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Abstract 

A study has been made of weak boson production with subsequent decays into 
electron(s) in@ collisions at fi = 1.8 TeV using the Collider Detector at Fermilab 
(CDF) for 1988-89 data. Measurements of the ratio ow.B(W + e v)/rsz.B(Z + 
e+e-) and the transverse momentum distributions of the weak bosom, and of as- 
sociated jet production, are presented. These measurements are compared with 
theoretical predictions. 
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1 INTRODUCTION 

The study of weak boson production is of great interest in testing the Standard Model 
(SM): (A) Detailed studies on the properties of weak bosom provide precise tests of the 
Sum @ U(l)r electroweak gauge theory. (B) A quantitative test of perturbative QCD 
can be provided in the production of weak bosons in association with hard QCD jets. 

A data sample with an integrated luminosity of 4.4 pb-r in jfp collisions has 
been accumulated using the Collider Detector at Fermilab (CDF) under the successful 
operation of the Fermilab Tevatron at fi = 1.8 TeV in 1988-89. High statistics of W/Z 
events from the sample allow us to test the electroweak sector and higher order QCD in 
a new kinematic regime. A deviation from the standard prediction can then be pursued, 
i.e. new physics. 

In this paper we present (A) a measurement of the cross section ratio for W -+ e Y 
and 2 --t e+e- and (B) a preliminary study on transverse momentum distributions of 
weak bosons and associated jet production, where the bosons subsequently decay into 
electron(s). 

2 THE CDF EXPERIMENT 

2.1 The CDF Detector 

The CDF detector is a large magnetic spectrometer and is shown in Fig. 1. Detailed 
description of the CDF detector can be found elsewhere [I]. Here the features relevant 
to this data analysis arc summarized. 

Scintillation counter planes on both sides of the interaction region, called the 
beam-beam counter (BBC), covering the pseudorapidity region 3.2 < ] u 1 < 5.9 are 
used in the trigger and also as a monitor of the fip luminosity. 

Vertex Time Projection Chambers (VTPC’ s around the beam pipe are used to ) 
determine the event vertex in Z and covers an angular region ] 71 j s 3. The Central 
Tracking Chamber (CTC), which surrounds the VTPC system and is immersed in a 
1.412 T axial magnetic field, provides three-dimensional tracking and momentum deter- 
mination for charged particles in the region 1 n ] ,$, 1.0 with a resolution of Sp~/p$ = 
0.0011 (GeV/c)-’ with a beam constraint fit [2]. 

The electromagnetic (EM) and hadronic (HAD) calorimeters are arranged in a 
fine grained projective tower geometry covering the polar angles from 2” to 178”. The 
calorimeters are organized into three angular regions: the central region (I 7 / 5 1.1), the 
plug region (1.1 < 1 n I 5 2.4), the forward region (2.4 < I 7 ] 5 4.2). A gas proportional 
chamber (CES) is embedded at a depth of 5.9 Xs in the central EM (CEM) calorimeter 
to give an accurate determination of the shower positions in T .4 (wire readout) and Z 
(strip readout) views in the calorimeter. 
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2.2 The CDF 1988-89 Run 

The Fermilab Tevatron has delivered a total of 9 pb-’ of the integrated luminosity. The 
CDF has collected 4.4 pb-* of data which contains -4,500 candidates of W + e Y and 

-350 candidates of Z --t e+e-. 
The W and Z events used in this analysis were selected from an event sample 

with the inclusive central electron trigger, which is a hardware trigger requiring (a) at 
least one hit by charged particle on each side of BBC system and (b) the presence of at 
least one electron candidate in the central region with a CEM cluster ET 2 12 GeV, the 
associated track momentum pi 2 6 GeV/c, and a ratio of HAD-to-EM energy in the 
cluster 5 0.125. 

2.3 The Detector Calibration 

The calibration of the detector is significant importance in several analyses: the momen- 
tum scale for the CTC, the energy scales for EM and HAD calorimeters. The momen- 
tum scale was checked by studying the mass peaks for Ki -t r+?r-, .I/$ -t p+p-, and 
Y --t n+p- [2,3]. The energy scale calibration for the CEM calorimeter was performed 
using E/p technique [2,3], then the scales for the plug and forward EM calorimeters were 
verified using the Z mass peak for Z + e+e-, where one of electron is in the central 
region. The dijet pi balancing technique provides a verification of the energy scales for 
all HAD calorimeters [4]. 

3 PARTON IDENTIFICATION AT CDF 

Since the identification of electrons, jets (for gluon and quarks), and neutrinos is required 
in this analysis, we summarize the features of the identification variables for electron, 
the identification algorithm and the momentum correction for jet and neutrino. 

3.1 Electron Identification 

The CDF has a nice performance of the electron identification because of a magnetic 
detector. There are the different electron identification variables in the central, plug, 
and forward regions. Those variables are listed below. The cut values of the variables 
for the electron identification in our analyses can be found in tables in Sections 4 and 5. 

3.1.1 Common electron identification variables 

The following two variables are common in the central, plug, and forward regions. 

a Isolation of EM cluster [5]: 

I = C ET(R, < 0.4) - ET(cluster) 
ET(cluster) ’ 
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where C &(R, < 0.4) is the total transverse energy within a cone of radius of 0.4 

centered on the cluster and & = dm. 

l Energy leakage to HAD calorimeter in EM cluster: 

HAD/EM = a, 
EEM 

where EEM (EHAD) is an observed energy in EM (HAD) calorimeter. 

3.1.2 Central electron identification variables 

A nice and detailed description of the identification of the central electrons can be found 
in Ref.[G]. Here the identification variables are listed. 

l Ratio of the calorimeter energy to the matched track momentum: 

E/P 

l Geometrical matching of the shower measured in the CES with track reconstructed 
in the CTC: 

47. ‘d) = (r. ‘+)CES - CT. 4)CTC 
AZ = Z CES - ZCTC 

l x2-analysis of lateral shower shape by looking at the energy sharing between towers 
on 7): 

LSHR 

l x2-analyses of lateral shower shapes on the strip (Z) and wire (T. 4) views by the 
CES: 

1 
&rip) xwire 

3.1.3 Plug electron identification variables 

l Hit occupancy of VTPC wire channels on the road between the vertex position and 
the cluster on the plug calorimeter: 

f = # hit channels 
flat # total channels 

l x2-analysis of lateral shower shape by looking at the energy sharing between towers 
in the 3 by 3 segmentation on 7-4 plane: 
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3.1.4 Forward electron identification variables 

In the forward region, the electron identification is not well established, because there 
is no useful tracking information. Therefore, the EM cluster in this region is examined 
only with the common variables. 

3.2 Jet Identification 

Jets are identified as clusters of energy in the calorimeter with a fixed cone algorithm 
[7], where the cone radius & is taken to be 0.7. Due to the non-linear response of the 
calorimeter for jets (including the effects of crack, magnetic field, and underlying event), 
the cluster energy has to be corrected to get a true parton momentum. It is found for 
example that the observed jet transverse energy ET - J - 10 GeV corresponds roughly to 
the parton transverse momentum $a’” = 15 GeV/c [7]. Such a correction is made 
as a function of the jet energy and the position (7) on the calorimeter. The correction 
performance was checked out using dijet and direct 7 samples [4]. 

3.3 Neutrino Identification 

The presence of a neutrino is inferred by measuring the missing transverse energy (&) 
using the calorimeter. The missing transverse energy is defined as the magnitude of the 
vector sum of transverse energies over all the EM and HAD calorimeter towers in the 
region 1 7 1 5 3.6. Due to shower fluctuation and calorimeter response, the $r resolution 
is -0.6/m where m is the scalar sum of the transverse energy deposited in the 
entire calorimeter. 

Due to the non-linearity of the calorimeter response, the missing energy has to 
also be corrected as well as for jets. The correction is made in conjunction with the jet 
energy correction. A proposed correction is 

,??,v s &-(corrected) = -cJge - C&md?d) - a. ii, 

where ii is the vector sum of transverse energies over all calorimeter towers for underlying 
event. The constant (I is an overall correction of the non-linearity response of the 
calorimeter for the underlying event. The correction factor cr is taken to minimize the 
width of the $r distribution with the jet energy correction (see Section 3.2). Using the 
Z+jet sample, we obtained the correction factor to be 1.2. 

The number 1.2 is slightly different from 1.4 used in W mass analysis [3]. The 
“underlying event” correction in the mass analysis is obtained from “no jet” sample, 
while our weak boson samples contain jets and the present algorithm makes an energy 
correction for jets in part with underlying event. This overcorrects the jet energy, so that 
the underlying event is undercorrected. In this analysis, we take 1.2 to be the correction 
factor for the underlying events. 
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4 CROSS SECTION RATIO FOR W + e Y AND 
2 + e+e- 

A test of the electroweak sector of the SM with the three generations can be made by a 
determination of Iw/Ir, where Iw and rr depend on the top quark mass (M,,). An 
experimental determination of I’w/I’r is equivalent to the measurement of the ratio R 
of W ---t e Y to 2 + e+e- event rates [8]: 

R = m.B(W-+ev) 
oz. B(Z -+ e+e-) 

vw r(w--+ev) rz 
oz r(z + e+e-) ’ G’ 

where I’(W + e y)/I(Z -+ e+e-) and uw/ar are theoretically calculable knowing the 
SM couplings, the parton distributions, and the weak boson masses. Therefore, the 
limit of the top quark mass (M,,) can be extracted. Furthermore, recent precision 
measurement of Tr [9] allow us to measure rw. The previous measurements on R have 
been reported by the UAl and UA2 collaborations at J;; = 630 GeV at the CERN fip 
Collider [lo]. Here our measurement of R at fi = 1.8 TeV [ll] is reported. 

This test of the electroweak model is limited by the following uncertainties: (a) 
The theoretical uncertainty in the calculation of uw/crs is mainly from the light quark 
distributions [12] and the charm quark distribution [13,14]. The uncertainty in R is esti- 
mated to be less than a few percent at fi = 1.8 TeV. (b) The experimental uncertainty 
in the measurement of R is dominated by the number of Z events. With an integrated 
luminosity of order 5 pb-‘, the CDF will be able to measure R to a precision better 
than 10%. Therefore, this is an expected limit from the present experimental result. 

The W and Z events were selected from a common sample, “inclusive central 
electron events”, with at least one well-measured, isolated, high ET (2 20 GeV) electron 
in the central calorimeter. Loose cuts with high efficiency were then applied on the other 
lepton, a neutrino (W decay) or an electron (Z decay). For Z events, the invariant mass 
of the two electrons was required to be between 65 and 115 GeV/cr. It was also required 
that there be no additional cluster with observed ET greater than 10 GeV other than 
electron(s) in the event. This requirement reduces the systematic uncertainties and 
backgrounds in this measurement. There are 1828 events for the W sample and 192 
events for the Z sample. The event selection cuts are summarized in Table 1. 

Using these samples, the ratio R is experimentally obtained from 

R= 
NW AZ E.Z 
-*-.--I 
Nz Aw EW 

where NW (Nz) is the number of W (or Z) events after the background subtraction, Aw 
(AZ) is the acceptance of W (or Z) events with the fiducual cuts and the kinematic cut 
for electron(s), and EW (ex) is the detection efficiency for neutrino (or electron) in W 



(or Z) event. Detailed expression for er/ew is 

CZ fCC . CC1 ’ &Cl - %I) + fCP ’ CC1 ’ EP + fCF EC1 EF 

EW ec1 .C” 

Here fco (fcp or for?) is a fraction of central (plug, or forward) Z’s, The parameters ccl, 
ecs, sp, eF, and E, are the efficiencies for the first central electron (Cl), second central 
electron (C2), plug electron (P), forward electron (F), and neutrino (v). The central 
(plug or forward) Z means central-central (central-plug or central-forward) electrons in 
Z t e+e-. The advantage of this technique is that the uncertainties in the integrated 
luminosity (- 15 %) and the efficiency ear cancel in the ratio R. 

The largest background in the W sample is from electroweak processes: (a) W 
-+ T Y, followed by r + IVY, (b) Z --* e+e-, with the one electron undetected by the 
calorimeter, (c) Z --) r+r-, with subsequent decays into electrons and one of the two 
electrons undetected by the calorimeter. Using the ISAJET Monte Carlo [15] and the 
full CDF detector simulation program (CDFSIM), the background from those processes 
was estimated to be 83 f 8. The other background was estimated to be 18 f 9 events 
from QCD jet production by studying the isolated and non-isolated electrons in the 
data. Those numbers are listed in Table 2. 

On the other hand, the major background in the Z sample was estimated to be 5 
f 3 events from the jet production. For the background due to Z + r+r-, no events were 
satisfied with the Z criteria in a ISAJET/CDFSIM simulation sample corresponding to 
25 pb-‘. The background due to W + l-jet, where the jet could fake the electron, was 
estimated to be 1 f 1 event using PAPAGENO Monte Carlo [16] and CDFSIM. These 
background estimates are also summarized in Table 2. 

The acceptances (Aw and AZ) and the event fractions (f’s) were estimated with 
a MC simulation which generates the bosons from the leading order diagram qp + W(Z) 
using the various structure functions (MRSB, EHLQ, DOl) and a simple parametriaa- 
tion of the boson pr spectrum. The generated events were processed through a simple 
detector simulation program with the measured energy resolutions and the fiducial vol- 
ume of the CDF calorimeter. The efficiency for the neutrino was also estimated by the 
MC simulation. The efficiencies (E’S) for electrons were obtained from the data. The 
results of these estimates are given in Table 2. 

We also take into account two small corrections: (a) The “zero jet” requirement 
is expected to increase R by 0.8% [17], (b) Due to the Drell-Yan continuum under the Z 
mass peak, R must be decreased by 0.5%. Therefore, we multiply R by a factor 0.997. 
The number of R is obtained to be 

R = rw.B(W--+ev) = 
(TZ. B(Z --) e+e-) 

10.2 f 0.8 (stat.) f 0.4 (sys.). 

This is consistent with the SM prediction with heavy top quark (M,, > Mw) and NV = 
3 where a predicted value of R is 10.4 f 0.1 [14]. Using the value of R, sin1 8~ = 0.229 
[la], the predicted value of crw/uz = 3.23 f 0.03 [14], and F(W --f ev)/F(Z --) ee) = 
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2.70 f 0.02 [19], we extract lYw/I?z = 0.85 f 0.08. Using the measured value of I?z = 
2.57 f 0.07 GeV [9], we find 

rw = 2.19 f 0.20 GeV. 

The SM prediction with MW = 80.0 GeV/cr, Q, = 0.13, and A&, 1 MW -Mb is I’w = 
2.07 GeV. 

Figure 2 shows the top quark mass dependence of the ratio l?w/r(W + ev). Our 
measurement shows the ratio to be 9.8 f 0.9. This value excludes Mtop below 41 (35) 
GeV/cr at the 90% (95%) confidence level. This is also consistent with a lower limit of 
77 GeV/cs from the top quark searches in e+jets [20] and e + p [21] channels. 

5 W/Z + JETS 

The production of weak bosons with hadronic jets at fi = 1.8 TeV is an important 
process to provide further tests of perturbative QCD at momentum transfer above the 
reach of the CERN pp Collider. The transverse momentum distribution of weak bosons 
are nice to test the QCD prediction [22,23]. M ore simply, the experimentally observed 
jet multiplicity “n” provides a good test of 0(a:) calculation [24,25]. More importantly, 
a comparison of theoretical and experimental event rates will allow the identification of 
contributions from potential new physics source to the W, Z pair-production channels. 
For example, tt + bsW+W-, where MIT _ > Mw + Mb. In fact the UAl and UA2 
experiments have actually reported several events (W + 2-jet and $r + 2-jet events) 
which could be interpreted as WW, WZ, or ZZ with one boson decaying leptonically, 
one hadronically [26]. Therefore, the interesting quantities will be (1) pr spectra of weak 
bosons (inclusive sample, W + l-jet and W + 2-jet samples), (2) jet multiplicity, (3) 
invariant mass of two primary jets (MJJ) in W + 2 (or 3) jets. 

The W and Z samples for this analysis were selected from the common sample 
of events used in the R measurement and with the same strategy: A well-measured 
high ET (2 20 GeV) electron in the central region and the other lepton (v or e) 
with loose cuts. The selection cuts are given in Table 3. The requiremens for elec- 
trons in this analysis were similar to those in the previous analysis, but were chosen 
with high efficiency for very high ET (- > 100 GeV) electrons which are expected from 
high pr boson events. For the neutrino, a cut for the missing ET significance S = 
& (uncmrected)/~ was required in addition to $r cut to prevent a mismea- 
surement of & by jet energy fluctuation since the events contain jets. The W selec- 
tion was made by requiring the uncorrected transverse mass of electron and neutrino 
MT ’ = 2 . ETe . &(uncorreded) . (1 - cos 4.” ‘) 2 40 GeV. The Z selection was made 

with the invariant mass of two electrons between 75 and 105 GeV/c’ where the sec- 
ond electron was required to be in the central or plug region. Those selection cuts 
leave 2,685 W events and 220 Z events. Figure 3( ) h a s ows the distributions of MT = 

2.ETc.ETv. (1 - cos &,) before and after the W selection cuts. In Fig. 3(a), the 



9 

peaks around W mass (Jacobian peak smeared by the calorimeter resolution) are seen 
for the inclusive W sample (dashed line) and W+jet sample (dotted line). Jets are 
identified as the observed jet pr 2 10 GeV/c in the region ] n 1 5 2.2. We also show 
MT distribution (solid line) of e + Y system without MT ’ and S cuts, but with ET” 2 10 
GeV. Figure 3(b) shows the invariant mass distribution of dielectrons before the mass 
cuts in Z selection. We have estimated the background to be ~4% of those samples. 

The pi distribution for weak boson production is measured with a form 

I 1 da 
---. 
u PT dPT 

In this form, some theoretical and experimental uncertainties (weak couplings, parton 
distribution dependence, luminosity etc.) tend to cancel in the ratio. The weak boson 
pi is calculated as 

flTZ = p;+ + FTC-, 

GTW = p;.c$ZTV. 

The pi distributions from the data and a theoretical prediction are shown in Figs. 4(a) 
and 4(b) for W and Z samples, respectively. The data points are corrected for the 
acceptance and efficiency. The solid curves are a particular theoretical calculation which 
includes a part of the complete 0(af) QCD calculation [22] using the MRSB parton 
distribution. For W sample, the background contamination is estimated to be increased 
to ~20% in the region pTw 2 80 GeV/c. The correction for the spectrum smeared by the 
calorimeter resolution is estimated to be roughly 15% for pTw 2 80 GeV/c. In the figure, 
such corrections are not applied yet because a careful study is underway. However, the 
agreement is still reasonable even if such size of correction is taken into account for the 
data points. A comparison of the data with a complete O(crl) calculation [23] for da/dpT 
is also underway. The result will be reported in the future. 

A characterization of multi-jet events with weak bosons is simply made by looking 
at the jet multiplicity distributions. The fraction of the number of events with n-jets is 
defined as 

where on is the weak boson production cross section with n-jets. We have an expected 
jet multiplicity from QCD calculations which are (i) Berends et al. (up to 3 jets) [24] and 
(ii) PAPAGENO (W + l-jet and W + 2-jet) + CDFSIM. For (i), the theoretical counting 
of jets is made with flton 2 15 GeV/c, which corresponds to 10 GeV in observed 
transverse energy of a cluster on the CDF calorimeter, and the angular separation of 2 
partons AR 1 0.7 on 7-4 plane. There is also a result on the independent calculation 
of the cross sections for weak boson with n-jets (n = O&2,3) [25], which is completely 
in good agreement with the calculation by Berends et al. For (ii), we processed the 
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PAPAGENO events through ISAJET program (fragmentation, underlying event) since 
PAPAGENO is a parton-level event generator. Then the events were simulated with 
CDFSIM and selected with the same cuts as data. The MC events are normalized to data 
by ratio of luminosities for comparison. Such simulated samples are able to be compared 
to the data directly without any energy correction, because CDFSIM reproduces the non- 
linearity response of the calorimeter for jets and underlying event. These two predictions 
are shown with data in Fig. 5(a) for W sample. Figure 5(b) show only Z data, because 
theoretical prediction for Z is very similar to that for W. As seen in Fig. 5, both 
data and thoretical predictions are in good agreement. It is also seen that a very crude 
approximation (an/as) N (ol/oO)n [27] works surprisingly well. 

More interestingly, W+multi-jet data samples are compared with the MC events 
w On PT and MJJ. Figures 6(a) and 6(b) show the distributions of uncorrected pTw for 

W+l-jet and W+2-jet data samples, respectively. The MC predictions (after normal- 
ization by the ratio of luminosities) are also presented. The agreements on the shape 
and the rate are reasonably good within the statistical errors of the data points. The 
distribution of MJJ in the 2( or more)-jet events with the prediction is shown in Fig. 
7. For the mass calculation, the jet energy correction was applied. The data is also in 
agreement with the MC. 

Thus, from our preliminary work, weak boson data is expected as the QCD in 
weak boson pr, jet multiplicity and the two jet invariant mass distributions. 

6 CONCLUSIONS 

Two tests have been made of electroweak sector and QCD of the Standard Model using 
a sample of weak bosons with subsequent decays into electron(s) in pp collisions at fi 
= 1.8 TeV. The measurement of the ratio uw.B(W + ev)/az.B(Z + e+e-) provides a 
test of electroweak sector. The ratio is obtained to be 10.2 f 0.8 (stat.) zt 0.4 (sys.). 
This is consistent with a theoretical prediction with N, = 3 and Mtw 2. Mw. From this 
result, we find I’w = 2.19 rt 0.20 GeV and a lower limit of the top quark mass Mtop 2 
41 (35) GeV/c’ at 90% (95%) CL. The QCD sector is tested by studying pi distribution 
of weak bosons, multiplicity of associated jets (up to 3 jets), and the invariant mass 
spectrum of the associated 2 jets. The preliminary results are in good agreement with 
the QCD calculations. 
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Table 1 Event Selection for (TW.B(Wtev)/az.B(Z~e+e-) 
Analysis 

l Primary event section (I Zvertex 1 5 60 cm) 

l Central electron (I 7j 1 5 1.0) 

- ET 1 20 GeV 

- I 5 0.1 

- HAD/EM 5 0.05 

- A(T .4) 5 2.5 cm, AZ 5 3.0 cm 

- 0.5 5 E/p 5 2.0 

- LSHR 5 0.2 

- &rip < 15 - 
- Fiducial cuts (cracks, bad towers) 

. W’s 

- Central electron 

- & > 20 GeV 

- No additional cluster with observed ET 2 10 GeV other than the electron 

. Z’s 

- Central electron 

- 2nd electron (in central, plug, and forward) with 
ET 2 10 GeV 
I 5 0.2 
HAD/EM < 0.1 
0.5 5 E/p 5 2.0 if central electron; xzx3 5 20 if plug electron 
Fiducial cuts (cracks, bad towers) 

- 65 GeV/ca 5 Mz 5 115 GeV/cs 

- No additional cluster with observed ET 2 10 GeV other than the electrons 



Table 2 Summary of aw.B(W~ev)/aZ.B(Z-te+e-) 
Analysis 

Quantity 

b.ervcd 

Background 

W-tTV 
Z-bet? 
Z-77 
W + EM jet 
QCD b6 
Total background 

NW or Nz 

Acceptance 

Aw or AZ 

Efficiency 

fee 
fCP 

fCF 

Qx 

CC1 

CP 

CF 

-L 

71r 

I 1 

I 

T 

W Events Z Events u 
1626 1 192 

- 0.39 
- 0.47 

0.14 
0.86 i 0.03 0.86 f 0.03 

- 0.96 f 0.02 
- 0.96 f 0.03 
- 0.97 f 0.03 

0.965 f 0.005 

0.63 zt 0.03 0.88 f 0.03 
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Table 3 Event Selection for W/Z + n-jet Analysis 

l Primary event section (I Z,,,tex 1 5 60 cm) 

. central electron (I 7j 1 5 1.0) 

- ET 2 20 GeV 

- I 5 0.1 

- HAD/EM 5 0.055 + 0.045 x EM/100 (0.1 at 100 GeV) 

- A(7 .+) 5 1.5 cm, AZ 5 3.0 cm 

- EJp 5 1.5 or pT 2 20 GeVjc 

- LSHR 5 0.2 

- Fiducial cuts (cracks, bad towers) 

. W’s 

- central electron 

- & 2 20 GeV 

- $T / %m% 2 z-4 

- M~‘>4OGeV,whereMT’= 2~ETe~&~((1-COS$be.,‘) 

- Note above & is uncorrected value 

. Z’s 

- Central electron 

- 2nd electron (in central 01 plug region) 
ET 2 10 GeV 
I 5 0.2 
HAD/EM 5 0.055 + 0.045 x EM/100 (0.1 at 100 GeV) 
LSHR 5 0.2 (central); ,I& < 20, f,,it 2 0.5 (plug) 
Fiducial cuts (cracks, bad towers) 

- 75 GeV/c’ 5 MZ 5 105 GeV/c’ 

l Jets 

- Uncorrected pi 2 10 GeV/c 

- ITjet I L 2.2 
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Figure 1: A cut-away view through the forwardhalfof CDF. The detector is forward-backward 
symmetric about the interaction point. 
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Figure 2: I’w/JI’(W + e v) vs Iv&,. The solid curve is the expectation from the SM with 
Mw = 80.0 GeV/c*, a, = 0.13, and iV, = 3. The data point and 90% (95%) CL lines are also 
shown with the measured value. 
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Figure 3: (a) The transverse mas~ (MT) distributuons for W + ev events before and after 
the W selection cuts. The solid line is for the sample with ET= 2 20 GeV for a well-measured 
central electron and ET” 2 10 GeV. The dashed line is for W sample (see the text for the 
selection cuts). The dotted line is for Wtjet sample with uncorrected pTJ 2 10 GeV/c in 1 7 I 
2 2.2. (b) The invariant mass (M..) distribution for 2 -+ efe- events before the mass cuts. 
See the text for the 2 selection. 
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Figure 4: Inclusive pi spectra for (a) W and (b) 2 events. The correction for the spectrum 
smeared by the calorimeter resolution is not applied yet ( see the text in detail). A theoretical 
prediction [22] is also shown with solid line. 
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Figure 5: Jet multiplicity distributions for (a) W and (b) 2 samples. Two theoretical calcu- 
lations for W are also shown: One is by Berends et al. [24], other by PAPAGENO+CDFSlM. 
Note the prediction for Z is very similar to that for W. 
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Figure 6: (a) W pr spectmn for W + l-jet sample. (b) W pi spectum for W + Z-jet sample. 
The predictions are shown with solid curve from PAPAGENO + CDFSIM with normalization 
by the ratio of luminosities. Note p!j? * 1s uncorrected value on the missing ET. See the text in 
detail. 
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Figure 7: The invariant mass distribution of two jets (MJJ) for W + n (n > 2) jets sample. 
Solid line is the prediction by PAPAGENO + CDFSIM MC simulation with normalization by 
equal area of the distribution. 


