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Abstract : Some controversial aspects of diffraction disso
ciation are discussed in the light of some recent results . Evi-· 
dence is presented that the A1 , A3 , Q and L mass enhancements 
are not single resonant states and that an N* ( l400) is not 
required. I t  is suggested that the cross section for diffrac
tion dissociation is almost equal to that for diffraction 
elastic scattering and both are slowly rising as does the 
total inelastic cross section , i . e . ,  as s+ 0 . 04 or ( log s ) +  0 . 4 
The Reggeon exchange part of pp elastic scattering then falls 
as s l . 

Resume : Quelques aspects controversiels de la dissociation diffractive 
sont discutes a la lumiere de quelques resultats recants .  On montre que 
A1 , A3 , Q et L ne sont pas des etats resonants individua ls et que le 

N* ( 1 400) n' est pas requis .  On suggere que la section efficace de la 

dissociation diffractive est presque egale a la section efficace elas

tique et que les deux augmentent legerement de la meme maniere que la 

t. t t 1 . 'l t •  � . + 0 .04 
( 1  )+0 .4 sec ion o a e ine as ique , � savoir comme s ou og s . 

La partie de pp elastique due a l ' echange de Reggeons tombe alors comme 1 s . 
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INTRODUCTION 

In this paper we will concentrate on some more controversial aspects 

of diffraction processes and the relation to total and inelastic cross 

sections . More complete reviews of diffraction have recently been given by 

Leith [ l] in last year ' s  Rencontre de Moriond and in ref. 2 .  Many of the 

ideas presented here were previously given in refs. 2 and 3 . 

The subjects that we would like to discuss are 

Are the A1: A3 , Q, L, . . .  resonances ? 

Does the N ( 1400) exist ? 

1 .  

2 .  

3 . The ratio of the cross section for inelastic diffraction to that 

for elastic diffraction . 

4 .  Relationship between total , inelastic,  and diffractive cross sections.  

1 .  ARE A1 , A3 , Q ,  L , . • .  RESONANCES 

Recently considerable progress in understanding inelastic diffractive 

processes has come from Partial Wave Analyses, P . W. A .  using the Ascoli pro

gram [ 4 ]  whose assumptions have been discussed by Hansen et al . , [ 5 ] . The 

method has been applied [ 6 , 7 , 8 ]  to the pion reactions 

(1) 

where there are two large mass enhancements , the A1 and the A3 , and recently 

the program has been modified to study [ 9] the K-p reactions 

K p  
- + + {K TI TI ) p  

where these are two similar large mass enhancements the Q and the L . 

( 2 )  

The Aachen-Berlin-CERN-London-Vienna Collaboration [ 9J ahow i n  f i g .  la 

that 95 % of the reaction ( 2 )  proceeds by natural parity e�change i . e . , 

JP = 0
+

, 1-
, 2

+
, . . .  , this is in agreement with the assumption that the main 



process is diffraction dissociation taken to be O+ exchange . Further they 

show in fig. lb that the (Knn} system produced is mainly (88 % }  in the un
+ - + natural spin-parity series 0 ,1 , 2  , 3  , • • •  This is consistent with the sug-

gestion [ 10] that states are suppressed if they do not obey the spin-parity 

rule , 

/;J 
P ,  ( -1)  1 ( 3 )  

where P1. and P are the initial and find parities and /;J i s  th e  change in f * + 
spin. Most of the remaining 12 % produced is the K (1420) with � = 2 • 

The situation in reaction ( 1 )  is similar; the CERN-Serpukhov Collaboration 

find that at 40 GeV/c the A2 cross section is almost an order of magnitude 

smaller than that of the A1 • 

The separation of ( 3n} system into various JP states at 40 GeV/c [ 7 ] 

is shown in fig. 2 and a similar separation for (Knn} states at 10 and 

16 GeV/c [ 9 ] are given in fig . 3 .  It maybe seen that the detailed � structure 

is similar in the two cases with l+S dominating and O important at low masses 

while at higher masses 2-S gives a significant peak (near the A3 and L-

mesons respectively} .  At still higher masses 3+ gives significant contribu-
+ tions . It is frequently reported that the A1 and Q are 1 enhancements or 

resonances while the A3 and L are 2 enhancements or resonances . This has 

been tested by the ABCLV CollabCration [ 9 ] in fig. 4 .  In the top figure the 

total number of events is plotted and also the numbers of events in l+S states 

decaying into Kp and K
*

n and 2-S states decaying into (K
*

l420 n) and Kf 

In fig. 4b, these l+S and 2-S contributions have been subtracted from the 

total and the remainder is plotted, it may be seen that this remainder is 

significant and has a two humped structure . It is concluded that the Q and 

L cannot be considered as single resonant states . 

Another piece of evidence on this subject of resonance or not, are the 

values of the relative phase � between the state of interest and other states . 

For the ( 3n} system produced at 40 GeV/c [ 7 ] , these phases are plotted in 

fig. 5 as functions of mass for the " A1" ,  A2 and " A3" .  It may be seen that 

for the 2+D wave i . e . , the A2 , the angle � varies rapidly with mass as it is 
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expected for the well established A2 resonance (we consider it to be well 

established as it is observed in reactions with other types of exchange , e . g . , 

change exchange) .  On the other hand for the 11A1 11 and 11A3 11 , the angle � does
* 

not vary across the mass enhancement showing that these are not resonances 

* 
2 .  DOES THE N (1400) EXIST ? 

In single arm counter experiments the missing mass MM is measured for 

reactions such as 

1T + p + p + MM (4) 

A typical result for TI p reactions at small j t j - values is shown in fig . 5 .  
* 

The data are interpreted as the production of N isobars as in the reaction . 

* 
1T + p + p + N (5)  

plus a non-resonant background , the marked peaks as seen in fig. 6  indicating 
* 

the N isobars to be considered. To interpret the data it was found necessary 
* 

to introduce a new isobar , the N (1400) which has not been observed in phase 

shift analyses of formation experiments . At very small l � J  values , the expe

rimentally observed peak is near 1350 MeV, and as the I t !  value increases 

the peak moves towards 1500 MeV. However ,  by employing several resonances and 

by a judicious choice of non-resonant background, the new isobar mass is kept 

near 1400 MeV for each t- interval . However , it is difficult to explain why 

this non-resonant background is so large (greater than the resonant cross 
* 

section) and why no N (1400) is found by phase shift analysis . 

* ) Recently an analysis of ( 3rr) + system produced in the reaction rr+p + (3rr ) +p 

at 13 GeV/c [ 81 has indicated some variation of ¢ over the A3 mass region . 

However ,  unpublished work [ 10]  with �+p reactions at 8 , 16 and 23 GeV/c 

finds no such variation. 



Bubble chamber experiments have the advantage that the total number of 

produced particles can often be identified and hence the mis sing mass spec-

trum can be separated into the different multiplicity channels . An example 

of this is shown in fig . 7 where in a) the NTI (baryon-pion) mass spectrum 

shows a broad enhancement at low mas ses and a sharp fall off above 1690 MeV 

and in b) the (NTITI) mass spectrum shows two peaks ,  at 1470 and 1710 MeV respec

tively . In fig. 7 c ,  the summed spectrum shows peaks at the � ( 1236) , at 1470 and 

1690 MeV , but no peak near 1400 MeV, note that in the bubble· chamber experiment 

all t- intervals are added together unlike fig . 6 .  The baryon-pion mass spec-
3 

trum has been further analysed by isospin analysis [11 ] by which the I =  2 • 
* 1 N (1236) can be separated off . It is found that the I = 2 (Nn) system has a 

broad enhancement with a maximum near 1350 MeV and a peak near 1690 MeV. 
* 

Thus the bubble chamber results suggest that there is no nee� to have a N ( 1400) 

which is moderately aarrow (f � 200 MeV) . A possible interpretation [12 ] of 

the data is that there are two processes 

a)  production of resonant isobars which are also found in phase shift 
* 

analyses � (1236) and N (1690) 

b )  broad enhancements produced by diffraction dissociation . These would 

occur both in the (NTI) and (Nnn) mass spectra, but because of phase space 

and of the decay mechanism of the (NTITI) system, the peak value , width and t-

dependence will be different in the Nn and (Nnrr) cases . This would be the ex

planation of the hump in the missing mass spectrum which shifts its peak value 

with the t interval . 

* 
Thus , in conclusion the experimented evidence does not require an N (1400) 

* 
and the data are more naturally interpreted without employing an N ( 1400) . 

3 .  INELASTIC DIFFRACTION AND ELASTIC DIFFRACTION CROSS SECTIONS 

In this chapter we discuss the cross sections of inelastic diffraction 

and of elastic diffraction processe s .  We start with the work of the ABCLV 

Collaboration [13 ] who interpreted K
-

p reactions as being the sum of three 
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processes as illustrated in fig. 8 below 

K K-
K -

I = O I =  0 
__ __..__ __ p p p 

K - DIF FR ACT ION p - OI F F R ACTION NON - D I FFRACTIVE 

Fig .  8 

The toral cross sections for these three processes are crKD, opD and oM , 

respectively (M = non-diffractive , e .g . , multiperipheral) . If the cross 

section for any total or "true 11 multiplicity , n, is on , then , 

n a (6) 

The 11true11 multiplicity was derived from the measured channel cross sections 

(4C and lC fits) and using statistical isospin weights to derive ratios 

between the different reactions of the same multiplicity .  This is illustrated 

in table 1 below for the case of n = 4 



TABLE l 

Statistical isospin weights and measured cross sections for 4-body K p 

reactions at lO GeV/c 

CHANNEL 

-o + -K nn fr 

-o - 0 K pn 1T 
+ -K pn " 

0 0 K pn 1T 
- + 0 

K nrr 1T 

-o 0 0 K nn n 

MEASURED 
CROSS SECTION 

mb 

0 . 30 ± 0 . 02 

0 . 62 ± 0.03 

0.87 ± 0.02 

NOT MEASURED 

NOT MEASURED 

NOT MEASURED 

COEFFICIENTS 
K DIFF. p DIFF . NON-DIFF. 

0 0 21/90 

2/6 0 17/90 

3/6 3/6 21/90 

l/6 l/6 7/90 

0 2/6 17/90 

0 0 7/90 

For each multiplicity there are 3 unknown an , an , and aM
n but K p reactions KD pD 

have the advantage that for each multiplicity three channel cross sections 

can be measured in a bubble chamber experiment . 

Several interesting results are obtained, such as that the cross section 

for the diffractive dissociation of K in�o (Kn) is consistent with zero, but 

the most important result is that adding all multiplicities together ,  the cross 

section for kaon dissociation is approximately equal to that for proton dis

sociation that is 

( 7 )  

A similar result has been derived from n p reactions at 205 GeV/c [ 14] 

(8) 

The total multiplicity distributions of proton , kaon or pion diffraction 

dissociation are different, but their total cross section can be equal as 
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illustrated in fig .  9 below 

j 

z 0 
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If we assume factorization , then some important results on the ratio of 

diffraction dissociation to elastic diffraction cross sections can be derived 

[ 2 ]  • For kaon and proton diffraction we assume the coupling constants at 

the vertices as indicated in fig . 10 below , where P is the Pomeron. 

K 
f

KD 

p 

Then from Eq. ( 7 )  

GKD
(K

-
p) 

GKD (K-
p) 

GEL (Kp) 

p 

GpD (pp) 

GEL (pp) 

K 

p p 

Fig. 10 

f 
pD 

p 

K 

p 

( 9 )  

Thus we have derived a ratio between inelastic diffractive and elastic 

cross sections for Kp f TIP and pp reactions and this ratio is the same in 

each case , kD say. Then adding both vertices , the total single diffraction 

dissociation , SOD , cross section is given by 

G ( total SDD) 
GEL 

(10) 
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If DDD is double diffraction dissociation ( i . e . , diffraction at both vertices 

simultaneously) then by factorization it can be shown that 

( 11)  

Then the total diffraction dissociation cross section (single plus double) 

is given by 

o (total DD) 

OEL 
(12)  

From many experimental results ,one can take kD � 0 . 4  so that the total 

inelastic diffraction dissociation cross section is almost equal to the 

elastic diffractive cross section . 



4 .  RELATIONSHIP BETWEEN TOTAL, ELASTIC AND DIFFRACTIVE CROSS SECTIONS 

That the total cross section , crT, increases with energy over the 

ISR range [ 15 , 16 , 17 ] is now confirmed by the USA-USSR Collaboration [ 18) 

results on the ratio of the real to imaginary parts of the forward scattering 

amplitude . This is a very important result ; but it may be asked if the total 

cross section is the most sensitive measurement , we would like to suggest 
[ 3 )  that the inelastic cross section oinel may be a more direct measurement 

of essential parameters . The reasoning is as follows : OT is the sum of two 

parts , the inelastic and the elastic cross sections 

0inel + 0el (13)  

At very high energies we consider the elastic part to consist only of diffrac

ti ve effects , the !lleggeon contributions having fallen to effectively zero . 

Now diffractive elastic scattering may be considered as the shadow of the 

inelastic scattering. What we are interested in primarily is the actual 

interaction , rather than its shadow . For example consider the case of Mr. 

Smith walking over the hill towards us on a sunny day , we say "Here is Mr .  

Smith" , not "Here i s  Mr .  Smith and his shadow" . The latter statement i s  quite 

correct and the shadow gives us a lot of information , but Mr . Smith is our 
ba$ic concern . 

In fig . 1 1 ,  the total , inelastic and elastic cross sections are shown 

for proton-proton reactions . The startling feature is that the inelastic 

cross section rises monotonically whereas OT and oel have a hump near 

threshold ,  decrease up to � 100 GeV/c and then rise slowly . over the very 

wide range from 6 to 1500 GeV/c ,  crinel has been found [ 3 ]  to give a goCd 
a 

fit to the expression s with a = + 0 . 04 .  A reasonable fit to the expression 

(log s) N is obtained with N 0 . 2  over this range , while over the range 

100 to 1500 GeV/c ,  N = 0 . 4  gives the best fit
� . 

*) It may be noted that these values of the exponent N , are much lower 

than the value of 1 . 8  ± 0 . 4  suggested from the fitting of oT = o
0 + A ( log s ) N 

this seems to us to be a poor fit to make as oT does not decrease below o
0

. 
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Our picture of high energy collisions is that corresponding to the size of 

the two incident particles , there is a certain inelastic cross section. Because 

this inelastic cross section exists , there must be diffraction effects . These 

diffraction effects appear in two ways : elastic diffraction and inelastic 

diffraction . The consequence of there being inelastic diffraction , means that 

the inelastic cross section is increased and there is more diffraction i . e .  

Inelastic [�
...__

n
_

i
_
' f
_

f
_

r
_

a
_

c
_

t
_

i
_
· o
�

n
� 

.. 

·- - - - - - - -

Elastic Diffraction 

(14) 

Inelastic Diffraction 

The elastic cross section is considered to consist of two parts , one diffrac

tive ( often called Pomeron exchange) and the other produced ny Reggeon exchan-

ge ( e . g . , TI ,  p ,  w ,  . . .  exchange ) ,  see fig. 12 

z 0 
...... u Li.I (/) 
(/) (/) 0 a: <..) 

EXCHANGE 
DIFFRACTION 

. - ·  

I N C I D E NT , LA B MOMENTUM 

F i g .  1 2  



At low energies Reggeon exchange is dominant and this accounts for the 

hump in the total elastic cross section cr
T 

at % 1 GeV/c but this contri

bution decreases with energy and at high energies only the diffractive con

tribution is important . We assume that the 11shadow11 is a constant fraction 

of the total inelastic cross section , cr
inel

" Assuming this fraction is that 

given at 1500 GeV/ c ,  we can then derive cr
e1

(diffr . )  at lower energies since , 

cr
inel 

is known. This is shown in fig. 1 3 .  The Reggeon exchange cross section, 

a
el 

( Reggeon) is obtained by subtracting a
e1

(diffr . )  from a
e l

" It is then 

found that the fall-off of the Reggeon exchange cross section is as s
1

, and 

this exponent of one is about what would be expected from a mixture of TI ,  p ,  w ,  . . .  

exchange . 

The inelastic diffractive cross section a
inel

(diffr . )  is assumed to be 

a constant fraction of cr
inel 

and as explained in chapter 3, to be almost 

equal to the diffractive elastic cross section, that is 

a
inel 

(diffr. ) 

0
inel 

constant % 
a 

inel 
(diffr . ) 

0
inel 

(15) 

The non-diffractive inelastic cross section is obtained by subtracting 

ainel
(diffr . )  from a

inel
" This is what we are searching for ( i t  is equiva

lent to our Mr . Smith) and on this picture it will have the same energy 
. +0.04 +O 4 dependence as cr

inel
' i . e . , s or ( log s )  · . Cross section variations 

that occur below % 100 GeV/c may be considered as threshold effects . A fuller 

discussion is given in chapter II of ref. 2 .  
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In the reaction K p + (K-n+n
-)p at 10 and 16 GeV/c ,  

c l 

'I ' · I 

a) and b) : comparison of the number of events having the (Knn) 
mass system in states of unnatural spin-parity . 
c) and d) : comparison of the number of events for which the 
reaction proceeds via the exchange of natural and of unnatural 
spin parity [ 9 j . 
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eigenvalue of the reflection operator in the production plane . 

For M = O ,  n = + 1 for natural parity exchange and n = - 1 for 
unnatural parity exchange [ 9 ] . 
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a) Comparison of the experimental mass spectrum, corrected for 
the cuts made in selecting the sample used in the analysis with 
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interference from the state JP = i+ S wave (solid circles) and 
ii)  the K

*
( l420) n ,  Kf and K

*
(l420) TI /Kf interference from the 

state JP = 2 -s- wave (crosses ) . 

b) Di fference (open circles) between th� total mass spectrum and 
the sum of the two contriDutions from J? = i+ and JP = 2- shown 
separately in a) [ 9 ] .  
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n-p + n- + anything, at 8 GeV/c at 0 . 026 < l t l < 0 . 050 Gev2 . The 
assumed resonance contributions and background are shown dotted. 
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Total , elastic and inelastic cross sections for pp reactions 
as a function of the incident laboratory momentum [ 1 3 ] . 
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Cross section as a function of incident lab. momentum in pp 

reactions for total , elastic and inelastic reactions (solid 

lines) , for inelastic ( non-diffractive) (dot-dash) , inelastic 

(diffractive) (dots) , elastic (diffractive} (open circles) , and 

elastic (non-diffractive or Reggeon exchange) (dashed line) [ 2 j . 
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