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Structure Functions: their status and implications. · 

Ian Hinchliffe 
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1 Cyclotron Road 

Berkeley, California 94 720 

Invited talk gi'ven at the 1988 Division of Particles and Fields nl.eeting, 

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. 
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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 ~V 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. 1l 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 x and 

Q2 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-h?-Ciron 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.2> This is discussed elsewhere at this meeting.3> Neither, 

will I discuss the nuclear A dependence of deep inelastic scattering. 4> 

1. Parton Distribution Functions, their definition and measurement. 

r will begin with brief review of the parton modele, mainly' to establish 

notation. More details can be found a review article1 where a comp!ete set of 

references may also be found. The kinematics of deep inelastic scattering the 

differential cross-section may be written as 

do- 47ra!ns [1 + (1- y) 2 
2 2 2 ] 

dxdy = Q4 2 
2xFI(x, Q ) + (1- y)(F2(x, Q ) - 2xF1(x, Q )) 

(1) 

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

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

of the incoming electron 

2 2 q . p Ql q . p 2 
Q = -q ;v = -;x = --;y = -;s = 2p· k+m (2) 

m, 2m,v k · p " 
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where m" is the proton mass. 

In the parton model we have, 

11 X 
2xFt = F2 = L dyqi(y)a(- ). 

i :r y 
(3) 

I have included only photon exchange (see figure 1) for simplicity. At very 

high Q2 which is accessible at HERA s) one must include Z exchange also. The 

parton distribution function of parton of type i carrying fraction x of the protons 

momentum has been introduced (qi(x)). Here 3- can be thought of as the cross­

section for the process 1 + q -+ anything. At lowest order in a.,, the strong 

coupling constant, the process is simply 1 + q-+ q and we have 

(4) 

Here ei is the electric charge of quark of type: The 8-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: q which 

arises ·from a virtual correction to the lowest order process and q + g (here g 

denotes a glt1on) which arises from "Y + q-+ q + g; 3- now takes the form 

(5) 

where 

2 a., 2 [ ( 1 )] cri(z, Q ) = 
2

7r ei tPqq(z) + f(z) + 0 Q
21 

(6) 

with 

(7) 

Here t = log( Q 2 / J.£2). The scale 1-' 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 (B). This integral has the form 

J d(cos B) 
1 -cos B 

2 
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and is singular when () - 0, a collinear singularity. If the quark had a mass p., 

this integral would have the form 

I d( cos 8) 
1 -cos()+ J.L 2 /Q 2 (g) 

and would give rise to the log( Q2 
/ p. 2 ) term. The presence of this large log ruins 

the expansion is a, since the next order will contain a term of order t 2a;. This 

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

VIZ, 

(10) 

Then 

(11) 

where now 

(12) 

In practice the problem is more complicated, since at order a., gluons can enter 

in the initial state via the process g + -y - q + q. Equation 10 is replaced by• 

(13) 

All partonic process have the same collinear divergences, and hence all can have 

their rates written in terms of qi(x, Q2 ) with no remaining divergences. This 

miracle is known as factorization 7> 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 qi ( x, Q2) and what is <7( z). If the definition of qi ( x, Q 2) in equation 11 

were replaced by 

qi(x,Q2 ) = qi(x) + 
2
a, {

1 
dy qi(Y) [tPqq(=.) + !(=)] 

1rJrr y y y 

"This equation will look more familiar in the standard Altarelli-Parisi6 l form 

dq(z,Q
2
) _ a.(Q

2
) 11 

dy[ ( Q2)P. (_::) + ( Q2)P. (.::)] 
d log Q2 - 211" z Y q y, qq Y g y, gq Y 

3 
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then c7(z) equation 12 would become 

G-(z) = e~8(z- 1). (1.5) 

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 F2 indirectly via equation 

13. The gluon distribution (g(x, Q2)) can only be determined from the growth 

in the antiquarks with Q2
, 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 provide valuable information. I shall begin with a survey of the 

deep-ineiastic' scattering data8 > and will comment on the other processes below. 

Data on deep inelastic scattering are available from scattering of electrons 

(SLAC9 > experiments), muons (BCDMS,10•11> EMC,12> BFP13>), and neutrinos 

(CHARM,14> CCFRR,15> CDHS,16•17> BEBC18>) 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) ~ 1-'- + c 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 F2(x, Q2 ) as measured by EMC,12l BCDMS11l and SLAC9
> 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 x and lower at large 

4 



x 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 12
) data on an iron target with 

the BCDMS19) data on carbon reveals similar systematic differences. 

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

between FfN and F{N. The quantity 

(16) 

is expected to be equal to one. The term a is due to strange quarks and is small. 

The CCFRR15
) and CDHS 16

·
17l neutrino data on an iron target when compared 

to the BCDMS data on carbon yield an R 1 consistent with 1. However the 

EMC12l and CCFRR 15) data, both on iron targets, yield an R1 approximately 

independent of x with an average value of R 1 = .923 ± .005. 18) (See figure 3). 

These comparisons would indicate that the a more consistent picture would 

emerge at moderate values of x (.2 - .5), if the EMC data were .renormalized 

upwards. They would then agree with the BCDMS data in this region also. But 

at larger x no such simple fix is available since the EMC data are larger than 

BCDMS for x.:<!0.6. 

The most accurate data are on F2 ; unfortunately a fit to these data gives 

simultaneously a value of o 5 and the gluon distribution. Ideally one would like 

to first determine o, 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 t. 

There are corrections of order l/Q2 to the evolution of the distribution 

functions with Q2 in addition to higher order (o;) terms in the Altarelli-Parisi 

equations (Eq. 13). These higher twist (1/Q2
) terms are not calculable. Their 

effect can be minimized by taking only data with Q2 > Q~in· If the resulting 

value of o 5 is independent of Q~in• one can have confid~nce that the higher 

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

tFor a review of the determination of a. from a wide variety of processes see ref. 20 
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value of a,(Q2 = 5 GeV2
) from a fit to the EMC, 12) BCDMS (Fe targets) and 

BPF (C target) data as a function of Q~in· 21 ) This figure shows that results 

using lowest order QCD are not stable, but that when the a; 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 x - 0.01 and cover a very small range 

of Q 2 at small x. 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 

lim xg(x, Q~) =canst. 
x-o (17) 

However this form is unstable. \Vhen evolved to higher Q2 , it develops rapidly 

into a steeper form (see figure 5). At very small x and large Q2 , it is possible to 

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

2 J(u-~! /J) log(l/r)loglog(ql) 
xg(x,Q)-e 1 (18) 

This form is singular as x-+ 0. It is also possible to sum to all orders in a, the 

most singular terms at small x and large Q2 . This gives22) 

where, 8 = 12a, log(2)/1T', which is an even more singular form. It has been 

suggested22) that one should use a form for xg( x, Q5) which is more like the 

asymptotic form. 

xg(x, Q~) - 1/ Jx (19) 

is most commonly used. It is not clear that this form is a better assumption that 

the conventional one, or below what value of x 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 x < 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 x > 0.02 ( Q5 = 5Ge V 2
) and have the forms 

6 
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of equations 17 and 19 at smaller x 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 

x problem are therefore serious only for processes sensitive to small x 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-5 1 (DOl and D02) which were based on data 

from E~C,12 l SLAC9 l and CDHS 16
) (the latter were renormalized in an attempt 

to deal with the systematic differences in the data sets, see above), and Eichten 

et al. 23l (EHLQ1 and EHLQ2) 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 x (harder distribution) corresponds· to the larger value of a, (EHLQ2 and 

D02). Pararneterizations of these distribution functions are.given in the papers 

and can easily be applied to a variety of other processes. 

Recently, fits using next to leading order QCD have emerged. Diemoz, 

Ferroni, Longo and Martinelli (DFLM) 25> used neutrino data from BEBC, 18l 

CCFRR,25l CHARM14) and CDHS.17> They also provide different fits corre­

sponding to different values of a,. They give sets of distribution functions cor­

responding to a range of A: 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 Stirling27l (MRS) have used EMC 12l data together 

with that from CDHS\V17> and CCFRR15l (to which they apply a renormaliza­

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

tHere I am quoting a A which corresponds to 4 fiavors, in the range mcha,.,... < Q < mbottom 

h ~ l ~ . t2.. [1 m los:log(9)/A,] See ~ 20 ~ t e LOrmu a LOr a. IS a.= lSlog(Q'IA'> - 625 log(Q,/A3 ) • reLerence LOr a summary 

of the behavior of this formula as a threshold is crossed. 
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three fits which differ in the form of xg( x, Q2 = 4Ge V2 ). 

xg(x, Q2 = 4GeV2
) ""(1- x) 5 

""(1- x) 4 (1 + 9x) 

,.,_, x- 112(1- x)6 (1 + 9x) 

(set 1) 

(set 2) 

(set3). (20) 

They then use data from Jjt/; production28) and photon production29) 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. 

Recently30l they have refitted set 1 using the BCDMS10) data instead of 

EMC. 12) Here they find that the neutrino data. and BCDMS are compatible 

and tha.t a renormaliza.tion of the former is not needed. They ha.ve compared 

the predictions from these two sets of distributions with the da.ta. on Drell-Yan 

production a.t the ISR.31 ) The BCDMS fit is preferred, but the order Os QCD 

co"rrections to the Drell-Yan rate are quite large and the o~ terms are not known 

so a.ny definite conclusion seems prema.ture.S DFL:VI and MRS do not use the 

same scheme to define distributipn functions, hence their results are not strictly 

comparable; one must compute a. physical quantity such as · F2 to facilitate a. 

compa.nson. DFLM use a. physical scheme so that the equation 

(21) 

is maintained beyond leading order. In the MRS scheme there are finite cor­

rections to this relationship proportional to o 5 • The gluon distributions are 

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

§Recently 1\mg32l 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, Q2) 

which is too large for z < 0.01. A comparison of his evolution with that of DFLM shows 

perfect agreement. 

8 
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the gluon distribution in terms of a physical process known to beyond lead­

ing order in as. Candidates include heavy quark33) or jet production34•35 ) in 

hadron-hadron production or photo-production.36l 

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 Tung37) 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-hadrc:m collision. The hadronic cross-section f7 is given in terms of the 

partonic cross section f7;j by 

f7- ~ j dxldx2a-iif;(xl, A/2 )/;(x2 , 1.\12
). (22) 

l) 

Here the sum runs over all types of partons that contribute to the process and 

the./; are the parton distribution functions. The parton cross section f7;j can be 

expressed as an expansion in a.,(JJ) 

C7;j = Aa;(JJ)(1 + Ba.,(JJ) .. . ). (23) 

Before expression (22) can be used we must (a) calculate a-, (b) have a set of 

distribution functions and (c), choose the scales Nl and J.l· (a) is straightforward 

although it can be extremely tedious. (b) has been discussed above. Recall the 

discussion of the definition of qi (see equation 14 and the surrounding discussion), 

and that the form of a- will depend upon this definition. From equation .13, it 

is clear that a change in the scale M to Af' will induce a term in equation 22 
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of order a., log(1\1' /Af). An intelligent discussion of the scale dependence is not 

possible therefore unless f7 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 .VI 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 Af or fJ dependence remains. I shall 

set·· M = fJ in the following although there is no necessity to do so. 

It is clear that lv/ should be of the order of the momentum transfers m 

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 ~VI; fastest apparent convergence (FAC) and 

minimal Sensitivity (PMS).38> In the former, one chooses the M which makes 

the next to leading order term small; in the latter, theM where the total result 

is varying least with 1\1. 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 J.V! 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. I will now use some examples 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 qq --+ 19 and 9q --+ 91 contribute 

to photon production at large transverse momentum (p .L) in hadron-hadron 

collisions.29•39) The former process is irrelevant in the accessible P.L 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 99 --+ qq1 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 
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photon is buried inside a jet; therefore a cut requiring that the photon be isolated 

is usually applied. 

Figure 8 shows the predicted Pl. spectrum for the production of photons 

at the Tevatron collider. Two bands are shown correspondi .. g to the predicted 

rates in leading order and next to leading order QCD40l when the scale Jf = fJ. 

is varied from PJ./2 to 2pl.. The result from the next to leading order where 

M is chosen according to the P;\ilS scheme is also shown. It is larger since the 

scheme picks M ,..,. Pl./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 

ISR29l and UA239l conclude that a softer gluon distribution such as MRSl, DOl 

or EHLQl is preferred.27l 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 EHLQ2' distribution functions. The peak at large y in the 

latter case is due to the more singular form of xg(x, Q2 ) at small x. 

Measurements of the photon production at FNAL fixed target energies41 l 

are complimentary to those at the collider since a different range of x is explored. 

Figure 11 shows the Pl. distribution for a few representative sets of structure 

functions. For the values of Pl. shown here the uncertainty due to the scale 

choice ;w (varied from Pl./2 to 2pl.) 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 Pl. the process gg ~ 11 

is dominant over qq ~ II· 42 ) The next order QCD corrections to this process 

are not known, hence the lvf 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 qq --+ tt. Figure 13 shows the production cross-section for a 

top quark pair as a function of the scale Af. The D FLM25
) (A = 2601\1 e V) 

distribution functions are used. \Vhen the next to leading order calculation 

is used there is an uncertainty of order ± 10% from this scale ambiguity if we 

vary M from mt011/2 to 2mtop·34
) Notice that the FAC (where the higher order 

corrections is zero) and P~tS (the stationary point on the solid curve) choices are 

similar and correspond to Af - ffitop/3. Table 1 shows the spread in predicted 

cross-sections from the different sets of distribution functions. This spread is 
0 

larger than ±10%, hence the primary uncertainty in top production 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 produ~tion at the Tevatron 

IS not so clear. Firstly the Af dependence of the cross-section is quite large 

and indeed is stronger if the next to leading order terms are included.34) An 

uncertainty of ±30% due to M exists. In addition the values of x (of order 

ffibottoml vs) and relatively low Q2 are in a region where the uncertainties due to 

the low x behavior of the distribution functions are large. Figure 14 shows the 

total bb production rate in pp collisions as a function of Js with M = mbottom; 

the two curves correspond to EHLQ2 and EHLQ2' distributions. One can see 

from this that the uncertainties get worse as vs 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 x 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,34> 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 A/= Pl./2 and lvf = 2Pl.· By contrast, figure 

16 shows the same nte for a selection of distribution functions with AI = Pl.· 

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 x 

for a given Pl.· The biggest differences arise at small Pl. 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 Q2 evolution of distribution functions. The rapidity 

distribution of the Drell-Yan pairs at the Tevatron43l may afford a probe of the 

gluons at small x where effects similar to those indicated for photon production 

(see figur~ 10) 'may occur. WjZ production at the SppS and Tevatron colliders 

pro'-:ide a probe of the antiquark distributions, but the relevant values of x are 

quite large (.13 and .04) for ~V/Z's produced centrally and at these values the 

quark (antiquark) distribution in a proton (antiproton) is well known. 

The production of J /t/J in proton-proton collisions28l has been advocated27l 

as a probe of the gluon distributions since theoretical models 44l for the produc­

tion include the processes qq-+ J/t/J and gg-+ JjtjJ. 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 

(24) 

it is possible by studying the rapidity dependence of the production rate to get 

some information on the shape of the gluon distribution (Y.v = 0.51og(xdx2 )). 

Here an assumption is made that there is not additional rapidity dependence in 

o-1 • One is really assuming that the extra emitted gluons are all soft. MRS have 
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used the this to infer that the softer gluon distribution of their set 1 is preferred. 

The model for J /'1/J production at large Pt is in better shape theoretically; here 

the dominant process is gg--+ gJ/t/; which can be calculated.45l 

Data from photoproduction either using a photon beam or in an ep or 

JJ.P 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 

"'19 --+ QQ. Next to leading order QCD corrections are known.36l 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 FN AL 46 or HERA should provide useful information. 

I will conclude this brief survey with some comments concerning HERA. 

The accessible range of x and Q2 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 x 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 11 dy FL = F2- 2xFl = -
2 

• 3 [F2(y) + (1- x/y) yg(y)]. 
7r z y 

(25) 

This is shown in figure 17. At values of x less than 0.05 the gluon term is 

dominant so that a measurement of FL 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.46l Recall 

that the differences are greatest at small Q2 , but FL will be dominated by 

incalculable higher twist ( 1/ Q2 ) terms if Q2 is too small. Ort figure 17, I have 

indicated the size of error that a HERA experiment can expect to reach.41 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 x 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 nee-

14 
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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 m usmg 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 x 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 ~alculatiohs due to choice of scale can be the limiting factors. All recent 

fits to data indicate that a softer gluon distribution of the form xg(x, 5)- (1-x)5 

is a reasonable fit. There is considerable uncertainty about the behavior the 

distributions at small x, although this probably has few critical consequences 

elsewhere. Data from CDF on photon and Drell-Van 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 F2(x, Q2) measured in muon scattering from a pro­

ton target from the BCDMS1l (closed dots) and E~IC 12 l collaborations 

(open circles). Also shown are data at small Q2 (boxes) from the electron 

scattering experiment9l at SLAC. 

Figure 3: The ratio R1 (equation 16) plotted against x the data are from 

EMC12 (F~) and CCFRR15
) (F2N) both of which use an iron target. 

Figure from Sculli, ref. 8. 

Figure 4: Th,. value of AQcD as a function of the Q2 mix cut applied to the 

BCDMS, 10) EMC12 l and BPF13l data. The squares correspond to a lowest 

order QCD fit and the circles ·to nex~ to leading order (A!S scheme, 4 

flavors). Figure courtesy J. Morfin.21 ) 

Figure 5: A comparison of the gluon distributions for fixed Q2 as a function of 

x. The solid lines are EHLQ set 2 and the dashed are EHLQ2' (see text). 

The higher (lower) curve J.t small x corresponds to Q2 = 50(5) GeV2 . 

Figure 6: A comparison of the gluon distributions from various parameteri­

zations at Q2 = 5 GeV2 • Parametrizations shown are EHLQ1, EHLQ2, 

DOl, D02, DFLM (A=160,260,36.0 MeV) and MRSl (based on EMC and 

BCDMS). 

Figure 1: As figure 6 except Q2 = 50 Ge V2
. 

Figure 8: The cross section dt7 / dptdy for the production of a photon at y = 0 

in pp collisions at .jS = 1.8 Te V. The region between the dashed (solid) 

lines corresponds to the lowest orL..:r (next to lowest order) rates when 

M = J.l is varied from pt/2 to 2Pt. 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 lO\ver range 

corresponding to changes in the structure functions. The upper range is 

given by 002 and by MRSl (EMC data), the lower by EHLQ2 (JJ. =AI = 
Pt is used). 

Figure 10: f5
15 dp~d11 dp.1. as a funct.. .. l of y for the production of a photon in 

pp collisions at fi = 1.8 TeV. The solid (dashed) lines correspond to 

the EHLQ2 (EHLQ2') distribution functions. Lowest order QCD with 

J.' = M = Pt is used. 

Figure 11: The cross section d<7jdpl.dy at y = 0 for the production of a photon 

in pp collisions at fi = 34 Ge V. The lines correspond to EHLQ2 (solid), 

002 (dashed), and DFLM (dotted) (A = 260 MeV) sets of distribution 

functions. 

Figure 12: d<7jdJ.vL.,.., for the process pp - rr +X at fi = 1.8 TeV. Here 

1.\1...,.., is the invariant mass of the photon pair. Both photons are required 

to satisfy IYI < 2.5. The dashed (solid) line corresponds to the EH LQ2' 

(EH LQ2) structure functions. 

Figure 13: The dependence of the tt production rate upon J.' = M for mtop = 
60 GeV at Js = 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 fi. 

The distribution functions of EHLQ2 (solid line) and EHLQ2' of (dashed 

line) are used. 

Figure 15: The cross section d<7jdpl.dy for the production of a jet at y = 0 in 

pp collisions at fi = 1.8 TeV. The curves correspond to the EHLQ2 set 

20 
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distribution functions with 11- = Af = pt/2 (upper curve) and 11- = .\I = 2pt 

(lower curve). 

Figure 16: The cross section da / dpl.dy for the production of a jet at y = 0 

in pp collisions at y'S = 1.8 Te V. The lines correspond to D02 (dashed), 

EHLQ2 (solid) and DFUvl (A = 260, MeV, dotted) sets of distribution 

functions. 

Figure 17: The structure function FL(x,Q 2 ) at fixed Q2
. The solid (dashed) 

lines correspond to Q2 = .jQ ( 5) Ge V2
• The upper (lower) line at small x 

corresponds to the EHLQ2' (EHLQ2) structure functions. The error bar 

indicates the size of error that can be expected47 at HERA at Q2 = 50 

GeV2 
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LBL-25820 

mt =50 mt = 80 
EHLQl 2.3 0.22 
EHLQ2 2.0 0.19 

DOl 2.0 0.20 
D02 1.3 0.16 

DFLM(160) 2.0 0.20 
DFLM(260) 1.8 0.18 
DFLM(360) 1.6 0.16 
MRS(EMC) 2.0 0.20 

l'v! RS(BC DMS) 2.9 0.41 

Table 1. 
The total cross-section in nanobarns for the production of a tt pair in pP 
collisions at Js = 1.8 TeV for mt = 50,80 GeV. The values given by 
various sets of distribution functions are shown. 
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