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Hadronic charmed meson decays involving tensor mesons
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Institute of Physics, Academia Sinica, Taipei, Taiwan 115, Republic of China

~Received 25 March 2003; published 23 July 2003!

Charmed meson decays into a pseudoscalar mesonP and a tensor mesonT are studied. The charm to tensor
meson transition form factors are evaluated in the Isgur-Scora-Grinstein-Wise~ISGW! quark model. It is
shown that the Cabibbo-allowed decayDs

1→ f 2(1270)p1 is dominated by theW-annihilation contribution and
has the largest branching ratio inD→TP decays. We argue that the Cabibbo-suppressed modeD1

→ f 2(1270)p1 should be suppressed by one order of magnitude relative toDs
1→ f 2(1270)p1. When the finite

width effect of the tensor resonances is taken into account, the decay rate ofD→TP is generally enhanced by
a factor of 2–3. Except forDs

1→ f 2(1270)p1, the predicted branching ratios ofD→TP decays are in general
too small by one to two orders of magnitude compared to experiment. However, it is very unlikely that the
D→T transition form factors can be enhanced by a factor of 3–5 within the ISGW quark model to account for
the discrepancy between theory and experiment. As many of the current data are still preliminary and lack
sufficient statistic significance, more accurate measurements are needed to pin down the issue.

DOI: 10.1103/PhysRevD.68.014015 PACS number~s!: 13.25.Ft, 12.39.Jh, 14.40.Lb
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I. INTRODUCTION

Cabibbo-allowed and Cabibbo-suppressed two-body h
ronic D decays into a pseudoscalar mesonP and a tensor
mesonT have been studied in@1# and @2#, respectively. In
both studies, the charm to tensor meson transition form
tors are calculated using the Isgur-Scora-Grinstein-W
~ISGW! quark model@3#. The calculated branching ratios a
of the order of 1025–1027. Recently, the Cabibbo-allowe
mode Ds

1→ f 2(1270)p1 and the Cabibbo-suppressed o
D1→ f 2(1270)p1 both have been measured by E791 at
level of 1023 @4#. More recently, FOCUS@5# and BaBar@6#
have also reported some new measurements ofD→TP de-
cays. Though their results are still preliminary and many
them do not have enough statistic significance~see Table I!,
the branching ratios are typically of the order of 1023.
Therefore, it appears that there exists a large discrepa
between theory and experiment. It is thus important to
derstand the origin of the discrepancy.

In the present work, several improvements over the p
vious work@1,2# are made. First, the charm to tensor mes
transition form factors will be calculated in the improve
version of the ISGW model@7#. The updated version of thi
quark model gives a more realistic description of the for
factor momentum dependence, especially at smallq2. Sec-
ond, the tensor meson has a width typically of order 10
200 MeV@8#. The finite width effect, which is very crucial to
account for the decays such asD→K2* (1430)K̄ and D

→ f 28(1525)K̄ that appear to be prohibited by kinematics
first sight, is carefully examined. Third, it is known th
weak annihilation (W exchange orW annihilation! in charm
decays can receive sizable contributions from nearby re
nances through inelastic final-state interactions~see, e.g.@9#!.
Hence, it is important to take into account weak annihilat
contributions.

This work is organized as follows. In Sec. II we summ
rize the current experimental measurements ofD→TP de-
cays. We discuss the various physical properties of the te
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mesons in Sec. III, such as the decay constants and the
factors, and then we analyze theD→TP decays in Sec. IV
based on the generalized factorization approach in conju
tion with final-state interactions. Conclusions are presen
in Sec. V.

II. EXPERIMENTAL STATUS

It is known that three-body decays of heavy mesons p
vide a rich laboratory for studying the intermediate sta
resonances. The Dalitz plot analysis is a very useful te
nique for this purpose. We are interested inD→TP decays
extracted from the three-body decays of charmed meson
addition to the earlier measurements by ARGUS@10# and
E687 @11#, some recent results are available from E791@4#,
CLEO @12#, FOCUS@5# and BaBar@6#. The JP521 tensor
mesons that have been studied in hadronic charm de
include f 2(1270), a2(1320) andK2* (1430). The results of
various experiments are summarized in Table I where
product ofB(D→TP) andB(T→P1P2) is shown. In order
to extract the branching ratios for the two-body decaysD
→TP, we need to know the branching fractions of the stro
decays of the tensor mesons@8#:

B„f 2~1270!→pp…5~84.721.3
12.4!%,

B„f 2~1270!→KK̄…5~4.660.5!%,

B„a2~1320!→KK̄…5~4.960.8!%,

B„K2* ~1430!→Kp…5~49.961.2!%. ~2.1!

It is evident that most of the listedD→TP decays in Table I
have branching ratios of order 1023, even though some o
them are Cabibbo suppressed. Note that the results from
CUS and BaBar are still preliminary. Indeed, many of the
have not yet sufficient statistical significance.

Note that at first sight it appears that the decayD

→K̄2* (1430)K is kinematically not allowed as theK2* (1430)
©2003 The American Physical Society15-1
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TABLE I. Experimental branching ratios of variousD→TP decays measured by ARGUS, E687, E791, CLEO, FOCUS and BaBar
simplicity and convenience, we have dropped the mass identification forf 2(1270), a2(1320) andK2* (1430).

Collaboration B(D→TP)3B(T→P1P2) B(D→TP)

E791 B(D1→ f 2p1)B( f 2→p1p2)5(6.061.1)31024 B(D1→ f 2p1)5(1.160.2)31023

FOCUS B(D1→ f 2p1)B( f 2→p1p2)5(3.860.8)31025 B(D1→ f 2p1)5(6.861.4)31024

FOCUS B(D1→ f 2p1)B( f 2→K1K2)5(7.061.9)31025 B(D1→ f 2p1)5(3.160.9)31023

E791 B(Ds
1→ f 2p1)B( f 2→p1p2)5(2.060.7)31023 B(Ds

1→ f 2p1)5(3.561.2)31023

FOCUS B(Ds
1→ f 2p1)B( f 2→p1p2)5(1.060.3)31023 B(Ds

1→ f 2p1)5(1.860.5)31023

ARGUS,E687 B(D0→ f 2K̄0)B( f 2→p1p2)5(3.260.9)31023 B(D0→ f 2K̄0)5(4.561.7)31023

CLEO B(D0→ f 2K̄0)B( f 2→p1p2)5(1.621.3
12.4)31023 B(D0→ f 2K̄0)5(2.822.3

14.3)31023

FOCUS B(Ds
1→ f 2K1)B( f 2→p1p2)5(2.061.3)31024 B(Ds

1→ f 2K1)5(3.562.3)31024

BaBar B(D0→a2
2p1)B(a2

2→K0K2)5(3.562.1)31025 B(D0→a2
2p1)5(7.064.3)31024

E791 B(D1→K̄2*
0p1)B(K̄2*

0→K2p1)5(4.662.0)31024 B(D1→K̄2*
0p1)5(1.460.6)31023

CLEO B(D0→K2*
2p1)B(K2*

2→K̄0p2)5(6.522.2
14.2)31024 B(D0→K2*

2p1)5(2.020.7
11.3)31023

BaBar B(D0→K2*
1K2)B(K2*

1→K0p1)5(6.864.2)31024 B(D0→K2*
1K2)5(2.061.3)31023

BaBar B(D0→K̄2*
0K0)B(K̄2*

0→K2p1)5(6.662.7)31024 B(D0→K̄2*
0K0)5(2.060.8)31023
rt
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mass lies outside of the phase space for the decay. Neve
less, it is physically allowed asK2* (1430) has a decay width
of order 100 MeV @8#. Likewise, the decay D0

→ f 28(1525)K̄0 is also allowed.

III. PHYSICAL PROPERTIES OF SCALAR MESONS

The observedJP521 tensor mesonsf 2(1270), f 28(1525),

a2(1320) andK2* (1430) form an SU~3! 1 3P2 nonet. Theqq̄
content for isodoublet and isovector tensor resonances
obvious. Just as theh-h8 mixing in the pseudoscalar cas
the isoscalar tensor statesf 2(1270) andf 28(1525) also have a
mixing and their wave functions are defined by

f 2~1270!5
1

A2
~ f 2

u1 f 2
d!cosu1 f 2

ssinu,

f 28~1525!5
1

A2
~ f 2

u1 f 2
d!sinu2 f 2

scosu, ~3.1!

with f 2
q[qq̄. Since pp is the dominant decay mode o

f 2(1270), whereasf 28(1525) decays predominantly intoKK̄
~see Particle Data Group@8#!, it is obvious that this mixing
angle should be small. More precisely, it is foundu57.8°
@8,13#. Therefore, f 2(1270) is primarily an (uū1dd̄)/A2
state, whilef 28(1525) is dominantlyss̄.

The polarization tensor«mn of a 3P2 tensor meson with
JPC5211 satisfies the relations

«mn5«nm , «m
m50, pm«mn5pn«mn50. ~3.2!

Therefore,

^0u~V2A!muT~«,p!&5a«mnpn1b«n
npm50, ~3.3!
01401
he-

re

and hence the decay constant of the tensor meson vani
that is, the tensor meson cannot be produced from thV
2A current.

As for the form factors, theD→P transition is defined by
@14#

^P~p!uVmuD~pD!&5S pDm1pm2
mD

2 2mP
2

q2
qmD F1

DP~q2!

1
mD

2 2mP
2

q2
qmF0

DP~q2!, ~3.4!

whereqm5(pD2p)m , while the general expression for th
D→T transition has the form@3#

^T~«,pT!u~V2A!muD~pD!&

5 ih~q2!emnrs«* napDa~pD1pT!r~pD2pT!s

1k~q2!«mn* pD
n 1b1~q2!«ab* pD

a pD
b ~pD1pT!m

1b2~q2!«ab* pD
a pD

b ~pD2pT!m . ~3.5!

The form factorsh, k, b1 and b2 can be calculated in the
ISGW quark model@3# and its improved version, the ISGW
model @7#. In general, the form factors evaluated in th
ISGW model are reliable only atq25qm

2 [(mD2mT)2, the
maximum momentum transfer. The reason is that the fo
factor q2 dependence in the ISGW model is proportional
exp@2(qm

2 2q2)# and hence the form factor decreases ex
nentially as a function of (qm

2 2q2). This has been improved
in the ISGW2 model in which the form factor has a mo
realistic behavior at large (qm

2 2q2) which is expressed in
terms of a certain polynomial term.

The calculatedD→T form factors are listed in Table II
The form factorh(q2) is not shown there as it does no
contribute to the factorizableD→TP amplitudes. It is con-
venient to express the form factors for (D,Ds

1)→ f 2(1270)
5-2
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and (D,Ds
1)→ f 28(1525) in terms ofD→ f 2

n with n standing

for the light non-strange quark~i.e. D0→ f 2
u for n5u and

D1→ f 2
d for n5d) andDs

1→ f 2
s transition form factors. Note

that D→ f 2
s and Ds

1→ f 2
n are prohibited. In the calculation

of D→T form factors we follow@13# to use the masses
mf

2
q51.32 GeV andmf

2
s51.55 GeV.

Two remarks are in order.~i! The magnitude of the form
factors for theDs

1→ f 2
s transition is larger than that forD

→ f 2
n owing to the larger constituents quark mass than theu

and d quarks. That is, SU~3! symmetry breaking inD→ f 2
n

and Ds
1→ f 2

s is sizable.~ii ! The difference between ISGW
and ISGW2 model predictions for form factors atq250 is
not significant for the charm case, though form factors in

TABLE II. The form factors atq25mp
2 calculated in the ISGW2

model, wherek is dimensionless andb1 and b2 are in units of
GeV22. Shown in parentheses are the results obtained in the IS
model.

Transition k b1 b2

D→ f 2
n 0.61 ~0.51! 20.052 (20.083! 0.064

Ds
1→ f 2

s 1.15 ~1.02! 20.079 (20.120! 0.101
D→a2(1320) 0.61~0.51! 20.052 (20.083! 0.064
D→K2* (1430) 0.71 ~0.58! 20.060 (20.098! 0.069
01401
e

ISGW model fall more rapidly at smallq2. However, the
difference will be dramatic for theB→T case as noticed in
@15#. For example, theB→a2 andB→ f 2(1370) form factors
at q25mD

2 obtained in the ISGW2 model are about 2–
times larger than that in the ISGW model. This is because
region covered from zero recoil to smallq2 in B decays is
much bigger than that inD decays.

IV. D\TP DECAYS AND FACTORIZATION

We will study theD→TP decays (T: tensor meson;P:
pseudoscalar meson! within the framework of generalized
factorization in which the hadronic decay amplitude is e
pressed in terms of factorizable contributions multiplied
the universal~i.e. process independent! effective parameters
ai that are renormalization scale and scheme independ
More precisely, the weak Hamiltonian has the form

Heff5
GF

A2
Vcq1

Vuq2
* @a1~ ūq2!~ q̄1c!1a2~ q̄1q2!~ ūc!#1H.c.,

~4.1!

with (q̄1q2)[q̄1gm(12g5)q2. For hadronic charm decays
we shall usea151.15 anda2520.55. Since the decay con
stant of tensor mesons vanishes, the factorizable ampli
of D→TP always has the expression

W

ak

nt in
TABLE III. Quark-diagram amplitudes and branching ratios for variousD→TP decays with and without the long-distance we
annihilation terms induced from final-state interactions. TheW-annihilation amplitudeA is fixed by fitting to the data ofDs

1

→ f 2(1270)p1 @see Eq.~4.6!#. TheW-exchange amplitudeE is assumed to have the expression of Eq.~4.8! for the purpose of illustration.
Experimental results are taken from Table I and from@8#. The finite width effect of the tensor resonances has been taken into accou
theoretical calculations.

Decay Amplitude Bnaive BFSI Bexpt

D1→ f 2(1270)p1 VcdVud* (T1C12A)cosu/A2 2.931025 2.231024 (0.960.1)31023

D0→ f 2(1270)K̄0 VcsVud* (C1E)cosu/A2 1.031024 2.531024 (4.561.7)31023

Ds
1→ f 2(1270)p1 VcsVud* (T sinu12A cosu/A2) 6.631025 2.131023 (2.160.5)31023

→ f 2(1270)K1 VcsVus* @T sinu1C8sinu 5.231026 4.931025 (3.562.3)31024

1A(sinu1cosu/A2)]

D1→ f 28(1525)p1 VcdVud* (T1C12A)sinu/A2 1.431026 3.731026

D0→ f 28(1525)K̄0 VcsVud* (C1E)sinu/A2 2.531027 6.031027

Ds
1→ f 28(1525)p1 VcsVud* (T cosu22A sinu/A2) 1.631024 1.531024

→ f 28(1525)K1 VcsVus* @T cosu1C8cosu 4.931026 7.531026

1A(cosu2sinu/A2)]

D1→a2
1(1320)K̄0 VcsVud* (T81C) 1.331026 1.331026 ,331023

D0→a2
1(1320)K2 VcsVud* (T81E) 0 8.931028 ,231023

→a2
2(1320)p1 VcdVud* (T1E) 5.731026 6.131026 (7.064.3)31024

D1→K̄2*
0(1430)p1 VcsVud* (T1C8) 2.631024 2.631024 (1.460.6)31023

D0→K2*
2(1430)p1 VcsVud* (T1E) 1.031024 1.131024 (2.020.7

11.3)31023

→K̄2*
0(1430)p0 1

A2
VcsVud* ~C81E! 0 1.331025 ,3.431023

→K2*
1(1430)K2 VcsVus* (T81E) 0 1.331026 (2.061.3)31023

→K̄2*
0(1430)K0 VcsVus* (Ed)1VcdVud* (Es) 0 ;1028 (2.060.8)31023
5-3
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A~D→TP!5 i
GF

A2
Vcq1

Vuq2
* f P«mn* pD

mpD
n @k~mP

2 !1b1~mP
2 !

3~mD
2 2mT

2!1b2~mP
2 !mP

2 #

[«mn* pD
mpD

n M ~D→TP!, ~4.2!

where use has been made of Eq.~3.5!. The decay rate is
given by

G~D→TP!5
kT

5

12pmT
2 S mD

mT
D 2

uM ~D→TP!u2, ~4.3!

wherekT is the c.m. momentum of the tensor meson in
rest frame of the charmed meson.

In terms of the topological amplitudes@16#: T, the color-
allowed externalW-emission tree diagram;C, the color-
suppressed internalW-emission diagram;E, theW-exchange
diagram; A, the W-annihilation diagram, the topologica
quark-diagram amplitudes of variousD→TP decays are
shown in Table III. There exist also penguin diagrams. Ho
ever, the penguin contributions are negligible owing to
good approximationVudVcd* '2VusVcs* and the smallness o
VubVcb* . For D→TP andD→PT decays, one can have tw
different externalW-emission and internalW-emission dia-
l

th
p

en

o

d

d

-
n

01401
e

-
e

grams, depending on whether the emission particle is a
sor meson or a pseudoscalar one. We thus denote the p
amplitudesT8 andC8 for the case when the tensor meson
an emitted particle@17#. Under the factorization approxima
tion, T85C850.

In general,TP final states are suppressed relative toPP
states due to the less phase space available. More prec

G~D→TP!

G~D→P1P2!
5

2

3

kT
5

kP
S mD

mT
D 4U M ~D→TP!

M ~D→P1P2!
U2

, ~4.4!

wherekP is the c.m. momentum of the pseudoscalar me
P1 or P2 in the charm rest frame. The kinematic factorh
5 2

3 (kT
5/kP)(mD /mT)4 is typically of order (124)

31022 GeV24. An inspection of Table III indicates that, in
the absence of weak annihilation contributions, the Cabib
allowed decaysD1→K̄2*

0p1 and D0→K2*
2p1 will have

the largest decay rates as they proceed through the c
allowed tree diagramT. It is easily seen that all othe
W-emission amplitudes inD→a2K̄, D→ f 2p and D→ f 2K̄
are suppressed for various reasons. For example, it is
pressed by the vanishing decay constant of the tensor me
or by the smallf 2-f 28 mixing angle or by the parametera2 or
by the Cabibbo mixing angle. Let us compareD1

→K̄2*
0p1 with D1→K̄0p1
G~D1→K̄2*
0p1!

G~D1→K̄0p1!
51.331022S k~mp

2 !1b1~mp
2 !~mD

2 2mK
2*

2
!1b2~mp

2 !mp
2

~mD
2 2mK

2 !F0
DK~mp

2 !1
a2

a1
~mD

2 2mp
2 !F0

Dp~mK
2 !
D 2

. ~4.5!
g

o-

es
nce
or
nihi-
lor-
to
bo-
Note that D1→K̄2*
0p1 does not receive the interna

W-emission contribution owing to the vanishingK2* decay
constant. The form factorsF0

DK(0) andF0
Dp(0) are of order

0.70@14,18#. Hence, the expression in the parentheses of
above equation is of order 0.5. As a consequence, the

dicted branching ratio ofD1→K̄2*
0p1 is of order 1024,

which is one order of magnitude smaller than experim
~see Table III!. As for the decayD0→K2*

2p1, its branching

ratio is similar to that ofD1→K̄* 0p1 but it receives an
additional W-exchange contribution. A fit of this mode t
experiment will requireuEu.uTu, namely, theW exchange
dominates over the externalW emission, which is very un-
likely. If we demand thatuEu,uTu, then the color-suppresse

decayD0→K̄2*
0p0, which receives contributions only from

the W-exchange diagram, will be at most of order 1025 ~see
Table III!.

For D→ f 2(1270)p(K) decays, let us first considerDs
1

→ f 2p1. Its externalW-emission amplitude is suppresse
owing to the smallss̄ component inf 2(1270). However,W
annihilation is not subject to thef 2-f 28 mixing angle suppres
sion. Moreover, theDs

1 decay constant is much larger tha
e
re-

t

that of the pion. The magnitude ofW annihilation obtained
by fitting Ds

1→ f 2p1 to the data reads

A/TuD→TP'0.5e2 i75°, ~4.6!

where a relative phase of275° has been assigned in analo
to D→PP @see Eq.~4.7!# and the tree amplitudeT is re-
ferred to the one inDs

1→ f 2(1270)p1.
The importance of the weak annihilation contribution (W

exchange orW annihilation! in charm decays has been n
ticed long before~see, e.g.@16,9#!. Even if the short-distance
weak annihilation amplitude is helicity suppressed, it do
receive long-distance contributions from nearby resona
via inelastic final-state interactions from the leading tree
color-suppressed amplitude. As a consequence, weak an
lation has a sizable magnitude comparable to the co
suppressed internalW emission with a large phase relative
the tree amplitude. A quark-diagram analysis of the Cabib
allowedD→PP decays yield@19#

A/TuD→PP'0.39e2 i65°, E/TuD→PP'0.63ei115°.
~4.7!
5-4
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We see that the ratio ofuA/Tu in D→TP adD→PP decays
is similar.

Using the W-annihilation term inferred from Ds
1

→ f 2p1, we can fix the decay rates ofD1→ f 2p1 andDs
1

→ f 2K1. Note that the predicted branching ratio forD1

→ f 2p1 is smaller than experiment by a factor of 4. Indee
it is difficult to understand why the measured branching ra
of this mode is of the same order asDs

1→ f 2(1270)p1 even
when the former is Cabibbo suppressed.

D→ f 28(1525)p(K) decays are suppressed relative
f 2(1270)p(K) due to the phase space suppression. Cont
to Ds

1→ f 2(1270)p1, the decayDs
1→ f 28(1525)p1 is domi-

nated by the externalW emission and hence it has the large
rate amongD→ f 28p(K) decays.

For D→a2(1320)p(K) decays, botha2
1K̄0 and a2

1K2

are small since the factorizable externalW emission vanishes
owing to the vanishinga2 decay constant. The decayD0

→a2
2(1320)p1 is of order 1025 at most.

For D→K̄2* p decays, it is found that the decayD1

→K̄2*
0p1 is at most of order 1024 as noted in passing and

does not receive any weak annihilation contributions. F
thermore, the unknownW-exchange amplitude cannot be e
tracted fromD0→K2*

2(1430)p1 or D0→ f 2(1270)K̄0 or
D0→a2

2(1320)p1 by fitting them to the data. It will require
the unreasonable conditionuEu.uTu. For the purpose of il-
lustration of theW-exchange effect, we shall assume

E/TuD→TP50.5ei100°. ~4.8!

Finite width effects

The decayD→K2* (1430)K̄ is physically allowed even
thoughK2* (1430) mass lies outside of the phase space
the decay. The point is thatK2* (1430) has a decay width o
order 100 MeV@8# and hence it is necessary to take in
account the finite width effect. Likewise, the decayD0

→ f 28(1525)K̄0 which is outside of phase space also can
cur.

The measured decay widths of various tensor mesons
given by @8#

G f 2(1270)5185.122.6
13.4 MeV,

G f
28(1525)576610 MeV,

Ga2(1320)510765 MeV,

GK
2*

6(1430)598.562.7 MeV,

GK
2*

0(1430)510965 MeV. ~4.9!

To take into account the finite width effect of the tens
resonances, we employ the factorization relation to ‘‘defin
the D→TP decay rate

G~D→TP→P1P2P!5G~D→TP!B~T→P1P2!,
~4.10!
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5
1

2mD
E

(m11m2)2

(mD2mP)2 dq2

2p
z^TPuHWuD& z2

l1/2~mD
2 ,q2,mP

2 !

8pmD
2

3
1

~q22mT
2!21„G12~q2!mT…

2
gTP1P2

2
l1/2~q2,m1

2 ,m2
2!

8pq2
,

~4.11!

wherel is the usual triangluar functionl(a,b,c)5a21b2

1c222ab22ac22bc, m1 (m2) is the mass ofP1 (P2),
gTP1P2

is the strong coupling to be defined below, and t

‘‘running’’ or ‘‘comoving’’ width G12(q
2) is a function of the

invariant massm125Aq2 of the P1P2 system and it has the
expression@20#

G12~q2!5GT

mT

m12
S p8~q2!

p8~mT
2!
D 5

913R2p82~mT
2!1R4p84~mT

2!

913R2p82~q2!1R4p84~q2!
,

~4.12!

with p8(q2)5l1/2(q2,m1
2 ,m2

2)/(2Aq2). We shall follow@12#
to takeR, the ‘‘radius’’ of the meson, to be 1.5 GeV21. From
the measured decay width of the tensor meson, one can
termine the strong couplinggTP1P2

via

G~T→P1P2!5
gTP1P2

2 mT

15p S pc

mT
D 5

, ~4.13!

where pc is the c.m. momentum ofP1 and P2 in the rest
frame of the tensor meson.

Note that in the narrow width approximation, one c
show that the factorization relation~4.10! holds. When the
decay width is not negligible we will use Eq.~4.11! to evalu-
ate the three-body decayG(D→TP→P1P2P) and employ
Eq. ~4.10! to define the decay rate ofD→TP. To evaluate
the decay rate ofD→TP→P1P2P, we will assume that
gTP1P2

is insensitive to theq2 dependence when the res
nance is off its mass shell. Numerically it is found that wh
the finite decay width of the tensor meson is taken into
count, the decay rate ofD→TP is generally enhanced by
factor of 2–3. The results of the calculated branching rat
shown in Table III have included finite width effects.

V. DISCUSSION AND CONCLUSION

Charmed meson decays into a pseudoscalar meson a
tensor meson are studied. The charm to tensor meson tr
tion form factors are evaluated in the Isgur-Scora-Grinste
Wise quark model. The main conclusions are as follows:

The externalW-emission contribution to the decayDs
1

→ f 2(1270)p1 is suppressed by the fact thatf 2(1270) is
predominatelynn̄. Hence, this decay is dominated by th
W-annihilation contribution. We argue that the Cabibb
suppressed modeD1→ f 2p1 should be suppressed by on
5-5
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order of magnitude relative toDs
1→ f 2(1270)p1, contrary

to the E791 measured results.
The long-distanceW-annihilation contributions induced

from nearby resonances via inelastic final-st
interactions gives the dominant contributions
(D1,Ds

1)→ f 2(1270)p1, Ds
1→ f 2(1270)K1. Under the

factorization approximation, the decays D0

→a2
1(1320)K2, K̄2*

0(1430)p0, K2*
1(1430)K2 receive

contributions solely from theW-exchange diagram.
Among theD→TP decays,Ds

1→ f 2(1270)p1 has the
largest branching ratio of order 1023. The modesD1

→ f 2(1270)p1, D0→ f 2(1270)K̄0, Ds
1→ f 28(1525)p1, D1

→K̄* 0p1 andD0→K2*
2p1 are of order 1024.

The decay rate ofD→TP is generally enhanced by
factor of 2–3 when the finite width effect of the tensor res
nances is taken into account. In particular, it is necessar
include the finite width effect to explain the decaysD

→K2* (1430)K̄ andD→ f 28(1525)K.
Except for the Cabibbo-allowed decay Ds

1

→ f 2(1270)p1, the predicted branching ratios ofD→TP
decays are in general too small by one to two orders
magnitude compared to experiment. However, it is very
likely that one can enhance theD→T transition form factors
. D

P
g,
2

01401
e

-
to

f
-

within the ISGW quark model by a factor of 3–5 to accou
for the discrepancy between theory and experiment.

There are two possible sources which may account for
discrepancy between theory and experiment. First, as poi
out in @21#, the tensor meson, for examplea2

1 , can be pro-

duced from the tensor operator (ūRgm ]JndR)1(ūLgm ]JndL).
However, this operator must be generated by gluon cor
tions and is suppressed by factors ofas(mc)/p and 1/mc .
Therefore, both of them could be potentially large, being
order 30–40 %. Second, theD→T form factors are so far
evaluated using the ISGW quark model. These form fact
are accessible in semileptonicD→T,n, decays and will
surely be measured at CLEO-c. Such a measurement woul
remove one possible source of model dependence and is
the source of the disagreement. Finally, it should be
marked that as many of the current data have not yet eno
significance, it is important to have more accurate meas
ments in the near future to pin down the issue.
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