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The constraints obtained in I for the asymptotic two-body meson matrix elements of the weak
nonleptonic Hamiltonian are related to the physical K — 7 and D— K7 decay amplitudes by using
a soft-pion approximation in the infinite-momentum frame of the parent particle. In this new mild-
er extrapolation, a part of the so-called surface terms survives in addition to the usual equal-time-
commutator term and plays a significant role, especially for the D— K7 decays. However, to the
approximation in which only the ground-state-meson contribution is kept in the surface terms, the
| AT | = -21~ rule for the K —27 decays and the 6& 6* rule [in exact SU(3) symmetry] for the D—K7
decays are shown to hold exactly and the amplitudes predict a reasonable value for the ratio of the
rates, D(KS—#+7~)/T(D°—-K~7+). A semiquantitative scenario is also drawn, which suggests
that the L=1 meson contribution to the surface terms plays an important role for the violation of
these selection rules and yields the right order of magnitude for the violation of the | AT | = —;— rule

in K —27 decays. For the D— K decays it leads to a more significant violation of the 6& 6* rule.
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I. INTRODUCTION AND SUMMARY

The strange- and charm-meson nonleptonic decay is one
of the unresolved and persistent problems of particle phys-
ics.! In perturbative QCD, the popular prescription to ex-
plain the | AT | =+ rule is to assume the enhancement of
the penguin diagram.? The enhancement may be justified,
if the factorization (or vacuum-insertion) approximation,
which was introduced® a long time ago and provides a
way to translate the information at the quark-gluon level
into that of hadronic level, is a good approximation.
However, if one applies the same method to the Cabibbo-
angle-favored charm-meson decays (to which penguins
cannot contribute), one finds* that the D°—K °%7° and
K *°7° modes are much suppressed compared with other
two- body or quasi-two-body modes such as D°—>K ~7+,
K*~ 7t K pt and DT K%+, K*O7*, K%™*. This is
in sharp contradiction with experiment. There are also
other (more qualitative) propositions based, for example,
on the hypothesis of conservation of total quark numbers’
or the dominance of W-exchange diagrams,® etc. In view
of these situations, a new approach,”® which pays a prop-
er attention to the long-distance-physics aspects of the
problem, may be in order.

The task of this paper is to give a unified description of
the characteristics of the strange- and charmed-meson
nonleptonic interactions, by relating the physical ampli-
tudes to the asymptotic two-body ground-state-meson ma-
trix elements of H'®~) and H'— ) already discussed in
the preceding paper called I, using a new soft-meson ap-
proximation. The soft-pion technique® has provided a
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powerful nonperturbative approximation in low-energy
physics, although it sometimes produced ambiguous re-
sults. One relates, for example, the KS— 27 decay amph-
tude to the two-body matrix element (7 | H®~)|K) via
the soft-pion approximation, retaining only the equal-
time-commutator (ETC) term and discarding the so-called
surface term in the limit g,—0. However, for the hype-
ron non-leptonic decays one is forced to retain’ a part of
the surface term (the baryon-pole terms) because of the
appearance (in the soft-pion limit) of the singularity due
to the mass degeneracy. In fact, these pole terms do play
a significant role in the current-algebra calculation of the
hyperon decays using the soft-pion approximation. This
seems to suggest that the dropping of the surface term in
the g, —0 limit is a rather tricky procedure and the extra-
polation may not be as smooth as one wishes.

In this paper, we are led naturally to use a new “soft”-
meson approximation which is more accurate (see espe-
cially, Appendix A for comparison) than the usual g, —0
method. Tomozawa!® has noted that one can achieve ef-
JSectively the g, —0 limit, if we consider the extrapolation
qd—0 in the infinite-momentum frame of the incident
momentum P;. In this frame, such a quantity as (g-p,)
remains finite even in the limit ¢—0, so that a part of the
surface term survives in the limit §—0. Since the con-
straints on the two-body ground-state weak matrix ele-
ments (derived in I) are valid only in the asymptotic limit,
we are naturally led to work in the infinite-momentum
frame of the parent particle (P;— o) and a hard-pion ex-
trapolation g2—0 can then be realized by taking a limit
qd—0 in this frame. By using this method, we can relate
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the K—27 and D—Knm amplitudes to the two-body
asymptotic matrix elements of H'® ) and H'— ).

We then show that, to the extent that the ground-state-
meson contribution dominates over that of the higher lev-
els in the nonvanishing surface term, we obtain | AT | =+
rule for the K—27 decays and its charm counterparts for
the D—Km decays. We then compute the ratio of the
amplitude of K9—m+ 7~ decay to that of D°—K ~7+ de-
cay and show that the prediction is in reasonable agree-
ment with the  present  experimental ratio
[(D°—K~7t)/T(K3—m*t7~). Therefore, a unified
description of strange- and charm-meson decays seems
feasible in the present approach. We also give a semi-
quantitative estimate of the violation of the |AT | =1
rule and its charm counterpart, which arises mainly from
the contributions of the first excited meson states to the
surface term. We show that the magnitudes of the viola-
tion are of the right order of magnitude and are larger for
the D decays.

II. CONSTRAINTS ON THE ASYMPTOTIC
TWO-BODY WEAK NONLEPTONIC
MATRIX ELEMENTS

We here summarize the constraints obtained in I on the
asymptotic two-body ground-state meson matrix elements
of the relevant weak nonleptonic effective Hamiltonian,
Hy=(H®~) and H'= ). In I, we have obtained the
| AT | =3 rule and octet rule for the asymptotic two-body

i}

(K°|H |D%B))=—{m" |H |F*(B))=—cotbc (™ |H* | KT(P)),
(K*O|H | D*%B))=—{pt |H | F**(B)) = —cotbc{p* |H* ) |K**(B)) ,
(K°|H |D*%$))=— (7t |H |F*+(B)) = —cotbc(7+ | H>) | K**+(B)) ,
(K°|H |D%B))=(K*°|H |D**P))=+(K°|H | D*(P)), P—owo .

However, the last equality of each of the above sum rules
was obtained by using the algebra (¢ is the Cabibbo an-
gle)

[H'==),V,o]l=cotdcH*~, (2.10)
and asymptotic SU(4) symmetry for the SU(4) charge V.
Therefore, they are more susceptible to the effect of SU(4)
symmetry breaking but will still be of great value in relat-
ing the strange-meson decays to the charm-meson decays.

III. NEW SOFT-MESON APPROXIMATION
IN THE INFINITE-MOMENTUM FRAME

We consider the decay of pseudoscalar meson P(p;)
into two pseudoscalar mesons P,(p,) and P;(q),
Pi(p,)—Py(p;)+P3(q), where p,, ps, and g denote the
four-momenta with p; =p, +q. (P,,P;) is either (7,7) or
(K, ) system.

In order to take full advantage of the asymptotic con-

ground-state-meson matrix elements of H'®~) and its

charm counterpart, i.e., the 20 dominance [or 6® 6* rule in
exact SU(3) symmetry] for the similar asymptotic matrix
elements of H'™~). The |ATl|=1+ selection rule ob-
tained is asymptotic (P — o) and is given by (H =H* 7)),
for example,

—V2(#°|H |K%B))=(=* |H |[K*(B)), 2.1)
—V2p° |H | K*P))=(p* |H | K**(B)), (2
—V2#7° |H |K*YB))=(7" |H | K**(B)) . (2.3)

In addition, we also obtained!! SU(6)-type asymptotic con-
straints such as (P— o ),

(T |H | KT (P))=(p™ |H |K*H(P))

—+(xt |H |[K**(P)) . (2.4)

The charm counterpart of the above asymptotic
| AT | =+ rule is the asymptotic AV =0 rule given, for
example, by

(K°|H'—~ | DYB))

=7t |H—|FYB)), P> . .5

Only asymptotic SU(3) [not SU(4)] symmetry was needed
in deriving Eq. (2.5). Altogether, we obtained in I
(H=H"7)),

(2.6)
(2.7
(2.8)
(2.9)

[

straints already obtained and also to minimize the effect
of flavor symmetry breaking by using the notion of
asymptotic flavor symmetry [i.e., asymptotic SU(2) and
SU(3) symmetries for the (7,7) and (K,w) systems,
respectively], we evaluate the invariant amplitude propor-
tional to (P,(p,)P3(q)|Hy |Pi(p)) in the frame in
which all the participating particles have infinite momen-
ta, i.e., P— oo and §— oo with p;=p,+gq. It then fol-
lows'? that the invariant amplitude of the physical matrix
element (P,(p,)P3(q)|Hy | P1(p;)) must be symmetric,
even in broken flavor symmetry, with respect to the ex-
change of four-momenta of the final two pseudoscalar
mesons, p,<>q. [In exact SU(3) symmetry, in which P,
and P; belong to the same flavor multiplet with the same
mass, this symmetry must, of course, be satisfied.] There-
fore, in applying the soft-meson approximation, we have
to pay close attention to this inherent constraint!? which
exists even in broken symmetry. We, thus, always consid-
er the amplitude which is symmetrized with respect to the
two final pseudoscalar mesons. We thus define
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M (P —P,P3)sym=5{P3(p2)P3(q)+P;3(p;)P5(q) | Hy | P1(p1))V 2q, - (3.1

In anticipation of the use of Lehmann-Symanzik-Zimmermann (LSZ) reduction formulas, we define a hypothetical am-
plitude

TP (Py—P,Py;q)=i [d*x e (P (p,) | T[AL(x), Hy(0)] | Py(py)) . (3.2)

A{‘(x) is the axial-vector current and (j,k) takes either j =2 and k=3 or j=3 and k =2. (Note that the index j
represents the flavor index of the meson P;.) The standard reduction and the use of PCAC (partial conservation of
axial-vector current)

AL (x)=fm;*¢;(x) (3.3)
leads to [#;(x) denotes the field of P; with mass m; and decay constant f;]
g*+m?

a’+m’ a’+m;?
fimj?

2
Sym;

M(P{—P,Py)yn=—= 3

92
2 ‘IuT#J +Z
j=2,3 ,

Jk

] Jd*x e =#8(x0)( Pi(py) | [4§(x), Hy(0)] | Py(p1)) .

(3.4)

Here 3., implies the summation over j=2, k=3 and j=3, k =2. We now consider the invariant amplitude
MPYS=(2p02p,0)*M (P — P, P, )sym> €valuated in the infinite-momentum frame (IMF) with B;— o, and carry out a
soft-meson approximation ¢ —0 in the IMF, i.e.,

h, 172 2 — S ETC
MP ySr_\_/[(2p102p20) M(P1 ——>P2P3 )Sym]ﬁ’ﬂov'ﬁ;=32—>w =M"+M 5 (3.5)
where
MS=  lim S (2p102p20)H2f) " ig, T, (3.6)
q—0,pi—>w j=23
METC=  lim  —i3(2f;)7(2p102p20)"*(Pi(p2) | [470), Hy (0)] | Py(p1)) . (3.7

E—PO,P!—’OO j,k

Here M5 is the surface term and MFTC corresponds to the usual equal-time-commutator term. A4;(0)
=—i f d>x A}(%,0) is the axial-vector charge and the index j denotes the flavor index of P;. In the IMF with =0,
P1=P,— . Therefore, go=(B2+m )2 —(,24+m,»)'/2—0 like (m,;>—m,*)/2|B,| as |P1|— . This implies
that in the IMF one can effectively achieve g, —0, without assuming the masslessness of the pseudoscalar meson. In the
conventional soft-meson approximation, it is hoped that the surface term (3.6) can be dropped in the limit g, —0. How-
ever, if the extrapolation g, —0 is not as smooth as we would wish, the neglect of M § is not warranted, as exemplified
by the calculations of the hyperon nonleptonic interactions. In the proposed —0 extrapolation in the IMF, the surface
term does give a contribution. The extrapolation involved is much less severe than the g, —0, as will be demonstrated in
Appendix A, but we now have to retain some parts of M in addition to METC.
We decompose T’y as T,({) =T3P 4 T¢ =, where

T+ =i [ d* e ~#0(xo){ Py (p;) | AL()Hw(0) | Py(p))) , (3.8)
TY =) =i [ d* e "#0(—x0)(Pi(p,) | Hp(0)4],(x) | Pi(p))) . (3.9)

We now insert a complete set of single-particle boson intermediate states (which, in our theoretical framework, should be
the g7 meson states) between the factors 47,(x) and Hy(0) in Egs. (3.8) and (3.9). We then decompose the intermediate
states in terms of levels, exactly in the same way as we do in the level realization of algebras discussed in I. Namely, we
may write the sum over the intermediate states as, for example,

S Pe(p2) | AL (x) | np ) ny | Hy(0) | Pi(py)) . (3.10)

nL
n; denotes the mesons belonging to the level L. In this decomposition we keep only the “diagonal” term, i.e., the
ground-state-meson intermediate states, since the external mesons P belong to the ground-state mesons. We show later
that the nondiagonal higher-intermediate-meson-state contribution is relatively small. We thus see that the concept of
levels is also useful for evaluating MS. Among the ground-state mesons, only the vector mesons contribute to the inter-
mediate states of Eq. (3.10). We denote the vector mesons appearing in T;{’ +) and T,‘}") as ¥, and ¥, respectively, and
their four-momenta are denoted as (B,,pp0=(Br>+m,2)"?) and (B1,p1o= (B, +m;*)'/?). After performing the integra-
tion over d*x and over the momenta of the intermediate states in Egs. (3.8) and (3.9) we obtain

. (Py—V,)
(2P102P20)1/2T’(27,+)=2 Ewll 1 —V,

ELAR s auyr) (kpe) | v, -, (3.11)
n 2pn0(Pn0—p10){ ”}PkV" nén |p"= +

P
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gw(Vi—Py) ) _ ‘ (3.12)

(2p102p20)'*T = 2 D ro(Pro—Pa0) (kjep){4 }V,P1 |+ +

PI—Pz

Here k,=p,—p, and k;=p;—p,, e, and e, are the polarization four-vectors of V,, and V;. gy (P;—V,) is the weak
coupling constant defined by . - :

(2P102P10) AV (pa) | Hw | P1(p1)) =gw(P1—V, ) ky ey) . (3.13)
{A{, } p,v, is the invariant matrix element of A{,(O) (j =2 or 3) and is defined in terms of the form factors,
{41} p, v, =(2P202Pn0)" > Pi(p2) | 41,(0) | V(p,))
=FV(gn)en)u+F 2gn*)pn+P2)u(qnen) +F V(g )gnulgnen) - (3.14)

Here g, is g, =p, —p,. In Egs. (3.11) and (3.12), ¥, and ¥, involve also the spin summation and the dots denote the
higher-level contributions.

If we insert the PCAC relation Eq. (3.3) between the states {Pr(p,)| and | ¥, (p,) and use Eq. (3.14), we then obtain,
at g,2=0, the Goldberger-Treiman (GT) relation'

F(0)+ (my2—m,2)F*(0)= — f;G (V,—~PP}) , (3.15)
where G (V,,— Py P;) is the off-shell (m;?=0) coupling constant for the interaction ¥, — Py + P; defined by
(2P202Pn0) *{ P(p3) | J;(0) | Vy(pn)) =G (V,— P P} )K (V,,— P Pj3q,%)(qe,) - (3.16)

Jj(x) is the source function of ¢;(x) and we w111 assume that K (0)~1. In order to compute the surface term in Eq. (3.6),
we now evaluate, for example, g, {A 1 nVv, in the limit d—0 and P;—>w. We note 2p,o(Ppo—P10)
(M —m D +0(1/ | B1|D, 4 pa—p2)—O/ 511D 4B +p2)—(mi—mH+0(1/ |51, and (g-e,)
—(mp2—m 2 (m2—m,2) g, e,)+0(1/| By |?), etc. Then using the GT relation, Eq. (3.15), we obtain

mkz—ml2

2 2

Al -———.(—)
Qp{ ;L}PkV M —m,

0p1—>w

ij(Vn“"PkI?j)(qn'en) | q

—0,P > °

Substituting the above result into Eq. (3.6) and carrying out the summation over the spin states of P’s, we finally obtain
for the surface term which is explicitly symmetric in indices 2 and 3 and corresponds to Fig. 1,

MS . my?—m,? my*— m12
=—iy T— gw(Py—V,)G(V,—P,P;)+ gw(P,—V,)G(V,—P3P,)
n n mn
, my>—m,? my’—m,’
+lz ‘—T G(P1—+V]P3)gw( VI—>P2)+ 8m P G(Pl——)lez)gW(V[—)Pj;) (3.17)
1 ! 1

We denote the invariant matrix element of Hy and axial-vector charge 4; in the IMF by (V | Hy, | P) and (P |4; | V),
etc., i.e.,

(V|HW|P)E(2k,02k20)"2(V(k2)|HW|P(k1))Y__1: , (3.18)
1= K

(P14, | V)2mY83(Ky— Ky)=(2k102k0) 2P (k) | A; | VK)o oo . (3.19)

1=kr,—w

Then Eq. (3.17) can also be cast (see Sec. IV for derivation) into an alternative instructive form involving the axial-vector
charges,

_12 [f:; [mn —m, 2

m; m1

~ L
+l§[f3 [ml —m

2
(Py | 43|V )V, |HWIP1>+— [L’(PslAle YV, |Hy |Py)
f2 m, -—m,

ms*—m,

2

e (P3|Hy | V;){V; |45 | Py)

f

(Py|Hy | V}) (VI!A3|P1>+'_[

(3.20)

We stress that all the intermediate states are on the mass shell. The terms which involve higher-level contributions 7y
(L >1) denoted by the dots can also be cast into a similar form, i.e., for example, > (P, |43 | ny Y{ny | Hy | P, ), expli-
citly demonstrating the role played by the axial-vector charge in selecting out the intermediate-state contributions. METC
can be evaluated by using the remarkable relation [4;(0),Hy(0)]=[V;(0),Hy(0)] in our IMF, utilizing asymptotic fla-
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vor symmetry (instead of exact symmetry),

MFETC= —(2f3)71i(2p192p20) *(P2(p;) | [ V3, Hw(0)] |P1(P1)>31=—>

Py—

—(2£2)7"1(2p102P20) > P3(p2) | [V2, Hw (O] | Pi(p1)) 5 : (3.21)

—
1=P2—>®

In the IMF, V; (i =2 and 3) acting on the states |P;) (j =1,2,3) produces only the ground-state-nonet pseudoscalar-
meson states. From Egs. (3.17) or (3.20) and (3.21), we see that the decay amplitudes are now expressed in terms of the
two-body asymptotic matrix elements of H®~) and H'~ ~) which allows us to predict the rates of the charmed meson
decays from the strange meson decay rates.

IV. PREDICTION ON THE RATIO I'(D° K ~7*)/T(K?—mta™)

We first compute the ratio of the rates of the typical unsuppressed strange- and charm-meson decays to obtain a quan-
titative idea about the method used. In Sec. V we discuss the approximate selection rules (the | AT | =+ rule and its
charmed counterparts). We choose the K § — 77~ as the model strange-meson decay. For the charm-meson decays,
the branching ratios are now fairly well known,'* although their lifetimes are not yet firmly established. For 7(D°), we
adopt!® tentatively the value 7(D°)=(4.8%%%)x 10~!% sec which is presently cited. We choose the D°—>K ~r+ as the
typical D-meson decay, since no selection rule is found for this decay in the present theory. The branching ratio of this
decay is reported to be about 3%. Using these numbers, we tentatively estimate

exm:?—((l;;——:}:—;%:Sﬁ-ll. 4.1)
From Egq. (3.5), we write for the invariant amplitudes
MPYSKO mta—)~METSKY) +MS(KY) , 4.2)
MPYS(DO_s K~ 7+) ~ METS(DO) + METC(DO) | @.3)

where ~ implies that the soft-meson approximation in the IMF developed in Sec. III has been used. From Eq. (3.21),
MFETC are given by

METUKS) = —(f) 7 [(2p102p20) (7 p2) | Hy [ K%p ) ] 5 . > (4.4)
METSD) = (2f )7 [(2p102p20) (K %p2) | Hw | D%pi ) )5 _5 ., - (4.5)

In deriving Egs. (4.4) and (4.5), we have already used the asymptotic | AT | = % rule, Eq. (2.1), and its charmed counter-
part, Eq. (2.6), obtained in I for the asymptotic two-body matrix elements of H'>~) and H~—~). For M® in Egs. (4.2)
and (4.3), we keep only the diagonal terms. From an intuitive (overlapping of wave functions, etc.) as well as the more
sophisticated argument which will be given in Sec. V, the nondiagonal term will certainly not produce a leading contri-
bution. Corresponding to Fig. 1, the contribution of the intermediate ground-state mesons (i.e., the vector mesons) to
Mg can be written schematically as follows (B;=pP,— « );

M3(KQ)=(4V2)"1(2p192p20) IM(K (p;)—K* 7~ -7t (p,)r—(¢);9*=0)

+M(K%p)—>K*"mt—>a"(p,)nrt(q);q*=0)]1, (4.6)
MS(D°) =(4)"%2p102p20)[IM(D°%p,)—K*°—K ~(p,)m+(q);q>=0)+M(D%p,)—>K ** >+ (p,)K ~(q);q*>=0)
+M(D%p,)—>F*tK~—xt(p,)K ~(q);q*=0)] . 4.7)

In terms of the strong VPP couplings G and the weak two-body VP couplings gy, the general forms of the amplitudes M
which appear in Egs. (4.6) and (4.7) are given by, as in Eq. (3.17),

(2p102p20)1/2M(P1—»V-—»Pz(pz)P3(q);q2=0)31___5.2_m:i(ZmVZ)“(m12—-m22)gW(P1——>V)G(V—>P2P3) , (4.8)
(2p102p20)1/2M(P1—>V—+P3(p2)Pz(q);qzzO)Fl___B.Z_m=i(2mV2)‘1(m,2—m32)gW(P,—+V)G(V—>P3P2), 4.9)
(2P102P20)1/2M(P1—*VP3—->P2(P2)Ps(q);q2=0)31=32_>w= —i(2mp?) " m 2 —my2)G (P, — VP3)gw(V—P,) ,
(4.10)
(2P102P20) M (P — VP, —P3(py)Py(q);q?=0), _  =—i(2my») = m 2—m;2)G (P, — VP,)gw(V—P;) .

Pi=PpPr—x

(4.11)
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Pz(q) Pa(q)
Pilp))  Vn Pa(p2) Pi(p)  Vn P3(p2)
(a) (b)
Ps(q) IY) Pz (q)
—z—@— —(W)
Pi(p)  Vy P2(p2) Pilp) Vg Pa(p2)
(c) (d)
FIG. 1. General schematic diagrams of the contributions of

the on-mass-shell intermediate states ¥, and V) to the surface

term MS. W denotes the weak vertex and the wiggly line
represents the pseudoscalar meson with g>=0 instead of
gq*= —m? in the reference frame with P;— .
The ratio of the physwal amplitudes, r=
MPYs (DO K — %) /MPYY(KJ—>7+7r™), is then given by
0
r~rETC 1+s(D) (Do) (4.12)
1+s(K S )

TC is the ratio of the ETC term of the two decay ampli-
tudes and s (D°) and s (K?) denote the ratios of M3 /METC
for each amplitude, i.e.,

rETCEMETC(DO)/METC(Kg) ,
s(K9)=MS(KQ)/MET(KQ)

and (4.14)
s(D%)=MS(D°) /METC(DO) .

The off-shell (i.e., g2=0) strong coupling constants [see
Eq. (3.16)], for example, G(P1—>VP ), is related to the
asymptotic axial-vector matrix element (V|4;|Py) de-
fined in Eq. (3.19), through the important general asymp-
totic formula based on PCAC,

(B'py) | 4; | BpY 5

(4.13)

=—i(2m)’8%(B1— P2 zf" (2p102p20)"?,
mg-—mp:
(B'(p3) | 7,(0) | B(py)) . @.15)
We have, for example,
G(Pi—')VkE)*:(fj)—l(szk)(Vk |4;|P;) , (4.16)
G (Vi—PiP)=(f))"'2my )(P; | 4; | Vi) , etc . (4.17)

Equations (4.16) and (4.17) illustrate the importance of the
use of the concept of asymptotic flavor SU(N) symmetry.

In this theoretical framework, the asymptotic axial-vector
matrix elements, such as (Vj|4;|P;), can be para-
metrized (when we vary the flavor indices i, j, and k), in
broken flavor symmetry, by the conventional “exact
SU(N) symmetry plus mixing” prescription. However,
this simple prescription cannot be used for the strong cou-
pling constants G, since Eqgs. (4.16) and (4.17) involve the
physical masses my, and f;. The weak coupling constant

gw(g?) defined by Eq. (3.13) is related, at g>=0, to the
asymptotic invariant weak matrix element (P |Hy | V)
defined by Eq. (3.18) as follows:

2my

gw(V—>P)=— [ (P|Hyp|V). (4.18)

my —mp

This also demonstrates that, although we have in the
present theory simple asymptotic flavor-SU(N)-symmetry
relations among the asymptottc weak matrix elements
(P|Hy | V) as obtained in I, the correspondlng relations
for the actual weak coupling constants gy at g 2=0 limit
are more complicated because of the mass factor
my(my*—mp?)~! in Eq. (4.18). One thus sees that a
naive treatment of flavor symmetry [especially in SU(4),
SU(5), - --) symmetry] could lead to a misleading result.
The present method copes with the problem of broken
symmetry in a more serious way, apart from the fact that
it does not rely on the dominance of particular diagrams
at the quark-gluon level. In Sec. III we have cast Eq.
(3.17) into the more illuminating form, Eq. (3.20), by us-
ing Egs. (4.16)—(4.18) derived above.

By using the relation between (#°|H®~)|K°) and
(K°|H— )| D% given in Eq. (2.6), we obtain rETC
~ —3.14.

In s(KQ) and s(D°) the weak couplings will disappear
using the relations given in Eq. (2.8) and the s’s depend
only on the values of strong coupling constants G or the
asymptotic axial-vector matrix elements. Since all G’s are
related by asymptotic flavor syrnmetry, it is sufficient to
determine, for example, G(p’—mtr™)=(f,)""2m,
X7t |A_, |p°). From the rate I'(p®—n+7— )—158+5
MeV, we obtain |G(p —mt7~)| ~12.4. By using this
value, we find s (KS)~O 21. In deriving this value of s we
have chosen the relevant signs, i.e., the positive sign 1n Eq
(2.4) and f,G(p° -—>'n'+1'r_)>0 The value of s(Ks) im-
plies that for the K9— 27 decay, the ETC term is more
important than the surface term. On the other hand, the
same calculation [using asymptotic SU(4) symmetry]
yields, s(D°%) ~0.49, i.e., the surface term plays a more
important role for the D°—Km decays.!® Using the
values of rETC, s (K2) and s (D°), we finally obtain

MPYS(DO LK —7*t)

~—3.9.
MPYS(KO sptg—)

(4.19)

r

From the ratio of the rates R=I(D°—»K ~7+)/I'(KJ
—atr")=(mg/mp)|qp|/|dk|)|7r|% where Gp
and g are the c.m. momenta in the D and K decays, we
thus obtain R,, ~4.4 which may be compared with the
present preliminary experimental value given by Eq. (4.1).
The agreement seems reasonable. As will be briefly dis-
cussed in the next section, the most important correction
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to the prediction Eq. (4.19) will come, among others,!’

from the nondiagonal term in MS(D°) involving the 0t +
and 2% 1 mesons.

V. APPROXIMATE |AT | =4 RULE
AND ITS CHARM COUNTERPART

For the decay modes K *—7+#° and D*—K %+, for

which approximate selection rules are at work in the
J

2 2
2 | mgT—mg,

— == | |Vt | HY [ K ) (K |4, | K )+ (a0 | Hy | K*O)(K*[4__ |K+)).

f1r mlz(*—mﬂ-

Equation (5.3) vanishes, since (7 |Hy | K*)’s satisfy the
strict | AT | =+ rule and for the asymptotic axial-vector
matrix  elements we find 2(K**|4_,|K*)
=(K*°|4__|K*). Therefore, to the approximation
that we keep only the “diagonal” term, MS, in MS the
K*—7t7~ decay is strictly forbidden [of course, in exact
SU(2) symmetry] and IKJ—7°7%)/T(KQ—>mtm~ )=~
for the KJ. The observed small violation of the rule must
come from the “nondiagonal” term, M %D(K ). As shown
before,” for the amplitude of D*—K%* decay
METS(D+) is proportional to (H =H '~ 7)),

fx Nmt |H|F*)+f,”(K°|H|D°),

which vanishes in the SU(3) symmetry limit fx=f,,
using the asymptotic selection rule obtained before, i.e.,
Eq. (2.6). The “diagonal” term of MS(D *) is proportion-
al to [again using Eq. (2.8)],

(5.4

—L(I_('OlHWID*O)(D*OM”_ |D*)
w

(mDZ—mKZ)

fa
fx

(mD2~m,T2)
?)

(mp®—mg?) (M’ —m,

(5.5

This expression vanishes in the SU(3) symmetry limit, i.e.,
My« =Mpx, Mg=m,, and fg=f,, demonstrating expli-
citly the working of the asymptotic 6®6* rule of exact
SU3) symmetry in broken SU(4) symmetry. Since we
have never used the concept of exact flavor symmetry,
Eqgs. (5.4) and (5.5) are valid in broken SU(3) and SU(4)
symmetry. For D° we obtain from ETC term alone,’
D(D°—K ~7+) /T(D°—K °7%) = |V 2(fx /f )2 /[2(fx / f )
—1]|?~2 compared with current experimental value!®
1.6+0.9. However, we see that the above selection rule
[which is strict in exact SU(3) symmetry] is obeyed fairly
strictly even in broken SU(4) symmetry, as long as we keep
only the “diagonal” term in MS. The ratio
R=I'D*—>K°%*)/T(D°-K~7*) computed from
Egs. (4.5), (4.7), (5.4), and (5.5), using the physical values
of fx, f» and the masses (mpx, My, -+ ) involved, is of
the order of ~ 15, whereas the present preliminary experi-
rpentsl seem to suggest the value of R in the range of
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present theory, we write analogs to Egs. (4.2) and (4.3)
MPY(K+ 7ta®) ~METSK+)+ MS(K ),
MPY(D* Ko7 t)~METD+)+MS(D ™) .

Since (m|Hy |K)’s satisfy exact |AT|=+% rule,

METSK+)=0 as shown grevious]y.7 Using the same

method as applied to M5(K,’) in Eq. (4.6) we find that the
“diagonal” term of MS(K *) is proportional to

(5.1)
(5.2)

(5.3)

I

We now discuss a semiquantitative estimate of the “non-
diagonal” contribution to MS. This term should account
for the small violation of the |AI|=+< rule in the
K —27 decays and will also explain the possibly larger
violation of the selection rule observed in the Dt —K %+
decay. As discussed in Sec. VI of I, in the present theory,
all the diagonal two-body asymptotic weak matrix ele-
ments (L | Hy | L) are always constrained to satisfy the
strict IA_f | =% rule, octet rule, and its charm counter-
part. However, this is not necessarily the case for the non-
diagonal ones, (L | Hy | L’') with Ls£L’. The M can al-
ways be written in the instructive form [see Eq. (3.20)]
such as, for example,

EnL(P2[A3|nL><nLIHWIP1> (L=0,1,...). (5.6)
Because of the nonet structure of g mesons, for the
K*—»7t7° and D+*—K%™* decays only the terms
described by Fig. 1(c) and 1(d) (i.e., the ¥, term or the u-
channel intermediate states) contribute to M3, whereas for
the K77 and D°—Kn decays both the V, (or s-
channel intermediate states) term described by Fig. 1(a)
and 1(b) and the V; term appear in MS.

For the relative importance of the contributions from
each level (L =0,1,2,...) in Eq. (5.6), we may develop the
following scenario. The leading contribution, of course,
comes from the ground-state (L =0) mesons in the diago-
nal term but the L =1 states contributes appreciably in
the nondiagonal term. The contributions of the L >2
states will not be very important as illustrated below. The
contribution of the L =1 0%+ state to Myp(K ™) is,
analogous to Eq. (5.3), proportional to

2 2

_2_ u_ (\/§<7T+ lHW |K+)<K+ ]A olK+>

fﬂ_ mKZ_m‘n_Z T

+{7° | Hy [ ) (|4, — |Kt)),
(5.7)

where k is the I =+ 0t meson. The L =1 2++ state also
gives the contribution through K**(1420) which is pro-
portional to

\/§(1T+ |HW'K**+><K**+ |A,,.O }K+>
(7 | Hy [ K*O)(K**0 |4, |K+) .

If the weak «x and K** vertices satisfy exact |AT | =+
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rule, the above contributions of x and K** to Myp(K ™),
of course, vanish. From the result discussed in Sec. VI of
I, we also have simple asymptotic constraints relating the
relative strength of the weak asymptotic matrix elements
to that of asymptotic axial-vector matrix elements, i.e.,

(L=1|Hy|L=0) (L=1|4,|L=0)

~ . (58
(L=0|Hy|L=0)" (L=0|4,|L=0) (5.8)

Therefore, we have an interesting relation useful for the
estimate of the relative importance of the level contribu-
tions to MS, i.e.,

(L=0|4 |L=1){L=1|Hy|L=0)
(L=0|4 |L=0){L=0|Hy|L=0)

(L=1]|4|L =0)
(L=0|4 |L =0)

(5.9)

Equation (5.9) will also hold for L =2,.... Then we see
that the diagonal term of M3(KD) and the k, K**,
contributions to the MYp(K™) (we know that the K,
K**,... weak vertices violate the | AT | =+ rule) are pro-
port10na1 to [(K*°[4__|K*)|% [(|4__|K*)|?
| (K**° |4__ |K*)? ..., respectively.

It is instructive to consider the saturation of the algebra
[4,+,4, 1=2V o, sandwiched between the states
(K*(B)| and |K*(B)) with P— . Inserting the inter-
mediate states (L =0,1,...) between the charges A _, and
A, we obtain in the limit P— o0,

| (K*01 4, |K*) |2+ | (k] 4, |K*) |

+ [ (K**°|4__|K*)|[*+---=1. (510

The dots denote the contribution of L > 2 states (including
the radially excited states such as K*, etc). By using
PCAC and the rate of K*—Km decay we obtain
| (K*®|4__|K*)|?~0.5, i.., the asymptotic fractional
contribution of the ground state to the algebra is around
50%. From the rate of K**—Kw decay we get
[ (K**°|A__|K*)|?~0.07 which is significantly small-
er. This suggests that | (K%L)|4__|K*)|?is small for
the higher-spin states with L >2, so that L >2 states will
not play an important role for the violation of the
|AT | =4 rule. However, the fact that
|(K*°|4__|K*)|?*~0.5 in Eq. (5.10) suggests that
| (k°|4__ | K*)|?is relatively large'® and it is probably
reasonable to estimate~| (k°|4__ |K*)[?<0.2—0.4.

We now write, assuming that the weak k vertex
violates'® the | AT | = + rule and keeping only the k term
in MYp(K ),

MK —7t70
M(K)—mtm)
MRp(K™)
= METC(KD) + M3 (KQ)+ M3 (K)
M3p(K+)/METSKY)
T 1+ M5 (KO /MEC(KY)
0.2[(Mp(K+)/M5(KD)]

~ 15021 . (5.11)

T=

For MD(K_SQ)/METC(KS) we have used the value 0.21 ob-
tained in Sec. IV and we have neglected M o (K2) without
a serious error, since M ND(KS) <M3(KQ). Crudely we es-
timate

1
—=~0.2-0.4.
2

0.2—0.4

MYp(Kt) /MK~ 05

(5.12)

The factor ~3 comes from the kinematical mass factor
Eearlng in Eq. (5.7) and the correspondmg one for
Mp(K2). Tt reflects the fact that the « is heavier than the
K*. 2 We then obtain T~+; —+s. If the nondiagonal
weak vertex (| Hy |«) violates' the |AT | =7 rule, it
will then produce the nonvanishing M¥p(K*) term in
Eq. (5.11) and the resulting value of T is thus of the right
order of magnitude to explain the violation of the
|AT | =+ rule in the K—27 decays. It may be noted
that in Eq. (5.11), the ratio of the surface versus the ETC
term ~0.21 plays an important role for the suppression of
the [AI | =2 contribution. Exactly similar argument
can be repeated for the D*—K %+ amplitude. A main
difference is that for the D°decay, the ratio of the surface
term to the ETC term 1s 0.49 compared with the value of
the same ratio in the K2 decay 0.21. Therefore, the sur-
face term, which involves the selection-rule-violating
term, plays a more important role for the D-meson decays.
Therefore, the violation of the selection rule in the Dt
decay can be considerably larger than the case of the
|AT | =+ rule. Very crudely, T'=M(D*—K%+)/
M(D°—K ~7*) is estimated to be larger than T by a fac-
tor ~7. We hope that we can, in the future, present a
more rigorous version of the scenario described above by
solving the algebraic constraints involving the L =1
states. However, we feel that the argument already in-
volves a very new element toward the understanding of
the problem of approximate dynamical selection rules of
the K —27 and D — K decays.

The inclusion of the neglected nondiagonal term in the
surface term of the K$ and D° decays, especially the
scalar-meson contribution to the D° decay, will also modi-
fy the value of R=T(D°—>K ~7t)/T(K—>mtr)~4.4
obtained in Sec. IV probably upward, to be more con-
sistent with Eq. (4.1). With the future determination of
more precise values of the lifetimes of the D mesons, the
study of the level realization involving the L =1 level be-
comes interesting.
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APPENDIX A: THE MERIT OF
THE NEW SOFT-MESON TECHNIQUE

We consider the decay process a(p;)—fB(p,)+mi(q),
where 7 denotes the pion or other pseudoscalar mesons for
which we use a soft-meson approximation. Conventional
soft-meson approximation g, —0 involves a rather drastic
extrapolation, since, by four-momentum conservation, we
have to approximate the amplitude at the unphysical
point, m,=mg or p;=p,. By using the LSZ reduction
formula, we write the invariant amplitude®

R =i [d* e ™(m%—-D)8(xo)
X (B(Pz) | [7mr(x), Hy(0)] |a(p1)> .

We may regard R as describing a fictitious scattering am-
plitude, F(s,t,k?), for the process, S(k)+a(p1)
—B(p, )+ (q), where S denotes the fictitious spurion. s,
t, and u are the usual scattering varlables, s=—(p,+k),
t=—(py—p;y)% and u=—(p;—q)* with p,+k=p,+gq.
Since s 4+t +u=m,*+mg* —k2—q2 we use k2 in place
of u. For physical amplltude (k =0), we have s -—maz,
t=m,?, and k?=0 e, Rphys—F(ma ,m ;2,0)
~F (ma2,0,0). In the last of the above equations we have
assumed that  =m _2—0 is a good extrapolation.

Let us now assume that F(s) satisfies a once subtracted
dispersion relation,?!

F(s,t,k®)=F(s¢,t,k?)

S—Sof

ImF (s’,t,k?) ,
ds
(s'—sp)s'—s —i€)

(A2)

In the usual soft-meson approximation ¢g,—0, s=
—(py +q)2—>m,3 So we can write Eq. (A2) for the case
k*=0and t =m,>~0,

F(5,0,0)=F (m 42,0,0)

s—mgt o ImF(s’,0,0
+ Bf—ws—m 2;:’,’)_ as’-
g )Ns'—s—ie)
(A3)

(A1)

Here F(mg%,0,0) is the amphtude computed by the usual
soft-meson approximation i.e., F (mﬁ 0 O)—hmq ~oR,

which is given by [compare with Eq. (3.4)],
T
S

V—
+———11mq T
fﬂqy #

F(mg?,0,0)=— (B|[A4x(0),Hw(0)]|a)

(A4)

Therefore, we obtain

R pnys ~F (m 4%,0,0)

(mg*—mg?)

=F(mg*0,0)+

ds'. (AS)

f ImF(s’,0,0)
— (s'—mg?)s'—mg>—i€)

The dispersion integral in (AS5) corresponds explicitly to
the term neglected in the usual soft-meson approximation
and it is not an easy task to make a reliable estimate of
this term.

In the new soft-meson approximation, i.e, ¢—0 in the
frame P;=P,— 0, S—m,> (not mg?). Therefore, we
have instead of (A3),

2
a

) s—m
F(5,0,0)=F(m,*,0,0)+ —

[ ImFE00 g (ae)
—o (s'—my Ns'—s —i€)
Therefore, for the phys1ca1 amplitude of a—B+m, we
have R pys~F(mg 20,0), where F(m,%0,0) can be
evaluated by the new soft-meson approximation
F(m,%0,0)= lim R,
E*On-ﬁl:?z—’w
F(mg2,0,00= ———(B| [4x(0),Hy(0)]a)
S
+ lim a.Th - (A7)

f1r q—0, pl—p2—~>co

Therefore, in the new soft-meson approximation, the
problem reduces to the evaluation of the nonvanishing
contribution of the surface term of (A7) in the limit con-
sidered.
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