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Top Exists
(induced from data before 1990)
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TOP.
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March 2, 1995

We celebrated the discovery of the
Top Quark at FNAL Tevatron by

CDF & D0 groups.

Recently,
172.5 2.3 GeVtm = ±



Year

1980 1984 1988 1990 1992 1994 1996 1998

250

200

150

100

50

0
2000 2002

Glashow
~ 38 GeV

Chronology of Top Hunting

1980

tm Japan
TRISTAN

1983

tt



Year

1980 1984 1988 1990 1992 1994 1996 1998

250

200

150

100

50

0
2000 2002

tmtm

GUT
135 GeV

1983

SUSY GUT
30 -130 GeV

Glashow
~ 38 GeVtt

Chronology of Top Hunting

1980



Year

1980 1984 1988 1990 1992 1994 1996 1998

250

200

150

100

50

0
2000 2002

tm

SUSY GUT
30 -130 GeV

GUT
135 GeV

PETRA
> 20.3 GeV

1984

If this is indeed so, the bounds on 

the mass of the  top quark are

30 GeV 50 GeVtm< <
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ARGUS
> 50 GeV
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Observation of              mixing
ARGUS Collaboration
Received 9 April 1987

Using the ARGUS detector at the DORIS II storage ring we have searched in 
three different ways for              mixing in    (4S) decays. One explicitly mixed 
event, a decay                  , has been completely reconstructed. Furthermore, we 
observe a 4.0 standard deviation signal of 24.8 events with like-sign lepton pairs 
and a 3.0 standard deviation signal of 4.1 events containing one reconstructed  

and an additional fast          . This leads to the conclusion that             
mixing is substantial. For the mixing parameter we obtain r=0.21±0.08. 

0 0B B−

ϒ0 0B B−
0 0B Bϒ→

0 0( )B B ( )l l+ − 0 0B B−

To explain the large mixing parameter,
ARGUS had to assume the top mass
to be large, mtop > 50 GeV (indirect)

TRISTAN
>30.2 GeV

Glashow
~ 38 GeVtt
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2003 PDG:

As of today:
178.0 4.3 GeVtm = ±

174.3 5.1 GeVtm = ±



Lessons we learned

Only Experimental Data has the 
final say about Mother Nature.

Theorists should not give up
any probable idea.

The interaction between Experimentalists and
Theorists is essential for the advance of science.



What motivated my 1990 single-top paper
(with                           )= 180 GeVtm

Goldstone 
Boson 
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theorem

Spontaneous Electroweak 
Symmetry Breaking

Massive W-Boson

Study interaction of

in the TeV region
→L L L LWW WW
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W-boson      LW
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What motivated my 1990 single-top paper
(with                           )= 180 GeVtm
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Decay Branching Ratio of Top quark

In the SM:
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Pair Productiontt



Br in     decay modestt



How to measure Branching Ratio (BR) ?
bWt +→

l ν+

This can be done by measuring the ratio  
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It is however possible that new physics 

might not change the                    ,

What if … ?

( )Br t bW→

e.g. no additional new light fields 
with mass less than( )tm

but will strongly modify the width of                     ,

due to  the interaction

( )t bWΓ →

t b

W
is strongly modified.

Hence, the lifetime of top quark is different from SM’s prediction.

Need to study the interaction of t –b -W .



andPP t X→ PP t X→
(single top production)

Since
2

~
tb

W
P

P

t b

W

Measuring 

tσ

assume SM
CKM element

tbV
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Combine with ( )Br t bW→
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PP t X→ PP→
(single top production)

t X

Since
2

~
tb

W
P

P

t b
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CPX ~ 20%tAδ

The asymmetry in the production rate
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can be used to measure CP-violation.

This observable is unique for         collider.pp
(Tevatron)

For 2 fb-1,
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A SM (     ) is purely 

left-handed ( right-handed ) polarized

in the single-top process. 

t t

left-handed top right-handed top
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Measuring both

lt bp pσ +×
G G Gi and t lbp pσ −×

G G Gi

Probe CP-violation at the LHC

Spin
direction



Spin correlation in      eventst t

In the       center-of-mass framet t
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Direct measurement of top mass 
– Tests Standard Model predictions
– Constrains Standard Model Higgs boson mass

Expect δmt < 3 GeV with           at Tevatron

Precision measurement (2003 PDG)

-12 fb



Impact of new      value to SMtm

2003 PDG:

As of 2006:
178.0 4.3 GeVtm = ±

174.3 5.1 GeVtm = ±

96 GeVHm =

117 GeVHm =

114.4  < 251 GeVHm<
At the 95% C.L.

0: 179.0 5.1 GeVtD m = ±



Discovering the Higgs boson and studying its interaction is 
essential to probe the electroweak symmetry breaking and 
the flavor symmetry breaking

Otherwise, 

Studying interaction among longitudinal W and Z bosons in 
the TeV region and interaction of longitudinal W (Z) boson  
and heavy fermions (top and bottom)

If Higgs boson exists
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