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September 29, 1988 LBL-23820 .

Structure Functions: their status and implications. -

[an Hinchliffe

Lawrence Berkeley Laboratory
University of California
1 Cyclotron Road
Berkeley, California 94720

Invited talk given at the 1988 Division of Particles and Fields meeting,
Storrs, Connecticut, August 15-18, 1988.

Abstract

I discuss the current status of structure functions. Attention is given
to the uncertainties in them and the implications of these uncertainties
for experimental predictions. I indicate which experiments are capable of

removing these uncertainties.

*This work was supported by the Director, Office of Energy Research, Office of High Energy
and Nuclear Physics, Division of High Energy Physics of the U.S. Department of Energy under
Contract DE-AC03-76SF00098.



Knowledge of the parton distribution functions is needed in order to predict
event rates for processes that involve a hadron in the initial state and that have
a large momentum transfer. Examples include the production of heavy quarks
in ep or pp interactions and the production of jets or W and Z bosons at the
Tevatron or SppS colliders. In this talk, I will first remind you how the parton
distribution functions are extracted from data on deep inelastic scattering.! I
will emphasize the interplay between the definition of the distribution functions

and the form of the partonic hard scattering cross-section. The regions of z and

- @? which are important but which cannot be probed directly at present will be

discussed. I will then discuss some applications of these distribution functions
to hadron-hadron collisions. I will contrast the uncertainties in predicted rates
due to the distribution functions with those due to higher order corrections
and ambiguities in the choice of partonic hard scattering scales. Finally, I will
indicate what experiments in the near future can help resolve the remaining
uncertainties.

I will not discuss the recent controversy surrounding the structure function
of a polarized proton.?) This is discussed elsewhere at this meeting.®) Neither,

will [ discuss the nuclear A dependence of deep inelastic scattering.)
1. Parton Distribution Functions, their definition and measurement.

I will begin with brief review of the parton model, mainly to establish
notation. More details can be found a review article! where a complete set of
references may also be found. The kinematics of deep inelastic scattering the

differential cross-section may be written as

do dra? s [1+ (1 —y)? 2 2 2
prrmiar > 2zF1(z,Q% + (1 — y)(Fa(z, Q%) — 2z F\(z, Q%))
(1)

The variables are defined as follows (see Figure 1): ¢ is the momentum of

the exchanged photon and p is the momentum of the target proton and k is that

of the incoming electron

[~

: Q? P
Q’=—q2;v=3np;x=2m V;y=f—p;s=2p-k+m§ (2)
P P




where m,, is the proton mass.

In the parton model we have,

2R =F= Z/: dyqi(y)?f(-;-)- (3)

1

I have included only photon exchange (see figure 1) for simplicity. At very
high Q2 which is accessible at HERA® one must include Z exchange also. The
parton distribution function of parton of type i carrying fraction z of the protons
momentum has been introduced (g;(z)). Here & can be thought of as the cross-
section for the process v + ¢ — anything. At lowest order in a,, the strong

coupling constant, the process is simply ¥ + ¢ — ¢ and we have
&i(z) = e26(z — 1) (4)

Here e; is the electric charge of quark of type: The §—function simply enforces the
requirement that the final quark be on mass shell and is massless. If we consider
the partonic process to order a,, there are now two possible final states: ¢ which
arises from a virtual correction to the lowest order process and q + g (here g

denotes a gluon) which arises from 4 + ¢ — q + g; & now takes the form

5i(z) = [ela(z = 1) + 0i(2,QY)] (5)
where
oi(,Q7) = 3¢ [thq(z) +f(2)+ 0(51,7)] ®)
with
Pr() = $0E2), 7

Here t = log(Q?/u?). The scale u has been introduced. It arises as an infrared
cut off. In deriving equation (5) it is necessary to integrate over the angle
between the incoming quark and outgoing gluon (8). This integral has the form

d(cos 8)
1 —cosé

(8)



and is singular when § — 0, a collinear singularity. If the quark had a mass 4,

this integral would have the form

/ d(cos 8)
1 —cos8 + pu3/Q* (9)

and would give rise to the log(Q?/u?) term. The presence of this large log ruins

the expansion is a, since the next order will contain a term of order t?a?. This

dangerous term can be absorbed into the definition of the distribution function

viz,
st [1d
q(z,t) = qi(z) + ;;/: -ng(y)qu (5) : (10)
Then Ly
Fi = Z/, e?qui(y,Qz)& G) (11)
where now v
o(z) = € (8(z = 1) + 52/(2) (12)

In practice the problem is more complicated, since at order «, gluons can enter
in the initial state via the process g + v — ¢ + 3. Equation 10 is replaced by* ‘
a(2,@) = alx) + 52t [ (6P + s L ()

All partonic process have the same collinear divergences and hence all can have
their rates writteén in terms of g¢;(z,@?) with no remaining divergences. This
_ miracle is known as factorization” and guarantees that all partonic processes
are computable in terms of the same set of parton distribution functions. |
It is important to realize that there is some arbitrariness is what is defined

to be ¢;(z,Q% and what is 6(z). If the definition of ¢;(z,Q?) in equation 11

were replaced by

w2 @) =alz)+ 52 [ Lo [thq(f) + f(i—)] (14)

*This equation will look more familiar in the standard Altarelli~Parisi®) form

2 2 1 .
d; 1(:,;22) = a’éf ! d?y ["(y’ Qz)Pw(i) + 9(y, Qz)qu(f)]



then &(z) equation 12 would become
6(z) = e26(z — 1). (13)

It is important when processes are computed to next to leading order (NLO)
in a, that this schen.e dependence be kept in mind. The same scheme must be

used for all processes.

Notice that the gluons only enter the formula for F; indirectly via equation
13. The gluon distribution (g(z,@?)) can only be determined from the growth

in the antiquarks with @2, its value is therefore correlated with that of a,.
2. Data Sets

In principle, many partonic processes can be used to determine the distri-
bution functions. In practice, however, the main source of information is from
deep inelastic scattering which can be used to determine the quark distributions
quite accurately. In the case of the gluon distribution, other data (discussed
below) can pt:ovide valuable information. I shall begin with a survey of the

deep—inelastic scattering data® and will comment on the other processes below.

Data on deep inelastic scattering are available from scattering of electrons
(SLAC® experiments), muons (BCDMS,!%11) EMC,'? BFP!), and neutrinos
(CHARM,¥ CCFRR,!®) CDHS,¢'") BEBC'®) from various targets. Different
combinations of cross-sections enable the distributions of the different quark
flavors in a proton to be extracted. For example, the production of charm
in neutrino scattering proceeds via the Cabbibo allowed (suppressed) process
v + s(d) = p~ + ¢ and a measurement of this enables the strange quark dis-
tribution to be extracted. Data on protons (Hydrogen) and neutrons (bound
in Deuterium) must be used to separate the up and down quark distributions
in a proton. Many of the data have very small statistical errors, but there are
large systematic differences. This problem is illustrated in figure 2 which shows
a comparison of F3(z,Q?) as measured by EMC,'? BCDMS!!) and SLAC® data
on a hydrogen target. The EMC and BCDMS experiments cover the same kine-
matic range but do not agree. BCDMS is higher at small z and lower at large



z than EMC. The ratio of them is approximately independent of Q2. It is not
clear which of these data provides a better extrapolation of the SLAC data into
the range of larger Q2. A comparison of the EMC'?) data on an iron target with

the BCDMS!'® data on carbon reveals similar systematic differences.

In the case of measurements on an isoscalar target there is a relationship

between F#*V and F¥YN. The quantity
Ry =53FN(1 4 a)/18FY (16)

1s expected to be equal to one. The term a is due to strange quarks and is small.
The CCFRR'™ and CDHS'®!") neutrino data on an iron target when compared
to the BCDMS data on carbon yield an R; consistent with 1. However the
EMC' and CCFRR!' data, both on iron targets, yield an R, approximately
independent of z with an average value of R, = .923 £ .005.'® (See figure 3).
These comparisons would indicate that the a more consistent picture would
emerge at moderate values of z (.2 — .5), if the EMC data were renormalized
upwards. They would then agree with the BCDMS data in this region also. But
at larger z no such simple fix is available since the EMC data are larger than
BCDMS for z20.6.

The most accurate data are on F;; unfortunately a fit to these data gives
simultaneously a value of a, and the igluon distribution. Ideally one would like
to first determine a, from a non-singlet distribution where the gluons do not
enter (such as F3 in neutrino scattering) or from another process entirely. Errors

are so large that this is not practicable’.

There are corrections of order 1/Q? to the evolution of the distribution
functions with Q? in addition to higher order (a?) terms in the Altarelli-Parisi
equations (Eq. 13). These higher twist (1/Q?) terms are not calculable. Their
effect can be minimized by taking only data with @% > Q2. If the resulting
value of a, is independent of QZ;., one can have confidence that the higher

twist and higher order a, terms are negligible. Figure 4 shows the extracted

'For a review of the determination of «, from a wide variety of processes see ref. 20



value of ,(Q? = 5 GeV'?) from a fit to the EMC,'? BCDMS (Fe targets) and
BPF (C target) data as a function of Q% ,,.2" This figure shows that results
using lowest order QCD are not stable, but that when the o? terms are included
the situation improves. This figure gives some confidence that the higher twist
terms are really negligible.

Existing data do not extend below z ~ 0.01 and cover a very small range
of Q% at small z. This is a potential problem since for some applications it is

necessary to know the parton distributions in this region. It is traditional to

assume that the gluon distribution obeys
li_r% zg(z,Q?) = const. | (17)

However this form is unstable. When evolved to higher Q?, it develops rapidly
into a steeper form (see figure 5). At very small z and large Q?, it is possible to

solve the Altarelli-Parisi equations analytically. At order a, we have

) oV TS o8(1 /2 boglos(a™ (18)

zg(z,Q?

This form is sirigular as £ — 0. It is also possible to sum to all orders in a, the

most singular terms at small z and large Q2. This gives??

zg(z, Q%) ~z~°

where, § = 12a,log(2)/m, which is an even more singular form. It has been
suggested?? that one should use a form for zg(z,Q?) which is more like the

asymptotic form.
zg(z,Q3) ~ 1/Vz (19)

is most commonly used. [t is not clear that this form is a better assumption that
the conventional one, or below what value of z Eq. 17 or 19 should hold. Notice
that the momentum sum rule provides almost no constraint since the amount
of momentum carried by gluons in the region £ < 0.01 is small, whichever form
is used there. Figure 5 compares the resulting gluon distributions at higher Q2.
The two starting forms are equal for z > 0.02 (Q3 = 5GeV'?) and have the forms

6



5

of equations 17 a.nd 19 at smaller z the first of these is the EHLQ set 2 (see
below). I will refer to the other as EHLQ2'. Notice that the differences become
less important at large Q2. The uncertainties in predicted rates due to the small

z problem are therefore serious only for processes sensitive to small z and Q2.
3. Parameterizations of distribution functions.

I will now discuss briefly some of the more commonly used of parton dis-
tribution functions. There are many sets of distribution functions coming from
fits to the data using lowest order QCD. The most frequently used of these are
the two sets of Duke and Owens-®) (DO1 and DO2) which were based on data
from EMC,'? SLAC®) and CDHS'® (the latter were renormalized in an attempt
to deal with the systematic differences in the data sets, see above), and Eichten
et al.?® (EHLQI and EHLQ?2) based primarily on the CDHS data. These pairs
correspond to different shapes for the gluon distribution and consequently dif-
ferent values of a, (or A). As usual the gluon distribution with more support at
large z (harder distribution) corresponds to the larger value of a, (EHLQ2 and
DO2). Parameterizations of these distribution functions are given in the papers
and can easily be applied to a variety of other processes. X

Recently, fits using next to leading order QCD have emerged. Diemoz,
Ferroni, Longo and Martinelli (DFLM)?%) used neutrino data from BEBC,'®
CCFRR,*® CHARM and CDHS.'") They also provide different fits corre-
sponding to different values of a,. They give sets of distribution functions cor-
responding to a range of At viz A = 160, 260, 360 MeV. These fits are used to
e imate the uncertainties in top quark rates at the Tevatron and SppS colliders.
The fits are only available in the form of a computer program from the authors.

Martin, Roberts and Stirling?”? (MRS) have used EMC!'? data together
with that from CDHSW'™ and CCFRR!® (to which they apply a renormaliza-

tion of order 10%, see the discussion above following equation 16). They present

{Here I am quoting a A which corresponds to 4 flavors, in the range mcharm < Q@ < Moortom

2
the formula for a, is a, = 33 log‘(Q" 7anyll - g%g%%-] See reference 20 for a summary

of the behavior of this formula as a threshold is crossed.



three fits which differ in the form of zg(z, Q% = 4GeV'?).

zg9(z,Q* = 4GeV?) ~ (1 —z)® (set 1)
~ (1 =2)*1 +9z) (set 2)
~z7 V(1 - )81 + 9z) (set 3). (20)

They then use data from J/i production® and photon production® at large
transverse momentum which is sensitive to the shape of the gluon distribution
(see below) in an attempt to distinguish between the sets. They conclude that
set 1 is slightly preferred. These fits are not available in a convenient parame-
terization, although a computer program to generate them is available from the

authors.

Recently®® they have refitted set 1 using the BCDMS'® data instead of
EMC.'? Here they find that the neutrino data and BCDMS are compatible
and that a renormalization of the former is not needed. They have compared
the predictions from these two sets of distributions with the data on Drell-Yan
production at the ISR.3) The BCDMS fit is preferred, but the order a, QCD
corrections to the Drell-Yan rate are quite large and the a? terms are not known
so any definite conclusion seems premature. DFLM and MRS do not use the
same scheme to define distribution functions, hence their results are not strictly
comparable; one must compute a physical quantity such as F; to facilitate a

comparison. DFLM use a physical scheme so that the equation
Fiz,Q%) =22 ¥ efai(z, Q) (21)

is maintained beyond leading order. In the MRS scheme there are finite cor-
rections to this relationship proportional to a,. The gluon distributions are

defined so that they satisfy the momentum sum rule. It may be better to define

$Recently Tung>? has claimed that there may be a problem with the evolution program of
MRS in the small z region. He claims that their evolution is generates a value for zg(z, Q?)
which is too large for ¢ < 0.01. A comparison of his evolution with that of DFLM shows

perfect agreement.



the gluon distribution in terms of a physical process known to beyond lead-
ing order in a,. Candidates include heavy quark® or jet production33% ip

hadron-hadron production or photo-production.3®

Since these next to leading order fits are only available in the form of a com-
puter code, it is worth remarking that a package is available from Tung®” that,
given a set of input distribution functions, will generate distributions functions

in leading, or next to leading, urder.

In figures 6 and 7, I show a comparison of the various gluon distributions
from the parameterizations discussed above. It can be seen that, as expected
the differences are greatest at small Q2. Subsequently I shall use these fits to
give an indication of the errors in predicted rates. I do not believe that, given
- the systematic discrepancies between the data sets, it is possible to give truly

meaningful errors (i.e. one standard deviation) on the predicted rates.
4. Use of Distribution Functions to Predict Cross—Sections.

Consider the parton model applied to the calculation of some process in a
hadron-hadren collision. The hadronic cross-section ¢ is given in terms of the

partonic cross section &;; by
o~ Z/d:rldx;&g,-fi(xl, M?) f;(z2, MP). (22)
J

Here the sum runs over all types of partons that contribute to the process and
the.f; are the parton distribution functions. The parton cross section o;; can be

expressed as an expansion in a,(u)

&ij = Aa(p)(1 + Bay(u) .. .). (23)
Before expression (22) can be used we must (a) calculate &, (b) have a set of
distribution functions and (c), choose the scales M and u. (a) is straightforward
although it can be extremely tedious. (b) has been discussed above. Recall the
discussion of the definition of ¢; (see equation 14 and the surrounding discussion),
and that the form of & will depend upon this definition. From equation 13, it

is clear that a change in the scale M to M’ will induce a term in equation 22

9



of order a,log(M’/M). An intelligent discussion of the scale dependence is not
possible therefore unless & is known to beyond leading order in a, since a shift
in scale is equivalent to a higher order correction. The uncertainties due to the
choice of scale would vanish completely if the calculation could be done to all
orders in a,. In this case a shift in M would merely change the separate terms
in the expansion; the full result would not change. In practice (23) is know only
to leading or next to leading order so that M or i dependence remains. I shall

set' M = u in the following although there is no necessity to do so.

It is clear that M should be of the order of the momentum transfers in
the partonic process. Large higher order corrections are likely to result from an
unphysical choice. If the next to leading order corrections are known, the M
. dependence can be investigated with a view to “picking the right M”. There
are two popular ways of choosing M; fastest apparent convergence (FAC) and
minimal sensitivity (PMS).3® In the former, one chooses the M which makes
the next to leading order term small; in the latter, the M where the total result
is varying least with M. The motivation in the latter case being that the result
to all orders is independent of M. In my view neither of these choices should be
used if they give rise to unphysical scales.

It is possible that the uncertainty due to the choice of M could be greater
than that due to poor knowledge of the distribution functions. If this is the
case then the process cannot make a useful contribution to distribution function
determinations. [ will now use some exémple_s to illustrate the issues discussed

above and will begin with production of photons in pp and pp collisions.

At lowest order in «a, the processes q@ — +vg and g¢ — g7 contribute
to photon production at large transverse momentum (pL) in hadron-hadron
collisions.?®3%) The former process is irrelevant in the accessible p; range at
the Tevatron collider so the photon production offers a direct probe of the gluon
distribution. At next order in a, the processes such at gg — ¢@v can contribute.
This contribution is large if the photon is collinear with an outgoing quark.

Fortunately this configuration is difficult to observe experimentally since the

10



photon is buried inside a jet; therefore a cut requiring that the photon be isolated
is usually applied.

Figure 8 shows the predicted p, spectrum for the production of photons
at the Tevatron collider. Two bands are shown correspond:..g to the predicted
rates in leading order and next to leading order QCD4°) when the scale M = 4
is varied from p, /2 to 2p;. The result from the next to leading order where
M is chosen according to the PMS scheme is also shown. It is larger since the
scheme picks M ~ p, /3, a value that is, perhaps, too small. Figure 9 shows
the ratio of the value at the top of the bands in figure 8 to that at the bottom.
The figure clearly shows that the uncertainty is reduced when the higher order
corrections are included. I have also indicated on this figure the width of a band
in predictions caused by varying the distribution functions. It is clear that given
the uncertainties associated with the choice of scale the sensitivity to different
distribution functions is limited. However, analyses comparing to data from the
ISR*) and UA2%) conclude that a softer gluon distribution such as MRS1, DO1
or EHLQ! is preferred.?”) More information can possibly be obtained by looking
at the rapidity distribution of the photons. Figure 10 shows such a prediction
for the EHLQ2 and EHLQ?2’ distribution functions. The peak at large y in the

latter case is due to the more singular form of zg(z, Q?) at small z.

Measurements of the photon production at FNAL fixed target energiest!)
are complimentary to those at the collider since a different range of r is explored.
Figure 11 shows the p, distribution for a few representative sets of structure
functions. For the values of p; shown here the uncertainty due to the scale
choice M (varied from p, /2 to 2p,) is about a factor of 3.

The production of photon pairs at the Tevatron can also be a probe of the
gluon distribution since, at the accessible values of p, the process gg — ~vv
is dominant over q§ — ¥v.*? The next order QCD corrections to this process
are not known, hence the M dependence is rather large. Figure 12 shows the

predicted rate for a representative set of distribution functions.

I would now like to discuss another process for which the next to leading

11



order QCD corrections are known: the production of a top quark pair at the
Tevatron collider. At lowest order in QCD, there are two relevant processes,
gg — tt and q§ — tf. Figure 13 shows the production cross-section for a
top quark pair as a function of the scale M. The DFLM? (A = 260MeV)
distribution functions are used. When the next to leading order calculation
is used there is an uncertainty of order £10% from this scale ambiguity if we
vary M from mesp/2 to 2m,.,.>*) Notice that the FAC (where the higher order
corrections is zero) and PMS (the stationary point on the solid curve) choices are
similar and correspond to M ~ m.,/3. Table 1 shows the spread in predicted
cross-sections from the different sets of distribution functions. This spr‘ead is
larger than +10%, hence the primary uncertainty in top ptioduction rates, and
therefore on a limit on the top quark mass if no events are seen, is due to
distribution functions. Even so it is fair to conclude that we understand these

rates to better than a factor of two.

The situation with regard to bottom quark production at the Tevatron
is not so clear. Firstly the M dependence of the cross—section is quite large
and indeed is stronger if the next to leading order terms are included.3) An
uncertainty of £30% due to M exists. In addition the values of z (of order
Msottom/ /5) and relatively low Q? are in a region where the uncertainties due to
the low z behavior of the distribution functions are large. Figure 14 shows the
total bb production rate in pp collisions as a function of /5 with M = muostom;
the two curves correspond to EHLQ2 and EHLQZ2’ distributions. One can see
from this that the uncertainties get worse as /s rises. An uncertainty of at
least a factor of 4 exists in the rates predicted at the SSC. In order to reduce
this, we need information on the gluons at small r since the gg — bb process is
dominant.

Next to leading order corrections to the 2 — 2 parton scattering processes
which give rise to two jet production in hadron-hadron collisions have been
calculated,® but they have not yet been implemented in a calculation of the
inclusive jet cross-section. Figure 15 shows the jet rate using the EHLQ2 distri-

12



bution functions with the choices M = p, /2 and M = 2p, . By contrast, figure
16 shows the same rate for a selection of distribution functions with M = p, .
A comparison of these figures reveals that the uncertainties due to the distri-
bution functions is not the limiting factor at present. As in the case of photon
production a quantity more sensitive to the distribution functions is the jet’s
rapidity distribution since at large rapidity it is sensitive to smaller values of ¢
for a given py. The biggest differences arise at small p, where it may be more

difficult to get good data.

There are some other processes which may be a good probe of distribution
functions. The production of muon pairs of large invariant mass (Drell-Yan
process) proceeds via quark anti—quark annihilation and can provide an indirect
constraint on the gluon distribution since antiquarks in the proton are produced
from the gluons by the Q? evolution of distribution functions. The rapidity
distribution of the Drell-Yan pairs at the Tevatron*® may afford a probe of the
gluons at small z where effects similar to those indicated for photon production
(see figure 10) ‘may occur. W/Z production at the SppS and Tevatron colliders
provide a probe of the antiquark distributions, but the relevant values of z are
quite large (.13 and .04) for W/Z’s produced centrally and at these values the
quark (antiquark) distribution in a proton (antiproton) is well known.

The production of J/3 in proton-proton collisions?®) has been advocated?”)
as a probe of the gluon distributions since theoretical models *¥) for the produc-
tion include the processes q@ — J/¢ and gg — J/v. In the latter case one or
more gluons must be emitted in order to conserve color. Absolute predictions
for the rate are model dependent and unreliable. Nevertheless, if one assumes

that the rate has two components
o ~ g(z,QMg(z2, Q"1 + ¢:(21Q*)Ti(22, Q%) (24)

it is possible by studying the rapidity dependence of the production rate to get
some information on the shape of the gluon distribution (yy = 0.5log(z;/z3)).
Here an assumption is made that there is not additional rapidity dependence in

o). One is really assuming that the extra emitted gluons are all soft. MRS have

13



used the this to infer that the softer gluon distribution of their set 1 is preferred.
The model for J/y production at large p; is in better shape theoretically; here
the dominant process is gg — gJ/¥ which can be calculated.*®)

Data from photoproduction either using a photon beam or in an ep or
up collision where the photon is only slightly off shell can also yield useful
information on the gluon distribution. Heavy flavors are produced by the process
vg — QQ. Next to leading order QCD corrections are known.3® In the case
of charm production, they are large and the process is probably not useful for
a detailed test or determination of the gluon distribution. Bottom production
either at FNAL* or HERA should provide useful information.

I will conclude this brief survey with some comments concerning HERA.
The accessible range of £ and @Q? is vastly larger than that currently accessible.
This will have two important consequences for the determination of structure
functions. First, data will be available at values of z that are currently too small
to be probed and some of the uncertainties (for example in the predicted bottom
production rate at the SSC) should be considerably reduced. Second it may be

possible to determine the gluon distribution directly by measuring
a, f1d
Fo=F-2F=3! [ ZEQ+0-2/)ww]. @)

This is shown in figure 17. At values of z less than 0.05 the gluon term is
dominant so that a measurement of Fy is a direct probe of the gluon distribution.
A study of the feasibility of this measurement at HERA indicates that it may
be possible to distinguish between current sets of gluon distributions.*® Recall
that the differences are greatest at small Q?, but Fy will be dominated by
incalculable higher twist (1/Q?) terms if Q? is too small. Or figure 17, [ have
indicated the size of error that a HERA experiment can expect to reach.” It is
clear that distinguishing between currently acceptable gluon distributions will
not be easy but that it should be possible to discriminate between the different
small = extrapolations.

In order to determine all of the parton distributions at HERA, and possibly

also to determine A with an error smaller than the current one, it will be nec-

14



essary to measure the charged and neutral current scattering of both electrons

and positrons off both protons and deuterons.
4. Conclusions

If one is interested in using QCD to calculate background rates at, for
example, the Tevatron or SppS collider, then the uncertainties associated with
the poor knowledge of parton distribution functions is less than a factor of
2 for almost all processes. Exceptions are processes that involve small total
energy in the partonic system and hence very small values of z and Q2. If one
is interested in making a test of the standard model or in better determining
distribution functions other factors such as the intrinsic uncertainty in parton
model calculations due to choice of scale can be the limiting factors. All recent
fits to data indicate that a softer gluon distribution of the form zg(z,5) ~ (1—z)°
is a reasonable fit. There is considerable uncertainty about the behavior the
distributions at small z, although this probably has few critical consequences
elsewhere. Data from CDF on photon and Drell-Yan rates should help to resolve
these uncertainties. The next qualitative improvement is not likely to occur until

data from HERA become available.
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Figure Captions

Figure 1: Diagram illustrating the kinematics of deep inelastic scattering.

Figure 2: A comparison of F,(z,Q?) measured in muon scattering from a pro-
ton target from the BCDMSY (closed dots) and EMC'? collaborations
(open circles). Also shown are data at small Q? (boxes) from the electron

scattering experiment® at SLAC.

Figure 3: The ratio R, (equation 16) plotted against z the data are from
EMC!? (F#V) and CCFRR™ (F¥M) both of which use an iron target.
Figure from Sculli, ref. 8.

- Figure 4: The value of Agcp as a function of the Q% mix cut applied to the
BCDMS,!® EMC!? and BPF'® data. The squares correspond to a lowest
order QCD fit and the circles to next to leading order (MB” scheme, 4
flavors). Figure courtesy J. Morfin.?V

Figure 5: A comparison of the gluon distributions for fixed Q? as a function of
z. The solid lines are EHLQ set 2 and the dashed are EHLQZ2' (see text).
The higher (lower) curve at small z corresponds to Q% = 50(5) GeV?.

Figure 6: A comparison of the gluon distributions from various parameteri-
zations at Q2 = 5 GeV? Parametrizations shown are EHLQ1, EHLQ?2,
DO1, DO2, DFLM (A=160,260,360 MeV) and MRS1 (based on EMC and
BCDMS).

Figure 7: As figure 6 except Q% = 50 GeV2.

Figure 8: The cross section do/dp:dy for the production of a photon at y = 0
in pp collisions at /s = 1.8 TeV. The region between the dashed (solid)
lines corresponds to the lowest oru.r (next to lowest order) rates when
M = y is varied from p,/2 to 2p,. The dashed line is the result of using
the PMS scheme.
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Figure 9: The ratio of the upper and lower ranges of the predictions shown in
figure 8. The dashed (solid) line corresponds to leading (next to leading)
order. Also shown (dotted line) is the ratio of the upper to lower range
corresponding to changes in the structure functions. The upper range is
given by DO2 and by MRS1 (EMC data), the lower by EHLQ2 (u = M =
Pe is used).

Figure 10: [}° dpi"dydpl as a funct..a of y for the production of a photon in
pp collisions at /s = 1.8 TeV. The solid (dashed) lines correspond to
the EHLQ2 (EHLQ?2') distribution functions. Lowest order QCD with

u =M = p, is used.

- Figure 11: The cross section do/dp, dy at y = 0 for the production of a photon
in pp collisions at /s = 34 GeV. The lines correspond to EHLQ2 (solid),
DO2 (dashed), and DFLM (dotted) (A = 260 MeV) sets of distribution

functions.

Figure 12: do/dM.,, for the process pp — vy + X at /s = 1.8 TeV. Here
M., is the invariant mass of the photon pair. Both photons are required
to satisfy |y| < 2.5. The dashed (solid) line corresponds to the EHLQ?2’
(EHLQ?2) structure functions.

Figure 13: The dependence of the tf production rate upon u = M for m,,, =
60 GeV at /s = 1.8 TeV in pp collisions in leading (dotted line) and next
to leading order (solid line) using the DFLM (A = 260 MeV) distrinutionm

functions.

Figure 14: The production rate for bb pairs in pp collisions as a function of /5.
The distribution functions of EHLQ2 (solid line) and EHLQ2' of (dashed
line) are used.

Figure 15: The cross section do/dp, dy for the production of a jet at y =0 in
pp collisions at /s = 1.8 TeV. The curves correspond to the EHLQ2 set
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distribution functions with 4 = M = p,/2 (upper curve) and p = M = 2p,

(lower curve).

Figure 16: The cross section do/dp,dy for the production of a jet at y = 0
in pp collisions at /s = 1.8 TeV. The lines correspond to DO2 (dashed),
EHLQ2 (solid) and DFLM (A = 260, MeV, dotted) sets of distribution

functions.

Figure 17: The structure function Fi(z,Q?) at fixed Q2. The solid (dashed)
lines correspond to Q2 = 50 (5) GeV?2. The upper (lower) line at small x
corresponds to the EHLQ?2' (EHLQ?2) structure functions. The error bar
indicates the size of error that can be expected?” at HERA at Q% = 50
GeV?
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Figure 7
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Figure 10
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Figure 15
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LBL-25820

: | my =350 | m, =80
EHLQ1 2.3 0.22
EHLQ?2 2.0 0.19

DO1 2.0 0.20

DO2 1.3 0.16
DFLM(160) 2.0 0.20
DF LM(260) 1.8 0.18
DF LM(360) 1.6 0.16
MRS(EMC) 2.0 0.20
MRS(BCDMS) 2.9 0.41

Table 1.
The total cross-section in nanobarns for the production of a tf pair in pp
collisions at /s = 1.8 TeV for m, = 50,80 GeV. The values given by

various sets of distribution functions are shown.
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