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Motivation

• Large     cross-section
–

 

About 20× Tevatron

 

at 7 TeV

• Opportunity to study “bare” quark
– Decays before hadronisation

• Handles on New Physics
– Higgs mass uncertainties
– New phenomena coupling to top
– Top as background to discovery channels

• Exercise full detector and reconstruction in 
complex multi-parton events

tt
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Top production and 
decay

• Top pair production from initial gg
 

pair 
dominates

• Top pair decay modes
–

 
All hadronic

 
(6 jets) –

 
large BR, large QCD background

–
 

Lepton+jets
 

(4 jets) –
 

smaller BR (per lepton), smaller 
background

–
 

Dileptonic
 

(2 jets) –
 

smallest BR, cleanest

• Also consider single top production
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Top@CMS in 2010

• 36 pb-1 collected
• Focus on channels with muons and 

electrons
• Main measurement: top pair cross-section
• First look at other quantities

–

 

Top quark mass
–

 

Production asymmetry
–

 

Top pair invariant mass
–

 

Single top
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Top pair cross-section
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Leptons+jets event 
selection

M3 is “poor man’s” top mass estimate

e+jets

+jets
b-tagging 
improves 

purity 
(e+jets)
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Cross-section with b tags
+jets

Divide sample 
according to n. 
jets and n. b 

tags

1-tag

2-tag
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Cross-section with b tags

Divide sample 
according to n. 
jets and n. b 

tags

1-tag

2-tag

e+jets
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l+jets cross-section

• b-tagged analysis gives best precision
• Independent result without b-tags

with b-tags
w/o b-tags
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Cross-section from 
dilepton events

Cross-section result
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Cross-section combination 
(CMS TOP-11-001)

• Combination of b-tagged l+jets with dilepton measurement
• Uses Best Linear Unbiased Estimate (BLUE) technique
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Other measurements
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Single top cross-section 
(CMS TOP-10-008)

• t-channel (dominant)
–

 

Central b-tagged jet
–

 

Forward light jet

• Leptonic decay of W
–

 

Isolated lepton
–

 

Large MT

 

(l)

• Two approaches
–

 

Backgrounds are large light jet 

cos*

“2-D” fitBoosted decision tree (BDT)

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/bdt_all.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/eta_all.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/costheta_all.pdf
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Single top results

=84±30 pb

Significance (2D) 3.7

 

obs/2.1

 

exp

Significance (BDT) 3.5

 

obs/2.9

 

exp

Combination using BLUE:

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/SingleTop_Summary_CMS_7TeV_36pb.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10008/top.pdf
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Top pair invariant mass 
(CMS TOP-10-007)

• Lepton+jets selection
–

 

Electron and muon

 

channels
–

 

Additional cuts on jet pt

 

, MET

• Kinematic fit to top pair 
hypothesis

• Search for narrow resonance 
in invariant mass spectrum

–

 

Template fit to distributions in different 
categories

•

 

lepton type, n. jets, n. b tags
–

 

Good agreement with Standard Model 
expectations

• Limits set for Z' production
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Charge asymmetry 
(CMS TOP-10-010)

tt  

• Small effect predicted in SM
–

 

Top quark 

 

distribution narrower

 

than antiquark
•

 

But dominant gg

 

production is symmetric
–

 

Measured quantity:

–

 

Asymmetry prediction from SM
•

 

AC

 

=0.0130(11)

• Lepton+jets selection
• Fit to identify top and anti-top
• Unfold measured asymmetry

–

 

AC

 

=0.06±0.13(stat)±0.03(syst)
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Top mass measurement 
(CMS TOP-10-006)

• Top mass measurement 
in dilepton channel

• Two numerical methods
–

 

Kinematic analysis
–

 

Analytical matrix element weighting

• Use of b tag information 
improves reconstruction

Kinematic 
fit

Matrix 
weighting

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/topmassfit_kin.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/topmassfit_mwt.pdf
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First top mass result

Combined result using BLUE

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/Table2.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP10006/Table3.pdf
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Summary and outlook

• First results from CMS across a range 
of top physics areas
–

 
SM measurements

–
 

Quantities sensitive to deviations from SM

• Lots more data in 2011
–

 
Improved statistics and systematics

–
 

Cover all decay channels (tau and all-hadronic)
–

 
Wider range of analyses
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