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Motivation for Gamma-jJet Measurements
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Strong Probes have surface bias

* Pure-strong probes (dijets)
occur frequently (high
statistics)

* Dijets have two drawbacks:
- Surface bias Of data Sample High statistics, with surface bias

- Loss of information about
initial energy
« Solution: tag strong probe .w“ﬁ%
(jet) with EW probe
(photon)

Lower statistics, without surface bias
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Observables

 Azimuthal decorrelation: [A¢, |, and its

Jet
parametrized width o(|Ag, |) Pr
 Transverse momentum ratio: x, =p/¢/p.v, and ‘4»»
its mean <x, > | ’
- Fraction of photons with associated jets: R,
< - = Generator (PYTHIA tune D6T) 3 ' = Generator (PYTHIA tune D6T) ‘A (p] ‘
% . » Generator + smearing %‘ | Generator + smearing v, Y
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Background

g

» Background from: /é

- Underlying Event P

Bremsstrahlung |

- Decay photons (m?, n)

- Higher order processes / P
 Bremsstrahlung q D g
 Fragmentation g .. q

* Rejected using /

- underlying event subtraction  ragmentation |

- Isolation requirement
q/ &L p
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« Signal - isolated photons

« Background - suppressed by isolation
requirement

;...,,,,..--'-"'Leading order | Ve H igher orders

Compton \]il“ Bremsstrahlung \l
Annihilation >\“Hv Fragmentation \I\ ;
;‘ _..:-""“' %‘ st ¢ RO, """"""'--:.4,,‘A

Final state

not differentiable
ISOLATED ~ |ISOLATED| NON-ISOLATED

s
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Experimental Techniques

CMS: Phys. Lett. B 718 (2013) 773
ATLAS: ATLAS-CONF-2012-121
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Kinematics Comparison

CMS ATLAS

« Anti-k; particle-flow jets,  Anti-k; jets, R=0.3, UE subtracted
R=0.3, UE subtracted . pJet> 25 GeV

o pJet> 30 GeV

o |net] < 2.1
* |rpet] < 1.6 - Ap > 7T/8
» Ap > /1/8 . 60 GeV < p,¥ < 90 GeV
e p¥> 60 GeV . |nv] < 1.3
e |nv| < 1.44 « Centrality bins: [80-40], [40-20],
. Centrality bins: [100-50], [50-  120-101, [10-0]%
30], [30-10], [10-01% . *Only events with (p/et)/(p,v) >

 ALL jets in each event which 25/60 considered
meet criteria are included, not -« *Only the leading jet in each
just leading. event considered
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ATLAS UE Subtraction

Find Seed Jets
(track jets 2" iter. only)

Find mean energy and v,
Ignoring seed jets

N /
\ /
\ /
\ /
NS
\

Subtract energy and v, . Recalculate final jet
1% Pass from cells ~~  energy from seeds
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CMS lIsolation

 Photons associated with a track are rejected to
reduce electrons

e Cut on the ratio of hadronic calorimeter energy
to electromagnetic energy, H/E < 0.1

« After UE subtraction, the energy in R=0.4 cone
around photon in tracker and calorimeters is

- sumlso = tracker Et + ecal Et + hcal Et
e sumlso is required to be below threshold

- Data: 1.0 GeV

- MC: 5.0 GeV (particle level isolation, counting only
energy from same hard interaction)
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CMS lIsolation

0.4
0.3 4
0.2

0.1 <
0 2 §—> g
ui

-0.1
0.2 1" Background

-0.3 o energy

0.4 subtraction
-0.4-0.3-0.2-01 0 010.20.304 ! -0.4-0.30.2-0.1 0 0.10.20.304
BEFORE A7 AFTER M1
background energy subtraction background energy subtraction

4
. Non-isolated
2
5 =
[}

0 )
K ui
2 >
3
4

-0.4-0.30.2-01 0 01020304 ! -0.4-0.3-0.2-01 0 0.10.20.304

BEFORE A1 AFTER AN
background energy subtraction background energy subtraction
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ATLAS Isolation and Shower Shapes

e Calorimeter energy in R=0.3 cone around
photon < 6 GeV

9 shower shape variables used to reject jets
and hadrons, broadly classified in three
cateqgories

- Second sampling layer shape information
- The ratio of hadronic energy to photon energy
- High granularity strip layer shape information
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CMS Purity Measurement

0.005

C

0.005 0.01

. Template fitting method used to of  cMSPreliminay & o
reduce decay background further 70E JLdt=15°ub"‘ E: E
C —o— Pb+Pb \'s =2.76 TeVy 3
. Define Shower shape variable PE § B pogrourd § :
g °F E; > 60 GeV E \3\ E;>60GeV
Z W,-(T],-—<TI>)2 E 40 50% - 100% = + 30% - 50% _
. 30 E Purity(c,, < 0.01) : 84% 3 Purity(c,, < 0.01) : 79% 3
O — ! = < 1 8% (stat) ] \ +5% (stat)
nn Z w. 200 = =
i l 103— —E
E. S :
600 = =
w,=max (0,c+In ——)
5x5 500 — ‘
Signal distribution comes from ol . _ .
pythia+data . \ + ]
. . . 3001 v _ S .
Background distribution comes from & Br > 60 GeV Er > 60 GeV
data with 6<sumlso<11GeV 200{- 4 10%-30% 1 n 0%-10% 4
\ Purity(s,,<0.01) : 77% | \ Purity(c,, < 0.01) : 73% ]
Decay photons largely removed by ot B e £ 1
cuttingon o,, < 0.01 :
0

0.015 0.02

0.02 0. 0.02
« Remaining contribution of decay shower shape (o, shower shape (o)
photons removed using predicted
purity value
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ATLAS Purity Measurement

» Double Sideband -
Technique
. Non-tight C D
« Photon candidates o
binned on two axes I N R
- Isolation energy o
- Tight or loose cut HiTight| A B
' . Nobs stg
Nzg:Nst_(NOBbS_CBNzg)ENobs NSlg)> 0o 5I — '1|0' — |1|5‘ 20
g E-(R_=0.3) [GeV]
c.= N , From pythia+data Centrality 1-P
! sig
N 0-10% | 16+ 6%

10-20% 21 £ 9%
20-40% 23 + 8%
40-80% 25 + 12%
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Experimental Results
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No jet deflection observed
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Shift to lower X, with centrality
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Significant loss of jet partners with

centrality
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CMS and ATLAS consistent within

uncertainties
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ATLAS Results as made public
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ATLAS-CMS Results on ATLAS axes
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Theoretical Comparison
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Theory: LBT

« arXiv:1302.5874 X-N Wangq, Y. Zhu

 Linearized Boltzmann Transport model of jet
propagation

e Includes

- Elastic parton scattering
- Induced gluon emission
- recoiled medium partons
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Reproduction of experimental data

A 1 =
< N B e
Vo b O ATLAS — LBT: ATLAS

I e CMS ~LBT:CMS | (75
08 |™ -

: o - ] 0.5

i L | L
0.6

0 250 0 250

Npart Npal”t

Double lines correspond to different tunes of a_
« ATLAS 0.2<a_<0.27
« CMS 0.15<0a_<0.23
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Fragmentation function and jet shape are

sensitive to energy loss mechanism
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Conclusion

« Within uncertainties

- No deflection of jets
- Decrease of p; ratio with centrality

- Decrease in number of partner jets with centrality
* Physics take-home

- Quenching occurs

- Lack of deflection => energy loss mechanism
“soft”

« Future measurements
- Fragmentation function and jet-shape in y-jet
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Isolated Photon Definition (Syst. Uncert.)

025 PYTHIA + HYDJET L
[ 50% - 100% 1 30% - 50% 10% - 30% 0% - 10%
N —o— Genlso Cut I 1 1
0.2 — :*: —o— Sumlso Cut —— == —— —— _+_=¢=
[ + 1 + 4 1 4:::: 1 4
C -+ I +
0151 I T ]
o1k - - 1 g 1 + ~ 1 + +
i I .- I I
C I 1 8= I .
0.05 - - T * - T - T *
r -- 1 1 -.- I =S
1 -2- --- -8-
o—e L. -1 IR B m‘-—l—."‘ |||||||||| ﬁ-.l-h [ ol | » v o 01
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* Comparison of Sumilso < 1 GeV
reconstructed photon to Genlso < 5 GeV
generator photon

* Genlso/Sumiso difference quoted as a
systematic uncertainty

Y. S. Lai QM 2012
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CMS UE Subtraction

e lterative subtraction

« 1st pass calculate average
energy Iin eta rings and
subtract mean + o from all
towers

* Find jets above 30GeV

e 2nd pass calculate average
excluding jets found in 1st
pass, subtract new mean
+ o from towers.

| Alex Barbieri
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ATLAS UE Subtraction

e |lterative Subtraction

e 1st pass: create seed R=0.2 anti-kT
calorimeter jets, calculate mean ET in
An=0.1 strips

e Subtract mean ET and v2 modulation

e 2nd pass: create seed R=0.2 anti-kT
calorimeter and track jets, recalculate mean
ET and v2

e Subtract new mean ET and v2, recalculate
jet energy
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Significant loss of jet partners with

centrality
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CMS and ATLAS consistent within

uncertainties
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Use probes to study new phase.

A new phase of matter is expected in heavy
lon collisions

« Use high-p; probes to study new phase

* Possible probes can be:

- Strongly interacting (jets, hadrons)
- Non-Strongly interacting (photons, Z, W)
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Different probes have different qualities

Strong Probe

e Contains information
about the medium

e Loses information
about initial hard
Interaction

Alex Barbieri

EW Probe

* No strong
Interaction with the
medium

 Preserves
InNformation about
the initial hard
Interaction

Jul 2, 2013 36 Mhir



Combine Strong and EW Probes

e Tag stongly interacting probe (jets) with non-
strongly interacting probe (photons)

- Select very specific set of LO Feynman diagrams
with high-p,photon-jet pairs:
g .

q q g
%) Eﬁgﬁ

Compton | Annihilation |

VAT
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CMS Kinematics

ot « Anti-k; particle-flow jets, R=0.3, UE
Pr subtracted

. pJet> 30 GeV
. et < 1.6

> -+ Ap>T71/8
e p¥> 60 GeV
‘Acpr‘
v ] < 1.44
« Centrality bins: [100-50], [50-30], [30-
10], [10-0]%

* ALL jets in each event which meet
|y criteria are included, not just leading.
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ATLAS Kinematics

« Anti-k; jets, R=0.3, UE subtracted
Pr . pJet > 25 GeV
o |npet| < 2.1
j « Ap > 711/8
> f « 60 GeV < p,¥y< 90 GeV
* |nv| < 1.3

v « Centrality bins: [80-40], [40-20], [20-
10], [10-0]%

- *Only events with (p/<t)/(p,v) >

" 25/60 considered

Iy « *Only the leading jet in each event
Pr considered
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Source __________|pp__|50-100% | 30-50% 1 10-30% | 0-10%_

AW/,

Y purity

y pT threshold

Jet pT threshold
Isolated y definition
Fake jet contamination

y efficiency

Jet efficiency
ex contamination
Jet ¢ resolution

o fitting
Total

CMs, | -
i Yue Shi Lai

6.8%
3.0%
1.3%
0.7%
0.3%
0.8%
0.6%
0.5%
0.5%
0.3%
7.7%

fragmentation photon

6.8%
3.0%
1.3%
0.7%
0.3%
0.8%
0.6%
0.5%
0.5%
0.3%
7.7%

2.7%
3.0%
0.2%
1.6%
0.1%
0.3%
0.7%
0.5%
0.5%
0.1%
4.5%

Quark Matter 2012, Washington DC

0.5%
2.0%
0.5%
2.0%
0.2%
0.3%
0.4%
0.5%
0.5%
0.1%
3.0%

Yy purity dominates due to different mixture of direct vs.

pT threshold influences the selected kinematics

0.9%
1.2%
2.4%
0.5%
1.2%
0.3%
0.3%
0.5%
0.5%
0.1%
3.2%

o



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

y-jet rel. energy
scale

Y purity
Jet pT threshold

Isolated y
definition

y pT threshold
Jet efficiency
e+ contamination

Fake jet
contamination

y efficiency
Total
Correlated

. Point-to-point
z‘ Yue Shi Lai

2.8%

2.2%
0.7%
0.1%

0.6%
0.5%
0.5%
0.1%

< 0.1%
3.7%
3.6%
0.9%

4.1%

2.2%
0.7%
0.1%

0.6%
0.5%
0.5%
0.1%

<0.1%
4.8%
3.6%
3.2%

5.4%

1.9%
1.9%
0.7%

0.6%
0.6%
0.5%
0.1%

< 0.1%
6.2%
3.6%
5.1%

Quark Matter 2012, Washington DC

5.0%

2.4%
1.9%
0.4%

0.6%
0.6%
0.5%
0.2%

0.1%
6.0%
3.6%
4.8%

4.9%

2.7%
2.0%
2.0%

1.3%
0.5%
0.5%
0.1%

0.2%
6.4%
3.6%
5.3%

e



50-100% | 30-50% |10-30% |0-10%
Source ____pp 30-50% | 10-30% | 0-10% _

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%
* Total = correlated @ point-to- ey AR
: 1.05F \ S =2.76TeV =
pOInt’ Or 1;A¢JY>%TC _f
Point-to-point = Total © — osst JLdt=150ub'1 E
correlated Los T -
* Correlated describes the overall ?0-85_; B © 0
(x]y) sensitivity % ;//7+/7+ ;
- shifts all (xJy) points . / >Q N :
simultaneously 0.65) =
- norma||zat|on'||ke 0'6:(1)| - |1(l)ol | II\IIQ(I)OI - 13(1)01 - 142)0

part

* Point-to-point describes pp and

Z PbRb centrality dependence, yachington nc 42 W




Y purity

y pT threshold

Jet efficiency

Fake jet contamination
Isolated y definition
ex contamination

y efficiency
Total

CMs, | S
i Yue Shi Lai

1.4%
2.3%
2.0%
1.5%
0.4%
0.2%
0.5%
0.2%
3.7%

1.4%
2.3%
2.0%
1.5%
0.4%
0.2%
0.5%
0.2%

3.7%

2.3%
1.9%
1.9%
1.7%
0.8%
0.6%
0.5%
0.2%
4.1%

Quark Matter 2012, Washington DC

Source________|pp__|50-100% | 30-50% | 10-30% | 0-10%_

Jet pT threshold

2.6%
0.2%
1.3%
1.8%
1.0%
1.3%
0.5%
0.5%
3.9%

2.7%
0.9%
2.1%
2.1%
1.4%
0.8%
0.5%
0.5%
4.5%

Fully data driven, vary analysis by expected uncertainties
Nonmonotonic centrality dependence due to statistical
limitation

RJy is not unitary normalized, and therefore more sensitive
to the jet/photon sample and jet efficiency

-



Jet/Photon Relative Energy Scale

Energy Scale Source 30- 0-
100% 30%

pp jet-y relative (missing ET projection 2% 2% 2%
fraction)
pp data/MC difference 2% 2% 2%
Heavy ion UE on jet (PYTHIA + HYDJET — 3% 4%
1.8)
Heavy ion UE on y (PbPb ECAL © pp — < 1% < 1%
ECAL)
Total relative 2.8 4.1% 4.9%
%
pp ECAL 1% 1%
Total absolute % %
- Jet'energy scale = jet-y relatlve;/o%) ECAt ab20)Gte
(next slide)
-, Sampled jet pT range is well calibrated (no
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* Relative energy scale directly shifts xJy
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