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Outline 
! Motivation 
! Introduction to top quark 

production and decay 
! Recent results 
! Conclusions 

CDF D0 
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 Top Quark 
! Heaviest known elementary particle  

–  Large Higgs Couplings 
–  Special role in EWSB mechanisms 
–  Many NP signatures decay to tops 

! Within the Standard Model 
–  Single or Pair Production 
–  Electric Charge +⅔ e 
–  Short Lifetime 5x10-25s 

•  Decays before hadronization 
! Successful Tevatron program 
! New results complement those 

from LHC 

1995: Discovered @ the Tevatron 
 PRL 74, 2632 (1995)      PRL 74, 2626 (1995) 
 

Today: thousands of events used for 
precision measurements & searches  
 

mt~35mb 
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Top Quark Production at the Tevatron 
! Top quarks are mainly produced in pairs 

via the strong interaction 

 (Calculated for top mass = 172.5 GeV) 
! EW Single Top production  

–  Experimentally challenging due to large 
W+jets background in lower jet 
multiplicities than pair production 

σtt = 7.46 + 0.48 - 0.67 pb 
Moch & Uwer PRD 78, 034003 (2008) 

s-channel 
 

t-channel  
 σtb = 0.88 ± 0.11 pb σtqb = 1.98 ± 0.25 pb 

Kidonakis PRD 74 114012 (2006), mt=172.5GeV 
Associated production tW negligible 
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! mt > mW + mb ⇒  
     dominant 2-body decay t →Wb 
! Assuming unitarity of 3-generation 

CKM matrix ⇒ B(t→Wb) ~ 100% 
! Γt

SM ≈ 1.4 GeV at mt = 175 GeV 
–  Top decays before top-flavored 

hadrons or tt-quarkonium bound 
states can form  

–  Top spin and kinematics is 
transferred to the final state 
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Top Quark Mass 
! Fundamental parameter of the SM 

–  Affects predictions via radiative 
corrections 

–  Together with the W mass, places 
constraints on the Higgs mass 

! top anti-top mass difference 
–  Test of CPT violation 
–  Only possible to study with tops 
–  Many systematics cancel in difference 

•  Total systematics 0.59 GeV 

CDF winter highlights 24

Mtop measurement in tt→bblnuqq

Mtop= 172.85 ± 1.10 GeV/c2

Single most precise determination of top mass to date

• The heavies particle is still puzzling. The precise knowledge of its mass is
crucial:
– Its exact value points to Higgs boson mass, both in SM and BSM scenarios
– Production and decay depend strongly on its mass
– Yukawa coupling extremely close to 1 points to BSM?

Lepton+jets 
with 2 b-tags 

Single most precise measurement 

Mtop =172.85±1.10GeV CDF winter highlights 23

Mtop- Mantitop measurement
• Measurement of difference between top and antitop quarks masses tests CPT

– Unique as it’s the only quark that can be studied naked
– systematics mostly cancel out in the difference

Delta Mtop= -1.95 ± 1.26 GeV/c2

• Additions for this round:
– analyze 0 tagged events
– use advanced jet energy corrections
– use all available data!

ΔMtop = −1.95±1.26GeV

Lepton+jets 

Total systematics 0.84 GeV 
CDF/PUB/TOP/10761
 CDF/PUB/TOP/10777
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- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

Improved Top Decay Width

38

NEW

arXiv:1201.4156 [hep-ex]

Victor Bazterra, 10 February 

! First observed in 2009 
–  14y after pair production, 50x more data 

! Probe of Wtb interaction 
! Cross sections sensitive to BSM 

processes 
! s-channel suppressed at the LHC 

Studies of Single Top Production 

World’s best s-channel x-sec 

σ tb =1.81±0.58
0.63 pb

! Limits on anomalous Wtb couplings 

! Top decay width and lifetime 

Γt = 2.00−0.43
+0.47GeV

τ t = 3.29−0.63
+0.90 ×10−25s

Most precise  

CDF/PUB/TOP/10793


Phys. Rev. D 85 091104 (2012)
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W Boson Helicity Fractions 

- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

W Boson Helicity Fractions

41

FL F0 FR

Phys. Rev. D83, 032009 (2011)

- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

W Boson Helicity Fractions

42

arXiv:1202.5272 [hep-ex]

⇒ first published Tevatron combination in top quark physics
⇒ most precise measurement to date

- Christian Schwanenberger -    New Results for Winter 2012 Fermilab, W&C Seminar

W Boson Helicity Fractions

42

arXiv:1202.5272 [hep-ex]

⇒ first published Tevatron combination in top quark physics
⇒ most precise measurement to date

Most precise 

First Published Tevatron 
Combination in Top Physics  

Phys. Rev. D 85, 071106 (2012)


SM prediction: f0=70%, f+=0, f-=30% 

(2.7-5.4 fb-1of data) 
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! Constrain Wtb vertex couplings by 
combining information from single 
top and W helicity analyses. 

Anomalous Wtb Couplings 

arXiv:1204.2332

SM: fL
V = 1 fR

V = fL
T = fR

T = 0
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Spin Correlation Strength 

! Test of SM that analyzes the entire 
chain of production and decay 

! Sensitive to BSM processes 

C=
N↑↑+N↓↓ −N↑↓ −N↓↑

N↑↑+N↓↓+N↑↓+N↓↑

Tevatron: qq, tt at threshold 

LHC: qq, tt far off threshold 

NLO QCD, Nucl. Phys. B 690, 81 (2004)  

Ctevatron = 0.78 CLHC = 0.32 

Higgs, KK gravitons, Z’, stop pairs, ... 

φ0 

charged Higgs, b’, ...
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Spin Correlations 
! Use ME method and build 

discriminant sensitive to the 
strength of the spin correlation 

! Studied in dilepton and lepton+jet 
events & combined 

 

MC@NLO 
parton level 

Correlation Strength 
C = 0.66 ± 0.23 (stat+syst) 

NLOQCDC = 0.777−0.042
+0.027

First Evidence for Spin 
Correlations with 3.1 σ	



Phys. Rev. Lett. 108, 032004 (2012)
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Search for Lorentz Invariance Violation 
! Lorentz invariance 

violation (LIV) would 
affect both top pair 
production and decay  

! Event rates would depend 
on sidereal time 

Ri =
1

f
S

✓
Ni/Ntot

Li/Lint

� 1

◆

cµ⌫ ⇡ 0 (consistent SM)

fS : mean signal fraction 

�ifSME : signal fraction depend on 

Li : luminosity over sidereal phase �i

Ni ⇡ N
tot

Li

L
int

[1 + f
S

f
SME

(�i, {cµ⌫})]
arXiv:1203.6106, accepted by PRL
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20 years of Top Studies… 



15 Cecilia E. Gerber (UIC) – Blois2012 

20 years of Top Studies… 
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One Surprise: Top FB Asymmetry 

! SM predicts small (~6.6%) asymmetry from 
interference between ISR and FSR and between 
LO and box diagrams 

! BSM production mechanisms that exchange new 
bosons could enhance the FB asymmetry 

! Inclusive asymmetries measured using ~5fb-1 of 
Tevatron data exceed SM predictions by 1.5-2σ  
–  Larger mass and rapidity dependence than 

predicted by the SM 

Forward Backwards 

! Top quarks are preferentially emitted in the direction of the incoming quark, 
anti-top in the direction of the incoming anti-quark.  
–  No asymmetry in gg production. 

F B F B
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Definitions 
Tevatron: p p is CP-eigenstate   LHC: qq fraction only 15% 
Forward-Backward Asymmetry more significant at the Tevatron 

TOP 2011, Sant Feliu de Guixols3 09/29/2011
Charge Asymmetry at LHC

Charge Asymmetry at LHC

η

top
anti-top

LHC

η

top
anti-top

Tevatron

LHC: symmetric proton-proton collisions

→ charge asymmetry cannot result in a forward-backward asymmetry as at        

    Tevatron

Visible effects at LHC:

Proton-PDF: Quarks in initial state have on average larger momentum than 

anti-quarks.

Charge Asymmetry transfers boost difference to top-antitop final state.

→ expected effects at LHC smaller due to larger gg→tt contribution
-

AFB
tt =

N(Δy > 0)−N(Δy < 0)
N(Δy > 0)+N(Δy < 0)

Δy = yt − yt

AC =
N(Δ y > 0)−N(Δ y < 0)
N(Δ y > 0)+N(Δ y < 0)

Δ y = yt − yt

AFB
tt ≈ 6.6% AC ≈1%

NLO POWHEG with EW corrections  
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AFB: Parton Level Results 
! Analyze 8.7fb-1 

! NLO Powheg w/EW corrections 
for signal modeling 

! Correct for acceptance and 
detector resolution – parton level 
results can be compared directly 
to theory 

CDF/PUB/TOP/10807


Inclusive result: AFB
tt =16.2± 4.7%

NLO = 6.6%

Best fit slope to data compared to NLO 

Data NLO 
AFB vs 

Mtt 

(15.6±5.0)
×10-4 

(3.3) 
×10-4 

AFB vs 
Δy 

(30.6±8.6) 
×10-2 

(10.3) 
×10-2 

p-value <1% (Probability of 
background to fluctuate to data) 
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Conclusions 

! Legacy results on the full 
dataset are most precise or 
complement LHC 

 
! LHC opens a new era of high 

statistics and BSM discoveries 

! Tevatron had a successful (Standard Model) top quark program  
–  Observation  
–  Precision Measurements 
–  BSM Exclusions 

   

Tevatron LHC 


