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Abstract

J

The charge asymmetry as a function of lepton rapidity, 4(y;), has been measured at /s = 1.8 TeV
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for |yi] < 1.8, using the W decays to e by CDF during the 1992-
of the Tevatron Collider. Compared to 988-89 run, the increase in luminosity and
detector improvements have lead to a six fold increase in statistics making discrimination between
sets of parton distributions possible. Our data favors the most recent parton distributions and
demonstrates the value of collider data in the measurement of the proton’s structure. We also
present here a search for an additional neutral heavy boson, Z’, in the dielectron decay mode.
The observed dielectron invariant mass spectrum is in good agreement with that expected from
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production cross section times the branching ratio for a Z’ decaying into electron pairs as a function
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of the dielectron invariant mass. We also set a 95% confidence level lower bound on the mass of

the Z’ to be 495 GeV/c? assuming standard coupling strengths.

1. Introduction
The CDF collaboration has collected ap-

proximately 20 pb~! data during the 1992-93
running period. Using the data, we report
here on a result of the W charge asymmetry

qfndv and a

a search for direct production of

heavy neutral gauge bosons in the ee mode.

A detailed description of the Collider De-
tector at Fermilab (CDF) may be found else-
where [1]; the components relevant for this
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a coordinate system with z along the proton
beam, azimuthal angle ¢, polar angle 8, and
pseudorapidity 7 = —Intan(8/2). A central
tracking chamber (CTC) measures charged
particle momenta for |p| < 1.2. Scintillator-

based electromagnetlc (EM) and hadronic
ITATYY ~nl-.2 Al cidond et
\1Aau) calorimeters lll Lilc Ccenvral region
(In] < 1.1) are arranged in projective tow-

ers of size An x A¢ =~ 0.1 x 0.26. Gas-based

calorimeters cover the plug (1.1 < || < 2.4)
and forward (2.4 < |g| < 4.2) regions.
ral electrom as'ﬂeu\, auip \.ua.xubtua

multiwire proportional chambers
embedded inside the central EM calorimeter
near shower maximum. Qutside the central

calorimeters, the region |p| < 0.63 is instru-
of drift chamhbers
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for muon detection.

2. W Charge Asymmetry

W* (W~) bosons are produced in pp col-
lisions primarily by the annihilation of u (d)
quarks from the proton and d (u) quarks
from the antiproton. Because the u quark
tends to carry a larger fraction of the pro-

ton’s momentum than the d quark the W+
(W) tends to be boosted in the proton (an-
tiproton) direction. The charge asymmetry

in the production of W’s, as a function of ra-



p1d1ty, is therefore related to the difference
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M32,) and low z (0.007 < z < 0.24).
The Drell-Yan events are easily recon-
structed from the measured properties of
the decay leptons. However, the W de-

cay involves a neutrino. whose longitudinal
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momentum is undetermined. Therefore the
quantity measured is the charge asymmetry
of the decay leptons, which has an added
contribution due to the V-A decay of the
W. This portion of the asymmetry has been
well measured by muon decay experiments;
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tribute any deviations (between prediction
and measurement) to the parton distribu-
tions used in the calculations. The asym-
metry is defined as:

-
[+

do* [dy — do~ [ dy (1)
dot /dy, + do- /dy,

Aly) =

where do* (do~) is the cross section for
Wt (W) decay leptons as a function lep-
ton rapidity (positive rapidity is defined in
the proton beam direction) As long as the
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and [~ are equal, this ratio of cross sections

becomes simply the difference in the number
of I* and I~ over the sum. Further, by CP
invariance, the asymmetry at positive eta is

eanal in maarnfudv

equal in magnit nd
that at negative eta, so the value at positive
eta is combined with that at negative eta
reducing the effect of any differences in the
efficiencies for [* and [~.

W candidate events were required to have
missing transverse energy ET > 25G’eV
"""" aft ing for
the muon’s momentum) and lepton trans-
verse energy Er > 25GeV. To further re-
duce QCD background, events with a jet

whose Er exceeded 20GeV were rejected.
s of the backerounds
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and trigger acceptance suggest that system-
atic errors will not impact the measurement

greatly.
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Figure 2: The charge asymmetry of the com-
bined electron and muon data.
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values at positive n are combined with the
opposite asymmetry at negative 7. The level
of agreement between the various detector

types strongly suggests that systematic ef-
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asymmetry in the combined data along with

next-to-leading order (NLO) calculations [2]



made using several sets of parton distribu-
tions. Qur data favors the MRS Dj and
clearly excludes the older MRS E’ distribu-
tion. NLO calculation of MRS D’ and MRS
S{, are also made and their asymmetry pre-
dictions are very similar to that from MRS
Dj and agree well with our data. Already
the asymmetry is showing sensitivity to the
proton’s structure at the level of the deep
inelastic scattering experiments.

The W charge asymmetry is particularly
sensitive to the slope of the d/u ratio versus
z [3], whereas the F}"/F}” measurements
are sensitive to the magnitude of this ratio.
Recently NMC has measured Fi"/F}? [4]
over an z range comparable to that acces-
sible at CDF (though at a very different
Q@?). Their data, after correcting for shad-
owing effects [5, 6], is plotted in figure 3
along with several NLO predictions. Also
shown are the d/u ratios after being shifted
by a constant so they agree with MRS Dj
at ¢ = 0.2. The distributions which pre-
dict the largest difference between the d/u
ratio at small z and that at moderate z,
also predict the largest charge asymmetry.

One sees that even though MRS Dj and

<Q'> = 28 45 76 110 144 20.0 255 30.8 GeV*
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Figure 3: NMC data [4] corrected for shad-
owing effects [5,6] compared to a NLO calcu-
lation of F}'/F} and the d/u ratios (shifted

to agree at # = 0.2) for the same = range.

Statistical errors only. Not corrected for er acceptancs.
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Figure 4: The charge asymmetry with LO
CTEQ2 prediction

CTEQ 1M have very different d/u distribu-
tions (and thus very different charge asym-
metry predictions) the F}”/F}” predictions
are similar. This is because F}™/F3"* ratio is
also sensitive to the differences in the 7 and
d distributions, whereas the A(y;) asymme-
try is not. For example, the CTEQ’s pa-
rameterization of the % and d sea distribu-
tions compensates for their steep d/u ratio
and leads to a prediction for F}™/F}® which
is somewhat consistent with the NMC data
but is less consistent with our A(y,) asym-
metry measurement.

Very recently, the CTEQ group has re-
leased a new set of parton distribution func-
tions (CTEQ2). Preliminary look of the LO
CTEQ?2 prediction with CTEQ1 LO predic-
tion is shown in figure 4. From this plot,
one can not conclude that CTEQ2 calcula-
tion has improved the consistency with our
W asymmetry data. NLO CTEQ2 predic-

tion calculation is in progress.

Since the errors in our data are very much
dominated by the statistical errors, the ex-
pected four times increase in the total lumi-
nosity of the up coming Tevatron collider
run (1b) would cut the existing errors in
half. Therefore, we expect even more accu-



rate measurement of the proton’s structure
from the collider data in near future.

3. Z' Search

Neutral
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ge bosons in ad
Z° are expected in many extensions of the
Standard Model. These models typicaily
specify the strengths of the couplings of the
Z' to quarks and leptons but make no pre-
dictions for the Z’ mass. Previous searches
by CDF in the ee and pup channels have

21d.4 i Voo 13 £ 4L 7/
_yxc;ucu a combined lower limit for the Z

mass of 412 GeV/c? (95% C.L.) (7], assum-
ing the standard coupling strengths. We re-
port on a search by the CDF collaboration
for direct production of Z’, in the ee decay
mode, from 21.4 pb~! of data collected dur-
ing the recent 1992 93 Collider run at Fer-
milab.

The data were collected with a three level
trigger. The first level was satisfied by
any calorimeter tower with transverse en-
ergy (Er) above a set of thresholds individ-
ually specified for the various components
of the calorimeter. The transverse energy is
defined as the energy in a calorimeter cell
times sin(f), where 8 is the angle of the vec-
tor joining the center of the interaction re-
gion and the center of the cell with respect
to the proton direction. The Level 2 trigger
used in this search required a cluster in the
central electromagnetic calorimeter (CEM)
with Er > 9 GeV in coincidence with a track
in the central tracking chambers (CTC) of
transverse momentum {Pr) > 9.2 GeV/c,

ed by the fast tracking proces

ckin
as measured by the fast tracking proces-
sor. The efficiency of the CEM trigger is
measured to be 0.91+0.02 for electrons of
Pr >20 GeV/c, independent of Pr. A soft-
ware Level 3 trigger increased the thresh-
olds to 22 GeV and 13 GeV/c for E7 and
Py respectively. It also required a second
EM cluster of Er > 20 (15) GeV in the
central (plug) calorimeter. The event selec-
tion required a good vertex within + 60 cm

from the center of the interaction region, one
electron candidate in the central calorime-
ter ("tight cut”), and a second electron can-
didate defined with less stringent require-

ments (”1oose cut”\ in the central or nlmr
calonmeters. The ch01ce of cuts reﬂected
the goal of maintaining high efficiency at
large electron energies. Both electrons are
required to have Er > 25 GeV and be in
the fiducial region. Central electron candi-

dates are also required to have an associ-
ated tracl urif}\ Pm > 1? an/r matching
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the calorimeter cluster. Further ”tlght” and
“loose” cuts are listed below:

n_ /D -~ AN ~ 1nn MN_\s
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- Had/Em < .055 + .045*E/100
- IS0 < 0.1

e Central Electron "loose cuts”

— Had/Em < 0.125
- 150<0.2

¢ Plug Electron ”loose cuts”

ation is defined as

B where E{°"¢ is the transverse en-
ergy in a cone of AR < 0.4 around the
electron and Ef is the transverse energy de-
posited by the electron. Had/em is the ratio
of t

ha hads nd elacts atl
o1 uuc LLGULULLJ\» ﬂ-llu CLCD u.uxuu-suc Ul\- cuclslca
in the electron cluster. Since the CTC does
not cover entire plug region, we do not use,
for plug electron candidates, any cuts which
involve tracking information. Instead, we
apply a cut on the x? of the transverse pro-
L3R I ™ 'y
file of the cluster. The cut value was deter-
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Efficiencies of the analysis cuts were de-
termined using a sample of dielectron events



from Z decays, defined as ee pairs se-
lected by electron identification require-
ments which are strict but uncorrelated with
the studied cuts. The total efficiency for
'tight’ cuts in the Central region is 92.3%
+0.8%; for the "loose’ cuts in the Central re-
gion is 94.5% +0.6% and 95.5% +0.6% the
Plug region.

The invariant mass distribution of ee pairs
for Mee > 40 GeV/c? is shown in Fig. 5.
The final sample consists of 1346 events, of
which 625 have both electrons in the central
calorimeter and 721 have one leg in the cen-
tral and one in the plug calorimeter. The
largest mass event is at 320 GeV/c?.
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Figure 5: Invariant mass distribution of di-
electrons.

The geometrical and kinematical accep-
tances of the detector were determined from
samples of Z and Z’ of different masses gen-
erated with a simple Monte Carlo simula-
tion. Electron pairs were generated accord-
ing to the MRS D’ parton distribution func-
tions (p.d.f.). Different sets of p.d.f. are
used to estimate systematic uncertainties
(1.2%) to the acceptance due to this choice.
An uncertainty of 2% from the assumption

of the boson pr distribution in the generator
is estimated by changing that distribution
by £25%. An overall systematic uncertainty
of 10% is derived, including uncertainties
due to detector acceptance, efficiency of the
event selection cuts and luminosity normal-
ization (7%). [11]. For our choice of p.d.f.
the acceptance is 34% at the Z peak and
rises to a roughly constant value of 52% for
Z' masses of 200 GeV or above. As a check,
we calculate Z boson cross section using the
number of observed Z candidate events in
our Z’' search sample and obtained efficien-
cies and acceptance values. We find the Z
cross section to be in very good agreement
with CDF published Z cross section value,
0.209+0.013(stat)+0.017(syst) nb. This is
measured from the dielectron decay mode
of Z bosons [9]. In the high invariant mass
region where we are searching for Z’, the
major background is coming from the Drell-
Yan process. We have estimated numbers of
events we expect from the Drell-Yan process
normalizing to 21.4 pb~! of integrated lumi-
nosity. We expect approximately 1 event
with dielectron invariant mass above 250
GeV/c? and 0.5 event above 300 GeV/c%.
We observe one event in this region with a
mass of 320 GeV/c? in good agreement with
the Drell-Yan expectations.

To obtain a limit on o(Z’) - B,,, we fit the
observed dielectron invariant-mass distribu-
tion to a superposition of predicted distri-
butions from the Standard Model Drell-Yan
process and Z’ production of a given mass
using a binned maximum-likelihood method
[10]. The fit is repeated for a variety of Z’
masses in the range 100 - 600 GeV/c?. SM
couplings are assumed in generating the Z’
events and the Z’ width is set equal to the
Z° width scaled by a factor Mz /Mz.. To
calculate the branching ratio to dielectrons
we have assumed a top mass of 150 GeV/c2.
For each Z’ mass considered, the systematic
uncertainties discussed above are numeri-



cally folded into the likelihood function [10].
The 95% C.L. upper limit on o(Z’)-B(Z' —
ee) is shown in Fig. 6. Assuming SM cou-
plings, we determine a lower mass limit of
Z' to be 495 GeV/c?. Although we have
assumed the standard coupling strengths to
derive 95% C.L. o(Z’) - B limit curve as a
function of dielectron mass, as shown in ref-
erence (7] we can use this curve to compare
to a wide variety of the theoretical Z’ model
predictions. Figure 7 shows our 95% C.L.
limit curve (solid line) along with predic-
tions from four popular Eg¢ models (dashed
lines)[12]. In each plot the upper dashed
curve corresponds to the model’s prediction
for Z' decaying only to known fermions; the
lower dashed curve is the expectation for Z’
decaying to all known fermions, supersym-
metric s-fermions, and exotic fermions that
occur in the representations of the model.

T
y
CDF PRELIMINARY

N predicted
N

-
o
-

pawmd vy

10()l - 200l = 300 400 = 1500‘ = A000
Z' Mass (GeV/c?)

Figure 6: The 95% C.L. limit on o(Z’) - B,
for Z' production. The points on the lines
represent the set of Mz values at which the
fits are performed. The dashed line is the
prediction of o(Z’) - B, assuming SM cou-
plings
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