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Top Physics at Tevatron
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• Long history of the Top Quark since its discovery in 1995 

• Tevatron has been for very long time the unique place in the world 
where top quark could be studied until the LHC became 
operational



Properties
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• Beyond-the-standard-model (BSM) physics contributions can affect 
the top-quark phenomenology in a wide variety of ways:  

• the production mechanisms can be affected  

• the decay widths can be altered 

• its intrinsic properties can be changed  

• the experimental signature can be mimicked by a new particle of 
similar mass. 

Charge 
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W helicity



Charge
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• SM top quark charge = 2/3 

• Existence of exotic top 
with charge -4/3 at 174 
GeV and the actual top 
quark mass > 230 GeV  

by D.Chang et al., PRD 59, 091503(R)  (1999)



Charge (I) D0
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• First Measurement by D0(2007) 

• 370 pb-1 collected between 2002/2004 

• lepton+jets channel 231 (277) events in the muon (electron) channel 

• 2 or more b-tagged jets : 21 events 

• Pairing the decay products with the top quarks (tℓ →ℓνbℓ & th → 
qqbh):  

• 𝜒2 constraint on top and W masses  (84 %)  

• Q1=|qℓ + qbℓ| and Q2=|-qℓ + qbh| : 

• Jet Charge algorithm for b-jet charge determination: 

• Data/ MC correction computed in dijet-bbar enriched sample

2007
D0

PRL 98, 041801



Charge (II) D0
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• Jet charge distribution are used as 
probability density function for the charge of 
the jet:

• Results

• fXM-top =𝝆 = -0.13 ± 0.66(stat) ± 0.11(syst)

• data are consistent with top charge of |2/3| 
• Exclusion at 92% C.L. that the sample is 

due solely to exotic top quark production
• Upper limit of fraction of exotic top pairs < 

0.8 at 90% C.L.

PRL 98, 041801

2007
D0



Charge (I) CDF
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• 1 fb-1 2002/2006 data
• Lepton + jets & dilepton events
• Pairing: 

• L+J: 𝜒2 constraint on top and W masses (84%)

• Dilepton:                                                (96%)

• JetQ Algorithm (purity of 61%).
• Data/MC correction to the purity due to jet fragmentation 

discrepancy
• For each jet a combined purity is defined to keep into account 

all possibility of pairing and getting the right JetQ assignment

2007
D0

2007
CDF

Conf.Note 8782



Charge(II) CDF
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• Likelihood expressed as a 
function of the SM fraction of top 
quark that considers combined 
purities of signal and backgrounds

• Minimum for f SM-top =0.88
• Exotic top excluded at 81% CL

2007
D0

2007
CDF

Conf.Note 8782



Charge
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Other measurements:
• 2013 CDF: 5.6 fb-1 2002/2010 data 

• Exotic top (q=4/3) is rejected at 
99% CL

• Allowing the SM and Exotic top 
hypotheses to coexist:

•  0.66 < fSM-top  <0.95 with 68% 
CL and 0.48 < fSM-top  . < 1.00 
with 95% CL

• 2014 D0: 5.3 fb-1 (L+jets)
• Exotic top (q=4/3) is rejected at 5 

SD
• Allowing the SM and Exotic top 

hypotheses to coexist:
•  0.70< fSM-top   with 68% CL and           

0.54 < fSM-top  .  with 95% CL

2007
D0

2007
CDF

2007
CDF

2013
CDF

2014
D0

PRD 90, 051101 

PRD 88, 032003 



           ⇒ Physic observable: number of b-tagged jets in the event

Measurement of |Vtb|:

•  Direct: from single top production 
cross section

•   | Vtb |  = 1.02 

• Indirect: Decay rate in top pair events

+0.06
-0.05
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Branching ratio
• CKM unitary Matrix
⇒ |Vtd|2 + |Vts|2 + |Vtb|2 =1

•   | Vtb |  = 0.999146 +0.000021
-0.000046

(PDG),Phys. Rev. D 86, 010001 (2012)

 arXiv:1503.05027



• Data are divided in subsamples according on the the b-tagging content 

st = P(t;R) NPRE-TAG = P(t;R) A L σ 

• R is measured with a Maximum Likelihood fit

st = number of signal events 
A = MC acceptance 
L = luminosity 
σ = top-pair production cross section 
P(t;R) = probability of having t tags

11

Branching ratio at CDF
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• D0 in 2006 with 230 pb-1 in lepton+jets

Branching ratio

PLB 639, 616

• R= 1.03          (stat+syst) 
and R > 0.61 at 95% CL

•   | Vtb | 
 > 0.78 at 95% CL

+0.19
-0.17

2006
D0

2005
CDF

2001
CDF

• | Vtb |  = 0.97          and | Vtb |  > 0.78(0.75) 
at 90%(95%)CL

• CDF in 2001 with 109 pb-1 in lepton+jets and 
dilepton events

PRL 86, 3233

+0.16
-0.12

Run I data

Run II data



0.90< |Vtb| < 0.99 at 95% CL
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• D0 in 2011 with 5.4 fb-1 in lepton
+jets and dilepton final states

• NN b-tagging algorithm

• cross section and R 
simultaneously measured

Branching ratio

PRL 107, 121802

2006
D0

2005
CDF

2011
D0

2001
CDF
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• CDF in 2012 with 8.7 fb-1 in lepton
+jets final state

• cross section and R 
simultaneously measured

|Vtb|=0.97±0.05 and |Vtb| > 0.89 at 
95% CL

• CDF in 2014 with 8.7 fb-1in 
dilepton final state

R=0.87±0.07

|Vtb|=0.93±0.04 and |Vtb| > 0.86 at 
95% CL

Branching ratio
PRD 87 111101

PRL 112, 221801

2006
D0

2005
CDF

2011
D0

2012
CDF

2014
CDF

2001
CDF
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Top Width
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• Due to its large mass, the top quark has a large width and 
a very short lifetime (~10-25 s)

• The leading order width:

• The next-to-leading order (neglecting terms of order)

• Theoretical calculation precision ~1% (width = 1.5 GeV for 
top mass 175 GeV)

• Possible deviation from the SM predicted value could 
indicate contribution from top quark non-SM decays (t→bH
+  SUSY), flavor changing neutral currents or vary rare SM 
decay (t→dW+  or t→sW+)



Width (I) CDF 
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• First direct measurement by CDF in 2009 (1 fb-1) 
• in lepton + jets final state
• for each event the top mass is reconstructed (mtreco) 
• likelihood estimator using simulated signal and background 

distribution parametrized as a function of  𝚪t

2009
CDF

PRL 103, 042001



Width (II) CDF 
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• Assuming mt = 175 GeV :

• 𝚪tFit < 13.1 GeV at 95% CL

• ⇒𝜏t > 5 10-26 s

2009
CDF

PRL 103, 042001



Width (I) D0
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• First indirect measurement by D0 2.3 fb-1  in 2010 
• Single top t-channel cross section measurement 

• can be used to measure indirectly the partial width of top 
decay, given the linear dependence of the cross section on 
the partial width

• The total and partial width are related

• For the top BR: 2009
CDF

2010
D0

NLO QCD calculation 

PRL 106, 022001

PLB 682, 363(2010)



Width (II) D0
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• Partial width is determined 

• For the total width:

2009
CDF

2010
D0



Width

20

• 2012 D0 with 5.4 fb-1 :

• 2013 CDF with 8.7 fb-1 :
• JES in situ calibration
• Two template fit (mtop and 

hardonic W mass mjj )with 
various 𝚪 and JES

• 𝚪t < 6.38GeV at 95% CL and  
1.10<𝚪t< 4.05 GeV at 68% 
CL

• ⇒1.6 10-25 s<𝜏t < 6 10-25 s  

at 68% CL

2009
CDF

2010
D0

2010
CDF

2013
CDF

2012
D0

PRD 85, 091104

PRL 111, 202001



• In the SM the coupling at the Wtb vertex is purely left-handed and can 
be used to test the V-A structure of weak interaction. The angular 
distribution of the top decay products is affected by the W polarization

• The W+
  boson is expected to have :

• longitudinal polarization f0  = 0. 696, 
• left-handed polarization f−  = 0. 303, 
• right-handed polarization f+  = 3.8 10-4 

• The presence of anomalous couplings at the tWb vertex can modify 
the observed W  polarization

• Variables that are used to determine the W polarization are :
• angular distribution 
• lepton pT spectrum 

21

W helicity

Wt
ℓ

θ*

Left-handed 
Longitudinal

W rest frame
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• CDF Run I dataset with 100 pb-1: 

•  Fitting the lepton pT spectrum and the cos(θ*) distribution :

•  F0 = 0.91 ± 0.37(stat) ± 0.13(syst)   and F+ < 0.18 at 95 % CL

• D0 Run I dataset with 125 pb-1:

• Matrix element method

• F0 = 0.56 ± 0.31

W helicity early measurements 

PRL 84, 216

PLB 617, 1

2005
D0

2000
CDF

PRD 71, 031101
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• D0 Run II with 5.4 fb-1 in L+jets and dilepton 

• Simultaneous measurement 

•  f0=0.669±0.102[±0.078(stat.)±0.065(syst.)]

•  f+=0.023±0.053[±0.041(stat.)±0.034(syst.)]

• CDF Run II with 8.7 fb-1 in L+J channel with ME method:

• Constrained measurement:

• 𝖿𝟢=𝟢.𝟨𝟪𝟨±𝟢.𝟢𝟦𝟤(𝗌𝗍𝖺𝗍)±𝟢.𝟢𝟦𝟢(𝗌𝗒𝗌𝗍)

• 𝖿+=−𝟢.𝟢𝟤𝟧±𝟢.𝟢𝟤𝟦(𝗌𝗍𝖺𝗍)±𝟢.𝟢𝟦𝟢(𝗌𝗒𝗌𝗍)

• Simultaneous measurement:

• 𝖿𝟢=𝟢.𝟩𝟤𝟨±𝟢.𝟢𝟨𝟨(𝗌𝗍𝖺𝗍)±𝟢.𝟢𝟨𝟩(𝗌𝗒𝗌𝗍)

• 𝖿+=−𝟢.𝟢𝟦𝟧±𝟢.𝟢𝟦𝟥(𝗌𝗍𝖺𝗍)±𝟢.𝟢𝟧𝟪(𝗌𝗒𝗌𝗍)

• Combination CDF and D0 : 2.7 - 5.4 fb -1 :

• Simultaneous measurement 

• f0 = 0.722 ± 0.062 (stat) ± 0.052 (syst)

• f+ = −0.033 ± 0.034 (stat) ± 0.031 (syst)

Latest W helicity 

2005
D0

2000
CDF

2005
CDF

2005
CDF

2007
CDF

PRD 87 , 031104

PRD 83 , 032009

2011
D0

2012
CDF

2012
CDF D0

PRD 85 , 091104

2008
D0
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One of the principal goals of the Tevatron Run II (2001-2011) program, 
which produced data samples O(100) times larger than Run I, was to 
thoroughly explore the properties of the top quark.

The main studies of top properties at the Tevatron have been presented 

This 20 years have been very rich and exciting!

Conclusions

Thanks for your attention



Back up
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Back up
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Systematics charge analysis



Charge at D0
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• Jet charge distribution for b, bbar, c , cbar are used as 
probability density function for the charge of the jet 
originating from a given quark

• Results

• fXM-top =𝝆 = -0.13 ± 0.66(stat) ± 0.11(syst)

• data are consistent with  top charge of |2/3| 
• Exclusion at 92% C.L. that the sample is due solely to 

exotic top quark production
• Upper limit of fraction of exotic top pairs < 0.8 at 90% C.L.

PRL 98, 041801

2007
D0



Charge (I) CDF
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• Results from CDF :
• 1 fb-1 2002/2006 data
• Lepton + jets & dilepton events

• Pairing: 
• L+J: 𝜒2 constraint on top and W masses (efficiency 56% with purity of 

84%)
• Dilepton:                                           (efficiency 37% with purity of 96%)

• JetQ Algorithm with selection efficiency of 97% (87%) and a purity of 61%.
• Data/MC correction to the purity due to jet fragmentation discrepancy

• Signal and background estimation
• Combined purity keeps into account all possibility of pairing and getting the 

right JetQ assignment

2007
D0

2007
CDF

Conf.Note 8782



Charge
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• Other measurements:
• 2007 CDF: 1.5 fb-1 2002/2007 data

• Exotic top (q=4/3) is rejected at 87% CL
• Allowing the SM and Exotic top hypotheses 

to coexist:
•  0.6< fSM-top  with 68% CL and                

0.4 < fSM-top  . with 95% CL
• 2013 CDF: 5.6 fb-1 2002/2010 data 

• Exotic top (q=4/3) is rejected at 99% CL
• Allowing the SM and Exotic top hypotheses 

to coexist:
•  0.66 < fSM-top  <0.95 with 68% CL and 

0.48 < fSM-top  . < 1.00 with 95% CL
• 2014 D0: 5.3 fb-1 (L+jets)

• Exotic top (q=4/3) is rejected at 5 SD
• Allowing the SM and Exotic top hypotheses 

to coexist:
•  0.70< fSM-top   with 68% CL and           

0.54 < fSM-top  .  with 95% CL

2007
D0

2007
CDF

2007
CDF

2013
CDF

2014
D0

PRD 90, 051101 

Conf.Note 8967

PRD 88, 032003 



Charge
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Other measurements:
• 2013 CDF: 5.6 fb-1 2002/2010 data 

• Exotic top (q=4/3) is rejected at 99% CL
• Allowing the SM and Exotic top hypotheses to 

coexist:
•  0.66 < fSM-top  <0.95 with 68% CL and 0.48 

< fSM-top  . < 1.00 with 95% CL

2007
D0

2007
CDF

2007
CDF

2013
CDFPRD 88, 032003 



• | Vtb |  = 0.97          and | Vtb |  > 0.78(0.75) 
at 90%(95%)CL

31

• in 2001 with 109 pb-1 in lepton+jets and dilepton 
events

Branching ratio at CDF
PRL 86, 3233

+0.16
-0.12

• in 2005 with 160 pb-1 in lepton+jets and dilepton 
events Run II data PRL95,102002

• R= 1.12          (stat)         (syst)   and 
R>0.61 at 95% CL 

•   | Vtb |  > 0.78 at 95% CL

+0.21
-0.19

+0.17
-0.13

2005
CDF

2001
CDF

Run I data



• cross section and R simultaneously measured
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• in 2006 with 230 pb-1 in lepton+jets

Branching ratio at D0
PLB 639, 616

• R= 1.03          (stat+syst) 
and R > 0.61 at 95% CL

•   | Vtb | 
 > 0.78 at 95% CL

+0.19
-0.17

• in 2008 with 0.9 fb-1 in lepton+jets
PRL 100, 192003

2006
D0

2005
CDF

2001
CDF
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• D0 in 2011 with 5.4 fb
-1

 in lepton+jets and 
dilepton final states

• NN b-tagging algorithm

• cross section and R simultaneously 
measured

0.90<| Vtb | <
 
0.99 at 95% CL

Branching ratio
PRL 107, 121802

2006
D0

2005
CDF

2011
D0

2001
CDF

Pr
ob

ab
ilit

y
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• CDF in 2012 with 8.7 fb-1 in 
lepton+jets final state

• cross section and R 
simultaneously measured

|Vtb|=0.97±0.05 and |Vtb| > 

0.89 at 95% CL

• CDF in 2014 with 8.7 fb-1in 
dilepton final state

R=0.87±0.07

|Vtb|=0.93±0.04 and |Vtb| > 

0.86 at 95% CL

Branching ratio

PRD 87 111101

PRL 112, 221801

2006
D0

2005
CDF

2011
D0

2012
CDF

2014
CDF

2001
CDF



Width (II) D0
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• Cross section is determined as in 
Single top cross section analysis

• And partial width is determined 

• For the total width:

2009
CDF

2010
D0

PRL 106, 022001

PLB 682, 363(2010)



Width
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• 2010 CDF with 4.3 fb-1  :
• JES in situ calibration
• Two template fit (mtop and 

hardonic W mass mjj )with 
various 𝚪 and JES

• 𝚪t < 7.6 GeV at 95% CL and   
0.3<𝚪t< 4.4 GeV at 68% CL

• ⇒1.5 10-25 <𝜏t < 3.3  10-24 s

• 2012 D0 with 5.4 fb-1 :

• 2013 CDF with 8.7 fb-1 :
• 𝚪t < 6.38GeV at 95% CL and  

1.10<𝚪t< 4.05 GeV at 68% CL

• ⇒1.6 10-25 s<𝜏t < 6 10-25 s  at 

68% CL

2009
CDF

2010
D0

2010
CDF

2013
CDF

2012
D0

PRL 105, 232003

PRD 85, 091104

PRL 111, 202001
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• CDF Run II with 1.9 fb-1: 

• The likelihood for each event is created based on 
the LO matrix elements for tt-bar and the 
dominant background W+jets.

• where x are the measured quantities, P the event 
production probabilities and C is the fraction of 
event consistent with signal hypothesis.

• The signal probability for a set of x measurement 
is obtained integrating over the parton level cross 
section with a transport function, which translate 
the measured parameter to parton level with their 
resolution

• F0=0.637 ± 0.084(stat) ± 0.069 (syst)

W helicity at CDF (ME)

2005
D0

2000
CDF

2005
CDF

2005
CDF

2007
CDF

PRD 73 111103



38

• CDF Run II dataset 200 pb -1:

• L+jets and dilepton samples

• Pt spectrum and cos(θ*) fit 
independently for each polarization 
assuming for the other the SM 
value.

• Updated in 2007 with 1.9 fb-1: 

•  F0=0.62 ± 0.10 (stat) ± 0.06 (syst) 

•  F+=0.01 ± 0.05 (stat) ± 0.03 (syst) 

• Simultaneous fit:  

• F0=0.66 ± 0.16 (stat) ± 0.05 
(syst) and F+=-0.03±0.06(stat)
±0.03(syst). 

W helicity at CDF

2005
D0

2000
CDF

2005
CDF

2005
CDF

PRD 73 111103

2007
CDF
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• CDF Run II with 1.9 fb-1 with Matrix Element method: 

• F0 = 0.637 ± 0.084 (stat) ± 0.069 (syst)

W helicity at CDF (ME)

2005
D0

2000
CDF

2005
CDF

2005
CDF

2007
CDF

PRD 73 111103
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• D0 Run II dataset 230 pb -1 in L
+jets final state:

• f+= 0.00 ± 0.13 (stat) ± 0.07 
(syst)

• f+ < 0.25  (95% CL)

• Updated in 2008 with 1 fb-1:

• f0 = 0.425 ± 0.166 (stat) ±0.102 
(syst)

• f+ = 0.119 ±0.090 (stat) ±0.053 
(syst) 

• f+ < 0.13 at 95 % CL

W helicity at D0

2005
D0

2000
CDF

2005
CDF

2005
CDF

2007
CDF

PRD 72 011104

PRD 100, 062004

2008
D0



Detectors
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