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Introduction – RecapIntroduction – Recap
 Top is the heaviest fundamental particle 

discovered so far
 Lifetime: τ  5x10­25 s, bare quark 
 Charge: +2/3e 
 SM top quark, ~100% decay into Wb
 

 Sample classified according to W­decay: 
dilepton ( )ℓℓ , lepton+jets ( +jets)ℓ , all jets



                          measurement
                        measurement
                        measurement
 Width of the top quark
 Lorentz invariance 

 Disclaimer: W helicity, Spin correlation & Top polarization will not be covered  here:
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See talk by: A.Harel
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CDF Conf. note

PRD 84 031104 

PRD 85, 091104 (2012)

PRL 108, 261603 (2012)

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf
http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
http://arxiv.org/abs/1106.3970
http://dx.doi.org/10.1103/PhysRevD.85.091104
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12D/T12D.pdf
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Measurement of RMeasurement of R CDF Conf. note 10887

 Use lepton+jets     selection with: ≥ 3jets, exactly one, two b­tag and
 Uses full CDF RunII data sample !
 Example control distribution shown for 2 b­tags – nicely described 

 Measure                            from different jet and b­tag bins

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf


`

 Distribution shows example values of R
 Simultaneous negative log­likelihood fit 

to      and                     :
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Measurement of RMeasurement of R CDF Conf. note 10887

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf


`

 Distribution shows example values of R
 Simultaneous negative log­likelihood fit 

to      and                     :
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Measurement of RMeasurement of R CDF Conf. note 10887

Assume 3 Generations and Unitarity

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf


`

 Distribution shows example values of R
 Simultaneous negative log­likelihood fit 

to      and                     :
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Measurement of RMeasurement of R CDF Conf. note 10887

D0:

CMS: 0.98 ± 0.04 (TOP­11­029)
 Results agrees with other measurements and SM expectation

PRL 107, 121802 (2011)

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf
http://dx.doi.org/10.1103/PhysRevLett.107.121802


Measurement BR(t → bMeasurement BR(t → bτντν
ττ
  ) ) 
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CDF Conf. note

 More details on the cross section measurement: 

 e or µ originating from τ or W decay
 Selection uses kinematic + b­tag + log­likelihood cuts

log­L:       ,                    , 
 Removes most of the fake contribution, yields: 

 BR measured from decays to single­ and di­tau events:

See talk by: G. Petrillo

http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
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CDF Conf. noteMeasurement BR(t → bMeasurement BR(t → bτντν
ττ
  ) ) 

 Resulting sample is further separated to measure 
                        from only di­tau decays

 Log­likelihood based on:
                  ,                 ,

 SM expectation:

 R measured from decays of only di­tau events:

 Single­ and di­tau result in good agreement, as well as to SM expectation

http://www-cdf.fnal.gov/physics/new/top/2012/ttbar_taulep_xsec_9invfb/Publicpage.html
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Evidence for tEvidence for ttt  γγ
 l+jets channel (at least 3 jets, one b­tag and      ) + photon
 Fake photons by jets: no isolation cuts, use Z ­> ee events to extrapolate 

isolation shape to used cuts at higher isolation values
 Fake photons by electrons: use Z ­> ee events, where a high        photon is 

radiated from one of the electrons

PRD 84 031104 

http://arxiv.org/abs/1106.3970
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 Final selection yields:

 Probability of background alone to mimic observed signal is: 3 s.d.

 In good agreement to SM

Evidence for tEvidence for ttt  γγ PRD 84 031104 

http://arxiv.org/abs/1106.3970
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Width of the Top QuarkWidth of the Top Quark PRD 85, 091104 (2012)

Use t-channel single top 
cross section measurement

BR measured using tt decays

 Fundamental property of the top quark: 
Γ

t
 and lifetime τ

t
 = 1/Γ

t
 

 Total width: 

http://dx.doi.org/10.1103/PhysRevD.85.091104


dilepton

lepton+jets
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Width of the Top QuarkWidth of the Top Quark PRD 85, 091104 (2012)

PRL 107, 121802 (2011)

Use t-channel single top 
cross section measurement

BR measured using tt decays

 Fundamental property of the top quark: 
Γ

t
 and lifetime τ

t
 = 1/Γ

t
 

 Total width: 

 Result of BR measurement in     production:

PLB 705, 313 (2011)

http://dx.doi.org/10.1103/PhysRevD.85.091104
http://dx.doi.org/10.1103/PhysRevLett.107.121802
http://dx.doi.org/10.1016/j.physletb.2011.10.035
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Width of the Top QuarkWidth of the Top Quark PRD 85, 091104 (2012)

PRL 107, 121802 (2011)

Use t-channel single top 
cross section measurement

BR measured using tt decays

 Fundamental property of the top quark: 
Γ

t
 and lifetime τ

t
 = 1/Γ

t
 

 Total width: 

 Result of BR measurement in     production:

 Result of t­channel single top cross section measurement:

PLB 705, 313 (2011)

http://dx.doi.org/10.1103/PhysRevD.85.091104
http://dx.doi.org/10.1103/PhysRevLett.107.121802
http://dx.doi.org/10.1016/j.physletb.2011.10.035


1.33 GeV

2.14 ± 0.18 pb
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From t-channel single top cross section measurement

BR measured using tt decays
 Total width: 

 Assume same coupling in production and decay:

 Extract partial decay width from: 

PRD 85, 091104 (2012)

Width of the Top QuarkWidth of the Top Quark

http://dx.doi.org/10.1103/PhysRevD.85.091104


1.33 GeV

2.14 ± 0.18 pb
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From t-channel single top cross section measurement

BR measured using tt decays

Most precise (indirect) determination of Γ
t
:

 Total width: 

 Assume same coupling in production and decay:

 Extract partial decay width from: 

PRD 85, 091104 (2012)

Width of the Top QuarkWidth of the Top Quark

http://dx.doi.org/10.1103/PhysRevD.85.091104
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1 Solar day ≈ 0.997 sidereal days

[D. Colladay and V.A. Kostelecky, Phys. Rev. D 58, 116002 (1998)]
[V.A. Kostelecky, Phys. Rev. D 69, 105009 (2004)]

Lorentz Invariance ViolationLorentz Invariance Violation
PRL 108, 261603 (2012)

 Search for a time dependent     cross section
 Standard Model Extension (SME): adds terms for Lorentz Invariance 

violation (LIV) to the matrix element:  

 SME predicts cross section dependence on sidereal time (relative to fixed 
stars) as the orientation of the detector changes with the rotation of 
the earth

 c
L(R)

 are different components of SME matrices

http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12D/T12D.pdf
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Lorentz Invariance ViolationLorentz Invariance Violation

Sidereal phase bin i 
Total integrated
luminosity

Integrated Luminosity per bin

 Use lepton+jets     selection with: ≥ 4jets, exactly one b­tag and
 Other ingredients: 'Timestamp' of data at production, signal fraction f

S
 

 Data corresponds to August 2002 to June 2009
 Ratio R

i
 expected to be flat in SM (  ), i.e. no time dependence

PRL 108, 261603 (2012)

http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12D/T12D.pdf
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Lorentz Invariance ViolationLorentz Invariance Violation
 Use lepton+jets     selection with: ≥ 4jets, exactly one b­tag and
 Other ingredients: 'Timestamp' of data at production, signal fraction f

S
 

 Data corresponds to August 2002 to June 2009
 Ratio R

i
 expected to be flat in SM (  ), i.e. no time dependence

 c
U
 (right­handed) and c

Q
 (left­handed)

No indication for time dependence of     cross­section.
First constraints on LIV in top sector (and for a bare quark)

PRL 108, 261603 (2012)

http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T12D/T12D.pdf


No indication for Lorentz Invariance Violation
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 Presented recent measurements of top 
properties at the Tevatron:

Outlook:
 More precise results in the near future, but:

Concentrate on results which are 
competitive or complimentary to LHC 

Conclusions & OutlookConclusions & Outlook
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BackupBackup
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The TevatronThe Tevatron

Thanks to the Accelerator Division!

Main Injector
& Recycler

Tevatron

p p1.96TeV As an example:

 Initial luminosities: 3 – 4 x 1032 cm­2s­1

 Data taking ended 30th September 2011
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Measurement of RMeasurement of R CDF Conf. note 10887

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf
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Measurement of RMeasurement of R CDF Conf. note 10887

http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf
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 Partons are carrying color charge, that provides additional information:
Singlet: H0 bb or Octet: g bb

 Choose tt decay channel as an optimal playground: 

 Fraction of events with light jets coming from singlet W: f
Singlet

 (=1 in SM) 
 Total systematic uncertainty is 0.22, statistically limited

f
Singlet

 = 0.56 ± 0.38 (stat.+sys.) ± 0.19 (MC stat.)

Colorflow in tColorflow in ttt events events

b-jet (octet), color 
connected
to the beam

W qq (singlet)

Phys. Rev. D 83, 092002 (2011)

http://dx.doi.org/10.1103/PhysRevD.83.092002
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