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We investigate the decay mechanisms in theDs
1→vp1 andDs

1→r0p1 transitions. The naive factorization
ansatz predicts a vanishing amplitude for theDs

1→vp1 decay, while theDs
1→r0p1 decay amplitude does

have an annihilation contribution also in this limit. Both decays can proceed through intermediate states of
hidden strangeness, e.g.K,K* , which we estimate in this paper. These contributions can explain the experi-
mental value for theDs

1→vp1 decay rate, which no longer can be viewed as a clean signature of the
annihilation decay ofDs

1 . The combination of thep(1300) pole dominated annihilation contribution and the
internal K,K* exchange can saturate the present experimental upper bound on theDs

1→r0p1 decay rate,
which is therefore expected to be within experimental reach. Finally, the proposed mechanism of hidden
strangeness final state interactions constitutes only a small correction to the Cabibbo allowed decay ratesDs

→KK* ,fp, which are well described already in the factorization approximation.

DOI: 10.1103/PhysRevD.68.094012 PACS number~s!: 13.25.Ft, 12.15.Ji
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I. INTRODUCTION

It has been suggested@1# that the observation of theDs
1

→vp1 decay

BR~Ds
1→vp1!5~2.861.1!31023 ~1!

can be seen as a clean signature of the annihilation deca
Ds

1 . The sizes of these contributions are of great pheno
enological interest, but are very hard to obtain from theo
ical considerations. In particular, the factorization appro
mation gives a vanishing prediction forBR(Ds

1→vp1), as
an immediate consequence of the fact that, due to the iso
andG parity I G511 of the vp1 state, there are no annih
lation contributions with one intermediate resonant state~cf.
also Fig. 1!. The interpretation of branching ratio~1! as an
~almost! purely annihilation decay would then also give im
portant information about the otherwise relatively poo
known sizes of annihilation diagrams in other related h
ronic decays. In this paper, however, we will argue that
experimental value for theDs

1→vp1 transition can be ac
commodated~already! by consideringonly the color sup-
pressed spectator decay with subsequent final state int
tions ~FSI!. This leaves little room for unambiguous study
annihilation effects from thevp1 decay mode.

Another issue that we address is the size of theDs
1

→r0p1 transition. The experimental situation regarding th
decay is somewhat unclear. The difficulties arise from
fact that theDs

1→r0p1 decay is observed as a resonance
the three body decayDs

1→p2p1p1, which is dominated
by the decays through isoscalar resonances,f 0(980)p1,
f 0(1370)p1 @2,3#. The decayDs

1→r0p1 therefore consti-
tutes just a small correction to these dominant processes.
two available experimental analyses give

BR~Ds
1→r0p1!,731024 ~2!

from @2#, and
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BR~Ds
1→r0p1!5~5.964.6!31024 ~3!

from @3#, where the first is a 90% C.L. limit, while in the
second case we have added all the errors in quadra
Clearly, the two measurements are in agreement with e
other. The error on the number from@3# is still very large and
can at best be viewed as an indication toward possible va
for BR(Ds

1→r0p1). In particular, it is still compatible with
zero. As we will show in the following, however, the expe
tations forBR(Ds

1→r0p1) one gets from spectator decay
with FSI and/or annihilation diagrams are just in the sa
ballpark as the above experimental indications.

An important difference betweenDs
1→vp1 and Ds

1

→r0p1 transitions are the quantum numbers of the fin
state. The (vp1) is a I G(JP)511(02) state, while the
(r0p1) can be either in theI G512 or 22 state, again with
JP502. A scan through the Particle Data Group~PDG!
book @4# reveals that there are no resonant states with
I G(JP)511(02) assignment, while there are three know
states with I G(JP)512(02), the two strongly decaying
resonancesp(1300) andp(1800), and the pion.

The presence of resonances near theDs meson mass with
the quantum numbers of the (r0p1) state indicates an en
hancement of annihilation contributions, which in this ca
can proceed through an intermediate resonating state~see

FIG. 1. Annihilation diagram ofDs
1→r0p1 decay with

‘‘ p ’ ’ 5p,p(1300),p(1800), with the dot representing the wea
vertex.
©2003 The American Physical Society12-1
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Fig. 1!. To gain an insight on the numerical importance of t
annihilation processes we estimate the contribution com
from the p(1300) intermediate state. To do so, we need
estimate the decay constant ofp(1300). Taking the PDG@4#
upper bound fort→p(1300)nt one arrives at f p(1300)
,4 MeV. In the factorization approximation for the wea
vertex ~for more details see Sec. II! we then get

BR~Ds
1→r0p1!p(1300),731024, ~4!

where we have usedf Ds
5230 MeV, together with the con

servative assumptions ofBR„p(1300)→rp…;100% and
G„p(1300)… equal to its upper experimental bound of 6
MeV. Most probably this slightly overestimates the contrib
tion of the p(1300) intermediate resonant state to theDs

1

→r0p1 decay width, as also the presence~but not the size!
of other decay channels ofp(1300) has been seen expe
mentally @e.g. p(1300)→(pp)S2wavep @4# #. Note in par-
ticular that the above assumptions about thep(1300)→rp
decay width correspond to the case wheregrpp(1300)
.grpp . We therefore do not expect thep(1300) contribu-
tion to BR(Ds

1→r0p1) to lie significantly below the uppe
limit ~4!.

The importance of the upper limit~4! is that the contribu-
tion from p(1300) can even saturate the 90% C.L. expe
mental upper bound~2!. Of course the actual size of th
p(1300) contribution is not known and lies somewhere
low the upper bound~4!. Also, interference with other anni
hilation contributions from intermediatep and p(1800)
states can somewhat change the above estimate@using par-
tially conserved axial current~PCAC!, the contribution from
p was found in@5# to be negligible, while the contribution o
p(1800) is difficult to estimate due to the lack of experime
tal data#. Furthermore, as we will show in the next sectio
the contributions of final state interactions fall in exactly t
same range@cf. Eq. ~15!#. The lesson to be learned from th
simple exercise is that, unless there are large cancellat
the value ofBR(Ds

1→r0p1) is expected to be near to it
present experimental upper bound and should be meas
by the FOCUS Collaboration in the near future@6#.

On the other hand note that, as explained above,no such
resonance enhancementsof annihilation contributions are
possible for the (vp1) final state. How can then one expla
a relatively large experimental value forBR(Ds

1→vp1),
Eq. ~1!? The answer lies in the fact that there are multibo
intermediate states that do have correct values ofI G andJP,
for instance the two-body (K (* )K̄ (* )) states~see Fig. 2!.
Moreover, such states ofhidden strangenesscan be obtained
from a ~color suppressed! spectator decay of theDs

1 meson
and are therefore expected to be sizable. We will estimate
sizes of these contributions in the next section.

II. HIDDEN STRANGENESS FSI

In estimating the contributions from hidden strangen
intermediate states that can arise from spectator quark
grams, we will resort to the following simplifications:

~i! Only two-body intermediate states withs,s̄ quantum
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numbers will be taken into account. Moreover, only the co
tributions of lowest lying pseudoscalar and vector states~ne-
glecting their decay widths! will be considered. Note that the
rescattering through intermediateK,K* states is possible fo
both r0p1 as well asvp1 final state~cf. Fig. 2!, while the
rescattering with intermediateh or h8 is possible only in the
case of thevp1 final state due to isospin andG parity con-
servation~cf. Fig. 3!.

~ii ! For the weak transitionDs
1→(K (* )K̄ (* ))1 in the

Ds
1→(K (* )K̄ (* ))1→r0p1 and Ds

1→(K (* )K̄ (* ))1→vp1

decay chains as well as for the weak transitionDs
1

→h(h8)r1 in the Ds
1→h(h8)r1→vp1 decay chain we

will use the factorization approximation. The weak Lagran
ian is therefore

Lweak52
Gf

A2
VcsVud* @a1~ ūd!H~ s̄c!H1a2~ s̄d!H~ ūc!H#,

~5!

with (ūd)H , . . . the hadronizedV-A weak currents,Vi j the
Cabibbo-Kobayashi-Maskawa~CKM! matrix elements, and
a1,2 the effective ~phenomenological! Wilson coefficients
taken to bea151.26 anda2520.52 @7–9#.

FIG. 2. TheK,K* meson contributions in theDs
1→vp1 and

Ds
1→r0p1 decay amplitudes.

FIG. 3. The intermediateh,h8,r1 contributions in theDs
1

→vp1 decay.
2-2
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FINAL STATE INTERACTIONS IN THE Ds
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~iii ! Finally, the strong interactions are taken into acco
through the following effective Lagrangian@10–12#:

Lstrong5
igrpp

A2
Tr~rm@P,]mP#!

24
CVVP

f
emnabTr~]mrn]arbP!, ~6!

whereP andrm are 333 matrices containing pseudoscal
and vector meson operators, respectively, andf is a pseudo-
scalar decay constant~11!. We use numerical values~see
@10–12#! CVVP50.33, andgrpp55.9.

We have checked that the use of factorization@at tree
level, with values of form factors as given below in Eq
~7!–~11! and in Table I# for the Ds

1→K* 1K̄* 0, Ds
1

→K1K̄*0 and Ds
1→K̄0K* 1 decays gives reasonable es

mates of the measured rates~note that we do not needDs
1

→K̄0K1 in further considerations!, with the results listed in
Table II. In these results the annihilation contributions ha
been neglected since they are an order of magnitude sm
We also neglect the triangle graphs of the sort shown
Figs. 2, 3 as we expect them~based on the numerical resul
for vp1, r0p1) to be suppressed relative to the tree le
contributions.

The situation in the case ofh,h8 intermediate states is no
so favorable. To treat theh,h8 mixing we use the approac
of Ref. @13# with the value of the mixing angle transformin
betweenh,h8 andhq;(uū1dd̄)/A2,hs;ss̄states taken to
be f540°. The factorization approach then gives a reas
able description ofDs

1→r1h decay, while it does not repro
duce satisfactorily the experimental result forDs

1→r1h8
~cf. Table II!. This is a known problem as theDs

1→r1h8

TABLE I. Form factors atq250 @15#. The results in the first
five columns are forDs→K,K* ln l transitions. The last column

stands for the form factor appearing inDs→hsln l ~the ss̄ compo-
nent ofh,h8) transition.

Form factor F1 V A0 A1 A2 Fhs ,1

f (0) 0.72 1.04 0.67 0.57 0.42 0.78
s 0.2 0.24 0.2 0.29 0.58 0.23

TABLE II. The branching ratios for theDs
1 two-body decays: in

the second column the experimental results are listed, while in
third the predictions are given when the factorization approxima
is used.

Decay BRexp BRth

Ds
1→K* 1K̄0* (5.862.5)% 6.4%

Ds
1→K1K̄0* (3.360.9)% 3.4%

Ds
1→K* 1K̄0 (4.361.4)% 2.7%

Ds
1→hr1 (10.863.1)% 5.6%

Ds
1→h8r1 (10.162.8)% 2.2%
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rate is very difficult to reproduce by any of the present a
proaches@8,9,14#. This inevitably introduces some furthe
uncertainty into our approach, yet the resulting uncertaint
not expected to affect significantly our main conclusions.

For the weak current matrix elements betweenDs
1 and

vector or pseudoscalar final states we use a common dec
position

^V~k!uq̄GmquDs~p!&5emnab«npakb

2V~q2!

M P1mV

12imV

«•q

q2
qmA0~q2!1 i ~M1mV!

3F«m2
«•q

q2
qmGA1~q2!2 i

«•q

M1mV

3F Pm2
M22mV

2

q2
qmGA2~q2!, ~7!

^P~k!uq̄GmquDs~p!&5S Pm2
~M22m2!

q2
qmD F1~q2!

1
~M22m2!

q2
qmF0~q2!, ~8!

whereV is a vector meson characterized by the polarizat
vector «m and massmV , while pseudoscalar mesonsP,Ds
have massesm,M . We use further abbreviationsGm5gm(1
2g5), qm5pm2km, andPm5pm1km.

For theq2 dependence of the form factors we use resu
of @15#, based on a quark model calculation combined wit
fit to lattice and experimental data. Reference@15# provides a
simple fit to their numerical results with the form facto
F1(q2), V(q2), and A0(q2) described by double poleq2

dependence

f ~q2!5
f ~0!

~12q2/M2!~12sq2/M2!
, ~9!

while single pole parametrization

f ~q2!5
f ~0!

~12sq2/M2!
~10!

can be used forA1,2(q
2), as the contributing resonance lie

farther away from the physical region~note that this para-
metrization applies also to theF0 form factor which, how-
ever, does not contribute in the processes we discuss in
paper!. The values off (0) ands are listed in Table I and are
taken from@15#. We useM51.97 GeV in the expression fo
A0, while M52.11 GeV is used for other form factors@15#.
Incidentally, the parametrizations of form factors~9!, ~10!
make all the loop diagrams in Figs. 2 and 3 finite, so that
regularization procedure is needed@we have also checked
that the numerical results do not change significantly if o
uses a single pole parametrization instead of Eq.~9! and then

e
n
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uses a cut-off regularization with some scale above but c
enough to theDs meson mass#.

For the decay constants, defined through

^0uq̄gmg5quP~p!&5 i f Ppm, ^0uq̄gmquV~p!&5gV«m,
~11!

we use the following values:f D50.207 GeV and f Ds
51.13f D as obtained on the lattice@16# and for the restf K

50.16 GeV, ugK* u50.19 GeV2, ugru50.17 GeV2, and ugvu
50.15 GeV2 coming from the experimental measureme
@4#.

The amplitudes for theDs
1→vp1 and Ds

1→r0p1 de-
cays can be written as

A„Ds
1~p!→v~«,k1!p1~k2!…5

Gf

A2
«•k2S (

i
A i

(v)1BD ,

~12!

A„Ds
1~p!→r0~«,k1!p1~k2!…5

Gf

A2
«•k2(

i
A i

(r) , ~13!

with « the helicity zero polarization vector of thev or r0

vector mesons, whilek2 is the pion momentum. The reduce
amplitudesA i

(r),(v) and B correspond to the diagrams o
Figs. 2 and 3, respectively@note that in our phase conventio
for Clebsch-Gordan coefficientsA i

(r)5(21)i 11A i
(v) , i.e.

the even diagrams for the two channels on Fig. 2 differ b
sign#. The explicit expressions can be found in the Append
The numerical values forA i

(r),(v) andB are given in Table
III.

Combining the above results we arrive at the predictio

BR~Ds
1→vp1!53.031023. ~14!

Note that in this calculation we have used the factorizat
approximation for the diagram of Fig. 3, which as stat
above, does not work well for theDs

1→r1h,h8 transition.1

If one instead uses experimental input to rescale the co
sponding amplitudes one ends up withBR(Ds

1→vp1)
54.431023. We see that it is actually very easy to expla

1Adding hidden strangeness FSI in the spirit of this paper to
Ds

1→r1h8 channel does not mend the discrepancy, as it gives
order of magnitude smaller contribution.

TABLE III. The dispersiveAiD and absorptiveAiA parts of the
amplitudes~in units of 1023 GeV) for theDs

1→vp1 decay corre-
sponding to the diagrams on Fig. 2 (Ai) and Fig. 3 (Bh,h8). The
amplitudes for theDs

1→r0p1 decay~neglecting the mass differ
ence betweenmr and mv) are obtained by inverting the sign o
AiD ,AiA for eveni, while Bh,h850.

Ds
1→vp1 A1 A2 A3 A4 A5 A6 Bh B h8

AiD 20.7 0.7 21.1 21.4 11.3 12.5 1.3 3.6
AiA 20.7 0.7 3.3 1.5 24.0 219.7 27.2 23.7
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the experimental result~1! entirely in terms of the spectato
quark transition together with FSI. The claim thatDs

1

→vp1 can be used as a probe of annihilation contributio
in hadronic physics is therefore not justified.

As what concerns theDs
1→r0p1 transition, the FSI con-

tributions alone give

BR~Ds
1→r0p1!FSI50.731023, ~15!

which is almost exactly the same as our estimate of the up
bound on the annihilation contribution~4! and actually coin-
cides with the present 90% C.L. upper bound. If there is
destructive interference between these two contributions
the contributions of FSI through higher resonances that
did not take into account, this decay mode should be es
lished in the near future. This expectation is supported a
by other theoretical approaches which give the rate forDs

1

→r0p1 to be equal@9# or even larger than the rate forDs
1

→vp1 decay@14,17#.
The possible cancellation thatmayoccur, however, make

the theoretical predictions rather uncertain. Adding the F
contribution and the maximal annihilation contributions~4!
with alternating signs gives a fairly large interval

BR~Ds
1→r0p1!5~0.0523.5!31023. ~16!

We note that the experimental uncertainties translating in
input parameters can change the values forBR(Ds

1

→r0p1) andBR(Ds
1→vp1) by about 20%.

Finally, we mention that the kind of FSI contributions w
were considering in this paper will not be the leading con
bution in theDs

1→fp1 transition, namely, this decay ca
proceed through the spectator quark transition directly. T
use of a factorization approximation for the weak vert
leads to a predictionBR(Ds

1→fp1)54.0%, which is al-
ready in excellent agreement with the experimental resul
3.660.9%. Inclusion of FSI reduces the theoretical pred
tion from 4% to;3.6% and does not spoil the agreeme
with the experiment~it actually even improves it!. The size
of the shift also indicates that FSI of the type described in
present paper are in the case ofDs

1→fp1 transition a sec-
ond order effect. Note as well that the size of the FSI corr
tion is in agreement with the predictions forBR(Ds

1

→r0p1) andBR(Ds
1→vp1), which are an order of mag

nitude smaller thanBR(Ds
1→fp1).

In conclusion, we found that the hidden strangeness fi
state interactions are very important in understanding
Ds

1→vp1 and Ds
1→r0p1 decay mechanism. TheDs

1

→vp1 amplitude can be explained fully by this mechanis
As for theDs

1→r0p1 amplitude the predictions we obtai
lie in a fairly large range due to possible cancellation b
tween FSI and single pole contributions. There is a hope
Ds

1→r0p1 will be measured soon, hopefully sheddin
more light on our understanding of theDs

1→r0p1 decay

e
n
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mechanism. Finally, we note that the hidden strangeness
discussed in this paper represents a second order effec
inclusion of which does not spoil the good agreement
factorization approximation obtained forDs→fp,KK* .
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APPENDIX: DECAY AMPLITUDES

In this appendix we list expressions for the reduced a
plitudesAi and B defined through Eqs.~12! and ~13! and
Figs. 2 and 3. We present explicitly theA i

(v) reduced ampli-
tudes only for theDs

1→vp1 decay. The corresponding ex
pressionsA i

(r) for the Ds
1→r0p1 decay are then obtaine

by inverting the signs ofA i
(v) for eveni:
«•k2A 1
(v)5E d4q

~2p!4
a2gK

2

m* 1M

V~0!

12p2
2/MF

2
emnabp2

ap1
b

2 i ~gmm82p2
mp2

m8/m
*
2 !

p2
22m

*
2

2 i ~gnn82p1
np1

n8/m
*
2 !

p1
22m

*
2

i

q22m2

igrpp

A2

3~k22q!m8

i4CVVPen8stdp1
s«tk1

d

f KA2
, ~A1!

«•k2A 2
(v)5E d4q

~2p!4
a2gK

2

m* 1M

V~0!

12p1
2/MF

2
emnabp2

ap1
b

2 i ~gmm82p2
mp2

m8/m
*
2 !

p2
22m

*
2

2 i ~gnn82p1
np1

n8/m
*
2 !

p1
22m

*
2

i

q22m2

igrpp

A2

3~q2k2!m8

i4CVVPen8stdp1
s«tk1

d

f KA2
, ~A2!

«•k2A 3
(v)5E d4q

~2p!4
a2gK

F1~0!

12p2
2/MF

2 ~p1p1!m

2 i ~gmm82p2
mp2

m8/m
*
2 !

p2
22m

*
2

i

p1
22m2

2 i ~gnn82qnqn8/m
*
2 !

q22m
*
2

3
i4CVVPem8an8bp2

aqb

f p

i4CVVPenstdqs«tk1
d

f KA2
, ~A3!

«•k2A 4
(v)5E d4q

~2p!4
a2F2im*

p1mp1
l

p1
2

A0~0!

12p1
2/MA

2
2 i

p1m

M1m*

A2~0!

12p1
2/MF

2 S ~p1p2!l2
M22m

*
2

p1
2

p1
lD G

3~2 i f Kp1!l

i

p1
22m2

2 i ~gmm82p2
mp2

m8/m
*
2 !

p2
22m

*
2

2 i ~gnn82qnqn8/m
*
2 !

q22m
*
2

i4CVVPem8an8bp2
aqb

f p

3
i4CVVPenstdqs«tk1

d

A2 f K

, ~A4!

«•k2A 5
(v)5E d4q

~2p!4
a2gK

F1~0!

12p2
2/MF

2 ~p1p1!m

2 i ~gmn2p2
mp2

n/m
*
2 !

p2
22m

*
2

i

p1
22m2

i

q22m2

igrpp~k22q!n

A2

igrpp~q2p1!•«

2
,

~A5!

«•k2A 6
(v)5E d4q

~2p!4
a2F2im*

p1mp1
l

p1
2

A0~0!

12p1
2/MA

2
2 i

p1m

M1m*

A2~0!

12p1
2/MF

2 S ~p1p2!l2
M22m

*
2

p1
2

p1
lD G

3~2 i f Kp1!l

2 i ~gmm82p2
mp2

m8/m
*
2 !

p2
22m

*
2

i

p1
22m2

i

q22m2

igrpp~q2k2!n

A2

igrpp~q2p1!•«

2A2
. ~A6!
2-5
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In the expressions above we usedm,m* ,M for theK,K* ,Ds
mass, respectively. The pole masses used in the form fa
are MF52.11 GeV andMA51.97 GeV. The definitions o
momentak1,2, p1,2, andq are the same as the ones used
Figs. 2 and 3.

The B part of theDs
1→vp1 amplitude~Fig. 3! is

«•k2B5E d4q

~2p!4
a1gr

F1,h(8)~0!

12p2
2/MF

2 ~p1p1!m

3
2 i ~gmm82p2

mp2
m8!

p2
22mr

2

i

p1
22mh(8)

2

3
2 i ~gnn82qnqn8/mv

2 !

q22mv
2

4i

f p
A2CVVPem8an8bp2

aqb

3
4i

f h(8)

Kh(8)CVVPenstdqs«tk1
d , ~A7!

while B50 for Ds
1→r0p1. In Eq. ~A7! we used the abbre

viations
n-

09401
rs

n

Kh5cosf/A2, Kh85sinf/A2 ~A8!

and

F1,h~0!5sinfFhs ,1~0!, F1,h8~0!5cosfFhs ,1
~0!.

Finally, the decay rate for theDs
1→v(r0)p1 is given by

G5
Gf

2k3

8pm1
2 U(i

A i
(r),(v)1BU2

, ~A9!

with M theDs mass andm1,2 the vector and the pseudoscal
meson masses, respectively, while

k5
1

2M
$@M22~m11m2!2#@M22~m12m2!2#%1/2

~A10!

is the size of the three-momentum of the final particles in
Ds rest frame.
a,

ki,
@1# CLEO Collaboration, R. Balestet al., Phys. Rev. Lett.79,
1436 ~1997!.

@2# E687 Collaboration, P.L. Frabettiet al., Phys. Lett. B407, 79
~1997!.

@3# E791 Collaboration, E.M. Aitalaet al., Phys. Rev. Lett.86,
765 ~2001!.

@4# Particle Data Group, K. Hagiwaraet al., Phys. Rev. D66,
010001~2002!.

@5# M. Gourdin, Y.Y. Keum, and X.Y. Pham, Phys. Rev. D53,
3687 ~1996!.

@6# FOCUS Collaboration, D. Pedrini~private communication!.
@7# M. Bauer, B. Stech, and M. Wirbel, Z. Phys. C34, 103~1987!.
@8# F. Buccella, M. Lusignoli, G. Miele, A. Pugliese, and P. Sa

torelli, Phys. Rev. D51, 3478~1995!.
@9# F. Buccella, M. Lusignoli, and A. Pugliese, Phys. Lett. B379,

249 ~1996!.
@10# M. Bando, T. Kugo, S. Uehara, K. Yamawaki, and T. Yanagid
Phys. Rev. Lett.54, 1215~1985!; M. Bando, T. Kugo, and K.
Yamawaki, Nucl. Phys.B259, 493~1985!; Phys. Rep.164, 217
~1988!.

@11# T. Fujiwara, T. Kugo, H. Terao, S. Uehara, and K. Yamawa
Prog. Theor. Phys.73, 926 ~1985!.

@12# A. Bramon, A. Grau, and G. Pancheri, Phys. Lett. B344, 240
~1995!.

@13# T. Feldmann, P. Kroll, and B. Stech, Phys. Rev. D58, 114006
~1998!; Phys. Lett. B449, 339 ~1999!.

@14# I. Hinchliffe and T.A. Kaeding, Phys. Rev. D54, 914 ~1996!.
@15# D. Melikhov and B. Stech, Phys. Rev. D62, 014006~2000!.
@16# D. Becirevic, Nucl. Phys. B~Proc. Suppl.! 94, 337 ~2001!; N.

Yamada, hep-lat/0210035; S.M. Ryan, Nucl. Phys. B~Proc.
Suppl.! 106, 86 ~2002!.

@17# C.W. Chiang, Z. Luo, and J.L. Rosner, Phys. Rev. D67,
014001~2003!.
2-6


