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Predictions for the quark-mixing doubly suppressed decays of charmed mesons
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Based on the results from analyzing the currently available data of quark-mixing nonsuppressed
or singly suppressed decays of charmed mesons, the branching ratios of the quark-mixing doubly
suppressed charm decays are predicted using the quark-diagram scheme.

Recently, considerable progress has been made in the
experimental observation of quark-mixing nonsuppressed
or singly suppressed charmed meson decays. Their impli-
cations, both experimental and theoretical, had been
studied using the quark-diagram scheme. ' Here we
continue such studies and obtain further new results. It
is now hopeful that the mixing-matrix doubly suppressed
charm decays will be within reach by experiments in the
near future. The quark-mixing doubly suppressed de-
cays are integrated parts with the quark-mixing non-
suppressed and singly suppressed decays in the analyses
using the quark-diagram scheme. Here we report the in-
teresting results that most of the doubly suppressed de-
cays can already be predicted based upon the current
nonsuppressed and singly suppressed data. These results
ought to be very useful for experimental planning, obser-
vation, and for furthering our understanding of nonlep-
tonic weak decays.

A11 nonleptonic decays of charmed mesons can be de-
scribed by amplitudes from the six distinct types of quark
diagrams A, the external-W-emission amplitude; 8,
the internal-8'-emission amplitude; C, the W-exchange
amplitude; S, the W-annihilation amplitude; 6, the hor-
izontal W-loop amplitude; and 7, the vertical W-loop am-
plitude. These are distinct diagrams with all QCD gluon
effects included. The quark-diagram amplitudes for
quark-mixing doubly suppressed D+, D, and D,+ decays
are given in Tables I—III for vector-pseudoscalar (VP),
pseudoscalar-pseudoscalar (PP), and vector-vector (VV)
decays, respectively. Note that we have included the
effects of final-state interactions as well as some SU(3)-
breaking effects. Our predicted branching ratios are also
given in Tables I—III. [For decays involving SU(3) sing-
lets in the final states, there exist in principle the hairpin
diagrams, denoted in these tables by a subscript h. How-
ever, we ignore them here since there is no clear experi-
mental evidence for their existence. ]

D~VP decays. Our analysis of recent data of a
charmed meson decaying into a vector meson and a pseu-
doscalar meson D~VP have established the following:
From the measured decay rates of D,+ ~Ptr+,
D+ ~Pm. +, K* n. +, and D ~/K we obtained the
values for various quark-diagram amplitudes:

C'= —0.43xlo ', Xl=(1.43+0.46)x lo ',
&ge =(5]/2 53/2)ge =(97+13)

For unprimed amplitudes, three sets of solutions can
be derived from the observed rates of D+ ~p+K,
D ~&YAK, p K, and p+K . However, the recent
ARGUS result B (D ~K K" ) ( 3 X 10 implies
C —Cv'. This favors the solution

A =(3.50+0.05) X 10

8= —(1.97+0. 12) X 10

Cv= —(0.39+0.05) X10
(3)

( 5] /2 53/2 ) x' = (0+26)'

The other two solutions give too large values for the am-
plitude C. The small rate for D,+~p+nindicates.
2)=2)'. The recent E691 result for negligible D,+~tr+to
implies ~2)~ ))N~ = ~2)'~. Motivated by C -

—,'C', though
not very compelling, we will assume that 2)-X)'- —,'2) for
the purpose of giving specific D ~ VP rates.

With the quark-diagram amplitudes and the isospin
phase-shift differences given by Eqs. (1)—(3), we are able
to compute the branching fractions for all doubly
suppressed D~VP decays except D, ~K'K. The re-
sults are shown in Table I. Note that our predictions do

A'=(2. 01+0.33) X 10

8'= —(3.12+0.44) X 10

i
C"

i

= (1.77+0.21)x 10-',
where the primed amplitudes denote the case that the
vector meson arises from the decay of the charm quark,
and the underlined amplitude refers to the amplitudes of
graphs involving the creation of ss. From the measure-
ments of D,+~K' K+ and D ~K' m+, K* ~ we get
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take into account effects of final-state interactions ob-
tained from data analyses in the quark-diagram scheme,
as indicated by the phase shifts in Eqs. (2) and (3).
Without final-state interactions the predicted branching
ratio for D ~K* ~ will be smaller by a factor of 3. Such
final-state-interaction effects are still beyond the capabili-
ty of most theoretical model calculations.

It is also worth emphasizing that our analysis gives
non-negligible the so-called nonspectator diagrams, the
W-annihilation diagram D and the W-exchange diagram,
C and C', as evidenced by Eqs. (2) and (3), in contrast
with most model calculations. ' ' For example, in our
scheme D+~PK+ arises solely from the W-annihilation
diagram 2).

D~PP decays. With the new data of D ~K g',
D,+~n.+g, and D,+~m. +g', a unique set of solutions for
the D~PP quark-diagram amplitudes A, 8, 8, 2), 8,
and 2) can now be obtained. More precisely, the six am-
plitudes' can be determined from the measured decay

f D+ ~Ko~+ KoK+ Do~Ko& Ko& K
—~+

K n, and D. ,+~K K+, m+q (in units of GeV):

[A ]pp
—3.4 X 10, [X]p~

——2. 1 X 10

[C ]pp
——l. 8 X 10, [2)]~p ——0. 5 X 10

[C ]pp ——0.8X 10, [2)]pp ——0.4X 10

~g —( ~] /2 ~3/p )g„=( 79+ 1 1 )'

Evidently, the nonspectator contributions, especially the
W-exchange diagrams, play an essential role in D~PP
decays.

Using the quark-diagram amplitudes given by Eq. (4),
it is straightforward to compute the branching fractions
for quark-mixing doubly suppressed D~PP decays (see
Table II). Again, it should be stressed that nonspectator
diagrams and final-state interactions are included in our
calculations. In addition to the prediction based upon
detailed information of Eq. (4), we have also the following
general relations between the doubly suppressed decays
and nonsuppressed D decays by comparing Table II
with those of nonsuppressed decays given in the tables of
Ref. 3:

TABLE I. Doubly suppressed charm-meson decays into a vector boson and a pseudoscalar meson.

Channels

D+ ~ ye+
~ u)K+

K'+98

~ K*+gp

~ K'+g

~ p+KP

~ p'K+

~ K*ox+

~ K*+xP

Predicted
branching ratios

0.5x10 4

2.5 x 10 4

1.'F x 10 4

2.0x10 4

1.0x10 4

l.lx10 4

2.2x10 4

Amplitudes with SU(3)
symmetry and no

final-state interactions

-(»)' x %+ Da}

(1/+2) (st) x {Ai + Di + 2D&}

-(1/v 6)(st)' x {A + D —2D }
—(1/v3)(st)' x {A+D+ D&+3D,'}

Scost) + pepsin| & Q Qssin8

-(»)' x {8+ D'}

(1/+2)(sg) 2 x {A' —D'}
—(st) x {8'+D}

(1/&~)( )"{A-D}

Amplitudes with SU(3) breaking
and final-state interactions

g.+ Da}"
~ {A'+ D'+ 2DI,}e"

~ K~ {A+D —2D'+2D& —2D&}e's

{A + D + D'+ 2D,'+ D,'}e'
+ gp cos 8; 8 = 2P'

~ {(8+ D') + (A' —8 —2D') (1/3) (1 —e 'a+~) }e' &&&

~ {(A' —D') —(A' —8 —2D')(2/3)(1 —e 'a~")}e' &»
0~ {(8'+D) + s'(A —8'- 2D)(1 —e-~&~")}e*'"/*

gK e~ {(A —D) —
s (A —8' —2D) (1 —e-'as"

) }e'su*

D ~4Ko
~sr Kp

K*+&-

~K*x
~ K*pg8

+ K*o~p

—+ K*g

~p K+

~ poKP

0.2x10 4

0.9x10 4

19x10 4

1.2x10 4

0.2x10 4

0.9x10 4

0.4x10 4

—(s&)' x {g+C~}
—(1/v2)(sq)' x {8+C'+2Cg}

—(sg)' x {A+C}
—(1/4 2) ( ) {8—C}

—(1/v 6)(sg) x {8'+C —2Q'}

—(1/v 3)(s&)' x {8'+C +++ 3C', }
g = gscosl+qpsin8; g' = —g8sin8

-(sl)2 x {A' + C'}

-(1/&~)( )' x {8—C'}

~ g. + Ca}e'

{8+ C'+ 2Cg}e's
~ E~ {(A+ C) —

s (A + 8) (1 —e 'a&")}e' ~(*

K~ {(8—C) —s(A+ B)(1—e 'a~")}e' &»

sc &e{8'+C —2g'+ 2C'„—2C~}e's /*

~ {8'+C + g'+ 2C'„+ C'„}e"

+ gpco88; g 2Q

~ (A' + C') —2/3(A'+ 8)(1 —e'a&~)}e' '/*

~ {(8—C') —1/3(A'+ 8)(1 —e'+~~)}e' ~/~

D,+ K*+KP

K"K+
O.f xlO 4

0.6x10 4

—(s,)' x {A+8}
—(sl)2 x {A'+8'}

{(A+8) + —,'(A'+ 8' —A —8)(1—e '~s'~)}e' '

{(A + 8') —
—,'(A'+ 8' —A —8)(1 — ' ' )} '
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Channels

D+ K'~+
K+~P

K+ns
—+ K+gp

~ K+g

~ K+~'

Amplitudes with SU(3) breaking
and final-state interactions

Predicted
branching ratios

Q.lxl0 4

S.Tx10 4

1.5 x 10 4

O.lx10 4

—(sg)s x (8+ D)

(1/~2) (sg) x (A —D)
—(1/+6)(s, )' x (A —D)

—(1/4 )(sl) x (A+ 2D+ 3Daj

g = gscos8+ gpsin8

Ssin8+ Cocos'; 8 2Q'

((8 + D) + (A —8 —2D)(1/3)(l —e 'a" ))e' '~*

((A —D) —(A —8 -2D)(2/3)(1- e ' " ))""*
(A —D+2Dg —2Djoe' "'

(A + 2D + 2Da + D@)e's "

TABLE II. Doubly suppressed charm-meson decays to two pseudoscalars.

Amplitudes with SU(3)
symmetry and no

final-state interactions

D' ~ K+r-

9p

1.2x10 4

0.6x10 4

0.4x10 4

0.6x10 4

—(sr)s x (A+ C)

(1/+~) (sq) x {8—C)

-(1/«)( ~)" (8 —C)
—(1/+3)(s, )' x (8+ 2C+ 3C&)

g = gscos8+ gpsin8

g' = —gssin8+ gpcos8; 8- 2Q'

same as for K x+

same as for K s'o

same as for K gs

same as for K gp

D+ ~K+KP 0.$x10 4 -(»)' x (A+ 8) ((A+ 8)}e' '

I (D K+m )=

1(D ~K rI)=
S)

Ci

C)

'4

I (D' Koq), r(D'-K'q') =
C)

C)

4

r(D'-K'~'),

where

~

y+
~ ~

y
~

&
—p'~

~

—
~

p'
d ~, q=q8gosg+ posing, rl = —r)ssin8+7/ocos8,

TABLE III. Doubly suppressed charm-meson decays into two vector bosons.

Channels

D+ ~ PK&+

~ u)K*+

~ p+K*'

~ p'K'+

Predicted
branching ratios

Amplitudes with SU(3)
symmetry and no

final-state interactions

—(ss)' x Q+ Dg)

—(1/+2)( g)' x {A+D + 2D }
-(s )'x(8+D)

(1/&~)( ~)' x (A —D)

Amplitudes with SU(3) breaking
and final-state interactions

(2+ Dg)e"

(A+ D+2Dp, )e's"

((8 + D) + (A —8 —2D)(l/3) (1 —e '+~"')}e' '~*

((A —D) —(A —8 —2D)(2/3)(1 —e ' ~» ))e' '~'

o QK.o

—+ (u K*0

—+ p K'+

~ p'K*o

Gx10 ~

—(sg)' x (C + Cg)

—( /+)( )' { +C+ „)
—(sg)' x (A+ C)

-( /~)(. , )' (8 —C)

(C+ Cg)e's

(8+ C'+2Cg)e'

((A + C) —2/3(A + 8) (1 —e'+~~'))e' ~/*

((8 —C) —1/3(A + 8)(1 —e'+~~ ))e' &/&

D+ @*+Z*'
e

—(sq)' x {A+8) {(A+8))e' '
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I (D PK' )=
C)

r(D'

r(D' p-K" ) =

C)

'4

I (D coK* ),
4

s) r(D' p+K*- ),
C)

(7)

'4
s)

e,

la(D,' K"+K")
I

=

r(D' p'K"),
'2

C]

Using the recent ARGUS measurement
B(D ~K" co) =(2.0+0.5+0.3)%, we predict B (D

D ~ VV Decays. Based on the quark-diagram scheme
(see Table III), the following predictions can be made:

4
s)

r(D pK* )

~K* co)-6X 10
To summarize, branching fractions of the doubly

quark-mixing-matrix suppressed decays of charmed
mesons are predicted using the quark-diagram scheme to-
gether with the existing data. Measurements of these
doubly suppressed charm decays are important in our
effort to understand the nonleptonic-decay mechanism.
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