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Abstract 
A preliminary measurement of the properties of W and 2 production along with 

accompanying jets has been made in ijp collisions at 1.8 TeV using the CDF detector 
at Fermilab. Distributions of jet multiplicity, and boson ET, with and without selec- 
tion on jet multiplicity, were obtained. Agreement was found with perturb&w QCD 
predictions. 

Introduction 

The production of W and Z boaons, along with hard jets, in pp collisions provides a 
quantitative test of perturbative QCD. In addition, such events can show contributions from 
new physics such as heavy quark or Higgs particle decays. The recent CDF run, at Tevatron 
energy and with integrated luminosity of 4.4 pb-‘, provided a sample of W,Z events with 
larger statistics than has been available before. Results are shown for the boaon decays 
W + e v and 2 + e+e-. 

The data was taken in the CDF detector (11. Important parts of the detector for this 
analysis were: scintillation counter planes (BBC) upstream and downstream of the inter- 
action region which were used to record interactions in the trigger and as a monitor of fip 
luminosity; vertex time projection chambers (VTPC) around the interaction region which 
were used to determine the z coordinate of the collision; central tracking drift chamber 
(CTC) and axial magnetic field; Plectromagnetic and hadron calorimeters which covered 
polar angles to within 2’ of the beam pipe; proportional chambers with wire and strip 
readout embedded in the EM calorimetry to give accurate EM shower positions. 

Readout of data was triggered l~v a particle in one side of the BBC counters, by EM 
clusters in the calorimetry with ET above 12 GeV, an associated track momentum above 6 
GeV/c, and a ratio of transverse energy in hadron and EM parts of the cluster less than 
0.125. The events were also filtered hv an onliie farm of microprocessors which tested 
shower shape inter &a. About 4500 W calididates were collected and 350 Z candidates. 

Energy scales of the detector component,s were calibrated with test beam data and with 
the mass peaks from K,O - rr+n -. J g L’ . p+p-, and T + p+p- [Z]. Calorimeter energies 
were compared to track data, and dijpt ET balancing was used to compare calorimeters at 
different polar angles. 
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Analysis and Results 
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Figure 1: Inclusive pi spectra for (a) W and (b) 2 events. The solid line is the theoretical 
calculation of Bawa et al., and Martin et al.181 

Stringent cuts were made for one central electron in all events[4]. These cuts included 
ET> 20 GeV, isolation of the EM cluster, shower shape tests, match of cluster end track 
momenta and of positions to a few cm, and fiducial cuts to avoid cracks and bad towers in 
calorimetry. 

Hadron clusters were found in the calorimetry with a fixed cone size of 0.7 in q-.$ space 
[5]; these jets were required to have ET> 10 GeV. From calorimeter responses to individual 
particles in test beam data, and from Monte Carlo simulation of jet fragmentation and 
detector responses, a correction was applied to jet energies [5]. At low jet energies this is 
strong correction, e.g. 10 GeV after correction becomes 15 GeV. 

The missing ET in the W events was required to be > 20 GeV and large compared to 
its expected fluctuation. In order to apply calorimeter energy corrections, the ET sum over 
all towers was separat,ed into 3 components: electron cluster, jet clusters, and underlying 
event contribution from the rest of the calorimeter towers. Jets were corrected as above, 
and the underlying event multiplied by 1.2, a factor derived from analysis of the underlying 
event contribution in Z events. 

The W was identified by calculating the transverse mass of electron and missing ET, and 
requiring this mass 2 40 GeV/c* 131. For the Z, tbe second electron passed less stringent 
cuts and was also allowed up to / ‘I 1 < 2.2; the cut on the mass of two electrons was 75 
through 105 GeV/c’. After these cuts and those discussed above, 2685 W events remained 
and 220 2 events. 

The inclusive distributions of pi of both W and Z are shown in Figure 1. These plots 
show shape only and have a background in the mass cuts estimated to be 4% not yet 
subtracted. The W distribution is expected to have a background which could reach 20% 
at pi above 80 GeV/c, and the effects of “smearing” caused by calorimeter resolution 



have not yet been unfolded; this smearing could change the W distribution by 15% at pi 
above 80 GeV/c. The data points are corrected for acceptance and efficiency. The W and Z 
diatributiona are very similar and are compared to a” o(of) QCD calculation [8] which used 
the MRSB parton distribution. At this stage of the data, agreement is quite acceptable. 

The fraction of W or Z events with n jets, where n=0,1,2,3,4, is shown in Figure 2. 
Again W and ‘2 distributions are very similar and the relation (u”/ao) 2 (al/c%)” [IO] 
is approximately satisfied. Comparison is made to a QCD calculation with up to 3 jets 
[9] with parton ET above 15 GeV, and to a Monte Carlo event generator [7] which gives 
up to 2 jets. This latter comparison used ISAJET for fragmentation and underlying event 
simulation [6], and used the CDF detector simulation; generated events were passed through 
the data analysis chain and the plots normalized by luminosity. Both predictions agree with 
the data. 

Figure 3 investigates the agreement, between data and perturb&iv= QCD in more detail 
by showing the pi distribution for W bosons in events with 1 and 2 accompanying jets. The 
QCD model compared is again the PAPAGENO/ISAJET/CDFSIM chain and comparison 
and cuts are made in uncorrected pi. 

I” summary, perturbative QCD predictions for the production of W and Z bosom ac- 
companied by jets shows acceptable agreement at this stage of the data. 
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Figure 2: Jet multiplicity distributions for (a) W and (b) 2 events. Comparison is made 
theoretical predictions of Berends et al. 191, and PAPAGENO/ISAJET/CDFSIM [7]. 
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Figure 3: (a) W pi spectrum for IV + l-jet events. (b) W pi spectrum for W t 
events. The solid curves are prpdirtions from PAPAGENO/ISAJET/CDFSIbJ [7]. 
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