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Utilizing the recently formulated relativistic mean field theory in complex momentum representation, we delve
into the impurity effects of hyperons in hypernuclei. Our findings reveal that hyperons exert considerable effects
on single-neutron levels, particularly in the deeply bound states such as 1s and 1p. In the case of 60Ca +�,
60Ca +�0, 6060 +�0, and 60Ca +�+, the neutron levels are noticeably lower compared to the baseline 60Ca,
indicating an increased neutron capacity and a shift in the neutron drip line. Notably, the introduction of �0 and
�+, especially �+, hyperons results in a more pronounced reduction in neutron levels, partially attributed to the
positive charge of the latter. Conversely, for 60Ca +�− and 60Ca +�−, the neutron levels are elevated, partly
due to Coulomb attraction. The impurity effects of hyperons are further evidenced in their density distributions.
Neutral � and �0 hyperons exhibit similar patterns, but Coulomb effects notably alter the density distributions
of �+ and �−. While � and �− possess comparable central densities, the diffuse distribution of �− hints at the
formation of a hyperon halo. This study offers valuable insights into the intricate interactions between hyperons
and nucleons within hypernuclei.
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I. INTRODUCTION

Over the past decades, considerable attention has been de-
voted to the study of bound nuclear systems containing one or
two hyperons (Y = �, �, and �), which are baryons charac-
terized by one or two strangeness quantum numbers (S). Since
the pioneering discovery of the � hypernucleus by Danysz
and Pniewski in 1953 [1], the realm of nuclear physics has
been broadened to encompass the exploration of the strange
degrees of freedom in atomic nuclei, as evidenced by both
experimental [2–5] and theoretical [6] advancements. A key
goal in hypernuclear research is to deepen our understanding
of the baryon-baryon (BB) interaction, which is important for
furthering our knowledge of nuclear structure [7–10] and for
its applications in astrophysical settings [11–14].

The rapid advancement of radioactive nuclear beam facili-
ties and detection technologies has led to significant strides in
the experimental study of hypernuclei [15–19]. A diverse ar-
ray of hypernuclear species have come into focus, categorized
based on their strangeness quantum number. With S = −1, a
multitude of bound single-� hypernuclei with various nuclear
cores have been produced experimentally, ranging from the
lightest 3H� to the heaviest 208Pb� [20,21]. In 1989, Hayano
et al. [22] identified the first quasibound � hypernucleus,
4He� , which remains the sole recognized instance of a bound
� hypernucleus to date. All double-� and single-� hyper-
nuclei hold the strangeness of S = −2. To date, only five
double-� hypernuclei have been observed: 6He��, 10Be��,
13B��, 12Be��, and 11Be�� [23–28].
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Observations from the KEK-E377 experiment indicate a
weak mutual attraction between � particles within the 6He��

hypernucleus. Regarding single-� hypernuclei, limited exper-
imental data are available for 12Be� [29], 13B� [30], and 15C�

[31]. Notably, the Kiso event involving 15C� provided the
first definitive evidence of a deeply bound state in a � −+14N
system, facilitated by an attractive �N interaction. In the most
recent experiment, the international collaborative laboratory
RHIC-STAR pioneered the discovery of collective behavior
in hypernuclear structures [32]. It is intriguing that while ex-
perimental research on hypernuclei continues to thrive, there
is still a scarcity of data from hyperon-nucleon (Y N) and
hyperon-hyperon (YY ) scattering experiments. Consequently,
theoretical exploration of hypernuclear properties is crucial
for furthering our understanding of nuclear physics.

The inclusion of an additional strangeness degree of free-
dom means that hyperons are not restricted by the Pauli
exclusion principle within atomic nuclei. When a hyperon
is incorporated into a nucleus, it penetrates deeply into the
nuclear matter. Acting as an impurity, it can induce a variety
of intriguing phenomena. Hypernuclear characteristics have
been thoroughly investigated, including halo, skin, and bubble
structures [33–37]. Moreover, the presence of hyperons has
numerous effects on the nucleus, such as shifting the neu-
tron drip line [38–40], causing deformation [41–45], cluster
structure formation [46,47], shrinkage phenomenon [48], al-
terations in pseudospin symmetry [49,50], and more. Various
theoretical methods have contributed to our understanding of
hypernuclear properties. Among them, the G matrix is an
effective method for dealing with many-body systems [51],
and has been widely used in hypernuclear researches [52–56].
The Skyrme Hartree-Fock model represents one of the

2469-9985/2024/110(2)/024316(8) 024316-1 ©2024 American Physical Society

https://ror.org/05th6yx34
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevC.110.024316&domain=pdf&date_stamp=2024-08-19
https://doi.org/10.1103/PhysRevC.110.024316


ZHAI, HENG, AND GUO PHYSICAL REVIEW C 110, 024316 (2024)

nonrelativistic techniques suitable for dense environments
exceeding nuclear saturation density yet far from stability
[37,57,58]. Relativistic approaches provide an excellent de-
scription of hypernuclei, including the relativistic mean-field
model [59,60], relativistic chiral effective field model [10,61],
quark mean field model [62], among others.

Significant advancements have been made in the descrip-
tion of hypernuclear properties using relativistic mean-field
(RMF) theory. Brockmann and Weise were pioneers in ap-
plying this theory to hypernuclei, successfully explaining the
spin-orbit coupling phenomenon [63], which was consistent
with experimental findings [64]. Various techniques are in-
corporated within RMF to study hypernuclear characteristics,
such as the RMF theory with the point-coupling interactions
[44] and the RMF theory integrated with Green’s function
approach [65].

Resonant states hold an irreplaceable role in the study of
exotic nuclei, prompting the development of various methods
to explore their significant properties. Based on the scattering
theory, ones have developed the R-matrix method [66,67], the
K-matrix method [68], the S-matrix method [69,70], and the
scattering phase shift method [71,72]. Nevertheless, solving
scattering problems can be exceedingly challenging. Alter-
native approaches have been proposed that are more akin to
bound-state methods. These include the analytic continuation
of the coupling constant method [73,74], the real stabilization
method [75], the complex scaling method [76–79], and the
complex momentum representation (CMR) method [80]. A
notable advantage of the CMR method is its capability to si-
multaneously identify both narrow and broad resonant states.

Significant strides have been made by integrating the com-
plex momentum method with relativistic mean field theory,
leading to a synergistic approach that has proven fruitful in
recent studies [81–85]. In this study, we expand the appli-
cation of the Relativistic Mean Field-Complex Momentum
Representation (RMF-CMR) method to explore the proper-
ties of hypernuclei. The comprehensive formulas for NN
(nucleon-nucleon) and Y N (hyperon-nucleon) interactions are
elucidated. Using the stable nucleus 60Ca as a core reference,
we examine the impurity effects of �, �, and � hyperons
on the nuclear system. A detailed analysis is provided on
how the inclusion of different hyperons affects the neutron
single-particle levels, including those of resonant states. Fur-
thermore, by considering isotopes of calcium (40,50,60Ca), we
investigate the impact of increasing neutron numbers on the
mean-field potential and density distributions of hyperons.
This work aims to deepen our understanding of hypernu-
clear structure and the role of strangeness in nuclear systems,
paving the way for future experimental and theoretical ad-
vancements in the field of hypernuclear physics.

The paper is organized as follows. The RMF-CMR theory
for the single-�, �, and � hypernuclei is presented in Sec. II.
The numerical results and discussions are given in Sec. III. A
summary is provided in Sec. IV.

II. FORMALISM

To explore the impurity effects of hyperons in hypernu-
clei with the RMF-CMR theory, we briefly introduce the

theoretical formalism. The Lagrange density for hypernuclei
can be written as

L = LN + LY , (1)

where LN for nucleons is the same as that in Refs. [86–89],
and will not be elaborated here. LY for hyperons is given as
[59]

LY = ψ̄Y [iγ μ∂μ − MY − gσY σ − gωY γ μωμ]ψY

+ LT + LρY + LAY , (2)

where LT represents the ω-Y coupling

LT = fωY

2MY
ψ̄Y σμν∂νωμψY , (3)

where MY is the mass of hyperon, and gσY , gωY , and gρY are
the coupling coefficients with σ , ω, and ρ mesons. fωY is the
coefficient of the tensor coupling between hyperons and ω

field.
The LρY and LAY describe the interactions of hyperons

with ρ meson and photons, respectively. For a particular hy-
peron, they can be expressed as

LρY =

⎧⎪⎪⎨
⎪⎪⎩

0, for �;

−ψ̄�gρ�γ μ�τ� · �ρμψ�, for �;

−ψ̄�gρ�γ μ�τ� · �ρμψ�, for �,

(4)

LAY =

⎧⎪⎪⎨
⎪⎪⎩

0, for �;

−ψ̄�eγ μ τ�,3−1
2 Aμψ�, for �;

−ψ̄�eγ μτ�,3Aμψ�, for �.

(5)

The �τY is the isospin vector with the third component τY,3,

τY,3 =

⎧⎪⎪⎨
⎪⎪⎩

0, Y = �;

+1,−1, Y = �0, �−;

+1, 0,−1, Y = �+, �0, �−.

(6)

For a static nucleus, only the time-like components ω0, �ρ0,
and A0 are reserved. The charge conservation guarantees that
only the three-components of the isovector ρ0,3 exist. For the
NN interactions, the PK1 parameter is adopted. For the Y N
interactions, the adopted coupling coefficients are same as
those in Refs. [50,59,90], i.e., gσY = ασY gσN , gωY = αωY gωN ,
gρY = αρY gρN , and fωY = αTY gωY .

Based on the Lagrange density, the Dirac equation describ-
ing baryons is obtained as

[�α · �p + V (�r) + β(MB + S(�r)) + T (�r)]ψi(�r) = εiψi(�r) ,
(7)

where MB is the mass of the baryons, �α and β are the Dirac
matrix. The scalar potential S(�r), vector potential V (�r), and
tensor potential T (�r) are

S(�r) =
{

gσ σ (�r), for nucleons

gσY σ (�r), for �, �, �
, (8)
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V (�r) =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

gωω0(�r) + gρτ3ρ0(�r) + eA0(�r), for N

gω�ω0(�r), for �

gω�ω0(�r) + gρ�τ�,3ρ0,3(�r)+ τ�,3−1
2 eA0(�r), for �

gω�ω0(�r) + gρ�τ�,3ρ0,3(�r)+eτ�,3A0(�r), for �

,

(9)

T (�r) = −β(�α · �p)VT (�r) + VT (�r)β(�α · �p). (10)

Correspondingly, the radial meson and photon field equa-
tion are expressed as(

− d2

dr2
− 2

r

d

dr

)
φ = Sφ (11)

with the source terms

Sφ =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

−m2
σ σ − gσ ρs − gσY ρsY − g2σ

2 − g3σ
3,

−m2
ωω + gωρv + gωY ρvY + fωY

2MY
∂i j0i

TY − c3ω
3,

−m2
ρρ0,3 + gρρ3 + gρY ρ3Y ,

+eρc + eρcY ,

(12)

where m(σ,ω,ρ) is the meson mass. g(σ,ω,ρ), g(2,3), and c3 are the
parameters for the NN interactions, ρs(ρsY ), ρv (ρvY ), ρ3(ρ3Y ),
and ρc(ρcY ) are the scalar, baryon, isovector, and charge den-
sity densities for the nucleons (hyperons). j0i

TY is the tensor
density for the hyperons.

The densities for hyperons can be expressed as

ρsY (r) =
AY∑
i=1

[ f ∗(r) f (r) − g∗(r)g(r)],

ρvY (r) =
AY∑
i=1

[ f ∗(r) f (r) + g∗(r)g(r)],

j0i
TY (r) =

AY∑
i=1

[ f ∗(r)g(r) + g∗(r) f (r)]n,

ρ0
3Y (r) =

AY∑
i=1

[ f ∗(r) f (r) + g∗(r)g(r)]τY,3,

ρcY (r) =
{∑AY

i=1[ f ∗(r) f (r) + g∗(r)g(r)] τ�,3−1
2 , for �∑AY

i=1[ f ∗(r) f (r) + g∗(r)g(r)]τ�,3, for �
,

where n is the unit vector.
The hyperon number AY is determined by the baryon den-

sity ρvY (r) as

AY =
∫

r2drρvY (r).

For hypernuclei, the total baryon (mass) number A is the
summation of the neutron, proton, and hyperon numbers.

To include the resonant states, the Dirac equation is trans-
formed into the complex momentum space∫

d �k′〈�k|H | �k′〉 = εψ (�k), (13)

FIG. 1. The calculated single-particle energy levels for neutrons
in 60Ca and 60Ca +Y (Y = �, �0,−, �+,0,−), wherein the bound and
resonant levels are demarcated by solid lines of varying colors. The
states are designated by the notation nl j with n representing the radial
quantum number, l the orbital angular momentum quantum number,
and j the total angular momentum quantum number.

where H is the Dirac Hamiltonian and �k = �p/h̄ is the wave
vector. In the spherical case,

ψ (�k) =
(

f(k)�l jm j (�k )

g(k)�l̃ jm j
(�k )

)
. (14)

The upper and lower components of the Dirac spinor in the
coordinate space can be calculated by the following formulas:

f (r) = il

√
2

π

∫
k2dk jl (kr) f (k),

g(r) = il̃

√
2

π

∫
k2dk jl̃ (kr)g(k). (15)

In the RMF-CMR formalism, the coupled equations (7)–(15)
are solved numerically for hyperons accompanying consistent
solutions with Ref. [81] for nucleons.

III. RESULTS AND DISCUSSIONS

Based on our developed RMF-CMR formalism, which is
particularly appropriate for the unified description of sta-
ble nuclei and weakly bound exotic nuclei, we explore the
impurity effects of hyperons in hypernuclei. Without losing
generality, we chose 60Ca +Y (often instead of 61

Y Ca) hypernu-
clei as an example for study, and the corresponding impurities
include the �,�, and � hyperons.

We first examine the effect of the introduction of hyper-
ons on the single-particle levels of nucleons. The effects of
different hyperons on the neutron levels in the 60Ca +Y are
plotted in Fig. 1. For comparison, the single neutron levels
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FIG. 2. The energy difference �E of the neutron levels between
60Ca +Y and 60Ca (Y = �, �0,−, �+,0,−). The energy difference for
each energy level is marked with a solid line of the same color as in
Fig. 1.

in 60Ca without the introduction of hyperons are also plotted
there. Overall, the introduction of hyperons in hypernuclei has
a non-negligible impact on the neutron levels in hypernuclei
60Ca +Y . The energies of neutron levels in some hypernuclei
increases, while the energies of neutron levels decreases in
others. Comparatively, the more bound the level, the more sig-
nificantly affected by hyperons. For the resonant levels, their
energies are weakly affected by the hyperons especially those
in the vicinity of the Fermi surface. In addition, we have also
observed that for almost all the neutron levels, the influence
of the �+ hyperon is significant. Although hyperons have an
important influence on the neutron levels in the hypernuclei,
this influence is not enough to change the shell structure of
the neutron levels, and the traditional magic number is still
clearly displayed in the neutron single particle levels as shown
in Fig. 1.

Since the influence of hyperons on the neutron energy
levels within the hypernuclei is not particularly pronounced,
to distinctly illustrate this effect, we have extracted the en-
ergy differences of the neutron levels between 60Ca +Y and
60Ca. This comparison is depicted in Fig. 2 for clarity. For
the hypernuclear systems 60Ca +�, 60Ca +�0, 60Ca +�0,
and 60Ca +�+, the energy differences of the neutron levels
between these hypernuclei and the standard 6060 are pre-
dominantly negative across nearly all energy levels. This
indicates that the incorporation of a hyperon into the nucleus
facilitates an increased neutron capacity within the nuclear
structure. In comparison to 60Ca +� and 60Ca +�0, the ad-
dition of a hyperon to form 60Ca +�0 and 60Ca +�+ results
in a more pronounced decrease in neutron levels, implying a
stronger binding of neutrons. Consequently, these hypernuclei
can sustain a larger neutron population, leading to a shift
in the neutron dripline towards regions with higher neutron

TABLE I. The energies εres and widths τ with unit MeV for the
single-neutron resonant states in 60Ca and 60Ca +Y (Y = �, �0,−,
�+,0,−).

1g9/2 2d5/2 2d3/2 1g7/2

εres 0.7283 1.0496 1.6467 5.179360Ca
τ 0.0003 0.5886 1.8269 1.1209

εres 0.6399 1.0163 1.6590 5.492560Ca +�
τ 0.0002 0.5495 1.8684 1.1320

εres 0.6439 1.0160 1.6610 5.497360Ca +�0

τ 0.0002 0.5489 1.8753 1.1352

εres 0.4832 0.9748 1.6279 5.412660Ca +�0

τ 0.0001 0.4938 1.7323 1.0557

εres 0.8477 1.0721 1.6848 5.585360Ca +�−
τ 0.0006 0.6292 2.0064 1.2209

εres 0.8855 1.0845 1.6750 5.578860Ca +�−
τ 0.0008 0.6460 1.9651 1.2135

εres 0.4143 0.9583 1.6276 5.392460Ca +�+
τ 0.00003 0.4753 1.7327 1.0440

abundance, particularly notable in the case of 60Ca +�+.
Moreover, our observations revealed that the most significant
energy differences of the neutron levels between the hypernu-
clei 60Ca +Y and the base 60Ca occurs at the deeply bound 1s
orbital, followed by the 1p orbital, with the 1s level exhibiting
an energy difference nearly twice that of the 1p level. This
suggests that the inclusion of hyperons has a more substantial
impact on the binding of deeply bound neutrons within the
energy spectrum. Among the hyperons considered, the �+
yields the most considerable reduction in neutron energy lev-
els within the hypernucleus, potentially attributable, in part, to
the contribution of its positive charge.

Distinct from the aforementioned four hypernuclear
species, the energy differences of the neutron levels between
60Ca +Y and 60Ca for 60Ca +�− and 60Ca +�− are consis-
tently positive. This phenomenon arises partly from the fact
that these hyperons carry a negative charge. Consequently, the
electrostatic interactions between the negatively charged hy-
perons and the positively charged protons within the nucleus
intensify the binding of the protons. This increased proton
binding energy results in an elevation of the neutron energy
levels, leading to a scenario where the neutron energy levels
become excessively high relative to the proton energy levels.

The incorporation of hyperons into hypernuclei modulates
the neutron energy levels, with the most pronounced effects
observed in the deeply bound energy levels, as evidenced by
Figs. 1 and 2. To elucidate the influence of hyperon introduc-
tion on neutron resonance energy levels, we have compiled
the resonant state energies εres and widths τ for neutrons in
60Ca +Y in Table I. Across all these resonance levels, the
presence of hyperons either amplifies or diminishes the energy
and width of these levels. The most substantial disparity in
neutron energy levels between 60Ca +Y and 60Ca manifests in
the 1g state for 60Ca +�+, where the difference approximates
0.3 MeV and 0.1 MeV, respectively. This indicates that the in-
clusion of hyperons alters both the positioning and the lifetime
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(a)

(b)

FIG. 3. Mean-field potentials V + S and single-hyperon levels
for the hyperons in the hypernuclei 60Ca +Y (Y = �, �0,−, �+,0,−).

of neutron resonance states. These findings underscore that
the perturbative effect of hyperons is significant and cannot
be overlooked, whether considering bound states or resonance
states.

To understand why different hyperons cause different
impurity effects, we compare the differences in the single-
particle energy levels of hyperons and the corresponding
potential of hyperon in hypernuclei. The single-hyperon levels
accompanying corresponding potential of hyperon in hyper-
nuclei 6060 +Y are plotted in Fig. 3. In Figs. 3(a) and 3(b),
the mean-field potentials V + S for � and �0 hyperons are
very similar, which is owing to the fact that � and �0 hyper-
ons have the same quark combination—uds. However, they
are only coupled with σ and ω mesons and have almost
the same coupling coefficients (ασ� = 0.618, αω� = 0.667,
ασ� = 0.619, and αω� = 0.667). The central part of the po-
tentials of �0 hyperon is about 12 MeV shallower than that of
� and �0 hyperons, which is mainly because the couplings of
σ − �0 and ω − �0 (ασ�0 = 0.313, αω�0 = 0.333) are about
half of those for σ − � and ω − �. Compared with � and �0

hyperons, the mean-field potentials V + S for �− hyperons is
more deep. The corresponding energy levels of �− hyperons

FIG. 4. The Mean-field potentials V + S for the hyperons
�, �0,−, and �+,0,− in nuclear core 40Ca, 50Ca, and 60Ca.

are more bound. While the mean-field potentials V + S for
the �0 hyperon is relatively more shallow, the corresponding
energy levels of �0 hyperons are weakly bound. However
for the �− hyperon, its hyperon potential is shallower, but
the potential expands to a larger range. Different from the
previous hyperon potentials, there is a Coulomb barrier in the
mean-field potentials V + S for �+ hyperons.

Since there are significant differences in these hyperonic
potentials, this results in a large difference in the correspond-
ing hyperonic energy levels. Despite this, the single-particle
energy levels of all hyperons have a shell structure similar
to that of neutrons and protons with magic numbers 2, 8, 20
appearing. It is evident that the spin-orbit splittings of the �0,
�−, and �− hyperons are exceedingly small when the tensor
potential is not taken into account. The spin-orbit splitting
energies of the other three hyperons are also all less than
1.5 MeV. Furthermore, the spin-orbit splittings between the
spin doublet states p, d , f , and g are substantially smaller
than those observed for neutrons, as illustrated in Fig. 1. In
line with experimental observations, the spin-orbit coupling
in the �-nucleon interaction is at least an order of magnitude
smaller than that in the nucleon-nucleon interaction, as cited
in Refs. [64,91].

The impurity effects of different hyperons in 60Ca nuclei
have been discussed earlier. Whether this effect is related
to the neutron and proton potential fields of the nucleus. In
order to make it clear, in Fig. 4, we have plotted the mean
field potentials V + S of the hyperons in Ca isotopes with
nucleon numbers 40, 50, and 60. The potentials of hyperons
change differently with the increase of neutrons. For the �

and �0 hyperons in Figs. 4(a) and 4(b), the depth and shape
of the potentials do not change much with the nuclear core
40Ca, 5050, and 60Ca, because both � and �0 are electroneu-
tral and the isospin third component τY,3 = 0. Compared to

024316-5



ZHAI, HENG, AND GUO PHYSICAL REVIEW C 110, 024316 (2024)

� and �0, the evolution of the potentials of �0 hyperon
is obvious in Fig. 4(d). Although �0 is also electroneutral,
the couplings strength of σ (ω) − �0 is weaker than that of
σ (ω) − �. There is a significant change in the potentials of
�0 as the nuclear core potentials becomes deeper from 40Ca
to 60Ca. The coupling strength of the meson-hyperon has a
meaningful influence on the hypernuclei systems. Comparing
the potentials of �0, �+, and �− in Figs. 4(b), 4(c), and
4(e), the potentials of �+ and �− hyperons change signifi-
cantly with the increase of neutrons. The factor is partly the
charge of the hyperon. Because of the repulsive Coulomb
interaction, the central part of mean-field potential for �+ is
higher than that of �0. Similarly, for �+ and �− hypernuclei,
the center of potentials becomes deeper by almost 15 MeV,
which illustrates that the charge interaction has a considerable
effect on the hypernuclear system. Obviously, the Coulomb
barriers are around 4 MeV near the nuclear surface of the �+
hyperon. As the number of neutron increases, the �+ hyperon
becomes more bound while the �− does the opposite. This is
presumably because the (attractive or repulsive) Coulomb in-
teraction is counterbalanced by the increased Y N interaction.
The potential of �− evolves for the same reason. Compared
to the �0 hyperon, the potential for the negatively charged �−
hyperon in Fig. 4(f). With the Z = N nucleus 40Ca as the core,
the potential of the negatively charged hyperon �− is much
deeper than that of the electroneutral hyperon �0. However, in
the 60Ca nucleus, the behavior is opposite. The same situation
occurs for �+,0,− hyperons. This is because the enhanced Y N
interaction is much stronger than the charge interaction as the
number of neutrons increases. That is why the depths of the
potentials for �0 and �− are so close for the 60Ca core in
Fig. 3(b).

To further understand the impurity effects of hyperons in
hypernuclei, we compare the density distributions of different
hyperons in hypernuclei. The density distributions ρv (r) for
hyperons in 60Ca +Y systems are plotted in Fig. 5. That for
Y = �,�0, and �− are placed on the top panel of Fig. 5
and that for Y = �+, �0, and �− on the bottom panel.
Only ground-state hypernuclei are considered here, the single-
hyperon occupies 1s1/2 orbit. For 60Ca +� and 60Ca +�0

hypernuclei, since the single-hyperon energies of the 1s1/2

levels are almost the same, the density distributions of � in
60Ca +� and �0 hyperons in 60Ca +�0 are very similar. For
6060 +�+ and 60Ca +�−, due to the Coulomb interaction,
the central density of the positively charged �+ hyperon is
depressed, while the central density of the negatively charged
�− hyperon is raised. For � and �− hyperons, their central
densities are very similar, but the density of �− hyperons
is more diffuse, which is due to the shallowest �− hyperon
potential as shown in Fig. 3. The hyperon halo is most likely
to be formed in the 60Ca +�− hypernucleus.

IV. SUMMARY

Based on our developed RMF-CMR framework, we in-
vestigate the impurity effects of hyperons in hypernuclei,
specifically using 60Ca +Y (often serving as a surrogate for
61
Y Ca) as an illustrative case. The impurities considered in-
clude the �,�, and � hyperons. Our initial examination

FIG. 5. Density distributions ρv for the hyperons in the hypernu-
clei 60Ca +Y. In the top panel, Y = � and �0,−; in the bottom panel,
Y = �+,0,−. The inserted figures are the same, but the ordinate is in
the form of a logarithm based on 10.

focuses on the impact of hyperon introduction on the single-
particle energy levels of nucleons. In hypernuclei such as
60Ca +Y , the introduction of hyperons exerts a non-negligible
influence on the neutron energy levels, with the more tightly
bound levels experiencing more significant effects. For reso-
nant levels, however, their energies are weakly perturbed by
the presence of hyperons. Notably, the �+ hyperon has a sub-
stantial impact. Although the neutron energy levels in these
hypernuclei are affected by the hyperons, the effect is not
significant enough to alter the shell structure of the neutrons.

For the hypernuclear systems 60Ca +�, 60Ca +�0,
60Ca +�0, and 60Ca +�+, the differences in neutron en-
ergy levels between these hypernuclei and the baseline 60Ca
nucleus are predominantly negative across a wide range of
energy levels. This indicates that the incorporation of a
hyperon into the nucleus facilitates an enhanced neutron ca-
pacity within the nuclear structure. Compared to 6060 +� and
60Ca +�0, the addition of a hyperon to form 60Ca +�0 and
60Ca +�+ results in a more pronounced decrease in neutron
energy levels, suggesting a stronger binding of neutrons.

The most significant neutron energy level differences be-
tween the hypernuclei 60Ca +Y and the baseline 60Ca occur
in the deeply bound 1s orbital, followed by the 1p orbital.
Among the hyperons considered, the �+ hyperon yields the
most considerable reduction in neutron energy levels within
the hypernucleus, potentially attributed, in part, to its positive
charge.

In the case of 60Ca +�−, given that �− carries a negative
charge, it may experience Coulomb attraction with protons
within the nucleus. This could lead to a contrasting trend
in neutron energy levels compared to hyperons with posi-
tive charges, such as �+. However, the specific energy level
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differences and the underlying mechanisms require further
investigation and calculations for confirmation.

To understand hyperon impurity effects in hypernuclei, we
compare density distributions of various hyperons. For neutral
hyperons � and �0 in 60Ca +� and 60Ca +�0, similar distri-
butions are observed due to similar single-hyperon energies.
However, Coulomb interactions cause the positively charged
�+ in 60Ca +�+ to have a depressed central density, while the
negatively charged �− in 60Ca +�− exhibits an elevated cen-
tral density. � and �− hyperons have similar central densities,
but the �− density distribution in 60Ca +�− is more diffuse
due to its shallower potential, suggesting a higher likelihood
of forming a hyperon halo.

In summary, our study reveals significant effects of hyper-
ons on neutron energy levels in hypernuclei, particularly the

�+ hyperon. These findings are important for understanding
the structure and properties of hypernuclei and provide valu-
able insights for future experimental and theoretical research.
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