
























calculation is that the shadowing effects on F;P are found to be smaller than previous 
estimates [7, 9]. The reason is that the calculation explicitly includes the g ---+ qq 
convolution and that the shadowing of q (and hence of samples the shadowing 
of g at a larger x. The results are shown in Fig. 15, together with the preliminary H1 
measurements ofF? which were revealed in a subsequent introductory talk by De 
Roeck [22]. The implications of these exciting data from H1 became a major topic 
of study at the Workshop, see the summary talks (24, 3]. The preliminary verdict of 
Figs. 14 and 15 is that the data favour the parton sets and GRV. 

The measurements of F? at HERA probe primarily the sea quark distribution 
at small x. Methods for directly extracting the gluon distribution from HERA mea­
surements of FL [25] and dF2/ dlog Q2 [26] have been suggested. These are based on 
the observation that in the leading-order expressions 
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it is the gluon term on the right-hand-side that dominates at small x in each case. 
The clear correlations shown in Fig. 16 lend support to the case for making precise 
measurements of these two quantities, leading to qualitative estimates of the under­
lying gluon behaviour. At such small x values, however, NLO corrections can disturb 
the simple formulae used to extract xg( x ), which are based only on 0( expressions. 
Thus in computing the FL predictions shown in Fig. 16 we use the 0( a;) expressions 
of ref. [27], where the NLO corrections can be significant for x ,:S 10-3

. In addition, 
the 0( a.) contributions to the splitting functions Pq9 ( z) and Pqq( z) involve contri­
butions proportional to z-1

, which become increasingly important in dF2/dlog Q2 at 
low x. 

It is interesting to compare the above methods for measuring the small x gluon 
at HERA with the more direct methods available at hadron colliders. In princi­
ple, the small x gluon is probed in prompt photon, large PT jet and bb production 
in high energy pp collisions, through such subprocesses as gq ---+ ;q, gg ---+ gg and 
gg ---+ bb. However, each of these methods is problematical (for a recent review see 
ref. [28]). Prompt photon production in the small-to-medium range is plagued 
by uncertainties in the choice of QCD scales, the poorly known higher-order pro­
cess contributions, and the matching of the experimental and theoretical "isolation 
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criteria". The relatively high PT thresholds required for hadronic jet cross sections 
and the experimental uncertainties in the jet energy measurements currently prevent 
the small :z: of the gluon being explored with any precision. Finally, in bb produc­
tion there are large uncertainties from the significant renormalization/factorization 
scheme dependence and from the experimental extrapolation of the total cross sec­
tion from a relatively small number of events with leptons or J /1/J's. In spite of this, 
it is interesting to note that there are some indications that "conventional" gluons 
of the form :z:g "' A(1 - :z: )n or similar are unable to totally explain the yield of bb 
pairs, in particular the CDF data at y's = 1.8 TeV. Berger et al. (29] have recently 
investigated whether it is possible to modify the gluon to achieve better agreement. 
It turns out to be necessary to significantly enhance the gluon in the :z: ,....., 0.01 region, 
at the expense of poorer fits to the lower energy fixed-target prompt photon data. 
A precision measurement of the gluon at HERA using the methods described above 
may be well be the only way to settle the issue. 
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Figure Captions 
1. The partonic structure of the proton as seen by a probe of 4-momentum q. The 

struck quark carries a fraction :z: of the proton's 4-momentum. The gluon chain 
may contain quark links, particularly at large :c. 

2. The BCDMS [13] and NMC [4] measurements of FfP, together with the fits by 
KMRS [7] and MRS [10]. The NMC data were not available for KMRS. The 
figure is taken from ref. [10]. 

3. The description of the NMC data [4] for Ffn I FfP given by the D~, D~ and s~ 
partons [10]. The mean Q2 of the data varies with :z: as shown by the uppermost 
scale. The curves take this Q2 dependence into account. The values of Ffn have 
been obtained from J.LD data corrected for deuteron screening effects. The figure 
is taken from ref. [10]. 

4. The continuous curves show the description of the CCFR [5] measurements of 
FfN(:z:, Q2

) by the D~ set of partons. The data are shown after correction for 
the heavy target effects and after the overall renormalization of 0.95 required 
by the global MRS fit. The statistical, systematic and heavy target correction 
errors have been combined in quadrature. The figure is taken from ref. [10]. 

5. As for Fig. 4 but for the structure function :z:F3N(:z:, Q2
). 

6. The parton distributions of the proton at Q2 = 20 GeV2 corresponding to (a) 
set D~ of MRS [10] and to (b) set CTEQ1M of [11]. 

7. A comparison of the MRS(D~) and CTEQ1M quark distributions (shown in 
Fig. 6) at :z: = 0.15 and Q2 = 20 GeV2

. 

8. An estimate of zs( :z:) from structure function data [4, 5], together with the 
values found in the MRS(D~) [10] and CTEQ1M [11] analyses. 

9. The values of zs( :z:) determined by CCFR [15] from their dimuon deep-inelastic 
data, together with the values found in the MRS(D~) [10] and CTEQ1M [11] 
analyses. The errors shown on the "data" are purely statistical. 

10. The ingredients of the Gottfried sum rule for various sets of parton distributions, 
as described in the text. The figure is taken from ref. [17]. 

11. The ratio of dilepton yields per nucleon from tungsten and isoscalar targets as 
a function of :c(target). The data are from ref. [20]; the open circles at small :z: 
show the ratio before correction for nuclear shadowing. The curves are the full 
next-to-leading order QCD predictions using the same parton sets as in Fig. 10. 
The figure is taken from ref. [17]. 
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12. Predictions for the Drell-Yan asymmetry, (15), as a function of ..jT = M/Js 
with Pbcam = 450 GeV jc. The curves are based on next-to-leading order calcu­
lations using the same parton distributions as in Fig. 10. The figure is taken 
from ref. [17]. 

13. The parton distributions in the proton at Q2 = 20 GeV2 corresponding to (a) 
set MRS(D~) of [10], (b) set CTEQ1MS of [11], and (c) the "valence" model of 
Gliick, Reya and Vogt [12]; we thank A. Vogt for the plot of GRV(1993). 

14. Predictions for F? at Q2 = 20 GeV2 obtained from the parton sets [10, 11, 12] 
of Figs. 6 and 13. 

15. The continuous and dashed curves are the QCD predictions for F? of ref. (23]. 
The upper and lower dashed curves correspond respectively to conventional and 
"hot-spot" shadowing. Also shown are the preliminary H1 data (22] together 
with the extrapolations resulting from MRS parton sets D~ and D~ (10]. The 
data are subject to an additional overall normalization uncertainty of ±12%. 

16. The sensitivity of two structure function methods of determining the small x 
gluon at HERA, illustrated in terms of the gluon distributions of ref. (10]. FL is 
the longitudinal structure function for deep-inelastic ep scattering. The curves 
are calculated using the full next-to-leading order QCD expressions. 
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