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Selected cross section results

Motivation for measuring σtt̄

• Top is the heaviest quark, all observables are of interest

• σtt̄ provides a test of the Standard Model

• Differential σtt̄ probes BSM physics

Talk outline

1 Differential cross section in `+jets at
√
s = 7 TeV

• pt
T, mtt̄, ptt̄

T & ytt̄

• Comparison to different generators, theories and PDF sets

2 Production cross section in eµ at
√
s = 8 TeV

• Highest precision ATLAS 8 TeV result

3 Production cross section in `+jets at
√
s = 8 TeV

4 Summary of all ATLAS top pair cross section results
and global comparisons
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ATLAS-CONF-2013-099
Differential cross-sections in `+jets at

√
s = 7 TeV

• Different kinematic variables provide stringent test of SM

• Unfolded data compared to MC, NLO QCD and PDF sets

• pt
T - Transverse momentum of a single top quark
• Higher order corrections and NP signals in high pT tail

• mtt̄ - Mass of tt̄ system
• Possible deviation from SM due to exotic resonances → tt̄

• ptt̄
T - Transverse momentum of tt̄ system
• Sensitive to extra radiation, it is identically null at leading order

• ytt̄ - Rapidity of tt̄ system
• Important constraint to PDFs, especially at high-x

Event selection
Trigger Single lepton
Exactly one isolated lepton Muons: pT > 25 GeV, |η| < 2.5

Electrons: pT > 25 GeV
|η| < 2.47, excluding 1.37 < |η| < 1.52

Anti-kt (R = 0.4) jets ≥ 4 jets with pT > 25 GeV, |η| < 2.5
b-tagging ≥ 1 b-tagged jet at εb = 70% working point
Emiss

T Emiss
T > 30 GeV

mW
T mW

T > 35 GeV
Kinematic fitter logL > −50
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Reconstruction & unfolding
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• Kinematic likelihood fitter fully
reconstructs the tt̄ system

• Relates reconstructed objects to
leading-order representation of tt̄

• Event likelihood L > −50

• Data unfolded via regularized SVD
method

• e+jets and µ+jets channels
combined with BLUE method

Dominant systematic uncertainties

• Dominant systematics are MC generator, ISR/FSR, jet energy
scale, b-tagging efficiency and lepton reconstruction

• Systematics vary bin-by-bin for each unfolded distribution:
• e.g. JES∼ 2% at low ptt̄

t , JES∼ 7% at high ptt̄
t

• e.g. MC generator varies from 3− 7%, depending on bin
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Unfolded data Vs MC generator
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• Largest deviation from data observed for Alpgen
in ptT for large values of ptT

• Measured ptT is softer than any prediction above 200 GeV
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Unfolded data Vs NLO+NNLL
Unfolded data Vs QCD predictions

• Unfolded data compared to NLO+NNLL and NLO QCD

• NLO+NNLL uncertainties:
• Factorization and renormalization scale µ = mt = 172.5 GeV
• Uncertainty from scale variation ↑↓ from mt/2 to 2mt

• Uncertainty from alternative dynamic scale µ =
√

m2
t + pt

T
2

• NLO QCD (MCFM) uncertainties:
• PDF evaluated at 68% CL using CT10 error-PDF set
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• Unfolded data is softer than theory for large ptT and mtt̄
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Unfolded data Vs NLO QCD
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• NLO QCD based on MCFM with CT10 PDF

• Unfolded data is softer than theory for large ptT and mtt̄

• ptt̄T is sensitive to parton showering, not included in prediction
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Unfolded data Vs PDF set

• 4 different PDF sets evaluated using MCFM

• Tension between data and all PDFs observed for for large ptT
• HERAPDF1.5 provides best description of mtt̄ and ytt̄



Top quark pair
production cross

section at LHC in
ATLAS

John Morris
QMUL

√
s = 7 TeV

Differential σtt̄
Vs MC

Vs NLO+NNLL

Vs NLO QCD

Vs PDF set
√

s = 8 TeV

Dilepton σtt̄
Selection

Result

`+jets σtt̄
Selection

Result

Summary
√

s = 7 TeV√
s = 8 TeV

Atlas σtt̄
Global σtt̄

Conclusions

Slide 9 of 18

ATLAS-CONF-2013-097

tt̄ production cross section in eµ at
√
s = 8 TeV

• Most precise ATLAS tt̄ cross section measurement

• Count number of opposite-sign eµ events with:

1 b−tagged jet : N1 = Lσtt̄εeµ2εb (1− Cbεb) + Nbkg
1

2 b−tagged jets : N2 = Lσtt̄εeµCbε
2
b + Nbkg

2

L : Integrated luminosity of sample
εeµ : Event selection efficiency
εb : Jet reconstruction & b-tagging efficiency
Cb : Tagging correlation Cb = εbb/ε

2
b = 1.007± 0.002

Nbkg
1,2 : Observed background events

• Solve equations for εb and σtt̄

• Benefit from reduction in systematic uncertainties

• Measurement uses L = 20.3fb−1 of
√
s = 8 TeV data
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Di-lepton event selection

Event selection

Trigger Single lepton
Exactly one isolated lepton Muons: pT > 25 GeV, |η| < 2.5

Electrons: pT > 25 GeV
|η| < 2.47, excluding 1.37 < |η| < 1.52

Anti-kt (R = 0.4) jets ≥ 1 jet with pT > 25 GeV, |η| < 2.5
b-tagging ≥ 1 b-tagged jet at εb = 70% working point
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Dominant systematics and result

Dominant systematic uncertainties

Uncertainty ∆εeµ/εeµ ∆Cb/Cb ∆σtt̄/σtt̄ ∆σtt̄ ∆εb/εb
(%) (%) (%) (pb) (%)

Data statistics - - 0.72 1.7 0.57
tt̄ modelling 0.91 -0.61 1.52 3.6 0.61
ISR/FSR -0.76 0.26 1.23 2.9 0.37
PDF 1.08 - 1.09 2.6 0.06
Single-top Wt cross section - - 0.70 1.7 0.24
Electron ID/isolation 1.28 0.00 1.42 3.4 0.05
Muon ID/isolation 0.50 0.00 0.52 1.2 0.01
Jet energy scale 0.46 0.07 0.49 1.2 0.11
Jet energy resolution -0.44 0.04 0.59 1.4 0.08
Total systematic 2.29 0.69 3.12 7.4 1.02
Integrated luminosity - - 3.11 7.4 0.11
LHC beam energy - - 1.70 4.0 0.00
Total Uncertainty 2.29 0.69 4.77 11.3 1.17

• Only showing systematics with ∆σtt̄ > 1.0pb

Measured cross section

σtt̄ = 237.7± 1.7(stat)± 7.4(syst)± 7.4(lumi)± 4.0(beam energy)
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ATLAS-CONF-2012-149

tt̄ production cross section in `+jets at
√
s = 8 TeV

Trigger Single lepton
Exactly one isolated lepton Muons: pT > 40 GeV, |η| < 2.5

Electrons: pT > 40 GeV
|η| < 2.47, excluding 1.37 < |η| < 1.52

Anti-kt (R = 0.4) jets ≥ 3 jets with pT > 25 GeV, |η| < 2.5
b-tagging ≥ 1 b-tagged jet at εb = 70% working point
e+jets Emiss

T > 30 GeV, mW
T > 35 GeV

µ+jets Emiss
T > 20 GeV, Emiss

T + mW
T > 60 GeV

• Uses a likelihood to discriminate between tt̄ and background
• Based on transformed aplanarity and lepton pseudo-rapidity

• Measurement uses L = 5.8fb−1 of
√
s = 8 TeV data
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Dominant systematics and result

Dominant systematic uncertainties

Source e+ ≥ 3 jets µ+ ≥ 3 jets combined
Jet/MET reconstruction, calibration 6.7,-6.3 5.4,-4.6 5.9,-5.2
Lepton trigger, ID and reconstruction 2.4,-2.7 4.7,-4.2 2.7,-2.8
Background normalization and composition 1.9,-2.2 1.6,-1.5 1.8,-1.9
b-tagging efficiency 1.7,-1.3 1.9,-1.1 1.8,-1.2
MC modelling of the signal ±12 ±11 ±13
Total ±14 ±13 ±13

Measured cross section

σtt̄ = 241± 2(stat)± 31(syst)± 9(lumi)
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√
s = 7 TeV cross section summary

 [pb]
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 uncertaintySα ⊕ PDF ⊕scale 

 = 172.5 GeV
top

NNLO+NNLL (top++ 2.0), PDF4LHC m stat. uncertainty

total uncertainty
(lumi)±(syst) ±(stat) ± 

tt
σ

ATLAS, l+jets -1=0.7 fbintL 7 pb± 9 ± 4 ±179 

ATLAS, dilepton -1=0.7 fbintL pb-  7
+ 8  -  11

+ 14 6 ±173 

ATLAS, all jets (*) -1=1.0 fbintL 6 pb± 78 ± 18 ±167 

ATLAS combined -1=0.7-1.0 fbintL 7 pb± -  7
+ 8 3 ±177 

CMS, l+jets (*) -1=0.8-1.1 fbintL 7 pb± 12 ± 3 ±164 

CMS, dilepton (*) -1=1.1 fbintL 8 pb± 16 ± 4 ±170 

 (*)µ+hadτCMS, -1=1.1 fbintL 9 pb± 26 ± 24 ±149 

CMS, all jets (*) -1=1.1 fbintL 8 pb± 40 ± 20 ±136 

CMS combined -1=0.8-1.1 fbintL 8 pb± 11 ±  2 ±166 

LHC combined (Sep 2012) -1=0.7-1.1 fbintL 6 pb±  8 ±  2 ±173 

νµX→ATLAS, l+jets, b -1=4.7 fbintL 3 pb± 17 ± 2 ±165 

+lhadτATLAS, -1=2.1 fbintL 7 pb± 20 ± 13 ±186 

+jetshadτATLAS, -1=1.7 fbintL 46 pb± 18 ±194 

ATLAS, all jets -1=4.7 fbintL 7 pb± -  57
+ 60 12 ±168 

CMS, l+jets -1=2.2-2.3 fbintL 4 pb± 10 ± 2 ±158 

CMS, dilepton -1=2.3 fbintL 4 pb± 5 ± 2 ±162 

+lhadτCMS, -1=2.2 fbintL 3 pb± 22 ± 14 ±143 

+jetshadτCMS, -1=3.9 fbintL 3 pb± 32 ± 12 ±152 

CMS, all jets -1=3.5 fbintL 3 pb± 26 ± 10 ±139 

 = 7 TeV   TOPLHCWGs summary, 
tt

σATLAS+CMS Preliminary   

• Summary of LHC
√
s = 7 TeV tt̄ cross sections
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√
s = 8 TeV cross section summary

 [pb]
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σ

100 150 200 250 300 350 400

ATLAS Preliminary

 = 8 TeVsData 2012, 

Channel & Lumi.

12 Sep 2013

scale uncertainty
scale+PDF uncertainty
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PDF4LHC m

stat. uncertainty
total uncertainty

)
beam

(E±(lumi) ±(syst) ±(stat) ± 
tt

σ

Single lepton
­1

5.8 fb  9 pb± 31 ± 2 ±241 

)µDilepton (e
­1

20.3 fb  4 pb± 7 ± 7 ± 2 ±238 

• Summary of ATLAS
√
s = 8 TeV tt̄ cross sections
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ATLAS tt̄ cross section summary
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• ATLAS tt̄ cross sections Vs
√
s

• Prediction in agreement with observed data
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Global tt̄ cross section summary
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• Global tt̄ cross sections Vs
√
s

• Prediction in agreement with observed data
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Conclusions

Summary of ATLAS tt̄ cross section measurements

• Differential cross sections at
√
s = 7 TeV

• Unfolded data compared to MC, NLO QCD and PDF sets
• Predictions agree with data in a wide kinematic region
• Data is softer than any prediction for large pt

T

• Inclusive cross sections at
√
s = 8 TeV

• Di-lepton eµ measurement using 1 and 2 b-tagged
events gives highest precision

• `+jets measurement in broad agreement

• Theoretical prediction accurately describes data from multiple
experiments across large

√
s range
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