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Introduction (1)

• Hypernuclear structure studies have been progressing steadily through
the K- and π-induced production reaction experiments, especially by the
recent γ-ray coincidence measurements with the large volume Ge detec-
tor. Moreover a series of recent (e, e′K+) reaction experiments from the
Jefferson Laboratory provide high-resolution data of the low-lying energy
levels for p-shell hypernuclei. These data are quite helpful in better under-
standing of hyperon-nucleon interactions, though the data are still limited
to about ten hypernuclear species.

• As the next stage of hypernuclear studies, new projects of high-intensity
and high-resolution (K−, π−γ) and (π+, K+γ) reaction experiments are be-
ing scheduled at the J-PARC facility. New experiments are also planned
at the Jefferson Laboratory.

• In order to meet these experimental projects, updated theoretical studies
are needed for prediction and/or comparison with the coming quality data.
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Introduction (2)

• In this talk we focus our attention on the interplay between the hyperon
motion and the nuclear core states.

• First, we discuss that the extended shell-model calculation is successful in
explaining the new peak observed in the 10B (e, e′K+) 10

Λ
Be experiment. It

is attributed to the lowering of pΛ (parallel) state due to the strong cou-
pling with α-α like nuclear core deformation as already known in the case
of 9
Λ

Be.
• Second, we will show the results of new calculations for an sd-shell hy-

pernuclear structure of 27
Λ

Mg, in which the even-even core nucleus 26Mg is
shown to have rotational bands. Thus we see coupling of the p

Λ
orbital and

the core deformation. For the 27Al (γ, K+) 27
Λ

Mg reaction, we also discuss
the DWIA cross-section spectra that are calculated with the microscopic
shell-model wave functions.
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Recent 10B (e, e′K+) reaction experiment done at the Jefferson Lab

The cross sections have been obtained with high resolusion.
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Recent experimental result
T. Gogami et al., PRC93, 034314 (2016)

Shell-model prediction
T. Motoba et al., PTPS117, 123 (1994)
• Core nucleus calculated with

conventional p-shell model
• Λ in s-orbit

This experiment has confirmed the major
peaks (#1, #2, #3, #4) predicted by the DWIA
calculations based on the normal-parity
nuclear core wave functions coupled with
a Λ-hyperon in s-orbit.

At the same time, the data also show an
extra subpeak (#a) which seem difficult to be
explained within the p-shell nuclear normal
parity configurations employed so far.
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Extension of the model space in the shell model (10

Λ
Be case)

Model space for 9Be core
(A) conventional → J−core (0s)4 (0p)5 (0p-0h, 0!ω)

(B) extended → J+core (0s)3 (0p)6 ⊕ (0s)4 (0p)4 (sd)1 (1p-1h, 1!ω)

Conventional model space for 10
Λ

Be

(I) J−core ⊗ 0sΛ ⇒ 10
ΛBe(J−) (II) J−core ⊗ 0pΛ ⇒ 10

ΛBe(J+)

Extension (1) 1p-1h (1!ω) core excitation is taken into account

(a) J−core ⊗ 0sΛ ⇒ 10
ΛBe(J−) (b) J−core ⊗ 0pΛ ⇒ 10

ΛBe(J+)

(c) J+core ⊗ 0sΛ ⇒ 10
ΛBe(J+) (d) J+core ⊗ 0pΛ ⇒ 10

ΛBe(J−)

Extension (2) Configrations mixed by ΛN interaction

J−core ⊗ 0sΛ ⊕ J+core ⊗ 0pΛ ⇒ 10
ΛBe(J−)

J−core ⊗ 0pΛ ⊕ J+core ⊗ 0sΛ ⇒ 10
ΛBe(J+)
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Configration mixing in 10

Λ
Be unnatural parity states

9
Be (J

 −
core) ⊗ Λ(0s)

9
Be (J

 −
core) ⊗ Λ(0p)

9
Be (J

 +
core) ⊗ Λ(0s)

9
Be (J

 +
core) ⊗ Λ(0p)

10

ΛBe (J
 −

)

10

ΛBe (J
 +

)

⇒

⇒

10

ΛBe (J
 −

)

10

ΛBe (J
 +

)⇒

⇒

9
Be (J

 −
core)

9
Be (J

 +
core)

Mixing

1!ω

1!ω

In the conventional shell model, only natural-parity nuclaer-core states (J−core)
are taken into account. Λ particle is in the 0s orbit in 10

Λ
Be(J−).

In 10
Λ

Be(J+), the energy difference between Λ(0s) and Λ(0p) is 1!ω, and
the energy difference between 9Be(J−core) and 9Be(J+core) is 1!ω.

By ΛN interaction, natural-parity nuclaer-core configurations and
unnatural-parity nuclaer-core configurations can be mixed.
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Results : Energy levels of 9Be and 10

Λ
Be
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Results : Energy levels of 10

Λ
Be (comparison with JLab experiments)
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New bump
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Results : Cross sections of the 10B (γ, K+) 10

Λ
Be reaction
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Recent experimental result
T. Gogami et al., PRC93, 034314 (2016)

DWIA calculation by using
Saclay-Lyon model A

Our calculation reproduces the
four major peaks (#1, #2, #3, #4).

Our new calculation explains the
new bump (a) as a sum of cross
sections of some J+ states.

The present calculation by using the
extended shell model configurations
can provide us with new positive-
parity-states at right position.
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Results : Configrations of J+ states corresponding to the new bump

Jπn (−BΛ[MeV]) [Jπcore] jΛ [Jπcore] jΛ [Jπcore] jΛ

XS [nb/sr]
2+3 (−0.739)

4.49
[3/2−1 ](p3/2 p1/2)Λ

82.5%
[5/2−1 ](p3/2 p1/2)Λ

15.8%
1+3 (−0.665)

4.97
[3/2−1 ](p3/2 p1/2)Λ

79.5%
[5/2−1 ]pΛ3/2

17.9%
2+4 (0.228)

1.43
[5/2+2 ]sΛ1/2

87.5%
[3/2−1 ](p3/2 p1/2)Λ

9.4%
[5/2−1 ](p3/2 p1/2)Λ

2.4%
2+5 (0.402)

9.89
[5/2+2 ]sΛ1/2

11.3%
[3/2−1 ](p3/2 p1/2)Λ

70.9%
[5/2−1 ](p3/2 p1/2)Λ

10.8%
3+2 (0.112)

6.15
[5/2+2 ]sΛ1/2

31.6%
[3/2−1 ]pΛ3/2

55.4%
[5/2−1 ](p3/2 p1/2)Λ

9.7%
3+3 (0.459)

2.43
[5/2+2 ]sΛ1/2

67.5%
[3/2−1 ]pΛ3/2

27.1%
[5/2−1 ](p3/2 p1/2)Λ

2.7%
The large mixing in four positive-parity states
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Splitting of p-state in the deformed nuclei

The bump in the cross sections of 10
Λ

Be will be explained by the splitting
of pΛ-state in the deformed core-nucleus.

En
er

gy

Deformation parameter δ

S. G. Nilsson, Mat. Fis. Medd. Dan. Vid. Selsk. 29 (1955) No. 16

Eigenvalues Ω of z-component of angular momentum operator and
parities are good quantum numbers in the Nilsson diagram.

p3/2 → Ωπ = 1/2−, 3/2−

The nucleon p3/2-state
splits into two orbital
states in the deformed
nuclei described by
the Nilsson model.
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Splitting of p

Λ
-state in the 9

Λ
Be hypernucleus

p⊥p⊥

p
∥

αα

αααα

n

Λ

Λ

9Be 9
Λ

Be

[p
−1

p
Λ
⊥]

[p
−1

p
Λ

//
]

In 9
ΛBe, it is well known that the pΛ-state splits into two orbital states expressed

by p⊥ and p//, which is due to the strong coupling with nuclear core deformation
having the α-α structure. T. Motoba et al., PTPS81, 42 (1985)

R. H. Dalitz, A. Gal, PRL36, 362 (1976); AP131, 314 (1981)
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The DWIA cross-sections of the 9Be (K−, π−) 9

Λ
Be reaction

 0

 200

 400

 600

 800

 1000

 1200

−15 −10 −5  0  5  10  15  20

g.s.

9Be (K−, π−) 9
Λ

Be

Hypernuclear Energy E
Λ

(MeV)

C
ro

ss
S

ec
ti

o
n

d
2
σ
/d
Ω

d
E

(µ
b
/s

r/
M

eV
) pL
K = 0.72 GeV/c, θLπ = 2◦

p⊥p⊥

p
∥

αα

αααα

n

Λ

Λ

9Be 9
Λ

Be

[p
−1

p
Λ
⊥]

[p
−1

p
Λ

//
]

pΛ//

pΛ//

pΛ⊥

pΛ⊥

T. Motoba et al., PTPS81, 42 (1985)

Our results

Our new results are good agreement with the cluster-model calculation, and show the pΛ//- and pΛ⊥-states.
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Cross sections of 9Be (K−, π−) 9

Λ
Be and 9Be (π+, K+) 9

Λ
Be reactions

R. Bertini et al. (H-S-S Collaboration),
NPA368, 365 (1981)

O. Hashimoto, H. Tamura,
PPNP57, 564 (2006)
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Fig. 14. Calculated energy levels of 9
ΛBe for three cluster configurations. A band corresponding to genuine

hypernuclear states appears as an α − α − Λ(pΛ) configuration. The 9
ΛBe spins before the Λ spin is coupled are

shown [3].

Fig. 15. Excitation spectrum of 9
ΛBe measured using the (π+, K+) reaction with the SKS spectrometer system.

p∥
Λ hyperon to the core of 8Be 1− and 3−. Previously, the BNL exploratory 9

ΛBe spectrum
suggested the excitation of the predicted genuine hypernuclear states [20]. The present
spectrum confirms and clearly establishes the existence of these states.

In addition, structure is observed at about EX = 15 MeV. It can be considered as an α
cluster excitation of the core nucleus, as was predicted in the recent cluster calculations of
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In the (π+,K+) production, the peak #3 is explained by the pΛ//-state in the present extended shell model.
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Splitting of p

Λ
-state in the 10

Λ
Be and 10

Λ
B hypernuclei (1)
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In the (K−, π−) reaction, the
large peak at EΛ = 4.4 MeV is
a p-substitutional state via the
pN

3/2 → pΛ3/2, which is strongly
excited by recoilless reaction.

The small peak at EΛ = 0 MeV
corresponds to the new bump and
is explained as a mixture of sΛ and
pΛ states.

The large peak at EΛ = 4.4 MeV
in 10
ΛBe corresponds to the [p−1 pΛ⊥]

state in 9
ΛBe (9Be analog state).

The small peak at EΛ = 0 MeV
in 10
ΛBe corresponds to the [p−1 pΛ//]

state in 9
ΛBe.
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Splitting of p

Λ
-state in the 10

Λ
Be and 10

Λ
B hypernuclei (2)
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FIG. 2. Binding energy spectrum of 10
! Be. A distribution of an

accidental coincidence between an e′ and a K+ was obtained by the
mixed event analysis as described in the text.

by the mixed event analysis. This analysis reconstructs the
missing mass with a random combination of e′ and K+ events
in each spectrometer acceptance in an off-line analysis. The
method gives the accidental-coincidence spectrum with higher
statistics as much as we needed to reduce the effect of statistical
uncertainty enough when the accidental-coincidence spectrum
was subtracted from the original missing mass spectrum in the
further analysis.

The quasifree ! (− B! ! 0) spectrum was assumed to
be represented by a third-order polynomial function con-
voluted by a Voigt function (convolution of Lorentz and
Gauss functions) having the experimental energy resolution.
The accidental coincidence and quasifree ! spectra were
subtracted from the original binding energy spectrum, and a
test of statistical significance (= S/

√
S + N ) was performed

to find peak candidates.
Figure 3 shows the binding energy spectrum with the

ordinate axis of (dσ/d#K ), as defined by Eq. (2). A fitting
result by Voigt functions for peak candidates with statistical
significance of !5σ are also shown in the figure. The peak
candidates are labeled #1, #2, #3, and #4, and are identified as
candidates of hypernuclear states.

The enhancements between peaks #3 and #4 are considered
to be several states and were included by fitting with a shape
having a broader width (indicated as ain Fig. 3). The FWHMs
of the Voigt functions for peaks of #1–#4 and awere found to
be 0.78 and 2.87 MeV, respectively. The 0.78 MeV (FWHM)
resolution is almost three times better than the measurement
of its mirror ! hypernucleus, 10

! B measured at KEK (2.2 MeV
FWHM) using the (π+,K+) reaction [31]. The fitted results
are summarized in Table I as Fit I. The statistical error is given
in the results.

Figure 4 shows the measured excitation energy levels
(Fit I), the theoretical calculations of 10

! Be [23,32–34], and the
experimental results for 9Be [35] and 10

! B [31]. The differential
cross section of each state for the 10B(γ ∗, K+) 10

! Be reaction
relates to that of a spectroscopic factor (C2S) of the proton
pickup reaction from 10B. The C2S of 10B(e,e′p) 9Be are

0

2

4

6

8

-10 -8 -6 -4 -2 0 2 4 6

0 5 10

dσ
/d
Ω

K  
p

er
 0

.3
 M

eV
 [

n
b

/s
r]

EΛ [MeV]

-BΛ [MeV]

JLab E05-115JLab E05-115
1010B(e,e’KB(e,e’K+)1010

ΛBeBe

#1 #2

#4

#3 a

(Fit I)(Fit I)

FIG. 3. Binding energy (B!) and excitation energy [E! ≡
− (B! − B!(#1))] spectra for the 10B(e,e′K+) 10

! Be reaction with a
fitting result of Fit I. The ordinate axis is (dσ/d#K ) per 0.3 MeV.

reported in [35], and they are 1.000,0.985,0.668, and 1.299 for
J π = 3/2− , 5/2− , 7/2−

1 , and 7/2−
2 states in 9Be, respectively.

Comparing energy levels and the differential cross sections
of hypernuclear states (Table I) with energy levels of 9Be
(Fig. 4) and C2S of 10B(e,e′p) 9Be, peaks #1, #2, #3, and #4,
respectively, correspond to J π = 3/2− , 5/2− , 7/2−

1 , and 7/2−
2

states in 9Be. In the theoretical predictions of 10
! Be energy

levels shown in Fig. 4, the states of 0− , 1− ( 9Be[J π ; Ex ] ⊗
j! = [1/2− ; 2.78 MeV] ⊗ s!

1/2) and 0+, 1+ ( 9Be[J π ; Ex ] ⊗
j! = [1/2+; 1.68 MeV] ⊗ s!

1/2) are predicted to be above the
2− , 3− states ( 9Be[J π ; Ex ] ⊗ j! = [5/2− ; 2.43 MeV] ⊗ s!

1/2)
by about 1 MeV. There might be a possibility that these
states are at around 1 MeV above peak #2, assuming peak
#2 corresponds to the 2− and 3− states. Thus, a fitting with
an additional peak function (labeled as b) with a width of
0.78 MeV (FWHM) around 1 MeV above peak #2 was also
performed, and the fitting result is shown in Table I (labeled
as Fit II) and Fig. 5.

A systematic error on the cross section come from un-
certainties of trigger efficiency, analysis efficiencies such as
tracking and event selection, correction factors such as the
solid angle of the spectrometer system and K+ decay factor,
and so on. A square root of the sum of squares of these
uncertainties was obtained to be 9%, and it is used as the
systematic error on the differential cross section. Obtained
differential cross sections of peaks #4 and a depend on the
assumption of quasifree ! distribution in the fitting. We
tested usages of lower-order polynomial functions (first and
second orders) for the quasifree ! events in order to estimate
additional systematic errors for peaks #4 and a. As a result,
the differential cross sections for peaks #4 and awere changed
by " + 5% and " + 41%, respectively, although the others
were not changed within the statistical errors. Therefore, the
systematic errors on the differential cross sections for peaks #4
and awere estimated to be (+10%/− 9%) and (+42%/− 9%),
respectively. It is noted that in the test, the obtained peak means

034314-4

CONCLUDE:
αα-like core deformation causes
splitting of pΛ-states, then low-
energy pΛ// can mix with sΛ-states.

[9Be(J−) × Λ(p//)] + [9Be(J+) × Λ(s)]

These parity-mixed wave functions
at EΛ = 0 MeV can explain the extra
peak #a.
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Model space for sd-shell hypernuclei

We applied this extended model to sd-shell hypernuclei.

Core nucleus 26Mg

J+core (0!ω) = (16O)(sd)10, J−core (1!ω) = (16O)(0p)−1(sd)11

Λ hyperon

0s(0!ω), 0p(1!ω), sd(2!ω)

6 type configuration sets for 27
ΛMg(J)

J+core ⊗ Λ(0s)→ J+ (0!ω) J−core ⊗ Λ(0s)→ J− (1!ω)
J+core ⊗ Λ(0p)→ J− (1!ω) J−core ⊗ Λ(0p)→ J+ (2!ω)
J+core ⊗ Λ(sd)→ J+ (2!ω) J−core ⊗ Λ(sd)→ J− (3!ω)

For sd-shell hypernucleus 27
ΛMg, we will show the first stage calculation within

each of the configuration-diagonal spaces for the positive-parity core states.

17
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Results : Energy levels of 26Mg and 27

Λ
Mg
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The energy spacings of doublets with the 2+1 and 2+2 core nuclei are narrow.
← The 2+1 and 2+2 core are states with spin S = 0 of rotational bands.
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Results : Rotational bands in 26Mg (1)
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19

Atsushi UMEYA
+

Atsushi UMEYA




HADRON 2023 Jun. 6, 2023
Results : Rotational bands in 26Mg (2)
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FIG. 1. Energy levels of 26Mg and 10Be. (a) Calculated 26Mg lev-
els of the Kπ = 0+

1 ground and Kπ = 2+ side bands compared with
the experimental levels. In the experimental spectra, candidate states
for 3+ and 4+ states of band members are shown. (b) Calculated 10Be
levels [46] of the Kπ = 0+

1 ground, Kπ = 2+ side, Kπ = 0+
2 cluster,

and Kπ = 1− cluster bands are shown together with the observed
energy levels. The experimental data are from Refs. [52,53].

references therein). Similarly to 26Mg, the 2+
1 and 2+

2 states
of 10Be are built on the prolate deformation and expected
to have different isospin characters. Indeed, in Ref. [32],
one of the authors (Y.K-E.) has discussed the 2+

1 and 2+
2

excitations of 10Be and predicted the neutron dominance in the
2+

2 excitation. We also aim to predict inelastic cross sections
to cluster excitations of 10Be.

In the present MCC calculations, the nucleon-nucleus
potentials are microscopically derived by folding the Mel-
bourne g-matrix NN interaction with diagonal and transition

TABLE I. Calculated rms radii of proton (Rp), neutron (Rn), and
matter (Rm) distributions of 26Mg and 10Be [46]. The experimental
values of Rpof the ground state are determined from the experimental
charge radii [54].

AMD expt.
AZ (Jπ ) band Rp (fm) Rn (fm) Rm (fm) Rp (fm)

26Mg(0+
1 ) Kπ = 0+

1 3.10 3.14 3.12 2.921(2)
26Mg(2+

2 ) Kπ = 2+ 3.12 3.15 3.14
10Be(0+

1 ) Kπ = 0+
1 2.50 2.56 2.54 2.22(2)

10Be(2+
2 ) Kπ = 2+ 2.60 2.73 2.68

10Be(0+
2 ) Kπ = 0+

2 2.92 3.17 3.07
10Be(1−

1 ) Kπ = 1− 2.75 2.93 2.86

densities of target nuclei, which are obtained from micro-
scopic structure models. The α-nucleus potentials are ob-
tained by folding the nucleon-nucleus potentials with an α
density. The MCC approach with the Melbourne g-matrix
NN interaction has successfully described the observed cross
sections of pand α elastic and inelastic scattering off various
nuclei at 40–300 MeV of p energies and 100–400 MeV of
α energies [33–39]. In our recent works [40–43], we have
applied the MCC calculations by using matter and transition
densities of target nuclei calculated by a structure model of
antisymmetrized molecular dynamics (AMD) [30,44–46] and
investigated transition properties of low-lying states of various
stable and unstable nuclei via pand α inelastic scattering. One
of the advantages of this approach is that one can discuss
inelastic processes of different hadronic probes, p and α,
in a unified treatment of a microscopic description. Another
advantage is that there is no phenomenological parameter in
the reaction part. Since one can obtain cross sections at given
energies for given structure inputs with no ambiguity, it can
test the validity of the structure inputs via p and α cross
sections straightforwardly.

In this paper, we apply the MCC approach to p and α
scattering off 26Mg and 10Be using the AMD densities of the
target nuclei, and investigate isospin characters of inelastic
transitions of 26Mg and 10Be. Particular attention is paid
to transition features of the ground-band 2+

1 state and the
side-band 2+

2 state. We also give a theoretical prediction of
inelastic cross sections to cluster states of A = 10 nuclei of
the 10Be +p, 10Be +α, and 10C +preactions.

The paper is organized as follows. The next section briefly
describes the MCC approach for the reaction calculations of
p and α scattering and the AMD framework for structure
calculations of 26Mg and 10Be. Structure properties of 26Mg
and 10Be are described in Sec. III and transition properties
and pand α scattering are discussed in Sec. IV. Finally, the
paper is summarized in Sec. V.

II. METHOD

The reaction calculations of p and α scattering are per-
formed with the MCC approach as done in Refs. [40–42]. The
diagonal and coupling potentials for the nucleon-nucleus sys-
tem are microscopically calculated by folding the Melbourne
g-matrix NN interaction [33] with densities of the target
nucleus calculated by AMD. The α-nucleus potentials are
obtained in an extended nucleon-nucleus folding model [38]
by folding the nucleon-nucleus potentials with an α density
given by a one-range Gaussian form. In the present reaction
calculations, the spin-orbit term of the potentials is not taken
into account to avoid complexity as in Refs. [42,43]. It should
be stressed again that there is no adjustable parameter in
the reaction part. Therefore, nucleon-nucleus and α-nucleus
potentials are straightforwardly obtained from given structure
inputs of diagonal and transition densities. The adopted chan-
nels of the MCC calculations are explained in Sec. IV.

The structure calculation of 10Be has been done by AMD
with variation after parity and total angular momentum pro-
jections (VAPs) in Ref. [46]. The diagonal and transition
densities obtained by AMD have been used for the MCC

014607-2

Results in the AMD calculation and the experiment
Y. Kanada-En’yo, Y. Shikata, Y. Chiba, K. Ogata,
Phys. Rev. C 102, 014607 (2020)
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Λ coupling with rotational bands
In the hypernuclear states consisting of a rotor core with S = 0 and a Λ(0s) hyperon, a spin-spin ΛN
interaction cannot contribute to energy.

⟨ (LS=0)Jcore ⊗ Λ(0s) |Vσ(σN · σΛ) | (LS=0)Jcore ⊗ Λ(0s) ⟩ = 0

Thus, the doublet states with the pure rotor core are degenerate.

The low-lying negative-parity states show an admixture of theΛ(0p) configurations coupled with nuclear
core states having Jcore and Jcore ± 2. The mixing amplitude is large for the deformed core.

← It is suggested by the study for 145–155
Λ

Sm by using a covariant density functional theory.
H. Mei, K. Hagino, J.M. Yao, T. Motoba, Phys. Rev. C 96, 014308 (2017)

core

0+

Λ(0p)orbital

J = L
S = 0

mixing
for deformed corel = 1
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1−

1−

2−

3−

1−
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Λ(0p)spin

s = 1/2
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3/2−

26Mg 26
ΛMg

21

Atsushi UMEYA


Atsushi UMEYA
27



HADRON 2023 Jun. 6, 2023
Results : Configurations of the several states of 27

Λ
Mg

state Ex EΛ configuration percentage

[MeV] [MeV] 26Mg ⊗ Λ [%]

1/2+g.s. 0.000 −17.000 0+g.s. ⊗ 0sΛ1/2 99

5/2+1 1.932 −15.068 2+1 ⊗ 0sΛ1/2 99

3/2+1 1.935 −15.065 2+1 ⊗ 0sΛ1/2 99

1/2− 10.615 −6.385 0+g.s. ⊗ 0pΛ1/2 70

2+1 ⊗ 0pΛ3/2 28

3/2− 10.685 −6.315 0+g.s. ⊗ 0pΛ3/2 68

2+1 ⊗ 0pΛ3/2 15

2+1 ⊗ 0pΛ1/2 15
The mixing amplitudes are large for the negative parity states, which have the deformed core.
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Results : Cross sections of the 27Al (γ, K+) 27

Λ
Mg reaction (1)
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Results : Cross sections of the 27Al (γ, K+) 27

Λ
Mg reaction (2)
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3/2− (EΛ = −6.315 MeV)

26Mg(0+g.s.)⊗Λ(0p3/2)
√

0.683
26Mg(2+1 ) ⊗Λ(0p3/2)

√
0.148

26Mg(2+1 ) ⊗Λ(0p1/2) −
√

0.147

3/2− (EΛ = −2.881 MeV)
26Mg(0+g.s.)⊗Λ(0p3/2) −

√
0.196

26Mg(2+1 ) ⊗Λ(0p3/2) −
√

0.255
26Mg(2+1 ) ⊗Λ(0p1/2)

√
0.206
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Summary
We have calculated the energy levels and the production cross sections for
the 10

ΛBe and 27
ΛMg hypernuclei by using the shell-model wave functions.

• Strong coupling between p-state Λ and core deformation is realized in
10
ΛBe and 27

ΛMg.
• In these nuclei, pΛ-state splits into pΛ// and pΛ⊥.
• In 10

ΛBe, the lower pΛ// comes down in energy and [9Be(J−)×Λ(p//)] couples
easily with [9Be(J+) × Λ(s)].
• In the energy levels of and 27

ΛMg, the energy spacings of doublets with the
2+1 and 2+ core nuclei are narrow because these core are states with spin
S = 0 of rotational bands.
• In 27

ΛMg, the low-lying negative-parity states show an admixture of the
Λ(0p) configurations coupled with nuclear core states having 0+ and 2+,
which are deformed.
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Results : Spectroscopic factors of the pickup reaction, 10B → 9Be
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Results : Cross sections of the 10B (γ, K+) 10

Λ
Be reaction

10B(γ,K +) Λ10Be　Excitation Energies and Cross Sections  (Summary)

Eγ = 1.5 GeV EXP = T. Gogami et al, PRC93 (2016)
9Be (Ji) Λ

10Be (Jk)  CAL θ = 7 deg EXP Fit I
Ji Ei (exp) Ei (cal) Jk Ex −BΛ dσ/dΩ exp Ex −BΛ dσ/dΩ

C2S C2S [MeV] [MeV] [nb/sr] peak [MeV] [MeV] [nb/sr]
3/2− 0.000 0.000 1− 0.000 −8.600 9.609 21.62 #1 0.00 −8.55±0.07 17.0±0.51.0(rel) 1.0(rel) 2− 0.165 −8.435 12.008

5/2− 2.429 2.644 2− 2.712 −5.888 11.654 21.05 #2 2.78±0.11 −5.76±0.09 16.5±0.50.958 1.020 3− 2.860 −5.740 9.391

7/2− 6.380 6.189 3− 6.183 −2.417 7.625 21.13 #3 6.26±0.16 −2.28±0.14 10.5±0.30.668 0.942 4− 6.370 −2.230 13.505

2+(3) 7.807 −0.793 4.495 9.46

#a 8.34±0.41 −0.20±0.40 23.2±0.7

1+(3) 7.935 −0.665 4.968
3+(2) 8.712 0.112 6.150

19.91 
(29.37)

2+(4) 8.828 0.228 1.431
2+(5) 9.002 0.402 9.893
3+(3) 9.059 0.459 2.434

7/2− 11.283 10.241 3− 10.105 1.505 3.913 21.90 #4 10.83±0.10 2.28±0.07 17.2±0.51.299 1.355 4− 10.455 1.855 17.985
1+(5) 10.828 2.228 4.598 29.54  

(51.44)4+(3) 11.318 2.718 11.185
3+(5) 11.543 2.943 13.759

 1
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Parity-mixing and the new bump

E E

pure sΛ-state with 1p-1h nuclear core

parity mixing by
ΛN-interaction

pure pΛ-state with 0p-0h nuclear core mixed states

Without parity-mixed ΛN-interaction With parity-mixed ΛN-interaction

no cross section
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Results : Spectroscopic factors of proton pickup reaction from 27Al
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