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Why are particles not moving at the speed of light?
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Higgs Field
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W boson

Gauge boson coupling to Higgs field

Higgs 
boson

Electroweak symmetry breaking -
Why is the weak force so weak?
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Large Hadron Collider
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Large Hadron Collider
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Top quark production and decay
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Top pair production
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Single top production

Tevatron: 

LHC:
(7 TeV) 

σtot = 3 pb

σtot = 75 pb

σtot = 7 pb

σtot = 170 pb
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CDF March'07  2.7±     12.4  2.2)± 1.5 ±(

Tevatron combination *  0.9±     173.2  0.8)± 0.6 ±(
  syst)± stat  ±(

CDF-II MET+Jets *  2.6±     172.3  1.8)± 1.8 ±(

CDF-II track  9.4±     166.9  2.8)± 9.0 ±(

CDF-II alljets *  2.0±     172.5  1.4)± 1.4 ±(

CDF-I alljets 11.5±     186.0  5.7)±10.0 ±(

DØ-II lepton+jets  1.5±     174.9  1.2)± 0.8 ±(

CDF-II lepton+jets  1.2±     173.0  1.1)± 0.7 ±(

DØ-I lepton+jets  5.3±     180.1  3.9)± 3.6 ±(

CDF-I lepton+jets  7.3±     176.1  5.3)± 5.1 ±(

DØ-II dilepton  3.1±     174.0  2.5)± 1.8 ±(

CDF-II dilepton  3.7±     170.3  3.1)± 2.0 ±(

DØ-I dilepton 12.8±     168.4  3.6)±12.3 ±(

CDF-I dilepton 11.4±     167.4  4.9)±10.3 ±(

Mass of the Top Quark
(* preliminary)July 2011

/dof = 8.3/11 (68.5%)2χ
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Top quark mass measurement
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top pair signal
background

175.9 ± 2.8

173.2 ± 0.9Combination
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Higgs constraints from top quark mass
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Single top quark event signature
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Tevatron single top analysis
Trigger

selection
event kinematics b-quark

tagging

S/B = 1/250,
50,000 events/fb

S/B = 1/20,
2000 events/fb

S/B = 1/109

Multivariate techniquesCombinationStatistical analysis
BDT                 NN               ME

single top
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kinematic variables to distinguish signal from background

top pair cross-check W+jets cross-check

single top

single top
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Discriminating variables
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Discriminating variables

Object kinematics

 Start from ~ 600 variables
 Consider ~200 for multivariate filters
26

Event kinematics
Angular correlations

Jet reconstruction
Top reconstruction
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Multivariate analysis 
      Decision Tree                      Boosted Decision Trees
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HT>212

PassFail

PF

pt<31.6

PF

Mt<352

purity

0 1

BDT Output

SignalBackground

cut cut cut 
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Multivariate filter output
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single top 
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Tevatron single top cross section
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D0 5.4 fb-1 3.43 ± 0.73 pb
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Separate single top production modes
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CKM matrix element |Vtb|
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CKM matrix element |Vtb|

31

• Cabbibo-Kobayashi-Maskawa 
quark mixing matrix

• Single top cross section 
proportional to |Vtb|2

• No assumptions about 
number of generations or 
unitarity of CKM matrix

b
top quark

W
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Top quark decay width and lifetime

• Decay width 1.99 GeV = 1% of mass
• Lifetime
• Limit on 4th generation coupling |Vtb’| < 0.63

32

top quark decay

top quark

W

b
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ATLAS data taking

current ATLAS
results
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ATLAS single top measurements

SM expectation: 65 pb

Observed cross section:
σt = 90 +32

-22 pb

• Cut-based analysis and 
Neural network analysis

u d

b top quark
W
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Single top SM measurements
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ATLAS 700 pb-1 

σ 
[p

b]

5400 pb-1 

Theory prediction

√s [TeV]

t-channel

Wt

s-channel

CDF t-channel 3200 pb-1
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Searches for new physics
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New physics production with tops
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New heavy resonance production
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New heavy resonance production
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Flavor-Changing Neutral Currents
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top quark spin correlations
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Standard Model
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top quark spin correlations
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top quark spin correlations
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unpolarized

Standard Model

t-channel
W+t prod.
s-channel
top pairs
W + heavy flavor
W + jets
Dibosons
Z + jets
Multijets
Data

single
top



2|
VLftb

|V
0 0.5 1 1.5 2

2 | T
Rf

tb
|V

0

0.1

0.2

0.3

0.4

0.5
Measured Peak

68% C.L.
90% C.L.
95% C.L.

2|
VLftb

|V
0 0.5 1 1.5 2

2 | T
Rf

tb
|V

0

0.1

0.2

0.3

0.4

0.5  -1DØ 5.4 fb(f)

2|
VLftb

|V
0 0.5 1 1.5 2

2 | TLf
tb

|V

0

0.1

0.2

0.3

0.4

0.5
Measured Peak

68% C.L.
90% C.L.
95% C.L.

2|
VLftb

|V
0 0.5 1 1.5 2

2 | TLf
tb

|V

0

0.1

0.2

0.3

0.4

0.5  -1DØ 5.4 fb(b)

2|
VLftb

|V
0 1 2 3 4

2 |
V

Rf
tb

|V

0

1

2

3

4
Measured Peak

68% C.L.
90% C.L.
95% C.L.

2|
VLftb

|V
0 1 2 3 4

2 |
V

Rf
tb

|V

0

1

2

3

4  -1DØ 5.4 fb(d)

Reinhard Schwienhorst42

Single top anomalous coupling

|fR1|2 |fL2|2

 Left-vector (fL1, =1 in SM),  right-vector (fR1), left-tensor (fL2), right-tensor (fR2)

 Also combine with W helicity measurement from top decay 
(PRL 102, 092002 (2009))

|fR
1|2 < 0.93 |fL

2|2 < 0.13 |fR
2|2 < 0.06

  |
fR

1|2

  |
fL 2|2

  |
fR

2|2
|fL1|2 |fL1|2 |fL1|2 
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Top quark future

43

Precision Measurements

b

W
top

g

g

top

Modified/new couplings

• couplings
• CKM matrix 
• CP violation
• top spin
• top mass

light quark

top

g, Z, γ

b

W
top

New particles

W' t
b

t
 t

Z' t’

top
b’

W
top?

Coupling to new particles
discovered first elsewhere

top
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Higgs boson production at the LHC

top 

gluon-gluon fusion 

antitop 
Higgs 

gluon

gluon

Neutral SM Higgs

t

t
proton proton

Higgs top quark

top quark

H

Supersymmetry: Charged Higgs

t

proton proton

Charged Higgs
H+

b
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New challenges
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New challenges
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• Top jets
• Jet substructure 
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Summary
• Many top quark results

from Tevatron 

• LHC top measurements
are just starting

• Top is a sensitive probe to
many new physics models

• Top quark: key to origin 
of particle mass
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Thanks!
• Chip Brock, Jim Linnemann, Bernard 

Pope, Kirsten Tollefson, C.-P. Yuan
• Barbara Alvarez, Seth Caughron, Ike Hall, 

Dugan O’Neil, Pat Ryan, Huaqiao Zhang
• Jorge Benitez, Qing-Hong Cao, Weigang 

Geng, Sarah Heim, Jenny Holzbauer, 
James Koll, Patrick True

• D0 single top working group
• ATLAS single top working group
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Single top observation party


