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ABSTRACT 

An analysis of high energy elastic and inelastic diff- 
raction scattering provides strong evidence that the charge 
and matter densities of hadrons are different. When hadrons 
are treated as composite objects, then a correct Glauber 
analysis leads to an optical model with important correc- 
tions due to the hadronic wave function: One expects 
inelastic diffraction due to the fluctuations in the matter 
density of hadrons. Conversely, the experimental existence of 
dissociation processes gives phenomenological information about 
the hadronic wave function. We find the distribution of matter 
in nucleons to be denser than the observed charge distribution. 
This result has a natural interpretation from a constituent 
description of hadrons made from spin l/2 quarks and colored 
vector gluons, which is a generalization of the Chou-Yang 
picture of diffraction scattering. 

*' 
Work performed under the auspices' of the United States Department 
of Energy. 



I. INTRODUCTION 

It is now commonplace to describe hadronic elastic scat- 

tering as a diffractive shadowing of two spatially extended 

objects. In such a picture one expects a sharply peaked 

angular distribution whose width is reflective of the sizes 

of the particles being scattered. Without a theory for hadronic 

internal structure, quantitative calculations are not yet possi- 

ble. However, for processes such as nucleus-nucleus elastic 

scattering where the structure of the colliding objects is 

known, detailed calculations can be carried out and compared 

with data. 1 From these analyses one can hope to abstract 

those features which might be relevant to hadron scattering. 

Chou and Yang2 proposed an optical model for elastic scattering 

based on these considerations. In this model, the colliding 

hadrons are pictured as two spatially extended Lorentz contracted 

balls of hadronic matter, which propagate through each other. 

During the passage, various inelastic interactions take place, 

and the elastic amplitude is built up as the shadow of these 

inelastic interactions. The elastic amplitude at impact para- 

meter b is given by an eikonal formula: 

t::(b) = l-e 
-<Q (b!>AB 

The eikonal function <a (b)>AB is assumed to be proportional 

to the overlap of the average matter densities<pA(b)> and 

<PB(W> of the incident particles: 

<a b)>AB = KAB / d2bt<p,(b_')><Pg(b-I?')> . 

(1) 

(2) 
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It has been found that when one assumes the hadronic matter 

density is proportional to the charge density (as measured 

by elastic electron scattering), then a reasonable description 

of hadron elastic scattering data results. 3 

The optical picture, based as it is on only the average 

properties of the hadron structure, certainly has corrections. 

This article is concerned with the question of what corrections 

are necessary based on the experimental evidence of diffraction 

scattering, and on the currently popular view that hadrons are 

composed of quarks and gluons as described by the non-abelian 

gauge theory quantum chromodynamics. Now it has been known 

for a long time that, in a collision of two composite systems, 

if different configurations of the systems have different 

absorption strengths, then shadow scattering leads not only 

to elastic scattering, but also to excitation of inelastic 

states ("diffraction dissociation")! It is also known that 

such fluctuations in the absorption strength give rise to 

modifications to the elastic eikonal formula Eq.(1).5 These 

inelastic shadowing effects have been extensively studied, 

experimentally as well as theoretically, especially in scat- 

tering from deuterium and from various other nuclei. 6 Recent 

experimental results on elastic proton-deuteron, deuteron- 

deuteron and proton-helium scattering provide detailed informa- 

tion about the properties of inelastic shadowing of hadrons 

in nuclei. 7 

What we show here is that corrections of the type discussed 

above due to fluctuations in the wave function are important 

in PP scattering. The magnitude of these fluctuations can 
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be estimated from the total inelastic diffraction cross section. 

We find that the consequence of these fluctuations is to give 

a matter distribution as extracted from elastic pp scattering 

which is substantially different from the proton charge distri- 

bution measured in ep scattering. We study how this difference 

might ccme~,abouf' ins a g~ug~-theo,ry~,p~cture of hadrons. compcssd of 

quarks and gluons. It turns out to be natural for the charge 

and matter distributions to differ. 

The paper is organized as follows. In Sec.II the formalism 

for scattering extended objects is given which takes into account 

the fluctuations of the wave function. A simple parametrization 

to describe these fluctuations is chosen. Using this para- 

metrization, the proton matter distribution is extracted from. 

PP elastic scattering data. In Sec.111 a QCD inspired picture 

of hadrons is presented. It is argued that a possible consequence 

of this picture is for matter to be more centrally distributed 

than charge. 

II. ANALYSIS OF ELASTIC SCATTERING DATA 

A. General Formalism 

Let us first derive a generalization of Eq.(l) which include: 

fluctuations in the wave function. Consider a collision of 

two composite systems A and B. Label the configurations of 

A by i and those of B by j. Denote the probabilities for 

finding the system A in configuration i by Pt, and that 

for finding the system B in configuration- j by Py. In the 



4 

eikonal approximation at impact parameter b, the elastic ampli- 

tude for a collision of the two systems in configurations i 

and j respectively is 

tij (b) = 1 -e-nij ‘b) . 

The full elastic amplitude is obtained by averaging over 

the configurations of the colliding systems: 

t;;(b) = c P>Fij (b) 
ij 

.(3) 

(4) 

= 1 - <e-n(b)>AB T 

This generalization to Eq.(l) has observable consequences, 

which can be illuminated by writing Eq.(4) as 

t::(b) = l-e -<Cl b)>AB 
HABb) , 

so that the corrections to the usual formula are contained in 

H-(b) = +(-, 
e. k! U?(b) 

ur((b) = ((Q(b) - ("(b)>AB)k)nB . 

(5) 

(7) 

AB Now the moments of the eikonal spectrum lJk are related 

to physical processes. For example, the diffraction dissocia- 

tion cross section is8 
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s;Tff(b) = +[<t2(~b)>AB -<t(b)>:B] 18) 

which can also be written in terms of the moments $%I . 

To lowest order 

AB 
'diff(bI 2 $[(Q2(b)>AB-<Q(b)>&] = $uy(b) (91 

showing that the first correction to Eq.(l) depends on the 

amount of inelastic diffraction. 9 It should also be noted 

that when there are no fluctuations [i.e. G(b) = <a(b)>A,] then 

HAB bl = 1 so there are no corrections to Eq.(l). 

The observable consequences of the fluctuations can be 

demonstrated by comparing Eq.(5) to that without fluctuations, 

Eq. (1) - 

B. Specific Parametrization 

In ,>rder to use Eq.(4), we need to know the eikonal'spec- 

trm 'ij (b) . 
one may attempt to calculate this spectrum from 

a model for the hadron structure and for the constituent 

interactions. Such an analysis was pursued in Ref.(lO). All 

of the essential points of this paper can be made by choosing a 

simple parametrization for the eikonal spectrum. A constraint 

on this parametrization is that it must give the observed 

sise of the inelastic diffractive cross-section. For the 

present purpose we parametrize the fluctuations by a single 

parameter. 

We intend to extract from data the average <Q(b)> which 

is determined by the average matter distribution. Conversely, 
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knowledge of <n(b)> for pp scattering will give the aver- 

age matter distribution of the proton. A parametrization which 

has this unknown function plus one additional parameter to 

11 describe inelastic diffraction is obtained as follows. One 

can always write Eq.(4) as 

t::(b) = 
/ 0 

-dQ P,(g,b) (l-e-") (10) 

where P,(%b) is determined by PAPB . 
i j 

We assume that PAB (0. bl 

is a function only of the scaled variable 

z = n(b)/<fi(bl> (11) 

and choose the simple form 

P,(z) = NzaevAz . (12) 

Since PAB (21 is constrained by P,,(z) = 
/ 

dzzPAB(z) =l, 

the constants N and a are determined: 

(13 

a=X-1 . 

With these choices, the elastic amplitude can be computed 

analytically: 

tz(b) =l- (14) 

It is immediately seen that for h-+m one recovers the no 

fluctuation result Eq.(l), and hence no inelastic diffrac- 

tion. 



We also calculate the total diffraction dissociation 

cross-section corresponding to our eikonal spectrum Bq.(12) - 

This cross-section is obtain& from Eq.(8): 

cdiff(b) = (l+v (15) 

This result can also be expressed directly in terms of t:;(b) 

and h by ,.lverting Eq.(14) and by substituting the result 

into the above equation: 

udiff (b) = ’ 2 (1-t;+(b$] . (16) 

The total diEfraction dissociation cross section is obtained by 

integrating this equation. 

To complete the model, following the idea of Chou and Yang 

we assume that when two hadrons collide in instantaneous 

configurations i and j, the eikonal function fZij (b) is 

proportional to the matter overlap of the two configurations. 

This gives us immediately the result that 

<n(s)>= KAB+(q)G;(q) (Ii) 

where <Q(q)> is the Fourier transform of the average 

eikonal, and G;(q) and G:(q) are the matter form factors 

of the colliding hadrons. These form factors are related to 

the matter distributions and P:(r) by Fourier 

transformations: 

G;(q) = J d3; ei'.'pi(r) , i=A,B. (18) 
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We now have obtained a one parameter generalization to 

the optical picture which ignores fluctuations in the wave 

function. In the limit A+- we.recover the.Chou-Yang model. 

In the limit X+0 we obtain the extreme case where either 

the configurations are fully transparent or fully absorbed. 8 

Here the amount of diffraction dissociation is maximal. 

C. Data Analysis 

Let us now work backwards from experimental data on proton- 

proton elastic scattering as follows: We first solve the elastic 

amplitude t::(b) from data-l2 Using the values of this amplitude 

as input, we solve for the eikonal function <Q(b)> from Eq.tl.4) 

for various values of X. and calculate the corresponding,total 

diffraction dissociation cross-section (Fig.1). 

In high energy pp collisions, the measured total diffrac- 

tion dissociation cross section is 5 -8 mb, the same size as 

the elastic cross section. 13 The average eikonal <QCb)> 

in Fig.1 corresponding to this amount of dissociation cross 

section is clearly distinguishable from the no fluctuation 

curve (udiff=O), even though all correspond to the same 

elastic amplitude t;;(b). 

Having determined the average eikonal <n(b)> corresponding 

to a given amount of diffraction dissociation cross section, we 

can now obtain the resultant matter form factor from iq.(17). 

In Fig.2a we show the matter form factors corresponding to 

cdiff =6.4 mb land udiff=4'4 mb. For comparison we have 

also plotted experimental values of the proton's charge form 
14 

factor, together with the well-known dipole parametrization: 
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GE(q2) = (l+q2/(0.71 Gev*))-* . (191 

In Fig.2b Fourier transforms of the matter form factors are 

shown. Also shown is the charge distribution corresponding 

to the dipole fit of Eq.(19). One sees that the matter and 

charge distributions are very different. While at large r 

these distributions fall off with roughly equal rates, at small 

r the matter density rises very steeply and exceeds the 

charge density at r=O by a factor of ten or more. A two 

exponential fit to the matter distributions,.with the slope of 

one of the exponentials constrained to be the same as that of 

the charge density. gives an rms-radius of the steeper component 

of the matter distribution a value of 0.31 fm (cdiff= 4.4 mb) 

or 0.28 fm (.udiff = 6.4 mb), 

While the quantitative results shown in Figs.1 and 2 

obviously depend on our model for the eikonal spectrum, their 

qualitative features seem to us fairly model independent. 

We have examined several other parametrizations for the eikonal 

spectrum and found that the resulting matter distributions are 

similar to those of Fig.2b. 

III. QCD INSPIRED PICTURE OF HADRONS 

Let us turn to a possible interpretation of the above 

results in terms of quarks and gluons. A well known view l5 of 

hadrons is that they are composed of partons which have a flat 

rapidity distribution. In the center of mass of a high energy collisior 
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hadron A has its partons moving primarily to the left and 

B has its partons moving primarily to the right. From this, 

and the assumption that parton interactions have short range 

in rapidity, it follows that the collision occurs only between 

the wee partons of A and of B. Since wee partons initiate 

the soft processes which though unitarity build up the elastic 

amplitude, the matter distribution used in the eikonal formula 

must be that of the wee partons. By contrast, the charge 

distribution is governed by the valence partons which carry 

the net charge of the hadron, anddo not participate directly 

in building up the elastic amplitude. It is then obvious that 

the charge and matter distributions can and should be qui~te 

different. To see how different we need a more detailed pic- 

ture of,the parton structure of hadrons. 

To discuss the angular dependence of elastic scattering, 

the above one dimensional view needs to be generalized. 

Hadrons are not point objects but spatially extended objects 

with structure. One hope of QCD enthusiasts is that extended 

structures will be natural consequences of the gauge field theory, 

Though this has yet to be demonstrated, we will adopt a.speci- 

fit picture of hadrons which is plausible, and not too different 
.I6 from a bag or string picture. For simplicity consider mesons: 

we imagine them to have a qS pair, which are the valence 

quarks, separated by, some distance R. These quarks are the 

foci of a flux tube of color fields (gluons). The view is 

that the valence quarks are at the ends, and the intermediate 

region is filled more or less uniformly with glue (Fig.3). 
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Comparing this QCD picture with the parton model picture, we 

see that the valence partons which carry the charge and momentum 

are to be identified with the quarks at the ends of the tube, 

while the sea partons are to be identified with the glue 

contained in the tube. The transverse distribution of wee 

partons is not expected to be significantly different from 

that of the rest of the sea. 
17 

In this picture, we expect the average matter distribution 

to have a steep central component compared to the charge 

distribution. Each configuration has matter distributed 

throughout the tube, whereas the charge is confined primarily 

to the ends, so that in doing the averages one expects more 

weight to be built up in the center for the matter than for 

the charge distribution. Such an argument depends, of course, on 

how each configuration is weighted, and this can be studied 

in models. One can also study to what extent this argument 

depends on the configurations being tube like. 

A toy model can be easily constructed which illustrates 

the above ideas and their consequences. Our meson is modeled 

as a cylinder of vanishing radius a and varying length. The 

char.-ge is located at the ends, and the neutral matter (glue) 

is distributed uniformly throughout the cylinder with a density 

P independent of the length 2R of the cylinder. The average 

matter density is then approximately 

p(r) = 
/ 

d3RIY(R)]28(R-r ,)e(a- Ir sin 01) (20) 

up to a constant, where cos e =E .r/Rr. and 'y (RI is the 
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wave function describing the amplitude for finding the val- 

ence quarks separated by a vector ii- Since the valence quarks 

carry the charge, I'?(R) I2 is the meson form factor; experi- 

mentally the Q2 dependence is that of a monopole, which is 

Iy(R) I2 = 
-R/R0 

eR,R 
0 

in coordinate space. Using this wave function, the density 

p(r) can be analytically evaluated in the limit of small a: 

p(r) = ce 
-r/R0 

(21) 

(22) 

where c is a constant. The second term is proportional 

to the charge distribution: the first term is more singular 

as we expected. The matter distribution is more central 

since many more configurations have their centers overlapping 

than their ends. The comparison between charge and matter 

form factors is given in Fig.4. 

There are obviously a number of important features left 

out of our toy model, The tube could have a width, and in 

QCD is expected to have one. 18 Also there may be configurations 

where the tube is more spherical than cylindrical, especially 

when the valence quarks are near each other. We have constructed 

simple models to take these effects into account and find 

the effect of including more three dimensional configurations 

is to increase the r.m.s. value of the matter distri~bution. 

This could have important consequences especially for baryons 
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since one can imagine many more types of configurations than 

for mesons. Nevertheless it is still possible that the tube 

picture is at least approximately correct, even for baryons,l' 

and could provide a basis for doing more detailed calculations. 

Let us now consider elastic scattering in this QCD 

picture. 20 As emphasized, diffraction scattering depends 

on the average overall configurations. Since we have in mind 

a specific picture of which configurations are important we 

obtain some insight into the diffractive process. Now a 

configuration is labeled not only by a size and a shape, but 

also by a density of glue. There will be fluctuations in : 

this density which give an important contribution to the 

inelastic diffraction cross section as has been argued 

previously. 10 What is new in our picture is that there also 

will be comparable contributions due to fluctuations in the 

size and shape. 21 

In this picture, the average eikonal will still be pro+ 

portional to the overlap of the average matter distributions, 

which are estimated with the toy model. Since the matter 

distribution has a steep central component, so will the aver- 

age eikonal. If this eikonal were used in the usual formula 

Eq. (11, then an incorrect elastic scattering amplitude would 

result. It is because of averaging over the fluctuations 

also for the elastic scattering amplitude that a consistent 

picture is possible. The importance of the fluctuations to 

elastic scattering is demonstrated by the large difference 
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between our results and those which ignore such fluctuations. 

It is encouraging to see these large fluctuations can arise 

naturally in this QCD inspired picture of hadron structure. 

A serious test of those ideas would be to get a consistent 

phenomenological description of both elastic and inelastic 

diffraction data. This we have not yet attempted. 

ACKNOWLEDGMENTS 

We are grateful to Dr. C. Quigg for careful reading of 

the manuscript and helpful comments. We thank Dr. A. Bialas 

for discussions. 



1. 

2. 

3. 

4. 

5. 

6. 

15 

REFERENCES 

R. J. Glauber, In Lectures in Theoretical Physics, edited 

by W. E. Brittin, et al. (Interscience, New York, 1959) 

Vol.l., p. 315, and Hiqh Enerqv Physics and Nuclear Struc- 

w, edited by G. Alexander (North Holland, Amsterdam, 

1967) p. 311. 

T. T. Chou and C. N. Yang, Hiqh Enerqy Phvsics and Nuclear 

Structure, edited by G. Alexander (North Holland, Amsterdam, 

1967). p. 348: Phys. Rev. 170, 1591 (1968). 

See, for example: 

L. Durand III and R. Lipes, Phys. Rev. Letters 20, 637 (1968); 

J. N. J. White, Nuclear Phys. B51, 23 (1973); - 

M. Kac, Nuclear Phys. g, 402 (1973); 

F. Hayot and U. P. Sukhatme, Phys. Rev. m, 2183 (1974)T 

T. T. Chou and C. N. Yang, Phys. Rev. g, 1889 (1978). 

M. L. Good and W. D. Walker, Phys. Rev. 126, 1857 (1960): - 

E. L. Feinberg and I. Ia. Pomeranchuk, Suppl. Nuovo 

Cimento III, 652 (1965). 

J. Pumplin and M. Ross, Phys. Rev. Letters a, 1778 (1968); 

V. N. Gribov, ZhETF (USSR) x, 892 (1969): JETP (Sov. Phys.) 

2, 483 (1969). 

See reviews in: High Energy Physics and Nuclear Structure, 

edited by D.E. Nagle, et al. (American Institute of Physics, 

New York, 1975). References to more recent work are given 

in the review by V.A. Tsarev in the Proceedings of-the XIX 

International Conference on High Energy Physics, edited by 

S. Homma, et al. (Physical Society of Japan, Tokyo, 1979). 



16 

7. pd and dd data: G. Goggi, et al., Nucl. Physics w, 381 

(1979). p-4He data: E. Jenkins, et al., "Proton-Helium 

Elastic Scattering from 40 to 400 Ge-V," and "Diffraction 

Dissociation of High Energy Proton on Helium," papers sub- 

mitted to the XIX International Conference on High Energy 

Physics, Tokyo, August 1978. 

8. K. Fiaxkowski and H. I. Miettinen, Nucl. Physics w, 

247 (3.976): Proceedings of the VI International Colloquium 

on MultipaLticle Reactions, Oxford, England (14-19 July 

1975), R. G. oberts, et al., (Eds.). 

9. This lowest order result was first derived in Ref.5. 

See also: R. Blankenbecler, Phys. Rev. Letters 1, 964 

t.1973); R. Blankenbecler, J. R. Fulco and R, L. Sugar, 

Phys. Rev. D9! 736 (1974), 

10. H. I. Miettinen and J. Pumplin, Phys, Rev. m, 1696 (19781. 

11. Our phenomenological parametrization for the eikonal 

spectrum is chosen for convenience, and there is nothing 

sacred in it. The detailed shape of the eikonal spectrum 

can be studied by scattering on nuclei, where contributions 

from higher moments are enhanced. An alternative approach 

to the problem is provided by the multi-channel eikonal 

model. See Ref.8 and e.g., P. J. Crozier and B. R. Webber, 

Nucl. Physics z, 509 (1976). Multi-channel extensions 

of the Chou-Yang model have been considered e.g.., by 

T. T. Chou and C. N. Yang, Phys. Rev. 1832 (1968) and by 

F. s. Henyey and U. P. Sukhatme, Nucl. Physics B, 287 (~1975). 



17 

12. For total cross-section data, see: CERN-Pisa-Rome-Stony 

Brook Collaboration, U. Amaldi, et al., Phys. Letters 

g, 460 (1976); For elastic scattering data, see: E. Nagy, 

et al., Nucl. Physics E, 221 (1979). These papers 

contain many references to earlier work. The method of 

impact parameter analysis is well known. See, for example, 

U. Amaldi, M. Jacob, and G. Matthiae, Annu. Rev. of 

Nuclear Sci. &, 385 (1976). A detailed eikonal model 

analysis of pp elastic scattering is performed in: 

H. M. Fran$a and Y. Hama, "Energy Dependence of the 

Eikonal in p-p Elastic Collision", University of Sao 

Paulo preprint IFUSP/P-148 (unpublished). 

13. M. G. Albrow, et al., Nucl. Physics w, 1 (1976). 

This paper also contains a rather complete list of 

references to other high-energy experiments. 

14. The data are from: a) B. Dudelzak, et al., Nuovo Cimento 

28, 18 (1963); b) L. E. Price, et al., Phys. Rev. 04, 45 

(1971): c) W. Bartel, et al., Nucl. Physics m, 429 (19~73),: 

d) C. Berger, et al., Phys. Letters z, 87 (19711, For 

a review of the charge structure of hadrons, see: D. Bartoli, 

F. Felicetti and V. Silvestrini, Rivista Nuovo Cimento _1, 

241 (1972). 

15. R. P. Feynman, Photon-Hadron Interactions, W. A, Benjamin, 

Inc., 1972; Proceedings of the Fifth Hawaii Topical 

Conference in Particle Physics, University of Hawaii, 

1973, P. N. Dobson, Jr., V. Z. Peterson and S. F. Tuan, 

(Eds.): J. Kogut and L. Susskind, Phys. Reports 8, 75 

(1973); F. Close, Introduction to Quarks and Partons, 

Academic Press, 1979. 



18 

16. This picture is reviewed by: P. Hasenfratz and J. Kuti, 

Phys. Reports By, 75 (1978). The transverse structure 

of hadrons in the infinite momentum frame is studied in: 

C. Thorn, Whys. Rev. m, 639(1979). See also: B. Kondo, 

"The Geometrical Shape of Hadronic Strings and Overlapping 

Functions", Saga University preprint SAGA-77-2 (.1977), 

(unpublished). 

17. This picture can be compared with that of L. Van Hove 

and K. Fiarkowski, Nuclear Phys. x, 211 (1976). In 

the latter picture, fast moving hadrons are assumed to 

consist of valence quarks and of a ball of glue. The 

qlueball is given no internal structure, its transverse 

position is assumed not to be correlatedwith that of the 

quarks, and its absorption is assumed to be proportional 

to its longitudinal momentum. 

18. See, for example, C. G. Callan, Jr., R. F. Dashen and 

David J. Gross, Lectures delivered at the La Jolla 

Institute Workshop on Particle Theory, August 1978, 

Princeton University preprint, 1979 (unpublished). 

19. T. Eguchi, Phys. Letters KB, 475 (1975): K. Johnson 

and C. B. Thorn, Phys. Rev. a, 1934 (1976). 

20. A different QCD-inspired model for diffraction has been 

proposed by F. Low, Phys. Rev. p12, 163 (1975); S. Nussinov, 

Phys. Rev. Letters 34, 1286 (1975). In the Low-Nussinov 

model, diffraction is due to exchange of a pair of colored 

vector gluons. Their model and ours share some phenomeno- 

logicallyrgood properties. In particular, the flavor depen- 

dence of the elastic amplitude arises in both models naturally 



19 

through the dependence of the ground-state wave func- 

tions on the valence-quark masses. See: J. F. Gunion 

and D. E. Soper, Phys. Rev. G, 2617 (1977). A con- 

stituent model for diffraction has been proposed also 

by S. J. Brodsky and J. F. Gunion. Phys. Rev. Letters 

37, 402 (1976). Their model assumes diffraction to be 

initiated by wee parton interactions, but otherwise the 

model is closer to that of Low and Nussinov than to 

that of ours. In particular, its description of soft 

multi-particle processes differs radically from that of 

the standard parton model approach (Ref. 10) adopted by us. 

21. We have studied the contribution to inelastic diffraction 

from the fluctuations in the size and shape and found 

some interesting results. This contribution is more 

peripheral than that from the density fluctuations, and 

likely to be concentrated to smaller masses. Several 

arguments suggest to us that diffractive resonance 

excitation is due to the size and shape fluctuations, 

and not to the density fluctuations. 



20 

FIGURE CAPTIONS 

Fig-l. Eikonal functions deduced from proton-proton elastic 

scattering data at &;=53 GeV (Ref.12). The curves 

are labeled by the corresponding total inelastic 

diffractive cross-section. 

Fig.2. a) Proton's matter and charge form factors. The matter 

form factors Gi(q2) are obtained from the eikonal 

functions of Fig.1 through Eq.(17). The experimental 

data on the charge from factor GE(q2) are from Ref.l4.a(o), 

14.b(Cl), 14.c(O) and 14.d(&. The dipole parametrization 

Eq.(19) is also shown. 

b) Proton's matter and charge distributions. The matter 

distributions p;(r) are obtained by Fourier trans- 

forming the matter form factor curves of Fig.2.a. The 

charge distribution corresponds to the dipole fit 

Eq. (19). All distributions are normalized to unity. 

Fig.3. d-b) Two configurations of a meson, as seen in its 

rest frame. The valence quark and antiquark are the 

focii of a flux tube of color fields (gluons) ~ 

c-d) Transverse picture of a meson-meson collision, as 

seen in the infinite momentum frame. The transverse 

distribution of sea partons is assumed to be propor- 

tional to the corresponding color field density. 

Diffraction scattering is assumed to be due to wee- 

parton interactions. In case c) the matter overlap 

and correspondingly the wee-parton interaction prob- 

ability is much larger than in case d. The impact 
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parameter of the collision B' is the same in both 

cases. 

Fig.4. Comparison between the matter and the charge form 

factors of a meson in the toy model described in 

the text. 
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