
W AND Z PHYSICS AT TEVATRONJ. DONINI( On behalf of the CDF and D� ollaborations )Padova University,Dipartimento di Fisia Galileo Galilei, ItalyReent measurements of W and Z boson properties at the Tevatron proton anti-proton olliderare presented. A b-spei� jet energy sale using Z ! b�b signal has been extrated from CDFRun II data. The leptoni deay of Z boson in pairs of e+e� has been studied by both CDFand D� experiments to measure the Z boson di�erential ross setion. Leptoni deay of Wboson has also been used, by D� experiment, to measure the muon harge asymmetry.1 IntrodutionStudying the eletroweak setor of the Standard Model (SM) is of major importane for thephysi program of the CDF and D� experiments for Run II at Tevatron. The large numberof W and Z bosons, produed in this proton anti-proton ollider operating at ps = 1:96 TeV,allow to measure and test preisely their properties. For instane di�erential ross setionmeasurements of Z=� boson leptoni deay or the study of lepton harge asymmetry in Wdeays provide useful knowledge of the parton distribution funtions. The hadroni deays of Wand Z bosons are of great interest as well. For example the hadroni deay of W boson is usedin top mass analysis as a way to onstain the jet energy sale. On the other hand a large-sizedsignal of Z ! b�b deays allows a preise measurement of a b-quark spei� jet energy sale,whih is useful for all physi signal that involve b-jets.We present here reent results on W and Z boson physis performed at CDF and D� basedon integrated luminosity ranging from 0.2 to 1 fb�1 .2 Determination of a b-jet Energy Sale Using Z ! b�b DeayExtrating the Z ! b�b resonnane allows both a preise measurement of the energy sale of b-quark jets and a determination of the b-jet energy resolution. The redution of the unertaintyin the b-jet energy sale helps all preision measurements of the top quark mass, while a deter-mination of the b-jet energy resolution is important for the searh of a low-mass Higgs boson.The signal, most notably, opens the doors to a diret test of algorithms that attempt to inreasethe resolution of the b-jet energy measurement. These algorithms are a ritial ingredient forthe observability of the Higgs boson at the Tevatron if MH < 135 GeV/2.The jet energy sale (JES) is a fator whih measures the disrepany between the e�etof detetor response and energy orretions in real and simulated hadroni jets. When dealingwith b-jets, however, one has to ope with several peuliarities of their fragmentation and deay



properties. These e�ets have to be aurately modeled if one is to use a generi JES fatorextrated from jets not ontaining heavy avors to b-jets, suh as those present in a t�t deay.This analysis is based on an integrated luminosity of 584 pb�1 olleted by the ColliderDetetor at Fermilab (CDF II) from Marh 2004 to February 2006. A spei� trigger wasdesigned as a mean of aquiring a sizable amount of Z deays to pairs of b-jets, thereby providinga onvenient alibration line for the energy measurement of b-jets.A preliminary sample was seleted by requesting events with two high transverse energyentral jets (Et > 22 GeV and detetor pseudorapidity j�dj � 1:0) and by requiring both leadingjets to be taggable a. The number of data events surviving these preliminary requirements is18,128,488. When both leading jets are required to be identi�ed as b-jets (i.e \tagged") by thepresene of seondary deay verties using SECVTX algorithm 1, the number of seleted eventsdrops to 699,590.Although the previous set of uts allow to selet events with low dijet invariant mass spe-trum, whih is ruial to observe a signal peak distint from the bakground mass turn-on, theolleted sample is largely dominated by QCD dijet bakground. However, beause of the di�er-enes between Z ! b�b proess and QCD dijet prodution, requesting bak to bak events withlow extra-jet radiation helps enhane the signal fration. In order to redue the bakgroundand initial and �nal state radiation proesses, additional uts on the azimuthal di�erene be-tween the leading two jets, ��12, and the tranverse energy of the third jet, E3t were requested(��12 > 3:0 and E3t < 15 GeV). The number of seleted events surviving all uts (inludingtagging of the leading two jets) is 267,246 events.The number of signal and bakground events, in seleted data, and the b-jet energy salefator, k, are measured simultaneously through and unbinned likelihood proedure. PythiaMonte-Carlo Z ! b�b samples are used to onstrut a signal probability density funtion whihhas the dijet invariant mass and the b-jet energy sale as parameters. The mass shape of thebakground olleted in the double tagged data, after the kinematial seletion of events, ismodeled using a data-driven method. A bakground enrihed sample, orthogonal to the signalregion, is seleted and used to ompute a tag rate shape, funtion of the dijet invariant mass.This ratio is then multiplied by the mass distribution of events with two taggable jets aepted bythe kinematial uts that de�ne the signal region to onstrut the bakground template. Severalbakground shape an be onstruted depending on the hoie of the bakground enrihedregion. The bakground model that best �ts the sideband is used in an unbinned likelihood �tover the total dijet mass spetrum to estimate the b-JES fator and number of events of signal.The others possible bakground models are used to alulate the systemati errors related tobakground modeling.The probability that observed data is desribed as an admixture of bakground events andZ ! b�b events with a data/MC b-jet energy sale k is given by an unbinned likelihood funtion.The �t preision on k is improved by inluding a gaussian onstraint on the expeted number ofevents of signal (estimated from Monte-Carlo). Figure 1 shows the result of the unbinned like-lihood �t to double tagged data. The goodness of this �t is estimated alulating the �2=NDFand gives 104/75. The �nal results, inluding all systemati alulations, are, for the b-jet energysale fator: k = 0:974 � 0:011(stat:)+0:017�0:014(syst:) = 0:974+0:020�0:018(stat+ syst),and for the number of �tted signal events:Nsig = 5674 � 448(stat:)+1473�570 (syst:) = 5674+1540�725 (stat+ syst) events.The large Z ! b�b deay signal extrated from CDF II data allowed a measurement of the b-jetenergy sale with a total preision of 2%. This result is relevant for b-jets in an energy rangelose to that of jets from Z deay, and additional studies are needed to exploit it in di�erentsignals involving b-jets.ai.e to ontain at least two traks measured by the silion traker
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Figure 1: Result of unbinned likelihood �t performed to double tagged dijets data (blue points). The data-drivenbakground shape and Monte-Carlo signal p.d.f are shown respetively in green and red. The �t returns 5674�448events of signal and a b-JES of 0:974 � 0:011. The inset on the upper right shows the data minus bakgrounddistribution (blue points) and the signal shape (in red) normalized to the �tted number of events of signal.3 Z=� Boson Rapidity DistributionKinemati distributions of Z=� bosons produed in hadroni ollisions provide a wealth ofinformations on the fundamental interations involved. Measurement of the rapidity distributionand total ross setion of Drell-Yan pairs in the Z=� boson region provide a stringent test ofQCD alulations in the leading order (LO) and next to leading order (NLO). At leading order,Z=� bosons are produed through the annihilation of a quark and an anti-quark, with thepartons in the proton and anti-proton arrying momentum frations x1 and x2, respetively.The momentum frations x1(x2) are related to the rapidity (y) of the Z boson via the equation:x1;2 = MZ=�e�yps (1)where ps is the enter of mass energy and MZ=� the mass of the Z=� boson. Both CDF andD� measured the di�erential ross setion distribution, d�dy , using dieletrons from Z=� deays.CDF used a dataset of 1:1 fb�1 olleted using inlusive single entral eletron and dieletrontriggers. Z bosons deays are seleted as events with two high transverse energy eletrons(ET > 20�25 GeV). The dieletron data sample onsists of three di�erent topologies dependingwhether the eletrons, from the e+e� pair, fall in the entral (j�j < 1:1) or the plug alorimeters(1:2 < j�j < 2:8). After the uts a total of 91,362 eletron pairs are seleted. The eletrontrigger eÆienies as a funtion of their transverse energy ET are measured using the data.The overall trigger eÆieny of the dieletron pairs versus rapidity is almost 100%. Geometriand kinemati aeptane are modeled using Pythia Z ! e+e� event generator ombined withGEANT simulation of the CDF detetor. The total aeptane times eÆieny is at up toy � 2:0 and is non-zero up to y = 2:9.The main soure of bakground, for this analysis, is the QCD dijet bakground, whih isestimated from data itself using the eletron isolation energyb distribution. The bakground ratesfor eletroweak proesses (WW , WZ, t�t inlusive, W inlusive) are estimated using simulation.bThe isolation energy is de�ned as the energy ontained within a one in (�,�) of �R � 0:4 around the eletronminus the energy of the eletron itself.



The di�erential ross setion of eletron pairs is de�ned as:d�(Z=�)dy (y) = Nobs(y)�Nbg(y)A� �(y): R Ldt (2)where Nobs(y) � Nbg(y) is the number of bakground-subtrated events, A � �(y) the om-bined aeptane and eÆieny and R Ldt the total integrated luminosity. Figure 2 shows thed�(Z=�)=dy distribution as a funtion of jyj. In this measurement the largest systemati uner-tainty is assoiated with the measurement of the silion traking eÆieny. The di�erential rosssetion measurement was ompared to theory preditions and the NNLO alulation with NLOCTEQ6.1 PDF was found to be most onsistent with the data. The total measured Z=� ! e+e�ross setion, from integrating d�(Z=�)=dy, is � = 265:9 � 1:0� 1:1 pb.
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Figure 2: Measured d�=dy for p�p ! Z=� ! e+e� in CDF II data. The rosses are the measurements and thesolid line is the theory predition.D� experiment also performed a measurement of Z=� boson rapidity distribution, using0:4 fb�1 of data 2. The normalized di�erential ross setion was found to be onsistent withMRST04 NNLO alulation.4 Z Boson Transverse MomentumA preision measurement of the Z boson transverse momentum provides a sensitive test of thetheory for weak boson prodution, it also helps redue the theoretial unertainty on the preisionW mass measurement. D� performed a preliminary measurement of inlusive di�erential rosssetion as a funtion of Z boson transverse momentum in an invariant mass range betweem 70and 110 GeV/2 using 960 pb�1 of olleted data.The seletion riteria for andidate Z bosons deaying in e+e� pair requires two isolatedeletromagneti (EM) lusters in the alorimeters that pass eletron identiation riteria, havehigh transverse momenta, and an invariant mass onsistent with that of the Z boson. A total of63,901 events are seleted and identi�ed as Z=� andidates. Eletron seletion eÆienies aremeasured from the data, using the \tag and probe" method, and are parameterized in terms ofthe eletron ET and detetor pseudorapidity, �det.ResBos and PHOTOS are used as the Z=� event generator. A parameterized Monte Carlosimulation is used to simulate the e�et of detetor smearing and to inlude the measuredeletron identi�ation eÆienies. The eletron energy sale and resolutions are tuned using theZ data.



As in the previously desribed analysis, the main soure of bakground ome from QCDdijets. To estimate the size of this bakground, samples that ontain mostly bakground events,are used to get the shape of the invariant mass distribution from this soure. Other souresof bakground (Z ! �� and dibosons) are studied using Monte Carlo and are found to benegligible.The measured Z boson pT spetrum is smeared due to detetor resolution e�ets. To be ableto ompare with theory diretly, the detetor e�ets are �rst unfolded. The largest unertaintyon the unfolded Z pT spetrum arise from the dependene of the eÆienies of the leptonidenti�ation requirements on the boson transverse momentum. The d�dpT distribution withboth statistial and systemati unertainties is shown in Figure 3. The data are ompared totheoretial predition and shown to be in good agreement.
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Figure 3: Unfolded Z boson pT distribution. The unertainty ontains both statistial and systemati unertaintites.5 W Boson Charge AsymmetryOn average, the u-quark in the proton arries a larger fration of the proton's momentum thanthe d-quark. This implies that at prodution, a W+(�) boson is typially boosted in the p(�p)diretion. This leads to a harge asymmetry, as a funtion of the W boson rapidity, yW . It isdiÆult to measure the W+� rapidity due to the fat that the longitudinal momentum of theneutrino from the W deay annot be measured diretly. However the same information an beaessed by measuring the harge asymmetry of the W boson deay produts. The lepton hargeasymmetry is a onvolution of the W prodution harge asymmetry and the asymmetry fromthe (V-A) deay. The lepton asymmetry an thus be used to probe the parton distributions.Both the D� (muon hannel) and CDF (eletron hannel) ollaborations have measured thelepton harge asymmetry, de�ned as:A(y) = N+(y)�N�(y)N+(y) +N�(y) : (3)The main experimental hallenge is to keep the lepton-harge misidentiation rate low (�0.01%for D� muon hannel), and to understand possible harge-dependenies of seletion eÆienies.The D� measurement is based on R Ldt ' 230 pb�1 of reorded data. Good W ! ��andidates are seleted by requiring events with a high transverse momentum muon (pT > 20GeV), signi�ant missing transverse energy (E/T > 20 GeV) and large W transverse mass (MT >



40 GeV). After all seletion uts 189,697 W andidates are seleted in the data. The largestsoure of ontamination in the sample omes from eletroweak bakgrounds (Z ! ��, W ! ��,Z ! ��). These bakgrounds are estimated using Monte Carlo samples. The other major soureof ontamination omes from the multijet bakground (semi-leptoni deay) and is estimatedfrom data.The �nal result of the D� measurement, is given in �gure 4. Even though the unertaintieson the experimental points are dominated by the �nite data-sample-size, some sensitivity toPDF's is already obtained (assuming the W boson deays aording to the standard model).Thus, with more data, this measurement will onstrain the PDF's.

Figure 4: Measured and predited muon harge asymmetry, as a funtion of muon rapidity. The theoretial urvesare based on NLO alulations (RESBOS and CTEQ6.1M PDFs).6 ConlusionsA large signal of Z ! b�b deays from Tevatron ollider data has been suessfully extrated.This signal allowed to perform the �rst preise measurement of a b-spei� jet energy sale.This measurement is of interest for all signal involving b-jets (top quark mass measurements,Higgs boson searhes).On the other hand, preision measurements of di�erential W and Z boson prodution rosssetions have been performed. The results agree well with standard model preditions. Mea-surements of lepton harge asymmetries as a funtion of lepton rapidity are already sensitive toPDF's. In the near future, several times more data will be analyzed. This will provide a betterdetermination of PDF's, whih in its turn is important for reduing systemati unertainties on,for example, the W boson mass measurement.Referenes1. D. Aosta et al. (CDF Collaboration), Phys. Rev. D 71, 052003 (2005).2. V.M. Abazov et al. (D� Collaboration), hep-ex/0702025, submitted to Phys. Rev. D.


