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ΞN-ΛΛ coupling in S=−2 systems
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Ξ hypernuclei and double-Λ hypernuclei

5

Ξ hypernuclei double-Λ hypernuclei

Ξ capture in C, N, O (emulsion)

: E75 Phase-1 (2023)7Li → 7
ΞH

ΞN-ΛΛ 
conversion

weak 
decay

7
ΞH → 5

ΛΛH + n + n

The E75 experiment will bridge 
Ξ hypernuclei and double-Λ hypernuclei 

with ΞN-ΛΛ conversion.

: E70 (2023)12C → 12
ΞBe

 
reaction
(K−, K+)

: E75 Phase≧2 5
ΛΛH



Hiroyuki Fujioka (Tokyo Tech) / fujioka@phys.titech.ac.jp
Production of light Ξ-hypernuclei, 7ΞH /13

s-shell double-Λ hypernuclei
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Many theoretical calculations 
supports the existence of 

the  isodoublet  A = 5 ( 5
ΛΛH- 5

ΛΛHe)
L. Contessi et al., Phys. Lett. B 797, 134893 (2019) 

G. Meher and U. Raha, Phys. Rev. C 103, 014001 (2021) 
H. Li et al., Eur. Phys. J. A 57, 217 (2021) 

and references therein

J-PARC E75 Experiment 
will investigate .5

ΛΛH

H. Fujioka, T. Fukuda, E. Hiyama et al., J-PARC P75 Proposal 
https://j-parc.jp/researcher/Hadron/en/pac_1901/pdf/P75_2019-09.pdf
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Production and Decay of 5
ΛΛH
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7
ΞH

5
ΛΛH → 5

ΛHe + π−
pπ− ≈ 132ー135 MeV/c

Mass of  will be determined 
(decay pion spectroscopy)

5
ΛΛH

Cylindrical Detector System 
with a solenoid magnet 

and a time projection chamber 
(borrowed from LEPS/SPring-8 Gr.)

M. Uchida, Y. Taki, T. Tanaka (Tokyo Tech.)
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Characteristics of 7
ΞH ( = α + n + n + Ξ−)
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1. Close to the onset of Ξ binding

•Many calculations predict a bound state (next page) 
cf. A=4 NNNΞ: bound or unbound, depending on the ΞN interaction 
   E. Hiyama et al., Phys. Rev. Lett. 124, 092501 (2020) 
   H. Le et al., Eur. Phys. J. A 57, 339 (2021)

•suited to investigate αΞ interaction (Prof. Hiyama’s talk on Monday)

•simple level structure: probably only one bound state, no excited bound state

2. Limited decay modes
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Ξ binding energy
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339 Page 6 of 11 Eur. Phys. J. A (2021) 57 :339

(a)EN (4ΞH(1+, 0)) as a function of ω. (b)E(4ΞH(1+, 0)) as a function of N .

(c)BΞ(4ΞH(1+, 0)) as a function of N . (d)BΞ(4ΞH(1+, 0)) as a function of λY Y .

Fig. 2 a–c Binding energy E and Ξ separation energy BΞ for
4
Ξ H(1+, 0) computed with the YY-ΞN interaction NLO(500), SRG-
evolved to a flow parameter of λYY = 3.0 fm-1. For the NN interaction
the SMS N4LO+(450) potential [27] with λNN = 1.6 fm-1 is employed.
BΞ is measured with respect to the triton binding energy (which is
E(3H) = −8.5 MeV for the used NN interaction). a Solid lines and

symbols (with different colors) represent numerical results for different
model spaces N = 14 − 30, from top to bottom. The dashed lines are
obtained by using the ansatz Eq. (22) in [36]. b, c Horizontal (red) lines
with shaded areas indicate the converged results and the corresponding
uncertainties. d Dependence of BΞ (4

Ξ H(1+, 0)) on the flow parameter
λYY

Table 1 Ξ separation energies BΞ and estimated decay widths Γ for
A = 4 − 7 Ξ hypernuclei. All calculations are based on the YY-ΞN
interaction NLO(500) and the NN interaction SMS N4LO+(450). Both
potentials are SRG-evolved to a flow parameter of λNN = λYY =
1.6 fm-1. The values of BΞ in NNNΞ , 5

Ξ H and 7
Ξ H are measured with

respect to the binding energies of the core nuclei 3H, 4He and 6He,
respectively

BΞ [MeV] Γ [MeV]

4
Ξ H(1+, 0) 0.48 ± 0.01 0.74
4
Ξ n(0+, 1) 0.71 ± 0.08 0.2
4
Ξ n(1+, 1) 0.64 ± 0.11 0.01
4
Ξ H(0+, 0) – –
5
Ξ H( 1

2
+
, 1

2 ) 2.16 ± 0.10 0.19
7
Ξ H( 1

2
+
, 3

2 ) 3.50 ± 0.39 0.2

to the strong ΞN interaction. The Ξ− p Coulomb inter-
action contributes roughly 200, 600, and 400 keV to the
binding energies of NNNΞ , 5

Ξ H and 7
Ξ H, respectively.

Table 1 provides also an estimate of the corresponding
decay width Γ . These widths have been evaluated pertur-
batively by adapting the procedure followed by Hiyama et
al. [18,25]. Hiyama et al. have used the imaginary part of
the G matrix. Here, we employ the ΞN T -matrix in the 11S0
state from the original potential that includes the ΞN-ΛΛ

coupling [21] instead. Schematically the width amounts to
Γ " −2 Im 〈ΨBΞ |TΞN−ΞN |ΨBΞ 〉 and involves the perti-
nent hypernuclear wave function ΨBΞ and the (off-shell) ΞN
T -matrix at the sub-threshold energy corresponding to the
bound state. One can clearly see that the three states (1+, 0),
(0+, 1) and (1+, 1) in NNNΞ are only weakly bound, pos-
sessing quite similar BΞ ’s but substantially different decay
widths. Interestingly, our result for BΞ (NNNΞ(1+, 0)) is

123

H. Le et al., Eur. Phys. J. A 57, 339 (2021)
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narrow (<1MeV) bound state or not?



Hiroyuki Fujioka (Tokyo Tech) / fujioka@phys.titech.ac.jp
Production of light Ξ-hypernuclei, 7ΞH /13

Characteristics of 7
ΞH ( = α + n + n + Ξ−)

10

1. Close to the onset of Ξ binding

2. Limited decay modes
Double-L hypernuclear formation via a neutron-rich J state

Izumi Kumagai-Fuse and Yoshinori Akaishi
Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188, Japan

~Received 21 March 1996!

Conversion processes for J
7 H are discussed as a typical example of the double-L hypernuclear formation via

a neutron-rich J state. LL
5 H is formed with a surprisingly large branching ratio of about 90% from J

7 H that is
produced by the (K2,K1) reaction on the 7Li target. The J

7 H state has a narrow width, 0.75 MeV, and its
population can be confirmed by tagging K1 momentum. @S0556-2813~96!50507-8#

PACS number~s!: 21.80.1a. 21.45.1v. 25.80.Nv, 25.80.Pw

Recent hypernuclear studies have aroused much interest
in double strangeness (S522) systems. Several double-L
hypernuclei events and J atoms ~or nuclei! were reported in
an experiment at KEK using emulsion-counter hybrid tech-
niques @1#. Such double strangeness systems provide unique
information concerning the LL and JN interaction, which
is closely related to the existence of H-dibaryon @2# and is
awaited to deduce properties of strange hadronic matter @3#.
However, information from S522 systems is still very lim-
ited. One reason is the difficulty in identification of S522
hypernuclear species in emulsion events, and the other is a
lack of events themselves.
If an intense K2 beam is available, the (K2,K1) reaction

can sufficiently populate certain J-nuclear states, which be-
come doorway states to double-L hypernuclei. In this paper
a typical example of this line of producing double-L hyper-
nuclei is explored. The first step is to produce a narrow-
width bound J state using the 7Li(K2,K1)J

7 H reaction.
Then, the J2 particle interacts with a proton in the 6He
core, and they convert into two L particles. Our primary
concern is how large the branching to the double-L nuclear
formation is for the neutron-rich J-nucleus J

7 H.
The conversion processes of J

7 H are limited to the follow-
ing:

J
7 H!LL

5 H1n1n ;11 MeV, ~1!

!L
4 H1L1n1n ;7 MeV, ~2!

!L
4 H*1L1n1n ;6 MeV, ~3!

!
3H1L1L1n1n ;5 MeV. ~4!

To fix the Q values, we need knowledge of the binding en-
ergies ~BE! of J

7 H and LL
5 H. In the above equations, we

have tentatively assigned BE(J2 in J
7 H);2 MeV and BE

(LL in LL
5 H);6 MeV, which are estimated from a calcu-

lation of double-strange five-body systems by Myint et al.
@4#. The point is that the Q values become small for these
processes because the 28.33 MeV energy released due to
JN!LL conversion is almost exhausted in breaking the
a cluster in J

7 H. The three-body decay process in Eq. ~1!
would be favored by such small Q values, because the avail-
able phase space is less reduced than that for the four-body
and the five-body decays.

We apply distorted-wave Born approximation ~DWBA!
with a finite range J2p-LL interaction to calculate the con-
version widths. For the J2N channel, the LL channel, and
the J2p-LL coupling interactions we use the Shinmura po-
tential @5# determined so as to reproduce S matrices of the
Nijmegen model D potential @6# at low energies. The poten-
tial parameters are summarized in Table I.
For the J2N channel interaction, we multiply the repul-

sive part by a reduction factor f c due to short-range correla-
tions to obtain an effective interaction. We use the YNG
effective interaction for LN @7#, the parameters of which are
readjusted to reproduce the binding energies of L

4 H and
L
4 H*, and the NHN effective interaction for NN @8#.
Initial-state and final-state wave functions for the conver-

sion processes are constructed as follows. For the initial state
J
7 H, the five-body part without two neutrons ~‘‘J

5 H’’! is
firstly solved as a 3N-N-J2 three-body system within the
framework of the resonating group method. The total Hamil-
tonian is given by

H
J
5 H5(

i51

A

ti2Tc.m.1 (
i, jPN

v i j
NN1 (

iPN
jPJ

v i j
NJ1(

i, j
v i j
Coulomb ,

~5!

where t i and Tc.m. are kinetic energy operators of the ith
nucleon or the J2 particle and the center-of-mass motion of
the five-body system, respectively. The Coulomb interaction
for J2p and pp is taken into account, since it plays an
important role in binding J

5 H @4#. We employ a variational
method using a Gaussian basis with three rearrangement
channels in the Jacobi coordinate system ~CRCG method!
@9#. Secondly, wave functions for the remaining neutrons are
independently determined by solving the following equation
of J

5 H-n:

~T
J
5 Hn1V4He n1VJ2n2E !ucn&50, ~6!

where the potential is a sum of contributions from 4He and
J2. We use the Kanada potential @10# for 4He n , the param-
eter values of which are multiplied by 1.15 for the p3/2 po-
tential so as to reproduce one half of the two-neutron sepa-
ration energy in 6He. For J2 n , we regard the J wave
function as a simple ~0s! harmonic oscillator one, the size
parameter of which corresponds to the rms radius of the
J2 determined from the calculation of J

5 H. Then the J2n
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Only 4 decay modes kinematically allowed
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We investigate double ! hyperfragment formation from the statistical decay of double ! com-
pound nuclei produced in the "− absorption at rest in the light nuclei 12C, 14N, and 16O. We
examine the target and the !! bond energy dependence of the double ! hyperfragment forma-
tion probabilities, especially of those double hypernuclei observed in experiments. For the 12C
(14N) target, the formation probabilities of 6

!!He and 10
!!Be ( 13

!!B) are found to be reasonably
large as they are observed in the KEK-E373 (KEK-E176) experiment. By comparison, for the
16O target, the formation probability of 11

!!Be is calculated to be small with #B!! consistent
with the Nagara event. We also evaluate the formation probability of 5

!!H from a "−–6He bound
state, 7

"H.
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Subject Index D00, D25, D29, D33

1. Introduction
Formation of double ! hypernuclei (D!HN) from "− absorption in nuclei is of importance for
several reasons. "− absorption at rest in nuclei is the most efficient way to produce D!HN, and
uniquely identified D!HN [1–6] provide strong constraints on the !! interaction [7,8]. The strength
and density dependence of the !! interaction are the keys to solving the hyperon puzzle in neutron
star physics. Until now, four D!HN formation events have been uniquely identified, and more will
be found in the J-PARC-E07 experiment, where 104 "− absorption events in nuclei are expected to
be observed. Let us comment on these points in order.

The baryon–baryon interaction has been one of the central subjects in nuclear physics. Compared
with nucleon–nucleon interactions, hyperon–nucleon scattering data are much more scarce and
single ! hypernuclear data are also used to constrain the !N interaction. For the !! interaction,
there are theoretical predictions in the meson exchange model [9], the quark cluster model [10],
and lattice QCD calculations [11]. Experimentally, by comparison, it is not possible to perform
scattering experiments, and hence the binding energies of D!HN [1–6] and the correlation function
data from high-energy nuclear collisions [12–23] have been utilized to experimentally constrain the
!! interaction. While the correlation function technique has recently been applied to investigate
several hadron–hadron interactions [12–15], we need further theoretical and experimental studies to
constrain the interactions precisely [15–23].At present, the strongest constraint on the !! interaction

© The Author(s) 2020. Published by Oxford University Press on behalf of the Physical Society of Japan.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig. 9 Open channels including D⇤HN from 7
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⇤, in Ref. [38] (left) and in the model C

(right).
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the results without considering particle unstable nuclei in the decay processes and with the

channels and binding energies used in [38].

functions of the binding energy of ⌅� in 7
⌅H (solid curves). The ⌅� binding energy in 15

⌅ C

was evaluated from the twin hypernuclear formation in the Kiso event, ⌅� + 14N ! 15
⌅ C !

10
⇤ Be(⇤) + 5

⇤He, as B⌅ = 3.87± 0.21 MeV or 1.03± 0.18 MeV [36, 40]. These two values are

for decays to the ground state and the excited state of 10
⇤ Be. The binding energy would be

smaller in 7
⌅H, then the binding energy region of 0  B⌅  4 MeV would be enough.

The branching ratio Br(5⇤⇤H) increases with increasing B⌅, as expected, and takes values

between 43.6% (B⌅ = 0) and 57.8% (B⌅ = 4 MeV) in the B⌅ region of interest. These values

14/18

5
ΛΛH + 2n 4

ΛH(0+,1+) + Λ + 2nBR~50%
BR~90%

pnn ΛΛ
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Experimental setup
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in A = 12 must be deeper than 14 MeV.
Alternative idea could be that there exists one broad structure in the bound region; assuming such

a fit model the width was about 16 MeV and the peak position was still deep at around 7 MeV. Such a
large width is not expected in Ξ hypernuclei, and it is statistically significant of the two peak structure.
If the width is large, it means that the coupling through Ξ−p − ΛΛ is very strong.

4. Experimental Setup with S-2S Spectrometer

In this proposal, we propose to use the S -2S spectrometer for the 12C(K−,K+) reaction as in the
E05 pilot run which we described the analysis results. A schematic layout of the S − 2S spectrometer
for the J-PARC E05 experiment is shown in Fig. 9. The K− beam at 1.8 GeV/c available at the
K1.8 beam line is used for the production of Ξ hypernuclei. The production yield of the Ξ− in the
K− + p → K+Ξ− reaction has a maximum at 1.8 GeV/c in the forward region, which has been
confirmed also in the pilot run with two orders of magnitude better statistics. The incident momentum
is analyzed with a beam line spectrometer system composed of QQDQQ in the K1.8 beam line of the
J-PARC hadron experimental hall. The momentum resolution is designed to be 3.3×10−4 (FWHM).
We use the same detector system as in the pilot run listed in Table II.

1.37 GeV/c

1.8 GeV/c

Fig. 9. Schematic view of the S-2S spectrometer system.

Name configuration effective area (mm2) # of signal channels
BFT xx’ 160×80 160×2
BDC3,4 xx’uu’vv’ ×2 sets 192×150 64 x 6 x 2
BH1 11 segments 170×66 11×2
BAC 2 segments 100×100 ×50 4
BH2 7 segments 145×60 7×2

Table II. Specifications of the detectors in the K1.8 beam line.

9

S-2S spectrometer

cf. E70 experiment w/ S-2S 
Mr. Harada’s talk  (today, next session) 
and Dr. Gogami’s talk (tomorrow)

the same setup 
as for the E70 exp., 

except for 
the target 

(10g/cm2 Li target)
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 formation spectra7
ΞH
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E. Hiyama and T. Koike, private communication

H. Fujioka. T. Fukuda, E. Hiyama et al., E75 Phase-1 Proposal 
https://j-parc.jp/researcher/Hadron/en/pac_2001/pdf/P75_2020-02.pdf
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56-104 “bound ” events for 1-week measurement7
ΞH
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Summary and Outlook

13

•The J-PARC E75 experiment will investigate almost the lightest double 
strange nuclei,  and .

•  will be the lightest Ξ hypernuclei produced experimentally than ever. 
Probably it will be close to the onset of Ξ binding.

•Only four decay modes are allowed. Among them, a dominant decay mode 
into  will be utilized to produce  in future.

•We expect the missing-mass resolution of 3.5 MeV in FWHM with a thick 
target. Possible extension with a thinner target to improve the resolution?

7
ΞH 5

ΛΛH

7
ΞH

5
ΛΛH + 2n 5

ΛΛH


