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Extraction of axial form factors from B̄0\D¿KÀK* 0 decay
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Based onB̄→D (* )K2K* 0 decay data, which supports factorization, we propose to extract the kaon axial
form factor in the factorization framework. Experiment indicates that theK2K* 0 pair is produced by an axial
current where only one out of three axial form factors is dominant. The axial form factor can be extracted by
fitting theK2K* 0 mass spectrum with ana1(1260)-resonance plus QCD-motivated nonresonant contributions,
which can be improved as data improves.
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I. INTRODUCTION

The three-body B̄→DK2K* 0, D* K2K* 0 and B̄
→DK2K0, D* K2K0 decays were observed for the fir
time by the Belle Collaboration based on 29.4 fb21 of data
@1#. For theB̄→D (* )K2K* 0 channels, one has a peak ne
threshold in theK2K* 0 mass spectrum, which can be d
scribed by a dominanta1(1260) resonance contribution; a
though there is a possible peak at;2 GeV. In addition,
angular analysis findsK2K* 0 to be in theJP511 configu-
ration, supporting thea1(1260) pole dominance picture. Th
fitted parameters, however, give largera1

2(1260)→K2K* 0

branching fraction@1#, by a factor of 2 or more, than what i
obtained from the three pion mass spectrum int decays@2#.

The peaking near threshold of theK2K* 0 mass spectrum
suggests aquasi-two-body process where the collinea
K2K* 0 pair recoils against theD (* ) meson. This suggest
that factorization could be at work for such three-body d
cays. In our previous work onB̄0→D (* )1K2K (* )0 and
B2→D (* )0K2K (* )0 decays, two kinds of decay amplitude
arose due to different flavor structures that give rise to
D (* ) meson@3#. The B̄0→D (* )1K2K (* )0 process involves
only the matrix element̂ K2K (* )0uV2Au0&, where the
K2K (* )0 is produced by a weakV2A current. ForB2

→D (* )0K2K (* )0, one has in addition a^K2K (* )0uV
2AuB2& contribution, whereB2 goes intoK2K (* )0 via a
weak current.

Under factorization, theB̄0→D (* )1K2K0 decay ampli-
tude is a product@Fig. 1~a!# of the matrix elements

^K2K0uV2Au0& and^D (* )1uV2AuB̄0&. From parity,K2K0

can only be produced by the vector current in^K2K0uV
2Au0&, which carries bothJP501 and 12 components. The
K2K0 pair, however, should dominantly be in the 12 state
by isospin symmetry. This is consistent with experime
which findsK2K0 dominantly in 12 @1,4#. By using isospin
rotation, the kaon weak form factor^K2K0uVu0& can be fur-
ther related to the kaon electromagnetic~EM! form factors in
e1e2 annihilation, where much data exist. Without tunin
parameters, we obtained the value forB(B̄0

→D (* )1K2K0), which is in good agreement with exper
1550-7998/2004/70~3!/034032~7!/$22.50 70 0340
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ment @3#. The predictedK2K0 mass spectrum has a pea
near threshold as a consequence of the kaon form fa
which can be checked by experiment. The prediction
K2K0 to be in the 12 state and good agreement with th
observed branching fraction gives strong support for fac
ization in B̄0→D (* )1K2K0 decay.

As illustrated in Fig. 1,B̄0→D (* )1K2K0 decay bears
some similarity with the baryonicB0→D* 2pn̄ decay, which
was first measured by the CLEO Collaboration@5#. Under
factorization, theB0→D* 2pn̄ decay amplitude contains@6#

the matrix element̂pn̄ uV2Au0&, which involves both vec-
tor and axial current form factors. We had also used isos
to relate the vector current form factor to the EM data. It w
found that the vector current contribution could account
;60 % of the observed rate@6#. The predictedpn̄ mass
spectrum also exhibits near threshold enhancement. Unfo
nately, this mass spectrum cannot be checked immedia
Furthermore, there is no data on axial current baryon fo

FIG. 1. ~a! The K2K (* )0 and ~b! pn̄ pairs produced by a cur
rent. The wavy line is theW boson.
©2004 The American Physical Society32-1
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factors. We suggested instead that one could perform an
verse transform to obtain nucleon axial form factors once
B decay data becomes available. It would be interestin
fundamental quantities, such as nucleon axial form fact
can be extracted directly fromB physics data. It should be
noted thatB̄ 0→D (* )0pp̄ spectra have been measured@7#
and thea1-pole contribution could be important@8#. How-
ever, we cannot use them to obtain nucleon axial form f
tors, since these modes are dominated by transition contr
tions, i.e.,A}^pp̄ u j uB̄ 0& ^D (* )0u j u0&, in the factorization
approach.

Unlike theB0→D* 2pn̄ case, we already have some da
of theK2K* 0 mass spectrum for theB̄→D (* )K2K* 0 decay.
In the factorization framework, theK2K* 0 pair in B̄0

→D (* )1K2K* 0 can be produced by both vector and ax
currents. However, experiment found thatK2K* 0 is domi-
nantly in JP511 configuration, implying a dominant axia
current contribution. By neglecting contributions from th
vector and the timelike component of the axial curre
~which would give 02), it is possible to obtain the timelike
K2-K* 0 axial form factors fromB̄0→D (* )1K2K* 0 decay
data.

In this paper, our purpose is to demonstrate the extrac
of the axial form factor from data. Unfortunately, althoug
more data is already available, at present theK2K* 0 mass
spectrum is given only by combiningD1K2K* 0,
D* 1K2K* 0, D0K2K* 0, andD* 0K2K* 0 modes. To stimu-
late further experimental studies, we generate mock d
based on the existing one, from which an inverse transfo
is done to obtain the axial form factor. In Sec. II we form
late the factorization approach and define theK2-K* 0 axial
form factors. The implications of angular analysis on t
form factors will be examined, and the form factor is th
parametrized for subsequent use. The fit results to mock
are obtained in Sec. III, which is followed by discussion a
conclusion in Sec. IV.

II. FORMULATION

The relevant effective Hamiltonian is

Heff5
GF

A2
VcbVud* @c1~m!O 1

c~m!1c2~m!O 2
c~m!#, ~1!

whereci(m) are the Wilson coefficients andVcb andVud are
the Cabibbo-Kobayashi-Maskawa~CKM! matrix elements.
The operatorsOi are products ofV2A currents, i.e.,O 1

c

5( c̄b)V2A(d̄u)V2A and O 2
c5(d̄b)V2A( c̄u)V2A , where

(q̄q8)V2A[q̄gm(12g5)q8.
We concentrate on theB̄0→D1K2K* 0 decay mode,

since under factorization it involves only a simpleB̄0→D1

transition and̂ K2K* 0uV2Au0&, giving the decay amplitude

A~D1K2K* 0!5
GF

A2
VcbVud* a1^D

1u~ c̄b!V2AuB̄ 0&

3^K2K* 0u~ d̄u!V2Au0&, ~2!
03403
in-
e
if
s,

-
u-

l

t

n

ta
m

ta

wherea1[c11c2 /Nc with Nc the effective number of col-
ors if naı̈ve factorization is used. In practice, we may need
use thea1 coefficient fitted fromB̄→Da1 decays. The ma-
trix element^D1u( c̄b)V2AuB̄ 0& is the same as in two-bod
decay, and is parametrized by

^D1~pD!uVmuB̄0~pB!&5S gmn2
qmqn

q2 D ~pB1pD!nF1
BD~q2!

1
mB

22mD
2

q2
qmF0

BD~q2!, ~3!

where q[pB2pD5pK1pK* . We employ the Melikhov-
Stech~MS! model@9# for the form factorsF0

BD andF1
BD . For

^K2K* 0u(d̄u)V2Au0&, since K2K* 0 is produced by theV
andA currents, in theK2K* 0 rest frame, the allowed angula
momentum and parity configurations forK2K* 0 are JP

502, 11 and 12, which transform in the same way as th
axial vector currentAm (02,11) and the spatial part of the
vector currentVi (12), respectively. A convenient parametr
zation that manifests the possibleJP configurations is then
given by

i ^K2~pK!K* 0~pK* ,«K* !u~V2A!mu0&

5 i emnab«K*
* npK

apK*
b 2V~q2!

mK1mK*
1S gmn2

qmqn

q2 D «K*
* n

3~mK1mK* !A1~q2!2S gmn2
qmqn

q2 D
3~pK2pK* !n~«K*

* •q!
A2~q2!

mK1mK*

1
2mK*

q2
qm~«K*

* •q!A0~q2!, ~4!

where the form factorsV, A0 andA1 , A2 are induced, in the
K2K* 0 rest frame, by the vectorVi (12), the timelike com-
ponent of the axial vectorAm50 (02) and the spacelike com
ponent of the axial vector currentsAi (11), respectively. It
should be noted that once factorized, the angular-momen
quantum number of theK2K* 0, hence the allowed reso
nances, can only beJ50, 1 to match the current. Any
K2K* 0 or intermediate resonance component withJ.1
cannot be accommodated@4# within factorization approach.

Upon squaring the amplitude of Eq.~2!, the decay rate
would involve interference between the four form factors
^K2K* 0uV2Au0&. Simply knowing theK2K* 0 mass spec-
trum is far from being sufficient to constrain all the param
eters. One thus needs further experimental input. Since
have parametrized̂K2K* 0uV2Au0& in accordance with the
angular-momentum configuration of theK2K* 0, it is
straightforward to see what information can be gained
studying the angular distributions.
2-2
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Denoting ph* the three-momentum of mesonh in the

K2K* 0 rest frame, andph in the B̄0 rest frame, the helicity
angleuKK is defined as the angle betweenpK*

* and2pD @1#.
The angular distributions coming fromVi (12) and Am50

(02) are

dGV

d cosuKK
}sin2uKK , ~5!

dGA0

d cosuKK
}constant, ~6!

respectively, where we have usedV and A0 to denote the
corresponding contributions. Likewise, forAi (11), we have

dGA1

d cosuKK
}11b cos2uKK , ~7!

dGA2

d cosuKK
}cos2uKK , ~8!

dGA1A
2*

d cosuKK
}cos2uKK , ~9!

from A1 , A2 and their interference, respectively.
As shown in Fig. 2, the data points scatter around

horizontal linedN/d cosuKK;1. One concludes that theV
(12) and A2 contributions are not favored by present da
and can be safely dropped at this stage. On the other h
angular analysis of subsequentK* →Kp decay suggests
K2K* 0 is dominantly 11 @1#, therefore, preferringA1 over
A0.

It is interesting to understand howA1, with
dGA1

/d cosuKK}11bcos2uKK , can describe the data in Fig
2, which seems quite consistent with a constant distribut
From

FIG. 2. Fit to angular distribution bya(11b cos2uKK) ~solid!, a
constantc ~dash!, j sin2uKK ~dash-dot!, and z cos2uKK ~dot!, with
(a,b,x2/NDF)5(0.88,0.32,3.5/3), (c,x2/NDF)5(0.99,4.0/4),
(j,x2/NDF)5(1.14,18.2/4), and (z,x2/NDF)5(2.0,39.3/4), re-
spectively~whereNDF stands for Number of degrees of freedom!.
The cos2uKK and sin2uKK distributions are clearly disfavored b
data.
03403
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dG tot

d cosuKK
'

dGA1

d cosuKK

}E dMKK* upK*
* uupDu~F1

BD!2uA1u2pD*
2

3S 11
pK*
* 2

mK*
2 cos2uKKD ~10!

}a~11b cos2uKK!, ~11!

whereMKK*
2 [q2. We find thatb in Eq. ~11! is small due to

the factorpK*
* 2 in Eq. ~10! as a consequence of thresho

peaking, resulting in a flattened parabola which mimics
constant. We reproduce the experimental data in Fig.
where one can see a clear threshold peak while largt
[MKK*

2 is suppressed. The major part of the rate com
from the lowMKK* region, resulting in a suppressedpK*

* 2 in
KK* frame. For higherMKK* wherepK*

* 2 is large, the con-
tribution to b is suppressed by the tail of theK2K* 0 mass
spectrum.

It should be emphasized that, although the present d
disfavor any significant contributions fromV, A2, andA0, it
is possible that these contributions, however small, m
show up in the future when one has sufficient amount
data. It is clear, however, that one can always use ang
analysis to project out each form factor. As this is not yet
case, for this work we concentrate only on the domin
A1(q2) term and neglect terms involving other form factor
The B̄0→D1K2K* 0 decay amplitude can now be simplifie
to

A~D1K2K* 0!52 i
GF

A2
VcbVud* a1F1

BD~q2!A1~q2!

3~mK1mK* !2pDS «K*
* 2

«K*
* •q

q2
qD .

~12!

As shown in Fig. 3 the data generally follows the experime
tal fit that assumes only thea1(1260) resonance, which w

FIG. 3. The observed@1# K2K* 0 mass spectrum combining
D1K2K* 0, D* 1K2K* 0, D0K2K* 0, andD* 0K2K* 0 modes. The
experimental fit in Ref.@1# assumes only thea1(1260) resonance
Thex2/NDF is ;24/18 and the obtained nominal width ofa1(1260)
is 380 MeV.
2-3
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have now generalized into theA1(q2) form factor. Note that
the second peak atMKK* ;2 GeV in the data has large sta
tistical error and is dubious for lack of known resonances
any case, it would require more data to clarify.

K2K* 0 can be produced via both resonant and nonre
nant contributions. We parametrize theA1 form factor by
including a singlea1(1260) resonance to account for th
resonant contribution. For nonresonant contributions,
take cue from perturbative QCD~PQCD! @10#, which states
that at least onehard gluon is needed to redistribute the larg
momentum transfert in K2K* 0. We then follow @6# and
expand in 1/tn for the nonresonant part, withn starting at 1 to
reflect this hard gluon exchange. For simplicity, and sin
data is still scarce at present, we take just two termsn
51, 2!. We further impose a 180° difference between t
phases of the complex expansion coefficients. This is to c
pensate for the~possibly! artificial rise at low t from the
leading 1/t term. Such alternative signs are seen in the fits
nucleon EM form factors@6#. The nonresonant phases a
taken as constant. TheA1 form factor is then parametrized a

A1~ t !5
gsma1

f a1

t2ma1

2 1 ima1
G~ t !

1eifS x1

t
2

x2

t2 D F lnS t

0.32D G21

, ~13!

wherema1
, f a1

are, respectively, the mass and decay c

stant of a1(1260), gs the a1(1260)→KK* coupling con-
stant, andx1,2 andf are the strengths and phase of the no
resonant terms.

The a1(1260) is broad and the width is not yet we
known and could range anywhere between 250 to 600 M
@11#. It is not appropriate to treat the total width as consta
which is only valid in narrow-width approximation. We us
@1#,

G~ t !5Ga1

rrp~ t !

rrp~ma1

2 !
, ~14!

where the constantGa1
is the nominal width ofa1(1260),

and

rrp[S 11
pr*

2

3mr
2D upr* u, ~15!

where, in addition to the phase space factorupr* u similar to
what is used in@1#, we also take into account the amplitud
squared of a1(1260)→(rp)s2wave. The total width of
a1(1260) is approximated by thea1(1260)→(rp)s2wave
partial width.

The branching fraction ofa1
2(1260)→K2K* 0 can be ex-

tracted by taking the ratio of the areas under the spec
functions of a1

2(1260)→ all @approximated by a1

→(rp)s2wave# anda1
2(1260)→K2K* 0, respectively
03403
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Prp[
ma1

Ga1

p

G~ t !

~ t2ma1

2 !21ma1

2 G~ t !2
, ~16!

PKK* [
ma1

Ga1

p

GKK* ~ t !

~ t2ma1

2 !21ma1

2 G~ t !2
, ~17!

where the partial width ofa1(1260)→K2K* 0 is given by

GKK* ~ t ![F gs
2~mK1mK* !2

8p

rrp~ma1

2 !

ma1

2 G rKK* ~ t !

rrp~ma1

2 !
,

~18!

and

rKK* [S 11
pK*
* 2

3mK*
2 D upK*

* u.

Comparing to the definition ofG(t), the constant inside the
brackets of Eq.~18! plays the same role as that ofGa1

in Eq.
~14!, i.e., the nominal value of the partial width o
a1

2(1260)→K2K* 0. In the narrow width limit,Ga1
→0, we

recover

1

~ t2ma1

2 !21ma1

2 G~ t !2
'

p

ma1
Ga1

d~ t2ma1

2 !,

such that

Prp'G~ma1

2 !d~ t2ma1

2 !5Ga1
d~ t2ma1

2 !, ~19!

PKK* 'GKK* ~ma1

2 !d~ t2ma1

2 !, ~20!

for Ga1
→0. Since in realitymKK* .ma1

the ‘‘branching

fraction’’ R of a1
2(1260)→K2K* 0 is then defined by

R[

E
(mK1mK* )2

`

PKK* ~ t !dt

E
(mK1mK* )2

`

PKK* ~ t !dt1E
(mr1mp)2

`

Prp~ t !dt

.

~21!

Our method for extracting thea1
2(1260)→K2K* 0 rate is

similar to the one used by the CLEO Collaboration in R
@2#. In the fit to t2→ntp

2p0p0, which is dominated by
t2→nta1

2(1260), thea1
2(1260)→K2K* 0 ‘‘rate’’ ( RCLEO

;3 %) was extracted by taking into accounta1
2(1260)

→K2K* 0 and other processes that may contribute to
a1(1260) Breit-Wigner width. This is in contrast with th
way the result was obtained in Ref.@1#, where thea1(1260)
was thought to account for the whole spectrum, and the
responding factorRBelle is obtained by usingRBelle[B(B̄0

→D1K2K* 0)/B„B̄0→D1a1
2(1260)…;15 %. Only in the

narrow width andma1
.mKK* limit that RBelle reduces toR

defined in Eq.~21!.
2-4
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III. RESULTS

Throughout this paper, we usea150.935, ma1

51230 MeV, f a1
5229 MeV, and the CKM matrix element

Vud50.975,Vcb50.039 as in Ref.@3#.
The mass spectra plotted in Fig. 3 is taken from Ref.@1#,

which combinesD1K2K* 0, D* 1K2K* 0, D0K2K* 0, and
D* 0K2K* 0 modes. Our model parametrization in Sec.
however, is constructed only forD1K2K* 0. Since our
present purpose is only to demonstrate the feasibility of
tracting theA1 form factor fromB decay data, we shall mak
our ownmock dataon which to practice the extraction.

Starting with Fig. 3, which is based on 29.4 fb21 of data,
we first transform fromdN/dMKK* into dB/dMKK* , nor-
malized by the measuredB(D1K2K* 0)5@8.861.1(stat)
61.5(syst)#31024 @1#. Since the KEKB accelerator has a
ready accumulated over 150 millionBB̄ pairs (;140 fb21)
by summer 2003, we take our mock data to be five times
original one (;29.4 fb21), i.e.,;150 fb21, but keeping the
central value forB(D1K2K* 0) unchanged. Next, we refin
the resolution inMKK* by rebinning two bins into three
again keeping the same central value and maintaining c
sistent statistical error.

The second peak atMKK* ;2 GeV remains after rebin
ning, but no known resonances can account for it. We, th
fore, remove it by hand. In order to do so, we first assume th
data has a shape that roughly follows the curve given
some chosen set of parameters:gs51.4, Ga1

5430 MeV,

x158 GeV2, x251 GeV4, and f5240°, which give
B(D1K2K* 0)58.431024 and x2/NDF522.6/26. The
branching fractionR of a1

2(1260)→K2K* 0 given by Eq.
~21! is 4.3 %, which is small compared to the value~8–15 %!
of Ref. @1#. With this curve as a guide, we remove the seco
peak, but respect the statistical error in the correspond
MKK* range.

Having generated the mock data, we then redo the fitt
The best fit withx2/NDF519.2/26 is obtained with the fol
lowing:

gs52.41, Ga1
5678 MeV, x158.32 GeV2,

x253.07 GeV4, f5218.7°, ~22!

which give B(D1K2K* 0)58.3331024, and a larger
branching fractionR58.18 % due to a larger strong couplin
gs . The fit result is shown in Fig. 4. The dominant contrib
tion is from the nonresonant term, which gives;54 % of the
rate. Thea1(1260) resonance contributes only;9 % of the
rate by itself, with the remaining;36 % arising from inter-
ference with the nonresonant term. The interference is c
structive because the nonresonant phasef5218.7° lies in
the same quadrant as the resonance phase t21

@2ma1
G(t)/(t2ma1

2 )#, which varies between290° to 0°

for t*ma1

2 .

In Fig. 5 we show theA1 form factor with the parameter
of Eq. ~22!. The relative sign between the real and imagina
parts of the form factor is mainly due to the phasef
5218.7°, which is coherent with thea1(1260) resonance
03403
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phase, and gives a negative imaginary part. Thex1 term con-
tributes;131 % to the nonresonant contribution and dom
natesA1, compared to only;2 % from x2, where we have
built in destructive interference betweenx1 andx2 parts.

It is useful to investigate thex2 behavior in the vicinity of
the best fit values of Eq.~22!. We find that, withinDx2

51, the x2 depends ongs and Ga1
roughly via the ratio

gs /Ga1
, hence many ‘‘solutions’’ exist with differinga1

width. This is because the rate is dominated by the ne
threshold contribution where thet2ma1

2 factor in Eq.~13! is

small compared toma1
G(t), hence resulting in a resonanc

term that is roughly characterized bygs /Ga1
. Since this is

inherent in our form factor model, one cannot determinegs

and Ga1
separately even when the independentB̄0

→D1K2K* 0 spectrum has become available. One, the
fore, needs independent input ona1(1260) resonance, which
we discuss in Sec. IV.

IV. DISCUSSION AND CONCLUSION

We see that independent input ona1(1260) width is
needed to extract theK-K* axial A1 form factor. To clarify
this point further, we note that thet→ntK

2K* 0 process is
very similar to B̄0→D1K2K* 0, with a1Vcb^D

1u(V
2A)muB̄0& in Eq. ~2! replaced byūnt

gm(12g5)ut . Factor-

ization in this case is basically exact, andK2K* 0 production
comes only from the axial current. By using the best fit v

FIG. 4. dB/dMKK* ~in units of 1024) mock data for B̄0

→D1K2K* 0 assuming five times (;150 fb21) the original data
@1# of 29.4 fb21. The solid curve corresponds to Eq.~22!. The dash
curve is given bygs51.4, Ga1

5430 MeV, x1(2)58(1) GeV2(4),
and f5240°. The dot-dash curve is given bygs50.89, Ga1

5350 MeV, x1(2)523.2(38.2) GeV2(4), and f5201°. The verti-
cal dot line indicates thet mass.

FIG. 5. Plot of uA1u ~solid!, Re@A1# ~dash!, and Im@A1# ~dot-
dash! from Eq. ~22!.
2-5
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ues of Eq. ~22!, we obtain B(t→ntK
2K* 0)55.33023

;0.5 %, similar to Ref.@1#, and is more than twice the mea
sured rate of (2.160.4)31023 @11#.

Our larger predictedt→ntK
2K* 0 rate can be understoo

as follows. Although bothB(B̄0→D1K2K* 0) and B(t
→ntK

2K* 0) are proportional touA1u2, t→ntK
2K* 0 re-

ceives contributions only from the region ofMKK* ,mt .
Our mock data implies;60 % of theB̄0→D1K2K* 0 rate
comes fromMKK* ,mt . The dominance of near thresho
contributions suggested byB̄0→D1K2K* 0 data translates
to a larget→ntK

2K* 0. Thus, to reduceB(t→ntK
2K* 0)

from ;0.5 % down to;0.2 %, one needs to reduce th
relative contribution coming from near threshold. We illu
trate this by the dot-dash line in Fig. 4, where only;32 % of
the rate comes fromMKK* <mt and the peak is shifted to
ward highert. This would have given the correct ratesB(t
→ntK

2K* 0);2.131023 and B(B̄0→D1K2K* 0);8.8
31024, but seems to disagree with the mockB̄0

→D1K2K* 0 spectrum.
Recall, however, the comparison between the predic

spectrum ofD1K2K0 with that ofD0K2K0 in Ref. @3#. Due
to the additionalB→KK transition mechanism that is as
ymptotically 1/t2, the D0K2K0 spectrum has a peak clos
to the threshold (;250 MeV above threshold! than that of
D1K2K0 (;600 MeV above threshold!. Since the mock
data used in the present work is generated from publis
data that combines those of D1K2K* 0, D* 1K2K* 0,
D0K2K* 0, andD* 0K2K* 0, it is conceivable that the rea
data for B̄0→D1K2K* 0 could be somewhat closer to th
dot-dash line in Fig. 4, which peaks at;400 MeV above
threshold. In other words, the peak near the threshold of
3 ~or Fig. 4! could be due to theD (* )0K2K* 0 modes,
whereas the apparent peak at;2 GeV in Fig. 3~which we
removed in Fig. 4! might be some hint of the behavior of th
D (* )1K2K* 0 modes. The situation can be clarified by sep
rating D1K2K* 0 and D0K2K* 0 with more data. We note

further from Fig. 5 thatuA1
KK* (q25(1.5 GeV)2)u.1.3 is

larger thanuF1
KK(q25(1.5 GeV)2)u.0.7 as fitted from kaon

EM data Ref.@3#. This gives further support of our conjec
ture that contamination ofB2→D (* )0K2K* 0 in the mock
data could be responsible for the enhancement of out
→ntK

2K* 0 rate.
From the point of view of extracting the timelikeK2K* 0

axial A1 form factor,t→ntK
2K* 0 is better because the pro

duction ofKK* is purely proportional toA1. However, it has
limited range in momentum transfer. In contrast, theB̄0

→D1K2K* 0 mode allows us to probe highert, but one has
the associated factora1F1

BD @see Eq.~12!#, which means one
is further subject to possible corrections to factorization.
have assumed certain values fora1F1

BD to extractA1. A more
appropriate way to proceed would be to treatA1 and
a1F1

BD(q2) on equal footing, both as suitably parametriz
functions to be determined from data. To be able to do
one needs further independent data, such as an analys
B̄→Drp decay aimed at extractingB̄→Da1(1260), which
should be performed in a similar way to ourB̄0
03403
d

d

g.

-

e

o,
of

→D1K2K*0 study, including angular analysis and proper p
rametrization ofp-r axial form factor that respects PQC
for large M rp . There is, of course, the need for concurre
check on validity of factorization. This may then involv
extraction ofF1

BD(q2) from B̄0→D1,2n.
Our result reveals that the contribution from thea1(1260)

resonance (;9 %) is much smaller than that from the no
resonant part (;54 %). While this underlines the impor
tance of nonresonant part, the smallness of thea1(1260)
resonance contribution is curious. Recall that in theB̄0

→D1K2K0 decay we haver-resonance contribution up t
40 % @3#. It should be pointed out that, throughSU(3) rela-
tions, ther resonance contribution inF1

KK is highly con-
strained by the well-measuredf resonance contribution in
kaon EM data@3#. It is not clear if the smallness of thea1
resonance contribution is an artifact of having only one re
nant term. On the other hand, the smallness ofR;RCLEO
,10 % seems to support a suppresseda1(1260)-resonance
contribution. It is interesting to see that, if we follow Ref.@1#
to take the ratio between the rate contributed froma1(1260)
alone ~9 % of the total! and the rate ofB̄0→D1a1

2(1260)
from Ref. @11#, we obtainR;1.3 %, which is about 9 % of
the Belle resultRBelle;15 %. The discrepancy could be du
to the breakdown of the narrow width limit and the physic
fact of mKK* ,ma1

, which are essential forRBelle to be iden-
tical with R defined in Eq.~21!.

The case ofB̄ 0→D1r0p2 is somewhat better in the
sense thatrp is dominated by thea1 resonance. However
there are many resonances that decay to therp final state.
One can extractB̄→Da1(1260) rate by suitably considerin
these resonant and nonresonant contributions. The branc
fractions of B@B̄0→D1a1

2(1260)#5(0.6060.2260.24) %
andB@B2→D0a1

2(1260)#5(0.4560.1960.31) % were ob-

tained by an analysis ofB̄→Dppp decays based on
;200 pb21 of data@12#. The large systematic error is dom
nated by uncertainties in fitting and are estimated by con
ering alternate backgrounds. The mass and the width
a1(1260) were taken asa priori in the extraction, which may
no longer be appropriate when the data has improved
more than three orders of magnitude by the B factories.
reduce the effect caused by uncertain properties such a
width and subdecay modes ofa1(1260), an amplitude tha
takes into account as complete substructures ofa1(1260) as
possible is needed. Furthermore, as we have seen from th
to theB̄0→D1K2K* 0 data, a nonresonant part that respe
PQCD at highert may contribute significantly to the results
which must also be taken into account to complete the c
struction of the amplitude. Of course, the cost would be
boost the number of fit parameters, but fortunately one n
has enormous amount of data.

As noted in the end of the previous section, thea1(1260)
contribution depends ongs andGa1

roughly through the ratio

gs /Ga1
. Thus,B̄0→D1K2K* 0 mode is not so powerful for

determining the resonance parameters. One needs inde
dent determination of these parameters, especiallyGa1

from
other sources. Therefore, it appears that, to extract the a
2-6
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K-K* form factorA1 and understand properly thea1(1260)
component, one needs to perform a combined analysi
B̄0→D1K2K* 0, D1r0p2, D1,2n, andt→ntK

2K* 0.
In conclusion, based on what is revealed by 29.4 fb21

data from Belle, we have illustrated how to extract the tim
like K2-K* 0 axial form factor A1(MKK*

2 ) from B̄0

→D1K2K* 0 data. The method can be easily generalized
other form factors by angular analysis when more data
comes available. With.300 fb21 data already accumulate
by KEKB and PEP-II, if the case for factorization in suc
three-bodyB decays is further strengthened, the B Factor
may be promising for the study of hadronic form factors th
may be otherwise inaccessible. Hadronic form factors h
played an instrumental role in the formulation of nuclear a
ev

03403
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particle physics, and further insight may perhaps be gai
from quantities such as theK-K* axial form factor. Our
study already indicates that the nonresonant contribut
needed to account for larget behavior, is rather significant
The current discussion also illustrates how nucleon a
form factors can be extracted fromB0→D (* )2pn̄ decay
once the spectrum becomes available.
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