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Top production according to SM at hadron 
colliders

● Production
   in pairs
● Reversed 
   qq,gg 
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Top properties according to SM

● t→Wb  ~100%
● Charge +2/3
● Spin ½
● τ ~10-25 s

topologies

• tt → lνlνbb       di-lepton           5%  e+µ

• tt → lνqqbb      lepton+jets     30%  e+µ

• tt → qqqqbb    all hadronic     45% 



What we really experimentally know  
about top quark?

● Pair production 
    at TEVATRON
     (xsection)
● Mass
● t->Wb  BR
  consistent with ~1
All above consistent 
 with SM!



Parameters of top quark  measured  recently 
or not measured yet !

● Charge
● Spin
● Lifetime
● Spin correlations
● Single top prod.
   xsection



Top charge determination

Assumptions involved:

● We consider just two charge options:
   2/3 or 4/3

● All properties  (except charge) of particle 
decaying into Wb (top?) are the same as 
SM top



Determination of components
● Charge of b-jet



Determination of correct pairing of leptons and jets

Options – m2
lb cut, kinematic reconstruction of an event



Expectation for standard and exotic model

  
  A possible combination of lepton and b-

jet charges:

   Standard Model       +-   or -+
   Exotic     Model        ++  or --



Statistical analysis
● Binomial statistics (Purity,Number of measurements)



Statistical analysis
● Probability to reject wrong hypothesis at 

given CL



Statistical Analysis

P
q
 - purity – probability to determine correctly top charge

P
value

  f(P
q
 , N

q 
 ,N) < a  top hypothesis is rejected 

N
q
 – number of pairs of leptons and b-jets with charge 2/3

Power b  - for given α, probability to reject SM hypothesis if XM hyp. is true 

Bayes Factor – P(N
q 
|SM)/P(N

q
|XM) – odds of SM over XM

convention in statistics is:
2 ln(BF)           0-2           Not worth mentioning
                        2-6           positive
                        6-10         strong
                        >10          very strong 

Many thanks to Stat. Committee specially to Luc Demortier!







Realistic MC calculation
● Is charge symmetry there?



Origin of charge bias



Realistic bjet charge reconstruction
● Probability of correct b-jet charge 

calculation ~0.63



Determination of Pq for signal and background

Selection criteria:
 - standard selection for a given channel (dilept., lept+jets)
 - b-jet charge - tight secvtx tracks, P

t 
>1.5 GeV/c2,|D

0
|<0.15 cm

 - Pairing   -  m2
lbmax

 >22k cut (dilept.), χ2 <9 cut (lept.+jets, top mass kin. fit) 

 - b-tagging (dilep – at least one jet), (2 jets in lept.+jets)



Comparison of b-jet charge determination from 
MC and Data

SF =1.03±0.02(stat.)±0.04(sys.)

Dijet HF data and corresponding MC comparison



Expected 

Observed

Final result (LJ 695 pb1,Dil 955 pb1)

We decided to reject SM if P
value

 < α=0.01!

 (before looking at data)



Final result

         2ln(BF)=8.54! 
Strong support for SM!





Update to 1.5 fb1 !

It would be may be a boring exercise if devil was sleeping ...

2ln(BF)=12.01 !
Pval=0.31



Conclussion

● There is very strong support in 1.5 fb1 of the CDF data 
for SM top!

● There is also seen something unusual and lets see what 
happens with at least factor 2 larger statistics!


