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Remarks on the quark content of the scalar mesonf 0„1370…
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Based on the measurements of (Ds
1 ,D1)→ f 0(1370)p1 we determine, in a model independent way, the

allowedss̄ content in the scalar mesonf 0(1370). We find that, on the one hand, if this isoscalar resonance is

a purenn̄ state@nn̄[(uū1dd̄)/A2 #, a very largeW-annihilation term will be needed to accommodateDs
1

→ f 0(1370)p1. On the other hand, thess̄ component off 0(1370) should be small enough to avoid excessive
Ds

1→ f 0(1370)p1 induced from the externalW emission. Measurement off 0(1370) production in the decay

Ds
1→K1K2p1 will be useful to test the above picture. For the decayD0→ f 0(1370)K̄0 which is kinemati-

cally barely or even not allowed, depending on the mass off 0(1370), we find that the finite width effect of

f 0(1370) plays a crucial role on the resonant three-body decayD0→ f 0(1370)K̄0→p1p2K̄0.

DOI: 10.1103/PhysRevD.67.054021 PACS number~s!: 14.40.Cs, 13.25.Ft
if-
la

lo

ts
d

th
te

r
ve

m
fla

or

ia

e

ta

b
T
se
d

on-
of

new
pec-
t of

ic
nd a
sider-

of

re-

m
of

atic
vy

dia-

a-

sified
all

vide

nt
aph
I. INTRODUCTION

It is known that the identification of scalar mesons is d
ficult experimentally and the underlying structure of sca
mesons is not well established theoretically~for a review, see
e.g.@1–3#!. It has been suggested that the light scalars be
or near 1 GeV—the isoscalarss(500), f 0(980), the isodou-
blet k and the isovectora0(980)—form an SU~3! flavor
nonet, while scalar mesons above 1 GeV, namely,f 0(1370),
a0(1450), K0* (1430) andf 0(1500)/f 0(1710), form another
nonet. A consistent picture@3# provided by the data sugges
that the scalar meson states above 1 GeV can be identifie

a qq̄ nonet with some possible glue content, whereas
light scalar mesons below or near 1 GeV form predomina

a qqq̄q̄ nonet@4,5# with a possible mixing with 01 qq̄ and

glueball states. This is understandable because, in theqq̄
quark model, the 01 meson has a unit of orbital angula
momentum and hence it should have a higher mass abo
GeV. On the contrary, four quarksq2q̄2 can form a 01 me-
son without introducing a unit of orbital angular momentu
Moreover, color and spin dependent interactions favor a
vor nonet configuration with attraction between theqq and
q̄q̄ pairs. Therefore, the 01 q2q̄2 nonet has a mass near
below 1 GeV.

As the quark content ofa0(1450) andK0* (1430) is quite
obvious, the internal structure of the isoscalarsf 0(1370),
f 0(1500) andf 0(1710) in the same nonet is controvers
and less clear. Though it is generally believed thatf 0(1370)
is mainly nn̄[(uū1dd̄)/A2, the content off 0(1500) and
f 0(1710) still remains confusing. For example, it has be
advocated thatf 0(1710) is mainlyss̄ and f 0(1500) mostly
gluonic ~see e.g.@6#!, while the analysis in@7# suggests a
dominantlyss̄ interpretation off 0(1500). How much is the
fraction of glue in each isoscalar meson is another impor
but unsettled issue, see@8# for a discussion.

Three-body decays of heavy mesons provide a rich la
ratory for studying the intermediate state resonances.
Dalitz plot analysis is a powerful technique for this purpo
Many scalar meson production measurements in charm
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cays are now available from the dedicated experiments c
ducted at CLEO, E791, FOCUS, and BaBar. The study
three-body decays of charmed mesons not only opens a
avenue to the understanding of the light scalar meson s
troscopy, but also enables us to explore the quark conten
scalar resonances. In@9# we have studied the nonlepton
weak decays of charmed mesons into a scalar meson a
pseudoscalar meson. The scalar resonances under con
ation there ares @or f 0(600)], k, f 0(980), a0(980) and
K0* (1430).

In this work we would like to explore the quark content
f 0(1370) from hadronic charm decays. Sincerr and 4p are
its dominant decay modes@10#, it is clear thatf 0(1370) is
mostly nn̄. However, how much thess̄ component is al-
lowed in the wave function of this isoscalar resonance
mains unknown. It turns out that the decayDs

1

→ f 0(1370)p1 is very useful for this purpose. Iff 0(1370) is
purely annn̄ state, it can proceed only via theW-annihilation
diagram. In contrast, iff 0(1370) has anss̄content, the decay
Ds

1→ f 0(1370)p1 will receive an externalW-emission con-

tribution. Therefore, this mode is ideal for determining thess̄
component inf 0(1370).

We would work in the model-independent quark-diagra
approach in which a least model-independent analysis
heavy meson decays can be carried out. In this diagramm
scenario, all two-body nonleptonic weak decays of hea
mesons can be expressed in terms of six distinct quark
grams @11–13#: T, the color-allowed externalW-emission
tree diagram;C, the color-suppressed internalW-emission
diagram;E, the W-exchange diagram;A, the W-annihilation
diagram;P, the horizontalW-loop diagram; andV, the verti-
cal W-loop diagram.~The one-gluon exchange approxim
tion of the P graph is the so-called ‘‘penguin diagram.’’! It
should be stressed that these quark diagrams are clas
according to the topologies of weak interactions with
strong interaction effects included and hence they arenot
Feynman graphs. Therefore, topological graphs can pro
information on final-state interactions~FSIs!.

Based on SU~3! flavor symmetry, this model-independe
analysis enables us to extract the topological quark-gr
©2003 The American Physical Society21-1
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amplitudes and see the relative importance of different
derlying decay mechanisms. ForD→SP decays (S: scalar
meson,P: pseudoscalar meson!, there are several new fea
tures. First, one can have two different externalW-emission
and internalW-emission diagrams, depending on whether
emission particle is a scalar meson or a pseudoscalar one
thus denote the prime amplitudesT8 and C8 for the case
when the scalar meson is an emitted particle@9#. Second,
because of the smallness of the decay constant of the s
meson ~see, e.g.@14#!, it is expected thatuT8u!uTu and
uC8u!uCu. Moreover, in the flavor SU~3! limit, the primed
amplitudesT8 and C8 diminish under the factorization ap
proximation due to the vanishing decay constants of sc
mesons @9#. Third, since the scalar mesonsf 0(1370),
a0(1450),K0* (1430), f 0(1500)/f 0(1710) and the light ones
s, k, f 0 , a0 fall into two different nonets, one cannot app
SU~3! symmetry to relate the topological amplitudes inD1

→ f 0(1370)p1 to, for example, those inD1→ f 0(980)p1.
The reduced quark-graph amplitudesT,C,E,A for

Cabibbo-allowedD→PP decays have been extracted fro
the data with the results@15#

T5~2.6760.20!31026 GeV,

C5~2.0360.15!exp@2 i ~15164!°#31026 GeV,
~1!

E5~1.6760.13!exp@ i ~11565!°#31026 GeV,

A5~1.0560.52!exp@2 i ~65630!°#31026 GeV.
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These amplitudes will be employed for a guidance when
come to discussD→ f 0(1370)P decays below.

II. QUARK CONTENT OF f 0„1370…

The mass and width of the isoscalar resonancef 0(1370)
are far from being well established. The recent study
f 0(1370) production inpp interactions by WA102@16#
yields a mass of order 1310 MeV and width of order 10
250 MeV ~see@16# for the detailed values of the mass an
width!. The E791 experiment by analyzingDs

1→p1p1p2

→ f 0(1370)p1 gives a higher mass of 143461869 MeV
and width of 17263266 MeV @17#. The mass and width
quoted by the Particle Data Group@10# span a wide range
namely, mf 0(1370)51200–1500 MeV and G f 0(1370)

5200–500 MeV.
Since rr and 4p are the dominant decay modes

f 0(1370) @10#, it is clear that this isoscalar resonance is p
dominatelynn̄. In the present work we would like to stud
its content from the three-body decays of charmed meson
see how much thess̄ component is allowed inf 0(1370).

The production of the resonancef 0(1370) in hadronic
decays of charmed mesons has been observed in the d
D0→K̄0p1p2→ f 0(1370)K̄0 by ARGUS @18#, E687 @19#
and CLEO@20#, in Ds

1→p1p1p2→ f 0(1370)p1 by E791
@17#, in D1→K1K2p1→ f 0(1370)p1 by FOCUS@21# and
in D1→p1p2p1→ f 0(1370)p1 by E791 @22#, respec-
tively, with the results
B„D0→ f 0~1370!K̄0
…B„f 0~1370!→p1p2

…5H ~4.761.4!31023 ARGUS,E687

~5.922.7
11.8!31023 CLEO

B„D1→ f 0~1370!p1
…B„f 0~1370!→K1K2

…5~6.261.1!31024 FOCUS
~2!

B„D1→ f 0~1370!p1
…B„f 0~1370!→p1p2

…5~7.166.4!31025 E791

B„Ds
1→ f 0~1370!p1

…B„f 0~1370!→p1p2
…5~3.361.2!31023 E791.
s

hin
d-
ble
-

However, the E791 measurement ofD1→ f 0(1370)p1 does
not have enough statistic significance and hence we will
nore it in the ensuing discussion. The branching fractions
f 0(1370) intop1p2 andK1K2 are unknown, though sev
eral early attempts have been made~see@10#!.

We write the generalf 0(1370) flavor wave function as

f 0~1370!5nn̄ cosu1ss̄sinu. ~3!

In terms of the quark-diagram amplitudes depicted in Fig
the decay amplitudes ofD→ f 0(1370)P have the expres
sions

A~D1→ f 0~1370!p1!5VcdVud* ~Td1Au,d!1VcsVus* Cs8 ,
-
f

,

A~D0→ f 0~1370!K̄0!5VcsVud* ~Cu1Ed,s!, ~4!

A~Ds
1→ f 0~1370!p1!5VcsVud* ~Ts1Au,d!,

where the subscriptq of the topological amplitude denote
theqq̄ component off 0(1370) involved in its production. In
terms of the mixing angleu defined in Eq.~3! we haveTs

5A2 Tdtanu. We see that iff 0(1370) is annn̄ state in na-
ture, the decayDs

1→ f 0(1370)p1 can only proceed through
the topologicalW-annihilation diagram.

Hadronic charm decays are conventionally studied wit
the framework of generalized factorization in which the ha
ronic decay amplitude is expressed in terms of factoriza
terms multiplied by theuniversal ~i.e. decay process inde
1-2
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REMARKS ON THE QUARK CONTENT OF THE SCALAR . . . PHYSICAL REVIEW D 67, 054021 ~2003!
pendent! effective parametersai that are renormalization
scale and scheme independent. In this approach, the qu
graph amplitudes read

Tu5
GF

A2
a1f pF0

D f 0~mp
2 !~mD

2 2mf 0

2 !,

Ts5
GF

A2
a1f pF0

Dsf 0~mp
2 !~mDs

2 2mf 0

2 !,

Cu5
GF

A2
a2f KF0

D f 0~mK
2 !~mD

2 2mf 0

2 !,

~5!

Cs85
GF

A2
a2f f 0

F0
Dp~mf 0

2 !~mD
2 2mp

2 !,

Eq5
GF

A2
a2f DF

0
0→ f 0

qq̄K̄0

~mD
2 !~mf 0(1370)

2 2mK
2 !,

Aq5
GF

A2
a2f DF

0
0→ f 0

qq̄p1

~mD
2 !~mf 0(1370)

2 2mp
2 !,

where the form factorF0 is defined in@23# and the typical
values ofai in charm decays area151.15 anda2520.55.
For f 0(1370), its decay constantf f 0(1370) is zero owing to
charge conjugation invariance or conservation of vector c
rent @14#. This means that the amplitudeCs8 vanishes under
the factorization approximation.

In Eq. ~5! the annihilation form factorF0
0→ f 0P(mD

2 ) is
expected to be suppressed at large momentum transfeq2

5mD
2 , corresponding to the conventional helicity suppre

sion. Based on the helicity suppression argument, one
therefore neglect short-distance~hard! W-exchange and
W-annihilation contributions. However, as stressed in@24#,
weak annihilation does receive long-distance contributi
from nearby resonances via inelastic final-state interact
from the leading tree or color-suppressed amplitude. The

FIG. 1. Topological quark diagrams forD→ f 0(1370)P decays.
The diagramC8 is the same as the diagramC except for an inter-
change betweenP and f 0(1370).
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fects of resonance-induced FSIs can be described in a m
independent manner and are governed by the masses
decay widths of the nearby resonances. Indeed, the w
annihilation (W-exchangeE or W-annihilationA) amplitude
for D→PP decays has a sizable magnitude comparable
the color-suppressed internalW-emission amplitudeC with a
large phase relative to the tree amplitudeT @see Eq.~1!#.

In theqq̄ description off 0(1370), it follows from Eq.~3!
that

F0
D0f 05

1

A2
cosu F

0
D0f 0

uū

, F0
D1 f 05

1

A2
cosu F

0
D1 f 0

dd̄

,

~6!

F
0
Ds

1 f 05sinu F
0
Ds

1 f 0
ss̄

,

where the superscriptqq̄ denotes the quark content off 0
involved in the transition. In the limit of SU~3! symmetry,

F
0
D0f 0

uū

5F
0
D1 f 0

dd̄

5F
0
Ds

1 f 0
ss̄

and hence

F0
D0f 05F0

D1 f 05
1

A2
F

0
Ds

1 f 0cotu. ~7!

Consequently, under the factorization approximation one
Ts5A2 Tdtanu, a relation valid in the more general dia
grammatic approach.

Since

G„Ds
1→ f 0~1370!p1

…

G„D1→ f 0~1370!p1
…

5
B„Ds

1→ f 0~1370!p1
…

B„D1→ f 0~1370!p1
…

t~D1!

t~Ds
1!

,

~8!

it follows from Eqs.~2! and ~4! that

U Ts1Au,d

Td2Cs81Au,d
U

D→ f 0(1370)P

5~0.7660.24!

3S B„f 0~1370!→K1K2
…

B„f 0~1370!→p1p2
…

D 1/2

,

~9!

where the charmed meson lifetimes are taken from@10#. Let
us consider two extreme cases:~i! the W-annihilation term
vanishes, and~ii ! f 0(1370) is purely ann̄ state so thatTs
50.

To proceed we will takeCs850 as suggested by the fac
torization approach. In the case of a vanishi
W-annihilation,Au,d50. Hence, the left-hand side of Eq.~9!
becomesA2 utanuu. In order to estimate the mixing angl
we use the measurement ofR[G(KK̄)/G(pp)50.46
1-3
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FIG. 2. Contributions toDs
1→ f 0(1370)p1 from the color-allowed weak decayDs

1→ f 0(980)p1 followed by a resonant-like rescatte

ing. This has the same topology as theW-annihilation graph. The flavor wave function off 0(980) has the symbolic expressionss̄(uū

1dd̄)/A2.
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60.1560.11 @16#.1 This leads to

G„f 0~1370!→K1K2
…

G„f 0~1370!→p1p2
…

50.3560.14. ~10!

From Eq.~9! we obtain

u56~17.525.9
16.5!°. ~11!

This means that even in the absence ofW annihilation, a
small amount of thess̄ content in thef 0(1370) wave func-
tion will suffice to account for the observed rate ofDs

1

→ f 0(1370)p1 relative toD1→ f 0(1370)p1.
In the other extreme case wheref 0(1370) is a purenn̄

state,Ds
1→ f 0(1370)p1 can proceed only viaW annihila-

tion which includes both short-distance and long-distance
fects. Even the short-distanceW annihilation is helicity sup-
pressed, a long-distance contribution to the topologicaW
annihilation in Ds

1→ f 0(1370)p1 arises from the color-
allowed decayDs

1→ f 0(980)p1 followed by a resonant-like
rescattering as depicted in Fig. 2. Note that the flavor w
function of f 0(980) has the symbolic expressionss̄(uū

1dd̄)/A2 @4# as the light scalars are favored to be 4-qua
states~for a recent discussion, see, e.g.@9#!. The decayDs

1

→ f 0(980)p1 has a large branching ratio of (1.860.3)%
@9#. As discussed in@24#, Fig. 2 manifested at the hadro
level receives as-channel resonant contribution from, fo
example, the 02 resonancep(1800) and at-channel contri-
bution with one-particle exchange. It follows from Eq.~9!
that

U Au,d

Td1Au,d
U

D→ f 0(1370)P

50.4560.18. ~12!

The magnitude ofA/T depends on the its phase. SinceW
annihilation is expected to be dominated by the imagin

1A reanalysis of the old data on the reactionsp2p→p2p1n and

p1p2→KK̄ yields R51.3360.67 @25#. This is inconsistent with

naive expectation. First, thepp phase space is larger than theKK̄
one by a factor of 1.8. Second, thegf 0pp coupling is larger than

gf 0KK̄ if f 0(1370) is mostlynn̄.
05402
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e

k

y

part, we will haveuAu,d /Tdu50.5020.17
10.36 if the relative phase

betweenA and T is 90°, for example. This means that
f 0(1370) is composed of onlynn̄, then one will need a very
sizable W annihilation to account for the observedDs

1

→ f 0(1370)p1 decay. However, recall that in Cabibbo
allowedD→PP decays, the topological amplitudes given
Eq. ~1! lead to

A

T U
D→PP

5~0.3960.20!e2 i (65630)°. ~13!

This indicates that although theW-annihilation term induced
from nearby resonances via FSIs is sizable, it is proba
unlikely that it can be big enough to satisfy the constra
~12!. In reality, both externalW emission andW annihilation
contribute to the decay and thess̄ component inf 0(1370) is
smaller than that implied by Eq.~11!.

III. D0\f 0„1370…K̄0 AND THE FINITE WIDTH EFFECT

We next turn to the decayD0→ f 0(1370)K̄0 relative to
D1→ f 0(1370)p1. From Eqs.~2! and ~4! we have

U Cu1Ed,s

Td2Cs81Au,d
U

D→ f 0(1370)P

5~0.5860.15!
1

Ar
, ~14!

where r 5pc(D
0→ f 0K̄0)/pc(D

1→ f 0p1), and pc is the
c.m. momentum of the final-state particles in the rest fra
of the charmed meson. However, the momentumpc in the
decay D0→ f 0(1370)K̄0 is very sensitive to thef 0(1370)
mass. For example,pc50, 34, 214 MeV and hencer
50, 0.083, 0.47 formf 0

51400, 1370, 1310 MeV, respec

tively. Therefore, whenmf 0
51370 MeV, one needsC/T

;7 to account for the observed decay rate ofD0

→ f 0(1370)K̄0 relative toD1→ f 0(1370)p1, which is cer-
tainly very unlikely. The difficulty has something to do wit
the decay width of the scalar resonance which we have
glected so far. As the decayD0→ f 0(1370)K̄0 is marginally
or even not allowed kinematically, depending on t
f 0(1370) mass, it is important to take into account the fin
width effect of the resonance. That is, one should evalu
1-4
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the two-step processG„D0→ f 0(1370)K̄0→p1p2K̄0
… and

compare the resonant three-body rate with experiment.
The decay rate of the resonant three-body decay is g

by

G~D→SP→P1P2P!

5
1

2mD
E

(m11m2)2

(mD2mP)2dq2

2p
z^SPuHWuD& z2

l1/2~mD
2 ,q2,mP

2 !

8pmD
2

3
1

~q22mS
2!21~G12~q2!mS!2

gSP1P2

2
l1/2~q2,m1

2 ,m2
2!

8pq2
,

~15!

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

1c222ab22ac22bc, m1 (m2) is the mass ofP1 (P2),
and the ‘‘running’’ or ‘‘comoving’’ width G12(q

2) is a func-
tion of the invariant massm125Aq2 of the P1P2 system and
it has the expression@26#

G12~q2!5GS

mS

m12

p8~q2!

p8~mS
2!

, ~16!

wherep8(q2)5l1/2(q2,m1
2 ,m2

2)/(2Aq2) is the c.m. momen-
tum of P1 or P2 in the P1P2 rest frame andp8(mS

2) is the
c.m. momentum of either daughter in the resonance
frame. The propagator of the resonance is assumed to b
the Breit-Wigner form.

When the resonance widthGS is narrow, the expression o
the resonant decay rate can be simplified by applying
so-called narrow width approximation

1

~q22mS
2!21mS

2G12
2 ~q2!

'
p

mSGS
d~q22mS

2!. ~17!

Noting

G~D→SP!5 z^SPuHWuD& z2
p

8pmD
2 ,

~18!

G~S→P1P2!5gSP1P2

2
p8~mS

2!

8pmS
2

,

where p5l1/2(mD
2 ,mS

2 ,mP
2 )/(2mD) is the c.m. three-

momentum of final-state particles in theD rest frame, we are
led to the ‘‘factorization’’ relation

G~D→SP→P1P2P!5G~D→SP!B~S→P1P2! ~19!

for the resonant three-body decay rate.
In practice, this factorization relation works reasonab

well as long as the two-body decayD→SP is kinematically
allowed and the resonance is narrow. However, whenD
→SP is kinematically barely or even not allowed, the o
resonance peak effect of the intermediate resonant s
will become important. For example, the fit fraction
of D0→r(1700)1K2→p1p0K2, D0→K0* (1480)K̄0
05402
n
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→K1p2K̄0 have been measured by the CLEO@20# and
BaBar @27# Collaborations, respectively. It is clear that th
on-shell decaysD0→r(1700)1K2 and D0→K0* (1480)K̄0

are kinematically not allowed and it is necessary to take i
account the finite width effect.

Sincef 0(1370) is broad with a width ranging from 200 t
500 MeV, a priori there is no reason to neglect its fini
width effect. For simplicity in practical calculations, we sha
fix the weak matrix element̂SPuHWuD& and the strong cou-
pling gSP1P2

at q25mS
2 and assume that they are insensiti

to the q2 dependence when the resonance is off its m
shell. Let us define the parameterh:

h[
G~D→SP→P1P2P!

G~D→SP!B~S→P1P2!
. ~20!

The deviation ofh from unity will give a measure of the
violation of the factorization relation~19!. Then it has the
expression

h5
mS

2

4pmD

GS

pp8~mS
2!
E

(m11m2)2

(mD2mP)2dq2

q2 l1/2~mD
2 ,q2,mP

2 !

3l1/2~q2,m1
2 ,m2

2!
1

~q22mS
2!21„G12~q2!mS…

2
. ~21!

For mf 0(1370)51370 MeV and G f 0(1370)5200 MeV ~500

MeV!, we findh53.8 (4.3), 0.83~0.67!, 0.89~0.74! for the
decays D0→ f 0(1370)K̄0→p1p2K̄0, D1→ f 0(1370)p1

→p1p2p1 and Ds
1→ f 0(1370)p1→p1p2p1, respec-

tively. It is evident that the finite width effect off 0(1370) is
very crucial for D0→ f 0(1370)K̄0. This also indicates tha
the measured branching ratios shown in Eq.~2! are actually
for resonant three-body decays.

Let us return back to Eq.~14!. The parameterr there
should be replaced byr 5I 1 /I 2 with

I 15E
4mK

2

(mD2mp)2dq2

q2 l1/2~mD
2 ,q2,mp

2 !l1/2~q2,mp
2 ,mp

2 !

3
1

~q22mf 0

2 !21~G12~q2!mf 0
!2

,

~22!

I 25E
4mp

2

(mD2mK)2dq2

q2 l1/2~mD
2 ,q2,mK

2 !l1/2~q2,mp
2 ,mp

2 !

3
1

~q22mf 0

2 !21~G12~q2!mf 0
!2

.

Note that the lower bound of the integralI 1 is 4mK
2 rather

than 4mp
2 in order to have a realp8(q2). For the represen-

tative values of mf 0(1370)51370 MeV and G f 0(1370)

5250 MeV, we findr 50.36 and hence
1-5
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U Cu1Ed,s

Td2Cs81Au,d
U

D→ f 0(1370)P

50.9760.25, ~23!

which is to be compared with

UC1E

T1AU
D→PP

;0.78 ~24!

in D→PP decays@see Eq.~1!#. Therefore, the decayD1

→ f 0(1370)p1→p1p2p1 can be explained once the finit
width effect of f 0(1370) is taken into account.

The comparison of D0→ f 0(1370)K̄0 with Ds
1

→ f 0(1370)p1 in principle allows one to obtain some info
mation on the mixing angle. However, since the relation
tween the amplitudesCu and Ts is unknown, it does not
allow a model-independent extraction. Finally, it should
remarked that owing to the finite width effect, Eqs.~11! and
~12! are slightly modified to

u56~18.827.4
16.8!°, U Au,d

Td1Au,d
U

D→PP

50.4860.20.

~25!

IV. DISCUSSION AND CONCLUSION

The decayD1→ f 0(1370)p1 receives the main contribu
tion from the externalW-emission diagram via thenn̄ com-
ponent of f 0(1370), whileDs

1→ f 0(1370)p1 proceeds via

the externalW emission through thess̄ content; both chan-
.

on

05402
-

nels receiveW annihilation. Assuming the absence ofW an-
nihilation, we showed in a model independent way that b
modes can be accommodated provided thatu5

6(17.525.9
16.5)°. That is, even a smallss̄ component in

f 0(1370) can induce adequateDs
1→ f 0(1370)p1 via the ex-

ternalW emission. In the other extreme case wheref 0(1370)

is a purenn̄ state, it is found that one needs a very largeW
annihilation to explain the decayDs

1→ f 0(1370)p1. There-

fore, we conclude thatf 0(1370) is unlikely a purenn̄ state.
In reality, both externalW emission andW annihilation con-
tribute to the decay and the mixing angle is smaller than
above-mentioned value.

To extract the upper limit on the mixing angle we ha
employed the experimental value ofG(KK̄)/G(pp). The
uncertainty with the branching fractions off 0(1370) can be
circumvented ifDs

1→ f 0(1370)p1→K1K2p1 is measured
and compared withD1→ f 0(1370)p1→p1p2p1.

For the decayD0→ f 0(1370)K̄0 which is barely or even
not allowed kinematically, depending on the mass
f 0(1370), it is important to take into account the finite wid
effect of f 0(1370). We find that it plays a crucial role on th
resonant three-body decayD0→ f 0(1370)K̄0→p1p2K̄0.
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