Chinese Physics C  Vol. 49, No. 4 (2025) 044101

Resonance of hypernuclei with complex momentum representation”

Hantao Zhang (5KJ#H5)"

Chao-Feng Chen ([Fif8%)""  Xian-Rong Zhou (J&5G5%)?

Zhongzhou Ren (fI:H )

'School of Physics Science and Engineering, Tongji University, Shanghai 200092, China
2School of Physics and Electronic Science, East China Normal University, Shanghai 200241, China
’Key Laboratory of Advanced Micro-Structure Materials, Ministry of Education, Shanghai 200092, China

Abstract: By combining the Skyrme-Hartree-Fock method with complex momentum representation (CMR), the

resonant states of [1\7 0, j‘\I Ca, 4°Ca, and f\7Ni were investigated. The phase shifts for hyperon-nucleus elastic scatter-

ing were determined with continuum level density (CLD), and the scattering length as well as the resonance energy

were obtained by utilizing the effective range expansion. Our method, abbreviated as CMR-CLD, exhibits good con-

sistency with traditional approaches and provides ground work for investigating scattering and resonance problems

in deformed and multi-hyperon hypernuclei.
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I. INTRODUCTION

Hypernuclear systems constitute an important re-
search topic in nuclear physics. Relevant studies have
been conducted in production, decay, and structure of hy-
pernuclei. Various theoretical approaches have also been
proposed to investigate different aspects of the nature of
hypernuclei, such as the generator coordinate method
(GCM) [1, 2], orthogonality condition model [3—5], Toh-
saki-Horiuchi-Schuck-Répke (THSR) wave function
[6-9], variational Monte Carlo (VMC) method [10],
Gaussian expansion method [11—-18], cluster orbit shell
model [19], particle rotor model [20], and mean-field ap-
proaches [21-33].

In hypernuclear physics, one of the main aspects is to
study new dynamical and structural properties resulting
from the addition of a hyperon (or few hyperons). Be-
cause of the absence of the Pauli principle between nucle-
ons and the hyperon, participation of the hyperon in nuc-
lei leads to a stronger effect of attraction and thus pos-
sibly more bound states, which may change the location
of the drop line. Consequently, the contraction of the nuc-
lear cores becomes significant. Such phenomena are
jointly known as ‘glue-like’ role of the hyperon. The sys-
tematic study of the binding energy of light single hyper-
on-hypernuclei has traditionally been a key research top-
ic for stable nuclei and neutron-rich nuclei plus hyperons.

Another important research topic in hypernuclear
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physics is the hyperon-nucleon and hyperon-nucleus scat-
tering processes, aiming to find new resonant states due
to the injection of the hyperon. To address resonance
problems, many theoretical approaches have been pro-
posed and applied successfully to handle resonant states
and scattering processes, such as the R-matrix method
[34—38], complex scaling method (CSM) [39—-48], com-
plex momentum representation (CMR) [49-54], trap
method [55—66] and absorbing boundary conditions
method [67—72].

As a mean-field approach, the Skyrme-Hartree-Fock
(SHF) method [27-33] is based on the self-consistent
Hartree-Fock equations and uses the Skyrme potential for
the nucleon-nucleon interaction. It has been successfully
applied to the study of nuclear structures, deformation,
energy spectrum, etc. By extending SHF with various
hyperons, it has also been effectively utilized in hyper-
nuclear research. For light hypernuclei, in addition to
few-body methods and microscopic cluster models, SHF
can still be effective when one is interested in the bind-
ing energy of hyperons. In this case, the deviations
arising from the limitations of the mean-field approxima-
tion and corresponding inadequate description of nuclear
parts are partially compensated [29], allowing SHF to be
applied across a wide mass range, from light to heavy hy-
pernuclei.

In this study, we combined the SHF method with
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complex momentum representation to address the reson-
ant state problem of spherical nuclei plus single A hyper-
on. Hyperon scattering experiments are crucial for invest-
igating and understanding hyperon-nucleon and baryon-
baryon interactions. Although experimental data related
to hyperon-nucleus scattering is currently lacking, we
have derived some predictions for these experimental
data based on our theoretical methods.

In particular, we combined CMR with continuum
level density (CLD) [38, 73, 74] to calculate the scatter-
ing phase shifts between a hyperon and a nuclear core
and extract the scattering length from the scattering phase
shifts obtained from CMR-CLD based on effective range
expansion [75, 76]. The numerical results obtained
through our methods show good consistency with those
from traditional methods, thereby providing valuable in-
sights for studying resonance and scattering in hyper-
nuclei within the mean-field and complex momentum
representation frameworks.

The rest of the article is organized as follows. In Sec.
II, we first formulate the SHF framework incorporating
hyperons. Next, we present the theoretical frameworks
for complex momentum representation, CLD, and effect-
ive range expansion. In Sec. III, the numerical results for
single A hyperon and spherical nuclear core scattering are
presented and discussed. Sec. IV summarizes the article.

II. THEORETICAL FORMALISM

A. SHF method

The total energy of a single-hyperon hypernucleus
can be expressed as [77-79]

E:fd3r8(r), E =ENN T EAN> (1)
where gyy and &,y account for the nucleon-nucleon and
hyperon-nucleon interactions, respectively. The energy-
density functional depends on the one-body density p,(r),
kinetic density 7,(r), and spin-orbit current J,(r),
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where ¢g (i=1,2,.., N,) are self-consistently calculated
single-particle wave functions of the N, occupied states
for different particles, namely ¢ =n, p, and A. They satis-

fy the Schrodinger equation, obtained by minimization of
the total energy functional (Eq. (1)) according to the vari-
ational principle,

T VO (V0| 4(0) = 0. )

where W,(r) is the spin—orbit interaction part for the nuc-
leons, as reported in Refs. [80]. The spin-orbit force for
the A hyperon is very small [81, 82] and was ignored in
this study. The central mean-fields V,(r), corrected by the
effective-mass terms following the procedure described
in Refs. [77, 79] are
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The Skyrme force SLy5 [83, 84] is used for the nucle-
on-nucleon interaction eyy, and the hyperon-nucleon in-
teraction &y, is parameterized as follows (densities p giv-
en in units of fm=; energy density ¢ given in MeV fm

_3):

ena(PNspA) = — (81 —&pNt 83Pi;) PNPA
+ (84 —&pN + 86/0%/) pnpn’, (6)
together with
m*
mi (on) = H1 = Hap + 3Py — HaPx- ©)

The parameters &1, &, ..., in Eq. (6) and the A effective-
mass u; were determined in BHF calculations with the
Nijmegen potential NSC97f [79, 85].

B. CMR

The nuclear cores considered in this study are almost
spherical and their deformation can be neglected. There-
fore, the single-channel Schrodinger equation in mo-
mentum representation can be expressed as follows:

hZ 2
ﬂ(ﬁ(k) + / Vi(k, K )p(K KAk = E¢(k), (®)
Amym . .
where the reduced mass # = Ao e’ with 4 being the
my + mpy
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nucleon number of the nuclear core, the nucleon mass my
being equal to 938.918 MeV, and the A hyperon mass m,
being equal to 1115.683 MeV. The potential in mo-
mentum space V(k,k’) is obtained by the spherical poten-
tial V(r) extracted from the SHF method:

2
Vitk k') = — J i)V (r) jik ryrdr, ©

where j; represents the spherical Bessel function. Al-
though the doubly-magic core nuclei considered in this
study exhibit deformation experimentally, the deforma-
tion is relatively small and these core nuclei can be re-
garded as near-spherical nuclei. Therefore, we intro-
duced a spherical hyperon-nucleus interaction V(r) in our
theoretical framework. When deformation cannot be neg-
lected, Eq. (8) becomes a coupled equation.

As previously mentioned, we can extract the effect-
ive potential V(r) between the nucleus and single hyperon
from SHF calculations, in particular from the nucleon and
hyperon density distributions. In this study, we selected
the Skyrme force SLy5 for nucleon-nucleon interaction
and the Nijmegen potential NSC97f for hyperon-nucleon
interaction. The Nijmegen potential NSC97f was chosen
because it can successfully describe the binding energy of
single hyperon in hypernuclei and also effectively ac-
counts for the binding energy of multiple hyperons in
multi-hyperon hypernuclei [30]. The SLy5 interaction
was selected for nucleon-nucleon interactions because of
its good performance in describing nuclear structures [74,
75]. Additionally, once the hyperon-nucleon interaction is
determined, the choice of nucleon-nucleon interaction has
a insignificant impact on the binding energies of hyper-
ons [24].

The integral function (Eq. (8)) can be converted into
an equivalent matrix equation involving the summation
over a finite set of mesh points k; in the momentum
space:

nk?
Tﬂ’(ﬁ(kj)@, it 2]: Vitki,kpp(kpkiw; = E¢(k), (10)

where w; represents the weight of the j-th momentum
mesh point. The complex Gaussian-Legendre mesh was
adopted in our calculations. Moreover, our contours com-
prised line segments in the complex momentum space.
Generally speaking, as long as the contour can enclose
the targeted discrete eigenstates and the momentum
cutoff k.. is sufficiently large, the shape of the contour
has no effect on the final calculation result.

In addition, one can also find that the contour ke is
exactly equivalent to complex scaling in the coordinate
space:

U0)1(6) = expli5 0)(rexpio)). (11

However, when excessively large complex scaling
angles are employed in CSM, the computation becomes
unstable. However, this issue does not exist for CMR.
Therefore, CMR exhibits higher computational perform-
ance for broader resonant states.

In this study, we only addressed the resonance states
of spherical hypernuclei through CMR. In the more gen-
eral case of deformed potentials, coupling effects of high-
er excited energy levels could be crucial for analyzing de-
formed hypernuclei. Moreover, extending CMR to
coupled-channel problems is also straightforward and
convenient, enabling further discussion of the impact of
deformation effects on hyperon emission.

C. CLD

1. CLD

The level density p(e) of the full Hamiltonian % is
defined by:

&) (e - 20, (12)

where ¢; are eigenvalues of 4, and summation and integ-
ration are taken for discrete and continuous eigenvalues,
respectively. This definition of the level density can also
be expressed with the help of the Green's function:

p(s):—}rlm {Tr L_Hlm” (13)

When the Hamiltonian is described by the sum of an
asymptotic term Ak, and the short-range interaction V,
namely h = hy+ V, CLD (denoted by A(e)) for an energy &
is expressed using the density p(e) obtained from the full
Hamiltonian / and level density po(g) of continuum states
obtained from the asymptotic Hamiltonian 4, as follows:

A(g) = p(e) — po(e)

1 { 1 1 H
nIm{Tr ei0-h sxio—nS) Y

Additionally, A(e) is well known to be related to the
scattering S-matrix S (¢) as follows:

Ae) = %Imé In{detS (&)}, (15)

for a single channel system, the scattering S-matrix can
be expressed as S(g) = e*°® where §(¢) is the scattering
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phase shift. In this case, we can obtain the simplified
CLD and scattering phase shift as follows:

&

Ao =1L &w=ﬂ/‘Mde. (16)

—00

2. CMR-CLD

If the energy spectrum is obtained through N mo-
mentum mesh points in the CMR, CMR-CLD can be ex-
pressed in the following form:

CMR

AMR(g) = ié(s—s )+1 RZ e
N - Y (e—&)+12/4

r

MR _ CMR
NEMR=N-Np-N§

LS &
n c (e—€fy2+ eéz
N
1 07
_\N_ & (17)

0 012’
T (e—eR) + e

where g, &, —il,/2 and X — i€’ are eigenvalues of the full
Hamiltonian 7 =T +V and €*®-ie” are eigenvalues of
asymptotic Hamiltonian ko =T. Njp represents the num-
ber of the bound state and NgM® represents the number of
the resonant state.

According to Eq. (16), the phase shift within the N
complex momentum mesh points in the CMR can be ex-
pressed as follows:

6§MR(8)=7T/’ ASMR(S)

—00

N
= Npm+ ;/0 dsi(g_(‘:I:)rz/ir%/4
e N . N &
+/0 ds[; (e—€})? +45é2 - ; (g— Xy +eg’2]
= Npm+0r(e) +6c (),
(18)

where the resonance and non-resonance phase shifts are
expressed as follows:

N[(\;MR NgMR N
Or(€) = ; 6:(€), Ocle) = ; 50(8)_;62(8)- (19)

3. Effective range expansion (ERE)

Using CLD, the scattering phase shifts can be con-
veniently obtained from the energy spectrum. To extract

information such as scattering length, effective range, and
resonance energies from the phase shifts, we set the ERE
to expand the phase shift &, through a power series in mo-
mentum £:

2nH(n)
C3(m)
1 1y [k2

= ——+—+ Pk +0(k®, (20)
aj 2

CImK™"™" | cot(s)) +

where ¢, is the scattering length, r; is the effective range,
and P, is the shape parameter of partial wave /. In this ex-
pression, C; (i), Ci(n7), and H(n) are expressed as follows:

2
20N _ 2 n 2, 27
Cim = CL(1 + ), €l = oo,
Hp=S —— —In() -
) ;s(ﬁ Ty~ =y
in . 1 .
= _W+T(ln)+ﬂ_ln(ln), (21)
Z\ ey .
where 7= PRy v=0.5772156649--- is the Euler's

constant, and ¥(z) is the logarithmic derivative of the I
function (¥ function or digamma).

In the case of neutral particle scattering, the effective
range expansion reads

e
I cot(8)) = —— + r’? + Pkt + O(5). (22)
a

According to the form of the on-shell elements of the
) _ (4n)? 1
T-matrix, T (k,k) = 21k cot(0,(k)) -

resonance is the pole of the T-matrix and thus the phase
\J 2/1Eres

h
onant state satisfies the condition cot(d;(k.s)) =i. There-
fore, through effective range expansion, the parametriza-
tion of the phase shift at k., satisfies the following equa-
tion:

., one can find that the

shift at the complex momentum Aies = of the res-

1 k>
T Pk 0w = G i
a

2nH (n)} ’

Ci(m)
(23)

and for neutral particle scattering, Eq. (23) becomes

1k
o o PR OO = L (24)
a
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III. NUMERICAL RESULTS

Owing to the considerably shorter lifetimes observed
in hypernuclei compared to those of conventional atomic
nuclei, it was assumed in previous studies on hyper-
nuclear resonant states that their cores exist in deeply
bound states. Accordingly, stable nuclei such as '°0,
#0Ca, “¥Ca, and Ni were designated as core nuclei for
this purpose. First, from calculations based on the SHF
method, the effective interaction between the hyperon
and nuclear core can be extracted as V(r). In practical
computations, only the effective potential in a finite re-
gion r < ry,x can be obtained using the SHF method. To

provide potential in the entire coordinate space, we em-

Vi
ployed a Woods-Saxon form 1+:d to fit V(r) and the

analytical potential beyond r,, in Eq. (9). The paramet-
ers in Woods-Saxon potentials are listed in Table 1.

The effective hyperon-nucleus interactions V(r) for
170, 41Ca, 9Ca, and 3 Ni are plotted in Fig. 1. For these
nearly spherical nuclei, the deformation obtained from
SHF calculations is very small and can be neglected.
Hence, we only need to consider the single-channel scat-
tering process. However, if the deformation is significant
and cannot be ignored, the deformed potentials and cor-

Table 1.
parameters were derived by fitting the effective interaction ob-
tained from the SHF method with the Woods-Saxon potential.
In practical calculations, these parameters are used in the re-

Parameters of the Woods-Saxon potentials. These

gion where r > rmax.-

Hypernuclei a/fm R/fm Vo/MeV
/'\70 0.4264 3.103 —28.75
jt\o Ca 0.4383 4.128 —30.46
4/1\8 Ca 0.4630 4.388 —30.46
SONj 0.4438 4.647 -30.18

V(r) (MeV)

4
r (fm)

Fig. 1. (color online) Effective potential between the hyper-

on and nuclear core extracted from the SHF method. Solid,

dashed, dotted, and dash-dot lines represent the effective po-

tential V(r) for 170, 4! Ca, 4 Ca, and 3’ Ni, respectively.

responding coupled-channel equations must be con-
sidered. It should also be noted that in the calculations
presented in this paper, we assumed that the energy level
splitting induced by spin-orbit coupling is relatively small
compared to the energy levels themselves. Thus, we neg-
lected the influence of the spin-orbit coupling potential.
However, if a more detailed discussion of the level split-
ting is required, a phenomenological spin-orbit coupling
potential based on V(r)can be derived within the current
framework.

In the following, we illustrate the results of CMR-
CLD and effective range expansion by taking YO as an
example. When solving the Schrédinger equation in the
momentum space, the truncation of momentum sk, = 5
fm~!, which is large enough to guarantee the stabiliza-
tion of the numerical solutions. For CMR-CLD, as long
as the contour encompasses discrete eigenvalues, these
discrete eigenvalues are independent of the choice of the
contour. Furthermore, once the discrete eigenvalues can
be accurately solved, the phase shifts obtained through
CLD do not depend on the contour shape.

Figure 2 shows the complex momentum spectra and
phase shifts obtained through CMR-CLD for 1O with or-
bital angular momentum /=0 and /= 1. Both states with
I=0 and /=1 are bound states whose positions are
marked on the positive imaginary axis in panel (a). Panel
(b) shows the scattering phase shifts obtained with both
CMR-CLD and the conventional R-matrix method, where
circular and square markers represent the P-wave and S-
wave phase shifts obtained from the R-matrix method,
and the solid and dashed lines correspond to the P-wave
and S-wave phase shifts obtained from CMR-CLD. In the
R-matrix calculation of scattering phase shifts, we adop-
ted the conventional Lagrange functions over the interval
(0,a), with the channel radius a set to approximately 20
fm (large enough to neglect the short-range nuclear inter-
action) and the number of grid points set to approxim-
ately 50. The same parameters were used in the calcula-
tion of resonant states.

When considering a higher angular momentum, the
[ =2 state becomes a resonance due to the stronger re-
pulsive centrifugal potential. As shown in Fig. 3(a), a res-
onance appears in the fourth quadrant of the complex mo-
mentum space. The square, diamond, and circular mark-
ers in panel (a) represent the complex momentum spectra
obtained using three different contour shapes. It can be
observed that the position of the resonant state remains
almost unchanged regardless of the contour shape. Fig.
3(b) shows the phase shifts of 1”0 for D-wave scattering.
The triangle markers and solid line represent the results
obtained from CMR-CLD and R-matrix, respectively.
Similar calculations were performed for other systems.
We show the phase shifts corresponding to the first reson-
ant state of 10, 4'Ca, ¥ Ca, and 3'Ni in Fig. 4. The solid
lines represent results obtained using CMR-CLD, while
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1 <— S'wave bound state
604 A
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0000000
® P-wave
= S-wave

5

2 3,
Re(k) (fm ')

(a) Complex momentum spectrum of S-wave and P-wave

for }\70.
S CMR-CLD P-wave |
® R-matrix P-wave
o5l - - =CMR-CLD S-wave |
’c'-o; : " = R-matrix S-wave
= \\\.
o 2 \.\.
-
-
-
16 T, -
1.5} O+A [ e

0 10 20 30 40 50
E (MeV)
(b) Phase shift of S-wave and P-wave for }70.

Fig. 2.  (color online) (a) Complex momentum spectra of
170 obtained from CMR. The square and circle markers cor-
respond to the results for S-wave and P-wave, respectively.
Two bound states are marked on the positive imaginary axis.
(b) Phase shifts of 7O for S-wave and P-wave. The square
and circle markers represent the phase shifts obtained from the
R-matrix method for S-wave and P-wave, respectively. The
dashed and solid lines represent the phase shifts obtained from
CMR-CLD for S-wave and P-wave, respectively.

the markers denote results obtained with the R-matrix
method.

After obtaining the phase shifts through CMR-CLD,
we also extracted physical quantities such as the scatter-
ing length and complex resonant energy by applying
ERE. For the D-wave scattering of YO, these extracted
physical quantities are listed in Table 2. For other sys-
tems, the calculations are similar and the corresponding
results are also listed in Table 2.

The first column represents the nuclear core, the
second column denotes the angular momentum / which
supports the first resonant state, the third column indic-
ates the scattering length «@; obtained from CMR-CLD
with effective range expansion, the fourth column shows
the scattering length obtained from the R-matrix method,
the fifth column shows the complex resonant energy E
obtained from the R-matrix method, the sixth column

044101-6
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(a) Complex momentum spectrum of D-wave for }\70.
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(b) Phase shift of D-wave for }70O.

Fig. 3.  (color online) (a) Complex momentum spectra of
170 obtained from CMR. The square, circle, and rhombus
markers correspond to three different contours. The D-wave
resonant state and its eigenenergy are marked in this panel. (b)
Phase shifts of 17O for D-wave. The triangle markers repres-
ent the phase shifts obtained from R-matrix and the solid line
represents the results obtained from CMR-CLD.

3 |
25F
27 i
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©
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w
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0 5 10 15 20 25 30
E (MeV)

Fig. 4. (color online) Scattering phase shifts at the appear-
ance of the first resonant state. Solid lines represent the calcu-
lations from CMR-CLD, while circle, square, diamond, up-
ward triangle, downward triangle, and right triangle markers
correspond to the results from the R-matrix method for }7O,
2L Ca, ¥ Ca, and 3'Ni, respectively.
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Complex resonant energy E.s and scattering length a; obtained from CMR-CLD and R-matrix. Here, the angular mo-

Table 2.
CMR-CLD+ERE

mentum / supports the first resonant state; and EMR-CLD+ERE denote the scattering length and resonant energy obtained

from CMR-CLD plus effective range expansion, respectively; ESMR is the result obtained from pure CMR. Here, "pure" refers to ex-
tracting resonant energies solely from the momentum spectrum obtained from CMR. To ensure reliable resonance extraction, we care-
fully selected an appropriate integral contour. af-marix and ER:matix denote the scattering length and resonant energy obtained from the
R-matrix method, respectively. In the R-matrix calculations, the channel radius was set to be approximately 20 fm and approximately

50 Gaussian-Legendre grid points were used.
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Nuclear core / aICMR—CLD+ERE /fm2/+!1 affmatrix /fm 2+ Eﬁgmatrix /MeV Egl;/lR—CLD+ERE MeV ErCelSV[R MeV
160 2 —-16.50 -16.49 4.70-1.84i 4.70-1.84i 4.70-1.84i
40Ca 3 —53.02 —53.03 3.76-0.387i 3.76-0.387i 3.76-0.387i
48Ca 3 —-181.0 -180.9 1.61-0.0408i 1.61-0.0406i 1.61-0.0408i
S6Ni 4 -30.93 -30.98 7.46-0.951i 7.46-0.954i 7.46-0.951i

shows E, obtained from CMR-CLD plus effective range
expansion, and the last column representsE,.s obtained
from CMR.

Generally speaking, the positive or negative phase
shift at a certain scattering energy indicates whether the
interaction is attractive or repulsive. Owing to the con-
nection betweekI%lPIhase shilft 6,(k) and scattering length a,
namely i s )
corresponds to a positive scattering phase shift near zero
energy, which indicates an attractive effect in this energy
region, while a positive scattering length reflects a repuls-
ive effect. Moreover, qualitatively speaking, the larger (in
absolute value) the scattering length is, the stronger the
attractive (or repulsive) effect near zero energy becomes.
This can also be partially concluded from Table 2: the
larger absolute values of the scattering length correspond
to smaller decay widths, which indicates stronger attract-
ive effect between the A hyperon and nuclear core.
However, it should be noted that such comparison should
be based on the condition of equal angular momentum.
Thus, the magnitude of scattering lengths cannot be dir-
ectly compared for different angular momentum cases.

Table 2 clearly shows that the values of complex res-
onant energy obtained from CMR closely matches those
obtained from the conventional R-matrix method. Addi-
tionally, the scattering length and complex resonant en-
ergy extracted through effective range expansion also ex-
hibit good agreement with results obtained from the R-
matrix method. These numerical results validate the reli-
ability and accuracy of the CMR-CLD method in dealing
with resonance problems for single hyperon hypernuclei
in the case of spherical potential.

Overall, we conclude from these numerical results
that for the single A hypernuclei considered, the decay
width is approximately in the MeV range, which is much
larger than the decay width derived from the weak decay
lifetime of hypernucleus. Therefore, this indicates that the
time involved in the emission process within the hyper-

—a negative scattering length
1

nucleus is much shorter than its weak decay lifetime and
also much shorter than the half-life of a free A hyperon.
These results suggest that even if the weak decay life-
time of the hypernucleus is notably short, the emission
process of the hyperon should also be considered and in-
vestigated.

IV. CONCLUSIONS

We combined the SHF method with complex mo-
mentum representation to investigate the resonances of
single hyperon hypernuclear and obtain the complex res-
onant energy by solving the single channel Schrédinger
equation in the complex momentum space. CMR offers
the advantage of employing bound state techniques to ad-
dress resonances. Moreover, when considering deformed
potentials, CMR can be easily extended to coupled-chan-
nel sectors. The influence of deformation effects on hyp-
eron emission will be further discussed in the future. In
the present study, by properly selecting the momentum
cutoff and contour for the integral, the resonance ener-
gies obtained from CMR were highly consistent with the
results from the R-matrix method. In addition, using the
CLD method, the phase shifts were calculated using the
energy spectrum obtained from CMR. The scattering
phase shifts from CMR-CLD were in good agreement
with those from the R-matrix method. Additionally, by
applying effective range expansion, we extracted a reli-
able value of the scattering length, from which we ob-
tained information about the strength of the attractive in-
teraction between the hyperon and nuclear core during
the scattering process.

Our study of the spherical nuclear system with a
single hyperon demonstrates the high reliability of the
CMR-CLD method, which establishes the foundation for
future investigations using CMR-CLD to study resonant
states in deformed single-hyperon and multi-hyperon hy-
pernuclei.
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