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An explanation is given of the fact that certain quasi two 

body reactions have a constant cross section with respect to incident 

momentum. It is supposed that there is a diffraction scatter at one 

vertex followed by a fine.l state interaction. This mechanism is applied 

to reactions produced by incident protons, pions, kaons and gammas. 
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The cross section for two body inelastic reactions 

A+B ~c+D (1) 

in general decreases rapidly with incident momentun, as is shown, for 

example in the preceding letter(l). However, Anderson et a1( 2) have extended 

the earlier work of Cocconi et al( 3) to show that in the reaction 

p + p ~ p + Ni: 

where N has isotopic spin T = 

over the rangG 6 to 30 GeV/c. 

( 2) 

1· 
- the cross section is essentially constant 2 , 

In this letter we atteupt to explain this 

surprising result as being due to a diffraction scattering process at one 

vertex followed by a final state interaction. The importance of the relative 

velocity of the particles in this process is stressed. This concept is then 

extended to reactions involving incident pions, kaons antiprotons and gamnas. 

It is suggested, for exaD.ple, that the reactions of the type : 
+ + - (3) 1t + p ~ p + M 

+ + - - (4) and K + p ~ p + 1 

will have a constant cross section when M and 1 are resonances which decay 

into another resonance and .a neson, and when the reaction may be described 

in terDs of a Feynmann diagram with a diffraction scatter at the baryonic 

vertex, e.g. M might be A1 or A2 and 1 could be the (Knn) resonances at 

1320 or at 1790 MeV( 4) ~ 
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It is assw2ed that two body inelastic reactions (1) can be inter-

r)reted in ter:_s of Feyrrn1ann diagracls in which f, "particle" carrying defini tc 

quantun nurJbers is exchant;ed betwesn the two vertices. Cocconi et al( 5) 

showed in counter experiments that reaction ( 2) gave ~' strong forward 

diffraction-like peak and IVlorrison ( 6 ) showed in bubble chs.uber experinents 

with incident TL and protons that diffraction-like distributions for out­

going TL and protons are obtained. ;,Tic.ti and Prentki (?) and Drell and 

Hiida(s) suggested that diffraction scattering at one vertex could be res-

ponsible for these effects. The idea of diffraction dissociation on nuc1si, 

• 1 - - r< d d .. -- lk ( 9) . . 1 t t th . . d previous.Ly proposed by uoo an Via ,er , is equi va on - o is l ea. 

ir11e conventional Feynnann diagran of reaction ( 2) is shown in 

Fig. la where the virtual pion fror:i the top vertex undergoes diffrnction 

scattering at the bottou vertex. It is, however, perhaps easier to under-

stand this process if we consider Fig. 2. Here a proton, p , entering 
A 

fron the left 1 dicsociato,s at ;~ into a virtual pion (shown dotted) and a 

nucleon, N,. At B, the other proton, enterin,~ fron the right, which we 
li 

will call pB, nakes un elastic interaction; tho nucleon leavinc B must be 

the saDe as the proton pB. The pion leaving B then interacts with the 

nucleon fron A and nay, in sone cases, produce 1-cn isobar. There are a 

number of iuportant points about this r:1echanisn. 

(1) The virtual pion and JI! .. have about the snL.;e velocity as p,. 
A A 

(2) The differential cross section for the dissociation p, ~ N, + TL oay 
.ii. 11 

be taken as independent of the monontuL of pB. 

(3) In the rest systei:1 of pB, the virtual pion is a high energy particle, 

thus the elastic scattering process at B is a high energy process. 
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(4) In a high energy elastic reaction, the scattering is of a diffraction 

type, so that the outgoing n and proton will have ,~1lmost the sarJ.e 

momentULl as before, but the direction will be slit?;htly different -

this is independent of the momentULl of PB• 

(5) From (1) and (4), NA and the pion leaving B have approximately the saue 

velocity, and therefore the cross section for them to combine together 

to forw. an isobar will be large, this being a low energy effect, and 

will be approximately independent of the momentw...1 of PB• 

(6) For a high energy elastic reaction, the cross section is approximately 

independent of energy. Thus the cross section for the reaction at B 

is independent of the momentun of PA and PB· 

We may draw the following conclusions : 

(a) Since the 3 cross sections for the interc::.ctions at A, at B and for 

the final state forw.ation or" the isobar are all independent of the 

incident momentum, then the overall cross section for the reaction (2) 

may be expected to be approximately constant with respect to the 

incident momentUlll, 

(b) In elastic scattering, charge baryon number, strangeness number and 

isotopic spin cannot be exchanged between the vertices. Since at vertex 

B these quanturJ. nunbers cannot be exchanged as we postulate an elastic 

scattering, then the N'* will have the sar:ie value of these quantULl 

numbers as the incident proton, In particular the isotopic spin of 
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the isobar nust be 1/2. The spin and parity of the isobar_nay however 

change (as can be seen experimentally from the fact that the isobars 

produced in reaction (2) can have different spins and different parity 

froE1 that of the proton. ) 



(c) 
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The scattered pion nay or may not interact with N. to produce an 
A 

isobaro Hence, one expects there to be o.n appreciable background 

below the isobar peak nnd one expects this background to be constant 

with respect to variation of the incoming mol:lentun. 

( d) The production of the isobccr and the background should both be of 

(e) 

a peripheral nature with a differential cross section siuilar to that 

for n-p elastic scattering. 

If in reaction ( 2), the N* produced has T 3 = 2 , then the model discussed 

here does not apply and the cross section nay be expected to decrease 

with incident energies, with the norno.l exponent, 1.5, characteristic 

of most inelastic processes(l). 

In general, th~ experimental results of Cocconi et al( 3) and 

Anderson et al( 2) seen to agree with these predictions except that the slope 

of the do/dt distribution for the production of N*(l400) is different 

1 
from those of the other T = 2 isobars. It may however be noted thnt only the 

N11:(1400) has the sar:ie spin and parity as has the proton. 

The interaction mechanism described in Fig. la or 2 can be applied 

to other incoming particles such as n or K-mesons, antiprotons or gammas, 

i.e.1 to the reactions : 

TC + p 

K + p ~ K + N*° 

p + + -N:it p -> p 

where N* and N* have T 1 = 2 , or to the reactions 

n+p -> p+A 
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where A is a resonance ui th T == 1 which hc:ts a TIP decay mode e.g. Al' A2,. 

Also if there exists a (1tf0 ) resonsnce, I' say, with T = 1, then the reaction: 

TI + P"" p + p (10) 

may also be considered. 

(11) 

1 
where L may be taken ns a general name for (KTin) resommces with T = 2 

which decay into K:tn and/or Kp. One may extend reo.ction(ll) further to 

include possible resonEcnces of ~( 1400 )n or Kf0 • 

"( + p-> p + p (12) 

S . · 1 l n 'h ' . no 1m1 ar y r or ·c1.e ream;ion yp _,,, pr • 

The Feymnmm ci.ingTc.ms corresponding to reactions ( 5) and ( 6) nre 

the same as tho:!:; of Fig. la, but with the proton at the bottom vertex replaced 

by a n (or K) meson. The PeyruJ.ann diagrams corresponding to reactions ( 7), ( 9) 1 

(lO)and (12)are shoi;m in F:i.gs. lb, le, ld rn1d lg respectively-, uhile thnt for 

reaction (U)is shmm in le and lf. Other vnriations c1:m be imagined, 

e.g. t in Fig. le, one could consider tho n and p being' interch2nged so that 

the p undergoes the cliffr.::~ction scattering on tho profon. 

In all these reactions (2) to (12),it is required th2.t the resonance 

produced has the srni1e isospin as that of the corresponding incident particle. 

It is then predicted that the cross section will be npproz:ima tely constont with 

incident momentmn, ~1nd that there uill ·be 211 o.pgrecifl.ble lx~ckground under th:i.s 

resonance which will c.lso be a)prox:L•kctoly constant 1,v:d;h the incident momentur,;. 

For reactions (5), (6), (7) ~'nd (u) thGre arG insv.ff:Lc:Lont dntc. to test this 

prediction, but H m2y be noted that the re[wtion pp-> NNn varies 1i ttle with 

incoming momentu111 over the ron&;e 3 to 6. 9 GeV / c, i..mliLe other 3-body 

reactions. The cross section for the production of tho A1 D.nd A2 

masons which have tho snme isospin as the n-meson, is approxim.ntely 
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constant over the range L; to 11 GeV/c(lO), though it should be noted that 

the background is difficult to deter2ine. The resonance in the (KTITI) 

systen fron reaction (11) observed near 1320 has approxit1ately the sane cross 

I (4) I (11) section at 10 GeV c · as that observed near 5 GeV c ,instead of being 

(5/10) 2 = 1/4 of that at 5 GeV/c ns would be expected for Dost inelastic 

reactions (the background is not well understood also in this reaction). 

The peaks in the KO!: TI and Kp systehlS nei'~r 1329 and 1800 rrieV( 4 ) are believed 

1 
to have T = ~ as has the K neson. 

For reaction (10), it nay be noted that the Aachen - Berlin - CERN 

collaboration observed(l2) with 8 GeV/c positive pions that if in the 

0 . + - 0 0(13) reaction where f decays into TI TI or TI TI one excludes events having 

+ * a (p n ) effective uass in the N3, 3 rJass rEJgion (1.12 to 1.34 GeV)~ then a 

( ""'+fo) . peal~ is observed in the , " aass spectrun near 1650 .iVIeV, The present 

experiaenta1 d::i.tn are not sufficient to estnblish whether this peak is a 

resonance or a kinenatic effec·L The photonuclear renction (12) is found(l 4) 

to have a constant cross section(l5) 1 whereas the cross section for other 

'!: photonuclear reactions such ns yp -• N n and yp ~ pw, which cannot be inter-

preted as h:wing a diffrrJ.ction scatter at one vertex, are found to decrease 

rapidly with increasing garJoa mooentun ( 16 ). 

In general charge cannot be exchanged in the type of reactions 

considered here (category one ( 1 )) • If charge is exchanged, tl:w reaction is 

of category two(l) and the cross section will decrense rapidly with energy. 

Thus at sufficiently hi«sh energy a catec:;ory one rer.wtion .will have a larger 

cross section than the si11ilar reaction with charge exchcmge. For exanple 

with 10 GeV/c K--mesons, reaction (ll)is observod(4 ) with frequent production 

of L-mGsons of nass ~ 1320 and 1790 JVleV J but in the reo.ction 
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+p-? n+K +n: +n 
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(13) 

no peak is observed in the (Knn) 0 effective mass distribution near 1320 

and 1790 MeV. 

In the experimental results of reaction (2), there is a snooth 

background on which are superimposed peaks which correspond to isobars. 

Here it is suggested that these isobars are not produced directly but only 

in final state interactions. If ther9 were no isobars to forn,then there 

would be no peaks (other th~m the broad uaxir:rn.11 due to the background). 

(17) . (18) . Deck and iVIaor and 0 1Halloran have used the idea of a 

diffraction scattering at one vertex to calculate the background to 

reaction (9) and suggest that the \ is not a resonance but only tho rroxinrum 

in this backgrmmd.. Here we consider in addition a final state interaction, 

so that the A1 (and A2) are resonances whose production cross section in 

reaction (3) is enhanced by the special consequences of a diffraction 

scattering occurring at one vertex. The A1 (and A2) can also be produced 

directly with p-meson exchange, but then the cross section would be expected 

to fall with an ex1)onent n ~1.5 as described in the previous letter(l). 

Maor and 0 1Halloran(lB) also consider the production of the B-meson in the 

reaction 

n+ p ...,.p+B ->P+n:+w (14) 

to be due to a kinematic effect. However 1 this process, shown in Fig. lh, 

does not involve a diffraction scatter at one vertex and hence it is not 

considered in this letter. We would expect the cross section for reaction (l.tr) 

to decrease: with increasing nor;1entun with an exponent, n R$ 1.5 (l4) · 
• 
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Thus in conclusion, an explanation of the result that the cross 

section for reaction (2) is constant u~ to 30 GeV/c has been given in 

terr;rn of a diffraction scattering at one vertex followed by a final 

stat0 interaction. A number of other quasi two body reactions which 

should also have a constnnt cross section have been discussed. 

This lottor is part of a revlew paper given at t:10 Stoey Brook 

Confere:'lce 011 Two Body Re1~ction, 1966. '1'he c.uthor is gr::teful to the 

organisers of ·chis conference. He wishes to thn.nk Dr. R • .Armenteros, 

Dr. V.T. Cocconi, Prof. G. Cocconi and Prof. Ch. J?uyrou for helpful 

aJ.scussions and comments. 
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Figure Captions 

Fig. 1. Feymv:mn diagrm;;s as discussed in the text for reactions : 

Fig. 2. 
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(a) p + p -)> p + N* , (b) p + p -7 p + N:t: , (c) 11 + p ...,, p +A , 

(d) + n p -7 
0 

pP -> p11f , (e) K + p ...,, p + 1 , (f) K + p ...,, p + 1 , 

( g) Y + P ...,, P + p i (h) 11 + p -> p + B • 

Diagran of the reaction p + p ...,, '*' p + N in the CM rest system. 
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