than in pp. 1™ 6l smeared pp Py > 20 GeVic, In] < 2.5
L anti-k; Jet R=0.3
In agreement with jet quenching effects . Pl > 30 GeV/ic _]

jetq g NI 0.8 % A
] A : <16 ]
Average number of jets per Z boson : 25 : K T
. . i ~|->0.6— iz~ 8 —
R,, in PbPb is lower than in pp. = B + | % i
Suggests that in PbPb larger fraction of associated 04 * : B
jets lost energy and fell below the jet p, threshold 023 ! -
Comparison with photon+jet results at 2.76 TeV l t i ‘1 + -
L - - e T T RN S L LR
- Agreement within statistical uncertainties IR Y R B IR IR -

02 0.4 0.6 0.
_ nlet/nZ
Xz =Py /pT

Links :
CMS-PAS-HIN-15-013
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https://cds.cern.ch/record/2156179
http://cds.cern.ch/record/2156179/files/HIN-15-013-pas.pdf

BACKUP

CMS /1
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Z+jet events have higher Q
scale than photon+jet.

" PYTHIA 6 Z2 Truth
pZt > 30, pj:t > 30 GeV
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<
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Q (GeV)
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Comparison with photon+jet results

CMS-PAS-HIN-15-013 CMS-PAS-HIN-13-006
VS = 5-02 TeV PbPb 404 pb™', pp 25.8 pb™
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- . L\ S, =< e =
08E . Pbe, 0-30 % + E 0.8 i ‘ NN ]
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0.6 ’ —f 0.6 pp 5.3 pb” e -
N - ] i I
I_’ 0.5 + —
0.4 ‘ = ¢ .
0.3( v 70 < M'< 110 GeV/c? —
- anti-k; JetR=0.3 - | _
025 + p#et > 30 GeV/c, |nJet| <1.6 E 0.2 i ¢ ® PbPb 0-30% i
0.1+ A9, > En {® Smeared pp reference
O:|||||||||||||||||||||||||||||||||||||||: 0-||||||||||||||||||||||||||||||||||-
40 50 60 /70 80 90 100 110 120 40 50 60 70 80 90 100
pZ (GeV/c) p; (GeV)
T

Z+jet at 5.02 TeV vs photon+jet at 2.76 TeV
Same kinematic selections for jets. Photon pseudo-rapidity : [n¥| < 1.44
agreement within statistical uncertainties
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Relevant Results

- ATLAS collaboration
— 2011 PbPb, 2.76 TeV
- 36 Z+jet events

ATLAS-CONF-2012-119
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Relevant Results

CMS collaboration
- 2011 PbPb, 2.76 TeV
- photon+jet events

CMS-PAS-HIN-13-006

1-||||Illllllll|||||||||||||||||||||--IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII--IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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L - B
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¢
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Relevant Results

- CMS collaboration
- 2011 PbPb, 2.76 TeV
- photon+jet events

CMS-PAS-HIN-13-006

1_1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII--IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII--IIIIIIIII IIIIIIIIIIIIIIIIIIIIIIII-
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CMS i -
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Relevant Results

Studies of jet quenching using isolated-photon + jet correlations in PbPb
and pp collisions at sqrt(s[NN]) = 2.76 TeV

— CMS collaboration
- 2011 PbPb, 2.76 TeV

- photon+jet events PLB 718 (2013) 773

S B L L LA  B  AL L B L L B LI
F (a) m pp Data 1() e PbPbData () pi>60GeVic 'l<144 1 (d) \/Sp=2.76 TeV CMS ;
oF + Z7 PYTHIA + HYDJET ] & ]

Py >30 GeVic W™l <1.6 T —%

- 1 ] Ao >Lin 1
= %‘15' T N = w8 T
Zls 50% - 100% | f{- 30% - 50% 10% - 30% |
= 1F Y 1 T oy 1
0.5F + ‘ H -
; / | 1 7 ; I

L L I L L I*--I 1 L

1.5

Ldt=150ub” ]
%T 2 0% - 10% ]

P PR R R T
O.5X _ 1Jet/ Y _ Jet/ ) _ Jet/ '
w =Py 7Py Xoy = Pr /P; Xy = Pr /Py
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