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Abstract. The features of the new interaction model ESC08 inΛN, ΣN andΞN channels are demonstrated by
the partial wave contributions to single hyperon potentialsUY (Y = Λ,Σ, Ξ) in nuclear matter on the basis of the
G-matrix theory.Ξ hypernuclei are studied with theΞN G-matrix interactions derived from ESC08.

1 Introduction

The properties of baryon many-body systems, which con-
tains not only nucleons but also hyperons with strangeness,
link closely to the underlying hyperon(Y)-nucleon(N) in-
teractions. As demonstrated in our previous works [1] [2],
it is very important to test theYN interaction models in
analyses of various hypernuclear phenomena. For such a
purpose the G-matrix theory is very convenient. The fea-
tures of free-spaceYN interactions are related to the prop-
erties of hypernuclei through the corresponding G-matrix
interactions. These G-matrix interactions are considered as
effective interactions used in the model spaces. Thus, the
hypernuclear phenomena and the underlyingYN interac-
tion models are linked through the models of hypernuclei.

SU(3)-invariant interaction models give useful guid-
ance toward an entire picture of strong interactions among
octet baryons. Epoch-making development for such an ap-
proach has been accomplished by the Extended Soft Core
(ESC) models, in which two-meson and meson-pair ex-
changes are taken into account explicitly and no effective
boson is included differently from the usual one-boson ex-
change models. Recently, Th.A. Rijken, M.M. Nagels and
Y.Y. have proposed the latest version the ESC08 [3]. In
the parameter fitting of ESC08, the G-matrix results were
used as an important guidance to impose constraints so
that the resulting interaction model was consistent with
the hypernuclear properties and especially gave the attrac-
tiveΞN sector substantially. The two versions ESC08a and
ESC08b have been proposed. In this report, first the fea-
tures of the ESC08 model inΛN, ΣN andΞN channels are
demonstrated by the partial wave contributions to single
hyperon potentialsUY (Y = Λ, Σ, Ξ) in nuclear matter on
the basis of the G-matrix theory. Next, as an application of
the attractiveΞN G-matrix interaction, someΞ hypernu-
clei are studied with the four-body cluster models.
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2 Λ, Σ and Ξ in nuclear matter

Here, we demonstrate the properties of theΛN, ΣN and
ΞN G-matrix interactions derived from ESC08a/b. For sim-
plicity, here, the G-matrix equations are solved with the
QTQ prescription (Gap choice), where no potential term is
taken into account in intermediate propagations of corre-
latedYN pairs. A two-particle state with isospin (T ), spin
(S ), orbital and total angular momenta (L andJ) is repre-
sented as2T+1,2S+1LJ . An isospin quantum number is often
omitted, when it is evident.

Table 1. UΛ(ρ0) and partial wave contributions in2S+1LJ states.

1S 0
3S 1

1P1
3P D UΛ

08a −12.7 −22.2 3.0 −2.1 −1.6 −35.6
08b −12.3 −19.7 2.7 −2.9 −1.7 −34.0
04a −13.7 −20.5 0.6 −3.8 −1.0 −38.5
97f −14.3 −22.4 2.4 3.8 −1.2 −31.8

In Table 1 we show the potential energiesUΛ for a
zero-momentumΛ and their partial-wave contributions at
normal densityρ0 (kF=1.35 fm−1). Hereafter, a statisti-
cal factor (2T + 1)(2J + 1) is included in each2S+1LJ

contribution. The3P contribution means the sum of3PJ

(J = 0, 1, 2) contributions, and theD contribution does
the sum of1D2 and 3DJ contributions. The obtained re-
sults for ESC08a/b are compared with those for ESC04a
[1] and NSC97f [2]. In the Tables, ESC08a/b, ESC04a
and NSC97f are denoted as 08a/b, 04a and 97f, respec-
tively. TheS -state contributions in ESC08a (ESC08b) are
found to be comparable to (slightly less attractive than)
those in ESC04a and NSC97f. TheP-state contributions in
ESC08a/b are very similar to each other, and they are less
attractive than those in ESC04a. On the other hand, those
in NSC97f are repulsive contrastively to the ESC models.

The spin-dependent features of theΛN G-matrix in-
teractions are very important, because they are tested by
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indications from hypernuclear data. The contributions to
UΛ from S -state spin-spin components can be seen quali-
tatively in values ofUσσ = (UΛ(3S 1)−3UΛ(1S 0))/12. Var-
ious analyses suggest that the reasonable value ofUσσ(ρ0)
is between those of NSC97e and NSC97f, which are 1.05
and 1.70 MeV, respectively [2]. The obtained values for
ESC08a and ESC08b are 1.32 and 1.44 MeV, respec-
tively: It turns out that theS -state spin-spin components
of ESC08a/b are of nice strengths.

Table 2. UΣ(ρ0) and partial wave contributions.

T 1S 0
3S 1

1P1
3P D UΣ

08a 1/2 11.3 −23.9 2.3 −6.0 −0.7
3/2 −11.7 44.8 −7.2 4.9 −0.2 +13.4

08b 1/2 10.3 −26.2 2.5 −7.4 −0.8
3/2 −10.6 52.7 −6.2 6.3 −0.1 +20.3

04a 1/2 11.6 −26.9 2.4 −5.7 −0.8
3/2 −11.3 2.6 −6.8 −1.5 −0.2 −36.5

97f 1/2 14.9 −8.3 2.1 −1.6 −0.5
3/2 −12.4 −4.1 −4.1 1.1 −0.1 −12.9

In Table 2 we show the potential energiesUΣ(ρ0) and
the partial wave contributions. It should be noted here that
the strongly repulsive values ofUΣ can be obtained for
ESC08a/b. Contrastively, theUΣ values for all NSC and
ESC models are attractive [1] [2]. In the case of the quark-
cluster models, the repulsive nature ofUΣ is due to the
existence of almost Pauli-forbidden states inT = 1/2 1S 0
andT = 3/2 3S 1 states, where the latter contribution with
the large statistical weight is distinctly important for the
repulsive value ofUΣ . On the other hand, in the conven-
tional Nijmegen soft-core models (NSC, ESC), the repul-
sive cores are given by pomeron andω meson exchanges
etc., which are of similar strengths in all channels. In the
case of ESC08 modeling, the above excellent feature of
the quark-cluster model is taken into account phenomeno-
logically by strengthening the pomeron coupling in these
states. Then, it should be noted that the contributions in the
T = 3/2 3S 1 states for ESC08a/b are remarkably repul-
sive contrastively those for ESC04a and NSC97f, as found
in Table 2. Experimentally, the repulsiveΣ-nucleus poten-
tials are suggested in the observed (π−,K−)spectra [4]. It
is quite interesting that the repulsive values ofUΣ can be
realized under the specific modeling for the core part of the
YN interaction.

In Table 3 we show the potential energiesUΞ(ρ0) and
the partial wave contributions for ESC08a/b and ESC04d,
where theUΞ values are found to be substantially attrac-
tive in the cases of ESC08a/b and ESC04d. However, the
partial-wave contributions toUΞ are distinctly different
from each other: In the case of ESC08a/b (ESC04d), the at-
tractive contributions toUΞ are dominated by those in the
T = 1 (T = 0) 3S 1 state. As discussed in Ref.[1], the strong
T = 0 3S 1-state attraction in ESC04d is because the con-
tributions of vector and axial-vector meson exchanges are
strongly cancelled in this channel. The strongT = 1 3S 1-
state attractions in ESC08a/b are caused by the strongΞN-

Table 3. UΞ(ρ0) and partial wave contributions. Conversion width
ΓΞ.

T 1S 0
3S 1

1P1
3P UΞ ΓΞ

08a 0 6.0 −1.0 −0.3 −2.1
1 8.5 −28.0 0.6 −3.8 −20.2 5.8

08a’ 0 5.6 −1.1 −0.3 −2.2
1 8.4 −21.5 0.6 −3.9 −14.5 7.0

08b 0 2.4 1.9 −0.6 −2.0
1 9.1 −37.8 0.6 −5.4 −31.8 1.2

04d 0 6.4 −19.6 1.1 −2.2
1 6.4 −5.0 −1.0 −4.8 −18.7 11.3

ΛΣ-ΣΣ coupling interactions, where these strengths come
from the pair terms dominantly. TheΞN-ΛΣ-ΣΣ triplet in
theT = 1 state belongs to the baryon-baryondecuplet-state
{10∗} together with theT = 0 np andT = 1/2ΛN-ΣN pair.
It is interesting that theΞN-ΛΣ-ΣΣ coupling tensor inter-
actions in ESC08a/b work similarly with thenp andΛN-
ΣN tensor interactions. If these coupling interactions are
switched off, theT = 1 3S 1-state contributions become re-
pulsive. The calculated values of conversion widthsΓΞ(ρ0)
are also given in Table 3, the contributions of which come
dominantly from theΛΛ-ΞN-ΣΣ coupling interactions in
T = 0 1S 0 states. Here, it is found that the values ofΓΞ for
ESC08a/b are substantially smaller than that for ESC04d.

3 Some Ξ-bound systems

Though there is almost no experimental information for
ΞN interactions, the BNL-E885 experiment [5] indicates
that aΞ single particle potential in11B core is given by
the attractive Wood-Saxon potential with the depth∼ −14
MeV (called WS14). It is found that the values ofUΞ(ρ0)
for ESC08a/b in Table 3 are rather more attractive than
this WS depth, though the latter should not be compared
strictly with the former quantities. Here, we modify ESC08a
so as to be comparable to WS14 by weakening artificially
theΞN-ΛΣ-ΣΣ coupling interaction in theT = 1 3S 1 state.
This version is denoted as ESC04a’ in Table 3. TheUΞ
value−14.5 MeV for ESC08a’ is noted to be very simi-
lar to the depth of WS14. In the present calculations, the
results for ESC08a’ are compared with those for ESC04d.
Then, also ESC04d is modified so as to be consistent with
WS14 according to the way given in Ref. [6].

For applications to finiteΞ systems, the obtained com-
plex ΞN G-matrix interactions are represented askF-
dependent local potentials

G(±)
TS (r, kF) =

3∑

i=1

(ai + bikF + cik
2
F) exp (−r2/β2

i ) , (1)

wherekF is a Fermi momentum of nuclear matter. The suf-
fices (+) and (−) specify even and odd, respectively. The
interaction parameters (ai, bi, ci andβi) of the G-matrix in-
teraction for ESC08a’ are tabulated in Table 4. When this
G-matrix interaction is applied to finiteΞ systems, thekF
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Table 4. The G-matrix interaction for ESC08a’ represented as
G(kF ; r) =

∑
i(ai + bikF + cik2

F ) exp−(r/βi)2.

βi 0.50 0.90 2.00
T = 0

a 0.0 −602.4−407.3i −2.623
1E b 0.0 1049.+554.9i 0.0

c 0.0 −353.1−239.0i 0.0
a 979.6 −258.8 2.316

3E b −403.1 143.2 −3.130
c 121.4 −38.44 1.130
a 1421. 11.40 −6.242

1O b −463.3 39.38 −.05188
c 193.5 −10.55 −.03506
a 0.0 −1025.−339.8i −2.102

3O b 0.0 1431.+536.0i 0.0
c 0.0 −543.2−214.1i 0.0

T = 1
a 107.5 −21.49 1.944

1E b 11.18 74.69 −2.846
c 47.40 −22.49 .9266
a −975.0 40.25 −2.372

3E b 1910. −250.5 .9788
c −725.8 105.1 −.4299
a 1455. −151.0 1.351

1O b −1900. 205.8 −1.054
c 731.8 −63.80 .2674
a 889.9 −118.8 −1.679

3O b 498.1 5.448 −.1027
c −235.1 5.584 −.0013

parameters should be taken so as to agree with their ade-
quate values in respective systems. It is difficult, however,
to perform this procedure strictly in the present case, be-
cause of no experimental information onΞ hypernuclei. It
is inevitable here to choose thekF values rather arbitrar-
ily in a reasonable region (0.8 ∼ 1.2 fm−1 in light p-shell
systems).

In Ref. [6], the 7
Ξ−

H and 10
Ξ−

Li systems were studied
with use of theαnnΞ− andααnΞ− four-body cluster mod-
els, which can be produced by the (K−,K+) reaction on
7Li and 10B targets, respectively. In this previous work,
theΞN G-matrix interactions were derived from ESC04d
and the Nijmegen hard-core model D, from which theΞ-
α interactions were obtained by the folding procedures. In
the same framework, the calculations are performed with
theΞN G-matrix interaction for ESC08a’, and the results
are compared with those for ESC04d. In calculations, it
is inadequate to use the G-matrix interaction forΞn parts
in the four-body models, because the degrees of freedom
are fully taken into account forn andΞ: We use a simple
single-channelΞn interaction, as explained in Ref. [6].

Table 5 gives the calculated values of theΞ− binding
energiesBΞ− and the conversion widthsΓΞ− for an αΞ−

ground state, where the same value 0.9 fm−1 of kF is cho-
sen in both cases of ESC08a’ and ESC04d.αΞ− Coulomb
interactions are taken into account. Here, we obtain the
similar values ofBΞ−(αΞ−) for ESC08a’ and ESC04d. This
means that the spin- and isospin-averagedαΞ interactions

Table 5. Calculated values ofBΞ− andΓΞ− for anαΞ− system.
The parameterkF is taken as 0.9 fm−1. Coulomb interactions are
included.

04d 08a’
αΞ− BΞ− 1.36 1.33

ΓΞ− 2.64 1.54

obtained from ESC08a’ and ESC04d are similar to each
other in spite of remarkable difference of their spin- and
isospin-dependences. Another important point is that the
obtained values ofΓΞ for ESC08a’ are rather smaller than
those for ESC04d.

Table 6. Calculated values ofBΞ− andΓΞ− for 1− and 2− states of
12
Ξ−

Be (ααtΞ−) in MeV. The values in parentheses are calculated
without Coulomb interactions.

04d 08a’
kF 1.055 1.145

1− BΞ− 5.0 3.9
(2.2) (2.2)

ΓΞ− 4.6 2.3
2− BΞ− 6.1 4.6

ΓΞ− 4.8 2.5

Table 6 gives the values ofBΞ− andΓΞ− for 1− and 2−

states of12
Ξ−

Be calculated with theααtΞ− cluster model.
Here, thekF values for ESC08a’ and ESC04d are chosen
so as to reproduce theBΞ value of 2.2 MeV without the
Coulomb interaction. This value is close to thes-stateΞ
binding energy obtained from WS14. Thus, both the G-
matrix interactions derived from ESC08a’ and ESC04d are
found to be adjusted so as to be consistent with theΞ-
nucleus attractions indicated in the E885 experiment.
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Fig. 1. Calculated energies of the 1/2+ state in 7
Ξ−

H are shown by
solid lines. The dashed lines show the (αΞ−)cal + n + n threshold
energies.

Now, let us show the result for the7
Ξ−

H. The core nu-
cleus6He is in a bound state composed ofα and weakly-

07007-p.3



EPJ Web of Conferences

bound two neutrons. In Ref. [6], theαnnΞ system was
demonstrated to be in a bound state when theαΞ folding
interaction was attractive enough to make anαΞ bound
state. Though theαΞ interactions derived from ESC04d
and ESC08a’ are similar to each other, theirΞ−n parts are
very different: That for ESC08a’ (ESC04d) and are sub-
stantially (very weakly) attractive. The calculatedΞ− en-
ergies in 7

Ξ−
H for ESC04d and ESC08a’ are given by solid

lines in Fig.1. The dashed lines show the (αΞ−)cal + n + n
threshold energies, (αΞ−)cal being the calculated value of
theαΞ− binding energy. TheΞ− state given by ESC08a’
is found to be more bound than that by ESC04d. This is
an example that the strongΞN attraction in theT = 1 3S 1
state works favorably toΞ− states produced by (K−,K+)
reactions on available targets. The corresponding result for
10
Ξ−

Li is given in Fig.2. Here, the difference between the re-
sults for ESC04d and ESC08a’ is found to be reduced in
comparison with the7

Ξ−
H case. The reason is understood as

follows: The main difference of the two interaction models
is in theirΞ−n parts. There are twoΞ−n bonds in 7

Ξ−
H, but

only one bond in10
Ξ−

Li.
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Fig. 2. Calculated energies of the 2− and 1− states in10
Ξ−

Li are
shown by solid lines. The dashed lines show the (ααΞ−)cal + n
threshold energies.

It is very important that theT = 1 ΞN attractions are
strong in the case of ESC08a/b. In the present experimental
situation, the most promising production ofΞ− hypernu-
clei are by (K−,K+) reactions. Then, producedΞ− systems
have to be in neutron-excess, because of∆Tz = 1 transfers
on available nuclear targets. For such systems, theT = 1
ΞN attractions work favorably. On the basis of ESC08a/b,
it is expected that there exist various lightΞ− bound sys-
tems other than7

Ξ−
H (αnnΞ−) and10

Ξ−
Li (ααnΞ−). For in-

stance, a few-body bound systems such asnnΞ−, pnΞ−,
pnnΞ−, αnΞ− andαtnΞ− might be produced by (K−,K+)
reactions on3H, 3He, 4He, 6Li and 9Be targets, respec-
tively.
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