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Outline

» Introduction

... Experiments & Theory ...

» Top Quark Production

... In Weak and Strong Interactions ...

» Top Quark Properties
- Mass & Charge
- Decay (Lifetime, W-helicity, spin-correlations)

» Conclusion Here :

- overview
- some technical & physics details on selected topics
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Introduction

... EXperiments ...
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The TEVATRON at Fermilab

DO & CDF Run Il Integrated Luminosity through 18 February 2008 \
[ 20

— CDF Delivered (from February 9th 2002)
— DO Delivered (from April 19th 2002) deliveredﬂ
CDF Recorded (from February 9th 2002) ~_1.8

— D0 Recorded (from April 19th 2002) )\\F 1.5
P

1.4

Main Injector 4
& Recycler 2
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Run 11987 (92)-95 L _ ~125 pb’ In spring 2002 passed Run-l lumi record
Run 11 2001-09(?) 4-9 fb™ CDF & D@ data taking  ~90%
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The TEVATRON Performance

Peak Luminosity

Peak luminosity:
World (ISR) record 110" P, twice the SPPS number !
® in spring 2002 passed Run | record
100 - 10° cm? sec’ —p ® in 2004-06 close to or above optimistic

design scenario
® recycler and electron cooling in operation

Peak Luminosity (1/pb/sal
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® Fiscal Year 06 ® FiscalYear 05 4 Fiscal Year 04 # Fiscal Year03 = Fiscal Year 02 — Design
—Base
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Muon Scintillators

Muon Chambers

Calorimeter

Toroid

e new bigger silicon, e new silicon and fibre tracker
new drift chamber, TOF ® new ~2 T solenoid
e Upgraded calorimeter and e upgraded muon system
muon system e upgraded (track) trigger/DAQ
e Upgraded DAQ/trigger e Roman pots
e Displaced track trigger ®19 countries, 83 institutes,
e ~750 physicists FESCIER 664 physicists
EM: G_/E =13.5 - 15% / sqrt(E)
HAD: ¢_/E =50 - 80 % | sqrt(E)
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The Large Hadron Collider - LHC

The Large Hadron Collider:

* proton-proton collider (no p)
[> 2 separate beampipes

- 10 fb™' per year

- high energy: Vs =14 TeV

* 40 Mio. collisions per second

* first collisions in 2007

* 4 experiments: o
ATLAS, CMS, ALICE, LHC-B \' y ©
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The ATLAS and CMS Experiment

weight
height
length

magnet (solenoid)

7 000 t weight
22 m height
42 m length

2 Tesla

* Precise tracking and vertexing
silicon pixel and strip detectors & transition radiation det.
2 & 4 T solenoid and toroid magnets (air core or iron core)
* EM & Had Calorimeters and muon systems

* Fast DAQ/trigger
* > 2 000 physicists each
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magnet (solenoid)

12500t
15m
22 m
4 Tesla

resolutions:

EM: 6 /E=05-10%/ sqrt(E)
HAD: 6 /E=50-70 %/ sqr(E)




Introduction

... Theory ...
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Top Quark in the Standardmodel

Why is the Top Quark so interesting ?
x completes the quark sector

x large mass m,_ ~180 GeV/ c’
x short lifetime 0 [ A'1QCD

x sensitive to physics beyond the Standard Model

LEPTONS

Electron Neutrino Muon Neutrino Tau Neutrino
Mass ~0 ~0 ~0

@

Electron Muon
511 105.7

QUARKS

O -

Top

. | @

Boftom
4 250

Higgs-Boson coupling to fermions: g~ m
m, ~ v/V 2, Yukawa coupling A~1
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806 >

| - LEP2, pp Data
80.51 8% CL

130 150 170
m, [GeV]

Preliminary

190 210

Only "recent' discovery 5

- charge unmeasured

-+ reasonable mass measurements

- study weak and strong top physics

“ (L:’U‘ UNIVERSITY OF Page 10




Discovery of the Top Quark

LEP + SLD + Colliders + vq

indirekte top-Masse ans EW-Fit
: {mit exp. und theoret. Unsicherheit)

~ direkte top-Massen Messung

- (mit exp. Unsicherheit)
"~ CDF und DO am TEVATRON

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

... discovered the top in 1995 by CDF & D0
exactly where it was expected ...
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Top Quark Physics

top quark discovery (1995) with high precision answer ...
it Droelieiion CrossSaaiio) * Why is top so heavy ?
tt Procluation iz litar), Fasonzness . . .
SYorliction inematies * Is top/third generation special ?
Spln Polarization +Is top involved in EWSB ?

+|Is it connected to new physics ?
* Precision measurement of couplings

] VigsSS ) —
Top Mass Arlosklous Souglings | | L83 iy'(1-y )thbW
Foo YWicir) ~B \linlati 242
Ton 5ol CP Violatios)
c)r) - —~
TJJJ (f{)m RAVE/NBIESIVINYEECNS
c)r AV v - L. - o -
Ip Y2 (b srzsernlnle fErlos g£=0.67

N\ |/, V=1
/ m,,,>m,, ( phase space)

W hliatty
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Decay Topology in ¢

Top quarks decay predominantly ,, topdecay
A Or+x %
(~=100%) to a W-Boson and a b-quark )
[ Htjets
. . L etjets
Top-Antitop Signatures: Hete

“dilepton channel’
5% : 2 jets, 2 charged leptons, 2 v

detu 14.8 %
] H+” 1.4% 1.4 % 14.8 %
Il hadronic 2.8 %

"lepton+jets channel'
30%: 4 jets, 1 charged lepton, 1v

"all-jets channel’
40%: 6 jets

always 2 jets are b-jets

... Y19.Sept. 2005 - Experience from the Tevatron: Top Physics - Arnulf Quadt — ATLAS-Deutschland Meeting




Top Quark Production

In Strong Interactions




Parton-Parton Interactions

CTEQSD (Q” = (175 GeV)?)
up

proton has substructure =W — domn

o 5 1 upbar
(structure function Fz(x,Qz) .. dawnbar

. ¢ quark momentum -. ‘ A‘:] | ::Lzr;gfew
Bunch - distribution

4
£ “"fi -'. - ?'-.Hr' .
o AR

00

(cuark, gluon) ltlw:
Ca o

Proton

LHC Tevatron

Antiproton

f(x,)

non-perfurbative hard hadron
universal PDFs interaction shower
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Strong Top Quark Production

proton - (anti)proton cross sections

—

Tevatron LHC

(3

,_.
[=]

,_
.2,

qq~85% 15%

interaction rate

—

gg~15% 85%

Runl Runill LHC

2fb") (10fb7)
no ttbar 20 800 8 *10°
(m; sample
>1 b-tag)

(" > Vs/4)

(M, = 150 GeV)

G,
Higgs*

S,10e(M,, = 500 GeV)

e establish top signal

® measure cross section as
QCD test

e cross section and topology
close to Higgs physics

UNIVERSITY OF
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Ttbar Xsec Measurements at Tevatron

dilepton B Topological selection (lepton pT, MET, Njets) 0 counting experiment

b-tag selection (lepton pT, MET, SVX-tag, Njets) 0 counting experiment

lepton+track (lepton pT, MET, isolated track, Njets) 0 counting experiment

dilepton 2-dim. (MET,Njet) fit for ttbar, WW, Z>tt 0 2-dim. fit

Topological selection (e/mu+jets, lepton pT, MET,
Njets), topological & kinematic variables, 1-dim. fit © 1-dim. fit

b-tag selection (e/mu+jets, lepton pT, MET,

Njets), b-tag (SVX, IP, jet-prob., soft-mu) 0 counting experiment

kinematic fit (MET or jet ET) in b-tagged events © 1-dim. fit

combined fit of 0, 1, 2-tag sample and
Br(t->Wb)/B(t->Wq) © 2-dim. fit

Kinematic & topological selection, Njet distribution D 1-dim. fit

Kinematic & topological selection, ANN-output 0 counting experiment
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Dilepton, CDF Xsec ()

1 i Waiwa =T 4 FT ! o Eﬁ.l ] [=]T] i Wy WNF O F?
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1] 100 200 aon Eon] e} Eng 1] 20 q0 i} 81 103 |20 140 =3 180 200

Scalar Sum of Transverse Energy (GeV) Miszing Transversa Enargy (GaV)

Figure 4.1: Left: Hy distribution for events from the LITHK analysis with = 2 jets. Right: v
for events from the DIL analvsis with Hy = 200 GeV and > 2 jots.

LIk DIL

Hp =
Nu=0  Nju=1 Nju>2 | Nju=0 Nju=1 Ng>2 200GeV
| .

G

hboson 218+£52 644x15 121203 |114+£33 324200 11+03 0702
Direll-Y an .5+08 164460 42416 | 444109 209411 13405 09+056
Fales 16.5+24 5H0O+1.0 lax05b | 3012 24410 1aX0.6 il e w951
Total Bed BlE+11.3 2fTXx63 68xX1.7 |1EBx40 EBEadtll 3308 AT 0T

Expected tf | 0.3 4+0.2 J4+06 11.5+15| 01£00 13+£02 BHE12 82111
Tatal 65.1 +£11.3 31.1+63 184+23 |189+40 H98+]19 124416 109+14
a3 206 19 16 ¥ 14

O hserved

Signal-to-background vs. acceptance
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Dilepton, CDF Xsec (ll)

Sipnal and backeground unecertainties

LTHK

DIL

Lepton (track ) 1D
Jot enerpgy seale - =ipnal

B ['li:in'.;i'1 |
G5

LT
AT

[Krg
37

Jet energy scale - backgronnd

1054

18-29'%

lmitial /final state radiation

i A

s
Pl

Parton distribution function=
Monte Carlo generators

W, W2 ZZ diboson estimate
Direll-¥Yan estimate

G
2
205%

305

G
G
I

H1%

Fake estnnate

125

415

Table 4.2: Sunnnary of svetematiec uncertainties.

LTRK:

more background

but tighter track pT cut

tighter MET cut in Z-mass window

% less background error from JES

LTRK :0,=7.0"%]

+1.5

(stat.)_;;

(syst.)+

DIL:0,=8.4">7(stat.)" ;" (syst.)=0

Large (physics) background

0.4 (lumi) pb
5 (lumi) pb

L> theory input dominates uncertainty
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CDF Xsec (Ill)

lepton,

D

Z-=t T MC

)

CDF Il Praliminary

ed Bknd.)

X

F

i,
i

T

ts, MET)

jE€

form 2-dim. Templates (N
fit relative fractions of

Softer cuts

ttbar, WW, Z- 17, background to data

“hack-

HOLICES,
sollrces (#immed together) and from 184 ph_l of data in the Eyp-N. plane for the

“signal”

Figure {.2: The 2-dinensional distributions of the Standard Dlode]

&

grotnd”

example of the ep clhiannel.
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Dilepton, CDF Xsec (lll)

it W B

Trigper efficiency 1% 15 r\CC:‘r)'r:J.I'JCE arrors co
lepton 1D 2% | 2% : oy experimental eff
Track izolation 4% 4% ?
.{.-.'.';'T (ee and e only) 35 i s
Generator syvst. 3':{* 4%
Tatal 6.25% | 2.8%
hunincesity 6%

minatec

"
recis

Table 4.4: Summary of syvstematic nncertaintice on the acceptance for each “signal” process.

tf
Jet Enerpy Scale & ¥+ ep 13%

ee + | 125
Jet Multiplicity £ - i A s . orma FJJI] JJIIJJIJr] eS
ce + pp | 9% - 2l uncertain r/
Generator £ Ol 4% [ f scalz on ET and ME
ee + | 5% - I
PDF’s el 1%
ee 4+ pp | 1%
Tatal 5T 165%
ee + ppd 16%

Table 4.5: Snmmary of systematic unecertainties on the fitted cross sections from the Eo-N;

H'Il:-'I.P =
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A Typical p+Jets Candidate Event

\ Muon + Jets candidate event

mip signal
in calorimetel\
Jet2
Jet 1

- -
/ e
’ ; 7"
» B
- / =
- e
# -
7

2
.
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L+Jets, DG Topological Xsec (l)

230 pb'

event probability
o
i | B
PO ]
event probability

choose topological variables:
with strong separation potential
with small sensitivity to jet energy scale

0,

° . 'Do 0.13.23.33.40.59.59.?9.D.Q 00 02 a4 06 a8 1 1114151‘! 2
use the following variables: sphorily Hizprime
sphericity R R
aplanarity 2 j
centrality i £
HT
Ktmin
L5 e .5 2 25 3 00 0050101502025030.35040.4505
p Ktminprime aplanarity
Delta phi(l,MET)

1..6,
='tt distribution,
= Wjjjj-distribution

topological likelihood:
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L+Jets, DG Topological Xsec (ll)

e DO data

M it
[ ] Wijets
] multijet

. e DO data
utjets g

[ ] W+jets

L] multijet

Events/0.1
Events/0.1

06 08 1
Discriminant Discriminant

Combined result:

0,=6.7"5(stat.) ° (syst.)=0.4 (Iumi) pb

vvvvvvvvvvvv
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L+Jets, DG Topological Xsec (lll)

OO e-+jeta (i+qets [+jeta
Lepton identification 1.3 =0.2 +0.2
Jet energy calibration +1.8 -1.2  41.0 -07 +1.4 -1.0
Jot identification 402 -0.2 402 01 402 -0
Trigger +0.1 0.1 +04 -03 +03 -0.2
Multijet backeronined =+[.3 +0.03 +(0.2
W background model e T4 +0.3
MO statistics +101.5 1.3 +01.3
Other 0.2 +0.1 0.2
Total o B . T SR I (31 R 1 I =5 s

DO Table 4.16: Systematic uncertainties on o, (ph.

Effect Acceptance (%) Bhape (%) Tatal( %)
CDE Jet Ep Scale L7 (47) 122 (21.4) 16.0 [26.0) Jet energy scale and
Wtjets Q2 scale = I 10.2  (24.6) 102 (24.6) W+jets background modeling
RO frashion - ) L dominate uncertainties,
QCD shape - -] 1.1 (4.5) 1.1 (4.5) X X s
Other EWK : e 2.0 (18) 20 (LS) in particular in template shapes
tt PDF L5 (L5) 2.9 iz.;j 44 (47) ﬁ) only LO W+jets MC
t ISR 2.1 (2.1) 19 (11) 30 (2.9) A
i FSR 1.7 (L7) 1.0 (15) 27 (3.7) (flavour composition ?)
ft generator 1.4 (1.4) 03 (1.0 1.7 (2.4)
Lepton 1D/ trigger 2.0 (2.0) - -] 2.0 (2.0
Lepton Tzolatiom 5.0 (5.0) (-] 5.0 (5.0)
Luminosity - (-] - (-] 5.9 (5.0)
Total 223 (37.8)

Table 4.8: Systemnatic nuncertainties in % on the eross section, for fits to the ANN output (Hyp)
distributicn m the W4 2 3 jetz sample.
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b-tagging at CDF & D@

b-hadron lifetime ct ~ 450 um
b-hadrons travel ny ~ 3 mm before decay

CSIP = SVT/SVX
counting signed impact parameter'tag

Secondary vix

displaced track

count the number of track 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 tagging eff. ~50%

N, (c>3)>2 > can also tag muon in jet from soft-lepton decay
also jet probability ... taggers
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Lepton+Jets, b-tag Xsec (DO, |)

Flavour fractions in W+Jets from ALPGEN/HERWIG countjng
tag-rate functions (mistags) from data experiment
tagging efficiency from data (+MC correction)

Njet=1,2 I control bins
Njet=3,4 D signal
Combination of Njets=3,4; e/mu channel, 1-tag, >2 tags

D& Run |l Preliminary D& Run |l Preliminary

3 3

4 4
jet multiplicity jet muttiplicity

Figure 4.16: Expecterd and obzerved nminber of simple-tag (left) and double-tap events (right ).
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Lepton+Jets, b-tag Xsec (DO, ll)

Sotree Cifset (ph) o' iph)
Muon preselection +0.02 +0.18
Electron preselection -1.02 +0.18
Muon triggers +0.07 +0.34
Jet emergy calibration -0.07 + (.24
Jet reco and jet JD ~[1.05) +-0.23
SML b-tag efficiency in MC 01103 +0.1%5
SML b-tap efficiency m data +0.]18 411,41
Heavy quark mass on 1 fractions -[1.00) +0.18
W fractions matching + higher order effects —+10).011 +1).44
Event statistics for matrix method -01.02 +0.15
liotal +0.9

Table 4.18: Systomatic uncertainties on o, (ph.

W+jets modelling and flavour fractions
dominanting systematic uncertainty
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Lepton+Jets, b-tag Xsec (CDF, I)

e Standard |+jets selection+b-tag in W+2 3 jets
e fit jet ET spectrum

— H-BkO
= H{HER®/ISI

e HELL Jirmim s A

[
L]

—

]

[y
=

i

i
¥ " e e m w I
NN LR T

rlzrna I"mclhan

= -]

bl .\._r-. ‘
skyrm 1-sclizn

events / 10 GeV
events / 10GeV

| | = HEAL
- === [ cHERWA K3

~ ARG (romciaks!

I3 EPEEEE ST SR . LT PErR | == -

08 128 148 160 150 W EMWHHIMIMIEIWIHM

Leading jet Er (GeV) 2nd Leading et Er (GeV)

Figure 4.5: |he fifty zeven candidate events (histogram) with the best At curve (salid). The
best fit composition, # (dashed) and hackground (dot-dashed ), is also shown, The mset shows
the — ]11|:.":J.'r.|':m,,_,] az a function of the =sigual fraction. Left: Leading jet £7 spectrum: Right:

Socond leading jet Ay spectriim.
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Lepton+Jets, b-tag Xsec (CDF, ll)

e Standard |+jets selection+b-tag in W+2 3 jets
e fit jet ET spectrum

Sonree Shape (0] Acceptance (%) Total (%)
Jot energy Beale iaf +4.5 $+15:3
abzolute btap efficiency +7.4 +7.4

backeround statistics = I_ﬁufg:

lnmincsity +5.9 +5.9
lepton 10 +5.0 +h.10
b-tag, effic. (£ dependence) 1. +2.5 +4.4
PDF ; +(.8 +4.2
glion rad., non-1" shape. other acceptance

svet., non-M rate, # shape. single top product.
total e +12.3

Table 4.9: Systematic uncertainties for the #f cross section from shape and acceptance affects
in the 14-jets b-tag + kinematice analveis.
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Alljets Xsec Analyses

Use b-tagging (SVX) + tight kinematic cuts

26 jets

e exactly 1 b-tagged jet Neural Network 2 output
e kinematic neural network

b second| neurall network
including reconst. masses

D® Runll preliminary

-l
Q

integrated luminosity: 162 pb .

— re-ncrmalized background

Aplanarity ¥ wvertex tagged data

&) At el e expected t t contribution
re-normalized untagged data

= f T (scaled:

-a 6-jet data (Wertex Tagged:

events /0.05

n(obs) = 220
0.05 0.1 0.15 0.2 0.25 0.3 o.ssAl:;;Tac.:.;?_itl;ﬁ n(bkg) = 18515(stat)

smallest di-jet mass
asuu D Runll preliminary | |

re-normalized unmtagged data N
3e00 : 0.4 0.6 0.8 1

- i M (scaled:

1400 =~ Eriet data (Vertex Tagged neural net discriminant

1200

1000
800
600/

400 Counting experiment (162 pb™):

200

R v o,=7.7"35(stat.) S (syst.) 0.5 (lumi) pb

2
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Run Il Top Cross Section - Summary

CDF and DY Run Il Preliminary

Mg = 175 Gavic” | M.Cacciari et al. «f Figh Ererpy Fiyz. (U068 {2084)

T Nidenakis, Fivogt ZIin LR

| COFdllepton | 197 ph'-l
CDF dilept.{MET, Hr. jet=} | 184 pb'1

CDF I+ kine. NN | 194 pb'1

COF I+ Hine. NN (updata) | 347 pb™'

CDF lsjb-tag | 162 ph'1

COF 1 b-tag {update) | 318 pb” 8.9 "J]ﬂ *.&3

COF I+ loesebtag | 318 pb™ 8.9 *§3 ':H

COF laf b-tag+kine. | 162 pb'1 6.

COF 1ij btag+MET | 344 pb'1 6.1 +-*I %

COFlsj softmu | 194 pb™ 5.3 +33 *

COF I+ jetprob. | 162 pb'1 5713+

cOoF atjeis | 165 pb'1 78 *5E
8

6

- m, =175 GeV/c®

+ Run | COF ¢ HunllCDF{pral.,M?ph"}

* Run | D& I:J RunliDZ (prel., 230 pb™')
+ Run | combined

o
.|.
-I:
Bin o
E
=k
ba i

-

-n-n..s.n...s-n-n

[ ] N.Kidonakis, R.Vogt Phyzfa-des s, coos)

COF combined {publ) | 200 |:;|I':p"I 6.0 *’_ﬂf
COF combined (preim.) | 347 pb™’ 7.1 %
DE diiepton (topoy | 230 ph'1 8.6 *33 *].

D dilepten (tepe, updats) | 370 pb™ 8.6 *%d *]
+I.
1.
1,

i

&b &bk 2

B Jake B0l man-mm-—a'nmmwhuhm:hu

M.Cacciari et al. JHigh Energy Phys. 04,08 (2004

o N A& O O O N &

1 | . l . | . | i | ; | |
1750 1800 1850 1900 1950 2000
Vs (GeV)

Dz Likine. | 230 pb™ 6.7 4 ¢

D@ 1+ btag | 230 |-:|I:r'1 BE 11+

D 14 b-fag {update) | 365 pb1 8.1 +-33 ta
Dozt | 230 pb 79 44 4%
4:

+d,

.

D dilgpton b-tag 158 pb'1 11.1 *34

i - +3.4

o2 aljets | 162 ph 7.7 53 o oy ‘,.l"

D alljets {updat=) | 350 Pb"‘ 52 +_sg +1ﬂ arrors tweaan ¢
D aliep.+ 1+jkine. | 230 pb” 7.1 43 44 Are C_)ffdJE tac

15 20
6 (Pb)

e Measurements demonstrate success of various top detection techniques

® Results within errors consistent with NNLO SM prediction for 1.96 TeV of ~7 pb™
e Combination being worked on (TevEWWG)

e Latest results (760 pb™) achieve ~15% precision
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Simulation of W/Z+jets

—— W —»—rmwm
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| 3l
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()

-J.!_i_i_i_l,1—3-—
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—

Figure 2,17 Example diagrams for the process parton + parton — W/ 242 partons (left) and
parton 4+ parton — W/ 243 partons (right ). The vector boeon iz denoted by a wavy line

Flavour fractions from LO-Monte Carlo (ALPGEN) are direct input the Xsec analyses
How well described ?
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b-fraction in W+2 Jet Events

of Whbh to W+2 jef | 14 | Ratia of Zbb to £+2 el

LO{pe=80)
L0 pr=40)
—_— j-.l .::-I:.ll| .-:\.li..i

=== Nyl

0 B0 BO 100 120 144 160
¥y [Gev]
Figure 2.78: Ratio of T/ EZ42 b-jeta to WE42 jet event= in LO and NLO at two different
g ] J ]

Factorization scales. From Reference |1EE].

Flavour fractions and shapes agree in LO and NLO reasonably well for W+2 Jets
first studies for W+4 jets indicate less agreement D> need more studies here

first experimental data indicate factor ~1.520.4 higher b-fraction > need more data
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Jet-Parton Matching

® W+4 Jets can originate from W+4 partons and W+3 partons + parton-shower jets

® need to generate lower parton multiplicities as well

® generation of W+4 jets events via W+1,2,3 parton process VERY inefficienct !

® \Want to generate W+n parton events for n=1,2,3 and 4 separately and combine
files afterwards

How to avoid double counting ? > Jet-Parton matching (MLM, CKKW....)

Figure 2.19: Left: 17 4 3 parton process caleulated by the matrix element (ME) and no
additional jets from the parton shower (PS). Right: W + 2 parton process calculated by the
matrix element and one additional jet generated by the parton shower. Both processes lead to

the same final state.
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Top Quark Production

in Weak Interactions




Elektroweak Top Production

» Comparable rate to strong production !!!
» directly sensitiveto |V, |

» Search for new physics (W', ...)
> Similar topology to tt in I+jets,

BUT fewer jets & more forward background

(WHjets, tt, dibosons, ...)

s-channel

q' b
s, = 0.88 £ 0.07 pb

. t-channel

g 5
c,=1.98 +0.21 pb

Event Shape Analysis (here NN)

s-channel

t-channel

-8-Data
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I 1t
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3.March: Top Quark Physics - Arnulf Quadt —

1]
[=]

=
(=]

- -@-Data
| =——t-channel ( <10)
| Mt

0 Wijets

[ I fake-lepton
- e+l
L 21 tag
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Electroweak Top Production

Exclusion limits

D@ Run Il Preliminary, 230 pb'1

o
w
2]

== s-channel

= t-channel

o
e N ©
N O W

¢ < 5.0 pb ... improved further ...

|

c<6.4pb 95% CL limits DG CDF

o(s-channel) < 5.0pb
o(t-channel) < 44pb

Posterior Prob. Density (pb '1)

o o
o ©
a = o

10 12 14 16
cross section (pb)

... observation with ~1-2 fb™ ...
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Top Quark Properties

... Mass ...
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Top Quark Mass Measurements at Tevatron

dilepton M Neutrino weighting (nu->phi) D 1-dim. fit
Phi-weighting (phi->nu) 0 1-dim. fit
Pz(tt) method ® 1-dim. fit
ME weighting © 1-dim. fit
ME method © 1-dim. fit

Template method in m, after kinematic fit,

topological or b-tag, with internal or external
JES constraint © 1- or 2-dim. fit

Matrix Element/Dynamical Likelihood Method,
topological or b-tag, with internal or external

JES constraint, complex analysis D 1- or 2-dim. fit

Ideogram method (W-mass @ LEP), compare signal
and background mass spectrum, chi*2 weighting

(kine fit), with internal/external JES constraint » 1- or 2-dim. fit

m Only from Run-l, little sensitivity
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CDF-ll Template Analysis in L+Jets

x> mass fitter:
* Finds top mass that fits event best
» One number per event

> Additional selection cut on resulting

Reconstructed Mass 1-Tag(T)

Slgnallbackground templates

Top mass:

145 GeVic?

165 GeVic? E
P zos Gevicd S
M 185 GeVic®

H
M, (GeVIc)

Likelihood
fit
1-tag(T) Reconstructed Top Mass (GeVic?)
CDF Run Il Preliminary

_ 4 bopdibsibved va g masm
!

Best signal + bkgd templates to fit data
with constraint on background normalization
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CDF-ll Template Analysis in L+Jets

Fit four data samples (0-tag, 1-tag(L), t-tag(T), 2-tag) in m and AJES, i.e. 2-dim fit :

CDF Run Il Preliminary (680 pb)

I-{ng(T}): 108 sven|n

Exyenis|15 GaVic |
Everiz|15 CaV.c |

! Y30 150 200 250 I8
e (Gevic’) n= (GaV.c’)

1-4ng[L): 61 ewerta 0-{wg: &7 sverts

Systematic Source

b-jet energy scale
Residual JES
ly x 1 & Background JES
100 150 200 250 300 X0 400 100 130 20 250 30 30 400 S0
e (Gavic ) n™ Gavc)
F5H
Parton Distnbution Functions
Ceneralors
Backpround Shape
) :
m, =173.4+1.7(stat)+=1.8(JES)*+1.3(syst.)GeV /¢ b-tagging

top Monte Carlo statistics
TOTAL

Evart=z|17 Ge¥ic ')
Evant=|19 Ga'¥c ')
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Matrix Element Method

e Obtain probabilities by folding differential X-section with object resolutions:

P a,x)=dAccx - | GlGRaNs, da, 114, f 0, Wlsp)

Acceptance LO-Matrix element PDF’s Transfer Functions

(selection, x phase space (Probability to measure x
trigger,...) when y was produced)

Signal Background (VECBOS-ME)
(No ISR or W+ 4 Jets
FSR) (also found adequate for QCD bkg.)

—— need to constrain to exactly 4 Jets

e take permutations (jet-parton-assignment) and reconstruction ambiguities into account
by summing over different possibilities

e Transfer functions are set to 6-functions for well-measured quantities
(jet-angles, electron momentum)

e for jet-energies: Wjets(Epart,Ejet) relating parton- and jet-energies, obtained as
parametrization for b- and non-b-Jets from MC
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Top Mass in L+Jets

\-ln L(m,,) (2D)|

le““!‘\|\!\‘ ‘I+j‘ets
-m, - 169.5:4.4 GeViP| /-

top

2-dimensional fits
to reduce jet energy
scale uncertainty

L in situ calibration Y | | |V

3105: U 7
' i

|

"ihi e 108 1

jet energy scale m’l [Ge V/c:2]

top

ME m,, fit (I+jets)| —In L(JES) (2D)
L 2o PARunIPrelimimary | [rjets | < B eliminary | |+jets

< L 3111

IS - H : ] ] P : : 1 ; |
: +5.18 2| . ; s Aeal
7T (M £ 800954 GeVie [y 1.034+0.034|

3109

: sor IR does not constrain b-JES
: 1 ™ | B most of the improvement in 2005 from
| | I studies of external JES !!!

- 1 3104 | : 2

2718 0 . = i i /l ]
i i 8105 - 1 " | S e
= I L L 1 L I L L L L I L L L L I 1] 3102

:H\HLJH[HJHlx\llJinH\:dix’
0.9 092 0.94 0.96 098 1 1.02 1.04 1.06 1.08 1.1

2715 |

my, [Ge V/CEJ Jet energy scale (2D)
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CDF-ll = DLM in L+Jets (I)

Dynamical Likelihood Method (DLM)

... Similar to D@ matrix element method" =S,
discrimination power

require exactly 4 jets;&1 b-tag (SVX) of the method
Ly only 12 or 4 jet-parton co hations/event

for 1 or 2 b-tags

select 22 (12 e, 10 u) candidate events in 162 pb™ ;
expect 20.9 ttbar and 4.2 £ 0.7 bgd

SOUrce Expected Number of events in W+djets
Mistag 1.2 £ 037
- Wi 0.7 £ 0.29
Wee 0.3 £0.12
We 0.2 +£0.12
WW/WZ/ZZ 0.08 = 0.05
single top 0.17 £ 0.03
g (JCD nem W) 1.6 £ 0.38
Background Total 4.2 + (.71
it expected| o p=0.7pb)
{Jbhzerved events
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CDF-ll = DLM in L+Jets (ll)

Correction for baCkg round fraction background fraction CDF Run Il Preliminary

T — 0%
and m, dependence of transfer fct. |— 5%

> mapping function Ji— 2o

-

160 165 170 175 180 185 190
Input top mass GeV/c >

o
&
>
a
)
N
7
(1]
£
o
Q
=]
K]
(4]
]
Q
=
o
]
[71]
c
o
Q
a
o

central stat. result

22 events jomt likelihood : COF Run I Prellminary (162 pb
- _ CDF Runll Prellmlnary (162 pb ) mappmg functlon | |

-

e After Background Con5|derat|0n(4 2 events)
i M, = 177.3 G,ewc2

........ : 17654—34(;9\”3_._*
1 - T3 s

Reconstructed top mass GeV/c 2

1'5 2"l:|“”I
Background Fraction (%)

) 166 168 1‘10 1“12 1“14 1‘16 1‘18 1&0 1#2 1#4

ec")
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CDF-ll - DLM in L+Jets (lll)

sanity check: maximum likelihood m

Maximum Likelihood Mass

CDF Run Il Preliminary (162 pb’) |~ M Prediciion -
Signal MC : Mtop = 175GeV/c? — .Slgﬁ'ﬂf Hbﬂ.‘"{ﬂ’f(.-_}

¥ Data 22 events

Events/(10Gev/c’)

130 140 150 160 170 180 200, 2
Maximum Likelihood M'r (GeV;’c )

including
out-of-cone
uncertainty

expected stat. Error: +5.4, -5.0 GeV
observed stat. Error: +4.5, -5.0 GeV

e § P, = i
Sonrce A M., GeV, -

Jet Energy Corrections
I5R
FSR
PDF=
Generator
Spin correlation
NLO effect
Transfer Function
Backpground fraction{ +5%)
Background modeling
Monte Carlo modeling
Total

m,,=177.8"5,+6.2GeV ¢

nnnnnnnnnnnnn hore
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D@-Il Ideogram Analysis in L+Jets (l)

select 101/90 candidates in e/u +jets in ~160 pb™
perform kinematic fit to each of the 2(neutrino) * 12 (jets) combinations
L> jet assignment probability

calculate analytical likelihood for each event:

=i g/‘;b)ab'hty Gaussian Relativistic

_ samp’(S1B)p resolution Breit-Wigner
= (SIB). (SIB),+1

samp (

N\
\

300 < 24 : , . ,
=P [ X G 1) BW ()

100 =

Levt(mt I P

samp

24
) ; Zi=l wi ; BG\(’”Z)

. Weighted sum of
samp = ttbar fraction in sample background shapes

(S/B)D: Event purity from low bias Discriminant

(S/B)
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-2 log( likelihood )

D@-Il Ideogram Analysis in L+Jets (ll)
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Top Mass Issues

e MC modelling of W+jets background

e flavour composition in W+jets background

e JES (internal vs. external)

e b-JES vs. light quark JES

e MC events (ttbar and W+jets) in NLO

e | O vs. NLO matrix elements in ME/DLM method
e NLO PDFs with uncertainties

e Mtop combination in TEVEWWG needs full information
about correlation of all uncertainties (channels, experiments,

Run-I vs. Run-Il &> should be planned in advance at LHC !!!)
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Top Mass Summary

systematics limited:

9 Jet energy scale TevEWWG (EPSZOOS):

- ttbar modeling
- W+jets modeling

Measurement Mass of the TOP Quark M, , (GeVic®)

DEH 4], TH i 1733 + T8 d I .
D L. ME : | i— 1801 & 53 I-
|
DEH I, ela{nu) W T H ]
11 [ n
' .
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(e
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——
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A
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DiZH +fapa, TM (update) d | 'I 4 .
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DEH Ljtopa; ldeogram

'
! L : : | T s | -
D 1+[apo, ME 5 4+ +J
'
'

Dz T

COF-l 1]

|+

COF-1 N

COF- all jets

1 Il 1
R ™ e
I
COF-1 combingd i : A+ | +J
CDF-IE, TR L "
COF-ILI], TR{2D %
COF-I1lj, TMedetProb. + I +J

COF-N1], DLM

COF-l 1j, DLM {upeata)

2+ E
COF-lL I, ME A aI | J
; -
:

COF-I I, Mulflvar.

CODF-Il I, Decay Length
COF-IlH, DLM
COF-NI A, eta{nu)

COF-1l I, etafnu) (update}

COF- 1, phifru)

’ evatron Run-l/II*

L
T
COF-1 I, phifru} {update)

COF-I 1, p2(tt)

COF-Il 1, pzitt) (update)

i
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Top Mass Outlook

Lepton+jets channel (CDF+D0 combined)

N
| A |

&=
n

Statistical uncertainty
JES systematic uncertainty (from M, only)
Remaining systematic uncertanties

—— Total uncertainty

S
n

> Tevatron could reach
Amtop=1 GeV/c® in
combination of all

channels and both
experiments if ...

Projected Am, (GeV)
=

2
T

D> ultimate precision in top mass

from LHC and Tevatron
expected to be comparable

7 .8
rated Luminosit (fb'l)
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Further
Top Quark Properties
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Available Results & Ongoing Studies

Table of Top Property Results:

Measurement
Mass
Cross Section
W Helicity
W Helicity
Top Charge
Resonance Searches
Top Lifetime

4th Generation t' Quark
Charged Higgs Searches

Anomalous Kinematics
BR(t->Wb) / BR (t->Wq)
Single Top
Single Top
Spin Correlation

3.March: Top Quark Physics - Arnulf Quadt —

Best Results
173.4 +/- 2.8 GeV/c?

7.3 +-1.1pb
F =0.74+0.22-0.34

F, <0.18 @ 95%CL

rule out +4/3 model @ 94%CL
M <725 GeVic’

CT<53um@ 95%CL

196 < M(t') < 207 GeV/c* @ 95%CL
Limits on BR(t->H+b)
no high p_excess

>0.61 @ 95%CL
s-channel: o (tb) <5.0 pb
t-channel: o (tgb) < 4.4 pb
K >-0.25

LHC-Deutschland Workshop

Dataset
680pb™
760pb™
162pb”
109pb”
365pb™
682pb”
318pb”
347pb’
194pb™
194pb™
162pb™
370pb
370pb
125pb”
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Summary

» Tevatron and Experiments performing well
» Top physics sensitivity as expected or better (mass)

» Search statistics limits, measurements already now

systematics limited:

LO vs. NLO
W+Jets modelling (Q° scales, flavour fractions ...)

jet-parton matching
jet energy scale (light quarks, b-quarks, ...)
correlated vs. uncorrelated uncertainties for combination
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