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A barospin is introduced, the third component of which is equal to half the baryon charge. It 
is assumed that strong interactions are approximately invariant against rotations in baro­
spin space, that is, degeneracy in the baryon charge takes place. In particular, invariance 
against rotation by 180° about a second axis in barospace leads to conservation of A-parity 
and 'Y5R-invariance of strong interactions. The latter makes it possible to explain the 
smallness of the electrical form factor of the neutron with a magnetic form factor of the 
same order as that of the proton. The extension of baroinvariance to weak interactions leads 
to the result that for lepton decays the vector hadron current should be a component of the 
F-octet while the axial current should belong to the D-octet. Good agreement with experiment 
can be obtained also for hadron decays. Here, however, it is necessary to forego the uni­
versality of the lepton and the non-lepton weak interactions. Baroinvariance leads to the ap­
pearance of resonances or even long-lived hadrons with fully defined quantum numbers in 
many-baryon systems. In particular, in a two-baryon system there should exist a pseudo­
scalar octet. 

1. INTRODUCTION 

THE success of the unitary symmetry hypothesis 
has served as a stimulus for numerous attempts 
to find an even broader symmetry of strong inter­
actions. In most such attempts one either as­
sumes the existence of a new additive quantum 
number (see, for example, the review [1] ), or de­
generacy is postulated with respect to unitary­
charge and space-spin variables of strong inter­
actions.c2•3J In the present paper we discuss still 
another possibility of extending unitary symmetry. 

In addition to the charge and strangeness, the 
degeneracy in which leads to unitary symmetry, 
only one conserving additive quantum number is 
known-the baryon charge. In the universally ac­
cepted scheme, conservation of the electric charge 
Q and of the baryon charge B are treated differ­
ently. The conservation of Q is related with the 
isotopic invariance and conservation of the third 
projection of isotopic spin T3, whereas B is an 
isolated quantum number, connected with group 
U1, for which the generator is a unit operator. In 
this paper, however, we shall attempt to regard 
the conservation of B and Q (more accurately of 
B and T3 ) 1 ) in similar fashion, introducing, in 

l)The symmetry, the starting point of which is the analogy 
between Band Q was considered by Schwinger.[•] Lipkin[s] 
proposed hadron systematics based in particular on the simi­
larity between B and the hypercharge Y. 

analogy with the isotopic spin, a certain "baro­
spin" such that its projection on the third axis in 
"barospace", b3, is connected with the baryon 
charge by the equation 

ba = B I 2. 

We further assume that the barospin is con­
served, that is, "baroinvariance" holds true. 
This means that to sufficiently good approxima­
tion, strong interactions are degenerate in b3, 

that is, in the baryon charge, and that certain 
states with different values of B, for example 
with B = 0 and B = ±2, should have analogous 
properties. On the other hand, such states have 
masses that differ by an amount of the order of 

(1) 

2 Be VI c2. It is therefore clear that baroinvari­
ance is admissible only to the extent to which the 
baryon mass can be regarded as a small quantity. 

At first glance such an approximation seems 
impossible, but even within the framework of 
unitary symmetry, the mass difference within a 
single unitary multiplet is assumed to be a small 
quantity, even though it reaches values on the 
order of 0.4-0.5 BeV /c2. If we treat the success 
of unitary symmetry as a consequence of the fact 
that distances that are characteristic of "very 
strong interaction" are of the order of :::_ 1/10 mN 
then the approximate baroinvariance can also take 
place. It can be noted, on the other hand, that the 
approximation wherein baryons have zero mass 
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does not of necessity lead to baroinvariance. In a 
paper by Gell-Mann, [6] for example, the SU3 0 SU3 
symmetry is considered which can take place in 
the same approximation. 

From the hypothesis concerning the degeneracy 
of strong interactions with respect to the baryon 
charge, follow several experimental consequences. 
Some of them can be checked in future experi­
ments; others are in good agreement with the al­
ready available data. In particular, baroinvariance 
leads in natural fashion to conservation of 
A -parity, [7] which is an eigenvalue of the operator 
of rotation by 180° about the second axis in baro­
space. From invariance against such a transfor­
mation follows further r 5R invariance, which also 
explains several experimental facts (the difference 
from [6] lies, in particular, in the fact that in the 
latter paper there is not '}' 5R but y 5 invariance). 
Conservation of A-parity and y 5R invariance can, 
of course, take place also in the absence of baro­
invariance, but the barosymmetrical theory ap­
pears to be more consistent. 

Our exposition will be built up as follows. In 
Sec. 2 we give a definition of barospin and discuss 
the properties of baroscalar and barovector cur­
rents. In Sec. 3 we show that from baroinvariance 
follows conservation of A -parity and (fiR invari­
ance. Sections 4 and 5 are devoted to clas sifica­
tion with respect to barospin and A-parity of the 
known mesons and meson resonances. In Sec. 6 
are discussed questions of resonances in many­
baryon systems. Sections 7-10 are devoted to an 
extension of baroinvariance (more accurately, 
y5R invariance) to include electromagnetic and 
weak interactions. In Sec. 7 it is shown that y 5R 
invariance explains the smallness of electric 
form factor of the neutron along with the fact that 
the magnetic moments and the form factors of the 
neutron and proton are of the same order of mag­
nitude. In Sec. 8 are discussed lepton, in Sec. 9 
hadron, and in Sec. 10 photon decays of hyperons 
and mesons. In Sec. 11 we summarize the experi­
mental situation. 

2. BAROSPIN 

In accordance with (1), we shall assume that 
the baryons and antibaryons are components of 
the barospinor (b =% ). Denoting such a baro­
spinor by >It, we write it in the form 

':1'=(':1'1)=( B ) ':1'2 vsCJJ . 
(2) 

In (2) B denotes an octet of baryons, which from 
the point of view of unitary spin, can be written in 

the form of a 3 x 3 matrix (the signs are chosen 
such that the isospinor is made up of 2:0 and z- ) : 

A+ }13~0 
:E+ 

}16 ' p 

B= :E- A- }13t0 (3) 
' Y6 

n 

-s-, QO - Y2/aA ~, 

It is implied that 

('J'i)i" = Ei,, (':1'2) ;, = vsCJJi, = vsCB";. (4) 

According to (4), >It1 and >~t 2 have identical 
unitary properties, otherwise the transformations 
of the barospin and of the unitary symmetry would 
not commute with each other. The presence of 
such commutation denotes now that we deal with a 
group SU3 0 SU2. From (4) it follows that in baro­
rota~ons the operators p and z-, ~ + and ~-, A 
and A, etc. are transformed one into another. 
Introduction in >It2 of the factor y 5 is due to 
several causes: primarily this is the requirement 
that the transformation commute with the charge­
conjugation operation. With this 'l'1 and 'l'2 have 
the same space parity. 

We now proceed to the question of the proper­
ties of baryon currents. From >It 1 and >It2 we can 
construct in the usual fashion the barovector 
( b = 1 ) with components 

bs = 1: 'I'1W'I'1, 

bs = -1: 

and the baroscalar (b = b3 = 0 ): 

('¥2W'V1- 'I'1W'I'2) I )'2. 

(5) 

Here W denotes an operator acting on the spin and 
unitary variables. 

Equations (5) can be written in a different form 
by introducing the Pauli matrices {3 ({:31, {:3 2, {:33 ), 
which act in barospin space. Then the expressions 

(6) 

for the barovectors and baroscalars are valid. 
If the expression 'l'2W>It 1 is written in the more 

usual form BOUB, where 0 is the spin operator 
( S, P, T, V, A) and U is the unitary operator 
which produces from the two octets the multiplets 
1, 8d. sf. 10, 10*, and 27, then it follows from the 
equality >It 2 W>~t 1 = BOUB that 

W = -C-1ysOU. (7) 

Inasmuch as 'll is a fermion state, >It 1 and >It 2 
anticommute with each other. Therefore when 
b = 1, W should be antisymmetrical, and for 
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Table I. Allowed currents axis in barospace: 

Variant 

S, P, V 
A, T 

81, 10, 10 * 
1. sd. 21 

b = 0 symmetrical. In other words, when b = 0 
the symmetry of the spin operator c- 1 y 5 and of 
the unitary operator U should be the same, and 
when b = 1 it should be different. Thus, for speci­
fied b and 0, only some unitary multiplets are 
allowed. The allowed multiplets are listed in 
Table I. 

It follows from Table I, in particular, that the 
mass term in the Hamiltonian, which is a scalar 
( s) and which is represented within the su3 
framework by the singlet (1), must have b = 1, 
that is, it transforms like the third component of 
a barovector. This means that the barosymmetry 
can be valid only in an approximation in which the 
baryon mass can be set equal to zero in accord­
ance with the arguments presented in Section 1. 
The presence of a mass term which behaves like 
b3 violates the baroinvariance, and because of it 
the masses of '111 and '11 2 must have opposite 
signs. Here, of course, the real states of the 
bary~ns [ B~ = ( '11 1 )k] and antibaryons [ ( Bk )C 

= CBk = Ys ('112 )fl have masses of equal sign. 

As to the vector ( V) currents in Table I, Sf 
represents currents whose conservation is con­
nected with unitary symmetry and which have 
b = 0, that is, they do not change under barotrans­
formation. At the same time, the barovector 
current, the conservation of which leads to baro­
symmetry, is a unitary singlet. The integrals of 
the fourth components of these currents are gen­
erators of transformations of the group su3 0 su2. 
Introduction of the mass term causes only one of 
the three components of the unitary-singlet baro­
vector current to be conserved, namely the one 
for which b3 = 0. The situation here is perfectly 
analogous to isotopic invariance which is violated 
by an electromagnetic interaction which con­
serves only T3. 

3. y5R INVARIANCE 

The results of the preceding section can be 
formulated in somewhat different form, bb intro­
ducing the operation of R-transformation. 8] We 
shall show, first, that baroinvariance implies 
y 5R in variance. To this end we consider the op­
eration of rotation through 180° about the second 

(8) 

It is easy to see that states with b3 = 0, for exam­
ple mesons, are eigenstates of the operator (8) 
with eigenvalues 

A= (-f)b. (9) 

The conservation of the quantum number A, the 
so called A-parity, was noted first by Bronzan and 
Low. [7] In our language it is a particular case of 
baroinvariance. A discussion of systems with 
b3 = 0 will be continued in the next two sections. 

For the barospinor (2), the operation (8) trans-
forms 'It into 

(10) 

where {32 is the second Pauli matrix in barospace. 
Expression (10) is equivalent to the transform a­
tion 

.A: (11) 

Together with the charge-conjugation operation, 
under which 

c: 
(11) leads to 

CA: 

The transformation (13) has obviously the 
meaning of a direct product of operations of f's 
conjugation 

and R-conjugation [8] 

We have shown by the same token that for 
barospinors, that is also for arbitrary other 
barotensors 

(12) 

(13) 

(14) 

(15) 

(16) 

and that as a consequence of baroinvariance, we 
should also get /'sR invariance. 

The experimental data argue against R invari­
ance of strong interactions, as a result of which 
the mafs:etic moment of the neutron should 
vanish, S] and along with the 10-multiplet there 
should exist a 10 *-multiplet of isobars with J P 
= % +. These two difficulties are eliminated in the 
framework of y 5R invariance, where the multiplet 
10* should break up into a meson and an unphysical 
state, differing from a baryon by a y 5 transfor-
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mation (in the meson plus baryon system, such a 
multiplet, generally speaking, is missing), and 
where the magnetic moment of the neutron differs 
from zero (the latter question will be discussed 
in greater detail in Sec. 7). We shall therefore 
assume from now on that the strong interaction is 
/'sR invariant, but does not have properties of '}' 5 

or R in variance separately. An example of such 
interaction can be the expression 

8 

2J Sp ('Yy~'Y) Sp ('Yy~A.r'Y + 'Yy~'Yf..r) 
r=l (17) 

X Sp (o/yA.r'Y- 'Yy'YAr), 

where y = if32c- 1 '}'5, as in (6), {3 ({31, {32, {33) are 
the Pauli matrices for the barospin, A.r are the 
matrices of the unitary spin, and the trace is 
taken over the unitary indices. The first and 
second factors in (17) are barovectors, and the 
third is a baroscalar. At the same time, the first 
factor is a unitary singlet, and the second and 
third are the octets 8d and Sf. 

It must be emphasized that although barosym­
metry implies invariance against A-transformation 
and '}'5R-transformation, the inverse statement 
would be incorrect. An example of '}'5R-invariant 
but not barosymmetrical interaction can be ex­
pression (17) in which all the vectors {3 are re­
placed by {3 3• For states with b3 = 0, however, 
the consequences of both transformations coin­
cide. We shall henceforth deal (with the exception 
of Sec. 6) precisely with such systems. There­
fore for most applications it is sufficient to use the 
assumption of '}'5R invariance of the strong inter­
actions, without introducing the barospin. From 
our point of view, nevertheless, the baroinvariant 
theory is more consistent. The solution of the 
question of the presence of barosymmetry can be 
obtained by investigating systems with b3 ~ 0. 

Using (16), we can now write the results of 
Table I in a somewhat different form. To this end 
we introduce three sign multipliers Tic• 175, and 
11u• defined in the following fashion: 

C-10C = T)cOT, - y50y5 = 1)50, 

It is easy to see that 

T)c = { +.1 
-1 

(S, P, A), 
(V,T), 

T)u= {+1 
-1 

T)5 = { + 1 
-1 

1, 8d, 27, 
8t. 10, 10*. 

V, A, 
S, P, T, 

(19) 

We now apply relation (16) to the current 
(BOUB). Inasmuch as this expression has b3 = 0, 

it is an eigenstate of the operator (8) with eigen­
value (9). Therefore relation (16) can be written 
in the form 

(20) 

Equation (20) is equivalent to Table I. 

4. PSEUDOSCALAR AND VECTOR MESONS 

Meson states have a zero baryon charge, that 
is, b3 = 0. They should have an integer barospin. 
Confining ourselves to states with b = 0 and 
b = 1, which can interact with baryon currents, 
we ascribe to the known pseudoscalar and vector 
mesons the barospin values listed in Table II. 

The grounds for this are as follows. 
1. Within the framework of barosymmetry, the 

baryon mass is assumed to be a small quantity. 
It is therefore reasonable to neglect also the 
meson mass. The vector fields and the correspond­
ing mesons are then naturally related to the con­
serving currents in the sense of Yang and Mills[1oJ 
and Sakurai [11]. Then, as already noted, for the 
vector octet b = 0 and for the singlet b = 1. In 
the latter case there should exist also vector 
hadrons with b3 = ±1, i.e., with baryon charge 
B = ±2. We shall return to the question of states 
of this kind in Sec. 6. 

It must be noted that, according to (9), the vec­
tor octet now has A = + 1 and the singlet has 
A= -1. It is precisely these values of A-parity 
which were ascribed to vector mesons by Bronzan 
and Low [ 7] on the basis of phenomenological con­
siderations. 

2. It is natural to ascribe to the pseudoscalar 
octet b = 1 for two reasons. First, the pseudo­
scalar mesons interact with the baryons more 
readily via D-coupling which is in better agree­
ment with experiment, than F-coupling.C8•12 •13] 

According to Table 1, this leads to b = 1. Second, 
it is precisely when b = 1 that the pseudoscalar 
mesons have a correct (negative) value of A­
parity. 

As noted by Bronzan and Low [7], conservation 
of A-parity forbids the following decays [for the 

Table II. Pseudoscalar and vector mesons 

. ~ 1· Unitary multiplet (the J 
corresponding baryon 

JP Mesons current is in the ( 
parentheses) 

n, TJ, K 
1C 

p, cp, K • 
(I) 

8 (8d) 
1 (-) 
8 (8,) 
1 (1) 

1 -1 
0 +1 
0 +1 
1 -1 
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gamma quantum b = 0, that is, A= +1 (see Sec. 
7)]: 

<p--+ p + :n, <p--+ 3:n, TJ --+ 2v TJ --+ :n+ + l'c + v; 
(21) 

K* --+ K + 2:rt, K* --+ K + y, 

whereas the decays 

p--+ 2:n, K*--+ K + :rt, ro --+ :n+ + :n- + :rto, ro--+ :rto + V 

are allowed. In experiment, the decays (21) are 
actually suppressed in one degree or another. 
Consequently, in this respect baroinvariance 
agrees with experiment. 

An additional check on A-parity conservation 
can be the experimental confirmation of the in­
equalities [7]: 

r(ro--+ e+ +e-) I f(<p--+ e+ +e-)~ 1, 
r(p--+:rt + v) lf(ro--+:n° + v) ~1, 

r (<po--+ :no(TJ) + v) I r(ro--+ :no(TJ) + v) ~ 1, 
r(K* --+K + v) I r(ro--+:n° + v) ~1. 

(22) 

3. In Table II the value b = 0, and consequently 
a positive A-parity, is ascribed to the pseudoscalar 
singlet x [resonance in the system 1)27f or "}'27f 
with m = ( 957.5 ± 1.5) MeV /c2 and 
r ~ 4 Me y[ 14 16 ] ]. In this case the decay X - 7r7f1J 
is forbidden while x - 1T7f"}' is allowed. This ex­
plains the following two experimental facts: ap­
proximately the same order of magnitude of the 
probabilities of both decays of x. although only 
the probability of the photon decay contains the 
small factor a = 1/137 [in experiments 
r(x- 7f+7f-"Y)/rx = 0.22 ± o.o4C14JJ, and the 
small resonance width. In the table compiled by 
Rosenfeld et al. [!7] it is also assumed that 
Ax = +1. We note, finally, that when b = 0 the 
pseudoscalar singlet cannot interact with the 
baryon current. Such an interaction can take 
place in the case when x is a member of a new 
pseudoscalar octet. 

To conclude this section, let us discuss the 
w-cp mixing. In order to explain the absence of 
decays cp - p + 7f and cp - 37f, we should as­
cribe to cp a definite value of b or of A-parity 
(b = 0, A= +1 ). The latter is possible only if the 
w-cp mixing is small and can be ignored. On the 
other hand, it is known that for the vector octet 
the Gell-Mann-Okubo relation is not satisfied. 
This fact is customarily attributed to the presence 
of mixing.C1aJ In the absence of the latter, it be­
comes necessary to assume that the unitary mass 
formula is not a sufficiently good approximation, at 
any rate for mesons. It must be noted in this con­
nection that the degree of agreement of such a 
formula with experiment is at present more 
mystical than a result of theoretical principles. 

In addition, the assumption that nonsatisfaction of 
the Gell-Mann-Okubo relation for the vector 
octet is connected with the w-cp mixing remains 
so far unconfirmed, inasmuch as the known ex­
perimental data suffice only for the determination 
of the mixing parameters. 

Experimental evidence in favor of the presence 
or absence of w-cp mixing can be obtained by 
studying the decay K * - K + 27f. If such mixing 
does take place, then, by knowing its parameters, 
and also the probabilities of the decays cp - 37f 
and w - 37f, we can calculate with the aid of the 
unitary symmetry relations the probability of the 
decay K*- K + 27f. Such a calculation was made 
by Geshkenbel:n and Ioffe. [ 19] It turned out that in 
the presence of mixing 

1;==f(K*--+K+2:n)lr(K*--+K+:n) ~0.1%. (23) 

On the other hand, if baroinvariance takes place, 
or if at least A-parity is conserved, then the de­
cay K*- K + 27f is forbidden. We should expect 
here a much lower value for ~, since in (23) the 
probability of such a decay contained no small 
parameters. An experimental verification of (23) 
will probably become possible in the nearest 
future. At the present time, according to [17], 

~ ~ 0 .2%. A direct verification of the mixing hy­
pothesis would also be a determination of the 
quantity r( w- e+e- )/r ( cp- e +e-). In the 
presence of w-cp mixing, this ratio should be 
~ mw/2mcp = 0.4, whereas for A-parity conserva­
tion it should be much smaller. 

5. NEW MESONS 

Recently there have been many communications 
on hadrons that decay into vector and pseudo­
scalar mesons. Experimental data, taken from 
the table in [17] and from the review papers at the 
Dubna confe renee, [20 • 21] are listed in Table III. 

The existence of such hadrons, with the possi­
ble exception of A1 and A2, can hardly be regarded 
as finally established. Nonetheless, it is of inter­
est, takingthe existence of the resonances of 
Table III on faith, to present their systematics 
with respect to unitary spin and barospin. 

1. So long as w is a unitary singlet with 
b = 1, the resonance B should enter in the unitary 
octet with b = 0 or 2 (A= +1 ).[22 •23] To this 
octet there should belong also the isosinglet and 
isospinor resonances which decay most likely 
into w + 1J and w + K. 

2. The system p1r has A = -1, whereas for 
KK or 1)7f we have A = +1. It follows, therefore, 
that either part of the decays of A2 proceeds with 
non-conservation of barospin and A-parity (this 
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Table III. Resonance states of vector and pseudovector mesons 

Mass. Width· 
Most 

D esigna- TG probable 
tion MeV;c• MeV JP 

B 1215±18 122±7 1+ 1+ or 2-
A1 1080±10 100 1- 1+ or 2-
Az 1310±15 90 1- 2+ 

H 975±15 120 o- 1-
E 1415±15 70 o- 1-
c 1215±15 60±10 1/2 or 3/z 1+ or 2-

K:n::n:) 1270±20 60±20 a;z 

is more likely to pertain to the decays A2 - K 
+ K and A2 - Yl + 1r, where for the same or even 
larger phase volume the probability is smaller 
than for A2 - p + 1r; in this case A2 has b = 1 
and A= -1 ), or else one observes in fact near 
1300 MeV /c2 not one but two resonances with 
zero strangeness. 

3. All the remaining hadrons in Table III de­
cay into a vector meson with b = 0 and a pseudo­
scalar meson with b = 0. If their decays occur 
with barospin conservation (an argument in favor 
of this assumption are the sufficiently large 
widths), then all have b = 1 (A= -1 ). 

4. The latest experimental data [24] agree best 
of all with E-resonance quantum numbers JPG 
= 1--, the same as for w and cp. It is difficult to 
understand here, however, why there are no de­
cays E - p + 1r or E - K + K. We prefer to 
assume that E has quantum numbers 1 + + or 2- +. 

In this case it is natural to attempt to unify A, E, 
and C in a unitary octet, ascribing to them all 
identical JP and putting Tc = %. The mass 
formula assigns to me a value ~1340 MeV/c2, 

which does not agree with experiment, but the 
same formula is poorly applicable also to the 
octet of vector mesons. At the same time the 
octet hypothesis prescribes (for Jp = 1 +,'when 
the system V + P is in an s-state and the matrix 
element of the decay can be assumed to be a con­
stant), a ratio of widths 

r(A1-+ pn) : r(E-+ ICK + K.K•) : r(c -+ICn) 

= 2.6:2:1, 

which is in sufficiently good agreement with the 
experimental data in Table III. 

5. As to the resonance in the K*rr or Kp 
system with T = %. if it actually exists, then it 
should enter in a unitary multiplet 10 or 27 with 
b = 1, A= -1. 

Decay 
Relative 
probabil- Unitary 

channels ity per- b multiplet 

cent 

w:n: -100 0 or 2 8 
p:n: -100 1 8 
p:n: -60 1 ? 
KK -20 

1'):rt -20 
p:n: -100 1 ? 

K*K+KK* -100 1 8 
K*:n: -50 1 8 

Kp -50 
K*:n: -75 1 10* or 27 
Kp -25 -

6. STATES WITH b3 ,; 0 

Baroinvariance requires that states with dif­
ferent baryon charges have analogous properties. 
In particular, hadrons with b = 1 should exist not 
only as mesons (b3 = 0 ), but also in the state with 
b3 = 1, that is, in a two-baryon system. Accord­
ing to Table II, for example, in such a system one 
should observe a vector singlet and a pseudoscalar 
octet. The singlet should have a strangeness 
S = -2; the terms of the octet can be obtained in 
systems with S = -1, -2, and -3. The same 
remark holds true also for the more problematic 
states with b = 1, discussed in the preceding sec­
tion. The existence or absence of the indicated 
hadrons in the two-baryon system would be de­
cisive evidence in favor or against baroinvariance. 

There are two communications concerning 
resonant-type phenomena in a two-baryon system 
with Y = 1, i.e., S = -1. Piroque[25J reports a 
resonance with m ~ 2.36 BeV/c2• Sechi-Zorn et 
al [26] found a peak in the Ap-scattering cross 
section near threshold at m = 2.063 BeV/c 2 (how­
ever, Alexander et alC 27J observed no such peak). 
It would apparently be premature to regard these 
resonances as reliable. 

As to the deuteron and the singlet resonance in 
nucleon -nucleon scattering, both states have 
Y = 2 and can enter only in unitary multiplets 10 * 
(deuteron) and 27 (singlet). Many authors (see 
for example,C28 •29J) discussed the question of ' 
other members of such multiplets. From the 
point of view of barosymmetry, one should also 
presume the existence of corresponding meson 
resonances, formin~ the 10 and 10* multiplet (the 
so called icosuplet 301 with Jp = 1 + and the 2 7 
multiplet with JP = o+. On the other hand, both 
for the deuteron and for the singlet, an important 
part is played by nucleon-nucleon interactions at 
large distances, where the contribution of the 
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interaction that breaks unitary symmetry can 
hardly be regarded small. If indeed such an in­
teraction leads to the formation of a deuteron and 
a singlet, the search for their unitary and baro­
spin analogs becomes meaningless. The same 
holds true also for nuclei with higher b3• Evi­
dence in favor of this point of view is the well­
known fact that both for ordinary nuclei and for 
hypernuclei the binding energy is small, although 
the masses of the nucleon and of the A hyperon 
differ quite strongly. We therefore assume that 
the nuclei and the hypernuclei (and also the near­
threshold resonances of the singlet type in NN 
scattering) are produced as a rule as a result of 
non-baryon-invariant interaction, and do not enter 
in the baromultiplets. 

We now proceed to the three-baryon system. 
Numerous resonances in the system baryon + 
pseudoscalar meson, for which b3 = 1/ 2, can have 
a barospin which is either b = % or b = %. In the 
latter case·, one should observe in the three­
baryon system, where b3 = %. their analogs (say, 
a decuplet with Jp = % + ). Observation of such 
states, however, is made difficult by the fact that 
they should have a large negative strangeness. 
For isobars with b = %. the decay into a baryon 
and vector meson (other than w) is forbidden, 
even if such a decay is allowed by energy conser­
vation or is virtual. 

In the lowest approximation in the interactions 
that break the baroinvariance and unitary sym­
metry (the latter is assumed to be a component of 
a unitary octet), we can write the generalized 
formula of Gell-Mann-Okubo for the hadron 
masses inside the SU3 ® SU2 multiplet. In the 
case of fermions 

M = IB{a + d[T(T + 1)- Y2 I 4]} + cYI. (24) 

Here B = 2b3 as the baryon charge; the constants 
a, d, and c are specific for the given su3 ® su2 
multiplet. For bosons, whose mass can in princi­
ple differ from 0 even in the baroinvariant ap­
proximation, 

m 2 = a0 + d0 [T(T + 1)- Y2 I 4] + cBY 

+ B2{a1 + d1[T(T + 1)- Y2 I 4]}. 
(25) 

For octets with b ;=::% formula (24) prescribes 
an identical distance between the masses of two 
isospinors (of the type N and E), both in the one­
baryon and in the three-baryon systems. For 
fermion states with Y = 0, the mass turns out to 
be proportional to the baryon charge. Inclusion of 
the term ~B2 in (25) is essential, for otherwise, 
for example, hadrons with baryon charge 2 would 
have too small a mass, as a result of which one 

should observe a weak deuteron decay. The ab­
sence of such a type of decay of nuclei gives 
grounds for assuming that a1 is of the order of 
(or larger than) the square of the baryon mass. 

It must be emphasized that baroinvariance, 
within the framework of which the masses of the 
baryons must be regarded equal to zero, is a very 
crude approximation. Therefore the relations ob­
tained from (24) and (25) for the masses may be 
strongly violated. 

Inasmuch as we do not include nuclei in the 
baromultiplets, the members of the latter should 
be unstable. If their mass is sufficiently large, 
they will decay into baryons (or baryons and 
mesons) as a result of strong interaction and can 
be observed only as resonances in a multibaryon 
system. We can, for example, seek two-baryon 
analogs of 1r, 71, and K me sons (we denote them 
by rrB, 'IJB• and KB) in the reactions 

p + p-+Kn++ K+-+A + p + K+, -d+.Ko+K+, p+p-+nn°(YJn) +2K+-+2A 
(26) 

+ 2K+, B- + p + 2K+, p + p-+ nn+ + K+ 

+ K0 -+ A+~+ + K+ + K0, 8° + p + K+ + Ko. 

Reactions of the same type are possible also in 
collisions between 1r or K mesons and deuterons. 

If the hadron mass is below threshold for the 
corresponding strong decay, such a hadron is 
long-lived and can be observed from its track, 
similar to other elementary particles. The decay 
of a long-lived hadron will occur as a result of 
weak interactions. The possible decays are 

Kn+-+2n + e+ + v, p + n; 

nn°(YJn) -+~- + n + e+ + v, ~- + p; (2 7) 

nn+-+A+n+e++v, A+p 

etc. In the investigation of production of strange 
particles on nuclei, no long-lived hadrons with 
S = -1 and S = -2 were observed, if we disre­
gard hypernuclei with small binding energy, in­
asmuch as the latter are more likely not to enter 
in any baromultiplet. Therefore we can assume 
that the described situation is not realized, at 
any rate in two-baryon systems. 

7. ELECTROMAGNETIC INTERACTION 

The extension of baroinvariance, (more ac­
curately, y 5R invariance) to include the electro­
magnetic interaction makes it possible to obtain 
several consequences which are in good agree­
ment with experiment. We note first of all that in 
barotransformations, states with identical unitary 
indices, of the type p and z-, go over into each 
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other. Such states have the same electric charge. 
Therefore the electromagnetic interaction is in­
variant against barotransformations, if the gamma 
quantum has b = 0 and the operators of the elec­
tromagnetic field do not change under barotrans­
formation. The same fact can be expressed in a 
different manner, noting that the gamma quantum 
interacts with the Sf current of baryons, and the 
latter, in accordance with Table I, is a baro­
scalar. It is also seen from Table I that when 
b = 0 the gamma quantum cannot interact with the 
unitarily singlet current. Consequently, baroin­
variance is incompatible with the existence of 
supercharged particles. 

Having b = 0 and being charge-odd, the gamma 
quantum is the eigenstate of the operator of y5R 
transformation with eigenvalue -1. Therefore in 
the baroinvariant approximation, for arbitrary 
momentum transfers, the electric form factor of 
the baryons is represented by the F current, and 
the magnetic form factor by the D current. From 
the first statement it follows immediately that 
the electric form factor of the neutron should be 
equal to 0. Experimentally it is actually small 
(see, for example, the review by Ramsay[ 31 J). 
From the second statement it follows that the de­
pendence of the magnetic form factors of the 
baryons, including the proton and neutron, on the 
momentum transfer should be the same. In addi­
tion, between the anomalous magnetic moments 
the following relations should be satisfied: 

~-t(P) = - 1/2~-t(n) = -~-t(A) = ~-t(~+) 

an expression is an obvious generalization of the 
Oakes formula [32] and can be written in the form 

for 1-Lo and 1-Lt are constants, Q-the particle 
charge, and 

D = U ( U + 1) - Q2 /4 - 2/ 3 (p - q) Q 

- 1/9(p2 + q2 + pq + 3p + 3q}. 

(29) 

(30) 

In (30) p and q are numbers characterizing the 
SU3 multiplet, and U is the value of the U-spin 
for the given particle. 

Finally, within the framework of unitary sym­
metry, in first order in the electromagnetic in­
teraction and in the interaction that breaks the 
baroinvariance, the following expression holds 
for the fermion mass 

For bosons we have 

m2 = (m12 + m22D + miD2 + m42Q2) 

+ BQ(m52 + m62D) (32) 

+ B2 ( m72 + ms2D + m92D2 + m102Q2) . 

The use of the last relations, as well as the 
analogous equations for quadrupole moments etc, 
may be possible for hadrons with b ~ %, provided 
they live long enough. 

8. WEAK INTERACTION. LEPTON DECAYS. 

If we start with the analogy between the elec­
= ll (~0) = p.(2':-) = 1 I l'3~-t (~ 0A) (2S) tromagnetic and ,8-decay currents, then it is 

natural to assume that for the hadron currents 
which enter in the weak-interaction Hamiltonian 

Relations t2S) differ from the equations of unitary 
symmetry a] in containing one additional relation, 
corresponding to the absence ofF-current. In 
order to obtain the observed values (in nucleon 
magnetons) IL ( p) = 1. 79 and IL ( n) = -1.91, we 
must assume that, in the notation of Gell-Mann,[s] 
the contribution to the magnetic moments from 
the D-current is a = 0. 775 and the contribution 
from the F-current is equal to 1- a = 0.225. In 

the notation Sd ·cos 8 + Sf· sin 8 this is equivalent 
to () = 1 7•. The experimental smallness of the 
contribution from the F-current to the expression 
for the magnetic moments and of the D-current 
for the charges can be interpreted as serious 
evidence in favor of the y5R invariance of strong 
interactions. 

Let us now write out a more general expres­
sion for the magnetic moments, valid not only in 
the zeroth but also in the first approximation in 
the interaction that breaks barosymmetry. Such 

b = 0, i.e., the same value of the barospin as for 
the electromagnetic current. According to Table 
I, this means immediately that, being a component 
of the unitary octet, the vector current should be 
an F-current and the axial current should be pre­
dominantly a D-current. Comparison with the ex­
perimental data leads precisely to such a conclu­
sion. [33,34] 

The condition b = 0 for hadron currents now 
forbids the decays KIL 2, Ke4, rr112 and rre2• The 
decays KIL 3, Ke 3, and rre 3 are allowed. A certain 
suppression of two-lepton decays of K and rr 
mesons was noted also earlier. In particular, 
Goldberg and Treiman [35] related it with the fact 
that in the calculation with the aid of the low­
energy dispersion relations, the probability of 
rrll 2 decay turns out to be inversely proportional 
to the square of the strong-interaction constant 
g2/4rr ~ 15. 

The extension of baroinvariance to include 
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leptons suggests itself. If the lepton is a baro­
spinor of type (2) with components 

. e- \ 
'¥- = ( I 

'\'5)J.- /, 
'fO = ( 'Ve ) , 

'\'5'VJ.1 

then the usual lepton current 

(33) 

(34) 

also has b = 0. Within the framework of such a 
scheme, the presence of two sorts of leptons, 
which differ only in the mass term, becomes 
"natural." In this plan, however, it remains un­
clear why the mass of the neutral leptons is zero. 

In accordance with (33) we can introduce an 
R-transformation for leptons. Upon rotation 
through 180° about the second axis in barospace, 
we have 

(35) 
JJ.--+ -vse-, v"-+ -VsVe· 

Therefore under the operation of y5R conjugation 
we have 

(36) 

ft- ~-rse+, v~'- .-.- rsCve. 

Assuming that under y5 inversion 

e---> r se-' 'Ve--> r s'Ve, 

e+-->-Yse+, 'Ve-->-VeYs, 

(37) 

we find that for the R-transformation 

(38) 
JJ.- ++ e+, v" ++ Cve. 

All the known interactions of leptons, except 
the mass term, are invariant against transforma­
tions (35)-(38). In addition, as is well known, we 
can admit of the equality 

(39) 

Baroinvariance for leptons coincides in es­
sence with the symmetry considered by Fe'lnberg 
and Gursey .C36J The only difference is that in ana­
logy with (2) we include in (33) the factor y 5 

which is not significant, for in the zero-mass ap­
proximation y 5 invariance takes place for leptons. 
It must be noted, however, that the extension of 
the barospin concept to the leptons does not lead 
to any new limitations for their electromagnetic 
or weak interaction. 

9. WEAK INTERACTION. HADRON DECAYS 

As usual, for hadron decays the situation is 

more complicated. If the Hamiltonian of the weak 
interaction responsible for such decays is a 
product of the same currents which enter in the 
expression for the lepton decays, then such a 
Hamiltonian is a baroscalar (b = 0, A= +1 ). In 
this case, in the baroinvariant approximation, the 
decay K - 2n is forbidden, regardless of 
"unitary" properties of the decay Hamiltonian. 
The K- 3n decay is allowed. If baroinvariance 
of strong interactions is violated by an expression 
that conserves unitary symmetry, the process 
K- 2n remains forbidden under the condition 
that the decay Hamiltonian satisfies the relation 
(5P = +1, where (5 is the quantum number intro­
duced by Gell-Mann, [37] and having the meaning 
of charge parity for the components of a unitary 
multiplet with T3 = Y = 0.[37- 39] In particular, 
such a property is possessed by the octet formed 
as a result of multiplication of V,A currents.C3 7] 

Consequently, within the framework of the 
universal "current x current" scheme the decay 
K~- 2n is doubly forbidden. In experiment, 
however, such a decay is not at all strongly sup­
pressed (see, for example,C4o] ). Therefore the 
assumption that non-lepton weak interaction has 
b = 0 does not look very good, at any rate for its 
"parity nonconserving" part responsible for the 
K- 27r decay. The situation is improved if this 
part of the non-lepton interaction has b = 1 and 
there is no barospin forbiddeness for such a 
decay. 

An analogous result is obtained also from a 
consideration of hadron decays of hyperons of the 
type 

Y-+N + :n:, (40) 

to which we now proceed. We first make two 
assumptions. First, following [41 •38 •37] we assume 
that the non -lepton weak interaction is a com­
ponent of a unitary octet. Such an assumption, as 
is well known, is a natural "unitary" generaliza­
tion of the ~T = 1/ 2 rule for hadron decays. The 
weight functions of the three particles participat­
ing in the reaction (4) are also components of 
octets. The construction of a unitary octet from 
three others can be realized in eight ways. The 
number of possibilities, however, decreases if 
we make a second supplementary assumption that 
the decay Hamiltonian has the property (5p = +1. 
In the paper of Gell-Mann,[37] this property was 
obtained as a consequence of the hypothesis con­
cerning the "current x current" structure for 
nonlepton interaction. Inasmuch, however, as we 
assume that the decay Hamiltonian can have 
b ;r 0, we must forego such reasoning. On the 
other hand, in the experiment [42 •43] a non-lepton 
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weak interaction was observed with b.S = 0. We 
might think that this interaction is a second com­
ponent of the same octet, in which the Hamiltonian 
responsible for the reaction of the type (40) with 
b.S = 1 enters. For the component with b.S = 0, 
\5 coincides with the charge parity C. Therefore, 
if there is invariance against combined inversion 
( CP = + 1 ) , then the decay interaction actually has 
the property \SP = + 1. 

We now write down the amplitude of the decay 
(40) in the form. 

(41) 

where S and Pare constants proportional to the 
amplitudes of the decay Y respectively in the s 
and p state of the system N + n; in the second 
case the parity is conserved (by definition) but not 
in the first. The condition \SP = + 1 leaves only 
part of the eight possibilities for the construction 
of the octet of the three groups of eight in (41). 
The permissible ones are 

s-wave: Sdt. 8ft, 10 + 10*, 

p-wave: 1, sdd, 8td, 10-10*, 27. (42) 

The numbers denote here the dimensionality of 
the unitary multiplet, to which the baryon current 
in (41) belongs. For the octet the first index de­
notes the method of constructing such a current, 
and the second how the octet is constructed from 
the baryon current and pseudoscalar meson. 

A further decrease in the number of possibili­
ties in (42) can be obtained under concrete as­
sumptions concerning the barospin properties of 
the decay interaction. Reaction (40) can be 
brought about by an interaction with b = 0 or 2 
(A= +1 ), or with b = 1 (A= -1 ). In either case 
there remain not more than two possibilities for 
the construction of an octet from the three groups 
of eight, if we note that the singlet 1 does not 
make any contribution to the matrix element with 
b.S -;e. 0. These possibilities are listed in Table 
IV. 

Table IV. Relations between the form factors 
of hadron decay of hyperons 

.c I 
Variant b 

I Allowed 

I 
Relations II multiplets 

-<1 

We now proceed to consider concrete decays 
of the type (40): 

A ---+p+Jc 

8----+ A+ JC 

~+---+ p + :n;O 

~+---+ n + :n;+ 

~----+ n + :n;-

(SA, PA) 

(Ss, Ps) 

(So, Po) 

(S+, P+) 

(S_, P_). 

The parentheses indicate here the symbols for 

(43) 

the corresponding constants. The presence of 
only two (one) independent amplitudes in Table IV 
implies the existence of three (four) relations 
between the five scalar or pseudoscalar constants 
in (43). One of them, namely, 

So = (S-- S+) I 1'2. 
(44) 

follows already from the b.T = 1/ 2 rule and from 
isotopic in variance. [44] The remaining relations 
are listed in Table IV. They must be compared 
with the already available experimental data. 
According to Stevenson et al [45] in units of 
5 x 105 sec - 1/ 2mn - 1/ 2 we have 

10SA = 3 09 + 0 10, PA = 2 02 + 0 26, 

10Ss = 4 09 ± 0 18, Ps = -1 41 ± 0 12, 

10So={339+059 (vo>O), 
2 0 ± 0 9 (vo < 0), 

{ - 2 1 + 0 9 (vo > 0), 
Po= 

-3 5 + 0 5 (Vo < 0). 

(45) 

The ambiguity in the determination of S0 and 
P 0 is connected with fact that for the ~ + -- p + n° 
decay the sign of the asymmetry coefficient y has 
not yet been determined. In (45) the constants S 
are assumed positive by definition; on the other 
hand, the sign of the product SP (which coincides 
with the sign of the asymmetry coefficient a) is 
strictly defined. The difference in the signs of 
a A and a A makes it necessary now to exclude 
the possibility of identical A-parity for the s-
and p-waves in Table IV. Further, in the case 
when A= +1 for the s-wave and A= -1 for the 
p-wave, the relation between S0 and SA (or SA), 
and also between P 0 and P A (or PA) does not 
agree with experiment, if we take account of (44) 
and of the experimental fact that either P + or P _ 
must be small. 

There remains only one possibility, namely: 

fO or 2 +1 sdt -SA =S8 = SofV;f.""s+ =0 
s-wave (parity nonconservation): 

(46) s- wave 

\ 1 -1 s,,, 10+10 * SA =S8 =SoJf3 b = 1, A =·-1, 

jO or 2 +1 1, sdd· 27 -PA = P8 =PolYS 
p-.wave 

\ 1 -1 s1d, 10-10 * p A= Ps = -,...G/zP- + Jf1f6P 

p-wave (parity conservation): 

+ b = 0 or 2, A = +1. 
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In this case 

SA = Ss = l'3So (b = 1), 
(47) 

-PA = P=. = Po/l'3- (b = 0 or 2). 
It can be noted that equations (47) should take 
place also in the case when we start from the 
assumption that the decay interaction is a com­
ponent of an octet with ISP = -1. More accurately, 
when ISP = -1 there follow from (46) the rela-
tions 

(b = 1), SA = Ss = l'3/zS_ + l'1fs8+ 

-PA = Ps = Po/l'3. P+ = 0 
(48) 

(b = 0 or 2), 

however the absence of asymmetry of the decay 
L± - n + 7T± in the presence of asymmetry for 
L + - p + 7T 0 means that either P + = S_ = 0 or 
P _ = S+ = 0. Only the first equality agrees with 
(48). Then, according to (44) 

l'3/ 2S_ + l'1/eS+ = Sol'S, 

and (48) reduces to (47). 
The correspondence between (47) and the ex­

perimental data of [45] is perfectly satisfactory, 
especially if we take into consideration the 
crudeness of the baroinvariant approximation and 
the fact that in many experimental papers (listed, 
for example, in the paper by Ticho [46]) the values 
obtained for the asymmetry coefficient I a;:; I, 
meaning also P,s are larger than in [45]. Agree­
ment between (47) and (45) is obtained when 
Yo < 0. It would be desirable to check the latter 
inequality experimentally. 

As a result of CP invariance and the equality 
A = '}'5RC (46) it follows that the decay interac­
tion satisfying all the foregoing requirements has 
the property of y 5R invariance. The condition 
b = 1 for that part of the interaction which does 
not conserve parity coincides with the result ob­
tained at the beginning of this section in the 
analysis of K- 27T decay. Assuming b = 1, we 
essentially forego the universality of the weak 
interactions, inasmuch as the currents from which 
the lepton and non-lepton Hamiltonians are con­
structed turn out to be different. The foregoing of 
universality, in fact, is already contained in the 
~ T = 1/ 2 rule for hadron decays, since experi­
ments on lepton decays offer evidence that there 
are no neutral currents. In this sense, we are 
forced to treat the non-universality of weak inter­
actions as an experimental fact. 

In conclusion we note that the matrix element 
for the decay (40) can be written not in the scalar 
form (41) but in the vector form 

(49) 

where qa is the pion momentum and V and A 
are constants with 

The form (41) is more reasonable, for in the 
baroinvariant approximation, when my= mN = 0, 
the matrix element (49) vanishes. Nonetheless, 
the entire reasoning which was presented for (41) 
can be used also for the case (49) in order to 
establish a relation between the constants V and 
A. The best agreement with experiment is ob­
tained when the non-lepton weak interaction (in­
cluding its parity-conserving part) is a component 
of a barovector (b = 1; A= -1 ). Then relations 
(47) are valid, with S replaced by V and P by A. 
Again there is no universality of weak interactions. 

10. WEAK INTERACTION. PHOTON DECAYS 

We consider decays of the type 

Y-+N+y, (50) 

in which both weak and electromagnetic interac­
tions participate. Both are y 5R invariant. There­
fore, writing down the matrix element of the de­
cay (50) in the form 

(51) 

where V and A are constants, and noting that 
for a gamma quantum y 5R = -1, we should stipu­
late that the baryon current in (51) also satisfy 
the condition y 5R = -1. After this it turns out to 
be a superposition of multiplets 

s,, 10- 10*. (52) 

The presence of only two independent ampli­
tudes in (52) leads to the appearance of several 
relations between the constants V and A for 
different decays of the type (50). Namely, 

V(A-+n + y) =-V(8D-+A + y) 

=l'3V(8°-+~0 +y), V(~+-+p+y) 
= -V(8--+~-+y), A(A-+n+y) 

=-A (8°--+-A + y) = l'JA (8o-+~o + y), 
A(~+-+ p + y) = -A(8--+ ~- + y), 

(53) 

Inasmuch as the relations for the constants V and 
A in (53) are the same, the sign of the polariza­
tion parameters of the type of the coefficient of 
asymmetry for all decays in (53) should be the 
same. 

If the notation (49) is valid for hadron decays, 
then for the baryon current in (51) the condition 
y 5R = -1 should be replaced by y 5RC = -1. For 
the constants A, both conditions coincide, and 
relations (53) again hold for them, whereas for 
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the constants V the baryon current in (51) is now 
represented by a superposition of the multiplets 
8d and 2 7, as a result of which the following 
equalities hold true 

V(A-+n + '\') = V(8°-+A + y) 

= V(8°-+~0 + y) J-(3, (54 

V(~+-+p+v) = V(S--+~-+v). 

Unlike (53), Eq. (54) predicts a different sign 
for the polarization parameters for decays 
A - n + y and zo - A + y, or ~ + - p + y and 
z-- I:- + y. Comparison of the asymmetry co­
efficient for such decays therefore makes it 
possible to establish whether the value of b is 
the same or different for the two parts of the 
non-lepton Hamiltonian, and which of the two 
forms of notation for the matrix element for the 
hadron decays is preferable. At the present time 
an experimental verification of relations (53) and 
(54) is made difficult by the scarcity of available 
data. 

11. CONCLUSION 

In this paper we advanced essentially two hy­
potheses. Namely; 

1. Minimal hypothesis. With sufficiently good 
approximation, y5R invariance of strong interac­
tions holds, as a result of which A-parity, defined 
as A == y5RC is conserved. 

2. Fundamental hypothesis. There is approxi­
mate baroinvariance, that is, strong interactions are 
degenerate in the baryon charge. This corre­
sponds to the symmetry SUa 0 SU2. 

As follows from the contents of Sees. 4, 5, 7, 
8, and 9, the minimal hypothesis is in good 
agreement with the experimental data. Only two 
questions remain unclear-the w-cp mixing and 
the two types of decays of the A2 resonance. It 
is of interest to check the conservation of A­
parity in some new phenomena. It is also de­
sirable to check in addition the relations of Sees. 
9 and 10 for amplitudes of hadron and photon de­
cays of hyperons. 

As to the fundamental hypothesis, its confir­
mation would be, first of all, the observation of a 
pseudo scalar octet in a two-baryon system. More 
generally, there should exist in the two-baryon 
system the analogs of all the mesons for which 
experiment yields A == -1. To study the barospin 
properties of hadrons it is necessary to investi­
gate multibaryon systems with sufficiently large 
negative strangeness. 

A rather natural attempt is to establish a 
broader group of symmetries, for which the 

direct product SUa 0 SU2 is a subgroup. The 
simplest possibility would be the SUs group. The 
situation is here perfectly analogous to that con­
sidered by Gursey, Radicati, and Sakita [2,3] for a 
different problem. The assumption that strong 
interactions are approximately invariant against 
transformation of such a group is in some sense 
a maximal hypothesis. Its consequences are dis­
cussed in a different paper. 

The author is grateful to Ya. I. Azimov, B. V. 
Geshkenbe!n, V. N. Gribov, and L. B. Okun' for 
useful discussions. 

Note added in proof (March 29, 1965). In a recent communica­
tion[47] there is another report of a resonance in the An system 
with S = -1.[47] The following values are reported for its mass 
and width: m = (2098 ± 6) MeV/c2 , r = (20 ± 15) MeV. 
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