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From systematic studies of D—K7 decay amplitudes, it is pointed out that vitai damage to the conventional
“mild” 20-dominance model for charm decays is caused by an observation B(D°—K °7°/B(D°—K ~m*)>0.5 but

not by an observation 7(D *)>7(D°).

A recent report! on D-meson decays from the
Mark II detector at SPEAR gives a useful piece
of information on charm decays: The preliminary
measurements B(D* - eX)=0.158+ 0.053 and
B(D°— eX)=0.052+ 0.033 lead to the ratio of the
lifetimes

7(D%)/7(D*)=0.33+0.24 (1)

under the assumption I'(D* -~ eX) =T'(D°~ eX)=T;.
From the ratio (1) and the branching ratios

B(D* - K°¥)=0.021+0.005 and B(D°~ K~7")
=0.028+ 0.005, we obtain

R;=T(D*~K°")/T(D°~ K™ 1*)=0.25+0.19.
(2)

The observation B (D°~ K °7° =0.021+ 0.009 leads
to

R3=T(D°~ K°1°)/T'(D°~ K™7")=0.75+ 0.35.
(3)

The Cabibbo-suppressed decay mode D* — K°K*
is not as suppressed as expected: B(D* ~ K°K*)/
B(D" -~ K°")=0.24+0.16.

Furthermore, recent data® from DELCO yield
the branching ratio B(D* - eX)=0.24+ 0.04 and
the bound B (D°~ eX) <0.05, which lead to 7(D°)/
7(D*)<0.21 and R; <0.16 with the data of B (D - K)
from Mark II.

These data seem to contradict theoretical ex-
pectations based on the conventional “mild” 20-
dominance model for charm decays.®* Usual
quantum-chromodynamics (QCD) calculation leads
toc_/c,=~3.16 (c_~2.15 and ¢, ~0.68),* where
c_ and ¢, are the enhancement factor for the SU(4)
20-plet part and the suppression factor for the
SU(4) 84-plet in the effective AC=AS=1 nonlep-
tonic Hamiltonian, respectively.

From the studies of the data B (D — eX),
B(D*-K%"), BD°~K™1"), and BD* -— K~ n*1"),
Katuya and the author® have previously pointed
out that the 20 part in the effective AC=AS=1
nonleptonic Hamiltonian must be more strongly
enhanced than usual theoretical expectations, that
is, c_/c,=~8 (c_~4and c, ~0.5), and they have
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predicted that 7(D°%)/7(D*)~0.05 and 7(D*)~1
x 107*2 sec, which are roughly consistent with
experiments.*® However, their prediction
B(D°~ K°r° =~ 0.07 is in disagreement with the
data from Mark II.

After the observation of 7(D")> 7(D°, many
attractive models for charm decays have been
proposed in order to understand the new data on
D decays.”® These models are indeed worth
taking into consideration. However, it is also
worthwhile to check the following items: Do the
new data truly rule out the mild 20-dominance
model? Can we save the model from disagree-
ment with the experiments by considering the
symmetry-breaking effects on the form factors
and the decay constants? What experiment causes
vital damage to the model?

The purpose of the present paper is to check
such a question by assuming only the factorization
of the matrix elements, which is a traditional
calculation method for the two-body mesonic de-
cays. (Now under the new data on D decays, we
need no aid of assumptions used in Ref. 5.) We
point out that the vital damage to the mild 20-
dominance model is caused by the observation
R$>0.5 rather than by the observation 7(D")
> 1(D°), and the difficulty cannot be removed even
by regarding f,/f, as a free parameter.

Before we discuss the details of the decay amp-
litudes, let us see the data (1)—(3) in the light
of the AI=1 relationship®

AD* ~K1*)=A(D°~ K™1*) +V2ZA (D°~ K°1°) .
(4)
The relationship (4) leads to

My (R3)Y?=1+n3(2RY)*?, (5)

wheren; andnjare relative phases of A(D* - K1)/
A(D°~ K 71") and A(D°~ K°1%/A(D°~ K~1"), re-
spectively. If nJ=+1, then the AI=1 relationship
predicts R; > 1, so that the case 13=+1 is ob-
viously ruled out by data (2). In the case of

ny= -1, the cases 1y = -1 and 7, =+ 1 mean R%>0.5
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from Mark II, respectively, so that as far as the
data on B(D —~ eX) are concerned, the AI=1 re-
lationship prefers those from DELCO to those
from Mark II.

and RJ<0.5, respectively. The experimental
values (2) and (3) give (R})2=0.5029-17 and
(2RY)Y2=1.22722 50 that the data are favorable
to n; = -1, but we cannot yet rule out the case of
1 =+1. Note that the data on B(D ~ ¢X) from The assumption of the factorization of the ma-
DELCO lead to very small values of 7(D°/7(D") trix elements provides the D~ K7 decay ampli-

and R; in comparison with the values (1) and (2) tudes
]

AD*-K")=G[X, F2(m x2 —m 2 +X_FR"m p2 —=m 9],
AD°~K1")=GIX, F2m p2 =my?) =X _F&"my? -m ,2)], (6)

V2A(D°~ RO”TO) '—‘GX-[FII{M(m - =m %) +F1f,“(m,{2 -mA),

where G = (Gp/V2) cos®0y, X, =(2c,+c_)/3, and
FP2X=f fP@n 2, and f, and f2(¢?) are the decay
constant of the pion and the scalar form factor of
the D~ K current,

TP =F (@) + @ PX(@D)/ m > =mi?)

respectively. The amplitudes (6), of course,
satisfy the AI=1 relationship (4). '

The ratios R; and RJ can be expressed as a
function of x=X_/X,. As far as the ratios R} (x)
and RS(x) are concerned, we need no aid of the -
relation c_c,%?=1, which has played an essential
role in Ref. 5.

It is convenient to define parameters a and 8
which are the zeros of A(D* —~ K% ™) and
A(D°~K~1"), respectively:

a=-(FP/FP™)x0.93, B=(FX/FX")x14.4.
(M

Since we may consider that the difference between
7 and K relative to D is small, we suppose
—1<a<0. On the contrary, for the parameter g,
we can design both the magnitude and sign quite
freely because of the inclusion of f, and fX"(m ,2).
For example, if we assume the simple scalar-
meson pole dominance for f,(¢®), we can take
" 22/fP(m ) <0. Therefore, according to
the variation of the value of 8, we classify the
following four cases: (a) B<-1 or 5<8, (b)
0<pB<3, (c) =1<a<Bp<0, and (d) -1<B<a<0.
The allowed regions of ¥ for nj=-1 (R; <1) are
summarized schematically in Fig. 1.

As seen in Fig. 1, the solution x, which pro-
vides 7 = -1 (R$>0.5), must be x <« except for
the solution B<x <+ in case (b) and the solution
in case (c). If we suppose FP"/FP¥ ~1.28, so
that ¢~-0.73, the observations R; <1 and R3>0.5
(M3= -1 and n; = —1) demand an extremely “strong”
20-dominance model. Therefore, we must ex-
amine the promising solutions in cases (b) and (c)
in the beginning.

[

First, we discuss the solution 0sB<x <% in
case (b), which occurs in the case fp/f,> 1 and
FE"m 53/ PX(m ,?) >0. In the range B<x <4, the
ratio RJ(x) has a minimum at x=+. In order to
give RJ($) < 0.75, we must require a surprisingly
large value of f,/f;. For example, assuming
Js(@®) =1 and fg/fr~1.28, we get fp/fr=~ 3.4X 102,
As an example, we illustrate the behavior of
RJ(x) for f,/f,=400 in Fig. 2. However, such a
large value of f,/f, brings about very strong en-
hancement of D* — uv decay [for example, fp/fx
= 4x 10% causes I'(D* - uv)/T'(D* - K% v)=~3
X 10%]. Obviously, such strong enhancement of
D" - [y contradicts the relation I'(D* - all)
>T'(D* - eX)+I'(D* - Wv), thatis, T'(D* - Lv)/
I'(D* - eX)<[B(D*—=eX)]|"*-1~5. We estimate
roughly the upper bound .

Fo/fr=4x10. (8)

Next we investigate the solutions in case (c),
which occurs in the case fp/f, > 1 and f¥"(m ,2)/
FPm,?<0. As an example, we illustrate the
behavior of RS(x) for FP"/FP =1.28 and FX*/FP¥
=-50 in Fig. 2. If we assume the simple scalar-

(a) p<-1or 1§<p J

[o
l V Aooco.‘o‘.lol V /]
(b) 0<p<3 [ lfl]_,l
(c) -1<x<p<0 f (}; g ; ]
(d) _,1<ﬂ<a<o } li/ A].'.l'..'...% _{
a7 o s 0 13
x=X_/X,

FIG. 1. Allowed regions of x=X-/X, =(2¢c ,—c.)/
(2¢,+ ¢ for nJ=—1 [R}(x) <1]. The hatched and dotted
regions give nj=~1 [R)(x) > 0.5] and nj=+1 [R(x) <0. 5],
respectively. An arrow shows the direction in which the
solution x proceeds when 7(D%/7(D*)— 0.
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FIG. 2. The relative branching ratio R)=B (D"—Kr?)/

B(D"— K 1*) versus the parameter x= X_/X,, where

curves (a), (b), and (c) correspond to (FR7/FPX  pkr/pDK)

=(1.28, 0), (1.28, 400), and (1.28, —50), respectively.
For the curve (a’), the input (1.61, —2.48) is used (see
text).

meson pole dominance for f,(¢?), we get f2*(m %)
=fPE(0)x 1.003, f2"(mx?) =fP"(0)x1.051, and
FEon ) = —f¥7(0)x 1.296, where we use m p, =2.217
GeV and mp =2.40 GeV by assuming m ps —m px
S —Mp* (Mg =M, + 7y -my)/2. From the
restriction (8), we estimate the lower bound
FE7/FPE 2 _ 5% 10 and the upper bound 8 =-0.3,
where we suppose f¥7(0)/f2¥(0)~ 1. Therefore,
as seen from Fig. 2, we obtain the upper bound
x=-0.6, so that we fail to get a mild 20~domi-
nance solution as long as we consider F2"/F2¥
~1.3.,

Note that the W-exchange dominance model’
is practically the same as the assumption f,/f,
> 1 as far as the nonleptonic decays are con-
cerned, but the W-exchange dominance is a
mechanism peculiar to the nonleptonic decays,
so that the model is free from the restriction (8).
Although a promising case under the absence of
the restriction (8) is case (c) [the case fX"(m ,?)
<0], the status is not as improved as long as we
suppose F2"/FPK~ 1.3,

The 1 = =n3=+ 1 solution, which is still not
ruled out affirmatively from experiments, can
exist in the range a<x < 0 except for case (c),
but the solution, too, lies near to o when 7(D")
> 7(D°. [The N} =-n3=+1 solution in the range
0<x <+ in case (c) is obviously ruled out because
R} (x,fp/fr)Z R} (%,40)~0.46.]
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Thus both solutions for nJ=+17, = -1 lie near to
a. If we want to get a mild 20-dominance solution,
we make an effort to lower the value of |a], that
is, to enlarge the value of F2"/F2X, For ex-
ample, in order to get a typical value of the mild
20-dominance solution® x ~~0.23 (c_/c, =~ 3.16),
we must suppose f 27(0)/f ?(0) = 2 roughly, but
such a large deviation from unity is unlikely con-
sidering the difference between K and 7 relative
to D. ‘

In order to select models, it is important to
check the predicted lifetimes of D as well as the
ratio R and R;. If we assume that the QCD re-
sult c_c,2=1 is applicable over the wide range
1<c_/c,<w, then we can describe the partial
decay widths I'(D -~ Kn) by one parameter x. As
long as fp/f, does not take extremely large value,
the predicted value of I'(D°~ K~7") has an upper
bound.'® Generally, when |8| 23, we can show
T(D°~ K%)= [f20m ,%)]?X 1.865x 10*! sec™* for
—1<x <0, and from the experimental value*
B(D°~ K~7n")=0.028+ 0.005, we can derive

T(D% < (1.5£ 0.3)X [f 2% (m ,)] 72X 10713 sec.
9

If we use a theoretical value of I'y; , we can pre-
dict the upper bound of B(D°— eX), or inversely
if we use the experimental value of B(D°~ eX),
we can get the lower bound of I'g; . If we suppose
F2%(m .2~ 1, the value® B(D°~ eX)=~ 5.3% leads
to I'y, = 3.5X 10* sec™, which is somewhat large
as compared with usual estimates.’ We may ex-
pect that further accumulation of data will lower
the value of B (D°— eX).

Finally, we demonstrate that if we relinquish
the derivation of R3>0.5, we can understand the
remaining data from a mild 20-dominance model
although with difficulty. We use the result from
the hard-meson technique'? under the assumption
that the decay constant of the scalar meson is
negligible: f¥7(0) = (f/fx +Fn/fx)/2, fP¥(0)
=(fo/fx +fx/fp)/2, and so on. The experimental
relation fi/f /¥ ™(0)=1.28 leads to fX™(0)=1.04
and fx/f,=1.33. If we put fp/f,~2, we get f"(0)
~1.25 and f 2¥(0)~ 1.08, so that we obtain F2"/
FPX~1.61 and FX7/FPX~ _3 .48, Then we get so-
lutions x = —0.8323- {7 and x = —(0.317%:13) from (2),
and x = —(0.70:3:1%) from (3). Direct observations
in emulsions and bubble chambers have indicated
T(D% = (0.6 — 1)x 10™* sec and 7(D*) =~ (5 - 10)

x 1073 gsec.’ Since the solution x ~— 0.7 predicts
T(D% =~ 0.5x 107* sec, the n; =nJ= -1 solution
cannot be ruled out phenomenologically. How-
ever, let us dare to choose the ny = -=n3=+1 so-
lution. If we presume moderate 20-dominance
c./c.,~5(c_~2.9, ¢, ~0.58, x~-0.43), we can
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predict R3=~0.26, R; =~0.08, 7(D")=~8x 107 sec
and 7(D%=~0.9% 107 sec. If we assume the weak-
boson mass my, =84 GeV, the charm-quark mass
m,=1.2 GeV, and the number of quark flavors
np =6, the moderate enhancement ¢_/c, =5 re-
quires a,(m.)=~1.1. We may consider that the so-
lution ¢_/c, ~ 5 does not so severely contradict
QCD.

Note added. In the present paper, we have as-
sumed that all the decay amplitudes A (D — Km)
are real. Generally we must take into account
the K7 scattering phase shifts in the final states:

AD* -~
AD°~ K 1*)=a.e*3+V2a,e'
A(D°~ K% =V2a,e’® —q,e':

70 +Y) — i0
K°1")=3a,e"s

where a, is the reduced matrix element of

H,(AI=1), n denotes that the final K7 state has
I=n/2, and §, is the Kn scattering phase shift for
I=n/2 at the K7 c.m. energy equal to the D mass.
Note that the zero of A(D" -~ K°*), which plays an
essential role in our investigation, is still given
by o in Eq. (7) independently of §,. Since what is
of great interest to us is the investigation of the
case where R} <1, we may suppose |a;| <|a,|,

so that

|Im(ase®®)| < |Re(aze®®)| <la,|,

where 6=06,~0,, if |8] is not so large. There-
fore, our results under the assumption 6 =0 are
also valid for 6#0 as far as R} is small. How-
ever, if we find that the sum rule (5) is in very
poor agreement with experiment, then the experi-
ment suggests that |sind| > |cos6|, so that our
investigation must be modified.
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