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We analyzeD —PV, D— PP, andD— VYV decays within a model developed to describe the semileptonic
decaysD—VIv, andD—Ply,. This model combines the heavy quark effective Lagrangian and chiral per-
turbation theory. We determine amplitudes for decays in which the direct weak annihilation of theDnitial
meson is absent or negligible, and in which the final state interactions are small. This analysis reduces the
arbitrariness in the choice of model parameters. The calculated decay widths are in good agreement with the

experimental result§S0556-282(97)01323-4

PACS numbds): 13.20.Fc, 12.39.Fe, 12.39.Hg

I. INTRODUCTION

widths. The predictions of the model are in good agreement

with the remaining experimental data on semileptonic de-
The nonleptonidd meson decays are challenging to un-cays.

derstand theoreticalljl—14]. The short distance effects are

Another problem in the analysis of nonleptoilicmeson

now well understood15,16, but the nonperturbative tech- decays is the final state interactioSI's) [9-12,17,18
niques required for the evaluation of certain matrix elementd hese arise from the interference of different isospin states
are based on the approximate models. Often the factorizatio?f the presence of intermediate resonances, and both specta-

approximation is useil7,18,9—-12 The amplitude for the

tor and annihilation amplitudes can be affected. The FSI's

n0n|eptonic weak decay is then considered as a sum of th&€ eSpeCia”y important for the annihilation Contribution,

“spectator” contribution (Fig. 1) and the “annihilation”

which can often be successfully described by the dominance

contribution, the direct annihilation of the initial heavy me- Of nearby scalar or pseudoscalar resonafied 2. The ef-
son(Fig. 2). In the determination of the “spectator” contri- fective model developed to describe the-V(P)l v decay
bution one uses the knowledge of the hadronic matrix elewidths [19] contains only light vector and pseudosca-

ments calculated ilD meson semileptonic decays.

Recently we have developed a model for the semileptonit
decaysD—VIy, and D—Ply;, whereP andV are light
JP=0" and 1" mesons, respective[y19]. This model com-
bines heavy quark effective theoHQET) and the chiral
Lagrangians. HQET is valid at a small recoil momentum
[20,21] and can give definite predictions for heavy to light
(D—V or D—P) semileptonic decays in the kinematic re-
gion with large momentum transfey® to the lepton pair.
Unfortunately, it cannot predict thg? dependence of the
form factors[20,21]. For these reasons, we have modified
the Lagrangian for heavy and light pseudoscalar and vectc
mesons given by HQET and chiral symmet®0]. Our
model[19] gives a natural explanation of the pole-type form
factors in the wholg? range, and it determines which form
factors have a pole-type or a constant behavior, confirming
the results of the QCD sum rules analyg2®]. To demon-
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strate that this model works well, we have calculated the F|G. 1. Spectator contributions to nonleptonic two-bd@iyne-
decay widths in all measured charm meson semileptonic deson decay(a) D— PV, (b) D— P;P,, and(c) D—V,V,. The black
cays[19]. The model parameters were determined by theboxes represent the effective weak interaction BrahdV are light
experimental values of two measured semileptonic decagsudoscalar and vector mesons, resepctively.
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TABLE I. The pole masses and decay constants in GeV.
P(®, VD) P (B, Vp)
D 7 D 7 H  my fu P mp fp vomy  fy
e resonance
> .‘\ + - D 187 0.2x+0.04 = 0.14 0.13 p 0.77 0.216
V\ v Y Dy 1.97 0.24-0.04 K 0.50 0.16 K* 0.89 0.216
(B-%) VE.Y) D* 201 0.21k0.04 7 055 0.13-0.008 » 0.78 0.156
DY 2.11 0.24-0.04 ' 0.96 0.12-0.007 & 1.02 0.233

FIG. 2. Annihilation contributions to nonleptonic two-body

meson decays. The black box represents the effective weak interac- . . -
tion. In the semileptonic decays, determining the set of the solu-

tions which is in the best agreement with the experimental
lar final states and, therefore, is not applicable to the annihif€Sults for the nonleptonic decay widths. Moreover, we ob-

lation amplitudes. Consequently, in the present paper wiin @ value for the parametgd, which can not be deter-
only apply this effective model to analyze thoBe— PV mined from the semileptonic decay alone, but enters in the

D—PP, andD—VV decays in which the annihilation am- "onleptonic decays.

plitude is absent or negligible. Other FSI's might arise as ah Thﬁ paper is organ_izedf asgollows. Ig Is'ler?. I wedpreselnt
result of elastic or inelastic rescattering. In this case, thdhe effective Lagrangian for heavy and light pseudoscalar

two-body nonleptonicD meson decay amplitudes can be and_vector mesons, determined by t_he rquirements of
written in terms of isospin amplitudes and strong interactiod (QET and chiral symmetry, and we briefly review the re-

phases3]. As usual, we assume that the important contribu-SUlts Previously obtained for tri2— Vi, D— Pl decays
tions to FSI's are included in these phases. In fact, we Wililg]' In Sec. Il we analyze the nonleptonic decay widths.

avoid the effects of the FSI's strong interaction phases by nally. @ short summary of the results is given in Sec. IV.
considering only theD meson decay modes in which the
final state involves only a single isospin. Our analysis then

includes the decays D*—K*°z*, D*—p KO,
D*—K%*, D*"—=K*%", D =d®x", DI-®r",

Il. HQET AND CHPT LAGRANGIAN FOR D—V(P)Iv

We incorporate in our Lagrangian both the heavy flavor
SU(2) symmetry[23,24] and the SWB), X SU(3)g chiral
DS —®p*, D'—dw’ D°—dy, D"—p*7n(y’), and symmetry, spontaneously broken to the diagonal(3py
D= w®%(7’). [25], which can be used for the description of heavy and

To evaluate the spectator graphs for nonleptonic decayiight pseudoscalar and vector mesons. A similar Lagrangian,
(Fig. 1) we use the form factors for thB—V andD—P but without the light vector octet, was first introduced by
weak decays, calculated for the semileptonic deddy@d.  Wise[21], Burdman and Donoghy@6], and Yanet al.[27].
This explores how well their particular® behavior also ex- It was then generalized with the inclusion of light vector
plains the nonleptonic decay amplitudes. At the same timenesons if1,20,28.
the analysis of the nonleptonic decays enables us to choose The light degrees of freedom are described by the33
between different solutions for the model parameters foundHermitian matrices

W_ + E + @ ot K+
V2 V6 V3
0
_ - M8 7o 0
- T —t+ —=+— K
1= V2 6 3 @
- 5 2 770
K KO - —=ngt—
6" B
|
and for the pseudoscalar and vector mesons, respectively. The
p2+ w, 4 K mass eigenstates are defined by ngcohp— nosine!: and
2 Pu n 7' = 1gSiNdp+ 17,C0Hp, Where §p=(—20+5)° [30] is the
»-n' mixing angle. The matrice¢l) and (2) are conve-
0 . . X
P o —ppto, (*0 @) niently written in terms of
# 2 a il
. _ u=exg -/, 3
- 0
KL K*O, D,

wheref is the pseudoscalar decay constant and
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TABLE Il. The pole mesons and the constamig, K, , wp, andKp for the Cabibbo-allowed and
Cabibbo-suppressdd— VP decays. Here=cosf. ands=sinfd; and 6. is the Cabibbo angle. Thi
fimix: Famix, andf, . are functions of they-»’ mixing angled, and decay constanfs,, f,, given in Eq.

(3D).
H \Y P H' H'* Wy Ky Wp Kp
D* K*O0 wt DJ D*° a,c? 1 a,c? 1
D* pt KO D° D" a,c? 1 a,c? 1
DS @ mt DS a,c? 1 0 0
D* ® wt D*0 0 0 a,sc 1
DO @ a0 D*© 0 0 a,sc 12
D; P+ 7 D: * 0 0 aIC2 f omix
D; p* 7' Dg B 0 0 a,c? f omix
D* P+ 7 D° D** a5 ¢(f omix— Fimix) 1 —a;sc Fimix
D* p" 7' DO D** SO f omix— f 1mix) 1 —a;SC f 1mix
DO ® 7 D*0 0 0 a,sc f1mix
DO @ 7' D*° 0 0 a,sc £ mix
DO w 7 D° D*° a5 1mix— famid :I-/\/E a,sc flmix/\/z
D° o 7' D° D*0 a,S O f mix— f omix) 12 a,sc flmid V2
~ . Qv Lever™ £Iight+ iTr Ha /,L( I+ V*)H,]
p=1 Ep’“ (4) o
+|gTr[Hb7M75(A'u)baHa]
wheregy=5.9 is given by the values of the vector masses +i BT Hyv ,(V*—p*) H_]
. . bl u P" )baa
since we assume the exact vector domindd&s. Introduc- )
i i =iyt B o
ing the vector and axial vector currenf8,=3(u'd,u + WTr(HbHaH Hp). @)

+ud,u") and A,=3(u'9,u-ug,u’) and the gauge field
tensorF ,,(p)=d,p,—dp,+[p,.p,], the light meson part

of the strong Lagrangian can be written as This Lagrangian contains two unknown paramete&ys
and B, which are not determined by symmetry
f2 . arguments, and must be determined empirically. This is the
Liight= — E{IF(AMA"HZ (V.= p.)?1} most general even-parity Lagrangian of leading order

in the heavy quark massmy—c«) and the chiral

1 - - symmetry limit (m,—0 and the minimal number of
+ Z—%IV[FMV(P)F“V(P)]- () derivatives.
Both the heavy pseudoscalar and the heavy vector mesons TABLE lll. The pole mesons and the constamtg, Ky i), Wz,
are incorporated in the 4 matrix and Ky for the Cabibbo-allowed and Cabibbo-suppressed
' D—V(yV( decays. Heree=cosic and s=sinfc and 6c is the
Cabibbo angle.
Ha=3(1+9)(D},7*~Days), 6) ’

Vl V2 H ’1( H ’; W1 KV(l) Wy Kv(z)

wherea=1,2,3 is the SIB)y index of the light flavorsind

D%, andD, annihilate a spin-1 and spin-0 heavy mesa, ~D°  K*° p" Di" D*? acc® 1 ac® 1
of velocity v, respectively. They have a mass dimension 3/ A .t 5

instead of the usual 1, so that the Lagrangian is explicitly_3 p ® Ds ac . 0 0

mass independent in the heavy quark limjf—o. Defining  p° P @& D*° a,sc 142 0 0

Ho=yHIY=(D}ly*+Dlyeda+d), (@ P °» @ BT asc L 0 0O

D° o @® D*° assc 12 0 0

we can write the leading order strong Lagrangian as
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TABLE IV. Four possible solutions for the model parameters as  TABLE V. The pole mesons and the constamtg Kp(1y, W,
determined by th® * —K*° "y, data. andKp(y for theD— P 1)P ;) decay. Heree=cosf ands=sind
and 6 is the Cabibbo angle.

A [Gev~1] oy [GeVY? a, [GeVY?
Pr Py H'T H7Z w Kpgy Wy Kpp
Set | —0.34-0.07 —0.14+0.01 —0.83+0.04
Set II ~034+0.07  -0.14+001  -010:003 D' K° =" DI D*® ac® 1 ac? 1
Set Il —-0.74r0.14  —0.064-0.007 —0.60+0.03
Set IV —-0.74r0.14  —0.064-0.007  +0.18+0.03
(Vi (&,p")[(V=A)“H(p))
()2 )
We will also need the odd-parity Lagrangian for the :—ZV—(q)E#VﬂﬁE: pap’ﬁ—ie*.qmq#Ag)
heavy meson sector. The lowest order contribution to this M+ My q°

Lagrangian is given by

: € -q i
X(q2)+'(mH+mV(i))(62——q2_qM>A(1')(q2)
Log=iNTTHa0 , F4"(p) apHp - 9 _
odd [Ha " (p)apHb] 9 ) ie*.q s _ma_m\zl(i) A(i)( 2)
—mH+mV(i) PTP ), —q2 Qu [A2°(d7),
The parametex is free, but we know that this term is of the (11)
order 1A with A, being the chiral perturbation theory scale
[29]. and
In our calculation of theD meson semileptonic decays
to leading order in both M and the chiral (P(i)(p’)I(V—A)M|H(p)>
expansion we previously showed that the weak current is ) )
19 o MR Mpg) i
19 =/ (p+p), R )
1. m3—ma; .
3=31aTi (1~ ys)Hpul] H Cq,F(q?), (12)
- t
+ag Tl ysHp(p" = V*)pclcal whereq=p—p’ is the exchanged momentum and the index
" ~ o T (i) specifies the particular final mesdnd,or V. In order that
+ap Ty ysHpu o(p*=Vpelical -+ (100 these matrix elements be finite at=0, the form factors
must satisfy the relations
wherea=fyymp [21]. The @, term was first considered in my + My my— My
[20]. We found[19] that thea, gives a contribution of the Ao(0)+ 2my A1(0)— 2my Ay(0)=0, (13
same order in M and the chiral expansion as the term pro-
portional to«;. F1(0)=Fq(0), (14
The H—V and H—P current matrix elements can be
quite generally written as and, therefore, are not free parameters.

TABLE VI. The braching ratios for the decays that depend only on the parameTére second and third
columns give the predictions for the two possible valgesand g-., while the fourth column gives the
experimental braching ratid80]. The theoretical error bars are due to the uncertainty of the parameter

B[ %] B[ %] Bexd %]
g=g.=-0.96+0.18 g=g-=0.15-0.08
D —da" 0.60+0.41 0.40-0.12 0.61-0.06
Di—pty 9.1+7.2 9.0:2.5 10.3-3.2
Di—p*y 4.5+3.0 45-1.3 12.0-4.5
DKo+ 4.23+2.2 2.2:0.7 2.74-0.29
DO—dy 0.02+0.02 0.0180.005 <0.28

D—® 7O 0.08+0.52 0.070.02 <0.14
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100 ¢ Finally, we include SB) symmetry breaking by using
| the physical masses and decay constants shown in Table I.
9.0 7 The decay constants for thgand %’ were taken fronj31],
\theory for the light vector mesons froffl1], and for theD mesons
80 | | from [32-34.
' | The relevant form factors fdd — V decays defined in Eq.
o (11) calculated in our moddl19] are
— 60 1 K VO(g?)=(my+my)
S V(i)
< % m V2 m g
X 50+ 1k (i 1k (i
A X| 2 ::ln (I)> > H 2(|) er*(i))\_Vy
2 H A"~ My V2
5 40t
B (15)
R I
experimenti | 1 (i) 2 1 /er(i) 12 q?
20 V(i) Vil My 9*—my.)
, m 1
10 - i , + R -2
‘ PO Myiy = 2
1\\\\ L //// | | 2 2
00,3 31 09 07 05 03 01 o0 . QP+mi—my,, [ my Qv
g X 2 Mo Ay | —= (16)
mi, Vi) |2
FIG. 3. The branching ratio fob " — Ko7+ dependance og. 1 m
The solid parts of the dashed line indicate the allowed ranggs. of _A(li)(qZ) =—21 /—Halg, (17)
andg- . Kv(iy my+myi) 2
(18)
In order to extrapolate the amplitude from the zero recoil d
point to the rest of the allowed kinematical region we have
made a very simple, physically motivated, assumptibime 1 4
vertices do not change significantly, while the propagators of _Ag)(qz) —| _ Maz v (19)
the off-shell heavy mesons are given by the full propagators Kvii) myvVMmy V2

1/(p?>—m?) instead of the HQET propagatork/(2mo - k)

[19]. With these assumptions we are able to incorporate thevhere the pole mesons and the constdfyg,, which con-
following features: the HQET prediction almost exactly attribute to the corresponding processd3—PV and
the maximumg?, a natural explanation for the pole-type D—V)V(z), are given in Tables Il and IIl, respectively.

form factors when appropriate, and predictions of fat

confirmed in the QCD sum rule analysis [@?2].

TABLE VII. The braching ratios for the decays that depend only on the set of paranagtess, and\

with 8=0. The second, third, fourth, and fifth columns give the predictions for sets I, Il, lll, and IV, while

the sixth column gives the experimental braching rafi®@]. The theoretical error bars are due to the
uncertainty in parameters;, a,, and\.

By %] By %] By %] By %] Bexd %]
set | set Il set Il set IV

DI —-®n" 5.6£0.3 2.2:0.1 5.1+0.3 3510 3.6:0.9
D;~><I>p+ 4.4+0.8 7.5-1.0 3511 5.0-1.5 6.72.3
D—dp° 0.029+0.005 0.03&0.007 0.01Z0.004 0.01%0.005 0.13%+0.03
D*HW%* 2.9+0.4 5.2-0.7 27711 3.8:14 2114
Df—dp* 0.14+0.03 0.19-0.03 0.06-0.02 0.085-0.03 <15
D'—dw 0.028+0.004 0.036:0.004 0.01%*0.004 0.01%0.004 <0.21

We determined the three parametexs &;, ay) in [19]
behavior for the form factorg\; and A,, which has been using the three measured values of helicity amplitudes
I''T=0.048-0.004, I' /T't=1.23+0.13, andI' , /T _=
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0.16+0.04 for the proces® " —K*° *y,, taken from the
Particle Data Group average of all the dg2f]. The param-

eter 8 could not be determined from this decay rate, sincd®

Ao(g?) cannot be observed in the semileptonic decays.

The model parameters appear linearly in the form factor

(15-(19), and so the polarized decay rafeg I' . , andI" _

are quadratic functions of them. For this reason there are

eight sets of solutions for the three parametérse(,a,). It
was found from the analysis of the strong decBys—D
and electromagnetic decafps — D y [28] that the parameter
\ has the same sign as the paramatemwhich describes the
contribution of the magnetic moment of the hedeharm
quark. In the heavy quark limit we have’=—1/(6m.).

Assuming that the finite mass effects are not so large as s

change the sign, we find that<0. Therefore only four so-
lutions remain. They are shown in Table IV.

The calculated branching ratios and polarization variable®s —p* 7’

for the other semileptonic decays of the tyPe-V are in
agreement with all the known experimental dgtA].

In our approach the form factors f@— P decays are
given by[19]

1 . 1 f
—F(I) 2 = _—H+ f % (i
Ke) 1(99) fP(i)( 2 gThr= (i)

My iy VMyMy 7
% H ;I) 2H H (I))' (20)
Q"= My«
1 . 1 fu my
FOG) = | — gy
Ko, 0 (9%) ool 2 9fhr i) Moy
q2
T2
H— Mp()
_fH mH
X T‘Fngr*(i) \[— ),
er*(i)
(21)

where the pole mesons and the constdfig,, which con-
tribute to the corresponding processdé3—PV and

D—P )P, are givenin Tables Il and V, respectively. We

neglected the lepton mass, and so the form fagtprwhich
multiplies g#, did not contribute to the decay width.

Using the best known experimental branching ratio

B[D°—K™1"»,]=(3.68+0.21)%[30], we found two solu-
tions forg:

solution 1g=g- =0.15+0.08;

solution 2g=g_.=—0.96+0.18. (22

The quoted error fog-. is mainly due to the uncertainty in

the valuef, while the quoted error fog.. is mainly due to

the uncertainty infy». Unfortunately we were not able to
S

choose between the two possible solutionsgfam Egs.(22).
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TABLE VIII. The predicted(column 2 and measurefB0] (col-
umn 3 branching ratios. The theoretical predictions are calculated

r the optimal choice of the parameterg=0.15+0.08,
B=3.5+3, and set (Table 1V). The theoretical error bars are due

éo the uncertainty in parametegs 8, a4, a,, and\.

cay B[ %] Bexpl %]
Dt K*07* 2.4+1.2 1.92+0.19
D*—p KO 6.6+3.0 6.6-2.5
Df—®rt 0.40+0.12 0.61-0.06
P 5.4+0.5 3.6:0.9
Di—p'y 9.0+2.5 10.3-3.2
45+1.3 12.0:4.5

D*—Kom+ 2.2+0.7 2.74-0.29
DI —dp” 4.4+0.8 6.7:2.3
DO—dp° 0.029+0.005 0.11#+0.03
D* K*%p* 2.9+0.4 2.1+1.4
o+
D =prm o.os¢£§5 <12

o
D=pm 0.02t£§2 <13
D'—dy 0.018+0.005 <0.28
D~ wy 0.09+0.03 -
D— w7y’ 0.015+0.015 -
D~ d 70 0.07+0.02 <0.14
Df—dp* 0.14+0.03 <15
D'—dw 0.028+0.004 <0.21

IIl. NONLEPTONIC DECAYS

The effective Hamiltonian for charm decays is given by

Ge

V2

+a,(ul,c)(qiT*q;)},

Hw=—=VeiVi{ai(ul ;) (qT*c)

(23

where V,y is an element of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix, i andj stand ford or s quark
flavors,I" = yﬂ(l—'ys), anda,; anda, are the Wilson co-
efficients:

a;=1.26+0.04, a,=—0.51*+0.05. (24)
These values are taken frofi5,17,18,% and they are in
agreement with the next-to-leading order calculatia®).
The factorization approach in two-body nonleptonic decays
means one can write the amplitude in the form
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AB|qiT",q;q,*c|D)y=(A|qil",,q;|0)(B| I *c|D G
(AB|qiT" ,q;q,I*c|D)=( Iq._,LqJI S qu_ D) M(D(p)—>PV(e*))=T;e*-p2mv[—WVKprA0(m§.)
+(B|ail",a;|0)(A[qiI"*c|D)
_ _ +wpKpfyF1(md)]. (30
+(AB| T ,0;|0)(0[ ;I *c| D). v
(25) The factorswy, wp, Ky, and Kp are given in Table II,
while the masses and decay constants are given in Table I. In
the cases when the and»’ mesons are in the final state the

. . ! factorsKy andKp depend on they -5’ mixing angled, and
In our calculations we take into account only the first tWOdecay constants , and f,, through the functionsf;y,

co.ntrlbutlor?s. The last one is Fhe ann|h|lat|on _contnbuuonfimix, fomie @ndf,. . defined by
(Fig. 2), which is absent or negligible in the particular decay
modes we consider. In other decays this contribution was

found to be rather importafi7,18,11,3. It was pointed out (o f,[1+c? sc
in [17,18,10,12 that the simple dominance by the lightest 1mix_ﬁ f, + i1
scalar or pseudoscalar mesongAB|q;I",,q;|0) cannot ex- !
plain the rather large contribution present in some of the )
nonleptonic decays, which we will not consider. Our model R SC+ 1+s
[19], being rather poor in the number of resonances, is ap- 1mix_ﬁ E i
plicable to the analysis of the spectator amplitudes, but not 7
the annihilation contributions.

We will use the following definitions of the light meson ; f, 1-5c¢? 5sc
and the heavy meson couplings: 2mix 8 T, i )

_ _ , f,|—-5sc 1-58
(P(p)|jl0)=—ifpp,, (26) fzmrﬁ £ + —fn’ : (31

wheres=sinfp andc=co;.
In Fig. Ab) we show the contributions to the decay
(V(p,e*)|j#|0):mvae;, (27 D— P,P,, which leads to the amplitude

M(D(p)—P1)P2)

(0j |D(P))=—ifpm (28) —&[—iw Kpn Fp(mi—m3 ) FP(m3 )
Ju pMpV _\/E 1Kp)Tp2)(My P10 P(2)
_inKP(2)fP(1)(ma_mé(z))Fg)z)(m%(l))]-
(0]j ,|D* (&,P))=impxfpre, . (29) (32

The factorswy, wy, Kp(1y, andKp, are presented in Table
V.

Then using Egs11) and(12) we can write the amplitude for Finally, we find theD—V 1)V, decay amplitudgFig.

the nonleptonic decalp — PV processe$Fig. 1(a)] as 1(c)] to be

G 2vAD(m2, )
_ F ( V(2) uvaf _* . (1)
M(D(p)—>V(1)(P1,61)1V(2)(p2,62))—E W1 Ky 1) fviyMy2) €2, _—mH+mv(1) € €1,PoP1gT 1 (My+mMyq)) A7
AP M2 )
2 AT My
X(mv(z))ﬁf*_| —mH+mV(1) €1 - Pva(P+Pva)* |+ WaKy 2 fyyMy)
2VA(mg, )
(1) va H 2 2
X€y,l — —mH+mV(2)‘8” ngypapZ,B—'—l(mH_i_mV(Z))AgL )(mV(l))
AR (m{ 1)
(1)
X eh* x. + K. 33
€2 M+ Myz) € - Pvi(P+Pv2) (33
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The factorswy, wy, Ky(1y, andKy ) for D—V )V () pro- In addition to the above two types of nonleptonic decays,

cesses are given in Table Ill. o there are two measured branching ratios Bof—K* 07"
In order to avoid the strong interaction final state effeCtsandD+—>p+W Their decay amplitudes depend on bgth
in the interference between different final isospin states we, |+ o paraméteﬂs oy, and a,. The branching ratio for

analyze decays in which the final state involves only a single_ K*0+ which i " . h
isospin. This occurs when there is an isospin-0 particle in thd — 7", Which Is not sensitive tg since thew mass

final state @, ®, 7, 7'), or when a final state has the maxi- is small, excludes the parametgr, sets Il and IV, and
mal third component of the isospin; for example, prefers
Df—K*%", D'—p*'K*°, D'—K%", and D'— g=g-=0.15-0.08 and set(Table V).
K*Op™ with |1,15)=]3/2,3/2). o

Our analysis of semileptonic decay®—V(P)lv, [19]  From theD " —p*KO decay, which ha& pseudoscalar me-
left some ambiguity in the choice of the model parametersson in the final state, one can then estimate the parargeter
There are two values @f (g, andg-.), Egs.(22), and four  Unfortunately, this decay has a considerable experimental
solutions for the parameters\ ( a;, a,) (Table IV). The  error,B=(6.6+2.5)%[30], which results in large error iB:
calculated nonleptonic decay amplitudes depend on the
choice of these parameters. However, although the uncertain- B=3.5+3. (34)
ties are quite large, they are mostly due to the calculated
errors ing< andg>, Eqs(22)’ which is in turn due to the The pFEdiCtiOI'IS for the branching ratios for the possible
uncertainty infy and fp+: The only parameter that is not decays are presented in Table VIII assuming set o,

constrained by the semileptonic decay data is the paramet&fd@2: g;g>t=0£r1]5t0.08,ta_ncti_[3=3.5ttr]3. Thz qluoted er-t
B in the form factorA,, but the predictions for the nonlep- rors are due 1o Ihe uncertainties n the model parameters,

tonic decay rates are not very sensitivegtoFrom Eqs(30) mainly g.

and (16) it can easily be seen th# appears multiplied by

m% in theD— PV decay width and is only significant for the IV. SUMMARY

decaysD— PV, whereP is K, 7, or »'. We have calculated the branching ratios for the nonlep-

First we discuss the results for the decay amplitudesgnic decay mode® — PV, D—P,P,, and D—V,V, in
which depend only on the form factoFs andF, and con-  which the annihilation contribution is absent or negligible,
sequently only on the parametgr namely, D" —K%™, and in which the final state involves only a single isospin in
D*—®x", DS —p n(n'),D%—dy, andD°—~d 7% The order to avoid the effects of strong interaction phases. Fac-
predicted branching ratios for the two different valps  torization of the matrix elements was then assumed and we
and g- are given in Table VI. The comparison with the used the effective model developed to describe the semilep-
experimental data in Table VI does not exclude either of théonic decaysD—V(P)l v, to calculate the nonleptonic ma-
values forg, g, or g~ . For example, Fig. 3 presents the trix elements. We reproduced the experimental results for

dependence of the branching ratio o —~K°* on the ~branching ratios for theD*—K*°z*, D*—p'K",
parameterg to illustrate that the uncertainty in the calcula- Ds+—><I>7-r+, Ds*_>p+7,, D*—K%, Ds+—>q)p+, and
tion depends sensitively on the uncertainty in the vajue p+_,x0,+ gecays, albeit within substantial uncertainties.
However, th_e calculated rates shown in Table VIII, below,\ye a1s0 determined the set of parametesar, ,@,, andg,
do' agree with the experimental data though+thfa Brrors arghich gave the best agreement with the experimental results,
quite large, except pgrhaps for the de@g_’_)P - and used this set of parameters to estimate the paragfeter

Next, we summarize the results obtained for the decayF, . . +  +TO

; rom the branching ratio fob " — p"K". We then made the
which depend only on the form factok§ Ay, A4, andA,, dicti f b f | ic d hich
and consequently only on the parametersi, a,), namely predictions for a number of nonleptonic decay rates whic

n . 0 o '_2(') ' have not yet been measured.
D —®n", D —Pp", D°—-dp° andD " —K*%". The
decayD; —® 7" depends also on the paramegrbut this
dependence is very slight, since the light pseudoscalar meson
in the final state is ar. The branching ratios for sets I, Il Il, This work was supported in part by the Ministry of Sci-
and IV in Table IV with=0 are shown in Table VII. The ence and Technology of the Republic of Slove(i8eB., S.F.,
results for all sets are in rather good agreement with thend S.P, by the U.S. Department of Energy, Division of
experimental data, with the exception BP—®p° which  High Energy Physics, under Grant No. DE-FG02-91-
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