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DecayD0
˜K̄* 0p2e1ne in the context of chiral perturbation theory

Hooman Davoudiasl
California Institute of Technology, Pasadena, California 91125

~Received 13 May 1996!

We study the decayD0→K̄* 0p2e1ne , using SU~2!L^SU~2!R chiral perturbation theory for heavy charmed
mesons and vector mesons, in the kinematic regime wherepM•pp/mM ~hereM5D0 or K̄*0! is much smaller
than the chiral symmetry-breaking scaleLxSB ~LxSB;1 GeV!. We present the leading diagrams and ampli-
tude, and calculate the rate, in the region where, to leading order in our calculations, theK̄*0 is at zero recoil
in theD0 rest frame. The rate thus calculated is given in terms of a known form factor and depends on the
DD*p coupling constantgD of the heavy~charmed! meson chiral perturbation theory Lagrangian. A mea-
surement of the above decay, in the aforementioned kinematic regime, can result in the extraction of an
experimental value forgD , accurate at the level of our approximations, and gives us a measure of the validity
of approaches based on chiral perturbation theory in studying similar processes.@S0556-2821~96!02123-6#

PACS number~s!: 13.20.Fc, 11.30.Rd
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I. INTRODUCTION

A systematic expansion for calculating a wide range
processes involving hadrons at low momenta is provided
chiral perturbation theory. Apart from its uses in describi
the strong interactions of the pseudo Goldstone bos
~PGB’s!, that is, the octet of the lightest pseudoscalar h
rons, chiral perturbation theory has been applied in desc
ing the interactions of PGB’s with heavy matter fields, su
as nucleons and heavy mesons containing a charm or a
tom quark@1,2#.

Chiral perturbation theory, based on SU~3!L^SU~3!R chi-
ral symmetry, has also been applied to the interactions
PGB’s with the lowest-lying vector mesonsr’s, K* ’s, v, and
f @3#. Reference@4# makes use of this approach in studyin
the decay of thet in the channelst→rpnt , t→K*pnt , and
t→vpnt . This last decay mode is used to extract the ab

lute value of theK*K*p coupling constantug2
(K* )u from ex-

perimental data@5#. The decay rates in the above modes a
calculated, using SU~2!L^SU~2!R chiral symmetry only, thus
not treating the strange quark mass as small.

In the present work, we use chiral perturbation theory
heavy charmed mesons@6# and heavy vector mesons@3#, in
the limit of SU~2!L^SU~2!R chiral symmetry, to calculate
the differential decay rate forD0→K* 0p2e1ne in a region
of phase space where the pion is ‘‘soft’’ in the rest frames
both theD0 and theK*0. Currently, there is an upper boun
of 1.3% on the branching ratio for this decay mode. To c
culate the leading order amplitude, we need the matrix e
ment of the left-handed currents̄gm(12g5)c, between aD*
and aK* . Since the form factors for this current are n
measured, we relate them to the form factors of the sa
left-handed current between aD and aK* , using heavy
quark symmetry@7,8#. At the present time, one of the form
factors of theD→K* current is still unmeasured. The depe
dence of the decay amplitude on this form factor is elim
nated when we study the decay in the region where theK* is
near zero recoil. In this restricted region, the calculated d
ferential decay rate depends on theDD*p coupling constant
gD of the heavy charmed meson chiral perturbation Lagra
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ian @coupling constantg of Eq. ~12! in Ref. @6##. There is an
experimental bound on the value ofgD , but the value of this
constant remains to be measured. There have been theoret
cal attempts at the determination ofgD , such as those involv-
ing radiativeD* decays@9,10#. In this paper, we present an
independent theoretical approach for obtaining the value of
gD . The results of our paper can be compared to the data on
D0→K̄* 0p2e1ne to extract the experimental value ofgD ,
which can in turn provide a measure of the validity of the
methods used here, by calculating other processes that de
pend ongD and comparing with data.

We will introduce the chiral perturbation theory relevant
to this work in the next section. In Sec. III, we present ex-
pressions for the left-handed hadronic currents forD→K*
andD*→K* , and the leading amplitude for the decay. Sec-
tion IV contains the prediction for the differential decay rate,
in a restricted region of phase space that will be discussed
The concluding remarks are presented in Sec. V, followed by
an appendix in which some useful formulas are presented.

II. CHIRAL PERTURBATION THEORY

In this section, we introduce the formalism necessary for
the calculations discussed in this paper. In the rest of this
work, the words ‘‘heavy meson’’ refer to a meson containing
a charm or a bottom quark, unless otherwise specified. We
will use notation similar to that of Refs.@6, 4#. We start with
the strong interactions of pions and heavy mesons, unde
SU~2!L^SU~2!R chiral symmetry. The pions are incorpo-
rated into a 232 special unitary matrix

S5exp~2iP/ f p!, ~1!

where

P5Fp0/&
p2

p1

2p0/& G . ~2!

Under chiral SU~2!L^SU~2!R , S→LSR†, where
LPSU~2!L and RPSU~2!R . At the leading order in chiral
perturbation theory,f p is given by the pion decay constant
f p'132 MeV. To describe the interactions of pions with
other fields, it is convenient to define
6830 © 1996 The American Physical Society
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j[expS iPf p
D5AS. ~3!

Under chiral SU~2!L^SU~2!R ,

j→LjU†5UjR†, ~4!

whereU is a complicated function ofL, R,and the pion fields
P. In the special case whereL5R5V in the unbroken
SU~2!V vector subgroup,U5V.

We present an effective Lagrangian for the strong inte
actions of low momentum pions@in the case of
SU~3!L^SU~3!R , these results will include kaons and theh,
as well# with the ground state heavy mesons withQq̄a flavor
quantum numbers, wherea51,2 andq15u, andq25d. The
light degrees of freedom havesl

p l5 1
2
2 spin-parity quantum

numbers, in these heavy mesons. In the limit where the m
of the heavy quarkmQ→`, the spin of the light degrees of
freedom combines with the spin of the heavy quark to yie
two degenerate doublets, consisting of an SU~2!V antidoublet
of pseudoscalar mesons, denoted byPa , and an SU~2!V an-
tidoublet of vector mesons, denoted byPa* . We are inter-
ested in the caseQ5c, for which the pseudoscalar meson
areD0 andD1 and the vector mesons areD*0 andD*1. The
above-mentioned strong interaction Lagrangian, in additi
to the usual symmetries, such as parity and Lorentz inva
ance, must have heavy quark symmetry, at the leading ord
To proceed, it is convenient to incorporate thePa andPam*
meson fields into a 434 matrixHa @6,11#:

Ha5
11v”
2

~Pam* gm2Pag5!. ~5!

Note that the heavy fieldsPa and Pam* only destroy their
respective mesons of four-velocityv and do not create the
corresponding antiparticles. We havevmPam* 50. Under
SU~2!L^SU~2!R ,

Ha→HbUba
† , ~6!

where the repeated indexb is summed over 1 and 2, andU
was introduced in Eq.~4!. Under the heavy quark spin sym
metry group SU~2!v , we have

Ha→SHa , ~7!

where SPSU~2!v . Lorentz transformations act onHa ac-
cording to

Ha→D~L!HaD~L!21, ~8!

whereD~L! is an element of the 434 matrix representation
of the Lorentz group.

We introduce

H̄a5g0Ha
†g0 . ~9!

Thus we get

H̄a5~Pam*
†gm1Pa

†g5!
11v”
2

. ~10!

The transformation laws forH̄a , corresponding to those in
Eqs.~6!, ~7!, and~8!, are
r-

ass

ld

s

on
ri-
er.

-

H̄a→UabH̄b ,H̄a→H̄aS
21, H̄a→D~L!H̄aD~L!21.

~11!

The effective Lagrangian that describes the strong inter-
actions of pions and heavy mesons, at leading order~one
derivative!, is then given by

L~H !52 i TrH̄av•]Ha1 i TrH̄aHb~v•V!ba

2gDTrH̄aHbglg5~A
l!ba , ~12!

where

Vn5 1
2 ~j]nj†1j†]nj! ~13!

and

Al5
i

2
~j]lj†2j†]lj!. ~14!

At the present time, there is only a bound on the coupling
constantgD of Eq. ~12!, gD

2 ,0.45, coming from the experi-
mental boundG(D*1→D0p1),0.09 MeV @12#. The ex-
plicit chiral symmetry-breaking terms contain light quark
masses:

dL~1!5ljTrH̄bHa~M j!ab1lSTrH̄aHa~MS1S†M !bb .
~15!

In Eq. ~15!,

M j5 1
2 ~jMj1j†Mj†!, ~16!

whereM5diag(mu ,md) is the 232 light quark mass matrix.
Equation ~12! yields the propagatorsidab/2v•k and

2idab(g
mn2vmvn)/2v•k for Pa and Pa* , respectively,

wherek is a small residual momentum. The leading heavy
quark spin symmetry-breaking effects at orderLQCD/mQ , in-
duced by the color-magnetic operator@13#, are given by

dL~2!5
lQ

mQ
TrH̄as

mnHasmn . ~17!

In Eq. ~15!, lj andlS are dimensionless constants indepen-
dent of the heavy quark mass, whereaslQ of Eq. ~17!, with
dimension 2, has a logarithmic dependence on the heavy
quark mass@13#, calculable in perturbative QCD. Under
SU~3!L^SU~3!R , the correspondence with the notation of
Ref. @6# is given by

gD5g, lj52l1 , lS5l18 , lQ5l2 . ~18!

The only effect of the term in Eq.~17! is to change thePa

andPa* propagators, and an appropriate field redefinition@6#
will yield idab/2v•k and2idab(g

mn2vmvn)/2(v•k2D) for
the aforementioned propagators, respectively, where

D5mP*2mP5
22lQ

mQ
. ~19!

In this paper Q5c, and the mass difference
D5mD*2mD5145 MeV;mp . ThusD is considered to be
of order 1 derivative and has a leading order contribution in
our subsequent calculations.

TheK* and K̄* fields are introduced as doublets@4#:
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Km*5FKm*
1

Km*
0 G , K̄m*5FKm*

2

K̄m*
0 G . ~20!

Under chiral SU~2!L^SU~2!R ,

Km*→UKm* , K̄m*→U* K̄m* . ~21!

The doubletsKm* and K̄m* are related by charge conjugation
C which acts on the fields as follows:

CKm*C
2152K̄m* , CjC215jT. ~22!

The vector meson fields are treated as heavy with fix
four-velocity v8m, v8251, satisfying the constraint
v8•K*5v8•K̄*50. Interactions of the formV→V8X,
whereV andV8 areK* ’s andX is either the vacuum or one
or more soft pions, are given by a Lagrangian of the form

L5Lkin1Lint1Lmass2
i

2
Lwidth . ~23!

The interaction Lagrangian is given by

Lint5 ig2
~K* !K̄m*

†Al
TK̄n* vs8emnls1 ig2

~K* !Km*
†AlKn* vs8emnls.

~24!

Hereg2
(K* ) in Eq. ~24! andg2 of the Lagrangian in Eq.~11!

of Ref. @3# are equal, at leading order in SU~3!L^SU~3!R
chiral perturbation theory. Note that for the vector meso
Km

2* †ÞKm*
1 , and so on. In the heavy vector meson chir

perturbation theory,Km*
1 destroys aK*1, but it does not

create its antiparticleK2* . The fieldKm
2* † creates aK*2.

The kinetic terms in Lagrangian~23! are

Lkin52 iKm*
†v8•]K* m2 iKm*

†v8•VK* m2 iK̄m*
†v8•]K̄* m

1 iK̄m*
†v8•VTK̄* m. ~25!

The mass terms which explicitly break chiral symmetr
are given by

Lmass5l2
~K* !Km*

†M jK*
m1l2

~K* !K̄m*
†M j

TK̄* m

1s8
~K* !Tr~M j!Km*

†K* m1s8
~K* !Tr~M j!K̄m*

†K̄* m.

~26!

At leading order in SU~3!L^SU~3!R chiral perturbation
theory, the couplings in Eq.~26! are related to those of Ref.
@3# by

l2
~K* !5l2 and s8

~K* !5s8 . ~27!

TheK* ’s have a widthG(K* )550 MeV. Since this width
is comparable to the pion mass, we treat it as being of ord
1 derivative, and introduce it in our Lagrangian via the term

Lwidth5G~K* !Km*
†K* m1G~K* !K̄m*

†K̄* m. ~28!

Note that the terms in Eqs.~24!, ~25!, and~28! are of order 1
derivative and are considered of leading order, whereas
terms in Eq.~26! are proportional to light quark masses
which means they are of order 2 derivatives and, thus, co
sidered nonleading in our calculations. In this formalism, th
K* propagator is given by
ed

ns
al

y

er
s

the
,
n-
e

2 i ~gmn2v8mv8n!

v8•k81 iG~K* !/2
, ~29!

wherek8 is the small residual momentum of theK* .

III. CURRENTS AND THE AMPLITUDE

The part of the effective HamiltonianHW for weak semi-
leptonic decay ofD0 that contributes toD0→K̄* 0p2e1ne ,
at the quark level, is given by

HW5
GF

&
Vcsn̄egm~12g5!e

1s̄gm~12g5!c, ~30!

whereGF is the Fermi constant,Vcs is an element of the
Cabibbo-Kobayashi-Maskawa matrix, and the spinors repre-
sent the corresponding fermions. Experimentally, we have
uVcsu'1. The only Feynman diagrams that contribute at lead-
ing order in SU~2!L^SU~2!R chiral perturbation theory are
presented in Figs. 1 and 2. We note that, of the nonleading
diagrams, there are two that are not readily seen as higher
order in our chiral perturbation expansion. One is the dia-
gram with a directD0K̄* 0p2 current coupling to the lep-
tonic current or the nonpole diagram. The other diagram is
the one in which theK*2 in Fig. 2 has been replaced by a
K2 or the kaon-pole diagram.

To see why the nonpole diagram is subleading, we note
that, under SU~2!L^SU~2!R , the quark level current
s̄gm(12g5)c is a singlet, and thus the hadronic current
which represents the quark level current must be a singlet as
well. To make a singlet out of theH, K̄m* , andj fields, we
need to have a]mj in the hadronic current expression. Thus,
for the amplitudeA1 of the nonpole diagram, we have
A1}pp . We havepp;mp , for a valid perturbative expan-
sion, and thusA1→0, asmp→0, in the chiral limit.

FIG. 1. TheD* -pole diagram contribution to the amplitude in
Eq. ~40!. The solid square represents the hadronic left-handed cur-
rent, and the solid circle represents theDD*p coupling propor-
tional togD .

FIG. 2. TheK* -pole diagram contribution to the amplitude in
Eq. ~40!. The solid square represents the hadronic left-handed cur-
rent, and the solid circle represents theK*K*p coupling propor-

tional tog2
(K* ) .
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In the kaon-pole diagram, theK2K̄* 0p2 coupling is pro-
portional to]mj, because only the pion has derivative co
pling, being the only pseudo Goldstone boson in the vert
Hence, for the amplitudeA2 of this diagram, we get
A2}pp/(p K

22mK
2 ). Noting that the kaon is far off shell, we

see thatA2→0, aspp→0, in the chiral limit. In order to have
a consistently systematic expansion in SU~2!L^SU~2!R chi-
ral perturbation theory, we must treat the nonpole and
kaon-pole diagrams as subleading in our calculations, s
the amplitudes for the leading order diagrams in Figs. 1 a
2 do not vanish in the chiral limit.

We need expressions for̂K* us̄gm(12g5)cuD* & and
^K* us̄gm(12g5)cuD&, in order to write down the amplitude
for the decay. We write@14#

^K* ~p8,«8!uVmuD~p!&[ igemnls«* 8n~p1p8!l~p2p8!s

~31!

and

^K* ~p8,«8!uAmuD~p!&[ f«m* 81a~1 !~«* 8•p!~p1p8!m

1a~2 !~«* 8•p!~p2p8!m , ~32!

wherep8 and«8 are the four-momentum and the polarizatio
of the K* , p is the four-momentum of theD, Vm[ s̄gmc,
Am[ s̄gmg5c, and g, f , a

~1!, and a~2! are experimentally
measurable form factors which are functions ofp•p8. At the
present time,a~2!, having a contribution toD→K* l̄n l that is
proportional to the lepton mass, remains unmeasured, bug,
f , and a~1! have been measured@12#. Let p5mDv and
p85mK*v8, wherev andv8 are the four-velocities of theD
and theK* , respectively. Then, as a function ofy[v•v8, we
have@15#

f ~y!5
1.8 GeV

110.63~y21!
, ~33!

a~1 !~y!52
0.17 GeV21

110.63~y21!
, ~34!
u-
ex.

the
ince
nd

n

t

and

g~y!5
0.51 GeV21

110.96~y21!
. ~35!

Note that the sign ofg depends on the convention for the
sign of Levi-Cività tensor, which we take to be
emnls52emnls51.

Next, we will write an expression for
^K* us̄gm(12g5)cuD* & in terms of the form factorsg, f ,
a~1!, anda~2!. Later on, we will only consider the region of
phase space whereK̄*0 is nearly at rest in the decayingD0

rest frame and the dependence of the amplitude on the un
known form factora~2! is negligible. We treat the charm
quark as heavy and use heavy quark symmetry to write down
the following expression @8# for the current
^K* uVm2AmuM (H)&, whereM (H) is either aD or aD* with
polarization«:

^K* uVm2AmuM ~H !&

5Tr@K* ~v,v8,«8!gm~12g5!M
~H !~v !#. ~36!

In Eq. ~36!,

M ~H !~v !5
11v”
2 H 2g5

«”
for D,
for D* , ~37!

and

K* ~v,v8,«8!5~C11C2v” 8!«” * 81~C31C4v” 8!~«* 8•v !
~38!

is the most general form that can be written down for the
wave function ofK* consistent with heavy quark symmetry
for M (H)(v) at leading order. Ci , i51,2,3,4, are form fac-
tors which can be expressed in terms off , a~1!, a~2!, andg
by comparing the expression for^K* uVm2AmuD& from Eqs.
~31! and~32! with the one given by Eq.~36! above. With the
Ci determined in this way, Eq.~36! yields the following
expression for̂ K* uVm2AmuD* &, in terms of the form fac-
tors of ^K* uVm2AmuD&:
^K* ~v8,«8!uVm2AmuD* ~v,«!&5mDmK* S i emnls«nF ~a~1 !2a~2 !!vlv8s~«* 8•v !2
f

mDmK*
«* 8lvsG

1F f

mDmK*
1

mD

mK*
~a~1 !1a~2 !!1~a~1 !2a~2 !!~v•v8!G~«* 8•v !«m12g~«•v8!«m* 8

1H 2g@ i eabgd«avb«g* 8vd81~«•«* 8!~v•v8!2~«•v8!~«* 8•v !#2~a~1 !2a~2 !!~«•v8!

3~«* 8•v !2
f

mDmK*
~«•«* 8!J vm22g~«•«* 8!vm8 D , ~39!
t
where we have used the identity«a«b* 8vg8vlvsg
l[seabgm]

50 to write down the first term proportional tovm .
We see that the expressions for^K* uVm2AmuD& and

^K* uVm2AmuD* &, given by Eqs.~31!, ~32!, and ~39!, de-
pend on the value ofa~2!, which, as mentioned before, is no
measured. The value of this form factor could, in princip
be measured, given enough data onD→K*m1nm , where
t
le,

the antimuon is massive enough to make the measuremen
possible. However, for the rest of this paper, we work in the
kinematic regime whereK̄*0 is at rest, to leading order in our
calculations, in the rest frame of decayingD0. Thus the pion
can be soft in the rest frames of both theD0 and theK̄*0, as
required by chiral perturbation theory. In this region, we
havev5v8, v•v851, and«•v85«* 8•v50. The amplitude
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for the decay D0→K̄* 0p2e1ne , at leading order in
SU~2!L^SU~2!R chiral perturbation theory, represented b
Feynman diagrams of Figs. 1 and 2, is given by

M~D0→K̄* 0p2e1ne!

5
GFVcsf

& f p
H gD
v•pp1D

@emnlsvnppl«s* 8

2 i ~pp•«* 8!vm#

1
g2

~K* !

v•pp1 i ~G~K* !/2!
emnlsppn«l* 8vsJ

3ū~n!gm~12g5!v ~e! , ~40!

whereu~n! andv (e) are the spinors for the electron neutrin
and the positron, respectively. Note that in the recoillessK̄*0

limit used here, the dependence of the amplitude ona~2! is
eliminated. We havef ~1!51.8 GeV, from Eq.~33! above.

IV. DIFFERENTIAL DECAY RATE

Before presenting the differential decay rate, let us int
duce the following kinematic variables@16,17#. The invariant
mass of the K*p system mK* p, where
mK* p[A(p81pp)

2, is given by

mK* p
2

5mK*
2

1mp
212mK*mpx, ~41!

where

x[
v•pp

mp
. ~42!

The invariant mass of the lepton pair is denoted bymen ,
wheremen[A(pe1pn)

2, pe is the four-momentum of the
positron, andpn is the four-momentum of the electron neu
trino. The angle formed by the three-momentum of theK̄*0

in theK*p center-of-mass frame and the line of flight of th
K*p in the D0 rest frame is denoted byuK , and the angle
between the positron three-momentum in thee1n center-of-
mass frame and the line of flight of thee1n in theD0 rest
frame is denoted byue . The anglef is formed by the nor-
mals to theK*p ande1n planes in theD0 rest frame. The
sense off is from the normal to theK*p plane to that of the
e1n plane.

The amplitude given by Eq.~40! is obtained in a region
where theK̄*0 is ‘‘near zero recoil,’’ and later we specify a
region of phase space that corresponds to this approxima
Using the above kinematic variables, in the lim
mp/mK*→0, one obtains the following differential deca
rate forD0→K̄* 0p2e1ne , in a region whereK̄*0 is near
zero recoil:
y

o

ro-

-

e

tion.
it
y

d~5!G~D0→K̄* 0p2e1ne!

dx dmen
2 d~cosuK!d~cosue!df

5
GF
2 uVcsu2f 2~1!

~4p!6f p
2mD

3 S mp

mK*
D 2~x221!3/2AT0

3H gD
2

~x1d!2
~T11T2!

1F g2~K* !2

x21g2 1
2xgDg2

~K* !

~x1d!~x21g2!
GT2J , ~43!

where

g[
G~K* !

2mp
, d[

D

mp
, ~44!

T0[~mD
2 1mK*

2
2men

2 !224mD
2mK*

2 , ~45!

T1[X2sin2ue , ~46!

T2[sin2uKsin
2ue~X

21mK*
2 men

2 cos2f!

1mK*
2 men

2 ~11cos2uKcos
2ue!

2SmK*men

2 D sin~2uK!sin~2ue!cosfAX21mK*
2 men

2 ,

~47!

and

X[A~mD
2 2mK*

2
2men

2 !2

4
2mK*

2 men
2 . ~48!

We can integrate the expression in Eq.~43! for the differ-
ential decay rate in order to obtain a total decay rate
G(D0→K̄* 0p2e1ne) for a limited volume of phase space
consistent with the regime of validity of chiral perturbation
theory and the recoillessK̄*0 approximation. In this region
of phase space, we demand that~a! p•pp/mD!LxSB and
p8•pp/mK*!LxSB, whereLxSB;1 GeV, in order to have a
valid perturbative expansion, and~b! upW 8u/mK*!1, wherepW 8
is the three-momentum of theK̄*0, in the rest frame of the
D0, to ensure that we stay in a region of phase space where
v5v8, corresponding to a recoillessK̄*0, at leading order.

The constraints in~a! and ~b! above are not very exact,
and an appropriate choice for the region of phase space tha
satisfies our requirements may, in principle, be made only
after comparing the shapes of different distributions from
experimental data with the predictions from the theoretical
differential decay rate presented in Eq.~43!. The possibility
of making such comparisons between experimental data and
our theory depends on the availability and resolution of the
data in the restricted phase space region of our calculations

However, we proceed to make a reasonable choice for the
region of integration, given the constraints mentioned in~a!
and~b! above. To satisfyp8•pp/mK*!LxSB, we requirexP
@1,2#. The quantitiesp•pp/mD andupW 8u depend on the values
of the variablesx, men , and cosuK , as shown in the Appen-
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dix. By inspection, for xP@1,1.5#, cosuKP@21,1#, and
men

2 P@0.593, (mD2mK* p)
2#, we have p•pp/mD,200

MeV and upW 8u,240 MeV. Integrating the expression i
Eq. ~43! over men

2 P@0.593, (mD2mK* p)
2#, xP@1,1.5#,

cosuKP@21,1#, cosueP@21,1#, andfP@0,2p# yields the par-
tial decay widthG1(D

0→K̄* 0p2e1ne) and

G1~D
0→K̄* 0p2e1ne!

59.01310217@~0.016!gD
2 6~0.024!gD10.013# GeV,

~49!

where6 corresponds tog2
(K* )560.6. With the angular lim-

its of integration the same, if we assume that, without e
ceeding the realm of validity of our theory considerably, t
region of integration may be expanded toxP@1,2# and
men

2 P[0.510,(mD2mK*p)2], where p•pp/mD,245 MeV
and upW 8u,330 MeV, we obtain a partial decay width
G2(D

0→K̄* 0p2e1ne), which is nearly an order of magni
tude larger,

G2~D
0→K̄* 0p2e1ne!

59.01310217@~0.176!gD
2 6~0.231!gD10.117# GeV,

~50!

where, again,6 corresponds tog2
(K* )560.6. We mentioned

before that present data suggestgD
2 ,0.45. Let us take

gD
2 50.3 in order to get some estimates of the size of t

branching ratio in our region of phase space. Since the t
width GD051.586310212 GeV for the D0, G1 gives a
branching ratioB1,

B1~D
0→K̄* 0p2e1ne!5H 231026, gDg2

~K* !.0,

331027, gDg2
~K* !,0,

~51!

in a region where men
2 P[0.593,(mD2mK* p)

2] and
xP@1,1.5#. For the branching ratioB2, corresponding toG2,
we get

B2~D
0→K̄* 0p2e1ne!5H 231025, gDg2

~K* !.0,

331026, gDg2
~K* !,0,

~52!

in our restricted region of phase space, whe
men

2 P[0.510,(mD2mK* p)
2] and xP@1,2#. For the smaller

value of B1, the corresponding region can most likely b
explored at a fixed target experiment, or at-charm orB
factory only, since the present experiments are not able
measure such small branching ratios for the decay of theD0.
However, the values ofB2 lie reasonably close to the presen
measurable range andgD can be extracted from the data if it
absolute value is not too much smaller thanA0.3.

V. CONCLUSIONS

In this work, we have presented a systematic calculat
of the differential decay rate forD0→K̄* 0p2e1ne , in a
restricted kinematic region, based on the SU~2!L^SU~2!R
chiral perturbation theory formalism. Since this decay ra
n

x-
he

-

he
otal

re

e

to

t
s

ion

te

depends on the unmeasuredDD*p coupling constantgD of
Eq. ~12!, one can use our results to extractgD from experi-
mental data. Currently, there is an experimental bound
gD
2 ,0.45 on this coupling constant.
We have treatedD, D* , andK* as heavy matter fields

and applied the chiral perturbation theory formalism to de-
scribe the strong couplings of thep2 to D, D* , andK* ,
assuming that thep2 is ‘‘soft’’ in the rest frames of the
heavy matter fields. The leading order~one derivative,
here! amplitude involves ^K* us̄gm(12g5)CuD& and
^K* us̄gm(12g5)CuD* & left-handed hadronic currents, and
we have presented an expression, in Eq.~39!, for the
D*→K* current, in terms of the form factors of theD→K*
current. One of theD→K* form factors, denoted bya~2!,
remains unmeasured. However, we have restricted our phase
space to a region where theK̄*0 is near zero recoil in theD0

rest frame, making the dependence of the amplitude ona~2!

negligible, at leading order. Note that this restriction on the
phase space is made in accordance with the requirement that
the pion be soft in the rest frames of both theD0 and the
K̄*0, in order to have a valid chiral perturbation theory ex-
pansion.

We have presented an expression for the differential de-
cay rate, in the aforementioned region of phase space, in Eq.
~43!. To get the branching ratio in this region, one has to
make a reasonable choice for the limits of the integration that
yields the partial width in the restricted volume of phase
space. ForugDu5A0.3 as an allowed value for the magnitude
of theDD*p coupling, we get the branching ratiosB1 and
B2, corresponding to two reasonable choices for the integra-
tion region. The first choice is expected to be strict enough
for a good leading order approximation, and it can probably
be explored at a fixed target experiment, or at-charm orB
factory only. We believe that expanding the region of inte-
gration beyond that which corresponds to the second choice
can result in a considerable departure from the proper regime
for our approximations. The branching ratios in this region
are close to the present measurable range. For a rough ex-
perimental value ofgD , we can expect that the branching
ratio for a typical region of integration will be of order 1025.

The volume of phase space in which our theory is valid
may be best selected after consulting the data. However, the
values ofB2 suggest that for a volume of phase space that is
close to our second choice presented here and provided that
ugDu is not too much smaller than the value used here,
A0.3, an experimental value forgD can be extracted using

the data onD0→K̄* 0p2e1ne and given the sign ofg2
(K* ) .

In the heavy quark limit~mQ→`!, gD is equal tog in Eq.
~12! of Ref. @6#. There are other processes, with fewer final
state particles, that involve the constantgD . D*→Dp is an
example of such a process, where one, in principle, can mea-
sure the value ofgD from the knowledge of the partial width
for this decay channel. This assumes knowing the full width
of D* , which is difficult to measure, since theD* is too short
lived for time-of-flight measurements and too narrow for a
reliable measurement of its full width.

Our results represent the SU~2!L^SU~2!R chiral perturba-
tion theory predictions at the level of one derivative, corre-
sponding toO~vH•pp/1 GeV!, wherevH is the four-velocity
of theD0 or K̄0* . Thus we expect to have significant correc-
tions to our results at the level of two derivatives, suppressed
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by one power ofvH•pp/1 GeV, only. Hence, at next to lead
ing order, operators containing two derivatives of the pi
field, insertions of the light quark mass terms, nonpole d
grams, and additional pole diagrams, such as the one
which theK2* is replaced by aK2 in Fig. 2, contribute.
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APPENDIX

The following relations@16# are useful in calculating the
scalar products of the various four-vectors introduced in t
paper. Let

R[p81pp , Q[p82pp ,

K[pe1pn , L[pe2pn . ~A1!

We then get

Q•R5mK*
2

2mp
2 ,

K•L50,

R•K5
mD
2 2mK* p

2
2men

2

2
,

ukW u2[
~mK*

2
1mp

22mK* p
2

!2

4mK* p
2 2

mK*
2 mp

2

mK* p
2 ,
-
on
ia-
in

ark
is
n
er
m,
so
in
E-

his

b5
2ukW u
mK* p

,

x5A~R•K !22mK* p
2 men

2 ,

K•Q5
mK*
2

2mp
2

mK* p
2 R•K1bx cosuK ,

R•L5x cosue ,

Q•L5SmK*
2

2mp
2

mK* p
2 D x cosue1b~R•K !cosuK cosue

2bmK* pmen sin uK sin ue cosf,

2h[pD•R5
mD
2 1mK* p

2
2men

2

2
,

2z[pD•Q5~mK*
2

2mp
2 !S 11

R•K

mK* p
2 D 1bx cosuK .

~A2!

In the above,pD denotes the four-momentum of theD0.
Also, in the limit where (mp/mK* )→0, we havex→X,
whereX is defined in Eq.~48!.

We have the following expressions for the magnitude o
the K̄*0 three-momentum and the energy of thep2, in the
rest frame of theD0, denoted byupW 8u andEp , respectively:

upW 8u5AS h1z

mD
D 22mK*

2 ,

Ep5
h2z

mD
. ~A3!
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