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Why measuring top cross sections ?

Test pQCD, SM. 

Probe of the new production mechanism ( e.g. resonance 
production ) 

 cross­check results in as many channels                                          
    as possible

Look for consistency, constrain non­standard contributions     
( e.g look at ratios, see Yvonne's talk )

Define well understood samples for properties measurements

Dominant background to Higgs/SUSY searches

Extract top pole mass from x­section
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Top quark production 

    Strong production:

See Reinhard's talk for EW production

­ N. Kidonakis and R. Vogt, arXiv:hep­ph/0805.3844, PRD 78, 074005 (2008):    
NLO + NNLO soft gluon correction,   = 7.27+0.76−0.85 pb, mσ

t
 = 172.5 GeV                                                                        

­ S. Moch and P. Uwer, arXive:hep­ph/0804.1476, PRD 78, 034003 (2008):  
NNLO (approx),   = 7.45+0.50−0.70 pb, mσ

t
 = 172.5 GeV                                                                                                       

­ M. Cacciari, S. Frixione, M. M. Mangano, P. Nason and G. Ridolfi, arXiv:hep­ph/0804.2800, JHEP 09, 127 (2008):  
NLO + next­to­leading threshold logarithm correction,   = 7.14+0.76−0.86 pb, mσ

t
 = 172.5 GeV

   Errors ~7­10% 

   In RunII, most of errors are systematic­limited ( JES, luminosity, ... )                 
        ( RunI,s = 1.8 TeV, L ~100pb­1: 

tt
/

tt
 ~25% ).

~85(13)%

~15(87)%

TeVatron (LHC)

http://arxiv.org/pdf/0805.3844
http://dx.doi.org/10.1103/PhysRevD.78.074005
http://arxiv.org/pdf/0804.1476
http://dx.doi.org/10.1103/PhysRevD.78.034003
http://arxiv.org/pdf/0804.2800
http://dx.doi.org/10.1088/1126-6708/2008/09/127
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Top quark decays
Properties

m
t
 >> m

W
+ m

b
 & 3 generations CKM                                                                           

|V
tb
|= 0.9990­0.9992 ( @ 90% C.L)                                                                               

 B(tWb) ~100%


t
 ~ 1.4 GeV ⇒ 

t
 >> 

QCD           

 top spin ~fully transferred to decay products

  Final states

Efficient triggering system ( QCD is ~109 )

Multipurpose detector
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TeVatron
Proton / anti­proton collider @ 1.96 TeV 

RunI 1995: top discovery, RunII, started 2001

Excellent / stable performance

Peak luminosity > 3.5 x 1032 cm−2 s−1

6.7 / 6 fb−1 per experiment delivered/recorded

                                                                                 

                                                                                TeVatron @ 1032cm­2s­1: 7kEvts/year 
                                                                                   ( LHC @1033cm­2s­1: 8MEvts/year ! )

4 fb­1, top pairs:
 ~15k (alljets) 
 ~  9k (e,mu+jets)
 ~  3k (dileptons, incl. tau)
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 DØ detector

Silicon Micro­strip Tracker (SMT)
6 barrels w/ 4 layers, z ~1 m
||< 2.5
New Layer 0 ( RunIIb ) @ r =1.6 cm

Scintillating Fiber Tracker (CFT)
8 layers ( axial & stereo )
20 < r < 51 cm in 2T mag. field

Muon system, ||<2

90%
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Top x­sections: lepton+jets
Topology                                                                                   

1 hight p
T
 isolated lepton (e,)                                                                  

+ >= 3 jets, p
T
 > 40/20/20 GeV                                                                    

+ MET > 20(25) GeV + (MET,lept.)

Background                                                                           
Multijet (fake lepton)                                                                               
W/Z+jets, diboson

With b­tagging                                                                       
counting exp.; max. LLH fit to #events                                                     
>=3,4 jets with 1,2 b­tag(s) 

Topological                                                                                                   
max. LLH fit to discriminant                                                       
combining topological inputs events w/ >=3,4 jets 
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Top x­sections: lepton+jets
Topology                                                                                   

1 high p
T
 isolated lepton(e,)                                                                  + 

>= 3 jets, p
T
 > 40, 20 GeV                                                                        + 

MET > 20(25) GeV + (MET,lept.)

Background                                                                           
Multijet (fake lepton)                                                                               
+ W+jets + diboson

With b­tagging                                                                       
counting exp.; max. LLH fit to #events                                                     
>=3,4 jets with 1,2 b­tag(s) 

Topological                                                                                                   
max. LLH fit to LLH discriminant                                                       
using topological inputs events w/ >=3,4 jets 

Results ( m
t
 = 175 GeV ):

 
 With b­tagging:
 Topological:
 Combined: 
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Top x­sections: dileptons & +lepton

Topology                                                                                   
­ dileptons:                                                                              
  2 high p

T
 isolated & opposite charge                                                       

  leptons (e,) +  2 jets p
T
>30,20 GeV                                                       

   + MET > 45 GeV + (MET,lept.)                                                           
   + dilepton inv. mass + topological cuts  
­  + lepton:                                                                                                
  1 high p

T
 lep. + 1 hadronic opp. charge                                                  

   + MET > 15 GeV + (MET,lept.)                                                           
   + 1 b­tag jet

Backgrounds                                                                            
­ Multijet (fake lepton + heavy flavour)                                                    
­ Z/ ll, Z/ W/Z+jets, dibosons



 

Sébastien Greder 11

Top x­sections: dileptons & tau+lepton

Topology                                                                                   
dileptons ( 1fb­1 ):                                                                    
  2 high p

T
 isolated & opposite charge                                                       

   lepton (e,) +  2 jets p
T
>20 GeV                                                            

  + MET > 20 GeV + (MET,lept.)                                                            
  + dilepton inv. mass cut + Ht, sphericity
tau + lepton ( 2.2fb­1):                                                                             
  1 high lepton + 1 hadronic opposite                                                         
  charge                                                                                                       
  + MET > 15 GeV + (MET,lept.)                                                            
  + 1 b­tag jet

Backgrounds                                                                            
­ Multijet (fake lepton + heavy flavour)                                                    
­ Z/ W/Z+jets, diboson

Results ( m
t
 = 175 GeV ):

 
 dileptons:
 tau+lepton:
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Overview of top x­sections

Self­consistent measurement across channels ( shown here for m
t
 = 175 GeV )    

All agree with SM !

Single measurement:                                                                                  


tt
/

tt
~11% ! ( l+jets ),                                                                           

limited by systematic errors

On­going D0/CDF effort                 
for x­sections combinations,    
common systematic defs., ...

Non­standard decay modes                                                                             
can be tested through e.g                                                                          
x­sections ratios                                                                                         
( see Yvonne's talk )                
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W helicity in top decays
Investigate structure of t­W­b interaction

Reminder: SM only left­handed particles couple to W (V­A coupling ). 
Possible W helicity configurations:

Lepton kinematic sensitive to W helicity:

Lepton p
T
    

*: angle between lepton / W                                                          
in W rest frame / top rest frame

    samples: lepton+jets and dileptons       
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W helicity in top decays
Compare templates for left, right and longitudinal polarizations

Results:

Model independent analysis ( f
0
 and f

+
 are varied ind. )

23% consistency with SM values:

Systematic dominated by signal/bkgd models
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Anomalous couplings
Phenomenology

Can affect many observables 

top­antitop / single­top x­sections, spin correlations, 
angular/kinematic distributions of decay products, ...

Additional couplings

 left/right vector f
1

L/R, tensor f
2

L/R:
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Anomalous couplings
Use information from W helicity ( see previous slides ) and single­top:

Single­top sample: 0.9 fb­1

Decision trees trained for 3 different                                   
anomalous couplings scenarios

Phys. Rev. Lett. 102, 092002 (2009)

 

Results
 Good agreement with expected SM values: f

1
L = 0, f

1
R = f

2
L/R = 0

http://link.aps.org/abstract/PRL/v102/e092002
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Anomalous couplings
Use information from W helicity ( see previous slides ) and single­top:

Single­top sample: 0.9 fb­1

Decision trees trained for 3 different                                   
anomalous couplings scenarios

Phys. Rev. Lett. 102, 092002 (2009)

 

Results
 Good agreement with expected SM values: f

1
L = 1, f

1
R = f

2
L/R = 0

http://link.aps.org/abstract/PRL/v102/e092002
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Top­antitop spin correlations


t
 ~ 1.4 GeV ⇒ 

t
 >> 

QCD            

 top spin ~fully transferred to decay products

Dilepton channels (4.2fb­1): ee,,e and measure decay products (l+,l­) angular corr. C:

C is a free parameter and 
1,2

: angles between leptons flight directions / beam in top rest 
frame:

l+

b

t


Beam (quantization) 
axis

 ! N
EW

 !
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Top­antitop spin correlations
Results:

Errors:
Dominated by stat. ( ~+/­0.5 )

Syst.: top mass, signal modeling 

C
NLO

 = 0.777

 ! N
EW

 !
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Conclusion
Various top­antitop final states under investigation

l+jets, dileptons, tau+leptons

Allows to test different SM facets ( x­section consistencies, ratios, ... )

Experimental cross­section measurements are reaching current NNLO 
calculation uncertainties ( ~10% )

t­W­b interaction scrutinized through W helicity & single­top kinematic

First measurement of top­antitop spin correlation since RunI !

On­going effort to combine D0 and CDF results

Not full data used yet, keep tuned !

For more information see:

http://www­d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html

http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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Back­up
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X­section combination
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W helicity in top decays

Results:

23% consistency with SM values:
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