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The main problems discussed during the Conference were connected with
the following topics:

—

. Deep inelastic scattering at low z.

2. Deep inelastic diffraction.

3. Nuclear effects in deep inelastic scattering.

4. High energy limit of QCD and formal theoretical issues.

The experimental data have been reviewed in talks given by Barbara Badelek,
Albert De Roeck, Witek Krasny and Andrzej Eskreys [1-4].Barbara Badelek
reviewed the fixed target data which, thanks to their precision, are the basic
source of experimental input for the QCD improved parton model analysis.
Several new data are available on Ff,FQd,FzA as well as on the spin de-
pendent structure functions g} and g¢. Several experiments cover the very
interesting transition region of low Q% and low z. The HERA data have
been reviewed by Albert De Roeck, Witek Krasny and Andrzej Eskreys.
The highlights of HERA results are: increase of the structure functions
with decreasing z and the large rapidity (or diffractive) events. The new
preliminary results on the charm component Fj of the proton structure
function F, from HERA have also been for the first time reported at this
Conference [2]. The experimental data from HERA on the structure of the
final states in deep inelastic scattering and in photoproduction have also
been reviewed [2, 3]. They play important role for revealing the details of
the underlying dynamics.

* Presented at the Cracow Epiphany Conference on Proton Structure, Krakéw, Poland,
January 5-6, 1996.
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Perturbative QCD predicts that several new phenomena will occur when
the parameter z specifying the longitudinal momentum fraction of a hadron
carried by a parton (i.e. by a quark or by a gluon) becomes very small
[5, 6]. The main expectation is that the gluon densities should strongly
grow in this limit, eventually leading to the parton saturation effects [5-8].
The small z behaviour of the structure functions is driven by the gluon
through the g — ¢g transition and the increase of gluon distributions with
decreasing z implies a similar increase of the deep inelastic lepton-proton
scattering structure function F3 as the Bjorken parameter r decreases [11].
The Bjorken parameter z is, as usual, defined as z = Q?/(2pg) where pis the
proton four momentum, ¢ the four momentum transfer between the leptons
and Q? = —¢2. The recent experimental data are consistent with this
perturbative QCD prediction that the structure function Fy(x,Q?) should
strongly grow with the decreasing Bjorken parameter z [12, 13].

Small z behaviour of structure functions for fixed Q? reflects the high
energy behaviour of the virtual Compton scattering total cross-section with
increasing total CM energy squared W? since W2 = Q?(1/x — 1). The
appropriate framework for the theoretical description of this behaviour is
the Regge pole exchange picture [15].

The high energy behaviour of the total hadronic and (real) photopro-
duction cross-sections can be economically described by two contributions:
an (effective) pomeron with its intercept slightly above unity (~ 1.08) and
the leading meson Regge trajectories with intercept ar(0) &~ 0.5 [14]. The
reggeons can be identified as corresponding to p,w, f or A, exchange(s)
depending upon the quantum numbers involved. All these reggeons have
approximately the same intercept. One refers to the pomeron obtained from
the phenomenological analysis of hadronic total cross sections as the “soft”
pomeron since the bulk of the processes building-up the cross sections are
low p; (soft) processes.

The Regge pole model gives the following parametrization of the deep
inelastic scattering structure function Fy(z,Q?) at small z

Fa(e, Q%) = 5@~ (1)

The relevant reggeons are those which can couple to two (virtual) photons.
The (singlet) part of the structure function F, is controlled at small z by
pomeron exchange, while the non-singlet part F)NS = FP — F} by the A,
reggeon. Neither pomeron nor A, reggeons couple to the spin structure
function gy (z,Q?) which is described at small z by the exchange of reggeons
corresponding to axnal vector mesons [16, 17} i.e. to A; exchange for the
non-singlet part ¢S = = g} — g7 ete.

g1 (2,Q%) = 7(Q*)z 4 . (2)
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The reggeons which correspond to axial vector mesons are expected to have
very low intercept (i.e. aq, <0 etc.).

The growth of structure functions with decreasing parameter z is much
stronger than that which would follow from the expectations based on the
“soft” pomeron exchange mechanism with the soft pomeron intercept asof; &
1.08. The high energy behaviour which follows from perturbative QCD is
often referred to as being related to the “hard” pomeron in contrast to
the soft pomeron describing the high energy behaviour of hadronic and
photoproduction cross-sections.

At small z the dominant role is played by the gluons and the basic
dynamical quantity is the unintegrated gluon distribution f(z,Q?) where
z denotes the momentum fraction of a parent hadron carried by a gluon
and @, its transverse momentum. The unintegrated distribution f(z,Q?)
is related in the following way to the more familiar scale dependent gluon
distribution g(z,Q?):

2 2
2g(z,Q%) = dQQt* (2, QD). (3)

In the leading In(1/x) approximation the unintegrated distribution f(z,Q?)
satisfies the BFKL equation [9, 10, 19] which has the following form:

f(z, Q?) = fOz,Q?)
Ms/ /5 [(q T/ @@+ Q)" - £ QDeE - )| ()

where

_ 3a,
Gy = — (5)

The first and the second terms on the right hand side of Eq. (4) correspond to
real gluon emission with ¢ being the transverse momentum of the emitted
gluon, and to the virtual corrections respectively. f°(z,Q?) is a suitably
defined inhomogeneous term.

After resuming the virtual corrections and “unresolvable” gluon emis-
sions (g2 < p?) where p is the resolution defining the “resolvable” radiation,
equation (4) can be rearranged into the following “folded” form:

f(2,Q) = oz, QN /‘“[ L9642 _ )

T 2 Q3 ' 2 K
<t (£,01) 2o (4 + @) )+0<Q ) ()

~“~a
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where Ag which screens the 1/z singularity is given by:

Ar(z,Q%) = L@ In(QF/u?) _ exp | - / / dg? o
and
ey (2 gr) 40D
Peeh = [ San(502) G ©

z

Equation (6) sums the ladder diagrams with the reggeized gluon exchange
along the chain with the gluon trajectory ag(Q?) =1 — (as/2) In(Q?/u?).

For the fixed coupling case Eq. (4) can be solved analytically and the
leading behaviour of its solution at small z is given by the following expres-

sion:
1 g BFKL In*(Q}/Q%
f2,Q)) ~ QD)3 -T;(;)exp (-W) ©)
with
/\BFKL = 4]11(2) (10)
N = @,28¢(3), (11)

where the Riemann zeta function ((3) &~ 1.202. The parameter () is of
nonperturbative origin.

The quantity 14 Aprky is equal to the intercept of the so - called BFKL
pomeron. Its potentially large magnitude (~ 1.5) should be contrasted with
the intercept agofy = 1.08 of the (effective) “soft” pomeron which has been
determined from the phenomenological analysis of the high energy behaviour
of hadronic and photoproduction total cross-sections [14].

The solution of the BFKL equation reflects its diffusion pattern which
is the direct consequence of the absence of transverse momentum ordering
along the gluon chain. The interrelation between the diffusion of transverse
momenta towards both the infrared and ultraviolet regions and the increase
of gluon distributions with decreasing z is a characteristic property of QCD
at low z. It has important consequences for the structure of the hadronic
final state in deep inelastic scattering at small z.

In practice one introduces the running coupling &5(Q?) in the BFKL
equation (4). This requires the introduction of an infrared cut-off to prevent
entering the infrared region where the coupling becomes large. The effective
intercept Aprky, found by numerically solving the equation depends weakly
on the magnitude of this cut-off [28]. The impact of the momentum cut-offs
on the solution of the BFKL equation has also been discussed in Refs [29, 30].
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It should finally be emphasized that in impact parameter representation
the BFKL equation offers an interesting interpretation in terms of colour
dipoles [31, 32].

The structure functions F; 1(z,Q?) are driven at small z by the gluons
and are related in the following way to the unintegrated distribution f:

Fosle / [Limpe@eindeh. o)

The functions Fb°"( ', Q% Q%) may be regarded as the structure functions of

the off-shell gluons with virtuality Q?. They are described by the quark box
(and crossed box) diagram contributions to the photon-gluon interaction.
The small 2 behaviour of the structure functions reflects the small 2z (2 =
z/z') behaviour of the gluon distribution f(z,Q?).

Equation (12) is an example of the “k; factorization theorem” which
relates measurable quantities (like DIS structure functions) to the convolu-
tion in both longitudinal as well as in transverse momenta of the universal
gluon distribution f(z,Q?) with the cross-section (or structure function) de-
scribing the interaction of the “off-shell” gluon with the hard probe [25, 24].
The k, factorization theorem is the basic tool for calculating the observ-
able quantities in the small z region in terms of the (unintegrated) gluon
distribution f which is the solution of the BFKL equation.

The leading — twist part of the k; factorization formula can be rewritten
in a collinear factorization form. The leading small z effects are then auto-
matically resumed in the splitting functions and in the coefficient functions.
The k; factorization theorem can in fact be used as the tool for calculating
these quantities. Thus, for instance, the moment function Pyy(w, ;) of the
splitting Pye(z, a;) function is represented in the following form (in the DIS
scheme):

73g(%‘)ﬁ%mx (w=0,7=175(%))

pqg(w’a's) = 22;’ 31‘2 s (13)
where FP°%(w,v) is the Mellin transform of the moment function
FP%(w,Q2,Q?) i.e.

] 1/24ico Q2 .
Fbox 2 N2y . - / d Fbox 14

2 (w,Q7,Q%) oni REY) (w,7) Qt ( )

1/2—tc0

and the anomalous dimension v,4(@;/w) has the following expansion [27];

Yoo (22 =X=: ( )n (15)
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This expansion gives the following expansion of the splitting function Py,

< faam ()]
Zng(Z,Ols) :;Cn-—'—(;“-—ijr— (16)
Representation (13) generates the following expansion of the splitting func-

tion Pyy(z,as) at small z:

2Py (2,05) = 522PO(2) + (&) Z b %‘i}:— (17)
The first term on the right hand side of Eq. (17) vanishes at z = 0. It should
be fioted that the splitting function Py, is formally non-leading at small z
when compared with the splitting function P,, . For moderately small
values of z however, when the first few terms in the expansions (15) and
(17) dominate, the BFKL effects can be much more important in P, than
in FPyy. This comes from the fact that in the expansion (17) all coefficients
b, are different from zero while in Eq. (15) we have ¢; = ¢z = 0 [27].
The small = resummation effects within the conventional QCD evolution
formalism have recently been discussed in Refs [33-36]. One finds in general
that at the moderately small values of z which are relevant for the HERA
measurements, the small # resummation effects in the splitting function
P, have a much stronger impact on F3 than the small z resummation in
the splitting function Py,. This reflects the fact, which has already been
mentioned above, that in the expansion (17) all coefficients b, are different
from zero while in Eq. (15) we have ¢; = ¢3 = 0. The k; factorization and
small z resummation effects have been summarized in this Conference by
Francesco Hautmann [37]. The application of the k; factorization for the
calculation of the structure function F7, at low z including its extrapolation
to the region of low Q? was discussed in the talk given by Anna Stasto [38].
A more general treatment of the gluon ladder than that which follows
from the BFKL formalism is provided by the CCFM equation based on
angular ordering along the gluon chain [20, 21]. This equation embodies
both the BFKL equation at small z and the conventional Altarelli-Parisi
evolution at large . The unintegrated gluon distribution f now acquires
dependence upon an additional scale @) which specifies the maximal angle
of gluon emission. The CCFM equation has a form analogous to that of the
“folded” BFKL equation (6):

f(@,Q8Q% = f°(=,Q%, Q%

& / L [T10(a- B)an(2@ ) s (0 + @0,
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(18)

where the theta function ©(Q — gz /z’) reflects the angular ordering con-
straint on the emitted gluon. The “non-Sudakov” form-factor Ag(z, Q2 ¢?)
is now given by the following formula:

d“ — (¢))0(@2 - ¢?)|. (19)

AR(Z,QE, _exp I:

Eq. (18) still contains only the singular term of the g — gg splitting function
at small z. Its generalization which would include remaining parts of this
vertex (as well as quarks) is possible. The numerical analysis of this equation
was presented in Ref. [21] and the detailed discussion of the QCD coherence
effects which lead to angular ordering has been summarized in a talk given
by Peter Sutton [39].

The CCFM equation which is the generalization of the BFKL equation
generates the steep z~* type of behaviour for the deep inelastic structure
functions as the effect of the resummation of the leading In(1/z) resumma-
tion [39, 40]. One can however obtain satisfactory description of the HERA
data staying within the scheme based on the Altarelli-Parisi equations alone
without the small z resummation effects being included in the formalism
[41-44]. In the latter case the singular small z behaviour of the gluon and
sea quark distributions has to be introduced in the parametrization of the
starting distributions at the moderately large reference scale Q2 = Q2 (i.e.
Q2% ~ 4 GeV? or s0) [41, 43]. One can also generate steep behaviour dynam-
ically starting from non-singular “valence-like” parton distributions at some
very low scale Q% = 0.35 GeV? [42, 44, 45]. In the latter case the gluon and
sea quark distributions exhibit “double logarithmic behaviour” [46]

Fu(z,Q) ~ exp (/€@ Q) n(1/2) ) (20)
where o
d 2 s 2
f@ah = [ 2] (21)
a2

For very small values of the scale Q3 the evolution length £(Q?, Q%) can
become large for moderate and large values of Q? and the “double loga-
rithmic” behaviour (20) is, within the limited region of z, similar to that
corresponding to the power like increase of the type 7%, XA & 0.3. The
present status of the conventional QCD improved parton model analysis of
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the deep inelastic scattering and of related processes has been summarized
in talks given by Alan Martin {43] and Ewald Reya [44].

The discussion presented above concerned the small z behaviour of the
singlet structure function which was driven by the gluon through the g — ¢¢
transition. The gluons of course decouple from the non-singlet channel and
the mechanism of generating the small z behaviour in this case is different.

The simple Regge pole exchange model predicts in this case that

F}5(z,Q% = F{(z,Q% — F}(z,Q%) ~ z'24(0) (22)

where a4,(0) is the intercept of the A, Regge trajectory. For oy, (0) ~
1/2 this behaviour is stable against leading order QCD evolution. This
follows from the fact that the leading singularity of the moment v4q(w) of
the splitting function Pp,(2):

z

y(w) = / & wp (2) (23)
4]

is located at w = 0 and so the (nonperturbative) A, Regge pole at w =
a4,(0) &~ 1/2 remains the leading singularity controlling the small = be-
haviour of the non-singlet structure function.

The novel feature of the non-singlet channel is the appearance of the
double logarithmic terms i.e. powers of o, In?(1/z) at each order of the per-
turbative expansion [47-51].These double logarithmic terms are generated
by the ladder diagrams with quark (antiquark) exchange along the chain.
The ladder diagrams can acquire corrections from the “bremsstrahlung”
contributions [49, 51] which do not vanish for the polarized structure func-
tion ¢N5(z, Q%) [51].

In the approximation where the leading double logarithmic terms are
generated by ladder diagrams with quark (antiquark) exchange along the

chain the unintegrated non-singlet quark distribution f?s(x,kf) (¢N° =
u+ @ — d — d) satisfies the following integral equation :
1 Qi
_ [dz dQ}? T )
NS@@ =nfeah+a [F [ TrasC.en. ey
z Q?) ¢

where

B 2

Qs = g;r'as (25)

and Q3 is the infrared cut-off parameter. The unintegrated distribution
f?s(x,Q?) is, as usual, related in the following way to the scale dependent
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(nonsinglet) quark distribution ¢NS(z,Q?):

/ ) (26)

The upper limit Q7/z in the integral equation (24) follows from the require-
ment that the virtuality of the quark at the end of the chain is dominated
by Q7. A possible non-perturbative 4, reggeon contribution has to be in-
troduced in the driving term i.e.

fio (2,QF) ~ 272 (27)

at small z.
Equation (24) implies the following equation for the moment function

£5(w, Q)
15@,Q0) = i’ (@, QD)

Q7 w
~s d ”2 2 B ,
+% é{ &; quS(w’Q / Q,2 (g?tz') f;\ls(w’ Q£2) . (28)

Equation (28) follows from (24) after taking into account the following re-
lation:

P Qt Qt 2 2
O/Z 9( Z) !:(Qt ) (Q?)) 6 t"Qt):l- (29)

For fixed coupling &, equation (28) can be solved analytically. Assuming
for sunphcnty that the inhomogeneous term is independent of Q? (i.e. that
f 5(w,Q?) = C(w) ) we get the following solution of Eq. (28):

2\ 7Y (&s,w)
F8(w, Q) = C(w)R(64,w) (Q—g) , (30)
where . _
17 () = L 00 (31)
and B
R(ds,w) = 27 G) (32)



1456 J. KWIECINSKI

Equation (31) defines the anomalous dimension of the moment of the non-
singlet quark distribution in which the double logarithmic In(1/z) terms
i.e. the powers of a,/w? have been resummed to all orders. It can be seen
from (31) that this anomalous dimension has a (square root) branch point

singularity at w = @ where
@ = 2Va,. (33)

This singularity will of course be also present in the moment function
ffs (w, @?) itself. It should be noted that in contrast to the BFKL singular-
ity whose position above unity was proportional to a;, @ is proportional to
/0 — this being the straightforward consequence of the fact that equation
(28) sums double logarithmic terms (o;/w?)™. This singularity gives the
following contribution to the non-singlet quark distribution f?s(x,Q?) at

small z: -
NS 2 v
[y (2,Q7) ~ M (34)

T

For small values of the QCD coupling this contribution remains non - leading
in comparison to the contribution of the A, Regge pole.

As has been mentioned above the corresponding integral equation which
resumes the double logarithmic terms in the spin dependent quark distri-
butions is more complicated than the simple ladder equation (24) due to
non-vanishing contributions coming from bremsstrahlung diagrams. It may
however be shown that , at least as far as the non-singlet structure function
is concerned, these contributions give only a relatively small correction to
@. The main interest in applying the QCD evolution equations to study the
spin structure function is that the naive Regge pole expectations based on
the exchange of low-lying Regge trajectories become unstable against the
QCD perturbative “corrections”. The relevant reggeon which contributes
to gNS(z,Q?) is the A; exchange which is expected to have a very low in-
tercept a4, (0) < 0. The perturbative singularity generated by the double
logarithmic In(1/z) resummation can therefore become much more impor-
tant than in the case of the unpolarized case where it is hidden behind
leading A; exchange contribution. Even if we restrict ourselves to lead-
ing order QCD evolution [52, 53] then the non-singular z=%41(%) behaviour
(with a4, (0) < 0) becomes unstable as well and the polarized quark densi-
ties acquire singular behaviour:

Ag(2,Q%) ~ exp(21/EN5(Q?) In(1/2)), (35)
where ,
2
5@ = [ Tl (36)
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This follows from the fact that AP,,(z) = P,q(2z) where Pyy(2) and AP,y(2)
are the splitting functions describing the evolution of the spin independent
and spin dependent quark distributions respectively and from the fact that
Pyq(2) — const. as z — 0.

The introduction of the running coupling effects in equation (28) turns
the branch point singularity into the series of poles which accumulate at
w = 0 [48]. The numerical analysis of the corresponding integral equation,
with the running coupling effects taken into account, gives an effective slope,

dln Af}5(z,Q7)
dIn(1/z)

with magnitude A(z, Q%) ~ 0.2 — 0.3 at small z [54]. The result of this esti-
mate suggest that a reasonable extrapolation of the (non-singlet) polarized
quark densities would be to assume an 2~ behaviour with A ~ 0.2 — 0.3.
Similar extrapolations of the spin-dependent quark distributions towards
the small z region have been assumed in several recent parametrizations of
parton densities [55-58].The perturbative QCD effects become significantly
amplified for the singlet spin structure function due to mixing with the
gluons. The simple ladder equation may not however be applicable for an
accurate description of the double logarithmic terms in the polarized gluon
distribution AG [59]. The spin dependent structure functions have been re-
viewed in this Conference by Ewald Reya [44] and the effects of the small x
resummations in the nonsinglet structure functions F; and g; were discussed
by Johannes Bliimlein [60]. The small z behaviour of the spin dependent
structure function g, has also been discussed in Refs [61, 62]. Important
recent theoretical development in the case of the spin dependent structure
functions was the formulation of the complete NLO formalism which allowed
the QCD analysis of polarized deep inelastic scattering to reach theoretical
accuracy compatible with that in the unpolarized case.

It is expected that absence of transverse momentum ordering along the
gluon chain, which leads to the correlation between the increase of the struc-
ture function with decreasing z and the diffusion of transverse momentum
should reflect itself in the behaviour of less inclusive quantities than the
structure function Fy(z,Q?). The dedicated measurements of low z physics
which are particularly sensitive to this correlation are the deep inelastic
plus jet events, transverse energy flow in deep inelastic scattering, produc-
tion of jets separated by the large rapidity gap and dijet production in deep
inelastic scattering.

In principle deep inelastic lepton scattering containing a measured jet
can provide a very clear test of the BFKL dynamics at low z [43, 64, 65, 67].
The idea is to study deep inelastic (z,Q?) events which contain an identi-
fied jet (z;,k%;) where ¢ < z; and Q? ~ k%},. Since we choose events with

Mz, QF) = (37)
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@* ~ k%, the leading order QCD evolution (from k% to Q?) is neutralized
and attention is focussed on the small z, or rather small z/z; behaviour.
Choosing the configuration Q* ~ k7.; we eliminate by definition gluon emis-
sion which corresponds to strongly ordered transverse momenta i.e. that
emission which is responsible for the LO QCD evolution. The measurement
of jet production in this configuration may therefore test more directly the
(z/z;)~* behaviour which is generated by the BFKL equation where the
transverse momenta are not ordered. The recent H1 results concerning deep
inelastic plus jest events are consistent with the increase of the cross-section
with decreasing z as predicted by the BFKL dynamics [2, 68].

A conceptually similar process is that of the two-jet production, with
the jets separated by a large rapidity gap Ay, in hadronic collisions or
in photoproduction [69, 70]. Besides the characteristic exp(AAy) depen-
dence of the two-jet cross-section one expects significant weakening of the
azimuthal back-to-back correlations of the two jets. Another measurement
which should be sensitive to the QCD dynamics at small z is that of the
transverse energy flow in deep inelastic lepton scattering in the central region
away from the current jet and from the proton remnant [71]. The BFKL
dynamics predicts in this case a substantial amount of transverse energy
which should increase with decreasing z. The experimental data are consis-
tent with this theoretical expectation [68]. Absence of transverse momentum
ordering also implies weakening of the back-to-back azimuthal correlation of
dijets produced close to the photon fragmentation region [72, 73]. The ex-
perimental data on the hadronic final state and in particular the comparison
of the deep inelastic scattering and photoproduction data were summarized
by Witek Krasny [3].

Another important process which is sensitive to the small  dynamics
is the deep inelastic diffraction [74, 75]. Deep inelastic diffraction in ep
inelastic scattering is a process:

e(pe) + p(p) = €' (pl) + X +0'(1') (38)

where there is a large rapidity gap between the recoil proton (or excited
proton) and the hadronic system X. To be precise process (38) reflects
the diffractive dissociation of the virtual photon. Diffractive dissociation is
described by the following kinematical variables:

_ @
$ = - (39)
zp = -;- (40)

t = (p-p)°. (41)
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Assuming that diffraction dissociation is dominated by the pomeron ex-
change and that the pomeron is described by a Regge pole one gets the
following factorizable expression for the diffractive structure function [77-

80, 82[:
] Fdlﬂ' 2

where the “flux factor” f(mp, t) is given by the following formula:

B2(t) 1-—2ap(t)
Ten TP
167

f(zp,t)=N (43)
with B(t) describing the pomeron coupling to a proton and N being the
normalization factor. The function Ff (3,Q?,t) is the pomeron structure
function which in the (QCD improved) parton model is related in a standard
way to the quark and antiquark distribution functions in a pomeron.

Ff(8,Q%1) =8 elaf (8,Q% 1) + & (8,Q%1)] (44)

with ¢ (8,Q% t) = ¢F(8,Q?,t). The variable 8 which is the Bjorken scaling
variable appropriate for deep inelastic lepton-pomeron “scattering”, has the
meaning of the momentum fraction of the pomeron carried by the probed
quark (antiquark). The quark distributions in a pomeron are assumed to
obey the standard Altarelli-Parisi evolution equations:

P
0Q?

with a similar equation for the evolution of the gluon distribution in a
pomeron. The first term on the right hand side of the Eq. (45) becomes
negative at large 8, while the second term remains positive and is usually
very small at large 3 unless the gluon distributions are large and have a
hard spectrum.

The data suggest that the slope of Ff as the function of Q? does not
change sign even at relatively large values of 8. This favours the hard
gluon spectrum in a pomeron [83-85], and should be contrasted with the
behaviour of the structure function of the proton which, at large z, decreases
with increasing Q2. The data on inclusive diffractive production favour the
soft pomeron with relatively low intercept. The diffractive production of
vector mesons seems to require a “hard” pomeron contribution [86-88]. It
has also been pointed out that the factorization property (42) may not
hold in models based entirely on perturbative QCD when the pomeron is
represented by the BFKL ladder [89, 90]. There exist also models of deep

Q2 =P,2¢" +P,2g" (45)
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inelastic diffraction which do not rely on the pomeron exchange picture
[91, 92].

The experimental data on deep inelastic diffraction have been summa-
rized by Andrzej Eskreys [4] and their phenomenolgical description within
the soft pomeron exchange mechanism and QCD by Krzysztof Golec-Biernat
[93].

Interesting and complementary information on the underlying dynamics
can be obtained from studying deep inelastic scattering on nuclear targets.
The unified -picture of this process which embodied both the nuclear shadow-
ing at low & together with other effects at moderate and large values of z was
presented in the talks given by G. Piller and W. Melnitchouk [94, 95} and
the experimental data on nuclear shadowing were summarized by Barbara
Badelek [1]. The nuclear shadowing is closely related to the deep inelastic
diffraction. At low @Q? it is mainly controlled by the rescattering of vector
mesons which couple to virtual photons while at large Q? the rescattering
of the high-mass ¢¢ component of the virtual photon dominates. In the
infinite momentum frame i.e. in a frame where the momentum p = p4/A is
very large, the latter mechanism can be interpreted in terms of the screening
effects of partons from different nucleons in the nucleus [96, 97]. Presence of
the partonic mechanism in nuclear shadowing implies that it should contain
the leading twist component which is (approximately) independent of Q? for
large Q? and this property of nuclear shadowing is confirmed by the experi-
mental data [1, 97]. At very small values of z which can possibly be reached
at HERA, analysis of nuclear shadowing can be very useful for studying the
parton recombination effects [5], which can become significantly amplified
in the nuclear medium. The nuclear effects which affect the nuclear struc-
ture functions for moderate and large values of z are the pion contribution,
binding and “off-shell” effects and finally the Fermi motion [94, 95].

Interesting contribution concerning the nucleon deep inelastic structure
from the instanton vacuum was presented by Christian Weiss [98].

Several new interesting results have been obtained in the formal studies
of the high energy (or small z) limit in QCD which go beyond the leading
logarithmic approximation {10, 99, 100, 105, 106]. The important theoretical
tool in this case is the effective field theory where the basic objects are the
reggeized gluons and the effective action of this effective field theory obeys
conformal invariance [99, 100]. Theoretical analysis simplifies in the large N,
limit. One can discuss both the pomeron which appears as the bound state
of two (reggeized) gluons, and the odderon (i.e. the bound state of three
reggeized gluons), as well as bound states of many reggeized gluons [101].
Conformal invariance is also very useful for analysing the BFKL pomeron
away from the forward direction [102, 103] as well as the triple pomeron and
more complicated vertices [104].
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The genuine next-to-leading In(1/z) corrections to the BFKL equation
can be present in all relevant quantities i.e. in the particle-particle-reggeon
vertex, the reggeon-reggeon-particle vertex and in the gluon Regge trajec-
tory (105, 106]. (The reggeon here corresponds to the reggeized gluon).
Besides that one has also to include additional region of phase-space which
goes beyond strong ordering of longitudinal momenta. The recent develop-
ments in the study of the high energy limits of QCD were reviewed in this
Conference by Lev Lipatov [107] and the mathematical problems related to
the odderon singularities were presented by Roman Janik [108]. The com-
plete calculation of the next-to-leading In(1/z) corrections to the BFKL
equation has recently been presented in Ref. [109].

To sum up we have had an opportunity to hear excellent reviews of
almost all experimental and theoretical results concerning deep inelastic
scattering. There, of course, still remain several interesting problems which
require better understanding and clarification like, for instance, the role of
the small z resummation effects, possible role of the shadowing corrections,
interplay between “soft” and “hard” pomerons etc. The latter problem is
closely linked with the change of the behaviour of the nucleon structure
function with the scale Q% which is observed in the data. This change
may be related to the transition from the perturbative to non-perturbative
domain and certainly needs detailed dynamical explanation.

This research has been supported in part by the Polish State Committee
for Scientific Research grant 2 P03B 231 08 and the EU under contracts n0.
CHRX-CT92-0004/CT93-357.
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