PHYSICAL REVIEW D 69, 094002 (2004

Nonleptonic A, decays toD4(2317, D4(2460, and other final states in factorization

Alakabha Datta
Department of Physics, University of Toronto, 60 St. George Street, Toronto, Ontario, Canada M5S 1A7

Harry J. Lipkin'
Department of Particle Physics, Weizmann Institute, Rehovot 76100, Israel,
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact Sciences, Tel-Aviv University, Tel-Aviv, Israel,
and High Energy Physics Division, Argonne National Laboratory, Argonne, lllinois 60439-4815, USA

Patrick J. O’'Donnefl
Department of Physics, University of Toronto, 60 St. George Street, Toronto, Ontario, Canada M5S 1A7
(Received 16 December 2003; published 13 May 2004

We consider nonleptonic Cabibbo-allowed, decays in the factorization approximation. We calculate
nonleptonic decays of the typ&,— AP and A,—A_.V relative toB_g—>D*P and B_2—>D*V where we
include among the pseudoscalar states and the vector states the newly distqvesshanced)(2317) and
D¢(2460). In the ratio ofA, decays taD¢(2317) andD4(2460) relative to tth decays to these states, the
poorly known decay constants Df(2317) andD(2460) cancel, leading to predictions that can shed light on
the nature of these new states. In general, we predic\thdecays to be larger than the correspondaﬁg
decays and in particular we find the branching ratiofgr— A ;.D¢(2460) can be between four to five times the
branching ratio f0|B_SHD+DS(2460). This enhancement of, branching ratios follows primarily from the
fact that more partial waves contributeArp decays than irB_g decays. Our predictions are largely independent
of model calculations of hadronic inputs like form factors and decay constants.
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I. INTRODUCTION The factorizable amplitude is expressed in terms of form
factors and decay constants. However the form factors and,
Nonleptonic decays are widely used to obtain informationbarring a few cases, the decay constants are unknown had-
about the elements of the Cabibbo-Kobayashi-Maskawgonic inputs. Therefore, predictions for nonleptoriig de-
(CKM) matrix in the standard modeSM), as well as to  cays depend on model calculation of form factors and decay
obtain |nS|_ghts abou_t the nonperturbative aspects of QCleonstants and can have a wide range even within the factor-
Nonleptonic decays in thB and A, systems are interesting ization assumptiofid]. Our purpose in this paper is to obtain

since the heavy mass of tiequark relative to the scale of redictions forA, decays, within factorization, using the
soft nonperturbative physics allows for simplifications and? > 10TAp decays, ) . ' 9
heavym, limit and using experimental inputs.

makes tractable the difficult problem of calculating nonlep- The method we use is the following: instead of directly

ton%ge:;ﬁ'ptomc decays of th, baryon have received calcylating theA, decays we consider instead the ratio_ of

relatively less attention than those of tBeneson. In they, ~ Cabibbo-allowedA,, decays relative to the corresponding

baryon, the spin of the baryon is carried by thquark with Cabibbo-allowed3 decayg. The branchlng 'ratlos for m‘%_

the light diquark in a spin- and isospin-singlet state. This facf€c@ys can then be obtained by simply using the experimen-
tal numbers for the Cabibbo-allow&ldecays. One obvious

plays an important role in\,, decays[1] and leads to sim- o o
plification of the nonperturbative dynamics involved in these@dvantage of considering such ratios is that the dependence
on decay constants drop out in the ratio. Furthermore, in the

decays. Because of this spin correlation betweenbtlaad o i ,
the A, polarizedA,, decays can provide important informa- heavy m, limit, these ratios can be _ex_pressed as ratios of
squared form factors. In the heawy, limit all form factors

tion about the weak interaction of thequark[2]. Nonlep- i i i
an be related to one single form factor and a dimensional

tonic A, decays can therefore be used to test the SM and t6 X . :
obtain insights into nonperturbative QCD. constant representing the effective mass of the light degrees

In this work we consider Cabibbo-allowedl, decays. of freedom in theA ,, baryon. These ratios of form factors are

Cabibbo-allowed\ , andB decays are usually calculated us- OPt@inéd using a mild assumption about tifebehavior of
ing factorization. We will also concentrate only on the fac-the form factors and the measurement of the branching ratio

torizable part and discuss briefly nonfactorizable effects lateBRIAs—Acm~ 1/BR[Bg—D*7~]. Our predictions tum
in this section. out to be minimally dependent on hadronic inputs such as
form factors and decay constants.
Another advantage of calculating ratios of branching ra-

*Email address: datta@physics.utoronto.ca tios is 'Fhat some of the n.onfactorizable amplitudes cancel in
'Email address: harry.lipkin@weizmann.ac.il the ratio. To see how this happens consider the dedays
*Email address: odonnell@physics.utoronto.ca — AP andBj—D " P. Now the underlying quark transition
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is b—cP. The corrections to factorization can arise from (1) The effective mass of any constituent in a hadron de-
gluon emission between theor the ¢ quark and the quark pends on the hadron wave function only via the color-
constituents ofP. However, these corrections are the same  electric field seen by the constituent. The color electric
for A, and B} decays and so cancel in the ratio of their  fields are very simply related in these hadrons.

amplitudes. Gluon emissions involving the spectator quark if2) The color-electric field seen by the light quark systems

B_fj and the spectator diquark in, may also bEsimiIar given ud andu are independent of the flavor of the quark
the fact that the diquark i, belongs in the under color ~ (3) The color-electric field seen by the quagkis indepen-
SU(3), as does the spectator antiquarkgijiand so both the dent of whether the color 8ght quark system is ad

spectators may have similar color interactions. Furthermore, diquark or au antiquark.
within factorization, the small perturbative corrections to the(4) The color-magnetic interaction between the qugriand

form factors will also cancel. _ the spin-zero diquark vanishes in the baryon staf.
Nonleptonic decays involving the newly discovered (5) The color-magnetic contribution to the meson mass can-

D4(2317)[4] andD(2460)[5] states are of particular inter- cels out in the linear combination of mas$é4]:

est. It was shown in Refl6] that nonleptonicBY decays

involving these states can provide clues to the true nature of ~  3M(V)+M(P;)

these states which is still not kno—-10]. It will be there- i 3

fore interesting to see if these né&y resonances show up in

the A, decays and how the rates for these decays compare t% The h " litting. betw h .
theBg decays involving the neW states. As shown in Ref. (6) The hyperfine splitting between the meson stgieg

— and |V;) is inversely proportional to the effective mass
[6] nonleptonicBY decays toD4(2317) andD4(2460) in- Vi) y brop

m?ﬁ of the quark of flavoii and similarly for the hyper-
volve the poorly known decay constants of these new states. fine splitting between the baryon stadeB{’) and |B-1>
However, in- the ratio_ngb decays toDy(2317) and However, this cancels out in the combination of IEIIB)
D4(2460) relative to thé8y decays to these states the decay These immediately give for any two quark flavérandj
constants 0D ((2317) andD¢(2460) cancel, leading to ro-

bust predictions that can shed additional light on the nature M. — M. =M(B%)— M(BY)=me""— me'" 4
of these new states. ! ! ! : !
and
A. Masses and form factors
— 1 0 ff
This assertion that the diquark ift,, belongs in the 3 M(Vi)—M(P)) _ M(B{)—M(B;) — mf (5)
under colorSU(3). as does the spectator antiquarkBf M(V)—M(Pj) M(B))—M(B}) m:™"

leads to similar color interactions has been dramatically con-

firmed by relations between hadron masses based on a Equations(4) and(5) give all the mass relations between

simple QCD-based argument that goes beyond simple modnesons and baryons previously obtairjdd,13—16 from

els for the spectator diquarks and the spectator antiquarthe Sakharov-Zeldovich modEL7] improved by De Rujula,

[11,12. Georgi, and Glashow18]. In particular, we note that the
The hadrons under consideration all consist of a quarkgchange in baryon masses when thequark in a Ay is

denoted byg;, of any flavori and “light quark state” having changed into & quark to make a\,

either th quantum numbers of_acﬁlc[diquark denoted by
ud or a 3 color antiquark denoted by. While we use the

notationsud andu for these light quark states, they can apply.

to any more complicated light quark configuration containingIs exagtly equal to the change IN MESoN Masses wheb the
the same quantum numbers. quark in aB meson is changed into @aquark to make @&

Consider the following four states of a quark of flavor when the appropriate average of pseudoscalar and vector me-

— . . sons is taken to cancel out the hyperfine interaction:
bound to aud or u configuration. These are the pseudoscalar yp

and vector mesons 3(Mgx —Mps)+Mg—Mp

eff
IP)=]giu)s—o, [Vi)=laqiU)s_1 1

(M —me™M . =M(Ap)—M(A)=3339 MeV (6)

ff
<mg —mg >mes: 4

=3342 MeV. (7)
and the isoscalar and isovector baryons with spins 1/2 and
3/2, respectively, The fact that the change in the hadron mass produced by
the quark transitiorb—c is the same when the quark is
BY)=ldi(ud)i—o)s—1r2, [B{)=[ai(ud)i—1)s=3- (2  hound to aud diquark and to ar antiquark suggests that the
diquark and antiquark are spectators in the transition and will
Interesting mass relations between these hadrons were oalso effect the transitiob—c in the same way when it is
tained[11] from the following QCD-motivated assumptions: produced by the emission of\& in a weak decay.
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We now note that rearranging E¢f) gives the dimen- S= \/ZmA (Ey +m, )a
sional constanf\ defined in Ref[19] to represent the effec- be ¢
tive mass of the light degrees of freedom in thg andA,  and
baryon:

P=—/2m, (E, —m, )b,
A=my —mp=my —me. (8)

whereEAC and m,_are, respectively, the energy and mass of

The valueA =575 MeV was estimated in Ref11] using the final-state baryon .. The decay rate is then given by
guark masses that fit both meson and baryon masses. -

|pl
= (|s]2+|P|?), (11)
8’7TmAb2

B. Nonfactorization

Although we will use a factorization assumption there is a
question of the correctness of such an assumption and whathere |p| is the magnitude of the momentum of the decay
corrections would enter from nonfactorization. Nonfactoriz-products in the rest frame of thg, .
able effects are known to be important for hyperon and We will use factorization in order to estimate various non-
charmed-baryon nonleptonic decd?9—-22. An unambigu- leptonic amplitudes. The starting point is the SM effective
ous signal for the presence of nonfactorizable effectd jn  Hamiltonian for hadroni® decayd 24
decays would be the observation of the dedgqy—3.P or
Ap—2V. This is because, for the factorizable contribution, Ge
the light diquark in theA, baryon remains inert during the Har=—=| VupViiq(C10§+c209) — > VipViciOf | +H.c.,
weak decay. Thus, since the light diquark is an isosinglet, ‘/— =3

10

and since strong interactions conserve isospin to a very good (12

approximation, the abov&,, decays are forbidden within the |\ h4re

factorization assumptioft].

One way to estimate the size of nonfactorizable correc- a_q o a_ 7. o

tions is to )L/JSG the pole model. In this model, one assumes O1=0dayulCaCpy"Lba,  Oz=ay,Lecy"Lb,

that the nonfactorizable decay amplitude receives contribu- o o

tions primarily from one-particle intermediate states, and that  OF5)=qy,L b> q’ y*L(R)q’,

these contributions then show up as simple poles in the de- q’

cay amplitude. Estimates of such pole diagrama jrdecays

have been found to be small and so are neglected in our ~g _ P '

analysig 3]. Note that these pole diagrams arise only through Qi q“y“LbB% A7 L(R)Ga

weak interactions involving the spectator quark and so small

estimates of the pole diagram confirms the assumption of 3— — ,

small spectator interaction in,(BS) decays23]. 079~ qu#l‘bz‘ €qq y"R(L)A’,

In Sec. Il we discusd ,— AP decays and in Sec. Ill we ‘

discussA,— AV decays. We will focus on those processes 3 —

for which factorization is expected to be a good approxima- Og(loﬁzqan'-b,ez eq'dzY*R(L)Q,, . (13

tion, namely color-allowed decays. Finally in Sec. IV we a’

present our summary. In the aboveq can be either @ or ans quark, depending on
whether the decay is AS=0 or aAS=—1 processg’

. Ap—AP DECAYS =d, u, sorc, with ey, the corresponding electric charge, and

(L)=1=xvys. The values of the Wilson coefficients can
e found in Ref[25].

We now apply the effective Hamiltonian to specific exclu-
sive A, and B decays. We begin witth,— A .7~ and B°
Mp=A(Apy—AP)= iu_Ac(a+ bys)uy,- 9 - I? " wftwhich is ab— cud transition. Factorization allows
us to write

In the rest frame of the parent baryon, the decay amplitude o _
reduces to A(Ap—Acm ) =if .q*(Ac[cy,(1—ys5)b|Ap) X,

We begin our analysis by studying the nonleptonic deca
Ap—AP. The general form for this amplitude can be writ-
ten as

A(Ab*AcP):i){j\c(S"' P‘;'FA))XAb: (10) A(BOHD+7T_):ifWqH<D+|cyM(1—'y5)b|BO>X7T,(14)

wherep is the unit vector along the direction of the daughter Ge
baryon momentum, and th® and P wave amplitudes are Xa=—=VepVigas.
given by \/5
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The pseudoscalar decay constéptis defined as [ 2

_ _ 2_ 2y Mo
a'n'_fwxﬂ' (mAb mA )fl(q _m'n')+f3 ’
. — ] ‘ My,
if ,q=(m|dy*(1— ys5)ul0) (15
m2
anda,=Cy+C1 /N, ) ) b,=f, X (My +mMy )g1(qP=m2)—gs——1|.
Now, the vector and axial-vector matrix elements between | b ¢ My,
the Ay, and A, baryons can be written in the general form (19

In Eqg. (18) we can drop the suppressed contributions from
the f53(g3) form factors and using the heavy quark effective
theory (HQET) relationf; =g, the quantitiesa,, andb_ can

be expressed in terms of only one form factor. BandP
wave amplitudes are then written as

— — | fo fa
Aglcy*blAp)=u, | foy*+i—0*"q,+ —q* (U, ,
(Aclcy*blAp) AC_ 1Y m,, q mAbq Ap

e — | 9%
(Aclcy"ysblApy=uy, 91?’”+|K0'” a,
L b

m2

Js3 T
et o, 10 settm, e
b (My,+mMy )

where thef, and g; are Lorentz-invariant form factors.
Heavy-quark symmetry imposes constraints on these form \/ m?
1_

factors. In our approach we will only consider thas heavy P= fwxw[(mib— mﬁc)] Zfl(qzz me).
and consider corrections up to ordeml/ In the m,—© (mAb_mAc)
limit (but with 1/, correctiong, one obtains the relations (19
[19]
o - B The vector and axial-vector matrix elements between the
P P P (@)+ n(w) B® andD* mesons can be written in terms of form factors
17017 2my | T my ) (0+1) eel@)t S [27]
_ — 2 2
A A — mg—mg
= = = - - D+ J BO = + — F 2
f2 Jdo f3 Js3 zmAc(w+1) 1 mAC) §B(w), < (pD)| ;L| d> (pB pD)M q2 q,u l(q )
17)
m-my
+ F , 20
where ég(w) is the Isgur-Wise function for the\,— A q? 4xFola”) 20

transition, A is defined in Eq(8), 7(w) represents the cor-
rection from the kinetic energy of heavy quark in the baryon,

and whereq=pg—pp . From Eq.(14) one then obtains

m3, +m3 —q? A(BJ—D 77 ) =1 X (mzg—md)Fo(g®=m2). (21)
(1)= e
2mAbmAC

Note that the form of this amplitude is similar to the one in
Eqg. (19) with the important difference that for the, decays
¥here are two partial waves allowed by angular momentum
conservation.

We are interested here in the ratio

We point out that it is not necessary to estimate the quantit
n(w) for our calculation as we only use the relatiép
=g, . Estimates ofp(w) are found to be negligiblg26] and

so we will setn(w)=0.

The dimensional constank representing the effective
mass of the light degrees of freedom in thg and A, R BRIA,— A7 ]
baryon is estimated from Rdfl1] with A =575 MeV. Now W_BR[B_3—>D+7T‘] '
from Eq.(17) we see that in then,— < limit only the form
factorsf, andg, are non zero and the form factofs, g,,
f5, andg, are suppressed l(1/m,). We will use this fact ~We can define similar ratio8¢ , Rp, Rp, andRp (2317). In
later on in our calculations. Using Eq&l4) and (17), the  passing we note that it is useful to also consider ratios of
amplitudesa andb of Eq. (9) can be written as nonleptonic to semileptoni¢SL) decays,

(22
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IMA,—AM]

S~ G A= Al v]/de”

I'[BS—DM]
dr[B%—Dlv]/dw’

SLB_gz

__ dI[Ay—Adv]/de

0= - [
M8 grB9—Dlv]/dw

(23

whereM is aP or aV meson. The semileptonit,— A¢lv
decay distribution[26] as well as the nonleptonic\,

— A M transition in factorization can be expressed in terms [ m3
S

of the A,— A form factors in Eq(16). Now using Eq(17)
and the estimate o\ the quantity SI,,(b is independent of

PHYSICAL REVIEW D69, 094002 (2004

fo

2
sts

~[g( -+ =F

_ q'M _
(Aclc(1=ys)b|Ap)= m(AJCm(lI ¥s)b[Ap).
(29)

This then leads to

ap_=fp (Xp_+Yp)

bDS: fDS(XDS_ YDS)

form factors and can therefore be used to check for the va-

lidity of factorization inA,— A:M transitions. One can use
the ratio SlB_g to check for factorization iBY decays. How-

ever the structure of thery, ,, corrections are not so simple
here[28]. Finally the ratio SbeB_g can be used to express the

ratio of A,— A form factor anng—>D form factor as a
function of w.

For the decays\,— A (7 ,K™) there are no penguin
contributions. However, for the decays A,
—A(Dg ,D7,Dg(2317) there are penguin contributions
and the penguin operators affect thg andB decays differ-
ently [2]. For the decay\,— A D, we obtain

A(Ap—AcDg)=ifp 0*(AclCy, (1 y5)b| Ap)Xp_

+ifp AACY, (1 y)b|A)Yp . (29)
where
Gr * * (201 A
Xp,= —=|VepVida— > VguVidad+aly |,
\/E g=u,c,t
F
Yoo —[ S Veviacad|w, @9
\/5 g=u,c,t
with
2m3
= i : 26
XDS (ms+ mc)(mb_mc) ( )
and for even, a;=c;+¢;_1/N;.
In the above equations we have used
ifp 0" =(Dgsy*(1-¥s)c|0), 27)

where q/‘EpAb— pﬁc=p’5S is the four-momentum transfer.
One can then show that

and

§=fp(Xp+ Yo JL(M},—m3 )]

mzDS
X 1——2f1(q2=més),
My, +my )

P=fp (Xp,~ Yp)L(M} —m] )]

m%s
X 1——f1(q2=m%5)_
(my,—my )2

The corresponding decay,B_geD+DS_, is

(30

A(BG—D "Dy )=Tp (Xp +Yp ) (M3—m3)Fo(q?=m ).
(31)

Similar expressions can be written for the pair of decays
Ap—A D~ and Bj—D D~ with obvious changes. Note
that from Eqs.(25) and(26) the quantityYDs or Xp, is for-
mally suppressed by iy, though with a large coefficient.
Taking the effective quark masses,=5.050 GeV, m,
=1.710 GeV, andm=0.602 GeV[11] we find xp ~1,
which shows the effect of the large coefficient. However, to
simplify our discussion we will neglect . Given the fact
that the penguins are smaller than the tree amplitude, the
error from the neglect oTYDS is of the same order as the
subleading Ih, effects that we have neglected. We should
point out that forCP-violating studies the quantiti@SDs and
Yp, play an important rol¢2]. However, here we are inter-
ested in decay rates only and r@P-violating observables.
Using the values of the particle masses as well as the
lifetimes of theA, and B [29] we obtain

f2 2:m2
1.7 12(q2 Z) .

R (32

m
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Now using Eg.(32) and experimental information oR . TABLE I. Rp:BR[AbHAcpi]/BR[B_gHDJFPi]With experi-
allows us to extract the form factor ratio mental input.
r(q2=mi)=fl(q2=mf,)/Fo(q2=me). Rp Theory Experiment
R, 2.17 217
There has been a preliminary measurement /of R, 2.14 -
—Acm by Collider Detector Facilitf CDF) [30] with the g/ 1.79 -
branching  ratio [6.0+1.0(stat}=0.8(syst}-2.1(BR)] Rp 1.75 _

% 10" 3. Using the Particle Data Grou®DG) value fong
—D" ™, which is (2.76-0.25)x 10 2 [29], and taking the
central value of the measurements, we obRjr=2.17. Us-  °“Referencd30].
ing Eq. (32), this then leads to

RDS(2317) 1.58 -

q? q*
f (q2:m727) 8| —5 1+aB—2+
=112, (33) M2, M2,
Fo(g?=m3)
In the heavym. andm,, limit we can relate the form factors q* 14 q? N 36
f, andF, to the Isgur-Wise functions for tha,— A . and v vz | am o T (36)
B—D transition, &g(wg) and &y (wy), B B
fa(m2)~f1(0) = £5(wd™, and so
2
2 M +m max n q_
Fo(m2)~Fo(0)=F(0)= ol®), Bl 2
O( 77) O( ) l( ) ZWSM( ) MB* q2 q2
(34) 5 apg > _aM_2+ (37)
q MB* MB*
which gives ™ M2,
€p(wg ™) =LA (on™). (39 Note that the often used pole model for form factors is just

one example of the general parametrization in E3f),

In the heavym, andmy, limit wg=wy . However for actual \yhere Mg« and My« can be identified with the excited
massesx;g‘a" 1.458 andwma" 1.588, which indicates that baryon and meson states.
m.—o is not a very good limit. Keeping in mind that  Now the largestq? we will be interested in isg?
ésm(w=1)=1, Eq. (35 indicates that the baryon Isgur- ~4 Ge\? and so takingVl\;« g+ around 5-6 GeV we expect
Wise function falls off slower than the mesonic counterpartthe second term in Eq36) to be around 10—15%. Further-

To make predictions for the ratigp for the other decays more, we expectvg and ay, to be of the same sign as the
we would need the ratio of form factor§q?=m32)=f,(q>  form factors increase wit. This implies further cancella-
=m3)/Fo(q?=m3). This requires a dynamical input that tion in the second term in E437) and so to a good approxi-
will be our only assumption for the calculation of the decaysmation
besides factorization.

We assume a general parametrization of the form factors

for the region ofg? that we are interested in, 78 _q
M2,
2 = (38)
q 2
f1(q%)=f1(0)7g — | a
Mg« ™M 2
M«
q2 . . .
Fo(q2) =Fo(0) W( ) rSa(:i(;nr the heavym, limit we can write for the form factor
M*
whereMB* and M« are some heavy masses that scale as r(g?)~r(g’=0)=r(q*=m?). (39

. In other words the differenc® g+ — M+ vanishes as
mb—>f>c Furthermoremg m(0)=1 by definition. Assuming Hence the measurement ofg?=m?2) allows us to make
g® to be smaller tham 2 B* andeA* we can write predictions for other decays that are presented in Table I.

094002-6



NONLEPTONICA,, DECAYS TO D((2317),D4(2460), ... PHYSICAL REVIEW D69, 094002 (2004

. A,—A.V DECAYS | E2
\%

Lyvo= (|S+D|2+|P1|2)—2 : (44)
We now turn to the decaysA,—A;V where V 87rmA§ my

=p,K*a,;,D*,D} ,D,(2460). The general decay amplitude

can be written 3520 2 The complete expression for the decay rate with finiig

pr+ pﬁc( - andV not necessarily light is given by
— - (atbys
My, |5[

FV:

My=A(Ap—AN)=U, &% )

EV
(IS+D 2+ P12 — +(|S*+ [P, |,
87rmA§ my
Un,» (40 (45)

+ yH(X+Yys)

wheres* is the polarization of the vector meson. In the restwhere|p| is the magnitude of the momentum of the decay

products in the rest frame of thg, .
frame Of the A, we can writepy=(Ey.0,0{p]) and Pa, We use factorization to calculate the coefficieatd, X,

=(Ex,,0,0,-|pl), and Eq.(40) can be reduced tf20] andy in Eq. (40) for various decays. Consider first the decay
Ap—Acp. We define the decay constayy as
My=x{[So+Pip+iP,pXa+D(a-p)p]-exi, B
(41) m, g, % =(p|dy,ul0), (46)

wherefJ is a unit vector in the direction of the vector meson gnd so we obtain
momentum. The amplitudes for the three helicity states of

the vector meson can be written as
A(Ap—Acp)=m,g,{ek(Acyr(1- 75)b|Ab>Xp}( )
4

P,—S _
M("—l)_TXf[O- (er+ie)lxi, c
F
Xp= 7VCbV:da21
R 2
M(-1)= xilo-(e1—ie)]xi, (42)
\/E ! oA with a,=c,+c;/N;, anda, b, x, andy in Eq. (40) given by

Ey m,g,f2X,
M<0>——XI[<S+D>0 p+P ;. PR

iy N b,=—m,g,92X,,
In terms of the quantities defined in E40) we then have

- 2mAb(EAC+mAC)y! Xp=mpgp fl—T 2 Xp,
b
\/ my, +my
Pi=v2my (Ex +mMy) —| -————Xx+2a|, My, — My,
b Ev| Ea My, y,=—m,g,| g1+ Tt X (48)
b
pX "
— \/2mAb(EA +mAc) _ (43 For the general decay,— A,V the quantities, b, x, andy
Ea tma, have the same form as E@8) and we can then write
D=/2my (Ey +m,) P’ [2b—y] S+D=2 _f +f my K1
—— [ 2b—y]. =2mygym -,
Mo AT B m) VOV T 2 o T my, | Ko
We note from Eq(42) that for lightV, E\,~ m,, and so as I m?
m,— o the amplitude with longitudinally polarized domi- P1=2mygymy, f1—f2+—
nates. Hence in this limit only two combinations of partial (mAb mAc)mAb
waves contribute. We also note that the longitudinal ampli- 2 2
tude M(0) is of the same form as E@10) for Ap,— AP. Ma, =M, Ky
Hence in themy,—o and a lightV limit we can write the x

. 2 42 KKy’
decay rate forA,— AV, following Eq. (11), as My, T My, 301
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My, —Ma, K,
Po=—mygymy [f1—fo]——— K.’
My, 1
-|'I'T1AC
S=mygymy [f4 +f2]m—K1- (49)
Ap
where
my
Ki=\[1- ———
(my, +my )
2
m
K2:1+ v 2
N, M)
2
m
Ka=1= o,
(mi, +m3)
2mg(mj +mj ) mg
Ks= - 2 oo |1 2 2|
(my, —m3) 2(mi, +my )

(50

In the light V and my— caseK,,3;,~1 and the depen-
dence on the form factdr, drops out. Also, only the first two
combination of partial wavess+ D, and P, contribute. In

the heavym, limit and identifying the lightV=p, as an
example, we can write, using the relations in E4j7) and

dropping terms suppressed by/E?>,

2

IMP(Ap— A ep ™) =(Gev2)2 VooV 2a2met2f(m?)%m

2 22

E2 (my,—mj)

X— 1t —— ok
m; (mAb+mAC)

©

The corresponding expression fEPHD-Fp_ is within the
factorization assumptiof81],
IM[?(B°—~D*p")

ZasmitoF(m?)?

=(GeV2)? VeVl

(51)

From Eq.(51) we see, that unlike the pseudoscalar case, th&y

form factor F,(q%) appears. Howeverky(q®>=0)=F,(g?
=0) and for the values off> we are interested in we will
make the assumptioR;(q?%)~F(q?). We therefore obtain

for the ratio of form factors
fi(e®)  fi(9?
r(0)=——~———~r(¢?=0). (52
Fo(q ) )

PHYSICAL REVIEW D 69, 094002 (2004

TABLE Il. Ry= BR[AbHACV’]/BR[B_gﬂD*V*] for f,=0.
Ry Theory ('y) Theory (["vo)
R, 1.75 1.68
Ry 1.82 1.72
Ra, 2.08 1.89
Rp« 3.21 2.58
Rp* 3.47 2.74
Rp (2460) 4.76 3.50

We can now use the experimental input f¢g?= mf,) from
Eg. (32) to make predictions for the various,— A V de-
cays.

It is clear from Eq(49) that asm,, gets larger the effect of
the form factorf, becomes important and we have to intro-
duce additional model dependency by requiring the value of
f,. Howeverf, is suppressed by iy, and so we will present
our predictions in two cases. In the first case we shall take
the m;—« limit and so f,=0. However, we will use the
measured values of the various particle masses thereby in-
cluding finitem,, effects. Hence, the only assumption that we
make here is thah,—  is applicable only as far as the form
factor f, is concerned. For the second case we estimate
f,/f, using Eq.(17) with m;=1.710, andA =0.575 GeV
[11] and ég(w) ~1.

We present our results in Table Il with,=0 while in
Table 11l we present results with,#0. The second column
in Tables Il and Il uses the full decay rate in Ed5) while
column three uses the decay rate with only the longitudinal
polarization as given in Ed44). From Table Il we make the
following observations. When the vector mes@dns light,
then there is little difference between the entries in column
two and column three, indicating the dominance of the lon-
gitudinally polarized contribution. With highen,, the con-
tributions from the transverse polarization components be-
come important. The second observation is that, for I\ght
Ry=<2, as only two partial waves corresponding to the lon-
gitudinal vector polarization contribute. However, with in-
creasingmy, the various quantitiek, , 3 ,become important
and in particular the partial wawe, increases. The net effect
is that, even with only the longitudinal vector polarization,
the A, decay rate is more than the correspondihgate by
more than a factor of two for charm final states. Finally we
see that the branching ratio far,— A .D¢(2460) is between

TABLE Ill. Ry=BR[A,—AV J/BRIBI—D*V~] for f,
#0.
Theory ('y) Theory ([vo)

R, 1.75 1.68
Rys 1.81 1.72
Ra, 2.07 1.88
Rp* 3.17 2.56
RD; 3.43 2.71
Ro_(2460) 4.68 3.46
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four to five times that of the correspondiBymode. This is

PHYSICAL REVIEW D69, 094002 (2004

preliminary measurement of the branching ratio fay,

simply from the fact that more partial waves contribute in the— A .7~ and a mild assumptions about thé behavior of

A}, decays and the fact that tilg,— A form factor is larger

form factors we made predictions for sevety) decays rela-

than the correspond|rigd—>D form factor as suggested by tive to the corresponding] decays. In general we found the
experiment[30]. From Table Il we see that the effects of A, decays to be larger than the correspondﬂﬂgjecays and

non zerof, from finite m, effects are rather small.

IV. SUMMARY

in particular we foundA,— A Dg(2460) can be between
four to five timengHD+Ds(2460). This enhancement of
A} can be understood from the fact that more partial waves

In this paper we have considered nonleptonic Cabibbo¢ontribute inA, decays than iBY decays and the fact that
allowed A, decays in the factorization approximation. We the A,— A form factor is larger than the corresponding
have discussed possible nonfactorizable effects and how eBdHD+ form factor.
periments can be used to test look for them. We calculated

decays of the type\,—A P and A,— A V relative toB_g

—D'P andBj—D "V where we included among the pseu-

doscalar statesP) and the vector state®/) the newly dis-
coveredDg resonancesD¢(2317) andD4(2460). Using a
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