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F and D couplings of baryons and mesons are shown to arise naturally with a simple extension of the gauge
formalism to a (SU;3XSUs)zX (SUsX SUs) e group structure. In its general formulation the theory needs
parity doubltets of (04) and (0—) ninefolds. It admits of (two types of F and D coupled) (1+4) and (1—)
vector and axial-vector meson multiplets, a specially attractive combination of currents which emerges from
the formalism being an equal mixture of vector F with axial-vector D [the case of (SUs)z X (SUs) z]. The
theory also admits an approximate (Bronzan-Low) type of quantum number.

1. INTRODUCTION

ITH the discovery of SU; as the strong inter-
action symmetry group,! with the discovery

that the electromagnetic current (for strongly inter-
acting particles) is part of the SUj structure,? and that?
(at least in their semileptonic aspects) weak currents
of strongly interacting particles also belong to SUs, a
complete theory of elementary interactions seems not
too distant. In this series of papers we make a pre-
liminary attempt towards determining their underlying
group structure and to construct a gauge theory of
strong, weak, and electromagnetic interactions. We
believe that the gauge principle* must be an essential
ingredient of any attempt to construct a fundamental
theory. The gauge principle is the only known way to

* Permanent address: Johns Hopkins University, Baltimore,
Maryland.

! The remarkable discovery of @~ first predicted by M. Gell-
Mann [CERN Conference Report (1962)7] and discovered by
V. E. Barnes ¢t al. [Phys. Rev. Letters 12, 204 (1964)], seems to
leave little doubt about the correctness of SUs; symmetry. The
unitary group was first introduced in elementary-particle physics
by M. Ikeda, S. Ogawa, and Y. Ohnuki [Progr. Theoret. Phys.
(Kyoto) 22, 715 (1959); Y. Yamaguchi, Progr. Theoret. Phys.
Suppl. (Kyoto) 11, 37(1959)7. These authors correctly predicted
the completion of the (0—) multiplet (n,m,x) though they followed
Sakata in assigning baryons to the threefold representation.
Following this the work of A. Salam and J. C. Ward [Nuovo
Cimento 20, 419 (1961) ] stressed the eightfolds of both (1—) and
(14+) gauge particles associated with the unitary group (the
group-structure SU3XSU;). (The importance of spin-one multi-
plets lies in the fact that the gauge particles must belong to the
regular representation of the symmetry group, and therefore
provide the ‘invariant signature’ of the ‘group’ in contrast to
any of its other representations.) The eightfold way was completed
by Y. Ne’eman [Nucl. Phys. 26, 222 (1961)], and M. Gell-Mann
[Phys. Rev. 125, 1067 (1962)], and California Institute of Tech-
nology Report CTSL 1961 (unpublished), who first pointed out
that in addition to (0—) and (1—) multiplets the known baryons
can also be associated with an SU; multiplet of eight. For some re-
cent attempts to make use of the fundamental threefold unitary
multiplet see M. Gell-Mann [Phys. Letters 8, 214 (1964)], J.
Schwinger [Phys. Rev. Letters 12, 237 (1964)7, F. Giirsey, T. D.
Lee, and M. Nauenberg [Phys. Rev. 135, B467 (1964)], and G.
Zweig, Phys. Rev. (to be published).

2M. Gell-Mann. Phys. Rev. 92, 833 (1953); K. Nishijima,
Progr. Theoret. Phys. (Kyoto) 10, 549 (1953). )

3 N. Cabbibo, Phys. Rev. Letters 10, 531 (1963).

4 C. N. Yang and R. Mills, Phys. Rev. 96, 191 (1954); R. Shaw,
dissertation Cambridge University, 1954 (unpublished); R.
Utiyama, Phys. Rev. 101, 1597 (1956); S. Bludman, Nuovo
Cimento 9, 433 (1958); A. Salam and J. C. Ward, Nuovo Cimento
11, 568 (1959); J. J. Sakurai, Ann. Phys. (N. Y.) 11, 1 (1960);
J. Schwinger, Proc. Trieste Seminar, IAEA (1962); M. Gell-
Mann and S, Glashow, Ann. Phys. (N.Y.) 15, 437 (1961).

write down currents J, which are not simple “static”
expressions of ‘a conservation property, but also form
part of the interaction Hamiltonian (Hine=J,4,).
And on a pragmatic level, gauge theories seem to be
the only spin-one theories which have so far been
renormalized.’ Our major tool is a new extension of the
gauge principle to include what we call double gauges.
This extension is made possible by the fact that the
‘unitary’ group possesses two elementary represen-
tations which admit of independent transformations.
We use this new formalism to construct a theory of
strong interactions in the present paper, while the
problem of weak and electromagnetic interactions will
be considered elsewhere.

2. THE DOUBLE GAUGE FORMALISM; LEFT
AND RIGHT GAUGES

A.

We first summarize the conventional “single-gauge”
formalism. Let ¢ be a set of spin-3 particles, corre-
sponding to an elementary (Sakata) representation of
the group Us. The single-gauge principle starts with
the free-kinetic-eneigy term

Lr=—vt(vevud ¥ (1
which is invariant for the unitary transformation
Y =U,Uy. 2
Here
Uo= €% ,
0=€xp F’Le ). . 3)
U=expi(T'€),
T* (=0, 1, - - -, 8) are nine Hermitian matrices which
satisfy®
[Ti’Tj:I._.icijka’ i) jy k=1, ) 87 (4)
{Ti:Tj} = (\/%)ijo'*—dijka’ 7:7 j; k= 17 T 8 » (5>
T°=(1/4/6)1, (6)

and
Tr(T9)%*=%.

5 Abdus Salam, Phys. Rev. 130, 1287 (1963); Abdus Salam and
R. Delbourgo, Phys. Rev. 135, B1398 (1964).

6 The Greek indices run from 0 to 8, the Latin indices from 1 to
8. For definition of C%* and d%* we use the notation of M.
Gell-Mann (Ref. 1).
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If we now require that the ¢’s in (2) depend on space-
time x,, one must replace d,=8/dx, in (1) by the
‘covariant’ derivative

Dy =0ut+1g X +ig’ X0, ()
where X,=V2T%X,* and X ,* are eight vector fields with
the transformation character,

1
X,/ = UX,U-'H—Ua,U"
and ®)

The relation (8) can be inferred from the requirement

(S)M‘b) '=U ( SDMP) . (9)

X = D,X,— D,X,

Defining

=auXu_avXu+ig[Xlt;XV]) (10)
it is easy to verify that
X' =UXuU™. (11)

All in all then, the Lagrangian
= _‘M'YWM:DM/’—% TrX WX
=i XWX —mptygp (12)
is invariant for the transformations
V'=Uy,
X,/ =UX,U+1/igUd,U",
XV=X.2—(1/9)0€/0x,.
As usual one may define currents J,* from the relation

ter 2= 3 (0L£/8,0)00. (14)
¢=¢,F

(13)

From (14) and using equations of motion for ¢ and F
1€%9,J ,2=08L, (15)

For an invariant £, 6£=0, so that all nine currents
are conserved.

B. The Double-Gauge Formalism

For (mixed) tensor representations of the unitary
group, the single-gauge formalism can be generalized
in the following manner. Write the 3X3 representation

in the form?”
Y=V2(T4~). (16)

?To identify the transformation character of the fields ¥, con-
sider the corresponding (Hermitian) boson matrix M =vVZMeT=.
With the notation

wt= (1/V2) (M'FiM?), K*=(1/vZ)(M*FiM)
K9, KO= (1/V2) (MSFiM"), =°=M?3, n°=M?, o*=M"

A + +
vttty 4 K
e - P
M= x atosts K
- —27°  o°
- 0 J— —_
K K NG +\/3
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The single-gauge formalism would start in this case

with the transformation
Y=UUyU™. 17)

We generalize this to consider two independent unitary
transformations U; and Uy,

\V=U0U1¢Uf1 (18)
which leave £; invariant,
&= —Trtyayudd—mo Tryiyap.

The ‘gauge principle’ leads in this case to the covariant
derivative,

D =0+ig'Z1—ig V2o +ig° 2N,  (19)
which transforms as
(D) =UoUr(D) Us™, (20)
provided
(Z1w)'=U1(Z1) U+ (1/3g) U0, U, (21)
(Z2y)' =Us(Zo) U™+ (1/igs) U3, U™, (22)

ZY=2,0—(1/g")0¢"/ day.

The crucial remark is that each of the fields Z; and Z,
transforms independently as representation® of SUs.
The invariant Lagrangian is given by

L=—Troytvey, D —% Tr22 4,7 y— Trmaf Ty sl .
The fermion interaction term in (23) equals
Line=Trl— i tvera (@' Z 1 — £ Z2)

—igh ‘/’T’Yﬂ’n‘/’z MOJ (24)
= TI‘[-‘ 7’/\/2 (‘pT'Y'i'YM[Fm‘p:I+¢T747M{DM73[’})
—ig% Ty 24 u0] ’

Fu=TF, =1/N2(g)'Z1u+g'Z2) ,
D,=TD,i= 1/\/—2—(g1/21“'—g2/Z2“) .

(23)

(25)
where

There is thus a total of 18 conserved currents, corre-
sponding to the group generators, eight grouped in
the commutator combination,

TryfOLF ¥ ]=TrF (=4O —y10¥)
and the remaining in the anticommutator,
Trpt0{ DY} = TrD(—pOYHH¥T09) =V2di* Y10y D*

HV2ZWHOP+HTOY) DI (27)

The currents remain conserved even for the addition
of gauge-meson mass terms to (23)

Lm=—3% Tr(wZ1, 21yt udZouZ,) .

(26)

(28)

8 Terms like (28) are not invariant for the general transforma-
tion (21) and (22). They are invariant however for non x,-
dependent Uy’s and Uy’s. This is all that is necessary for current
conservation.
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C. R Parity

D and F interactions can be distinguished if following
Gell-Mann one defines R parity 7 for a field from the
relation

RYR I =nT ny=c1.
Since
TrA[B,C]=—TrAT[BT,CT]

TrA{B,C}=+TrAT{BT,CT},

D and F transform oppositely. If the theory is R
invariant, one must choose

1) g1’=g2’, M1= M2
(in order that D, and F, are orthogonal) .®

(2) 77D=+17
3. INCLUSION OF AXIAL VECTOR INTERACTIONS
A.

Neglecting the fermion mass term —mo Trytyaf, one
may split ¢ into its right and left components,

Yr,e=3(1xvs)y. (29)
As before consider the independent transformations

V' =V ViyrVs?

np=—1.

(30)
Y=V VapVit.
To gauge the free Lagrangian
—TrWrtyeyOurbp+H¥rtyeyduds) ,

replace
ap.R by iDMR’\[/R:‘9;13011’.4—'iglﬁ‘lll,\bk

“ig21PRF2“+ig0F01[/R , (3 1)
9y by Du¥r=0Nr1ig:Fs1

—igWrFatigd Fd'Yr.

The fields F,, Fs, F3, F4 transform independently of
each other. Incorporating the g’s in the definition of the
F’s, the linear part of £in¢ equals

Line=—1 TrWrtF e —¥rtrFotyiFs
~ LWL F oY riYRF oYty F o)
=—1 ToYtyeyul Frt-Fs—Fa—F4, ¥}
F ¥ty evu[Fit+Fs+Fat-Fu, ]
+1//T’Y4’Y“'Ys{ *F1+F3‘|‘F2—F4, ‘l/}
+¥tyeyavs[—F1tFs—Fot+-Fu, ¢]
+3tvear b (Fot+Fo)
siptvaeyys(Fo—Fd') .

There are four types of conserved currents D—V,
D—A,F—V,F—A corresponding to the 36 generators

(32)

9 Note that in terms of the ‘pure’ fields F and D,
lexozluy""ZZpyZ?pv = (vaan'l'DuvDuv) 3

F,,y = aqu - 0an+ig[Fva:] +1:gEDﬂ)DV]’
Dyy=08,D,—8,D,~+ig[ Dy, F, J+i¢[F, Dy .

where

INTERACTIONS B 765

for the underlying group structure. We show in Ap-
pendix I that the vector currents remain conserved
even for the inclusion of Fermi mass terms.

B. Spin-Zero Fields

For Hermitian spin-zero fields M, the only trans-
formation which preserves hermiticity is the single-
gauge transformation

M'=UMU.

For a non-Hermitian M, M= (M+iM,;) one can
however allow double gauges

M'=UUMUs™.
Infinitesimally, U=~ 141Xy, U= 141X,
My =M1—3{X1—Xo, Mo} +3i[ X1+ X2, M1]— €M,
My =My +3{X1— Xo, M1} + 5[ X1+ X, Mo ]+ M.
The invariant Lagrangian equals

— 1 Tr(DM)+(DM) —1 Tr2M+M
=—3 Tr( OuM 1+3/N2[V M1 ]— 1/V2{ A4, 2})? )
+ (0uM o+ /N2[V 1, M 2 ]+ 1/V2{ 4, M 1})?

-1 Tr(M2+M2), (33)
where
Va=1/V2( X1+ X0),, Au=1/V2(X1—Xs)u. (34)
The conserved currents are
6£meson —1,
=—([8.M,M ]+ [0,M,M]),
oV, V2
(35)
5£meson 1
o, =E({3nM1,M2} —{0,.M5,M1}).

4, TOWARDS A THEORY OF STRONG
INTERACTIONS

At this stage with one fermion nine-fold=yz+v¥1,
corresponding to the group structure (SUsXSUs)g
X (SU3XSU3) g and one meson ninefold M =M +iM,,
each gauged independently as

Ve =V ViRV,
Y=V /VapVi?,
M'=UUMU;s,

(36)

there is a total of six types of gauge fields; four of
these, i.e., F1, Fs, F3, F, interact only with fermions ¢
and two fields X; and X, only with mesons M. In
order that fermions and mesons interact with each
other at all some of the U transformations must be
identified with the V transformations subject of
course to P and C conservation.

In Appendix IT we list P, C, and R parities of the
currents in (32) and (33). This listing shows also
the resistrictive power of the gauge formalism which
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stems from the fact that “pure” P- and R-conjugate
fields are ‘mixtures’ of the gauge F’s and X’s. (R-
invariance has been listed in so far as it may prove an
approximate symmetry for strong interactions).

To construct a realistic theory, consider the case
where we start with one scalar and one pseudoscalar
boson multiplet :

Mi=0—, M.=0+.

A. P Invariance

From (Al) and (AS) we must require for parity
conservation :

g'=g', g'=g,

and either

X1=F;, X,=Fs,
ie.,

U1EV1, UzEV:;,
or

X1=F2, X2=F4,
Le.,

U15V2, U25V4.

Using the notation of (34), i.e.,

V2V =F+F3;=X1+Xz,
\/ZA=F1+F3=X1—X2,

V2V'=Fy+F,,

VIA'=Fy—F,,

the linear part of the £int equals:

DvudSY(E)+ {7} ST (D) +Dyuys IS4 (F) +{vuvsyS4(D)
+LM oM LS (F)+SY(D)]
+[M1,0MJ[S4(F)+S4(D)]

+A° Tr Wy aviys¥) + (M9, Mo—M20,M7) . (37)

B. v; Invariance

The P-invariant gauge Lagrangian (37) is invariant
also for the “y;5’ transformation

Yr—YL

F1—>F3} le. VWV =+
Fo—F, A4, 4"— —(4,4)
M1—> —M1

M2—> +M2

[To see this most simply refer to (31) and (33).]

Since Yg — ¥ is a tenable transformation, only if
mass terms vanish, we have the important result that
if fermion masses are ignored in fermion loops, the
following gquantum number is respected for all processes
involving external bosons :

+1 for V(1—) and Ma(0+),

—1 for A(1+) and M,(0-). (38)

In Sec. 5 we shall discuss the relation of this to the
quantum number recently introduced by Bronsan
and Low,

SALAM AND J. C.

WARD

C. R Invariance

The Lagrangian (37) is not R invariant. This is
because from (A.3) Ltormi is RP invariant only if

g=¢,
RP V(RP)=V'T, (39)
RP A(RP)*=4'",
while from £neson is invariant only if
RP V(RP)=VT
( , (40)

RP A(RP)=—AT.

These clearly are contradictory requirements, and
therefore (37) is R invariant if and only if

VZV, (X1=F1=F4),

A:—A’ (X2=F2=F3). (41)

D. The Structure (SU3) . X(SUsz

The choice (41) is highly restrictive. Explicitly, the
relevant gauge transformations are
Yr'=UoVyrVs?,
v/ =UoVprVi?,
M=VMV:.
There are just two gauge fields SV (F) and S4(D) and
the (linear part of) £in equals
SV (F) (Crad+-[oM M T+ [0M, M)
+54(D) ({vuvs}+{0Mo,M 1} —{0M1,M>}) . (43)
This remarkable mixture of equal parts of (V—F)
+ (4—=D) currents seems to present the most attrac-
tive choice for a first approximation to a strong inter-
action theory. We discuss this further in Sec. 5.

Note that the transformations (42) leave Yukawa-
like terms

i Tr(YrtyeysMyr+H.c) =1 TrytyaysM o —Trgiy M o

invariant. These in fact are the only ‘double’ trans-
formations to do so.

(42)

E. Other Special Cases

It is not of course, essential to assume that (as we
did so far) that M, and M, are particles of opposite
parities. If there exist two basic pseudoscalar ninefolds
(M1, My=0—), a PR-invariant Lagrangian can be
constructed as follows:

(1) For even (M1,Ms) R-parity, if
X1=F1=F3,
X2=F2=F4.

No A couplings, though both V—F and V—D inter-
actions exist,
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(2) For odd (M1,M3) R-parity, if
X1=X2=F1=F2=F3=F4

only V—F couplings are allowed.

5. FROM (SUs); X(SUs)z TO SU;

As shown in (37) a parity-conserving strong inter-
action theory admits of four sets of gauge particles
SY(F), SV(D), SA(F), and S4(D), with spin-zero
mesons interacting equally with S(F)4+S(D) or
S(F)—S(D) combinations. If R invariance is further
imposed, we get an economical special choice which
exhibits a ‘symmetry’ between V—F and A4—D
couplings. For either theory to represent the physical
situation we need (1) the existence of a ninefold M ;(0—)
= (g,mk,0) and a ninefold M2(0+)=(y',n',x',0’"), be-
sides the fermion ninefold ¢ (possibly A, 2, &, N, Y¢*);
and (2) the existence of both (1—) and (14) gauge
particles.

Consider for simplicity the special theory given by
the Lagrangian in (43) [though all considerations apply
equally to the general case (37)]. Without the Fermi
mass term, (43) is invariant for (UsXU3)zX (UsXUs)y,
transformations (42). For strong interactions we wish
however to particularize to SUs, i.e., to invariance for
A'=XAX, X=expi(Ti) i=1, ---8.

There are two equivalent ways of achieving this.

(a) Introduce the SU; [but not (SU3) X (SUs) g in-
variant | fermion mass term

Ln=— (mo) Trtvap.
Using Appendix I,
8T u(V)=0,
0uJ ((4)=—2mo YTvavs{¥,Ta}.
(b) One may rewrite (44) in the form
Lo=1Tryrtyeys(MWr+H.c.,

where we assume that the expectation value M is
nonzero only for the component M,°; i.e.,

(") = (M LYy=V3ms,. (45)

One may now redefine the field M5, in the following
manner

(44)

Me=M 2'+\/3-Wlo .
In terms of M4/, (43) equals
Lon= £ My — (3m02g2) Tr (SA)Z-{-—mo/Z Tr(aMlSA)
—mo/V2 Tr({S4,M4)}S4). (46)
The extra (SU; invariant) terms on the right por-
vide a resolution®® of the standard dilemma of gauge
theories—the inability to provide for single emission

of Yukawa mesons. This is because the interaction
term S49M combined with Y{¥S4, gives an effective

10 A, Salam and J. C. Ward, Nuovo Cimento 19, 167 (1961).
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Yukawa pseudovector D interaction proportional to
mopt (@) vovuvs{ (0M1/0X,) (w2) ¥ (1) } A r s (1~ %2) .

Note that the ansatz (45) gives an additional mass
term in (46) for the Sa particles, in contrast to the Sy
particles.

(c) Swmmarizing, the (ill-understood) vacuum-de-
generacy assumption (M:")>£0 gives a natural way to
reduce the general symmetry to SUsz. This mechanism
seems to be connected with the appearance of fermion
mass [see (b) above], with the Yukawa coupling
constant and with a mass difference between the (14)
and (1—) gauge particles.

(d) The special (V—F)4(4—D) theory admits of
PR invariance for the full Lagrangian with PR parities:

+1 for P, ¢, K* and 0'/7 77/; 77” k’7
—1for w(=S¢") and o, m, 7, k.

For the general non-PR-invariant Lagrangian (37)
naturally no such assignment is possible. However, as
remarked earlier, this general case too admits of the
quantum number:

+1 for (1—) particles like w, p, ¢, K*
and for (0+)d’, 7, o', K’,
—1 for (1+) particles like o, p’, ¢’, K*/
and for (0—)a, m, 9, K,

when the fermion mass term is ignored. This quantum
number agrees with the Bronzan-Low number A
(conserved only when fermion interactions are alto-
gether omitted) for v, p, ¢ and =, 7, K. For w there is no
agreement and therefore in our scheme w— 3w is
forbidden in the limit of fermion masses zero.

(e) Assuming further that (n’)=(M 8720 Sakurai,
Glashow, and Coleman' have succeeded in giving a
coherent picture of SUs breaking. Clearly even if this
assumption is superposed on the theory, the R in-
variance of the special symmetrical Lagrangian (43)
will not allow any p—% mass difference to develop.
This special (V—F)+(4—D) theory can therefore
only be an approximation to the physical situation a
representation for which is provided by the non-PR-
invariant expression (37) with,

g= 0’+\@m° 5
n=n"+(nd).

Concluding, the double-gauge principle leads in a
natural manner to D as well as F interactions. We may
go further and in fact assert that double gauges are
necessary for the gauge appearance of D currents in
the interaction Lagrangian. Further in order that both

1 The tadpole mechanism was introduced in elementary-
particle physics by J. Schwinger, Ann. Phys. (N.Y.) 2, 407 (1957).
It was used by A. Salam and J. C. Ward (Ref. 10) for strong and
weak interactions. For applications to derive mass formulas see
J. J. Sakurai [Phys. Rev. 132, 434 (1963)]; and S. Coleman and
S. Glashow, Harvard (to be published).
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V and 4 gauge couplings can exist, the theory must be
parity-doublet symmetric, i.e., both (14) and (1—) as
well as (0+) and (0—) particles have to appear. The
underlying group structure is not simply the structure
of SU; but corresponds in general to (SU3XSUs)z
X (SU3XSU3) k.
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APPENDIX I

Write  Lumass=mo Tr(Wrtyalr+¥rivabr).
general transformation (25)

ﬂBmass,: Mo Tr (%RT'Y:iR\l/LS“*‘ H.C.) ’
where R=V,V; S=Vi1V, Infinitesimally [for
notation see (3)]
8L=tmo(WrtviR* (es— e)) Wit rTy LT (e2— €4)*
—yrtya T (es— €)W r—Yrivab T (e2—e4).

For the

Using (15)
0uJ u(F1+F3)=0=0,J u(FotFy).

This shows that the vector currents are always con-
served. Also

0, 2 (Fs—F1)=molTT*(yays)¥,
Sy (Fa—Fo)=mapt (yeysp T.

3uJ y*(A—D)amepTyevs{ Ty}
3] w2 (A — Fameytyeys Ty ].

APPENDIX II
A. Bilinear Currents

Thus

Let
F=yO%{+y¢i0y,

D=y0%t—y10¢,

),
(4),

where
O=yyy, = O
O=yavuys=—0"
O=vygrs = -0 (P),
O=v:+ =-0" (9),
and O are the transposed ¥’s (in the Majorana repre-
sentation). Note, for a Hermitian field F, (RC)F
(RC)'=F.
Consider the Fermi Lagrangian (32).

(1) For P invariance we need
P F\P'=—F;,

Al
P FoP-l=—F,, (A1)

SALAM AND J.
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TasrLe I. Table of parities.

R RC RP RPC
vV F/D —1 +1 +1 —1
+1 -1 —1 +1
4 F/D -1 -1 -1 -1
+1 +1 +1 +1
P F/D —1 -1 +1 +1
—+1 +1 -1 —1
S F/D -1 —1 —1 —1
+1 +1 +1 +1
and
g'=g', mp=mp,
g2,=g4’7 Mp,=MF,.
(2) For R invariance:
R FiR'=—F,",
1 2 (AZ)
R F3R_1= "“F4T,
and
g'=g, g'=g/.
(3) For RP invariance:
PR Fi(PR)'=-+F
1(PR)=+F,T, (A3)
PR Fy(PR)'=+F,".
(4) For RC invariance:
CR F{(CR)'=F,,
1(CR) ! (A4)

CR Fg(CR)"1=F3.

B. Meson Fields

Depending on relative R and P parities of My, Mo,
the following cases arise for (33):

(1) For P invariance we need :

PX P l=—X, if My=0—, M,=0+,

PX,P'=—X, forevenrelative M., M, P parity. (AS)
(2) R invariance:

RX R=—X,T for even (M1,Ms) R parity

=—X,T for odd R parity. (A6)
(3) RP invariance:
RPX,(RP)'=X" forodd Pand even R parity
=X,T forodd Pand odd R parity. (A7)
(4) RC invariance:
(RCO)X(RC)'=X, for even R parity
(ROYM (RC)'=M (A8)

(RC)X1(RC)'=+4X, for odd R parity

(RC)M (RC)—'=M+.



