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A method is proposed which makes it possible to find all symmetry properties of the strong
interactions which are possible at least in principle, provided the most general form of the
Lagrangian is given (in the sense of the values of the bare coupling constant and particle
masses). The method is applied to the Lagrangian in the Yukawa form and to a compound

model with a four-fermion interaction.
1. INTRODUCTION

IN recent years many papers have been devoted to
the study of the possible symmetry properties of
the strong interactions. Many types of symmetry
have been proposed, but all of them, with the ex-
ceptions of the conservation of the number of
baryons, and of strangeness and isotopic invari-
ance, are to some extent in contradiction with ex-
periment. But both the question as to whether
some types of symmetry can hold approximately
and that of the nature of the approximation involved
in such a case are still unclear. This is due to the
fact that as a rule it is only by a difficult quantita-
tive analysis that one can distinguish a violation of
a symmetry property that is due to its approxi-
mate nature from the complete absence of the
property. Nevertheless, the question of the sym-
metries of strong interactions remains as inter-
esting as before, and the search for such proper-
ties continues.

Theoretical work devoted to the invariance
properties of the strong interactions is most often
done in the following way. One writes down a
Lagrangian ‘‘in the most general form.”’ Its free-
particle part contains the bare masses of the par-
ticles, and the interaction contains the coupling
constants. Both sets of quantities are essentially
unknown parameters of the theory. The next step
is to equate some of these parameters to each
other, and some to zero. The new Lagrangian has
additional symmetry properties as compared with
the original Lagrangian.

The change from the ‘““general’’ to the ‘“special”
Lagrangian is more natural in some cases than in
others, and is usually due to the inventiveness of
the author. In the present paper we propose a
rather simple and in some sense standard method

for this change, which guarantees the obtaining of
all ““special’’ Lagrangians which are possible in
principle and of the corresponding symmetry
properties, as soon as the Lagrangian of most
general form has been written down. This method
has been used earlier by the writer,m and has
also been used recently by Behrends and Sirlin.[2

The method is applied to the Lagrangian written
in the Yukawa form. If we assume that the parities
of A and T, and also of N and =, are the same,
and that the parities of K and A are different
(other possibilities are discussed in Sec. 4), then
in the most general case the strong-interaction
Lagrangian which conserves baryon number,
strangeness, and electric charge, and also satisfies
the requirement of isotopic invariance, has the
well known form

L = (g, (NivstN) + gy (AitsE + ZitsA) — igs [Ei7sE]
+ g4 (BirstB)) m +{gs (NitsA) K+ g6 (Nivs1E) K
+g.K (Rivsiv,E) +g oK (Tiv5it238) -+ Herm. adj.}, (1)

where N, A, and so on denote the operators for
the corresponding particles in the Heinsenberg
representation, the bold-face letters are isotopic
vectors, Tj are the isotopic Pauli matrices, 7=
= (m 7 imy)/21/% =5 = (2, 7 iZ,)/2Y% and g; are
the real, and in general unequal, bare strong-in-
teraction constants.

If there exists in nature a p meson which is
pseudoscalar in ordinary space and scalar in iso-
topic space, then we must add to L

L' = {g, (NiTsN) + 1o (T\iTaA) + 8gu (fiTsz)

+ g1z (Bit;E)} p. (2)

The p meson may decay very rapidly, and there-
fore be practically unobservable, but the addition
of the expression (2) to the Lagrangian (1) in-
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creases the number of parameters gj which can
be varied, and consequently increases the number
of classes of symmetry possible in principle.

As has already been remarked, for certain re-
lations between the gj and also between the bare
masses, which appear in the free-particle Lagran-
gian, the theory is invariant under corresponding
transformations of the operators for the particles.
The problem is to find all possible relations of
this kind and the corresponding classes of sym-
metry of the theory with the Lagrangian (1)—(2).*

The method proposed for the solution of this
problem is essentially very simple. As is well
known, to every symmetry of the theory there must
correspond a certain current jj, bilinear in the
operators that appear in Egs. (1) and (2), and hav-
ing a vanishing divergence (9j) /8x) =0). There-
fore the finding of all possible symmetry classes
is equivalent to the problem of finding all the cur-
rents whose divergences vanish under various as-
sumptions about the values of the constants gj
and masses mj. Because of the isotopic invariance
of the theory these currents must be either scalars,
or vectors, or spinors in the isospace. When
written in the most general form, each current of
this type contains a certain number of arbitrary
constants. By calculating the divergence of this
current by means of the equations of motion, which
are direct consequences of Egs. (1) and (2), and
equating it to zero, one can get a system of homog-
eneous algebraic equations for these constants,
and thus for the gj and m;. By finding all the non-
trivial solutions of such a system one can solve
the problem of constructing currents with vanish-
ing divergence, and consequently also the problem
of determining the possible symmetry classes of
the theory with the Lagrangian (1)—(2).

Among the solutions obtained in this way will of
course be the ‘‘obvious’’ ones, which are valid for
arbitrary gj and mj. They correspond to conser-
vation of baryon number, strangeness, and charge
and isotopic invariance, since these properties of
the theory are already contained in the expressions
(1) and (2). Strictly speaking all of the ‘““nonobvi-
ous’’ solutions are in contradiction with experi-
ment, because if they hold then, as will be shown
below, either certain observed processes must be
forbidden, or the masses of different particles
must coincide, which again disagrees with experi-

*It must be stated at the start that we are concered with
invariance properties of the strong interactions under con-
tinuous transformations of the type of rotations in the iso-
space; discrete transformations of the type of reflections are
not considered.
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ment. Therefore ‘““nonobvious’’ symmetry proper-
ties can hold only approximately. As has already
been noted, the question of the degree of validity
of such an approximation is a difficult one, which
must be given separate consideration in each con-
crete case and is not in the scope of this paper.
We can only remark at once that the symmetry
classes considered earlier by Gell-Mann, (3]
Pais,' and other authors are among the “nonob-
vious’’ solutions.

As has already been noted, the problem of find-
ing the ‘“nonobvious’’ solutions has been treated in
a paper by Behrends and Sirlin. (2 These authors
do not introduce the p meson into the Lagrangian
and confine themselves to solutions that hold either
when all the gj(i =1, 2,..., 8) are different
from zero or when gz =g =gy =83 =0, g1, 2 &3
gy = 0. For this reason they do not get the solu-
tions given in Eqgs. (19), (20), (30), (31), and (32)
and in the Appendix. In the remaining cases our
results agree.

In the next section we shall find in explicit form
the currents that conserve strangeness and have
zero divergence. For each such current there are
indicated, at least partially, the symmetry proper-
ties following from the equation djy /dx) =0 that
are in contradiction with experiment (without
counting the ascribing of equal masses to different
particles). An analogous study of the properties of
currents with parity changes is made in Sec. 3.
The results obtained are discussed briefly in Sec.
4. The problem of the connection of the results of
Sec. 2 and 3 with the properties of conservation of
the vector currents involved in the weak interac-
tions is not considered, since the writer has al-
ready devoted a paper to this.l] The symmetry
properties of the strong interactions in the Sakata-
Okun’ model 5~ are investigated in Sec. 5.

2. CURRENTS WITH CONSERVATION OF
STRANGENESS

If we begin with isotopic scalar currents, in the
most general form they can be written as follows
(aj are arbitrary constants):

in = a, (NTaN) + a (A1aA) + a5 (EnX)

+ @, (ENE) — a; (KOK), (3)

where the symbol 8, has the meaning

(D,0,D,) = 0, 21 D2y

2 0xy, 0xy,

A direct calculation of the divergence of the
current (3) with the use of Eqs. (1) and (2) leads to
the expression

4)
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djx | 0xr = [(Aj1sE) & — m (Tivs0)] g2 (@, — as)

-+ [(—]Vi'rsA) K—K (Ki'rf,N)] gs(a; —a, — as)

+ [(NitssE) K — K (f“iTsN)] ge (a1 — az — a;)

+ K (Xifzi'l'sa) + (_gifziTsA) K] g7(ay —a, —a;)

+ [K (—2_”2"‘.753) -+ (g"ifzi”(sz) R]gs (as — ay — a;). (5)

If we require that 8j§/6x, = 0, then in Eq. (5)
we must equate to zero the coefficients of all de-
rivatives of Heisenberg operators, since these

derivatives are independent. This gives the sys-
tem of algebraic equations

Q2 (a2 —a;) =0, g5 (a1 —ay,—a;) =0,

gs(a, —a3—a;) =0,
g7 (@ —a; —a;) =0, gs(az—a; —az) = 0. (6)

The system (6) is satisfied for arbitrary gj if
ay = a3 = a, — @y = a, — as. (7)

The relation (7) gives three equations for five un-
knowns, and consequently has two linearly inde-
pendent solutions, which we can take to be
1) a=1,
2) a, =0,
Thus for arbitrary values of gj we see that
currents with vanishing divergence are
P = (NmaN) + (A1) + (E1aE) -+ (EnE), (9)
= — (AnA) — (E1E) — 2 (ENE) — (KanK),
which corresponds to the conservation of baryon
number and strangeness, which was obvious from
the beginning.
If we return to Eq. (6) and exclude the obvious
solutions (8)—to do so it is enough to set a; = a5
= 0—then there remains
82 (ay — a3) = @50y = Ze3 = g7 (A2 — ) = gs (a5 —ay) = 0.
(10)
Any solution of Eq. (10) is in contradiction with
experiment. In fact, if in Eq. (10) g5 =g =0 or
g7 = gg = 0, then either the KN or the KX interac-
tions are absent. This means that either the num-
ber of particles N or the number of Z is con-
served, and this does not agree with experiment.
The other possibilities in Eq. (10) are

a5:0,
a; =1,

A, =a3=0a, =1, (8)
Ay =a3z =a4/2=—1.

1) aa=0, a;5+0, go=gs=0, ag=gs=0,
2) a,=0, a;=+0, go=g¢=0, g, =a3;—a,=0,
3) ag=0, a,=+0, g,=g,=0, a,=g,=0,
4) a3=0, a0, g2=gs=0, gs=0a,—a,=0.

(11)

These four cases correspond to constancy of Ny,
Ny + N&, Npj; and Np + Nz (NR is the number
of particles R). This means that observed reac-
tions of the types K~ +p— Z* + 77 or K~ +p
— A + 1 would be forbidden. Consequently,
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strictly speaking, there can be no isoscalar cur-
rents except (9) which have vanishing divergence.

If we now go on to isovector currents, in the
most general case we have

i = by (NTasN) + by (ATaE + IaA) — ibs [E72- 1
B, el ; 9 74
4 by (EyatB) — ibs [1:, = ‘n]— bs (Kx0nK)

— b, (p0rT) + b (ATLE — ETaA). (12)
As in the case of Eqgs. (5) and (6), the equation
Bj;‘\’/ 9x) =0 leads to the system of equations
b1g1 = bagy = br1@s=bsgs = bagy = ;810 = b7811 = b2g12 =0,

begs = begs = bsgs = bsg7 = bsgs=0bs (810 — g11)
= bg (Mg —mp) =0,

(26, + b5) g1 =0, (by — be) g5 — bogs = 0,

(204 + bs) g4 =0, (by — be) g6 — bogs = 0,

(bs + b5) g2 + bags =0, ge(by + bg—bs) =0,

(bs -+ bs) @s + boga =0,  (bg — bg) g7 — begs = 0,

by (mg — my) =0, (bg — bg) gs — bags = 0,

by (g10— &u1) =0, gs (by 4+ bg — b;) = 0. (13)
The system (13) has the obvious solution
b1=b3/2:b4=—b5/2=b6, (14)

by =b; =bg =0,
since the vanishing of the divergence of the current

i = (N1awN) — 2i [Exa-£] + (EyaiE)

+ 2i [%0 =/ 0x2] — (KT01K)

(instead of 2[ mom/8x; ] we can of course write
[7 9pm]) is equivalent to electric charge conser-
vation and isotopic invariance. Components of the
current (15) occur in the Lagrangian of the elec-
tromagnetic interaction and in the scheme of weak
interactions proposed by Feynman and Gell-
Mann.[®]

In order to eliminate from Eq. (13) the obvious
solution (14), we can set by = 0 in Eq. (13). In the
solution of the system that results from this we
shall not consider cases in which even any one of
the equations

gG=8=0, Z2=8=8:=0, go=gs=gs=0,
g=8=0, g1=g2=gs=g:+=0, (16)

(15)

holds; these equations mean the unobserved con-
servation of the numbers of particles N, A, T, &,
or m, respectively. The cases (16) can be con-
sidered separately; the results of such a treatment
are given in the Appendix (the fact that the cross
section for = production is small experimentally[”:I
might indeed mean that g; and gz are small; the
vanishing of g5, g, g7, 8 corresponds approxi-
mately to the ‘“very strong’ coupling of Gell-
Mannt¥). After the possibilities (16) are ruled out
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the system (13) with by
tions:

1) go= &8s g5 = ege, g7 =8€ge €= 1; g0 = gu,

= 0 has only three solu-

my=rmg, by=byg=">b; =b, =0, by=0by=—eb, (17)
it = —e(AnI + INA) — i I L] — (Ke0:K).
2 gi=g81=0, go=—2gs gs=¢tLgs, &g7= 2gs
e==%1, 810 = g1» mp = ms;
b7=b8:b6:0, blz 8b2= b3—_—b4, (18)
i.e., with by =1

= (N123N) + e (ATAE -+ I13A) — i [E12-E] + (EmatE).

3) g1=8i=8s=gs=0, b;=byg =b,=b3 =0,
b, = b4 = bs, (19)

i.e., with b1 =1
— (FaN) + EniE) — (RedrK).

The appearance of sign factors € in Eqgs. (17)
and (18) and in subsequent formulas is due to the
possibility of arbitrary changes of sign of the op-
erators for the particles and of the strong-inter-
action constants. The question of the physical
meaning of the relative signs of these constants
has been discussed by Kobzarev and Okun’.[1"]

The current jyi and the conditions on gj in
Eq. (17) are equivalent to the symmetry of Paus,u:I
and the author has discussed them earlier in
more detail [inm the signs of all the baryon cur-
rents must be changed, and also the sign of € in
Eq. (17)]. Once again, strictly speaking, the con-
ditions for the constants gj in Eqs. (18) and (19)
are in contradiction with experiment. In fact, the
vamshmg of the divergences of the currents j;Y
and j}\3 means the conservation of the respective
operators

1\7,,—]\7,1— Nz++ 8(1\7}/0 + szo) - 1\72—+N5“ —NE'y
Np—jvn—}—]vao—-—ﬁa— +—NK+—1§/K0, (20)

where the particle-number operators ﬁll) and Ng
for the spinor i and the boson ¢ are defined by
Ny= wa )P (x)dPx, No= —&¢>+(x)04<b (x)dx, (21)
and Y? = (A? — 20)/2Y2, 20 = (A" + £0)/2Y2, The
conservation of either of the operators (20) for-
bids, for example, m-meson charge transfer

(7 +p— 7% +n) and a number of other observed
reactions.

3. CURRENTS WITH CHANGE OF STRANGENESS

An isoscalar current with change of strangeness
by two units can consist of only two terms:
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i =c (N E) -+ Lo, (K ity n K)
= ¢; (N2 E) + ¢, (Kit, 0K/0x»).
The divergence condition 8j}]?/ ox, =0 holds for

(22)

e (my—mg) =comy =0, ¢ (g1—ga) =0¢1(gs —¢12) =0,
€8s —Cagr =0, igs—C2s =0, 0187 —0g5 =0,
€18s — Co8s = 0. (23)
The system (23) has two solutions:

a)gs=¢gr, Ge=¢tgs e=115 g1=gs go=gn
my =mg, mg=0; ¢;=¢ec,,

b)gs=8=81=8=0, g1=¢€s go=gun my=nmg
€50, (24)

the first of which has been considered earlier by
Feinberg and Behrends.' ) The second solution
requires the absence of K-meson interactions.

The only isovector current with change of
strangeness by 2, (Ny,7E)[(KiT,78)\K) = 0], has
zero divergence only under the senseless condition
that N and E have no strong interactions.

Currents with strangeness change by unity can
have only half-integral isotopic spins (Y% or %),
since only expressions of the form (Ny;A) or
(Ny)Z) can be constructed from the quantities of
the theory.

Let us first consider the current with isospin
1/2. In the most general case it is of the form

it = di(N1aA) 4+ dy (NaaE) + do (A1 it B)
+ dy (E72 iT5 %E) + d5 (K®0a7) + dg (KOap),
or, in terms of components
(W) = di (PY2 A) + da [(p12 2°) + V2 (1122)] + dy (A1, E7)
+di [— (21 E) 4 V2 (Z* 1E)] - d5 [(K* 0rn?)

(25)

+ V2 (K 0r 7)) + dg (K*0rp), (26)
(i%)—, = dy (na A) 4+ dy [— (112Z0) + V2 (p 12 291

—dy(ANA E0) + dy [— (Z1 E) — V2 (E M E)]

+ ds [— (Ko0y7%) 4 V2 (K*an*)] + dg (K0rp).  (27)

Just as in the preceding cases, the requirement
6]}\ /8xy = 0 leads to a system of equations

—dig1 -+ dogs + dsgs = 0, —d3gy + diga+dsgr =0,
di1gs — dagy + dsgs =0, dygs —dsgs 4 dsgs = 0,
d\gs —doge— 2d;g, = 0, d.g; — dygs—2d;8, = 0,

dy (g1 — gs) -+ dsge =0, dy (s — 83) + dsgs =0,

— dyge— dags 4 dsgs = 0, dy (g0 — go) +degs =0,
dogs + dsgs + dsg. =0, dy (g11— &) +dsgs =0,
digs + dagr+ dsga=0, ds(gie— &) +dsg; =0,
digq + dags + 2d,gs = 0, di(g1e— gu) + degs =0,

2d,gs + dygs 4 digs =0, 2dygs + dsgy —degy =0,
—digs + dsgs—degr0 =0, — dags + dogs — dsgrs = 0,

ds (Mg — mxg) = dg (Mp — mg) = 0, 2d,gs -+ dsgs — deg12 = 0,

dy (my — mp) = dp (my — mg) = dg (my — mg)

=d, (mg — mg) = 0. (28)
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The solution of the system (28) is rather cum-
bersome, although elementary. Therefore we give
here only the final result. If we confine ourselves
to the condition that Eqs. (16) do not hold (other-
wise there are too many solutions), the divergence
of the current jA is zero in only four cases:

) g1=—ego=—gs=gs=2"gs = ee"gs = £'¢" g,
— ee’e"gs, e, ¢, 8" —+1,
89 = Z10 = g = 12y My = MpA = Mg = Mg, Mz= Mk,
de =0, dy=—3ed,=¢'d;=—3ee’d, = —3- g"ds, (29)
'i.e., with d1 =3
i =3 (N1A) — e (Ne1L) + 3¢’ (AT2 it,E) — e’ (Tya iT,1E)
+ 2¢” (Kxom).
2) g1=¢8gy=gs=gs, Gr=8gs=—¢g; = —ee'gy
=8"gy = —8&"gio=—¢"gy = &gy,
e, g, e ==+1,
ds =0, dy=¢edy=2¢dy=c¢ee'd; = ¢&"dy/2,
i.e., with dy =1
%= (N1aA) + e (NenaZ) + & (Amait,E) + e’ (S72iT,1E)
+ 2¢"(Kdp).

my = mMp = mg = Mg, Mme = Mg,

(30)

3) Ze=c(gi—g)/V3, =g +¢g
g =2¢"(2g1+ )/ V3, gs=ee'gs
g:=¢¢" (g1 -+ 2g4)/V§» gs = —ee'e" gy,

Go=2"(g:1+28)/V3, gu=—¢"(g1—8)/V3,
gn = e” (gl - g4) /Vg’

gi2=—¢8"(2g1+ 84/ V3, 8" " =+ 1;
my = My = Mg = Mg, M= Mp = Mk,

dy=V3ed,=¢dy=—V3 ee'dy, = V3e"d; =¢"¢” ds,

i.e., with d; = 3172 G1)
i =V3(NnA) + e (N1asE) + V3¢ (A1aiteE)
— e&’ (12 i1, 7E) + &” (Kwow) + V/ 3ee” (Ko, p).
4) g§1=gs=ga=gs=gs =0,
go=—¢8gs=—¢'g;, & ¢&==21I,
gy = u = &1 my = mg = Mz, M= MK,
dy =ds =ds; =0, ds = edy = €'d,, (32)

i.e., with dg =1
it =& (NeyaL) + &' (Z1a it27E) 4 (Kzoam).

The last condition on the gjisa special case
of Eq. (19), and consequently, strictly speaking, it
is inadmissible, because the vanishing of the di-
vergence of the current jx3 is in contradiction
with experiment.

In the most general case the current j§ with
the isospin % is of the form

V. M. SHEKHTER

(K)o = — 1 (P12 ) — he (Z* 10 B7) — Iy (K* 0 0),
(B = {1 V2 (P12 2°) — (1 Z7)] + ha [V 2 (21,5
+ (ZFNEY)] + hs (V2 (K a0) 4 (Koo m)1}/ V'3,
(7)== (V2 (1 20) + (p1aZ*)] + hy [— V2 (307, E9)
+ EMNE)N +h V2 (Koow) + (K o))/ V3,
(%)= = hy (M7 Z%) — hy (37 12 E®) 4 hy (K0 Or ).
Instead of j}\ it is convenient to consider the
current jf that transforms in the isotopic space
according to the reducible representation 1 x 1/2
and has the property that if we break it up accord-
ing to the irreducible representations the compo-
nent with T =%, is equal to j)f\ and that with T = 1/2
is zero:

2= 3 U (2(V1E) — i (Nero- 211+ he 12 (Braits)
— i [E1a-itesg]] + hs [V 2 (Koaw) — i [K3-0am]]}. (34)

If 8j%/8x) =0, then we also have 8j¢/dx, =0,
and conversely. The latter equation leads to the
system of equations

(33)

hge = —hags = —hsgs = h3gs, Migs = — hags,
hogs = —hogs = hsgs, Mgy = hage = — Migs, hige = hagy,
hags = hsgz,  hogs = hsge, higs = — h3gs,
hy (11— o) = ha(gie—h11) =0,  hy (my — mg)

= fy (mg —mg) =0, hs(m,—mg)=0. (35)

It is easy to see that there is only one solution
of the system (35) that is not forbidden by the con-
ditions (16):

Q1= —8s=g1= Q= t€gs, g2 = — Qs = —E'eg,,

g8 = %1, g9=gn =g my = mg = Mg, Mg= Mk,

(36)

hy = — &'hy = €hs.

The vanishing of the divergence of the current of
Eq. (36) is compatible only with conservation of
the jfi of Eq. (29), because only in this case (and
with €= €€’, gy = €gy, g19 =89, my =my) do the
conditions for the coupling constants and masses
agree in the two cases. Precisely this case was
pointed out in an earlier paper,[1 where the cur-
rents with isospins %, and 3%, were considered to-
gether.

4. DISCUSSION OF RESULTS

In all of the arguments given above it has been
assumed that the parities of A and Z, and also
those of N and =, are the same (Ppy =Py= =1),
and that K and A have opposite parities
(Pgp = —1). It is not hard to see that violation of
these assumptions does not lead to the appearance
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of any new conserved currents and that the ‘“ob-
vious’’ currents j%, j;i, j}\’ are conserved for
any relative parities of the particles. As for the
current j)! of Eq. (17), for Ppy = -1 it contains
(AypvsZ) + (v, ¥A) instead of (Ay Z) + (TyA),
and owing to this the condition my — mp =0 is
replaced by my + mp =0, which is not satisfied
in any approximation. Consequently, for the cur-
rent jy! to be conserved we must have Ppy =1;
PkA and PNE can be either +1 or —1.

By similar arguments, for the conservation of
jfi, jf, j‘@? we must have Ppy = PNxE = — Pxp

=1 (in the last case, we must also have Pnp =-1).

Conservation of jfz requires Ppy =PNE =1;
PAK =PNp =+1. The solution (24) for the current
j)]? holds for PNE =1.

It can be seen from the formulas of Sec. 3 that
the conditions for conservation of currents with
change of strangeness always include equality of
masses of different particles, in contradiction
with experiment (it is not hard to see that owing
to the symmetry of the strong interactions in such
a case not only the bare masses, but also the ob-
served masses must be equal). There are also
contradictions with experiment in certain selection
rules, which are consequences of symmetry prop-
erties. In particular, this is so for all cases in
which strangeness is conserved, for example, the
case of Eq. (16) and, as has been noted above, of
the currents (18) and (19). As Pais has shown, (4]
the symmetry condition (17), which is included, in
particular, in Egs. (29) and (30), also leads to
making observed reactions forbidden.

It is interesting to note that there is no such
forbiddenness in the cases of Egs. (31) and (36).
Instead, one can derive a number of relations be-
tween the amplitudes for various processes. In
the case of Eq. (36), for example, which allows
the absence of the p meson, Behrends and Sirlint%
have established a large number of relations be-
tween the amplitudes for reactions of the type
meson + nucleon — meson + baryon. Namely, they
have found the following equations:

Q, = {pat| pr*d = {na” | na”) = (pK®| pK°)
= <{nK*|nK*,

Q =(Z*K* | pn*) = (Z~ K| na™) = — <{nK" | pK®)
= — {pK°|nK*),

Qy = {pn” | pr”y = {nnt | nat) = (pKO| pK)
= (nK™|nK™>,

Q = (| pry = — (pr® | n*y = (Z*n0| pK©)
= — (I |nK™),

Qy = (XK | prty = — (XK | nat'y = — (2ot | pK©)
— (30w | nK™y,
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Qy =(ZK*|priy = (Z* KO [ na*y = (B0 K*| pK©)

— —<EK|nK™),
Q; = (pK* | pK*>=<(nK°| nKy, Q4 = {pK~| pK™>

= (nKo°| nKoy,
Qy = (Z*a™ | pK™> = (Z7a* | nK®) = — (nK | pK™)

= —(pK~| nK°),
Quo = (2| pK™) = (¥ | nK®) = (BK° | pK™)

= — (E"K*|nK®),
Qi = (20| pK~) = (20| nK©),
Qs = CAKO| pi)y = CAK*| nat*y = — (Ax* | pKO)

= —<(An" | nK™),
Q3 = (A | pK~) = — (An®| nK®),
Qua = (E"K*|pK™) = — (8°K°| nK") (37

(Behrends and Sirlin did not have 2, and they
had different signs for the third and fourth ampli-
tudes in Q, and the second amplitude in Q43), and
established five additional relations between the
Qi. It is, however, not hard to find four more re-
lations of this kind, so that only five of the ampli-
tudes in Eq. (37) are independent. If we regard
Qy, Q3, Q, Qg, and 45 as independent, then

Q=0 —Q;, Qp=0Q;=(Q — Qs)/Vi, Qg = Q3 — Q,,
99 = 533 - er QIO = Q1 - QB: Q11 = (Ql -+ Q3)/2 - Qs,
Q14. = Q'7 + Qs - Q1 - Qs’ Q13 = le/Vz (38)

All of these relations are true if in Eq. (36)
€ =€ =1 (or if in the formula IV of Behrends and
Sirlin’s paperm Ny =Ng = 1). But as before they
are correct if in the definitions of the £ we re-
place £ by €= and & by €Z.

Analogous equations can also be obtained in the
case of Eq. (31). It may be remarked that in a
recent preprint by Gell-Mann'%¥ the symmetry of
this same case (31) is analyzed with the additional
condition g1 = gy.

In the low-energy region it is hard to give re-
lations of the type of Eqs. (37) and (38) any physi-
cal meaning, if only for the reason that because of
the difference of the masses it is not clear even
at what energies one is to compare the amplitudes
of the various processes in these equations. In
the high-energy case, on the other hand, when the
mass difference is not so important, it would be
interesting to get comparisons with experiment
for relations of this type, and of course also for
the selection rules of Pais.

5. THE MODEL OF SAKATA AND OKUN’

If we assume that all baryons, 7™ mesons, and
K mesons consist of p, n, A, p, 1, and A,
then in this model the most general four-fermion
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(strong) interaction between the basic particles is
of the form

L =5 ;0 (NON )(NON;)+ 5 D }R0;A) (AO;A)
j i

+ 2® (NO;NO)) (An), (39)
i

where only the antisymmetric interaction types

contribute to the first two sums. Arguments like

those that have been given show that for the La-

grangian (39), with arbitrary values of the f(”

currents with zero divergence are

i=0nN) +@A@nd), B=— (AnA),
i = (N1ax ).

Moreover, as has already been pointed out by
Okun’ ,[7] in this model it is not possible to con-
struct either a nonconserved isovector current or
a current with vanishing divergence that does not
have an electromagnetic analog. In the language of
Sec. 2, the Sakata model forbids isovector currents

which are not the same as the jy of Eq. (15).
As for the only isospinor current,

(40)

= (NmaA), (41)
we have
T () () — = 3110 (V0,8) (orm)
+ 2 [WOA)ROA)
1
(42)

+ 2 1i® [(NO;A) (NON)—(NO;A) (RO;A)],
I

and the condition ajf/ 9x) = 0 is satisfied only in
the case in which fj(3) = 0 for the symmetric types,
and for the antisymmetric

(43)
The condition (43) means absolute identity of N

and A, and strictly speaking is incorrect.l'3 Ana-
logs of Eq. (43) are found in Egs. (29) and (30),

0 = ;@ =0,  my=my.

where there is complete degeneracy of the baryons.

APPENDIX

THE ISOVECTOR CURRENTS (THE CASE OF
EQ. (16)) -

The solution of (13) with b; = 0 has meaning
only for b; = 0. Otherwise gy = g1y = 811 = g12 i.e.,
the p mesons do not interact with baryons at all,
and this makes it altogether senseless to introduce
the term with b; # 0. For the same reason we
must suppose that by = 0 for gy =g5 =g =0, bs

V. M. SHEKHTER

=0 for go=g3 =8¢ =83 =0, by =0 for g, =gy
=gg =0, bs=0 for g =gy =83 =g =0, and by
=0 for g5 =g¢ =gy =gg = 0. This also applies to
the same extent to the currents (14) and (17)—(19),
where all such bj must be stricken out, providing
only (in the last three cases) that the vanishing of
the corresponding constants gj is not in contra-
diction with the conditions on the coupling con-
stants contained in (17)—(19).

If now we write out again the currents obtained
from Eqgs. (14) and (17)—(19) by all possible
““strikings out,’’ then according to Eq. (13) with
bs; = 0 the divergence of the vector current van-
ishes only when one or another of the following
systems of equations is satisfied:

D gi=g=g1=gs=0, qu, &+0,
b8=b2=b3=b4=0, b1=bs}

2) Gi=g=gs=g1=8s =0, Lo L +0,
b8:b2=b4=O, b1=b6=b3/2;

3) gr=gs=0, gs=2g¢+0, e==x1, gio=gn
My = My, b8=b4=0;
a) g, = &gy, by =0, bg=by; = — eby;

b) g2 = — €43, g1=0, b6:0; b1:b3=6b2,
and also in the cases differing from those enumer-
ated by the replacement

g1 81 8587 e Ls by <> by,
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