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Why We Like Top Quark
• We do not expect the formation of top hadrons
therefore, top quark decays before hadronization 

●Top quark decays through ONE decay channel

●The total and differential rates are calculated with O(10%) accuracy

●Top quark is unique and powerful instrument to study SM physics and search for 
  manifestation of New Physics beyond SM
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Study of Top Quark
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4 fb-1, ttbar pairs:
~15k (alljets)
~9k (e,mu+jets)
~3k (dileptons, including tau)

 1.96 TeV p-anti p collider
 396 ns between bunches

 Has delivered 8.7 fb-1 of data
 since 2001
 running smoothly, expect 

10 fb-1 at the end of 2010
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Production Processes
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 Tevatron Cross Sections
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Analysis Methods
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Top Pair Production (QCD)
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Top Pair Analysis Channels
 DileptonsDileptons

 Small rate, small 
backgrounds

 Main background: Drell-Yan

 Lepton + JetsLepton + Jets
 Good rate and manageable 

backgrounds
 Main background: W+jets  

 All-hadronic (alljets)All-hadronic (alljets)
 Large rate, large backgroundLarge rate, large background
 Main background: multijetsMain background: multijets

Identification of b-quarks through secondary vertexIdentification of b-quarks through secondary vertex
is a critical point to reduce backgrounds is a critical point to reduce backgrounds 
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tt: Cross section measurements
Recent D0 and CDF analysis in different channelsRecent D0 and CDF analysis in different channels
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tt: Cross section measurements
CDFCDF

Tevatron combination is in progressTevatron combination is in progress
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tt: Top Mass Measurement
D0 matrix element analysis in l+jets channel

CDF Neural Network analysis in l+jets chann.
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Top Mass → Indirect Constraints
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D0 900 pb-1 

CDF 162 pb-1 

; R > 0.79 @95%CL

R > 0.61 @95%CL

CDF 4.3 fb-1 Direct Fit  Γ
t 
 < 7.5 GeV;  τ

t
  > 8.7x10-26 s @ 95% CL; Γ

t 
= 1.9+1.9

-1.5
GeV 

D0 2.3 fb-1  Indirect Fit  Γ
t 
 = 2.1 ±0.6 GeV; τ

t
  < 5x10-25 s @ 95% CL

D0 1 fb-1 direct top antitop mass difference:      m
top

- m
antitop

= 3.8 ±3.7 GeV  

Top charge:  
             CDF 2.7 fb-1 measurement excludes top charge -4/3 with 95% CL 
             D0 370 pb-1  measurement excludes top charge -4/3 with 92% CL 

tt: Direct measurements

Γ
t
SM

 
 ≈ 1.5 GeV
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tt: Spin Correlations (dilepton channel)

D0 4 fbD0 4 fb-1-1  
K = -0.17 K = -0.17 +0.64+0.64

-0.53     -0.53     Beam axisBeam axis

CDF 2.8 fbCDF 2.8 fb-1-1

K = 0.32 K = 0.32 +0.55+0.55

-0.78       -0.78       2.8 fb2.8 fb-1-1    

Off-diagonal axisOff-diagonal axis
CDF 4.3 fbCDF 4.3 fb-1-1

K = 0.60 K = 0.60 ±±0.5(stat)0.5(stat)±0±0.16.16  
  

In agreement with SMIn agreement with SM
within 1within 1σσ (CDF) (CDF)
and 2and 2σ (D0)σ (D0)
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Forward-Backward Asymmetry
Due to interference termsDue to interference terms
SM predicts at NLOSM predicts at NLO
(may be less at NLO+NLL):(may be less at NLO+NLL):

D0 results

CDF results:

A
FB

ppbar    =  0.08 ± 0.04  (stat)  ± 0.01 (syst)            4.3 fb-1

A
FB

ppbar    =  0.15 ± 0.05  (stat)  ± 0.024 (syst)                5.3 fb-1

A
FB

ttbar    =  0.158 ± 0.072  (stat)  ± 0.017 (syst)             5.3 fb-1
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tt: Resonant Top Pair production
No evidence for a narrow 
Resonance decaying to tt
At D0 3.6 fb-1 measurement
In l+jets channel. 
Leptophobic Z' bozon with M

Z'
 < 820 GeV

and Γ
Z'
 = 0.012M

Z'
 is excluded @95% CL

CDF 2.8 fb-1 search in all jets channel
Excluded M

Z'
 < 820 GeV (Γ

Z'
 = 0.012M

Z'
)

is excluded @95% CL

No evidence of
Resonance in CDF
2.7 fb-1 l+jets
Measurements
Of dσ/dM

tt
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tt: 4th generation t' search

CDF 4.6 fb-1  
Exclude M

t'
 < 335 GeV @95% CL

D0 4.3 fb-1  
Exclude M

t'
 < 296 GeV @95% CL
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tt: MSSM Charge H± in decays of t
b

                      MH < M
t

                      D0 and CDF
                     Have excluded Br(t→H+b) and M

H
 in different decay channels of H+
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Top Single Production (EWK)
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Single Top t(t) issues
 Independent electroweak channel of top quarks with 

Wtb vertex in production, not only in the decay of top
 Direct measurement of V

tb 
CKM element 

 Unique spin correlations
 Significant background for the Higgs search
 Wide spectrum of «New Physics» to test
 XS is about 40% of tt rate but the background is 

significantly larger, therefore sophisticated analysis 
techniques have been developed

 Observed in 2009, 14 years after top quark discovery



22

t(t): D0 Analysis, Selection
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t(t): D0 High Level Analysis

Three parallel analysis methods: BNN, BDT, ME
Analyse the shapes of discriminants to get final results
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t(t): D0 Combination of BNN,BDT,ME
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t(t): CDF Analysis, Selection
3.2 fb-1             2.1 fb-1
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t(t): CDF High Level Analysis
Six parallel analysis with NN, BDT, ME, LF in l+jets (5) and MET+jets (1)
MET+jets (MJ) adds about 30% of the signal acceptance
Analyse shapes of discriminants to achieve final results

(f)
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t(t): CDF Combination of Six Analysis

LF, ME, NN, BDT, LFS discriminants are combined with Super Discriminant (SD)
SD is neural network trained with neuro-evolution (about 13% improvement)
Final results achieved by fit over two orthogonal discriminants SD and MJ
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t(t): Tevatron Combination (D0⊕CDF)
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t(t): t- and s-channels of single top production
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t(t): Direct measurement of V
tb

|V
tb
|2 ≫ |V

td
|2 + |V

ts
|2

Measurement does not assume
3 generations or unitarity 
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t(t): W' search



32

t(t): Charged Higgs Search
M

H
>M

top

D0 limits @900 pb-1  
For Type I, II, III 2HDM 
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t(t): Anomalous Wtb couplings

First direct
Measurements
In D0

SM:
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tt: W helicity in top decays

f
0
=0.49±0.106(stat)±0.085(sys)

f
+
=0.110±0.059(stat)±0.052(sys)
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tt and t(t): Anomalous Wtb
Constraint from W-helicity f

0
, f

+
 (tt)

Combined constraints from W-helicity and single top measurements
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CDF single top polarization search
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FCNC Search

FCNC processes lead to additional contribution to tt and t(t) or exotic final states
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t(t): FCNC Search in Single Top

CDF NN search @2.2 fb-1

@95% CL

Converted to coupling limits:

Or Branching limits:

D0 NN analysis @2.3 fb-1
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tt: FCNC in the decay of top
1.9 fb-1 CDF Search for t→Zq (q=u,c)
In top pair production:
tt→WbZq   and  tt→ZqZq

Construct permutation mass:

The result of the fit:

Significantly improves the previous best limit from L3 (LEP II)  13.7%

1.9 fb-1 CDF Indirect Search for invisible top decays
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Search for ttH channel in D0 1fb-1
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Conclusion
 Tevatron demonstrates a good agreement with SM in 

top sector. There are no any evidence of deviation 
from SM in top physics.

 Tevatron is still the main place for top physics, many 
analysis are published and we expect more with the 
nearest future expected statistic of 10 fb-1

 Details are available in the dedicated D0 and CDF 
publications (>150) and in the following links:   
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html 
http://www-cdf.fnal.gov/physics/new/top/public_mass.html

http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-cdf.fnal.gov/physics/new/top/public_mass.html
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