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Tevatron top & W/Z results

TheTevatron

Instantaneoukuminosity:

Tevatron Extraction
for Fixed Target Experiments

Tevatron

DO detector

Parameter Runl Run?2
CMenegy( ,TeV) 1.80 1.96

(protons/linch)

(antiprotons/bnch)

(# bunchesan ring)

(frequeng, KHz) 50 50
Bunchspacing(ns) 3500 396

(beam‘area”,cm )

(cm s )
(fb ) 2 (2a),15(2b)
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Thedetectorsaatthe Tevatron
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Motivationsto studythetop andW

1. Many importanttestsandcalibratians of the
SM (EW, QCD) atlarge massscaleghrough
prodwctionrates kinematicdistributions,and
decaycharacterists.

2. IntheSM, and constrain . Hence,
precison measurementsf thesehelp guide
thesearcHor the SM Higgsboson

3. S topdecaydeforehadroniza-
tion oppatunity to study a bare quark,
freefrom long-rangeeffectsof the strongin-
teraction

4. Likely toshedight onthemechanisnof mass
generatio; searchefor mass-deperahtcou-

plings.

5. Deviationsfrom SM predictian in masswidth,
decaycharacteristicsandkinematicaldistri-
butionscouldleadto new physics. Top decay
Is anexcellentplaceto look for certainparti-
clesbeyond the SM (e.qg., , , ...) be-
lievedto be heavier thanotherSM particles
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In Run1, over total collisions,one
In every produchga event, onein
every prodwcinga  event.

Whenrunning at maximumluminosty, a
eventwasproducedboutevery 3 hours and
a eventevery3seconds
Butthesesventsmustbedetectednd Itered
outfrom thehugenumberof otherprocesses.
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Productionanddecd of top quarks

At thetevatron,top quarksareproducednost
oftenin pairsvia stronginteractons.

pb @ TeV.

TEOOY———
>rmm< /}mm< Y
BEOO———

Sucheventshave beenusedin measuringhe
themassof thetopquark( ).

In the SM, nal
stateclassi ed by thedecayf thetwo s:

w —> jj ev v

w
4

ji

RS
X
SRR R IR

R R e Ry

|ldentication of jetsimprovesbackground
suppession.
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A dileptoncandidatg CDF)
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Physicsof thetop quark

SM

New Physics ?
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from TevatronRunl

D]%] CDF
Channel
Dilepton 5 9
Singlelepton - 34
(SVX -tag)
Singlelepton 11 40
(Lepton -tag)
Singlelepton 19 -
(Topological)
All-hadronic 41 187
: . 4
4 -
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from TevatronRunl

Top Cross Sections
CDF preliminary

(I I Y NN IR BN N
2 4 6 8 10 12 14 16

s (pp5 1) (pb)

76,70 HAD
+1.6
5.1,,pb SVX
9.2 Pb SLT
8.4, pb DIL
6.5, pb Combined

Theory (4.7 - 5.5)

6.4, pb DIL
417 pb L+J (topo)
8.3,5 pb L+J (mtag)

7.1 pb HAD

5.9 pb Combined
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from singleleptoneventsat D@
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Measiremeniof from TevatronRunl

Tevatron Top Quark Mass Measurements

P 168.4 + 12.8 GeV/c? DZ Dilepton
e 173.3 + 7.8 GeV/c* D@ Lepton+ijets
e 172.1 £ 7.1 GeV/c* D@ Combined
P 167.4 + 11.4 GeV/c*CDF Dilepton
e 175.9 + 7.1 GeV/c* CDF Lepton-+jets
o 186.0 £ 11.5 GeV/c* CDF All—Hadronic
e 176.0 + 6.5 GeV/c’ CDF Combined
—e— 174.3 + 5.1 GeV/c? Tev. Combined
|||||||||I||I||I||||I||||

150 160 170 180 190 200
Mo (GeV/c?)

Thetop guarkhasthe bestmeasureanass
of all quarks( precisior)
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and from TevatronRun 1
20
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Singletop production

Study of electraveakinteractions at a mass
scaleof

Direct measuremeruf
Signi cant backgroumd for SM Higgs

( ).
SM: ph.
pb ( ) at95%CL (CDF)
pb( ), pb( )at95%CL (DY)

Will beableto obsernein Run?2.
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Top-antitopspincorrelation

SM top hadronkationtimescale

~ spindecorrelatbntimescale spincor-
relation information shoud re ect in angular
correlation of decayproducts.

ord 1
or -0.31
0.41
-0.41
For events,
SM: .
DJ: at68%C.L.
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helicity in top decay

SM atleadirg order:

Themassve top quarkexposeghelongitudi-
nalmodeof : awindow to EWSB?

Chaged lepton from a ( ) tendsto
move opposie (perpendiular)to the  di-
rectionof motion polarzationis re ected
In

Fitsof , , and
MonteCarloto CDF dileptonandleptontjets
data

Dhiman Chakraborty Recontres de Moriond, 2002



Tevatron top & W/Z results 16

~Invariantmassandkinematics

Importanttestfor the SM (QCD, EW).

Searchor non-SMtop quarkcondensates

o)
o 20
N’
g —-@- CDF 95% C.L. Upper Limits for G=0.012M
L0 -O- CDF 95% C.L. Upper Limits for G= 0.04M
E 10— . —— Leptophobic Topcolor Z¢ G= 0.012M |
m Z % || ===- Leptophobic Topcolor Z¢ G= 0.04M
X L
» 7
6 [
5 [
4 [
3 [
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0.7+
0.6
05 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1
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M, (GeV/E)

D@: resultscomingsoon

Both CDF and D@ have examinedvarious
kinematc distributions and nd all to bein
excellentagreemenivith SM predictons.
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Searchor

Chaged Higgs arisein the simplestexten-
sion of the SM Higgs sectorto a two-Higgs-

douldet model.
If , then could
competewith dependhgon| ,
(where = ratio of VEV's of the two
scalardoulets)
€ “IW'bb i
100 — T-I'y*
BR(t = H*b) > 0.9

| | | L1
1 10 107
tan B
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Searchor . results

Both D@ andCDF have searchedor
and excludeda sign cant portion of the previ-
ouslyunexploredregionof the| ] pram-

eterspace.
160F "

= Direct Search, Bayesian

-o- Direct Search, Frequentist
= |ndirect Search, Bayesian
A Indirect Search, Frequentist

H
o
o

Higgs Mass (GeV)
H
N
o

|
o
(@)

@)
o

'1 | ""”10 — 100
tan b

v,
Q

180F s Ldt=106pb™ .

1ol CDF Excluded ]
- (95% C.L.) A

~ :

o140 Dilepton ChormeN
; I (eT+X, uT+X)

K120f

~

g 100

LEP Excluded (95% C.L.) |

Lo . |
40 >

CDF N tng
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Measiremeniof

from TevatronRunl

CZ/Nexp =0.6/4

80.360 +/- 0.370

80.410 +/- 0.180
80.470 +/- 0.089
80.433 +/- 0.079

80.350 +/- 0.270 |

| B - UA2 (W ® en)

® ICDF(Run 1A, W® en,mm)
@ | CDF(Run 1B, W® en,mm)
—@+{ CDF combined

80.498 +/- 0.089
80.483 +/- 0.084

80.454 +/- 0.060

80.450 +/- 0.039

80.451 +/- 0.033

®  DO(Run 1A, W® en)
'@ | DO(Run 1B, W® en)
— @1 DO combined
@ Hadron Collider Average
® LEPIl (ee® WW)

® World Average

79.5 79.7 799 80.1 80.3 80.5 80.7 80.9 81.1 81.3 81.5

Mw (GeV)
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Measirementof and
—

Direct: SM
LEP —e—i 2.150 +- 0.09
CDF —e— 2.055 +- 0.12!
Dé (Preliminary) +—e—— 2.231 +- 0.17:
Indirect:
CDF+Dé e 2.171 +- 0.05.

e b b by

1.5 1.75 2 225 25

G, (GeV)

SM Prediction

ALEPH e |
| ° o DELPHI
| ° | L3
: o ; | OPAL
. LEP2
| ° 1 DO
1 | CDF
| pp
S R RN B B N T RS T
9.5 10.0 10.5 11.0 11.5
G,(® en)/G,, Y
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Direct measuremeruf

by DO
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Constrainton from and

Top quarkandHiggs bosoncontrikute to the ra-
diative (loop) correctiors to ;

Thus, and togetherconstrain .
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Summary

Using pb of datacollectedfrom
Runl of theFermilabTevatron,bothD&J and
CDF have studed mary aspect®f top quark
and physics including measurements
of productbn crosssectionsandmassesse-
veraltestsof the SM, andsomesearchegor

physics beyondthe SM.
GeV (3% uncertanty:
bestof all quarks).
GeV (competi-
tive with LEP2).
GeV (bestyet).
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Summary(contd.)

All resuls areconsisentwith theSM predic-
tions:

— varioustop, Kinematicdistributions
andratios,

— singde top producton,
— top-anttop spincorrelation,
- helicity in top decay

Searchegor rareandnon-SMdecaysof top

have revealedno sigmal, leadirg to exclusion

of previously unexploredregionsof parame-
ter space.
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FutureOutlook

Run 2 of the Tevatron, presenty in anearly
stage holdsmuchpotental.

— Acceleratompgrade

5.5pb pb
110pb fb
— Detectorupgrades

Improvedsigral acceptance.
Superiorbackgroundejection

Signal enhancemenof for and
for sinde top.

Betterbackground rejection.
2-3 reductionin ,

All other studes (including thoseon which
rst resultshave beenobtained aredominaed
by statisical uncertaintes. Thesewill bene t
greatlyfrom Run2.
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FutureOutlook(contd.)
Top quark Precision
propety Runl measurement Runl RunZ2a Run2b
Mass GeV 2.9% 1.2% 1.0%
- pb (CDF) 25% 10% 5%
- pb (DY)
0.4 0.09 0.04
0.15 0.03 0.01
(3-gen) 30% 4.5% 0.8%
at90%cC.L.
(3-gen)
at90%C.L.
(singletop) pb 20% 8 %
25% 10%
12% 5%
(95%C.L.) ? ?
(95%C.L.) ?
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