PHYSICAL REVIEW D

VOLUME 24, NUMBER 3

Nonleptonic weak decays of mesons

Tsunehiro Kobayashi
Institute of Physics, University of Tsukuba, Ibaraki 305, Japan
(Received 16 March 1981)

A unified view for nonleptonic decays of mesons is presented on the basis of a model introduced for interpreting
the enhancement of D- and K -meson decay. We show that inclusive and exclusive nonleptonic decays of mesons can
be described in a unified picture and the enhancements in inclusive decays are closely related to two-body decays
(070~ decays). The model is applied to the decays of K, charmed, and B mesons and predicts the values
[TK * -7 7] '~6.2X 107 sec (expt. 5.9 107% sec), 7*/7°~3-6, 77 /7°~1.3-1.5, B(B'—evX)~T7-12%,
B(B ~—evX)~(10-12)%, where 7° (r *,7) is the lifetime of the D° (D *,F) meson and B(4—evX) stands for the
semileptonic branching ratio. The large difference between the ratios, I'(D °—K °7°)/T(D °—K ~7*) ~0.7*27 and
T'(D°>K %)/ T(D°—K ~p*) =~0.01*31, is naturally understood as the difference between the s-wave decays and the
p-wave decays. We also point out that the model can include many of the models proposed up to this point, e.g., W-
exchange model, quark-number-conservation model, penguin diagram, etc. We comment that the A/ = 1/2 rule for
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hyperon decays is easily understood in the model.

I. INTRODUCTION

A new approach to nonleptonic decays of hadrons
proposed by the author and Yamazaki''? gives us
a simple view for the enhancement of D-meson
decays and K-meson decays. It has also been
shown that the approach can be consistently ap-
plied to decays of B mesons with b-quark flavor,?
Up to this point this model was applied only to
inclusive decays of mesons such as semileptonic
branching ratios. In order to see the consistency
of the model, however, we must study exclusive
decays. A few unknown parameters introduced
in the analysis of the inclusive decays'™® may be
determined in the analysis of exclusive decays.
Fortunately, two-body decays of D mesons are
going to be clear in experiments*~® and some
interesting results are found; for example, the
ratios®'®

- TD°~K°1%) . ron
V(Kﬂ')—‘ F(DO"K-F+) --0.7_0“1 ’
T(D°—~ K*Or 0 .
o = ey =04 (t.1)
_ IT(D°~ K% +0,10
r(Kp)= T~ K% =0.0123:?

seem to indicate that decay mechanisms for
D°—~ Kr and D°~Kp are quite different. In fact,
the very small value of »(Kp) contradicts the
prediction [r(K7) =»(K*7) =] »(Kp) =% derived
from the assumption of the dominance of ampli-
tudes with /=% final states, which is predicted
by W exchange” and the quark-number-conserva-
tion (An,=0) rule.’®. We may expect that the
analysis of two-body decays exposes the charac-
teristic features of the models.

In this paper we shall investigate inclusive

and exclusive nonleptonic decays of mesons,
e.g., K mesons, charmed mesons, and B mesons,
in a unified view based on the model proposed
in Refs. 1-3. In particular, we shall see that the
introduction of symmetry breaking among quark
flavors ignored in Refs. 1-3 is very important
and also that the contribution of nonexotic inter-
mediate states to the s-wave cross section (0 3)
is determined in the analysis of two-body decays.
The importance of symmetry breaking is already
well known from the fact that the prediction of
the SU(3) symmetry T'(D°~K-K*)=~T (D%~ "1")
is badly broken in the observations.?’® In de-
cays of B mesons we must take account of sym-
metry breaking among ¢, b, ¢, and light quarks
(u, d, and s). Of course, it is impossible to
estimate all of these symmetry-breaking effects
from the presently available experimental data.
For the decays of charmed mesons, however,
we shall point out a simple method for describing
symmetry breakings (in Sec. III). Another im-
portant parameter 013, which was estimated to
be 1-2 mb from the quark-counting ansatz,' will
be shown to be closely connected with the
imaginary part of amplitudes for two-body decays
and we show that a smaller value (03 = 0.6 mb)
is derived from D= K7 decays (in Sec. III). We
shall also discuss the enhancement of p-wave
decays and show that the large difference be-
tween 7(Km) and 7 (Kp) is due to no enhancement
in the p-wave decays such as D~ Kp,

In Sec. II we shall investigate our model in an
extended version and derive general formulas
for inclusive and exclusive (two-body) decays.
The charmed-meson decays will be discussed
in Sec. III, where we shall study a simple method
for introducing symmetry breaking and derive
0z~ 0.6 mb from two-body decays. Inclusive
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24 NONLEPTONIC WEAK DECAYS OF MESONS 663

decays of charmed mesons will also be re-
analyzed by using 03=0.6 mb, In Sec. IV, in-
clusive and two-body decays of B mesons will
be discussed and we shall obtain values a little
bit different from those given in Ref. 3 for semi-
leptonic branching ratios. Remarks on K-meson
decays into two pions will be given in Sec, V.,
In Sec, VI, we shall show that other models,
_e.g., W exchange, the An,=0 rule, etc., can be
represented in our approach, and an essential
difference of nonleptonic decays of baryons from
those of mesons and the Al =3 rule for hyperon
decays will also be discussed. Note that through-
out the paper we shall discuss on the basis of
the assumption of no weak flavor-changing neutral
current.

1. AMODEL FOR NONLEPTONIC DECAYS
OF PSEUDOSCALAR MESONS

Nonleptonic decay amplitudes may be written
down in terms of the amplitudes with and without
final-state interactions, which are illustrated
by quark diagrams presented in Fig, 1, where the
solid lines denote quarks or antiquarks and the
shadowed regions with quark-line edges mean
the color-singlet states described by one or some
hadrons. In Fig. 1 the diagrams 1(a)-1(c), re-
spectively, represent the amplitudes with no
final-state interaction, with nonexotic final-state
interactions, and with exotic final-state inter-
actions, All of the exclusive nonleptonic decays
can be written by one or a sum of some diagrams
given in Fig. 1, For example, the decay ampli-
tude for the process D°—~K~n" is represented by

b 2k <, <]
&

b') b,)
- 9
a) b) c)

FIG. 1. Quark diagrams for nonleptonic decays of
mesons, where solid lines and wavy lines, respectively,
stand for quarks (or antiquarks) and weak bosons. The
diagrams (a), (b) [(b;) and (by)], and (c), respectively,
represent the diagrams with no final-state interaction,
with nonexotic-final-state interactions and with exotic-
final-state interactions. Diagrams with topologically
same structures for strong interactions are omitted
here.

7)

the sum of four diagrams shown in Fig. 2.

The total nonleptonic decay width is expressed
in terms of the imaginary parts of the diagrams
derived from the unitarity sum of the quark dia-
grams given in Fig. 1, In general discussions
we find a lot of complicated diagrams derived
from the cross terms. In the case of heavy-
quark decays (heavy-meson decays), however,
we may expect that the imaginary parts of the
cross terms (the off-diagonal terms) between
two different diagrams, i.e., (@)X(b,,),

(@)X (c), and (b,,,)x(c), will be small compared
with the diagonal terms [@)Xx (@), (b, ,2)% (b, .2),
and (c)X(c)] because phase differences between
physical states represented by the different dia-
grams reduce the imaginary parts of the off-
diagonal terms. The main contribution for
heavy-quark decay may, therefore, be repre-
sented by the imaginary parts of the diagrams
given in the left-hand side (LHS) of Fig. 3, where
the dashed lines stand for the sum over physical
states, When the decay-quark mass (the meson
mass) is heavy enough, we may rewrite the dia-
grams in the LHS of Fig. 3 by the diagrams in
the right-hand side (RHS) of Fig. 3. That is to
say, the diagram (1) and (2) in the LHS may be
reduced to the free-quark-decay diagrams® given
by diagram (1) in the RHS, diagrams (3) and (4)
in the LHS, respectively, to diagrams (2) and (3)
in the RHS (the free-quark-exchange decay dia-
grams),!'? diagrams (5), (6), and (7), respec-
tively, to the Regge-pole-exchange diagrams with
nonexotic intermediate states’'3 represented by
diagrams (4), (5), and (6) in the RHS, diagrams
(8) and (9) in the LHS, respectively, the Pomeron-
exchange diagrams described by diagrams (7)
and (8) in the RHS, and the last diagrams in the
LHS to the Regge-pole-exchange diagrams with
exotic intermediate states shown by the last one
in the RHS, We know that the last diagram (the

u d
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K

FIG. 2, Decay diagrams for D’ —K = r*, We shall call
the second and third diagrams the # -quark annihilation
diagram and the c-quark annihilation diagram, respec-
tively.
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FIG. 3. Unitarity diagrams contributing to decays of heavy mesons, where dashed lines denote the sum over physi-
cal states and diagrams with topologically same structures for strong interactions are omitted. In the right-hand side
diagram (1) stands for the free-quark-decay diagrams, diagrams(2) and (3) the free-quark-exchange-decay diagrams,
4), (5), and (6) (also those in brackets) the Regge-pole-exchange diagrams with nonexotic intermediate states, dia-
grams (7) and (8) the Pomeron-exchange diagrams, and diagram (9) the Regge-pole- exchange diagrams with exotic

intermediate states.

exotic contribution) has only a small imaginary
part. Then we may drop the diagram from the
evaluation of the total nonleptonic decay width.
Since the contribution of the Pomeron-exchange
diagrams was shown to be very small in com-
parison with those .of the first through the sixth
diagrams in the RHS,! the diagrams may also be
neglected. The diagrams left in the RHS!® are
nothing but the diagrams given in the previous
works, '3 '

Following Ref. 1, the contribution of one of the
Regge-pole-exchange diagrams with the nonexotic
intermediate states to the nonleptonic decay width
of a meson (P) with the mass M is approximated
by

4
c*II e

Tper ——5— MM/, *If£72(0)

—FEP2(0)20 3(P P RIPN g KK, , (2.1)

where Gy is the Fermi-coupling constant,

IT%.,0; represents the product of the quark mixing
parameters (e.g., the Cabibbo mixing parame-
ters cosf;and sinf;) appearing in the four weak
vertices, M, the mass parameter in the form
factors defined by f¥F2(q2) =fF%2(0)/(1 - q2/M?),
fPi the decay constant of the P, meson, oz(P,P,)

the nonexotic contribution to the s-wave cross
section in the PP, scattering at E_,, =M, I (the
loop integral)=:1/8m%, N (the sum over possible
scattering processes) =16, and the short-distance
enhancement factors K, and K, for two weak decay
processes in the diagram should be chosen to be
K, =3[(1 +k)c, +(1 - k)c_| (Ref. 11) for the weak
vertices appearing in the diagrams (1), (3), (5),
and (8) of Fig. 1 and K, =3[(1 +k)c, - (1 - k)c_]
for the vertices in the diagrams (2), (4), and (7)
of Fig, 1. [For details, see Ref. 1.] In Ref. 1
the approximation f, (0)-f_(0)=~f,(0)~1 and
Tz =4f‘R, which stands for the sum of possible
diagrams corresponding to the diagrams (4) and
(5) in the RHS of Fig. 3, are used. For the nu-
merical discussion of (2.1) we still need some
parameters which must be determined in each de- .
cay process, We.shall do it for charmed-meson
decays and B-meson decays in Secs. IIl and IV.
Now let us discuss the exclusive nonleptonic
decays. For the decays of a pseudoscalar meson
(P) into two pseudosclar mesons (P.P,) (PP
decays), we can write the decay amplitudes repre-
sented by the diagrams in Fig. 1 as follows:

B= % 6, ezKafP1 (M2 - my?) fEF2(m,?)

+m, 2 PP2(m,?)] (2.2)
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for one of the diagrams 1(a) (the Born amplitude),
R= £ 6,6,,Tx ‘ 2.3)

for one of the diagrams 1(b) (the enhanced ampli-
tude), and

E= _C_;;_ 6,0,K,Ty (2.4)
for one of the diagrams 1(c), where M, m,, and
m, are, respectively, the masses of P, P,, and
P, mesons, Following the same approximation
used in the derivation of (2.1), we can write

Tr (Tg) as

Tr@e) = WV a@) M2 [ P72 (0) —ffpé(o)]IR(E)Mozfpi
X Tr@) PPy~ P,P,), (2.5)

where Tz (PP, =~ P,P,) denotes the nonexotic
(exotic) s-wave scattering amplitude in the

P P,—~P P, scattering. Here PP, indicates the
two-meson intermediate state to be independently
determined for each decay diagram. (Explicit
forms of Ty for charmed-meson decays are given
in Appendix A.) We should notice that among

the three amplitudes only R has a considerably
large imaginary part., We can rewrite the
imaginary part of R as follows:

ImR =~ Z£ 417 2 010} Kifpi [££72(0) - £172(0)]
i 1 .
X1 i[M ] o x(P{Pi~P,P,)
= ZE 8M26,0,K,f £ 272(0) - F E%2(0)] 1 M2

X ¢ 3(P,P,~P,P,), 2.6)

where the summation should be done over the
possible diagrams represented by diagram (b) in
Fig. 1, and for the last equality we must assume
the symmetry among quarks appearing in the
diagrams. (Symmetry breakings will be dis-
cussed in Secs. III-V.) From the comparison
of (2.1) with (2.6) we see that there is a very im-
portant relation between the contribution of the
nonexotic diagrams to the total nonleptonic decay
width and the imaginary part of two-body decay
amplitudes. In the application of (2.1) (Refs. 1
and 3) we always encountered an unknown pa-
rameter o ;, which is difficult to determine from
presently available experimental data for meson-
meson scattering. We can, however, fix the
parameter from data for two-body decays. We
shall show it for the charmed-meson decays in
the next section.

We would like to comment on I in (2.5). Since
the contribution of the exotic amplitudes is im-
portant in rather high energies, we estimate I

for heavy-quark decays. The ratio of diagram
(8) to diagram (5) in the LHSof Fig. 3 may ap-
proximately be described by the ratio of the
Pomeron-exchange diagram to the Regge-pole-
exchange one in the RHS of Fig. 3 as follows:

IDITE? I
InzZ/lTél"’ IgPo3 "’
where the summations in the LHS stand for the

sum over possible physical states. When
2N\ TH2 /5| Tl2<a 5 /0 & is taken, we obtain

Ig=Ip=%Ig, .71

where the last relation was estimated in Ref. 1,
In the following discussion we shall use the re-
lation (2.7). If we take into account that there is
no diagram in the exotic contribution corres-
ponding to the heavy-quark annihilation-diagram
(see the note in Fig. 2) in the nonexotic contribu-
tion, the contribution of the exotic states be-
comes 3I;/Ix~ 1/5 of the nonexotic contribution
and not very important.

Up to now we ignored the p-wave contribution
in the evaluation of the total nonleptonic decay
width, The estimation of the enhancement factor
for the p wave is not so easy as that of the s
wave. We may, however, expect that the con-
tribution of the p wave will be much smaller than
that of the s wave, The suppression ~1/2 arises
from the number of possible scattering (Nz=9)
for the p wave, because the 070~ intermediate
states do not contribute in the p wave even in the
off-shell region, We also find another suppression
in the loop integration I £, because in general
the p-wave scattering amplitudes have momen-
tum-transfer dependence and can possibly change
the sign of the imaginary part as the momentum
transfer changes.!? Hereafter we assume that the
enhancement in the p wave is negligible compared
with that in the s wave. In the next section we
shall see that this assumption is right in the
analysis of p-wave decays of D mesons (PV de-
cays).

III. NONLEPTONIC DECAYS OF CHARMED MESONS

In order to determine the parameter 03, we
shall start by studying two-body decays.

A. Two-body decays

Here we investigate the charmed-meson decays
into two pseudoscalar mesons (PP decays) and
those into a pseudoscalar meson + a vector
meson (PV decays).

1. PP decays

We can write these decay amplitudes by B,!3
R, and E given by (2.2), (2.3), and (2.4). In
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these equations, however, many parameters to
be determined are contained, e.g., the decay con-
stant (fp), the form factors [f,(0)], and the scat-
tering amplitudes (Tg, T5). Furthermore, it is
known that the SU(3)-symmetry prediction
B(D°~ K-K*)=B(D°~ n~m") is badly broken in
experiment.>'® We must take account of sym-
metry breakings for the parameters. The intro-
duction of the symmetry breakings via fp and
f.(0) for the Born amplitude is trivial, but the
treatment of symmetry breakings in R and E is
somewhat complicated.

Now we discuss the symmetry breakings in R
for the processes observed in the experi-
ments,*%¢i.e,, D°~K-n*, K°7° K-K* 6 w 7%,
and D* ~K°K*, The formulas required in the
evaluation of the amplitudes R are given in Ap-
pendix A. We introduce SU(4)-symmetry-breaking
parameters as follows:

FfeF PTy(FD =~ K1) == VE £ F" To(Kn—~ Km)(1 - 6),
fDF"Ta(ﬁp ~ ) == V& £ F " Ty(na~1m)(1 - §'),

FoFFTy(FF~KK) == VE f, FXT (KK~ KK)(1 - 5"),

where F4 = f24(0) - f24(0), the parameters 5, &',
and 5” stand for the SU(4)-symmetry breakings
in each process, the factor (-vZ)is derived
from the 16-plet symmetry like the nonet sym-
metry in SU(3) (see Appendix A), and T4(AB~—CD)
denotes the s-channel octet amplitude for the
scattering AB—~ CD, We still have too many
parameters. We, therefore, assume 6=5"=56",
When we take account of the symmetry breakings
in the first order, we can write the amplitudes R
as follows:

RMD°~K-1*)==V2R(D°~ K 1) =K,R°,

R(D°~K-K*)=(3a- B)K,RY/C,
(3.2)
R(D°—m-m")=- (38— @)K,RY/C,

R(D*~K°%*)=-[(B- a)K, +2BK,|RY/C,

where R°=—8(G/V2 )cos?0clg Myf, F¥& T (Km
~Km)(1 - 36), R¢=(tan0)R°, a=fr/fs,

B=F"/F¥ C=(1+aB), and f2%%9(0)=£2"(0) is as-
sumed for D* =~ K°K*, In (3.2) we introduced two
symmetry-breaking parameters « and B, but the
parameter o=~1,28 with ;0,135 GeV is known
in experiments. The unknown parameters in R
are three, that is, B and the real and the imagi-
nary parts of R°, We can perform the same pro-
cedure for the amplitudes E. Including the decays
of the F meson, we derive the following decay
amplitudes.

Cabibbo-allowed decays:
M(D—~ K~1*) =K, (B® +R°) + aBK,E°

M(DO~ K On0) = le" (avK,B° - K,R® +K,E°)

= 1 1 1 1
M(D°—~ K%)= 3 a‘)/nKzB°+<§ - Tzf)KlR"—- §K1E°’

B (3.3)
M@D*~K°1")=(K, +avK,)B° +(K, +afK,)E°,

M(F* = K*K®) = aK,B® +2aK,R°/C +Bs)K, E°,
M(F*=nm*)=- 7%— ¥, K B +(a +B)K,R°/C
1 0
- 73 aK,E°

Cabibbo-suppressed decays:'*
M(D°~ K~K*) = akK, BY +R (D°~ K"K*) + as)BK,E?
M@D°~7"1")=— vyK,B+R(D°~ 7~1*) - aBK,E?,
M(D°~ K°K°) =2(a - B)K,RY/C,

1 1
M(DO" 7T07To)=— 75‘ '}/K232+ 7—2-'(3ﬁ— OZ)KIRE/C

1
— BK E°
. EA (3.4)
M(D* = K°K")=aK,B} +R(D* =~ K°K") + ass)BK,EY,

MD* ~ 17% = J%(Kl +K,)(v B +BEY)
M(F*~K°m*)=K B +(K, +0K, - K,)R? - K,E?,
M(F*—=K*1°)= \7_15 {K,B? - (K, +aK, — K, )R +K,E%},

where E°= —4(G,/V2)cos®0,1,My’f ,F¥TS,,
BO(EY) = (tan0 )BYEO), a,=f/f,, B.=F°/F,
Y.=r2%(0)/f2%(0), ¥=7,, and an additional rela-
tion f,FPT,(DD ~KK) = - V(3/5)f FXT4(KK~ KK)
X (1 - 6) is used for the F decays. The mass dif-
ferences between 7, K, and n mesons are ne-
glected in (3.3) and (3.4). In order to decrease
the parameters, we may postulate the real part
dominance for T; and | T4 ~|Tz|, which is known
in the high-energy region. This assumption,
however, is not serious in numerical analysis,
because the contribution of E° is nearly ~+ of
that of R as noted in the last section. We still
have six unknown parameters in B and R even
for the Kw, mm, and KK decays, that is, f27(0),
fPX(0), and the real and the imaginary parts of
R°, Only for the purpose of simplification of
numerical analysis do we put relations v =8 and
F¥=~171% The numerical results for the choice
of the parameters f ?%(0)=0.95, 8=0.87,

Re[f PX(0)R®] /B°=-0.78, and |Im|f PX(0)R°]/
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TABLE I. Predicted branching ratios (in %) for PP decays. The predictions in column (a)
are based on the choice of parameters (F2X(0)ReR%/B%~—-0.78, | (*PX(0)ImR% /B’ =~ 0.70, fPK(0)
=~ 0,95, y=B=0.87. The predictions in column (b) are based on the experimental values for
lifetimes 7%= (1.023:3)x 1013, 77=(10.3213:) x10~13, 7F= (2.24:} 18 x 1071 sec. !

Experiments
(a) (b) LGW! Mark I1% 8
(Cabbibo allowed)
D'~K 7* 2.7x (%10 B gec) 4.1-1.8 2.2+0.6 3.0+0.6
~ K% 1.5x (1%/10-13 sec) 2.3-1.0 2.2x1.1
—~ K% 1.0x (1%/10713 sec) 1.5-0.7
D*~K'%* 0.19% (1%/10-13 sec)  4.0-1.2 1.5£0.6 2.83£0.7
F*LK%* 2.6 x(t¥/10713 sec) 13-3
- 1.6 x(t¥/10-13 sec) 8—2
(Cabbibo suppressed)
D'—K"K* 0.28x (1%/10"3sec)  0.43-0.20 0.3+0.09
—~K%? 0.05% (1%/10713 sec)  0.07-0.03
-7 0.07x (1%/10~13 sec)  0.10-0.05 0.09£0.04
— 7070 0.01x (t%/10-13 sec)  0.02-0.01
D*~K%K* 0.14x (t*/107 1% sec)  3.0-0.8 0.5+0.27
— ' 0.01x (7*/10713 sec)  0.23-0.07
F*—~K* 0.06x (1F/10"13 sec)  0.31~0.07
—K*1° 0.02x(1F/10718 sec)  0.12-0.03

B° ~0.70, are presented in Table L,'® where

K, =1.66, K,=-1.21,' 0, @ ~a, and

B, =Bss)=1 are used, Note that |ImR°/B°| is de-
termined so as to reproduce B(D°—~K~m*)=~3%
for 7°=1,1x10"'% sec on the assumption
ReM(D°—~ K-1*)=0, and the value may be con-
sidered to be nearly the upper bound for ImR°,
Using the experimental values for the lifetimes
(7° 7*and 7F) for D° D*, and F mesons"

o_ +0.52 -13
79=1.013:32x107* sec,
7" =10.371%°x10"3 sec,

F _, +2.78 =13
TV =2.,247333%107*2 sec,

(3.5)

we obtain the results in column (b) in Table I.
They are satisfactory, The above values for B
and /2%(0), which will be determined from ex-
periments for the semileptonic processes

D~ Kly and mlv, are consistent with the estima-
tion based on a quark model'® and the comparable
value for ReR and ImR are also reasonable be-
cause E ., =M, is in the intermediate energy
region between the resonance-dominance region
and the high-energy (Regge-pole-dominance)
region. One of the characteristic features of this
analysis appears in the phase difference between
two amplitudes for D°~K-n* and D* =~ K°r*,
which is evaluated to be ~90° (or ~270°)., We
can calculate the phase difference from the data
for D°~K-1*, K°° and D*—~K°1* because these
processes can be written by two independent
amplitudes, At present, however, the data are

too ambiguous to determine them. We are eager
to find the precise values for them. The sym-
metry-breaking effect for the ratio B(D°~ K-K*)/
B(D°—n-m*)=~4 is two times larger than the val-
ues |aB~t|2=~2 predicted from the Born amplitude
dominance., The good test for the value 8=~0.87
will be done in the decay D°~K°K?°, of which amp-
litude is proportional to (a - B).

The above numerical analysis would possibly
change when more precise data is given. We also
remark that the relation R(E?) = (tan6 )RO(E®)
cannot be derived in general because the inter-
mediate states for the suppressed decays are not
equal to those of the allowed ones.

2. PV decays

These decays occur in the p wave. As noted
in Sec. II, the enhancement mechanism predicted
in the s wave will not work there and the Born
amplitude will dominate these decay processes,
As the first step we, therefore, study PV de-
cays on the assumption of R =E =0,

The decay widths for the diagrams (a) and (b) in
Fig. 4 may be written down as follows:

\% P

D P D Vv
a) b)

FIG. 4. Two different types of Born diagrams for PV
decays.



668 TSUNEHIRO KOBAYASHI 24

G Cc0820,)
At e LA M
ra(b)( -.PV)_ ( 327M [A( ’mP’mV)]3

XIF o) (4N a0®M*C )%, (3.8)
where the phase-space correction is
AM, mp, my)= {[1 — (mp—my)P/M?]
x [l = (mp+myR/M2}12

the form factors [F,(m ,2)= f2F(m?) and
F,(my?)=fPV(mp?)] are assumed to be described
by a simple pole, the decay constants and

fa=Tv, fv =fp, and C,, denote factors including

a Clebsch-Gordan coefficient and a short-distance-
enhancement factor, For f2¥(0)~0.95, 8=0.87,

S0 =0.21 GeV, fyx=(f, +f4)/2=0.22 GeV, and
7°=1x107"3 sec, we obtain

B(D°—~ K p*)~6.6%),
B (3.7)
B(D°—~ K*01°)=2,0%,

which are consistent with the data® (7.2+2.5)%
and (1.477:9)%, respectively. In the simplest case,
i.e., on the assumption 72°(0) =7 X*(0) =f 2%(0),
our predicted values are listed in Table II, where
the experimental upper limit for D* =K %"
taken from the data for D* = K °1°r*, Except for
B(D°*I?°p°), the predictions are quite satis-
factory compared with the data. We can easily
check that the introduction of a symmetry break-
ing such as f2°(0)/f2%(0)<1 so as to reproduce
B(D°—~ K %°) = 0.5% pushes out other values from
the experimentally allowed region. It is, how-
ever, very interesting that »(Kp)=0.15 in this
analysis is much better than the value 3 predicted
by the I =3 final-state dominance, We may say
that the gross features of the PV decays can be
reproduced by the Born amplitudes.

Now we analyze the PV decay in the case with
R #0, but we shall neglect E. In general, the
amplitude R is written by two different types of
couplings, i.e., F and D types. In our model
only the F-type coupling is available, because
0~-nonexotic gq states dominate in the inter-
mediate states, The decompositions of the ampli-
tudes into B and R are done in Appendix B. The
predictions for the choice of R°/B?=-0.1,
FPP(0)/r2%(0)=0.9 and F2¥*(0)/72%(0) =0.95 are
also presented in Table II. The values are con-
sistent with the data® within the errors. Note
that our predictions, particularly those for
D°—~K%°and D*~ K*°1*, are quite sensitive to
the variation of the parameters and ReR°/B?
must be negative to reproduce the small value
for B(D°~ K %°)., We can also estimate the
upper limit for the ratio |[ReR°%/BY| to be =0.16
from the data for B(D°—~ K ~p*). Such a small

TABLE II. Predicted branching ratios (in %) for PV

decays. Here we use the lifetimes 7°, 7*, and 7F given

in Ref. 17.
R%/B® 0 -0.1
72 0) 72%(0) 0.9rP%(0)

FPE*(0) fPE(0) 0.95PK(0)  Experiment?
D'—~K p* 10-4.5 8.0—3.6 7.2:2.5
~K°%° 1.5-0.7 0.8-0.3 0.1:9+4
~K*71* 3.6-1.6 4.7-2.1 3.2:1.0
—~KE*7"  209-1.3 4.0-1.8 1.414%

~ K% 1.5-0.7 0.8—-0.3

~E*p  1.1-05 1.9-0.8
D*—~K%"* 26-7.8 - 34-10 <12.9+8.4

—~KE*r* 3.1-0.9 5.5—1.6 <3.7
F*K*K" 13-3 16-4

~KE¥ 287 22-5

—p'n 24-6 18—4

T 14-3 13-3

—7*p? 0 1.2-0.3

—~p'n 0 1.2-0.3

—T'w 0 0

value for the ratio is consistent with our expecta-
tion for the p-wave decays. In the above analysis
we put ImR°=~0, but |[ImR°/BY < 0.4 is derived
from B(D°~K%°)=<0.5.

We would like to comment that the absolute
value of R in the p wave can experimentally de-
termine from the decay F*—~m"p% or p*7° to
which only R can contribute, The contribution of
the exotic intermediate state (E) neglected here
can also be seen in the decay F* —~ 7*w, because
the Born and the nonexotic ajmplitude do not con-
tribute to the decay.

B. Inclusive decays

In the analysis of III A we obtained |ImR°/B|
=~ 0,74 in the s-wave decays and may put it to be
zero in the p-wave decays. As the value
|ImR°/B° ~0,74 gives 0 3~ 0,6 mb, we can esti-
mate the ratios of nonleptonic decay width to
semileptonic decay width as follows:

Ty (D°)/Ty (D~ evX)=~5.8 + ——

(€)
~5.8+12.6/g(€),
+ 0.55
Ty D¥)/ T (D~ evX)=~58-3.T6+ —— 2(0) oR

u5.8—3.7g+o.33/g(e), (3.8)

I‘NL(F)/I‘ (F~evX)~5,8 +—— ( j O

~5,8+6.6/g(€),

where m, =1.5 GeV is used, o3 is in mb, 5.8
stands for the contribution of the free quark de-
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cay, —3.7¢ is due to the E—quark—exchange dia-
gram in the D* decay,!'? and g(€) is the correction
factor by the final quark masses.'®* We have the
following ratios for the lifetimes of charmed
mesons:

T /T9~4-8,
(3.9)
F/7°~1,4-1.6

for the variations of g(€)=1-0.5 and £=20.8-1.2,2
For the choice of ms/m,~0.1 [g(€)=0.925 (Ref,
19)] and ¢ =1, we obtain 7*/7°~4,7, 7F/7°=1.4,
B(D%~ evX)=~4.,7, B(D* ~ evX)=22%, and

B(F ~evX)=6.7%.2° We should pay attention that
the value 0 £=0.6 mb derived from |ImR°/B
=~(,74 may be considered to be nearly the upper
bound for o 3. The ratios of lifetimes given here,
therefore, are possibly a little bit overesti-
mated. Then we predict 7¥/7°=3-6 and
7F/70~1,3-1.5,

IV. NONLEPTONIC DECAYS OF B MESON

In the B-meson decays we are caught by a prob-
lem of large symmetry breakings among c, b, ¢,
and light quarks. Considering that the effect of
symmetry breakings is not small even in the
charmed-meson decays as shown in Sec. I, we
cannot discuss the B decays without introducing
the symmetry breakings., Unfortunately, we do
]

Du(B° (BY))/T (B ~evX)=6.4 +19.20 3(ci(cc)) (fp/f P (FEE)?

+19.20 3(sd(sS)) (Fp/f PFLE)Y

T\ (B)/ Ty (B~ evX)~6.4—-0.24£, +19.205(su)(fr/f, P (FLY

where 03 is in mb, F#=72%4(0)-24(0), the
short-distance-enhancement factors K, ~1.52 and
K,~-1.04 (Ref. 3) are used, 6.4 are the con-
tribution of the free-quarks decays, for which
the corrections for the final quark and lepton
masses are done,® the complex numbers,?* g8,

and B,, respectively, represent the difference
“of the b-quark annihilation diagram from the d-
quark one and that of the f-quark annihilation dia-
gram from the c-quark one, and the contribution
of the free-quark-exchange diagram in the B~
decays, -0.24&5 with £5= (fp/fp ¢, is negligible,
[For details, see (Ref, 3).]

In the symmetry limit o 3(c&) = 0 3(cT)

=0 3(sd) =0 g(si) =0 3(sS), fp=fp, FE£=FF, and
B,=B; =1, we obtain
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not have experimental data enough to determine
many parameters describing the symmetry
breakings. We shall, however, see that we can
derive the upper and the lower limits for the
semileptonic branching ratios and some relations
among two-body decays. Here we study the B
decays in some limited cases for the symmetry
breakings from the viewpoint of the six-quark
model,?

A. Inclusive decays

The amplitude (b,) in Fig. 1, which contributes
to the decays of B° (bd ) and B2(b5), is the sum
of two diagrams with the annihilation of the d
quark and that of the b quark (R,). On the other
hand, the amplitude (b,) contributing to all B
decays is described by the sum of two diagrams
with the annihilation of the ¢ quark and that of the
¢t quark® (R,). It should be remarked that in the
standpoint of the six-quark model,? the ¢- and
t-quark annihilation diagrams are expected to
contribute destructively, while the contributions
of the d- and b-quark annihilation diagrams work
constructively, We may also note that R, and R,
respectively, have the cu# (cC) final state for the
B° (BY) decay and the sd (s%, sS) final state for the
B° (B~,BY) decay. The ratios of nonleptonic decay
width to semileptonic decay width are given for
Mg=5.3 GeV,2* m,=5 GeV, and M, (¥m,+m,)
~6,5 GeV as follows:

1+8,|2
2

g
2

’

(401)

1-3:|2
2 9

B(B° (B})—~ evX)~8%,
. 4.2)
B(B-~evX)=~12%,

where F2=f,/f.~fp/fr=1and £g~1 are used,
and 03=0.2 mb is derived from the simple
Regge-pole analysis, that is, 0 z(E., =Mjz)

=0 R(Eem =Mp)(Mp/Mg)=0.2 mb by using the
value 0 3(E ., =M,)= 0,6 mb obtained in the last

" section, These values are considerably dif-

ferent from the predictions given in Ref. 3, where
B(B°(BY)—~ evX)=~5% and B(B~ = evX)=9% are de-
rived for the choice of 0 z(E ., =Mz)=0.53 mb
and B, =1 and B, =0, Our estimations are sensi-
tive to the value of 03, B,, and B,. If we consider
that 0 2(cC) = 0 3(c#) = 0 3(s3) = 0 3(sd) =0 3(s),
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B,<1, and B,<1, we can estimate the lower limit
for the semileptonic branching ratios by taking

0 %(qq) =0 z(s#)=0.2 mb, B,=~1, and B, =0,
whereas the upper limit is given in the case with
no enhancement, that is, the free-quark limit.
We predict

B(B°(BY)~ evX)= (71-12)% ,
BB~~~ evX)=~(10-12)% .

(4.3)

These values are consistent with the data of the
CLEO collabration, i.e., B(B—~eX)=~(16+4+7)%
and (18 +9)% in independent searches for elec-
trons and B(B—~ puX)= (7.5+3.1)% for muons.?
We should also note that the enhancement of the
uncharmed final states derived in Ref, 3 is
strongly depressed for 8,1,

B. PP decays

The decomposition of PP decay amplitudes into
B, R, and E are given in AppendixC. The B-
meson mass is heavy enough, so we may use the

N

knowledge for high-energy scattering, that is, if
ReTr~ImT,;~0 and | T;| =|Tgl, then |E°|
=~1|R, It is interesting that the ratio |[R?/B
described as

|RY/BO| =

81p M2 (M2 — my?
sl e L2570 (mb)]

D
g __

75°00)
increases as the meson mass (M) increases,
even if 0z decreases as M;'.?® That is to say,
even though the enhancement mechanism repre-
sented by the amplitude R decreases as the meson
mass increases, the enhancement mechanism is
important in PP decays. In fact, we can obtain

148,

5 (4.4)

IRY/B0l = (2 - 3) b | L2 g (4.5)

’

f”D(O)

while the ratio is ~1 for the D° decay. The
branching ratios for uncharmed final states repre-
sented by the amplitude R, are given as follows:

2 2 ‘
B(Bm-*K-n*)zzB(B°'-~1‘<°n°)u23B<B°"~f<°n)=30<F3>2<If‘o;(sm) lLE—BLI B(B™ "~ evX)
™

~0.311 - B,12B(B® -~ evX),

(4.8)

B(BY~ K K*)=B(B3~K°K°)=~4B(B3—~ nn) =0.3/1 - B,[2B(B2~ evX),

where the mass differences between 7, K, and n
are neglected, 1 =3 +dd)-1/V2(s3) is taken,
and in the derivation of the last equalities in two
equations F=~F [F=~f./f ~1 and 0 £(¢7)=0.2 mb
are used. We can say that these branching ratios
are less than 3% when 0 < B,<2 is'right. For the
branching ratios of charmed final states we ob-
tain the following relations:

B8O~ D* 1) [= BB~ 1K)}
~0.2 [(1 " % %) s (Ri)/B?)z]

x |7 820(0)2B(B° ~evX),

B(B°~ D)

~o[(& . L) +wy/mer)(Z2)

X |fBT(0)2B(B° ~ evX), 4.7)
B(B=—D°%")

uo.2[(1 + —J—)fBD(O) EZEOL(l Eg—)?l fB"(o)]

X B(B~— evX).

In (4.7) we used the equation

TpornB°=D*17) . 5 lf 22 (0)I® f 35 2
L B=eX) 0T e mp Mk
~0,10K,2l£ 2(0)2 (4.8)

where g(€)=0.52 and I'y (B~ D7) stands for the
decay width evaluated on the assumption R =E =0,
We can also derive similar equations for the de-
cays B~DD, DF, FD, and so on (see Appendix
C).

For the p-wave decays, such as B~ yK, ym,
and D, etc., we may write the decay amplitudes
on the restriction of the Born-amplitude domi-
nance. Detections of these decay modes, there-
fore, are very good observations to determine
the form factors f54(0) in experiments,

V. REMARKS ON K-MESON DECAYS

Here we shall discuss the 77 decays of K
mesons (K§and K*) in our model. The 77 decay
amplitudes are written as follows:

M(K§~1-1")= V2K, (B°+R°), (5.1)
MK~ 7070) ~— K,B% +K,R°, (5.2)
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M(K* ~ 1o1%) = 712- (K, +K,)B°, (5.3)

where fX7(0)~1, R°=R? +RJ stands for the sum
of two diagrams (b,) and (b,) in Fig. 1, and the
exotic amplitude E is ignored because E has the
suppression factor ~1/5 and the exotic diagram
may be not important at such a small energy
E.n =myg. We may note that the so-called pen-
guin diagram? is included in R,. By use of
K,~1.87 and K,~-1.46, which are derived from
the usual choice of the short-distance correction
factors ¢_=2.5 and ¢, = 0,63, we obtain from
(5.3) '

[C(K*—=7o1*)]"1~6,2X10"8 sec, (5.4)

which is quite satisfactory in comparison with the
experimental value 5.9X1078 sec. From the data
for T(K%—=n~m*)/T(K* = n°1*)=~450 and
T(K$—=7m"7")/T(K$~n°1%=~2,19, we can estimate
the values

ReR°/B°=~0,34, |ImR°/B° ~1,95, (5.5)

It is very interesting that R° and B° are compara-
ble in our model. If we postulate the SU(3)
symmetry for u, d, and s quarks, R° is given by

R°=(3-B,)R%/2, (5.6)

where B, stands for the ratio of the contribution
of the c-quark annihilation diagram to that of the
u, d, or s-quark one and is written as follows:

8 g(_”_lp;“_)zl_fci_i&ﬁ $(DD* = 11", E o =)
i MK* I}‘Q f1r F}r( Tja(‘”—ﬂ*,-.ﬂ-”*‘;Ec.m.:mx) ’

(5.7)

where the CP-violating phase in the six-quark
model?! is ignored. Even if we put I§=~1% and
fp=fy, the estimation of the off-shell scattering
amplitude T%(D D* ~n~7") is difficult. We cannot
say even either |B.| <1 or |8,/ >1. We can, how-
ever, derive the relation |ImR?/B°| =0,220 3

(ui or dd) from the optical theorem and obtain,
by assuming B, =real,

03 (Wi or dd;Ecm=my)=~ |18/(3 =8 )|mb. (5.8)

For B.,~1, 0x~10 mb, which was derived in
Ref, 1. On the contrary, we can determine 8.,
if the s-wave 77" scattering amplitude at

E . =my is experimentally given. To determine
B, will be very interesting in understanding the
symmetry breaking and also to evaluate the CP
violation in the six-quark model.

VI. SUMMARY AND DISCUSSIONS

We described the nonleptonic decays of mesons
in terms of the diagrams given in Fig. 1. The

description by these diagrams does not lose

any generality, In fact, most of the models pro-
posed up to this point can be represented by
some of them, e.g., the W-exchange dominance
is represented by the dominance of diagram (b,),
the quark-number-conservation rule by the selec-
tion of (b,) and (b,), and the so-called penguin
diagram is included in diagram (b,). What we did
in this paper was to give a method of how to cal-
culate these diagrams. We actually showed how
the enhancement mechanism represented by the
nonexotic intermediate states® and also the sup-
pression mechanism described by the free-quark
exchange? decrease as meson masses increase,
We also showed that all of these diagrams are im-
portant to describe all of the meson-nonleptonic-
decay phenomena; in other words, any assump-
tions of the dominance of one or two of these dia-
grams are not applicable to describe all of them,
In particular, we saw that diagram (a) (the Born
amplitude) and diagrams (b,) and (b,) (the en-
hanced diagrams) are comparable in PP decays
of K, charmed, and B mesons, while the domi-
nance of diagram (a) is naturally understood in
PV decays. We may say that the greatest advan-
tage of our model is to give a unified view for the
nonleptonic decays of all mesons. On the other
hand, the disadvantage of our model is that many
parameters, e.g., 0z, fp, f.(0), and so on, must
be determined from data. However, this must
be done if the model is correct. We consider that
such a complicated structure of the nonleptonic
decay mechanism has prevented us from under-
standing the nonleptonic-decay phenomena cor-
rectly. At present, experimental data are not
enough to determine all the parameters, but in
the near future experiments will allow us to
understand the nonleptonic decays well,

Analyses for the PP decays of charmed mesons,
in which the final-state interaction is taken into
account, have been done.?® These analyses are
similar to ours on the point that the amplitudes
B and R are comparable. The difference between
those analyses and ours is quite clear, because
they take account of the final-state interaction
only on-shell or nearly on-shell, while in our
model the off-shell contribution is important to
interprete the enhancement in D° and K° de-
cays.!

Finally, we would like to comment on the dif-
ference between baryon decays and meson de-
cays. The main difference arises from the dif-
ference between transition form factors for the
two processes. That is to say, the form factor
for baryon decays should be described by a
dipole for transitions between ground-state bar-
yons with é", while that for mesons is repre-
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sented by a simple pole. This difference is very
important. That is, the integration in nonexotic
diagrams (Iz) will become comparable with that
in exotic diagrams (/) in the case of a dipole
form factor, because the off-shell (far from on-
shell) contribution becomes unimportant, while

it is important for a simple pole. Of course,

we must not forget the contribution of the heavy-
quark annihilation diagrams like the c-quark one
in K and charmed-meson decays. In the case of
hyperon decays, however, we need not worry
about the derivation of the Al =% rule, because
the contribution of the Born amplitudes which can
violate the rule is known to be small, e.g.,
Tporn (A =pT)/Tpy (A= pm)=~ F5, there is no nearby
decuplet resonance with J% =%*, the contribution
of which can also violate the rule in the nonexotic
amplitudes R, and the exotic amplitudes E are not
important at such small energies. We, of course,
encounter the same difficulty for the estimation
of the c-quark annihilation diagrams as encoun-
tered in K decays, but we will be able to deter-
mine the parameter by using the rich data for
hyperon decays. Numerical discussions will be
done elsewhere,
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APPENDIX A: DECOMPOSITION OF PP DECAY
’ AMPLITUDES

The decay amplitude (M) is written in terms
of the enhanced amplitude (R) and the Born ampli-
tude (B). [The exotic amplitude (E) is neglected
here]. For example,

M@D°~K-1*)= 7G-—2£- cos?0c K [RO(K -m*) +BO(K~7*)], '

(A1)
ROK-7")=A°K~m* = K~1*) - A°(D*F~—K~1");
MO~ K-K*)= GECOSZQ sinfg
XK, [ROK-K*)+B°K~K")], (A2)

ROK K*)=A°(K"K* =K K*) = A%(n~1* = K~K*)
~AYF-F*=K"K*);

where amplitudes which violate the Okubo-Zweig-
lizuka rule are omitted from R and B°(P,P,)

=fp Fp (M2 —mp ?). The amplitudes A(P,P,
*Pst describedl by nonexotic intermediate
states are decomposed into singlet and octect
representations of SU(3) in s channel as follows:

AEK T =K 1*)=— 4l g M?f FX 2 T (Kn—~Kn), (A3)

AD'F~=K~1") == 4l M2f FPVE TS (DF ~ K1),

(A4)
A(K"K*—= K"K*) =— 4Ig M?f F¥[5 T, (KK ~ KK)
+2T (KK~ KK)],
(A5)
A(rn* =K K*)=— 4l M, F"[3 T, (71~ KK)
- 1T,(m~KK)],
(A8)

A(F-F*=~K K*)=- 4l MOZfFFF[Z‘l/E T¢ (FF ~KK)

—ng (FF"KK)] ,

(A7)

where we use the notations F4= f24(0) - F24(0)
and F,=124(0), and T, (T¢)and T, (7{) are, re-
spectively, the scattering amplitudes transforming
as octet and singlet representations without (with)
a charm-quark annihilation, and the factor 4 is
multiplied because of the number of processes
corresponding to PP, PV, VP, and VV scatter-
ings (P: pseudoscalar meson, V: vector meson).
On the 16-plet symmetry assumption, like the
nonet symmetry in SU(3), we obtain

T,= 8T, T¢=-VET,, T{=-£V3T,. (A8)

Using Eqs. (A1)-(A8), the decay amplitudes
MD°~K-m*) and M(D°—~ K~K*) are rewritten as

8

N G
M@D°~K-1*)= 7-25- c0820, K, [(f F¥ +fpFF)T +f, F o (Mp? = m?)],

G
2

(A9)

M(D°~K"K*)= 7-5 sinf¢ cos0 K, [(@f F¥ — f F™ +fpFF)T +f o F  (Mp? — m,?)],

where T =-4Ixg M?2T,. In the same way the other decay amplitudes are obtained as follows:
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(i) Cabibbo-allowed decays [the factor (Gp/V2 )cos?6, is neglected]:

M(Do—. 7701—{0) = %2' [— Kl(frFK +fFFD)T +K2fKF1r(MD2 - mwz)] 9
- 1 1 ,
M(D° - 9K °) =K1(? - V-Z—)U"FK +fpFP)T +§K2fKF,,(M,,2 -m,?),

M(D* = K°r") =K, fr Fg +K, [y F o J(Mp? —m ),

(A10)
M(F*=K*K°) =K,(fxF¥ +fp,FP)T +K, f F 1 (M2 = m,2),
. K
ME* =) =K,/ F¥ +7oFO)T = 353 £, Fa(M5* = m 2),
M(F*—=mnr*)=0,
(ii) Cabibbo-suppressed decays [the factor (Gp/V2)sinfocos6. is neglected|:
M([DO—n-m") =K1(fKFK - 2f, F" —fDFD)T—Klf"FW Mp%-m,?),
o 00 K K us D K 2 2
M(D°—~mom%) = 7-21-(fo -2f, F" - f,F°T + 7-23-f,,F,r(MD -m,?),
M(D°—~ K °K °) =K, (f F¥ - f, F, = foF? +fzFF)T,
M(DO— 7 © -1 K T 1 1 2 2 f 2 2
(Do~ 7o) = 7——2=-K1(fKF +fF")T +K, w3ty S Fn(Mp2—m, 2)— 2—\7"2—F,,(MD -mi)],

1 1
M(D°- 1) =K, 75 (+ 3 fyF¥ - f F" = 3 fpFP? +fp FF)T - Kzé(l + ﬁ)f,,F,,(MD"’ -my?),
M(D* ~KK*) = [- (K, +K;)f F@® 4K, f F¥ - K, f, FP| T +f F(Mp? = m,?), (A11)

u@*~vory=- L) ok orpom2),

M(D* = %) = [K,(fy F¥ = f,F") = K,(fap) F™ +/pFP)|T - 3 K, f . F,(M?% - m,rz)—Kz(—;— + 712-)f,,F" Mp2-m 2),
M(F* = K°1*) = [K, (s F¥ +/oFF) +K, (f, FS = fy F)|T +K,f, F4(Mg? - m,?),

t e 0 1 (sS) K K. K F K ’ 2
M(F*—=K*m )=(K1 W(’.fKF +f F¥) + 723- (fes)FX +fpF ))T—- ﬁfKF”(MF -mg?),

K. K,

MU = Ko0) = (P = £ koGP 15 - ) (- J - B - ) st ),

where 1=-1/V2|s5) +|uit) +|dd)/2 is assumed and F}, is a form factor describing transition of the F
meson into a pseudoscalar meson P.

APPENDIX B: DECOMPOSITION OF PV DECAY M(D°~Kp*)=K,[R°(Kp) +B2(Kp)|,
AMPLITUDES 1
Cabibbo-allowed PV decay amplitudes (M) are M(D°~K%°) = 72 [~ K:R°(Kp) +K,B(Kp)],
decomposed into nonexotic scattering amplitudes
R and Born amplitudes B, and B, which, respec-
tively, stands for the amplitudes corresponding
to two diagrams in Fig. 4:

M(D°~ K*~1*) =K, [~ RO(K*) + BY(K*T)]

— 1 = 7
M(D°~K*°1°) = = [K,RO(K*) +K,BYE*T)],
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M@D°~K°w)=— 71—2— K,R°Kw)+ %— BY(RKw),
M(D° ~ K*on) :<l + ——1~>K RO(R*n)
2 V2
K —
+EBY(E™),
M(@D*—~K%") =K, B;} (Kp) +K,B; (Kp),
M(D* = K*¥1%) =K, B} (K*T) + K, B; (K*1),
M(F* ~K*'K°) =K,[- RF(K*K) + BF(K*K)]
M(F* = K*E*%) =K [RT(KK*) + Bf (KK*)|,
1
M(F* = p*n)=K,R*(pn) - T K, B3 (o),
M(F* = 1*¢)=K,BE(1¢),
M(F*=1*w) =0,

M(F*=1*p%) == M(F*~p*1°) =— V2 K,RF(p),

where indices (0, +, F) denote the amplitudes for
(D°,D*,F) meson decays, respectively, and
RE(PV)=2(f¢ [ R®V)/[L +(f/f)F/F¥)|. In
the limit of 16-plet symmetry all the nonexotic
amplitudes coincide.

APPENDIX C: DECOMPOSITION OF PP DECAY
AMPLITUDES OF B MESONS

PP decay amplitudes of B mesons are decom-
posed into Born, nonexotic, and exotic amplitudes
as follows:

M(B°—~ K-1*)=— V2 M(B°~ K °n°)
==V2M(B-—~K-n°
=M(B~—K°m=)=~ M(BY—~K-K*)
=— M(B%—~ K °K°)
~— 2(1+vV/2)M(B°~ K °9)
=2(1+V2) M(B-~K™n)
~=2M(BS ~ )= - K,R,,

M(B°~D*n~)=M(B°~ F*K~)=— K,(B +R,) - K,E, ,

M(B°~D°7°) = f_;_ [-K,B, +K,R, —K,\E, |,
M(B°~D*F~)=K, (B, +R,) +K,E, ,

M@= n.19 - L xc,,

M(B°= 7o) = %Ksz,

M(B~~D°F~)=K, (B, +R,) +K,E,,
M(B™=n,17) == K,B,,
M(B¢=D*D~)=M(B3~D°D°) =K, (B, +R,) +K,E, ,
M(BY=n.1) =~ 75 [K,B, +K,E,],
M(BY~F*F~)=K, (B, +R, +R,) +K,E, ,

MBI~ )= 7 [K,B, +K.E,],

where B, and B, (E, and E,) correspond to two

different diagrams in Fig. 1. Amplitudes for PV
decays can be obtained by the replacement of one
of two pseudoscalar mesons with a vector meson.
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