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It is believed that the production rate ofD0→K0K̄0 is almost solely determined by final state interactions
~FSIs! and hence provides an ideal place to test FSI models. Here we examine model calculations of the

contributions froms-channel resonancef J(1710) andt-channel exchange to FSI effects inD0→K0K̄0. The
contribution froms-channelf 0(1710) is small. For thet-channel FSI evaluation, we employ the one-particle-
exchange model and Regge model, respectively. The results from the two methods are roughly consistent with

each other and can reproduce the large rate ofD0→K0K̄0 reasonably well.@S0556-2821~99!00213-1#

PACS number~s!: 13.25.Ft
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I. INTRODUCTION

The importance of the final state interactions~FSIs! in
hadronic processes has been recognized for a long time
cently its applications inD andB decays have attracted th
extensive interest and attention of theorists. In many de
modes FSIs may play a crucial role.

Here the FSI refers to soft rescattering processes at
hadronic level@1#. Since all FSI processes concern nonp
turbative QCD and cannot be reliably evaluated with a
well-established theoretical framework, we have to rely
phenomenological models to analyze FSI effects in cer
reactions. The chiral Lagrangian approach has proved to
reliable for evaluating hadronic processes, but there are
many free parameters which are determined by the fit
data, so that its applications are highly constrained. Th
fore, we have tried to look for some simplified models whi
can give rise to a reasonable estimation of FSIs.

The decayD0→K0K̄0 is a very interesting mode. Pham
@2# and Lipkin @3# noticed the important role of FSIs in thi
production long time ago. A directD0→K0K̄0 can only oc-
cur via a W-boson exchange based on a quark-diagr
analysis@4#, and moreover, since the Cabibbo-Kobayas
Maskawa~CKM! entries forcū→dd̄ and ss̄ have opposite
signs, the reaction must be proportional to an SU~3! break-
ing. Therefore according to the common knowledge obtai
by studyingB andD decays, directD0→K0K̄0 is much more
suppressed thanD0→K1K2. However, the data show tha
B(D0→K0K̄0);(6.561.8)31024 and B(D0→K1K2)
;(4.2760.16)31023 @5#. Obviously, theD0→K0K̄0 is re-
alized through inelastic final state interactions. Name
K0K̄0 is not a direct product ofD0 decay, but is a secondar
one from other hadrons~mesons, mainly! which have a
larger direct production rate inD0 decays, via hadronic res
cattering. Hence the decayD0→K0K̄0 provides an ideal
place to test model calculations of FSIs.

Around the mD51.86 GeV energy region, there is a
abundant spectrum of resonances. Thes-channel resonanc
0556-2821/99/60~1!/014014~7!/$15.00 60 0140
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contribution can be very important. However, only tho
with approprate quantum numbers (JPC5011) can contrib-
ute to the FSIs for theD0→K0K̄0 mode. According to PDG
tables@5#, there is only one 011 resonance with mass suffi
ciently close tomD , i.e., the 011 component inf J(1710). In
this work, we evaluate thes-channel contribution by only
accounting forf J(1710) and the rest is attributed tot-channel
exchange. Fort-channel exchange, we consider two a
proaches. One is the one-particle-exchange~OPE! model,
specifically here single-meson exchange, while another is
Regge pole model. In fact, the Regge trajectories contain
nonperturbative QCD effects, but from another angle,
leading term is exactly the exchange of a meson with app
priate quantum numbers. The calculation with the sing
meson-exchange scenario is obviously much simpler
straightforward. Moreover, some theoretical uncertainties
included in an off-shell form factor which modifies the e
fective vertices and therefore can compensate for residue
fects which exist in a precise Regge pole model. This co
pensation can at least be of the same accuracy as the R
pole model with several free parameters. One can trust
the results obtained in the two approaches should be qua
tively consistent, even though not exactly equal. Our la
numerical results confirm this assertion.

In Sec. II, we give the formulations fors- and t-channel
FSI effects. For thet-channel case, both the one-particl
exchange model and the Regge pole model are used.
numerical results and a discussion are given in Sec. III.

II. FORMULATIONS

The direct decay amplitudes ofD0→VV8 andD0→PP8,
whereV(V8) andP(P8) denote vector and pseudoscalar m
sons, are given in many papers in the literature and we
follow the conventions of@6#.

A. s-channel resonance contribution

Even though the spectrum is abundant at themD region,
only the 011 component off J(1710) can make substantia
©1999 The American Physical Society14-1
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contributions to thes-channel FSIs. However, the 011 com-
ponent off J(1710) is still not well determined@5#. We use
the data off 0(1710) for our later calculations. It is expecte
that the errors obtained are within the error tolerance reg
of the present data.

To lowest order, the effective coupling off 0 to VV8 and
PP8 (V,P are vector and pseudoscalar!, which is of concern
here, can be of the form

LI5gf1f f PP8f, ~1!

LI5g8AmAm f VV 8f. ~2!

With these Lagrangians, the effective coupling constantg
and g8 are obtained by fitting the branching ratios off 0 to
VV8 or PP8.

The effective weak decay Hamiltonion for our process

He f f5
GF

A2
$VusVcs* @c1~ s̄c!V2A~ ūs!V2A

1c2~ s̄s!V2A~ ūc!V2A#

1VudVcd* @c1~ d̄c!V2A~ ūd!V2A

1c2~ d̄d!V2A~ ūc!V2A#%, ~3!

whereVus , Vcs , Vud , Vcd are the CKM matrix entries, and
V2A representsgm(12g5).

The amplitude of the decayD0→K1K2 is

A~D0→K1K2!

5
GF

A2
VusVcs* a1^K

1K2u~ s̄c!V2A~ ūs!V2AuD0&

5
GF

A2
VusVcs* a1@2 f KF0

DK~mK
2 !~mD

2 2mK
2 !#, ~4!

where a15c11(1/Nc)c2. Nonfactorization effects are ne
glected here.

In terms of these effective couplings, the amplitude
D0→K0K̄ 0 with the s-channel resonancef 0(1710) contri-
bution can be written as

AFSI5 (
all MM 8

1

2E d3p1

~2p!32E1

d3p2

~2p!32E2

~2p!4d4

3~p11p22pB!A~D0→M1M 8!

3gMM8•gKK

i

s22mf 0

2 1 imf 0
G tot

k, ~5!

wherei /(s22mf 0

2 1 imf 0
G tot) is the relativistic Breit-Wigner

resonance propagator forf 0(1710), s is the total c.m. en-
ergy square, andk is an isospin factor. The sum over th
weak amplitudesA(D0→MM 8) includes all possible states
The physical picture is shown in Fig. 1. For intermedia
01401
n

s

f

mesons other thanf 0(1710), their propagators may provide
suppression factor 1/(mD

2 2m2) which would wash out their
contributions.

Thus it is easy to derive

A~D0→K1K2→ f 0~1710!→K0K̄0!

5
GF

A2

gKK f
2

32p
VusVcs* a1f KF0

DK~mD
2 2mK

2 !

3S 12
4mK

2

mD
2 D 1/2 ~mD

2 2mf
2!2 iG fmf

~mD
2 2mf

2!21G f
2mf

2
. ~6!

For the vector meson case, we have

A„D0→r1r2→ f 0~1710!→K0K̄0
…

5
GF

A2

gKK f•grr f

16p
VudVcd* f KA1

3
a1S 12

4mr
2

mD
2 D 1/2

3Fmr~mD1mr! f rA1S 21
~mD

2 22mr
2!2

4mr
4 D

2
2mr

mD1mr
f rA2S mD

2 2
mD

4

2mr
2

1
mD

4 ~mD
2 22mr

2!

8mr
4 D G

3
~mD

2 2mf
2!2 iG fmf

~mD
2 2mf

2!21G f
2mf

2
, ~7!

where allF0
DK , a1 , A1 , A2, etc., are defined according t

the conventions in@6#.

For A„D0→p1p2→ f 0(1710)→K0K̄0
…, we need to re-

place gKK f
2 , VusVcs* , mK

2 in the expression by
gKK fgpp f , VudVcd* , mp

2 . For other intermediate states suc
asK* 1K* 2 andr1r2, we have no data about their branc
ing ratios off 0(1710); so we do not consider theirs-channel
contribution at present.

B. t-channel contribution: The OPE model

In the OPE model, a singlet-channel ~the same as
u-channel! virtual particle is exchanged~see Fig. 2!, and it is
natural to assume that the lightest particle with proper qu
tum number dominates.

The exchange scenario has been studied in theD→VP
andB→pK cases@7,8#. The effective vertices of strong in
teraction for the rescattering process, such asgKK* p ,grKK ,
etc., are gained from data provided the flavor SU~3! symme-
try holds. However, since thet-channel-exchanged particle

FIG. 1. Thes-channel resonance FSI contribution.j represents
the intermediate states.
4-2
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P and V are off their mass shell, a phenomenological fo
factor F(L)5(L22m2/(L22t) is introduced to compen
sate the off-shell effect at the vertices@9#. It is noted thatL
is a parameter which takes values between 1.2–2.0 Ge
the normal sense. As pointed out in last section, the valu
the parameterL would smear the errors caused by assum
the dominance of one-particle exchange.

Obviously, for theD0→K0K̄0 final state, thePV interme-
diate state is forbidden. Meanwhile, we also ignore contri
tions from intermediate states with more than two meson
baryons, which are definitely much smaller.

There are two key aspects to making the concerned
cesses substantial. First the direct production amplitude
D→PP or VV must be large enough, and the second,
scattering amplitude ofPP ~or VV)→K0K̄0 is not small. It
depends on the effective couplings and how far the pro
gating meson deviates from its mass shell. Since the sca
ing PP ~or VV)→K0K̄0 is, in general, an inelastic proces
the absolute values of the amplitudes are smaller than u

First, let us study which channels ofD→PP or VV are
substantially large. Here let us just make some order esti
tions of the amplitudes before doing concrete calculation

Based on the quark diagrams, definitelyD0

→K1K2, K* 1K* 2, p1p2, r1r2 have larger ampli-
tudes because they are realized via so-called externaW
emission@4#, which is much larger than other mechanism

For D0→p0p0 or r0r0, even though they can happen v
internal W emission, the amplitudes are about 3 tim
smaller than externalW emission as

A G~D0→p0p0!

G~D0→p1p2!
5S a2

A2a1
D ;0.3;A G~D0→r0r0!

G~D0→r1r2!
.

Therefore, in our later calculations, we neglect contributio
from such intermediate states.

1. D0
˜PP˜K0K̄0 case

Here we present the formulas forD0→K1K2→K0K̄0 as
an example and a similar expression can be written down
D0→p1p2→K0K̄0. In this case the exchanged meson
r6.

FIG. 2. Final state interactions inD0→K0K̄0 due to one-particle
exchange.
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It is believed@7,8# that a single particle exchange in thet
channel would make dominant contributions to the FSIs.
the D0→K1K2→K0K̄0 process shown in Fig. 2,K1, K2,
and thet-channel-exchangedr form a triangle diagram. As a
matter of fact, for a pure FSI process, we only need to eva
ate the absorptive part of the triangle. Definitely, the disp
sive part of this loop can be calculated in terms of the d
persion relation@9#, and generally it is expected to be of th
same order as the absorptive part of the loop.

According to the Cutkosky rule, we make cuts to l
K1, K2 be on shell, leavingr6 to be off shell. At the
K1r6K0 vertex the effective Hamiltonian isgrKKem(pK1

1pK0)m.
The amplitude ofD0→K1K2→K0K̄0 is

AFSI5
1

2E d3p1

~2p!32E1

d3p2

~2p!32E2

~2p!4d4~p11p22pB!

3A~D0→K1K2!grKK
2 ~p11p3!m~p21p4!n

3S 2gmn1
kmkn

mr
2 D i

k22mr
2

F~k2!

5E
21

1

d~cosu!
up1
W u

16pmD
grKK

2 iF ~k2!

k22mr
2

H•A~D0→K1K2!,

~8!

where H52(p1•p21p1•p41p2•p31p3•p4) and A(D0

→K1K2) is the direct weak production amplitude. We ha
set p15pK1, p25pK2, p35pK0, p45pK̄0, and u is the
angle betweenp1

W and p3
W . Herek is the four-momentum of

the exchanged particler, and k25(p12p3)25m1
21m3

2

22E1E312up1
W uup3

W u cosu.
The form factorF(k2) in Eq. ~14! is an off-shell form

factor for the verticesrKK. Because the effective couplin
constantgrKK is obtained from the data where the three p
ticles are all on shell, while in our case the exchangedr
meson is off shell, a compensation form factor is needed.
take F(pr

2)5@(L22mr
2)/(L22pr

2)#2 as suggested in Ref
@7#,

2. D0
˜VV˜K0K̄0 case

The case for intermediate states of two vector mes
(VV) has been studied inB→rK*→pK processes@8#. It is
shown that theVV intermediate states give a significant co
tribution to final state interactions. Here we takeD0

→K* 1K* 2→K0K̄0 as an example, while the expression f
D0→r1r2→K0K̄0 is a close analogue.

The amplitude forD0→K* 1K* 2 decay is

A~D0→K* 1K* 2!5
GF

A2
VusVcs* a1•MK* 1K* 2

, ~9!

where
4-3
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MK* 1K* 2
[^K* 1u~ ūs!V2Au0&^K* 2u~ s̄c!V2AuD0&

5mK* ~mD1mK* ! f K* A1
DK* ~mK*

2
!~eK* 1•eK* 2!

2
2mK*

mD1mK*
f K* A2

DK* ~mK*
2

!~eK* 1•pD!

3~eK* 2•pD!2 i
2mK*

mD1mK*
f K* VDK*

3~mK*
2

!emnrseK* 1
m eK* 2

n pK* 1
r pK* 2

s . ~10!

Unlike the D0→K1K2→K0K̄0 case, the t-channel-
exchanged particle inD0→K* 1K* 2→K0K̄0 is p6. Since it
is the lightest meson of the right quantum number, it sho
give rise to the largest contribution. The amplitude for t
final state interaction of the processD0→K* 1K* 2→K0K̄0

is

AFSI5
1

2E d3p1

~2p!32E1

d3p2

~2p!32E2

~2p!4d4~p11p22pB!

3A~D0→K* 1K* 2!^K* 1K* 2uSuK0K̄0&

5E
21

1

d~cosu!
up1
W u

16pmD

iF ~pp0
2

!

~pp0
2

2mp0
2

!

3FmK* ~mD1mK* ! f K* A1
DK* ~mK*

2
!•H1

2
2mK*

mD1mK*
mD

2 f K* A2
DK* ~mK*

2
!•H2G , ~11!

where S is the S matrix of the strong interaction,u is the
angle betweenp1

W andp3
W , and

H154gK* Kp
2 F ~p3•p4!2

~p2•p3!~p2•p4!

m2
2

2
~p1•p3!~p1•p4!

m1
2

1
~p1•p2!~p2•p3!~p2•p4!

m1
2m2

2 G
H254gK* Kp

2 F ~p3
0m4

0!2
~p2

0p3
0!~p2•p4!

m2
2

2
~p1

0p4
0!~p1•p3!

m1
2

1
~p1

0p2
0!~p2•p3!~p2•p4!

m1
2m2

2 G . ~12!

As mentioned above, the expression forAFSI(D0→r1r2

→K0K̄0) is similar; the only distinction is that forD0

→r1r2→K0K̄0, the exchanged particle isK6 instead.
01401
d

3. t-channel contribution: The Regge pole model

The principles of Regge theory are@10# that ~i! the scat-
tering amplitudes are analytic functions of the angular m
mentumJ, ~ii ! a particle of massm and spins will be on a
Regge trajectorya(t) ~wheret is the Mandelstam invarian
parameters! ands5a(m2), and~iii ! the partial-wave ampli-
tude has a pole of the form 1/@J2a(t)#. It is suggested tha
the Regge theory provides a very simple and econom
description of the total cross section at the high energy
gion @11#.

The invariant amplitude for the scattering of particles w
helicitiesl i from the Regge phenomenology is@10#

M i→ f
l1l2 ;l3l452S 2t

s0
D l/2 e2 ipa(t)1J

2 sinpa~ t !
gl3l4

l1l2S s

s0
D a(t)

,

~13!

wheres and t are Mandelstam invariants, andl5ul32l1u
1ul42l2u. HereJ is the signature for Regge trajectory. F
the Pomeron andp trajectory,J511; for the r and K*
trajectory, J521. This expression corresponds to a
asymptotic behavior whens@s0 ands0 is a scale parameter
In most of the literature,s0 is taken as 1 GeV2. This Regge
asymptotic behavior works very well in the energy regi
As>5 GeV. We extend the energy region toAs5m

D
. The

extension is reliable because we have accounted for
s-channel resonancef 0(1710) contribution separately, whil
contributions from the remaining resonances can be tre
as a smooth function ofs which is determined by the crosse
t-channel exchange@12# and it is the fundamental of the
Regge pole theory. Thus we can assume that there would
be a large deviation from the Regge asymptotic behav
g(t) is a residue function. The linear Regge trajectory as
approximation is taken for our calculationsa(t)5a01a8t.
Herea8 is nearly a universal parameter for all Regge traje
tories ~except for the Pomeron!, a8'0.9. a050.5 for r
andv trajectories,a050.3 for K* trajectories,a050 for p
trajectories, anda0520.3 for K trajectories. But in our cal-
culation we have adopted the approximationa050.5 for r
and K* trajectories anda050 for p and K trajectories in
order to carry out dispersion integration analytically.

We take theD0→K* 1K* 2→K0K̄0 as an example and
for the other intermediate states the expressions are sim

First, we rewrite the helicity amplitude ofD0→VV decay
in a convenient form@13#

Al1l2
5^V1~k1 ,l1!V2~k2 ,l2!uHwuD0~p!&

5em* ~k1 ,l1!en* ~k2 ,l2!Fagmn1
b

m1m2
pmpn

1 i
c

m1m2
emnabk1apbG , ~14!

wherel1 , l2 are the helicity ofV1 , V2, and em , en are
the polarization vectors ofV1 , V2. From Eq.~10!, the above
factors for decayD0→K* 1K* 2 are
4-4
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a5
GF

A2
Vus* Vcsa1~mD1mK* !mK* f K* A1

DK* ~mK*
2

!,

b52
GF

A2
Vus* Vcsa1

2mK*
3

~mD1mK* !
f K* A2

DK* ~mK*
2

!,

c52
GF

A2
Vus* Vcsa1

2mK*
3

~mD1mK* !
f K* VDK* ~mK*

2
!. ~15!

In the rest frame of theD0, K* 1, and K* 2 have the
same helicity. According to@13#, there are three independe
helicity amplitudes

H A1152a1Ax221c,

A2252a2Ax221c,

A0052xa2~x221!b,

~16!

wherex[k1k2 /mK*
2

5(mD
2 22mK*

2 )/2mK*
2 .

The discontinuity of amplitude for the final state intera
tion of D0→K* 1K* 2→K0K̄0 is

DiscAFSI5
1

2E d3p1

~2p!32E1

d3p2

~2p!32E2

~2p!4d4

3~p11p22pB!A~D0→K* 1K* 2!ll

3M ll;00~K* 1K* 2→K0K̄0!, ~17!

where l is the helicity of the intermediate stateK* . The
discontinuity of this amplitude precisely corresponds to
absorptive part of the hadronic triangle~see Fig. 2! for the

TABLE I. FSI amplitudes froms-channel contributions of
f 0(1710).

Decay mode AFSI ~GeV!

D0→K1K2→K0K̄0 (20.242 i0.53)31027

D0→p1p2→K0K̄0 (0.131 i0.32)31027

Total (20.112 i0.21)31027
01401
e

one-particle-exchange case whereK* 1,K* 2 are on shell.
For the rescattering ofK* 1K* 2→K0K̄0, the exchange tra-
jectory is p. The helicity amplitudesA11 , A22 , A00 all
contribute to the same helicity state$00% of K0K̄0:

DiscAFSI5
A124mK*

2 /mD
2

16ps E
tmin

tmax
dt~A11M11;00

1A22M22;001A00M 00;00!

5epS s

s0
D a021

, ~18!

whereep represents the value except the factor (s/s0)a021

and is calculated numerically.
The full amplitude of the final state interaction ofD0

→K* 1K* 2→K0K̄0 can be obtained by using the dispersi
relation.

AFSI5
ep

p E
4m

K*
2

`

ds
~s/s0!a021

~s2m
D

2 !
5

ep

pm
D

2
ln S 12

m
D

2

4m
K*
2 D .

~19!

For the processD0→r1r2→K0K̄0, the leading trajec-
tory of rescattering isK. For the processesD0→K1K2

→K0K̄0 andD0→p1p2→K0K̄0, the leading trajectories o
rescattering arer andK* , respectively.

III. NUMERICAL RESULTS AND DISCUSSION

To reproduce the experimental dataB(D0→K0K̄0);6.5
31024, we need the amplitude to beuA(D0→K0K̄0)u
;3.3531027 GeV. Now we examine numerical results o
various FSI amplitudes.

For thes-channel contribution, we take the experimen
data @5# as input: mf51710 MeV, G tot5133614 MeV,
B(KK̄)5GKK̄ /G tot50.38, B(pp)5Gpp /GKK̄50.39. Since
other channels off 0(1710) decays have not been measu
yet, we do not include their contribution in this numeric
estimation. We expect that they will give similar contributio
as K1K2 and p1p2 modes. The numerical results of th
s-channelf 0(1710) contributions are tabulated in Table. I

One can notice that contributions from theK1K2 and
p1p2 intermediate states interfere destructively, beca
Vcd'2Vus . The sum of two contributions is small com
TABLE II. FSI amplitudes fromt-channel contributions in the OPE model.

Decay mode AFSI ~GeV!

L51.2 GeV L51.6 GeV L52.0 GeV

D0→K1K2→K0K̄0 2 i1.5231027 2 i3.2331027 2 i4.5231027

D0→p1p2→K0K̄0 i1.0231027 i3.1131027 i4.8931027

D0→K* 1K* 2→K0K̄0 i4.3731027 i5.8931027 i6.9131027

D0→r1r2→K0K̄0 2 i1.7931027 2 i3.0231027 2 i3.9831027

Total i2.0831027 i2.7531027 i3.3031027
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TABLE III. FSI amplitudes in Regge pole models.

Decay mode AFSI ~GeV!

Model I Model II

D0→K1K2→K0K̄0 (20.312 i2.61)31027 (21.062 i2.18)31027

D0→p1p2→K0K̄0 (0.381 i3.17)31027 (21.471 i2.38)31027

D0→K* 1K* 2→K0K̄0 (21.131 i0.07)31027 (24.081 i2.75)31027

D0→r1r2→K0K̄0 (1.02 i0.67)31027 (2.802 i1.12)31027

Total (20.062 i0.04)31027 (23.811 i1.83)31027
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pared with what experimental data need. However, if
parameters off 0(1710) change@14#, thes-channel contribu-
tions may become more important. For a more precise e
mation, we shall wait for further experimental informatio
on 011 resonances nearMD .

For the OPE model and the Regge pole model, we t
c151.26, c2520.51 @7#; decay constants@5,15# f p50.13
GeV, f K50.16 GeV,f r50.221 GeV,f K* 50.221 GeV; and
form factors@6,15#

F0
Dp~0!50.692, A1

Dr~0!50.775, A2
Dr~0!50.923,

F0
DK~0!50.762, A1

DK* ~0!50.880, A2
DK* ~0!51.147.

For the OPE model, the effective strong coupling co
stants are given in@7#: gK* Kp55.8 and grpp5A2grKK
56.1. The parameterL in the off-shell form factorF(k2)
varies in a range of 1.2–2.0 GeV@9#. In Table II, we tabulate
the results corresponding to three cases:L51.2 GeV, L
51.6 GeV,L52.0 GeV.

Here three points are worthy of note.~1! The process
D0→K* 1K* 2→K0K̄0 has the largest contribution. The re
son is because the exchanged particle is the lightest me
the pion. This conclusion is the same as in@7,8#. ~2! The
predicted amplitude of the processD0→K* 1K* 2→K0K̄0 is
not very sensitive to the choice of the parameterL. On the
contrary, for the other three processes, the amplitudes
more sensitive to the choice. As is well known, the O
model is more applicable when the virtual exchanged p
ticle is close to its mass shell. In fact, the heavier the part
is, or the further it is off its mass shell, then the more sen
tive the amplitude is to the parameterL. ~3! We only calcu-
late the absorptive part which gives the imaginary part of
FSI amplitudes only. It gives the correct order of magnitu
of the FSI effects. The dispersive real part of the FSI am
tudes can be calculated in terms of the dispersion relation@9#
with additional parameters, and generally it is of the sa
order of magnitude as the absorptive part. So the OPE m
can reproduce FSI effects rather well.

For the Regge pole model, two different treatments of
residue functiong(t) are assumed. Model I assumes const
residue functionsg @16#: gppr

2 5A2gKKr5As02Ypp
2 /Ypp
01401
e

ti-

e

-

on,

re

r-
le
i-

e
e
i-

e
el

e
t

'72. Model II takesg(t) to make Eq.~13! the same as in
the OPE model for t near the mass squared of the lead
exchanged particle. The numerical results are listed in Ta
III.

Comparing the imaginary part in Regge pole models w
the OPE results in Table II, the biggest difference is forD
→VV→PP modes in model I. Model I is the conventiona
approximation of the Regge model for high energies. It
obviously not a good approximation for theMD energy re-
gion. We found that the main problem is that the high ene
approximation for thet-dependent couplings, (2t/s0)l/2 in
Eq. ~13!, is not good forVV→PP at theMD energy. If we
replace the (2t/s0)l/2g(t) in Eq. ~13! by the corresponding
effective couplings in the OPE model, then we get mode
which gives results roughly consistent with OPE results.

In summary, for thet-channel FSI contributions toD0

→K0K̄0, the OPE model and Regge pole model with
proper treatment ofg(t) ~model II! are roughly consisten
with each other and can reproduce the experimental data
sonably well. They may be used to estimatet-channel FSI
effects for otherD-decay channels. The Regge pole mod
assuming a constantg(t) ~model I! is not suitable for theMD
energy region. Thes-channel FSI contribution from known
011 resonances is small.

The situation of FSIs forB-meson decays should be di
ferent. There is ans-dependent suppression factor (s/s0)a(t)

in the Regge pole model. The discontinuity of the final st
interaction amplitude is proportional to (s/s0)a021. For in-
elastic rescattering for which the exchange trajectorya0,1,
the discontinuity of the final state interaction amplitude d
creases as the energy increases. This predicts that the
state interaction will be small in the high energy regio
There is no suchs-dependent suppression factor in the OP
model. At high energies,t-channel exchange of heavier pa
ticles will become more important. Thes-independent off-
shell form factors in the OPE model may be not enough
compensate for these effects. We will continue our study
the B region and the results will be published elsewhere.
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