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Two-body decays of charm mesons and the role of exotic mesons
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Two-body decays of charm mesons (except for decays into the final states involving q or g') are stud-

ied from a perspective in which dynamical contributions of hadrons are explicitly taken into account.
All the observed values of branching ratios for the two-body decays of charm mesons are reproduced
well. In particular, a solution to the well-known puzzle, I (D ~K+K )/I (D ~~+~ )=2—3, is

presented. Contributions of exotic (QQ)(QQ) mesons can explain the large violation of the charm coun-

terpart of the
l
IsI

l

=
—,
' rule in consistency with the small violation of the le,I l

= —' rule in the K~rrnde-.
cays.

PACS number(s): 13.25.+m, 11.30.Hv, 14.40.Jz

The fact that the D ~K P decay [which is described
by the so-called annihilation type of quark-line diagrams
in the infinite weak-boson-mass limit (m~~oo)] has a
sizable rate [1] implies that long distance effects are im-

portant in nonleptonic weak decays of charm mesons. In
the past, explicitly taking into account dynamical contri-
butions of various hadrons, we have studied nonleptonic
weak decays of K and charm mesons and have obtained
good results on the approximate lbIl =

—,
' rule in the

K ~m.m. decays [2], the sizable rate [3] of D ~K P, and
the strong suppression [4] of F+~~+p . In particular,
we have demonstrated [5] that the observed large ratio

I (D ~K+K )/I (D ~~+sr )=2—3,
which is a long-standing puzzle, can be reproduced re-
markably well by taking into account contributions of ex-
otic four-quark mesons [6] to the intermediate states of
the decay processes. However, in Ref. [5] we picked out
only the contribution of the [QQ][QQ] but not that of
the (QQ)(QQ) mesons. Therefore, the predicted rate of
the D+~~+K decay was very small in disagreement
with experiment [1]. In this paper, we study typical two-

body decays of charm mesons by taking into account
contributions of the (QQ)(QQ) mesons and a glueball in
addition to those of the ground-state I QQ ]o and the exot-

I

ic [QQ][QQ] rnesons which were taken into account in
Ref. [5] and demonstrate that all the observed values of
the branching ratios for the two-body decays of charm
mesons can be well reproduced. In particular, a solution
to the well-known puzzle,

I (D K+K )/I (D rr+rr ) =2—3,

is presented without contradiction to the other decays.
The contributions of exotic (QQ)(QQ) mesons can ex-
plain the large violation of the charm counterpart of the

l
bIl =

—,
' rule in consistency with the small violation of

the lb,Il =
—,
' rule in the K —+me decays.

We start from a very useful expression for the decay
amplitude which manifests dynamical contributions of
hadrons. The amplitude for a three-pseudoscalar (PS)-
meson process, P, (p)~P2(k)+P3(q), can be approxi-
mated in the form [2,7,8]

M =METc+M~,

which is reahzed by using the partially-conserved axial-
vector current (PCAC) hypothesis and an extrapolation
q~O in the light-cone frame [(LCF), i.e., proc ]. The
above approximation can be considered as an innovation
of the old soft-pion technique [9]. Here, the equal-time
commutator (ETC) term,

METc(P, ~P2P3) =— (2)

and the surface term Mz, which vanishes in the soft PS meson extrapolation but now survives,

l
Ms(P, ~P2P3 ) = —.

2fp ,
'

&P, lA; ln&&nlH."IP, &

+g, I &P2IH."11&&IIAp IPt & +(P2~P3)
m$ —mp 3

(3)

Deceased.
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have to be evaluated in the LCF, where H",
(i)=(b,C= —1, b,S=—1), (b,C= —1, ES=O), and
(b C =0, b S= —1), denote the effective weak Hamiltoni-
ans which are responsible for the Cabibbo-angle favored
and suppressed decays of charm mesons and the nonlep-
tonic weak decays of K mesons, respectively. V and 3
with the Aavor index o., are the vector and axial-vector
charges, respectively, and their asymptotic matrix ele-
ments (matrix elements taken between single-hadron
states with infinite momentum) will be parametrized by
using the asymptotic liavor symmetry [10]. The summa-
tion in Eq. (3) is extended over all the possible on mass-
shell single-hadron (not only the ordinary [QQ [ but also
hypothetical glue ball, hybrid, and multiquark meson)
states with infinite momentum Th. erefore, various kinds
of hadrons can contribute to the decay amplitude
through the intermediate states of Mz. The exotic had-
rons could play an important role (although the overlap-
ping of their wave functions with that of the ground-state
[ QQ J 0 meson is expected to be small) if their masses hap-
pen to be very close to those of the external hadrons,
while contributions of the orbitally excited states will be
small [5]. This will be possible in charm meson decays
since some of the predicted mass values [11]of the four-
quark mesons are very close to the parent charm meson
masses, mD and m~. However, the mass of hybrid
mesons with positive parity is expected to be considerably
lower [12] than mD and m~, and therefore their contribu-
tion to two-body decays of charm mesons will be unim-
portant. In the E —+~a. decays, the ground-state meson
contributions kinematically dominate among the inter-
mediate states in Eq. (3) and the excited-state contribu-
tion which is most relevant is that of (QQ}(QQ) mesons,
since it explains naturally the small violation of the

I
AI I

=
—,
' rule in the K ~~sr decays [2].

The two-body decay amplitude, M(P& ~P2P3}, is thus
described solely by the asymptotic matrix elements of the
effective weak Hamiltonians H". Therefore, our task is
now to estimate them. To this end, we extend the quark-
line argument on the asymptotic matrix elements of
H' ' in Ref. [2] to those including H' ' ' and H'
Our quark-line argument is applied only to the asymptotic
matrix elements of H taken between single-hadron
states but not to the whole amplitude.

The efFective nonleptonic weak Hamiltonians, H", are
usually written in the form [13]

(4)

where c~ ' '=0. For example, the symmetric operator
0'+ ' belongs to 27&8, of SUf(3) in its symmetry limit
and can violate the I VIII

=
—,
' rule, while the antisymmetric

0' ' ' belongs to 8, and obeys the rule. The coefficients
cp of the penguin operators are much smaller than c+'.

The normal-ordered operators 0+' can be expanded
into a sum of products of (a) two annihilation and two
creation operators, (b) one annihijation and three
creation operators, (c) one creation and three annihilation
operators, and (d) four annihilation or four creation
operators of quarks and antiquarks. We associate these
products of annihilation and creation operators with

different types of weak vertices by requiring the usual
connectedness of the quark lines. In this procedure, we
have to be careful with the order of the quark(s) and
antiquark(s). For (a), we utilize the two annihilation and
the two creation operators to annihilate and create, re-
spectively, the quarks and the antiquarks belonging to the
meson states

I [QQ ) and ( [QQ] in the asymptotic ma-
trix elements of 0+'. However, in the cases (b) and (c),
we now have to add a spectator quark or antiquark to
reach the physical processes ( [QQQQ] lo'+'I [QQ] ) and
& [QQ] lo'+"

I [QQQQ j &.

All the quarks and the antiquarks associated with the
external mesons with infinite momentum move with
infinite momentum In th. is case, the spinors describing
the quark and the antiquark are not independent of each
other [14], u+(k)= —v+ (k) in the lkl ~0O limit, where
+ denote the helicities. Noting that the wave function of
the [QQ]0 meson is antisymmetric [15] under the ex-
change of its quark and antiquark, we obtain in the LCF,

& [QQ]ol0"'I [QQ], & =0 .

In the same asymptotic limit,

& [QQ][QQ]lo".I [QQ].&

=
& [QQ].lo", I [QQ][QQ] & =0

and

& (QQ)(QQ) Io"
I [QQ].&

=
& [QQ],lo" l(QQ)(QQ) & =0 (7)

can also be obtained. These are quite reasonable from the
symmetry property of the wave functions of the
[QQ][QQ] and (QQ)(QQ) mesons under the exchange of
the Aavors of quarks and antiquarks. The above is a
straightforward extension of the quark-line argument in
Ref. [2] in which Eqs. (5)—(7} with (i)=(0, —) have al-
ready been obtained. Equation (5) implies that the
asymptotic ground-state meson matrix elements of H"
satisfy the strict Ib,II =

—,
' rule under the exact SUt(2)

symmetry and its charm counterpart in the SUf(3) sym-
metry limit. The nonvanishing asymptotic matrix ele-
ments of 0'+',

& (QQ )(0Q ) I

o'+'
I [ QQ ] o &

and

& [QQ],lo"'l(QQ)(QQ) ),
can give the natural origin of the small violation of the
Ib.II= —,

' rule in the K +crier 'decays [—2] and the large
violation of its charm counterpart as will be seen later.

Asymptotic constraints on matrix elements of H"
satisfying Eqs. (5) and (6) with (i )=(0,—), ( —,—), and
( —,0) have already been derived by using an algebraic
method in Ref. [5) and those satisfying Eqs. (5)—(7) with
(i)=(0, —) by using the quark-line argument in Ref. [2].
We can reproduce all the previous results on the asymp-
totic matrix elements of H" [under appropriate sym-
metries, i.e., asymptotic SUf(3) and asymptotic SUf(4),
where the exact SUt(2) symmetry is always assumed]
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from the present quark-line arguments. We list, in Ap-
pendix A, only new constraints on the asymptotic matrix
elements,

& (QQ )(gg) IH„"'I {Qg I, &

and

& {QQ].IH."l(QQ)(QQ ) ),
which satisfy Eq. (7} with (i)=( —,—) and ( —,0). Since
the QCD corrections to the operators 0'+ ' and 0~+
are equal to each other [13],we obtain

&K'IH.' 'ID-'-& = cote—, & ~'IH.' "ID-+ )

with Oc the Cabibbo angle using the asymptotic SUf(3)
rotations through [0+ ' ', V o]=0'+ '. (Similar types
of asymptotic matrix elements of 0 &+ ' ' and O+ ' ' can
be related to each other by using the asymptotic SUf(3)
rotations as in Ref. [5].)

We have so far neglected contributions of the penguin
terms with small coefficients [13]. However, they can in-
duce matrix elements, ( G IOp"

I {QQ ] o), where G denotes
a glueball. Therefore, the glueball could give a significant
contribution to the Cabibbo-angle-suppressed decays if
its mass is close to that of the parent charm meson mass.
We here consider the contribution of the glueball with
J =0+ + to the intermediate state of Mz for the
D ~KK and m~ decays. However, known glueball can-
didates seem to mix with ordinary {QQ] mesons. Here
we may consider S (975), e(1300), and fo(1770) as the
candidates containing the glueball with J =0+ +, since
this choice has explained [16] the mass relation and the
decay properties of these scalar mesons reasonably well.
The glueball contribution through the scalar mesons to
Ms(D ~PP ) (P =~,K ) is given in the form

M(glueball)(D PP )S

(PI A, IS)
s ms mD

x (SIH.'- "ID'&,

in the present formalism, where S denotes the intermedi-
ate scalar mesons containing the glueball component, i.e.,
S*(975), e(1300), and fo(1770). However, we neglect
the contributions of the S (975) and e(1300) to the D
decays because of (mi', —m, ), (MD —m, )

))(mD —mf ). fo(1770) couples dominantly to KK (but
0

very weakly to arm) [16]. Therefore, we here consider
only the fo(1770) contribution to Ms'g'"'b""(Do —+KK ).

Substituting the constraints on the diagonal and nondi-
agonal asymptotic matrix elements of H' ' ', H'
and H' ' ' in Refs. [2,5] and Eqs. (Al) —(A6) in Appendix
A into the amplitude, Eq. (1) with Eqs. (2) and (3), we can
obtain the amplitudes for K ~a~, Cabibbo-angle favored
and suppressed decays of charm mesons. They are now
described in terms of the asymptotic ground-state meson
matrix elements of H" ((m IH' ' 'IK ),
(K IH' ' 'ID ), and (vr IH' ' 'ID )), the phase fac-
tor which arises [17] from ME~c relative to Ms, the in-

variant matrix element h of the axial-vector charge taken
between two {QQ I o meson states with infinite momen-
tum (which is estimated [7] to be h =1.0 from the ob-
served decay rate {1]I (K*~K~),„~,=50 MeV), the pa-
rameters f„f,",f,*, and f„f,",f,*, and the glueball con-
tribution to the D ~KK decays which is parametrized
by f . The amplitudes for the two-body decays of charm
mesoris are listed in Appendix B. (e' is the phase factor
mentioned above. f, and f, are defined in Ref. [2]. f,*
and f,* correspond to the fractions —C o and —e u, re-

spectively, in Ref. [5]. f,* and f,* are defined in Appen-
dix A. f,*(,

~

=f,*~,
~

can be obtained by using the asymp-
totic SUf(3) rotations through [0'+ ' VKo]=0+
(K IH' ' 'ID ) and (~+IH„' ' 'ID+) are related to
each other by using the same asymptotic SUf(3) rota-
tions. )

The amplitude for the K+~vr+m' decay, Eq. (14) of
Ref. [2], arises from the contribution of the (QQ)(QQ)-
type exotics to Mz since ME&c and the contributions of
the {QQ Io and [QQ][QQ] mesons to Ms vanish because
of the asymptotic IVIII = —,

' rules, Eqs. (8) and (12) in Ref.
[2], which can be derived from the above Eqs. (5) and (6}
with (i)=(0, —). Therefore, it is, in fact, much smaller
[because of m,„„;,))mx, m and the small overlapping
between the wave functions of the {QQ]o and (QQ)(QQ)
mesons] than the Ks ~(em) amplitudes of I

b I
I

=
—,
' in

which both of MErc and Ms survive. (Small violation of
the

I
b,I

I

=
—,
' rule. For details, see Ref. [2].)

We now study two-body decays of charm mesons. In
Mz, the s-channel contribution of the exotic mesons will
be important since some of the predicted masses [11] of
the exotic mesons which can contribute to the s-channel
intermediate states of the charm meson decays are very
close to the masses of the parent charm mesons as was
mentioned previously. In this case, the width of the in-
termediate meson pole would be important. Therefore,
we here take into account the width I „„;,of the exotic
mesons which are expected to be very broad. (If they
were narrow, it might not be hard to observe them. )

However, the contribution of exotic mesons through the
u channel, in which only the mesons with charm can take
part, is expected to be negligibly small since the kinemati-
cal mass-dependent factor (mz —m, )/(m~ —mz) in Eq.
(3) will be small for 1= exotic mesons with charm. It im-
plies that use of the asymptotic SUf(4) symmetry does
not introduce very large errors in Mz. Then the un-
known parameters involved are (K IH' 'ID ), e',
f,*, f,*, I,„„;„andf . The phase factor e' arises from

ME+c which now represents the contribution of non-
resonant multihadron intermediate states. Therefore it is
expected to have a mild energy dependence and to be less
than 90'. (The corresponding phase in the K~vrvr de-
cays was =50' in Ref. [2].) f, and f,* are introduced to
parametrize the products of asymptotic matrix elements
of A and H taken between the {QQ]o and the

[QQ][QQ] and between the {QQIO and the (QQ)(QQ),
1.e.,

({QQ]OIA l[QQ][QQ])([QQ][QQ]IH I{QQ]o&
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and

( [ QQ ],I /I. I ( Qg )( QQ ) & ( ( QQ )( QQ ) IH I j Qg ]p &,

respectively, as shown in Appendix A. Since the overlap-
pings between wave functions of the [ QQ ] 0 and the
[QQ][QQ] and between the IQQIO and the (Qg)(QQ)
are expected to be small, f,* and f,* are constrained to be
much less than unity. I,„„;,is expected to be much
larger than those of the usual resonant states as stated
above. Our calculated branching ratios are not very sen-
sitive to the value of I „„;,as long as it is taken to be
very large (I,„„,,=O. 3—0.5 GeV). Therefore, we fix the
values of these parameters as follows (they are still tenta-
tive); 5=50, I,„„;,=0.4 GeV, f,*=f,*=0.05. Substi-
tuting these values of the parameters into the amplitudes
in Appendix 8, we obtain the branching ratios listed in
(iii) of Table I, where (K ill ' 'iD & and f have been
fixed by using the observed values of B(D ~K sr+) and
B(D ~K K ) as the input data. We can see that the
contribution of the (Qg)(QQ) mesons is crucial for the
decays D+ A+K and D+~rr+~ (the direct charm
counterpart of K +~m+ rr ), which were strongly
suppressed in Ref. [5], as was the case with the
K+~~+m decay and now leads to a large violation of
the charm counterpart of the ~b,Ii= —,

' rule. In Table I,
the present result (iii), which reproduces well the ob-
served values, is compared with those of the other exten-
sive studies, for example, (i) by Bauer, Stech, and Wirbel
[18]based on the factorization prescription supplemented
by final-state interactions and (ii) by Blok and Shifman
[19) from the perspective of the QCD sum rule. (Charm
meson decays were also studied extensively by Chau and
Cheng [20] by using the conventional quark-line argu-
ments, and by Gibilisco and Preparata [21] by using their
anisotropic chromodynamic theory. However, in these
analyses, the most interesting decay rates,
I (D ~K+K ) and I (D ~~+a), were not pr.edicted
but their observed values were used as the input data. )
The above choice of the values of the parameters in-

volved leads to the phase difference

g (5 i/2 63/p) g —-80

between the amplitudes for the D~~K decays into the
I=

—,
' and —,

' final states, which is consistent with the result
6 z =(79+11) from the phenomenological analysis [20].
The phases of the charm meson decay amplitudes are
very sensitive to the widths of the exotic mesons which
take part in the s-channe1 intermediate states.

The D ~K K decay was predicted to be strongly
suppressed in Ref. [5] since contributions of the
(Qg)(gg) mesons and the glueball with J =0++ were
not taken into account. However, the (Qg)(gg) mesons
contribute to this decay only through the u channel and
their contributions are suppressed kinematically. There-
fore, its dominant part comes from the glueball contribu-
tion possibly through the fo(1770). We have fixed the
size of the glueball contribution to the Cabibbo-angle
suppressed decays by using the observed branching ratio
[1)

B(D ~K K ),„p,
——0. 1%,

and its sign has been chosen so that Mzg'"' ""
(D +K+K —) interferes constructively with the ground-
state meson contribution Msl

= ' (D +K+K )—in the
narrow-width limit.

In the enhancement of the D ~K+K decay relative
to D ~m. +m. , the 0' contribution to the D —+K K
decay is crucial ~ It interferes constructively with both of
METc and the ground-state meson contribution M&
to Mz under the present choice of the values of the pa-
rameters and its mass m, is much closer to mz than the

mass m of & which contributes to the D ~~ m. de-

cay. The contributions of the (gg)(gg) mesons and the
glueba11 to the D ~K+K decay are very different from
those to D ~m+m . The above is the main reason for
the large SUf(3) symmetry breaking in the amplitudes
for the D ~K+K and D ~~+~ decays in the
present perspective.

TABLE I. Branching ratios (%) for typical two-body decays of charm rnesons. The results (i) and (ii)
are given by Bauer, Stech, and Wirbel in Ref. [18] and by Blok and Shifman in Ref. [19], respectively.
(iii) is the result of the present theory which contains the contributions of the [QQ]0, the exotic
[QQ][QQ], and the (QQ)(QQ) mesons (f,*=f,*=0.05) and the glueball. The values with an "are used
as the input data. The data values are taken from Ref. [1]except for that with a 1$) which is taken from
Ref. [22].

Decays

D+ ~~+K
D ++K
D nK0

—0

F+ —+K+K
D'~K+K-

D m m

D ~KK
D+
D+ ~K+K
F+ K ~+
F+ K+m

(i) BSW

3.6
5.8
2.5
1.4
0.56
0.39

0.14
1.18
0.26
0.02

(ii) BS

6.3
6.4
1 ~ 5
0.9
0.3
0.28
0.15
0.0
0.1

0.5

2. 1

1.6
3.5
0.49
0.16
0.17
0.10
0.08
0.37
0.09
0.09

Experiments (%%uo)

2.6+0.4
3.65+0.21
2.1+0.6
2.8+0.7
0.41+0.04
0.163+0.019
0.09+0.02+0.02( f )

0.11+0.04
&0.53 (90 % C.L.)

0.73+0.18
&0.6 (90 % C.L.)
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In summary, we have studied dynamical contributions
of various hadrons to two-body decays of the K and
charm mesons. We have written the decay amplitudes in
terms of the asymptotic matrix elements of H" taken be-
tween single-meson (the ordinary [ QQ I, glueball,
IQQQQ], hybrid IQggI ) states. We have evaluated
these contributions to the K and charm meson decays
and have found that the small violation of the lb,I

I

=
—,
'

rule in the K~~vr decays and the large violation of its
charm counterpart can be explained simultaneously by
the (QQ)(gg) contributions. A solution to the long-
standing puzzle,

I (D K+K )II (D n+vr )=2—3,
has also been obtained in consistency with the K~mm
and the Cabibbo-angle favored decays in addition to the
other Cabibbo-angle suppressed decays. We have pre-
dicted branching ratios for some decays which have not
yet been observed. However, the present result is still
crude. We need much more information about the exotic
mesons and their properties for more accurate discus-
sions. Nevertheless, it is interesting to see that nonlep-
tonic weak decays are intimately related to hadron spec-
troscopy.

APPENDIX A: CONSTRAINTS ON ASYMPTOTIC MATRIX ELEMENTS OF H"
We list constraints on the asymptotic matrix elements of H",

((gg)(gg)IK'I Igg] ) and ( f gg]OIK'l(gg)(gg) &

which satisfy Eq. (7) in the text,

&(gg)(gg) lo"'I [gg], &
=

& I gg I,lo"'l(gg)(gg) & =o,
with (i)=( —,—) and ( —,0).

&3/2&E.*g+IH.' 'ID+ & =(3/&2)(E.*~IH.' 'ID'& =3(c~'IH.' 'ID'& =&3(c'.*+ IH.' 'IF+ &

= (f,*Ig *
) &

K' I H

'

—&3/2& ~+ IH.' 'IE."~+
& =&3/2&~'IH.' 'IE.*',

&
= (3/v'2)«— 'IH.' 'IE.*D & =&3/2&K IH.'

=3«'IH.' 'IcD') = v'3&K'I—H.' 'Ic'*') =-v'3/2(K+IH~ 'IE~~+ &

=(f,*lg*)(K IH' ' 'ID ),
(~+IH.'- -'Ic,*+&=o,
v'3(E +H' 'ID+ ) =(3/v'2)(E*„IH' 'ID ) = —+3(C* IH' 'ID+ ) =+3(C'*+ IH' 'ID+ )

=&6&c'.*' H.' "ID'&= —3«*IH.' "ID'&=&6&c'"IH.' "ID'&

(Al)

(A2)

(A3)

= —3&2&~'IH.' "Ic,*')=v'3&~+IH' "IC'*+&=«&~'IH.' "Ic'*')
= —(&3/2)&K'IH.' "IE*F&= —&3/2&K+IH.' " gC+&=& &3K' H' "IE'
=&3/2(K IH' "E"=&=(f,*/g*)(~+IH' "ID+), (A5)

= —(3/&2)(E*x iH' ' 'iF+ ) = —3(cx+IH' ' 'iF+ ) =(f," /g*)(m. +IH' ' 'iD+), (A4)

(3/2&2)(~ IH+„' "IE*+&=3&~'IH.' "IE."D ) = —&3/2&7r IH.' "IE.*D &= —3&~+ IH.' "ICD+ &

«.*'IH„' "ID') =(K'IH.' "IE.*,+)=o, (A6)

in the LCF, where contributions of the penguin terms with small coefFicients have been neglected. g* is the asymptotic
invariant matrix element of the axial-vector charge 3 taken between the IQQ]0 and (Qg)(gg) meson states and is
defined by g*= ( Cg+

I
A + IK ). f,*,f,*,f,*, and f,* denote the parameters introduced and correspond to f, in Ref.

[2]. They are related to the overlapping between the wave functions of the [Qg Io and (Qg)(QQ) mesons and are ex-
pected to be small. Use of the commutation relation, [[H' ' ', V ], V ] =[[H' ' ', V ], V ], with the asymp-
totic SUf(4) symmetry leads to f,*(')=f,*('). Equations (A4) —(A6) can be derived also from Eqs. (Al) —(A3) by using
the asymptotic SUf(3) rotations through [0+ ' V p]=o+ ' '.

APPENDIX B: TWO-BODY DECAY AMPLITUDES

We list the amplitudes for two-body decays of charm mesons which can be obtained by substituting the constraints
on the asymptotic matrix elements of H' ' ' and H' ' ' in Ref. [5] and Eqs. (Al) —(A6) in Appendix A into the general
form of the decay amplitude, Eq. (1) with Eqs. (2) and (3).

(i) Cabibbo-angle favored decays:
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M(D+ ~'E ') = — ' (K'la„'- 'la') .
&2f„" f»

2 2
PlD fPl~

2 2m g
—m~

2 2
mD m~

2 2m +
—m

Q —,'h

2 2
Pal D m~

2 2m +
—m&

2 2
mD —rn

m-+ —m2 2

1

2 2
PlD Pl~

2 2
mD mE

vrK

mD —m~2 2

2 2Pl a rn
nK

2 2
mD —m&

2 2m +
—mz

nD

fPlD —m ~
2 2

2 2rn +
—m

nF

fs ' 7 (B1)

M(D' ~+a )= '— (r7'lH'- -'lD')

X e +
2 2

mD mg
2 2

mi, —m

2 2
PlD m~

2 2
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(ii) Cabibbo-angle suppressed decays:
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where the asymptotic SUf(4) parametrizations of the matrix elements of V, A, and H have been used. h is the
asymptotic invariant matrix element of the axial charge A and is defined by h =v 2&K*+~ A + ~K &. The last terms
of Eqs. (B5) and (B6) denote the glueball contributions through f0(1770).
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