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ABSTRACT 

The topological structure of a given process completely specifies 

the 1/N dependence However dynamics seems to be crucial in characte

rizing strongly interacting reactions, as illustrated in the study of 

clastic scattering, low mass diffraction and the triple poraeron 

mechanism. The "1/N dual unitarization" scheme is a viable framework 

for Gribov's Reggeon field theory, since it clarifies and determines 

the bare parameters of Gribov's Lagrangian. 
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Most studies of diffractive scattering in the "1/N Dual 

Unitarization" ["1/N D.U.") scheme are essentially perturbative. 

Namely, one evaluates diffractive amplitudes from solely non-

diffractive intermediate states, which implicitly assumes that the 

diffractive component is suppressed. Such a procedure is justified if, 

aposteriori,diffractive amplitudes indeed turn out to be small. 

Consider the composition of the total cross-section, a_, in 

meson-meson scattering: 

°T " °e£ ' °DM- * On'"- * °ND <» 

Here for later purposes we distinguish between inelastic diffraction 

into low-masses (0 " *) and high masses (a ' ' ) , the latter being 

presumably controlled by the triple (bare) pomeron (TP) coupling. 

In the iterative (or perturbative) approach one first computes 

o*_ (or, more generally, A .(s,t)) from ov- only. For the validity of 

the perturbative approach one then must verify that the resulted A -

generates a small diffractive component relative to o\._. If the 

resulted diffractive component turns out not to be small compared 

with the non-diffract\.ve luechanism, then one must resort to a more 

difficult non-perturbative determination of diffractive scattering. 

Fortunately it appears that the iterative determination of 

diffractive scattering is valid at least as long as central 

collissions (i.e. low partial waves) are excluded. Thus, in quantities 

where one sums over all partial waves which participate in the scatte

ring (e.g. a_(s), °GJJ(S))
 t n e perturbative approach may be trusted , 

In contrast, the perturbative approximation may be less rigorous/In 

the unitarity relrtion of the low partial waves; One must then specify 
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a non-perturbative equation which however may be more model dependent 

(e.g. the way absorption of low partial waves is introduced). 

Note that as far as the 1/N dependence is concerned, o"Mn indeed 

dominates the diffractive component. More specifically 

° r °ND a r e 0 C 1 / N 2 ) C2> 

and 

°er aD#M*' °D"M" are 0(1/N4) (3) 

Eqs. (2) and (3) are derived on the basis of topology alone and may 

be obtained more generally as the consequence of the bare pomeron 

(i.e. vacuum) exchange being a singlet of the underlying SU(N) 

symmetry group. 

2 
However since N is only *x»7 even in the case of SU(4) sywnetry, 

one may question whether the apparent smallness of the diffractive 

component, eq. (3), compared with the non-diffractive component, 

eq. (2), is a genuine effect, in the "1/N D.U." scheme. To answer this 

question one irust carry out a detailed space-time dynamical study, in 

a three dimensional world, which complements the results from the 

internal syimetry 1/N factors, eqs. (2),(3). 

In other words, the confirmation of the validity of the pertur-

bative approach requires a study which guarantees that the underlying 

dynamics will not^hamper the smallness,due to the 1/N "topological" 

factors, of the diffractive mechanism. 

We start with the simplest case of a -. Within the framework of 

a simple t-dependent factorUable dual bootstrap model we have 

verified-1 that the output elastic amplitude indeed leads to a small 
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tion slope to the o strength, leads to: 

where 

-2" '2b| x [al 
*' 1+ oip /b Una' 

V1 
1

 x fg'N/2b| (a's) H j, 1 
e« - TTT 16TO' ^ -. A. . „ , . ^ T ^ 

(4) 

C5) 

with S % 0.4 arising from possible J-dependence of the denominator of 

the bare pomeron eigenvalue equation in the J-plane. Thus 

aet % 0.7 - 1 (6) 

where of course in eqs. (5) and (6) we have used the non-linear planar 

bootstrap constraint 

g2N/2° « , [7, 
16TO' * '•" 

where g and b are defined by: 

W t , t : 0 ) = gC«C)-2«(t) + U e b t (8) 

Consequently, not only that dynamics does not undermine the 

smalleness from the 1/N factors but also may work in the same direction. 
2 

With the above numbers (i.e. N % 7, a . ^ 0.7) we have 

a j/o~ ^ 0.1 thus confirming the validity of neglecting the elastic 

intermediate state in the computation of A ,(s,t). 

A more intricate problem is the study of a., namely the inelastic 

diffractive dissociation component. Now we have to introduce a new 

ingredient which presumably characterizes the dynamics of inelastic 

diffraction. In order to avoid theoretical difficulties associated 

with duality, in relating low-mass to high-mass diffraction, we study 



seperately a " " and a " *. We do not attempt here to investigate the 

interesting duality problem of how the diffractively produced resona

nces are related to the triple pomeron coupling. 

We start with o * * which presumably is bigger than a " '.'The 

new ingredient which should be added to the "1/N D.U." scheme for the 

study of a* * is a Deck type mechanism. Fortunately, recently there 

has been constructed a highly appealing generalized dual Deck model 

for low-mass diffractive dissociation, which has proven successful in 

describing various aspects of the available (and recent) data. There

fore the general structure of the low-mass inelastic diffractive 

amplitude is assumed from this model, and our (*oal is then to determine 

the normalization using the planar bootstrap and the cylinder. Such 

a study complements previous phenomenological studies which focused on 

distributions in the various kinematical variables rather than on the 

absolute magnitude. Moreover we are able to present a relatively 

simple and'analytic study of o * ', with no numerical integrations 

involved and thus clearly demonstrate how the underlying dynamics and 

phase-space operate, together with topology, in determining low mass 

diffraction. 

Let us write 

L.fU 

- g — = aD x i/N
2 (9) 

and our aim is then to compute a_ and compare it to a - in eq. (4). 

Ne present here only the result for a~ (the details can be found 

•n 
elsewhere ), which reads: 



„L.M. 
(s) 

oT(s) 
<Ws) 

D x K CIO) 

Here the factor 2 accounts for the diffractive dissociation of both 

target and projectile and, in the limit o£ zero mass pion, 

» - & * crt2"" 

K = I x 2bm2 e 2 b m E.(2bm2) < I 

Cll) 

(12) 

The factors D and K may be refered to as representing, respectively, 

dynamical and phase-space effects. The various factors in eq. (10) may 

be intuitively understood if one looks on the following relevant quark 

duality diagram: 

Also in is the average mass of the produced vecor-tensor states. 

From eqs. (I0)-(I2) we not only find a *" */a_ but also under 

topological 1/N dependence, dynamics and kinematics may tend to make 

oD* 7c and 3e-/oT different. Actually the planar bootstrap equation 



-2 2 directly constrains D, and taking m % 1 GeV , we have from eq. (7) 

D $ 1 . (13) 
i 

Moreover independent of the residue slope parameter b we have 

K < 1/7T (14) 

thus leading to 

°D* M' C s ) °e* ( s ) 1 •> 2 

= 0.065 
7 

Namely, dynamics and kinematics (phase-space) also, in addition to 1/N , 

tend to make a' */oT 5«all. 

Taking the explicit value of b (related also to the diffraction 

slope) the kinematical factor K will be even smaller, i.e. 
K % 0.84 x 1/TT , 

correspondingly decreasing a * V°V. . With the above mentioned numbers 

aL.M. 

& 0.05 

justifying the neglect of also (in addition to o ~) low-mass inelastic 

diffractively produced intermediate states in the unitarity sum of 

A e l(..t). 

Note that the cross-section for inelastic diffraction to a 

specific resonance, being only part of on*''f is expected to be much 

smaller than o; », although both have the same 1/N dependence. This 

clearly demonstrates the crucial importance of an explicit dynamical 

model. 
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Without any further explicit computations we expect a ' " to be 

smaller than o " *. We may thus conclude that; In the context of the 

"1/N D.U." scheme we have shown "hat o . + a * * + a * ', i.e. the 

diffractive component's considerably smaller than o\.D> i.e. the non-

diffractive component. This completely verifies the validity of the 

perturbative approach to diffractive scattering (possibly excluding 

the set of low partial waves), at least in the case of meson-meson 

scattering. 

In other words, the above confirms the naive expectation, based 

solely on the 1/N dependence, that the diffractive component (being 

4 
0(1/N )) is negligible in eq. (1) in comparison with the non-diffractive 

2 
component (which is 0(1/N )). On the other hand,our study indicates that 

naive 1/N arguments may be misleading when comparing or . with a cross-

section for a diffractive production of a specific resonance. In such 

a case dynamics play a more important role than topology. 

We now discuss <j * ". Although a ' * is only a very small part 

of o\_ and is also smaller than 0 * ", it is nevertheless interesting 

to study in detail especially in conjunction with Gribov's field 

theory of interacting bare pomerons (and also in relation with duality 

in amplitudes involving pomerons). 

Needless to say, c ' * is characterized by (or better defines) 

the triple bare pomeron (TP) coupling. How the TP coupling is related 

to c0" " (Duality?) will not be touched upon here. Rather we directly 

evaluate the TP coupling from the following diagrams; 
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<T V* .X 

In quark diagrams (i, j = u,d,s,c); "!* 

7> 
_ , ^ t n * (R is crossed) 

, 1 . -2K 
(1-e a ) 

2bm? 

(R is crossed) 

C16) 

The factor 2 arises fro* the presence of two diagrams, with untwisted 

and twisted R exchange. The first factor in parenthesis nay be viewed 

as stening from dynamics and the rest from phase-space. Again planar 

bootstrap restricts the dynamical factor to be 1 (eq. (7)). With 

2 2 -2 

m % 1 GeV and the known slope parameter b % 2.3a' (a' % 0.9 GeV ), 

the kinematical factor is about 1/40, which is indeed a huge suppres

sion. Thus 8n„„
(0>0:(" 

(17) 

Or in absolute Magnitude, since 6. (0) is known, 
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gpppCO.O.-O) % 0.3a' (18) 

The result in eq. (17) re-emphasi:es the crucial importance of 

an explicit dynanical and kinematical study which has proven that 

gppp is much snailer than a'&p-A0), in spite of the fact that both 

have the same 1/N dependence. 

For the discussion of how the theory may behave at super-

asymptotic energies, in the context of Reggeon fiiild theory , it is 

of importance to define the following critical spacing in the J-plane; 

V°P 
where the cut-off A is 

and 

* i 1/b * 0.5 GeV2 (20) 

-E£H(a')" 1 / 2 % 0.2 GeV"1 (21) 

ft 
as obtained fron eq. (18). 

0(1/N )>most of its suppression is due to 

dynamics and phase-space as indicated by the above analysis of gppp. 

With a' % 0.3a' one obtains, using eqs. (19)-(21), 

Acrit. * °'004 t22) 

1) 2) On the other hand, soae studies " ' suggest that 

Op(O) - l i U 0.05 (23) 

where A is generated from only non-diffractive processes. Consequently, 

we have 
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thus supporting the occurence of the super-critical situation. This 

has implications for the behavior of the Gribov's bare pomeron field 

theory at extremely high energies, which win not be discussed here 

as it is beyond the scope of our subject. 

Whereas in Gribov's field theory lagrangian one assumes that 

the various bare parameters are given, here we have shown how in the 

"1/N D,U." scheme one may understand and determine the strength of the 

kinetic, mass and interaction terms corresponding, respectively, to 

the slope, intercept and TP coupling of the bare pomeron. Namely, the 

"1/N D.U." scheme may naturally complements Gribov's Reggeon field 

theory, the former relevant to finite high energies and the later to 

superasymptotic energies. 

We believe that the "1/N Dual Unitarization" approach J has 

contributed substantially to our understanding of diffractive 

phenomena. This may be even more appreciated if one notes that field 

theory approach such as QCD has both conceptual (because of confine

ment) and practical (due to need of summing very many diagrams) 

difficulties in understanding diffractive phenomena at small momentum 

transfer. On the other hand QCD may be more appropriate for describing 

the physics of very hard scattering. 
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