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Topics in This Talk

üAbout Tevatronand its experiments (CDF, D0)

üTop pair production cross section

üForward-Backward/Charge  tt production asymmetries

üPolarization of W boson from topdecay

üTop quark spin correlations

üDecay width of top quark

üTop quark charge determination
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TheTevatron: CDF and D0
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collisions:  ὴ­« Ӷὴ, ί= 1.96 TeV

Peak luminosities: 3 - 4³1032cm-2s-1 .

10fb-1/ experiment recorded

Tevatronoperation: 1983 ς2011

Top quark discovery (1995)

CDF

D0



Physics of top quark  at Tevatron
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Top polarization

Production Asymmetries

On top mass see talk 
of R. Schwienhorst



Top pair production cross section
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Inclusive      production cross section measured combining ̂+jets and ̂ ĉhannels;  tt
1  1.96TeV,     9.7fbpp s Ldt -= =ñcollision at

0.57

0.507.26 ± 0 =7.6.13(stat) (sys  %t) pb,tts e+

-=Combined Cross section:

Different MVA techniques used for ̂+jets and ̂ ĉhannels 
+̂jets: 6 event groups  (̂type, njets =2, 3, ²4), for MVA discriminant: ²24 variables
^ ĉhannel: due to small bkgdvar.         (max. b-ID value) is used to separate signal 

see event classif., s.24

max

b-IDj

Combined likelihood:  the product of binned likelihoods for the individual channels 
- prior probability densities on systematic uncertainties  included. 

archiv.1605.06168, sub. to PRD

see WΦCǊŀƴŎΩǎtalk



Tevatronstt combination
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Combination of measurements of        in the dilepton, ̂ + jets, and all-jets final states,

using data collected by the CDF and D0 collaborations,  
tts

  1.96TeVpp s=collision at

7.60 ± 0.41 pbtts =Combined Cross section:                                             5.4% rel. uncertainty

V The latest D0 result not includedin Tevatroncombination
V The CDF full statistics result is in preparation!

PRD89, 072001 (2014)*

New combination
is expected !



Asymmetries in top quark production
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At partoniclevel:  charge asymmetry                               forward-backward asymmetry
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SM:  at LO of strong interaction processes: no F-B/Charge asymmetries!

AFBsources: interference of amplitudes with the 

same initial and final state  particle Ý appears in

V higher orders with initial states; 

V gg fusion is fully symmetricin all orders.

  qq qgand
Negative asym.

Positive asym.

q*¹Q quark production angle wrt proton directionin rest frame.qq

Assuming CP conservation: (cos ) ( cos )
QQ C FB

N AN Aq q* *= - =Ý

Integrated FB asymmetry:                Instead of q*Ý rapidity difference
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Contribution of Electroweakprocesses gives: around 20%effect!



Topasymmetries: Tevatron vsLHC

SM prediction for AFB

( rest frame, onlyQCD):

Integrated AFB

Differential AFB: 

maximum at cosq= ҕ1

PRD59, 054017(1999)

QQ

qq
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Distribution of ὸand ὸin 
pseudorapiditywrt respect of 
proton direction  Ý
Tevatron vsLHC complement.

Experimentally: Asymmetries based on
V fully reconstructed  tops (       ) or
V Leptons from top decays (               )FB FBA , A

FB

ttA

SM prediction at NLO (QCD+EW)
Tevatron: AFB~9% vs LHC: AC~1%
Now available: NNLO+NNLL

PRL 115,052001 (2015)

PRD86, 034026 (2012)



CDF: Top quark asymmetries
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PRD87, 092002 (2013)CDF studied FB asymmetryin ὸӶὸproduction using 

Dy ( ώ ώ ; ̂ +jets channel;   

Measuredasymmetry after correction to parton level:

linearly depends  on |Dy| and 

( )16.4±4.7tt

FBA %=

FB

ttA
ttM

19.4fbLdt -=ñ

Background: W+jets, Non-W, Single top, ...
Expected bkg: 530 °124, expected signal: 2186 °314
Total SM expected: 2716 °314 Ú observed: 2653

CDF:ds/dcosq*-ὸӶὸx-section vs top production angle 
wrt proton direction ςq*inὸӶὸrest frame ;

expansion into Legedreseries;  ̂+jets channel    

ÝMeasured asymmetry:

Ý AFBas a function of cosq*vsSM NLO prediction PRL 111, 182002 (2013)

( )FB 19.9±5.7ttA %=

POWHEGprediction

( )SM NLO: 8.8±0.9tt

FBA %=



CDF: Top quark asymmetries
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AFBmeasured in ̂ ĉhannel;                                     

Kinematic fitter used to reconstruct      topology

19.1fb , t tLdt y y y-= D = -ñ

( ) ( )12±11(stat) 7(syst) 12±13tt

FB %A %== °

AFBcombinationof +̂jets and^ ĉhannels; correlations of stat. and syst. 

uncertainties taken into account(BLUE technique applied):

PRD93, 112005 (2016)

Expect. background: 96°18   Expect. signal: 386°18
(Diboson, Z/g*+jets, W+jets)

Total SM expected: 482°36 Ú observed: 495

( )16.0±4.5tt

FBA %=

The best fit of yields a slope ofŬ = 0.14 °0.15FB

tt

tA ya D= Ö

tt

Extracted parton-level asymmetry:

SM NNLO: ( )10.0±0.6tt

FBA %= PRD 91, 071502 (2015).

SM NNLO: 0.006

0.0120.114a +

-= arXiv:1601.05375.

NEW!



D0: Top quark asymmetries
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D0 measurement of FB asymmetry in̂+jets of ὸӶὸ,

V Kinematic reconstr. of ὸӶὸÝ rapidity difference                         between ὸand Ӷὸused

V Selected events:̂ + ²4 jets and : +̂ 3 jets (partial reconstruction)

V Background: W+jets, multijet, other bkg

V Measured background-subtracted AFB1D-distrib. in Dy and 2D-distrib. in         
unfolded to parton level Ý

Measured asymmetry: ( )FB 10.6±3.0ttA %= PRD90, 072011 (2014)

t ty y yD = -

19.7fbLdt -=ñ

AFB a function  of |Dy| and ὸӶὸinvariant mass ά Ӷ


