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We present a next-to-leading-order QCD structure-function analysis of deep-inelastic muon and
neutrino scattering data. In particular, we incorporate new F5" /F5? data and take account of a re-
cent reanalysis of SLAC data. The fit is performed simultaneously with next-to-leading-order fits to
recent prompt photon and Drell-Yan data. As a result we are able to place tighter constraints on
the quark and gluon distributions. Two definitive sets of parton distributions are presented accord-
ing to whether the European Muon Collaboration or Bologna-CERN-Dubna-Munich-Saclay Colla-
boration muon data are included in the global fit. Comparisons with distributions obtained in ear-
lier analyses are made and the consistency of data sets is investigated.

I. INTRODUCTION

Predictions for many important processes at hadron
colliders depend on a reliable determination of the parton
distributions. The accumulation of precision data over
recent years now allows these distributions to be deter-
mined much more accurately than before. In particular
high-statistics data are now available, and the next-to-
leading-order QCD corrections are known, for the deep-
inelastic lepton-nucleon scattering processes uN —uX
and vN —uX, for prompt photon production pp —vyX,
and for the Drell-Yan process pN —u*u~X. The vari-
ous processes constrain different combinations of the par-
ton density functions, and, when the data are analyzed
together, a definitive set of parton distributions is ob-
tained, as well as a measurement of Agcp.

As far as the data are concerned, the situation has re-
cently improved radically. First, a recent reanalysis' of
the SLAC deep-inelastic scattering (DIS) data has shed
new light on the disagreement between the European
Muon Collaboration? (EMC) and Bologna-CERN-
Dubna-Munich-Saclay (BCDMS) Collaboration® mea-
surements of the proton structure function F4? obtained
in deep-inelastic muon scattering. Second, improved
measurements of the ratio F4" /F4 have yielded con-
sistent and much more accurate values than before.

In previous analyses of deep-inelastic lepton scattering
data,* we derived sets of parton distributions which we
denoted E and B, respectively, and, in a subsequent
analysis, > we refined these distributions by including data
on prompt photon production and the Drell-Yan process.

The main features of the present analysis are that (i)
the improved understanding of the deep-inelastic struc-
ture functions reduces the uncertainty in the determina-
tion of the quark distributions, and (ii) incorporating the
prompt photon production and Drell-Yan process data in
a systematic way tightly constrains the gluon and the
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sea-quark distributions. In this way, we arrive at sets of
parton distributions which are pinned down much more
precisely than hitherto. Compared with previous analy-
ses, the resulting parton distributions represent a reason-
ably definitive set which accurately reproduce a wide
range of data. As a consequence, many quantities, such
as W, Z, jet, and heavy-quark production at present and
future hadron colliders, can now be predicted with
greater certainty.

II. DATA USED IN THE ANALYSIS

For F4 we use the EMC? and BCDMS® measure-
ments. As is well known, there is a serious disagreement
between the two data sets, as shown in Fig. 1. At small x,
we see that the BCDMS data are some 10-15 % higher.
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FIG. 1. The (Q%averaged) ratio of the F4° structure func-
tions measured by EMC (Ref. 2) and BCDMS (Ref. 3).
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Because of this, it has not been possible to extract a
unique set of parton distributions consistent with both ex-
periments. However, a recent reanalysis of the earlier
SLAC deep-inelastic electron scattering data extends
their previous kinematic range to higher Q2, and into the
region of overlap with the muon scattering data. Con-
sistency between the EMC and SLAC data sets can be
achieved over the whole x range by renormalizing the
EMC data upwards by about 8%. Such a rescaling of the
EMC data is also supported (i) by previous attempts* to
perform a combined analysis of muon and neutrino data
which required a relative rescaling of one of the data sets
by about 10% and (ii) by the overlap of their new low-x,
low-Q? F&P data® with their earlier high-Q2? measure-
ments.

A comparison of the BCDMS and SLAC data is a little
more subtle. The overall normalization is more satisfac-
tory; in fact there is excellent agreement in the mid-x
range. At small x there is some indication that the
BCDMS data need to be decreased by a few percent.
Such a shift would be within the quoted BCDMS normal-
ization uncertainty.> At large x the BCDMS data appear
to be systematically lower than the SLAC data in the
Q2overlap region. However, the high-x, low-Q?
BCDMS data have sizable systematic uncertainties from
the magnetic field and beam calibrations.” Fortunately,
it is precisely this kinematic region that is removed by the
cuts that we impose to minimize the effects of higher-
twist processes (i.e., W2>10 GeV?, Q2> 5 GeV?). (Note
that these cuts are in addition to those imposed in Ref. 3.)

Using the SLAC data normalization as a base, we per-
form a global renormalization of the EMC and BCDMS
data of +8% and —2%, respectively. The effect of the
renormalization is to reduce the discrepancy between the
EMC and BCDMS F# data at low x, but the two data
sets are still mutually inconsistent: the basic difference in
the shape of the structure function is now manifested as a
serious discrepancy at large x. We cannot, therefore,
combine these data but have to perform the analysis us-
ing each F4” data set in turn. Each of the two F4” data
sets is supplemented by the measurements of F4" /F4?
made by EMC,® BCDMS,® and the New Muon Colla-
boration (NMC).!° We denote these two deep-inelastic
uN —uX data sets by DIS(u)g and DIS(p)g, where the
subscript indicates the origin of the F4” data.

For deep-inelastic neutrino scattering, we use the
high-statistics measurements of F, and xF; obtained
by the CERN-Dortmund-Heidelberg-Saclay-Warsaw
(CDHSW) Collaboration,!! with the nuclear structure
functions corrected for the EMC effect. We assume that
xFj is corrected in the same way as F,. We denote these
data by DIS(v).

We use the prompt photon (PP) data of the CERN
WA70 Collaboration'? as representative of the photon
transverse-momentum (p;) distribution in the process
pp—yX. Finally, for the Drell-Yan (DY) process,
pN —utp~X, we fit to the cross section s d%o /dV'rdy
measured recently by the Fermilab E605 Collaboration. '3
Data for these two processes give rather direct informa-
tion on the gluon and sea-quark distributions, respective-
ly, via the dominant QCD subprocesses gg —yq and

9q—v*.

We fit to all the above data sets using the appropriate
next-to-leading-order QCD formulas. All these higher-
order calculations are performed in the modified
minimal-subtraction (MS) renormalization scheme and
s0 Aqcp denotes Ayg (with four flavors). The quark dis-
tributions are defined in the universal MS factorization
scheme. The following parametrization is used to de-
scribe the parton distributions of the proton at
02=03=4 GeV*:

x(uy+dy)=Nygx"(1—x)"(1+y,4x) , (1)
xdy=N,x(1—x)"(1+y %), 2)
2 (T +d+5)= AgxS(1—x)"S 3)
xg=A,(1-x)" @)
where, in the valence-quark distributions g, the

coefficients N, are fixed in terms of the appropriate 7;’s
and y,’s so as to reproduce the flavor content of the pro-
ton. At Q?=Q32 we assume

T=d=72%,

where the fraction of the strange sea is chosen so as to
reproduce the observed ratio of neutrino-induced dimuon
(utp™) to single-muon events.!* [We repeated the
analysis with an SU(3)-symmetric sea (Z=d=%) and
found little sensitivity to the assumption that is made for
the sea.] The charm distribution is generated through
the evolution equations assuming that the charm quark is
massless and that ¢ (x,Q3)=0. This procedure has been
shown!® to give a good description of the measured
charm structure function F§.'® We compare the behav-
ior of the sea-quark distributions, including the heavy
flavor distributions ¢ (x,Q?) and b (x,Q?), in Sec. V. The
coefficient 4, of the gluon distribution is determined by
the momentum sum rule and so, including Ajy, there is a

total of 11 free parameters to be determined by the data.

III. COMBINED FIT TO THE DEEP-INELASTIC
SCATTERING DATA AND PROMPT PHOTON DATA

As is well known, the deep-inelastic data on their own
do not determine the gluon distribution very well. Large
variations of g (x,Q?) can be compensated by small varia-
tions of the quark distributions and of Ay, viz., larger 7,
(a softer gluon) correlates with smaller Ayz. Although

the gluon is not well constrained by deep-inelastic lepton
scattering data, these data do determine the quark distri-
butions.

The ambiguity in the form of the gluon distribution is
considerably reduced if data on prompt photon produc-
tion are included in the fits.!” In the description of the
process pp—vyX (unlike that of deep-inelastic lepton
scattering), the gluon enters directly at leading order via
the dominant QCD subprocess gg—7yq. Data for the
process pp —v X, therefore, provide a direct measure of
the gluon distribution.

To construct the x? contour plots shown in Figs.
2(a)-2(d), we first perform fits to all the deep-inelastic
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scattering data for different fixed values of Agg and Mg»
and produce an optimal set of parton distributions for
each point in the 7,-Ayz plane. These parton distribu-
tions are then used to predict the prompt photon produc-
tion cross section as a function of p;. The calculation of
the prompt photon cross section is performed beyond
leading order using the principle of minimum sensitivity
to determine the optimized factorization and renormal-
ization scales as described in Ref. 18. Figures 2(a) and
2(b) show, in terms of contours of constant )(2, the quality

(a) WA70  (EMC partons)

(c) DIS(p)e + DIS(v)+WAT0

of the fit to the WA70 photon data'? as a function of 7,
and Aggg. These data clearly favor a value of 7, in the re-
gion 4517, S5, but do not constrain Agg very strongly.
However, if we combine these x? values (giving the quali-
ty of the description of the prompt photon data)
with those obtained in the original fits to the DIS(u)
+DIS(v) data then we obtain the contour plots shown in
Figs. 2(c) and 2(d) and we see that Ayg is better deter-
mined. The values of 7, and Ay at the minimum value
of x? are

(b) WA70

(BCDMS partons)

(d) DIS(W)g+ DIS(v) + WAT0

I
125 175 225 275
A—(MeV)
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FIG. 2. (a) and (b) show contours of constant y? (with 3 unit spacing) in the 71.-Asss plane, where y? simply measures the quality of
the prediction for the WA70 prompt photon data by the various sets of parton distributions obtained in fitting to the
DIS(u)+DIS(v) data, incorporating (a) EMC or (b) BCDMS F4” measurements. The statistical and systematic errors on the WA70
data have been combined in quadrature. The y? contour plots (c) and (d) show the quality of the simultaneous description of the
DIS(u)+DIS(v) and prompt photon data. The optimum overall description is obtained for the values of 7, and Ayg shown as the
solid dots in (c) and (d); the columns denoted by A in Table I list the corresponding values of the parameters and the contributions to

the total y? from the various data sets.
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ng=4.4, Agys=100+£20 MeV

[DIS(u)g+ DIS(v)+prompt photon] ,
(5)

Ny =35.1, Aj=190120 MeV
[DIS(u)g+ DIS(v)+prompt photon] ,

where the errors on the Ayg values represent the change
which corresponds to an increase in y? of approximately
one unit from the minimum value. The details of these

optimum fits are listed in Table I in the columns marked
A.

IV. INCLUSION OF DRELL-YAN DATA

Next, we study the constraints that are imposed on the
parton distributions by Drell-Yan data. The cross sec-
tion for producing a u* .~ pair of invariant mass M and

rapidity y in pp collisions of energy V's is
do 8ma? 2
——=—K(y,M
aM dy  oms XM
X (3 elq(x,MH)g(x;,MP)+(gg) |,  (6)
q
where x, ,=V're*” with V'7=M /V's. The form of this

cross section shows that the dimuon distribution is

TABLE I. In the upper portion of the table, we list the parameter values of the parton distributions
and, in the lower portion, the contributions to the total y? arising from the individual data sets of the
optimum fits described in the text. The fits corresponding to the two columns denoted by A do not in-
clude the Drell-Yan data; the y? values shown in brackets are obtained by taking K opt = 1.06 and 0.96
for EMC and BCDMS, respectively. For convenience, we also list the values of N, Ny, and 4, which
are determined by the 11 parameters of the fit and the percentage of the proton’s total momentum car-
ried by each type of parton at Q=023 =4 GeV2 Our final optimum HMRS(E) and HMRS(B) parton
distributions correspond to the two columns denoted by B, and the description of the data is shown, re-
spectively, by the continuous and dashed curves in Figs. 5-10. PP denotes prompt photon.

With EMC With BCDMS
+PP +DY +PP +DY
A B A B
e 4.4 44 5.1 5.1
A 100 100 190 190
m 0.357 0.352 0.224 0.237
7, 4.07 4.08 4.06 4.07
Vud 10.0 10.6 26.6 23.8
73 0.608 0.607 0411 0.426
N4 4.82 4.83 4.81 4.82
Ya 1.13 1.26 7.05 6.32
Ag 3.22 4.50 5.35 5.25
Os 0.270 0.359 0.404 0.401
Ns 9.45 10.5 9.87 9.75
N 1.264 1216 0.4893 0.5469
N, 1.754 1.735 0.6384 0.6957
A, 2.614 2.622 2.856 2.855
P(uy) 26.4% 26.5% 26.2% 26.2%
P(dy,) 10.6% 10.7% 10.7% 10.7%
P(S) 14.5% 14.2% 16.2% 16.3%
P(g) 48.4% 48.5% 46.8% 46.8%
Data No. of points x? values

F4 (EMC,BCDMS) [88,142] 58.1 58.6 163.8 163.8
F; (CDHSW) [84] 27.0 25.8 52.9 54.6
xFy (CDHSW) [94] 71.3 73.0 116.3 115.4
Fy" /F5P (BCDMS) [11] 5.9 6.2 9.2 8.7
F4" /F8° (EMC) [10] 4.1 4.1 2.9 2.8
F¥" /F4 (NMC) [11] 10.3 10.6 43 4.1
DIS (total) [298,352] 176.7 178.3 349.3 3493
Prompt photon (WA70) [8] 7.2 7.2 7.3 7.3
Drell-Yan (E605) [8] (19.2) 12.4 (12.0) 11.8
Total [314,368] 203.1 197.9 368.6 368.4
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directly sensitive to the shape of the sea distribution gg.
We may write K =K K’, where Ko(y,Mz) is a known
function which arises from the first-order QCD correc-
tions to the subprocess g7 —v* and K'(y,M?) allows for
the effect of second- and higher-order corrections. The
mean value of K, for the kinematic region of the E605
Drell-Yan data is found to be 1.51 and 1.62 using the par-
ton distributions which gave the optimum overall
description of the DIS(u)+DIS(v) and prompt photon
data. The two values correspond to the inclusion of ei-
ther the EMC or BCDMS muon data, respectively. K,
increases gradually with V'7. Since the first-order correc-
tions are of the order of 50%, it is necessary to allow K’
to be a (constant) parameter to be determined by the
Drell-Yan data.

We proceed as follows. First we fix 17, and Ay ac-

cording to Eq. (5) and repeat the fits to the

9
8
As
7
6
5
A
3
2 8 9 10 1 12 13
Ts
{c)DIS(p)g + DIS(V)
9 — 4} ///){\
8
A ) )
7 7 :;0'0 //\7 )
6 / /
s //
A
3
2
8 13

DIS(u)+DIS(v) data for different fixed values of Ag and
ns. This enables us to predict the cross section for the
Drell-Yan process for a range of possible sea-quark distri-
butions which vary in shape and magnitude. Each set of
parton distributions can then be used to calculate the
E605 Drell-Yan distribution and hence to determine a
value of K'=K, which minimizes the x? arising from
the E605 data. Figures 3 and 4 display the results of this
analysis in the 7¢- A5 plane according as to whether we
include the EMC or BCDMS muon data. In each case
the overall optimum fit is shown by a solid dot in Figs.
3(d) and 4(d) and corresponds to the values

Ag=4.5, 15=10.5, K'=1.15 (EMC),
Ag=5.25, 15=9.75, K'=0.94 (BCDMS) .

(7)

The x? contours shown in Figs. 3(d) and 4(d) are the sum

(b) E605

(EMC partons)
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FIG. 3. The improvement in the determination of the parameters 7g, As of the sea distribution on including the E605 Drell-Yan
data (Ref. 13). (c) shows the y? contours in the 75- A5 plane obtained in fits to DIS data which include the EMC F4 measurements.
(b) shows the x* contours for the corresponding description of the E605 Drell-Yan data, optimized by varying K'; (a) the optimum
values of K'. (d) shows the combined y? contours with the optimum overall fit shown as a solid dot corresponding to the HMRS(E)
parton distributions which are detailed in the first column denoted by B in Table 1.
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of the y? contours for the E605 Drell-Yan data [Figs. 3(b)
and 4(b)] and for the deep-inelastic lepton data [Figs. 3(c)
and 4(c)]. As may be expected, the inclusion of the
Drell-Yan data improves the determination of 7g. For
completeness we show in Figs. 3(a) and 4(a) the values of
K i as a function of ng and 4. The values correspond-
ing to the optimum overall fit are given in Eqgs. (7). It is
reassuring that these values found for K’ are approxi-
mately unity and not unreasonable for the size of second-
and higher-order QCD corrections.

The details of the overall optimum fits and the accom-
panying parton distributions are listed in Table I in the
columns denoted by B. We denote these distributions by
HMRS(E) and HMRS(B), corresponding to the EMC and
BCDMS data sets, respectively. We see from Table I that
in fact the distributions are changed very little by the in-
clusion of the Drell-Yan data. This is particularly so for
the HMRS(B) fit, where the deep-inelastic and prompt
photon fit already gives an excellent description of the
Drell-Yan data. We can regard this as an excellent

8 7 N T
N7 //T/ [ ' '///7‘
s V) 1
6 y g / ‘/ / |
/)

overall consistency check on the data from the various
processes.

The continuous and dashed curves in Figs. 5-10 show
the description of the data by the HMRS(E) and
HMRS(B) sets of parton distributions, respectively. The
overall description of the data is excellent in both cases.
From Figs. 6, 7, and 8 we see that the BCDMS data ap-
pear to be somewhat less compatible with the neutrino
data than the EMC data. This is also evident from the x?
values shown in Table I. However, care must be taken in
concluding that this favors the EMC, rather than the
BCDMS, shape of F4?, particularly because of the higher
precision of the latter data and the constraints imposed
by our parametrizations. Nevertheless, in Sec. VI we
shall reexamine the compatibility of the muon and neutri-
no data sets in a ‘“model-independent” way. Another
noteworthy feature is the increased precision of the new
NMC data for F4" /F4P, which is well described in both
fits. This has important implications for precision mea-
surements in W and Z production at pp colliders® (see

(b) E605 (BCDMS partons)

[/

8 9 10 " 12
S

FIG. 4. As for Fig. 3, but with the EMC F4” data replaced by the BCDMS F4” measurements. The dot in (d) corresponds to the

HMRS(B) parton distributions detailed in the last column of Table I.
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below). In Sec. VI we examine how well earlier sets of
parton distributions describe these new data.

V. PARTON DISTRIBUTIONS

We have determined the parton distributions of the
proton using high-statistics data on deep-inelastic muon
and neutrino scattering, together with that on prompt
photon production and the Drell-Yan process in high-
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FIG. 5. Data on the structure function F4(x,Q?) from (a)
the BCDMS Collaboration (Ref. 3) and (b) the EM Collabora-
tion (Ref. 2) together with, respectively, the HMRS(B) (continu-
ous lines) and HMRS(E) (dashed lines) fits. The BCDMS and
EMC data are renormalized by —2% and + 8%, respectively,
as discussed in the text.
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FIG. 6. Data on the structure function F3V(x,Q?) from the
CDHSW Collaboration (Ref. 11), together with the HMRS(B)
(continuous lines) and HMRS(E) (dashed lines) fits. The data
have been corrected for the “EMC effect.”

energy proton-proton collisions. Data on all four of these
processes are in principle necessary to obtain definitive
parton distributions. By performing fits to each data set
separately, we have also explored which set most con-
strains each parton distribution. Our findings are sum-
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FIG. 7. Data on the structure function xF}"(x,Q?) from the
CDHSW Collaboration (Ref. 11), together with the HMRS(B)
(continuous lines) and HMRS(E) (dashed lines) fits. The data
have been corrected for the “EMC effect.”
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FIG. 8. Data on the structure function ratio F&" /F4 from
the EM Collaboration (Ref. 8) (open circles), the BCDMS Colla-
boration (Ref. 9) (closed circles), and the NM Collaboration
(Ref. 10) (solid squares), together with the HMRS(B) (continu-
ous line) and HMRS(E) (dashed line) fits.

marized in Table I. As a consequence of the correlation
between 7, and Ay, there is considerable ambiguity in

the determination of Ayg by deep-inelastic data alone.

Nevertheless, these data do determine the quark distribu-
tions.
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FIG. 9. Data on the prompt photon transverse-momentum
distribution in pp collisions at V's =23 GeV from the WA70
Collaboration (Ref. 12) [corrected to y =0 (Ref. 19)], together
with the predictions using the HMRS(B) (continuous line) and
HMRS(E) (dashed line) parton distributions.
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FIG. 11. The continuous and dashed curves are the HMRS
and MRS’ (Ref. 5) parton distributions xf;(x,Q2=20 GeV?), re-
spectively. The left- (right-)hand plots are the parton distribu-
tions obtained using data sets which include the EMC
(BCDMS) F4” measurements. In each case, we show the distri-
butions of Duke and Owens (DO) set 1 (Ref. 21) for comparison.
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The inclusion of data on prompt photon production is
found to pin down the form of the gluon distribution and
hence sharpen the determination of Ayg. Equation (5)
summarizes the resulting values of 7, and Agg. Finally,
the incorporation of data on the Drell-Yan process is
found to constrain tightly the form of the sea-quark dis-
tribution.

In Fig. 11, we compare our final distributions,
HMRS(E) and HMRS(B), with our earlier MRSE’ and
MRSB’ of Ref. 5, and, for reference, with set 1 of Duke
and Owens.?! A comparison between the DO and
HMRS distributions indicates that the former (particu-
larly the valence quarks) are now in significant disagree-
ment with the most recent deep-inelastic data. The
differences between the HMRS and MRS’ distributions
are largely due to two factors: the renormalization of the
respective F4? data sets and the inclusion of new, more
precise F4" /F4P data. The former gives the dominant
effect at medium and large x while the latter influences
the relative size of the valence and sea distributions at
small x. The differences are magnified in the ratios of the
different distributions. Thus Fig. 12 gives a compari-
son at Q?=20 GeV2 Figure 12(a) shows the ratios
f;(HMRS(E))/f;(MRSE’) and Fig. 12(b) shows
fi(HMRS(B))/f;(MRSB’). For the fits that include the
EMC data, we see that, compared with our earlier sets, u
and d are increased by 5-10%. This is simply a

PARTON RATIOS AT = 20GeV’

reflection of our upwards renormalization of the EMC
data. Figures 12(c) and 12(d) show the difference between
the E- and B-type parton distributions. Figure 12(c) is
taken from Ref. 5 and Fig. 12(d) gives the ratios
f;(HMRS(B))/f;(HMRS(E)) as obtained in this analysis
in which the EMC data have been renormalized upwards
by 8% and the BCDMS data downwards by 2%.
Different starting assumptions have been made for the
strength of the strange quarks in this analysis compared
with our earlier analysis.’ The HMRS partons of this
work have # =d =25 at Q3 =4 GeV?, whereas our previ-
ous MRSB’ and MRSE' distributions were taken to satis-
fy #=d =% at Q3 =4 GeV>. Thus, in the comparisons of
Figs. 11 and 12 we show

x XSea=2x (7 +d+5) .

In Fig. 13, we compare the individual sea-quark distribu-

tions together with that of the gluon, evolved to
Q?=M},. The quark distributions of the heavy flavors
are generated as QQ via the gluon, assuming that

c(x,0>=4 GeV?*)=0 and b(x,0*=100 GeV?)=0. To
implement this, we define nonsinglet quantities
NS(x,Q0?) for i = charm, bottom,

SN, Q1) =N FS(x,0)— [x4,(x,0%)+x7,(x,07)] ,
(8)

where F3(x,Q?) is the flavor-singlet combination and N [
is the number of flavors appropriate to the value of Q2.
The behavior of a, across the bottom-quark threshold is
chosen to match as(Qz,Nf=4) with as(QZ,Nf=5) at
4m2=~100 GeV?, ie., for Q?>4m}, the coupling a; is
given by
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FIG. 12. Ratios of the quark and gluon distribu-

tions at Q?=20 GeV2: (a) f;(MRSE')/f;(HMRS(E)); (b)
fi(MRSB')/f;,(HMRS(B)); (c) f;(MRSB')/f;(MRSE’); and (d)
fi(HMRS(B))/f;(HMRS(E)).

FIG. 13.
0*=Mj,.

The HMRS gluon and sea-quark distributions at
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TABLE II. Predictions for W and Z cross sections in pp collisions at V's =630 GeV and 1.8 TeV using the HMRS(B) and
HMRS(E) distributions of the present study, and the MRSB’ and MRSE' distributions from Ref. 5. The leptonic branching ratios
By =B(W—ev)=0.109 and B, =B(Z —>e*e~)=0.0336 are included. The values of the relevant parameters are taken to be
Mz;=91.1 GeV/c?, M,,=80.0 GeV /c?, sin’8,, =0.229, m, > My, and N, =3. For comparison, we show the most recent UA2 (Ref.

22) and CDF (Ref. 23) measurements of these quantities.

— owB

Vs =630 GeV owBy (nb) 0B, (nb) =
o0zBz

HMRS(B) 0.705 0.0663 10.6
HMRS(E) 0.726 0.0676 10.7
MRSB’ 0.683 0.0670 10.2
MRSE’ 0.607 0.0579 10.5
UA2 0.660+0.015+0.037 0.0704+0.0055+0.004 9.3813:82+0.25
Vs =1800 GeV
HMRS(B) 2.13 0.199 10.7
HMRS(E) 2.00 0.190 10.5
MRSB’ 2.09 0.201 10.4
MRSE’ 1.76 0.169 10.4
CDF 2.06+0.0410.1310.31 0.197+0.012+0.01+0.03 10.45%33

a; (@) =a; (Q*N,=5)+a; (4m},N;=4)
—a; (4m,N;=5) . 9

The MRS’ distributions have been widely distributed
and used in a variety of phenomenological applications.
Figure 12 shows that the updated distributions by and
large represent a ‘““fine tuning,” and the effect on most
cross-section predictions of replacing MRS’ by HMRS
distributions will be small. There is, however, one
application—W and Z cross sections in pp collisions—
where the level of experimental precision is sensitive to
the differences between the old and new sets, and between
the E- and B-type distributions. Table II shows the cross
sections (times the leptonic branching ratios) for Wand Z
production at Vs =630 GeV and 1.8 TeV, for the
HMRS(E) and HMRS(B) distributions, as compared to
the predictions of the previous MRSE’ and MRSB’ distri-
butions. The small differences can be completely under-
stood by referring to the u and d ratios in Fig. 12. Thus,
for example, at the CERN energy where x =~0.15, the
change in the cross sections on going from the MRS’ to
the HMRS distributions simply reflects the rescaling of
the F4P data sets. At the higher Fermilab energy, where
x =0.05, the differences are much less pronounced, con-
sistent with the ratios in Fig. 12. The differences between
the HMRS(B) and HMRS(E) predictions for the ratio R
of W and Z cross sections are strongly correlated with
the predictions for the F4" /F4? ratio at the relevant x
value. Although we see from Table II that the actual pre-
dictions for R have changed slightly from the values ob-
tained using the MRS’ distributions, the differences are
still much less than the current experimental errors. 2223

In Table III, we show the predictions for W and Z pro-
duction at the pp supercollider energies of V's =16 and
40 TeV. These results are sensitive to the sea-quark and
gluon distributions at values of x ~My, /V's ~0.005 and
less, which lie well below the lowest x values of the data

fitted in the structure-function analysis. It is, therefore,
not surprising that the spread of the predictions shown in
Table III exceeds those listed in Table II.

Although W and Z production through both gq and gg
initiated processes have been included, at very high ener-
gies there may also be some contribution from gg initiat-
ed reactions. The determination of these gg reactions
must await a calculation of the two-loop amplitudes.
Moreover, at these supercollider energies, the x values
probed can reach into the region x < 10™*, where rescat-
tering corrections could begin to be important.?* For ex-
ample, for W production at Superconducting Super Col-
lider energies, 35% of the cross section corresponds to an
incoming parton having x <107 %,

VI. CONCLUSIONS

In summary, our analysis has produced two sets of
Q2-dependent parton distributions?®> which we claim are
in advance of any previous set in that they have been
forced to satisfy very tight constraints from a wide

TABLE III. As for Table II, but showing the predictions for
W and Z cross sections in pp collisions at V's =16 TeV and 40
TeV.

_ B
Vs =16 TeV owBy (nb) 0By (nb) Twiw
ozB;
HMRS(B) 14.1 1.36 10.4
HMRS(E) 10.0 0.98 10.2
Vs =40 TeV
HMRS(B) 313 3.09 10.1
HMRS(E) 20.7 2.07 10.0
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variety of processes. The new measurements by NMC of
F5" /F4P are an example of the recent improvement in
the precision of the data and the need to update the par-
ton distributions. This is well illustrated by Fig. 14
which compares these data with the predictions obtained
from other widely used parton distributions. It is clear
that these data alone render the majority of earlier sets of
parton distributions obsolete.

As with all fits of this type, it is important to remember
that our final distributions constitute overall “best fits” to
the data. We have not attempted the much harder task
of obtaining a “band” of distributions designed to reflect
the experimental errors on the data. Although all our
fitted parameters do have associated errors, these are in
general highly correlated and there is no straightforward
systematic way of varying the parameters to derive ‘“‘ex-
treme” distributions.

In practice, however, one can in many cases gauge the
allowed spread of the distributions by referring directly
to the fits to the experimental data. As an example, the
structure function F4? at large x is dominated by the u,,
contribution, and the uncertainties in the former deter-
mine the allowed spread in the latter.

One of the new features has been the pinning down of
the normalization of the muon DIS data from the re-

0.5 L 1
0 0.1 0.2 0.3

X

FIG. 14. Comparison of the predictions for the ratio
F§'/F% using various parton distributions [HMRS(E),
HMRS(B), DO1, DO2 (Ref. 21), Eichten-Hinchliffe-Lane-Quigg
set (Ref. 26) and Diemoz-Ferroni-Longo-Martinelli (Ref. 27)]
with data from the NMC Collaboration (Ref. 10) (solid squares).
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FIG. 15. Comparison of large-x F§"/F4” data from the
BCDMS Collaboration (Ref. 9) (solid circles) with the
“effective” ratio derived from the F, and xF; structure-function
data [according to Eq. (10)], using, respectively, the EMC (open
squares) and BCDMS (open circles) F&” data. Note that the
neutrino data are corrected for the “EMC effect.”

quirement of consistency with the reanalyzed SLAC data
at lower Q% As we have noted, this has resulted in a
reduction of the discrepancy between the two-muon DIS
data sets, from EMC and BCDMS, at least at small x. Of
course, the ultimate goal in an analysis of this kind is to
end up with a single ‘““‘unique” set of parton distributions
which are consistent with all known correct data on pro-
cesses which involve the distributions. With this aim in
mind, it is reasonable to ask if one can remove the final
obstacle to this goal by discriminating against one of the
mutually inconsistent data sets—at least in the region
where there is a conflict.

The x dependence of the F4" /F4? ratio has recently
become much more precisely determined. We can at-
tempt to use these measurements as a criterion for check-
ing the consistency of each of the F4” data sets at large x
if we appeal to data on F3"¥ and xF}" as an independent
source of extra information. Thus, assuming & =d =25,
we have

F§" 1F3N —xFyY
=—l+— (10)
F4P 18F4?

or with similar expressions corresponding to different
flavor assumptions about the sea. (The differences are
negligible in the region of interest: x *0.3.) Figure 15
shows this comparison using, respectively, the EMC and
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FIG. 16. Predictions for F4(x,Q?) (electromagnetic part
only) extrapolated to the HERA kinematic region. The data are
from the BCDMS Collaboration (Ref. 3) and the dashed and
continuous curves correspond to the HMRS(E) and HMRS(B)
parton distributions, respectively.

BCDMS F4? data combined with the neutrino data. An
interpretation of this exercise would appear to be that it
is the BCDMS data which are somewhat “out of line” at
large x. Thus the price to pay for achieving a single con-
sistent set of parton distributions would seem to be a
readjustment of the large-x BCDMS F4” data.

Within a few years the DESY ep collider HERA will
begin to make measurements of deep-inelastic structure
functions at very high Q% (~10* GeV?). Our parametriz-
ations provide the most accurate benchmark predictions
for HERA. Thus Figs. 16 and 17 show the predictions
for F,(x,Q?) (electromagnetic part only) extrapolated to
the appropriate kinematic region. [Note that Z° ex-
change contributes to the neutral-current cross section
when Q2/(Q%+M2)2 1—this is illustrated by the
dashed-dotted line in Fig. 17.] The solid and dashed lines
correspond to the HMRS(E) and HMRS(B) parton distri-
butions, respectively. Notice that the differences in the
F, predictions, discussed earlier in this paper, persist at
higher Q% Also evident is the dispersion in the predic-

B L ——HMRS(B)
0.8] - HMRS(E)

FIG. 17. As for Fig. 16 but with a linear scale for the struc-
ture function. The kinematic region where Z° exchange be-
comes important is indicated by the dashed-dotted line.

tions arising from the different Ay values of the two fits.
Blimlein et al. have performed detailed simulations of
structure functions at HERA.?#?° It turns out that F,
can be measured up to a maximum Q2 which corresponds
roughly to the region where Z exchange becomes impor-
tant.?” A comparison of Fig. 17 with Fig. 3 of Ref. 29
shows that it should be possible to discriminate between
the two predictions for F, in the x range: 0.01 Sx $0.5,
and so HERA should be able to resolve the apparent
discrepancy in the shape of the F, structure function as
measured by EMC and BCDMS.
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