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Resonance states of5H and 5Be in a microscopic three-cluster model

Koji Arai*
Department of Physics, University of Surrey, Guildford GU2 7XH, United Kingdom

~Received 19 May 2003; published 5 September 2003!

Resonance states of5H and 5Be have been studied using microscopict1n1n andh1p1p three-cluster
models, respectively. The resonance positions are localized by the three-body complex scaling method. An
effective nucleon-nucleon interaction, which reproduces thea1N low energy phase shifts and the energies of
the 01 ground and 21 first excited states of6He with the three-cluster model, is used to calculate resonance
states of5H and 5Be. This model can reasonably reproduce the experimentalt1n andh1p phase shifts at low
energies. It gives a 1/21 broad resonance as the ground state in5H and 5Be and in addition it gives two excited
resonance states of 3/21 and 5/21. The resonance parameters of the 1/21 state of5H in the present model are
close to those deduced from their recent experimental data by Korsheninnikovet al. The same effective
nucleon-nucleon interaction is used for a tentative investigation in order to explore the possibility of a tetra-
neutron (4n) resonance by means of then1n1n1n four-body complex scaling method on a restricted set of
model configurations. Our model does not give any evidence for a tetraneutron resonance.

DOI: 10.1103/PhysRevC.68.034303 PACS number~s!: 27.10.1h, 21.10.Dr, 21.60.Gx
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I. INTRODUCTION

Recent developments in the experimental technique
nuclear radioactive beams have highlighted exotic structu
in certain light unstable nuclei@1#. One example is the neu
tron halo structure which is found in some light neutron-ri
nuclei. The6He system is one of the neutron halo nuclei a
has a gooda1n1n three-body structure~i.e., a borromean
system! with a small binding energy ofE520.973 MeV for
the ground state with respect to the three-body threshold@2#.
Since protons are distributed only inside the core in the n
tron halo nucleus, it is very intriguing to ask the questio
‘‘How does this structure change if the proton number ins
the core is changed?’’ In the case of6He, two protons occupy
states inside thea particle, and if one proton is removed the
this system turns to5H with the t1n1n three-cluster sys-
tem. This 5H nucleus is studied in this paper. Here the co
nucleus, the triton~with a binding energyE528.48 MeV
@3#!, is a well bound nucleus but is not strongly rigid like th
a particle (E5228.30 MeV @3#!. The binding is sufficient
so that it seems to be valid to employ thet1n1n three-
cluster model for5H and this can afford a discussion of th
nucleus via a consistent model with6He. According to this
motivation, we adopt the same effective nucleon-nucleon
teraction and a consistent model space compared to t
that reproduce satisfactorily the structure of6He by the
three-cluster model.

The ground state of6He has a well-known underbindin
problem in a three-body model, as does11Li. In order to
overcome this problem the model space should be exten
by including an additionalt1t channel to thea1n1n
model@4#. However 5H cannot have such a two-body cha
nel because two neutrons do not form a bound state. Fur
since the triton has a much smaller binding energy than tha
particle, the core distortion effect in the three-cluster syst
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of 5H is expected to be more important than that in6He, but
the effect in 6He is important to reproduce the binding e
ergy @5#. Therefore a detailed comparison of the three-clus
structure between6He and5H is likely to be very helpful in
elucidating the binding mechanism in the neutron h
nucleus. However the ground state of5H is not a particle-
stable state and none of the binary subsystems form bo
states. Therefore we need a three-body resonance treat
in order to study the5H nucleus and also the excited states
6He. This fact immediately makes the studies of5H and
6He* much more complicated. There have been a few th
retical studies in the framework of the three-body model
investigate these resonance states by means of the h
spherical harmonics method@6# and the analytical continua
tion in the coupling constant@7#. In this paper we employ the
three-body complex scaling method~CSM! @8,9# in order to
calculate the resonance states of5H and 5Be, since this
method has previously been applied successfully to calcu
the three-body resonances in other light nuclei@10–13#.

The ground state of6He is the 01 state and there is a
well-known 21 excited state at excitation energyEx
51.80 MeV with a small widthG r50.11 MeV @2#. There-
fore, because the total angular momentum of the triton
1/21, the ground state of5H is presumably 1/21 state and
possibly there are at least two resonance excited state
3/21 and 5/21. Accordingly our study in5H is concentrated
on the 1/21, 3/21, 5/21 states in the present paper. Rece
experimental results on1H(6He,2He)5H by Korsheninnikov
et al. give a resonance atEr51.760.3 MeV with respect to
the t1n1n threshold, with a widthG r51.960.4 MeV,
which could possibly be the 1/21 ground state of5H @14#.
Additionally, we also perform similar calculations for th
mirror nucleus 5Be with an h1p1p three-cluster model,
whereh stands for3He.

If two protons are removed from6He, this system does
not possess any proton and it becomes a four-neutron sys
Recently this four-neutron system has attracted much at
tion due to a recent experimental report@15# which discusses
©2003 The American Physical Society03-1
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KOJI ARAI PHYSICAL REVIEW C 68, 034303 ~2003!
the possibility of a bound tetraneutron (4n). There are al-
ready several experimental and theoretical studies to dis
a three-neutron resonance@16#. Since theoretical calculation
@17# do not show any evidence of the four-neutron bou
state, it is an important question whether or not the fo
neutron system has a four-body resonance state~the two- and
three-neutron systems do not have bound states@3#!. How-
ever it is not easy to calculate the four-body resonance a
rately, and therefore we apply the complex scaling metho
this four-neutron system but with the same effective nucle
nucleon interaction used in6He and with a restricted set o
model configurations compared to6He.

II. MODEL

The microscopic multicluster model according to t
resonating group method~RGM! @18,19# is used here. In this
model the nucleus is assumed to consist of 0s clusters. The
total wave function satisfies the Pauli principle exactly for
nucleons, is free from the center-of-mass motion, and
good total angular momentum and parity. The intrinsic wa
functions of the constituent clusters are taken to be sim
shell model wave functions built up from 0s harmonic-
oscillator states. The wave function in theN-cluster system
with total angular momentumJ and parityp is given as

CJMp5(
l

Cl A$†FS
m@G,1

~nk1
,r1!G,2

~nk2
,r2!•••

G,N21
~nkN21

,rN21!#L‡JM%, ~1!

where the subscriptl stands for the set of label
$m,S,(,1 ,,2 , . . . ,,N21)L,K%, andm specifies the differen
Jacobi arrangements. The parameternki

determines the size

of the tempered Gaussian functionG, i
(nki

,ri) @20# and K

[$k1 ,k2 , . . . ,kN21% labels the terms of the basis set. T
symbol A is the intercluster antisymmetrizer. The functio
FSMS

m is the product of the cluster intrinsic wave functio

whereS is the total spin of theN-cluster system. The num
bers,1 , ,2 , . . . ,,N21 are the orbital angular momenta o
the respective Jacobi coordinatesr1 , r2 , . . . ,rN21. The co-
efficient Cl is obtained by approximately solving th
A-nucleon Schro¨dinger equation in which the Hamiltonian
given as

Ĥ5(
i 51

A

T̂i2T̂c.m.1(
i , j

V̂i , j , ~2!

where T̂i is the kinetic energy ofi th nucleon,T̂c.m. is the
kinetic energy of the center-of-mass, andV̂i , j is the effective
nucleon-nucleon interaction. The Minnesota force@21# with
the Coulomb force is chosen as the central part of the ef
tive nucleon-nucleon interaction and the Reichstein-Ta
force ~set number IV! @22# is added as the spin-orbit term
The tensor term, as usually with the Minnesota force, is
included in our Hamiltonian and the Minnesota force rep
duces the deuteron binding energy without the3D1 compo-
nent. This potential has been employed to study the gro
03430
ss

d
-

u-
to
-

l
s

e
le

c-
g

t
-

d

and excited states of6He with the microscopic cluster mode
@4,10# and reproduces fairly well the energies of the 01 and
21 states and the halo structure in the ground state. The
internal wave function should strictly be given as a super
sition of several 0s functions with different size parameter
However, owing to a limitation of the computer capacity w
compromise and employ a single 0s function in which the
size parameter is chosen to minimize the energies of tha
particle and triton. The fitted values arena50.303 fm22 for
the a particle andn t5nh50.2255 fm22 for the triton and
3He. These values give the binding energies224.69,
24.56, and23.79 MeV for thea particle, triton, and3He,
respectively, while the corresponding experimental data
228.30 MeV, 28.48 MeV, and27.72 MeV @3#. The ex-
change mixture parameteru in the Minnesota force is set to
u50.98 which reproduces thea1N s- and p-wave phase
shifts as shown in Fig. 6 of Ref.@23#.

The two-body scatteringS matrices of thea1N, t1n,
and h1p systems are calculated by means of the mic
scopic R-matrix method~MRM! @24#. The combination of
the MRM with the RGM has previously been applied su
cessfully to study various light nuclei@12,20,25#. The ana-
lytic continuation of theSmatrix to complex energies~ACS!
@26,27# combined with the MRM@12# is employed to local-
ize two-body resonances. Three-body resonances are lo
ized by means of the three-body CSM@10–13#. In the CSM
15 different tempered Gaussian basis functions with rang
bi(51/An i)<20 fm are superposed in order to expand ea
cluster relative wave function.

Concerning the three-body calculations for6He, 6Be,
5H, and 5Be, three channels are employed for the 01 state
of 6He and 6Be,

$m,~,1 ,,2!L,S%

5$T,~0,0!0,0%, $Y,~1,1!0,0%, $Y,~1,1!1,1%, ~3!

and five channels for the 21 state,

$m,~,1 ,,2!L,S%

5$T,~0,2!2,0%,$T,~2,0!2,0%,$Y,~1,1!2,0%,

$Y,~1,1!1,1%,$Y,~1,1!2,1%. ~4!

Seven channels are employed for the 1/21 state of 5H and
5Be,

$m,~,1 ,,2!L,SNN ,S%

5$T,~0,0!0,0,1/2%,$Y,~1,1!0,0,1/2%,

$Y,~1,1!0,1,1/2%,$Y,~1,1!1,0,1/2%,

$Y,~1,1!1,1,1/2%,$Y,~1,1!1,1,3/2%,

$Y,~1,1!2,1,3/2%, ~5!

and eight channels for the 3/21 state,
3-2
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$m,~,1 ,,2!L,SNN ,S%

5$Y,~1,1!0,1,3/2%,$Y,~1,1!1,0,1/2%,

$Y,~1,1!1,1,1/2%,$Y,~1,1!1,1,3/2%,

$T,~0,2!2,0,1/2%,$Y,~1,1!2,0,1/2%,

$Y,~1,1!2,1,1/2%,$Y,~1,1!2,1,3/2%,
~6!

and five channels for the 5/21 state,

$m,~,1 ,,2!L,SNN ,S%

5$Y,~1,1!1,1,3/2%,$T,~0,2!2,0,1/2%,

$Y,~1,1!2,0,1/2%,$Y,~1,1!2,1,1/2%,

$Y,~1,1!2,1,3/2%, ~7!

whereT and Y stand for the (NN)c and (cN)N Jacobi ar-
rangements, respectively, as shown in Fig. 1~a! with c repre-
senting for thea particle in 6He, the triton in5H, and 3He
in 5Be. Finally,SNN is the coupled spin of the two valenc
nucleons in5H and 5Be.

ρ

ρ ρ ρ

type

ρ

ρ

ρ

ρ

ρ ρ

system

′ ′

(a)

(b)

N N

N N

system

1

2
1 2

c

T

T type

typeY

Y type

2 3

1

3

2

1

FIG. 1. Jacobi arrangements in~a! the c1N1N three-cluster
system and in~b! then1n1n1n four-body system wherec stands
for the a particle, triton, and3He for 6He, 5H, and 5Be, respec-
tively. The Jacobi coordinates arer1 , r2, andr3.
03430
III. RESULTS

Figure 2 shows the results for thes- and p-wave elastic
scattering phase shifts for thet1n and h1p systems. Our
results are compared with the experimental data@28#. The
s-wave partial wave produces two states ofJp501 and 11

and the p-wave produces four states ofJp502, 12(S
50), 12(S51), and 22. These scattering phase shifts ind
cate a repulsive interaction in thes wave and an attractive
interaction in thep wave as well as thea1N system. The
splitting between the two states (01 and 11) in thes wave is
very weak due to a lack of the contribution from the sp
orbit force. Also, our calculated phase shifts well reprodu
the experimentals-wave phase shifts in theh1p system. In
the t1n system the ordering of the two states ofJp501 and
11 in our model is opposite to that in the experimental da
Among the six states the 22 state indicates the stronge
attraction in our model as indeed is the case for the exp
mental data. Our calculated phase shifts of the 22 and

FIG. 2. Elastic scattering phase shifts of theh1p and t1n
systems. Experimental data are taken from Ref.@28#. The error bars
of the experimental data are omitted for clarity.
3-3
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KOJI ARAI PHYSICAL REVIEW C 68, 034303 ~2003!
12(S51) states are relatively close to the experimental d
whereas those of the 12(S50) and 02 states show a much
stronger attractive interaction than in the experimental d
The splitting of the 12 state into the two different spin state
(S50,1) is much smaller in our model than in the expe
mental data and the ordering of these two states is oppo
to the experimental data. These disagreements are pre
ably attributed to the lack of the tensor term in our effect
nucleon-nucleon interaction. In fact the recent GCM cal
lation by Descouvemont and Kharbach@7# shows that the
Mertelmeier and Hofmann force@29#, which includes the
tensor term, enlarges the splitting and changes the orde
these two 12 states and gives better agreements for the2

(S50! and 02 states, but this force seems to be too attract
for the 12(S51) state. Therefore an improved effectiv
nucleon-nucleon interaction is required in order to reprod
these phase shifts more accurately, but constructing a
effective nucleon-nucleon interaction is out of the scope
present paper.

Table I shows the two-body resonance parameters of4H
and 4Li together with the results for5He and5Li. The reso-
nance parameters derived from the ACS in our model
defined as position of theS-matrix pole on the complex en
ergy plane. The experimental data for5He and 5Li in Table
I are derived from the extendedR-matrix prescription based
on the complex pole of theS-matrix @2#. Thus, there is natu
rally good agreement between our results for5He and 5Li
and the experimental data. However, the experimental
of 4H and 4Li in Table I are obtained by the conventionalR
matrix or Breit-Wigner fit to the peak of the cross secti
involving these nuclei@3#. It is known that the resonanc
parameters derived from this way may be different fro

TABLE I. Resonance energyEr ~MeV! and widthG r ~MeV! for
5He, 5Li, 4H, and 4Li. Energies are given relative to the respecti
two-body thresholds. Experimental data are taken from Ref.@2# in
5He and5Li and from Ref.@3# in 4H and 4Li. See the text for the
definition of the resonance parameters.

Cal. Expt.
Jp Er G r Er G r

5He
1/22 2.03 5.43 2.07 5.57
3/22 0.78 0.64 0.798 0.648
5Li
1/22 2.86 6.31 3.18 6.60
3/22 1.63 1.24 1.69 1.23
4H
02 1.19 6.17 5.27 8.92
12(S50) 1.32 4.72 6.02 12.99
12(S51) 1.23 5.80 3.50 6.73
22 1.52 4.11 3.19 5.42
4Li
02 1.83 6.99 6.15 9.35
12(S50) 1.95 5.51 6.92 13.51
12(S51) 1.88 6.61 4.39 7.35
22 2.20 4.98 4.07 6.03
03430
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those based on the position of theS-matrix pole. These dif-
ferent definitions often lead to some discrepancies in re
nance parameters, especially for broad resonance states
example, this sort of discrepancies in5He(5Li) can be found
in Tables 5.1 and 5.2~5.3 and 5.4! of Ref. @2# and in Table I
of Ref. @27#. In our model the 22 state has the smallest widt
among thep-wave resonances in agreement with the exp
mental data, but this model state has a higher resonance
ergy than the other three resonances whereas it is low
resonance in the experimental data@3#. However, the differ-
ences between the resonance energies for these four sta
our model are small and consequently we can be confid
that the 22 state in 4H (4Li) will be the most important for
the explaining the experimentally observed5H(5Be) reso-
nances. The width of the 12 state withS50 is much smaller
in our model than the experimental width and is smaller th
that of the 12 state withS51 in contrast to the experimenta
data. In our model the resonance energies of the fourp-wave
states are concentrated within a small energy range but
perimentally the resonance energies of the 02 and 12(S
50) states are 2–3 MeV higher than those of the 22 and
12(S51) states. In addition the resonance energies of
22 and 12(S51) states in our model are 1.7–2.5 Me
lower than those in the experimental data.

Table II shows the three-body resonance parameters
5H, 5Be, 6He, and 6Be where these resonance states
localized by the three-body CSM. Since the many-bo
problem is solved approximately using the finite number
Gaussian basis set, it is known that the complex resona
eigenvalue of the complex rotated Hamiltonian has some
pendences on the basis set and the rotational angle@30#. As
usually in the CSM, the stationary point of theu trajectory
@30# is regarded as the resonance position and in addition
resonance parameters given in Table II are sufficiently c
vergent values in the dimension of the basis set (n trajectory
@30#!. In the present study, the resonance parameters are
termined by only single basis set in order to save compu
time, but our test calculation shows that other choices of
basis set give only insignificant difference on the resona
parameters. Figure 3 shows, for example, eigenvalues o
complex rotated Hamiltonian of the 1/21 state in 5H with a
rotational angle ofu50.46 rad. There is evidently one res
nance eigenvalue~white circle! separated from the con
tinuum eigenvalues~solid circle! where the resonance energ
Er and width G r are related to the complex energy byE
5Er2 iG r /2. The results for6He and 6Be give reasonable
agreement with the experimental data. The 01 ground state
of 6He with the three-body model has a well-known u
derbinding problem@4# and accordingly the resonance e
ergy of the 01 state in6Be is a little higher in our model than
the experimental energy, with consequently a little larg
width. In contrast, the resonance energy of the 21 excited
state is a little lower than the experimental energy and
width is a little smaller than the experimental width in bo
6He and6Be @10#. Tiny differences of the resonance param
eters for the 21 state between our results and those in R
@10# might arise from an enlargement of the basis set in
present model. The total angular momentum of the grou
state in both5H and 5Be in our model is 1/21 corresponding
3-4
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RESONANCE STATES OF5H AND 5Be IN A . . . PHYSICAL REVIEW C68, 034303 ~2003!
to the 01 ground state of6He. The widths of these groun
states are 2.48 MeV in5H and 3.62 MeV in5Be and these
widths are naturally much broader than that of the grou
state of 6Be. Our result for the 1/21 state in 5H (Er
51.59 MeV, G r52.48 MeV) is quite close to the recent e
perimental data by Korsheninnikovet al., Er51.7
60.3 MeV with G r51.960.4 MeV @14#. It should be noted
that these experimental resonance parameters are de
from the Breit-Wigner fit to a peak in the5H spectrum
whereas the resonance parameters in the CSM are bas
the complexS-matrix pole. As it is already mentioned abov
these different definitions of the resonance parameters
lead to some discrepancies in the resonance parameter
pecially for broad resonances. The Coulomb displacem
energy in the 1/21 state of 5H-5Be is 1.56 MeV which is
smaller than the 2.18 MeV for the 01 state in 6He-6Be,
simply reflecting the different number of charges in the co
Our model gives two excited states with total angular m
menta 3/21 and 5/21 and both states have very large width

-3

-2

-1

0

3210

Re[E](MeV)

Im
[E

](
M

eV
)

FIG. 3. Complex eigenvalues in the CSM for the 1/21 state in
5H. The rotation angle isu50.46 rad. The open circle correspon
to the complex eigenvalue of the resonance state.
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The 5/21 state is lower than the 3/21 state but the splitting of
these two states is very small~about 0.1 MeV!. As well as
the two 12 states in4H, this splitting is possibly enlarged b
the inclusion of the tensor term in the effective nucleo
nucleon interaction. The excitation energies a
Ex51.31–1.45 MeV for these states which, as expected,
not very different from the 21 energies ofEx51.3 MeV in
6He andEx51.16 MeV in 6Be according to our model.

We now apply the same effective nucleon-nucleon int
action to discuss the tetraneutron. However, since two n
trons do not form a bound state, it is no longer valid
assume a core cluster inside the tetraneutron as was don
6He and 5H. Therefore we should solve the four-body (n
1n1n1n) problem and here we apply the four-body com
plex scaling method to explore the possibility of a fou
neutron resonance. In this paper we consider only the1

state that is expected as the ground state, since two neu
occupy thes1/2 orbit and other two neutrons occupy thep3/2
orbit in a shell model configuration. Owing to a comput
limitation, we compromise by taking into account only thr

-14

-12

-10

-8

-6

-4

-2

0

14121086420

Re[E](MeV)

Im
[E

](
M

eV
)

FIG. 4. Complex eigenvalues in the CSM for the 01 state of the
n1n1n1n system. The rotation angle isu50.4 rad.
rimental

TABLE II. Resonance energyEr ~MeV! and widthG r ~MeV! of 6He, 6Be, 5H, and 5Be. Energies are

given relative to the respective three-body thresholds. Values within the parentheses indicate the expe
data taken from Ref.@2# for 6He and6Be and from Ref.@14# for 5H. See the text for the definition of the
resonance parameters.

Jp Er G r Er G r

6He 6Be
01 20.66 1.52 0.16

(20.973) ~1.3711! (0.09260.006)
21 0.64 0.04 2.68 0.74

(0.82460.025) (0.11360.020) (3.0460.05) (1.1660.06)
5H 5Be

1/21 1.59 2.48 3.15 3.62
(1.760.3) (1.960.4)

3/21 3.0 4.8 4.6 6.3
5/21 2.9 4.1 4.5 5.6
3-5
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KOJI ARAI PHYSICAL REVIEW C 68, 034303 ~2003!
channels which relate to the three channels used in
ground state of6He, given in Eq.~3!. These three channel
are

$m,~,2 ,,3!L,S%

5$T8,~0,0!0,0%,$Y8,~1,1!0,0%,$Y8,~1,1!1,1%, ~8!

whereT8 andY8 stand for the (nn)(nn) and „(nn)nn… Ja-
cobi arrangements, respectively, as shown in Fig. 1~b!. The
orbital angular momentum,1 is set to zero and consequent
the two neutrons connected byr1 are allowed to couple to
zero spin due to the Pauli principle. These two neutrons
be regarded as the two neutrons occupying thes1/2 orbit. The
Minnesota force is constructed to reproduce the experime
scattering lengths and effective ranges of thes-wave n1p
triplet andp1p singlet states@21# and gives a virtual state a
E520.132 i 0.0 MeV for the s-wave n1n singlet state.
Since no cluster structure is any longer assumed, it is de
able to employ a realistic nucleon-nucleon interaction, bu
search of the four-body resonance with such a complica
force would give rise to enormous difficulties and is n
feasible with the CSM. In addition, the aim of this paper is
discuss the four-neutron system in a consistent way with6He
and 5H. Ten tempered Gaussian basis functions are su
posed on each Jacobi coordinate, with ranges ofb1<15 fm
and b2 ,b3<20 fm. We have explored the 01 state up tou
50.5 with this condition but have found no evidence f
such a four-neutron resonance within the present model.
ure 4 shows the eigenvalues of the complex rotated Ha
tonian withu50.4, for example. The conclusion is that th
present model does not produce a four-neutron resonanc
alternatively, any such resonance must have a very br
width which cannot be identified over the range of 0,u
<0.5, even if it exists. It may also be observed that, since
CSM does not work for the virtual state, if the virtual stat
like property of two neutrons persists inside the tetraneut
~if it exists!, then as a consequence the CSM might not w
to identify such a four-body resonance. Therefore furth
f-
ys

,

.
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more elaborate and sophisticated calculations are require
confirm the above result, but that is beyond the scope of
present work.

IV. CONCLUSIONS

We have calculated the resonance states of5H and 5Be
using the same effective nucleon-nucleon interaction as
6He and with a consistent model space. The present effec
nucleon-nucleon interaction, which can reproduce the exp
mental low energys- andp-wavea1N phase shifts, reason
ably reproduces the experimental low energyh1p and t
1n phase shifts. Our model gives the 1/21 state as the
ground state of5H with a resonance energy and a rath
broad width that are both quite close to the recent exp
mental data@14#. Further, it predicts two excited states (3/21

and 5/21) with very broad widths and a vanishingly sma
energy splitting but the latter is possibly enlarged by an
ditional tensor term in the effective nucleon-nucleon inter
tion. The mirror nucleus5Be has also been calculated and
has a similar spectrum. To give more accurate and relia
resonance positions of5H and 5Be theoretically, an improve-
ment of the effective nucleon-nucleon interaction is requi
to reproduce accurately the low energy properties of tht
1n, h1p anda1N systems simultaneously.

Finally, the same effective nucleon-nucleon interacti
has been used to search for a 01 resonance state of the te
raneutron (4n) system with a restricted number of bas
states. The four-bodyn1n1n1n complex scaling method
gives no evidence of such a resonance state within
present model.
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