
Fermi National Accelerator Laboratory 

FERMIIAB-Conf-94/246-E 

CDF 

Tests of Structure Functions Using Leptons at CDF: 
The Charge Asymmetry in W-Boson Decays 

Pawel DeBarbaro 
The CDF Collaboration 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batavia, Illinois 60510 

University of Rochester 
Rochester, NY 14627 

August 1994 

Proceedings of the Eighth Meeting of the Division of Particles and Fields of the American Physical Society 
CDPF’941, Albuquerque, NM, August 2-6, 1994. 

0 Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CH03000 with the United States Department of Energy 



Disclaimer 

This report was prepared as an account of work sponsored by an agemy of the United States 
Government. Neither the United States Government nor any agency thereof nor any of 
their employees, makes any warranty,.express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade Ilame, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof The views and opinions of authors expressed herein 
do not necessarily state or reflect those of’ the United States Government or any agency 
thereof. 



CDF/PUB/ELECTROWEAK/PUBLIC/2749 
FERMILAB-CONF-94/246-E 

TESTS OF STRUCTURE FUNCTIONS USING LEPTONS AT CDF: 
THE CHARGE ASYMMETRY IN W-BOSON DECAYS 

PAWEL DE BARBARO * 
Department of Physics and Astronomy, 
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ABSTRACT 

The charge asymmetry of W-bosom produced in pji collisions has been mea- 
sured using 19 039 W -+ ey and W --) pu decays recorded by the CDF 
detector during the 1992-93 Tevatron collider run. The asymmetry is sensitive 
to the slope of the proton’s ~/IA quark distribution ratio down to z < 0.01 at 

Q2 z M&, where nonperturbative QCD effects are minimal. Of recent parton 
distribution functions, those of Martin, Roberts and Stirling are favored over 
those of the CTEQ collaboration. This difference is seen even though both 
sets agree, at the level of the nuclear shadowing corrections, with the recent 
NMC measurements of Fr/F,f’. 

1. Introduction 

W+ (IV-) bosons are produced in @ collisions primarily by the annihilation of u 
(d) quarks from the p with 2 (a) q uarks from the p. Because the u quark tends to carry 
a larger fraction of the proton’s momentum than the d quark, the W+ (IV’) tends to 
be boosted in the p (3) direction. The resulting charge asymmetry in the production of 
W’s, as a function of rapidity, is related to the slope of the d(z)/u(z) quark distribution 
ratio at low z (0.007 < x < 0.24) and Q2 z M&. At these high Q2, nonperturbative 
effects are minimal. This measurement complements the FT/FZp measured via deep 
inelastic scattering (DIS). 

In this communication, the W charge asymmetry analysis from the 1992-93 data 
is presented. Relative to the 1988-89 data analysis, * there is a seven fold increase in 
statistics from detector improvements and a luminosity of w 20pb-*. 

2. Charged lepton asymmetry in W Boson Decays 

The W-bosons are identified by their W -+ ev and W -+ /.LU decays. At the 
Tevatron (4 = 1.8 TeV), the longitudinal momentum of the neutrino cannot be re- 
constructed. Since the W* rapidity is indeterminate, the charge asymmetry of the 
decay leptons is measured: 

/+) = d”(l+)/d’lr - d”(r-)/dq 

du(l+)/dq + da(l-)/dq 
(1) 

*Representing the CDF Collaboration. 
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where da(Z*)/dv is the cross section for W * decay leptons as a function of lepton 
pseudorapidity, 7.2 (Positive 77 is along the proton beam direction.) As A(q) is a ratio, 
normalization uncertainties in both the theory and the data tend to cancel and this 
simplifies the analysis. 

The asymmetry analysis3 of the 1992-93 data has 19 039 W -+ e,pV events. 
These are obtained by selecting isolated, identified, and well-tracked e’s and p’s with 
transverse energy ET > 25 Gel/ and an event wide missing transverse energy in the 
calorimeter and muon system of J& > 25 GeV. To suppress QCD background, events 
with a jet whose ET > 20 GeV are rejected. As the acceptance and efficiencies for 
detecting E+ and I- are found to be equal, A(q) in this analysis reduces to the difference 
in the number of I+ and Z- over the sum. By utilizing CP invariance, A( +q) = -A( -v), 
data at -r] is combined with that at +v to increase the statistics in r] bins and to 
further reduce the effect of small undetected differences in the efficiencies for I+ and 
I-. Studies of the backgrounds and trigger acceptances indicate that systematic errors 
do not impact the measurement. Systematic errors are negligible relative to statistical 
errors and corrections to the raw measurement are small (5% or less). The asymmetry 
measurement is robust and is shown in Fig. 1. 

3. Comparisons with Predictions 

Predictions of A(v) are from calculations of &(Z*t)/d~ which use next to leading 
order (NLO) QCD partonic cross sections, 4 NLO parton distribution functions (PDF), 
and the well-known, purely leptonic V-A decay of the W. Experimental cuts and detec- 
tor effects3 are also included in the calculations. Figure 1 also shows the asymmetries 
predicted by the most recent PDF’s from Martin, Roberts and Stirling (MRS)’ and the 
CTEQ’ collaboration. Both groups have access to recent DIS results from the CCFR7 
neutrino data, NMC8 muon data, and HERA”” ep collider data. CTEQ2M and MRSH 
are post HERA PDF’s. To quantify the data’s discriminating power to the various pre- 
dictions, Table 1 shows the goodness of fit x2 over Even q bins (0.2 < 1~1 < 1.7) and 
the x2 test of the error weighted mean difference (AA) of the seven data points against 
calculations. 

The DIS FrIFc’ and pp W charge asymmetry (A(q)) measurements provide 
complementary information on the proton structure. A(q) is sensitive to the slope of 
the ~(s)/u(z) ratio” in the x range 0.007 - 0.27, whereas the Ff”[F[’ is sensitive to 
the magnitude of this ratio. F:“/Ft’ is also sensitive to the ;ii; and d sea distributions, 
whereas A(q) is not. Both the MRS and CTEQ NLO predictions on Fr/F:’ agree (at 
the level of the 100% uncertainty in the deuteron shadowing corrections’2v13), with the 
recent NMC’ measurement. What is different is that PDF’s which predict the largest 
difference between the d/u ratio at small x relative to moderate x, also predict the 
largest W charge asymmetries. Thus, the fact that the charge asymmetry discrimi- 
nates between PDF’s which fit the NMC Fl”/Fl measurements demonstrates that 
its sensitivity to the d/u ratio (and not to 5 or d) at very low x is better than that 
of the muon scattering experiments. In addition to having very low systematics, the 
asymmetry data does not have the deuteron shadowing uncertainties, nor is it sensitive 
to any low Q” higher twist corrections. 



ILepton Rapidityf 

Fig. 1. The measured charge asymmetry, and predictions from recent PDF’s. The data are 
fully corrected for trigger efficiencies and backgrounds. Systematic errors are included. 

0.2 < 1771 < 1.7 A 
PDF Set x2 (7 dof) Prob. A7f Prob. 
CTEQ 2M 24. < 0.01 4.6 < 0.01 
CTEQ 2MS 11. 0.15 2.9 < 0.01 
MRS H 1.8 0.97 -0.1 0.96 
MRS D’_ 1.9 0.97 0.5 0.61 
MRS D:, 3.6 0.83 -0.9 0.35 

Table 1. x2 comparisons of the predicted NLO asymmetries for the most recent MRS and 
CTEQ distributions. The comparison of the weighted means (a) is sensitive to systematic 
shifts, and indicates the MRS H distributions fit the asymmetry data best. 
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