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We analyze charm meson semileptonic decays using the measured ratiosGL /GT and G1 /G2 from
D→K̄* and the branching ratios forD→K̄* andD→K̄. First we introduce the light vector mesons in a mode
which combines the heavy quark effective Lagrangian and the chiral perturbation approach. We prop
method which predicts the behavior of the form factors. Using the available experimental data we dete
the values of some model parameters and reproduce the observed branching ratios forDs→F,
Ds→(h1h8), andD→p. We make predictions for the yet unmeasured branching ratios and polariza
observables.@S0556-2821~96!04509-2#

PACS number~s!: 13.20.Fc, 12.39.Fe, 12.39.Hg
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I. INTRODUCTION

There exist several theoretical calculations aiming to d
scribeD→Vln (V is a light vector meson! or D→Pln (P is
a light pseudoscalar meson! semileptonic decays: relativistic
or nonrelativistic quark models@1–4#, lattice calculations
@5#, QCD sum rules@6#, and a few attempts to use the heav
quark effective theory~HQET! @7–9#. On the experimental
side the following quantities regarding semileptonic cha
meson decays have been measured: the branching r
B, GL /GT , andG1 /G2 for D1→K̄* 0 and the branching
ratios B for D0→K*2, Ds

1→F, D0→K2, D1→K̄0,
Ds

1→(h1h8), D0→p2, andD1→p0 @10#. The purpose
of this paper is to accommodate these available experime
data within a combination of HQET and the chiral perturb
tion theory ~CHPT! description of the light meson secto
Within this framework the HQET is valid at small reco
momentum @11,12# ~a zero recoil momentum is realize
when the final and decaying meson states have the s
velocities!. HQET can give definite predictions for heavy t
light (D→V orD→P) semileptonic decays in the kinemati
region with large momentum transfer to the lepton pair, i.
largeq2. Unfortunately, it cannot predict theq2 dependence
of the form factors.

The experimental data for the semileptonic deca
D0→K2 @13#, D1→K̄0 @14#, andD1→K̄* 0 @15,16# are un-
fortunately not good enough to clearly determine theq2 de-
pendence of the form factors. Experimentally what is know
apart from the branching ratios, are the form factors at o
kinematical point,assuminga pole-type behavior for all the
form factors. The same assumption is used also in m
theoretical calculations, for example in@1,8#. This assump-
tion seems reasonable, but within HQET the kinematic co
straint on the form factors atq250 cannot be satisfied unles
a special relation is imposed between the pole masses
residues. Moreover, it was shown using QCD sum rules@6#
531/96/53~9!/4957~7!/$10.00
e-

y

rm
atios

ntal
a-
r.
il
d
ame
o
c
e.,

ys

n,
ne

any

n-
s
and

that the form factors for axial currents exhibit a rather fla
q2 dependence.

For these reasons, we will modify the Lagrangian fo
heavy and light pseudoscalar and vector mesons given by
HQET and chiral symmetry@7#. Apart from the zero-recoil
point we will still use the same Feynman rules for the vert
ces in our processes, but write down the complete propaga
also for heavy mesons, instead of using the HQET propag
tor. In the region where the heavy meson is nearly on-sh
~the region where HQET is applicable! the two prescriptions
almost perfectly overlap, but due to a Feynman rule prescr
tion for the calculation of the form factors, there are no in
consistencies atq250. At the same time this gives a natura
explanation of the pole-type form factors in the wholeq2

range and an entirely consistent picture. It enables us to d
termine which form factors have a pole-type or a consta
behavior, confirming the results of the QCD sum rules anal
sis @6#.

In order to show that such a simple prescription work
we will calculate the decay widths in all measured char
meson semileptonic decays. The model parameters will th
be determined by the experimental data. These parame
are also important in the study of more complicated decay

The paper is organized as follows. In Sec. II we will firs
write down the already known Lagrangian for heavy an
light pseudoscalar and vector mesons, given by the requi
ments of HQET and chiral symmetry. In Sec. III we will
explain the behavior of the form factors in decaysD→V and
D→P. The free model parameters will then be determine
by comparing our approach with experiment. Finally, a sho
summary of the results will be given in Sec. IV.

II. THE HQET AND CHPT LAGRANGIAN

A. Strong interactions

We incorporate in our Lagrangian both the heavy flavo
SU~2! symmetry @11,17# with the SU~3! L3SU(3)R chiral
4957 © 1996 The American Physical Society
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4958 53B. BAJC, S. FAJFER, AND ROBERT J. OAKES
symmetry, spontaneously broken to the diagonal SU~3!V ,
@20# which can be used for the description of heavy and lig
pseudoscalar and vector mesons. A similar Lagrangian,
without the light vector octet, was first introduced by Wis
@12#, Burdman and Donoghue@18#, and Yanet al. @19#. It
was then generalized with the inclusion of light vector m
sons in@7,9,21#.

The light degrees of freedom are described by the 333
Hermitian matrices

P5S p0

A2
1

h8

A6
1

h0

A3
p1 K1

p2 2p0

A2
1

h8

A6
1

h0

A3
K0

K2 K̄0 2
2

A6
h8 1

h0

A3

D
~1!

and

rm5S rm
01vm

A2
rm

1 Km*
1

rm
2 2rm

01vm

A2
Km*

0

Km*
2 K̄* 0m Fm

D ~2!

for the pseudoscalar and vector mesons, respectively.
mass eigenstates are defined byh5h8cosuP2h0sinuP and
h85h8sinuP1h0cosuP , whereuP5(22065)° @10# is the
h-h8 mixing angle. The matrices~1! and ~2! are usually
expressed through the combinations

u5expS iPf D , ~3!

where f is the pseudoscalar decay constant, and

r̂m5 i
gV

A2
rm , ~4!

wheregV55.9 is given by the values of the vector mass
~we consider only the case of exact vector dominance;
@21#!.

Introducing the vector and axial currentsV m5 1
2

(u†]mu1u]mu
†) and Am5 1

2(u
†]mu2u]mu

†) and the
gauge field tensorFmn( r̂)5]mr̂n2]nr̂m1@ r̂m ,r̂n# the light
meson part of the strong Lagrangian can be written as

L light52
f 2

2
$tr~AmA

m!12 tr@~V m2 r̂m!2#%

1
1

2gV
2tr@Fmn~ r̂ !Fmn~ r̂ !#. ~5!

Both the heavy pseudoscalar and the heavy vector mes
are incorporated in the 434 matrix
ht
but
e

e-

The

es
see

ons

Ha5
1
2 ~11v” !~Dam* gm2Dag5!, ~6!

wherea51,2,3 is the SU~3!V index of the light flavors, and
Dam* and Da annihilate a spin 1 and spin 0 heavy meson
cq̄a of velocity v, respectively. They have a mass dimensio
3/2 instead of the usual 1, so that the Lagrangian is explicit
mass independent in the heavy quark limitmc→`. Defining

H̄a5g0Ha
†g05~Dam*

†gm1Da
†g5!

1
2 ~11v” !, ~7!

we can write the leading order strong Lagrangian as

Leven5L light1 i Tr@Havm~]m1V m!H̄a#

1 ig Tr@Hbgmg5~A
m!baH̄a#

1 ib Tr@Hbvm~V m2 r̂m!baH̄a#

1
b2

4 f 2
Tr~H̄bHaH̄aHb!. ~8!

This Lagrangian contains two unknown parameters,g and
b, which are not determined by symmetry arguments, an
must be determined empirically. This is the most gener
even-parity Lagrangian in leading order of the heavy quar
mass (mQ→`) and chiral symmetry limit (mq→0 and the
minimal number of derivatives!.

We will also need the odd-parity Lagrangian for the
heavy meson sector. The lowest order contribution to th
Lagrangian is given by

Lodd5 il Tr@HasmnF
mn~ r̂ !abH̄b#. ~9!

The parameterl is free, but we know that this term is of the
order 1/Lx with Lx being the chiral perturbation theory scale
@22#.

B. Weak interactions

For the semileptonic decays the weak Lagrangian is give
at the quark level by the current-current Fermi interaction

LSL
eff~Dc5Ds51!52

GF

A2
@~ l̄ ul !

m~ s̄8c!m#, ~10!

where GF is the Fermi constant, (c̄1c2)
m[c̄1g

m(1
2g5)c2 , ands85s cosuC1d sinuC , uC being the Cabibbo
angle (sinuC'0.222).

At the meson level we assume that the weak current tran
forms as (3̄L,1R) under chiral SU~3! L3SU(3)R and is linear
in the heavy meson field. The most general current can th
be written as

Jl5~D* mÂml1DB̂l!u†. ~11!

The leading order in the 1/M expansion is obtained by de-
manding that the operatorsÂ andB̂ do not act as derivatives
on the heavy meson fieldsD andD* @23#. We can generally
expandÂml and B̂l in powers of the operators

Ôm
~1!5 r̂m2V m , Ôm

~2!5Am , Ôm
~3!5]m1V m , ~12!
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53 4959EFFECTIVE MODEL FOR CHARMED MESON SEMILEPTONIC DECAYS
which are, together with the quark mass matrix insertion,
basic operators in our model with the correct transformat
properties. Using the standard~chiral! power counting rules
@24#, it is easily shown that the operators~12! count as order
O(E), having each one derivative or one~light! vector field,
while the mass matrix is of higher order,O(E2). Expanding
Â andB̂ to orderO(E), i.e., to the linear order in powers o
the operators~12!, we get, recalling thatvmD*

m50, where
v is the heavy meson four-velocity,

Âml5Agml1@B1,ig
mlva1B2,ig

mavl1B3,i i e
mlabvb#Ô a

~ i !

1•••, ~13!

B̂l5Cvl1@D1,ig
la1D2,iv

lva#Ô a
~ i !1•••. ~14!

It is clear that such an expansion is achiral expansion,
i.e., in powers of energyE, and neednot be a heavy quark
expansion in powers of 1/M , as it is sometimes assume
@25#. The current~11! together with~13! and~14! is the most
general one in our model to orderO(M0) in the heavy quark
expansion and to orderO(E0) andO(E) in the chiral expan-
sion.

The O(E0) coefficients,A and C, can be expressed in
terms of the heavy meson pseudoscalar and vector de
constantsf D and f D* , which are equal in the heavy quar
limit @11#, while no such relations exist between the coef
cientsBi ,k ~13! andDi ,k ~14!. However, due to the relation
Ôm
(3)u†52Ôm

(2)u†, only the operatorsÔm
(1) andÔm

(2) are im-
portant at orderO(E).

In our calculation of theD meson semileptonic decays t
leading order in both 1/M and the chiral expansion we wil
need only the current proportional toD, DP, orD* at order
O(E0) and the current proportional toDV at orderO(E).
Consequently, we can rewrite Eq.~11! with ~13! and~14! as
the
ion

f

d

cay
k
fi-

o
l

Ja
m5 1

2 iaTr@gm~12g5!Hbuba
† #

1a1Tr@g5Hb~ r̂m2V m!bcuca
† #

1a2Tr@gmg5Hbva~ r̂a2V a!bcuca
† #1•••, ~15!

wherea5 f DAmD @12#. Thea1 term was first considered in
@7#. We also include thea2 term, as we must, since it is of
the same order in the 1/M and chiral expansion as the term
proportional toa1 . We will also see that the term propor-
tional toa2 is very important for the phenomenology of the
semileptonic decays and that it cannot be neglected. In t
next section we will determinea1 anda2 from the experi-
mental data on semileptonicD meson decays.

III. FORM FACTORS FOR D˜V/P

The description of semileptonic decays is known near th
zero-recoil point, but for the calculation of the branching
ratios we need to extrapolate the form factors to differen
kinematical regions, defined by the square of the transf
momentumq2. This has been done using the QCD sum-rul
analysis@6#, quark models@1–4#, and lattice calculations@5#.
Within a Lagrangian approach this is more difficult, since th
form of the interactions is known only in the heavy meson
mass limit near zero recoil. Therefore it was assumed in@1#
and @8#, that all form factors are pole-type functions ofq2,
but with different pole masses. With the known values o
form factors in the zero-recoil limit, given by the HQET, the
form factors in the whole kinematic region then seem to b
determined. However, this prescription possesses som
shortcomings, which can be seen as follows: theH→V and
H→P current matrix elements can be quite generally param
etrized as
^V~e,p8!u~V2A!muH~p!&52
2V~q2!

mH1mV
emnaben* pap8b2 i e* •q

2mV

q2
qmA0~q

2!1 i ~mH1mV!S em*2
e* •q
q2

qmDA1~q
2!

2
i e* •q
mH1mV

S ~p1p8!m2
mH
2 2mV

2

q2
qmDA2~q

2! ~16!
he

m-
on,
st-
d,
and

^P~p8!u~V2A!muH~p!&5F ~p1p8!m2
mH
2 2mP

2

q2
qmG

3F1~q
2!1

mH
2 2mP

2

q2
qmF0~q

2!,

~17!

whereq5p2p8 is the exchanged momentum. In order th
these matrix elements are finite atq250, the form factors
must satisfy the relations
at

A0~0!1
mH1mV

2mV
A1~0!2

mH2mV

2mV
A2~0!50 , ~18!

F1~0!5F0~0!. ~19!

But these equations cannot be satisfied by calculating t
form factors at zero recoil whereq25qmax

2 5(mH2mV(P))
2

and then extrapolating them toq250 assuming a simple pole
q2 dependence, unless a relation between the model para
eters is imposed. It is unreasonable to assume such a relati
since the pole masses are taken from the measured lowe
lying resonances with the correct quantum numbers an
therefore, are not free parameters.
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The problem, therefore, is how to extrapolate the amp
tude from the zero recoil point to the rest of the allowe
kinematical region. We shall make a very simple, physica
motivated, assumption: the vertices do not change sign
cantly, while the propagators of the off-shell heavy meso
are given by the full propagators 1/(p22m2) instead of the
HQET propagators 1/(2mv•k). With these assumptions we
are able to incorporate the following features:~i! almost ex-
actly the HQET prediction at the maximumq2; ~ii ! a natural
explanation for the pole-type form factors when appropria
~iii ! predictions of flatq2 behavior for the form factorsA1

and A2 , which has been confirmed in the QCD sum-ru
analysis of@6#.

Our approach is different than in@7,8#, where a pole
dominance prescription for theq2 dependence of the form
factors was assumed, as in the data analysis of the sem
tonic D0→K2 @13#, D1→K̄0 @14#, andD1→K̄* 0 @15,16#.
In contrast, we calculate the form factors directly from o
Lagrangian. For the strongly off-shell charm meson prop
gator we take the complete expression 1/(q22mD

2 ) rather
than the heavy meson limit 1/(2mDvk), wherek5q2mDv
is the residual momentum~assuming for the moment the
degeneracy of theD2D* system!. The difference between
the two approaches atqmax

2 is less than 25%. Also, in our
approach the pole structure 1/(12q2/mD

2 ) of certain dia-
grams is a direct consequence of theD or D* full propaga-
tors. From the other side, not all diagrams have intermed
D or D* mesons and then such aq2 dependence is absen
Consequently, we have a very simple way to determine
particular form factor has a pole-type behavior, a const
behavior, or some combination.

Finally, we include SU~3! symmetry breaking by using
the physical masses and decay constants shown in Tab
The decay constants forh andh8 were taken from@26#, for
Ds from @27#, while for the otherD ’s theoretical predictions
were used@28#.

A. DecaysD˜Vln l

There are three possible Cabibbo allowed semilepto
decays (D0→K*2, D1→K̄* 0, andDs1→F) and four pos-
sible Cabibbo suppressed semileptonic decays (D0→r2,
D1→r0, D1→v, andDs

1→K* 0) of the charmed mesons
of the typeD→Vln l . The relevant form factors defined in
~16!, calculated in our model, are

1

KHV
V~q2!5F2~mH1mV!SmH8*

mH
D 1/2 mH8*

q22mH8*
2 f H8*lG gVA2

,

~20!

TABLE I. The pole masses and decay constants in GeV.

H mH fH P mP f P V mV

D 1.87 0.2460.05 p 0.14 0.13 r 0.77
Ds 1.97 0.2760.05 K 0.50 0.16 K* 0.89
D* 2.01 0.2460.05 h 0.55 0.1360.008 v 0.78
Ds* 2.11 0.2760.05 h8 0.96 0.1160.007 F 1.02
li-
d
lly
ifi-
ns

te;

le

ilep-

ur
a-

iate
t.
if a
ant

le I.

nic

1

KHV
A0~q

2!5F 1

mV
SmH8
mH

D 1/2 q2

q22mH8
2 f H8b2

AmH

mV
a1

1
1

2 S q21mH
2 2mV

2

mH
2 D AmH

mV
a2G gVA2

, ~21!

1

KHV
A1~q

2!5F2
2AmH

mH1mV
a1G gVA2

, ~22!

1

KHV
A2~q

2!5F2
mH1mV

mHAmH

a2G gVA2
, ~23!

where the pole mesons and the corresponding consta
KHV are given in Table II. It is convenient to introduce the
helicity amplitudes for the decayH→Vl1n l as in @6#:

H6~y!51~mH1mV!A1~y!7
2mHup8W ~y!u
mH1mV

V~y!, ~24!

H0~y!51
mH1mV

2mHmVAy
@mH

2 ~12y!2mV
2 #A1~y!

2
2mHup8W ~y!u2

mV~mH1mV!Ay
A2~y!, ~25!

where

y5
q2

mH
2 , ~26!

and

up8W ~y!u25
@mH

2 ~12y!1mV
2 #2

4mH
2 2mV

2 . ~27!

In order to compare with experiment, we calculate th
decay rates for polarized final light vector mesons:

Ga5
GF
2mH

2

96p3 E
0

ym
dyyup8W ~y!uuHa~y!u2, ~28!

TABLE II. The pole mesons and the constantsKHV for the
D→V Cabibbo allowed and Cabibbo suppressed semileptonic d
cays.

H V H8* H8 KHV

D0 K*2 Ds*
1 Ds

1 cosuC
D1 K̄* 0 Ds*

1 Ds
1 cosuC

Ds
1 F Ds*

1 Ds
1 cosuC

D0 r2 D*1 D1 sinuC
D1 r0 D*1 D1

2
1

A2
sinuC

D1 v D*1 D1
1

A2
sinuC

Ds
1 K* 0 D*1 D1 sinuC
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wherea51,2,0 and

ym5S 12
mV

mH
D 2. ~29!

The transverse, longitudinal, and total decay rates are th
trivially given by

GT5G11G2 , ~30!

GL5G0 , ~31!

G5GT1GL . ~32!

We must fit three parameters (l, a1 , a2) using the three
measured values G/G tot50.04860.004, GL /GT51.23
60.13, and G1 /G250.1660.04 for the process
D1→K̄* 0l1n l , taken from the Particle Data Group averag
of data from different experiments@10#. Unfortunately we
are not able to determine the parameterb sinceA0(q

2) can-
not be observed.

Our model parameters appear linearly in the form facto
~20!–~23! and hence in the helicity amplitudes~24!, ~25!, so
the polarized decay rates~28! are quadratic functions of
them. For this reason there are eight sets of solutions for
three parameters (l,a1 ,a2). It was found from the analysis
of the strong decaysD*→Dp and electromagnetic decays
D*→Dg @21# that the parameterl has the same sign as the
parameterl8, which describes the contribution of the mag
netic moment of the heavy~charm! quark. In the heavy quark
limit we havel8521/(6mc). Assuming that the finite mass
effects are not so large as to change the sign, we find t
l,0. Therefore only four solutions remain. They are show
in Table III. The errors in Table III were calculated from th
experimental errors and the uncertainty in the value
f Ds* ~Table I!.
With these experimentally determined values of th

model parameters it is then straightforward to calculate t
branching ratios and polarization variables for the oth
semileptonic decays of the typeD→V. The results change
only slightly with different choices for the possible solution
in Table III. For this reason we will quote only the predic
tions for set 2. The choice of this set comes out naturally,
we assume that the experimental form factors atq250 are
numerically correct, even if they are obtained assuming
incorrectq2 dependence. We must however stress that th
is really no need for such an assumption; in principle, w
could have any of the four possible sets of solutions in Tab
III. The results for set 2 are shown in Table IV. We see th
these results are in agreement with the known experimen
data. Since the experimental errors in the input paramet

TABLE III. Four possible solutions for the model parameters a
determined by theD1→K̄* 0l1n l data.

l @GeV21# a1 @GeV1/2# a2 @GeV1/2#

Set 1 20.3460.07 20.1460.01 20.8360.04
Set 2 20.3460.07 20.1460.01 20.1060.03
Set 3 20.7460.14 20.06460.007 20.6060.03
Set 4 20.7460.14 20.06460.007 10.1860.03
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are small, the errors were calculated with the linear formu
dxf5(] f /]x)dx and errors from different sources summe
in quadrature. The correlations of the errors forl, a1 , and
a2 were taken into account assuming that the errors in t
experimental inputs were not correlated. Of course, th
quoted errors do not include any systematic error related
the validity of the model. In fact, it has to be expected tha
corrections due to the limitations of the chiral or 1/mc ex-
pansions would change the results. Expecially the 1/mc cor-
rections could be important, sincemc is far from being infi-
nite. We estimate that the combined error due to 1/mc and
CHPT corrections is of the order 30%, which dominates th
errors due to the experimental uncertainties in the input p
rameters. A more precise determination of this error wou
however involve an explicit calculation, which is beyond th
purpose of this paper. For this reason one should not take
quoted errors in the tables too seriously, since they we
calculatedassumingthe validity of the model.

B. DecaysD˜Pln l

There are four Cabibbo allowed semileptonic decay
(D0→K2, D1→K̄0, Ds

1→h, and Ds
1→h8) and five

Cabibbo suppressed semileptonic decays (D0→p2,
D1→p0, D1→h, D1→h8, andDs

1→K0) of the charmed
mesons of the typeD→Pln l .

In our approach the form factors are given by

1

KHP
F1~q

2!52
f H
2

1g fH8*
mH8*AmHmH8*

q22mH8*
2 , ~33!

1

KHP
F0~q

2!52
f H
2

1g fH8*A mH

mH8*
S 122

mH8*
2

mH
2 2mP

2 D
2S f H2 1g fH8*A mH

mH8*
D q2

mH
2 2mP

2

12g fH8* S 12
mH8*
2

mH
2 2mP

2 D mH8*AmHmH8*

q22mH8*
2 ,

~34!

s TABLE IV. The branching ratios and polarization ratios for the
D→V semileptonic decays. The quoted errors take into accou
only the experimental uncertainties in the input parameters, but n
the validity of the model, as discussed in the text. Where availab
the experimental data is quoted in brackets.

Decay B @%# GL /GT G1 /G2

D0→K*2 1.960.2 1.2360.13 0.1660.04
(2.060.4)

Ds
1→F 1.760.1 1.260.1 0.1660.04

(1.8860.29) (0.660.2)
D0→r2 0.1760.02 1.460.2 0.1560.10
D1→r0 0.2260.02 1.460.2 0.1560.10

(,0.37)
D1→v 0.2160.02 1.460.2 0.1660.10
Ds

1→K* 0 0.1760.02 1.360.2 0.1560.10
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where the pole masses and the constantsKHP are given in
Table V. We shall neglect the lepton mass, so the form fac
F0 , which is proportional toqm, does not contribute to the
decay width. The calculation of the decay rate is very simi
to the vector case. After a trivial integration we obtain

GP5
GF
2mH

2

24p3 E
0

ym
P

dyuF1~y!u2up8W P~y!u3, ~35!

where, similarly as in~29!,

ym
P5S 12

mP

mH
D 2. ~36!

The dimensionless integration variabley has been introduced
with the same definition~26! as in the vector case and th
three-momentum of the light pseudoscalar meson is given
~27! with mV replaced bymP :

up8W P~y!u25
@mH

2 ~12y!1mP
2 #2

4mH
2 2mP

2 . ~37!

Using the best known experimental branching ratio
B@D0→K2l1n l #5(3.6860.21)% @10#, we get two solu-
tions forg:

~1! g50.0860.09, ~38!

~2! g520.9060.19. ~39!

The quoted errors are mainly due to the uncertainties in
value of the heavy meson decay constantf D . Unfortunately
we are not able to choose between the two possible solut
for g ~38! and ~39!.

TABLE V. The pole mesons and the constantsKHP for the
D→P Cabibbo allowed and Cabibbo suppressed semileptonic
cays. Theh-h8 mixing angle isuP ands5sinuP , c5cosuP , while
uC is the Cabibbo angle.

H P H8* KHP

D0 K2 Ds*
1 (1/f K)cosuC

D1 K̄0 Ds*
1 (1/f K)cosuC

Ds
1 h Ds*

1
1

A8
@(125c2)/ f h25sc/ f h8#cosuC

Ds
1 h8 Ds*

1
1

A8
@25sc/ f h1(125s2)/ f h8#cosuC

D0 p2 D*1 (1/f p)sinuC

D1 p0 D*1 2
1

A2
(1/f p)sinuC

D1 h D*1
1

A8
@(11c2)/ f h1sc/ f h8#sinuC

D1 h8 D*1
1

A8
@sc/ f h1(11s2)/ f h8#sinuC

Ds
1 K0 D*1 (1/f K)sinuC
tor

lar

e
by

—

the

ions

We have calculated the branching ratios for the othe
D→P semileptonic decays, assuming both solutions forg,
which give similar results. These results are summarized
Table VI.

IV. SUMMARY

We have proposed a method to include the light vecto
meson resonances in the weak currents using HQET a
CHPT. With the use of the weak and strong Lagrangian, w
have analyzed the matrix elements of the weak currents f
the decaysD1→K̄0* l1n l andD

0→K2l1n l . Instead of the
propagators used in HQET we have used the full propagato
for the intermediate heavy meson states. In this way we o
tain a pole-type behavior of the form factors for the matrix
element of the vector currents, and a constant behavior of t
form factors in the case of matrix elements of the axial cur
rent. The unknown parametersl, a1 , anda2 were deter-
mined using the experimental measurements ofG/G tot ,
GL /GT , andG1 /G2 for D1→K̄* 0, giving the four possible
solutions quoted in Table III. From theB(D0→K2l1n l)
data the couplingg, defined in the strong Lagrangian for
heavy mesons, was determined as well, but an ambigu
gives two possible solutions: g50.0860.09 and
g520.9060.19. We calculated the measured Cabibbo a
lowed semileptonic decaysD1→K̄0, Ds

1→(h1h8),
D0→K*2, andDs

1→F, and the Cabibbo suppressed de
caysD0→p2, andD1→p0. The calculated branching ra-
tios are in agreement with the experimental results. We ha
also predicted the other semileptonic decays that have not y
been observed.
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de-
TABLE VI. The branching ratios for theD→P semileptonic

decays, whereB1 and B2 refer to the two possible solutions
g50.0860.09 andg520.9060.19, respectively. The quoted er-
rors take into account only the experimental uncertainties in th
input parameters, but not the validity of the model, as discussed
the text.

Decay B1 B2 Expt.

D1→K̄0 9.460.5 9.460.5 6.760.8
Ds

1→h 363 262
Ds

1→h8 1.660.7 0.960.5
Ds

1→(h1h8) 463 363 7.463.2
D0→p2 0.4760.05 0.560.5 0.3920.12

10.23

D1→p0 0.5960.06 0.760.6 0.5760.22
D1→h 0.1860.05 0.160.2
D1→h8 0.02160.005 0.0160.01
Ds

1→K0 0.460.2 0.260.3
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