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“Zweifle an allem wenigstens

Top plays a special role in the einmal, und wére es auch der
: Satz: zwei mal zwei ist vier” .
Standard Model (SM): G E Lichtonborg) jet /

Mass close to scale of 9 .e;/

electroweak symmetry breaking el

Top is the only “free” quark: et partner of the
lifetime < hadronization time b quark?

From Top discovery in 1995 to
precision physics in 2007: -

Production

Datasets: 1000s of Top events Mechanism?

Mass & cross section precisely
measured

Evidence for single Top

Measurements of Top
properties try to answer:

" Electroweak

" V-A interaction? \

Is the Top really the

Standard Model Top?
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/L ‘Results presented here |

" use between 230 pb
w and 1.0 fb~1 of data
- (expect 2.0 fb~" results
. bythis summer)

| Muon Chambers T—> z
\ I i I \ '/' \
M I : I /'/ m n = _2
<( | ,>} M =3
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Tevatron Run Il (2001-2009): ’

Proton-antiproton collider:

vs=196Tev L W iy M =3
Shielding RIS S

Two multi-purpose experiments: ).

CDF & DG M Cak{imeter ; M

More than 2 fb=" of integrated M M %’mid | | | \ M M

luminosity recorded per experiment _5
Expect 6-8 fb~! by end of Run Il

S
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t — Wb (BR = 100%)

W decays, in this talk mainly:

Lepton+Jets (30% of all decays)
Dilepton (5% of all decays)

Backgrounds and systematic
uncertainties: built on experience
gained in Top mass and cross
section analyses

Main background: W + Jets

Main systematic uncertainty:
jet energy scale

Important tool: b-tagging

Top events: two jets from b quarks

|dentify B hadrons by displaced
secondary vertex

Top decay in the Standard Model:

tt decay signatures characterized by

hadrons

1 +uoldeT
(L =g/s)
S19r + uoydeT

Top Pair Decay
Signatures

Dilepton

(S/B = 3)

(2}
S All Hadronic
3 (S/B = 0.04)
L
= Lepton+ T
T+ @ Lepton + Jets
+ 3 (S/B=1)
=
y Run 178855

Eventin Layer00 of |7~
CDF Silicon Detector | ..
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jet

Number of Jets = 4
: uml Et = 45 GeV
I = 37 GaV
|

Event 5504617

Mlssmg ET
74

GeV, Phi =79, L2d =7 mm
GeV, Phl =355, L2d =1 mm




=l  \V Helicity in Top Decays [**1/,

(" Left-handed Fraction f- a Longitudinal Fraction P g Right-handed Fraction

SM Prediction: 0.7 SM Prediction: 0.0

Test V—A structure of t —» Wb decay vertex

Definition of cos 6*
charged lepton

d/s quark Electroweak interactions couple to left-handed quarks
— V+A component: New Physics

Close to scale of electroweak symmetry breaking

top boost
direction Observable “cos 6*”:
Decay angle of down-type particle from W decay
w.r.t. Top boost direction in W rest frame
neutrino

Reconstructed from kinematic fitter or invariant mass
of lepton and b-jet (“Mi”)

u,c quark
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CDF Run Il Preliminary

( Unfolded Differential Cross Section

N 3

-\8; :Lint = 055 pb‘1 ...... ff: i 8;

| — £ =-0.0325.38 (stat.)
D 2

(V)] 5

QO T L.oafeasn.

E .......

o [ - N ™

©

=

[CDF Public Note 8368]

) CDF Il preliminary, 955 pb~1

(2D Fit to £ and f: Likelihood Contours

0.8
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0.4
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~ = =
W Helicity Summary
(Spring 2007)
L+J & Dilepton: D@ w O | 0.06+0.10

(370 pb~", PRD 75 031102) v 0
(f” fixed to 0.7)

L+J & Dllepton CDF h O H
(750 pb~', PRL 98 072001) —0.02+ 0.08

(f° fixed to 0.7)

Lepton+Jets: CDF H O +0.06
(955 pb~", prel.) — —0.03 —0.07
(f° fixed to 0.7)

L(;é%%ﬁ@ﬁ " O f —0.06+ 0.10
(f° =074 +0.25:£ 0.06)

TR A 01
right-handed fraction "

4 independent analyses with Lepton+Jets
and Dilepton data samples, up to 1 fb~1 of
data

Analyses statistics-limited

All results consistent with Standard Model



From fits to electroweak data:
observed “Top” could be exotic
quark with charge —4/3e, true
Top mass: 258 GeV/c?

[D. Chang et al., Phys. Rev. D59 (1999) 091503]

Direct measurement:
Measure W charge: lepton charge
Correct pairing of W and b jet

Flavor of b-quark: “Jet Charge”
(calibrated with dijet data)
S L 105
)3 (ptrack ’ pjet)
JetQ _ tracks - -
)3 (ptrack " Piet

tracks

’ Qtrack

)0.5

Counting experiment:

Lepton+Jets & Dilepton
62 Standard Model-like events
48 exotic model-like events

Events

CDF Run Il preliminary L+J, L¥695 pb—1

30E ~-— B Data
. Standard Exotic E2 SM tt Signal

25 Model-Like Model B2 W+HF

: Like EHQCD
20k [ Diboson

- [ Mistag
15E 1 Single Top

1 —05 0 0.5 1
W Charge x Jet Charge

( Statistical Treatment: Hypothesis Test

Null hypothesis: SM is correct
Decide a priori. probability of
incorrectly rejecting SM: a = 0.01

If exotic model is true: 81% of all p-
values are below 0.01

Measured p-value: 0.35, larger than a
— data consistent with SM
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— exotic model excluded at 81% C.L.




= Top Production Mechanism New\?

‘op pair production at the —
‘evatron: rather large ((9g:0.85£0.05 ) ((99:0.15+0.05 )

theoretical uncertainties 5 = _ " 5 ; t
Measurement of gg fraction N

in top production: two very }vm~< _ g _
promising approaches, both P—>C t P t

statistics-limited

(Approach 1: Neural Network)

Is 1 CDF Run Il (Preliminary) Feldman Cousins

= Luminosity 695pb-" = 88% CL. Train neural network on production
- 0.8 — Best Value and decay kinematics

o)) Measured Value = —-0.275

S 0.6k |Limitat o9 b < 0.5 Distinguish 93 — tf, gg — tf, and
= background from W + Jets

Neural network input: velocity and
angle of Top, decay angles

Derive Feldman-Cousins limit for
gg fraction

S S
N N
IIII| IIIIIIIIIIIIIlIIII IIII|IIII|IIII|IIII|IIII

0 b — tt)

| T L L | | L L L L L |
-0.4 0 0.4 0.8 1.2 —== 2 <051 95%C.L)
[CDF Public Note 8725] Fitter Cf o(pp — tt)
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7
(Approach 2: Track I\/IuItipIicity)

correlated with average number of gluons

Calibrate gluon content with data:

W + 0 Jets sample: approx. gluon-free
Low energy dijet sample: gluon rich

o 15
Qo | - W+0 jet X?/ ndf 13.09/ 4
- . _ Prob 0.01086
T g4 W+1 jet Intercept 9.961 0.1296
o) - m- W+2 jet Slope 1.302+0.09874
c I
- 13L * Dijet 80—-100 GeV
2 7l o Dijet 100-120 GeV
4 N . -
£ | -= Dijet 120140 GeV -
= 12| -
NS : . *
i s
11 - i ~o—
: -+‘.‘ ) ! u ]
101-.." CDF Run Il Preliminary
: L dt=1 fb~
9 _I | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2

[CDF Public Note 8724] <Ng> of the sample

Average multiplicity of low-pr tracks strongly
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—

%) -
ch 20+ [H Tagged W+4 jet data
D - — No-gluon + gluon-rich
y— - —— No-gluon contribution
8 16 - —— Gluon-rich contribution
3 CDF Run Il Preliminary
£ 12} JLdt =1 b
Z [

S |

4|

0 I

20 30 40
Number of low p tracks

Extrapolate to Top-rich W + 4 Jets
sample, create templates for track
multiplicity

Fit templates to data:

o(gg — tt)

. —0.01+0.16 (stat.) = 0.07 (syst.
(oD = &) (stat.) (syst.)




Top pairs could be produced by heavy
particle decays: X — tt

E.g.: Topcolor-Assisted Technicolor

X = Z' couples strongly to 3rd generation,
weakly to 1st and 2nd generation

Z’' does not couple to leptons
(“leptophobic”)

Assume narrow resonance: 'z = 0.012 Mz
Experimental challenge:

Reconstruct invariant tt mass with
Kinematic fitter (or matrix-element
methods)

Understand background composition and
Kinematics

Limit on production of leptophobic Z’:

My > 725GeV/c* (95% C.L.)

CDF Run Il Preliminary, L=955 pb~’

E —
c - —— Data i 8
g - (A Standard Model tt o
w 10 @ Non-Top Background | -
Y -
@) - c
- : =
8 1k O
c Z
2 1 &
1071 o
»
o
E Ll I [BRE L || | [ 1| | |11
400 600 800 1000 1200
Mg (GeV/c?)
CDF Run Il Preliminary, L=955 pb—1
'8_ ;_ """" —— Expected Limit at 95% C.L.
iz G Expected Limit at 95% C.L. + 10
'.\Tl E e\ - —=— Topcolor Theoretical Cross Section |
O GE i\ ....| —s— Observed limit at 95% C.L.
i_ ...................... s ......... <_ ...............................................................
G N\ LeptophobicZ | ...l
= 5 . excluded
E_ ............................................. atgs%C.L. .................................................................
2 ;_ OSSO USRS PUUO SOT OSSOSO SUSTRTORRRRSORTOTS SRS
O E 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
500 600 700
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Mass of Z'-Like Resonance (GeV/c?)




S 4of D@ 230 pb’
2 40F —FCNC (x10)
£ 350 = SM th-+gb
2 30¢ it
25 ¢ B W+ijets
20 B multijet
151
10F
55 (8 G seey
0 0 0.5 E
NN output
> 0.003|- 1 [195% CL
c - P@230pb™ =909 oL
2 —68% CL
>3, 0.002
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Flavor changing neutral currents
(FCNC) in the Top sector:

Heavily suppressed in the Standard Model,
e.g. BR(t— cg) =5 x 1012

Any signal at the Tevatron: New Physics

Study single Top production via FCNC:

More sensitive p—(
than decays

O

Neural network
(NN) to discriminate

signal/background p——F t

World’s new best limit on t-c-g and
t-u-g couplings (k/\)? — previous limits
improved by order of magnitude

(K$/A)* <0.023TeV~2  (95% C.L.)

(k!/A)® <0.0014TeV2  (95% C.L.)

[V. M. Abazov et al., hep-ex/0702005, submitted to PRL]




=%  Summary & Conclusions [+

(

Tevatron is the only place to study Top
quarks until LHC turn-on

ldeal training ground to test new ideas
for Top analysis at the LHC

Study of Top properties is an exciting
and active field at the Tevatron:

New or updated results: W helicity, Top
charge, Top production mechanism,
anomalous couplings

Many results statistics-limited
Fermildb

P And there is more: Top lifetime, search for
massive t’ quarks, |Vi|, ...

Data consistent with Standard Model

Please visit the CDF and D@ public Top
web pages for more information:

- S S - N i
™ Dbl @ Byt ey Prisl. v/ aclts/ e 8008 o Tuirnia e iy
.i" - - - -

CDF: http://www-cdf.fnal.gov/physics/new/top/top.html

D@: http://www-d0.fnal.gov/Run2Physics/top/
top_public_web_pages/top_public.html
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