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Nonleptonic decays of charmed D mesons and the pole approximation
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We investigate the decay modes of D —+Km and D~Kmm on the basis of the conventional quark-
diagram approach. The matrix element of (P or Vl(q, q,)IP) type will be estimated by the pole
approximation. The relevant coupling constants are given by an effective Lagrangian with chiral

SU(4) X SU(4) symmetry. We vary the relative strength of (20-piet part)/(84-piet part) in the effective weak

Hamiltonian and predict the decay rates of D ~Km and D~Kmm relative to I (D —+K m+).

Nonleptonic decays of charmed mesons have been
enriched by the recent experimental data, ' though
the number of events is still small. Now we have
almost all the observed branching ratios for Cab-
ibbo-favored decay modes of D-K~ and D-Zxx,
and also know the experimental ratio of

where (q, q, ) denotes a color-singlet V -A current
and the coefficients c, are the renormalization
effects due to hard-gluon exchange. ' c, have two
remarkable properties, ' '

c+& 1& c and c c+'=1,

& =-T'(D') lf'(D'),

where I'(D') denotes the total decay rate of D'
meson (a =0 or +)." This new aspect greatly. stim-
ulates our theoretical interest in those nonleptonic
decay modes, which is one motivation of this pa-
per. Weak decays of charmed mesons have been
described by many authors' on the assumption that
these weak decays occur through the decay of the
charm quark c with the noncharm antiquark acting
as a spectator. In this paper, we will more close-
ly examine the conventional quark-diagram ap-
proach for nonleptonic decays of charmed D me-
sons. ' '

The effective Hamiltonian for the decay c- s
+Q+ Q

2
6)c [(c, +c )(ud)(sc)+(c, —c )(sd)(uc)]

+ H.c.,

where the former holds in a reasonable range of
the coupling constant and the masses appearing in
quantum-chromodynamic calculation, v;hile the
latter is independent of these parameters. '

We exclusively investigate the decay modes of
D-K~ and D-K~~ although we can apply our ap-
proach to other decay modes of D mesons, and to
E mesons as well. Three types of quark diagrams,
(a), (b), and (c), can contribute to nonleptonic de-
cay processes of D mesons (Fig. 1).' The decay
mode D-K~ directly corresponds to these dia-
grams. For D-Z~, however, we assume that
D mesons decay into three channels': (i) D-Kp
followed by p- ttx, (ii) D-K*x followed by K*
-Ktt, and (iii) the "direct decay" with constant
amplitudes. Then D-Kp and E~~ are presumed to
proceed through the quark diagrams of Fig. 1. We
neglect soft-gluon corrections at the weak vertex
and write the decay amplitudes for two-body de-
cays D-PP and D-PV (P is K or tr, and V is K*
or p) in the factorized form, ' e.g. ,

(8pDp pc)' '(K'tt'lH„(0)lD') = ~ coss8c[X, (2p')' '(tt'l(ud)l0)(4p' p')' '(K'l(sc)l D')

+X &2px)"«'l(sd)l0&(4pop'. )"("l(uc)l D'&1, (4)

and so on, where X, —= (2c, a c )l3. The factors
X, arise from the four-fermion vertex itself in
H„(2) and its Fierz-transformed one. We will es-
timate the matrix element of (P or

V l (q,q, )lP)
type by the pole-approximation method. " The

relevant pole diagrams are shown in Fig. 2.
The effective coupling constants in pole diagrams

can be derived from an effective Lagrangian with
chiral SU(4) xSU(4) symmetry. "'" Let us write
our effective Lagrangian for spin 1 and 0 fields in
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FIG. 1. Quark diagrams for taro-body decays D PP
and D PV (P is K or 7t', and V is K* or p).

FIG. 2. Pole diagrams. (s) Vector-meson pole, ().).)
pseudoscalar-meson pole, and (iii) axial-vector-meson
pole. {P, V, and & stand for pseudoscalar, vector, and
axial-vector mesons, respectively. )

the following form: tI' are constant. We also note that this mass term
yields the vector and axial-vector currents as

L= .'T-r-[I'„„S""+(-.„„C""]

+ 2 Tr[(E~G) + (b, ~&() ]

+ 2 m, ' Tr[VqV" +AqA" ]+ ~

where

(5)

a(5L„„) m„'
a(a "n') g

~(5&( ( L &)&(P A(
a(a "p' ) g

(10)

E „—= BqV„—B„Vq —i ~2 [V~, V„] i~2-[A~,A„],

Gpv
=— B pAv —a vA p

-i ~ I Vp, Av] —i ~ [Ap, V„],

b, ~o= B„oi ~2
[V—q, o]+ ~2 (Aq, &(],

(6)

6„&(=- a„&( —i ~ [Vq, &(] —~(Aq, o]. ,

and V„, A„, o, and ~ stand for vector, axial-vec-
tor, scalar, and pseudoscalar fields, respective-
ly." In (6), moreover, the matrix of a field is de-
fined by 4 =Q, ,()(, /v 2 )O'. The local gauge trans-
formations for those fields are

1 i 'l

6(~& Vp = -a
n
n+ ~2 [n~ Vp] ~ 5(~&A~ =

~2 [n~ A &&] p

g

respectively, where I.„„is the mass term of I, (5).
The above currents correspond to the field alge-
bra ~4

We do not specify symmetry-breaking terms in
the Lagrangian (5) in order to avoid ambiguous
features connected with these breaking terms. "
Thus we effectively introduce symmetry breaking
into our scheme as

o = o(&+ 6, 0'(& = (o )0,

where oo(IO for i=0, 8, and 15, and ( ), de-
notes a vacuum expectation value. Instead of mQ

and p.„ if necessary, we will give physical masses
for spin 1 and 0 mesons later on. (The mass of o'
must be regarded as large enough. ) When o= o,
+ o' is inserted into (5), the mixing term between
A„and 7t arises from the Lagrangian. To get rid
of this term, we define a new axial-vector field
a'„by

1 i
5((& & Vp —~ [p, A q], &((& &A q

——a qp +~ [ P, Vq],
A& =a&+ g(a„&(,i i i (12)

Z z
5(„&&(=~ [n, &(], 5( &o= [n, o],n

1 1
5(8&+ =~2 (P~ o] ~ 5(8&o= ~2 (P~ +) ~

(8)

where $,. is a free parameter. The coupling of
A„b"~ type can then be eliminated by the following
choice of g, (Ref. 11):

$( =gc(/m~ ~

where
where n and p are infinitesimal gauge functions.
The first two terms in L (5) are invariant under
these transformations (7) and (8), while the mass
term (the third one) is not invariant unless n and

m„,'-=m, '+(gc, )', c,. (),,= Tr(()(, , &(~}o,).1

The coupling constants that we need are of V7tx
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gg f„,(1-m„,.'g,.')oi'~' Vi ~'

+2gg f, ~ Pi $q Vtrio "w (14)

g Z fige [ &; (:)V'„v'~'"+ (&i —5i )(:js'„v' V"'1,
&vis&

(15)

for Vm~ and A.V~ couplings, respectively, where
CI is the D'Alembertian operator and f,» is the
structure constant of SU(4). If we permit a rough
approximation of $,.= g and m„,'=m„', the cou-
plings (14) and (15) become

i -(Tr([x„,o"r„]V„)+2PZTr([v„,o~n', ]I lV„)].

(16)

and AVw types. We now obtain these coupling con-
stants from our effective Lagrangian (5) with Eils.
(11), (12), and (13) as

where m, is the parameter with the dimension of
ma, ss and i stands for the symbolic quantum num-
ber (except parity) of p, K*, D'«, or E* meson.
(E.g. , J'„i" is composed of p and A, field-currents. )
The decay amplitudes for D-A~, D-Kp, and D
-K*~ are then given, as in the Appendix.

We now proceed to predict the decay rates for
D-Km and D X~n in terms of our decay ampli-
tudes (Al), (A2), (A3), and (A6). As already men-
tioned, D mesons are assumed to decay into K~~
through three channels, ' so that we write the de-
cay rate I'(D-Kvr) in the following form:

F(D'-K-~'~') =
I c, I2+ -', (Z*'r'),

I'(D+-Zo~'ro) =-.'Ic, I'+(Zap')+-', (Z«ow'),

F(D'-K w'n') =-,'Ic, I'+(K p')+-,'(K* n')+-', (Z*'r'),

(19)

I'(D'-Z'~'n ) =I v 2 c,+ c, I'+(Z'p')+-,'(K* v'),

I'(Do-Z'r'ii') =
I
—c, + —,

' c2I'+-', (K*'v'),

-i~~"Tr([~„,a~]o V„), (17)

respectively, where

~ =-Z-" v Z-'=1-m '~'
A

These results correspond to the x=0 case of
Gasiorowicz and Geffen in SU(2) x SU(2)."

As an extension of Eils. (9) and (10), we assume
that owing to symmetry breaking, the effective
weak current takes the form of

m p
gv =g« (Ref. 16),

where pD-Ã«)/I'(~-K &') ~ (Kp) and (K*&)
stand for the Contributions [normalized by the de-
cay rate I'(D'-K w')] from D-Kp and D-K'v,
respectively, and c, and c, arise from the direct
decays with 2n final states of the isospin I = 0 and

2, respectively. In order to make numerical esti-
mates, we set several simplified relations in the
decay amplitudes (Al), . (A2), and (A3) as follows:

m'J' (l) i (V(i) ++&i ))
v g v v (16) f~ =fD =fr = 1 26f. (20)

Decay mode (a)

D+ X' 7t'+

D'-K'~'
D+ K 7t+71

+

D -K'~~'
D ~K"vr'm
D' -K'~'~-
Do K0~0 0

0.57
0.030
0.0013 (0.36 )
2.2 (2.3)
2.6 (2.7)
0.062 0..2 ')
0.019 (0.64)

0.15
0.19
0.23 (0.36')
1.9 (2.0)
2.8 (2.8)
0.068 (1.2 )
0.12 (0.71)

0.15 + 0.03
0.80 + 0.38
0.36+ 0.09
1.2 +0.7
2.7 + 0.9
1.2 + 0.3

Input (see text and Ref. 20).

TABLE I. Decay rates relative to &(D Kw"}.
=—1 (D Kx or Kmx)/I'(D K 7t'). f,~= the experimen-
tal data (Ref. 1), where we use 8=0.2 for D'decay
modes. Values of ~ in parentheses are for cp + 0 and
c2&0 (Ref. 20). (a) &/&, =—0.17, co ——c2 ——0 (IcoI =0.58,
I c, I

=o.38). @) K /X =-0.43, co = c2= o (I c, I'= 0.58,
I c, I'= o.13).

m,.'=m ' (i=p, K«, D«, E«)

where m,. is the physical mass of i meson.
(These relations may well serve our analysis of
the branching ratios since the errors of their data
are large as yet. ') From Eils. (Al), (A2), (A3),
and (A6), using (20) also, we obtain the decay rates
for D-K~ and D-K~~ as shown in Table I.
Though the value of X /X, is intrincically predict-
ed by QCD, QCD does not give a definite value to
X /X, on account of the ambiguity due to the cou-
pling constant and the masses appeared in its cal-
culation. '' In Table I, we have presented our re-
sults for the two different values of X /X, . While
X /X, = -0.17 corresponds to the usual value, '
X /X, = -0.43 is an anomalous value, "which was
fixed from the value of I'(D' -K'n') when R = 0.2."
The main difference between the two results is due
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to the cancellation effect at the above values of
X /X, . The result. (b) is in better agreement with
the recent data' than the result (a). When 8 be-
comes much smaller than I, I (D'-K'w') in case
(a) clearly disagree with the data. We note that
the amplitudes for D-K*~ are small as compared
with D-Kp. Thus it may be allowed to neglect the
contributions from D-.K"~. We find that D-Z ~~
needs at least the direct decay amplitudes c, (2))

final state of I = 0). The recent data of I'(D'
-K'))') is considerably larger than our prediction,

which is common to other models. ' ' This fact
seems to need subsequent experiments on D'

K7t.
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APPENDIX

n our model the decay amplitudes for D-Km, D-Kp, and D-K*m are given by

rn 2

A( D'-K'~')= GX,f,l

~ (mD'-mr')+X foal (mD'-m, '),+ )) D E - E(m
I

A(D'-K g')=G X,f, l

~ (m ' —m ') Xf -(m ' —m, ')

2m 2 2 2

A(D' Kp')=GI2X, (
-' ),",+K f )

—")( ) +~2', . I(P 't, ),

(Al)

(A2)

2 2 m 2 (m e m2

8v) &mz ~z —~ - -(Ay (~g ~g) ~z

X(PD '&z*) )

(A4)

and
" Tr([w, a ]V"),

where G = (Gz/V 2)(gv/g) cos 6c, a„denotes the
polarization vector of V meson, and fz is the de-
cay constant of I' meson. The effective coupling
constants g~ and g~ are defined by

-ig—' Tr([~, S,~]V )
2

respectively. It follows from the Hamiltonian (2)
that our decay amplitudes satisfy the relations"

M2A(D -K g ) A(D'-K ))') -A(D -K p'),

~gA(DO-K op') =A(D'-K Op') A(DO-K p'), -

M2A (D -K* )) ) =A (D'- K* n') A (D -K* ))') .
(A6)
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