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TheTevatron
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Thedetectorsat theTevatron
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Motivationsto studythetopand ���

1. Many importanttestsandcalibrationsof the
SM (EW, QCD) at largemassscalesthrough
productionrates,kinematicdistributions,and
decaycharacteristics.

2. In theSM, �

3

and� � constrain� � . Hence,
precision measurementsof thesehelp guide
thesearchfor theSM Higgsboson.

3. �

3�� 	�
��

�




s � topdecaysbeforehadroniza-
tion � opportunity to study a bare quark,
freefrom long-rangeeffectsof thestrongin-
teraction.

4. Likely toshedlight onthemechanismof mass
generation; searchesfor mass-dependentcou-
plings.

5. Deviationsfrom SMprediction in mass,width,
decaycharacteristics,andkinematicaldistri-
butionscouldleadto new physics.Topdecay
is anexcellentplaceto look for certainparti-
cles beyond the SM (e.g., 


�

, �

9 , . . . ) be-
lievedto beheavier thanotherSM particles.
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� ��� �� � � � at � 	 
���
 TeV
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� In Run1, over � �

	�


�6� totalcollisions,one
in every

	�


��� producing a
��� �

event, one in
every ����� �

	�


! producinga � event.
� Whenrunning at maximumluminosity, a

� �

eventwasproducedaboutevery 3 hours, and
a � eventevery 3 seconds.

� But theseeventsmustbedetectedand�ltered
out from thehugenumberof otherprocesses.
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Productionanddecay of topquarks
� At thetevatron,topquarksareproducedmost

oftenin pairsvia stronginteractions.
�����
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 TeV.
�
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�

�Sucheventshavebeenusedin measuringthe
themassof thetopquark( �

3

).
� In the SM, �

�

�
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� Identi�cation of � jets improvesbackground
suppression.
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A dileptoncandidate(CDF)
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Physicsof thetop quark
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� ��� �� � � � � from TevatronRun1
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� ��� �� � � � � from TevatronRun1
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�

� from singleleptoneventsatDØ
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Measurementof �

� from TevatronRun1

Thetopquarkhasthebestmeasuredmass
of all quarks(

�

���

precision)
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�

� and � � � � � from TevatronRun1
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Singletopproduction
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� Studyof electroweak interactions at a mass
scaleof �

3

.
� Directmeasurementof

���

3�


�

.
� Signi�cant background for SM Higgs

(�
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� �

�

�
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�
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� ).
� SM:
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���

	

�
�

�

�

� � 	

����� pb.
�

� �

	

�

��� pb ( �

� �

) at95%CL (CDF)
�

� �

	

� pb( � ), � �

� � pb(
�

) at95%CL (DØ)
� Will beableto observe in Run2.
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Top-antitopspincorrelation
� SM � �

3 �

top hadronization timescale
�

� �

spindecorrelationtimescale� spincor-
relation information should re�ect in angular
correlation of decayproducts.

�

�

1

�

1��������
	���


�

�

� �

�������
	��

�

particle( � )
�

� for ��� = 175GeV
��� or d 1

� or � -0.31
�

� 0.41


 -0.41
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� � � at68%C.L.
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helicity in top decay
� SM at leading order:
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� Themassivetopquarkexposesthelongitudi-
nalmodeof � : awindow to EWSB?

� Charged lepton from a �

�

( �

�

) tendsto
move opposite (perpendicular) to the � di-
rectionof motion � � polarizationis re�ected
in ��� ���

�

.
� Fitsof �
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� � invariantmassandkinematics

� Importanttestfor theSM (QCD,EW).
� Searchfor non-SMtopquarkcondensates.

0.5

0.6
0.7
0.8
0.9

1

2

3

4

5

6
7
8
9

10

20

400 500 600 700 800 900 1000

MX (GeV/c2)

s
X
 · 

B
rP

X
5

ttQ
 (

pb
)

CDF 95% C.L. Upper Limits for G = 0.012M

CDF 95% C.L. Upper Limits for G = 0.04M

Leptophobic Topcolor Z¢, G = 0.012M

Leptophobic Topcolor Z¢, G = 0.04M

CDF Preliminary

� CDF: � ���

����3 3�
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GeV.
DØ: resultscomingsoon.

� Both CDF and DØ have examinedvarious
kinematic distributions and �nd all to be in
excellentagreementwith SM predictions.
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Searchfor � � �

� �

� Charged Higgs arise in the simplestexten-
sionof theSM Higgs sectorto a two-Higgs-
doublet model.

� If �

�

�

�

�

3

 �




, then
�

�

� � � could
competewith

�

�

� ��� dependingon[ �

�

� ,������� ]
(where ������� = ratio of VEV' s of the two
scalardoublets)
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Searchfor � � �

� �

: results

Both DØ andCDF have searchedfor
�

�

� ���

and excludeda signi�cant portion of the previ-
ouslyunexploredregionof the[ �

�

�




������� ] pram-
eterspace.
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Measurementof �

�

from TevatronRun1

79.5 79.7 79.9 80.1 80.3 80.5 80.7 80.9 81.1 81.3 81.5
Mw (GeV)

UA2 (W ®  en)

CDF(Run 1A, W ®  en,mn)
CDF(Run 1B, W ®  en,mn)
CDF combined

D0(Run 1A,  W ®  en)
D0(Run 1B, W ®  en)
D0 combined

Hadron Collider Average

LEP II (ee ®  WW)

World Average

80.360 +/- 0.370

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

80.350 +/- 0.270
80.498 +/- 0.089
80.483 +/- 0.084

80.454 +/- 0.060

80.450 +/- 0.039

80.451 +/- 0.033

c2/Nexp = 0.6/4
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Measurementsof �

� � and �

� � ��� �
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Directmeasurementof �

� � by DØ
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Constrainton �

�

from �

� and �

�

Top quarkandHiggsbosoncontribute to the ra-
diative (loop)corrections to � � :

�

�
� �

�

�

3

�

�

�
� � �

� �
�

�

Thus, � � and �

3

togetherconstrain�

�

�

.
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Summary

� Using
� 	�	�


pb
�

� of datacollectedfrom
Run1 of theFermilabTevatron,bothDØ and
CDF have studied many aspectsof top quark
and �

�	� physics including measurements
of production crosssectionsandmasses,se-
veral testsof theSM, andsomesearchesfor
physicsbeyondtheSM.

�

�

3

�

	

� � �

�

�

� �

	

GeV (3% uncertainty:
bestof all quarks).

�

� � � 





��� � �

� 


�


	��


GeV (competi-
tivewith LEP2).

�

� � ���

	

�

	 � 


�




� � GeV(bestyet).
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Summary(contd.)

� All resultsareconsistentwith theSM predic-
tions:

– varioustop, �

�	� kinematicdistributions
andratios,

– single topproduction,

– top-antitop spincorrelation,

– � helicity in topdecay,

– �

�

�

�

� ���

�

,
���

3�


�

.

� Searchesfor rareandnon-SMdecaysof top
have revealedno signal, leading to exclusion
of previously unexploredregionsof parame-
ter space.

–
�

�

� ���

– ���

�

� �

–
�

� ��� ,
�

�

�

�
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FutureOutlook

� Run 2 of the Tevatron,presently in an early
stage,holdsmuchpotential.

– Acceleratorupgrade�

Quantity Run1 Run2 (a+b)
���

� � �

5.5pb
�

���




pb
0����

�

110pb
�

�

� 	

� fb
�

�

– Detectorupgrades�

� Improvedsignal acceptance.
� Superiorbackgroundrejection.

� Signalenhancementof
�

�


�


� for
� �

and
� 	�
�
�


� for single top.
� Betterbackground rejection.
�

� 2-3 � reductionin
�

�

3

,
�

� � .
� All other studies (including thoseon which

�rst resultshavebeenobtained) aredominated
by statistical uncertainties.Thesewill bene�t
greatlyfrom Run2.
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FutureOutlook(contd.)

Top quark Precision
property Run1 measurement Run1 Run2a Run2b LHC

Mass ���������
	������
	�����
 GeV 2.9% 1.2% 1.0%
���

� �

� �

���

#���� �

����� �
pb (CDF) 25% 10% 5% 5%

���

� �

�

����

	������ pb (DØ)
���

�

�

�  

��
��!	

 

�����
	

 

�"��� 0.4 0.09 0.04 0.01
�

#

�

�

�  

�"���!	

 

�"���
	

 

�

 ��

0.15 0.03 0.01 0.003
#�$

 

��
��

#

�

� %&�

�

�

� '(�
(3-gen.) 30% 4.5% 0.8% 0.2%

)+*-,/.10325476

)+*-,/.103896 :

 

�

�

� at 90%C.L.
;=<

,>4

;

 

��


��#

�

�?�A@

�

�

�?�B'

(3-gen.)
:

 

�

 

�C� at90%C.L. :

 

�

 

�

:

 

��D��
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���

 

:

 

��


 

� (singletop) EF������� pb G 20% 8 % 5%
H

�

�

�

�

�

G G 25% 10 % 10 %
;=<

,>4

;
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����D (95%C.L.) E

 

��� E

 

�

 

D ? ?

Dhiman Chakraborty Recontres de Moriond, 2002


