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The hadronic decay mod&°— (K°,K*%)(7,7") and @ ,D)—(7*,p*)(7.7") are studied in the gen-
eralized factorization approach. The form factors D) — (7, 7') transitions are carefully evaluated by
taking into account the wave function normalization of theand »'. The predicted branching ratios are
generally in agreement with experiment exceptBd%—K%7»', D*—m* 7 andD —p*7’; the calculated
decay rates for the first two decay modes are too small by an order of magnitude. We show that the weak
decaysD°— K~ 7" andD*—K K followed by resonance-induced final-state interactig#8l), which are
amenable technically, are able to enhance the branching ratibd-efK®»’ and D — " 5 dramatically
without affecting the agreement between theory and experimeﬁloferior; andD*— 7" 5’. We argue that
it is difficult to understand the observed large decay rateB bf+p™ 7’ andp™ 7 simultaneously; FSIW
annihilation, and the production of excessfrom gluons are not helpful in this regard. The large discrepancy
between the factorization hypothesis and experiment for the rafief p* ' andD; — »’e* v remains an
enigma.[S0556-282(99)01001-2

PACS numbgs): 13.25.Ft, 14.40.Lb

[. INTRODUCTION theory and experiment for the above-mentiongdy ratios
and for the decay rate @ — 7" 5. Since some resonances
The exclusive rard8 decays to they’ have recently re- are known to exist in the charm mass region and since the
ceived a great deal of attention since the observed largeharm decay is not very energetic, FSI are expected to play
branching ratio ofB™— 'K~ by CLEO is substantially an essential role in the nonleptonic charm decays. We shall
higher than the naive theoretical estimaffes a review, see show in the present paper thBt"' — " 5 and DOHEO,?'
[1]). It has stimulated many theoretical studies and speculaare essentially generated from FSI. Finally, we will comment

tion. It is natural to reexamine the hadronic decays of theyn the observed large branching ratio for the de&sy
charmed mesons into the final states containingyanr »’. it

Experimentally, CLEO has recently remeasured the decay
modes D. ,D*)—(7",p*)7") [2]. Combined with the
previous measurements BP— K°®*) () we see an’ en-
hancement for D ,D*)—=" 7' over Oy ,D")—m"7 The effective weak Hamiltonian for nonleptonic charm
and forD%— K%' overD%—K®7 (see Table)l Also, very  decay relevant to the present paper is

large branching ratios fob; —p* %' and DS —p* 7 are

confirmed by the new daf]. Theoretically, the factoriza-

tion approach of Bauer, Stech and WirBEW) [3] predicts M= Ge
€

Il. GENERALIZED FACTORIZATION

VEVyg(Cy(1) (ud)(se) + ¢ ) (uc)(sd))

less 5’ production thanz in D°—K°y() and D/ V2

—a*5() decays, in disagreement with experimesee

Table ). Moreover, the decapt— 7t 7 is severely sup- . + > VeqVuq(C1(m)OF(p) +co(1) O3 () ¢,
pressed in the BSW approach, about two orders of magni- g=ds

tude smaller than the experimental measurement. Likewise, (2.2

the predicted branching ratios fab®—K*%; and D]
—p*p' are also too small. Many different theoretical at- - - —
tempts have been made in the past to explain the[datd. ~ With Of=(ug)(qc) and O3=(uc)(qa), where (1102)
Care must be taken when applying the BSW form factors=q,y,(1—¥s)q, and c; {u) are the Wilson coefficient
for (D,Dg)—(7,7") transitions as the wave function nor- functions. The mesonic matrix elements of four-quark opera-
malizations of they and ' are not taken into account in the tors are customarily evaluated under the factorization ap-
original BSW analysig9]. In this paper we will evaluate proximation. It is known that naive factorization fails to de-
these form factors in a consistent way and present an updatadribe color-suppressed charm decays. Therefore, it is
analysis in the generalized factorization approach. Then waecessary and mandatory to take into account nonfactoriz-
proceed to propose that final-state interacti@fSl) in reso-  able contributions to the weak decay amplitudes. Bor
nance formation are responsible for the discrepancy betweenPP,VP decays P: pseudoscalar mesoW; vector me-
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son), the effects of nonfactorization characterized by the pa‘al(DHEw)=1.25 az(Dﬂgw): —051

rametersy; and y, can be lumped into the effective param-
etersa;, anda, [8]:

1

Q=CHCo X, @=CatCy , (22
C

! +
N_CXZ

whereN, is the number of colors. I§, , are universali.e.,
process independenin charm decays, then we still have a
new factorization scheme in which the decay amplitude i

expressed in terms of factorizable contributions multiplied—

by the universal effective parametexs,. By treatinga, , as

PHYSICAL REVIEW D59 014034

2.3

from the data oD°—K 7", K%°#%andD*—K°#* de-
cays.

We next consider the two-body decays of charmed me-
sons into the » or #»'. Neglecting W-exchange or
W-annihilation, it is easily seen that — (7 *,p*) ") pro-
Sceed through the color-allowed externdl-emission, D°
K°&) () via the color-suppressed interndl-emission,

andD*—(=*,p") ") receive contributions from both ex-

free parameters, they can be determined from experimenternal and internalV-emission diagrams. Under the general-

For example, neglecting thé/-exchange contribution and

ized factorization hypothesis, it is straightforward to write

assuming that final-state interactions can be described byown the decay amplitudes of the charmed meson decays to

isospin phase shifts, we find that

—o (), CF )
A(D'—K%))= = ViV gap(XP7 O+
V2
G
A(DO— K* 0y )): _-
( RN
G

AD* =7t )= —LVE NV, Ja, X7 ™

2
’ G !
AD" —p" 1) = VeV anx(®7 0+

Ge

N

Ge

A

A(Dy =7t 5=

ADZ —p* 9" =—ZVEV qay (XPs7 )+

where use of the approximatioff .V s~ —Ve4Vuq has been
made andX(PP1:P2) denotes the factorizable amplitude with
the mesorP, being factored out:

X(Dpl,PZ):<p2|(alq2)|o><Pl|(a30)|D). (2.9

Explicitly,
" . (")
X<t (mf—m? )F7(mf),
! . ()
X7 =if (md—m’ . )FR7 (m2),

(Dm ")) _:¢d 2 2\-Dn*, . 2
Xq —|f77(,)(mD m_)Fg (M),

the final state containing an or »':

zx(D,Krl(’))),

/) * I)
VEV (X7 K 42X O 7).

(") (") ()
ap(XP™7 V= xPm7 )4 29, X0 ™

(") (") !
a (X7 =X (P D) 4 2, X O )],

V:svudal(X(DS”( ) 4 ox(Ds. 7' %r)).

2x(®s:7")

~ 2.4
[
X (P — if (M3 — mim)':c?sn(’)(m%)'
X7k =t e P27 (2 ) (e p,),
x©7"0=2f mF27" (M) (e-p,),
X(Ds7')p) = 2mePF?S”(/)(m§)(8 : st)v
XPrr =2t m AR (mE )& Py, (28
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where(0[qy,, vsa| 7)) = if?](,)pﬂ , and form factord,, F

andA, are those defined if9]. The amplitud@((D'””(,)P) in
Eq. (2.4 denotesW-exchange orW-annihilation, for ex-
ample,

X(©:7™ = ( ¥ (ud)|0)(0|(dc)|D ).

To determine the decay constaﬁﬁ‘]t,, we need to know
the wave functions of the physicgl and 5 states which are
related to that of the S@3) singlet statery and octet stateyg
by

n' = ngsSinf+ 5y cosh, 7= ngCOSH— 770SING,

(2.7)
with 8~ —20°. When thep— ' mixing angle is—19.5°,
the " and » wave functions have simple expressidaf]:

1 - — 1 - -
|uu+dd+ 2ss), |uu+dd—ss),

|77>:% |77>=ﬁ
(2.9
recalling that
1 - — - 1 - -
|7IO>ZE|UU+dd+SS>, |7;g>=%|uu+dd—255>.
(2.9

At this specific mixing anglef;‘,,:%ff?, in the SU3) limit.
Introducing the decay constanfg and f, by (0|A2|770>
=ifop, and(0|A%|ng)=ifgp,, thenf, andf’, are related
to fg andfg by

fg fo
f!, =—sing+ —
Ui \/5

V6

f3,= —2f—85in 0+ f—ocosﬁ
TR T
(2.10

C0S4,

Likewise, for then meson

fS= —2f—80050— Esin 0
7 e V3
(2.11)

Applying the results

f
f—° —1.06+0.03, 6=-22.0°+33°,
i (2.12

extracted from a recent analysis of the datamp®h’ — vy
and n, 7' — way [11] yields

fg
T =138:0.22,

=99 MeV, f;:—108 MeV,

f, =47 MeV, f} =131 MeV. (2.13

' 9 ,
To compute the form factors2” and Fos” ', we will

first apply the nonet symmetry relations
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VBF, "8(0)= V3F 3 ™(0)=Fg™ (0),

6
- \[EFES”%O) = 3F,*"(0)=F*(0),
(2.19
to determineFE”ovs(O) anngS”OvB(O), andthen relate them

' O
to the form factors=2”" and Foe” * via

D D .
Fo7=F, "8cos6—F, "sing,

FS”/=F5”Ssin6+ Fg”ocosa. (2.15
UsingF2™ (0)~F2K(0)~0.75 as inferred from experiment
[12], and takingngK(0)~0.76 extracted from the data of
DS —K*KP® andK* *K® for a,=—0.51, we obtain

F27(0)=0.446, F27'(0)=0.287,

Fos’(0)=—0.411, Fp=” (0)=0.639.
(2.16

Note that the form factoFgS” has a sign opposite I‘Egs”’

due to the sign difference of the strange quark content in the
7 and 7’ [see Eq.2.9)]. Using the above form factors for

DJ— 1;(') transition, we have computed the semileptonic de-
cay rates ofD; — 7(Je*v and found an agreement with
experiment.

The form factors forD— 5{") and D¢— (") transitions
also have been calculated by BS®] in a relativistic quark
model. However, form factors obtained there did not include
the wave function normalizations and mixing anglieSor

example, forD— 7 transition, BSW put in theiu consti-

tutent quark mass only, and fér;— # the sgquark masses.
In this way, BSW obtainefi3]

Fo7"/(0)=0.681, F,":%(0)=0.655,

Fo"s0)=0.723, F *"5(0)=0.704.
(2.17

To compute the physical form factors one has to take into
account the wave function normalizations pfand " :

F21=| Lcoso— —sing| FOmw
RO A

(2.18

1 1 -
Fo7 = ( —=sing+ —cosa) FE"UU,

g &

We are grateful to A. N. Kamal for pointing this out to us.
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TABLE I. Branching ratiog(in units of 99 of the charmed me- T(D;)=4.67>< 10718 g, (2.20
son decays to am or »’. The BSW predictiong3] are for the
7-n' mixing angle¢=—10°, while ours are fog=—22°. For comparison, the experimental measurements and the
BSW predictions[3] based ona;=1.25, a,=—0.51, Eq.
This work Dy Dgnt") 2
(2.19 for form factorsF5” ~ andF;*" ~ and a monopole
without with dependence for all the form factors are also exhibited in
Decay BSW[3] ~ FSI  resonant FSI Expl2,14  Taple |. It is clear that our results differ from the BSW pre-
DO_KYy 0.31 050  0540%  0.71+0.10 dictions mainly for the decay modeB°—K*%z, DT
DK%y’ 0.12 010  090'%27  172+026 —m 7 and for they'/y ratio in DS — =" (") due to thze
DO—K*0y 0.28 0.76 0.74 1905 form factor differences in Eqg2.16 and(2.19 and theq
DO K*0y 0.002 0.004 0.02 <011 ?ependencg for form faEtoA;o a}’ndFl. We see from Table
that the mixing angle#= —22° agrees better with experi-
D —mty 0.002 0.011 0.12 0.300.06 ment than the angle-10° and that our predictions are in
Dt —amty 0.15 0.25 0.59 0.560.10 general consistent with experiment except for the decays:
D f—p*y 0.06 0.20 0.20 <0.68 D%—K%’, D*—w*y and DS —p*#’; the branching
Df—pT gy 0.03 0.07 0.07 <0.52 ratios of the first two decay modes are too small by an order
. of magnitude. Hence, there are three difficulties with the fac-
Biﬂi 7 2'22 2;2 1'23 ;'gg'g; torization approach in describing the hadrobidecays to an
DE:;:}? 587 502 5 o 10751 7 andon’._IZirst, it is naively expected thdf(D°—>K°77’)_
DI —p™y’ 194 3.86 3.86 1062.9 <B(D"—K"x) due to the form factor suppression

F27'(0)/F27(0)=0.64 and the less phase space available to
the former. However, experimentally it is the other way
FDs7_ _ iCOSH-ﬁ- isina FDs7ss around:B(D°—K%%')~2.48(D°—K®5). Second, the pre-
0 J6 J3 o v dicted branching ratio foD*— ot 7 is too small by one
order of magnitude. This is attributed to the fact that the sign
_ 2 gine+ icosg) FDs7ss. of X®™7") is opposite toX{°™”") and that there is a large
V6 3 0 cancellation between the externsf-emission amplitude
. ane a;X®7™ and the internalW-emission onea,(X{L™"
Then the mixing anglé=—10° leads to —x{P™ ) Third, while the generalized factorization is suc-

!

Dsm —
0

BSW: F57(0)=0.342, F57'(0)=0.326, cessful in predictingd(DS — 7" 5) andB(DS — 7" %) and
b B Dan' e marginally for DS —p*#, its prediction for B(DJ
Fosn(o)_ —0.509, I:osn (0)=0.500. —pTy') is too small by about @ compared to experiment.

_ (219 This has motivated some authdts] (see alsd16]) to ad-
The above are the form factors used in the original BSWyocate an enhancement mechanism in which two gluons are

analysis for D,Dg)—(7,7') transitions[3]. One can check o4y ced in thes annihilation process and then hadronized
that if 6= —22° is used, the BSW form factors will be close j,iq an 7.

to ours as given in Eq2.16).

For theg? dependence of form factors in the region where
g® is not too large, we shall use the pole dominance ansatz,
namely,f(qz):f(O)/[l—(qzlmi)]“, wherem, is the pole In the previous section we have pointed out three prob-
mass given if3]. A direct calculation oD —P andD—V lems with the factorization approach for dealing with the
form factors at timelike momentum transfer is available intwo-body D decays to any or »’. One issue is that final-
the relativistic light-front quark moddll3] with the results state interactiongFSI) and nonspectatokV-exchange or
that theq? dependence of the form factolg,F; is a dipole  W-annihilation effects are not taken into account thus far. It
behavior(i.e., n=2), while F, exhibits a monopole depen- is customary to argue that th&-exchange contribution is
dence a=1). Note that in the BSW model, thg? depen- neg-
dence ofA,,F; is assumed to be the samefag, namely a ligible due to helicity and color suppressidiTherefore, it is
monopole behavior. very unlikely that the nonspectator effects due W&

Applying Egs. (2.3, (2.13), (2.16 and the form factor
A>?(0)=0.63[13], we have calculated the branching ratios™

IIl. FINAL-STATE INTERACTIONS

for (D*,DJ)—(7",p")7() and D°—(K°,K**)5() de- %In the factorization approach, th#-exchange amplitude in
cays, as summarized in Tablésee the third columpwhere D—P,P, decay is suppressed by a factor of(mi
use has been made of the charmed meson lifet[ihéls —m2)/m31(FFH(mB)/Fg (m3)) relative to the external

on 13 W-emission(assuming that, is factored out The form factor
7(D¥)=4.15X10" " s, Fglpz(qz), which is antisymmetric irP; andP,, is suppressed at
7(D*)=1.057x10 *? s, large momentum transfer=m3 .
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that resonance-induced FSI could enhaB(:BOHEOn’) by
an order of magnitude without affecting the original good

agreement between theory and experiment Bd— K°7.
Therefore, this mechanism enables us to understand why the
decay rate ofD°—K%»’ is larger thanD°—K®z, even
though the factorizable contribution to the former is smaller
than the latter.

We will repeat the analysis ¢L7] to study the effects of

resonant FSI for the deca®—K°%»("). It turns out that the
guark-diagram approach put forward[ib8,19 is quite suit-

able for this purpose. In this approach, all two-body nonlep-
tonic weak decays of charmed mesons can be expressed in
terms of six distinct quark diagrams4, the external

FIG. 1. Contributions tdD°—K®»(#5’) from the weak decay
D°—K ™ =" followed by a resonant rescattering.

exchange oM-annihilation can account for the large dis-

: w0, 1
crﬁpanchy between f[heory and exp_erlmentDBr—>K 7" and . emission diagrami3, the internaM-emission diagrant,
D" — " 7. It remains to be seen if FSI could be the under'theW—exchange diagran®, the W-annihilation diagramé,
lying mechamsm responsible for the Iargg enhancement %e horizontaMtloop diagram; andF, the verticalW-loop
the above-mentioned decay modes. The importance of Fqjiagram. It should be stressed that these quark diagrams are
has long been realized in charm decay since some resonancggssified according to their topologies and hence they are

are known to exist at energies close to the mass of thg . Feynman graphs. The quark-diagram amplitudes
charmed meson. Consequently, the inelastic scattering ef- _ 5 o0 —~
q y 9 Sor DO—K- 7", K°#° K°%,s and K97, where 7,

fects are crucial for understanding the pattern of charm wea o - )

decays. For example, the ratiB=I(D°—K°%#%)/I'(D° =(1/ﬁ)(uu+dd) and 7s=ss, are given by(see Table Ill
—K~ ") is predicted to be only of order>310™4 in the of [18)):
naive factorization approach, while experimentally it is mea-

sured to be 0.550.06[14]. It is known that the weak decay
D°—K =" followed by the inelastic rescattering ="

—KO%7% can raiseB(D°—K°%#% dramatically and lower
B(D°—K ™ 7*) slightly.

There are several different forms of FSI: elastic scattering
and inelastic scattering such as quark exchange, resonance
formation . .., etc. As emphasized ifl7], the resonance

formation of FSI viaqq resonances is probably the most
important one. Since FSI are nonperturbative in nature, in
general it is notoriously difficult to calculate their effects.
Nevertheless, as we shall see below, the effect of resonance-
induced FSI can be estimated provided that the mass and the
width of the nearby resonances are known. Before embark-
ing on a detailed analysis, it is instructive to elucidate quali-

tatively how resonant FSI work for the decBY —K°%»’ as
an example. Consider the weak ded@$—K 7" followed
by the strong-interaction process:K™ o+ —scalar

resonances K%z’ (see Fig 1. Note that Fig. 1 has the same

A(D°— (K 1)) = ——( A+ B),

@l -

AD— (Km) )= —(2A— B+30),

Sl

A(D°—KO7pe) = —=(B+0),

Sl -

2
A(D°—KO%pg)=C. (3.2

For FSI throughqaresonances, we consider tBetype cou-
pling for the strong interactio®,P,— P’ (P’: scalar me-

topology as théV-exchange diagram, a point we will come
back to later. Denote the amplitude My(rs) when the

dd (s9 pair is created and combined with ted quarks to
form the final stat&°’. Assuming SW3) symmetry for the

dd andss creation and taking theg— ' mxing angled to
be —19.5°, it is easily seen that

A(D°—K 7' )ps=r4+2rs=3rg,
A(D°—K®p)ps=rg—rs=0,
for =—-19.5°. (3.1

Since the branching ratio d°—K~#* is large enough,
B(D°—K ™ 7%)=(3.83:0.12)% [14], it is quite plausible

son, namely «Tr(P'{P,,P,}) with « being a flavor-
symmetric strong coupling17]. Noting that K)3, does

not couple to K)o, K7, andK®z, via FSI, the strong
reaction matrixkK,, which is related to th& matrix by S,
=(14iKo)/(1—iKy), for thel =3 sector has the form:

3 V3 43
2 2 2
3.1 1

Ko=«? g 2 33
ERE T
V2 2
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in the basis ofKW)uz, Eonns, Kons. The eigenvalues
and eigenvectors of thi€, matrix are

A=3k2, (PP)1=%[\/§(K77)1,2+R077HS
+2(K%74)],

=0, (PP>2=%[—@@>M+W%S
+\2(K%%9)1,

Na=0, (PP)a=—[\2(K'7,0~Knsl. (3.4

J3

PHYSICAL REVIEW D59 014034

Gk ,
_V:svud aZX(D 7K

V2

— alX(DKvﬂ')

A(DO_>Eo77!):

cosde’—1

sing@
( (3.7

S

where a;X(PK™ is the factorizable amplitude foD°
—K ™7t and XXM =if _(m3—m2)FQ¥(m2).

In order to determine the phase shift we shall assume
that there exist nearby resonances in the charmed-meson
mass region and that the phase is related to the Breit-Wigner
resonance by

COS@)

Iy
2(m, —mp) =il

1
—(e?9—1)=sinde'’=

> (3.9

In this new basis, the weak decay amplitudes are unitarizeoh the rest frame of the charmed meson, whexg andI’,

by FSI as[17]

A(D°— (PP);)— cosse “AD°—(PP),), (3.5

as required by the unitarity of th® matrix (known as Wat-
son’s theoremwith §; being the eigenphases of thema-
trix. It is then straightforward to show from EqR.2), (3.4),

(3.5 that resonance-induced FSI amount to modifying the

W-exchange amplitude byl7]

C—C+ (cosd,e'%1—1) (3.6)

c 1
+§.A

are the mass and width of the resonance, respectively. It
follows that

Iy
. (3.9

tand=
2(m~k - mD)

For parity- vioIatingD—>PP decays, there is a'Oresonance

K3 (1950) in (6d) quark content with mass 19450
€420 MeV and width 216 34+79 MeV [14]. It is clear
from Table | that the resultant branching ratio &f°

—>E°7;’ is enhanced by resonance-induced FSI by one order

of magnitude, Wherea§°—>R°77 remains essentially unaf-
fected. Therefore, we conclude that it is the final-state inter-

action that accounts for the bulk dﬁ(DO—>EO7]') and ex-

0
and leaving the other quark-diagram amplitudes intactPlains its larger decay rate thal—K

where 8, =3«2.

arises mainly from the extern&li~emission diagram for the
decay D°— (K ), followed by final-stateqq resonance,

has the same topology as théexchange quark diagram.

We thus see that even if the short-distaéexchange van-
ishes, as commonly asserted, a long-distaMcexchange
still can be induced via FSI in resonance formation.

Substituting Eq(3.6) back into Eq.(3.2) and neglecting
the short-distanc®&V/-exchange contribution, we obtain

_ G
A(DO—KPp) = —L VXV a,XP7K)

2

— a XK

*
csVud

cosse'?—1

(cose 2

X W+ ﬁsinﬂﬂ.

This is consistent with what has been ex-
pected before: The resonance contribution to FSI, whictprocessesD?—K* ~#* K p

For decaysD®—K*%9(), they can proceed through the

*K*99(). Following the
quark-diagram notation dj‘18] that primed amplitudes are
for the case that the vector meson is produced from the
charmed quark decay, we write

_ 1 _
A(D'—K*Opg=—=(B'+C"), A(D°—K*°pg=C.
V2
(3.10
Repeating the same analysis as before, one obts@®;17]

for detailg

C—>C+ 5

(cosde'®—1),

C+C' + = (A+A )

(cosde'’—1),
(3.1

C'—C +

1 ! 1 !
S| CHC + (A+A)
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where A is the externalW-emission amplitude forD®  will only modify the magnitude and phase of the
—K p*" and A’ for D°—K* 7", Neglecting the short- W-annihilation amplitude and leave the other quark-diagram

distanceW-exchange, we obtain amplitudes unaffected:
0  1*0 1 )
AD=K""n) D—D+| D+ zA|(cosse!’~1). (3.14
G * *
= “EVAVyd @pX 7K — g (X(PK* ™) 1 X (DK.p))
\/E Hence,
cosée“s—l{cosHJr 2 0) G
—sing| |,
6 |6 3 A(D*—m*n):T;vgdvud aX(®mm
A(DOHK*O’I],) +a2(XEjDW'7])_X(SDW’77))
2 .
= G_\/Evésvud aZX(Dﬂ’YK*)_al(X(DK*'ﬂT)_’_X(DK,P)) —\/?—alx(DK'K)(cosﬁe"s— 1)
2
cos&e‘5—l/sin6 2 y cosé \/5 )]
il ———1\/zsiné| |,
6 \ G \/§cose , (3.12 3 3
. (DK*,m) _ _ . DK*, 2 . (DK, p) — G ,
with X 2f.me=Ag" (m7)(e-p,) and X AD* — ﬂ’)Z\/—gVéqud a,X(P7' ™

—2f,m,FY*(m?)(e-p_). The relevant O resonance for

D—K* 5() decays is th&(1830) with mass-1830 MeV

(Dm,7") _ y(Dm,7")
and width~250 MeV[14]. As shown in Table I, the reso- +a2(Xq Xs )

nance effect has almost no impact @P—K*°y. The V2 _
smallness of B(D°—K*°5’) of order 2x10°* is due _?alx(DK'K)(Cosgelg_l)
mainly to the severe phase-space suppression. Note that our

predictions for D°—K%»’ and K*%7; are still slightly X(ﬂ'F\/gCOSQ) (3.15
smaller than experiment and that so far we have not consid- V3 3 ' '

ered the effects of\-exchange and FSI other than resonance

formation.
) (DK,K) _; 2 2\eDK/ a2
We next turn to the Cabibbo-suppressed declys ‘WhereX iy (mp—mi) Fo™(my). _
A nearby 0" resonancey, in the charm mass region has

+ + (’) . . .
—(m"p7 ) . As notedin passing, in the absence of FSI,, i "hoon observed. We shall follof#] to employ m,
the branching ratio oD™— 7" 5 is very small, of order 90
1074, owing to a large cancellation between external and™ 1869 MeV andl’, =300 MeV, where tge mass s estl-
internal W-emission amplitudes. SincB™—K*K® has a mated from the equispacing formtﬂago:ng—mﬁ—mf,.
relatively large branching ratio,B(D*—K*K®%=(7.2  Numerically, bothB(D*—x" %) and B(D*— =" 5') are
+1.2)x 10 2 [14], it is conceivable thaD ™ — 7" 7 can re-  enhanced, in particular the former is increased by an order of
ceive significant contributions from resonant FSI through themagnitude(see Table)l

processD* —K*K%— 7" 7. (Note that =" #° does not Contrary tor* » and 7" 5’ final states, resonant FSI are
couple tomr* 77(') by strong interactions The quark diagram negllg!ble forp™(n,7") stgtes for the fpllowmg reason. The
G parity of pnp and p»n’ is even, while theJ=0, |=1

amplitudes foD* — 7" (') are given by[18] : T
meson resonance made from a quark-antiquark(pairud)

has oddG parity. This is also true for th&V-annihilation

procesxd— ud. As stressed ifi20], the evenG statep  or
pn' does not couple to any single meson resonances, nor to

A(D* K"K =—(A4-D),

N N 1 the state produced by théfannihilation diagram with no
ADD"—m ﬂns)ZE(AJFBJFZD)’ gluons emitted by the initial state before annihilation. We
would like to remark that at the factorizable amplitude level
|A(D"—p " 7")[>|A(D"—pTn)|, but B(D"—p*y')
A(D"—m" pg)=—B. (313  <B(D*—p*ty) due to the lack of phase space available to

the former.
Proceeding as before, resonance-induced coupled-channel ef- o5 for DI —m* 7](’) decays, the quark diagram ampli-
fects among the three channek: K® 7" 75,s and 7" 7,  tudes are
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A(D;HK+E°):B+D, AD; —at e = 2D, two gluons, then the_tw/o gluons hadronize into e_l_favor-
singlet 7y. Since 7= 7' cosf—znsind and the mixing
A(D; -7t py)=A. (3.16  angle @ is negative, it is evident that iB(DS —p™ 7') is

_ _ enhanced by this mechanisrB(D;—>p+77) will be sup-
The analysis of resonant coupled-channel effects is the samfessed due to the destructive interference between the ex-

asD*— 7" 5() and it leads td17] ternalW-emission and the gluon-mediated process, recalling
1 that the externalV-emission amplitudes fodJ —p* 7 and
D—D+| D+ =B (cosse*~ 1), (3.17 DS —p*n are opposite in sign. Heng:e,Lﬁ(Ds*—”o+ n')is

3 accommodated by this new mechanism, then we will have a

hard time explainindg3(DJ —p* 7). TheW-annihilation dia-
gram, which is not subject to color and helicity suppression
in (DS ,D*)—p* 5 decays, is expected to play some role.
Even a small contribution from\-annihilation, sayD/.A
~0.2, can easily increase the decay rate by a factor of 2.

where B is the internal W-emission amplitude forD/

—K*KO, Neglecting W-annihilation as before, we obtain
from Eqgs.(3.16 and(3.17) that

AD? —at 7})=&V§5Vud a, X(Ps7.m Howe\{e_r, by the_ same reasoni_ng as_shown above, when
V2 W-annihilation raises the branching ratio of one of g
> —p*p) decay modes, it will lower the other one. Third,
+?a2X(DSK*K)(c035ei5—1) the phase-space factor relevantDg —p* 7() is pc[(m%s
—mi—mi(,))2—4m§mf](,)] with p. being the c.m. momen-
v Coi9_ \ﬁsina tum. The phase-space suppressiorpgf relative topz is
J3 3 ' found to be 0.27. In order to achievB(DJ —p*7')
~B(DJ—p*5)~10%, a new mechanism must be intro-
Ge ) duced to overcome the phase-space suppression for the
ADI =7t )= —=VEV, 4 a;X(Ps7" ™ former and in the meantime it should not lower the decay
V2 rate of the latter. To our knowledge, it is difficult to speculate
2 _ such a mechanism.
+?a2X(DSK'K)(c056e'5— 1) Since the decay rates & —p* 7(") are sensitive to the

O .. _ _
form factorsFlDS” , it is advantageous to consider the ratios
, (3.18 Rn“)EF(D;HPJr??(I))/F(D;H 7)e*v) in order to test

sing 2
X| —=+ \/zcosé . Js ~ ) )
V3 3 the generalized factorization hypothesis. Neglecting
W-annihilation, factorization leads to the form-factor-

with X(DsK’K)ZifK(m%s— mz)Fo (m2). It is interesting to  independent prediction®,=2.9 andR,,=3.5, while ex-
remark thaD — 7 7 is suppressed in the presence of resoPerimentally R,=4.4+1.2 and R,,=12.0+4.3 [2]. [Our
nant FSI, whileD{ — 7" 7’ is enhancedsee Table)l This ~ value forR,, is slightly different from the resulR,, =2.9
is ascribed to the fact that the extern&temission ampli- obtained in[5] as we use a dipole® dependence for the
tudes forDJ — 7" » and#* 5’ are opposite in sign due to a form factors F?S”( )(qz).] We have argued that FSI,
relative sign difference between the form factéig*” and  W-annihilation and the production of excess from gluons
ngrz’_ are not helpful in l’Jnderstanding the very large branching
The same argument that resonance-induced FSI anf@tios of D¢ —p” 7). Hence, the very large value &,
W-annihilation without gluon emission in the initial state do remains an enigma.
not contribute to D*—p*7() also applies to DS
—>p+77('). As a consequence, the large observed branching
ratio of D —p* 7’ is surprising. Theoretically, it is very  With the improved D,DJ)—(#,7') form factors and
difficult to raise the branching ratio of then’ mode from decay constants of thg and »’, we have employed the
3.9% to the level of 10% without suppressiBy —p™ 7. generalized factorization approach to reanalyze the decays of

First, in general the effect of FSI is useful and significant forcharmed mesons into the final states containingar 77’(-)
the weak decayD— X only if there exists a decap —Y  We show that resonant FSI are able to enhai®

with a sufficiently large decay rate, i.e3(D—Y)>B(D —K%') and B(D"— " 7) by an order of magnitude.
—X), and if X and Y channels couple through FSI. For Resonance-induced couple-channel effects will suppress
D —VP decays, the branching ratio &8 —¢n* isonly D¢—m"n and enhanceD{—="75'. Contrary to D
3.6% [14], which is even smaller thaB; —p* 7. Hence, —P#') decays, resonant FSI play only a minor role for
FSl in any form are unlikely to rais8(Dy —p*7',p"7)  D°—K*%%() and do not contribute to*,D7)—p* 7).
substantially. Second, an enhancement mechanism has beg@e argue that it is difficult to understand the observed large
suggested if15] that acs pair annihilates into &V and  decay rates of the »’' andp* 5 decay modes oD/ si-

IV. CONCLUSIONS
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