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Top quark physics review
(results from the Tevatron)
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Outline

* The top quark

* The detectors and collected data

» Top quark production cross sections
* Is there more than the top quark?

» Top quark properties
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Top Quark Production

Top quark pair production via strong interaction

proton ¢ 85°/O
. oot < Cacciari etal, JHEP 0404:068,2004

F 6.7 pb (1.96TeV, m.=175GeV/ )
RunII 30% higher than Run
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Single top quark production via weak interaction
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proton - (anti)proton cross sections
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Top quark identification

decay product have: tt decay modes

- good angular separation in the All jet
lab frame os 46%
* high transverse momentum @
o " all hadronic
I, . 3
we. v,qa‘ W ud .
t -
-
" “M
T—)Wb 5100% et u+ ot ' cs
w’
Need to reconstruct and identify | dilepton (e+p) Lep1209r|7+ Jet
Electrons, muons, jets, b-jets 4.5% >

and missing transverse energy
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Muon chambers/scintiliators

New Silicon Detector Silicon Detector and central fiber tracker
New Central Drift Chamber ina 2 T solenoid

New End Plug Calorimetry Substantially upgraded muon system
Ex'rendgd muon coverage New trigger and electronics

New trigger and electronics
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Luminosity (fb™)

o
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Luminosity
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Production Cross section

* many results:

different decay channels,
different methods,
with/without b-tagging

* Is there more than the top quark ?
» single top (weak top production)

o
L. 2
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combined di-lepton and lepton + opposite charge track:

o(tt) =17.02}(stat)’y; (syst) pb

-
o
T

Event count per jet bin

CDF I Preliminary |

Di-lepton

it

Both W decay into
lepton and neutrino:

2 jets (b), 2leptons,
high missing Et

low BG but low yield

o(tt) =8.672 (stat) £ 1.1(syst) pb

lepton + opposite

charged track
E CDF II- 197 pb ™'
— WW+WZ+2ZZ
+ Drell-Yan
B+ fakes
3 +1f (Ggyy = 6.7 pb)
3 = =1
F T
1 1 1
0 1 >2

PRL 93, 142001 (2004)

Ultra-pure sample of top quark events: S/N>50
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[ ] Backgrounds

D& Run Il Preliminary
eu only

with b-tagging

0.5
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Jet multiplicity

o(tt) =11.17375 (stat)'}; (syst) pb
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All jets cross section

. . Both W decay in g-gbar
requires b-taggin . . .
9 geing 4jets + 2 bjets, high transverse energy
o Neural Network 2 output ngh yleld, hlgh BG
g 103__ D@ Runll preliminary
~-~ integrated luminosity: 162 pb ' | CDF Run Il preliminary, L=165 pb |
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(t) 33 (81a1) 55 (5)51) ( )P o(tt)=7.8=% 2.5(Stat)f3‘; (syst) pb
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DO Run II preliminary Le pton "'J. e*s
o : both bjets
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One W decay in g-gbar,
one in lepton + neutrino
2jets + 2 bjets + lepton +missing Et

medium yield, medium BG
oi____LEE__._ |+jets with soft lepton tagging
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Enon—w I ’ new
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i ingle top
i Total Bekg+ 1o

— Background+tt
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10

Number of tagged events

no of event

1 3 > 4
Number of jets in W+jets

o(tt) =5.2"7, (stat)'}: (syst) pb

o(tt) =725 (stat) "5 (syst) pb

0
0 010203040506 0.7 0809 1
topological likelihood e and mu
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Cross section summary

T T T T T T T T T | T T T
[ Cacciari et al. JHEP 0404 :068 (2004
m=175 GeV/c®

Dilepton; Combined
L= 200pb™")

Dilepton; MET, # jets
(L= 193pb")

Lepton+Jets: Kinematic
(L= 193pb7)

LeptontJets: Kinematic NN
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CDF Run 2 Preliminary
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0
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Lepton+Jets: Double Vertex Tag  5.0+33+11
(L= 162pb™)
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' . '} . s
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(L= 16500 g 25%23
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+jets (SVT)

all jets
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G (pb)
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162 pb™

many measurements with 30-40% precision
compatible with SM, compatible with NP
Aiming for 10% with 2fb!
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Anomalous Top kinematics

RunlI dilepton 193pb-1

use the cross section analysis preselection
and look for events with topology
inconsistent with a t-tbar dilepton event

| CDF ll preliminary |
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probability to measure a
sample less consistent
with SM is 1%-4.5%

Submitted to PRL

| CDF Il preliminary |

—¥— Data (193 pb )

Events

14
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Total SM + 1o
Il tf (c=6.7 pb)
[ ] SM background

¥ —

in the whole sample.

result is dominated by these 9 events

No subset with significant deviations

o

160 180 200
leading lepton p;

120 140

» more top like

no excess of events with high missing Et and lepton pt seen in RunlI
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leptontjets event selection
discriminate between t and t” with Ht

o
L. 2

— CDF Run 2 195 pb!
1.0 '.ém:_ t'—Wgq, { + 24 jets channel ]}
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Single top quark limits

high pt lepton
high missEt
two bjets

(+1 light q)
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o
L. 2

Top quark Properties

* Mass
+ R=B(+->Wb)/B(+->Wq)
* W helicity

M.Weber, Aspen 2005 16



o
Top Mass o

- 10 years of top quark mass measurement:
from kinematical fit and template comparison, to
likelihood calculations using maximum information

* RunI has a 2.5% uncertainty
RunII 5%, aim for 1% (~2GeV/c?3).

New Mass measurement with RunI
data from DO.
Single most precise top mass

N\

o

o
\ o )
R

02 | . measurement
165 170 185 190 195
Top quark mass (GeV/c”)

m, = 180.1£3.6(stat)£3.9(syst) GeV/c?

Published in Nature, June 2004
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Mass
Measurement

New Top Mass World

Average (Run I)

of the Top Quark

2
M top [GeVicT]

CDF di-l ——&——+ 167.4 +11.4
D@ di-l —0——-— 168.4 £12.8
CDF I+ —a— 1761+ 7.3
DD I+ —-0— 180.1 + 5.3
CDF all-j Pl 186.0 £ 11.5
x*1dof = 2.6/4

TEVATRON Run-| + 178.0 + 4.3

T T T . T 1
150 175 200
M, [Gevic’]
Mo = 178.0 £ 4.3 GeV/c?

Relative weight in top mass average

DO weight

B CDF 7l CDF | CDF di-
I+jets allhad lepton
| DO dilep- [ DO I+jets
ton

5 ] T T -_-
5 Y 4
L —— D.D2761+0 00036 :

7 i - D02749+0 00012 .
£ — Y =em incl low OF data —
3_ —
2_ —
1+ f: _
o | Excluded - ,,-"Igrel'lm'lnary_

20 100 400

m, [GeV]
mH =114"%,. GeV/cc

mH <260 GeV @ 95% C.L.
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Mass in Run II, DO 4~

Measurements in lepton+jets channel (~150 pb1)

- template method uses templates for signal and background mass spectra
- ideogram method uses analytical likelihood for event to be signal or

background
Template
D& Run Il Preliminary mgmy = Ideogram _
£ [ . " w 3 DO RunllI preliminary
ﬁ, s b B it mare e ¥ , Combined
o 1 1 1 177.5 £ 5.8 GeV *"‘
10 | ] _l_l_l_ 8

| o = R -.-'-

T . o 7 T e e e 70 o e e
Fit Mass {GeV) |GV
m, =170.0 £ 6.5(stat)".; (syst) GeV/c’ m, =177.5+5.8(stat) = 7.1(syst) GeV/c’

Systematical error dominated by the (un)knowledge of the jet energy scale
mm)> Will improve very soon !
M.Weber, Aspen 2005 19




Mass in RunII, CDF

|+jets, multivariate
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m, =179.6'%% (stat) + 6.8(syst) GeV/c’

m, =174.9"]] (stat) £ 6.5(syst) GeV/c’

m, =176.5"\72 (stat) + 6.9(syst) GeV/c’

Dynamical Likelihood Method
similar to DO “matrix element

m, =177.8"% (stat) + 6.2(syst) GeV/c’

Single most precise Run || measurement

22 events joint likelihood
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Likelihood

cooe ooee o
cocooPoocooo

Branching ratio

R=B(t->Wb)/B(t->Wq)
SM: R=0.998
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I — — —
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| Vio |2

it

Ratios of number of events in b-tag bins
2D fit to the cross section and R for tagged events
Measure R* ¢, (¢, = tagging efficiency)

158pb-1 mu and 169pb-1 e
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W helicit
I Suppressed by 4
! the V-A coupling top rest frame /

" | Y
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Events

CDF Runl result:
F+<0.18(95%CL)

CDF Run Il Preliminary (162 pb')

« Longitudinal
| — Left-handed
Background

W helicity

[Decayangle | D& Run Il Preliminary
E - - Liata
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="
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W5 e s
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@ data
best fit
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background component |
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150 200 250 300

charged-lepton p; (GeV)

F0=0.897030 ., (stat) £0.17 (syst)
F0>0.25 (95%CL)
leptjets

F+ <0.24 (90% CL) with tag

F+<0.24 (90% CL)
dilepton

F0=0.27+035

FO < 0.88 (95% CL)

leptjets & dilepton
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"W physics2005.99

Conclusion

The top quark is very heavy = very interesting.

With the Tevatron running really well, we are at the door-
step of learning much more, in more detail about the top
quark and what it can tell us about undisclosed physics.

Cross section measurements at the Tevatron RunII are
consistent with SM, but also with new physics. More
expected soon and aim for 10% with RunII.

New Mass average from RunI. Measurements from RunII.
More statistics and better jet energy scale should reduce
the uncertainty very soon.

Still only limits on single top quark production, should be
seen in 1fb! to 2fb!

Analyses with double statistics almost ready, double again
next year.

More results to come (new physics ?).

it
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