
 in ATLAS 

Jörgen Sjölin 
Stockholm University 

 on behalf of the ATLAS Collaboration 

tt + X



Introduction 
●  The top quark interactions are of central interest at LHC since 

many new physics scenarios involve top quarks, for example 
those that address the Higgs hierarchy problem. 

●  Effective field theory (EFT) provides one framework towards 
model independence if new physics resides at high energy. 

●  Top quark pair production with an additional vector gauge 
boson is sensitive to most of the leading EFT operators that 
preserve charge-parity and flavour in neutral-currents. 

●  This is one of the main reasons for this talk, and why we look 
at the associated production in the ATLAS detector of:  
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tt + Z /W /γ
("+g/q/H	are	also	
interes2ng	in	this	
context	but	covered	
in	other	talks)	
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tt + Z /W
Introduction to tt̄ + (Z ,W , �)
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Direct measurements of tt̄� only had low sensitivity at the Tevatron
(O(3�)), and tt̄+(Z ,W ) was not possible before the LHC era.

The main interest stems from the fact that the observed yields and
measured cross-sections could be altered by new physics, e.g. strongly
coupled higgs models for tt̄+(Z ,W ) and composite or excited tops
for tt̄�.

Inclusive cross-sections are a first systematic step to constrain the
new physics models, providing input to e.g. e↵ective theory modeling.

Jörgen Sjölin (Stockholm University) tt̄+boson (except Higgs) results at the LHC September 15, 2015 3 / 22

Process t¯t decay Boson decay Channel

t¯tW± (µ±⌫b)(qq̄b) µ±⌫ SS dimuon

(`±⌫b)(`⌥⌫b) `±⌫ Trilepton

t¯tZ
(`±⌫b)(qq̄b) `+`� Trilepton

(`±⌫b)(`⌥⌫b) `+`� Tetralepton
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Signal	region	 Main	cuts	 Main		
background	

Background	
treatment	

SS	dimuons	 	≥	2	b-tags	 Fake	leptons	 Matrix	method	

Trileptons	 ≥	3	jets,	≥	1	b-tag	 Fake	leptons,	
WZ	

Matrix	method,	
Fit	WZ	in	CR	

Tetraleptons	 ≥	1	b-tag	 ZZ	 Fit	ZZ	in	CR		

Latest	results	from	ATLAS	use	13	TeV	and	3.2/R	of	data	
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Measurement of the t t̄Z and t t̄W production cross sections
in multilepton final states using 3.2 fb�1 of pp collisions

at
p

s = 13 TeV with the ATLAS detector

The ATLAS Collaboration

Abstract

A measurement of the tt̄Z and tt̄W production cross sections in final states with either two
same-charge muons, or three or four leptons (electrons or muons) is presented. The analysis
uses a data sample of proton–proton collisions at

p
s = 13 TeV recorded with the ATLAS

detector at the Large Hadron Collider in 2015, corresponding to a total integrated luminosity
of 3.2 fb�1. The inclusive cross sections are extracted using likelihood fits to signal and
control regions, resulting in �tt̄Z = 0.9 ± 0.3 pb and �tt̄W = 1.5 ± 0.8 pb, in agreement with
the Standard Model predictions.

c� 2017 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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1 Introduction

At the Large Hadron Collider (LHC), top quarks are copiously produced in quark–antiquark pairs (tt̄).
This process has been extensively studied in proton–proton collisions at 7 and 8 TeV, and recently at
13 TeV [1, 2] centre-of-mass energy. Measurements of the associated production of tt̄ with a Z boson
(tt̄Z) allow the extraction of information about the neutral-current coupling of the top quark. The pro-
duction rate of a top-quark pair with a massive vector boson could be altered in the presence of physics
beyond the Standard Model (SM), such as vector-like quarks [3, 4], strongly coupled Higgs bosons [5] or
technicolour [6–10], and therefore the measurements of �tt̄Z and �tt̄W are important checks of the validity
of the SM at this new energy regime. The tt̄Z and tt̄W processes have been established by ATLAS [11]
and CMS [12] using the Run-1 dataset at

p
s = 8 TeV, with measured cross sections compatible with

the SM prediction and having uncertainties of ⇠30%. At
p

s = 13 TeV, the SM cross sections of the tt̄Z
and tt̄W processes increase by factors of 3.5 and 2.4, respectively, compared to

p
s = 8 TeV. The cross

sections, computed at next-to-leading-order (NLO) QCD precision, using MadGraph5_aMC@NLO (re-
ferred to in the following as MG5_aMC), are �tt̄Z = 0.84 pb and �tt̄W = 0.60 pb with an uncertainty of
⇠12% [13, 14], primarily due to higher-order corrections, estimated by varying the renormalisation and
factorisation scales.

This paper presents measurements of the tt̄Z and tt̄W cross sections using 3.2 fb�1 of proton–proton (pp)
collision data at

p
s = 13 TeV collected by the ATLAS detector in 2015. The final states of top-quark

pairs produced in association with a Z or a W boson comprise up to four isolated, prompt leptons.1

Decay modes with two same-sign (SS) charged muons, or three or four leptons are considered in this
analysis. The analysis strategy follows the strategy adopted for the 8 TeV dataset [11], excluding the
lower sensitivity SS dilepton channels. Table 1 lists the analysis channels and the targeted decay modes
of the tt̄Z and tt̄W processes. Each channel is divided into multiple analysis regions in order to enhance
the sensitivity to the signal. Simultaneous fits are performed to the signal regions and selected control
regions in order to extract the cross sections for tt̄Z and tt̄W production. Additional validation regions are
defined to check that the background estimate agrees with the data and are not used in the fit.

Table 1: List of tt̄W and tt̄Z decay modes and analysis channels targeting them.

Process tt̄ decay Boson decay Channel

tt̄W (µ±⌫b)(qq̄b) µ±⌫ SS dimuon
(`±⌫b)(`⌥⌫b) `±⌫ Trilepton

tt̄Z (`±⌫b)(qq̄b) `+`� Trilepton
(`±⌫b)(`⌥⌫b) `+`� Tetralepton

2 The ATLAS detector

The ATLAS detector [15] consists of four main subsystems: an inner tracking system, electromagnetic
(EM) and hadronic calorimeters, and a muon spectrometer (MS). The inner detector (ID) consists of a

1 In this paper, lepton is used to denote electron or muon, and prompt lepton is used to denote a lepton produced in a Z or W
boson or ⌧-lepton decay.

2

Theory:	

(12%	uncertainty)	
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A measurement of the tt̄Z and tt̄W production cross sections in final states with either two
same-charge muons, or three or four leptons (electrons or muons) is presented. The analysis
uses a data sample of proton–proton collisions at

p
s = 13 TeV recorded with the ATLAS

detector at the Large Hadron Collider in 2015, corresponding to a total integrated luminosity
of 3.2 fb�1. The inclusive cross sections are extracted using likelihood fits to signal and
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tt + Z /W

Uncertainty �tt̄Z �tt̄W

Luminosity 2.6% 3.1%

Reconstructed objects 8.3% 9.3%

Backgrounds from simulation 5.3% 3.1%

Fake leptons and charge misID 3.0% 19%

Signal modelling 2.3% 4.2%

Total systematic 11% 22%

Statistical 31% 48%

Total 32% 53%
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Systematics 
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extracted using profiled 
likelihood fit to 10 signal 
regions and 2 control 
regions. 

●  Statistics dominates the 
uncertainties. 
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Rela2ve	uncertainty	"Z:	30%	(*	in	8	TeV	it	was	30%),	
rela2ve	uncertainty	"W:	50%	(*	in	8	TeV	it	was	30%)	
	

*	Previously	in	8	TeV:	JHEP11	(2015)	172	
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Direct measurements of tt̄� only had low sensitivity at the Tevatron
(O(3�)), and tt̄+(Z ,W ) was not possible before the LHC era.

The main interest stems from the fact that the observed yields and
measured cross-sections could be altered by new physics, e.g. strongly
coupled higgs models for tt̄+(Z ,W ) and composite or excited tops
for tt̄�.

Inclusive cross-sections are a first systematic step to constrain the
new physics models, providing input to e.g. e↵ective theory modeling.
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●  Measurement performed in a fiducial 
volume, ET(γ)>20 GeV using the 
lepton+jets decays channel of the top 
pair. 

●  Main backgrounds are prompt and non-
prompt photon contributions. 
Determined using data-driven template 
fit to track isolation. 

Latest	published	results	from	ATLAS	use	7	TeV	and	4.6/R	of	data	

Observation of top-quark pair production in association with a photon
and measurement of the tt̄γ production cross section in pp collisions

at
ffiffi
s

p
¼ 7 TeV using the ATLAS detector

G. Aad et al.*

(ATLAS Collaboration)
(Received 3 February 2015; published 28 April 2015)

A search is performed for top-quark pairs (tt̄) produced together with a photon (γ) with transverse energy
greater than 20 GeV using a sample of tt̄ candidate events in final states with jets, missing transverse
momentum, and one isolated electron or muon. The data set used corresponds to an integrated luminosity of
4.59 fb−1 of proton-proton collisions at a center-of-mass energy of 7 TeV recorded by the ATLAS detector at
the CERN Large Hadron Collider. In total, 140 and 222 tt̄γ candidate events are observed in the electron and
muon channels, to be compared to the expectation of 79" 26 and 120" 39 non-tt̄γ background events,
respectively. The production of tt̄γ events is observed with a significance of 5.3 standard deviations away
from the null hypothesis. The tt̄γ production cross section times the branching ratio (BR) of the single-lepton
decay channel is measured in a fiducial kinematic region within the ATLAS acceptance. The measured value
is σfidtt̄γ × BR ¼ 63" 8ðstatÞþ17

−13ðsystÞ " 1ðlumiÞ fb per lepton flavor, in good agreement with the leading-
order theoretical calculation normalized to the next-to-leading-order theoretical prediction of 48" 10 fb.

DOI: 10.1103/PhysRevD.91.072007 PACS numbers: 14.65.Ha, 12.60.Jv, 13.85.Qk, 14.80.Ly

I. INTRODUCTION

Due to its large mass, the top quark is speculated to play
a special role in electroweak symmetry breaking (EWSB).
New physics connected with EWSB can manifest itself in
top-quark observables. For instance, top-quark couplings
can be modified significantly in some extensions of the
Standard Model (SM). A measured yield of top-quark pair
production in association with a photon (tt̄γ) can constrain
models of new physics, for example those with composite
top quarks [1], or with excited top-quark production,
followed by the radiative decay t& → tγ. The tt̄γ coupling
may be determined via an analysis of direct production of
top-quark pairs in association with a photon, evidence of
which was first reported [2] by the CDF Collaboration.
In this paper, observation of top-quark pair production in

association with a photon in proton–proton (pp) collisions
at a center-of-mass energy of

ffiffiffi
s

p
¼ 7 TeV is presented

using the full 2011 ATLAS data sample, which corresponds
to an integrated luminosity of 4.59 fb−1. This analysis is
performed on tt̄ candidate events in the lepton plus jets final
state. The tt̄γ candidates are the subset of tt̄ candidate
events with an additional photon. The measurement of the
tt̄γ production cross section times the branching ratio (BR)
of the single-lepton decay channel (lνlqq̄0bb̄γ, where l is
an electron or muon) is reported in a fiducial kinematic
region within the ATLAS acceptance.

The paper is organized as follows. The ATLAS detector
is briefly described in Sec. II. The data and Monte Carlo
simulation samples used in the analysis are described in
Sec. III, followed by a description of the event selection in
Sec. IV. The definition of the fiducial phase space used
in the measurement is presented in Sec. V. The cross section
is extracted from a template-based profile likelihood fit
using the photon track-isolation distribution as the dis-
criminating variable. Section VI details the overall strategy
of the measurement, and describes how prompt-photon and
background templates are obtained. Background estimates
are discussed in Sec. VII. An overview of the systematic
uncertainties in the measurement is presented in Sec. VIII.
Section IX presents the results of the measurement,
followed by conclusions in Sec. X.

II. DETECTOR

A detailed description of the ATLAS detector can be
found in Ref. [3]. The innermost part of the detector is a
tracking system that is immersed in a 2 T axial magnetic
field and measures the momentum of charged particles
within a pseudorapidity range of jηj < 2.5.1 The inner
detector (ID) comprises silicon pixel and microstrip

*Full author list given at the end of the article.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 3.0 License. Further distri-
bution of this work must maintain attribution to the author(s) and
the published article’s title, journal citation, and DOI.

1ATLAS uses a right-handed coordinate system with its origin
at the nominal interaction point (IP) in the center of the detector
and the z axis along the beam pipe. The x axis points from the
IP to the center of the LHC ring, and the y axis points
upward. Cylindrical coordinates ðr;ϕÞ are used in the transverse
plane, ϕ being the azimuthal angle around the beam pipe. The
pseudorapidity is defined in terms of the polar angle θ as
η ¼ − ln tanðθ=2Þ. Transverse momentum and energy are defined
as pT ¼ p sin θ and ET ¼ E sin θ, respectively.

PHYSICAL REVIEW D 91, 072007 (2015)

1550-7998=2015=91(7)=072007(28) 072007-1 © 2015 CERN, for the ATLAS Collaboration

**	Also	new	preliminary	results	at	the	end	of	the	talk	**	
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Yields and systematics 

Contribution Electron chan. Muon chan. Total
Signal 52 ± 14 100 ± 28 152 ± 31
Hadrons 38 ± 26 55 ± 38 93 ± 46
Prompt photons 41 ± 5 65 ± 9 106 ± 10
Total background 79 ± 26 120 ± 39 199 ± 47
Total 131 ± 30 220 ± 48 351 ± 59
Data candidates 140 222 362

Uncertainty source Uncertainty [%]

Background template shapes 3.7

Signal template shapes 6.6

Signal modeling 8.4

Photon modeling 8.8

Lepton modeling 2.5

Jet modeling 16.6

b-tagging 8.2

Emiss
T modeling 0.9

Luminosity 1.8

Background contributions 7.7
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I. INTRODUCTION

Due to its large mass, the top quark is speculated to play
a special role in electroweak symmetry breaking (EWSB).
New physics connected with EWSB can manifest itself in
top-quark observables. For instance, top-quark couplings
can be modified significantly in some extensions of the
Standard Model (SM). A measured yield of top-quark pair
production in association with a photon (tt̄γ) can constrain
models of new physics, for example those with composite
top quarks [1], or with excited top-quark production,
followed by the radiative decay t& → tγ. The tt̄γ coupling
may be determined via an analysis of direct production of
top-quark pairs in association with a photon, evidence of
which was first reported [2] by the CDF Collaboration.
In this paper, observation of top-quark pair production in

association with a photon in proton–proton (pp) collisions
at a center-of-mass energy of

ffiffiffi
s

p
¼ 7 TeV is presented

using the full 2011 ATLAS data sample, which corresponds
to an integrated luminosity of 4.59 fb−1. This analysis is
performed on tt̄ candidate events in the lepton plus jets final
state. The tt̄γ candidates are the subset of tt̄ candidate
events with an additional photon. The measurement of the
tt̄γ production cross section times the branching ratio (BR)
of the single-lepton decay channel (lνlqq̄0bb̄γ, where l is
an electron or muon) is reported in a fiducial kinematic
region within the ATLAS acceptance.

The paper is organized as follows. The ATLAS detector
is briefly described in Sec. II. The data and Monte Carlo
simulation samples used in the analysis are described in
Sec. III, followed by a description of the event selection in
Sec. IV. The definition of the fiducial phase space used
in the measurement is presented in Sec. V. The cross section
is extracted from a template-based profile likelihood fit
using the photon track-isolation distribution as the dis-
criminating variable. Section VI details the overall strategy
of the measurement, and describes how prompt-photon and
background templates are obtained. Background estimates
are discussed in Sec. VII. An overview of the systematic
uncertainties in the measurement is presented in Sec. VIII.
Section IX presents the results of the measurement,
followed by conclusions in Sec. X.

II. DETECTOR

A detailed description of the ATLAS detector can be
found in Ref. [3]. The innermost part of the detector is a
tracking system that is immersed in a 2 T axial magnetic
field and measures the momentum of charged particles
within a pseudorapidity range of jηj < 2.5.1 The inner
detector (ID) comprises silicon pixel and microstrip

*Full author list given at the end of the article.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 3.0 License. Further distri-
bution of this work must maintain attribution to the author(s) and
the published article’s title, journal citation, and DOI.

1ATLAS uses a right-handed coordinate system with its origin
at the nominal interaction point (IP) in the center of the detector
and the z axis along the beam pipe. The x axis points from the
IP to the center of the LHC ring, and the y axis points
upward. Cylindrical coordinates ðr;ϕÞ are used in the transverse
plane, ϕ being the azimuthal angle around the beam pipe. The
pseudorapidity is defined in terms of the polar angle θ as
η ¼ − ln tanðθ=2Þ. Transverse momentum and energy are defined
as pT ¼ p sin θ and ET ¼ E sin θ, respectively.
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Observation of top-quark pair production in association with a photon
and measurement of the tt̄γ production cross section in pp collisions

at
ffiffi
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p
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(ATLAS Collaboration)
(Received 3 February 2015; published 28 April 2015)

A search is performed for top-quark pairs (tt̄) produced together with a photon (γ) with transverse energy
greater than 20 GeV using a sample of tt̄ candidate events in final states with jets, missing transverse
momentum, and one isolated electron or muon. The data set used corresponds to an integrated luminosity of
4.59 fb−1 of proton-proton collisions at a center-of-mass energy of 7 TeV recorded by the ATLAS detector at
the CERN Large Hadron Collider. In total, 140 and 222 tt̄γ candidate events are observed in the electron and
muon channels, to be compared to the expectation of 79" 26 and 120" 39 non-tt̄γ background events,
respectively. The production of tt̄γ events is observed with a significance of 5.3 standard deviations away
from the null hypothesis. The tt̄γ production cross section times the branching ratio (BR) of the single-lepton
decay channel is measured in a fiducial kinematic region within the ATLAS acceptance. The measured value
is σfidtt̄γ × BR ¼ 63" 8ðstatÞþ17

−13ðsystÞ " 1ðlumiÞ fb per lepton flavor, in good agreement with the leading-
order theoretical calculation normalized to the next-to-leading-order theoretical prediction of 48" 10 fb.
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I. INTRODUCTION

Due to its large mass, the top quark is speculated to play
a special role in electroweak symmetry breaking (EWSB).
New physics connected with EWSB can manifest itself in
top-quark observables. For instance, top-quark couplings
can be modified significantly in some extensions of the
Standard Model (SM). A measured yield of top-quark pair
production in association with a photon (tt̄γ) can constrain
models of new physics, for example those with composite
top quarks [1], or with excited top-quark production,
followed by the radiative decay t& → tγ. The tt̄γ coupling
may be determined via an analysis of direct production of
top-quark pairs in association with a photon, evidence of
which was first reported [2] by the CDF Collaboration.
In this paper, observation of top-quark pair production in

association with a photon in proton–proton (pp) collisions
at a center-of-mass energy of

ffiffiffi
s

p
¼ 7 TeV is presented

using the full 2011 ATLAS data sample, which corresponds
to an integrated luminosity of 4.59 fb−1. This analysis is
performed on tt̄ candidate events in the lepton plus jets final
state. The tt̄γ candidates are the subset of tt̄ candidate
events with an additional photon. The measurement of the
tt̄γ production cross section times the branching ratio (BR)
of the single-lepton decay channel (lνlqq̄0bb̄γ, where l is
an electron or muon) is reported in a fiducial kinematic
region within the ATLAS acceptance.

The paper is organized as follows. The ATLAS detector
is briefly described in Sec. II. The data and Monte Carlo
simulation samples used in the analysis are described in
Sec. III, followed by a description of the event selection in
Sec. IV. The definition of the fiducial phase space used
in the measurement is presented in Sec. V. The cross section
is extracted from a template-based profile likelihood fit
using the photon track-isolation distribution as the dis-
criminating variable. Section VI details the overall strategy
of the measurement, and describes how prompt-photon and
background templates are obtained. Background estimates
are discussed in Sec. VII. An overview of the systematic
uncertainties in the measurement is presented in Sec. VIII.
Section IX presents the results of the measurement,
followed by conclusions in Sec. X.

II. DETECTOR

A detailed description of the ATLAS detector can be
found in Ref. [3]. The innermost part of the detector is a
tracking system that is immersed in a 2 T axial magnetic
field and measures the momentum of charged particles
within a pseudorapidity range of jηj < 2.5.1 The inner
detector (ID) comprises silicon pixel and microstrip

*Full author list given at the end of the article.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 3.0 License. Further distri-
bution of this work must maintain attribution to the author(s) and
the published article’s title, journal citation, and DOI.

1ATLAS uses a right-handed coordinate system with its origin
at the nominal interaction point (IP) in the center of the detector
and the z axis along the beam pipe. The x axis points from the
IP to the center of the LHC ring, and the y axis points
upward. Cylindrical coordinates ðr;ϕÞ are used in the transverse
plane, ϕ being the azimuthal angle around the beam pipe. The
pseudorapidity is defined in terms of the polar angle θ as
η ¼ − ln tanðθ=2Þ. Transverse momentum and energy are defined
as pT ¼ p sin θ and ET ¼ E sin θ, respectively.
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Conclusions 

●  The production of top pairs with associated bosons is a very 
active research field at the LHC. 

●  Activity mainly prompted by the strong ability to constrain 
EFT operators in the top sector. 

●  Focus towards making measurements less model dependent 
(using well defined fiducial volume) and stronger (unfolded 
differential). 

●  New preliminary results shown for a top quark pair + photon. 

●  The name of the game is precision, so this kind of physics 
will become more and more important in future high 
statistics LHC data samples. 
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Prefit yields 
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Region t+X Bosons Fake leptons Total bkg. t¯tW t¯tZ Data

3`-WZ-CR 0.52± 0.13 26.9± 2.2 2.2± 1.8 29.5± 2.8 0.015± 0.004 0.80± 0.13 33

4`-ZZ-CR < 0.001 39.5± 2.6 1.8± 0.6 41.2± 2.7 < 0.001 0.026± 0.007 39

2µ-SS 0.94± 0.08 0.12± 0.05 1.5± 1.3 2.5± 1.3 2.32± 0.33 0.70± 0.10 9

3`-Z-2b4j 1.08± 0.25 0.5± 0.4 < 0.001 1.6± 0.5 0.065± 0.013 5.5± 0.7 8

3`-Z-1b4j 1.14± 0.24 3.3± 2.2 2.2± 1.7 6.7± 2.8 0.036± 0.011 4.3± 0.6 7

3`-Z-2b3j 0.58± 0.19 0.22± 0.18 < 0.001 0.80± 0.26 0.083± 0.014 1.93± 0.28 4

3`-noZ-2b 0.95± 0.11 0.14± 0.12 3.6± 2.2 4.7± 2.2 1.59± 0.28 1.45± 0.20 10

4`-SF-1b 0.212± 0.032 0.09± 0.07 0.113± 0.022 0.42± 0.08 < 0.001 0.66± 0.09 1

4`-SF-2b 0.121± 0.021 0.07± 0.06 0.062± 0.012 0.25± 0.07 < 0.001 0.63± 0.09 1

4`-DF-1b 0.25± 0.04 0.0131± 0.0032 0.114± 0.019 0.37± 0.04 < 0.001 0.75± 0.10 2

4`-DF-2b 0.16± 0.05 < 0.001 0.063± 0.013 0.23± 0.05 < 0.001 0.64± 0.09 1
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Abstract

A measurement of the tt̄Z and tt̄W production cross sections in final states with either two
same-charge muons, or three or four leptons (electrons or muons) is presented. The analysis
uses a data sample of proton–proton collisions at

p
s = 13 TeV recorded with the ATLAS

detector at the Large Hadron Collider in 2015, corresponding to a total integrated luminosity
of 3.2 fb�1. The inclusive cross sections are extracted using likelihood fits to signal and
control regions, resulting in �tt̄Z = 0.9 ± 0.3 pb and �tt̄W = 1.5 ± 0.8 pb, in agreement with
the Standard Model predictions.
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Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Detailed systematics 
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Previous 8 TeV results 
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Figure 11. The result of the simultaneous fit to the tt̄W and tt̄Z cross sections along with the
68% and 95% CL uncertainty contours. The shaded areas correspond to 14% uncertainty, which
includes renormalisation and factorisation scale uncertainties as well as PDF uncertainties including
αS variations.
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Template shapes 

tt+X in ATLAS, Jörgen Sjölin, LHCP2017 17 

tt +γ

 [GeV]iso
T

p
0 2 4 6 8 10 12 14 16 18 20

) /
 G

eV
γ  

is
o

T
(p

P

3−10

2−10

1−10

1  Template; SimulationγPrompt 

 Fake Template; Dataγ→e

Hadronic Fake Template; Data

  Uncertainty

ATLAS Preliminary
-1 = 8TeV, 20.2 fbs

TOPQ-2015-21	


