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Abstract 

In the context of the "1/N Dual Unitarization" scheme, *"..- present 

an explicit dytiamical study of the triple bare pomeron mechanism which 

governs the interaction term in Gribov's Lagrangian. Together with the 

previously established bare pomeron slope and intercept, controlling 

respectively, the kinetic and mass terms in Gribov's Lagrangian, this 

work demonstrates the viability of the "1/N Dual Unitarization" approach 

for a field theory of interaction bare pomerons. 
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The "1/N Dual Unitarization" ("1/N D.U."} approach has had a 

considerable [1,2] success in understanding various aspects of hadron 

dynamics. A particular attention has been paid for the study of the 

"cylinder" topology [3] which controls diffractive scattering and 

Zweig's rule violating processes in, repsectively, space-like and time

like momentum transfer region-. 

An impressively detailed analysis on the bare pomeron has been 

already accomplished [4] by the Oxford-Rutherford group. Their study, 

however, necessitated the use of a computer and hence is rather difficult 

to generalize to situations more complicated than elastic scattering, 

as e.g. inelastic low and high mass diffractive excitation. Fortunately 

it appears that with a simple t-dependent factorizable model one may [5] 

extract the essential consequences from the planar and "cylinder" 

topologies, for instance the slope and intercept of the bare pomeron, 

cross-sections strength, "asymptotic planarity" and improvement of ex

change degeneracy in the particle region (all for meson-meson systems) 

etc. This simple t-cependent dual bootstrap model is further exploited 

here in our attempt to understand the dynamics of the triple pomeron 

mechanism. 

From the point of view of the "1/N D.U." scheme, the investigation 

of the triple pomeron (TP) effect is both of theoretical and phenomeno-

logical interest. Indeed data suggest that high mass diffractive 

production is suppressed relative to elastic-scattering whereas topo

logical considerations [3,6] dictate the same 1/N dependence for the 

two processes. Thus, for the validity and reliability of the 

"1/N D.U." scheme, one must verify the existence of other sources of 

suppression in high mass diffraction, and moreover theoretically under-
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stand their origin. Also the TP coupling characterizes the so called 

"enhanced diagrams" in Reggeon field theory and hence may be of crucial 

theoretical importance [7] in testing the consistency of the scheme 

with unitarity at super-asymptotic energies. 

The question of the nature of the TP mechanism has been previously 

attacked [8] in the framework of the ABFST ir-exchange model, with the 

outcome of a strong coupling solution for the triple pomeron coupling. 

However, by now it is well known that the tr-ir kernel is incapable [9] 

of generating a high ranking bare pomeron trajectory and that in fact 

the major contribution to diffractive phenomena residjs in the family 

of the exchange degenerate vector-tensor trajectories. 

Needless to say, in Reggeon field theory the physical significance 

and the magnitude of the bare parameters are assumed and not derived. 

In contrast, in the "1/N D.U." scheme, the "bare parameters" are 

observable with a well defined physical meaning, and are determined 

from theory once the planar bootstrap is understood. This may suggest 

the complementarity of these two approaches, the former and the latter 

mainly relevant, respectively, at infinite and finite energies. 

For completeness we reiterate now the previously derived con

sequences from the "1/N D.U." scheme regarding the bare poaeron. First, 

the slope of the bare pomeron, corresponding to the kinetic tern in 

Gribov's Lagrangian, turns out to be small. This smallness is a direct 

result [4] of the phase-structure of the model and related to the 

notion [5,10] of "asymptotic planarity". Several studies suggest [4,5] 

»p(0) % 0.3a' , with a' % 0.9 GeV being the Reggeon slope. Second, 

the bare pomeron intercept, controlling the mass term in Gribov's 

Lagrangian, is found to be in the vicinity of 1, namely up(0) • 1*6 , 

with A small. The nearness to 1 has, however, a dynamical origin [11,12] 
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and is not due to suppressions arising from 1/N factors. The P 

trajectory may be shifted above 1, e.g. CL(0) £ 1.0S , but such a shift, 

it should be emphasized, is due to a non-diffractive mechanism and is 

not simply related, if at all, to diffractive processes. 

Thus the only hitherto undetermined bare parameter, in Gribov's 

Lagrangian, is the tripie bare pomeron coupling. 

Actually, just from topological argumentation and general 

analyticity and unitarity requirements, Marchesini and Veneziano [6] 

have been able to demonstrate the occurrence of the strong coupling 

2 2 
solution, i.e. g (0,0;0) j< 0 . Moreover, since gp„ * 0(1/N ) and 

a (0)-l « A * 0(1) they raised the possibility of having a super

critical situation in the field theory of interacting bare pomerons. 

Clearly, to answer the question whether we have [7] the super-critical, 

critical or sub-critical situation, a better understanding is needed 

of how dynamical and topological factors cooperate in determining 

g . Our present work will hopefully shed light on this important 

theoretical issue. 

Let us now turn to a quantitative evaluation of gppp and of high 

mass diffractive cross-section. The relevant diagrams, for a diffractive 

production of a high mass system X, are depicted in Fig. 1. Their 

similarity to the diagrams in the ir-exchange model [8,13] is obvious, 

but, in Fig. 1, R denotes the exchange degenerate vector-tensor 

trajectory on which particle a lies. The mechanism in Fig. 1 is clearly 

of a (generalized) Deck type with, however, the lower blobs containing 

at least one crossed Reggeon exchange, to insure the generation of the 

vacuum trajectory, as exhibited in Fig. 2. The single x inclusive 

distribution mechanism, in Fig. 2, has the quark diagram representation 

as given by rig. 3. This specific topology in Fig. 3 has played r. 

central role in Ref. 6. 



I t i s a straightforward matter [14] to derive from Figs. 1-3, after 

averaging out the azimutha1 angle associated with pa r t i c l e a, the 

following expression: 

. * . . f 2 .M2, fr..)"""0'' . » ^ W ( M 2 / . ' P M - ' - P W 

dt dMjJ 

op(0)-2oR(t1J 
(1) 

f f 2 ap(U)-Zo Ct.J 

j * J dtl C ^ V " * «RRPttl-*l»°J W ° > 

Here y * IT /(C and the factor 2«N stems from the presence of two 

diagrams (with crossed and uncrossed R) each of which containing two 

free quark loops with i, j - u, d, s, c,... (Figs. 1,3). All the 

other symbols in Eq. (1) should be self-explanatory from Figs. 1-2. 

The triple pomeron coupling g p p p is defined in the usual manner, 

namely; 

sdo . fa..)'^'1 „2 m rf^V'-'V*' 

o7^x * ^ B*"tt) (Y^ 
(2) 

' «' «pppt*.*!°J <W°> 

Comparison of Eqs. (1) and (2) leads t o : 

gppPCt,t;0) =(2-N2) x - j , J dy ( dtj 4 a { t ' V . 

opC0)-2a ( t ) , 

" y WW0' C<,,) 
(3) 

Our main task now is to explore the implications of the planar boot

strap and phase-space constraints for the magnitude of e , using 

Eq. (3). First we express B p R a and gRRp in Eq. (3) in terms of mass-

shell couplings. The form of gRRR(t,t;0), used in carrying [S] out 



the dual bootstrap, namely 

gRRHCt.t;0) * g{oR(0)-2<iR(tW) e
b t (4) 

suggests: 

b/2 t. 
W ' - V * a' Spaa(t) . 

g^pCtj.tjiO) * a' 6paa(0) e
 x 

(5) 

Note that the off-shell extrapolation in g p is stronger than in $ , 

as two off-mass shell legs are involved. A weaker off-shell extrapola

tion may be entertained which, however, will not affect g very much, 

as discussed below. The TP coupling is then related to the on-shell 

coupling B„ through, using Eqs. (3), (5); 

gppP(t,t;0) J (2.N
2) . J U (a-)2 ? W 6paa(0) . 

16ir (6) 

J * | d t i 
a pW-2o R(t 1) 2bt1 

Since 6D=„ - 0(1/N), Eq. (6) explicitly indicate that also g = 0(!/N> raa ppp 

,as expected [6]. 

We have now to specify the kinematical restrictions. Because of 

the cut-off in t,, which suppresses high y events, the kinematical 

constraints [14] may be simplified as follows; 

- < \ i -v 
(7) 

0 < y < 1 

Here a is an average Bass for the produced vector and tensor mesons 

2 2 
and hence one expects • •<• 1 GeV 



At this point we remark that the shrinkage in 1/y, in Eq. (6), 

due to the Reggeon finite slope, indeed confirms that gppp is not 

so sensitive to the amount of off-shell extrapolation given in Eq. (S). 

In order to complete the specification of g p p p in terms of the 

basic g„ coupling (Eq. (4)) we remind that [IS] 

To disentangle dynamical and phase-space effects from topological 

factors it is natural to consider the dimensionless and N independent 

ratio gppp/(<»' SPaa) • If we further neglect the R slope, for the 

sake of simplicity, one obtains from Eqs. (6)-(8); 

«PPP(0'0;0:l » , fA/2b] 1 „ 1 f.-2b"al f91 

* a 

It may be instructive to view the factor in parenthesis as arising 

from dynamics and the Test from phase-space. Eq. (9) exp!i ..itly ex

hibits how dynamics and phase-space make g„„ and Bp different 

although they have the same 1/N dependence. Now we have to ascertain 

that both the above "dynamical'1 and "kinematical" factors, in Eq. (9), 

are such so as to suppress g p p p relative to Bp . 

The "dynamical" factor is constrained by the crucial non-lineai 

planar relation, that is [5]: 

The "kinematical" factor is determined by the slope parameter b which 

has been found [S], from a study of the planar and "cylinder" 

topologies, to be b % 2.3a* (a1 % 0.9 GeV"2). Kith « 2 % I GeV2 , 

one then has the following suppression due to phase-space: 



-2b m2 

7 2b m2 " 4 ° ' " 

Combining Eqs. (9)-(10) one arrives at, 

gDDD(°.0;0) 
% ^ (12) 

*W°> 20 

demonstrating that gppp i s indeed substantially suppressed by both 

dynamical and phase-space effects . 

The absolute magnitude of g 

fine-structure in the J-plane [16] at asymptotic energies. Noting that 

6„ may be obtained fr 

we have from Eq. (12), 

The absolute magnitude of g_pp is required when one discusses the 

6Paa my b e o b t a i n e d f r o , n E 1 S - (8) , (10) and N2 % 7 , b/o1 £ 2.3 , 

gppp«\0;0) % 0.3 a- , («• % 0.9 GeV"2) (13) 

Another observable of physical importance is the integrated cross-

HM 
°0 
HM section for high mass [B] diffractive dissociation, o Defining high 

mass My as. 

H < Mi < cs 
0 — A — 

with e * 0.2 and M % 5 GeV , one readily obtains from Eqs. (2) and 

(6), noting that a„(0)-l > A « 1 , the following result; 

Tne factor of 2 accounts for the dissociation of the other pion. With 

the above values of c and M* , Eq. (12) leads to 

H.M. 
°D 

, 0.3 

at s % SuO GeV2 . Since o(J % 1.2 mb one has o"'
M* * 0.4 mb , indeed 



a very small cross-section. 

Let us now consider the possible implications of the present S-

matrix approach for the field theory [16] of interacting bare pomerons. 

First, i t is remarked that the tri l inear coupling strength, r , in 

Gribov's Lagrangian i s related [17] 1.0 gppp , Eq. (13), by 
PPP 

8, 
•„ - — (a')" 1 / 2 * 0.2 GeV"1 (11) 

Second, of theoretical importance for the consistency [7] of the theory 

with unitarity at super-asymptotic energies, is the following critical 

spacing in the J-plane, 

41-
16ir 

a'A 

r?/.' 
(15) 

where Eqs. (6) and (8) suggest for the cut-off 

A * 1/b * 0.5 GeV2 

and oi % 0.3 o' i s the bare pomeron slope. 
2 

Although A . " 0(1/N ) , most of i t s suppression originates 

from dynamics and phase-space, as the above analysis indicates. 

Actually, Eqs. (14), (15), with A i. 0.5 GeV2 and a< % 0.3 o' imply; 

4crit. * °-0 0 4 <16) 

Note that although this i s a very small number, i t is nevertheless an 

order of magnitude bigger than in [13] the ABFST mouel. Now, i f one 

accepts that t>„(0) - 1 • A % 0.05, «s may be generated by non-

diffractlve processes, then fro* Eq. (\i) one may conclude that the 

super-critical phase Is realized, since A » A . 
cr l t . 
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To summarize, although the study of the TP coupling is an intricate 

matter it is not insurmountable. The "1/N D.U." scheme has completely 

specified the bare parameters in Gribov's lagrangian by adopting a 

simple t-dependent model [5]. Some simplifying approximations have been 

involved in t study but, however, the smallness of g_p_ and 

H M 
consequences thereof (e.g. smallness of a ' " and & . ) are clearly 

unassailable. 
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Figure Captions 

Fig. 1. The amplitudes for high Bass diffractive dissociation. The 

crosses in tha lower blob in l.a, l.b, insures generation 

of the vacuus exchange. 

Fig. 2. The single IT inclusive distribution in the triple pomeron 

donain as obtained froii the amplitudes in Fig. 1. 

Fig. 3. The quark duality diagram representaiton of Fig. 2, with 

the internal quarks being i, j » u, d, s, c, ... 
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