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Abstract — The CDF and D@ experimentsat the Tevatron have usedpp collisionsat /s = 1.96
TeV to performelectraveakphysicsmeasurementsA programof precisionelectraveaktestsof SM
alreadystarted.Measurementperformedare: W andZ bosongproductioncrosssectionusingdiffer-
entleptonicfinal statesdielectronForward-Backvard Asymmetry Arp anddi-bosoncrosssection
production.We alsoreportthe prospectgor the W massmeasurements.

Intr oduction

The Collider Detectorat Fermilab(CDF) andthe D@ detectorsare generalpurposeexperimentsocatedat the
Tevatroncollider, ). pp collisionsat the Tevatronreachanenegy in the centerof massof /s = 1.96 TeV. We
arereportinghereelectraveakphysicsmeasuremenigerformedusingphysics-qualitydataof Runll.

We will startreviewing W andZ crosssectionmeasurementshenwe will concentraten precisionelectraveak
measurementdVe will concludegiving someperspectiesfor the Runll massmeasurement.

1 WandZ CrossSections

W andZ bosonsare producedby ¢g annihilation. Due to the large QCD backgrounddecaychannelsof bosons
involving quarksaredifficult to identify; thereforeW andZ bosonsareidentifiedthroughtheir leptonicdecays.

1.1 Measuring W CrossSection

The signaturefor a leptonicW bosondecayis a high momentumisolatedleptonwith missingtrans\erseenegy
accountingor theundetectecheutrino.

At CDF, W — ev candidatesare collectedwith a trigger selectinghigh-Er centralelectroncandidatesafter
requiringonetight electronwith E7 > 25 GeV matchedo atrackwith Pr > 10 GeV/candmissingtrans\erse
enegy Fr > 25 GeV, 38628eventsareleft in data. The transversemassdistribution of the candidatesventsis
reportedin Fig.1(Leff). Backgroundrom QCD dijetsis estimatedrom dataassuminghatits distribution is flat
with respecto the missingtrans\erseenegy. Backgroundcontaminatiorfrom otherelectraveak processetike
W — uv, Z — ee andW — 7 is estimatedrom MC eventsaftera detailedsimulationthroughour detector

W — pv candidatesire collectedby a high-Pr muontrigger. After requiringanisolatedmuonwith Pr > 20
GeVicandZr > 20 GeV, 21599W candidatesemain.Themainbackgrounaontaminatiocomesrom 7 — puu,
W — 7v, cosmicraysanddijet QCD events.Thetrans\ersemasddistribution of the candidatesventsis shavn in
Fig.1(Righ.

With the upgradesf the CDF forward calorimetergpseudorapidityegion coverageis 1.1 < |n| < 3.6)[3] and
the silicon trackingdetectorq[2]) it hasbeenpossibileto identify a cleansampleof W — ev candidateavents
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Figurel: Left: Trans\ersemassdistribution for W — ev candidatesvith electron|n| < 1.1. RightTranswerse
masddistributionfor W — v candidateg|n| < 1.0).

with electronpseudorapidityin therangel.l < || < 2.8. W — ev eventsareidentified requiringat trigger
level Er > 20GeV and Fr > 20 GeV. Then, after applying calorimetricisolation cuts, a track is matchedto
the electromagneticalorimetric clusterrequiring that the distancebetweenthe shaver position and the track
extrapolationis within 3 cm. Thetransersemassof W — ev candidatess shawvn in Fig.2.
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Figure2: TranserseMassdistribution of W — ev with electronsgdetectedy forward calorimeters(.1 < |n| <
2.8)

Specifictriggersfor selectinga sampleenrichedwith + eventsdecayinginto hadronshave beendesignedfor
Runll [5]. They arebasedon the possibility to usetracking informationat trigger levelsin Runll: in particular
thetrackingprocessoat Level-1 (L1) andtherefinedtrackinginformationavailableat Level-2 (L2). Eventswith
Fr > 25 GeVandwith thetopologyof ther decayinghadronicallyareselectedattriggerlevel. W — ev events
areexplicitly removed. In Fig.3(eft), the track multiplicity for W — 7v eventsis shovn. 2345eventspassthe
selectionwith anestimatedackgroundnainly from QCD of 612 + 61 events.

At D@ W — ev candidatesreselectedequiringanisolatedelectronwith Pr > 25 GeV/cwith |n| < 1.1 and
¥ > 25 GeV. Thetransersemassis shovn in Fig.4(eft). W — uv eventsareselectedequiringa muonwith
Pr > 25 GeV/cand|n| < 1.6 andwith i > 25 GeV. Thetranswersemassdistributionis shovn in Fig.4(ight).

The numberof W bosonscandidatesound in the differentdecaychannelsby D@ and CDF togetherwith the
measuredrosssectionareshavn in Table.1.Themeasuredialuesarein agreementvith the predictedtheoretical
values[] (NNLO) of 2.731 4+ 0.002 nb.
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Figure3: Left: ChagedTrackmultiplicity distributionfor W — 7v candidatesRightInvariantmassof (7 + u +
¥r) for Z — 77 candidatesr,,q trackmultiplicity is 1 or 3 and,,q andu candidateshiave oppositechage.

D@ Runll Preliminary

E N E
nosf- §7005
oo7f- DZero Run Il Preliminary & 600k
E oo
0061 500l
06E m500k
0.05? ;400%
- S ol
F LﬁsOO*
0.03F 2001~
002 100
001 L
: l l l l | d oolllzbl1141011161011181011116011115()111141'01
% 50 60 70 8 9 100 10 120 130 10 2
M, (GeV) M. (GeVvic")

Figure4: Left: Trans\ersemassdistribution for W — ev eventscollectedby D@ ([ £dt = 41.6pb~*).Right:
Trans\ersemassdistribution for W — v eventscollectedby D@ ([ Ldt = 17.3pb™1).

Table1: W bosonyield in the differentleptonicdecaychannelswith the measuredr x BR(W — {v). Quoted
uncertaintie@rerespectiely for statistics systematicandluminosity.

Channel Events Bkg. (%) o x BR(W — {v) (nb) [ Ldt(pb™1)
eve(ln] <1) 38625 6 2.78 4 0.01 + 0.06 + 0.17 72
eve(1.1|n| < 2.8) 10461 6 2.87 +0.03 + 0.18 £ 0.17 64
Uy 21599 11 2.78 £ 0.02 £ 0.06 &= 0.17 72 CDF
TVUr 2345 26 2.62 +0.07 £0.21 & 0.16 72
eVe, UV combined 2.777 £+ 0.010 £ 0.052 £+ 0.167 72
eve 27370 n.p. 2.84 £0.024+0.13 £0.28 42 DG
U 8305 12 3.23+0.134+0.10 £ 0.32 17




1.2 Measuring Z CrossSection

Thesignatureof Z/~* — ¢¢ eventsaretwo high-Pr isolatedeptons.At CDF for thedielectronchannel Z/+* —
ee eventsareselectedrequiringat leasttwo centralhigh-Pr isolatedelectronswith oppositechage (CC events)
or atleastonecentralhigh-Pr isolatedelectronandonehigh-Er electromagneticlusterin the plug calorimeters
(1.1 < |n| < 2.8) withoutatrackmatchingrequiremen{CP events).Theinvariantmasss requiredto be between
66 and 116 GeV/c2. The numberof candidatesventsis 4242with an estimatedbackgroundcontaminationof
10 &+ 5 events.Theinvariantmassof thedielectronpairis reportedn Fig.5left.

Z/v* — pp candidatesare selectedrequiring one isolatedcentralmuonwith Pr > 20 GeV/e anda second
isolatedhigh-Pr track passingminimumionizing enegy requirements.
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Figure5: Left: Dielectroninvariantmassfor Z — ee eventscollectedby the CDF experiment. Right: Dimuon
invariantmassfor Z — pu eventscollectedby the CDF experiment.

7 — 777~ candidatesre selectedrequiringoner identifiedfrom its electronicdecayand the otheronefrom
its hadronicdecay To increasethe purity we require Mr (e, Br) < 25GeVic? and Pr(e, Br) > 25 GeVie. The
invariantmasss shawvn in Fig.6.

Similarly, D@ selectsZ — ee andZ — puu candidatesTheinvariantmassdistributionsareshawvn respectiely
in Fig.7 (left andright).
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Figure6: InvariantMassdistribution of Z — 77 candidates.

Z/~v* — (¢ candidategield in the differentdecaychannelsand the measuredroductioncrosssectiontimes
branchingfractionareshovn in Table2. They arein agreemenwith the predictedZ bosonproduction(NNLO)
250.5 + 3.8 pb[1] . Themeasuredaluesof o x BR(Z — ¢{) andec x BR(W — {v,) areshavn in Fig.8 with
thevaluesmeasuredby previousexperimentsat differentvaluesof the pp centerof massenegies.
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Figure8: Measuredraluesof o(pp — W/Z) x BF (fv/¢f) measureatthepp collidersasafunctionof 1/s. Most
recentTevatronRunll resultsareincluded.

Table2: Z bosonyield in the differentleptonic decaychannelswith the measuredr x BR(Z — ¢(). Quoted
uncertaintiesrerespectiely for statistics systematicandluminosity.

Channel  Events BKg.(%) o x BR(Z — (*¢7)(nb) [ Ldt(pb ')
ete” 4242 0.6 255+ 44+ 5415 72
whp 1372 0.9 249+ 97T+ 15 72
ete , utu~ combined 254.34+3.34+4.3+£15.2 72
ete” 1139 2.3 275+ 949428 42 CDF
wru 6126 1.1 2624+ 549426 117 DG




1.3 Indir ectmeasuementof W width

After evaluatingtheratio R = o x BF(W — {v;)/o x BF(Z — (£) it is possibileto measuréndirectly the W
total width. In fact:
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Figure9: Indirectmeasuremerdaf W bosonwidth. Both CDF and D@ preliminaryRunll resultsareshown.

Theratioso(pp — W)/o(pp — Z) andthe partial leptonic W bosonwidth T'(W — {i,) are respectiely
taken from theoreticalcalculation[§ and[7]; theratio I'(Z)/T'(Z — ¢¢) comesfrom the LEP experimentsT.
The measuredrialuesfrom both CDF and D@ experimentsareshowvn in Fig.9 togetherwith previousresultsand
Standardodel predictions As mentionedn Sec.3hedirectT’ (W) measurememnill be performedogethemvith
the W bosonmassmeasurement.

1.4 Checking Lepton Universality

Usingdoubleratioslike U, andU respectrely:

G

Uiy = —p—

0 X BF(W — uv,(W — 1v;)) /o x BF(Z — pu(Z — 77))
o X BE(W — ev,.)/o x BF(Z — ee)

W — pv, (W — 1v,))

W — ev,
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2
Iwe

it is possibleto checkleptonuniversality CDF measureg,,/g. = 1.011 + 0.018. g, /ge togetherwith other
measurementsyorld average SM expectationss shavn in Fig.10.
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Figure 10: Leptonuniversality g, /g. ratio measuredy CDF with SM expectationsand several other measure-
ments.

2 PrecisionElectroweak Measurements
2.1 Dielectron Forward Backward Asymmetry

With dielectronpairscreatedby Drell-Yan processt is possibleto measurehe Forward Backward asymmetry
(Arg). App is aprobeof the strengthof the vectorandaxial-vectorcouplings. Whatis uniqueat the Tevatron
experimentsis the possibility to probe Arp not only at the Z-pole but up to a rangeof M, of 600 GeV/c? as
shovnin Fig.11.
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Figurell: Forward Backwardasymmetryfor dielectronpairscomparedvith theoreticalpredictions.

2.2 WI/Z + ~ production

Electroveak interactionallow bosonsto self-interactdue to the non-abelianstructureof the gaugesymmetry
throughthetriple gaugecouplings.Direct productionof W+~ and Z+ is searchedTheseprocesseprobeanoma-
lous couplingsincreasinghereforethe sensitvity to physicsbeyondthe StandardModel. W+~ and Z~ eventsare
searchedstartingfrom the samplesdescribedn previous section(electronand muonchannel). The presenceof
anomalougaugecouplingwould modify the photon E1 spectrumboostingit at higher Er[4]. At CDF, a high
enegy photonwith Er > 7 GeV is requiredwith AR, ,y > 0.7. The Er distribution for the photonin W~
candidatess shavn in Fig.12Theclustertransvesemasddistribution for W+~ candidates definedastheinvariant
massof the threebody system(lepton, neutrinoand photon)reachesa minimum with respectof the longitudi-
nal componenbf the neutrinomomentumjs shovn in Fig:122). The photonE7 distribution andthe three-body
invariantmassfor Z~ eventsis shavn in Fig.13.

The D@ experimentperformeda measuremendf W+~ productioncrosssection. The Er distribution for the

D Theclustertransieremassis definedas M2, (Iy, Br) = (MR, + |Pry + Pr,|2)Y/2 + Er|? — |Pry + Pry + Er|?



CDF Run 2 Preliminary 202 /pb CDF Run 2 Preliminary 202 /pb

T T T T T T T G~ [T T T
% r e data 259 events ©1a0l e data259 events -
,‘;D 10° O Wy-iyMC+BG = ] Wy— vyMC+BG -
- F 0] QCD +Zy +mvy 7 Oz [J ecD+zy+wy
= O Zy+rvy 7 o L Y S ]
= = r O zy+wy ]
g r . | vy bl ~—100/— —
Wl ! _ e | oy ]
Sk | ] éaol I
7} r | | B o C | ]
o e o L ]
= L | —e— 4 o 60— ] -
> = L 4
S L | ]
= 1g E < 40 . .
C 3 g C ]
L T Z 201 [ 1 =
10° | \\I\ ,.:m_._ 1 = .

10 20 30 40 50 60 70 40 60 80 100 120 140 160 180
Photon E ; (GeV) M_(ly,v) GeV/c?

Figure12: Left:PhotonEr distribution of the W — ~ eventson a logarithmicscalefor the data,MC signaland
backgroundgrocessesontaminationRight: ClusterTranswerseMassfor W — ~ candidatesvith MC signaland
backgrounctontritutions.
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Figure 13: Left:PhotonE distribution of the Z — ~ eventson a logarithmic scalefor the data,MC signaland
backgroundprocessesontamination Right: ClusterTranserseMassfor Z — ~ candidatesvith MC signaland
backgrounccontritutions.



Table 3: W~ direct productionyield in the e and ¢ decaychannel. Quoteduncertaintiesare respectrely for
statistics systematicgindluminosity.

Channel Events Bkg. o x BR(W~ — (vv) (pb) [ Ldtpb™!
e 131 34.03 £0.26 + 8.47 21.94+2.6+2.2+1.3 202
I 128 41.12+£0.39 + 6.52 200+29+1.8+1.2 202 CDF
combined 19.34+4.24+52+1.2
e 146 87.1+7.5 17.84+3.64+53+1.1 162 D&
I 77 37+£10 220+42+£73+14 82

Table4: Direct Z~ productionyield in thee andy.. Quoteduncertaintiesrerespectiely for statistics systematics
andluminosity.

Channel Events Signal Signal+Bkg(%) [ Ldt o x BR(Z~y — {{*~) (pb)
e CC 23 19.95 +1.11 21.61 +£1.20 201.8 5.8+ 1.2+0.3+0.3
e CP 11 11.97 +0.83 + 1.87 13.10+0.91 167.8 45+1.3+£0.44+0.3
m 35 33.84 £1.84 35.74£1.92 191.6 5.3+09+03+0.3
combined 69 53+0.6+0.3+0.3

photonandthe clustertrans\ersemassdistributionsareshown in Fig.14.
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Figure14: Left:PhotonEr distribution of the W — ~ eventson a for data,MC signalandbackgroundorocesses
contaminationRight: ClusterTranserseMassfor W—- candidatesvith MC signalandbackgrounaontributions.

Thenumberof W~ andZ~ candidateventsarereportedespectielyin Tah3andTah4. Thepredictedproduction
crosssectionsarerespectrely 18.7 + 1.3 pband5.4 £ 0.4 phb.

2.3 WW dibosonproduction

CDF hasmeasuredlsothe WW dibosonproductionin the dileptonchannelin two complementaryays. One
analysig(dileptor) hasbeenoptimizedto high purity selectingeventswith two isolatedleptons large missingen-
ergy andnojets. Thesecondapproachlepton+track) applieslooserselectioncutson the secondeptonincreasing
theacceptancéor the signalandof the background.The numbersof obsenedandexpectedevents,the S/B ratio
andthe measurearosssectionareshowvn in Tab:5. In Fig.15(left), the distribution of di-leptoneventsin the A¢
betweerthe trans\ersemissingenegy andthe closestleptonis shovn for candidatesind expectedsignal(MC).
In Fig.15 (right), the dileptoninvariantmassof the lepton+track candidatess shown, togetherwith the various
backgrounctontritutions.



Table5: W W candidateyield andmeasuredarosssectionmeasuredy CDF with 202pb ! of data.PredictedSM
crosssectionis reported.

Method Exp. Events Obsered S/B o(pp — WW) (pb)
di-lepton  16.1 & 1.6stat + syst 17 2.3 14.3%%5stat + 1.6syst & 0.9lum
lepton+track 31.5 + 1.0stat 39 1.1 19.4+ 5.1stat + 3.5syst + 1.2lum

Theory 12.5£0.8
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Figure15: Left: WW candidatesvents(dileptonanalysis)distribution in the A¢(#r, ¢). Right: WW candidate
events(lepton+tradk analysis)dileptoninvaraintmassdistribution with backgroundtontritution.

3 Towards aW massmeasurement

The W bosonmassis a fundamentaparemeteffor the StandardModel. Combiningit with the top masswiill
resultin a larger constrainton the StandardViodel Higgs mass. The CDF and D@ Runl Tevatron combined
measurementas My, = 80.456 4 0.059 GeV/:2. Thegoalof this first phaseof Runll is to reachanuncertainty
of about40 MeV/c%. To reachthat goal an excellentknowledgeof the detectoris required. CDF methodfor
measuringheW massconsistsn usingdifferentMonte Carloat differentW massvalues(calledsignaltemplates)
togethemwith expectedbackgroundistributionsto fit the candidatesransersemassdistributions. The principal
systematicerecomingfrom theleptonmomentunscaleandmissingtrans\erseenegy resolution.In Fig.16(left)
the dimuoninvariantmassdistribution for 7 — pu canddidategventsis comparedvith Monte Carlo generated
with RESBOS[8].Togethemwith theleptonenepgy scaleextractedwith thedimuoninvariantmassrom J /vy — pp
candidatest will bepossibleto checkthelinearity with enegy of theleptonmomentunmscale.In Fig.16 (Righ,
the W trans\ersemassdistribution for the W — pv candidateeventsis shown for the datacollectedfor the 200
pb~!. CDF expectsto give for summer2004 a preliminary measuremenof both W bosonmassandits width
INQ/SP

Conclusions

Electroveakmeasurementsave beenperformedusingphysicsquality datacollectedby the CDF and D& exper
iment. W andZ productioncrosssectionvalues dielectronforward backward asymmetryanddibosonproduction
have beenestablishedshoving a substantialagreementvith StandardModel predictions. For this latter elec-
troweak measurementhe integratedluminosity of dataanalyzedamountsapproximatelyto twice the one that
was collectedin Runl allowing a smallerstatisticaluncertainty We are expectingsignificantimprovementalso
reducingthe systematiaincertaintiesncreasinghe control samplesBoth CDF and D@ experimentsarequickly
steppingiowardsprecisionelectraveakmeasurements.
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