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We study the decalp®—K* %7~ e* vy, using SU2), @ SU(2)g chiral perturbation theory for heavy charmed
mesons and vector mesons, in the kinematic regime whgre../my, (hereM =D or K*°) is much smaller
than the chiral symmetry-breaking scalgsg (A,sg~1 GeV). We present the leading diagrams and ampli-
tude, and calculate the rate, in the region where, to leading order in our calculatioks;%feat zero recoil
in the D rest frame. The rate thus calculated is given in terms of a known form factor and depends on the
DD* & coupling constangp of the heavy(charmedl 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 fogp , 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 procES68656-282(96)02123-9

PACS numbd(s): 13.20.Fc, 11.30.Rd

I. INTRODUCTION ian [coupling constany of Eq. (12) in Ref.[6]]. There is an
experimental bound on the value @f , but the value of this
A systematic expansion for calculating a wide range ofconstant remains to be measured. There have been theoreti-
processes involving hadrons at low momenta is provided bgal attempts at the determinationgy, such as those involv-
chiral perturbation theory. Apart from its uses in describinging radiativeD* decays[9,10]. In this paper, we present an
the strong interactions of the pseudo Goldstone bosoni§dependent theoretical approach for obtaining the value of
(PGB's), that is, the octet of the lightest pseudoscalar had9g - TLSOre§uI£s of our paper can be compared to the data on
rons, chiral perturbation theory has been applied in describ® —K” 7 €" v to extract the experimental value gf,
ing the interactions of PGB’s with heavy matter fields, suchVhich can in turmn provide a measure of the validity of the
as nucleons and heavy mesons containing a charm or a bdp—ethOds used here, by_ calc_ulatmg other processes that de-
tom quark[1,2]. pend ongp and comparing with data.

Chiral perturbation theory, based on @Y ©@SU(3)x chi- W.e will inFroduce the chir_al perturbation theory relevant
' . VR tfo this work in the next section. In Sec. Ill, we present ex-
ral symmetry, has also been applied to the interactions Opressions for the left-handed hadronic currents Bor K*
PGB’s with the lowest-lying vector mesops, K*’S.’ @ and' andD* —K*, and the leading amplitude for the decay. Sec-
¢ [3]. Referencg4] makes use of this approacr in studying tion 1v/ contains the prediction for the differential decay rate,
the decay of therin the channels—pmv,, 7—=K*mv,, and i 3 restricted region of phase space that will be discussed.
T—omv,. This last decay mode is used to extract the absoTne concluding remarks are presented in Sec. V, followed by
lute value of theK* K* 7 coupling constanltg(zK*)| from ex-  an appendix in which some useful formulas are presented.
perimental datd5]. The decay rates in the above modes are
calculated, using S@2), ® SU(2)g chiral symmetry only, thus [l. CHIRAL PERTURBATION THEORY
not treating the strange quark mass as small. . . . .
In the present work, we use chiral perturbation theory for, In this se_ctlon, we mtrodL_lce t_he formalism necessary fo_r
heavy charmed mesoii§] and heavy vector mesofig], in the calculations discussed in this paper. In the rest of this

the limit of SU2), ®SU(2)g chiral symmetry, to calculate work, the words “heavy meson” refer to ameson COF‘Fa'”'”g
the differential decay rate fdp®— K* Oz e* V. in a region a charm or a bottom quark, unless otherwise specified. We

of phase space where the pion is “soft” in the rest frames ofWIII use notatlon swmlar to th‘.”‘t of Ref$6, 4]. We start with
both theD® and theK*°. Currently, there is an upper bound the strong interactions of pions and heavy mesons, under

of 1.3% on the branching ratio for this decay mode. To caI-SU(Z)L(X)SU(Z)R chiral symmetry. The pions are incorpo-

culate the leading order amplitude, we need the matrix eler-ated inta a X2 special unitary matrix

ment of the left-handed currest,, (1— ys)c, between D* S =exp2ill/f,), 1)
and aK*. Since the form factors for this current are not

measured, we relate them to the form factors of the sam@here

left-handed current between @ and aK*, using heavy ) ot

guark symmetn|7,8]. At the present time, one of the form = p_ — Ml )
factors of theD —K* current is still unmeasured. The depen-

dence of the decay amplitude on this form factor is elimi- Under chiral SW2), ®SU(2)R, S—LIR',  where
nated when we study the decay in the region wher&kthés L eSU(2), and ReSU(2);. At the leading order in chiral
near zero recoil. In this restricted region, the calculated difperturbation theoryf . is given by the pion decay constant
ferential decay rate depends on DB* 7 coupling constant f_~132 MeV. To describe the interactions of pions with
0p of the heavy charmed meson chiral perturbation Lagrangether fields, it is convenient to define
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__[in Ha—UapHp HaHaS ™%, Ha—D(A)HD(A) L.
g=exp< H) =3. ) (12)
Under chiral SU2), ®SU(2)g, The effective Lagrangian that describes the strong inter-
. N actions of pions and heavy mesons, at leading ofdae
§—LEU=UER, (4) derivative, is then given by
whereU is a complicated function df, R,and the pion fields LM =—i TrH - dH,+i TrHH (v - V)pa
II. In the special case where=R=V in the unbroken — \
SU(2),, vector subgroupl) =V. —gpTrHHp %\ ¥5(AM)bas (12

We present an effective Lagrangian for the strong inter-
actions of low momentum pions[in the case of where
SU(3) ®SU(3)r, these results will include kaons and the V,=3(&0,6T+¢€9,8) (13
as well] with the ground state heavy mesons w@lg? flavor
quantum numbers, wheee=1,2 andq*=u, andg°=d. The  and
light degrees of freedom haws'= 3~ spin-parity quantum i
numbers, in these heavy mesons. In the limit where the mass AA=§ (£0\ET—E19,8). (19
of the heavy quarkng—, the spin of the light degrees of
freedom combines with the spin of the heavy quark to yield
two degenerate doublets, consisting of an&{Jantidoublet
of pseudoscalar mesons, denotedRyy; and an S(R),, an-
tidoublet of vector mesons, denoted BY, . We are inter-
ested in the cas®=c, for which the pseudoscalar mesons
areD®andD* and the vector mesons ab&® andD* *. The _ _
above-mentioned strong interaction Lagrangian, in addition S£%=X,TrHpHaA(M)ap+AsTrHHa(MZ +3TM)py,.
to the usual symmetries, such as parity and Lorentz invari- (15
ance, must have heavy quark symmetry, at the leading order.
To proceed, it is convenient to incorporate g andP},  In Eq. (19,

At the present time, there is only a bound on the coupling
constantgp, of Eq. (12), g3<0.45, coming from the experi-
mental boundl'(D* *—D%#*)<0.09 MeV [12]. The ex-
plicit chiral symmetry-breaking terms contain light quark
masses:

meson fields into a4 matrix H, [6,11]: M= (EME+EMED), (16)
1+4%
Ha:T (PR.7*—Pavs). (5)  whereM =diag(m, ,my) is the 2<2 light quark mass matrix.

Equation (12) yields the propagatorsd,,/2v-k and

—i v_ v . * :
Note that the heavy field®, and P, only destroy their ééﬂb(lglf viv )”/ZU I'(d folr P, and Pa‘llh relspi:tlver:y,
respective mesons of four-velocity and do not create the wherek 1S -a small residua 'momentum. € leading heavy
* quark spin symmetry-breaking effects at ordgy-y/mg , in-

corresponding antiparticles. We hawe*P;,=0. Under i} X ¢
SU2), ®SU2)g, u duced by the color-magnetic operafds], are given by

)\ -
Ha—HpU},, (6) 5c<2>:m—z TrH 0" H,0o,, . (17)

where the repeated inddxis summed over 1 and 2, and ) ) )
was introduced in Eq4). Under the heavy quark spin sym- N Ed. (15), A, and )y are dimensionless constants indepen-

metry group S(2),, we have dent of the heavy quark mass, wheragsof Eq. (17), with
dimension 2, has a logarithmic dependence on the heavy
Ha—SH,, (@) guark mass[13], calculable in perturbative QCD. Under

SU(3), ®SU(3)r, the correspondence with the notation of
Ref.[6] is given by

Op=0, Ae=2\;, Ag=\i, Ag=A\;. (18

where SeSU(2), . Lorentz transformations act oH, ac-
cording to

Ha—D(A)H.D(A) 7, 8

The only effect of the term in Eq17) is to change th@,
andP} propagators, and an appropriate field redefinif®h
will yield i8,,/2v - k and —i 8,,(g*"—v*v")/2(v - k— A) for
the aforementioned propagators, respectively, where

whereD(A) is an element of the 44 matrix representation
of the Lorentz group.
We introduce

Ha=7"H1Y°. ©) ~2\¢
A= mp* - mp= . (19)
Thus we get M
— 1+4 In this pa = d th diff
ot ot paper Q=c, an e mass difference
Ha=(Pa,.7"+Pays) 5 (10 A=mp* —mp=145 MeV~m_.. ThusA is considered to be

_ of order 1 derivative and has a leading order contribution in
The transformation laws foH,, corresponding to those in our subsequent calculations.
Egs.(6), (7), and(8), are The K* andK* fields are introduced as doublé#]:
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K*+ - K*—
K*=| %ol K*= —’io}. (20)
el Bk
Under chiral SW2), ®SU(2)g,
KX UK, K*oU*KE. (D)

The doubletS(j; andK_j; are related by charge conjugation
C which acts on the fields as follows:

CKEC™l=—K*, cécl=¢" (22)
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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 tBh®* 7 coupling propor-
tional togp .

The vector meson fields are treated as heavy with fixed

four-velocity_v'#, v'?=1, satisfying the constraint
v'-K*=p'-K*=0. Interactions of the formV—V’X,

whereV andV' areK*'s and X is either the vacuum or one
or more soft pions, are given by a Lagrangian of the form

i
L= Lyint LintT Linass™ z Lyidth - (23

The interaction Lagrangian is given by
Lin=i98" K ATKS v e 7 +ig i KL TAK v e
(24)

Hereg¥™ in Eq. (24) andg, of the Lagrangian in Eq(11)
of Ref. [3] are equal, at leading order in ), SU(3)g

chiral perturbation theory. Note that for the vector mesons

K;*Taﬁ K::*, and so on. In the heavy vector meson chiral
perturbation theoryK’ ™ destroys aK*™, but it does not
create its antiparticl& ™*. The field K;*Jr creates K* .

The kinetic terms in Lagrangiaf23) are

Lign=—1K* 0" gK*#—iK*Tp VK #—iK X Ty gK* 4

+HiKk* o VTR 2, (25)

The mass terms which explicitly break chiral symmetry
are given by
Lmass= N5 KL TM KR A MK TM K+
+ o ITHM PKE TK* # 4 o TrM ) K TK* 2,
(26)

At leading order in S(B), ®SU(3)g chiral perturbation
theory, the couplings in Eq26) are related to those of Ref.

[3] by

A=), and o< 27)

The K*’s have a widthl*)=50 MeV. Since this width

=0g.

is comparable to the pion mass, we treat it as being of order
1 derivative, and introduce it in our Lagrangian via the terms

Loian=TK* TK* 4 T RO Texe, (28)

Note that the terms in Eq§24), (25), and(28) are of order 1

derivative and are considered of leading order, whereas the

terms in Eq.(26) are proportional to light quark masses,

_i(g,ull_vll,l,v/v)

v K +ir K2’

(29

wherek’ is the small residual momentum of the".

[lI. CURRENTS AND THE AMPLITUDE

The part of the effective Hamiltoniak,, for weak semi-
leptonic decay oD? that contributes td°—K*°7 " e* v,
at the quark level, is given by

G _
szz VcsVe')’p.(l_ 75)e+57'u(l_ ¥s)C, (30

where G is the Fermi constanty. is an element of the
Cabibbo-Kobayashi-Maskawa matrix, and the spinors repre-
sent the corresponding fermions. Experimentally, we have
|V.{~1. The only Feynman diagrams that contribute at lead-
ing order in SW2), ®SU(2)g 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 directD°K* %7~ current coupling to the lep-
tonic current or the nonpole diagram. The other diagram is
the one in which the&<* ™ in Fig. 2 has been replaced by a
K™ or the kaon-pole diagram.

To see why the nonpole diagram is subleading, we note
that, under S() ®SU(2)z, the quark level current
sy*(1—ys)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 thel, K7 , and ¢ fields, we
need to have &£ in the hadronic current expression. Thus,
for the amplitudeA; of the nonpole diagram, we have
Aixp,.. We havep,~m,_, for a valid perturbative expan-
sion, and thu#\;—0, asm_—0, in the chiral limit.

Ve

T

/
K*'/ K=o

FIG. 2. TheK*-pole diagram contribution to the amplitude in

DO

which means they are of order 2 derivatives and, thus, conkqg. (40). The solid square represents the hadronic left-handed cur-
sidered nonleading in our calculations. In this formalism, therent, and the solid circle represents #&K* « coupling propor-

K* propagator is given by

tional to g™ .
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In the kaon-pole diagram, th¢”K* %z~ coupling is pro- and
portional to #“¢, because only the pion has derivative cou- 051 GeVv!
pling, being the only pseudo Goldstone boson in the vertex. a(y)= 17096y—1)"
Hence, for the amplitudeA, of this diagram, we get =AY
A,p./(p&—mg). Noting that the kaon is far off shell, we Note that the sign ofy depends on the convention for the
see that\,—0, asp,—0, in the chiral limit. In order to have sign of Levi-Civita tensor, which we take to be
a consistently systematic expansion in(8lJ®SU(2)g chi- eﬂw\gz—e‘m":l.
ral perturbation theory, we must treat the nonpole and the Next, we will write an  expression for
kaon-pole diagrams as subleading in our calculations, smcéK |_7M(1 ¥s)€|D*) in terms of the form factorg, ,
the amplitudes for the leading order diagrams in Figs. 1 an@'”, anda'” . Later on, we will only consider the reglon of
2 do not vanish in the chiral limit. phase space wheke*° is nearly at rest in the decayirig’

We need expressions fofK*[sy*(1—ys)c|D*) and  rest frame and the dependence of the amplitude on the un-

(K*[sy*(1— ys)c|D), in order to write down the amplitude known form factora'”) is negligible. We treat the charm
for the decay. We writ§14] quark as heavy and use heavy quark symmetry to write down

. . . S o the following expression [8] for the current
(K*(p",8")|V,ID(p))=ige mnqe* "(P+pP') (P—p') (K*|V,— A, MM whereM ™ is either aD or aD* with
31 poIar|zat|ons

(35

and <K*|VM_AM|M(H)>
(K*(p",e")|A,[D(p)=Te' +a ") (e* - p)(p+P"), =THK*(v,0",6) 7, (1~ y)MP ()] (36)

+a (e -p)(P—p)u, 32 InEq.(36),

wherep’ ande’ are the four-momentum and the polarization MM (p)= ﬂ ~vs for D, (37)

of the K*, p is the four-momentum of th®, V, =sy,c, 2 |# for D¥,
A,=sy,vsc, andg, f, a, anda"” are expenmentally and

measurable form factors which are functiongpep’. At the

present timea', having a contribution t® — K* |, that is K*(v,0',8")=(C1+Cotp")* ' +(C3+Cydb")(e*"-v)
proportional to the lepton mass, remains unmeasuredg but (38

(+) = . .
f, anda™’ have been measurefd2]. Let p=mpv and s the most general form that can be written down for the

P’ :mK*li,’ wherev andv' are the four-velocities of th® e function ofiK* consistent with heavy quark symmetry
and theK™, respectively. Then, as a functiony®v-v', we ¢, MM (v) at leading order. C;, i=1,2,3,4, are form fac-

have[15] tors which can be expressed in termsfo*, a~), andg

1.8 GeV by comparing the expression foK*|V,—A |D) from Eqgs.
fy)=—r— 33 : : :
()= 1+0.63y—1)" (33 (31) and(32) with the one given by Eq36) above. With the
1 C; determined in this way, Eq36) yields the following
a(y)=— 0.17 Gev/ (34) expression foK*|V,—A,|D*), in terms of the form fac-
1+0.63y—1)’ tors of (K*|V,—A |D)

v (a(+)_a( ))UA ro(g* L y)— f e* Ny
Mp Mg

<K*(U,,8,)|VM—AM|D*(U,8)>=mDmK*(iEl“,)\U.S

f
oM | e = ( )+ )(v-v')

—+

(*"-v)e,+29(e-v")e}’

+ ZQ[iea'ByﬁsavBs:'vgﬁ-(e-s* No-v)—(e-v)(e*"-v)]- (@ —a)(e-v")

X(S*"U)_ (8~8*')]UM_29(8'8*’)U;L), (39)

MpMg*

where we have used the identity,s; v v)\v ,gMee®Prel the antimuon is massive enough to make the measurement
=0 to write down the first term proportional to, . possible. However, for_the rest of this paper, we work in the

We see that the expressions fOK* |V, ~A, |ID) and  kinematic regime wher*°is at rest, to leading order in our
(K*|V,—A,|D¥), glven by Egs.(31), (32), andM(SQ) de- calculations, in the rest frame of decayiBd. Thus the p|on
pend on the value cg~) , which, as mentioned before, is not can be soft in the rest frames of both B8 and thek*?, a
measured. The value of this form factor could, in principle,required by chiral perturbation theory. In this reglon, we
be measured, given enough data FI—>K*,U,+VM, where  havev=v',v-v'=1, ande-v'=¢*"-v=0. The amplitude
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for the decay Doﬂﬁoﬂ_e-‘—]/e, at leading order in

SU(2), ®SU(2)g chiral perturbation theory, represented by

Feynman diagrams of Figs. 1 and 2, is given by

M(DO—K*O7 et v,)
GeVedf
BRYIR
—i(pye*")v*]

L 9
vep,+i(TE2)

do [
v-p,TA

VAo * !
€ vaﬂ')\go

2N * !
€ pwvs)\ vo’}

Xu—(v) yu(l_ 75)0(6) ’ (40)

whereu,) andv , are the spinors for the electron neutrino
and the positron, respectively. Note that in the recoille¥$
limit used here, the dependence of the amplitudeaon is
eliminated. We havé(1)=1.8 GeV, from Eq.(33) above.

IV. DIFFERENTIAL DECAY RATE

Before presenting the differential decay rate, let us intro-

duce the following kinematic variabl¢$6,17]. The invariant

mass of the K*sm  system mg+_.,  where
Mg« .= (p' +p,)> is given by
Mis =M, + M2+ 2Myx M, X, (41)
where
VP
X= e (42

The invariant mass of the lepton pair is denotedniyy,,

HOOMAN DAVOUDIASL

dOT(DO—K* 07 et )

dx dnt,d(cosdy)d(cosde)d e

| GEIV.A(1)

2
( m77> (X2_1)3/2\/T—0
M+

(4m)5f2m3
2
db
x+0)2 (T1+Ty)
g 2xgpgs”) . 4
Zr 2 Xt o) (25 "2 (43
where
" A
v= 2m_ "’ =m_’ (44
To=(m3+mZ, —mZ,)2—4m3ms,, (45)
T,=X?sirt6,, (46)

T,=Sir 6 Sir? (X2 + m& . m2,cod )

+mE,m2,(1+cog b cof b,)

- ( mK*zme”) SIiN(26)SiN(26) cosp\ X2+ mi,m2,,
(47)

and

(Mp— Mg —M;,)°
\/ Z Mixm2,. (48)

We can integrate the expression in E4Q) for the differ-
ential decay rate in order to obtain a total decay rate
I'(D°—K*°%7 e*p,) for a limited volume of phase space
consistent with the regime of validity of chiral perturbation
theory and the recoillesis*© approximation. In this region
of phase space, we demand that p-p,/mp<A s and
p'-pL/Mgx <A, sg, WhereA gg~1 GeV, in order to have a

where mg,=\/(pe+p,)% P. is the four-momentum of the valid perturbative expansion, aifid) |p’|/my«<1, wherep’

positron, andp, is the four-momentum of the electron neu- is the three-momentum of thé€*°, in the rest frame of the
trino. The angle formed by the three-momentum of ki€’
in the K* 7 center-of-mass frame and the line of flight of the v =v', corresponding to a recoilless*’, at leading order.

D to ensure that we stay in a region of phase space where

K* 7 in the DY rest frame is denoted bg, , and the angle
between the positron three-momentum in #ie’ center-of-
mass frame and the line of flight of the v in the D° rest
frame is denoted by,. The angle¢ is formed by the nor-
mals to theK* 7 and e v planes in theD? rest frame. The
sense ofp is from the normal to th&* 7 plane to that of the
e*v plane.

The amplitude given by Eq40) is obtained in a region
where theK*° is “near zero recoil,” and later we specify a

The constraints irfa) and (b) above are not very exact,
and an appropriate choice for the region of phase space that
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 E¢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.

region of phase space that corresponds to this approximation. However, we proceed to make a reasonable choice for the

Using the above kinematic variables, in the limit
m_/mg+—0, one obtains the following differential decay
rate forD°—K*%7—e* v, in a region where&k*° is near
zero recoil:

region of integration, given the constraints mentionedain
and(b) above. To satisfp’ - p,/myx <A g5, We requirex
[1,2]. The quantitieg- p,/mp and|p’| depend on the values
of the variables, m,,, and cos , as shown in the Appen-
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dix. By inspection, forxe[1,1.5, co¥e[—1,1], and
m2,e[0.593, Mmp—myx.)%], we have p-p./mp<200

MeV and |p’|<240 MeV. Integrating the expression in

Eq. (43) over m2,e[0.593, (np—myx.)?], xe[1,1.5,
costk e[—1,1], codd. e[—1.1], andpe[0,27] yields the par-
tial decay widthl';(D°—K*%7~e*v,) and

I (D°—K*O7 et v,
=9.01x10 *7(0.01693*(0.024gp+0.013 GeV,
(49

where = corresponds tg¥<")=+0.6. With the angular lim-
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depends on the unmeasul®* 7 coupling constangyy of

Eq. (12), one can use our results to extragt from experi-
mental data. Currently, there is an experimental bound
g2<0.45 on this coupling constant.

We have treated, D*, andK* as heavy matter fields
and applied the chiral perturbation theory formalism to de-
scribe the strong couplings of the” to D, D*, and K*,
assuming that ther is “soft” in the rest frames of the
heavy matter fields. The leading ordéone derivative,
here amplitude involves (K*[sy,(1-ys)C|D) and
(K*[sy,(1-v5)C|D*) left-handed hadronic currents, and
we have presented an expression, in K89), for the
D* —K* current, in terms of the form factors of tie— K*

its of integration the same, if we assume that, without ex<current. One of thdd—K* form factors, denoted ba' ™,
ceeding the realm of validity of our theory considerably, theremains unmeasured. However, we have restricted our phase

region of integration may be expanded xo=[1,2] and
m2,e[0.510,(Mmp—myxm)?], where p-p_/mp<245 MeV

and L5’|<_330 MeV, we obtain a partial decay width
—K*%7~e*v,), which is nearly an order of magni-

I'y(D
tude larger,

Ty(DO—K*Om et p,)
=9.01x10 *7(0.176¢3*(0.23)gp+0.117 GeV,
(50

where, again;= corresponds tg(K*)— +0.6. We mentioned
before that present data sugge}§,<0 45. Let us take

space to a region where the& ® is near zero recoil in th®°

rest frame, making the dependence of the amplituda‘oh
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 th8 and the

K*©, 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. Fofgp|= J/0.3 as an allowed value for the magnitude

g2=0.3 in order to get some estimates of the size of thedf the DD* 7 coupling, we get the branching rati@ and
branching ratio in our region of phase space. Since the totd¥,, corresponding to two reasonable choices for the integra-

width T'50=1.586x10"? GeV for the D° T, gives a
branching ratioB,

ng(zK*)>0,

ng(zK*)<0,
(52)

2x1076,

B DO—>F‘07T76+V =
al J 3x10°7,

in a region where m2, e[0.593,(mp—myx.)?] and
xe€[1,1.5]. For the branching rati®,, corresponding td’,,
we get

— 2x10°5, >0,
By(DO—K*O7r e vy = s ng(zK*)
3X107°, gpg; '<0,
(52)
in our restricted region of phase space,

2 [0.510,(Mmp—mg=*,)?] and xe[1,2]. For the smaller

where

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-eharm 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 ofj,, we can expect that the branching
ratio for a typical region of integration will be of order 10

The volume of phase space in which our theory is valid
may be best selected after consulting the data. However, the
values ofB, suggest that for a volume of phase space that is
close to our second choice presented here and provided that
lgp| is not too much smaller than the value used here,
V0.3, an experimental value fa, can be extracted using

the data orD°—K*%7~e* v, and given the sign 0§ .

value of B, the corresponding region can most likely be In the heavy quark limi{mgy—), gp is equal tog in Eq

explored at a fixed target experiment, orr&harm orB

(12) of Ref.[6]. There are other processes, with fewer final

factory only, since the present experiments are not able tgtate particles, that involve the constagt. D* — D is an

measure such small branching ratios for the decay obthe

example of such a process, where one, in principle, can mea-

However, the values @8, lie reasonably close to the present sure the value o, from the knowledge of the partial width
measurable range aigg, can be extracted from the data if its for this decay channel. This assumes knowing the full width

absolute value is not too much smaller th@.3.

V. CONCLUSIONS

of D*, which is difficult to measure, since ti¥* 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)g chiral perturba-

In this work, we have presented a _systematic calculatiottion theory predictions at the level of one derivative, corre-

of the differential decay rate fob°—K*°7 e"v,, in a

restricted kinematic region, based on the (3U®SU(2)g

sponding toO_(_vH p./1 GeV), wherev, is the four-velocity
of theD® or KY. Thus we expect to have significant correc-

chiral perturbation theory formalism. Since this decay ratetions to our results at the level of two derivatives, suppressed
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by one power ob - p,,/1 GeV, only. Hence, at next to lead- 2|K|
ing order, operators containing two derivatives of the pion B= Mo’
field, insertions of the light quark mass terms, nonpole dia- Ko
grams, and additional pole diagrams, such as the one in > 5
which theK ™* is replaced by &~ in Fig. 2, contribute. x=V(R-K)2—mg, mZ,
ACKNOWLEDGMENTS mi* -m2
) o ) K-Q=——=—R-K+ By cos g,
The author wishes to extend his sincere gratitude to Mark My
Wise for providing invaluable guidance throughout this
work. It is a pleasure to thank Anton Kapustin and Zoltan R-L=y cOS6,,
Ligeti for bringing some of the formalism used in this paper
to my attention. Peter Cho, John Elwood, Martin Gremm, M2 —m?
Adam Leibovich, Jon Urheim, and Eric Westphal are also L= "1y cos f.+ B(R-K)cos O coS 6
thanked for helpful discussions. This work was supported in Q ( ﬁ*w )X et B ) K €
part by the U.S. Department of Energy under Grant No. DE- _ )
FGO03-92-ER40701. ~ BMkx 7M,, SIN b SN B COS ¢,
APPENDIX , . m3+ma, _—mZ,
nEp ° = - A
The following relationgd 16] are useful in calculating the ° 2
scalar products of the various four-vectors introduced in this
paper. Let 2 2 R-K
2{=pp-Q=(Mi,—m?) 1+F + Bx cos b .
R=p’'+ , =pn’' — . K*
P’ +tp,, Q=p'—p (A2)
K=pe+p,, L=pe—p,. Al
PP Pe™P (A1) In the above,p, denotes the four-momentum of tHa°.
We then get Also, in the limit where (n_/mgx)—0, we havey—X,
) whereX is defined in Eq(48).
Q-R=mi, -m?, We have the following expressions for the magnitude of
the K*© three-momentum and the energy of the, in the
K.-L=0, rest frame of theD® denoted byp’| andE ., respectively:
L il P S
= > , p’'|= = — Mixs
IK|2 (Mo %~ Mige )% Mo n—¢
= 2 2 ) E.= (A3)
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