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Particle Physics 1992

MATTER NUCLEUS

electron

QUARK

_ harge -1,
_Protons have 2 up quarks | ...and one dowuquﬁnrk.
‘Neutrons have I up quark | ... and two down quarks.
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bhottom
Heavier
still.

_ tau neutrino.
Notyet observed
i directly. 2

- "ANTIMATTER
Each particle-also has an antimatter
counterpart ... sort of a mirror image



The Virtual Life of the Top Quark

~1990: b — s eter (CLEO) and B, mixing (ARGUS) show
that b has weak isospin = 1/2, thus has a partner ‘top’ quark

1980 — 1990: Although the ‘factor of 3° argument suggested a
top quark at ~ 15 GeV, ete~ colliders PETRA, TRISTAN,
LEP/SLC do not observe top pairs up to m, = 45 GeV

1984 — 1994: Hadron collider searches raise the limit on m;:
69 GeV (VA2 and UAT), 91 GE‘J (CDF), 131 GeV (Dﬁ)
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Strong Interactions
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D@ Inclusive Jets [n| < 3, present measurement

CDF/D Inclusive Jets [n| < 0.7
ZEUS 95 BPC+BPT+SVTX &

Strong Interactions
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D@ reach in Q% - x plane: focus on pQCD at high Q2 S I e
(and selected non-pQCD studies at low p+) f
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B Physics

Rather B production cross sections
Consistently larger than theory predictions
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Electroweak Interactions

Informing Strong Interactions
Boson transverse momenta
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Gauge Boson Interactions
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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

| (Run 1o CO)
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my (GeV)

Measurement  my, Dm,, 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
=eamna orv LEP average: 80.450+0.039

Hun 1A, COF, DG, UAZ (praliminary)
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A DD Top Quark?
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CAL+TKS R-Z2 VIEW 15-APR-199
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Profile of the Top Quark

At Tevatron, 85% of tt production is G' gluon ﬂ
from qq annihilation (15% gluon fusic:-n):ﬁn ""*—F top,

b a.r.tl-tmp

@4u}matmn —I '
M rau-mu (1/781)

RN ~100% decays t — Wb
We-mu (2/81) so final states governed
Rl  solely by the two W
branching fractions
B e jets(12/81) (~2/3 qq’, 1/3 év each).
ey Two of the final jets are
€€ + 2 jets + missing E; SICTRETY  b-quarks.

Cle-e  (1/81)

M ru-tau (2/81)

He+jets (12/81)

Can have extra jets from initial/final state radiation

Grannis — The Antitop Quark at the Antiproton celebration, LBL 1z




D@ Top Observation

Dileptons

Lepton + jets ( 4 jets untagged, 3 jets
with tag

Significance of Observation

Probability of background upward fluctuation
2x10-¢ (4.60).

o; = 6.4+¢2.2 pb;: M, = 199+30 GeV
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Constraints/Observables

18 fermion 3-vector components e itrg, L

Use constraints

Measure 1 lepton(3) and 4 jets (12)
and Missing Transverse Energy (2)

Measure 2 leptons(6) and 2 jets (6) and Missing
Transverse Energy (2)

Further constraints
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D@ 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)
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M,=180.1 + 3.6 GeV = SYST - preliminary
This new technique improves the statistical error on M, from 5.6 GeV

[PRD 58 52001, (1998)] to 3.6 GeV. This is equivalent to a factor of 2.4 in
the number of events. 22 events pass our cuts, from fit: (12 s + 10 b)

(0.5 GeV shift has been applied, from MC studies)
Juan Cruz Estrada - Fermilab




1st Generation

Vector Leptoquark Exclusion Contours
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Tevatron Run I and Top
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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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