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ABSTRACT 

A simple two- component structure for the hadron is shown to 

reproduce in the Good-Walker scheme the experimental features of 

diffraction. This model is able to give a physical interpretation 

of the low absorption of diffractive states in nuclear matter, in terms 

of a sho r t component of the hadron. Our investigation indicates a new 

direction in the interpretation of diffraction data and opens new 

possibilities for testing the confining models of the hadron . 
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As s uggested in recent literature!), inelastic diffraction can be 

considered as a consequence of the fluctuating structure of the hadron. 

This structure can be represented in terms of an expansion of eigenstates 

of the imaginary part of the T-matrix
2
). Indeed the imaginary part of the 

hadronic T-matrix, indicated as T in the following , has a complete set of 

eigenstaes. The expansion of the incident hadron is then 

IH > IIjJ > 
1 (1) 

T IIjJ > t. 11jJ. > 
1 1 

(2 ) 

The index i could be continuous and denote a spatial configuration 

of the incident hadron; P.E . for the mesons it could be s imply the 

transver=e distance between two point- like costituents , a quark and an 

anti quark. 

The strict connection of these geometrical configurations to the 

T-matrix is physically understandable , because of the Lorentz dilation 

of the fluctuation time scale this becomes at high energies much larger 

than the interaction time as viewed from the target frame and each 

hadron configuration is frozen through the whole process. 

tve will now assume that the index is discrete and the e)~pansion is 

reduced to just tHO terms , where the first correspond to a contracted 

configuration and the second to an elongated one. For the first one the 

average distance between the constituents is smalle r than for the second 

one. It is then assumed that the eigenvalues of the T matrix are mono-

tonically increasing with the quark-antiquark distance i.e. tj Ib)<t
2

(b)vb . 

This last property is actually verfied in the two-gluon approach to 

diffraction
3

) where the T matrix becomes 0 for a complete overlap of the 

color charges . In our formalism we do not consider the longitudinal 

degrees of freedom for the incident meson and in addition \ ... e do not 

consider the structure of the target nucleon, Hhich is treated as an 

external field! ). In this way the eigenstates of the T matrix represen"t 

only the diffractive excitations of the incident meson. 

For two components the expansion of the incident h~dron is 

(3 ) 

T 11jJ.> = t. I •. > 
~ 1 1 

(4) 
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ob t ained calculating the corresponding stanuard deviation 

Jd2b f lCJI 2 tI 2(b)+lc212 t 22(b) - (I CJ I 2tl(b) + 

+ I CZI2 t2 (b)) 2 J = 

Z Z Z 
J dZb I cI11 czl [ tl (b) - tz (b)l 

I t i s then obvious that the b - d i stribution of inelas t ic 

diffraction is peripheral as shm-Jn on Fig. lb . The pe r iphGra l ity 

(5 ) 

is one of the most remarkable properties of inelastic diffraction and it 

is experimentally showo by a positive interference effect ~n exclusive 
. 4) 

coherent productlon on deuteron and by the saturation of the Pumplin 

b d f h · 1 · 4) Dun or t e ~nc USlve case . 

5) 
Au t;;!ven more pronounced periphere.lity hu.!:> been rAcen tly found 

for double diffraction dissociation in proton proton interactions at :CSR 

energies . 

This i s reproduced in this model , where double diffracti on 
3) 

dissocia tion can be calculated using a double r;ood -~.Jal ke.r expans i on 

for the two col l iding hadrons A and B 

IA,B > d, > I ijJ > 
'iA jB 

, 
and the T matrix i s factorized 

(6 ) 

(7 ) 

The expression for double d i f f raction is obtained subtracting 

from the total i nelasti c d i ffraction , the two types of single i nelastic 

d iffraction for A a nd B respect i vely 

.. 
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= 

I t c 2 ) 2 J x 
e lA ".~ 

(8) 

This result states in general that double diffraction dissociation 

is just the product of single diffraction for the two hadrons . 

When the t\.JO hadrons are equal, as for" the ISR experiment, the 

behaviour in b space of double diffraction is given for the tv-Io-component 

model 

(9) 

This expression gives a simple explanation of the more .I?ronounced 

peripherality , found experimentally5), indeed since [tl (b) -t2 (bl] 2 < 1, 

the square of this expression favours the values close to 1 , with respect 

to the values close to zero, enhancing relativell'· the peripheral peak on 

the non peripheral central background. 

There is another "experimental feature of inelastic diffraction, 

which , at first sight , ' coes not seem to have any connection \.Jith peripherality . 

This is found in coherent production of exclusive or inclusive diffractive 

states , where the absorption of these states in nuclear matter is weaker 

than expected. 

The analysis of experimental data is done using t.·je Kolbig

Margolis model ; this model considers only two physical states in ·the pro·· 

pagation through nuclear matter , the initial hadrc.'''' and its dif£ractive 

exci tation. The two-component model is therefore e;,peciall~l sui ted for 

the comparfson with the K6lbig-Margolis 6) model , with the warning that 

the two Good-~~alker states are completely different from the two physical 

state s . 
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The coherent production cross - section is in general given in 

the Good- ~'lalker scheme as the dispersion of the nuc l ear T - matrix . This 

becomes in our model 

<T2 > 
nuc l ear db ( 101 

2 

+= 
where T(b) = I p (b , z)dz , being p the n uclear density . I t i s usually a ss'...lmed 

-~ 

in this context tha t t h e e l emen ta r y t - ma t ri x has s u ch a smal l e x te n s i on 

in b - space compared wi t h the t h i ck ness funct i on T (b) that t,.,'e can approx i mate it 

as a delta- function . I n this hypothesis 

o. 2Jd2bt.(b) . 
~ ~ 

-+ - .. -;.. -)0-

t . (b-L> ' j" (J,/2) t (b- b ' ) 
1 

where 

The ensuing expression can be compared · .... i.th t:.he K51b:"S-·::1i'ir-'10J.ls 
6) 

model , which gives for the abov8 quanli ty (10) tr.€ ::c-l1.o1,o,'inl::" ~:(:"rm 

IF. (oll2, - SC'r(b1A 
1n l 2 10 - 0 '1 e - e 

a ' :? 
2 T{b)l\l 

j ( Il ) 

For this mode l a and a' are the total cr')ss - secti':):1s f(]J: th~ 

7' 
i nitial and final hadronic states . The analysis of the data I using the 

form (11) has given a value of G I definitely smaller than 0 fo r al l 

. . d h d 8) h' 1 b' 1nCl. ent a rons . T ~s resu t can e 1nterpreted in the t· ..... o-compcn enL 

model (10) , with the existence of a smal l s i ze component of t.r.e hadrcni c 

state , as assumed from the outset . Indeed the expression Ls E:>: i;:lC tly the 

same but with different interpreta t ion of the paraneters . 

This gives for the f i rst t.ime a simple physical int.0q:::-reta t-jon 

of the results of the coherent production experiments a:1d qives an 

unexpec t ed connection \-lith the periphe!:ality of inelastic tli £:racti-:n . 

For a more quantitative analysis of dAta in thi~: new CGntext 

one has to fix the parameters VI and 02 , not only consiste n tly wtth 

the c oherent prcducti on data , but one should reproduce tlLI? expe r imental 

Il umbers for the e l ementary tota l, elastic and ine l asti:: di.ffnlc:"'; .. (..1l 

c r oss-3ection . 
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A gaussian form was assumed for tj (b) and t2 (b) and the initial 

determination of the parameters is given by the experimental val~e of 

the total cross section. The data for the elastic and the inelastic 

diffraction cross-section are then easily reproduced. The nuclear thickness 

functions T (b) are par ametrized as functions of b as ~"'ood-Saxon forms 
+ wi th parameters speci£fed i n the fcotnot8 . 

the TI N 

In table I we report the actual values for the parameters for 

case at 40 GevC-6) and the corresponding values of the cross-

- sections compared with the experimental numbers. The prediction for 

the coherent cross sections for different nuclei are compared with the 

experimental data of Bellini et al . ll ) in Fig. lc. It is fair to say 

that there is at least qualitative agreement between theory and experiment . 

On the other side we do not expect that this simple model is able to 

reproduce the data in a perfect manner. 

Fig. la show~ the behaviour of tl (b) and t
2

(b). In Fig. lb 

the profile of inelastic diffraction is showing a distinct peripheral 

behaviour, as expected from the above discussion. 

The existence of 0. short and a l ong component of the hadron 

could be related to the intrinsic oscillating structure of the dual 

string model
121 

, which is now being studied in the frame,<ork of QCD
13

) • 

This simple application of the Good-:oJ'alker scheme reproduces 

the peripherality of inelastic diffraction, i nterprets pbys i cally the 

experimental results for coherent production and extablishes an unexpected 

relation between the two facts . These results indicate a nel.V practical 

direction i n the interpretation of diffraction data and opeD new possibili

ties for testing the confining models of hadrons. 

+ , 
The thickness functions are T(b) = T /(l+exp[lb -8 ["/C J) where 

A - 3 - 2 A A 
CA = 0.545 fermi and T

A
, BA are 2 . 22xlO fermi and 3 fermi for 

- 3 - 3 -4 
A=9 ; 1,95xlO and 6 for A=12; 1.JOxlO and 9 for A=27 ; 9 . 25xlO 

and 12 

A=108 ; 

for A=48 ; 
-4 4.30xlO 

-4 -4 
8 . 07xlO and 15 for A=64; 5 . 88xlO and 18 for 

-4 
and 21 for A=181; 3 . 96xlO and 24 for A=207. 
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TABLE I 

the parameters in TT N 
- b 2/b? 

t.(b) t.(O)e 1 
1 1 

i=l 

b. (fe rmi) 0 . 6265 
1 

t. (0) 
1 

0.7205 

2 

le i I 0 . 6875 

diffraction at 40 GeV for the 

i=2 

0 . 7671 

0 . 9613 

0 . 3125 

b) Comparison with experimental values of TIN cress- sections 9) , 10) a~ 40 GeV . 

(mb) two-components expel-imental 

a 
t 

23.2 24.7 

a 
el 

4.5 3 . 1 

°di 0 . 31 0 .45 

• • 



- 11 -

Figure Captions 

Fig. 1 a) The behaviour in impact parameter space of the eigenvalues 

for the 1f N case at 40 GeV. These correspond 

respectively to the short and the long component of the hadron 

b) The corresponding behaviour in impact parameter space of the 

profile function for single inelastic diffraction 

c) Compariso n of the 40 GeV pion coherent production data of Bel-

l . . t 1 11) . h th d·· f . (10) lnl e a . Wlt e pre lctlon 0 equatlon . 
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