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| ntr oduction

Top-Quark (t)
— Directly found 1995/96, but eagerly awaited since long to complete the SM

—t-Quark is astonishingly heavy (m(t) = 40 x m(b))
Connected to new physics beyond SM ?

—t-Quark has avery short lifetime (T =1 GeV £ 10%s(SM))
L life time shorter than hadronization time (= 10-23s)
- t-Quark forms no hadrons

— t-mass can be measured very accurately
(in contrast to masses of other quarks (hadronization effects are disturbing))

— m(t) important for Higgs-mass estimate
Strong coupling to Higgs-field because of high mass
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Production M echanisms (1)

Top-production cross sections in pp collisions at J5 =

) ) _ _ 1.8 TeV. (a) pp—1f from Laenen, Smith, and van Neerveen

SM:(a) Pair productionpp — tt + X (1994) (the band represents the estimated theoretical uncer-
tainty), (b) sum of tb and rb from W decay (Drell-Yan), (c)

g J 7 I/ sum of tb and ik from W-gluon fusion. See text for details.
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Small cross section for s=1.8 TeV = 0.9pb
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Production M echanisms (2)
(c) W-Gluon-Fusion (Single t-production) pp — tb + X

¢ b g

Small cross section for s =1.8TeV = 2.4pb

(6, > t{+X (Vs =14TeV ; LHC) = 700pb |
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Decay M odes

SM: t—=W+b Dominant

—W+cC
—-W+d

} CKM unterdriickt

Very small rates:

t — gy (FCNC)
t>az (“ )

Decay modesin pp — tt + X

Decay modes for a f pair and their lowest-order

branching ratios, assuming standard model decays.
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Non SM: See later
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| ndirect Evidence

Request for 6th quark in SM:

—Weak Isospin of b-quark was measured to be (1), = -1/, = Top = Weak Isospin Dublett Partner
W W
— SM only renormalizable, if triangle diagrams cancel for each generation ' 4
Only possible, if t-Quark (Q = +2/,) exists \V
W
Top-Quark and Higgs play essential roles in radiative corrections of electro-weak processes
— Mass Constraint for t-Quark (and Higgs)

Example; Z-Mass

Sensitive Quantities (Line shape and asymmetries at the Z-peak)
(1) Total Widthof Z: T,
(2) Hadronic Cross section (m,) : 6,2
(3) Ratio of hadronic/leptonic widths: R,
(4) Forward/Backward Asymmetry in Z — #-decays: AFB
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Direct Observation of the Top-Quark at Fermilab (1)

Runl: pp(Egy =1.8TeV); Lo, =2x 103 cm2st; | Ldt = 162(pb)t

(1992-96)
A L Tevatron

CDF

[-"l:]

Main Ring BF BQ

M)

HF detector

Run2: Main Ring — Main Injector (L — 8 x 103 cm2s1); Recycler (L — 2 x 10%2);
(2001—) 1.8TeV — 20TeV
Detector Upgrades. DO: Central magnetic field;, Si-Vertex-Det.; Scint. Fiber Tracker
CDF. Expanded Vertex Detector
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Direct Observation of the Top-Quark at Fermilab (2)

CDF-Detector:
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Direct Observation of the Top-Quark at Fermilab (3)

t-Signalsin various decay channels

Up to now (Runl) only t-pair production has been seen; No single t-signals yet
pp—tt+X; t=>W'+b, t=W +b
A L 7,V
a.9 a.9

Dilepton Channdl:

b, b, 2, 2¢ 2 b-Jet; b-Jet; Charged Lepton; Anticharged Lepton (e, 1, T) ; Missing v; Missing v

Background (For ¢ = e, p):
Drell-Yan (W — tb)
L—>1TT
QCD hb
WW (W — ¢+ V)
Radiative Z, Wb, WZ, ZZ
+
Fake L eptons
Mismeasured p-tracks
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Direct Observation of the Top-Quark at Fermilab (4)

Cuts:
Standard Dilepton 7-Dilepton £ + jets/b-tag All jets
(ee, ep, i) (eT, ut)
Lepton pr(GeV /c) = 20 pr > 15 > 20 —
prt > 20
Lepton |n| < 1.0 In"| < 1.2 < 1.0
|n%*]| < 1.0
Fr (GeV) > 25 — > 20 —
SE:J_ (GeV1/2) — =3 :
Jet Er (GeV) = 10 = 10 > 15 > 15
Jet |n| = 2.0 < 2.0 < 2.0 < 2.0
Number of jets > 2 > 2 > 3 > 5
Hy (GeV) - = 300
H'(GeV) > 180 - =
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Direct Observation of the Top-Quark at Fermilab (5)

Most important cuts: Large (Pr) gy — Eliminates QCD-background (= 10%° x G),
mostly along the beam direction
b-Tagging — Eliminates q(= u, d, s) —and gluon-jets

Soft Lepton Tagging (SLT) Displaced Vertices Tagging (DVT)
22% of all b*s decay emitting an electron or muon. b*stravel severa mm's (ps)

The leptons are close to ajet and have P, <20 GeV/c before they decay — 2. Vertex

Also important: Kinematical Fitting of events/ Neural Network Techniques

Modeling of events/background: PHY THIA / HERWIG
tt-efficiency: (0.74 £ 0.08) %
Observed events () Ldt= 109 + 7 pb1): 9 Dilepton events (e, w); Estimated Background: 2.4 + 0.5
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Direct Observation of the Top-Quark at Fermilab (6)

L epton + Jets-Channel:
b-Jet, b-Jet, Charged Lepton, Missing v, g-Jet, g-Jet

Cuts as above + topologial conditions (sphericity/aplanarity)
Observed events  Est. Background

34 (DVT) 92+15
40 (SLT) 226+ 28
Typical event: 4 b

Tevatron-
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Direct Observation of the Top-Quark at Fermilab (7)
All Jet-Channels
b-Jet; b-Jet; 20-Jets; 20-Jets

Cuts as above + highly sophisticated topologies
Observed events  Est. Background

187 (DVT) 142 + 12
157 (SLT) 120 + 18
Resulting Spectra (CDF) [ a ___ Daten (153 Ereig) | ° b —__ Daten (34 Ereig.)
B Untergrund B8 Untergrund (6.4 Ereig))
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b-Tag
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Mass, Production cross section of the Top-Quark

Mass: m,
Tevatron Top Quark Mass Measurements Production Cross Section : G
———| 168.4 + 12.8 GeV/c® Dilepton : 2 Dilepton
i i | & Single lepton (SVX)
— — 1732 7.8 GeV/sc" Leplon+)etls
® Single lepten (SLT)
—3—] 172.1 £ 7.1 Gev,/¢® Combined I
ngﬁ | ® All=hodronmc
§ COF )
— — 167.4 £ 11.4 Gev/c’ Dilepton - ® Combined
—_— 176.1 £ 7.4 Gav/e® Leplon+jets |||
— 8 DO i “* Dileptan
——0— |186.0 £ 11.5 GeV/c" All-Hadronic '
= ® .15, Single lepten (lopo)
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® 3.3, Single lepton (o tog)
Tevatron 3 .
combined - [ ] All=hgdronic
—a— 1743+ 9.1 GeV/e" i ® ' Combined
11 1 | I 1
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Common Fit to data with m, and o; as free parameters
SM predictions well fulfilled. Also width in agreement with SM
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Implicationsfor the Higgs-M ass (my,0)

SM: Dependence of many observables on m o is mostly logarithmic, therefore no accurate
constraints are possible.
m, isvery essential in these considerations

LEP + SLD + pp + vN Data

o 45 T y 7
b 1 g
40 -
The x* curves for the standard model fit to the elec-
= _. { troweak precision measurements from LEP, SLD, CDF, and
"‘H— 1Tev 1 PO (W mass only) and neutrino-scattering experiments as a
=07 - function of M, for three different Higgs-mass values span-
‘m,=300Gev | ning the interval 60 GeVie®= My;,..< 1000 GeVic’. The num-
- ber of degrees of freedom is 14 (LEP Collaborations, 19495).
m,= 60 GeV
o Preliminary
100 150 200 250
m, |GeV]
Best Fit values (PDG): s
+
mo = 88 5 GeV/c?

or
Mo < 196 GeV/c? (95% CL)

ITEXIO- (LEP2): m o> 117 GeV/c? (from ete- — HOZO)_I
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Further Studies (Fermilab (Run 2) / LHC)

1) o(m) — 3-4 GeV/c?

2) Test of SM
SM:  B(t —» bW) >0.998
Also allowed, but very rare and beyond future sensitivities:
t - Ws, Wd, WhZ
t—Xg(X°=g,v,Z H;g=c,u) (FCNC)

3) Top related effects beyond SM (Extended Higgs-Sector/SUSY /New Strong Dynamics
(Technicolor, ...)/...)

t-production:  tt-resonances (visiblein tt-pair production cross section)
New Heavy Vector Boson (W*) or Charged Scalar (¢*), ... (Enhanced
single Top production)

t-decays. t — bH* (Extended Higgs Sector)
- (tv,)

t—X0g(X°=g,v,Z;q=c) (FCNC) Greatly enhanced compared to SM
t — t, % (t-squark + neutralino) (SUSY)
~ i
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