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Side-to-Beam Along-Beam
View View

Direct measurement of the A ‘O 0'—
parton energy loss in the QGP

with photon-jet events.

Isolated photons are B '.'

unmodified

Access to the initial parton Y
energy via isolated photon U

Access to the final parton D

energy via jet reconstruction

Remove the “surface bias” which
dijet events suffer C

N,

Jet
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Observables

e Azimuthal decorrelation:

|Ag, |, and its parametrized width o(|Ag, |)
* Transverse momentum ratio:
X;, = pPe/prY, and its mean (x, )
* Fraction of photons with associated jets: R, |
*  pr¥>60 GeV/c (to have sufficient x,, phase space) :

o p°> 30 GeV/c (constrained by efficiency)
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Signal Definition

| |
Compton \]i E i Bremsstrahlung \I\‘(\,\_
Annihilation >\N¢‘ | Fragmentation \l\é
................... | I_
Yoo A A S
PV Y0y
Final state ! V
ISOLATED ': not :“ ISOLATED
‘ . differentiable™._

e Sumlso =uncorrected Track + ECAL + HCAL E;inR< 0.4

e Genlso = generator level particle energy in R < 0.4

» Isolated prompt (non-decay) photons with Sumlso < 1 GeV
e Comparison to MC definition Genlso < 5 GeV

e Sumlso = Genlso due to PbPb underlying event fluctuation
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Isolated Prompt Photons in CMS
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* Isolated prompt photons in 2010 PbPb Data
 Yield matches pp NLO X (T,,)

Yue Shi Lai (MIT)



Photon-Jetin 2011 CMS PbPb

HLT photon trigger

Fully efficient for p;¥ > 40 GeV/c

E
CMS CMS Experiment at LHC. CERN

~ x| | Data recorded: Sun Nov 20 15:40:27 201§ CEST
Run/Event: 182124/ 14862421
Lumi section; 374
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Signal Selection: Photon Isolation

Photon Selection Cuts

¢ |zvertex| < 15 cm

e (1-E/E)<09
(Index 1: highest crystal, 4: 4
adjacent crystals)

1T a e Seed supercluster
|At| <3 ns
] ] e H/E<O0.1
) AR ; AR .
/ 7 ] / 7 ]  No electron candidate
/ / / /
ANRNENEEP; ANRNENEEY; * Sumlso<1GeV
; il / il An® Shower shape cut defined
17 17 n next slide)

/ /
/ ECAL / HCAL

ECAL — _ p_cand '
* Is0, == P+ 3 prc0a PY
° |SO4UE—sub,ECAL — |SO4ECAL _ <pTBackground,ECAL>

* Analogously for track, HCAL (without — p;<nd)
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Isolation in Data
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0.4 subtraction
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background energy subtraction background energy subtraction

Non-isolated

| E, (GeV)
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Y. Kim, QM 2011
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Signal Selection: Stat. Subtr. of Decay Photons

Entries
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0.005 0.01

E; > 60 GeV

30% - 50%
Purity(o,, < 0.01) : 79% ]
£5% (stat) ]

E; > 60 GeV
0% - 10%

Purity(c,, < 0.01) : 73% ]
+ 4% (stat)

0.02

0.015
shower shape (o

0.02
TIT\)

Shower shape

Omm = Y25 win = Nsxs) /275w,
w;=max(0, c+In E/E )

Decay photons largely removed by
cuttingon o,, <0.01

Remaining contribution of decay
photons removed using predicted
0,,, distribution

Shape of background o, , found
data driven using photons failing
the Sumlso cuts




Signal Selection: Jet
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* Anti-k; particle flow jets, R=0.3 1

* UE estimation/subtraction using ¢-ringsin n, PYTHIA + HYDJET
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excluding jet candidates (two iterations) %) o Joa :
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Background processes

Signal photon-jet Background from dijet Contribution from
uncorrelated multiple
interaction/fake

£ \ Jet £ A Jet p N JEt

.":.: \ \ X .’:.,.' R .
5 L)

Photon Background photon  Photon
from jet

Remove data-driven by shower shape = Remove by data-driven template
from event mixing
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Statistical Subtraction

- (b) |8 =2.76TeV
I Ldt=150ub"
A Data, cf. Slide 13

30% - 50%

Background Photon-Jet

Background Photon-UE /

Ao,
Combinatorics
Photon-UE Estimated from event mixing
Combinatorics method using minimum-bias
N\ __—" data
X
_ —p
: : A

Signal region
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Statistical Subtraction
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Analysis Flow Chart

Shower shape Ve e
Signal like
Su E)pi E reCjclegciiEe IS 0,;,<0.01 Cross check the

Passing loose photon ID
H/E<0.1
Photon isolation
Energy correction

~

Shower shape
Background like
0.011<0,,<0.017

Dijet Background subtraction
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N .
e energy correction

Anti-kT 0.3
pile-up subtracted
Jet candidates |n|<1.6

Electron rejection
Remaining contribution
1-3%

!

Leading Cluster

Selected Jet
candidates

Shower shape
Signal like
0,,<0.01

Photon Candidates

Exclude photon candidate
|AR| > 0.3 w/r to leading photon

Selected Jet

Photon Candidates- AllJet

|Ag| > 711/8

Photon Candidates- All Jet
Signal region

/\Event Mixing

\ 4

Photon-Jet correlations in
MIXED events

Photon- All Jet
Signal region

Photon-Jet
Final result
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JF (c)p! >60Gevic || <1.44
T

pft >30GeV/ic I <16

Pair Fraction

Jy Aq)

e Distribution is consistent with pp & PYTHIA
tune Z2 + Hydjet

* To quantify the centrality dependence,
peak region is fit with an empirical formula

1 AN7et plAp—) /o

N71-jet dﬁ(f?h (1 — E'_’"”rg) o
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(@) CMS Preliminary 1 (b) e PbPb Data (c) p!>60Gevic <144 1 (d) {5, =2.76TeV
2 -— - pp Data —“— PYTHIA + HYDJET —_ p:Jrel = 30GeV/c hTJetl <1.6 -“— .
i 1 . 1 Ldt=150ub
A0, >gt 1 *
30% - 50% + 10% - 30% + 0% - 10% -

e Momentum ratio shifts/decreases with centrality
 Unitary normalized distribution, points anticorrelated

* Red/blue boxes try to indicate possible, anticorrelated
systematic variation
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* Angular width o(|Ag,|) is
consistent, both PbPb to
pp and PbPb to PYTHIA
tune Z2 + HYDJET

 Significant deviation of
(x,,) PbPb compared to
PYTHIA tune Z2 +
HYDJET, significance of
PbPb vs. pp is weaker
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* Angular width o(|Ag,|) is

consistent, both PbPb to
pp and PbPb to PYTHIA
tune Z2 + HYDJET

Significant deviation of
(x,,) PbPb compared to
PYTHIA tune Z2 +
HYDJET, significance of
PbPb vs. pp is weaker

e The centrality

dependence is mostly
visible in R, (jet p;
shifting below the 30
GeV threshold)
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Isolated Photon Definition (System. Uncert.)
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e Comparison of Sumlso < 1 GeV reconstructed photon to
Genlso < 5 GeV generator photon

e Genlso/Sumlso difference quoted as a systematic
uncertainty
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 Measurement of isolated prompt photon+jet correlation
* Direct observation of jet energy loss vs. initial parton energy
 Shift of associated jet towards lower p; with centrality:

— Significant fraction of jets are shifted to p; < 30 GeV/c

— Observation of significant shift of jet-photon p;ratio with
respect to MC

 Shift with respect to pp is less significant due to large
pp statistical uncertainties

 No measurable change in Ag,, extends to p;/*' = 30 GeV/c
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