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1. INTRODUCTION

This review is devoted to the physics of diffraction scat-
tering of hadrons, in particular, elastic scattering of protons
and antiprotons at high energies.

Diffraction collisions are peripheral, i.e., they take place
at small values of the momentum transfer or, equivalently, at
large values of the impact parameter. Such collisions are also
called “soft,” in contrast to ‘“hard” collisions, which take
place at small values of the impact parameter.

The interest in diffraction processes is explained by the
following facts:

1) Soft collisions make the dominant contribution to the
total cross sections.

2) Rich experimental material has been accumulated on
elastic collisions, especially on pp and pp scattering. In their
accuracy, these data are greatly superior to the data on hard
processes.

3) The “soft” physics is outside the range of applicabil-
ity of perturbative chromodynamics, and this stimulates the
development of nonperturbative methods in QCD.

In the framework of the theory of Regge poles, diffrac-
tion scattering takes place with the exchange of a vacuum

trajectory—the Pomeron, the nature of which is largely ob-
scure€.

Several fine reviews' have been devoted to a discussion
of various aspects of elastic and diffraction scattering. A spe-
cial series of conferences, called Blois Workshops after the
location of the first conference of this series, is devoted to
this subject. The proceedings of five Blois Workshops have
been published in the reviews of Ref. 2.

In our review, we devote our main attention to models
that aim at a quantitative description of the experimental data
in a wide kinematic range. There are not too many such
models. The most critical test of the validity of the various
theoretical constructions is the description of the complicated
dependence of the differential cross section for elastic scat-
tering on the energy and on the angular variable. It is to this
question that we devote the main attention in our review,
referring the reader to the cited studies for the many other
aspects of the theory and phenomenology of elastic and dif-
fraction scattering. In particular, except in individual cases
we shall not consider the spin structure of the scattering am-
plitude.
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2. REVIEW OF THE EXPERIMENTAL DATA

2.1. Total cross sections and the ratios o, /o; and
(T'/B

It is well established that the total cross sections of all
scattering processes rise with increasing energy, beginning
with the energies of the Serpukhov accelerator. Figure 1
gives data on the total cross sections for pp and pp scatter-
ing, for which the picture is the most complete. We note that
recent measurements using the Tevatron at 1.8 TeV indicate a
possible acceleration in the growth of the cross sections.

Figure 2 gives data on the integrated elastic cross section
(a) and on the ratios /0, and o,/B (b and c). Both ratios
increase with the energy, violating geometrical scaling.

The cross-section difference Ao=0%?—o%? decreases
with the energy as a power (Fig. 3):

Ac=52(s/2m)~ %% mb. 2.1)

The behavior (2.1) is usually attributed to the contribution of
secondary Reggeons to the scattering amplitude. In the ab-
sence of an asymptotic C-odd contribution, the difference
(2.1) must tend to zero. There has recently been wide discus-
sion in the literature* of the possible existence of an asymp-
totic C-odd exchange, called the odderon.

The dynamical origin of the growth of the total cross
section and its conjectured asymptotic behavior are the sub-
ject of investigation of many authors. Anticipating a more
detailed discussion of various aspects of the cross-section
growth, we merely mention here a simple and effective em-
pirical parametrization that was proposed by Donnachie and
Landshoff:®

o(pp)—o{pp)=70s"°7, (2.2a)

Hopp)+opp)]=150s%36+22.75". (2.2b)

The term s° in (2.2b) corresponds to the contribution of a
““supercritical” Pomeron, but Donnachie and LandshoffS de-
termined the parameter value £~0.08 from experiment, and
found it to be much smaller than estimates based on the
results of calculations in the framework of perturbative quan-
tum chromodynamics.

The parametrization (2.2) is attractive above all through
its simplicity. The various contributions from the secondary
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FIG. 1. Total cross sections for pp and pp scattering.

Reggeons and multiple scatterings associated with them are
collected together into a single effective power (2.2a). The
Pomeron contribution in (2.2b) is, despite the power-law de-
pendence, closer, on account of the smallness of the param-
eter g, to models of moderate growth, for example, the dipole
Pomeron model. Only future measurements of the total cross
sections will make it possible to determine the region of

applicability of the parametrization (3.2), and also a possible
alternative to it.
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FIG. 3. Difference of the total cross sections of pp and pp scattering.

2.2. Elastic scattering

Hadron scattering at high energies has a pronounced dif-
fractive nature that is analogous to the phenomenon of dif-
fraction in optics. This analogy was already established in
the scattering of nuclei, and its essence is that the nucleus
can be regarded as an absorbing sphere, behind which de-
structive interference takes place between the incident and
the scattered wave, as a result of which a “shadow” appears
behind the target. This picture is also confirmed by data on
the angular distribution of particles in the elastic scattering of
hadrons at high energies. The measured differential cross
section for elastic pp and pp scattering at high energies (Fig.
4) can be divided into three regions:
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FIG. 2. a) Elastic cross section of pp and pp scattering; b) ratio of the elastic to the total cross section: g,/ a, ; ¢) ratio of the total cross section to the slope

of the peak: o,/B.
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1) the region of the diffraction peak with almost expo-
nential decrease of the cross section with respect to ¢;

2) the region of the dip and the second maximum;

3) the region of large |¢|.

This division is rather nominal (especially as regards the
“large” |t|); in addition, the boundaries between the regions
change with the energy, admittedly slowly (logarithmically).
The behavior of the observable quantities in these regions is
shown in Fig. 4. We consider in detail the behavior of the
cross section at very small |¢|, in the region of the Coulomb—
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FIG. 4. Differential cross sections of pp and pp scattering.
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nuclear interference, and the problem of determining the real
part of the scattering amplitude, which has recently become
the subject of lively discussion.

We recall that in the region of Coulomb-nuclear inter-
ference the differential cross section for elastic scattering
(without allowance for the spin structure of the amplitude)
has the form

do
—_7T|Tc+Th|2.
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FIG. 4 (Continued.)

Here, T, is the well-known Coulomb amplitude
Tc=*+2aG*(t)exp(Fimd)/|t|,

where « is the fine-structure constant, G(t) is the electro-
magnetic form factor of the proton, and ¢=In(0.08/|¢|)
—0.577. The superscript and subscript correspond to pp and
pp scattering. The simplest parametrization of the strong-
interaction amplitude has the form

Ty=(0o,/4m)(p+i)exp(—blt|/2)

and contains three adjustable parameters: o,, b, and p, which
is the ratio of the real to the imaginary part of the forward
scattering amplitude. For the total cross section, one some-
times uses its known value (determined from a different ex-
periment), and then the problem reduces to variation of the
two free parameters b and p.

The deviation from an exponential behavior of the dif-
fraction peak (Fig. 5) is usually taken into account by includ-
ing a quadratic term in the argument of the exponential (the
coefficient of which is approximately an order of magnitude
smaller than the corresponding coefficient of the linear term).
The “break” or “fine structure” of the peak is due, as was
shown in Refs. 7 and 8, to the threshold behavior of the
amplitude in the unphysical region at t=4m?. This effect
was studied in detail in the recent studies of Ref. 8. There are
some indications’ that at the Tevatron the peak is “rectified,”
but this effect cannot yet be regarded as established. Further
study of the energy dependence of the ““fine structure” of the

15 Phys. Part. Nucl. 26 (1), January—February 1995

peak is of great interest for both theory and applications (for
example, for the determination of the real part of the ampli-
tude).

The interest in the real part of the amplitude increased in
connection with the publication in 1987 of the results of the
measurement and analysis of scattering data by the UA4
group,'? in accordance with which this result does not fit the
extrapolations from the region of lower energies, and it
therefore generated various theoretical speculations for its
explanation (threshold effect, odderon contribution, etc.). At
the same time, while the theoreticians were still disputing the
possible origin of the anomalously large real part of the am-
plitude, the experimentalists were able to repeat the UA4
experiment at CERN. According to the results of the UA4/2
group,!! p=0.135+0.015, corresponding fully to a “normal”
value in agreement with the majority of model predictions.
The significant discrepancy between the results of analysis of
the experimental data in the determination makes an addi-
tional and independent analysis of these data a topical prob-
lem with the aim of establishing the reasons for the discrep-
ancy and determining more reliably the real part of the
forward scattering amplitude. We have already noted that the
result of the extrapolation may depend on the employed pa-
rametrization of the “fine structure” of the diffraction peak.
Despite the fact that the region hidden from ““direct measure-
ment” by the Coulomb interaction is small, the curvature of
the slope of the peak increases on the approach to =0 (i.c.,
on the approach to the branch point at t=4m?2).

Besides the well-known and observed ‘“break,” near
which the slope of the peak changes (smoothly) by about 2
GeV 2, there may also be oscillations of the slope as a func-
tion of ¢. Such an effect was found in the case of gradual

M. Bertini and M. Giffon 15
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FIG. 5. Slope of the diffraction peak of pp and pp scattering as a function of z.

decrease of the interval in which the local slope of the expo-
nential peak was determined.?

Interesting results were recently obtained by Selyugin
et al. from an analysis of UA4/2 data with allowance for the
spin-flip amplitudc,13 whose existence at such high energies
was predicted in Ref. 14. Using and fixing (as in the UA4/2
analysis) the value o,(1+p?)=63.3+1.5 mb determined
in the preceding UA4 experiment, practically the same value

16 Phys. Part. Nucl. 26 (1), January—February 1995

of p as in the UA4/2 analysis was obtained. However, the
same analysis of the experimental data, but without the con-
dition of no ¢ dependence of the slope parameter at small
momentum transfers, leads to a much larger value of p. It
was shown that an exponential form of the scattering ampli-
tude with a slope that is practically independent of ¢ can be
obtained by taking into account the spin contribution of the
scattering amplitude. In this case, p reaches the value 0.24

M. Bertini and M. Giffon 16



*0.45. However, such an appreciable effect can be regarded
as established only after it has been confirmed at lower en-
ergies, and for this it is necessary to reconsider the previous
data.

3. ELEMENTS OF THE THEORY OF THE ANALYTIC S
MATRIX AND THE METHOD OF COMPLEX
ANGULAR MOMENTA

Our aim is not a systematic exposition of the theory of
the analytic § matrix and the method of complex angular
momenta, or Regge poles, and therefore we recall only in a
fragmentary manner the main propositions and results neces-
sary for further discussion of the models of the high-energy
interaction of hadrons. A detailed exposition of the theory
can be found in the reviews of Ref. 1 and the book of Ref.
15.

3.1. Analyticity and crossing

The main object of the theory is the S matrix, the opera-
tor that transforms the initial state |i) into the final state. The
probability amplitude of transition from the initial to the final
state is a matrix element of this operator,

Sp={f18l%),

and the transition probability is equal to the square of the
modulus of the matrix element:

Pﬁ=|sﬁ|2'

The S matrix is a unitary operator, reflecting the complete-
ness of the set of physical states of free particles.

It is convenient to represent the S matrix in the form of
the sum

S=I+ir, (3.1)

where I is the identity operator, and the second term de-
scribes the interaction (in the absence of the latter, 7=0).
With allowance for the normalization of the states

(plp')=(27)*(2po) &*(p—p)
and the conservation law for the total 4-momentum, Eq. (3.1)
for the process 1+2—3+4 can be rewritten in the form

(p3palS|p1p2)=(Pspalpip2) +i(2m)* &8

X(p1+p2—p3—Pa){pPspalTIp1p2),

where T(p;,p2,P3,P4) is a function of the Lorentz invari-
ants formed from the momenta of the particles that partici-
pate in the process. It is this function that is usually called
the interaction amplitude. Using the widely employed Man-
delstam variables

s=(p1+p2)% t=(p1—p3)% u=(p1—ps)?
s+t+u=mi+mi+mi+ml,

where m,...,m, are the particle masses, and also the fact
that the amplitude of the process 1+2—3+4 depends on two
variables, we represent it in the form

T(PlaPZaP3aP4)=F(s,t)-

17 Phys. Part. Nucl. 26 (1), January—February 1995

In the case of the interaction of particles of equal masses (for
example, elastic nucleon—nucleon scattering) the physical re-
gion of the variables

s=4(k*+m?)=4m?, t=-2k*(1—cos ),
u=—2k?*(1+cos 6),

where k and @ are the initial momentum and scattering angle
in the center-of-mass system of particles 1 and 2 (respec-
tively, 3 and 4), is determined by the inequalities

\/§>4m2,

The experimentally observable quantities are the differ-
ential cross section

|cos 4|<1.

do 14253 +4)= 2 ! |F(s,t)|?
aq 11223+ 4=z IF0l

do 1 )
E—__ 647TSk2 |F(S,t)]

and the total cross section for the interaction of the initial
particles, which in accordance with the optical theorem can
be expressed in terms of the imaginary part of the amplitude
for elastic scattering at zero angle:

Im F(s,t=0)=
2k+s 4ik+[s

—F(s—ig)].

The analytic properties of the amplitude, as a function of
the complex variables, play an extremely important role,
both from the point of view of theory and in phenomenologi-
cal constructions in the analysis of the experimental data. It
is assumed that the scattering amplitude is the boundary
value of an analytic function of the Mandelstam invariants,
regarded as complex variables, with those and only those
singularities that are allowed by the unitarity condition. In
the general case, the amplitude has poles corresponding to
stable (from the point of view of the strong interactions)
particles and cuts associated with the thresholds for the pro-
duction of particles in different channels.

An important consequence of the analyticity and the
symmetry properties with respect to space—time reflections
and replacement of particles by antiparticles is the relation-
ship between the amplitudes of different scattering processes
that has become known as crossing. In particular, six pro-
cesses, which differ in a permutation of the particles or re-
placement of particles by antiparticles,

o= [F(s+ig)

1+2—-3+4, §+i—>_i+2,
1+3—2+4, 24+4—1+3,
1+4—2+3, 243-1+4

will be described by the same amplitude but with different
physical regions of the variables s, #, and . For example, the
crossing relation for the amplitudes of the processes pp— pp
and pp— pp take the following form (we recall that we are
considering a simplified situation, regarding the nucleons as
spinless; the complications associated with allowance for the
spin are presented in detail in Ref. 15).

M. Bertini and M. Giffon 17



3.2. Asymptotic bounds

The amplitude is a polynomially bounded function of all
its variables and satisfies dispersion relations with respect to
one and two variables. These properties made it possible to
prove rigorously the well-known Froissart bound on the as-
ymptotic behavior of the total interaction cross section:

m
o(s)=< ") In? 5. (3.2)

In both theory and phenomenological applications, an
important role is played by Pomeranchuk’s theorem, which
establishes a relationship between the particle and antipar-
ticle interaction cross sections:

B (s)
aB(s)

§—00

Under certain additional assumptions (not proved rigor-
ously), an analogous relation holds for the differential cross
sections (Cornille—Martin theorem):

do _ do

There is also the Oberson—Kinoshita—Martin theorem. If
the total cross section 5—o rises in proportion to In’ s, then

Im F(s,?) Re F(s,t) d
Im F(s5,0) > Re F(s,o)_’ﬂ(‘f"/’(’f)),
where

r=—t1n?s.

3.3. Regge-pole model

The method of complex angular momenta proceeds from
the possibility of expanding the amplitude in a series in
partial-wave amplitudes:

00

F(s,t)=1672, (21+1)F(1)P(2),
=0

(3.3)

where P/(z) is a Legendre polynomial, and z, =1+2s/
(t—4m?).
We assume that F,(¢) has a pole in the j plane whose
position depends on ¢:
B(1)

Ft)y=7—"—

I—a(0) at I~a(t).

This assumption can be justified in the theory of potential
scattering, and in strong interactions it is justified above all
by experimental data. This pole is called a Regge pole, or
Reggeon, and the function a(?) is called its trajectory. Using
the unitarity condition, one can show that the residue for the
amplitude of the process 1+1—3+4 can be represented in
the factorized form

B(t)~ B13(1) B34(1).

18 Phys. Part. Nucl. 26 (1), January—February 1995

Pay(C)

FIG. 6. Diagram with exchange of a Regge pole.

This makes it possible to represent the contribution of the
Regge pole to the amplitude Fg(s,t) as s —oe:

a(t) 1+§e~i‘n'a(t)

—sin wa(t)’

s
FR(S,t)~,313(t)B34(t)(;) (34)
where § is the signature of the Reggeon, in the form of a
diagram (Fig. 6).

Omitting the many interesting and nontrivial properties
of Regge poles [analytic and asymptotic properties of the
trajectories a(t), their connection with resonances, the sys-
tematics of the quantum numbers, etc., all of which is pre-
sented in detail in Ref. 15], we consider in detail only the
Reggeons that make the main contribution to the processes
of elastic nucleon—nucleon scattering at high energies.

In accordance with the optical theorem and the expres-
sion (3.4), the Reggeon contribution to the total cross section
has a power-law dependence on the energy:

(r,(s)~s"(°)_1.

As s is increased, the Reggeons that have the greatest inter-
cept are the ones that “survive” in the amplitude. It follows
from the Froissart bound (3.2) that

a(0)=<1.

Originally, a simple Regge pole with unit intercept
a(0)=1 was called the Pomeron. Such a Pomeron ensured
asymptotic constancy of the total cross sections. However,
under the influence of experimental data and the results of
perturbative calculations in the framework of QCD the con-
viction has now grown that the Pomeron is a much more
complicated object (we shall return later to a discussion of
this question). The Pomeron has vacuum quantum numbers,
positive signature §=+1, and C parity C=+1, and its con-
tribution to the amplitude at small |¢| is predominantly
imaginary. With regard to the trajectory ap(t), the experi-
mental data on hadron scattering can be described well under
the assumption

ap(t)=ap(0)+apt.

At the same time, it follows from the theory that ap(¢) has a
branch point at £=4m?2 and is not, strictly speaking, a linear
function of ¢. In accordance with contemporary ideas, the
Pomeron is “composed” of gluons with a possible admixture
of quark—antiquark states.

The hypothetical partner of the Pomeron with respect to
C parity and signature—the odderon—must have a similar

" nature. It makes a mainly real contribution to the amplitude,

since it has £=—1.

M. Bertini and M. Giffon 18



The f and w Reggeons come next in importance and
magnitude of the contribution to the elastic scattering ampli-
tude. Like the other secondary Reggeons, they are con-
structed from quark—antiquark states, and they have positive
and negative signatures, respectively, and intercepts
af(0)21/2 and «,(0)s1/2.

At low energies, the contributions of the p and A,
Reggeons in the hadron interaction cross sections are signifi-
cant. Allowance for them is important in a combined study of
processes involving protons, neutrons, and 7r and K mesons.

3.4. Impact-parameter representation

The method of impact-parameter amplitudes is very con-
venient for investigating and constructing high-energy mod-
els of the hadron interaction. Expanding the amplitude in a
series in the partial-wave amplitudes of the s, and not the ¢
channel [as was done in (3.3)], and using the relationship

between the impact parameter b and the angular momentum
8

bk=1+1/2,
and also the asymptotic property of a Legendre polynomial
at large /,

P(cos 6,)=J,[(21+1)sin 6/2]=J,

=Jo(b\-1),

we readily obtain a new representation for the scattering am-
plitude that is valid at large s:

k

]

l+1
2

F(s,t)=8ms J-:H(b,s)JO(b\/——t)bdb

=4s f H(s,b)e™'9d%b, (3.5)
0

where g>=—t. The function H(s,b) is called the impact-

parameter amplitude. The unitarity condition for this ampli-

tude takes the simple algebraic form

Im H(s,b)=|H(s,b)|?>+ G (s,b), (3.6)

where the function G;,(b,s) describes the contributions of
the inelastic processes. The total, elastic, and inelastic cross
sections can be expressed in terms of the impact-parameter
amplitudes as follows:

o',(s)=87rf: Im H(s,b)bdb, 3.7)

Tou(s)=8 J:lH(s,b)Pbdb, (3.8)

Uin(s)=87rwain(s,b)bdb. 3.9
0

3.5. Unitarity

The history of the development of ideas about the
Pomeron, which now extends already over more than 30
years, is the history of how, under the influence of ever new

19 Phys. Part. Nucl. 26 (1), January—February 1995

experimental data at ever higher energies, both the bare sin-
gularity and the scheme for unitarizing it have been modi-
fied. It was assumed in the sixties that the total cross sections
for hadron interactions tend with increasing energy to con-
stant values. The dominant opinion was that the Pomeron is
a simple pole in the plane of the angular momentum. The
multi-Pomeron branch points that in accordance with the
Reggeon diagrammatic technique must be added to the
Pomeron die out with increasing energy. However, this re-
markably simple and beautiful picture (the so-called weak-
coupling version in Pomeron theory) was found to be in
conflict with experimental data. The growth of the total cross
sections found at Serpukhov and confirmed later at CERN
made it necessary to abandon the idea of the Pomeron as a
simple pole with a unit-intercept trajectory.

It was at approximately the same time that quantum
chromodynamics was formulated. Being the candidate for
the theory of the strong interactions, it must have something
to say about the Pomeron. The most important result of a
major study of gluon diagrams (initiated by Lipatov and col-
laborators) is that in QCD the Pomeron is a singularity (or a
set of singularities) of the amplitude situated to the right of
unitly6 in the j plane. Specifically, the calculations showed
that

as
a(0)—1=12 —In 2.
T

However, such a Pomeron, which corresponds to gluon dia-
grams of ladder type, obviously violates, beginning with cer-
tain energies, the unitarity condition and the Froissart bound.
Therefore, it must be unitarized in some manner.

On the other hand, a Pomeron with intercept greater than
unity was regarded earlier as one of the possibilities for ex-
plaining the observed growth of the total cross sections. Un-
der fairly general and obvious assumptions in the framework
of the Reggeon diagrammatic technique, it was shown that a
summation of multi-Pomeron exchanges restores the correct
asymptotic behavior of the amplitude. At the same time, it
was found that, depending on the values of the bare intercept
and bare three-Pomeron coupling constant and their ratio,
there can be different asymptotic regimes of elastic interac-
tion of hadrons with a rising total cross section, namely,

g(s)~(Ins)?, 0<y<2.

The various approaches to the problem of unitarizing the
Pomeron can be nominally divided into three groups.

1. We first consider the Pomeron in QCD. The main
difficulty is associated with the investigation of the Pomeron
contribution in the soft kinematic region. It is necessary to
sum the corrections to the Lipatov Pomeron that are due to
the interaction of these ladders, i.e., to take into account the
multi-Pomeron interaction. At the present time, hopes of suc-
cess in this undertaking are associated with calculations of
the Pomeron contribution to the structure functions
F5(x,0?) of deep inelastic scattering of leptons by hadrons.
Despite important progress in calculations at large x and Q2
appreciable difficulties arise precisely on the transition to the
soft kinematic region. It is highly probable that the problem
of unitarizing the Pomeron is essentially nonperturbative. It
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may not only be associated with a summation of exchanges
of ladders and their interaction but may also require allow-
ance for diagrams that do not reduce to ladders and also the
solution of the problem of quark and gluon confinement
within hadrons.

2. The second approach is more phenomenological and
is based essentially on the general principles of unitarity and
analyticity, and also on perturbative QCD results. Experi-
mental data on the properties of various cross sections are
here an important and necessary guide. Let us consider this
in more detail.

Let the contribution of the bare Pomeron to the hadron
elastic scattering amplitude be f(s,t). The unitarized ampli-
tude (not unitary but not violating the unitarity bounds

Im H(s,b)=0, |H(s,b)|<1 (3.10)

for the impact-parameter amplitude) can be constructed as
the sum of s-channel multiple scatterings as follows. The
unitarized impact-parameter amplitude is represented in the
form of the series

G(n)
n!

1 o
H(s,b)=5—- 2 [2ih(s,b)]", (3.11)
n=1

where h(s,b) is the bare impact-parameter amplitude related
to f(s,t) by the transformation (3.5). The function G(n) is
determined by the amplitudes for the interaction of two had-
rons with n Pomerons. At the same time, the specific choice
of the dependence of G(n) on n determines the method of
unitarization. Thus, if G(n)=C""!, the amplitude can be

unitarized by the quasi-eikonal method. For C=1; the series
(3.11) is identical to the eikonal representation,

e2ih(s,b) -1

H(S,b)='—2i—,

(3.12)
where the bare impact-parameter amplitude 4(s,b) plays the
role of a complex phase. If, however, G(n)=n!C" "', then
(3.11) describes a generalized u-matrix unitarization, while
for C=1/2 it is identical to the original u-matrix model,'

h(s,b)
1—ih(s,b)’

3. Many models are constructed in a such a way that
from the beginning (by construction) they do not violate the
above bounds. Examples here are the model of a maximum
Pomeron and maximum odderon (this model will be consid-
ered later), and also the dipole Pomeron model with intercept
ap(0)=1 (see below).

H(s,b)=

3.6. Pomeron and odderon at superhigh energies

As will be seen from the following section, the experi-
mental data are often described in models with a supercritical
Pomeron and a supercritical odderon. We have already said
that they violate unitarity at superhigh energies, and there-
fore must be unitarized. It is then natural to ask the question:
What are the Pomeron and odderon at asymptotic energies?

In discussing this question, we shall not consider quan-
tum chromodynamics, since work on the investigation of the
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corrections to the Lipatov Pomeron and odderon is not com-
pleted. As yet nothing definite can be said about a unitary
Pomeron and a unitary odderon in QCD.

Since at superhigh energies the contributions of the sec-
ondary Reggeons to the elastic scattering amplitude vanish,
the Pomeron (P,) and the odderon (O;) must be understood
as the crossing-even and crossing-odd components of the
amplitude. In iteration models, their properties depend on
two circumstances: first, on the form of the bare Pomeron
(P,) and odderon (Oy), and second, on the unitarization pro-
cedure, since this procedure is model-dependent. Neverthe-
less, it is possible to establish some facts and restrictions that
do not depend on the details of the unitarization.

Thus, it was shown in Refs. 17 and 18 on the basis of the
unitarity condition that in models of a bare supercritical
(with intercepts greater than unity) Pomeron and odderon

a_(0)sa.(0), a’(0)<al(0)

(the subscripts + and — identify, respectively, the Pomeron
and the odderon). This conclusion is valid for any of the
methods considered above for s-channel unitarization and
not only for linear P\ and O linear trajectories. At the same
time,

F_(s,0)
F+(S,O)

Other conclusions depend on whether or not there is degen-
eracy [a,(0)=a_(0), a’(0) = a’(0)] of the P, and O,
trajectories.

For nondegenerate P and O, the crossing-odd effects
vanish as a power with increasing energy.'® If the P, and O,
trajectories are degenerate, then it is possible to have a situ-
ation in which

—U, §—00,

— PP _ PP _ _
Ao=ofP—ofP—const, p;,— —ppp,— const,

and the differential cross sections for pp and pp scattering
can differ for fixed ¢ and s—oe.

In the model of a dipole Pomeron and dipole odderon
with unit-intercept trajectories unitarized by the quasi-
eikonal method,'® the asymptotic behavior of the amplitudes
is determined by the O, and not P, parameters. Since at the
currently achieved energies the P contribution to the ampli-
tudes is dominant, it is to be expected that at certain higher
energies a strong interference of the Pomeron and odderon
may be observed and, as a consequence, there may be large
differences between the pp and pp interactions.

Concluding this section, we emphasize that the problem
of unitarizing the Pomeron and odderon remains extremely
topical and important. It will evidently be even more acute in
the study of the structure functions in deep inelastic scatter-
ing. At the present time, there are more questions than an-
swers in this problem, and hence there are good possibilities
for new investigations.

3.7. Total cross sections and Pomeron models

Before we review models of the elastic scattering ampli-
tudes, we return to the experimental data on the total cross
sections and the ratios of the real to the imaginary parts of
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the amplitudes and give the results of a comparative analysis
of some models of the zero-angle scattering amplitudes.?’

The amplitudes of pp and pp scattering were repre-
sented in the form

APP(5,0)=P(s)+ f(s) F w(s), (3.13)

where f(s) and w(s) are the contributions of the f and
Reggeons,

R(s)=ng(5)* @71,
R=f7w’

§=—islsy, so=1 GeV?

nfzia 77w=11

and for the Pomeron P(s) four well-known methods were
considered:

Py(s)=i(p1+p,5°), (3.14)
Py(s)=i(p1+p; Ins), (3.15)
Py(s)=i(p;+p; In§+p; In® 5), (3.16)
Py(s)=i(p;+p, In”5). 3.17)

The parameters were determined by comparison with data on
o, and p at \s=5 GeV.

The following conclusions were drawn:

1. The exchange degeneracy of the f and w trajectories is
strongly violated. Fits with a;#a,, are significantly better
than those in which it is assumed that ay=a,,.

2. The use of the expression (3.14) with p;#0 signifi-
cantly reduces )\2; at the same time, £=0.0024, which is
much smaller than the value £=0.08 obtained in the model
(2.2) with p;=0 and ay=a,, (Ref. 6).

3. The difference of x* in the models (3.14)—(3.17) is not
more than 0.5%, but the values of the parameters are such
that for \s>10° GeV the expressions (3.14)—(3.16) reduce
practically to (3.15).

4. The minimum value of * is achieved in the model
(3.17) with y=0.407.

The same models were used for the simultaneous de-
scription of ten processes of nucleon—nucleon and meson—
nucleon interactions. The contributions of the p and A,
Reggeons were taken into account. The conclusions listed
above were confirmed.

Thus, at the present time there are no strong grounds for
asserting that Froissart or even more rapid growth of the total
cross sections is observed, although such growth does not
contradict the existing experimental data.

4. MODELS OF ELASTIC SCATTERING
4.1. Rapid-growth model

We introduce combinations of the scattering amplitudes
that are even and odd with respect to crossing:

=FH) 4 (=)

F,,=F""+F'"/,

. =fF*H) (=)

F;,=F F'7),
each of which we decompose into two terms

) _ (%) *+)
FE=FJ+F{,
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these being the asymptotic (AS) and nonasymptotic (N)
components. Following Ref. 22, we determine these ampli-
tudes at =0, s—so0;

F{Y—isF[In(se™™2)2=sF (i In s+ m In s),
F{y'—s0[In(se™?)?=50(—im In s+1n% 5), (4.1)

where F and O, are constants. The even amplitude is called
the Pomeron, and the odd amplitude is called the odderon.
The ¢ dependence is recovered on the basis of the Oberson—

Kinoshita—Martin theorem, in accordance with which (see
Sec. 3)

FM(s,0)=F)(5,0)gM)(7),
_ _ _ (4.2)
FO)(s5,6)>F( (5,008 (),

where g'*) is an entire function of order 1/2 with respect to
7, and 7 is the scaling variable

7=t In®s.

To construct an explicit expression for the scattering ampli-
tude, it is convenient to go over to the complex plane of the
angular momentum J. The behavior (4.1) corresponds to the
contribution of the triple and double poles to the partial-wave
amplitude at £=0:

Bt
[V-1)—RIT™

B0
_) _
f( (Jat)_[(J_l)z_tRZ_],

0=

where R . are real positive constants.
It is assumed that the functions 8*) depend weakly on J
and exponentially on ¢:

B, =Bo(1) + (T = 1) B1(1) + (T = 1)?By(1),
B = Bo(1)+ (T =1) By (1).

By means of an inverse Mellin transformation, we obtain
1 2J (R4 7
— F{Y(s,0)=F, In? § ZRD) o,
is &7

= - (
+F, In §Jo(R, 7)ets !
- - - (+)
+F3[Jo(Rs 7) =R, 7 (R, 7)ebs ",

1 sin(R_7) (-
= F(s,1)=0, In? § SInR-T) b
s A4S R_7

- - p{) (-)
+0, In § cos(R_7)e?2 "+ 05eb3 ¥,

where J; are Bessel functions, and F;, O;, b;, b'*), s,, and
ty are constants.

The nonasymptotic Regge contributions (Pomeron, two-
Pomeron cut PP, Reggeon R, and cuts RP, and also the
odderon and the corresponding cut OP) were chosen in the

form
map(t) sap(o)
2 ’

F(s,t)= Cpeﬂi"[i— cot
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F)(s,t)=CppePrr!

.. (Wapp(t))
i sin| ———

2
ap(t)
wapp(t) s
COS( 2 ) In(se™'™?)’
, apt
ap(t)=1+apt, app(t)=1+ T,
+ + + ()
Fi)(s,0)=+CE )y elr
('77'&;:)(”)
cot| ————
L 2 NI
X| i+ =) SR ,
(waR (t))
tan —2-‘
N o g i\ 7k @)
ng})(S,t)ztchﬁa)eﬁRP sl ———
raf0)] 570
+i — ,
L cos 2 In(se~1™?)
(-) Bol ; 20O |
Fy '(s,t)=Cpe ' i+tan s+ ap(t))

X(l _ao(t))’

mapp(t)
F$J(s,t)=CppePor sin( —ﬂ)

2

+1i cos( waozP(t))

s@op(t)

ln(se—iwa/Z) .

The result of this is a fairly cumbersome model with a
large number (in fact, 38) of free parameters. This is the
price that must be paid for a sufficiently good description of
the experimental data.

4.2. The Donnachie—Landshoff model

This model is based on the following assumptions:

1. The Pomeron is a simple pole with intercept a(0)>1.
The value e=a(0)—1 ensures the observed growth of the
cross sections, but at the same time the cross section remains
below the Froissart bound with a large margin, making it
possible to avoid a unitarization procedure up to energies far
exceeding the possibilities of future generations of accelera-
tors.

2. Two-Pomeron exchange (rescattering) is introduced to
ensure a diffraction structure in the cross section (a dip). The
position of this dip is corrected by an additional free param-
eter, the occurrence of which can be attributed to effective
allowance for multiple scattering.

3. The Pomeron is coupled to each quark of the colliding
nucleons as an isoscalar photon.

4. In the region of large |¢|, the contribution of three
gluons, which, like the odderon contribution, is C odd, is
also important.

5. In the region of low and intermediate energies, the
behavior of the scattering amplitude is determined by the
standard contribution of secondary Reggeons.
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4.3. Multipole Pomeron

Historically, this approach is based on the assumption
that a double Pomeranchuk pole (dipole Pomeron,?*-?7)
plays a distinguished role. The use of a dipole in addition to
a simple pole is an alternative to the model with a simple
pole having an intercept greater than unity, in the sense that
both models ensure a growth of the cross sections and a
positive real part of the forward scattering amplitude, as the
experimental data require. However, there is also an impor-
tant difference—in contrast to a simple “supercritical”
Pomeron, a dipole does not violate the Froissart bound (uni-
tarity). A dipole with a linear trajectory has one further at-
tractive property—geometrical scaling (and possibilities of
violating it). In the framework of the standard Regge ap-
proach, 2 is the maximum multiplicity of a pole that is per-
mitted by unitarity, and in the dipole model, moreover, the
cross sections will increase logarithmically. Poles of higher
multiplicity raise the power of the logarithm, but the rate at
which the peak becomes narrower in Regge theory does not
change, remaining logarithmic; in the case of a tripole, this
already leads to the inequality o,> B, which contradicts uni-
tarity.

The moderate growth of the cross sections and the ap-
proximate geometrical scaling observed for 10= Vs=<100
GeV make the dipole Pomeron model**~?7 attractive for the
description of diffraction effects in the region of energies of
the ISR and SPS accelerators.

It remains an open question whether the dipole Pomeron
is merely a simple and convenient parametrization that re-
flects the properties of diffraction in a restricted range of
energies or whether it has some deeper significance.

In the simplest treatment, for t=0, the dipole contribu-
tion can be identified with the second term in the series ex-
pansion in powers of a “supercritical” Pomeron:

s8=1+iln s+
>

If the parameter & is small, say £<0.1, as in the Donnachie—
Landshoff model (see Refs. 6 and 23), then in the region of
energies of existing accelerators the contribution of the terms
higher than the one linear in In s can be ignored, and in this
sense the dipole Pomeron is close to the Donnachie—
Landshoff model (they can be called models of moderate
growth, in contrast to models of rapid or Froissart growth).
(The values of the parameter ¢ determined independently in
Refs. 6, 23, and 2427 were found to be similar and much
smaller than the popular value £=0.3 obtained from pertur-
bative QCD.)

The multipole model acquires a deeper significance if
one includes a second variable, ¢, or, in Regge language, if
the explicit form of the residue is determined. At the same
time, it is by no means obvious that the corresponding series
is a power-law expansion with respect to a parameter, as
occurred in the very simple example given above. In fact, the
opposite is more likely, as was found for the model of a
dipole Pomeron that reproduces the occurrence and motion
of the diffraction minimum in the region of energies of the
ISR and SPS accelerators.
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Generally speaking, the residues of poles of different
multiplicities are arbitrary functions that are not related to
each other. If a model is to acquire predictive strength, there
must be further considerations that restrict the arbitrariness in
the ¢ dependence.

The series of the Glauber—Sitenko multiple-scattering
theory is a well-known example in this field, but comparison
with experimental data indicates that this series leads only to
qualitative agreement (the appearance of many minima in the
differential cross section) and requires correction (as is done,
for example, in the Donnachie—Landshoff model) for quan-
titative agreement with the data (position, motion, and filling
of the diffraction minima). It is possible that this is a differ-
ence between the diffraction of hadrons and nuclei, these
being phenomena that generally have much in common.

Such a connection was found fortuitously in work on
combination of a simple pole and a dipole. This model was
subsequently developed and refined (see Refs. 26 and 27 and
the literature cited there), but its essence, associated with a
simple and effective mechanism of a diffraction minimum,
was preserved and can evidently still serve as a “minimal
model” of hadron diffraction.

The dipole Pomeron model is based on assumptions
that rely on duality, namely, the assumption that a depen-
dence enters the Regge residue only through the trajectory,
and also the assumption that there is a simple (integral) con-
nection between the residues, to the exposition of which we
now turn.

It is assumed that the Pomeron is defined by the contri-
bution of an isolated pole of second order in the plane of the
angular momentum:

BU,y) 4 BU)
[J—a()]? daJ—a(t)’

where the function B(J) does not depend on ¢ (in accordance
with dual models, this dependence is completely contained in
the trajectory). Making a Sommerfeld—Watson transforma-
tion, we obtain the following expression for the elastic scat-
tering amplitude:

24

a(J,t)=

Fls.0) =~ [ () (s150)°]
> da 0

=e—i1'ra/2 s/s0)?
(s/50) ) -

4.3)

The residues G and G' are as yet arbitrary functions.
They will be determined below. Noting that the first term in
(4.3) (without the logarithm) has the meaning of a simple
pole, it is natural to relate the residue to the shape of the
diffraction peak, i.e.,

G'(a—1)=A exp[b(a—1)].
Then G is found by integrating:
G(a—1)=A[exp[b(a—1)]/b—v],

where v is an arbitrary constant. This simple but nontrivial
step associated with the determination of the residues was
essential for the construction of the model and is of funda-

im s
G’+(L——)G}, L=In—.

(4.4)
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mental importance for the mechanism of the diffraction mini-
mum that is built into it. In principle, as a “point of depar-
ture” one could specify the function G and then find G’ by
differentiation; however, in this way we would not obtain, as
is readily seen, a simple and effective mechanism of the dip.
Indeed, the essence of the model is that besides a growth of
the cross sections and the presence of a real part in the for-
ward scattering amplitude (with unit intercept of the trajec-
tory), the model leads to the appearance, in the differential
cross section, of a shoulder that evolves with increasing en-
ergy into a dip that becomes deeper and moves in the direc-
tion of small |¢|, in agreement with the picture observed in
elastic scattering of hadrons up to the energies of the SPS
accelerator. We note also that the considered mechanism of
the dip in the dipole Pomeron does not depend on the shape
of the trajectories.

A detailed comparison of the dipole Pomeron model
with data on pp and pp scattering has been made in numer-
ous studies.”® > A standard set of secondary Reggeons was
included, and the main attention was devoted to the role of
the Pomeron (and odderon). The presence, in the dipole
Pomeron mechanism, of a diffraction dip (at the “Born
level,” i.e., without calculation of the corrections for mul-
tiple scattering) makes this model particularly attractive from
the practical point of view (in a minimization procedure),
making it unnecessary to calculate a double integral Fourier—
Bessel transform. Typical results of fits are shown in Fig. 7.

Overall, these fits are better than other models of elastic
diffraction in terms of economy and accuracy. The dipole
Pomeron does not violate unitarity explicitly, but neverthe-
less a unitarization procedure for it is meaningful and has
been carried out in the framework of the so-called U-matrix
approach, which is an alternative to the eikonal approach. In
the U-matrix approach, the unitarized amplitude in the
impact-parameter representation is written in the form'é

_u(p,s)
T Tiutps)

The U matrix was chosen in the form

. 2
L0,

u(p,s)= EZ_'I; é c; exp(— p*/4R?), (4.5)
corresponding to a dipole Pomeron (for simplicity, the con-
tribution of the second Gaussian has been ignored, i.e., we
have ¢,=0). Then for the total, elastic, and inelastic cross
sections, and also for the slope of the diffraction peak, the
following results were obtained:

’

Ta
o= X In(1+g)(1+AL),

BLLLLIR P Al P
0= A l'l( 8)— 1+g ( )’

16ma’ g

Oin= N m (1+A\L), (4.6)
Bls0)= 1 )

(s, )_S—EinT’(ng)'Ut,
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A remarkable property of the dipole Pomeron is its self-
reproducibility with respect to the unitarization procedure—
for unit intercept (i.e., when g=const), this procedure leads
merely to a renormalization of the constants in (4.6). The
ratio of the real to the imaginary part of the scattering am-
plitude does not change at all as a result of the unitarization:

Re T(s,0) @\ Re Tg(s,0)
Im T(s,0) 2(1+\L) Im Tg(s,0)
An important dynamical characteristic of the model is

the ratio of the elastic to the total cross section, which in the
dipole Pomeron model after unitarization takes the form
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where, we recall,

0’0)\
167\

€

8§=S

The observed growth of the ratio o,/0;, uniquely fixes
£=0.06 in this formulation of the model, as a result of which
we obtain?’ a “supercritical” dipole Pomeron. Its main dif-
ference from the model of a simple pole is that in the case of
a dipole Pomeron the growth of the cross sections is redis-
tributed between the exponent [the intercept a(0)] and the
logarithmic factor from the dipole. Behind this redistribution
there is a deep physical significance associated with the
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““darkening” of the hadrons and the growth of their radius
with the energy (more details about this can be found in the
literature). From the unitarity condition (from the overlap
function) we have

—X

ge
G(p5)= Tige

= n2 '
1+ge ™ x=p°/(4a’'L),

and by means of geometrical arguments the dipole Pomeron
model was generalized for inelastic processes of multipar-
ticle production.?”® The discussion of these processes goes
beyond the scope of the present review. Here, we merely
mention that the moderate growth of the cross section for
simple diffraction dissociation, measured recently at the
Tevatron, supports the dipole Pomeron model, ruling out
models of rapid growth.*

A promising approach for further development of the
dipole Pomeron model is that of a sufficiently rapidly con-
vergent multipole series,>* in accordance with which—in
addition to the already discussed simple and moving pole—a
correction from a triple Pomeranchuk pole may become sig-
nificant at the energies of the next generation of accelerators.
The essence of this approach is that the contribution of the
poles of higher multiplicity is suppressed so much that they
will not violate unitarity in the foreseeable future (an analo-
gous “pragmatic” approach to the unitarity condition has
already been discussed by us in connection with the
Donnachie—Landshoff model in Sec. 2). In the language of
Feynman diagrams, this means that there is no need for cal-
culation of the infinite Lipatov gluon ladder (Reggeized two-
gluon exchange in QCD),'® which on account of the large
intercept requires unitarization already at current energies.
Instead of this, it is sufficient to calculate step by step two-
gluon exchange with the minimum number of gluons emitted
in the direct channel (one for the dipole, two for the tripole,
etc.). Such calculations were recently made in Ref. 31.

This prospect can be confirmed by the following obser-
vations: 1) The most recent (in time and energy) points of the
total scattering cross section obtained at the Tevatron lie
above the logarithmic extrapolation from the region of lower
energies; 2) it is difficult to attribute the filling of the diffrac-
tion dip at the Tevatron to the odderon alone. It is possible
that this is the contribution of the triple pole. The corre-
sponding generalization of the model of the multipole
Pomeron is a complicated but interesting problem (see Refs.
31 and 32).

Concluding this subsection, we recall that the Regge
model contains information only about the energy depen-
dence of the scattering amplitude. Duality extended the do-
main of its predictions, augmenting it with ideas and restric-
tions on the dependence on another, crossing-symmetric
variable.

It was also found to be fruitful to use the geometrical, or
s-channel, approach, examples of which we give in the fol-
lowing subsection, where we also discuss a possible synthe-
sis of the two approaches.
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4.4. The s-channel approach. The Chou-Yang model,
its generalizations, and modifications

In this approach, which was initiated by Chou and
Yang,33 it is assumed that hadrons possess a structure de-
scribed by a distribution p(x,y,z). The scattering of two had-
rons A and B along an axis is regarded as the collision of two
disks in their center-of-mass system. The interaction is char-
acterized by a transparency or eikonal

Q(b)= f pa(x,y,z)pp(x",y’,2" )
X(by—x'+x,b,—y' +y)d*rd’r’,

where 1,5 determines the interaction and in the simplest case
can be chosen in the form of a § function. Then

Q(B)=K45D4(b)®Dp(b),

where K,z is a constant that does not depend on the impact
parameter and is called the absorption parameter.

At high energies and small scattering angles, the z com-
ponent of the momentum q is negligibly small, and the ex-
pression for the hadron form factor

F(q*)= f p(F)eTd*F
can be written as

F(g*)=(D(x,y))

or
(Q(b))=KxpFa(4*)Fp(q?).

Chou and Yang assumed that the distribution of hadronic
matter is analogous to the distribution of electric charge, i.e.,
that they can both be described by the electromagnetic form
factor

2
1+ L.
s

i

Fi(qz)=

Knowledge of the eikonal makes it possible to calculate the
scattering amplitude and cross sections.

The Chou-Yang model predicted the appearance of a
diffraction structure in the elastic scattering cross sections at
high energies, but the prediction is quantitative only because
the original model did not contain an energy dependence.

Various authors, including Chou and Yang themselves,
attempted a modification of the original model, above all to
introduce an energy dependence in it. This procedure is far
from unique. Among many possibilities, we mention two that
in a certain sense are diametrically opposites: the factorized-
eikonal model and the geometric-scaling model. In nature,
neither of these two possibilities is evidently realized in pure
form, but both are manifested in a certain kinematic region.

Another important shortcoming of the geometrical
models—in particular, the Chou—Yang model—is the ab-
sence of the complex phase characteristic of Regge models.

In the sense of comparison with experimental data and
agreement with them, one of the most developed modifica-
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FIG. 8. Results of calculations of cross sections in the model of Ref. 35.

tions of the geometrical models is the model of Bourrely, (BSW) t t
Soffer, and Wu,>* in which the Pomeron contribution is de- Ap (s, ,t)=csSy(s) ( 1- m—fl) ( 1- ;n—%)
fined as
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where c is a constant, and Sy(s) is a complex function de-
fined as

c uL‘

’ + e
(Ins)¢  (Inu)°

In this model, in particular, the form factor is not a dipole
(as, for example, in the Chou—Yang model) but the product
of two simple poles. This is a model in which complexity
and an energy dependence are introduced empirically on the
basis of a comparison with data.

There is also considerable interest in attempts to com-
bine the s- and ¢-channel models, i.e., to combine the advan-
tages of the Regge models (signature, energy dependence)
and geometrical models (¢ dependence, physicality).

A possible solution of this problem was found in studies
in which the idea is that the Pomeranchuk trajectory has the
form

a(t)=ag—y In(1-B1),

for which the Regge residue is identical to the dipole form
factor. The form of the trajectory a(t) is by no means fortu-
itous. It is the simplest example of a trajectory that gives a fit
between the regions of small and large |¢|. At small values, it
is almost linear, ensuring an exponential shape of the diffrac-
tion peak, while at large |¢| it behaves logarithmically as the
self-similar asymptotic behavior of the dual model
requires.>

Corresponding calculations and a comparison with data
were made in Refs. 35. Here, we merely mention the funda-
mental difficulty of introducing the Regge signature into the
geometrical model. This is due to the calculation of Fourier—
Bessel integrals with a complex index.

In the studies, the Pomeron contribution determined in
this manner was augmented by the standard contribution of
secondary Reggeons with subsequent minimization with re-

spect to the free parameters. Results of fits are given in
Fig. 8.

So(s)=

5. CONCLUSIONS

In our review we have tried to draw the attention of the
reader to the richness and complexity of the picture of dif-
fraction scattering of hadrons, which requires the construc-
tion of an adequate theoretical formalism. The existence of
the gulf between calculations in quantum chromodynamics
(restricted to perturbation theory) and realistic models that
describe the rich set of data hinders progress in this impor-
tant field of high-energy physics. It is necessary to recognize
that however attractive the problem of constructing a micro-
scopic theory of hadron scattering (in the framework of
QCD) may be, this aim does not justify an appropriate use of
quantum chromodynamics, which remains an attractive
theory even if it does not find application in the description
of soft processes.

We also wanted to show that there exist many models
that successfully describe a restricted group of phenomena in
the diffraction scattering of hadrons—for example, the struc-
ture of the differential cross section at one given energy—but
the number of successful models is rapidly reduced when
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they are tested in a wider kinematic range. This permits a
critical evaluation and selection of viable models and theo-
retical ideas.

We have deliberately restricted ourselves to a small
number of problems—elastic diffraction scattering of protons
and antiprotons. We hope that the problems that we have
considered and the solutions that we have given for them
will stimulate the development of branches of high-energy
physics close to elastic diffraction. These are, above all, in-
elastic hadronic processes (diffraction and nondiffraction,
and also deep inelastic scattering of leptons on hadrons, in
which diffraction also plays an important role). These fields
have become the subject of intensive investigations with the
accelerator HERA.

With regard to purely hadronic processes, it is to be ex-
pected that a new impetus in their study will arise with the
commissioning of the UNK accelerator at Protvino and the
LHC at CERN.

We thank P. Desgrolard, L. L. Jenkovszky, E. S. Mar-
tynov, F. Paccanoni, E. Predazzi, and M. Hagenauer for col-
laboration and fruitful discussions of the questions consid-
ered in this review.
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