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Introduction
• Motivation

• Test of Perturbative QCD through precision measurement
• Main background for new physics - possible deviation due to new physics

• Agree well with prediction so far last year 2010.
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• Focus on 2011 analyses 
• cross section in dilepton decay mode
• cross section in l+tau decay mode
• cross section in l+jets decay mode
• cross section in hadronic decay mode
• multi-jet distribution in l+jets
• charge asymmetry
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ttbar events
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ttbar MC samples
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• CMS
• MadGraph with matrix elements up to three additional partons 
• ME are matched with Pythia for Parton showering (PS)
• TAUOLA for tau decay
• Top mass 172.5 GeV
• NLO 157.5 pb using MCFM

• ATLAS
• MC@NLO interfaced with HERWIG (PS) and JIMMY (UE)
• TAUOLA for tau decay
• Top mass 172.5 GeV
• Approximate NNLO 164.6 pb
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Physics Objects 

5

CMS ATLAS

Muons |η| < 2.4 (2.1)
Particle-based isolation

|η| < 2.5, dR(mu, jet) > 0.4
energy/track isolation

Electrons |η| < 2.5, (veto 1.44 < |η| < 1.57)
Particle-based isolation

|η| < 2.5,  veto 1.37 < |η| < 1.52 
energy sum for isolation  

Taus Hadron plus strips algorithm Boosted Decision Tree

Jets
Particle-flow* jets
Anti-Kt with dR=0.5
pT > 30 GeV

Calo-jets
Anti-Kt with 0.4
dR(e, jet) > 0.4, pT > 20 GeV

MET Vector sum of all particles Vector sum of energy

*Combines all information from all sub-detectors and reconstruct all particles: 
charged hadrons, photons, neutral hadrons, muons and electrons which are used 
for jet and MET reconstruction as well as for isolation requirement.



HCP at Paris, 14/11/2011 Tae Jeong Kim

Dilepton decay 
• Two opposite sign isolated leptons pT > 25/20 GeV (ATLAS/CMS) 
• Mll >15/12 GeV & |Mll - 91| > 10/15 GeV for ee/μμ (ATLAS/CMS)
• At least two jets pT > 25/30 GeV (ATLAS/CMS)  
• MET > 60 or 40 (b-tag) /30 GeV for ee/μμ (ATLAS/CMS) 
• HT > 130 or 140 (b-tag) GeV for eμ (ATLAS) 
• One b-tagging (CMS:track counting,  ATLAS:likelihood ratio)
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• Lepton efficiency
• Data-driven way
• Using Z candidate 

• Background estimation
• Z window for Drell-yan
• Matrix method for 

QCD and W+jets
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Dilepton (CMS)

• Counting method 
• BLUE (Best Linear Unbiased Estimator) 

method for combination of three decay modes
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σ =168  ± 18(stat.) ± 14(syst.) ± 7(lumi.)pb with 36 pb-1 : J. High Energy Phys. 07 (2011) 049
σ = 194 ± 72(stat.) ± 24(syst.) ± 21(lumi.) pb.  with 3 pb-1 : Phys. Lett. B 695 (2011) 424-443

σ=169.9±3.9(stat.)±16.3(syst.)±7.6(lumi.)pb 

(TOP-11-005, 1.1fb-1)
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2010 data

δσ/σ  = 10.8%

http://dx.doi.org/10.1007/JHEP07%282011%29049
http://dx.doi.org/10.1007/JHEP07%282011%29049
http://dx.doi.org/10.1016/j.physletb.2010.11.058
http://dx.doi.org/10.1016/j.physletb.2010.11.058
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Dilepton (ATLAS) 
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• Phys. Lett. B arXiv:1108.369
• EPJC 71 (2011) 1577

(ATLAS-CONF-2011-100, 0.7fb-1)

• Analysis with/without b-tagging.
• Likelihood fitting
• Main systematic uncertainty
• Jet energy scale
• b-tagging efficiency

Number of b-tagged jets
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http://arxiv.org/abs/1108.3699
http://arxiv.org/abs/1108.3699
http://www.springerlink.com/content/n53r0l4621146576/
http://www.springerlink.com/content/n53r0l4621146576/
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μ+tau decay mode
• H+ (<top mass) can contribute.
• Tau identification

• CMS - Hadrons plus strips (HPS) 
combining charged hadrons and EM 
particles in strips in calorimeter to 
take into account π0

• ATLAS - multivariate discriminate 
using Boosted Decision Tree 
identifying two tau candidates:      
τ1 (1 track) and τ3 ( 3 tracks)

• Event selection
• Only one isolated muon                     

pT > 20/25 GeV (CMS/ATLAS)
• At least two jets
• MET > 40/30 GeV (CMS/ATLAS)
• HT > 200 GeV (ATLAS) 
• One b-tagging 
• At least one tau jet
• Opposite sign of muon and tau jet
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Jet Multiplicity
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μ+tau (CMS)

• Counting method 
• Data-driven background estimation

• The jet → tau fake rate is from enriched 
QCD (gluon jet) and W+jets (quark jet) 
data sample separately

• Take average over two estimates 
• Main systematic uncertainty

• tau fake background estimation 
• tau id 
• b-tagging 
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σ=148.7±23.6(stat.)±26.0(syst.)±8.9(lumi.)pb 

(TOP-11-006 with 1.1 fb-1)

δσ/σ  = 24%
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μ+tau (ATLAS)

• Fitting to Boosted Decision Tree (BDT) distribution
• Opposite sign minus same sign BDT → reduce gluon contribution 

from QCD and W+jets
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l+jets 

• Event selection 
• Only one isolated lepton :                     

pT > 45/35 GeV (e/μ) 
• MET > 20/30 GeV (e/μ)
• b-tagging (secondary vertex algorithm) 

• QCD shape is from non-isolated data 
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CMS

• Event selection 
• Only one isolated lepton :                 

pT > 25/20 GeV (e/μ) 
• MET > 35/25 GeV (e/μ)
• MT(W) > 25 (e) 
• MT(W)+MET> 60 GeV (μ)

•QCD shape is from data with 
Matrix method.

ATLAS
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l+jets (CMS)       
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• Binned profile likelihood fitting
• Fitting to secondary vertex mass distribution in 1 b-tag and 2 b-tag jet bins

Data

T op
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W+L F  J ets
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QC D

(TOP-11-003 with 0.8(e)/1.1(μ) fb-1)

σ(mu)=163.2±3.4(stat.)±12.7(syst.)±7.3(lumi.)pb 
σ(e)=163.0±4.4(stat.)±12.7(syst.)±7.3(lumi.) pb
σ(comb.)=164.4±2.8(stat.)±11.9(syst.)±7.4(lumi.) pb

w/o b-tagging : Eur. Phys. J. C 71 (2011) 1721
w b-tagging : arXiv:1108.3773

• Main systematic 
uncertainties included in fit
• W + jets Q2

• b-tagging efficiency
• JES

2010 data
2011 result δσ/σ  = 8.7%

http://dx.doi.org/10.1140/epjc/s10052-011-1721-3
http://dx.doi.org/10.1140/epjc/s10052-011-1721-3
http://arxiv.org/abs/1108.3773
http://arxiv.org/abs/1108.3773


HCP at Paris, 14/11/2011 Tae Jeong Kim

l+jets (ATLAS) 

14

Ev
en

ts

400
800

1200
1600
2000
2400

3 Jets
4 Jets

3 Jets

4 Jets  ≥5 Jets
e + Jets µ + Jets

Ra
tio

 D
at

a/
Fit 1.5

1.0
0.5

Likelihood Discriminant
0 20 40 60 80 100

 
≥5 Jets

 L dt = 0.70 fb–1∫
ATLAS  Preliminary  

tt
W+Jets

Data 2011, √s = 7 TeV

Other EW
QCD Multijet

Likelihood Discriminant : lepton eta, highest jet pt, event aplanarity, HT

( ATLAS-CONF-2011-121, 0.7 fb-1)

σ(comb.)=179.0±3.9(stat.)±9.0(syst.)±6.6(lumi.) pb

β=free parameter, δ=nuisance parameter 

δσ/σ  = 6.6%

• Main systematic 
uncertainties
• Signal MC generator
• JES
• ISR+FSR
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Hadronic decay 
• Branching ratio is large ~ 45 %

• suffer from large multi jet background 
• Event selection

• 6 jets are required
• at least two b-tagged jets

• Simple secondary vertex with high purity 
(CMS) / JetFitterCombNN (ATLAS)

• MET significance : MET/√HT < 3 (ATLAS) 
• dR(b, bbar) > 1.2 (ATLAS) 

• to remove gluon splitting
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• QCD contribution from data 
• CMS : scale factor from non b-tagged jet 

sample (more than 6 jets) to b-tagged jets 
as a function of pT and η. 

• ATLAS : Event mixing technique - model 
higher jet multiplicity using lower jet-
multiplicity multi-jet sample.
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Hadronic decay (CMS)

• Unbinned maximum likelihood fit to 
extract number of signal. 
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• Uncertainty mainly from 
• b-tagging
• jet energy scale
• background estimation.

σ=136±20(stat.)±40(syst.)±8(lumi.)pb 

(TOP-11-007 with 1.1fb-1)

δσ/σ  = 33 %
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Hadronic decay (ATLAS)       
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• The number of signal is extracted from the fitting to mass χ2

top mass

• Uncertainty mainly from 
• jet energy scale
• b-tagging
• ISR, FSR

↑
cross check : 
ABCD method

δσ/σ  = 48%
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Combined cross section
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CMS all-hadronic   8± 40 ± 20 ±136 

TOP-11-007 (L=1.1/fb)  lumi.)± syst. ± stat. ±(val. 

)µ,eµµCMS dilepton (ee,   8± 16 ±  4 ±170 

TOP-11-005 (L=1.1/fb)  lum)± syst. ± stat. ±(val. 

+jets+btagµCMS e/   7± 12 ±  3 ±164 

TOP-11-003 (L=0.8-1.1/fb)  lumi.)± syst. ± stat. ±(val. 

CMS 2011 combination   8± 11 ±  2 ±166 

TOP-11-024 (L=0.8-1.1/fb)  lumi.)± syst. ± stat. ±(val. 

=7 TeVsCMS Preliminary, 

Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097
NLO QCD

(CMS-TOP-11-024) (ATLAS-CONF-2011-108) New!

δσ/σ  = 8%

δσ/σ  = 8.8%
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Jet multiplicity in ttbar (ATLAS)
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• Jet multiplicity with additional jets as a function 
of the jet pT. 
• Useful to constrain initial state radiation.
• Performed in l+jets channel only
• Event selection following l+jets cross section 
analysis with at least 4 jets and one b-tagging 
(SV0 algorithm)
• The background-subtracted reconstructed jet 
multiplicity compared with MC ISR variations.

(ATLAS-CONF-2011-142 with 0.7 fb-1) pT > 25 GeV

pT > 40 GeV pT > 60 GeV
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Charge Asymmetry
• CDF has already observed 3.4 sigma deviation 

with respect to SM above 450 GeV. 
• Could be explained by possible new exchange 

particles in t-channel from various theory paper.
• Charge asymmetry is sensitive to this additional 

production mode.
• Variables 

• CMS

• ATLAS
• Event selection follows l+jets analysis requiring 4 

jets and one b-tag.
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Charge Asymmetry (CMS)

• Regularized unfolding
• Consistent with SM prediction

21

(TOP-11-014  with 1.1 fb-1)
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• No deviation was found above 450 GeV.
• Need unfolding with Mttbar



HCP at Paris, 14/11/2011 Tae Jeong Kim

Charge Asymmetry (ATLAS)
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Conclusion

• CMS and ATLAS have produced precise measurements in the 
dilepton and l+jets channels

• These measurements are already systematically limited, starting to 
constrain theory

• First measurements in fully hadronic decays and decays with tau
• Covering most of all possible decay modes
• Measurement of charge asymmetry, as yet consistent with SM.

• Improve pileup modeling and b-tagging to reduce systematic 
uncertainty.

• Differential cross section measurement coming soon!
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Dilepton 
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(TOP-11-005)

(ATLAS-CONF-2011-100)
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l+jets
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( ATLAS-CONF-2011-121)

(TOP-11-003)
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μ+tau 
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(ATLAS-CONF-2010-119)    

(TOP-11-006)
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Charge Asymmetry
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(TOP-11-014)

(ATLAS-CONF-2010-119)


