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The Top QuarkThe Top Quark
  needed as isospin partner of needed as isospin partner of 
    bottom quarkbottom quark

  discovered in 1995 by CDF and discovered in 1995 by CDF and DDØ:Ø:  
    mm

toptop
  ~ gold atom~ gold atom

  large coupling to Higgs boson ~ 1:large coupling to Higgs boson ~ 1:
    important role in electroweak important role in electroweak 
    symmetry breaking?symmetry breaking?

  short lifetime: short lifetime: ττ ~ 5  ~ 5 ··1010-25-25s s ≪ Λ≪ Λ--11

QCD QCD 
::

    decays before fragmenting decays before fragmenting 
    →→  observe “naked” quarkobserve “naked” quark

Is the top quark the particle as predicted by the SM?Is the top quark the particle as predicted by the SM?

  ΓΓ
tt
 = = 1/ 1/τ τ   

  couplingscouplings    
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Top quark decay branching ratiosTop quark decay branching ratios

Width and lifetimeWidth and lifetime

Top quark couplings (FCNC)Top quark couplings (FCNC)

ConclusionsConclusions

OutlineOutline
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Measurement of Branching FractionsMeasurement of Branching Fractions

e.g. decay into 4e.g. decay into 4thth generation  generation 
quark: R<1quark: R<1
sensitive to b disappearancesensitive to b disappearance  

Standard Model:Standard Model:
R=

B tWb 
B tWq 

RSM=
∣V tb∣

2

∣V tb∣
2∣V ts∣

2∣V td∣
2=∣V tb∣

2≈1

R R ≠≠ 1 1

R changes fractions of R changes fractions of 
b-tagged jets:b-tagged jets:

beyond beyond 
SM:SM:

unitarity of CKM matrixunitarity of CKM matrix
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Measurement of Branching FractionsMeasurement of Branching Fractions

lepton + lepton + 3 jets3 jets lepton + ≥4lepton + ≥4 jets jets

dileptondilepton
topological informationtopological information
and b-taggingand b-tagging
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Simultaneous Measurement of Simultaneous Measurement of σ σ and Rand R

σ
tt
 = 7.74

-0.57
 (stat+syst) pb

+0.67

R= 0.90±0.04 (stat+syst)

⇒⇒  agrees with SM agrees with SM 

within 2.5within 2.5σσ

Maximize total Likelihood function simultaneously for Maximize total Likelihood function simultaneously for 
branching ratio R and top pair production cross sectionbranching ratio R and top pair production cross section

0.90 < |V
tb
| < 0.99 @ 95% C.L.

using unitarity of CKM matrix:using unitarity of CKM matrix:

_

Phys. Rev. Lett. 107, 121802 (2011)
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Top quark decay branching ratiosTop quark decay branching ratios

Width and lifetimeWidth and lifetime

Top quark couplings (FCNC)Top quark couplings (FCNC)
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Top Decay WidthTop Decay Width

t-channel cross section:t-channel cross section:  

Vtb

σ(t-channel) = 2.26 ± 0.12 pb
approximate NNNLO

 
, m

t
 = 172.5 GeV

p

p
b

t
W

  indirect determination (direct extraction not sensitive enough)indirect determination (direct extraction not sensitive enough)

_
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Top Decay WidthTop Decay Width

t-channel cross section:t-channel cross section:  partial decay width:partial decay width:  
Γ(t→Wb) = 1.33 GeV
NLO

 
, m

t
 = 172.5 GeV

σ(t-channel) = 2.26 ± 0.12 pb
approximate NNNLO

 
, m

t
 = 172.5 GeV

  indirect determination (direct extraction not sensitive enough)indirect determination (direct extraction not sensitive enough)

Vtb Vtb

p

p
b

t
W W

t

b_
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Top Decay WidthTop Decay Width

t-channel cross section:t-channel cross section:  

Vtb

partial decay width:partial decay width:  
Γ(t→Wb) = 1.33 GeV
NLO

 
, m

t
 = 172.5 GeV

Vtb

  combine both measurements combine both measurements 
  assume that coupling in top production and decay is the sameassume that coupling in top production and decay is the same

tt productiontt production
__

σ(t-channel) = 2.26 ± 0.12 pb
approximate NNNLO

 
, m

t
 = 172.5 GeV

p

p
b

t
W W

t

b

  indirect determination (direct extraction not sensitive enough)indirect determination (direct extraction not sensitive enough)

_
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Observation of t-Channel ProductionObservation of t-Channel Production

signal region

observation with 5.5observation with 5.5σσ

  remove s/t channel remove s/t channel 
constraint which could be constraint which could be 
changed bychanged by  new physicsnew physics

  train multivariate analysis for train multivariate analysis for 
t-channelt-channel

  measure t-channel and s-measure t-channel and s-
channel simultaneouslychannel simultaneously

m
t
 =172.5 GeV

Phys. Lett. B Phys. Lett. B 705705, 313 (2011), 313 (2011)

σ(t-channel) = 2.26 ± 0.12 pb
approximate NNNLO

 
, m

t
 = 172.5 GeV
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Vtb Vtb

p

p
b

t
W W

t

b_

Top Decay WidthTop Decay Width

t-channel cross section:t-channel cross section:  partial decay width:partial decay width:  

⇒ most precise determinationmost precise determination  

R= 0.90±0.04 (stat+syst)
m

t
 =172.5 GeV

Phys. Rev. D84 012008 (2011)Phys. Rev. D84 012008 (2011)

Vtb

p

p
b

t
W W

t

b_
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Vtb VtbVtb

Top Decay WidthTop Decay Width

t-channel cross section:t-channel cross section:  partial decay width:partial decay width:  

R= 0.90±0.04 (stat+syst)
m

t
 =172.5 GeV

p

p
b

t
W W

t

b_

p

p
b

t
W W

t

b_
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Top Decay WidthTop Decay Width

t-channel cross section:t-channel cross section:  partial decay width:partial decay width:  

44thth generation b' quark: generation b' quark:

R= 0.90±0.04 (stat+syst)

Vtb VtbVtb

m
t
 =172.5 GeV

p

p
b

t
W W

t

b_

p

p
b

t
W W

t

b_
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Top quark decay branching ratiosTop quark decay branching ratios

Width and lifetimeWidth and lifetime

Top quark couplings (FCNC)Top quark couplings (FCNC)

ConclusionsConclusions

OutlineOutline
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Search for FCNC in Top Quark DecaysSearch for FCNC in Top Quark Decays

  select 3 leptons, missing transverse momentum, 2 jetsselect 3 leptons, missing transverse momentum, 2 jets

q
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Search for FCNC in Top Quark DecaysSearch for FCNC in Top Quark Decays

3 leptons + 03 leptons + 0 jets jets 3 leptons + ≥23 leptons + ≥2 jets jets3 leptons + 13 leptons + 1 jet jet
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Search for FCNC in Top Quark DecaysSearch for FCNC in Top Quark Decays

B(t→Zq) < 3.2% (3.8% expected)

95% C.L.

3 leptons + ≥13 leptons + ≥1 jet  jet mm
toptop

recoreco

Phys. Lett. B701, 313 (2011)
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Excluded Regions by CollidersExcluded Regions by Colliders

/ Z

world's best world's best 
limitlimit

world's best world's best 
limitlimit
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Excluded Regions by CollidersExcluded Regions by Colliders

LHC

/ Z

c

world's best world's best 
limitlimit

world's best world's best 
limitlimit

V
Z

arXiv:1206.0257
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Top quark decay branching ratiosTop quark decay branching ratios

Width and lifetimeWidth and lifetime

Top quark couplings (FCNC)Top quark couplings (FCNC)

ConclusionsConclusions

OutlineOutline
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Conclusions: Top Quark PropertiesConclusions: Top Quark Properties

Top quark behaves as predicted by SMTop quark behaves as predicted by SM

FCNC

  many high precision measurementsmany high precision measurements
  competitive (mass) and complementary (spin correlations,  FB asymmetry) to LHCcompetitive (mass) and complementary (spin correlations,  FB asymmetry) to LHC

F. Deliot



  05/07/2012            Top Quark Properties           – Christian Schwanenberger –           ICHEP 2012, Melbourne           25 

BackupBackup  
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Top Quark WidthTop Quark Width

LO:LO:

NLO:NLO:

⇒⇒ model independent but not really sensitvemodel independent but not really sensitve

CDF Conference CDF Conference 
Note 10035Note 10035

CDF : CDF : 
ΓΓ

tt
 < 7.5 GeV < 7.5 GeV

(2-dimensional(2-dimensional
template ft)template ft)
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Sensitivity to New Physics (I)Sensitivity to New Physics (I)

t-channel cross section:t-channel cross section:  branching ratio B(tbranching ratio B(t→→Wb)Wb)::  

  qq

  qq--

  tt

  tt--

    WW++

    WW--

  bb

  bb
--

  uu

  dd

  νν

ℓℓ--

__WW++
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Combined MethodCombined Method

m
top

 =  1 7 2 .5  GeV σ
tt
 = 7.78

-0.64
 (stat+syst+lumi) pb_

+0.77 ±±9%9%
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Sensitivity to New Physics (I)Sensitivity to New Physics (I)

t-channel cross section:t-channel cross section:  branching ratio B(tbranching ratio B(t→→Wb)Wb)::  

  qq

  qq--

  tt

  tt--

    HH++

    WW--

  bb

  bb
--

  cc

  ss

  νν

ℓℓ--

__HH++

example: charged Higgs with mexample: charged Higgs with m
H+H+

 < m < m
tt
 - m - m

b b 
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Sensitivity to New Physics (I)Sensitivity to New Physics (I)

t-channel cross section:t-channel cross section:  branching ratio B(tbranching ratio B(t→→Wb)Wb)::  

  qq

  qq--

  tt

  tt--

    HH++

    WW--

  bb

  bb
--

  cc

  ss

  νν

ℓℓ--

__HH++

example: charged Higgs with mexample: charged Higgs with m
H+H+

 < m < m
tt
 - m - m

b b 

largerlarger ≠≠11
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Sensitivity to New Physics (II)Sensitivity to New Physics (II)

example: 4example: 4thth generation b' quark with m generation b' quark with m
b'b'
 > m > m

tt
 - m - m

W W 

t-channel cross section:t-channel cross section:  branching ratio B(tbranching ratio B(t→→Wb)Wb)::  

  qq

  qq--

  tt

  tt--

    WW++

    WW--

  bb

  bb
--

  uu

  dd

  νν

ℓℓ--

__WW++

assume unitarity of the new 4x4 dimensional CKM matrix: assume unitarity of the new 4x4 dimensional CKM matrix: 
|V|V

tbtb
||22 + |V + |V

tb'tb'
||22 =1 and |V =1 and |V

tdtd
|, |V|, |V

tsts
| small| small

using a fat prior for 0 using a fat prior for 0 ≤ ≤ |V|V
tbtb
| | ≤ 1≤ 1

frst such limitfrst such limit
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Top Pair Production Cross SectionsTop Pair Production Cross Sections

⇒⇒ good agreement with SM in all channelsgood agreement with SM in all channels

combination: ±6% !combination: ±6% !all channels measured except for all channels measured except for ττ
hadhad

  ττ
hadhad

NEWNEW

MET+2, 3, MET+2, 3, ≥≥ 4 jets (orthogonal) 4 jets (orthogonal)NEWNEW
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