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e Direct measurementof the

Side-to-Beam Along-Beam
View View

parton energy loss in the QGP " AO 0._

with photon-jet events.

e Isolated photonsare
unmodified

e Remove the“surface bias” which

dijet events suffer

e Access to the initial parton C

O
= O

N,

energy via isolated photon

o Access to the final parton

g
energy via jet reconstruction D U ?

S See also Y.-J. Lee, Session llIC (Tuesday)

Jet
P. Stankus, Ann. Rev. Nucl. Part. Sci. 55,517 (2005)
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Observables

* Azimuthal decorrelation:|Ag, |, and its parametrized width
0(|A(pjy|)

 Transverse momentum ratio:x,, = pr*/p;Y, and its mean (x;,)

 Fraction of photonswith associated jets: R,

* pr¥>60GeV/c(to have sufficientx,, phase space) _

e pet> 30 GeV/c(constrained by efficiency) r’
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Signal Definition
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/" Leading order /~ Higher orders
i Compton \]i‘ i E Bremsstrahlung \I\q\,\_ i
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e Sumlso=uncorrectedTrack+ECAL+ HCALE; inR<0.4

* Genlso=generator level particleenergyinR < 0.4

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

— « Sumlso # Genlso due to PbPb underlying event fluctuation
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Isolation in Data
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Signal Selection: Stat. Subtr. of Decay Photons

Entries
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Shower shape

Om = 22> w;(n;— ’75x5)2/zi5x5 Wi
w;=max(0,c + In E/E5 « 5)

Decay photonslargely removed by
cuttingon g,, < 0.01

Remaining contribution of decay
photonsremoved using predicted
0, distribution

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




Signal Selection: Jet

e Anti-kyparticle flow jets, R =0.3 s g=8—g—0—o—o—
* UEestimation/subtraction using @-ringsinn, 0.9 _ PYTHIAHYDJET
excluding jet candidates (two iterations) g - Joan :
D 08 -50% .
* Reconstruction > 90% efficientfor p/et>30 & e
GeV/cin PbPb 0.7 PanicITe Flow Jets -
* Jetenergy resolution parametrizedin 0.6F -
arXiv:1205.0206 I SRR
'%0 30 40 50 60 70 80 90 100
i i — | p;* (GeV/c)
E';_ 04 o E _:_ Isol. y-jet 1 E
2 0al Aniik,, PF. R 0.3 1 Pyﬁﬁlq.ﬂmﬁlzm [ cmeenes R :
9{02:3 ¥ i ] £ e 8 LF . :
g0 Ty i e, T "58e,, 1 "Eiise., o
3 01f h&‘!}g ?r;- g‘g’gﬁ %ﬂﬁg&s s m$¥$*‘?ﬁ Sf
% [50-100% 1 30-50% 10-30% 1 0-10%
A g T S T 'I T '*
% 1-0;t"#'*'s'li‘ﬂ'i'%g"ﬁ"g;;'s"'*"3'Q»'v;*'g'%"3"g"xg‘;‘z\;"#"*'w'nr%'g'i'g"g"g;—z:r---zk-#-s-ax?i’ﬁ'a"g"g‘i
[0} [ I [ I -
5:—0-95— ;iiggg E" ..E-- m“ . i-l[f i.-i!! Q_
% 0'8;_ !.!i T -iii! T am®® I L R -
CMS % (}.75—. " E: gz‘:ectad
) C 4b 5.0 — 160 260 4;] 5;] I ' ‘1(;[} 260 46 5b — l‘lil)(] 260 4;] 5‘0 — ‘160 260
r‘, | GenJet Py (GeV/c) GenJet Py (GeVic) GenlJet P, (GeVic) Genlet P, (GeVic)
Yue Shi Lai (MIT)




Analysis Flow Chart

Showershape ............. Z t ........................
Signal like O €€
Su PEr Clusters 01<0.01 Cross checkthe

spike rejection

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

N

Shower shape
Background like
0.011<0,,,<0.01

Dijet Background subtraction
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>! energy correction

Electron rejection
Remaining contribution
1-3%

Leading Cluster

Shower shape
Signal like
07n<0.01

Photon Candidates

Anti-kT 0.3
pile-up subtracted

Jet candidates |n|<1.6

!

Selected Jet
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Exclude photon candidate
|AR| > 0.3 w/r to leading photon
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Background processes

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

Photon Background photon  Photon
from jet

Remove data-driven by shower shape  Remove by data-driven template
from event mixin
tf/—‘(_ om event g
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Statistical Subtraction

E ] I ) L] I L] I ] L] I ]
- (b) \5,,=2.76TeV

Step 1: Remove the UE combinatorics '_ J Lat=1s0u”

4 (fakejet/multiple interaction) contribution Data, cf. Slide 13

Background Photon-Jet

Background Photon-UE /

Combinatorics

Photon-UE Estimated from event mixing
Combinatorics method using minimum-bias
AN __— data
]
S — —p-
« . Ap
t/-‘.g Signalregion
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Statistical Subtraction

Step 2: Remove the decay photon waf- ;
4 contribution %m- .; El » 60 GeV -'

ana b e 10%-30% 1
- 47 L]
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3 ' 1 1

F (a) ® PbPb Data ¥ (b) & =

F ZZ3 PYTHIA+ HYDJET | \Syy=2.76 TeV
I m ppData r_

10"F Al
F 50% - 100% :

Angular Correlation: dN/d|Ag, |

J-Ld1=150|.1b'1

Pair Fraction

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

arXiv:1205.0206, submitted to PLB
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Transverse momentum Ratio: dN/dx,

(a) m ppData (b) e PbPb Data () pl>60Gevic [n'|<1.44
2 :— —::— PYTHIA + HYDJET - p:Jret = 30 GeV/c I.rl.Jetl <1.6

5| 51.5f

- L
4= 1

0.5F

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

* Open/shaded boxes try to indicate possible, anticorrelated
systematic variation

arXiv:1205.0206, submitted to PLB
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Angular Correlation Width: o(|Ag,, |)
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035y O PYTHIA 4 pp and PbPb to PYTHIA
~.03F 3 tuneZ2+HYDJET
So25F i 0 $ E
S 02f- E
0.15 - p.>60GeV/c [n'|<1.44 E
0,1%— ;" >30GeV/ic ™| <1.6 _E
0.05F =
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Npart
CMS,
P 9 arXiv:1205.0206, submitted to PLB
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Mean Momentum Ratio: (x, )
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Significant deviation of
(x;,) PoPb compared to
PYTHIA tune Z2 +
HYDJET, significance of
PbPb vs. pp is weaker
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Fraction of Observing the Correlated Jet: R,

- (b) CMS 1
0.9-Ad 5> %ﬂ e PbPb Data .
- O PYTHIA + HYDJETA
0.8 [ [ | PP Data _
i O PYTHIA i
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The centrality
dependenceis mostly
visible in R, (jet py
shifting below the 30
GeV threshold)
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 Measurementofisolated prompt photon+jet correlation

e Direct observation of jet energy loss vs. initial parton energy
 No measurable change in Ag;, extends to p/*' = 30 GeV/c
 Shift of associated jet towards lower p; with centrality:

— 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

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

Yue Shi Lai (MIT)
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MC Reference: EM + QCD Hard Scattering

e CMSSW_4_4 2 patch3
global tag STARTHI44_V7

e PYTHIA tune Z2, D6T as
cross check

 Prompt photons (LO/direct
+ fragmentation)

. pr€{15,30,50, 80} GeV/c

e Underlying event (UE)
using HYDJET 1.8 (DRUM)
— fits CMS random cone UE
data

Yue Shi Lai (MIT)
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Collisional Centrality

Scrrrrrerrrrrrerrrtrrr et rrris
CMS Preliminary
ts

Minimum bias collision even

e CMS uses HF for 1
experimental i
determination of centrality ©

II[|T|_|'|'ITI'I'|T|

HLT_Photon40

10°

* Number of participants Ny,
describes the nuclear

104

IIIIIﬂT|_|_|-|'|T|'|T| IIlllTﬂ] IIII|Tﬂi TTT

Event Fraction

o
overlap (experiment -
independent) 0k

 Correlation of centrality and 'k
Ny, determined using ‘° '
Glauber geometry o7

-11 j
CaICUIation (HIJING/AMPT) 10 -4‘,4‘. AN NN AN AN AN AN A RN A AN A RN A A

‘:> Centrality Bin @

Yue Shi Lai (MIT)




MC Reference: PbPb UE
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Photon-Jetin 2011 CMS PbPb

- v ; ;

CMS CMS Experiment at LHG; CERN .~ = _ —
— ' | |Data recorded: Sun Nov 20 15:40:27 2013 CEST ;

\| Run/Event: 182124 / 14862421 [
Lumi section: 374 :
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L0020y,
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Isolated Prompt Photons in CMS

CMS \'s,,=2.76TeV L, ,(PbPb)=6.8ub" L;,(pp)=231 nb" CMS \'s,,=2.76TeV L, (PbPb)=6.8 ub™ L,.(pp)= 231 nb"
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* Isolated prompt photonsin 2010 PbPb Data
e Yield matches pp NLO X (Txa)
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Signal Selection: Photon Isolation

Photon Selection Cuts
¢ |Zvertex| < 15 Cm

= T - g (1 —E4/E-|)<O.9
(Index 1: highest crystal, 4:4
adjacentcrystals)
41 2R 43R e Seed supercluster
I / I / |At| <3 ns
R A * H/E<O.1
i A * No electron candidate
VA e Sumlso< 1GeV
/ / An® Showershape cutdefined
/ ECAL / HCAL N nextslide)
/ /
i Y

ECAL — d ]
* 150" =—pr+ 3 AR <04 PY
° |SO4UE-sub,ECAL — |SO4ECAL _ (pTBackground,ECAL) -

 Analogously for track, HCAL (without —p;©ad) ~ -aR
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Cross Check: PYQUEN Closure

L e - L B e e e e L L ——
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e Inserta possible model of energy loss and

follow through the analysis chain
e Analysis closes on PYQUEN energy loss
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Summary of Systematic Uncertainties: o(|Ag,

Source __________|pp__50-100% |30-50% |10-30% |0-10%

Y purity 6.8% 6.8% 2.7% 0.5% 0.9%
y p7 threshold 3.0% 3.0% 3.0% 2.0% 1.2%
Jet pr threshold 1.3% 1.3% 0.2% 0.5% 2.4%
Isolated y definition 0.7% 0.7% 1.6% 2.0% 0.5%
Fake jet contamination 0.3% 0.3% 0.1% 0.2% 1.2%
y efficiency 0.8% 0.8% 0.3% 0.3% 0.3%
Jet efficiency 0.6% 0.6% 0.7% 0.4% 0.3%
e* contamination 0.5% 0.5% 0.5% 0.5% 0.5%
Jet ¢ resolution 0.5% 0.5% 0.5% 0.5% 0.5%
o fitting 0.3% 0.3% 0.1% 0.1% 0.1%
Total 7.7% 7.7% 4.5% 3.0% 3.2%

e y purity dominatesdue to different mixture of direct vs.
Chs | fragmentation photon

p-thresholdinfluences the selected kinematics

Yue Shi Lai (MIT)



Summary of Systematic Uncertainties: (x,

Source  |pp  |50-100% |30-50% |10-30% |0-10%

y—jetrel.energyscale 2.8% 4.1% 5.4% 5.0% 4.9%
Yy purity 2.2% 2.2% 1.9% 2.4% 2.7%
Jet pr threshold 0.7% 0.7% 1.9% 1.9% 2.0%
Isolated y definition 0.1% 0.1% 0.7% 0.4% 2.0%
vy pr threshold 0.6% 0.6% 0.6% 0.6% 1.3%
Jet efficiency 0.5% 0.5% 0.6% 0.6% 0.5%
e* contamination 0.5% 0.5% 0.5% 0.5% 0.5%
Fake jet contamination 0.1% 0.1% 0.1% 0.2% 0.1%
y efficiency <0.1% <0.1% <0.1% 0.1% 0.2%
Total 3.7% 4.8% 6.2% 6.0% 6.4%
Correlated 3.6% 3.6% 3.6% 3.6% 3.6%
Point-to-point 0.9% 3.2% 5.1% 4.8% 5.3%

CMSe# | Correlated =min.uncertainty for y—jetrel.energy scale @ y purity

Yue Shi Lai (MIT)



Systematic Uncertainty: Decorr. for (x,

Source  |pp  |50-100% |30-50% |10-30% |0-10%

Total 3.7% 4.8% 6.2%
Correlated 3.6% 3.6% 3.6%
Point-to-point 0.9% 3.2% 5.1%

6.0% 6.4%
3.6% 3.6%
4.8% 5.3%

e Total = correlated @ point-to-point, or
Point-to-point = Total & correlated

* Correlated describesthe overall (x,,)
sensitivity

— shifts all {x, ) points simultaneously

— normalization-like

\ Sy =2.76TeV —

det=150ub'1

e Point-to-pointdescribes pp and PbPb
centrality dependence

0-6|||1|

0
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Summary of Systematic Uncertainties: R,

Source __________|pp__50-100% |30-50% |10-30% |0-10%

Jet p; threshold 1.4% 1.4% 2.3% 2.6% 2.7%
Y purity 2.3% 2.3% 1.9% 0.2% 0.9%
y p7 threshold 2.0% 2.0% 1.9% 1.3% 2.1%
Jet efficiency 1.5% 1.5% 1.7% 1.8% 2.1%
Fake jet contamination 0.4% 0.4% 0.8% 1.0% 1.4%
Isolated y definition 0.2% 0.2% 0.6% 1.3% 0.8%
e* contamination 0.5% 0.5% 0.5% 0.5% 0.5%
y efficiency 0.2% 0.2% 0.2% 0.5% 0.5%
Total 3.7% 3.7% 4.1% 3.9% 4.5%

e Fully datadriven,vary analysis by expected uncertainties
« Nonmonotoniccentrality dependence dueto statistical limitation

* R, is notunitary normalized, and therefore more sensitive to the
CMS~ 1 jet/photon sample and jet efficiency




Jet/Photon Relative Energy Scale

Energy Scale Source m 30-100% | 0-30%

pp jet-yrelative (missing E; projection fraction) 2% 2% 2%
pp data/MC difference 2% 2% 2%
Heavy ion UE on jet (PYTHIA + HYDJET 1.8) — 3% 4%
Heavy ion UE on y (PbPb ECAL © pp ECAL) — <1% <1%
Total relative 2.8% 4.1% 4.9%
pp ECAL — 1% 1%
Total absolute 3.0% 4.2% 5.0%

e Jetenergyscale =jet-yrelative @ ECAL absolute (next slide)
e Sampled jet prrange is well calibrated (no extrapolation)
* Relative energy scale directly shifts x;,

Absolute energy propagates into p; thresholds

Yue Shi Lai (MIT)



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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