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Abstract — The CDF and DØ experimentsat the Tevatronhave used���� collisionsat 	 
���
�� ���
TeV to performelectroweakphysicsmeasurements.A programof precisionelectroweaktestsof SM
alreadystarted.Measurementsperformedare:W andZ bosonsproductioncrosssectionusingdiffer-
ent leptonicfinal states,dielectronForward-BackwardAsymmetry ����� anddi-bosoncrosssection
production.We alsoreporttheprospectsfor theW massmeasurements.

Intr oduction
The Collider Detectorat Fermilab(CDF) andthe DØ detectorsaregeneralpurposeexperimentslocatedat the
Tevatroncollider,

���
. ���� collisionsat theTevatronreachanenergy in thecenterof massof 	 
���
�� ��� TeV. We

arereportinghereelectroweakphysicsmeasurementsperformedusingphysics-qualitydataof RunII.

We will startreviewing W andZ crosssectionmeasurements,thenwe will concentrateon precisionelectroweak
measurements.We will concludegiving someperspectivesfor theRunII massmeasurement.

1 W and Z CrossSections
W andZ bosonsareproducedby ���� annihilation. Due to the large QCD background,decaychannelsof bosons
involving quarksaredifficult to identify; thereforeW andZ bosonsareidentifiedthroughtheir leptonicdecays.

1.1 Measuring W CrossSection

Thesignaturefor a leptonicW bosondecayis a high momentumisolatedleptonwith missingtransverseenergy
accountingfor theundetectedneutrino.

At CDF, � �! #" candidatesarecollectedwith a trigger selectinghigh-$�% centralelectroncandidates;after
requiringonetight electronwith $�%'&)(�* GeV matchedto a trackwith +,%'&-
/. GeV/candmissingtransverse
energy 0$�%1&2(3* GeV, 38628eventsareleft in data. The transversemassdistribution of the candidateeventsis
reportedin Fig.1(Left). Backgroundfrom QCD dijets is estimatedfrom dataassumingthat its distribution is flat
with respectto the missingtransverseenergy. Backgroundcontaminationfrom otherelectroweakprocesseslike
�4�657" , 89�: # and �;�6<=" is estimatedfrom MC eventsaftera detailedsimulationthroughourdetector.

�!�>57" candidatesarecollectedby a high-+ % muontrigger. After requiringan isolatedmuonwith + % &2(3.
GeV/? and 0$ % &'(3. GeV, 21599Wcandidatesremain.Themainbackgroundcontaminationcomesfrom 8@�65,5 ,
�4�6<=" , cosmicraysanddijet QCDevents.Thetransversemassdistributionof thecandidateeventsis shown in
Fig.1(Right).

With the upgradesof the CDF forwardcalorimeters(pseudorapidityregion coverageis 
��A
CBED F=DGB2HI� � )[3] and
the silicon trackingdetectors([2]) it hasbeenpossibileto identify a cleansampleof �J�4 #" candidateevents
K�L
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Figure1: Left: Transversemassdistribution for �!�4 #" candidateswith electron D F=D_B6
��A
 . RightTransverse
massdistribution for �4�657" candidates( D F=D`Ba
�� . ).

with electronpseudorapidityin the range 
b�c
dBeD F=D�Bf(I� g . � �h i" eventsare identifiedrequiringat trigger
level $j%lkf(�. GeV and 0$�%�km(3. GeV. Then,after applyingcalorimetricisolationcuts,a track is matchedto
the electromagneticcalorimetriccluster requiring that the distancebetweenthe shower position and the track
extrapolationis within 3 cm. Thetransversemassof �4�: #" candidatesis shown in Fig.2.
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Figure2: TransverseMassdistribution of �v�w #" with electronsdetectedby forwardcalorimeters(
��A
yxlD F=D�x
(�� g )

Specifictriggersfor selectinga sampleenrichedwith < eventsdecayinginto hadronshave beendesignedfor
RunII [5]. They arebasedon the possibility to usetracking informationat trigger levels in RunII: in particular
thetrackingprocessorat Level-1 (L1) andtherefinedtrackinginformationavailableat Level-2 (L2). Eventswith
0$�%z&'(3* GeVandwith thetopologyof the < decayinghadronicallyareselectedat triggerlevel. �{�: #" events
areexplicitly removed. In Fig.3(left), the trackmultiplicity for �|�}<=" eventsis shown. 2345eventspassthe
selectionwith anestimatedbackgroundmainly from QCDof �~
�(��d��
 events.

At DØ ���w #" candidatesareselectedrequiringan isolatedelectronwith + % k�(3* GeV/cwith D F=D=B�
��A
 and
0$ % k�(3* GeV. Thetransversemassis shown in Fig.4(left). ����57" eventsareselectedrequiringa muonwith
+ % k�(3* GeV/cand D F=D�x�
�� � andwith 0$ % k'(�* GeV. Thetransversemassdistribution is shown in Fig.4(right).

The numberof W bosonscandidatesfound in the differentdecaychannelsby DØ andCDF togetherwith the
measuredcrosssectionareshown in Table.1.Themeasuredvaluesarein agreementwith thepredictedtheoretical
values[1] (NNLO) of (I�A�/H�
7��.I� .�.3( nb.
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Table1: W bosonyield in the differentleptonicdecaychannelswith the measuredÅÇÆÉÈËÊ��Ì�!�ÎÍ�" � . Quoted
uncertaintiesarerespectively for statistics,systematicsandluminosity.

Channel Events Bkg. ( Ï ) Ð�Ñ¾ÒÔÓÖÕÌ×�Ø-ÙiÚ3Û (nb) ÜÞÝ�ßàÕ�áãâ�ä M Û
å ÚiæçÕÌè é~è�êìëiÛ 38625 6 í#îðïiñ7òôó�î ó`ë�òCó`î ó`õ7òCó`îðëiï 72

CDF

å Ú æ Õ�ë#îðë#è é�èöêzí#îðñiÛ 10461 6 í#îðñiï7òôó�î ó`÷�òCó`îðëiñ7òCó`îðëiï 64ø Ú�ù 21599 11 í#îðïiñ7òôó�î ó`í�òCó`î ó`õ7òCó`îðëiï 72ú Ú�û 2345 26 í#îðõií7òôó�î ó`ï�òCó`îðíië7òCó`îðëiõ 72å Úiæ , ø Ú ù combined í#îðï�ïiï�òCó`î óöëçóÖòCó`î ó`üií�òýó�îðëiõ�ï 72å Úiæ 27370 n.p. í#îðñçþ¾òôó�î ó`í�òCó`îðëi÷7òCó`îðíiñ 42
DØø Ú�ù 8305 12 ÷#îðíi÷7òôó�îðëi÷�òCó`îðëçó¾òCó`îð÷ií 17
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1.2 Measuring Z CrossSection

Thesignatureof 8jÿ����Ö�6Í/Í eventsaretwo high-+ % isolatedleptons.At CDFfor thedielectronchannel,8�ÿ����Ö�
 # eventsareselectedrequiringat leasttwo centralhigh-+,% isolatedelectronswith oppositecharge(CC events)
or at leastonecentralhigh-+,% isolatedelectronandonehigh-$�% electromagneticclusterin theplug calorimeters
( 
��A
 B�D F�D�B'(�� g ) withouta trackmatchingrequirement(CPevents).Theinvariantmassis requiredto bebetween
66 and116 GeV/? � . The numberof candidateseventsis 4242with an estimatedbackgroundcontaminationof

�.Ö��* events.Theinvariantmassof thedielectronpair is reportedin Fig.5 left.

8jÿ����ì� 5,5 candidatesareselectedrequiringone isolatedcentralmuonwith +,%E& (3. GeV/? anda second
isolatedhigh-+,% trackpassingminimumionizingenergy requirements.
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Figure5: Left: Dielectroninvariantmassfor 8m�4 i eventscollectedby the CDF experiment.Right: Dimuon
invariantmassfor 8��65,5 eventscollectedby theCDFexperiment.

8f�w<��G< Ã candidatesareselectedrequiringone < identifiedfrom its electronicdecayandthe otheronefrom
its hadronicdecay. To increasethepurity we require ��%��� ��ö0$j% � x)(�* GeV/? � and +,%��Ì ��`0$�% � k)(3* GeV/? . The
invariantmassis shown in Fig.6.

Similarly, DØ selects82�  i and 82� 5,5 candidates.Theinvariantmassdistributionsareshown respectively
in Fig.7(left andright).
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Figure6: InvariantMassdistributionof gihkj�j candidates.

gml�n�ophrq�q candidatesyield in the differentdecaychannelsand the measuredproductioncrosssectiontimes
branchingfractionareshown in Table2. They arein agreementwith thepredictedZ bosonproduction(NNLO)sutGv�w tyx{z|w }

pb [1] . Themeasuredvaluesof ~��{���y�,g�h�q�q�� and ~������y�,��h�qG�:�:� areshown in Fig.8with
thevaluesmeasuredby previousexperimentsat differentvaluesof the ���� centerof massenergies.
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Table2: Z bosonyield in the different leptonicdecaychannelswith the measured~p�¶���¼�Bg�h½q�q�� . Quoted
uncertaintiesarerespectively for statistics,systematicsandluminosity.

Channel Events Bkg. ( ¾ ) ~������y�,gihkq�¿7q�À*� (nb) ÁÃÂ�Ä��ÆÅ¹Ç ÀÉÈ �
¥L¿Ê¥9À 4242 0.6

sutGtyx{Ë¼x�t¼xÍÌ�t
72

§ ¿ § À 1372 0.9
sGËGÎyx�Î ¿�ÏÀ¹Ð

xAÌ�t
72

¥L¿Ñ¥9À , §�¿7§mÀ combined
sutGË|w zyx�z�w zVx�Ë�w z¼xÍÌ�t�w s

72
CDF¥L¿Ê¥9À 1139 2.3

sÓÒ�tyx{Î¼x�Î¼x�sG}
42

§�¿7§mÀ 6126 1.1
suÔGsyx{t¼x�Î¼x�sGÔ

117
DØ
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1.3 Indir ect measurementof W width

After evaluatingtheratio �ÖÕ�~��{�¸·¸�,��h�qG� � �BlG~{�{�¸·¸�,g×hØq�q�� it is possibileto measureindirectly theW
totalwidth. In fact:

� Õ ~{����·¸�B�ÙhkqG�:���
~����¸·¸�,gihkq�q��

Õ ~��Ú����´h¦�U�
~��Ú����Ûhµgy� �

Ü �,gV�Ü �,gihkq�q�� �
Ü �B�Ýh�qG�����Ü �B�U� Þ

(GeV)

Γ(W)

TeVEWWG

preliminaryß
preliminaryß(from R)

à

(from R)
à
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UA1(e+µ)
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CDF Ia(e)
D0 Ia+b(e)

CDF II(e)
CDF II(µá )

CDF II combined

D0 II(e)

World Average (RPP 2002)
(includes Run I results)
à

Figure9: Indirectmeasurementof W bosonwidth. BothCDF and DØ preliminaryRunII resultsareshown.

The ratios ~��Ú����Th �U�,lG~��³�¨��Th gV� and the partial leptonic W bosonwidth
Ü �,� hâqG�:�:� are respectively

taken from theoreticalcalculation[6] and[7]; the ratio
Ü �Bgy�Bl Ü �BgØhãq�q�� comesfrom the LEP experiments[7].

Themeasuredvaluesfrom bothCDF and DØ experimentsareshown in Fig.9 togetherwith previousresultsand
StandardModelpredictions.As mentionedin Sec.3thedirect

Ü �,�U� measurementwill beperformedtogetherwith
theW bosonmassmeasurement.

1.4 CheckingLepton Universality

Usingdoubleratioslike äæå and ä7ç respectively:

ä å�èéç�ê Õ � å�è=ç�ê
�Êë

Õ ~����¸·¸�,�Ùhk§¨�:åÓ�B�Ùhkj��:ç|�2�,lG~{����·¸�Bgih�§ì§m�Bgihkj�j7�<�
~{����·¸�B�Ýh¦¥�� ë �Blu~{����·¸�Bgih¦¥�¥9�

Õ
Ü �,�íhk§¨� å �,�Ùhkj�� ç �<�

�íh¦¥��:ë
Õ

îðïñ å�è ñ ç�êî ïñ ë
it is possibleto checkleptonuniversality. CDF measuresî å l î ë Õ Ì9w vÓÌGÌÃxAv�w v#Ì�}

. î ç l î ¥ togetherwith other
measurements,world average,SM expectationsis shown in Fig.10.
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Figure10: Leptonuniversality î çðl î ë ratio measuredby CDF with SM expectationsandseveral othermeasure-
ments.

2 PrecisionElectroweakMeasurements
2.1 Dielectron Forward Backward Asymmetry

With dielectronpairscreatedby Drell-Yan processit is possibleto measurethe Forward Backward asymmetry
( òmó�ô ). òmó�ô is a probeof thestrengthof thevectorandaxial-vectorcouplings.What is uniqueat theTevatron
experimentsis the possibility to probe ò ó�ô not only at the g -pole but up to a rangeof õ�ë,ë of 600 GeV/ö ï as
shown in Fig.11.
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Figure11: ForwardBackwardasymmetryfor dielectronpairscomparedwith theoreticalpredictions.

2.2 W/Z + � production

Electroweak interactionallow bosonsto self-interactdue to the non-abelianstructureof the gaugesymmetry
throughthetriple gaugecouplings.Direct productionof �An and g¨n is searched.Theseprocessesprobeanoma-
louscouplingsincreasingthereforethesensitivity to physicsbeyondtheStandardModel. �An and g¨n eventsare
searchedstartingfrom the samplesdescribedin previoussection(electronandmuonchannel).The presenceof
anomalousgaugecouplingwould modify the photon ��� spectrumboostingit at higher ��� [4]. At CDF, a high
energy photonwith ���
	 Ò

GeV is requiredwith � � è
��� � ê�� v�wcÒ
. The ��� distribution for the photonin �An

candidatesis shown in Fig.12Theclustertransversemassdistributionfor �An candidates, definedastheinvariant
massof the threebody system(lepton,neutrinoandphoton)reachesa minimum with respectof the longitudi-
nal componentof theneutrinomomentum,is shown in Fig:12ï ê . Thephoton ��� distribution andthethree-body
invariantmassfor g¨n eventsis shown in Fig.13.

The DØ experimentperformeda measurementof �An productioncrosssection. The ��� distribution for the
���

Theclustertransveremassis definedas� ������
�
����� �"!$#&% � � �' (*)�+ , � ( )-, �/. ' + � !1032 � ) � �/4 �65 + , � ( )7, � ' ) � � + �
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backgroundcontributions.
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T
h
able 3: �An direct productionyield in the e and § decaychannel. Quoteduncertaintiesare respectively for

statistics,systematicsandluminosity.

Channel Events Bkg. ~{�����y�,�An�hkqG��n¨� (pb) Á Â�Ä2Å¹Ç ÀÉÈ
¥ 131

zuË�w vGzVx{v|w suÔyx{}|w ËÓÒ s#Ì9w Îyx�s�w Ô¼x{s|w syxÍÌ'w z
202

CDF§ 128
ËÓÌ'wcÌ�sVx{v|w zuÎyx{Ô|w tus sGv|w vyx�s�w Î¼xAÌ9w }yxÍÌ'w s

202
combined

Ì�Î|w zyx�Ë�w syx{t|w s¼xÍÌ'w s
¥ 146

}#Ò'wcÌmxAÒ9w t ÌGÒ9w }yx�z�w Ô¼x{t|w zyxÍÌ'wcÌ
162

DØ§ 77
zÓÒmxAÌ�v sGs|w vyx�Ë�w s¼xAÒ9w zyxÍÌ'w Ë

82

Table4: Direct g*n productionyield in theeand§ . Quoteduncertaintiesarerespectively for statistics,systematics
andluminosity.

Channel Events Signal Signal+Bkg( ¾ ) Á Â�Ä ~{�����¼�Bg¨n�h�q�À�q�¿7n¨� (pb)

¥ CC 23
Ì�Î�w ÎGtyxAÌ9w³ÌuÌ sÓÌ'w Ô#Ì�xAÌ9w suv

201.8
t�w }VxÍÌ'w s¼x�v�w zVx�v�w z

¥ CP 11
ÌuÌ'w Î#Ò�x{v|w }uzyxAÌ9w }ÓÒ Ì�z�wcÌ�vVx{v|w ÎÓÌ

167.8
Ë�w tVxÍÌ'w z¼x�v�w ËVx�v�w z

§ 35
zuz�w }GËyxAÌ9w }uË zut�wcÒ�ËVxAÌ9w Îus

191.6
t�w zVx�v�w Î¼x�v�w zVx�v�w z

combined 69
t�w zVx�v�w Ô¼x�v�w zVx�v�w z

photonandtheclustertransversemassdistributionsareshown in Fig.14.

Figure14: Left:Photon � � distribution of theW W n eventson a for data,MC signalandbackgroundprocesses
contamination.Right: ClusterTransverseMassfor WWmn candidateswith MC signalandbackgroundcontributions.

Thenumberof �An and g*n candidateeventsarereportedrespectively in Tab.3andTab.4. Thepredictedproduction
crosssectionsarerespectively

Ì�}�wcÒ�xÍÌ'w z
pb and

t|w Ë¼x�v�w Ë
pb.

2.3 WW dibosonproduction

CDF hasmeasuredalsothe WW dibosonproductionin the dileptonchannelin two complementaryways. One
analysis(dilepton) hasbeenoptimizedto high purity selectingeventswith two isolatedleptons,largemissingen-
ergy andnojets.Thesecondapproach(lepton+track) applieslooserselectioncutson thesecondleptonincreasing
theacceptancefor thesignalandof thebackground.Thenumbersof observedandexpectedevents,theS/B ratio
andthemeasuredcrosssectionareshown in Tab:5. In Fig.15(left),thedistribution of di-leptoneventsin the �ji
betweenthe transversemissingenergy andthe closestleptonis shown for candidatesandexpectedsignal(MC).
In Fig.15(right), the dileptoninvariantmassof the lepton+track candidatesis shown, togetherwith the various
backgroundcontributions.
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T
h
able5: W W candidateyield andmeasuredcrosssectionmeasuredby CDF with

sGvus �lk�À�È of data.PredictedSM
crosssectionis reported.

Method Exp. Events Observed S/B ~��Ú����Ûh¦� �U� (pb)

di-lepton
Ì�Ô|w³ÌmxÍÌ'w Ônmporqso*tumpv/mwo

17 2.3
Ì�Ë�w z ¿�xny xÀ�zny {

mporqno*xÍÌ'w Ônmpv/mwo*x�v�w În|~}��
lepton+track

zÓÌ'w tyxAÌ9w vsmwowqno
39 1.1

Ì�Î�w Ëyx{t|w³Ì�mwowqno x�z�w tnmpv�mpo xAÌ9w ss|�}��
Theory

Ì�s|w tyx�v�w }
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Figure15: Left: WW candidateevents(dileptonanalysis)distribution in the �j��������*����� . Right: WW candidate
events(lepton+track analysis)dileptoninvaraintmassdistributionwith backgroundcontribution.

3 Towards a W massmeasurement
The W bosonmassis a fundamentalparemeterfor the StandardModel. Combiningit with the top masswill
result in a larger constrainton the StandardModel Higgs mass. The CDF and DØ RunI Tevatron combined
measurementwas �������n�$  ¡s¢n£7¤��$  �s¢n¥ GeV/¦r§ . Thegoalof this first phaseof RunII is to reachanuncertainty
of about40 MeV/ ¦�§ . To reachthat goal an excellentknowledgeof the detectoris required. CDF methodfor
measuringtheW massconsistsin usingdifferentMonteCarloatdifferentW massvalues(calledsignaltemplates)
togetherwith expectedbackgrounddistributionsto fit thecandidatestransversemassdistributions. Theprincipal
systematicsarecomingfrom theleptonmomentumscaleandmissingtransverseenergy resolution.In Fig.16(left)
thedimuoninvariantmassdistribution for ¨ª©¬«6« canddidateseventsis comparedwith MonteCarlogenerated
with RESBOS[8].Togetherwith theleptonenergyscaleextractedwith thedimuoninvariantmassfrom ­l®�¯°©±«6«
candidatesit will bepossibleto checkthelinearity with energy of theleptonmomentumscale.In Fig.16(Right),
theW transversemassdistribution for the ²³©¬«*´ candidateeventsis shown for thedatacollectedfor the200µ"¶�·¹¸ . CDF expectsto give for summer2004a preliminarymeasurementof both W bosonmassandits widthº ��² � .

Conclusions
Electroweakmeasurementshave beenperformedusingphysicsquality datacollectedby theCDF and DØ exper-
iment. W andZ productioncrosssectionvalues,dielectronforwardbackwardasymmetryanddibosonproduction
have beenestablishedshowing a substantialagreementwith StandardModel predictions. For this latter elec-
troweakmeasurement,the integratedluminosity of dataanalyzedamountsapproximatelyto twice the one that
wascollectedin RunI allowing a smallerstatisticaluncertainty. We areexpectingsignificantimprovementalso
reducingthesystematicuncertaintiesincreasingthecontrolsamples.Both CDF and DØ experimentsarequickly
steppingtowardsprecisionelectroweakmeasurements.
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Figure16: Left: ¨»©¼«6« dimuoninvariantmassfor datacomparedto MonteCarlo(½¿¾½ Resbos).Right: ²À©Á«*´
transversemassfor candidatecandidateevents.

References
[1] P.J.Sutton,A.D. Martin,R,G.RobertsandW.J.Stirling, PhysRev D45, 2349(1992);P.J.RijkenandW.L. van

Neerven,PhysRev D51 44 (1995);R. Hamberg, W.L. vanNeervenandW.B. Kilgore , Nucl. Phys.B359343,
(1991),R.V. HarlanderandW.B. Kilgore, Phys.Rev. Lett. 88201801(2002).

[2] T. Affolderat al., Nucl. Instrum.Meth.A 485, (2002).

[3] TheCDFCollaboration,FERMILAB-PUB-96/390-E.

[4] H. Aihara etal., “Anomalousgaugebosoninteractions”,hep-ph/9503425.

[5] E. Vataga, FERMILAB-CONF-03/182-E, (2003)Publishedin “Proceedings9th PisaMeetingon Advanced
Detectors”,La Biodola,Isolad’Elba, Italy, May 2003.

[6] We computethe theoreticalcrosssectionson the basisof NNLO calculationsby W.J Stirling and on the
programsof W.L vanNeerven[1].

[7] K. Hagiwaraet al., Phys.Rev. D66, 0100001(2002).

[8] C. BalazsandC.P. Yuan, Phys.Rev. D56 5558(1997)and½¿¾½ hep-ph/9704258.

11


