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Inclusive studies of charmed-meson decays and SU(4) 20-piet dominance model
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Inclusive branching ratios to states containing kaons in D, D+, and I'+ decays are studied on the basis of
an SU(4) 20-piet dominance model, where strangeness-changing decays of D+ are strongly suppressed.

Recently measurements of inclusive branching
ratios to states containing kaons in D and D' de-
cays, B(D- KX), have been reported by Vuillemin
et al. ' from inclusive studies of the D-meson de-
cays at the P(3772). A very surprising result is
that the sum of the branching ratios to states con-
taining charged and neutral kaons in the D' decays
is only about 2 although this sum in the D' decays
is nearly 1.

In the conventional scheme, dominant modes in
charm decays are strangeness-changing modes.
Only when there exists some selection rule which
suppresses the Cabibbo favored modes (&S= 1) in
the D' decays can we explain the observed large
branching ratio to "no kaon" state in the D' decays,
B(D'-no K). We have already known an example
of such a, selection rule. An SU(4) 20-piet domi-
nance for the weak interaction of current-current
type leads to the suppression of O' K'm'. '

In a previous paper, ' Katuya and the author have
pointed out that studies of B(D- tvX)/B(D- Kw) and
B(D- I&w)/B(D- Kv) based on quantum chromody-
namics (QCD) lead to "moderate" 20 enhancement,
i.e. , c = 4 and c,= 0.5, where c and c, are the
enhancement factor for 20 and the suppression
factor for 84, respectively, and QCD one-loop
calculation gives c c,'=1.' They have also pre-
dicted I'(D'- all)/I" (D'- all) = 0.05.'

The purposes of this paper are to understand the
data of the inclusive branching fractions in the D
and D' decays from the standpoint of the "moder-
ate" 20 enhancement suggested in Ref. 3, and to
predict inclusive branching fractions in I" ' decays
and lifetimes of the charmed mesons thereby.

The prediction I"(D'- all)/I'(Do all) =0.05 in
Ref. 3 has been derived from an estimate of
1(D-Kv) and the experimental values of B(D-Kv).
On the other hand, an estimate based on a naive
quark-parton model leads to I'(D'- all) = I'(D'
-all), because we take the incoherent sum of all
the diagrams.

In order to reconcile the quark-parton picture
with the conclusion I'(D' all) « I'(D'- all) in
Ref. 3, we assume that in the charmed meson
decays caused by charm-quark decay c- s+ u+ d
the final-state quark system dissociates into two
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FIG. 1. Diagrams for D-meson decays caused by
charm-quark decay c—s+ u+ d. Amplitudes for dia-
grams (a) and (b) are proportional to factors X, —= (2c,
+ c )/3 and X =(2c+ —c )/3, respectively, which result
from gluon corrections.

color- singlet hadron "jets." This assumption has
been proposed by Ellis, Gaillard, and Nanopou-
los, ' and they have obtained the semileptonic
branching ratios B(D'- IvX) = B(D' &vX) = B(F'

& vX)=[3(X,'+X ')+ 2] ', where X,= (2c,ac )/3.
Figures 1(a) and 1(b) illustrate two types of D de-
cays, D- h(du)+ h(qs) and D- h(ds)+ h(qu), re-
spectively, where q is spectator, i.e. , q=u
(q= d) for D' (D'), and h(du) means the color-
singlet hadron jet produced by the color-singlet
quark pair (du) [hereafter we write h(du) as h(m')].
The amplitudes for the decays (a) and (b) are pro-
portional to the factors X, and X, respectively.
Note that in the D' decays the flavor configuration
of the jets in the type (a) is identical with that in
the type (b). We assume that such diagrams (a)
and (b) are coherent, and I'(D'- h(KO) + h(v')) is
given by substituting a factor 3(X,+ X )' for the
factor 3(X,'+X.') in the I'(Do h(K )+ h(v'))
+ r(DO- h(Z')+ h(uu)).

Similar assumptions are applied to the Cabibbo-
suppressed decays c- d+ d+u and c- s+ s+u,
too.

There are other diagrams as shown in Fig. 2.
(Hereafter we refer to the decays illustrated in
Figs. 1 and 2 as types I and II, respectively. ) We
assume that the final-state quark system in dia-
gram II decays into one color-singlet hadron jet
h', and the diagrams I and II incoherent. We de-
fine the ratio of the contribution from diagram II
to that from diagram I as R. The value of R is
very sensitive to the masses of the ordinary
quarks; therefore, we deal with R as a free pa-
rameter.

Under these assumptions, we get the total decay

20 1739 1979 The American Physical Society



1740 YOSHIO KOIDE 20

U s

d

(a) (b)

TABLE I. Semileptonic branching ratios and fractions
of charged and neutral kaons in D, 0', and F' decays,
where we assume X,= —,X = —1, e =0.8, and p =

3
~

5 1

FIG. 2. Diagrams for D-meson decays where the in-
' coming C&0 qq pair annihilates to produce a C=0 qq

pair which subsequently evolves into ordinary hadrons.
Amplitudes for diagrams (a) and (b) are proportional to
factors X, and X, respectively, apart from the Cabibbo-
angle factors.

widths

I'(D all)/cos'0c I', = 3(X,'+ X ')(1+2 tan'0c)

B(DO l vX)
B(D+ l vX)
B(F+ l vX)

B(D'-K-X)
B(DO K+X)
B(D . KX)
B(D K X)

R=10 R=8 R=6

0.03 0.03 0.03
0.13 0.15 0,16
0.01 0,01 0.02

0.42 0.44 0.45
0.01 0.01 0.01
0,56 0,55 0.53
0.00 0.01 0.01

Exper iments

average
0.098 + 0.014

0.35 g 0.10

0.57 y0, 26

+ 3RX '+ 2/cos'0c,

I'(D'- all)/cos'0, I,= 3(X„+X )'(1+ tan'0, )
(I)

+ 2/cos 0c

+ 3 tan'0c(x, '+ X '+ RX,'},

where I'o = (~e /m„)'I'(p - e vv} and we take into
account up to the Cabibbo-suppressed modes of
the order of (sin0e cos0e)'.

Furthermore, we parametrize the inclusive D-
meson decays as follows: (i) Hadron jets produced
from nonstrange-quark pairs, (du) and so on, one-
strange-quark pairs, (us) and so on, and two-
strange-quark pair (ss) belong to no-, one- and
two-kaon states, respectively. (ii) Hadron jet
h(K) consists of one-body state K with the fraction
1 —n and many-body state h (K) with the fraction
n. For simplicity, we assume k'(K)= h"(K).

B(D+-K-X)
B(D+ -K+X)
B(D+ KOX)

B(D'-K'X)

0.13
0.05
0.35
0.02

0,15 0,16
0.05 0.06
0.38 0.43
0.03 0.03

0,10 + 0.07
0.06 + 0.06

0.39+0.29

B(F+ K X)
B(F+ K+ X)
B(F+-K'X)
B(F+ KoX)

0.06
0.10
0.07
0.08

0.07 0.09
0.12 0.14
0.09 0.11
0.09 0.11

(iii) Fra.ctions to K'X (K X) and K X (K'X) in the
many-body states k (K') (k (K )) are 1 —P and P,
respectively. Therefore, fractions to K'X (K X)
and K X (KOX) in the state h(K') (k(K )) are 1 —n p
and n P, respectively, where K X (K X) state may
contain the one-body state K' (K ). Hadron jet
h(ss) consists of K'K X and KOK'X with equal
weights.

Then we obtain the following results:

I (D'-K X)/cos'0 I' =(1 —nP)[3X,'(1+tan'0 )+2/cos'0 ]+3X '(nP+ P)+ 3tan'0 X'/2,
I

I"(O'-K'X)/cos'0 I' = 3tan'0 [(1 —np)X. '+X '/2],

I'(O'-K X)/cos'0e I'o= np[3(X, +X )'+ 3 tan'0cx, '+ 2/cos'0e]+ 3tan'0cx '/2,

r(O'- K'X)/cos'0, r, = 1.(OO- K X)/cos'0, I', .

(2)

I'(D'-K'X), I'(D - K X), I"(D' K X), and
I'(O'-K'X) are given by the exchange (1 —n p)

nP and (1 —P) P in the results I'(D -K X),
1(DO-K'X), I'(D' K X), and I'(O' K'X), re-
spectively. We also obtain

B(D —lvK X) B(D'- lvK X) nP
B(D lvK X) B(D' ivK X) 1 nP

' (3)

Parameters in our model are X„A, n, and P.
In order to suppress the strangeness-changing de-
cays of D', according to Ref. 3, we use z = 4 and

c,=0.5, that is, X,=-,' and X =-1. In order to
realize to small B(D'- lvX) and large B(D'-no K),
we must suppose that A is considerably large

I

(R= 1—10), although it is usually considered that
R is negligibly small. If 1 —np&np and 1 —p& p,
we can derive B(D '- (Ko+ Ko)X) &B(D'- K'X) and
B(D'- (Ko+ Ko)X)&B(DO- K'X), respectively.
Since B(D'-K v')=2%, ' we suppose (1 —n)'=2%,
so that o. = 0.8-0;9. If we assume that the states
X in the many-body state k (K)=KX belong to
I= 0 and I= I with equal weights, we get P =—', .

In Table I, we give the predicted values of
B(D- lvX) and B(D KX) for R=6, 8, and 10,
where we use sin8~=0. 22, X,=-,', X =-1, n
=0.8, and P= —,'. 8 = 8 is favorable. Further de-
tailed determination of the parameters is not so
significant at the present experimental status. We
also give the predicted values of B(E'- lvX) and
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B(F'- KX) in Table I, where we put the same a.s-
sumptions as those in D decays and we neglect the,
contribution from I" ' ~v, decay.

We note that dominant inclusive decay of &' is
that into the no-kaon state: We get B(F' no K)
=0.79, B(F'- K}=0.05, B(F'-KK)=0.16, and
B(F'- KKK) =0.00, while B(Do no K)=0.02,
B(Do-K)=0.98, B(DO KK)=0.02, B(D' no K)
=0.47, B(D '- K) = 0.45, and B(D '- KK) = 0.08,
assuming the same parameters as in Table I and
Z= 8.

The predicted lifetimes of the charmed mesons
are as follows'.

t(DO) =1.4&&10 " sec,
T(D')=7X10 "sec,
7'(F') ~0.7X10 "sec,

(4)

where we use' I', —2~10" sec '. A recent Fermi-
lab experiment' using an emulsion-spark-cham-
ber arrangement has found an event which corre-
sponds to the decay of a charged particle with
lifetime of -6 &&10""sec. We would like to identify
this particle with the D' meson.
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