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ably caused by the interband transition due to the
pseudopotentials V», and U20, with vertical tran-
sitions at 0.4 and 1.5 eV." The influence of the
band splitting and the relative difference between
interband and intraband transitions become less
when the energy transfer to an electron exceeds
the band splittings. Therefore, it is expected
that the plasmon dispersion will eventually, for
increasing 0, be well described within the jellium
model —as is indeed the case. When t't increases
further and equals a Brillouin-zone-boundary vec-
tor, there is the theoretical possibility of the
splitting of the plasmon dispersion curve and the
formation of plasmon bands. ""Our measure-
ments'4 did not unravel this effect. For still
greater k, the short-range correlation between
the electrons influences the dispersion of the
plas mon. "'

Vfe thank J. Hohberger for valuable assistance
and discussions, H. Lamvan for the preparation
of the epitaxial Al films, and M. Cardona for a
discussion.
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A simple picture based on colored quarks and gluons yields + p(0) = &, & n(0) = 0, and n p(0)
=1, and explains various features of Poxneron exchange.

I adopt SU(3) g SU(3)' where strong interactions
are mediated by (l x 8) colored gluons and hadrons
are exact color singlet q; q (3 x3; 3*x3*) bound
states. ' A mechanism like the one of Casher,
Kogut, and Susskind (CKS)' is assumed to gener-
ate spontaneous color neutralization which allows
e'e —hadrons at large Q' to be computed from
the pointlike perturbation diagram. I suggest a
generalization which may also provide a recipe

for hadronic two-body, large-s, small-t process-
es.

(i) The computation is first performed in the
gluons quark basis. A transverse-momentum
cutoff is introduced, hopefully making the CKS
one-dimensional model more relevant. Ladder-
type diagrams are naturally selected by the lead-
ing-logarithm approximation applicable to the
cut-off theory. 3
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(ii) Bubbles are generated on each gluon line,
and by a spontaneous distortion via attraction of
oppositely colored lines I arrive at bound states
composed only of qq (qqq) systems in all channels.

(iii) This spontaneous transition from quark to
particle basis is assumed~ust as in the one-
dimensional quantum electrodynamic (QED) case'—not to introduce qualitative changes, at least as
far as energy behavior up to a factor (lns)""'.

A critical assumption [for Sections (A) and (B)
but not for (C)] is the correspondence between the
perturbative gluon expansion (i) and the quark
loop expansion and finally the expansion in par-
ticle number. Since a diagram with N loops
leads to states with at least N particles an in-
equality' (for the lowest N's) is more naturally
implied so that the results of (B) and (C) become
upper bounds for intercepts. The fact that these
are actually saturated prompts me to make the
stronger assumption (iii).

(A) Meson trajectory. —I et us first consider
the contribution to the Imf„„(s,f =0) for meson-
meson scattering (the non-Pomeron component)
generated by intermediate states consisting of
just two mesons, which in the particle basis is
given (up to logarithms) by s' &

%e next turn to the standard planar duality dia-
gram (dressed up by binding gluons for the incom-
ing particles) and look for the lowest-order gluon
diagram such that (a) when bubbles are sprung
up on the gluons and collapsed by the nonpertur-
bative infinitely many-gluon attraction to opposite-
ly oriented quark lines, it reduces to the diagram
describing the process at hand; (b) it is leading
in the logarithmic approximation. The one-gluon
ladder, Fig. 1(a), is then naturally selected and
the various stages for its distortion or dressing
up are indicated in Pigs. 1(b) and 1(c). Figure
1(a) computed a.s standard Feynman diagram with
quark exchange yields s'~~ ' (up to finite lns pow-
er) and comparing with the earlier expression we

find

n~(0) =J,= —,'.
Since SU(3) breaking will be introduced later by
explicit soft mass insertions, this is to be iden-
tified with the leading (i.e., nonstrange) p tra-
jectory which for +'=1 GeV' yields nz = —,

' a re-
sult which reflects just the spin —,

' of the quarks
and is independent of any parametrization. Mul-
tiparticle states will be analogously generated
from higher ladder diagrams [Fig. 1(d)]. These
make larger contributions at higher impact pa-
rameter values, sharpening the t distribution as
s increases. The latter can be directly seen
from the sum of ladders'

f ladder(& f) &28 -1+1 E(t)

or

n~(t) = 2Z, —1 +g K (f) =g K(f),

where K(t) is to be computed from the qq-g-qq
Born term. Consistency with n~(0) = —,

' requires

g'K(0) = —,'. (2)

This also should be the value of g, the effective
coupling, for independent cluster emission in the
part building Regge exchanges. '

Relation (2) fixing the dimensionless g' may
seem puzzling. However, it has been conjectured
that some minimal critical g' value is required
to make the CKS model applicable in three di-
mensions. I conjecture that (2) coincides with
the requirement that a zero-mass gluon will con-
vert with probability 1 to some multibubble string,
1.e.)

g'K(0)+ [g'&(0)]'+ [g'K(0)]"+.. .= 1,

an assumption needed to eliminate gluon lines
from the physical intermediate states.

(B) Baryon txaj ectories. —Here I consider bar-
yon-antibaryon annihilation via two mesons [Fig.

(a) (d)(c){b)
(e)

FIG. l. (a) The mm duality diagram with one gluon in the s channel; (b) a bubble generated on the the gluon of
diagram (a); {c) a duality-diagram description of the contribution of two-particle intermediate states to ~~ scatter-
ing; (d) the gluon ladder; (e) the evolution of the gluon ladder into the usual multiperipheral diagram.
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(a) (c) (d)

FIG. 2. (a) Two-physical-meson intermediate state in BB annihilation; (b) the one-gluon diagram; (c) a bubble
generated on the gluon of diagram (b); (d) the duality-diagram counterpart of (a).

ns (0) = 0, m r,
' = 1.5, (4)

with n~ and n~ identified and o.'=1.
Equation (4) is reproduced if we consider in-

stead backward scattering and use (1). Next let
us consider the ladder -multimeson diagrams
which fix n, „„;h;„„,„(t), the effective trajectory
built by the BB-mesons intermediate states'.

(5)

and from a similar treatment for backward mB
exchange

ns(t) = V', —2+g2K(t)

2(a)] to be generated as above from the one-gluon
diagram [Figs. 2(b) and 2(c)]. In analogy to the
above we get s ~~ '=s' & 'i ' which fixes the lead-
ing baryon intercept at

coupling to singlet is available, some of which
have odd charge conjugation and could couple like
an w to a single quark line. In coupling these ob-
jects to qq composites, opposite contributions re-
sult when we permute all g-q and g-q vertices
leading us to expect their decoupling here and
also to the color neutral baryons.

(c) Consideration of color neutrality for physi-
cal states suggests that the intermediate states
dual to Fig. 3(a) do not decompose into distinct
forward and backward moving systems, i.e., that
they correspond to the "pionization" rather than
the "diffractive" component of multiparticle pro-
duction. The latter is, as usual, to be identified
with the iterated Pomeron exchange. The ratio
between the two diagrams is naively expected to
be = [g'K(0)]' consistent with a diffractive part

.'+g'K(f) = n—,(t) ——,
'

(6)

I took coefficients of K(t) as suggested by the
color model, s in all three cases (1'), (5), and (6)
(rather than having them in a 1:4:2ratio as an
Abelian gluon model would imply) thus predicting
that the baryon and meson trajectories be indeed
parallel. "

Equations (6) and (2) predict asymptotic an-
nihilation cross behaving as s "/14-s '.

(C) Pomeron exchange The P.o—meron is iden-
tified with two- or more-gluon exchanges [Fig.
3(a)] (one is forbidden by color neutrality of had-
rons-~ nice feature absent in Abelian models).
Neglecting temporarily the gluon ladders [Fig.
3(f)], I find the following.

(a) The Pomeron is a fixed singularity at n=1.
Its intercept reflects the spin-1 gluon rather than
the saturation of unitarity (Froissart) bounds.
Indeed, the fact that o,&/v„, = 0.2 and not 2 may
indicate that we are not yet in the energy regime
where saturation is manifest.

(b) A symmetrical coupling of the two gluons to
a color singlet is required, yielding even t" ex-
change. For three or more gluons more than one

r /
)

(

rr
)

(c) (d)

L
(e)

PEG. 3. (a) The Born approximation for the Pomeron;
(b)-(d) various stages of generating physical intermedi-
ate states corresponding to (a); (e) the Pomeron-Pomer-
on-particle vertex; (f) the multigluon ladder.
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smaller by a factor of 4 as compared with the
SRC component.

Let us form n bubbles symmetrically on each
of the exchanged gluon lines [Fig. 3(b)]. Letting
such a system evolve under mutual attraction of
oppositely oriented lines we will get as the most
stable configuration the cylindrical arrangement
of Fig. 3(c) which after 90' rotation (with respect
to the cylindrical axis) reproduces just the con-
figuration [Fig. 3(d)] suggested for the Pomeron
by Lee and Veneziano. ' It is nice that the quark-
basis computation from 3(a) yields a fixed cut
dual to all these states.

(d) If we adopt an extremely naive molecular
analog picture of hadrons interacting via the Van
der Waals forces generated by Fig. 3(a) we can
make semiclassical calculations for the total
meson-meson cross sections. These are pro-
portional to g R', where A' is the mean space
separation of the q and q in the meson, which in
turn is proportional to z'. The qualitative fea-
ture of cr = e' is nice because it suggests that the
small proton-Pomeron cross sections (or small
triple-Pomeron coupling) be correlated with
n~'(0) = 0.2.

(e) Experimentally, the Pomeron-Pomeron-
particle couplings are small. This may now be
related [Fig. 3(e)] to the supression of qq-gluon
annihilations even at masses =0.8-1 GeV which
is necessary for ideal nonets and the Zweig rule. '

(f) Including multigluon ladders, we find

n~(t) = 2J, —I +g H(t),

where H(t) is now the t projection of the g+ g- g
-g+g link. To explain why the intersecting stor-
age ring cross section rise is relatively small
we have to fix n~(0) - I -g'H(0) to be small [as
compared to g'K(0) = —,]. This can be achieved by
an appropritate choice of m, '/m, '. It will simul-
taneously reduce the slope [n~'(0) = tI'(0)] in
accordance with experiment.

(g) It has been speculated that the newly dis-
covered narrow particles correspond to gluonic
states. If this conjecture is indeed true, then
analogy to the Pomeron explains their large spac-
ing (-1/n') and small hadron cross sections.

To sum up I have suggested above a particular
method to implement a colored gluon-quark mod-
el which explains some features of small-t, high-
s, two-body reactions provided we adopt a CKS-
like mechanism accounting for the transition to
physical states. Should there emerge eventually
a concrete theoretical foundation for the model
unifying the various aspects of duality and color

confinement mechanisms in three dimensions,
we would find a solution to the preceding (perhaps
more compact) colored quark representation of
certain hadronic puzzles.

I would like to thank G. Alexander, D. Horn,
and L. P-Horwitz for helpful discussions.

Note added. —After completing this work I
learned that F. Low has constructed a detailed
model for the Pomeron viewing it as a multigluon
exchange. "
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