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For hadronic two-body decays of charmed mesons involving ~ or ~°, resonance-induced
final-state interactions (FSI) that mimic the W -exchange or the W -annihilation topology can
play an essential role. In particular, the decays D° ¥ K" and D* ¥ %*, which are
largely suppressed in the absence of FSl, are enhanced dramatically by resonant FSI. It is
stressed that the effect of resonant FSI is negligible for %+ (7; 7?) final states because of the
mismatch of the G parity of %*("; %) andthe J = 0, I = 1 meson resonance. We argue
that a possible gluon-mediated process in which two gluons couple directly to the gluonic
component of the “°, e.g., the gluonium, rather than to the flavor-singlet “, can enhance both
modes D7 ¥ %*"%and D} ¥ %*", especially the former; that is, this new mechanism can
account for the unexpectedly large branching ratio of %*”° without suppressing %*".

PACS. 13.25.Ft — Decays of charmed mesons.
PACS. 14.40.Lb — Charmed mesons.

|. Introduction

We have shown recently in [1] tha, in the decays of charmed mesons into the find states
containing an ~ or Y, final-gate interactions (FSI) in the resonance formation are able to en-
hance B(D® ¥ K') and B(D* ¥ %*") by an order of magnitude Resonance-induced
coupled-channd effects will suppress DF ¥ %*” and enhance D ¥ %*"'. Contrary to
D ¥ P O decays resonant FSI play only a minor role for D® ¥ K™>® and do not con-
tribute to (D*;DS) ¥ %*” O). We argued that it is difficult to understand the observed large
decay rates of the %*"! and %*~ decay modes of D simultaneoudy. FSl are not hepful due
to the absence of D& ¥ PP decays tha have much larger decay rates than D& ¥ %*+". W-
annihilation and a possble production of the " due to gluon-mediated processes can in principle
enhance B(DZ ¥ %*77), but, unfortunaely, they will dso suppressB(DZF ¥ %*7).

In [1] we have followed [2] to use the strong reection matrix K together with the unitarity
condraint of the S matrix to study the effects of resonant FSI and showed that resonance-induced
FSI amount to modifying, for example, the W -exchange amplitude C in D ¥ KU; K™ ;K™?
decays by [2]

CE¥C+(C+ %A)(cosieii i 1) (1.1)

and leaving the other quark-diagram amplitudes intact, where A is an external W -emisson am-
plitude. Inthe present pgper we will derive the above rdation in a rigorous way and find that the
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modification due to FSl for the W -exchange amplitude as shown in Eq. (1.1) is too smdl by a
factor of 2.

In the present paper we will update the previous andysis [1] by correcting the error oc-
curred in Eq. (1.1), discussing its implication and employing the new measurement of the DS
lifetime. Moreover, we shall show explicitly that contributions from resonant FSl to the decays
DO* DY) ¥ % ©) should be negligible, otherwise the predicted branching ratios will become
too large compared to experiment. Thisis ascribed to the mismatch of the G parity of %+ ("; ")
and theJ = 0, I = 1 meson reonance. We will also employ the mode D° ¥ K %0 as an
example to demondrate that resonance-induced FSI, which are crucid for some two-body decays
involving one single isospin component, e.g. the final state containing an ~ and “!, play only a
minor role compared to isospin FSI for decay modes involving severd different isospin compo-
nents. We then turn to some possible explanation of the unexpectedly large branching reio of
DF ¥ %*70 Findly we discuss in detal the possible sources of theoretical uncertainties for
edimaing the effects of resonant FS.

Il. Resonant final-gate interactions

There are several different forms of FSI: dastic scattering and inelastic scatering such
as quark exchange, resonance formation, ..., etc. Since FSI are nonperturbative in nature, in
general it is notorioudy difficult to cdculate their effects. Nevertheless the effect of resonance
induced coupled-channd FSI can be estimated provided that the mass and the width of the nearby
reonances are known. It gopears tha the resonance formation of FSl via q& resonances is
probably the most important one if the final sate has only one single isospin component. For
previous studies of the effects of resonant FSI in charm decays see [3, 2, 1, 4, 5].

In the presence of resonances, the decay amplitude of the charmed meson D decaying into
two mesons M1 My is modified by rescattering through a multiplet of resonances [6]°

M YS! — MY i i

AD T MiM;)FS' =A(D ¥ MiM;) R T2
X X (2.1)

£ Cij Chir A(D T McM));

r N

where ci(jr) are normalized coupling constants of M;M; with the scd ar resonance r, obeying the
relaions
>

<
e = 1 e =1 (2.2)
ij ij

The presence of a resonance shows itsdf in a characteristic behavior of phase shifts near the
resonance. For each individual resonant stete r, there is an egenstate of A(D ¥ M;M;) with
egenvdue [6]

2t — 1. i :
e 1j |mDi e+ 112" (23

? The same expresson is also gven in [3] except that the phase in Eq. (3.3) of [3] is too smal by a factor of 2.
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in the rest frame of the charmed meson, where mgr and j are the mass and the width of the
resonance, respectivdy. Therefore, resonance-induced FSI are amenable technicdly in terms of
the physca resonances.

-1 D° ¥ (K% K™)(:") decays

To illugrate the effect of FSI in the resonance formation, consider the decays D° ¥ K;P;
as an example. The only nearby 0" scaar resonance with (sd) quark content in the charm mass
region isr = K§(1950) and the states KiPj are Kii Y+ K40 KO KO0, The quark-diagram
amplitudes for D° ¥ Ki 4+, K™%0, K° s and K% s, where " ns = ég(ua +dd) and s = s8,
are given by (see Table Il of [7]):

ADC 1 (K¥)z=p) = 191§(A+ B); A(D® ¥ (K¥%)ip) = plg(ZAi B +3C);
(2.4)
ADC ¥ K™ o) = 1815(8 +C):  AD° 1 K>y =C;

where the subscripts 1/2 and 3/2 denote the isospin of the KY% sysem. In Eq. (24), A is the
externd W-emission amplitude, B the internal W -emission amplitude and C the W-exchange
amplitude [7]Y Consider the D-type coupling for the strong interaction P1P> ¥ P? (P!: scalar
meson), namely - Tr(P'fP1; P.g) with - being a flavor-symmetric strong coupling [2]. Noting
that (K¥%)3=, does not couple to (K )1=p, K ns, and K° s via FSl, the matrix c2 arising from
two D-type couplings inthe | = % sector has the form:

O 3 P pP- 1
2
P—
c2/-2(§ 3 § (25)

in the basis of (K%)=, Ro’ns, KO'S. Hence, the normaized matrix c? is given by

N-POO

R
N-FA N~ l\)|
N

1

N

O 1
bk 4
c=B 1 & 26)
e

Then it iseadly seen that
A(DO ¥ RO’S)FSI = CFSI = + (e | 1)

. - (27
£ 1e>1gA(D0 | (Kl/4)1=2)+§é§A(DO Y Ko'ns)+%A(D° ' K7

Y The quark-diagram amplitudes A; B; C; D for external W-emisson, internal W-emisson, W-exchange and W -
annihilation are sometimes denated by T; C; E; A, respectively, in the literature.
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TABLE I. Branching ratios (in units of %) of the charmed meson decays to an ~ or “°.

This work
Decay Buccdla et al. [3] Expt. [11]

without FSI with resonant FSI

DO ¥ K% 054 0.62 0.84 0.70§ 0.10
DO ¥ KO0 010 257 1.56 1718 026
DO ¥ KO- 0.69 0.81 0.37 198§ 05
DO ¥ K1 0.004 0.05 0.004 <0:10

D* ¥+ 0.02 0.31 0.34 0.30§ 0.06
D+ ¥ y+70 029 0.72 073 050 § 0.10
D+ ¥y 019 0.19 0.013 <07

D+ ¥ 3+ 0.08 0.08 0.12 <05

D ¥ % 257 1.95 1.30 17§ 05
DI ¥ y*+0 350 428 5.71 398 10
D ¥ %+ 627 6.27° 7.94 108§ 3.1
D ¥ 3*0 409 4.09° 255 10.1§ 2.8

“The presence of W-annihilation contributionsinferred from DS~ ¥ 1%+ will affect the branching
ratios of D ¥ %+~ O); see the text.

and hence

H T

CFSl=Cc+ (@™ j1) C +% : (2.9)

Therefore, resonance-induced FSI amount to modifying the W -exchange amplitude and leaving
the other quark-diagram amplitudes A and B intact. Since (e j 1) = 2(cos+.ei* | 1), we see
that the contribution of resonant FSl to the W -exchange amplitude as given in Eq. (1.1) is too
amall by afactor of 2.

The resonance contribution to FSI, which arises mainly from the externd W -emission
diagram for the decay D° ¥ (K1), followed by final-state qé resonance, has the same topology
as the W -exchange quark diagram. We thus see that even if the short-distance W -exchange
vanishes, as commonly asserted, an effective long-digance W -exchange still can be induced via
FSl in resonance formation.
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Consdering the " j ~! mixing parameterized by

“U="gsinp+ gcos; “="gcospi “osing (2.9)

with “g and "o being SU(3) octet and singlet wave functions respectively, and neglecting the
W -exchange amplitude C, we obtain [1]

>

- 3
G - 320 i e I_ i p— .
A(D° ¥ KO’):ﬁ%vc‘;vud a, X @7 K 4 g, X OK! >—p'€— i cospi 2 2sinp

3 -

A(D° 1 RO'O) = ‘IS—VCSVud azx(D K 4 alx(D°K‘ ;1/"+)e—;|r9ig—l i sinp+ 2p§cosp "
(2.10)
and
AD® 1 K%Y = %ivc‘;vud a, X @K™
3 ez'—rO - 3 - #

iag. i p
+a; XOOKITHT) 4 x OOKT %) —p— j cCospi 2 2sinp

a G .
AMDC 1 KO0 = ﬁ%vg;vud apX @7 K™
. L #
3 o] ig -+ 0 i -+ e2l_r0 i 1 3 p_
+a; XOKITHT) 4 x (OTK D) —p—_ i sinp+2 2cosp
(2.11)

where X ®PM1:M2) denotes the factorizable amplitude with the meson M, being emitted out:
X (OM1M2) = M j(6102)i0iM4  (@sC)iD; (212
with (G102) ~ &°2 (1§ °s)q. Explictly,

X© OKY = ificmi, i m2e )P (i)

XOKIET) = ific (M3 mK)FD°K' (m3);

X © OKe) =2fKumKuF1D' "(MZ) (" ¢py):; (213
XOKIH) = 2, my FP™ (m)(* ¢py,);

X O = 2 mic= ARK (M) (" ¢py,);

where the form factors Fy; F; and Ag are those defined in [ §].

since FY7'(0) < FP7(0) [1] and the available phase space for K ¥ is less than that for
K”, the factorization approach implies less *° production than ~ in DO ¥ KO decays, in
disagreement with experiment (see Table I). To see how the mechanism of resonant FSI works,
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notice that the big parentheses in Egs. (2.10, 2.11) reflect the coefficent of the W -exchange
anplitude Taking p = j 19:5° as a benchmark, the wave functions of the ~ and  have the
smple expressions [9]:

T = E%(ua +ddj s8); "= plg(uew dd -+ 2s9): (2.14)

In Egs. (210, 2.11), (cosp + 2p§sin W) = 0 indicaes that there is no intrindc W -exchange
diagram in DO ¥ K°®~ while 2 2cosp i sinp) = 3 shows that D° ¥ KO contains
the amplitude 3C. Since the internd W -emission amplitude is color suppressed, while the con-
tributions from resonant FS| are induced from the externd W -emission, it is dear that the decay
DO ¥ K%C receives large contributions from FSl in the resonance form, so that its decay rae is
larger than that of D° 8 K",

Usng the effective coefficients

a; = 1:25; a = j 0:51; (2.15)

the” i “"mixing anglep = j 22* [10], the mass 19458 10§ 20 MeV and the width 2108 34§ 79
MeV for the 0" resonance K(1950), mr = 1830 MeV and j = 250 MeV for the0i resonance
K(1830) [11], and various form factors given in [ 1], the calculated branching ratios are exhibited
in Teble I. We see that in the presence of resonant FSI, the branching ratio of K% s enhanced by
an order of magnitude, while the decay rate of K> isonly slightly increased. The ~? enhancement
for D° ¥ K " over D® ¥ K°~, which cannot be accounted for in the factorization approach,
can be explained in terms of resonance-induced FSI. For comparison, the theoreticad predictions
by Buccdla et al., [3] are also shown in Table I. As noted in passing, the phase in Eq. (3.3) of
[3] istoo small by afactor of 2.

It should be stressed that although resonant FSI can make a dramatic effect on hadronic
decays of the charmed mesons containing an ~ or 7%, i.e final states with one single isospin
component, they are not expected to play the same essential role in the decay channd s involving
sverd different isospin components. A well known example is the decay D° ¥ K40 with the
decay amplitude:

A(DO 1 K%0) = a,X (O%%KD) %al(e”ir; 1)X (P47

3 - p§3 - (216)
+ agX @K ") g gy X O%OK) < ei ititer) ;1

where X©@%°K") = ific (m3 i ml/ZA)FOE’OW(m&):p? and 4 are the isospin phase shifts. In
naive factorization with a2 = c1.2 + ¢2:1=3 and in the absence of any FSI, we find B(D° ¥
KO%O) = 0:03% for c1(m¢) = 1:26 and co(m¢) = j 0:51, which is obviously too smdl compared
to the experimentd value (2:128 0:21)% [11]. Inthe large-N; limit where a, = ¢,, the branching
ratio is increased to 1.0%. When the resonant FSI are turned on, B(D° ¥ RO%O) is decreased
to 0.36% ! Using the isospin phase shift difference (-, i #3-») = 71:4* extracted from the
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isospin andlysis of D ¥ K data, the branching ratio of D° ¥ K %0 is enhanced by isospin FSI
to 1.44%. It is clear tha in order to understand the col or non-suppression of DO ¥ KO%O, one

needs nonfactorizable effects to account for the non-amallness of a, and isospin FSl to generate

adequate K°%0 from K i .

1-2. D* 1 (%*;%)(7; ") decays

Proceeding as before, resonance-induced coupled-channel effects among the three chan-
nds: KK %+ s and %+ s will only modify the magnitude and phase of the W -annihilation
amplitude D and leave the other quark-diagram amplitudes unaffected [ 2]:

I
DID+ D+zA (e 1): (2.17)

The decay amplitudes of the Cabibbo-suppressed decays D* ¥ %%~ and %+ in the presence
of FSl via dq resonance are [1]:

s .
AD™* ¥ 4*7) = %%v;,vud aX @) gy X PTG (BT
. ,#
+§é§a1X(D+KO?K+)(e2i*r i D i pﬁcosu+ 2sinp
. . . (218)
AD* 1 5+ 0= BEVEV, arX @7 ) 4, X P G X @Y
2 ] »

+1e0. o+ : —
+§é§alx"3 KUK 1) C2sing i 2cosp |

and
G ’ 3 . #
AD™ 1 %T7) = ﬁ%Vc‘éVud aX @7 H) gy P xET
n 3 B #
. GF a + - 0.1+ (D+1/2+-’0) +14+.70
AD™ ¥ 30 =19§Vchud arX©@7 ) g, X! D xETETY
(2.19)
where
+4+.'(0) i .
XéD WD = it (M3 i m)FP™ (Mm?,);
(2.20)

D+i+; O T " ;
Xé ):2f9(0)m%A(')D ! (m?(‘)))( ¢pp);

and the values of the decay congants f,q(o) can be found in [1].
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Note that since %*%° does not couple to %+~ ) by grong interactions, D* 1 %+ O
recaive contributions from resonant FSI only through the process D" ¥ KK’ 14+ O, As
for the decay D* ¥ %+ ©) one may naively expect that

3 ke
G + -+ iyt +1 4.
AD" 8 )= BoVEV aX®H ) ey XD X OO
1 ? (D"'KOH;K*') (D+K0;K+ﬂ) . P= (D* %0 :%+)
Pz X +X i 2X 2.21)
- #
P ¢

P Tax©@TEN gty 1) pfcosu+ 2sinpg

and likewise for the %*"" state, where use of V&Vus % i V§Vua has been made. Since the

41 0.+ +72 0.1~ +0
factorized term X (P47 g hl/zaoj(&c)ipﬂ has a sign opposite to that of X(P K K™) dueto
the pion wavefunction %° = (u@ dd)=" 2, thereisno cancellation among various contributions to
resonant FSl. Employing ¥ (1800) asthe appropriate 0 resonancewith mg = 17958 10 MeV and
i =2128 37 MeV [11], wefind that B(D* ¥ %*") =3:4% and B(D™* ¥ %* ") = 0:4%, which
are obviously too large compared to the current experimenta limit: 0.7% and 0.5%, respectivey
(see Table I). The point is that the G parity of %~ and %" ? is even, whilethe J = 0; 1 =1 meson
resonance made from a quark-antiquark pair (i.e. ud) has odd G parity. Thisis also true for the
W-annihilation process cd ¥ ud. As a consequence, the even-G state '™ or %" does not couple
to any single meson resonances, nor to the state produced by the W -annihilation diagram with no
gluons emitted by the initid state before annihilation [12].

In the absence of FSl, the branching ratio of D* ¥ %% is very small, of order 10i 4,
owing to a large cancdlation between external and internal W -emission amplitudes, the latter

being enhanced by the fact that X2 )y, Xd(Dﬂ“;’). Again, owing to the large branching
ratio of D* ¥ K*K', this modeis essentially induced by FSI through resonance. Since anearby

0" resonance ap in the charm mass region has not been observed, we employ mg = 1745 MeV
and | =250 MeV for calculations.

11-3. DF ¥ (%*:%7)(; ") decays

The andysis of resonant coupled-channel effectsin DS K+KO;1/4+’”S;1/4+'s leads to
the replacement of the W -annihilation amplitude by [2]:

oo
DID+ D+3B (e?*r j 1); (2.22)

where B is the internal W -emission amplitude for D3 ¥ K*K’. As before, neglecting the
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short-distance W -annihilation, we then have:

Tyt +.7¢0
A(D; ! 1/4+,) = %%Vcnsvud alX(DS ) —|9—31§a2X(DsK KD
. ‘D_ ¢
) (2.23)
sy = BEye O ") 4 L (DK+R)
A(DS ! /4 )_ -p?VCSVud alx S =+ §p§a2x S

. ip_ ¢
£@E*™ i 1) IpZSinu+2005u

UnlikeD 1 K~ O; %~ O decays, the resonant FSI here are induced from internal W -emission and
hence play aless Sgnificant role. Asnotedin[1], Dy ¥ %™ is suppressed in the presence of FSI
through resonances wheressDZ ¥ %+ isenhanced (see Tablel). This isascribed tothe fact that
the externd W -emission amplitudesfor DY ¥ %™ and¥%™ " are oppostein sign dueto ardative
sign difference between the form factors F* and Fy’ ="', There are several new measurements
of the DY lifetime [13]. We use the updated world average ¢ (DJ) = (4:95§ 0:13) £ 10i 13s
[11].
For reasons to be mentioned below, we shall keep the W-annihilation contribution in %+~ )
decays:
G 3 ’
ADI ¥ %)= PEVAVgay X(O#) 4 X (Ds7#)
2 3 - (2.24)
Gr

A(Dg 1/z’r"])=1e§vc‘;vmja1 (D5 54 4y (Dsi” %)

The W -annihilation amplitude can be rdlated to the D ¥ 1% one via SU(3) symmetry:
A r_ 1
A 1 1/z+'):1%%vc‘;vud arX®s %) 4 p%cosui %sinu A(D? 1 1y
A r_ 1
+ +o0y — GF 0 (Ds” %) 1 . 2 + +y.
ADS T % )_pivcsvudalx s )+ p§smp+ §cosu A(Dg T 1.

(2.25)

The decay DS ¥ 147, which proceeds through W -annihilation topologies has been observed
recently with the branching ratio (0:28 § 0:11)% [14]. Unfortunady, the phase of this decay
rdaive to X ®<%) jsunknown. In the extreme case that A(DS ¥ 1%*) is red and opposite
to X ®= ) in sign, then we find B(DZ ¥ %*7) = 8:3%, wheress B(DS ¥ %+7") = 3:6%,
recalling that the externd W-emission amplitudes for %+~ and %*"" are opposite in sgn. By
contrast, if the amplitude of 1%™ is purely imaginary, then the branching ratios of %+~ and %+ !
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will be 6.4% and 4.1%, respectivdy. Therefore, even if the former mode is accommodated, the
later is dill too small compared to experiment.

If %% and %*"! are dominated by the externad W -emission, then it is advantageous to
consider the ratios R-o, ~ j(DF ¥ %+ O)=j(D+ 1 ~(e*0), Generalized factorization
leads to the form-factor-independent predictions R- = 2:9 and R-o = 3:5, while experimentdly
R- =448 1.2 and R« = 12:08 4:3[11]. Thelarge discrepancy between theory and experiment
for R-» means that there must be an additional contribution to %* %, An enhancement mechanism
has been suggested in [15] that a c& pair annihilates into a W™ and two gluons, then the two
gluons will hadronize mostly into . If the two gluons couple to ~© through the triangle quark
loop, they will hadronize into the flavor-singlet “o. Since

“o="Ccospi “siny; (2.26)

and the” j " mixing angle {1 is negdive, it isevident that if %" is enhanced by this mechaniam,
%+ will be suppressed due to the destructive interference between the externd W -emission and
the gluon-mediated process Specifically, we find that if the branching ratio of %+ isincreased
t0 9.5%, then B(DS™ ¥ %™ ") will be decreased to 3.9%. The other possibility is that the gluonic
component of “, which can be identified with the physical state, eg. the gluonium, couples to
two gluons directly. From the wave function of the gluonium [16]

gluonium = j “sinpsinA j “"cospsinA + gcosA; (2.27)

where g is a glue rich partide, we see that the gluonium contribution can enhance both %" and
W, egpedidly the former; that is this new mechanism can account for the unexpectedly large
branching ratio of %™’ without suppressing %* .

It is dear that a production of the ~* due to gluonium-mediated processes can in principle
enhance %+ ! szesbly and %%~ slightly. Therefore, if the gluon-mediated process is responsible
for the major production of “"inDZ ¥ %+~ decay, the two gluons in the intermediate state must
couple to the gluonium rather than to the 7.

Since the additiona contribution to D ¥ %*7? is not needed to explain the other decays
involving =~ and " (see Table 1), one may wonder if the new contribution is specid only to
the above-mentioned decay. We conjecture that this mechaniam is operative if the nave W -
annihilation diagram is prohibited under G-parity consideration while dlowed when gluons are
emitted from the initial quark. Under this conjecture, the gluon-mediated processes are important
only for the decays (D*;Dg) ¥ %*7% It is likely that the branching ratio of D* ¥ %*"!is
enhanced by afactor of 2, nandy, B(D* ¥ %*7") = 0:16%, which is safely bel ow the current
experimentd limit (see Table 1).

IIl. Theoretical uncertainties

The cdculation of the effects of resonant FSI suffers from many theoretica uncertainties
It is useful to explain them below.

1. Thus far we have assumed that coupled-channd FSI are dominated by nearby resonances
in the charm mass region; other types of FSI, eg. quark exchange, are not consdered in
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the present work. Resonances with lower masses, eg. the 1i resonance K" (890) and
the 0™ resonant state K" (1430) have not been included in our caculdions as they ae
not dose to the charm mass region. However, they can contribute to W -exchange or W-
annihilation directly via pole diagrams [ 17, 18]. Recall that the determination of a; and a;
fromD ¥ K decaysis usudly obtained by neglecting the W -exchange contribution. The
inclusion of K" (1430) resonance will certainly afect the extraction of a; and a; [17].

. For simplicity we have neglected W -exchange or W -annihilation contributionsin our calcu-
lations. However, data analyss based on the flavor-SU(3) quark-diagram scheme indicates
that W -exchange and W -annihilation are not negligible [7, 21].

. Favor SU(3) symmetry bresking has been introduced to the couplings ci(jr) in the literature
via phase-spacecorrections[3, 4]. For example, in [4] phase-space induced SU(3)-symmetry
breaking is included in the coupling congants:

) = MMl iriPp

i “1 - . ’ (31)
N '—ithiMjJHe®Jr|2 Pij

where pj; isthemomentum of thefind particlesin the D rest frame. In our work, we assume
SU(3) flavor symmetry for quark-diagram amplitudes and consider its breaking only at the
decay rate levd; it seems to us tha it is not gppropriate to have the phase-space correction
in coupling constants.

. Recently it was found in [19] that phenomenologically the ~ i ~* mixing angle is given
by u = j 15:4* which is somewhat smaller than the mixing angle j 22* employed in
the present paper. However, we found empirically that the latter yidds a better agreement
between theory and experiment than the former. For example, in the absence of resonant FSI,
or equivaently p= j 19:5%, B(D° ¥ KO') = 0:54%. The branching ratio is increased to
0.62% when 1 = j 22* and decressed t0 0.35% at 4 = j 15:4%, recalling that experimentaly
B(D° ¥ KO’) = (0:708 0:10)% [11]. Of course, we cannot conclude tha the magnitude
of the mixing angle should be larger than 20* in view of many simplified assumptions we
have made.

. Resonance-induced FSI are mainly governed by the width and the mass of nearby resonances,
which are unfortunately not wel determined. For example, a reandysis in a K-matrix
formaiam [20] quotes mr = 18208 40 MeV and j = 2508 50 MeV for the 0" resonance
K °(1950). We then obtain B(D® ¥ K°") = 0:65% and B(D® ¥ K %) = 3:44%, to be
compared with 0.62% and 2.57%, respectivdy for mgr = 1945 MeV and j = 210 MeV.
Hence, the prediction of B(D® ¥ KO’) is dgnificantly affected by the uncertainties in mg
and j of the resonance.
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IV. Conclusons

For hadronic decay modesD° ¥ (K% K™)("; "% and (D*; D) ¥ (%*:%+)("; "% which
have only one sngle isospin component, resonance-induced find-state interactions that mimic the
W-exchange or the W -annihilation topology can play an essentid role. In particular, the decays
D° ¥ K™ and D* ¥ %™, which are largely suppressed in the ebsence of FSI, are enhanced
dramatically by resonant FSI. It is stressed that resonant FSI arenegligiblefor %+ ("; ) find states
because of the mismatch of the G parity of % ("; "%) and theJ = 0, I =1 meson resonance.

We have utilized the mode D® ¥ K% as an illustration to demondrate that resonance-
induced FSI, which are crucial for some two-body decays involving one single i sospin component,
eg. the final gate containing an ~ and “, play only a minor role compared to isospin FSI for
decay modes involving severd different isospin components.

It is difficult to undergand the observed large decay rates of D ¥ %*"!. We argue
that a possible gluon-mediated process in which the two gluons couple directly to the gluonic
component of the “*, eg. the gluonium, rather then to the flavor-singlet "o, can enhance both
decays DI ¥ %+ " and DF ¥ %%, especidly the former. Since this additiond contribution is
not needed to explain the other decays involving the ~ and “!, we conjecture tha this mechanism
is operative if the naive W-annihilation is prohibited under G-parity cond deration while allowed
when gluons are emitted from the initid quark.
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