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Is the 2O-dominance model valid in charm decays, tooT
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{Received 7 September 1978}

It is pointed out that studies of B(D—+tvX)/B{D ~Err) and 8(D —+Km'm)/B(D-~Jr: m} based on quantum

chromodynamics lead to SU(4) 20-piet dominance for the weak interaction of current-current type. We

predict 1. (D+ —+a11)/I (D -~all) 0.05.

In the conventional scheme, the dominant term
in the effective 4S =~C =1 interaction is of the
form

H eff = —cos 6&
2

2

x(—,'(c, +c )[dy„(1-y,)a][cy"(1-y,)s]

+ ~(c, —c )[&r,(i -r.)s][cr"(1-r, )rr]]

+ H.c. ,

where c is the enhancement factor fop the 20 of
SU(4) and c, the suppression factor for the 64 of
SU(4). It is usually considered that the enhance-
ment of 20 relative to 84 is considerably weaker
in the 48 =4C =1 term than in the &S =1, &C =0
term. " In fact, the experimental. branching ra-
tios' B(DO-E w') = 2.2+ 0.6/o and B(D'- K 'w')
=1.5+ 0.6% suggest I'(O'-K w') = I'(O'-K 'w')
together with a naive quark-parton-model. predic-
tion I"(Do- all) = I"(D' - all). It is usually taken
that the experimental. fact' R(D') =R(D') rules
out the 20-dominance model~ where

R(D') = B(D'-K w'w')/B(D'-K'w')

=2.6+ 1.2

mental value R(D') =2.6 together with the uniform-
ity' of the population density of the Dalitz plot
for D'-R m'm' also confirms our conclusion.

Many authors" have investigated the weak de-
cays of charmed particles by using the enhance-
ment and suppression factors c, whose values are
determined by assuming the number of quark
flavors Af, the quark-gluon fine-structure con-
stant a„and the renormalization point p, . These
parameters, however, cannot be determined un-
ambiguously at present. Therefore, it seems very
important to estimate the enhancement and sup-
pression factors c, through the phenomenological
analysis of the weak decays of charmed particles
by employing the relation (2) which holds inde-
pendently of the parameters A~, n„and p. We
assume for the time being the validity of the rela-
tion (2) in the range 1 & c /c, &~, although an
extraordinarily large value for c /c. is not
likely.

Ne assume that the decay amplitudes can be
expressed in terms of the factorjzed matrix
elements. In order to obtain the factorized matrix
elements, it is useful to write down the following
effective Hamiltonian:

and

R(D') —= B(D'-K'w'w )/B(D'- K w')

= 2.0+ 0.7, where
because this model suppresses the mode D'-E'n'
relative. to the mode O'-A m' while it does not
necessarily suppress the O'-E m'w' relative
to O'-R'm'm .

Against this current conjecture, in this paper
we point out that if we use the relation

(2)

which is derived from the quantum-chromody-
namics LQCD) calculation, ' the experimental
values"B(D-Kw) and B(D LvX) lead to
I'(D -aLL)/I (Do-aLL)=0.05, so that most of the
D semileptonic events come from the charged D
meson. Moreover, it is shown that the experi-

J „r =a, (P;)&„Pr +v, (P;)(PS„P);

+as(Pr)[(PP&„P+&„PPP);—w'6r Tr(PP&„P)]

+a3(Pr )[(P&~PP)r —,'6; Tr(PP&„P)],—(4)
and X, =(2c.+c )/3. Here we assume the con-
served vector current (CVC) hypothesis,
v, (Pr) =1, and we set a, (w)=f„a, (K) frr, and

a, (D) =fD

I"(D~/vX)/I'(D ~Ex)

The D-Em ampl. itudes have already been esti-
mated' by assuming the factorization of the
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matrix el.ements as follows:

A(D'-E v ) =G[X,f (m ' —m ')D K

—X fD(m ' —m, ')],
A(D'-Eov') =G[X,f,(m, '- m»')

(5)

I'(D~Kmm)/I'(D ~K'�)

The D'-E n'n' amplitud

A@7'(q)-E (p)v'(k, )m'(k, ))

+X f»(mD' —m, ')], (6)

where G = (G~/&2) cos'ec. From Eqs. (5) and

(6) we can predict the total widths of D and D'

by using the data' B(D'-E v" =2 2 0.
-E n'') =1.5+0.6%, respectively. Furth

, i we adopt the popular value' j. SL
=—I"(Do» IpX) =Z'(D+ fpX} —2 x 10ii sec a

c mg ra ios ofp
' t the semileptonic branchin t'

and D.
Figure 1 illustrates B(D'- LvX) and B(D'- LvX)

as functions of X /X " Note that B(D'-IvX
has a maximum, "2.5'%%, at X /X, = —' so

o e semileptonic events must f
c arged D meson. As show Fn xn ig. , the

world average' B(D- lvX) =9.8+ 1.4%%, which is
averaged over the D' and D l deads to'

(10)

=G(2[3X +X,f,(a, -a,')]mDE

—[2X +X,f,(a —a')](m '+m ')

+2(X -X,f~')m '}
o . ~ (8)

where E==p, and a, =a, (F), a'=a'(F). Th
formit ' of

3 3 3 ~ e unl

lot
i y o the popul. ation density of th D

p requ1. res the condition
e alitz

X /X, =-f,(a, —a,')/3. (9)

Then the amplitude (8) becomes

-X,f,(a, +a,')m, '].
If we neglect the second term of E 10q. , that

x ~x=-/X, =-(0.59+0.05) or c /c, ='7.8"'
+ ™1~ 0

and

X /X, =-(0.81+0.02) or c /c, =19+2.

I I I I I i ~ ~

(7a)
I f~(a3+a,')l«IX-/X l(m '+m '-m '

+ D + K

then we can calculate the value R(D' as follows:

(D, )
(0/64m'mi, ) A(D'-E ii'v')l'

(P/8vm, ') A(D

=0.133 x (X /X, )'/(X. /X, +0.73)

where 0 is the O'-E v'ii'v ii phase volume —,
' x 0.236

e and p is the center-of-mass mome t
y - n. I As illustrated in Fi . 2 the

experimental valu B,(D') =

result
e =2.6+1 2 leads to the

2Q- 0 o.o260+
p p4) or c /c, = 7.9"'

and
~ 4 + Oo9 (13a)

O
O

X /X, =-(0 94"")or c / =6 '"»."o oo r c+ —— 8 „. (13b)

It is worthwhile noting that the solution (13a)

Her eaf
is in very good agreement with the solut 7u ~on a.

after, we adopt the solution X /X. =- . ,
since the other solutions (7b) and (13b) are in-
consistent and c /c. = 20-70 'is too large.

Now let us show that we can realize the en-
hancemen't of the amplitude A. D—
tive to the amplitude A(D'-E w'v' b

~ I I ~ I I I

-0.5 0 1/3

FIG. 1. Branch'hing ratios B(D l vX) and B(D'

to th 1 B(DO-K" ')= . , 2, 6% (D'
. , &.5, o.9%, respectively.

A(D'(q)-17p(p)x'(k, )ii (k, ))
—'X=GoX (3[(m~'+m»' —m, ') —2(1-X /X, )moz

-f,(a, +ao)[mD'+m»'+m '/(X /X, )]J.
(14)
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R(O'),„=2.G ).2

~2A(D'(q)-K" (P)7r'(&, )&'(&,))

=f;[X,(4- 3X /X, )(1+X-/X.)mo(+2 +1)

+ X (m„o'+m»' —m, ') —kX+(~, +a,')fr m~ j ~

(15)

gf the observed mode D'-& ~'~' has no ~ or &
component, the predicted ratio 1'(D'-K m'& )/
1'(Do-K m') becomes 0.3, which is considerably

lssmall in comparison with the experiments.
Therefore, the observed mode D -E"m'm must
be dominated by intermediate states p' and/or
gg 14

CONCLUSION

t

-0.5 0 . 1/3
X /X+

FIG. 2. The ratio B(D') =—B(D'-E g'g')/B(D'
E Or+) versus X /X, .

Since the D'-R w'm decay mode. does not exhibit
12either E*or p production at a substantial level,

the experimental value R(Do) =2.0 and Eq. (14)
lead to f,(a, +a~) =-1.8 and 5.1 for X /X. =-0.6.
These values are wel. l satisfactory with the con-
dition (11).

Under the condition (9), the amplitude of the
O'-E g'm' becomes

X /X, = -0.6 or C /C, = 8 (c —4, c, =0.5) .

Our predictions are as foll.ows"":
1 (D' - all) = 1 x 10" sec ',
1'(D - all) = 2 x 10" sec ',
1'(D'- ail}/f'(D'- all) = 0.05,
B(D'-fvX) = 20Vo, B(D'- LvX) =

l%%uo,

B(D —f n' ) = 0.7' ~

(16)

(17)
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