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some way, in our case by coefficients like
(mr/m, )'~' and (m, /mr)'". This is achieved nat-
urally in the Kemmer formalism by choosing J,
as the appropriate current. Another strong sup-
port for the choice of the current J, comes from
the fact that the form of J, is identical to the
electromagnetic current in the Kemmer formal-
ism, and hence we restore the symmetry be-

tween the weak and electromagnetic currents.
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The measured total and elastic pp cross sections are used to give an estimate, to within a factor 2,
of triple-Pomeranchukon coupling. The assumption underlying the estimate is that single-fireball
formation is asymptotically controlled by an isolated Regge pole.

A two-component model of high-energy particle
production has been showing promise of corre-
lating the observations emerging from the Na-
tional Accelerator Laboratory (NAL) and the
CERN Intersecting Storage Rings (ISR).' ' For
the purposes of this paper we shall characterize
the two-component model in terms of "fireballs, "
where the number of fireballs in a given event is
defined through the rapidity distribution of pro-
duced particles. ' Events where no large gaps'
appear in the rapidity distribution will be de-
scribed as "single-fireball. *' If one large gap
appears we shall speak of two fireballs, and so
on. The two-component model ignores the pos-
sibility of more than one large gap and supposes
each of the two fireballs in a one-gap event to be
of low mass. The model furthermore supposes
the collection of single-fireball events to have an

aggregate (i.e., inclusive) energy dependence that
corresponds to isolated factorizable Regge poles
(short-range order in rapidity} and thus to be
susceptible to the Mueller treatment of inclusive
cross sections. '0 The two- (low-mass) fireball
events, on the other hand, are supposed to be
described in the exclusive sense by Pomeran-
chukon exchange in the same way as elastic scat-
tering, which in fact represents about half of
this category. The energy dependence of this
"fragmentation" component thus corresponds to
the Amati-Stanghellini-Fubini (ASF) two-Pomer-
anchukon branch point" (long-range order in
rapidity}.

An experimental difficulty for the two-com-
ponent model is the observed near-constancy of
the high-energy pp total cross section, which is
observed to vary by less than 0.5 mb between
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s = 140 QeV' and s = 3000 Ge7' —an energy interval
in which the integrated elastic cross section
(about half of the diffractive component) is falling

by about 2 mb. " Such a decrease cannot be com-
pensated by an increase of the single-fireball
cross section if the leading Regge pole therein
is well separated from the remainder of the J
singularities. At best the single-fireball cross
section can be nearly constant. The nonelastic
part of the two-fireball cross section is predicted
by the model to have approximately the same en-

ergy dependence as the elastic part.
At the same time, the two-component model is

theoretically defective in its neglect not only of
events with more than one large rapidity gap but
of single-gap events with large-mass fireballs.
It may then be hoped that the cross section for
these neglected categories will grow at a rate
such as to compensate for the decrease in the pp
cross section for two low-mass fireballs. In this
paper we argue that at presently accessible en-
ergies the principal correction to the two-com-
ponent model will be events with a single large
rapidity gap that separates a large-mass fireball
from a low-mass fireball, and events with two

large gaps that separate three low-mass fireballs.
Such events are controlled by the celebrated but
elusive triple-Pomeranchukon coupling, so we

FIG. 1. An event with at least one large rapidity gap
separ ating groups of particles with mass squar ed sz
and s~ i. The magnitude of the gap is approximately
ln(s/s& s~ ).

shall obtain an estimate of this coupling from the
requirement of constancy for the high-energy pp
total cross section.

We first argue that the following three catego-
ries of events have cross sections below the level
of concern to this paper: (1}events leading to
four or more fireballs, (2) three-fireball events
with at least one of the "end fireballs" having a
large mass, and (3) two-fireball events with both
fireballs of large mass. For each of these cate-
gories there will occur at least one large rapidity
gap that separates two aggregates of particles
both of large mass. Now in Ref. 13 it was shown
that the total probability for an event of this char-
acter, as depicted in Fig. 1, is given by

1 d'o" ~ 2a g ( t ) -g Rp (0)
g~'(f)

Slid S/a~&S~ S

all large

where gp(t) is the triple-Pomeranchukon coupling and a~(t) is the Pomeranchukon trajectory. As ex-
plained in Ref. 14, one cannot integrate formula (1}to obtain a "cross section, "because multiple counting
is involved, but the integral of (1) is larger than the sum of the probabilities for the three categories in

question. An overestimate of the integral of (1) is obtained by setting np(t) = 1 and including the entire
region of s„,, se for which s„se /s a 1 while ignoring the kinematical constraint on the t interval. The
result is

0
(lns)' g~'(t)dt.

321r ~ Co

(2)

With the available upper limit for g~(t) (Ref. 15) this dimensionless number is s10 for inset 10.
At such moderate energies a larger proportion of the cross section will reside in three-fireball events

where both end fireballs are of small mass, and in two-fireball events with one large-mass and one small-
mass fireball. Both categories fall into regions of phase space controlled by triple-Pomeranchukon cou-
pling, but now gp appears linearly rather than quadratically.

The linear triple-Pomeranchukon inclusive formula describes events where A' is of small mass and B'
is of large mass, or vice versa. There is some overlap between the regions of phase space covered by
these two prescriptions, since both include events with three or more fireballs where both end fireballs
are of low mass. If we consider only the category where A' is of low mass we shall be underestimating
the contribution to the total cross section, but for a PP collision the error must be less than a factor 2.

When the "diffraction" of particle 4 leads to a small A' mass, as depicted in Fig. 2, the triple-Pomer-
anchukon formula is"
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as A/ small

where the particle-Pomeranchukon vertex functions are normalized such that

c~ P„~(0)Pss/, (0)s (4)

&aa'
I pox'/ (t) I I pss'/ (t)l &

dt „„„16m
of small mass

(5)

What is the rate of decrease with energy in the cross section to produce two low-mass fireballs? Sup-
pose that for small t we represent the t dependence of the vertex functions as an exponential,

(6)

and employ a linear Pomeranchukon trajectory with intercept unity,

a~(t) =1+o~t.

Then integrating formula (5}we have

(7)

x's' 1 IP&x'/ (0}I I Pea'/ (0)I
16@' bAA +b~~. +2e~lns (8}

or

2~' Ip„„, (0}lml p„, (0)l'
dlns 16w (b ~ „is.)~ (9)

where

= bAA + b~g + 2@pins (10)

is the inverse width of the t distribution.
Not let us calculate the rate of increase with energy of the integral over formula (3). For a fixed inter-

val of dlnss the right-hand side of (3) has the same kind of slow energy dependence as (8), associated
with a gentle shrinkage of the width of the t distribution, but the major energy dependence at moderate
s arises from an extension of the available interval in lns~ as s increases. To simplify the analysis we
neglect the weak t-shrinkage effect and write

1 max 0
I Pgg ~( )l0Pssp(0) ln ' dte '

g~(t) .
sg t ~ s /sg p Ialge S~t

~~i small

Since s~:" increases in proportion to s,
der" 1 0

I/, „,,(0)i'Fi„,(o)J ac~' 'a(~).

(12)

For the special case of pp collisions we want
to balance the growth rate (12) against the de-
cline (9), when appropriate sums are made over
the low-mass fireballs A' and B'. In view of the
already-mentioned double-counting difficulty, it
is reasonable to restrict the low-mass B' fireball
sum to the single proton (i.e., to keep only the
elastic BB' vertex) and to set b». equal to b»
With such a simplification, and writing b» ~ as

b, the required compensation leads to the esti-
mate

J
0 2Q

dt ebt/2g (t) P [otot ]I/2
PP (13)

Sg'

FIG. 2. An event with at least one large rapidity gap
separating a low-mass Qreball A from a group of pa, r-
ticles with mass squared s~~.
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if we remember that at high energy, by the opti-
cal theorem,

1 dCrnn 1 2as 101
glol dlns 16m b2 n

PP

= 0.01 (15)

for op=0.3 QeV ' and b=11 QeV '. The corre-
sponding contribution to the total cross section

The estimate (13) should be in error by no more
than a factor 2 if the total and elastic pp cross
sections remain as reported in Ref. 12, since
the multiple-counting error in our argument is
less than a factor 2 and can be shown to go in

the opposite direction to our neglect of excited
protons -an error which also is less than a fac-
tor 2. Insertion of the estimate (13) into (12) gives
for the single-proton inclusive cross section

is of course larger by a factor ~2.
A remarkable qualitative aspect of (13}is the

implied connection between a small Pomeran-
chukon slope and a small triple-Pomeranchukon
coupling. We have not here given a general the-
oretical argument to relate gp and ap but have
pointed out that a connection is implied by the ob-
served constancy of the high-energy pp total cross
section, together with the two-component model
assumption that single-fireball events are con-
trolled by well-separated Regge poles (without

Regge branch points).
Insertion of measured values of b, up, and o~~'

into the right-hand side of (13}gives a result com-
patible with the present upper limit on g~(t) Im-.
minent experiments will measure the latter quan-
tity. If formula (13) is not verified it will be nec-
essary to modify the two-component model as-
sumI: '~n of short-range order in longitudinal
rapidity for single-fireball events.
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