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ABSTRACT
The constraints imposed by the'Harari-Freund cénjecture on a dual
model are shown to lead to the vanishing of the'pomeron-pomeron-reggeon
coupling and a unique criterion for the ébsenpe of nonscaling

(secondary) terms in inclusive. reactions.
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-The purpose of this paper is to present z general framework for
a dual model for multiparticle processes which embodies the Harari-
Preund conjecture. Although our discussion is only qualitative, we are

led to two interesting results: (1) In such a scheme, the pomeron-

pomeron-reggeon coupling vanishes, which ex?lainé several remarkable

experimental features of exclusive and inclusive reactions and suggests

& new duality property for pomeron—induced-proéesses. (2) We are led

to a unigue criterion for the elimination of nonscaling (secondary)

contributions to inclusive reactions (& +b —¢, + ¢, + -« + X). 1In

1 2

this note, we limit ourselves to a survey of the model and present more
detailed arguments elsewhere [1]. |
We begin with the four-point function for an elastic scattering
ampl}tﬁde; in figs. la and 1b we represent by.duality diagrams [2] the
two components of the‘amplitude which contributé to the total cross
Eection a + b '>X. BSuch diagrams contain information of two types:
(a) Quantum numbers: These are carried by the quark lines;

(b) Topology: The shape of a diagram indicates which channels have

discontinuities. [For example, the amplitude corresponding to fig. la

is assumed not to have a discontinuity in the (ab) channel.]

. . : . - . *
Figure la has resonances in the s (ab)-channel and reggeons - in the

t (bF)-éhannel. Figure 1b has nonresonant background in (ab) and .

the pomeron [3] in (bb). The topology would suggest that there are

. Regge poles in the (bb) channel, but at this point we impose the

Harari-Freund (HF) hypothesis [4] which implies that the contribution

of these reggeons to the imaginary part of the amplitude corresponding

In this paper, the term reggeon or Regge pole should be understood

to exclude the pomeron.
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to fig. 1b mﬁst be negligibly small.since they would be dual. to
_ exotics.* But since the diegraﬁ-is symmetrie qnder b e—agg-these
lreggeoss.cannot contribufe o the real part either. TFor simplicify‘we
shall assume their contrloutlon is strlctly zero, 1 ‘This property is
easily generallzed to an arbltrary dlagram' Only the pomeron Butfno
secondary_poles eontrlbute’uo a ‘channel from which‘ﬁq qﬁ;rks sfey :
‘exchanged with any other channel. It is this feature alone that will
be sﬁown to'leed‘to.the'vanishiné of the»pomeron-pomeron:reggeon
‘coupling. B

‘ Consistency with unitarisy.requires consideringbdiagran5-like_.
"the ones shown in figs. lc andrld{ So‘far, the classifieation_of dual
diagréms is the same as in the perturbaﬁion_Series approsch [6],11.
ﬁowever,\in our attempt to generalize the ﬁF.ansatz fer the n-peint

_funetion, we are led to suppose that, when the full series'is summed

-and  renormalized, certain contributions must be.suppressed.. .Somewhat

surprisingly, ss we shall show in the discussion which follows, these

be'eliminsted or suppressed, the coupling of the pomerbn’might'stiil
.reflect the coupllngs of uhe ki and ‘£, at least, as“to their

1nternal symmetry properties. Cf. Ref. [5].

T We analyze diagrams only as to whether their asymptotic behavior is

of the order of the pomeron, reggephs,ror reggeon-pomeron cuts.

Contributions on the order of reggeon-reggeon cuts will be neglected.

¥ For our purposes, diagrams which only differ in the number of

auark holes with no external mesons attached to them are identical.

Although singularities in. the pomefon diagram at'reggeon poles must

he
constraints can be characterized at the four-point level in a way which

can be easily crenera“lzeu to the n-~ p01nt ’uncelon (Indaed The HF

. conjecture playsthe role of a conservatlon law which preserves the

exchange degeneracy of the renormalized Pegge traJectorles as well as
of their coup;lngs.)

- Continuing our analysis, then, the absence of poles in (bb) .

'ifi fig. 1b implies that the amplitude corresponding to fig. lc vanishes,

as do all.otherﬁdiagrams with only one external particle on a qﬁaik

" loop. ‘The diagrém'of_fig. 14 corresponds to the addition of a handle

to the basic duality diagram. .Itkhas the same quark cogtent as fig. la
but a differeﬁt'topology. Thus fig. 14 has a discontinuify in the :(ab)
channel even though a and b are not adJacent on & quark loop.

Quarks . areexchanged‘between (bb) and (az), so we expect to have
Regge»poles in-the '(bb). channel. The condition that (ab) be exotic
does sot eliminate this contributiqn,'sq we are faced with an apparept
violation of the HF hypothesis. It weuld be impossible te neglect the

diagram entirely (as we have done with fig. lc)eand maintain &t the

" same time alphysically reasonable theory, since.it corresponds to the

. absorptlon of resonances in the.‘(af) ‘channel and may well have a

s;gnlflcant dlscontlnulty in (ab) Fpr<c6nsisfehcym&ththevHfihypej_‘
thesis, theﬁ, we must require that the Regge poies in (bb) do not
contribute to the imaginary éart in the (sp) channel. Fortunately
this requirement is compatible.with having stroﬁg‘absorption because, '
to fhe extent that the pomeron is purely imagina@y, the.contribution

of the reggeon-pomeron cut to the discontinuity in ~ (ab) is -

suppressed [7]. 'Thus, fig. 1d is important for the real part of the

-amplitude in the (ab) channel, but makes a small contribution to the

imeginary part. In this way, for the imaginary part of the amplitude,
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reggeons in (bb) plus their absorptive corrections will be dual to
resonances in f{ab) plus their absorption (leaving only peripheral

resonances prominent)[8]. We shall assume that, similarly, diagrams

with more handles can be treated consistently.* Therefore, from now on,

we will include all possible handles (as well as holes) in the diagrams
of figs; la and 1b.

. Having thus ariangéd compatibility ﬁith the HF hypothesis,‘we find
the generalization to @ultiparticle reactions and, in particular, to B
inciusive cross éections is straightforward. As a generalization of the
two-component theory, we assume that an amplitude ié the sum of ampli-
tudes, each of which corresponds to diagrams ﬁith distinet quark content
or topology. Consider a + b — c +X iﬁ the region of the fragmenfation
of a into c. Tﬁe relevant Regge poles are the onés in the (bb)
channel . [lOJ, and we éfé interested in those reggeons which contribute
to the discontinuity of thé.three-bOdy forward elastic amplitude in the
(abc) channel. The diagrams éontfibuting to this process are depicted
in fig. E.T We again forbid reggeons in.a>channel unless qu&fks are
exchanged witﬁ another éhannelf “Thus figs. 2a aﬁd 2b indicéte all .

pomeron contributions to the (bE)'bchannel,t whereas figs. 2c¢ and 2d

have reggeons in the (bb) channel. If we neglect momehtarilykthe

inclusion of handles, then the contribution of each kind of diagram ié
One way to understand fhese apprqximations is to sﬁpposé that thelv
only important contributions of djiagrame with handles correspond to
those described by the dual reggeon calculus of Lovelace [9].

For simplicity, in this paper we will assume thét particles a and
¢ do not have purely vacuum quantum numbers (other than spin and

parity). For the moment, we négiect processes involving diffraction

dissociation.

i Figure 2b is also purely pomeron in the (aa) channel and leads to
the limiting distribution in the pionization regionm. '

6=
positive definite. To the extent that handles primarily contribute
absorptive corrections,'one can afgue thet the zrsorviicn of resonances
contributing to total cross sections will not alter the net positivity
of the resonant component. If is not clear to us whether this property
generalizes to inclusive cross sections, and we are not sure whether
inclusive cross sections must nécessarily fall to their asymptotie
values. We hope to returqvfo this qﬁestion”at a lgter fime.v'

| Each‘bf.thebdiagrams.of fig. 2c aﬂd 2d contribute to reggeons
in tﬁe (vb) channel; a Eiiori we do not know the relative streggths
of each. However; we can make a few general observations. Figure 2c
corresponds to normel regge exchange in the (ac) channel; fig. 2d
does not. Consequently for small values of the momentuﬁ tfansfer, (aE),
we might expect fig. 2¢ to doﬁinate fig. 2d. Small (SE) occurs for
smali transverse momentumvof c and near the boundary of the fragmenta-
tion region (x near te.one). As we move toward the pionization region
and the momentum ffansfer"(az) becoﬁes large, we expect fig. 2d to
become relétively more important.

Now one can ask under what conditions on the quantum numbers of

the particles will there be no reggeoﬂs in the (bb) channei.’_lt is

' easy to-seevthat the only criteribn_eliminating all the diagrams in

fig. 2¢ and 2d is that both (ab) and (bc) must be exotic. In this

case, the inclusive cross section for the fragmentation of a 1into ¢

will be energy independent already at low energies.

Several aspects of this criterion should be noted:

1. Although we have thained the result when all particles are
mesons it is readily generalized to the case when one of the particles
is a baryon. The topology of the surfaces is more complicated since

we are now dealing with the nonplanar duality diagrams of



Mendelstam [11], but the same criterion obtains. Also, if at most one

of he three particles is a baryon and if (ab) and  {bc) are exotic,

then (abe) 1s also exotic When more than one baryon is involved

one must be very . careful since he’ may encounter the ~analogue of the
balyon-antlbaryon paradox [12] for total cross sections, “in which the’
duality diagrams might lead one to believe there. are ‘no secondaries-f:]

contrlbuting to the baryon antibaryon total cross .section.

2. 1In cases when ' (ac) is not exotlc, to the extent that the

fragmentation is'dynamically domlnated by reggeons 1n_the (ac) channelb

the ellminatlon .of fig 2¢c alone will 1mply approx1mate -energy- 1nde-:
pendence. For this it is suff1c1ent to have< (abc) exotic, and we
certainly expect this to be the case when the longitudinal rapidity.of
¢ 'is near the boundary of.the fragmentation phase sbace. ‘On the. other
hand; wheni'(az) is exotic, .fig. 2¢ is absent and the quantum numbers.
‘of_.(abcj are irrelevant.,_In-this case, only the criterion given_above
will eliminate reééeons;in the (bbd)- channel. |
3, V'I_‘wo ‘other suggestions for a'criterion for.the ebsence of

secondaries have been published'previously:

(a) (abc) must be exotic [13].

(b) Both (ab) and . (abc) must be exotic [lh] [15]

_With regard to the suggestion (b), we see no reason to prefer_one of

the two diagrams in fig. 2d and, hence, no motivation for this sugges- ;

.tion. As for suégestion'(a),-we have diScuSSed_in the preceding
remark the possible_relevance of the (abE) channelf Clearly a sensi-

tive discrimination between the suggestion.(a) and our criterion can

be found in the behavior of the inclusive cross section‘far from .the

‘phase space boundary (i.e., for small x) or in reactions in which

(ac) 1is exotic.

_from the previous proposals made in refs. [13] - [11]. GSome ex

" the kaon fragmentation region.

criteria (a) and‘(b) predict no -secondaries.

o
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L. Simple exverimental tests will distinguish cur critericn

'

are as follows*

(2)- The reactlon " P ->q X prov1des a sensitive test. We.predict

" scaling at low energies in the proton fragmentation region but not in

secondarles 1n both fragmentation regions.

(6) For K'p »x'X, PP 57X, PP 'S x, we predict that there
will be secondary contributions to the scaling limit, whereas both

We emphasize that the

energy dependence of these reactione in which (aE) is not exotic will

prov1de a ‘measure. of the relatlve strength of fig 2c versus flg 2d

(our congecture is that the energy dependence will be most. eas1ly seen -

at small x.)
(¢) For K+p -»K X, pp =KX, pp=—pX, we predict energy inde-

pendence at low energies.

Although lack of space does not permit a review of available data, the -

ideas expressed here are consistent with all experiments of which we

. are aware,

5. ‘The‘criterion we propose.leadeto interesting'predictions

in the pionization region concerning the presence or abSence of

secondaries there. This is discussed in ref. [1]; we remark, in passing

For example, in the fragmentation of the proton, the (normalized)
1nclusmve cross sectlons at 1ntermed1ate energies for Yp - X X,.
exceeds pp —x X which, in turn, exceeds K p —» = X. C. Risk

(private communication).

Both previous criteria would predict no’

or\ .‘
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ghat using our ériterion one doés not predict the absence of pomeron-
meson interference terms in all reactions, as was shown to follow from
the other two prbposals_[lS]. A

6. The criterion is easily generalized to inclusive reactions
involving a larger number Qf detected particles. The general criterion
for the reaction 'a + 5 - ¢y ey e + ch.+ X in each of its many
limits is that there are no secondary Regge poles cdntributing_if énd
only if each channel whose subenergy becomes large is exotic.

We now turn to the consideration of diffraction dissociation,
which cén occur.when ac has the quantum numbers of the Qacuum.
Because of this, we have two new tybes of contributions to the fragmen-
tation of‘ a into c¢ (in addition to fig. 2) which are illustrated in
-fig. 3. We immediately bbserve that in no diagram is there a .pomeron-
pomeron-reggeon (FPR) couplipg or, equivalently, no'pomeron-pomerbn;
resonance vertex. This follovs from our interpretation of the HF

'hypothesis, Xig.,.thdt only the pomeron can be exchanged between
independent quark lodps.. This conclusion is drasticélly differgnt
from Brower and Waltz [17] and from Frampton [18] who did not impose
the Hf condition. This simple result haé many inte;esting featureé:

1. The vaﬁishiﬁg of the PPR coupling cﬁn be easily understood
in ény simple quark quel in which the pomeron corresponds to. the .
exchange of no quarks.

2. The result is very close to the intuitive "optical”
ricture of diffraction scattering in which the "pomeron" corresponds
to a shadow effect. This would also requirg that the triple poméron
vertex is also very small; In such a picture, diagrams involving

multiple pomeron exchange between two particles simply have no meaning.

-10-

On the other hand, two pomerons can be exchanged in the scattering of
three particles, as for example in the pionization region.

3. In their analysis of the reaction »'p - n'p + (n+ﬁ-),

" " Lipes et al. [19] emphasized that, although the multi-Regge model

worked well, double pomeron exchange is very much suppressed. In
particular, "f production is suppressed by a factor of at least 25
over what one might expect from double-pomeranchukon exchange.” We

regard this as striking experimental evidence for the vanishing of the

"PPR coupling.

L, our ihterpretatioh of the HF hypothesis leads to a new
form of duality for amplitudes with "éxternal" pomerons. It follows
from fig, %a that direct channel iesonances contributing to the poméron-
partiéle scatfering.amplitude do not build secondary Regge poles in
the crossed channel. Whether the resonances primgrily build the
pomeron (as one might conclude from fig. 3a) dr lower lying singular-
ities in the crossed channel cannot be answered without a better under-
standing of the singularity structﬁre of the pomeron-particle amplitude.
Experimentally, the question centers on the behavior of the pomeron-
particle total cross section ds a function of the missing mass squéfed
Me. ‘Do the reéonaﬁceé oscillate.about.a constant average values &s
M2 increases or do they fall very répidly with increasing M2? (This
requires more good missing mass spectra for large values of S/MQ.)

5; In any case, the vanishing of.the PPR vertex suggests a
reihterpretation of all previous fits to the "triple-reggeon ;imit" for
diffraction dissociation [20]. The data on pp »pX and = p - x X
do not fit a simple triple-pomeron formula and must be fitted with a
sum of terms. However, it is very striking that only if both the PPP

vertex is small near t = O and the PPR vertex is small compered to
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»'RRP conplings is it possible to understand the M2 dependence of

'dc/at.dM?‘ atvleast for Mo 2} '[211 _The most striking feature is

1ts 1ncrease w1th 1ncreas1ng M2 --only the RRP - term has this property o

for t near zero.

Even w1thont explic1t formulas, one might hope to generalize
,these cons1derat10ns so that (a) baryon- antlbaryon channels could be'
'1ncluded (v) qualltative conclus1ons about hellcity dependence might
be drawn, (c) an absorption ‘model for multiparticle amplitudes could
" be developed In addition assuming that every scattering amplitude
is ‘the sum of components=correspond1ng to dlstinct diagrams may provide .

a usefnl framework for the phenomenology of multiparticle processes- and

may fac111tate the construction of models. )

We are grateful to C. Risk for insights into-data on inclusive
-production and to R Cahn for helpful discus51ons and criticism. of

these theoretical 1deas. Two of us (M.B. G and M.A.V. ) would like to

thank Professors G. ¥ Chew and J. D. Jackson for extending the . hospital-

1ty of LBL to them for the summer..
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FIGURE CAPTIONS

Diagrams having discontinuities in (ab)

(a) reggeons in (bb) dual to resonances in ab;

(b). pomeron in (bb) dual to nonresonant background in (ab).
No reggeons in (bb);

(c) an examplé of a diagram with only one external particle
on a quark loop;' |

(a) reggeonépomerén cut in (bf) dual to absorbed resonances
in (ab). Reggeéns in (bb) do not contribute to the
discontinuity in (ab).

Diagrams having discontinuities in (abc). Figures (a) and

(b) have only the pomeron in (bb); Figures (c) and (4) have

reggeons in (bb). Figure (a) gives the dominant contribﬁtions

to the reggeon-reggeon-pomercn term in the ‘triple reggeon

1imit. Figure (b) gives the dominant contribution to the

pionization limit. All the diagraems in fig. (c) have reggeons

.in- (ac) whereas those in fig. (d) do not.

Additional diagrams for diffraction dissociation. Figure (a)

. gives tﬁe'triple-pomeron contribution. Figﬁre (b) gives

pomeron-reggeon-reggeon contributions [with no pomeron in

(bb)].
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Fig. 3
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ADDENDUM

We would like to clarify several possible points of confusion
which have come to our attention. With regard to remark 4 on page 10,
the pomeron contribution to the pomeron particle amplitude is built
partly from direct channel resonances. Figure 3%a should not be
interpreted as a lowest order diagram in dual perfurbation theory. 1In
that language, it contains resonance reﬁormalizations which are dual
to the pomeron, as can be seen by édding a hole to the figure. {This
is in contrast to particle-particle scattering (Fig. la) in which
resonance renormalizations do not contribute to the pomeron.]

The second footnote (1) on page 5 should be changed to read aé

follows: For brevity, in this paper we have not drawn diagrams

corresponding to interference terms (three mesons on each guark loop).

They can easily be seen not to alter the conclusions [1]. A%t this
point, we need not discuss diagrams corresponding to diffraction
dissociation (Fig. 3) since their inclusion also does not change the

conclusions about the exoticity criteria.
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