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The motiva.tion is recalled for investigating higher-order terms in QeD perturbation theory a.t small %, 

and the results of recent resummed calculations for structure functions are discussed. 

At present and future high-energy hadron colliders, a 
large set of data receive contribution from events at small 
x, that is, events in which the momentum transferred 
in the hard scattering of partons is much greater than 
AqcD but much smaller than the total energy available 
to the system. Reliable predictions for these processes 
are therefore necessary, for both carrying out tests of 
QeD and estimating the background to searches for new 
physics. 

The evaluation of these processes is complicated by 
the presence of potentially large corrections to all orders 
in perturbation theory, associated with multiple emis
sion of gluons over a large rapidity interval, disordered in 
transverse momentum and polarized with eikonal helici
ties 1. For inclusive variables, the resummation of such 
corrections to the leading logarithmic accuracy is accom
plished by the BFKL equation 2. The coupling of the 
BFKL Green's functions to physical hard-scattering pro
cesses, such as deep inelastic lepton scattering or large-p J. 

events in hadron-hadron collisions, is determined by the 
high-energy factorization 3,4. This provides a method 
to identify systematically classes of logarithmic contri
butions, and match them with finite-x non-logarithmic 
corrections in perturbation theory. 

In this framework, a resummed calculation of the 
deep inelastic structure function F2(x, Q2) has been re
cently performed by Ellis, Webber and the author 5. In 
addition to the full one-loop 6 and two-loop 7 contribu
tions to F2, this calculation resums - to all orders in a, 
the small-x leading logarithms 2 and a class of the next
to-leading logarithms 4, namely the ones associated with 
the contribution of quark operators. Results for F2 are 
then obtained by assuming a set of input parton distri
butions at some low mass scale. 

The outcome of this calculation indicates that the 
size of resummation effects varies depending on the shape 
of the parton distributions assumed as inputs. The flat
ter the input distributions at small x, the bigger the im
pact of resummation on their evolution. Fig. 1 shows the 
Q2-dependence of F2 at small values of x according to 
resummed (leading, L(x), and next-to-Ieading, NLQ(x)) 
and fixed-order (I-loop and 2-100p) theory in the case of 
flat distributions MRSDO' at Qa =4 Ge V2 8. One can 
see that in this case corrections from higher-order loga

rithmic terms are rather large. It is also worth noting 
that the most important contribution to these correc
tions does not come from the leading resummation but 
from the next-to-leading one. This is because F2 cou
ples directly to quarks (and not gluons), and it is only 
at the next-to-leading level that small-x contributions to 
the quark channels set in. 
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Figure 1. The .tructure function F2 at .mall x. 

Measurements of F2 in the small-x range are cur
rently being carried out at the HERA ep collider 9, and 
the 1993 data of the Zeus collaboration are plotted in 
Fig. 1. Comparison with the theoretical curves suggests 
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that the enhancement effects encompassed by perturba
tive resummation could provide a mechanism to account 
for the scaling violation observed at HERA, without need 
for a very steep input gluon distribution or a very low 
input mass scale. This can be contrasted with standard 
analyses I based on fixed-order perturbation theory, in 
which the observed behaviour of F2 at small x is traced 
back primarily to properties of the non-perturbative in
put, that is, either a steep input gluon or a low input 
scale. Since F2 is not very sensitive to the leading BFKL 
dynamics, it is rather difficult to discriminate between 
these different possible explanations of the small-x be
haviour on the basis of data on F2 only. From this point 
of view, investigations of other observables could be use
ful, both at the inclusive level and at the level of the 
distributions associated to the final states. 

A qualitative estimate of the order of magnitude of 
the resummation effects one may expect in the longitu
dinal structure function FL can be obtained using the re
sults in Ref. 4 for the corresponding coefficient function. 
One may consider the relationship between the moments 
of the resummed coefficient functions for aF2 / aIn Q2 and 
FL. The ratio R between these two quantities is plotted 
in Fig. 2 as a function of the parameter i, which is the 
anomalous dimension determined by the BFKL equation, 
and increases up to the saturation point 1/2 for asymp
totically small values of x. Fig. 2 shows that this ratio is 
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Figure 2. Ratio between the moment. oj 8F2 /8 InQ2 and FL 
at 4mall x. 

about 3 at f = 1/2. This leads one to expect the order of 
magnitude of the resummation effects in FL to be about 

30% of those in F2. Also, one may note that, whilst the 
Born approximation to this curve is far away from the 
resummed value around i = 1/2, the first-order approx
imation is rather close, suggesting that an evaluation at 
fixed perturbative level may do pretty well in this case. 

In conclusion, one should observe that, because cor
rections to F2 from quark evolution are fairly large, it is 
likely that small-x resummation may prove to be helpful 
in improving our understanding of the HERA data. To 
pursue this, it is important to enlarge the spectrum of re
summed analyses to additional observables. At the same 
time, it is highly desirable to enhance the accuracy of 
the resummed theory by gaining a better control of the 
subleading terms, in the first place the next-to-leading 
corrections to the gluon channels. 

Acknowledgment 

The work presented in this talk is supported in part by 
the UK Particle Physics and Astronomy Research Coun
cil and the EC Programme "Human Capital and Mobil
ity", Network "Physics at High Energy Colliders", con
tract CHRX-CT93-0357 (DG 12 COMA). 

References 

1. 	 For a review see for instance A.H. Mueller, plenary 
talk at this Conference. 

2. 	 L.N. Lipatov, Sov. J. Nucl. Phys. 23 (1976) 338; E.A. 
Kuraev, L.N. Lipatov and V.S. Fadin, Sov. Phys. 
JETP 45 (1977) 199; Va. Balitskii and L.N. Lipatov, 
Sov. J. Nucl. Phys. 28 (1978) 822. 

3. 	S. Catani, M. Ciafaloni and F. Hautmann, Phys. 
Lett. 242B (1990) 97, Nucl. Phys. B366 (1991) 135, 
Phys. Lett. 307B (1993) 147. 

4. 	S. Catani and F. Hautmann, Phys. Lett. 315B (1993) 
157, Nucl. Phys. B427 (1994) 475. 

5. R.K. Ellis, F. 	Hautmann and B.R. Webber, Phys . 
Lett. 348B (1995) 582; F. Hautmann, Cam
bridge preprint Cavendish-HEP-95/04, contribution 
at XXX Rencontres de Moriond, March 1995. 

6. 	 V.N. Gribov and L.N. Lipatov, Sov. J. Nucl. Phys. 
15 (1972) 438,675; G. Altarelli and G. Parisi, Nuc!. 
Phys. B126 (1977) 298; Yu.L. Dokshitzer, Sov. Phys. 
J ETP 46 (1977) 641. 

7. 	 E.G. Floratos, D.A. Ross and C.T. Sachrajda, Nucl . 
Phys. B152 (1979) 493; G. Curci, W. Furmanski 
and R. Petronzio, Nucl. Phys. B175 (1980) 27; E.G. 
Floratos, C. Kounnas and R. Lacaze, N ucl. Phys. 
B192 (1981) 417. 

8. 	 A.D. Martin, R.G. Roberts and W.J. Stirling, Phys. 
Lett. 306B (1993) 145. 

9. ZEUS Collaboration, 	M. Derrick et aI., Zeit. Phys. 
C65 (1995) 379; HI Collaboration, 1. Abt et aI., 
Nuc!. Phys. B439 (1995) 471. 




