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The Virtual Life of the Top Quark
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DØ Valentine’s Day 1992

5



Strong Interactions
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No excess at high ET.



DØ reach in Q2 – x plane:  focus on pQCD at high Q2

(and selected non-pQCD studies at low pT) 

Inclusive jet XS: (Pub 101) Good data-theory 
agreement with CTEQHJ or MRSTg↑
(enhanced gluon content).  

Strong Interactions
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B Physics 
 Rather B production cross sections
 Consistently larger than theory predictions
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Electroweak Interactions
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Informing Strong Interactions
Boson transverse momenta

Gauge Boson Interactions
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e1
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WZ Production



The Mass of the W Boson
 Discovery 1982 with a few events in each of UA1, UA2
 Serious mass measurement by UA2, 1992
 Run 1 ~ 100k events
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Measurement mW DmW cumulative
Run 1a CC 80.35 ±0.27
Run 1b CC 80.44 ±0.12 80.43±0.11
EC 80.691 ±0.227 80.482±0.091
CC module edge 80.574 ±0.405 80.483±0.084

Run 1 Tevatron:  80.454±0.059
LEP average: 80.450±0.039

(Run 1b CC)



A DØ Top Quark?
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Profile of the Top Quark

12Grannis – The Antitop Quark at the Antiproton celebration, LBL



DØ Top Observation 
 Dileptons

 3 events observed, 
 estimated background 0.65 +-0.14 events

 Lepton + jets ( 4 jets untagged, 3 jets 
with tag
 14 events observed
 Estimated background 3.1 +- 0.5 events

 Significance of Observation

Probability of background upward fluctuation 
2x10-6 (4.6σ).

σt = 6.4±2.2 pb;    Mt = 199±30 GeV
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Constraints/Observables
 18 fermion 3-vector components 

 Use constraints
 W mass (twice) (2)
 Mass of top = mass of antitop (1)
 Assume mass for top 
 Fit using measurement errors

 Measure 1 lepton(3) and 4 jets (12) 
and Missing Transverse Energy (2)
 20 constraints plus measurements (20-18 2C)

 Measure 2 leptons(6) and 2 jets (6) and Missing 
Transverse Energy (2)
 17 constraints plus measurements (17-18 -1C)

 Further constraints
 The parton distributions (poor man’s beam energy) 
 Internal characteristics
 Full matrix element
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DØ Run I – Full Matrix Element 
For each event estimate probability for a top mass value using all measured 

quantities compared to distribution of t-tbar production matrix element.
(Need to integrate over measurement resolutions)

15



New Phenomena
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1st Generation 2nd Generation

Leptoquarks



Tevatron Run I and Top 
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Yagil – Top Turns Ten

Presenter
Presentation Notes
- quick time line (run0, between the runs, preparations, a first hint,  how we worked...)- glimpse into our planning and execution...-key dates (ev, dis)-Lumi delivered/used



The World in 1996
Major advances in understanding high energy  
perturbative QCD

A beautiful measurement of the mass of the W Boson
Rigorous examination of the interactions between vector 
bosons

Observation of the top quark
A first examination of the properties of the top quark

Imaginative but unsuccessful searches for new phenomena
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Run 1 Physics

New Phenomena

Top

b-physics

Electroweak

QCD

132 Run 1 Physics publications:
38 New Phenomena
32 QCD
7 b physics
31 Electroweak
21 Top
3  Detector
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List of 
Institutions on 
Dzero at time of 
discovery

(Grannis), Hadley – Top Turns Ten
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Dzero Author 
List

Thanks to all

Abachi to Zylberstejn

(Grannis), Hadley – Top Turns Ten
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We called out the Run I physics conveners

The Tevatron was essential
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