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o The Top Quark within the Standard Model
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o The CDF Experiment
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Why was the
DISCOVERY so
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Standard Model

o Until the 70es:
only 2 generations

o 1975: discovery of T
o 1977: discorery of Y

- 3rd generation !!?7?
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Bottonium (p+ N = Y + X)

o Qv =-1/3 (leptonic width)
o Is=-1/2 (forward backward asymmetry)

= another 3" generation quark




LEP (until 1995)

o Vs =M: =91 GeV (no TOP discovered)

=2 Mwp > 46 GeV

= ppbar collider (TeVatron Vs = 1.8 TeV)

= quarks, gluons and antiquarks collisions



ttbar pair production
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Parton Distributions

o for M, = 180 GeV
(Vs =1.8 TeV)
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The TeVatron at Fermilab

Booster: 8 GeV
Main Ring: 120 GeV
TeVatron: 900 GeV
Businring = 0.65 T
Brevaron = 4.4 T

pbar: peak at 8GeV

Debuncher

stochastic cooling
electron cooling
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Collider

Aveelersior radivs 1000 m
Maximum heam energy 900 GeV
Injection enersy 130 GeV
Peak lnminosity 2x10*l e 23 !
Number of hunehes fip, bip
Tnbensiby poer oneh = 10, & x 10V5
(Crossing angle i
Bunch length (1 ] S em
Transverse heam radius (1 o) ~ 25 pm
I'meroy spread IL15 % 1073 (aV
RF [regueney h3 MHx
p stacking rate =35 x 101 /hour
Beaw crossing [reguency 200 kHz
Period between erossings 3.5 s

'The discovery of the top quark’
Review of Modern Physics 08/1996
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Top Decays (ho handronisation)

I*, g
WT.% v,
f N/
b

1) t - Wb (one jet)

2) a) W = Iy
b) W — qqgbar (2 jets)
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Top Decays

Top Pair Branching Fractions

“alljets™ 46%

THets 15%

J v 4 [Ltjets 15%
T B R

= etijets 15%

We use: "dileptons™ "lepton+jets™

dilepton (DIL)
lepton + jets (L+1J) 12



Semi Leptonic Decay
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The CDF detector
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Vertex Detector

L5



Vertex Detector
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Vertex Detector

Principles of operation
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http: /fhep. flinfnat/CMS/sensors/Silicon_Detectar.gif

17



Vertex Detector




Vertex Detector
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W=1I1+v: I momentum distribution

dN/dP; (crbitrary units)
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Selection Criteria CDF

o dilepton selection criteria

Leptons Jels
Channel | Eple) | Prly) | Ne| Fr Fr | Ad(Erlepton or jet) > 20
e+ jets| > 20 GeV] > N GeVe| >2| > 10GeV| > 25 GeV B N
cetiets| >0CV| - | > > 106GV >BCeV B N
metgets - | 2 0GeV/e| 22| > 10GeV| > 2 GeV B> W
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B-tagged events

o background:
o ttbar signal:

2 3 | + 3 or 4 jets
Elz
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Results

o 56 events observed (dilepton, lepton + jets)
o expected background: 23.4+2.9 events

= Significance: 1-10"-6 = 4.8c

Discovery of the top quark only
together with DO (4.66G)
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Cross Section (pair production
oR = LoceA
o Integration over the run time:

o N = Lirnro-e-A (Lin: from the background)
(ppbar = W + qqgbar)

> 7.6+2.4pb
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Mass of Top Quark CDF
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CDF PRELIMINARY

B ® Combined SVE=5LT=Dilepton Measurement

Theary: Laesnen, Smith, and van Neerven
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Top Charge (DIL and L+J channels)

o To be proven: t = W+ and b

o W-charge: the lepton from its decay
o b-jet charge with an algorithm

o Pairing

=» exotic quark excluded
(87% confidence)
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Summary

o Top dicovered by CDF and DO at TeVatron
o Mc=176 £ 8 £ 10 GeV/c=

O Swa = 7.6 £ 2.4 pb

O Qu = +2/3

o Spin =1/2

o Ax = 19.3 £ 6.5 £ 2.4 %
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