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TABLE 2 

The deviation (decrease) in% of the c. i .c. from the calculations of Rose (Z=92 ) 

K 

0,5 1 5.3 9.2 9.n 
1 1 '7 9.8 12,3 13 
L! 3,42 14 14.5 
5 3,1 13 14,3 
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JN a previously published article Amati and 
Vitale 1 have given selection rules for the 

annihilation of antiprotons into two and three 77-
mesons. However, following from general considera
tions which take into account the strong interac
tion of 11- mesons with nucleons, and also on the 
basis of the already available experimental data2 , 

the greatest practical interest lies in the effects 
of the multiple meson annihilation of antiprotons. 
The present article is devoted to a possible 
generalization of the selection rules to an arbi-
trary number of 17- mesons being produced, and 
also contains some remarks on the dependence 
which follows from these rules of the effective 
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cross sections for annihilation on the velocity of 
the antiproton in the region of nonrelativistic 
energies. We shall restrict ourselves to a con
sideration of strict selection rules which are 
based on the requirement that the laws of conserva
tion of the total angular momentum and of the 
space and charge parities be satisfied simultane
ously. 

We recall that the requirement indicated above 
leads to the fact that the annihilation of antipro
tons in singlet states of the nucleon-antiproton 
system into two 17- mesons is strictly forbidden. 
On the other hand, in triplet states of such a sys
tem, the effects 

1) P+P-+1C+7t+, ?lp+n--o>7t-+7t0 

can occur only under the condition 

Li=0--+L1 =1, Li=2n ...... L1 =2n±1, (a) 

or 

Li = 1--+ L1 = 0, Li = 2n ± 1--+ L1 = 2n (b) 

(n = 1, 2, ... ), 

where L. is the orbital angular momentum of the 
' nucleon-antiproton system; L f is the orbital angular 

momentum of the system of two 77-mesons. Thus 
in the triplet nucleon-antiproton system annihila
tion into two 17- mesons [effects (l) and (2)] may 
occur only under the condition 

A characteristic property of the selection rules 
for the annihilation into two neutral77 -mesons 

3) p + p --+ 7to + 7to 

is the additional restriction on the states of the 
77-mesons being formed which comes from there
quirement that the wave function of the final sys
tem should be symmetric with respect to inter
changes of identical particles. The last require
ment excludes the possibility of states of odd 
parity for a system of two 77°- mesons and leads to 
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the additional requirement [in comparison with (l) 
and (2) ] that the transitions (a) be forbidden. Thus 
the only allowed transitions with formation of two 
77°- mesons for the system of proton-antiproton 
mutually annihilating each other are the transitions 
in the spin-triplet state for which 

L; = 1 ___,. L1 = 0, L; = 2n ± 1 ___,. L1 = 2n. 

Thus in the system of a proton and an antiproton 
being mutually annihilated into two 77°- mesons 
the states with the lowest value of the orbital 
angular momentum are the states 3p and 3p . 

0 2 

This last circumstance makes the transition matrix 
element for the effect (3) in the region of small 

energies proportional to the momentum of the anti-
proton ( q ). In connection with this, the proba

bility of effect (3) turns out to be proportional to 
the square of the mon,entum of the antiproton: 

Ws_ = Asq2 I M2. 

while the cross section for the effect (3) in a non
relativistic approximation becomes proportional 
to the velocity of the antiproton (in the observer's 
system): 

At the same time, the cross sections for the ef
fects (l) and (2), which take place at low velocity 
in states with zero angular momentum ( S-wave) 
have the usual form 

crl9= Al2cl v-. 
·- • p 

The effects of the annihilation of antiprotons into 
three 77- mesons are not, generally speaking, sub
ject to any strict selection rules. However, in the 
case of annihilation into three neutral77°- mesons 

the reqmrement of the conservation of charge parity 
rv 

restricts the possible states of p - p to singlet 
states with even orbital momentum and to triplet 
states with odd orbital momentum. 

Now going over to the effects of the annihilation 
of antiprotons into an arbitrary number of 77- mesons 
we shall point out that the following effects are 
strictly forbidden. 

l. Annihilation into an even number of 77-
mesons in a singlet system with zero (total) orbi
tal angular momentum is strictly forbidden. This 
selection rule is related to the incompatibility of 

the requirements of conservation of total angular 
momentum and of space parity. In view of the fact 
that in states with zero orbital angular momentum 
the parities of the initial and final states (I rv 

N-N 
and /( 2k) 77 ) are determined by the intrinsic parities 

of the particles 3 , 

IN-N= -1, J(2R)1t = (-1)211. = + 1. 

2. Annihilation into an arbitrary number of neu
tral77- mesons 

5) p + p---+ krt0 (k = 4, 5 ... ) 

is allowed in triplet states with odd values of the 
orbital angular momentum and also in singlet 
states with even values of the orbital angular 
momentum. Since all the states of the system con
sisting only of 77°- mesons are of even charge 
parity, the initial states of the system of p - p 
annihilating each other must also be of even charge 
parity. The states of the system particle - anti
particle noted above are of just that kind (see Ref. 
4 ). The selection rule under discussion is re
sponsible for the smallness of the effect consist
ing of the annihilation of the triplet nucleon- anti
nucleon system into an arbitrary number of 77°
mesons in the nonrelativistic approximation 

crt,;_7t, = A5 V-I c. 
p 

3. The comparison of the two selection rules 
given above leads to the annihilation of the p - p 
system in the state with zero orbital angular 
momentum into an even number of neutral 77- me sons 
being forbidden. As a result of this in the non
relativistic approximation the effective cross sec
tion for the reaction 

6) p + p-> (2k) rtO (k = 2, 3, ... ) 

is equal to 

In conclusion, I wish to express my sincere 
thanks to Prof. V. L. Ginzburg for the interest 
shown in this work and for the discussion of re
sults. 
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I WE consider the scattering of two fermions 
• interacting by means of a boson field, but, in 

contrast to the usual treatment of this problem, the 
initial and final states of the pair of fermions are 
specified as states with a certain given total 
angular momentum. It turns out that this approach 
to the problem presents a nurr.ber of peculiarities. 

It is convenient to separate the motion of the 
center-of-mass from the relative motion and then to 
examine the process in the systen1 of coordinates 
in which the center-of-mass is at rest. The matrix 
element which corresponds to the simplest irreduci
ble diagram (which is the only one we shall con
sider for the sake of brevity) may be written in the 
form 

where D is the retarded interaction function, f'(i) 
is the vertex part, the matrix of which operates on 
the indices of the i th particle; k ( £, k) is the 4-
momentum of the particle in the system of coordin
ates under consideration ( k 1=-k2 = k ); a i = ± ~ 

define the spin states of the particles. We con
sider only the process of interaction which does 
not lead to the radiation or absorption of bosons 
and also the case of the absence of external fields. 
The diagrams which take into account the proper 
mass of the particles and which are not related to 
the interaction between the particles are also not 
taken into account. 

The matrix elements of interest to us in the 
energy-angular momentum space may be most con
veniently obtained from the matrix elements of type 
(1) by a suitable transformation which takes into 
account the spinor nature of the wave functions 1 

'm~~,;,x, = ~ ~ ~ ~ (dk) (dko) AJmA7,'m, M:~a~: k0 • ( 2) 
cr1 , 02 cro 0 o 1 2 

Here j and m ~~ 2the quantum numbers of the total 
angular momentum and of its component, and the 
index X characterizes the spin state of the pair 
of particles (singlet and triplet). The coefficients 

AX , for example, in the simplest case of the 
si~glet state, have the following form: 

(3) 

In the same way, one may define the coefficient 
for the triplet case which includes suitable spheri
cal vectors and the required symmetric combina
tions of spin states ( i is the energy, p is the ab
solute magnitude of the momentum of the particles 
in the energy-angular momentum space). 

By transforming in the manner indicated the 
matrix element of the zero order approximation to 
(l) (Moller scattering), for example for the transi
tion singlet .... singlet (X = x0 = s ), we obtain an 

expression of the form 

e2A (e:) 0; (~) 13jj,l3mm,• 

where the form of the function A ( £ ), which arises 
as a result of the summation in (2) [similar to (6), 
see below] depends on the explicit form of the 
interaction and on the kind of Bose particles, but 
does not depend on j and m. The argument of Q i 
(Legendre function of the second kind) is the 

quantity /'1. = 1 + p. 2/ 2p 2 where p =I k I is the 
absolute magnitude of the momentum of the parti
cles, and p. is the mass of the boson responsible 
for the interaction. 

In the case of electrodynamics the integration in 
(2) cannot be carried out formally (if one considers 
the particles in the initial and final states to be 
free) since Q i (l) diverges. For bound states 
k 2 =I= m 2 and the function /'1. will contain the bind
ing energy of the particles. 

For large j >>I we have 

Therefore, for not too large initial energies 


