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A scheme, in which the rapidity density of partons is small in the wave function of a
fast hadron and the real hadrons are produced via the decay of color strings, is
proposed. The basic predictions of Reggistics are preserved and a correlation with
QCD and with the additive quark model is established.

PACS numbers: 12.40.Bb, 12.40.Mm

Until now, the energy range in which Reggistics can be used and the “natural”
values of its parameters have been unclear. It is clear that Reggistics must be correlat-
ed with QCD and both its scale and parameters probably must be determined in this
way. In addition, there are several points, which are difficult to fit in the context of
multiperipheral Reggistics and which indicate the changes that must be introduced.

1. First, it is difficult to correlate “large” multiplicity # = b In s=5bY with “‘small”
a, and with the transverse momenta of secondary hadrons (k, ). The diffusion rela-
tion b = 22a; (k1) holds in the ladder in which the number of partons is equal to the
number of hadrons, and in the experiments b~2-3, but a; (k 2) ~0.1. Thus, we need a
scheme 1) in which the hadron multiplicity 5Y is much greater than the parton multi-
plicity (Y )=~2a, (k})Y. Second, the interaction amplitudes of partrons in QCD are
~S; i.e., the partons that are far apart in rapidity also interact. Therefore, the hadron
cross sections increase as o{s) ~ (Y ') (or faster) in the perturbation theory when screen-
ing of distant partons is not evident—this shows that +{Y) and (Y )/3Y are small.
Third,' the (k,, ) of the partons in the perturbation theory increase as ~exp[cv/V(Y)),
where ¢~ 1—this, together with the experimental constraint of (k, ), shows that
V(Y )/3Y is small. Fourth, the parton density A ~' = v/Y can be estimated in QCD by

k
gz‘:ﬂl)] (k2 +A?)~? and by assigning

the mass A =0.6-0.8 GeV to partons and gluons. Truncating this integral by (hadron
radius)”'~1/5 and by (quark radius)~'~1, we obtain 4 =4,,, ~14, =8-12.

using the WKB method: 4 ~! = Z/ﬂfdkfkf[
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2. The formation and decay of color strings is a natural mechanism in QCD for
the production of hadrons? which “fill” the gaps between the rare partons from the
wave function {WF). We formulated® in parton language the basic properties of the
picture of high-energy interactions”. It is a “three-step” picture: there are few partons
in the WF before collision (valence quarks and one or two soft gluons with E ~ 10>-10°
GeV; the average rapidity gap before the first gluon is 4 ~10j. A color exchange
occurs as a result of collision, followed by a longitudinal scattering of color charges
and the formation of a color-electric field tube (string), that breaks into sections that
form hadrons.” If this picture is translated into Regge language, then the basic proper-
ties of the scheme with a pomeron, nonvacuum Reggeons, and lowest basic branching
can be reproduced.

3. We describe the properties of a pomeron (P ) and of the branching. The WF (of a
meson) is represented by the series
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of the valence quarks and gluons. A simple contribution to P with @, =0 occurs
because of interaction of the components of the |¢,7,)®!g,7,) gluon (G) exchange and
because of decay of the gluon string. 3) This can be schematically represented as
follows:
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A multiple G exchange between |q,7,) and |g,7,) does not change the total color
charges of dispersed hadrons, i.e., the same color string appears. We note that the
pomeron residues are factorized to an accuracy of the 1 G exchange. Taking into
account the higher components |¢ggG ), |ggGG ), ... in the WF gives a, #0—it increases
the average color charges because of multiple exchange and gives rise to pomeron
branching.

Our approach involves expansion of the amplitudes in terms of the components in
the WF and in terms of the G exchanges; the expansion is likely to converge more
quickly at existing energies. An expansion in Reggeon diagrams with a, #0 is more
customary. It is easy to establish a correlation between these approaches. For example,
a simple and probably dominant contribution to the 2P branching comes from a 2G
exchange in the |ggG )®|qg) configuration. The double, dispersing gluon charges can
occur in this case. As in the case of the 1G exchange,” where we summed over the
transverse position of the quark strings, here we must sum over the x,, positions of the
two gluon (4 quark) strings. The contribution of the ordinary 2P branching corre-
sponds to a large |x; — x3|,; the AGK relations in this limit are valid for the absorp-
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tion parts. However, the gluon tubes in the dominant configurations strongly overlap
each other transversely and interact with each other.? This corresponds to large, diag-
onal vertices of the pomeron interaction /{2P—2P ), {3P—3P)... . Therefore, in terms of
the Reggeon-diagram method, the summing’ of diagrams with large diagonal and
small (~1/4 ) nondiagonal vertices is more adequate.*

Since the ¢ (k) spectra of gluons in |g(p,)q(p,)G (k )) are bremsstrahlung spectra at
k<p; ¢ (k)~ 1/k, the ends of the gluon strongs attached to G are uniformly distributed
in rapidity; i.e., we have only the enhanced 2P branching.® The higher branching is
analogous to it.

4. Three-Reggeon limit. If the interaction occurs in the.
lg(p)qp,)G (k ))®|q(ps)glp,)) configuration, where k<p, with a 2G (colorless) exchange,
then the gluon string will stretch only between (p,p,) and (k). Thus, the region charac-
teristic of the three-Reggeon configuration in the rapidity space is filled with hadrons.
Since the G distribution is of the type dk /kA, we obtain do,, ~(1 —x)™" and also
O, /0 ~T3p~1/4. For the simplest configuration @, = 0; the higher contributions
|g(p;)g(p.)G ),...lead to “Reggeization.”

5. Increase of total cross sections. The value do/dY is usually determined by the
branching. However, since the vertices of #{2P—2P),... are large, the usual estimate is
unreliable. An estimate in terms of the change of the WF, however, is simple: the cross
sections increase because the average number of soft partons (gluons) increases. If
vi(Y)=vu(l +J;/4,) is the average number of partons in the states [1)®|2), where
¥1 +y, =7, then do/dY=0/4,, which is consistent with the experiment at 4, ~20-
30.

The inclusive density of produced hadrons in the central region f(¥,y,k, ) increases
with Y, since the average number of components in the WF increases; i.e., the average
exchangeable color charge and hence the average number of strings increase; we ob-

tain (1/f )g—j};~am /mR 24 ~1/4, where R ? is the hadron radius.

If the value of @, is defined by the “Brownian” expression @), =~1/2 A4 ? in terms
of the gap 4 in the hadron and in terms of the gluuu “mass” A, then we can estimate
a, =~0.1-0.2. It is more reasonable, however, to estimate it in terms of the hadron
radius a; =~(1/4)dR *(Y)/dY ~R /84 =0.3 at energies when the WF has about one
parton-gluon. The a, arising in this manner is generally not universal (like the other
quantities in the higher orders in G ).

The total cross sections {and other P vertices) are very sensitive to the confine-
ment physics and to the breakdown of chiral symmetry, although an estimate based on
the simple diagrams gives qualitatively reasonable values in the style of the additive
quark model.

6. Our scheme can be used at least to Y=~24 — 34 (i.e,, to 10'"°~10%° eV).

It is conceivable that at larger Y the spacing 4 between the soft gluons decreases
to ~ 1. This would lead to larger @, and to more “multiperipheral” Reggistics.

At Y> A the configurations with large (k, ) ,.on and @, (0)=1 + E1n(g2/21r) can
T
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be the main configurations. If there are no reductions with the contributions from
higher orders in g, then a complicated picture with Fruassar cross sections and a
multiplicity 77~ exp[c(Ins)'/*] or faster can occur.

It was previously predicted® that at E~ 10'*~10"3 eV the spectrum f(x) for x ~ 1 is
reconstructed because of merging of the “parton ridges” from different valence
quarks. In our case it is somewhat different: 1) there are no ridges attached to the
quarks; 2) if the average multiplicity of the color exchange increases with increasing E,
then only two quarks tubes can be coupled to the valence quarks in a fast meson
{therefore f{x) is unchanged at x~1}; 3) only a transition from two-quark tubes to
three-quark tubes is possible in a nucleon (i.e., f changes slightly); 4) f{x) can change
considerably in a fast nucleus at x~ 1.

It is very important to determine the value of 4, since it may turn out that the
dominant processes are described by simple QCD diagrams in the “experimentally
permissible” region (up to 10*° eV).

The authors thank V. N. Gribov and E. G. Gurvich for discussions.

If we assume that the partons are resonances, then we obtain only a factor of 2-3. We also assumed that
the partons are heavy clusters which break up softly. But this assumption does not correspond to QCD.

ISome aspects of this approach were pointed out earlier.*

3This amplitude is purely imaginary, since the separation of color charges is “always™ accompanied by a
string that gives a muitiparticle state.

“Most Regge evaluations of the experiments, therefore, seem suspicious to us at present.

$Because of distortion of the spectrum ¢ (k }# 1, an unenhanced 2P branching also appears at k ~p,, but it is

small.
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