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Other Top Quark Properties 
at ATLAS

1. Top Quark Charge Measurement (ATLAS-CONF-2011-141)
2. Inclusive Radiative Top-quark pair Cross-Section Measurement (ATLAS-CONF-2011-153)
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Motivation
Confirm SM nature of the top quark
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Motivation
Confirm SM nature of the top quark

Without Q(top) measurement exotic Q=-4e/3 is possible            
(Baur et al. PRD64 (2001) 094019)
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Motivation
Confirm SM nature of the top quark

Without Q(top) measurement exotic Q=-4e/3 is possible            
(Baur et al. PRD64 (2001) 094019)
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Directly measure Q(top) from

Decay products

coupling to γ-radiation 

Confirm SM nature of coupling
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Top-pair Production Event Selection
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Top-pair Production Event Selection
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Top-pair Production Event Selection

Objects

Single lepton trigger

Isolated lepton 

W using 

Anti-kT R=0.4 jets

At least one b-tagged jet

Emiss
T

Backgrounds

W + jets (data driven)

QCD Multijet (data driven)

Single Top, Z+jets, Diboson (MC)

Requirements for top 
charge measurement

Measure b-jet charge

Measure lepton charge

Pair lepton and b-jet
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b-jet Charge : Track Weighting Method

Qb−jet =

�
i qi|�j · �pi|0.5�
i |�j · �pi|0.5q - charge

�j - jet axis
i over tracks within
cone ∆R < 0.25
(i ≤ 10)
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b-jet Charge : Track Weighting Method

Qb−jet =

�
i qi|�j · �pi|0.5�
i |�j · �pi|0.5

Qcomb = Qb−jet ·Ql

q - charge
�j - jet axis
i over tracks within
cone ∆R < 0.25
(i ≤ 10)

4

b-jet+lepton pairing
based on invariant mass

m(lepton,b-jet)
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b-jet Charge : Soft Lepton Method

Muon charge tags b-jet charge :  BF( b → Χ µ ν ) ≈ 11% 
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Kinematic likelihood fitter technique to pair the soft muon and jet
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b-jet Charge : Soft Lepton Method

Qsoftµ
comb = Qsoftµ ·Ql

Muon charge tags b-jet charge :  BF( b → Χ µ ν ) ≈ 11% 

Find soft muon within  jet (ΔR<0.4 ,  pT> 4 GeV & PTrel  > 0.8 GeV )

Kinematic likelihood fitter technique to pair the soft muon and jet
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Cross-Checks and Systematic Uncertainties

Calibration of both methods using b-quark pair di-jets events

lepton charge found to be uncorrelated to the absolute charge of the b-jet charge

Systematic Uncertainties related to jets are largest
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Cross-Checks and Systematic Uncertainties

Calibration of both methods using b-quark pair di-jets events

lepton charge found to be uncorrelated to the absolute charge of the b-jet charge

Systematic Uncertainties related to jets are largest

Cross-checks and Systematic Uncertainties

Calibration of both methods using bb̄ dijet events (25% systematic uncertainty for
track weighting)

lepton charge found to be uncorrelated to the absolute charge of the b-jet charge

Systematic uncertainties related to jets have the largest uncertainty

Main Systematics

Source < Qcomb > (%) < Qsoft
comb > (%)

e+jets µ+jets e+jets µ+jets
ISR/FSR 14 11 15 24
Jet/Emiss

T 7 8 5 8
tt̄ Modelling 2 2 7 10

Total uncertainty 16 14 18 27
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SM or Exotic Top Quark?
Test statistic <Qcomb> to test null hypothesis (SM) versus signal hypothesis 
(Exotic)
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SM or Exotic Top Quark?
Test statistic <Qcomb> to test null hypothesis (SM) versus signal hypothesis 
(Exotic)

Model < Qcomb > < Qsoft
comb >

SM −0.082± 0.020 (stat) −0.234± 0.011 (stat)
Exotic +0.083± 0.020 (stat) +0.234± 0.209 (stat)

Measured −0.082± 0.015 −0.31± 0.07
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SM or Exotic Top Quark?
Test statistic <Qcomb> to test null hypothesis (SM) versus signal hypothesis 
(Exotic)

Model < Qcomb > < Qsoft
comb >

SM −0.082± 0.020 (stat) −0.234± 0.011 (stat)
Exotic +0.083± 0.020 (stat) +0.234± 0.209 (stat)

Measured −0.082± 0.015 −0.31± 0.07

Exotic top excluded at >5σ
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Radiative Top Quark Pair Proceesses  

Radiative Top Quark Production

8



A. Limosani @ ICHEP 2012 (Melbourne) Other Top Properties at ATLAS JULY 5, 2012                   SLIDE                     

Radiative Top Quark Pair Proceesses  

Radiative Top Quark Production

Radiative Top Quark Decay

8



A. Limosani @ ICHEP 2012 (Melbourne) Other Top Properties at ATLAS JULY 5, 2012                   SLIDE                     

Radiative Top Quark Pair Proceesses  

Radiative Top Quark Production

Radiative Top Quark Decay

pp → tt̄γ Modelling

Radiative Top Quark Production

Radiative Top Quark Decay

WHIZARD MC generator : lνl qq̄
�bb̄γ and lνl l

�νl� bb̄γ at leading order (pGEN
T (γ) > 8 GeV)

Prediction LO σ · BR(s =
√
7TeV) = 0.84 pb, with k-factor of 2.55, NLO prediction

σ · BR(s =
√

7TeV) = 2.1 ± 0.4 pb

ATLAS Data 1.04 fb−1
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Analysis Strategy
Photon ET > 15 GeV, |η| < 2.47, Veto  
1.37 < |η| < 1.52

At least one b-tagged jet 

Veto event if ΔR < 0.5 between jet and 
the photon

e+jets: meγ < 86 GeV and meγ > 96 GeV
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Analysis Strategy
Photon ET > 15 GeV, |η| < 2.47, Veto  
1.37 < |η| < 1.52

At least one b-tagged jet 

Veto event if ΔR < 0.5 between jet and 
the photon

e+jets: meγ < 86 GeV and meγ > 96 GeV

Backgrounds

Hadron fakes (π0)

Dileptonic decays e→γ fakes

Perform a fit to pT-cone20 distribution 
using templates

Markus Jüngst

Inclusive ttγ Cross Section

• Top events with additional photons in the final state are sensitive to ttγ-vertex

- direct measurement of the V-A coupling even with small dataset

• Using lepton+jets final state plus photon (pt>15 GeV)

- this result in around hundred candidate events: 52(e+jets), 70 (mu+jets)

• Cross section measurement based on template fit of isolation variable pTcone20

- scalar sum of of transverse momenta in cone of ΔR<0.2 around photon candidate

• Template distributions obtained from data

- signal template from Z→ee exploiting similar isolation shape of electrons and prompt 
photons 

- distributions of hadron and electron fakes measured using inverted selections

14

• Motivation
! direct access to the electroweak coupling of the quark.

• Signature
! “lepton+jets final state”

  + photon (PT≧15GeV)
• #Candidate events :

! 52 (e+jets), 70 (!+jets)

Inclusive tt+γ cross section
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ATLAS-CONF-2011-153
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Figure 3: pcone20
T

templates derived from data for prompt photons (blue) and fake photons from hadrons

(red), normalised to unity. The left plot shows the respective expectation per bin, as it is used in the

template fit. The right plot shows the same templates with the expectation per GeV, i.e. divided by the

bin width. Details on the derivation of the templates can be found in Sec. 5 and Sec. 6.

required to have oppositely signed charge. The background from multijet events is estimated from pairs

of electrons with same-sign charges.

Small differences between electrons from Z decays and photons from tt̄γ decays have been found

in Monte Carlo simulations. The data electron template is corrected using the extrapolation from elec-

trons to photons obtained from Monte Carlo simulation, in bins of photon pseudorapidity and transverse

momentum.

6 Background from Hadrons misidentified as Photons

The pcone20
T

template for hadrons misidentified as photons is extracted from a data stream obtained from

jet triggers by inverting at least one requirement on the shower shape variables [30]. Fig. 4 shows

the track isolation distribution of these background photons in different regions of pseudorapidity and

transverse momentum.
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Figure 4: Background templates from data highly enriched in hadron fakes in different regions of |η| (left)
and pT (right).

The pT spectrum of the hadron fakes is estimated from data by replacing the signal photon require-
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Analysis Strategy
Photon ET > 15 GeV, |η| < 2.47, Veto  
1.37 < |η| < 1.52

At least one b-tagged jet 

Veto event if ΔR < 0.5 between jet and 
the photon

e+jets: meγ < 86 GeV and meγ > 96 GeV

Backgrounds

Hadron fakes (π0)

Dileptonic decays e→γ fakes

Perform a fit to pT-cone20 distribution 
using templates

Z→ee data (signal)

Jet-triggers (hadron fake)
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Markus Jüngst

Inclusive ttγ Cross Section

• Top events with additional photons in the final state are sensitive to ttγ-vertex

- direct measurement of the V-A coupling even with small dataset

• Using lepton+jets final state plus photon (pt>15 GeV)

- this result in around hundred candidate events: 52(e+jets), 70 (mu+jets)

• Cross section measurement based on template fit of isolation variable pTcone20

- scalar sum of of transverse momenta in cone of ΔR<0.2 around photon candidate

• Template distributions obtained from data

- signal template from Z→ee exploiting similar isolation shape of electrons and prompt 
photons 

- distributions of hadron and electron fakes measured using inverted selections
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• Motivation
! direct access to the electroweak coupling of the quark.

• Signature
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• #Candidate events :
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ATLAS-CONF-2011-153

 [GeV]cone20

T
p

0 2 4 6 8 10 12 14 16 18 20

 c
a

n
d

id
a

te
s 

/ 
b

in
 (

n
o

rm
a

liz
e

d
)

γ
#

 

0

0.2

0.4

0.6

0.8

1

γprompt 

hadron fake
 PreliminaryATLAS

-1
 L dt = 1.04 fb∫

 [GeV]cone20

T
p

0 2 4 6 8 10 12 14 16 18 20

 c
a

n
d

id
a

te
s 

/ 
G

e
V

 (
n

o
rm

a
liz

e
d

)
γ

#
 

0

0.2

0.4

0.6

0.8

1

γprompt 

hadron fake
 PreliminaryATLAS

-1
 L dt = 1.04 fb∫

Figure 3: pcone20
T

templates derived from data for prompt photons (blue) and fake photons from hadrons

(red), normalised to unity. The left plot shows the respective expectation per bin, as it is used in the

template fit. The right plot shows the same templates with the expectation per GeV, i.e. divided by the

bin width. Details on the derivation of the templates can be found in Sec. 5 and Sec. 6.

required to have oppositely signed charge. The background from multijet events is estimated from pairs

of electrons with same-sign charges.

Small differences between electrons from Z decays and photons from tt̄γ decays have been found

in Monte Carlo simulations. The data electron template is corrected using the extrapolation from elec-

trons to photons obtained from Monte Carlo simulation, in bins of photon pseudorapidity and transverse

momentum.

6 Background from Hadrons misidentified as Photons

The pcone20
T

template for hadrons misidentified as photons is extracted from a data stream obtained from

jet triggers by inverting at least one requirement on the shower shape variables [30]. Fig. 4 shows

the track isolation distribution of these background photons in different regions of pseudorapidity and

transverse momentum.
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Yields from fit to data
Templates fit to e+jets and µ+jets data simultaneously

Signal and hadron fakes floated in the fit
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Fit Projections and Measurement
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Fit Projections and Measurement

Null hypothesis p-value = 0.71% (2.7σ)

σtt̄γ · B(pGEN
T (γ) > 8GeV) = 2.0± 0.5stat. ± 0.7syst. ± 0.08lum. pb
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Fit Projections and Measurement

Null hypothesis p-value = 0.71% (2.7σ)
Systematics Source Uncertainty on the cross-section [pb]

Photon identification scale ±0.33
Initial and Final State Radiation ±0.31

Jet Energy Scale (pile-up uncertainty) ±0.28
Jet Energy Scale ±0.28

Electron to Photon extrapolation ±0.22
Overall Total ±0.70

σtt̄γ · B(pGEN
T (γ) > 8GeV) = 2.0± 0.5stat. ± 0.7syst. ± 0.08lum. pb
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Summary

Top quark charge +2e/3. Unequivocally exclude the exotic 
charge -4e/3 scenario at >5σ

                   measurement a first at the LHC (2.7σ significance). 
On the road to testing SM predictions for the electroweak 
couplings

pp → tt̄γ
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