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The possibilities of an experimental verification of unitary symmetry of strong interactions
are discussed. For this purpose, the relations between the amplitudes of various processes
are established for each of the two unitary symmetry variants.

1. INTRODUCTION

EIGHT of the recently observed resonances in the
27, 3w, and K + m systems have strikingly close
mass values: mp =750 MeV (p — 7+ 7), my,
=785 MeV (w — 7" + 7~ +1°), and mgx = 885 MeV
(K* — K + 7). Regardless of the meaning that one
can ascribe to these resonances as new ‘‘parti-
cles,’’ the agreement between the masses appar-
ently points to a certain approximate symmetry in
strong interactions, higher than isotopic invari-
ance. The relatively small splitting of the masses
must be ascribed in this case to a less strong in-
teraction, which disturbs the high symmetry, but
is isotopically invariant as before. By now a
rather large number of possible high symmetry
variants have been proposed for strong interac-
tions, but only two of these can be used to explain
the experimental situation with the resonances.
Both these variants are based on symmetry under
transformations of a unitary unimodular group in
three dimensions, frequently called simply unitary
group or unitary symmetry.

Unitary symmetry was first considered in the
Sakata model by Ikeda, Ogawa, and Ohnuki _[1],
whose paper was followed by many others 1 m
the Sakata model, as is well known, the starting
point is a triplet of baryons, possibly p, n, and A.
The remaining particles are regarded as compound
ones. The unitary symmetry signifies that both in
the initial triplet and in the ‘‘compound’’ multiplets
the masses and interactions of all particles are the
same. In recent papers by Gell-Mann and
Ne’eman ) a second variant of unitary symmetry
was proposed, in which one starts out from two
triplets of certain ‘‘conceptual’’ particles; in this
case all eight variants are compound and in the
presence of unitary symmetry they form a degen-
erate octet. We shall henceforth call these two

variants of unitary symmetry the 3-symmetry and
8-symmetry respectively.

Within the framework of the 3- or 8-symmetry
one can have, generally speaking, different multi-
plets of mesons or baryons. In both variants, how-
ever, the simplest meson multiplets are singlets
and octets. It is natural to think that the observed
septet of T and K mesons can be classified as an
octet of this type. Here, obviously, there should
exist an eighth particle, hitherto not observed, the
so-called ¥’ meson (pseudo-scalar in ordinary
space and scalar in isotopic space). The question
of the position that this particle occupies in the
unitary symmetry scheme and concerning its de-
cay properties was considered in many pepers L4,
In some papers it was called a ¢ meson.

Resonances can be ascribed to a second octet
(it is not very clear whether this octet should
contain the w? resonance or the n° resonance,
which is similar to the w® resonance in the w*,
7, 1 system with mass 550 MeV). One can note
that in transformations of the unitary group the
law of transformation of particles within the octet
is the same for both the 3- and the 8-symmetry.

The masses of the baryons, and particularly
those of mesons, differ quite strongly from one
another. This means that the unitary symmetry is
approximate, if it exists at all. At low energies
such an approximation should certainly be poor.
Owing to the differences in the masses it is not
even clear at what energies various amplitudes
and cross sections can be compared, a factor es-
sential for the verification of unitary symmetry.
At high energies the mass difference is not so es-
sential, but the scattering is principally of the dif-
fraction type in this case, and is independent of
the detailed structure of the interaction. It is pos-
sible just the same that a structure of this type
does manifest itself in collisions (both elastic and
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inelastic) accompanied by large momentum trans-
fer. In such nondiffraction processes small dis-
tances are significant, at which a unitarily-sym-
metrical interaction probably predominates.

If the described situation does indeed obtain, it
is of interest to establish the relations between
the cross sections or between the probabilities of
different processes which follow from the unitary
symmetry. A direct experimental verification of
these relations will show the extent to which the
unitary symmetry is correct and in which of its
two variants. We shall write down below the
‘‘unitary’’ relations between the amplitudes of the
observed processes of the type meson + nucleon
— meson + baryon and baryon + nucleon — baryon
+ baryon. The resultant equations will be com-
pared with the available experimental data. In the
concluding section we shall discuss (in analogy
with what was done in [5]) the possible manifesta-
tions of unitary symmetry in lepton decays of
strange particles.

2. AMPLITUDES

In the case of meson + nucleon — meson +
baryon processes we can write out 27 amplitudes,
which are independent from the point of view of
isotopic invariance:

0, = {pa’|pn"y = {(nn"|nn),

0y = {pn” | pn~) = (nnt|nat),

wg = (pK°| pK*> = {(nK" | nK*),
0y = {pK* | pK*> = <{nK°® | nK°®),
05 = (pK™ | pK™> = <(nK°| nK®,
05 = (pK® | pK®) = (nK™| nK™),
0; = {nnd | pry = — (pn® | nnty,
wg = (ny° | pr) = {py° | na*y,

0y = (nK" | pK® = {(pK® | nK*>,
Wy = <nT(° [pK™> = <{pK~| ’71—(0%
o = AK° | prn™) = (AK™ [na*),
050 = (Ant ]pl_((’} = (An~ |nK™,
03 = (AT | pK™) = — (An® | nK®),
w1 = (A | pK™y = (Ay° | nK®),
05 = (EK" [prn™) = (Z'K° | nn*),
0y = 2" pK™) = (Z'n | nK®,
0; = (ZK" [ prt) = (2K |nxy,
Wy = (7| pK~)y = (7" [nK®),
0y = (Z0 | pK®) = — <20 [nK™),
®g = (EW° [ pK®y = (Z7%°| nK™),
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0y = (Z°K°| pr™y = — (Z°K* | nn*),
Wy = (" [ pK®) = — (E'n7[nK ),
g = (27| pK™) = (2°n°| nK®),
@94 = (2| PK™) = —(2%°|nK®)
g5 = (E°K®| pK™) = — (E°K* | nK®),
g = CEK*| pK™) = — (E°K° | nK"),
g7 = (E°K*| pK®) = — (E"K°|nK™). (1)

Equations (1) do not include amplitudes of re-
actions in which 7° or x° participate in the initial
state, since such reactions are practically unob-
servable.

Analogously, we can write for the amplitudes of
processes such as baryon + nucleon — baryon
+ baryon

Q= {pn |pn)y = {np |np),

Q= (pZ~ |[pZ7) = (nZ" |nZ%),
Q,= (p=* | p=*> = (nZ~|nZ,
Q= (pE~ | pE™) = (nE’ | nE%,
Qy = (pE° | pE®) = (nE"[nE),
Qg= <(nE® | pE™) = {pE~ | nE®),
Q, = (Z'2" | pE~) = — (22" [nE%),
Qg = (AA | pE~) = — (AA | nE),
Q= (Z0F0 | pE-y = — (Z°%° | nE%,

Qo= (AX® | pE™) =(AX° | nE?),

Q= (ZA | pE~) = (Z°A | nE),

Q= (A | pE> = — (Z°A |nE7),

Q3= (Z*Z0 | pE®Y = (230 |nE"Y,

Q= (nA | pZ7) = <pA [nZ7),

Quy=(nZ° [pZ7) = —(pZ’ |nZ%),

Q= <nZ" [pA) = {pZ~[ nh),

Q. =<(nZ7 | pE® = — (pZ~ | nZ,

Q5= (pA | pA> = {nd |nA,

Q= (pX° | pA) = — (nZ° |nA),

Qyp= (pA [ pZ°) = — {(nA [nZ0),

Qyy = (pZ° | pZ®) = (nZ° |nX°). (2)

Equations (2) do not include the amplitude
<pp | pp>=<nn | nn >, since it obviously coin-
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cides with the amplitude of scattering of a proton
by a neutron in state with isotopic spin 1, i.e., in
an odd spin-orbit state.

Any new symmetry, higher than isotopic invari-
ance, will lead to the appearance of several rela-
tions between the written amplitudes. The method
used to obtain these relations is described in the
Appendix. The results are presented below.

3. 3-SYMMETRY

If 3-symmetry holds true, then only three of the
first 14 amplitudes are independent. The remainder
are expressed in terms of these three in accord-
ance with the equations

Wy=0;, O;3=0, Oz=0g, (072(031—@2)/]/7’

05 = (0, + 0, —20,)/V/6,
Wy = Dy9 = V2 W3=0; — O3, O1p= Oy = Cy — O3,

010 = (03 -+ 05 —20,)/V6. (3)

Analogously

Q) = Q. (4)

Relations of the type (3) and (4) can be obtained
also for amplitudes of other processes. To find
the most interesting relations it is sufficient to use
only the invariance with respect to (A.2). In par-
ticular, the following relations hold true

(nn'nt | prty = (AK'K* | pK*,
(navta | pry = CAK*K ™ | pK™>,
(KK~ | pry = (Asttas | pK™y,
(PKK® | pry = <pnK® | pK™>, <pna* | ppy = {pAK* | pp),
tn” | ppy = KKK~ | ppy, <2n*2n~ | pp> — (2K*2K~ | pp
(5)
4. 8-SYMMETRY

In a case of 8-symmetry, only five of all the 27
amplitudes wj are independent (this circumstance
was already noted in [3]). The relations between
the wj have the following form (it is convenient to
regard wy, wy, ws, wy, and wg as independent):

W3==W;, Oy=Wg=0; — ngh Wy =W17=0W4 — Oy,
W= 013=05 —O; + V2 o, 0= 30, —vy)/2,
0=V 203= 0=V 20y, = — (130, + 0y/2,
01=05; —0; + BV 30; — 50y)/2)/6,
5= Wy; =0y — 0 — (07 + ]/gﬁ)s)/Q,

W1g= 095 =05 — Oy 4~ (]/ng —0g) V‘%,
W= —0yp=(0; — Vg‘ﬂs)/Qy Wy = (07 -+
Oy =05 — oy 4 (5o; — ]fg(‘)a)/Q Ve,

o5 =20, — 0y —0; — V 20; - V6 0.

V'3 we)/2

(6)

V. M. SHEKHTER

Out of the 21 amplitudes €, three are inde-
pendent. The equations relating the £; have the
form:

Q,=-0Q, -0, Q=0,-9Q, Q,-=0,
2 ,
Q= Q, — Qn Q=2 (Q— Q) + O
Qg 2

V3Q,=13Qy

In analogy with (5), the following equations hold
true in the case of 8-symmetry

(naat | prty = (ETK°K° | pK®),
(nata” | pay = (STK°KY | pK®,
(KK~ | py = (EKK™ | pK®,
(pK™K® | pr~y = (pKw | pK®>,
{pnn” | ppy = <{pZ'K° | pp),
(' | pp)y = <K°K° | pp,
(2n"2n” | pp> = (2K°2K" | pp)

etc.

(8)

5. COMPARISON WITH EXPERIMENT

As was already noted, it would be desirable to
compare relations (3)—(8) with the cross sections
of the corresponding processes, accompanied by
large momentum transfer. At the present time
there are no such data. The equations obtained can
therefore be compared for the time being only with
experiments in which the integral cross sections
of elastic or inelastic processes, occurring upon
collisions between mesons or baryons and nucleons,
were measured at energies on the order of several
BeV, and also with total meson-nucleon and baryon-
nucleon cross sections. Of course, we cannot ex-
pect good agreement. It is more likely that the
character of the ‘‘disagreement’’ is of interest.

At present the most complete data are those
pertaining to the integral cross sections of meson-
proton interactions. According to [6], in the labor-
atory-system momentum range from 10 to 20
BeV/c, the total cross section ot (7*p) ranges be-
tween 24.8 and 23.5 mb, while ot (m"p) ranges
from 26.9 to 25.6 mb. In a similar momentum in-
terval, o ( K*p) remains approximately constant
at about 18 mb, whereas o¢{(K p) varies from
~24 to ~22 mb.[7 It we compare these figures
with the 3-symmetry equations w,; = wy and ws
= wy, predicted in (3), whence
(9)

o: (pK*) =0t (pn*), 01 (PK7) = oy (pr”),
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we see that the second of these equations is accu-
rate to 10—15 per cent, whereas the first is accu-
rate only to 30 per cent. One must note, however,
still another circumstance. According to the well
known theorem of Pomeranchuk [8J, the following
asymptotic equations should obtain at very large
energies

o (K™p) = 0 (K'p), ot (W"p) =~ 0r (a'p). (10)

(if the cross sections decrease with increase in
energy E no faster than (In e )'1, then (10) can be
proved rigorously).

The experimental data presented above for en-
ergies ~10—20 BeV show that the corresponding
cross sections have a tendency to come close to
each other. Inasmuch as the approximate equality
ot(K'p) =ot(7m p) already takes place at relatively
low energy, it is natural to think that in a region in
which relations (10) will be valid we can approxi-
mately equate also ot (K*p) and ot (7'p).

The 8-symmetry predicts in (6) the equalities
w3 = wy and wg = wy, from which it follows that

01 (1K*) = o¢ (prt"),

The cross sections of Kn interactions at ener-
gies ~10—20 BeV have not been measured so far.
Data on K*n scattering are given only for mo-
menta 1—2.8 BeV/c. In this region ot(K*n)
=18 mb, whereas oy(7*p) ® 29 mb. For K™n
collisions data are available in the momentum
range 2.5—4 BeV/c, where ot (K™n) changes from
22.5 to 20.5 mb [103. In the same region, o¢(77p)
varies slightly about 30 mb. The agreement with
8-symmetry is poor, but the energies are still
small. Somewhat better agreement is obtained
with the 3-symmetry equation wg = w3, i.e.,
ot(K™) =0t (K™).

The partial cross sections of the different reac-
tions at large energies are likewise still unknown.
A comparison of elastic cross sections of the
scattering of K~ and 7~ by a proton at 1.5 BeV,
where o(K + p— K*+p)=8=+1.5 mb 1% and
o(m 4+p—7 +p)=9x1.5 mb[“], shows too
good an agreement with the 3-symmetry relations
o(K +p— K +p)=o0(m" +p— 7" +p) tobe
regarded as accidental.

Among the inelastic processes, the most in-
formation can be extracted at the present time ap-
parently from experiments on proton-antiproton
annihilation. If we select only those cases in which
each meson emitted upon annihilation has an energy
which is large compared with its rest mass, then
the difference in the masses becomes insignificant,
and we can expect the equalities of unitary sym-

ot (nK™) =0y (pm7).  (11)
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metry to be satisfied, particularly the last relation
in (5) or (8). Experimental data on the 2-meson
annihilation, which is the most favored from this
point of view, are available for a momentum
1.61 BeV/c 14, According to these data
o(p+p—7m*+7")=0.1=0.025 mb,
o(p+p—K'"+K ) =0.055+ 0.018 mb, and with
90 per cent probability we have o(p + p — K’ + K°)
< 0.05 mb. At the same time, according to (5) and
(6) we should have
s(p+p—ata)=5(p-+p-—>K*+ K) (3-symmetry)
S(p4p—>a'--a)=0(p+ p—K°+ K (8-symmetry)
12

From this, however, we can still not conclud(e )
that the 3-symmetry or the 8-symmetry is incor-
rect, since the experimental errors are large and
the total energy is too small (at a momentum of
1.61 BeV/c, the c. m. s. energy per meson is 1.14
BeV, which is merely 2.3 times the rest energy of
the K meson).

From the foregoing comparison with the exper-
imental data we see, first, that the data are still
insufficient and, second, that they agree somewhat
better with 3-symmetry than with 8-symmetry.
Some verification of relations (3)—(8) or their
analogs will become possible only after the cross
sections of different processes are measured at
large energies and large momentum transfers.

6. UNITARY SYMMETRY AND LEPTON DECAYS
OF STRANGE PARTICLES.

It was shown in several papers (5,13,14) that in
the presence of unitary symmetry simple numer-
ical relations exist between the nonrenormalized
constants of the weak interaction responsible for
the lepton decays of strange particles. Since uni-
tary symmetry is violated in strong interactions,
the decay constant will change as a result of the
renormalization. In this case no trace can remain
of the indicated relations. Nonetheless, there is
the known case of the axial constant in ordinary
beta decay, when the influence of renormalization
is small, although it should appear there because
of the unitary symmetrical interaction. We can
therefore attempt to compare the ‘‘unitary’’ rela-
tions between the constants and the experimental
data. This was precisely the procedure used by
Kobzarev and Okun’'®). We show below that the
relations between the decay constants is conven-
iently formulated in terms of conserving currents,
and derive several new relations.

Unitary 8-symmetry or 3-symmetry corre-
sponds to the vanishing of the divergences of the
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current (A.1) or (A.3). It can be stated that the
first (charged) components of this current coincide
with the current contained in the vector part of
weak interactions and leading to baryon or meson
decay with change of strangeness. In the Sakata
model (3-symmetry) this is unavoidable, since the
theory contains only one iso-spinor current

Ny)A [the current (A.1) is its Yukawa version,
which realizes the same isotopic transformation].
In this case the non-renormalized vector con-
stants C?, in the lepton decays of strange particles
will be related to one another simply as the coef-
ficients of the different terms in the current (A.3)
or (A.1).

In the case of 3-symmetry, however, the opera-
tors of the £ and = hyperons are not contained
explicitly in the current. It is therefore necessary
to employ additional considerations here. It is
natural to think that in the unitary symmetry
scheme the £ and = consist of a minimum possi-
ble number of bare particles, i .e., of triplets.
Then the = are defined uniquely:

B = (nAd), B = —(pAA), (13)
whereas for £ we have two possibilities: Either

2 = (npA + ahp)/ V2, 2 = (pnA + pAn)V2,

20 = (ppA + pAp — nnA — nAn)/2, (14)
or
St = (npA —nAp)/V'2,  Z- = (pnA — pAn)/V'2,

20 — (ppA — EAp — nnA + nAn)/2. (15)

Relations (13) and (14) pertain to one and the
same presentation of the unitary group (the so-
called 15-representation), whereas (15) pertains
to another representation (the 6-representation).
Therefore in a transition generated by the current
P 7\ or its analog (A.1), the operators (13) are
transformed into (14), but not into (15). If T were
to realize the representation (14), then by consid-
ering T and % as ‘‘elementary,’’ one could
ascribe to (A.1) a term

—V2[—E"MNE) + V2 (EME)L

The current pypA leads not only to the transi-
tion A — p, the consequence of which is in par-
ticular (16), but also to the annihilation of p and
A; in the latter case transitions of £ into A will
take place, and also transitions of =% and Z~ into
nucleons. If we denote the vector constant in the
amplitude of the transition & — A — VX, then in
the case of (14) the constants of the transition of
"~ into n and of £° into p are respectively equal
to Vx/2 and vx/2. In the case of (15) the transi-
tions of the latter type occur, generally speaking,
with a different constant.

(16)
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3-symmetry | 8-symmetry | Experiment

Deca _ .

cay [c{,)/(c?,),(]z [c%uc{)»),(]z (Vz Cy/6)

Kt —-al [+ +4v 1 1 1/30

Kol,g—?ﬂq—'—i—li +v 1 1 '1/30
¥ = K+ + it 4v 3 3

A-p+I-47+ 2 3 1/20—1/10

S nt -+ X2 %, y** 2 1/40—1/20
spt+I-4+7 X[4*, y|2%* 1
E > A+4+1"+4+7 X 3
E- 204145 2% (Q** 1
R e e ) 4% Q** 2

*Corresponds to relation (14).
**Corresponds to relation (15).

The relative values of (C%,)2 in the case of both
3- and 8-symmetry have been written out in the
table. The 3-symmetry relations for the decays of
K, X, and A were obtained earlier in [5’13], and the
8-symmetry relations in the case of hyperon decay
have been obtained in [14J. In the table I denotes
an electron or a muon, while x and y are unknown
constants.

The experimental values of the squares of the
constants in G¥2 units, where G = 1.41 X 1074
erg-cms, are listed in the last column of the table.
In the case of the K* decay, the corresponding
number was obtained in several investigations,
particularly in (5] The equality of the constants
in lepton decays K* and K, which already follows
from the hypothesis of the correctness of the
AT = 1/2 rules in decays with change of strange-
ness, is confirmed by experiment 16]. The values
of the vector constants in the decays of the hyper-
ons have been derived from the data of Humphrey
et al "7, and furthermore we put Cp = —-1.25 Cy,
inasmuch as within the framework of unitary sym-
metry the relation Cp/C% = —C,/C}; should be
the same as in ordinary beta decay. It is seen
from the table that the experimental data exhibit
a barely noticeable better agreement with 3-sym-
metry than with 8-symmetry.

The author is grateful to V. N. Gribov, 1. Yu.
Kobzarev, and particularly L. B. Okun’ for dis-
cussions.

APPENDIX

RELATIONS BETWEEN AMPLITUDES

In establishing relations between amplitudes of
different processes it is necessary, obviously, to
start out from transformations with respect to
which the theory is invariant. In the case of a con-
tinuous group, such transformations are known if
the generators of infinitesimally small transfor-
mations are specified, or else if one specifies the
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conserving currents from which the generators
are constructed. The question of finding various
symmetry properties in the theory of strong inter-
actions in the Yukawa form and the corresponding
conserving currents was solved in the papers by
Behrends and Sirlin '8 and by the author[19J in
the latter case account being taken of the possible
existence of the x’ meson (there denoted as the p’
meson). The Yukawa form turned out to be con-
venient, because all the particles are considered
elementary there and enter directly into the ex-
pressions for the generators or the currents.

Corresponding to the 3-symmetry is a current
which can be obtained as a solution of the algebraic
system (28) written out in (19 in the absence of =
and = interactions, when only dy, ds, dg, g1, = gNm»
85 = 8AK> 89 = 8Ny and gy =gpy are different
from zero. Such a solution turns out to be unique:
When

gn= = (UV'2) gax =V 3gux = — (V'3/2) gax
the current conserved has components
R, = =V 2(pmd) — (K¥0pa%)
— V2K 0,37) —V 3(K*0ny?),
G- = —V2(anA) + (Ka")
— V2K o) — V'3 (K0 ).

The letters denote here the annihilation opera-
tors for the corresponding quantities; the symbol
9) denotes the operation

0,0,D, =

(A.1)

0D,

6(‘1) L
(D2 0x,,

10

One can also note that in case of 3-symmetry
the theory is invariant with respect to the trans-
formations

P —p, n —>Av A - — n,
- K, Kt - —a*, n” - K-, K — —n,
K* - —K, K - —K% = (@ +V3y)2,
= (V/3a® —yY)/2. (A.2)
The meaning of (A.2) is as follows. If unitary

symmetry holds true, then arbitrary unitary and
unimodular transformations of the triplet p, n, A
are possible, particularly the spinor transforma-
tions of the pair n, A. Equation (A.2) is equivalent
to the transformation of this pair (n — A, A — —n),
corresponding to rotation of 180° about the second
axis in the corresponding isotopic space. The
“‘compound’’ mesons are likewise transformed.

As regards the 8-symmetry, it corresponds to
conservation of the current (31) from 19 with
components
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(ﬁhz=1f§@hA)+(ﬁnE%+4/§@wZW
+V3MANE") 4= EMNMET) —V2E'1EY) — (K0, 20)
—V2(Kn) —V3 (K+a)‘x ),

(R = V'3 (mh) — (1) + V2 (2% — V3 (A1 EY)
L (ENE) + V2 (E 1ET) + (Kn)

—V2(K o) —V 3(K%,y"). (A.3)

The relations between the Yukawa constants,
corresponding to the conservation of the current
(A.3), have been written out in [19] [the inessential
sign multipliers €, €', — €”, and £¢” are set equal
to + 1 in (A.3)]. Gell-Mann B3] also uses the addi-
tional equality gng = —8&4, by virtue of which
there is additional invariance under the discrete
transformation

R= {pH_E , ne BY St 3o 3o 3o A LA,
K' - K, KoK, aten, aon, 1 -5
(A.4)

In the case of 8-symmetry, the analog of (A.2)
is the transformation

p - —2 2t op, 2 > — 8-, BE- 52,
n——80 B L __pn 30 (201 V32,
S, = A - (V320 —A)/2, ) ) ]
K'—-—n*, a* K'Y, K -—an, n 5K,
K- —K, K — —K, a°—(a+ V3_x°)/2,
% — (V3 —x0)/2. (A.5)

The analogy with (A.Za lies in the fact that in
the Gell-Mann scheme [ all the particles are
constructed (in the sense of isotopic structure)
from three ‘‘conceptual’’ fermions, denoted v, e,
and p~, and also from an analogous triplet of bo-
sons D', D™, and S™. Equation (A.5) precisely cor-
responds to the spinor transformation of the pairs
epand D'S" (e —p,u ——-e,D —87,

S™ — -D7), analogous to the transformation of n
and A in (A.2). In exactly the same way, the dis-
crete transformation (A.4) corresponds to invari-
ance under discrete transformation of the charge-
conjugation type: v < DY, e ~— D~, p~ ~— S~.

In place of (A.4) and (A.5) it is more convenient
to use the transformation T,S,RT, (T, denotes
rotation through 180° in ordinary isospace: p — n,
n—‘—p,A——A $f— 7, 20— X

-z0, B' — =7,

5 — =5, ete.), i.e.,
p—p, 0 (20 —V3A)2,
+——>K+
ne —3f A — (V32 A2 K o —at,
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B0 — 37, @ s (0 — V32, K e —ar,

8- -8, X —>—(V3+x2, K —K-.
(A.6)

For example, to obtain relations between the
amplitudes (1) in the case of 8-symmetry we can
use the invariance of the theory with respect to
(A.6). Application of this transformation yields
immediately

0, = Qg,

Wy, =Wg, Oy =0,

Wyp =W, W35 = Wy,

Wy = — (0 + Vgﬁ)zl)/Q, g =(— ]{gﬂ)u + 051)/2,
19 = (07 — V?’_(’)s)/z Woo = —_((07]/3 + @4)/2,
W33 =Wy = V3 (014 — 0055)/2.

Wy = Wos,

(A.T)

Analogously, in the case of 3-symmetry it follows
from the invariance with respect to (A.2) that

0 =Wy, Oy =05 Oy =04 Oy =0, 0 =0,

0, = (03 + VB_(DM)/?» Oy =(V3—0)13 —o)/2. (A.8)

In order to find the remaining relations between
the amplitudes, it is necessary to consider the
arbitrary transformations v, e”, u~, D°, D, ST,
or p, n, A. We can use instead a different method.
It is easy to see that the vanishing of the diverg-
ences of the second components of the currents
(A.3) and (A.1) is equivalent to the conservation of
the operators

—2ﬁ51+21v32+1’\\/141—NA2+NBI_NB2

+ Ny, —N,, —2Ny (A.9)
(8-symmetry) or
—Ng,+ Ng, + N, — N, — 2Ny (A.10)
(3-symmetry), where
nij\ _in‘Ng _lliEO
Ry, = V3’ Sy = V2 Qi = V3
A 3 30 30 _—V3A + 3+
le_j#’ N, = ZV— , Am:p;/i )
_z_;}:Z' __K+i311+ _K(2)+Fg
Bl,2 - —V_E‘ B L1,2 — Vé ) - V-i ’
X +V3a 0 — Y3y K°+K°
Fg: 2 ’ Fg: 2 ) ;),2 - -’/2 : (A-ll)

and the particle number operators are defined for
baryons y, and bosons ¢ as

Ny = S‘V (x)p (x) d®x, N, = ——Scp+ (x) 049 (x) d3x.
(A.12)

Using (A.9)—(A.11) we can obtain the remaining
relations between the wj. Considering, for exam-
ple, in the case of 8-symmetry the interaction of

ay = <pat [SK,

SHEKHTER

K* and 7* with protons, we have to write out the
eigenvalues of the operator (A.9) in the AiLj sys-
tem. These quantum numbers are respectively
equal to 2, 0, 0, and — 2 for ALy, AyL,, AsL4, and
AyLy. Hence

<A1L1 §A1L~z> = (AL, ’A2L1> = <A1L1 |A2L2>

= (A\Ly |AsLy)y = (AL [ AsL,> = 0. (A.13)

Denoting in the amplitudes of the reactions that
are allowed with respect to strangeness by
a, = {pK* | pK*),
a; = (E*at| Xtaty,

(@) =04, a5 =04, a3 = 0y),

ay = (K" | paty,
ag = <2+K.-!2+K+:)
(A.14)

a; = <{pa’|pa*),

we can reduce (A.13) to the system
—ay+ Ay — a3+ as —a; - a5 =0,
ay + ay + az—ay —a; —ag =0,
—a; +a. —ag—ay+ a; —ag =0,
ay 4+ ay, —az +ay —a; —ag =0,

_al_{_az,!_a:;—a_l—ab—l’—ac:o. (A-15)

(A.15) is solved in elementary fashion

a, =ag 4 =03 O3 =0y, —a +a, —a; =0, (A.16)

i.e.,
— w0y + 0y —0; = 0.

The last equation is given in (6). We can obtain in
a similar manner the remaining relations in
(3)—(8).
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