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ABSTRACT 

Preliminary electoweak results from the D0 Experiment at the Tevatron pp collider are 
presented. The branching ratio B(W --+ £11) = (10.43 ± 0.44)% (£ = e ,µ) is determined from 
the measured production cross section times branching ratio for W and Z bosons. This also gives 
an indirect measurement of the total width of the W boson: fw = 2.16±0.09 GeV. The W cross 
section times branching ratio into the tau is measured to be u(pp --+ W +X)B(W --+ r11) = 2.38± 
0.13nb, from which the ratio of coupling constants is determined: g';' / g';' = 1 .00 ± 0.02 ± 0 .03. 
Limits on trilinear gauge couplings are obtained from the following diboson final states: W7, 
WW, WZ, and Z7. Finally a measurement of the W boson mass of Mw = 80.44 ± 0 .11  GeV 
is determined from the transverse ma.ss in W --+. e11 events. 
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Table 1: Preliminary mea.<iurements of cross section time branching ratio for inclusive W and 
Z production in Run 1B 

Mode value (nb) 8(stat) (nb) 8(syst) (nb) 8(lum) (nb) 
u · B(W -+ ev) 2.38 ±0.01 ±0.09 ±0.20 
u · B(W -+ µv) 2.32 ±0.04 ±0.16 ±0.19 
u · B(W -+ rv) 2.38 ±0.09 ±0.10 ±0.20 
u · B(Z -+ ee) 0.235 ±0.003 ±0.005 ±0.020 
u · B(Z -+ µµ) 0.202 ±0.016 ±0.020 ±0.017 

1 Introduction 

In high energy pp collisions, it is possible to study electroweak physics by direct observation of 
the carriers of the weak force, W and Z bosons. W bosons, in particular, have been produced 
and detected in large numbers at the Fermilab Tevatron collider. More recently, the LEP II e+ e
collider ha.<i attained a high enough energy to produce pairs of W bosons. The large samples of 
W bosons produced in hadron colliders complement the detailed studies of the Z boson at LEP 
and SLC, and also the new W studies from LEP II. 

All of the results presented here come from the recent runs of the D0 experiment[l] at the 
Tevatron collider. The run which took place in 1992-93 is referred to as "Run lA" , and it 
resulted in an integrated luminosity of about 13 pb-1• The run which took place in 1994-96 is 
called "Run lB" and yielded � 80 pb-1•  In both runs, the pp collisions have a center of mass 
energy of fi = 1.8 TeV. Final results are available for most of the Run lA analyses and some 
of the lB analyses, while preliminary results are reported for most of the lB analyses. 

Since their hadronic decay modes are difficult to distinguish from the large background from 
QCD multijet production, we usually study these gauge bosons through their leptonic decay 
modes: W -+ £v and Z -+ £+ g- . The cuts used to select W and Z candidates vary slightly 
among the different analyses presented, but the general requirements are: isolated lepton(s) 
detected; PT(£) > 20(µ), 25(e) GeV; missing ET > 20(µ), 25(e) GeV (W only); and invariant 
mass M(ee) = 91 ± 10 GeV (Z -+ ee only). 

2 Single W and Z production 

2 . 1  The W width and branching ratios 

The rate of W and Z bosons observed by the experiment is proportional to the product of 
production cross section and leptonic branching fraction. The cross sections from Run l A  
are published[2] , and the preliminary mea.<iurements for Run 1 B  are given in Table 1. The 
uncertainties are statistical, systematic, and luminosity, respectively. The largest uncertainty 
on the experimental mea.<iurements comes from the uncertainty on the luminosity, and the largest 
uncertainty on the theoretical predictions is due to the parton distribution functions (pdf's) .  

Electroweak effects can be studied by examining the ratio of u · B for W and Z production: 

Rt = u(pp -+ W -+  £v) = u(pp -+ W) . r(W -+ lv) . _1_ 
u(pp -+ Z -+  f.l) u(pp -+ Z) B(Z -+ f.l) rw 

(1 )  

Rt i s  predicted more precisely than the individual cross sections because many of the QCD 
and parton distribution effects partially cancel. Experimentally, it ha.<i the advantage that the 
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luminosity errors cancel completely and the efficiency errors cancel partially. The preliminary 
measurement from D0 for Run 1B is Rl = 10.32 ± 0.43. With a(W)/a(Z) from theory(3] and 
B(Z) from LEP /SLC[4], Rl can be turned into a measurement of the leptonic branching ratio 
of the W boson: B(W -+ iv) = (10.43 ± 0.44)%. If the SM prediction for r(W -+ iv) is 
assumed as well, then this provides an indirect measurement of the total width of the W boson: 
r(W) = 2.159 ± 0.092 GeV. The SM prediction is r(W) = 2.077 ± 0.014 GeV[5] . 

2.2 W -t  TV 
We study the decay W -+ rv as a test of lepton universality. We use the hadronic decays 
of the r, which are identified by the presence of a.n isolated, narrow jet well within the central 
calorimeter ( 111 1 < 0.9) with Er(jet)> 25 GeV. To select r's from W decays, we require Jh > 25 
GeV. We use the Profile variable to help separate r jets from ·ordinary QCD jets, where the 
definition is Profile=(sum of highest two tower ET)/(cluster ET)· Narrow jets, such a.s those 
coming from hadronic r decays, have most of their energy concentrated in one or two towers of 
the calorimeter, so they will tend to have a value of Profile near unity. The profile distributions 
for the r candidate sample (before the Profile cut) and for a QCD background sample (selected 
with low Jh) a.re shown in Fig. 1. We use the shaded low-Profile region to estimate the remaining 
QCD background. 
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Figure 1: The profile distribution for the r candidate sample (before the profile cut) and for the 
QCD background sample. 

We select the r candidates from a special trigger which wa.s active for only a portion of 
Run lB. The total luminosity for the sample is 16.8 ± 0.9pb-1•  The final data sample contains 
1202 events, with estimated backgrounds of 106 ± 7 ± 5 events from QCD, 81 ± 14 events 
from noisy calorimeter cells, 32 ± 5 events from Z -+ rr, and 3 ± 1 events from W -+ ev. 
The preliminary cross section times branching ratio is a · B(W -+ rv) = 2.38 ± 0.09(stat) ± 
O.lO(syst) ± 0.20(lum)nb. When we compare this with the published D0 value for a ·  B(W -+ 
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ev)(2], we obtain a measurement of the ratio of couplings: g":(' /g";' = 1.00 ± 0.02 ± 0.03. This 
shows good agreement with e-T universality at high energy. 

3 Diboson Production 

An interesting consequence of the non-abelian gauge symmetry SU(2)L x U(l)y is that the 
electroweak gauge bosons should be self-coupling. In particular, the SM predicts non-zero 
trilinear couplings for WW7 and WWZ. It is possible to test these couplings by studying final 
states involving two bosons: W7,Z7,WW,WZ, etc. For SM couplings, the amplitudes from the 
s-channel trilinear diagrams interfere destructively with amplitudes from other u- and t-channel 
diagrams, and the total diboson production rate is near its minimum for the trilinear coupling 
strengths dictated by the SM. For models with non-SM coupling values, this cancellation is 
spoiled, and the coupling constants must be regulated by form factors characterized by a scale 
A in order to preserve unitarity. 

A formalism has been developed to describe the WW 7 and WW Z interactions beyond the 
SM(6] . If Lorentz invariance, C, P, CP invariance and U(l)EM gauge invariance are assumed, 
the most general Lagrangian describing the three boson vertex can be written in terms of the 
couplings gf, 11:v and >.v, where V = 7 or Z. In the SM, gf = 1, 11:-, = t1:z = 1 and >.-, =  >.z = 0. 

A similar formalism is used for ZZ7 and Zn couplings(7]. The parameters hfo, V = Z, 7, 
i = 1 ,  2, 3, 4 represent the anomalous Z7 couplings, and all of them are zero in the SM. As for 
the W couplings, the couplings h; are regulated with form factors, h;(s) = h;o/(l + s/A2)n. 

3.1 w, 

The most abundant diboson final state is W7. We study it in both the ev7 and µv7 channels. In 
addition to the usual W selection, we require a minimum photon ET > 10 GeV and a minimum 
separation between the photon and the lepton, .6.R(£7) = ,).6.¢>(£7)2 + .6.ry(£7)2 > 0.7. Such 
requirements are necessary even in the theoretical predictions in order to avoid infrared and 
collinear divergences from photon radiation from the final state leptons. Figure 2a shows the 
kinematic distributions from the complete run 1 sample of the W 7 candidate events(8, 9] 

The estimated signal in this sample is 84:!:�� ± 9 events. This yields a cross section of 
u(pp ---t W7 + X) = ll .3�l:; ± l .5pb, which is in good agreement with the SM prediction of 
u(pp ---t W 7 + X) = 12.5 ± l.Opb. In order to suppress contributions from radiative W decays, 
we may consider only the events with MT(W 7) > 90 Ge V, for which we obtain a measured cross 
section of u(pp --+ W7 + X) = l .S:!:Z:� ± 0.2 ± O.lpb and a SM prediction of u = 2.3 ± 0.2pb. 

We obtain Limits on the anomalous coupling parameters >. and .6.11: from a fit to the photon 
ET spectrum. The limit contours are shown in Fig. 2b. The limits on the axes are -0.93 < 
.6.11: < 0.94 (>. = 0) and -0.31 < >. < 0.29 (.6.11: = 0). These parameters are related to the 
magnetic dipole and electric quadrupole moments of the W boson as follows: µw = c�i�;:)• 
and Qw = -<;;.>.)e . The point labeled "U(l)EM" shows what would be expected for a particle of w 
unit charge and unit spin without any SU(2) couplings. Also shown are limits from CLEO(lO] 
b --+ s7 measurements. 

3.2 WW/WZ -+ evjj 

We select WW and W Z candidate events by requiring a high-PT isolated electron, missing 
ET, and at least two jets. We enhance the signal by requiring 50 < M(jj) < 110 GeV and 
IPT (jj) - PT(ev)I < 40 GeV. The jet-jet mass window is designed to accept hadronic decays of 
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Figure 2: (a) The kinematic distributions for the total Run 1 D0 W')' sample. The points are 
data, the shaded histograms are background estimates, and the open histograms are the sum of 
background and the SM prediction. (b) 95% CL limits on >. and 6.K. from the W ')' sample. The 
inner ellipse corresponds to one degree of freedom (d.o.f) while the out ellipse corresponds to 
two d.o.f. The bands show the limits obtained by CLEO from b -+ S')' studies. 

W or Z bosons, but the mass resolution is inadequate to distinguish the two. The results from 
Run la are published[ll]. The preliminary sample from Run lb contains 399 events, with total 
estimated background of 388 ± 38 events: 280 ± 36 from QCD W + :'.:'. 2j, 104 ± 12 from QCD 
multijets and 3.7 ± 1 .3 from tt -+ evjjX. The Standard Model predicts 17.5 ± 3.0 WW + WZ 
events in the sample, which is quite consistent with the small excess above background. With 
these statistics we set an upper limit on the production of W pairs: u(pp -+ w+w-X) < 76 
pb, 95% CL. The measured PT spectrum of the leptonically decaying W is shown in Fig. 3. A fit 
to this spectrunl gives the following limits at the 95% CL with A =  2 TeV: -0.43 < 6.K. < 0.59 
(>. = 0), and -0.33 < >. < 0.36 (6.K. = 0) under the assumption of ,,.,., = K.z and >.,., = >.z. 

3.3 WW -t £11£11/ 
The purely leptonic mode for W pair decays has the advantage of much lower background and 
no ambiguity between WW and W Z final states. It has the disadvantage that the rate is much 
lower than the semi-leptonic mode. One event is observed the leptonic mode in Run la[12] , while 
in Run lb we observe 4 events (1 ee, 1 µµ, 2 eµ) with an estimated background of 2.6 ± 0.4 
events. The excess agrees well with the SM prediction of 1.6 ± 0.2 events. Based on the number 
of events observed, we obtain preliminary 95% CL limits (A = 1000 GeV) of J6.1>.I < 1.2 (>. = 0) 
and i >. J  < 1 .0 (6.1>. = 0) and rr(pfi -+ w+w-X) < 41.3 pb. 

3.4 Z1 Production 

At tree level, the SM coupling between the Z boson and the photon vanishes. Therefore, 
observed Z1 events should result from either initial state radiation or anomalous Z1 couplings. 
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Figure 3: The PT(e11) spectrum in the WW/WZ --+ e11jj sample. The points are the data, the 
solid histogram is the SM prediction, and the hatched histogram is the sum of the SM prediction 
and the background estimate. 

Events of the type e+e-1 can also result from radiative decays of Z bosons. The production 
of Z1 events is studied with the final states ee1, µµ/ and 11111. The results from Run la 
are published[l3, 14] . Preliminary results for Run lb are available in the ee1 channel. With 
a minimum photon Er of 10 GeV, 14 events are observed, with an estimated background of 
1 .8 ± 0.5 events. The background is dominated by eej and jjj events with jets faking photons 
and electrons. The SM prediction of 12 ± 1 events is in good agreement with the number 
observed. We use a fit to the Er spectrum of the photons to obtain limits on the anomalous 
parameters h;o. 
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Figure 4: 95% CL limit contours on Z1 anomalous coupling para.meters. 

The most sensitive limits come from the Z1 --+ 11111 channel[14]. In this channel, we require 
a single photon with an Er of at least 40 GeV and 40 GeV of missing Er. Additional cuts on 
the calorimeter shower projection help to suppress background from muon bremsstrahlung. A 
total of four events survive the cuts, with an estimated background of 5.8 ± LO events. The SM 
predicts 1.8 ± 0.3 events in this sample. We obtain the anomalous coupling limits from a fit to 
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that measured from the recoiling hadrons. The remaining uncertainty in the hadronic scale 
contributes an uncertainty of 20 MeV to Mw. 

The transverse momentum spectrum with which the W bosons are produced influences the Pr 
spectrum and also (at second order) the MT spectrum. We model the p':f distribution according 
to the calculation of Ladinsky and Yuan[18] after we tune it to reproduce the observed pf 
spectrum. We allow the phenomenological parameter g2 (common to the p':f and pf calculations) 
to vary over the range allowed by the Z data, and this gives small variations in the measured 
value of Mw: ±5 MeV (±28 MeV) for the MT (p1-) fit. 

The preliminary result from the fit to MT in the Run 1B data is Mw = 80.45 ± 0.07(Wstat) 
±0.065(Zstat) ± 0.07(syst) GeV. The fit to Pr gives good agreement: Mw = 80.49 ± 0.09(Wstat) 
±0.065(Zstat) ± 0.08(syst) GeV. We use the MT fit as the result since it has the smaller uncer
tainty. The breakdown of the contributions to the uncertainties are given in Table 4. 

Table 2: The uncertainties in the preliminary Run 1 b W boson mass measurement. 

Source 

W statistics 
Z statistics 
total stat 
Systematic 

Calorimeter Linearity 
Calorimeter Uniformity 
z calibration 
Electron Resolution 
Lepton Removal 
Selection Bias 
Recoil Resolution 
Recoil Response 
QCD background 
Z Background 
W Width 
Parton Luminosity 
PDF 
W PT 
Radiative Decays 

Total 

8Mw (MeV) 
MT fit 

69 
65 
95 
70 
20 
10 
28 
23 
16 

-

33 
20 
1 1  
5 
9 
10 
21 
5 
20 
1 18 

PT fit 
86 
65 
108 
79 
20 
10 
28 
14 
16 
9 
9 
16 
16 
8 
7 
10 
48 
28 
20 
134 

We also explore a technique of measuring the W mass from the ratio of transverse masses 
of the W anp. Z events. For this study, we remove one of the leptons from each Z event, 
thus simulating a neutrino. We scale the resulting Mf. distributions until it matches the Mf 
distribution (after correcting for differences introduced by acceptance and resolution). The 
preliminary result of this transverse mass ratio measurement is Mw = 80.16± 0.36 ± 0.075 GeV 
for the Run la  data. The large statistical error results from the small statistics of the Z sample, 
and this technique does not presently compete with the more traditional fitting methods. The 
systematic uncertainty is small, however, and this technique will be an important tool in future 
high-luminosity runs. 
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We combine the two DQ) measurements, Mw(RunlA) = 80.35 ± 0.21 (stat) ±0. 17(syst) GeV 
and Mw(fumlB) = 80.45 ± O.IO(stat) ± 0.70(syst) GeV (preliminary) with careful attention to 
common systematic errors. The result is 

. Mw = 80.44 ± 0.11  GeV (preliminary) 
These values are compared with other measurements of Mw[19, 20, 21 ,  22, 23, 24] in Fig. 6a. 

D0.also measures the mass of the top quark[25], and together with the W mass measurement 
this can be compared to the predictions of the Standard Model. Figure 6b shows the DQ) mass 
measurements compared to the SM predictions[26] for different values of the Higgs boson mass. 
The measurements are in excellent agreement with the model for relatively light Higgs ma.Sses, 
but the uncertainties are not yet small enough to exclude large Higgs masses. 
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Figure 6: (a) Comparison of current measurements of the W boson mass. (b) Comparison of 
D0 Mw and Mtop measurements with predictions of the minimal Standard Model. The width of 
the bands indicate the uncertainties in the predictions which arise primarily from uncertainties 
in CkEM· 

5 Conclusions 

Wiih a sample of approximately 105 W events and 104 Z events from Run 1 of the Tevatron, 
D0 makes precise mea.Surements of couplings and masses which test the Standard Model. No 
significant deviations from the Standard Model are seen at this time. The next run of the 
Tevatron is expected to provide a factor of 20 in integrated luminosity, and even more precise 
tests will be possible. 

We thank the staffs at Fermilab and the collaborating institutions for their contributions to 
the success of this work, and acknowledge support from the funding agencies in the U.S.,  France, 
Russia, Brazil, India, Colombia, Mexico, Korea and Argentina. 
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the photon ET spectrum. The limit contours from D0 and other experiments[l5, 16) are shown 
in Fig. 4. The VV"f limits only use the la data at present, but they give the strongest limits 
now available. The combined limits ( eq ,µµ"( ,VV"f) from Run la only are lh:O-Y I < 0.44, 0.45 and 

lh:o-Y I < 0.06, where a value of /\. =  750 GeV is used and the couplings are varied one at a time. 
These are tighter than those shown in Fig. 4 because of the different value of /\. used. 

4 The W Mass 

� g 5 � 700 �1200 ] 600 1,� 
� $()() g 
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•so o.z5· 30 35 40 so SS 
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Figure 5:  The fit to the (a) transverse mass spectrum and (b) electron transverse momentum 
spectrum for the Run lb W mass sample. The points are the data and the histogram shows the 
fit. The fit is performed over the range 60 GeV < MT <  90 GeV and 30 GeV < PT <  50 GeV. 
The dashed curves show the estimated background. 

The W mass measurement is the most precise electroweak measurement from the hadron col
liders. We fit the MT and the PT spectra of the W bosons to simulated spectra generated with 
different W masses, where M.f = 2pTpT(l - cos !:..¢.") .  We study the systematic effects with 
data and Monte Carlo, with the Z -+ ee sample playing an essential role in constraining the 
systematic uncertainties. 

The D0 data. from Run la. yield a mass measurement of Mw = 80.35±0.14(stat)±0.165(syst) 
±0.16(scale) GeV [17] from the MT fit. A new preliminary measurement is made from the Run 
1 b W -+ ev sample. (The W mass results described here are an update with respect to what 
was presented at this meeting.) We select a total of 28323 W -+ ev candidates from the Run 
lb data. In addition to the Ef and Jtr cuts, we require that p':f < 15 GeV. The primary result 
comes from a fit to the Run lb transverse mass spectrum, shown in Fig. 5a. A fit to the PT 
spectrum (Fig. 5b) gives a similar results with somewhat larger uncertainties. 

The energy calibration of the calorimeter is critical for this measurement. We use a combin
ation of Z -+  ee, J/ef; -+ ee and w0 -+ 'Y'Y events to constraint the electromagnetic response of 
the calorimeter. The calorimeter response is modeled as Em••• = aEtrue + o, and the parameters 
are determined to be a =  0.95372 ± 0.00091 and o = -0.16 :!:8:gi GeV. The Z decays, with very 
similar kinematics to the W decays, give the most important contribution to the calibration, 
and the uncertainty on the W mass due to Z statistics is 65 MeV. 

Since the transverse mass calculation requires the missing ET, which in turn relies on the 
measurement of the momentum of the hadrons recoiling against the W boson, the calibration 
of the hadronic calorimeter response is also important. We calibrate the hadronic response 
of the calorimeter with Z -+ ee events by comparing the PT measured from the electrons to 

1 25 



References 

[1] S. Aha.chi, et al. (D0 Collaboration) ,  Nucl. Instr. Meth. A338, 185 

[2) S. Aha.chi, et al. (D0 Collaboration) ,  Phys. Rev. Lett . 75, 1456 (1995). 

[3] R. Hamberg, W.L. van Neerven and T. Matsuura, Nucl. Phys. B359, 343 (1991) ;  W.L. van 
Neerven and E.B. Zijlstra, Nucl. Phys. 382, 1 1  ( 1992). 

[4] Particle Data Group, L .  Montanet et al. , Phys. Rev. 050, 1 173 (1994). 

[5) J.L. Rosner, M.P. Worah and T. Takeuchi, Phys. Rev. D49, 1363 ( 1994). 

[6) K. Hagiwara, R.D. Peccei, D. Zeppenfeld, and K. Hikasa, Nucl. Phys. B274, 253 ( 1987); 
U. Baur and D. Zeppenfeld, Phys. Lett. B201, 383 ( 1988). 

[7) K. Hagiwara, et al., Nucl. Phys. B282, 253 (1987). 

[8) S. Abachi, et al. (D0 Collaboration), Phys. Rev. Lett. 75, 1034 (1995). 

[9) S. Abachi, et al. (D0 Collaboration), Phys. Rev. Lett. 78, 3634 (1997). 

[10) M.S. Alam, et al. (CLEO Collaboration), Phys. Rev. Lett. 74, 2885 ( 1995). 

[11 ]  S .  Abachi, et al. (D0 Collaboration), Phys. Rev. Lett. 77, 3303 (1996). 

[12) S. Abachi, et al. (D0 Collaboration), Phys. Rev. Lett. 75, 1023 (1995). 

[13] S. Abachi, et al. (D0 Collaboration) ,  Phys. Rev. Lett. 75, 1028 (1995). 

[14] S .  Abachi, et al. (D0 Collaboration), Phys. Rev. Lett. 78, 3640 (1995). 

[15) F. Abe, et al. (CDF Collaboration) ,  Phys. Rev. Lett. 74, 1941 (1995). 

[16] M.  Acciarri, et al. (L3 Collaboration), Phys. Lett. B346, 190 (1995). 

[17] S. Abachi, et al. (D0 Collaboration), Phys. Rev. Lett. 77, 3309 (1996). 

[18) G.  Ladinsky and C.-P. Yuan, Phys. Rev. D 50, 4239 ( 1994). 

[19] F. Abe, et al. (CDF Collaboration) ,  Phys. Rev. Lett. 65, 2243 (1990); F. Abe, et al. (CDF 
Collaboration) ,  Phys. Rev. D43, 2070 ( 1991); 

[20) J. Alitti et al. (UA2 Collaboration) ,  Phys. Lett. B276, 354 (1992). 

[21] F. Abe, et al. (CDF Collaboration) ,  Phys. Rev. Lett. 75, 1 1  (1995); F. Abe, et al. (CDF 
Collaboration), Phys. Rev. D52, 4784 (1995). 

[22) For new CDF W mass reported at this conference, see contribution from A. Gordon. 

[23) For direct measurements of Mw at LEP2 reported at this conference, see contributions 
from A. Valassi and M .  Thompson. 

[24) For indirect measurements of Mw from fits to EW data reported at this conference, see 
contribution from A. Boehm. 

[25] S. Abachi, et al. (D0 Collaboration), FERMILAB-PUB-97 /059-E, March, 1997, submitted 
to Phys. Rev. Lett. 

[26) F. Halzen and B.A. Kniehl, Nucl. Phys. B353, 567 ( 1991). 

1 26 


