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Relations for the hC = AS decays of the charmed hadrons belonging to the 3 representation of SU(3) are

given which provide tests of the isospin and SU(3) transformation properties of the full 6 C = AS nonleptonic

interaction.

The extremely narrow width of the new vector
mesons at 3.1 GeV (see Ref. 1) and 3.7 GeV (see
Ref. 2) is at present understood on the basis of
a new quantum number which implies the existence
of a larger symmetry group than SU(3) underlying
the strong interactions of hadrons. A popular
choice for the larger symmetry is SU(4), in which'
the new quantum number is called charm. A di-
rect test of the underlying SU(4) symmetry, apart
from mass relations, would be relations between
strong-interaction coupling constants. ' However,
the low-lying charmed hadrons would be stable
with respect to strong decays and would manifest
themselves through their weak-interaction decays.
Both the lowest baryons and mesons" carrying
charm C= 1 are expected to belong to the 3 rep-
resentation of SU(3). We denote the C = 1, —,

"bar-
yon, 0 and 1 meson antitriplets by B(3), P(3),
and V(3), respectively. We show that their EC
= AS decays can pxovide simple tests of the iso-
spin and SU(3) properties of the weak interaction
proposed by Glashow, Iliopoulos, and Maiani. '
The hadronic weak current in the GIM scheme'
is given by (suppressing space-time structure)

J„=eos6 J,'+ sin6 J,'+ eos6P, —sin6P»

where 6 is the Cabibbo angle and the indices in-
dicate the transformation properties under SU(4),
etc. Z„belongs to the 15-dimensional representa-
tion (1, 0, 1) of SU(4). P, a.nd J, satisfy the selec-
tion rules ~C = bS =+ 1 and AC = 1, ~S = 0, respec-
tively, where S is strangeness. The leading
charm-changing term (since 8 is small) is

H~~ =H +H, ,

H, = —,c os' 8 I I J",, 7',]+ ]J'„4,') ]+H. c. ,

The full Hc~ satisfies a pure
~
ET~= 1 isospin se-

lection rule since clearly both H, and H individ-
ually satisfy it. Further, it is easy to see that
(i) H transforms as (6+ 6) under SU(3) and as
the self-conjugate 20-dimensional representa-
tion (0, 2, 0), denoted by 20", under SU(4); (ii)H,
transforms as (15+ 15) under SU(3) and belongs
to the 84-dimensional representation (2, 0, 2) of

SU(4). The 15-dimensional representation of

SU(3) which enters in H, is (2, 1) and its conjugate
(1, 2), a,nd is denoted by 15 and 15.

The SU(4) symmetry of the leading terms at
short distances suggests' that the SU(4) repre-
sentation 20", i.e. , H is enhanced relative to 84,
i.e. , H, . The consequences of 20" dominance have

already been considered" "for the decays B(3)
—B(8)+P(8), P(3) —P(8)+ P(8), and V(3) —P(8)
+ P{8), where B(8) and P(8) are the usual —,

' and 0
octets. In particular, it was found' that 20" dom-
inance gives an extra relation for S-wave decay
of hyperons, namely S(:-:)= 2S(A ), which is vio-
lated by about 50%. Consequently we explore the
consequences of the full H~~ at the isospin and

SU(3) level only and show that it is possible to ob-
tain simple relations between decay amplitudes,
the verification of which, in the future, would test
the presence of both the H and H, pieces in H~s.
The SU(3) analysis of the V(3) and P(3) decays
mentioned above, using the full H~~, has also
been given by Kingsley et a/. " We present the
analysis for the B(3)-B(8)+P(9) decays as well
as the P(3)- P(9)+ V(9) decays using the full Hc~.
Re also extend the analysis of Kingsley et al."
for the decay of P(3) and V(3) into two identical
nonets with arbitrary mixing angle.

B(3)- J3(8) +P(9) decays. For the charmed bar-
yons we will use the notation Bo(X„I), where N,
denotes its SU(3) representation, I its isospin, and

charge Q its I, value. Thus B(3) with charm C =+ 1

has the isodoublet B"(3, —), B'(3, —,') with strange-
ness S = —1 a,nd B'(3, 0) with I = 0 and S = 0. There
are 16 decay amplitudes A„.. . , A„which satisfy
hC= AS and are defined in Table I. The A,. depend
on seven parameters which can be counted by con-
sidering B(3)+H, —B(8)+P(9) and treating H, as
spur ions. Now only the 6 part of U having C = —1

contributes giving the three parameters g„=(10
—10(BP)), g, =(8-8,(BP)), and g„=(8-8„(BP)),
where Bs(BP) means the symmetric octet made out
of B(8) and P(8), etc. Similarly, only the 15 part
of H, contributes and gives rise to four amplitudes,
namely, g,', =(O'I-27(BP)), g'„=(10- 10(BP)), and

g~ „=(8-8~ „(BP)). The physical states in the

SU(3) nonet P(9) are defined by (mixing angle 0~)
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TABLE I. The sixteen AC =M decay amplitudes for
B (3)-B~8) +I'y).

Ai=A(B'(3, o) o'- )

Ao~A(B'(B, o) K Z+}

A, =A(B'p, —,'-) —7)'„=")

A„=A(Bo(3,—,') —0"-o}

A o =A(Bo(3, —') r+ - )

Ao =A(Bo(3, o) K Z+}

A~ A(Bo(3 i) KoZo}

Ao =A(Bo(3, o) —KoA}

Ao =A(B'(3, 0) o' Z+)

Aio =A(B+(3,0) w Z )
A„=A(B'(3,0)- nZ+)

A g o
=A(B+ (3, 0) m'+ A}

A»=A(B'(3, 0) -K+"-')

A(4=A(B (3,0) Ã P)

A~5 A(Bo(3 1) g „0

Ago=A(B+(3, 0) 0'Z )

q =sinO~P, —coso~.Ps,

q' = cosO~P, +sin6)„P (4b)

where P, is a pure SU(3} singlet which mixes with

P„ the eighth component of the octet. For con-
venience define the amplitudes

A,' =A(B (3, )oP=o'-), .4I,=A(B'(3, —,') P, "-'),

A' =A(B'(3 0) -P Z') A' =A(B'(3 0)-P &')

Ai =As+4~ A

A, =A, +&2A, ,

A, —-A„.
The SU(3) sum rules are

A, +A, =v3 (A,'+Ao),

(6a)

(6b}

v3 (A,', —A„)=&2(A, -A, )+(A, —WSA,'), (tb)

—v6 (A,', +A„)=2(A, +A, )+2(A.„+A„),
2As+~2 (Ass Aw) = 2A, +A7+W3 As

—v3 A,', = —,'(A, +A, )+(A„+A„),

(7e)

(Vd)

(Ve)

(7f)-~»,', =-,'(A, +A., ) -(A, +A, ) .

The I
~ II =1 sum rules are simple and may be

checked. Further, they are independent of any mix-
ing of P, and P, as well as mixing of B(3, —,') with the
B(6, o) baryon states 'Of the SU.(3)sum rules one

Using Eqs. (4) and (5) one can express A„A„,
A]5 and A„ in terms of 4@ A 5 '4] ] and A,',
Note that A,', and Aye receive contributions only

from g~ and g~ .
Since 16 amplitudes are given in terms of seven

parameters one expects nine sum rules; of these
three follow directly from the I & I ( =1 property of

Res and the other six are a consequence of its
SU(3) transformation properties. The

~
61~ =1

relations are

may hope to check ('la), ( le), and ( tf) which involve

only five decay amplitudes. However, for the

pseudoscalar mesons one may neglect the small
mixing and have, e.g. ,

Then the earlier sum rules are valid with As-As'
and A»-A,'„ it is understood that A; now refer
to the appr opriate P(3) -P(9)+ V(9) decay. In

addition one obtains two more relations:

A„—A.„, A, s —A, (10)

The relations obtained above can be specialized to
the case of the decay of a 3 into two identical
nonets with arbitrary mixing angle. We indicate
the specialization for the P(3)-P(9)+P(9) and

V(3)-P(9)+P(9) decays.
P(3) —P(9) +P(9) decays. In this ease there are

only nine decays which are given in terms of the

A, +A, = 43 (Ao +A, ),
and this may be amenable to experimental verifica-
tion in the near future.

In the ease of B enhancement, one would have

four additional SU(3) relations because H, does
not contribute so thatg, ', =g,', =g~=g„'=0. This
gives the 10 SU(3) relations

A, =-A, , A, =A,4, A, =A„,

A, +WSA, , =-WZA, =A, +IS A,',
-A, +v3 A„=-WaA, =A, +WSA„

-~2A, =A, +W2A„

W3A, , =-~3A, , =(A, +A, ).
The 10 relations in (8) generalize those given
earlier' to the case of arbitrary mixing of q and
q'. Thus the sum rules in Eqs. (8) are valid, with

appropriate changes (q —4}, q'-(d, etc.), for the

decays B(3)-B(8)+V(9), where V(9) is the usual
1 nonet with ideal mixing. It is clear that all the

above relations are valid for both S- and P-wave
decays.

P(3) -P(9)+ V(9) decays. The charm C =+1, 0
mesons which transform as 3 under SU(3) are de-
noted by O', D', and I '. The (O', D') form an
isodoublet with 8 =0 while I' has I =0 and 5= —1.
It is obvious that the analysis for B(3) decays
applies for the decay of any 3 —8+9 via Bcs, so
that with appropriate changes it applies to the de-
cay P(3)-P(8)+V(9) if one neglects q and q' mix-
ing. However, to take into account this mixing,
that is, to extend the analysis to P(3)-P(9)+ V(9),
one has to define two extra amplitudes. Let

A„=A(D'- q'K'*), A„= (P" —q'p'),

A,' =A(D -Pog' *), A'„=A(P' -P, P'),

A,', =A(O'-P, k'+), A,', =A(I" -P, p').
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three symmetric amplitudes g~, g&, and g,', . The
two isospin and four SU(3) sum rules (with A; re-
ferring to the present case, see Table II) for the
full Hcs can be obtained by setting A, =A„A3

5 6& 4 8& 9 10& 11 12' 13 1,4

in the relations in (6) and (7). Note that the two

relations in (10) become mere identities.
V(3) -P(9) +P(9) decays. The nine decay am-

plitudes (Table II) in this ease are given in terms
of the four antisymmetrie parameters g«, g„, g,'„
and g„'. The one isospin and four SU(3) sum rules
for the full Hcs can be obtained from (6) and (7)
by setting A, = -A„A, = -A„A, = -A.„A,'= -A,',

relations in (10) and (Gc) are mere identities in
this case.

It should be noted that nearly all the SU(3) rela-
tions for the full Hc„obtained for the meson de-
cays into identical nonets, involve at most three
to four decay amplitudes. Thus these relations to-
gether with the relations noted earlier for the B(3)
decays will provide tests for the presence of both
the H and 8, pieces in Hc„ the ~C = M interac-
tion in the GIM scheme. Finally, it is of interest

TABLE II. The 6C =ES decay amplitudes for P(3)
P(9) +P(9). The four primed amplitudes A4, A&&, A fs,

and A&6 have been included for the purpose of handy ref-
erence. The amplitudes for the V(3) P(9)+P(9) decays
are obtained by the replacement (O', D~, E+)

(D+g Dok E+4)

A) =A(D+ ~ r+K )

A, =A (D'- ~'Z~)

A4=A(D ~ )

A, =A(D'-~'K )

A 9
—A (E 7t' x )

A, &
=A (E+ —qr+)

A(3=A(E K Ko)

A„=A P'- qE')

Age =A(E+ g'x )

A', =A (D'-P, KO)

A'„=A (E+ -P,~+)

A i 5
=A (D P f„K )

A'„=A (E+ -P,&+)

to note that the relations obtained above are inde-
pendent of (i) whether the current is pure (V-A)
or not and (ii) the addition" of a (V+A) piece trans-
forming like P., as this does not contribute to the
~C =45 decays.

I am grateful to J. Pasupathy for comments.
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