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The 7T-P...,. pK -ko and 7T-P...,.17K°K0 reactions at 1.5-8 GeV /c are investigated within the framework of the generalized 
Veneziano model. The total and differential cross sections, effective mass distributions, and angular distributions of the 
secondary particles are calculated. The predictions are compared with the experimental data. 

AT the present time, the most general dynamic model 
for inelastic processes -Of the type 1 + 2 - 3 + 4 + 5 is the 
generalized Veneziano model. [ll This is a dual model 
and combines the properties of the Regge amplitude at 
high energies and the amplitude with resonant poles at 
low energies. In this paper we use the generalized Ve­
neziano model to analyze the process 7T-p - NKK (the 
reaction 7T-p- p~~ and 7T-p- nK°K0} in the incident­
pion energy range 1.5-8 GeV. Preliminary results of 
this investigation were reported at the 15th International 
Conference on High-Energy Physics (Kiev, 1970} and 
were published in the form of a preprint. r21 

1. THE MODEL 

In the generalized Veneziano model, the amplitude 
of the process 1 +2- 3 +4 +5 is .. 

A= L,KB,(x.,,x,,x,.,x.,,x,.), 
I 

where B5 is a five-point function[11 (the generalization 
of the Veneziano amplitude to five particles); Xij = J 
- O!ij (Sij ); O!ij is the linear Regge trajectory connected 
with the system of particles i and j; Sij = (pi+ Pj )2, and 
Pi and mi are the four-momentum and mass of the i-th 
particle. The coefficient J is equal to the spin of the 
first particle on the trajectory at Sij > (mi + mj }2 and 
is equal to unity at sij < (mi + mj}2• Such a choice of J 
in the resonance region ensures a correct connection 
between the masses and spins of the resonances, and 
corresponds in the scattering region to exchange of 
extra mesons and baryons in the ground P state. The 
kinematic factor K is chosen in the form 

The trajectories a(s) are specified in the form 

a(s) =a,+ a's + ia(s- s,)~ 

for s > s,, 
a(t) = a,+ 0,9t for s < s,, 

for s > s 0 and a(t) = 0!0 + 0.9 t at s < s 0 , where 0! 0 , a', 
a, and s0 are constants determined from the masses and 
widths of the resonances, and also from the results of 
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experiments on hadron scattering. r31 The values of these 
constants for the employed trajectories are listed in the 
table. {3 = 'la for the p-meson trajectory and {3 = 1 for 
the remainder. 

a) The Reaction 7T-p- pK-K0 

For the reaction 
(1) 

eight out of the 12 diagrams contain channels with exotic 
quantum numbers and make no contribution to the am­
plitude. 

The remaining four diagrams are shown in Fig. 1. 
The dominant trajectory is indicated in each two-parti­
cle channel. The choice of the K* trajectory in the K7T 
channel, the A2 trajectory in the K~- channel, or the A 
trajectory in the pK- channel is governed by the quan­
tum numbers of the systems and by the experimental 
information on the presence of the resonances K*, A2, 

and A (1520} in the corresponding effective-mass spec­
tra. 

The choice of the w trajectory in the pp system is 
dictated by the behavior of the total and differential 
cross sections for the crossing process K+p - K0p7T+. [4-61 

In the direct 7T-p channel, alternative trajectories are 
Nand A. Our choice of the N trajectory is arbitrary, but 
it does not affect the final result significantly. The rea­
son is that the difference between the contributions of 
the N and A trajectories is small, owing to the large 
values of Sij and the approximate equality of the slopes 
of these trajectories. l?l 

Diagram d (Fig. 1) differs from diagram a orb in 
that only two external particles, connected with the 
K*-K** trajectory, are interchanged. The hypothesis 
of exchange degeneracy of K* and K** forbids simulta­
neous appearance of such diagrams in the amplitude, 
since the universality of the residues would lead to can­
cellation of every other pole on this trajectory. It is 
therefore necessary to choose between diagram d and 
the group of diagrams a and b. Since diagram d does 
not describe the production of the A2 resonance in the 
K~- system, we shall use diagrams a and b. 

Taking into account the requirement of crossing sym­
metry of the amplitude and the absence of resonances N 
and A with negative signature, we should add diagrams 
a, b, and c with equal weights (diagram c, which is im­
portant for crossing reactions, differs from a and b in 
that only two particles connected with N and A trajec-
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Parameters of trajectories 

Tr~jec- I Below Above threshold II Trajec- Below 
Above threshold tory threshold tory threshold 

p 1 0.57+0.91 

"' I 0.40~0.91 A, 0.45+0.89s + 
+ <·O,IO(s- 0.17) 

K" 0.34+0.91 

fl 

b 

FIG. I. Diagrams for the 
process 1r·p -> pK"K0 . 

FIG. 2. Diagrams for the 
process 1r·p -> nK° K0 • 

tories are interchanged). To simplify the calculations 
we have neglected diagram c, which contains only baryon 
exchange, and whose contribution is small compared with 
that of the meson exchange. The amplitude of the reac­
tion (1) therefore takes the form 

A =yK{('l) +(b)}, 

where y is a normalization parameter, 
(a)= B,['iz- a.v(stz), 1- a.(t,;l, 1/,- a"(s,.), 1- aA,(s.,), 1- a"·(t,d], 

(b) = B, [1 - a.-{112), 1 -a, (t,), 1- ay,• (t,,), 1 - aA,(s.,,), 1- a,<'(t,t) ]. 

For the reaction 

rep--+ nK'K' 

there is no exchange of exotic trajectories only in two 
diagrams (Fig. 2). We neg;lect diagram 2b, which con­
tains baryon exchange. 

The amplitude of reacti.on (2) is thus 

A,= yKB,[ 1/2 - <lN(stz), 1- a,(t,), 1/2 

- UA(s"), 1- ~A,(S,,;), 1- UK•(f,)], 

2. COMPARISON OF THE PREDICTIONS OF THE 
MODEL WITH EXPERIMENT 

To obtain the predictions, the amplitudes A1 and E2 

were integrated over phase space by the Monte Carlo 
method with the aid of the FOWL program. lBJ The func­
tions B5 were calculated in accordance with the Hopkin­
son program. [QJ The errors of the calculations amounted 
to not less than 3% for the total cross sections and 8% 
for the differential cross sections. The results of the 
calculations are shown by the continuous curves in Figs. 
3-8. The experimental data shown in these figures were 
taken from l 10- 15 l 

N -0.39+!.01s + 
+ i·0,12(s- 1,14) 

~ 0,12+0.91 
A -0.71+0.97s + 

+ i·0.09(s- 1,77) 
y,• -025+0.91 
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FIG. 3. Dependence of the cross section of the reaction 1r·p-> pK"K0 

on the momentum of the incident 1r· meson. 
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FIG. 4. Effective-mass distributions for the reaction 1r·p-> pK"K0 

at 2, 3.1, and 4 GeV/c. 

a) The Reaction 1T-p - pK-K0 

Figure 3 shows the predictions of the model for the 
dependence of the total cross section of the reaction (1) 
on the momentum of the incoming 7T- meson. As seen 
from this figure, the model describes qualitatively cor­
rectly the behavior of the cross section with the change 
of energy. 

Figure 4 shows the effective-mass distributions of 
the systems pK0, pK-, and K~- for this reaction. The 
predictions of the model, namely the absence of reso­
nances in the pK0 system and the resonant structure in 
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FIG. 5. Distributions with respect to the momentum transfer and 

the cosine of the proton emission angle in the c.m.s. for the reaction 
1T-p-> pK-K0 • 
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FIG. 6. Cross section of the reaction 1T-p-> nK° K0 vs. the momen­
tum of the incident 1T- meson. 

the pK- and K~- systems agree satisfactorily, in the 
main, with experiment. The predicted probabilities of 
formation of the resonances A (1520) and A2 (1320) agree 
with the experimental ones within the limits of errors. 

Figure 5 demonstrates the predictions of the model 
for the distributions with respect to the momentum 
transfer and the cosine of the proton emission in the 
c.m.s. of the primary interaction. The model predicts 
a peripheral interaction and an increase of the aniso­
tropy of the proton emission with increasing incident­
pion energy. 

Thus, the model describes satisfactorily, in the main, 
the basic characteristics of the reaction 7T-p ~ pK-K0 at 
incident pion energies 1.5-8 GeV. 
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FIG. 7. Effective-mass distributions of the systems nK~ and K~ K~ 
for the reaction 1T-p-+ nK0 1(0 . 
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FIG. 8. Distributions with respect to the momentum transfer and the 
cosine of the neutron emission angle in the c.m.s. for the reaction 1T-p ..... 
nKOI(O. 

b) The Reaction 7T-p ~ nK~0 

Figure 6 shows the dependence of the cross section 
of the reaction (2) on the momentum of the incident 7T­
mesons. The curves on this figure correspond to two 
different values of the normalization parameter y. As 
seen from the figure, the predictions agree with experi­
ment, starting only with an energy ~ 3 GeV. 



446 Yu. A. BUDAGOV et al. 

Figure 7 shows the distributions with respect to the 
effective masses of the system nK~ and K~~· Since the 
calculations were performed for the final state nK°K0 , 

the histograms of nK0 and nK0 were added to obtain the 
nK~ distribution. These histograms are shown by the 
continuous line. The dashed curve shows the distribu­
tion with respect to the effective mass of the system 
nK0, in which no resonances are produced. The dashed 
curve describes the general behavior of this distribu­
tion but does not predict formation of resonances. On 
the other hand, the summary distribution (continuous 
line) predicts the formation of resonances. However, 
the predictions do not agree quantitatively with experi-· 
ment. As to the K~~ spectrum, its complicated reso­
nant structure (threshold anomaly at M ~ 1000 MeV and 
interference off and A2 mesons) cannot be described 
within the framework of the present model (Fig. 7). 

Figure 8 shows, for the reaction (2), the distributions 
with respect to the momentum transfer and the cosine 
of the neutron emission angle in the c.m.s. of the pri­
mary interaction at different incident-pion energies. 
As seen from this figure, the model predicts the pe­
ripheral character of the interactions, but the predic­
tions are in poor quantitative agreement with experi­
ment. 

It is thus impossible to describe correctly the char·­
acteristic features of the reaction 1r-p - nK°K0 within 
the framework of the employed model. 

In conclusion we note that Chan et al. r61 described 
the reaction (1) simultaneously with the two crossing­
symmetry reactions K•p -• K01r• and K-p - K01r-p with 
the aid of a single amplitude. Following the publication 
of our preliminary results, [21 Collins et al. [71 and Hoyer 
et al. r161 reported investigations of the reaction (2). 
This reaction was analyzed in r71 at p = 12 GeV /c in 
the double Regge region (Sij > 3.5 GeV2); Hoyerr 161 con­
sidered the effective masses in the A2-f resonance re-

gion. The conclusions of these investigations do not 
contradict our results. 
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