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ABSTRACT 

In this paper we discuss the physical importance of nucleon­

nucleon diffraction and the main differences with well understood 

nucleon nucleus diffraction. In the theoretical description of 

nucleon-nucleon diffraction in terms of the eikonal model, the 

hypothesis of factorization is sho,m to be in contradiction with 

the energy dependence of the impact parameter profile in proton­

proton scattering at CERN -ISR. This dependence is highly non-uniform 

in impact parameter, giving rise to a ~ronounced peripheral increase 

with energy of the inelastic overlap function. 

Two experimental findings in inelastic diffraction indicate the 

existence of a deep relation of this process with the peripheral 

increase of the profile function. The first refers to the clear-cut 

proof that inelastic diffraction is peripheral in impact parameter 

space,in cohere nt production on deuteron. The second is the 

analysis of the integrated cross sections for inelastic diffraction, 

which leads to the conclusion that .most of the total cross 

'section increase in the ISR energy range comes from this process. 

It is then clear that the eikonal model should be modified 

in order to include inelastic diffraction. A recent trial in this 

direction by Miettinen and Thomas shows the existence of a substantial 

difference between the matter and the charge distribution inside the 

proton. Their result favours a description of the · proton in terms of 

the string model. 

. . 
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1. INTRODUCTION 

Di ffraction is a well known phenomenon in classical phy'> i c s, 

and occurs whenever waves encounter obstacles Or holes wi t..h d.if1 1 E~ '1B t OIlS 

large compare d wi t h their wave length. The signature is the presence 

of minima and maxima in the intensity of the wave, after having 

interacted wi loh the obstacle or the hole. 

This php.JlOTnen01l appears also in nucleon-nucleon ela stic 

s ca t ,tering at ve r'y l>i.gh energies, where the differential' cross 

section present3 a clear minimum and a secondary maximwn, as ·s hown 

on fig. lao 
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fig. t a) Differenti.al croAs section for elastic proton-proton 
scattering two (SR e nergies ~ = 45 and 63 GeY. The data at 
higher energies are scaled down according to geometrical 
scaling. 

b) behavio'ur wi th erlergy o 'f 0..,../-, L r~or /",,, proton-proton elastic 
s cattering at f i.xed valnes of !~l"" and 6 Gey2. ' 
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This phenomenon becomes dominant only at laboratory energies of the 

order of 100 GeV/c because for lower energies, " the dominant process 

is the exchange of Regge poles, which can be interpreted as the 

exchange of a quark-anti quark pair (Fig. 2a) 

OHP 
( Q ) 

( b) 

(C) 

t 

• 

Fig. 2. Quark diagrams 
for Regge exchange (a) 
(b) and for diffraction 
(c) • 

This exchange becomes at low energies the one-boso"n exchange term, 
, . 

used to study nuclear forces. At h1gh energies, however, the 

amplitude is reggeized, i.e. it is proportional to a power of s. 
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where 0(. (to ') is the Regge traj ectory. These traje(' t ories are 

linea r and have inte rcept o«e.) l ess than 1 (for inst a nce 

atp<o):, dc.v(o)::' '%. 
corresponding contribution 

and o(/tto):. 0 ). Thf'r'p i' C>t'e the 

to the total Cross section 

is decreasing as an inverse power of S • The physical 

interpretation of this feature, although not yet completely 

( 2) 

clear, is that the Regge pole exchange corresponds to a quark-anti-

quark pair in the t-channel with the same quantum numbers of the 

corresponding elementary particles, but 1<ith a structure of many 

gluon exchanges representing the production of many particles in 

the inelastic channel. In other words, as the energy increases, the 

acceleration of the quarks increases and the bremsstrahlun~ of 

gluons becomes more important contributing in thi s way mOre to t he 

inelastic channels at the expenses of the elastic one
l
). The decrease 

with the energy of this ' contribution can be seen plotting the proton 

proton elastic differential Cross section as a function of the Center 

of Mass energy for fixed values of the momentwn transfer. Thi s is 

shown in fig . l.b, where the Regge pole contribution is rapidly 

decreasing untill .fS = 30 GeV and the scaling diffraction term 

becomes clearly visible for higher energies. 
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From the analogy with classical physics, we expect that diffr2.ction 

depends only on the form of the quark distributions inside the 

proton, being essentially independent from the incident energ7. 

This last process Can be represented in terms of the exchange 

of at least two gluons (fig. 2c), which is the minimum number to 

form a color singlet. This ·mechanism has been studied
2
)in the 

framework of the MIT bag model and was shown to give a total cross 

section constant with energy. Furthermore the value of the coupling 

constant~s at the quark gluon vertex consistent with the 

experimental value of the proton-proton total cross section is small. 

This is in agreement with the main assumption of the MIT bag model, 

where the quarks are constrained to be inside the bag by an outside 

pressure, but are essentially free. 

As a matter of fact, the energy dependence of proton-proton 

differential cross section is only approximately constant. The slow 

ener&y dependence, best represented in terms of ~~s ,is discussed 

in· the following. An even more detailed discussion Can be found in 

ref. 3, where most of the following material is coming from. 

If we forget for a moment the fine details of the energy 

dependence, elastic scattering in proton-proton presents very 

similar features to nucleon-nucleus or nucleus-nucleus scattering. 

In first approximation one can describe the elastic scattering 

amplitude in terms of the black sphere model 

where R .... 1 f . This model · is consistent with the zero in the 

differential Cross section at t· = 1.4 Gey2 corresponding to the 

first zero of the Jr1 Bessel function. This ·parametrization is 

clearly appropriate for nucleus-nucleus elastic scattering, but 

the value of the interaction radius has to be larger and depends 

on the mass number of the nucleus. 
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This similarity is to be contrasted with two striking 

differe n ces in inelastic diffraction 

a) while for nucl ea r inelastic diffraction the differential cross 

section for the inelastic process has an evident s uppression 

at 0° diffusion angle there is no s ign of this structure in 

the corresponding process for proton excitation. This is shown 

in fig . 3a and b. 

(a) 

" 

o 0.20.50.7 1 1.21.51.7 2 
LL~ '~----"~" ----~'Gl OJ 

- t ~\'I'cI' 

Fig. 3 Comparison between differential cross sections for inelastic 
diffraction in the nucleon case (a) and in the nuclear case (b). 

b) while for nuclear inelastic diffraction, the excitation spectrum 

is mainly discrete with a small b a ckgrowld, the mass spectrum in 

nucleon diffractive excitation is mainly continuWll with few ' 

discrete peaks superimposed. This is shown in fig. 4a and b. 
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Fig. 4. Comparison b etween t h e excitation spectra in the nucleon 
Case (a) and in the nuclear case (b). 

Al though these two featur es of inelastic n-ucleon diffracticn 

seem to be unrelated, the physical ·origin . of both phenomena is found 

in the structure of the proton, which is not a bound state of a 

many body system with well define d constituents as nuclei, -but i s 

a field configuration showing l a r ge fluctuations in its structural 

properties . One can say in other words that the proton is not only 

a bound state of three qua r ks, but it is also a SOUI'ce of gluons, 

fluctuating in their number and their space configuration. Thi s 

picture can b e made 

Walker4 ) formalism. 

more precise in the framework of the Good a-nd 

This consist in assuming that the incident 

proton is a superposition of states, which are eigenstates of the 

T matrix 

If:> -

.. 
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where the t matrix is assumed to be cor.lpletely imaginary and 

therefore is an hermitian operator apart from the factor 

This assumption implies that each state I~~) is absorbed in a 

diff e r e nt way by the interaction, according to its corres ponding 

eigenvalue, causing in this way the transition to a different 

superposition of states ll'~') , which is the excited state of 

the proton. A similar ' phenomenon occurs in the absorption of 

partially polarized light in a medium, ",here the imaginary part 

of the r efraction index depends on the I ' t' 5) Aft po arlza 10n. er 

going through the medium, the light is still partially polarized but 

in a different way. 

This formalism can be impleme nted in the parton model, 

assuming that each state I '\fll.) is defined by the number of 

wee
6

)7 )partons present in the proton structure and by their space 

configurations 

(5) 

-I> 
~\ihere N is the number of wee partons, b' are their transverse 

\. 7l 
coordinates arid 'j" their rapidities. A formalism of this . type 

is able to reproduce the diffractive peak, showing that it is just the 

fluctuation in the number of wee partons, which is t~e responsible 

of the existing difference between the nucleon and the nuclear case 

for the differential cross section at It I = O. 

The same fluctuations are probably responsible for pion 

emission, which reproduces the continuum background shown as 

continuous line in fig.4. Pion emission is supposedly' the result of 

gluon emission~quark antiquark pair production and~inally a 

hadronization of a singlet quark-antiquark pair out of a fluctuating 

sea of quarks and gluon (see fig. 5). 
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or 

Fig. 5. 
Schematic representation of 
the fluctuating sea partons, 
generating off shell pions. 

The conclusion is then that it is the field theoretical structure 

of the proton which is responsible for the main differences between 

nuclear and nucl eon inelastic diffraction. This structure should be 

taken in account also in elastic scattering, for . /hich a simple 

nuclear description fails to describe the ener~~ dependence of the 

im~act parameter profile for proton-proton elastic scattering. This 

will be di scu ssed in the following. 
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2. Eikonal model: theoretical and phenomenological problems 

Th ok I d I f I I I to tt ° 8) ° e el ana rna e or nue eOn-nue eon e as lC sea erlng 18 

b ased on th e assumption that the eikonal function, in the Fourier-

Bessel transform of the elastic amplitude, is the overlap of the 

matter densities of the colliding nucleons (See fig. 6). 

T 
b 

---- -----1 

Fig. 6 Collision of two 
at impact parameter b. 

relativistically contracted protons 

This gives 

where 
-1 f C)l) is the matter density of the proton. and #0 is 

a free parameter, which stays for the strength of the interaction. 

In the original formulation of 
8) 

this model ,one further assumption 

was that the matter density is equivalent to the charge density of the 

proton. This could be justified on the experience in nuclear diffraction, 
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where the two distributions turn out to be very similar
9
). 

Actually the original formulation of the model was able to 

reproduce the mair. features of the low ttl differential cross 

section, that is the diffractive peak, the minimum at I i I'" 1.Lt 
2 

GeY and the second maximum. 

"'> CJ 
<.? 
"­
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t\ . 
'I/· ·~ . 

, 42'" ' II· \. CTT= ,:) rTtO . , 
i .'.( -

5 10 15 
2 

- t (GeV ) 
20 -

Fig. 7 Proton-proton elastic differential cross section and 
prediction of the eikonal model in its original formulation for 
two different values of the proton-proton total cross section3 ). 
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fhe failure of thi s model at J ar~e values of 1t.1 (fig. 7) 

stimulated the generalization of the model, where the matter 

d.ensities have a spin structure and the different components are 

related to the charge and the magnetizatio n densities. Thi s can 
10) 

b e generc.lly formulated as 

where ~ i s a general index, which is the isospin index. in ref. 10 

and is referring to the convection current and the s pin curr~nt in 

ref. 11. Since the current is expressed as 

this theory predicts a non zero polarization for' proton-proton 

scattering1 2
); this means that any theory of this type should be 

d . h "t" 1" t" d t 13) ·compare W1 t eX1S lng po aI'lZa l..on a a . 

Even if these theories are quite successfull in fitting the 

differential cross s e ction for proton-proton e1astic scattering, 

it remains to be understood why the eikonal function .is given by 

t h e overlap of the two matter distribution. One possible way to 

justify it, is to assume that the matter density comes from the 

spatial distribution of the proton constituents, as it is done for 

nuclear scattering in Glauber theory, and take a zero zange 

interaction between the constituents of the two protons. This 

procedure is con~on in nuclear physics, where the range of the 

nucleon-nucleon interaction is much smaller than the nuclear size; it is 

not clear why this should be true here, where we know that elementary 

interactions are weak at small distances and increase with the 

distance (asymptotic freedom),so that the range of the elementary 
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interaction should be o"f the s.:>.me order of the proton size. 

Put "even if one accepts t his hypothesis,- it is difficult 

to wlderstand the equ i.valence between ma"l;ter and ch"rge distribution 

in the simpl est case and the represen tation of the maVoer overlap 

in terms of the electromagnetic currents in "the most generc.l case. 

Thi s is because gluons are continuously emitted and absorbed in a/ 

confined quark state and they certainly take part in the interaction 

through gluon exchange, thanks to the importa nt triple g luon coupling. 

These fluctuating gluons are(, neutral to electromagnetic 

interaction" and they are not necessarily distribu"ted in space 

according to the charge dis"tribution, so that the overall matter 

distribution could be subsbmt:l.ally different from the charge 

di stribution. 

These consider ations leave serio u s doubts on the validity 

of t,hc assumptions which lie under t,he e i koIlCll model and it~ more 

advanced formulations. 

The original model, as formulated in eq. 6, contains the 

energy dependence in a factorized way, "that is while the overla"p 

" integral is energy independent the parameter ,M.~ can be varied 

in order t.o r eproduc e the energy dependence of , the total cross 

section. This factorization is not reproduced in the energy 

variation of the impact parameter representation of the proton­

proton diffe r ential Cross sectionl4 , 15,16). The procedure consists 

in calculating the re"l part of "the scattering amplitude using 

relations and substract ~ts contribution from the differential 

cross section so that we can write the imaginary part of the 

scattering amplitude as a Fourier-Bessel transform 

- ...... n' ~ 

~ 1 (~ 'L ~ 'j io,.t.,-: -~,,-S,) 'Z. : ~,.,.., H t) ,. t ~ .-!! - R H) '" -=. ~ '-1- Q. )0\ b 
w It: "'~ 2. " (9) 

where ..sL( ,>,6) is called the opacity function, which corresponds 



- 15 -

to the im agi nary part of the eikonal function in potential scattering 

and it is ther"forf, rE,sponsible for the absorption in the scattering 

process. 

For the eikonal model of eq. (6), the opacity function has 

a factorized dependence on Sand b 

(10) 

that is the logarithmic derivative in tM~ does not depend on 10 • 

(11 ) 

The e ne rgy variation of the "experimental" opacity function
16

) is 

showing a clear linear dependence on b of the logarithmic derivative 

(see fig. 8). 

12 
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Fig. 8 
of the 

Logarithmic derivative 
opaci ty f u nc<tion -0..( s ,b\ 

with r espect to 
function of b 

~S 
16) 

as 

This linea r depende nce breaks down at large values of the impact 

paramete r b ,where the dependence becomes stronger and could be 

quadra.tic in b . These large value s of b correspond to the 

smallest It I values and the anomaly is probably associated with 

the breaking of the exponential behaviour of the differential 
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cross section3 ) • 

The knowledge of the Fourier-Bessel transform of the e lastic 

sCa ttering ampli t ,ucle 

is s ufficient for determining throu gh the unitarity relation in 

space 

2 V (~) -
(13 ) 

the probabili t .y density for inelastic interaction usually called 

overlap function . 

Th f 
. 16 ) 

e unctl..on 

where .5' .. is a reference energy, gives the location in coordinate 

space of the increase of inelastic interactions over the CEF:N-ISR 

energy range. This is shown in fig. 9, where the highest increase 

in inelas tic interaction probability is at b'''' 1 ~ . Another 

peak in the ftmction h. G \~ is visibl e at even larger values 

of , in the same region of space, where the logarithmic 

derivative is showing a deviation from the linear behaviour in b 

Fig. 9 The increase of the 
overlap function d "",C 10) from 
the lowest to the highest ISR 
energy, as .function of b 
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This r esult extablishes a r e lation between the linear 

behaviour of the logari1.hmic d ed vati vc of th e o paci Ly func tioD anel 

t,he peripheral increase of the i Hc lasti t:: overla i) f' ;'!.n (' l:io n, 80 t~iJ:1 t 

't; ) \C origin of the devial .... .i.on f' r cm the fa.ctoriza tj.o l. :_, . {,ile ci. konal 

fu nction comes from au inel',q tic pr'ocess. Two eXpCr':LIIlCIlLll. f.clct.~ 

"bout ine l astic dif frF.c tion j nrlic;1 tc i.n -this process til e phy sical 

re;1son for the linear depe ndence of tlH: l.ogarithmi c deriv'1'o h 'c nf 

t.h e opacity function} as dj s cuf.:scd in (',ct.ails in th e ;~ ()l.. l. o\\'.i rtf.!. .. 
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3. TWO EXPERIMEliTAL FACTS ABOUT INELASTIC DIFFRACTION 

MlY a peripheral increase of the inelastic interaction 

probability? Two experimental observations extablish a strong 

link between this fact and inelastic diffractive. These are 

a) a large increase with energy of the total cross-section for 

inelastic diffraction, accounting for most of the total cross 

section increase over the ISR energy range 

b) the peripheral character of inelastic diffraction, recently 

proved experimentally in coherent production on deuteron. 

The first observation comes from the compilation of the 

integrated cross section data for single diffraction and double 

diffraction together with the factorization predictions for 

douhle diffraction shown on fig. 10. Even if the errors are quite 

large, there is a clear evidence for a substantial increase over 

the ISR e n ergy range, wh~ch amount to about 4 mb in the sum of the 

two integrated cross sections; since the total Cross section 

increase is about 5 mb, this shows that even taking in account 

the errors, inelastic diffraction plays an important role in the 

total crOss section increase . 

This last statement receives ne w support'from the observation 

of the peripheral location in b-space of inelastic diffraction • 

This observation can be done using the deuteron as interferometer, 

as it was propo sed some time ago 17). This method, which could be 

called "hadron interferometry" consist in observing the interference 
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b etween the wave whi c h h as interacted with only one nucleon a nd 

the wave which ha s scattered on bot h nuc l eo n s of the d e uteron 

(fig. 11) . 

.... 
.!l[ 
dl 

n 

,J 

( Q ) 

\ 
\ 

( b) 

'j tl Wit 

Fig . 11 ' 
a) Hadronic wave propagation 
through a single and double step 
path On t h e d e ute r on 
b) Ha dron d e u teron ' differential 
CI'O SS secti o n, s h o l",ing- the ·maximum 
interfer ence at I t I =.3 Gey2 • 

- In elastic scattering the phase difference between the two waves 

is 

where <i (t) is , the absolute phase of the elementary scattering 

amplitude 

Since for high energy': proton- pro ton elastic scattering ~ ( i;) ..... -ry~ 
and it is varying slowly with the momentum transfer , the phase 

diff e r ence between t h e , two phases i s 
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This means that they interfere destructively. When the 

intensity of the two waves is of the same order, one should 

observe a complete cancellation between the two waves. This 

was predicted to occur for hadron deuteron elastic scattering 

for \tl", , , 2 
0.3 GeV , but it did not appear in the 

experimental data because of the presence of an incoherent 

f h f 'h d 17) contributi on coming rom teD wave 0 t e euteron , • Nowadays, 

it is possible to use aligned deuteron beams and eliminate this 

incoherent contribution, recovering a high sensi ti vi ty ,to the 
, 18) 

absolute phase of the rescatterE,d wave • 

The application of hadron interferometry to the case of 

inelas'tic diffraction is not affected by the presence of the D 

wave of the deutero~ as 

application was done at 

we shall see in the following. This 
19) 

ISR ,where deuterons were , stored and 

scattered with deuterons or protons. The measured reactions were 

(18) 

I b d l
,' 19) 

and the method of ana ysis was ase on GaubeI' theory taking 

into account one simple scattering amplitude and two double scattering 

amplitude, represen.t"d graphically in fig. 12. In the second double 

scattering diagram the intermediate state is the excited state of 

the nucleon and the second interaction is the elastic scattering 

of N* on nucleon, which is taken in the analysis t,o be equal to 

the result of coherent production experiments on heavy nuclei. 
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Fig. 12 F eynman graphs r e presen t ing Glauber t h eory for !Oohe ren~ 

production. 

The input runplitudes for inelastic diffractive are alte rnatively 

taken to b e 

a) non-pe riphe r a l and purely helicity non-flip 

b) p e riphe r al a nd h e licity f lip dominated by the helic ity non-flip 

part 

For both ampl itudes·, ·the 

fit of t h e proton-proton 

(20) . 

para!lleters are d e termined from a best 

data for i nelastic diffraction1S }. 

The corresponding contd.b ution t" the inelastic overlap 

function is given in fig. 13 
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Fig , 13 Over] ap function ,In impact parameter space of neutron 
, singl e diffr~ction ass~ling central (a) and peripheral (b) 

'amplitudes (see text). The ar)'OHS indicate the value of b/'t. 
fO,r both cases. IWI.$ 

In the peripheral option (b), the" form of the amplitude can 

be justified, using an ablwrl'tion model from a deformed body, 

co'ming from nuclear physics 3 ). The surface of ,this body can be 

described by the folloHing equation 

as from the theory of the lic"uid drop with normal modes of 

exci tation. The absorption amplitude is 
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\ 101~l<Q 

+ . ~ J" d.. 1,;-- r y).!' \. t>-l. /~ ) 
( 22) 

The first term corresponds to thc "bsorpt.ion from the body 

with the equilibrium s urface (elastic scattering) and the other 

terms to the absorption from the exci tatioll modes (inelas ·tic 

diffraction) . 

For this peripheral 9ption (b) the Glauber ·theory for 

coherent production i ~. 

(23) 

In the doubl e scattering ·terrn is the nucleon-nucleon 

elastic ,f':jf (0) the 

same for the 

amplitude in the forward direction and 
10.,1': . 
,..... -nucleon case. The dcu·teron forn factor is 

as s um e d to be a s um of gaussians 
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From the above forlJJula l2 3)it i s clear that for the dominant 

?:. 0 case the single sCHtt,ering amplitude has a zero at small 

momentwn transfers, but this zero is shifted to higher values 

of \ t.l in the double scattering term bec[tUse the ', argument is 

\ 01 ,'+ ~Io ) q ~o 

l I ~ I' t '" + Q.. ) 

This situation produces a phenof.1enon of constructive 

(25) 

interfere nce in the differential ct'oss section visible ·in fig . 15 

for 10\1 Va lues of the mass of the e xcited system. The non-pe ripheral 

option (a) for the input ampli10ude is not able to reproduce the 

feature:;; of the data, as showll by the dashed lines ill fig. 14 

Fig. 14 

,,' 10' Differt:ntial Cross sections 

:~ 
10J IbJ for neutron coherent 

nd-fp"·'d 
diffraction in ../i~'7G.V ,,' four 

M,._ c 1.3 .I..l :' M ••. c L4"" different nlass bins. The 
"1 ~ 

'" 
continuous CUrves 

. ~ \ . .; , , 
correspond to the ~ , ~ 

: , , : , , peripheral model, the ~ id' ~ .. .. Kf 
• ~ dashed CUI'ves to the' , 

" , centre.l model. ,," ...... ,,;,. 
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Normalizing th e cross section on the pre diction of the 

non periphe ral model , on e obtain:) an i mpressiv e s tI'l...l cture in 

corrE,sponde n ce to the r egic' n wherE' the singl e a nd the doubl e 

sca·tterirrg ampli i .ude have t h e s ame sign and are of the same orde r 

(.f magnitude. This is s hown in fig. · 15. 
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Fig. 15 (a) Data . points and r esul ts of t h e p eriph e ral model 
normali>;ed to the prE,dictions of the Gl a ub e r model with centra l 
ampli t u des, as a function of 11:.\ i n n e u tron coherent di ffract i o n 
for t h e mass interva l tllr!t~) < 1. 3 GeV . (b) . "t-dependence o f 
t h e imaginary part of t h e coherent produc tion amplitud es, f or 

}04.. = O. The corutinuous curye is the single- scattering term, 
the ,la s he d c u.rve the double-scattering one. The sign of each · part 
of t h e amplitude i s als o s hown on t h e curves. 
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The zerOs of the scattering amplitude which should be visible for 

the dominant case , are actually hidden in the differenti"l 

cPoss section by the incoherent contribution of the he].icity flip 

()A-¥-O) amplitudes. The clashed ljne of fig. 16 show" the zero of 

the )J.. = 0 contribution, and 'the continuous line the ).J.... f 0 

componfmt; the helici ty flip ·terms plc,y a very impol'tcmt role 

in t.his gane, at the zeros of the fA. = 0 dominant amplitvde 
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Fig. 16 
Differ'ential Cross sectiOIt for 
cohere.nt neutron dif'lraction in 
the second lowes·t mass bin. The 
curves represent two _separate 
contribution to the peripher,.l­
model calculation; the dashed line 
is the contribution of the 

A)'! + 0 amplitude, the 
coni~inuouH line the contribution 
of the helici ty-flip " terms. 

This detailed analysis of .the construct.ive interference 
• 

phenomenon gives a clear cut ppoof that inelastic diffraction is 

peripheral. One can conclude therefore, that its large increase 

over the ISR energy range, explain most of the peripheral increase 

of the 'inelastic overiap function. 
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d.. IKCLlIlHNG INELASTIC DIFI'RACTION IN THE EIKONAL MODEL 

The eikonal model for elastic scattering, we have discussed 

above, may be substauti al;ty modified by the illclusion of 1.u",lasti <: 
20) 

states. This is knm;'n since a long time in the fr'am ewcrk of 

Glauber theory . Indeed the aV Eo r'lge value of the eikonal func t ion 

ove,r the ground state of the nuc1.eu.c3 is; expanding in power scri,es 
... -0_ 

. L "1/ '.( b·-16·-'o·) 
(~l ~'-\'j"'\J ~ J l~>-

'I-1: ( <. '"'t \ r '1<. ij ! '''\' ') 

\(,,+1 t;:.i<.;;I"'t> 
\ ) . . . . . . 

(26) 

't ( < '\t I T; i( .. I "t > L _ 1: < If I ~ ?(;) \ ~.>,t >< 4-""1 ~,,;; I Y> ) * ... T I' I) '* ') J ~ . ) ~ , , 

Thi s means that the eikonal model is onl.y approximate and the 

goodness of the approximation i s determined by the relative 

importance of the i n elastic trans iticn amplitudes with respect to 

the elastic on e . 

Thi s re su~ t is howeve r not u seful for pro 'ton i nelastic 

diffrp,ction, because of. the difficulty of Gla uber theory in 

reproducing the diffractive peak of fj g . 3. The rei\son is that in 

the impul s e approximation the trans ition ampli 'tude ' iE.7) 

... -to 

ei ~ q j. b,: \ 1- ') - 0 ~::. 0 

and mult.iple scattering corl'ections partially fill the zero b ... t 
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leave a dip in the for1<ard direction • . 

In order to include, at least implicitly, in the eikonal 

model i"elasti<o diffl'ac·tion one may represent the 

superposition of states 1<ith diff e rent numbers of 

pro·ton as a 
. 21) 

par"tons 

Colo) 

and one may asswne t .hat. dressed stctes int.eract, more 

than bare states; in this 1<ay thc pictul'e of Good and 

strongly 

Wo.lker 
4) 

acquires a precise physical meani"g . . It is clear that the eikonal· 

model becomes inconsist;ent with this scheme, if 1<e insist on 

assuming that the eikonal function ib the overlap between the 

matter distribution» and these rna tter distributions refer now to 
22) 

the particular component states of the proton . This i s the 

obvious generaliz.ation of the hypothesis of Chou-'Yang
8

) to the 

fluctuating picture of the nucleon. 

where 

22} 
In this sc heme the profile function becomes · 

i . 
J 

1 

(29) 

( 30) 

The eikonal function (~') ,.ould now corl'espond to the Chou­

Yang overlap function .b etwee n the matter distributions , because 
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it is averaged on nIl joh e comp o nents of the nllcl~an state . It is 

clea r however that the eikonc, l fopm is no t consistent wit,h the 

hypothesi s (2 8 ), becau se of the nOn zero value for 't h e forms 

~ ..... (b) . These terms are. clearly nOn zero fo r , 
b ecause of the f:.uc 'tua tions of tlJ e nucleon fielc' . . Actually for 

(31 ) 

which Can b e ; nterpreted as impact paramete r distribution of 

inela.stic diffI'action cross scctoi on . Indeed, eocp a ndi n g Ul e 

expo n e ntial i n thc fiI'st line of (29), 'th e eigenvalue 

the state is 

T .. (~) - 1 
I \ 

s ince the total inelastic dlffractioIl is given b y 

= 11;" < tIT \~> 1"-
t. \ 

t I foI' • 

(32) 

(33) 

The above e"pression (31) is 'then the impact parameter 

distribution of inelastic diffractio n and t h e eikonal picture , 
of Chou and Yang is consistent ,vith zero value for inelastic 

diffraction, in this particular scheme. On the other side this 

SchClil'i', seems to be the only one, capable to reproduce easil,y the 

di ffractive peak of ii,clastic diffl'action71. E>:pression (29,) seems 

, . 
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no\; t h e mo st s u itable gen eralization of tl.te eikona l model, \;hich 

includes exp:'. i cit. l y ine lastic diffractio n. This 1 S however no t 

the solut i on of the problem, b ecause we are not "ble to d etennine 

the coefficients C·· a nd the eikonal fun"tion 
, \) 

we so lve the confinement problem for hadron s and 

strong interactions at ~arge di s t ances . 

...St .. ( I.) , unless 
I J 

we understand 

In t h e arb itrary sch eme of ref. 22, one u ses the . fo l lowing , 

ansatz 

C .. J'2. " c..~).<::: f' Cia) ..R C b) 
I ) I l , . (34) , ) 

where 

fCb) - (35) 

In order to ob"ain the right value of inelastic diffraction one 

h as to , assume that the matter density in t he proto n is completely 

different t han the chargf density, that ' is the matter is more, 

dense than charge at small distances. The result" of ref. 22 j s 

report,ed in fig. 17, where the matter' d:istribution for two 

diff " ,' ent values of G'"' d,'ff i s compared wi t h 'the distribution, 

as obtained from electron proton Rcatti (:;~ ring. 

la' 

' 10' 

p~ (r) ("dm'" 6Amb) 

p~ ( r) (DdIl{4.4mbl 

Kro~----eO~,5----~~~ 
r Cfm) 

Fig. 1 i 
Matter cistribution for the proton 
compared with charge diBtribut i on 22 ) 
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The figure, sho,!,s that the hadre'nic r.latter is more dense at small 

values of b than tt,e charge, which co uld he conSidered as a proof 

for the MIT bag model or for the ' string model , where two external 

quarks er.tit a glUOIl flux, which connect their' positions (fig. 18) 

, (a) (b) 

(e) (d) 

Fig. 18 String picture of the pion (a, b) and the interccction 
f.llOchanism (c,d) 

It is not clear however, why we should accept the ansatz (34) 

and how sensitive is this result to the type of ansatz. For 

instance, can we think about an ans atz', which gives the opposite 

resu~t for the matter di s tribution? 

.. 
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This is still an unanswered question and worth investigating, 

bu1-, the result of r ef. 22 seems very encouraging and indicaLes 

in the study of diffraction a useful (;001 for investigatillg t h e 

proton ,s"cI'ucture in .t.erms of (~u.arks and gluons. 
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5. SUMMARY 

We have collected in this review a number of experimental facts 

and theoretical jdeas, in the hope of drawing a definit;e cd>nclusion 

from the activity ori proton-proton diffraction in the last decade. 

This conclusion is not easy to be drawn, because, while much 

i" known about the empirical features of· proton-proton diffractipn, 

a satisfactory theoretic"l picture is still missing. 

SOf!W qualitative aspects of this picture,however, emer'ge 

clearly from our discussion; they refer to the fluc'tuating 

structure of hadrc'ns, as confined quark bound states continuously 

emitting gluons. 

This structure is related to the difficulty of Glauber 

theory in reproducing the diffractive peak in it:.elasti.c diffra,ction. 

Also the inability of eikonal models in reproducing the highly 

non uniform increase with s of the inelastic ov~rla p fWlction, 

is related t o inelastic dj.ffraction, because thi s seem to be the 

most important cause of this effect. Indee d the peripheral increase 

of G- ;.,.(.1.), could be explained by a co rresponding increase in 

inelastic diffraction, which is shown to be periphe ral in an' 

independent way. 

It becomes then important to generalize eikonal models ;'n 

order to include implici t ,ly inelastic diffra ction. The first 

trial in this dirEiction gi¥es as natural consequence a large 

diff e r e nce between charge and matte r (~istribution in the proton. 

It ie. cle a r that m).lch remain to be done in this dcrection and 

for this purpose the full potential of gauge th eories and cO'nfining 

mode ls for hadrons should b e exploited. 
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