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The arguments in favor of the existence of heavy neutral pseudoscalar mesons with isotopic 
spin zero are discussed. A number of experiments are proposed by means of which it might 
be possible to settle the question of the existence of such mesons. 

l. As has previously been pointed out, [1•2] in the 
framework of the Sakata model there can exist be
sides the known pseudoscalar mesons 71' and K 
two further pseudoscalar mesons* a 1 and a2• Out 
of the nine different charge states of the system 
baryon + antibaryon three states ( pp, iin, AA) 
have identical quantum numbers and can make 
transitions to each other. From the diagonali
zation of these states there arise three other 
states, one with unit isotopic spin, 

rtO = (pp- nn)f¥2, 
and two others with zero isotopic spin, 

a1 = {rx(pp + nn)/JI2 + ~AA}, 
a2 = {~ (pp + nn)/JI2 -rxAA}. 

Because of the orthonormality of the states a 1 and 
a2 the constants a and {3 satisfy the relation 
a 2 + {32 = 1. These coefficients are determined by 
the properties of the strong interaction between 
the three baryons p, n, A. As has been shown in 
a number of papers, [4- 8] if the strong interactions 
of these baryons were identical (as they are, for 
example; in the model of universal vector interac
tions [9- 11]), the Sakata model would possess an 
additional symmetry, which bears the name of 
unitary symmetry. In the framework of unitary 
symmetry the nine mesons break up into an octet 
and a singlet, and the mesons occurring in the 
octet (11', K, a 1 ) must have equal masses; the 
mass of the ninth meson ( a 2 ) must in general be 
different, and may be much larger. The values of 
the coefficients that correspond to unitary symme
try are {3 = <%).112, a=- <%> 112• The amount of 
deviation from unitary symmetry in nature can be 
characterized by the mass difference of the K and 
71' mesons ("' 350 Mev). This gives us reason to 

*In[1 • 2] these mesons were denoted by p~ and p~. Recently, 
however, the letter p is used in the literature to denote vec
tor mesons. We do not use the notation rr00 , since it refers 
to a hypothetical a~ meson with a mass equal to that of the 
rr meson. [s] 

suppose that the mass of the a~ meson can scarcely 
exceed 1 Bev. At present we have no definite argu
ments about the mass of the a~ meson. 

Considerations connected with unitary symme
try make the problem of looking for and discover
ing the a meson a matter of great present inter
est.* In this connection we shall make a number 
of remarks about the possible properties of this 
particle. 

2. The possible decays of the a meson have 
been considered in the greatest detail by Zel'do
vich [14] ( cf. also [2]). The rapid decay a----. 271' 
is forbidden by parity conservation; the rapid de
cay a ----. 371' is forbidden by the conservation of 
G-parity (the G-parity of a is positive, and that 
of 71' is negative ) ; and the decay a ----. 471' must be 
improbable, since the 71' mesons are produced in 
states with high orbital angular momenta. 

The decays into five and seven 71' mesons must 
be forbidden on account of the G-parity. Just like 
the decay a- 471', the decays into six and eight 71' 
mesons will involve high orbital angular momenta, 
and owing to the smallness of the phase volume 
these decays cannot compete with a----. 471'. The 
high orbital angular momenta in the decay a- 471' 
are due to the fact that a pseudoscalar configura
tion of the four 71' mesons arises. The following 
471' decays are possible: 

a __.. 2n+ + 2rc-, 

The matrix element for the decay into 21!"+ + 271'
is of the form 

M = (L/fl}7 Eaf3y&PlaP213PsYP4s (pl- P2)..,. (Ps- p,)..,. <Jl1<Jl2<Jls<Jl4<Jla, 

where J.l. is the mass of the 71' meson, L is a 
dimensionless quantity, p1 and p2 are the four-

*Recently, on the basis of ideas about an eightfold sym
metry, Gell-Mann[12] has concluded that the a~ meson may ex
ist; he calls this particle )(0 • The conclusion that such a 
meson may exist has also been reached by V. M. Shekhter[u] 
on the basis of an analysis of the symmetries of the strong 
interactions. 

1385 



1386 I. Yu. KOBZAREV and L. B. OKUN' 

momenta of the 1r+ mesons, p3 and p4 those of 
the 71"- mesons, and the cp's are wave functions. 
The expression for M is symmetrical under the 
interchanges 1 - 2 and 3 - 4. 

In the language of orbital angular momenta the 
expression for M corresponds to l' = l" = 2, 
l = 1, where l' and l" are the orbital angular 
momenta of the 1r+ and 71"- pairs, and l is the 
orbital angular momentum of the relative motion 
of these pairs. For l = l' = l" = 0 the quantity 
L/~-t would be of the order of the effective dimen
sions of the region of strong interaction, i.e., 
L ~ 1. For l' = l" = 2, l = 1, this quantity will 
be much smaller because of the centrifugal bar
rier [L 7 ~ (5!!)- 2 (3!!)- 1 ~ 10- 2-10- 3 ]. The 
decay into 21r0 + 1r+ + 1r- is described by an analo
gous matrix element. Because of the complete 
symmetry of the system 471"0, the decay a - 471"0 

contains still higher orbital angular momenta. 
As V. I. Ogievetskii has shown (private commu
nication), the matrix element for this decay is 
proportional to 

fl-nea~y~PlaP2~PaYP45 (pl - P2)~'- (Pa - P4)1'-

X (pl - Pa)v (p2 - P4)v (pl - P4)P (p2 - Pa)p <p1<p2<pa<p4(jla· 

Therefore the decay to 471"0 can be neglected in 
comparison with the other 471" decays. Calculating 
from M the probability of the decay a- 271"+ + 271"-, 
one easily gets 

where 6. = ma- 4~-t and the formula holds for val
ues 6. ~ IJ.. In spite of the rapid rise of the proba
bility with increase of ma (for ma » 4~-t we have 
w ~ m~5 ), one could think from the smallness of 
the coefficient in the 471" decay and from the for
mula for the probability of the decay a- 271" + y 
(see below) that the decay into 471" could be im
portant only for ma ~ 1 Bev. Beginning at ma 
= 2mK + IJ., however, the following fast decays 
are allowed: 

a -> x+ + x- + n°, 

a-x++ i(O + n-, 

a - Ko + Ko + no, 

a - x- + K0 + n+. 

The decay a- K0 + K0 + 1r0 is particularly inter
esting. Because of the conservation of charge 
parity this decay must go either by the channel 
2K~ + 1r0 or by the channel 2K~ + 1r0, and the chan
nel K~ + K~ + 1r0 must be forbidden. Thus pair 
production of K~ mesons must occur in the ex
periment. For small 6. ( 6. = ma- 2mK -11-) the 
probability of this decay is given by 

(L ~ 1). 

3. Let us now turn to decays that involve the 
electromagnetic interaction. Conservation of 
charge parity forbids the decay a - 1r0 + y (this 
decay is also forbidden as a 0-0 transition, 
cf. [14]), and the decays 

are forbidden in second order in the electromag
netic interaction. The decays 

a- 2y 

are allowed. Because of gauge invariance the 
probability of the second of these decays must 
increase as m~ with increase of the mass of the 
a meson. We can take as an approximate formula 

W~y = w;~ (malfl) 3 • 

Assuming T 11"0 = 10-16 sec, we see that wry~ 100 ev 
for ma = 21J.. In spite of its small width, however, 
as Ohnuki has remarked, [4] this decay would be the 
main one for ma ~ 2~-t. For larger values of the 
mass ma, as Zel 'dovich has emphasized, [14] the 
predominant decay is 

a - n+ + n- + y. 

The matrix element of this decay is of the form 

eL 3fl-3 A;kkPllP2mCiklm<jll<p2<pa, 

where e is the electric charge ( e 2 = a = %37 ); 

L is a dimensionless quantity ~ 1; and k, p1, p2 

are the respective four-momenta of the photon, 
the 1r+ meson, and the 1r- meson. 

The decay probability calculated with this ma
trix element is 

w ~ w-7aL6 (malflY 11 

for ma » 2p.. The spectrum of the photons is of 
the form 

n (w) dw ~ w3 (m~- 2maw- 4fl2)'1• (m!- 2maw)-'1•dw. 

The heavier of the a mesons ( a2 ) can have in 
addition to these decays the decay a~ -a~ + 271", 
provided that mag > ma~ + 2p.. 

4. Let us now consider possible ways of detect
ing a mesons, in the light of the existing experi
mental data. In the range 0 < ma < 1. 8 p. a search 
for a0 in the reaction d + d - He4 + a0, which was 
made in Berkeley, [is] gave for the cross section 
for production of a~ the value a < 7 x 10-32 cm2 

for ma = p., and a< 0.2 x 10-32 cm2 for ma = 1.8 p. 
An experiment made with the accelerator in Fra
scati[16] gave da/dD < 6 x 10-32 cm2/sr for the 
cross section of the reaction y + p - a + p for a 
range of a-meson masses at about 3.5 p.. Experi-
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ments in DubnaC17J have not revealed any features 
associated with the production of a mesons in the 
range of masses 270 Mev:::; ma:::; 400 Mev. 

Moreover, there are the following arguments 
against the existence of a a meson with a mass 
much less than that of the K meson. Such a meson 
would occur in decays K+ - a + 1T+ if ma < 350 
Mev. The production of a mesons which decay 
through the channel a - 2y would increase the 
fraction of the energy carried away by neutral 
particles in the annihilation of antiprotons (in 
comparison with the experimentally measured 
value of %>. [i8] There are some possible indi
cations against the existence of a a meson with 
the decay a - 2y in the data from the analysis of 
annihilation stars for "lost mass." [is] 

At present there are no experimental data con
tradicting the existence of a a meson with mass 
larger than that of the K meson and with the de
cay a0 - 1T+ + 1T- + y. A search for this meson 
can be made either by trying to observe the hard 
photons arising in its decay or by analyzing reac
tions for its production (experiments of the types 
of [16,1 7,19]). A reaction convenient for kinemat
ical analysis is 

K- + p ~ AO + a0 • 

~ ~ 
p+:rc n++n-+r 

Because of the uncertainty of the theoretical esti
mates, for a a-meson mass near 1 Bev we cannot 
regard the decay a - 41T as excluded. The exist
ence of this decay is, however, improbable. The 
existence of a a meson with such a decay could 
be detected if one were to measure the quantity 
M2 = ( E1 + E2 + E3 + E4 ) 2 - (p1 + p2 + p3 + p4 )2 in 
reactions in which 21T+ + 21T- are produced (the 
E's and p's are the energies and momenta of 
these mesons ) . 

For a sufficiently large mass of the a meson 
one could look for it in the decay a- 2K + 1T, by 
studying the kinematical distribution of K mesons 
(in particular pairs of K~ mesons ) in reactions 
at high energies. For a pair of K mesons pro
duced in the decay of a a meson the energy of the 
pair in its center-of-mass system must lie in the 
range 2mK < E2K <ma-p.. 

In conclusion it must be emphasized that if it 
should be shown experimentally that a mesons 
do not exist, this would mean that in nature uni
tary symmetry is catastrophically violated. 

The authors are grateful to S. M. Bilen'kii, 
V. N. Gribov, V. I. Ogievetskii, M. I. Podgoretskii, 
I. Ya. Pomeranchuk, B. M. Pontecorvo, R. M. Ryn
din, and K. A. Ter-Martirosyan for interesting dis
cussions. 
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