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It is shown that account of resonance interaction of two 1r mesons in Fermi's statistical 
theory permits one to explain a number of experimental facts which remained inexplicable 
by the statistical theory which takes into account only the nucleonic "isobar" ( %. %) . Such 
facts are the mean multiplicity of 1r and K mesons in pp annihilations, mean multiplicity 
of strange particles in meson-nucleon collisions, and angular correlations between 1r mes­
ons in 1r-p interactions at an energy of 1.0 Bev. 

BARASHENKOV and Mal'tsev1 have reported a 
confirmation that account of resonance 1r1r inter­
action worsens the agreement of the Fermi statis­
tical theory with experiment. In this research we 
shall show that there is no foundation for such a 
conclusion at the present time. 

It is known that resonance interaction of two 
particles can be considered within the framework 
of the statistical theory of Fermi. Account of reso­
nant interaction of a 1r meson with a nucleon ( nu­
cleonic "isobar" ) considerably improves the agree­
ment of statistical theory with experiment. 2 How­
ever a series of experimental facts remained un­
explained even in this case: 1) the mean multiplic­
ity of 1r mesons in pp annihilation was shown to 
be significantly smaller, while the percent of cases 
of annihilation with the formation of K mesons 
was significantly larger than observed by experi­
ment; 2) the presence of maxima in the angular 
distribution among the 1r mesons and in the mo­
mentum representation of nucleons in 1r-p colli­
sions at energies of 1.0 Bev was not explained; 
3) the multiplicity of "strange" particles in meson­
nucleon collisions remained significantly larger 
than that experimentally observed. 

There is at the present time a sufficient amount 
of indirect experimental and theoretical indications 
on the presence of resonance interaction of two 1r 

mesons. By considering this resonance interaction 
as the presence of a 1r -meson "isobar" with iso­
spin T = 1 and effective mass Jl = 0.47* we shall 
attempt to improve the relation of the statistical 
theory with the experimental facts just enumerated. 

1. Resonance 1r1r interaction in a state with iso­
spin T = 0 in the process of pp annihilation was 

*Here and below, 1'i = c = Mnucl. = 1. 

considered by Eberle,3* who obtained the mean 
multiplicity of 1r mesons, n7r = 3.8, and the per­
cent of cases of annihilation with formation of the 
observed K mesons, PK = 12 per cent. Accord­
ing to experimental data given by Segre at the 1959 
Ninth International Conference on High-Energy 
Physics in Kiev, n7r = 4.7 ± 0.1, PK = (3 ± 1) per 
cent. In order to improve the agreement between 
theory and experiment, Eberle made use of the 
assumption of Barashenkov5 on the creation of the 
K meson in its volume VK [VK = <%) 7rrk, 
where rK = 1/MK] and obtained n7r = 4.4. Here 
the percentage of cases with formation of the ob­
served K mesons appears to be greatly reduced, 
PK = 0.35 per cent. We note that the annihilation 
of a strongly slowed or arrested antinucleon is the 
most advantageous process for verification of the 
assumption on the production of K mesons in the 
volume VK, since only K mesons are produced 
from the "strange" particles in this case. By con­
sidering the resonance interaction of two 1r mesons 
in a state with isospin T = 1, we obtain the follow­
ing statistical weight of the finite state of pp anni­
hilation (normalized to 100 per cent): 

47t .'ir. 6ro 7-. 2K '21( ;r; 21(2,;; '2/\:lo. 

1.0 9.8 21.2 13.5 38.5 0.6 1.2 4.8 7.1 '2.3 

For the calculations, we have assumed that the 
K mesons, like the 1r mesons, are produced in 
the Fermi volume V 7r = (%) 1rr;, where r 7r is 
the 1r -meson Compton wavelength. From the 
statistical weight of possible finite states given 

*Resonance 1T1T interaction was considered by Goto. 4 How­
ever,.in this research the calculation of the statistical weights 
of all processes was carried out according to the same very 
approximate formula. 
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above, it follows that the mean multiplicity of the 
7r mesons is n7r = 4.5, while the percentage of 
cases with formation of observed K mesons is 
PK = 7. 7. The distribution of charged products 
of pp annihilation was also computed by us ac­
cording to the number of prongs: 

0-prong cases- 2 ( 5); 
4-prong cases- 56 (50); 
8-prong cases- 0 (0). 

2-prong cases -38 (40); 
6-prong cases -4 (5); 

Here the figures in parentheses correspond to 
the experimental data, 6 normalized to 100 per cent. 
The statistical weight of cases with the formation 
of two charged 1r mesons (p + p- 1r+ + 1r-) was 
shown to be less than one per cent. The results 
that were obtained were in reasonable agreement 
with the experimental data given by Segre. 6 

Taking into account the resonance 1r1r interaction 
in the state with T = 1, S = 1, and effective mass 
fJ. = 0.60, we obtain better agreement with experi­
ment: n7r = 4.9, PK ~ 4 per cent. 

2. In the majority of researches on the statis­
tical theory of multiple production of particles, 
correlations between the directions of motion of 
the secondary particles have not been taken into 
consideration. At the same time, an investigation 
of this problem would permit one to decide on the 
necessity of taking into account resonance interac­
tion of two particles, since this interaction ought 
to lead to the appearance of definite angular cor­
relations. In the general case, this problem is 
very complicated and evidently cannot be solved 
without consideration of the law of conservation 
of momentum, which is neglected at the present 
time. However, in the case of 1r-p interaction 
in the energy region of 1.0 Bev, where the proc-
esses 

.-: + N ->- N + r: + rr, 
.-: --i- N --> N' + .-: _,N + 1t + ", 
" + N ___, TI + N -> N + ;r + r:: 

(1) 
(2) 

(3) 

play the principal role, with relative statistical 
weights 41.9, 41.9, and 16.2, the distribution over 
angles among the 1r mesons can easily be found. 
For this purpose it suffices to assume that the 
characteristic features of this distribution are 
brought about by the resonance processes (2) and 
(3), and therefore one can neglect angular corre­
lations in the process (1). 

In the process (2) (here the symbol N' denotes 
the nucleonic "isobar" ) , the meson moves in a 
direction which is strongly opposed to the direc­
tion of the "isobar." Therefore, the angle cp be­
tween the direction of motion of the "isobar" and 

the direction of motion of the 1r meson from de­
cay of the "isobar" will be connected with the 
angle e between the directions of motion of both 
1r mesons by the relation cp + e = 1r. Making use 
of the angular distribution of 1r mesons from the 
decay of the "isobar," given in the review of Rozen­
tal', 1 one can easily obtain the distribution over the 
angle e for the secondary 1r mesons. 

The angular distribution over the 1r mesons in 
the process (3) (here the symbol II denotes the 
1r -meson "isobar") can be obtained if use is made 
of the dependence of the angle e between the two 
1r mesons from the decay of the 1r -meson "isobar" 
on the energy of the 1r mesons E1• 8 Transforming 
from the energy distribution of one of the 1r mes­
ons to the angular distribution between them, we 
obtain 

N (O)d cos 0 == dcosO {M~cos 8 V i\1 4 14- E~[L2 cos2 0 

-(cos2 0+ 1)( 1! 4/\14 -E~[L2 sin2 0) 

- COS 2 0 sin2 OE~ [L 2} ( 4pc"jV sin4 0r1 

11 4 2 o · o )-'/'(1 . 2 o M2 
X\ / 4M -E0 [L" sm·O /4 Eo+ [L-- ~ sin2 g 

._ cos\l ''M4'4-E2 2 . 21J)-';, 
-1 sin2 e v ' oiL sm : , 

where E0 and v are the energy and velocity of 
the 1r -meson "isobar" in the center of mass of 
the meson and nucleon; y = ( 1 - v2 ) -i/2; M is the 
mass of the 1r -meson "isobar," equal to 0.47; 
fJ. is the mass of the 1r meson; Pc is the momen­
tum of the 1r meson from the decay of the 1r -
meson "isobar" in its rest system; e is the angle 
between the two 1r mesons from the decay of the 
1r -meson "isobar." The limits of variation of the 
angle e are easily obtained from the usual formu­
las given in a review by Rozental' .7 

Distribution over the angles between the 1r mes­
ons in the reactions 

;r- + p ___, p -1- r:- + 7to' (4) 

was computed by us for an energy of 1.0 Bev. The 
resultant distribution is plotted in the drawing, 
where the experimental data of reference 9 are 
represented by the histogram, while our calcula­
tions are given by the solid curve. As is seen from 
the drawing, the results obtained here are in excel­
lent qualitative agreement with experiment. The 
maximum is brought about by process (3) when 
cos e = 0.2 and by process (2) when cos e =- 0.8. 
A certain quantitative discrepancy comes about 
here by the fact that we have neglected angular 
correlations in process (1). 



V. I. RUS'KIN and P. A. USIK 671 

zo 

18 

"' c: 
~ IZ ., ... 
0 

d 8 
z 

4 

Distribution accord­
ing to the angles be­
tween the TT mesons in 
reactions (4) at an en­
ergy of 1.0 Bev. Histo­
gram from the experi­
ment in reference 9; 
smooth curve- calcu­
lated according to the 
statistical theory with 
account of resonance 
interactions (nuclear 

L---o:'-:.9:---:01':---'0---a-14--_0..l.B___J&lliLfi- and rr-meson "isobar"). 

The effect of consideration of resonance 1r1r in­
teraction on the momentum distribution of the 1r 

mesons and nucleons, obtained theoretically for the 
reactions considered above, has been investigated 
by us in reference 10; therefore, we shall not dwell 
on it. We only note that consideration of resonance 
interaction of two 1r mesons allows one to explain 
the characteristic maximum in the momentum dis­
tribution of nucleons in 1r-p collisions at 1.0 Bev. 
(The momentum distribution of the secondary par­
ticles, calculated with account of the 1r -meson 
"isobar" in a state with isospin T = 0, differs 
slightly from the momentum distribution computed 
with account of the 1r -meson "isobar" in a state 
with isospin T = 1. ) 

3. We shall further consider the effect of reso­
nance 1r1r interaction on the multiplicity of strange 
particles in meson-nucleon collisions. It is known 
that the statistical theory of Fermi, which takes 
into account only the nucleonic isobar ( %. %) , 
gives a ratio of the cross section of production 
of strange particles to the cross section of pro­
duction of 1r mesons, astrla7r = 0.3.2 By taking 
into account (along with the nucleonic isobar) the 
resonance 1r1r interaction in the state with isospin 
T = 1, it is possible to lower this ratio to 0.08. 11 

However, both in reference 2 and in reference 11, 
calculation of the statistical weights of processes 
with four and more particles was carried out by 
approximate formulas. Therefore, some of the 
reactions with strange particles were not consid­
ered in these researches. More exact calculations 
increase the ratio given above by a factor of more 
than 2.5. Therefore, although calculation of the 
resonance 1r1r interaction significantly lowers the 
ratio a str I a7r, this ratio still remains larger than 
that experimentally observed.12 

In the first part of this paper, we showed that 
account of the resonance interaction of two 1r 
mesons in a state with isospin T = 1 in the case 
of pp annihilation, where only K mesons are 

produced from the strange particles, allows one 
to obtain a reasonable multiplicity of strange par­
ticles. Starting out from this situation, one can 
attempt to improve the agreement of the statistical 
theory with experiment by assuming that in the 
case of meson-nucleon collisions, the statistical 
weight of all strange particles (hyperons and K 
mesons ) is determined by the statistical weight 
of process~ with the production of only meson 
pairs K + K. The scheme of elementary particles 
advanced by Goldhaber (see reference 13) lends 
some support to this assumption; in this scheme 
the hyperons are the product of a medium -strong 
interaction of secondary K mesons with second­
ary nucleons. The given assumption makes it pos­
sible to lower the ratio astrla7r to 0.14. In the 
calculation of this ratio, reactions previously 
omitted11 have been taken into account.* The ex­
perimental value is astrla7r = 0.04. 12 This ratio 
is known to be too low, since the strange particles 
in reference 12 were established only by the decay. 
Therefore, the ratio that we have found of astr /a1r 
= 0.14 can be regarded as not very far from the 
correct one. 

We note that if the scheme of elementary par­
ticles of Goldhaber is correct, then in those cases 
in which the energy of the emitted 1r mesons in 
meson-nucleon collisions is below the threshold 
of formation of two K mesons (1.34 Bev), for­
mation of the latter is possible only virtually in 
an intermediate state. Consequently, formation 
of strange particles up to this energy region can­
not be considered within the framework of the sta­
tistical theory of Fermi. It is quite evident that 
all other consequences of the Goldhaber scheme 
remain valid under such considerations. 

In conclusion, we take up the principal objection 
against calculation in the statistical Fermi theory 
of resonance 1r1r interaction, put forward in the 
work of Barashenkov and Mal'tsev .1 This objection 
is that in the case of consideration of a 1r -meson 
"isobar" the theoretically determined distribution 
of charged products of 1r-p collisions according 
to the number of prongs differs from that experimen­
tally observed. As seen from reference 11, the 
distribution computed with account of the 1r -meson 
"isobar" is in better agreement with experiment 
than that which takes into account only the nucleon 
isobar if in this case we can take into account the 
formation of strange particles. The departure from 

*We are grateful to V. S. Barashenkov and V. M. Mal'tsev 
for making it possible for us to use their calculations of the 
statistical weights of the reactions omitted by us in reference 
11, and for discussion of the problem. 
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the experimentally observed distribution is evidently 
brought about by the crudeness of the statistical 
theory. 

Actually, for example, the state with isospin 
T =% and T =-% can be resolved into two 1T 

mesons and a nucleon in two ways: 

l3/2. - 1/21 = 112;5 ! 1/2.~1/21 [2.o1 + v~;5 [1/z. 1/2112, -I], 
l3h. - 1/2l = Y2/a l 1/2,~1 /2l [1,01 --:-- Y1/1 !1/2, 1h] [I, -I]. 

Within the framework of the statistical theory, 
these two distributions are considered equally 
probable. Account of the interaction matrix ele­
ment Hif should lead to a deviation from this 
equality of probability. Processes taking place 
close to threshold (see, for example, the appendix 
to reference 2) represent a trivial example of such 
a discrepancy. 
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