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Part 1
* Infroduction
= discovery of the top quark

* experimental tools

Part 2

* fop-antitop quark production (strong)
* ftbar Xsec (experimental)

* single-top quark production (weak)

* fop quark mass

* fop quark charge and spin

* W helicity in top quark decays




Infroduction
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HOME SHOP

“The Particle Zoo”

NEWS AC ABOUT GALLERY | BLOG | PRESS Particle Zoo 9 CERN & LHC

*PARTICLEZ 0

Subatomic Particle Plush Toys From THE STANDARD MODEL OF PHYSICS &5 hf}’fmd'
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Fermions in the Standard Model

LEPTONS

Electron Neutrinc Muon Neutrino Tau Neutring

Mcss ~0 ~0 ~0
Electron Muon T
511 106.7 1777

. | @] -
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Mass: 5 1500

0 >
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Quark Properties

quark masses
100 — top ]
10 .
— bottom
1k —=charm d
mq (GeV)
1 GeV= proton mass
01 [ strange —
001 [ —
down
0.001 up -

electrical charge +2/3 -1/3 -1/3 +2/3 -1/3 +2/3(?)
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@ Top Quark in the Standardmodel

ELEMENTARY
PARTICLES

LEPTONS

Electron Neutrino Mucn Neutrino Tau Neutrino
Mass ~0

I

Three Generations of Matter

Higgs-Boson coupling to fermions: g~ m
m, ~ v/V 2, Yukawa coupling A ~1
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[G Top Quark Physics

Runl: top quark discovery Run ll: with high precision answer ...
it Production Cross-Section * Why is top so heavy ?
e + Is top/third generation special ?
Spin Polarization *|s top involved in EWSB ?

+|s it connected to new physics ?

Top Mass Anomalous Couplings
Top Width CP Violation

_Top Spin __ Rare/non-SM Decays
Top Charge N Branching Ratios
w— % v, |

W helicity

Why is the Top Quark so interesting ?
+* completes the quark sector
+ large mass m_ ~175GeV/ et

1

+ short lifetime T~585-10%s « A"QCD

+ decays before fragmenting
+ sensitive to physics beyond the SM
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Discovery
of the
Top Quark
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Quarks

Exchange Bosons

Up/Down
Strange
Charm
Bottorn

Top

Eleciron
E-Neuirino
Muon
Mu-Neutrino
Tau
Tau-Neuirino
Photon
Gluon

W/Z

SLAC

BNL
SLAC/BNL
Fermilab
Fermilab
Thornson
Reactor
Cosmic Rays
BNL

SLAC
Fermilab
Planck/Einstein
DESY

CERN

... Theory (QCD, CKM, ...) and

Technology also awarded the Nobel Prize ...
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1990 Nobel Prize
1980 Nobel Prize
1976 Nobel Prize

1906 Nobel Prize
1995 Nobel Prize

1998 Nobel Prize

1995 Nobel Prize

first direct evidence
1918/1921 Nobel Prize
1995 EPS Prize

1984 Nobel Prize
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History of the Top Quark Search
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History of the Top Quark Search
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History of the Top Quark Search
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Electroweak Precision Daic

Summer 2004

Measurement Fit AD""E"‘:— '"gﬁma;

m, [GeV] 91.1875+0.0021 91.1874 Z°-mass measured with
I,[GeV]  2.4952+0.0023  2.4966

o - -
Opag [ND] 41540 +£0.037  41.481 0.02 %0 precision
R, 20.767 £0.025  20.739
Ay 0.01714 +0.00095 0.01650
0.21630 + 0.00066 0.21562
R 0.1723+0.0031  0.1723

c
ALY 0.0998 +0.0017  0.1040
Ap 0.0706 +0.0035  0.0744
0.923 + 0.020 0.935
0.670 + 0.026 0.668
A(SLD) 0.1513+0.0021  0.1483

m, [GeV] 80.425+0.034  80.394 ... heed o consider
TwlGev] — 2.133:0089 20% quantum fluctuations ...

m, [GeV] 178.0+ 4.3 1782 |

0

isics of the Top Quark — Helmholtz Alliance Infroductory School (11.03.2010) - Amulf Quadt Page 15




Top-Quark Mass Prediction

H

t

t
Mzz = Mzz 0.order/ ('l - A)
2 LEP + SL.D + Colliders + vq
+ : T : : ! T ! ! ] ’ T ; ! ! ;
.m-..t..inm .. | .

t

comparison :
precision meadasurement < correction

D top quark mass prediction
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LEP + SLD + Colliders + vq

2

m,, (GeV

Discovery of the Top Quark

indirekte top-Masse ans EW.Fit

; (mit exp. und theoret. Unsicherheit)

. direkte top-Massen Messung

{mit exp. Unsicherheit)
CDT und DO am TEVATRON

1991 1992 1993 1994 1995 199 1997 1998 1999 2000 2001 2002

... discovered the top exactly where it was expected ...
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Ty ~+.l~1 510"s

a|Vo +b|Vu| m:

D> the top quark is special :
e completes quark sector
e large m_ -~ 180 GeV

e fop decays fast as bare quark, no hadronization (1'th s 102 s)
* fop spin not' depolarized by chromomagnetic interactions

e connection to EW symmetry breaking and new physics ... ?

Higgs-Boson coupling to fermions: g ~m,

m ~ v/V 2, Yukawa coupling A ~1
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@ Top Quark in the Standardmodel

corrections to W and Z boson mass
from top quark and Higgs boson loops

allow prediction of the top quark and the 806 T———1 ——
Higgs boson mass ] '

- LEP2, pp Data
68% CL

corrections: ~In (mhiggs) 30-3j
800 - V2007 1000, Vo F’:’el !mlrn ary
130 150 170 190 210

m, [GeV]
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Strong Top Quark Production

Tevatron LHC
qq~85% 15%

gg -~ 15 % 85%

o (E Tjet > s/20)

CTEQ5D (Q% = (175 GeV)? L .

@ =175 6oV Runl Runll LHC o 7 100 Gov
o (2fb") (10fb™)
downbar

nritbar 20 800 8*10° oy/é

strange

gluon /10 <m‘ sqmple

>1 b-fdg) 4 Gjer(ET > s/4) ><
s [ 6,..(M, = 150 GeV) :

~ F Higgs

LHC Tevatron
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Experimental Tools
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Parton-Parton Interactions

Parton L
(quark,gluon) 0
o

f(x,) soft underlying evant — —

j

p ;:?1 _ q p non-perturbative hard hadron
a \ qﬁ universal PDFs interaction shower

o[ ) L nioon
- y%w] o
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Hadron Colliders

- i@
Fermilab ¢ ' 3 CERN i CERN

196/ ~12009, 19611 = 1500 2005 =2020
Tevairon PbarP SPPS Pbargk LHC PP

1.6 = 1.9611eV: 0.6 eV /-14 TeV
CDF;, D@ UAT, UA2 ATLAS,CMS,

ALICE,LAC-B
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@8 The TEVATRON at Fermilab (1)

~ Main Injectoﬁh
& Recycler

— My

Vs =1.96 TeV
At =396 ns

Run 11987 (92)-95 L _~ 125 pb’
Run 11 2001-09(?)

> 40- to 90-times larger dataset
at increased energy
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Hnicon IVIICrosirip Iracker

6 barrels, 14 disks TR \

Tracking out fo =

v
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Particle Ildenitification

Muon (high energy)
(medium ene.)
(low energy)

Photon

Electron

Quark — Jet

Tracking detector

Electron calorimeter

Hadron calorimeter

Magnet coil

Muon chambers
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Muon Scintillators

Muon Chambers

Calorimeter

Toroid

® inner tfracking detectors
silicon micro vertex detectors
drift chamber or scintillating fiber tfracker
e solenoid magnet (bending of charged particles)
e electromagnetic and hadronic calorimeter
°* muon chambers
e fast trigger and data acquisition systems
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The D@ Experiment

Uran

ium/Liquid Argon calorimeter
'*-.i_:':wfﬂr" . " :

'.'_‘ s % ﬂ 7

=S

resolutions:
EM: aE/E = 15% / sqrt(E)

HAD: o /E = 50% / sqri(E)
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The CDF Experimnent

drift chamber (COT)
radius 40 - 137 cm, 1zl <160 cm
60 axial, 24 stereo hits (3°)

scintillator based calorimeter
EM: o /E =13.5% / sqrt(E)

HAD: o /E=50% / sqri(E)

%
R
0,
@




@) W-Decay Determines Topology

Top quarks decay predominantly Hrex 44% top decay 2294

(~100%) to a W-Boson and a b-quark 0 L+jets

[ etjets
Top-Antitop Signatures: : ere o
“dilepton channel 5 e-:-LLll 14% 199 14.8% 14.8 %
5%: 2jets, 2 charged leptons, 2 v [] #adronic 2.8 %

lepion*jers channel

signal signature
30%: 4 jets, 1 charged lepton, 1 v

‘all-jets channel
40%: 6 jets
let's look at the

always 2 jets are b-jets various topologies ...

also look for lifetfime- or p-tag

sics of the Top Quark ~ Helmholtz Alliance Introductory School (11.03.2010) - Arulf Quadt




b-tagging in CDF and D@

CSIP = SVT/SVX
counting signed impact parameter tag

count the number of frack with large explicitely reconstruct 3d vertices
positive DCA significance & out of track jets

jet is tagged if cut on decay length significance
N, (6>2)>3 or

N (0>3)>2

> can also tag muon in jet from soft-lepton decay
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b-tagging Efficiency and Fake Rate

Eh-tag Eh-tag | sSecVix B-tagging Efficiency { tt Events) |
0.9F F 0.6
E 0.6 - P
E C E - CDF Run Il Preliminary
0.8k —— Nt z* =12.B/ 12 C —fit, x*=68.8/6 S [
E —— MG, 37 =159/ 13 055 —MC,3*=93/4 o 05—
0.TE “r % B e +
= C S A TWE 5
S —anman 4
g 5 Pl + +,
B -
g" l.‘l.:il :— ++
.2
: Mgl < 1.0
- 0.1 RS
B lvovs bvvoa bov s bvnra b baonnaluans El v v v Ly v by v v by v by iy e
20 o 40 50 G 70 a0 90 0 0.5 1 1.5 2 -
. . TTET (LNRRgrrC VNPT (JOTONRRY, | WAL [NRITRTE.| [ NURRYEe [
CS I P ET jet, GeV 1 jet % 20 a0 50 80 100 120 140
Jet E; (GeV

SecVix Mistag Rate |

0.014}-

rate

CDF Run Il Preliminary

0.012f-

per-jet mistag
=
=

|T]j't| <24

L | | . |
100 120 140 160 180

Jet E; (GeV

measured in inclusive sample, converted to light-tag rate using MC
D@ CSIP/SVT slightly higher/lower fake rate = CDF/D® similar performance
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An Example pu-Event

\?\\

CDF Il Preliminary

Secondary Vertex

Jet 65.6 GeV i

/(‘jf\.!‘* 'H'JII{

::M uon 24.2 GeV¥

il

r.—

w

Muon 35.9 Ge¥

-
-
a

‘!‘ rI:I . Eqr" e e
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ANANARNARNARNNN NN\ NANANNRNNNN N\

Muon + Jets candidate event
MTC

o A

mip signal
in calorimet
SV
r 4

(3

A —— |

CA



Search for and Discovery of the Top Quark

Table 1.2, Hitory of the ssarch for the top quark ot ete™ and ot hadron eslliders The quated uneertaintiss for the top gquark
mass from the 1998 decovery publicatons are statistical and asvstematic uncertaintiss, respectively.

Year Callider FParticles Feferences Limk on e
107531 PETER& (DESY) S P 13 W 5 > 033 Gev /e
1087-00  TrisTaN { KEK) stem  [64]-[69] = 302 GeV /e
1088.00  Src (Snac), LEP (CErn)  etem  [8B]-[7] > 458 GV /ot
1084 SppS (CERN) F [ = 5.0 GeV /&
1000  Eppd (CEEN) pF [78,7 w69 eV /e
1961 TEvATEON (FHAL) pP [73]-[50] = 7T GeV /o
10032 TEVATRON (FNAL) rF [31, 8] = 01 GeV /R
1964 TEvATEON (FHAL) rp 34, 84 =131 GeV /o
1008 TEVATREON { FNAL) of [42] =17 £ 10713 GeV/e®

[43] = 10013 £ 22 GV /o
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Search for and Discovery of the Top Quark

| }?ﬁfi §§~§ }E% h . i%l

80

40

2005 2007

1 I 1 I ] I 1 1 I 1 1 I 1 1 I 1
1995 1997 1999 2001 2003
| Year

Fig. 1.12. Histary of the mits on or measurements of the top quark mass (updated Sept. 1995 by C. Quige from [3Y): (#)
Indirect bounds on the top-guark mass from precision electroweak data; (M) World-average direct measurement of the top-gquark
mass {including preliminary results); (&) publshed CDF and (¥) D measurements; Lower bounds from pp colliders Sppd and
the TEVATRON are shown a5 dash-dotbed and dashpd lines, respectively, and lower bounds from eTe™ colliders (PETRA, TRISTAN,

= FLTTIAM T (11111 [y Ol L =

G.|.|..|.
1989 1991 1993
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