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Abstract

We give a brief account of the results obtained with the most recently con-

structed Extended-Soft-Core (ESC) interactions. This ESC-model, hence-
forth called ESCO00, describes nucleon-nucleon (NN), hyperon-nucleon (YN),
and hyperon-hyperon (YY), in a unified manner using SU¢(3)-symmetry. The
SU¢(3)-symmetry is only broken by using physical masses for both the baryons
and the mesons. The coupling constants are fully SU(3) symmetric. Com-
pared to earlier versions of the Nijmegen interactions, we use in ESC00 for
the first time two scalar-meson nonets for the YN- and YY-channels. The
splitting of the traditional scalar nonet, used in the Nijmegen models, in two
nonets is performed in such a way that the volume integrals of the potentials
are unchanged. As usual in the Nijmegen approach, the basis is a fit to the
NN-data using the Nijmegen PWA. In the version of the ESC00-model, used
for YN and Y'Y, for the energies T},;, = 0 — 350 MeV we reached the very
low X;, 4p. = 1.15. In distinction to more phenomenological models, the ESC-
models allow a clearcut extension to YN and YY, using SUy(3)-symmetry.
In the YN-sector, we achieved a description which in several aspects is an
improvement over the most recent soft-core OBE-models NSC97 [7]. The in-
teraction in the XN (351, I = 3/2)-channel is now clearly repulsive, and the
p-wave interactions in AN are such as to give attraction in the Hypernuclei
and for Hyperonic matter. In the YY-sector, ESCO0 has considerable attrac-
tion in the 1Sy state for the (AA,ZN,X¥)-system. This in contrast to the
soft-core OBE-models.
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I. INTRODUCTION

In [1, 2] we reported on an ESC-model for baryon-baryon scattering where many dynam-
ical aspects of low energy QCD and Chiral-symmetry are accounted for. Here, the soft-core
OBE-models of the Nijmegen group [3, /] are extended to include uncorrelated two-meson-
exchange and, for the first time in baryon-baryon models, meson-pair exchanges. The latter
were inspired by the pion-pair interactions discussed already in the fyfties, and contained in
the Lagrangians of the non-linear o-models of the sixties.

The latest soft-core OBE model NSC97 [7, 8] has been reviewed in recent conference
contributions [5, 6]. A notable success of the NSC97-model is the achievement of solutions
with good s-wave A — N interaction. The NSC97e,f are favored because of their succes
in describing the s-shell A-hypernuclei. It was found by Akaishi and co-workers [9] that
NSC97f solves the } He overbinding problem [11]. Furthermore, Akaishi et al [10] also showed
that the NSC97f solution fits the experimental A separation energies for the A-hypernuclei
SH, 4He (A=4,5...,11).

The NSC97 solutions [7, 8] provide the user with a variety of different s-wave interactions,
from which an optimal can be selected in nuclear structure calculations. The optimal solution
has to be sought in between NSC97e and NSC97f. However, the p-shell Hypernuclei studies
seem to favor the NSC97a solution. The appearance of repulsive triplet-odd interactions in
nuclear matter for the NSC97 solutions is rather unexpected, and rather doubtful e.g. in
view of its consequences for p-shell hypernuclei as well as for neutron star matter. Also the
AN-spin-orbit interaction seems to be too strong [13].

Furthermore, also the ¥ N-sector is not fixed very well, since different Nijmegen models
give rather different interactions in e.g. the 3S;(I = 3/2)-wave. Dabrowski [12] analyzed
the Lane part of the s.p. potential of the ¥ in nuclear matter, using the YNG effective
interactions [14]. Tt is argued the NSC97 solutions are incompatible with recent (K, 7%)
experiments at BNL on the  Be-target [15].

In the soft-core OBE models the important scalar-meson nonet are found to have meson-
mixing conform the QQ-picture of the scalar-mesons with ideal mixing. It was noted that
the upshot of this scalar-mixing is a rather weak attraction in the AA-channel. This seems
not in agreement with the findings on the double-A hypernuclei.

These features of the soft-core OBE-model solutions have come out from the combination
of model building based on the study of the YN-interactions in particle physics, effective
QCD theories involving meson and/or quark-gluon degrees of freedom, and the study of
nuclear structure. In order to make further progress this way, and to improve the dynamical
BB-models based on meson-exchange, we continued our search for the best baryon-baryon
interactions along the lines of the Nijmegen approach [16]. In ESC99 [17] we discussed the
first version of the results on YN and YY. In this status report the most recent results are
given and the changes compared to ESC99 are discussed. [t will appear that the ESC-model
indeed can solve all problems, mentioned above.

The contents of this paper is as follows. In section 2 we describe briefly the physics
background of the ESC-models, indicate briefly how the ESC-model can be extended to
all baryon-baryon channels, and report on the most recent results for nucleon-nucleon. In
section 3 we give the first results for hyperon-nucleon, and in section 4 we discuss the results
of the ESC-model for the for the A — A-interactions.



II. EXTENDED SOFT-CORE MODEL FOR BARYON-BARYON

The potential of this new ESC00-model contains the contributions of

(i) The OBE-potentials of [3, 1, 7], which apart from the low lying pseudo-scalar-, vector-,
and scalar-mesons includes also contributions of the Pomeron. The latter represents
the multi-peripheral (soft)pion exchanges and multi-gluon exchanges.

(ii) Special for ESCO00 is the use of two-scalar nonets. The scalar-meson potentials in
NN are based on a single scalar-nonet, which is the same in all soft-core Nijmegen
models. This nonet consists of: £(760), ao(962), f5(993), x(900). For the YN
and YY we added in ESC00 a second scalar nonet with masses above 1GeV/c*:
£(1370), ao(1450), fo(1580), ~(1430) . The particle physics background of these two
scalar nonets can be found in the recent literature and the Particle Data Group tables

[15].

(iii) The TPSE-potentials as given in Ref. [19, 20]. These are two-pseudo-scalar-exchange
potentials based on a combination of pseudo-vector and pseudo-scalar coupling to
the baryon octet. We note that we did not include uncorrelated two-meson-exchange
potentials with vector- and scalar-mesons. Including these brings in a lot of exchanges
with a mass > 1 GeV. Then, also heavy pseudo-scalar-, heavy scalar-, axial-, and
tensor-mesons should be included. This we postpone to the future.

(iv) We extend the OBE-models [3, 1] further through the inclusion of phenomenological
baryon-baryon-meson-meson vertices, henceforth referred to as 'meson-pair-exchange’
(MPE). The vertices are given in [1, 20].

The motivation for the MPE is mainly dynamical. In the MPE we included such ex-
changes, like e.g. (mp)1, in order to account for quantum numbers not included in OBE.
Also, in view of the fact that the gaussian form-factors do not contain explicit two-meson
cuts, e.g. the mm-cut in case of the p-meson etc., the latter can be accounted for by the
MPE. Additional motivation for including these MPE-potentials is that similar interactions
are required in chiral Lagrangians [21]. They can be viewed upon as the result of the out
integration of the heavy-meson and resonance degrees of freedom. We are less radical than
e.g. Weinberg [22], in that we do not integrate out the degrees of freedom of the mesons
with masses below 1 GeV.

The SU(3)-extension of the ESC-model for NN to YN and Y'Y is carried out by assigning
the meson-pairs to the SU(3)-irreps. The proper SU(3) combinations for respectively the
singlet-, the octet-symmetric-, and octet-antisymmetric-irreps for the ps-ps-pairs can be
found in the literature [23].

We note that we did not include uncorrelated two-meson-exchange potentials with vector-
and scalar-mesons. Including these brings in a lot of exchanges with a mass > 1 GeV. Then,
also heavy pseudo-scalar-, heavy scalar-, axial-, and tensor-mesons should be included. This
we pospone to the future.

Fitting this model to the NN-data, using the 1993 Nijmegen single energy pp + np phase
shift analysis [21], leads to an excellent result. We reached for the energies in the range



0 < Tiap < 350 MeV, which comprises 4233 data, a X;d'p. = 1.15. We remind the reader
that other NN-models could reach typically X;d.p' ~ 1.90, and therefore the gain with the
ESC-models is p.d.p no less than 0.75!

ps-pv vector scalar pairs
fr 0.267 9p 0.300 9s 1.123 I(xm)o 0.057
In 0.179 fo 3.727 Je 4.158 9(rm) 0.092
fw 0.176 G 2.734 A, -0.364 S -0.214
fw 0.088 gp 2.924 9(xn) -0.093
Aps 725.3 Avys 739.5 Ags 703.6 9(rph 0.930
Apy 828.3 Ayvq 721.9 Asy 906.1 9(rw) -0.100
apy 0.443 mp 309.1 9(ro) -0.018
Jeo 0.291 9(Pr) 0.237

TABLE I. ESC00: Form factor masses, meson and meson-pair couplings.

The (rationalized) coupling constants and form factor masses are given in Table II. Here,
the f, was not fitted but derived from fr using a,, = 0.355. In Table II g., is the NN-
coupling of the heavy ¢(1370), a member of the 2nd scalar-nonet, mentioned above. We stress
that the ESC-model does not have large (unphysical) cut-off masses in the form-factors. The
value found for apy ~ 0.5, which means that the off-shell terms in the PS-PS potential are
very small. We notice that the ESC-model gives a great improvement with respect to the
OBE-model [3]. In particular it appeared that the ! Pi-; the ®D,-, and the 3 D3-waves have
much improved.

III. HYPERON-NUCLEON

In the NSC97-model [7], the form factors depend on the SU;(3)-assignment of the mesons.
In principle we introduce form factor masses Ag and A; for each meson-nonet, for respectively
the {8}- and {1}-members. In the application to YN and Y'Y we allow for SU¢(3)-breaking,
by using different cut-oft’s for the K = 605.5 MeV. In contrast to NSC97 the coupling
constants obey strict SU(3)-symmetry.

Special for ESCO00 is the use of two-scalar nonets. The members of these are listed above.
There are two views on these nonets. The first is that they are Q?Q?-states respectively
QQ-states [25]. The second is that these nonets originate from QQ-states coupled to meson-
meson states [18]. It appeared that in order to accomodate for the £(900) exchange we had
to weaken the gg-coupling from the N N-fit. This was achieved in ESC00 by a distribution of
the strength over a low-lying and a heavy scalar nonet. In addition to the parameters given
in Table II,we fitted the a = F'//(F + D) ratio’s for MPE’s. These are a5\, = 0.98, a7, =
0.74, appr,s = 0.45, opr 4 = —0.17. The fitting for the Nijmegen set of 35 Y N-scattering data



mesons {1} {8} F/(F + D) angles
pseudoscalar f 0.23361 0.26686 apy = 0.400%) Op = —23.00°
vector g 3.04667 0.30022 af, = 1.0 0y = 37.50°

f -0.90856 3.04667 af} = 0.404%)
scalar 1 g 3.91927 0.90408 ag = —0.505 g = —19.75° %)
scalar 2 g 0.26632 1.00311 ag = 0.336 fs = —68.49° *)
diffractive g 2.92400 0.3641 ap =0.25 Yp = 0.0°%)

TABLE II. ES00: Form factor masses, meson and meson-pair couplings.

resulted in x? = 22.9. In this fit, the 12 Ap X-sections have x*(Ap) = 6.9, the 18 X~ p X-
sections x*(X7p — X7p, X%, An) = 15.5, and the 4 X-sections for X p have x?(X+p) = 0.5.
The capture ratio at rest was fitted to be rgr = 0.472, which close to its experimental value.

In Table III the Y "p-phases are listed. We notice that the ESC00 Y N-interactions
are such that the 3S;(I = 3/2)-interaction is quite repulsive. This is in accordance with
Dabrowski’s finding [12]. Here the MPE potential is very important for this result. For Ap

the fit results in the low energy parameters

as = —2.109 fm r, =3.143 fm ;a; = —1.491 fm r; = 2.490 fm .

psi+ (MeV/c) 200 600 800 1000

Tan(MeV) 16.7 142.8 244.0 364.5

1S, 28.13 -0.23 -16.30 -30.80

35, -15.60 -49.03 -64.24 -77.44

€1 -1.94 -7.15 -7.76 -7.73

3Py 6.00 9.80 1.12 -8.51

1p 2.30 7.07 3.72 -1.45

3P -3.05 -14.07 -18.61 -22.25

3p, 1.19 11.78 13.24 11.99

€9 -0.39 -3.14 -3.11 -2.27

3Dy 0.32 0.98 -2.58 -8.59

1D, 0.32 4.15 5.10 3.21

3D, -0.48 -6.03 -10.75 -16.89

3Ds 0.04 0.80 -0.84 -4.88
TABLE III. ESCO00 nuclear-bar ¥ p phases in degrees



Like in ESC99, from Table IV the p-wave interactions seem to be improved compared
to NSC97. By using apy = 0.3505 we obtained another solution having larger positive
3 P,-phases, leading to more p-wave attraction than in the solution shown here. The p-waves
for ESC00 are similar to those of ESC99. Here, in nuclear matter the p-waves are attractive

[26].

pa(MeV/c) 100 200 300 400 500 600 633.4
Nap(MeV) 4.5 17.8 39.6 69.5 106.9 151.1 167.3
1S, 22.45 28.94 27.01 22.44 17.79 14.98 15.79

39, 17.43 26.65 30.65 34.29 42.48 69.67 -68.12

€1 0.10 0.45 0.68 0.20 -2.03 -10.14 19.80

3P, 0.08 0.49 0.91 0.54 -1.09 -3.83 -4.86
1p -0.08 -0.56 -1.65 -3.40 -5.64 -7.98 -8.62
3p -0.04 -0.36 -1.21 -2.67 -4.63 -6.83 -7.50
3p, 0.09 0.58 1.44 2.26 2.66 2.52 2.37

€2 0.00 -0.01 -0.10 -0.32 -0.65 -1.06 -1.24

3Dy 0.00 0.01 0.09 0.36 1.10 3.32 2.70
1D, 0.00 0.06 0.37 1.14 2.28 3.36 3.62
3Dy 0.00 0.07 0.34 0.87 1.53 1.98 2.03
3Ds 0.00 0.02 0.13 0.33 0.49 0.39 0.26

TABLE IV. ESCO00 nuclear-bar Ap phases in degrees

IV. HYPERON-HYPERON

In the S = —2-systems, the limited experimental information of the ground states of the
double AA-hypernuclei, e.g. §,He, and }}, Be, indicates that the AA-interaction is rather
attractive. For example, estimates for the AA(1Sy) scattering length, obtained in different
studies are as follows. Reported values for a, are: —2.0 [27], —(4 — 8) [28], and —12.9 [29].
As mentioned before [7], the soft-core OBE-models have difficulty to produce strong attrac-
tion in AA. In the ESC-models this situation is very different. There is now attraction from
both TPSPS and MPE, but also from OBE. In ESC00 we roughly have a situation, similar
to that suggested by Dover [30], where

\Vn| > [Vaal > [Van]

but realized with purely mesonic forces. This is in contrast to the soft-core OBE-models.
The reason is that the mixing for the scalar mesons has changed. In ESC00 is g = —19.75°,
which is in between ideal mixing for QQ and Q?Q?. In particular, the interaction in the
SU(3)-irrep {1} is now attractive, in contrast to the soft-core OBE-models. In total the
attraction in the I = 0 system 'So(AA, ZEN, XY) is too strong and produces a bound-state.
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We note that the ¥¥-threshold is about 320 MeV above the AA-threshold in the Lab-
system, which is rather distant. Suppression of the AA — =N, ¥X¥-couplings eliminates the
bound-state. Then, ays(*So) = —2.4 fm and 744 (1) = 2.9 fm. Another possibility is that
off-energy-shell effects can eliminate the bound-state. Becuase we use energy independent
potentials, they are defined in principle at the AA-threshold. Then, taking into account
the energy dependence leads to e.g. extra contributions to the non-local ¢-function, some
suppression of the AA — Y- and XY — Y3-potentials. It appeared that these effects are
sufficient to eliminate the bound-state. The result is in this case aya(*Sp) = —10.6 fm and
raa(1Sy) = 2.7 fm. Clearly, this needs further investigation.

ACKNOWLEDGEMENTS

It is great pleasure to thank Prof. Y. Yamamoto for many pleasant correspondences and
very valuable G-matrix calculations. Also, discussions with Dr. C. Nakamoto are gratefully
acknowledged.



REFERENCES

[1] Th.A. Rijken, Few-Body Systems Suppl. 7, 1-12 (1994)

2] Th.A. Rijken, In “Nucl. and Part. Phys. with Meson Beams in the 1 GeV/c Region”,
Proceedings of the 23th INS Int. Symp., Tokyo 1995, pp 295-300, Universal Academy Press,
Inc. 1995.

[3] M.M. Nagels, Th.A. Rijken, and J.J. de Swart, Phys. Rev. D 17, 768 (1978).

[4] P.M.M. Maessen, Th.A. Rijken, and J.J. de Swart, C 40, 2226 (1989).

[5] Th.A. Rijken, Nucl. Phys. A639 29¢-40c (1998).

[6] Th.A. Rijken, Y. Yamamoto, V.G.J. Stoks, Proceedings APCTP Workshop Strangeness
Nuclear Physics, February 1999, Seoul, p. 5, Eds. [.-T. Cheon, S.-W. Hong, and T. Motoba,
World Scientific Publishing Co. (2000).

[7] Th.A. Rijken, Y. Yamamoto, V.G.J. Stoks, Phys. Rev. C 59, 21 (1999).

8] V.G.J. Stoks and Th.A. Rijken, Phys. Rev. C 59, 3009 (1999).

9] Y. Akaishi, T. Harada, and S. Shinmura, Proceedings APCTP Workshop Strangeness
Nuclear Physics, February 1999, Seoul, p. 28, Eds. I.-T. Cheon, S.-W. Hong, and T. Motoba,
World Scientific Publishing Co. (2000).

[10] K.S. Myint, T. Harada, S. Shinmura, Y. Akaishi, “Neutron Rich Lambda Hypernuclei”
in Few-Body Problems in Physics 99, Proceedings of the 1st Asian Pacific Conference,
Tokyo, Japan, August 23-28, 1999, p. 383, Eds. S. Oryu, M. Kamimura, and S. Ishikawa,
Springer-Verlag (2000).

[11] R.H. Dalitz, R.C. Herndon, and Y.C. Tang, Nucl. Phys. B47, 109 (1972).

[12] J. Dabrowski, Proceedings APCTP Workshop Strangeness Nuclear Physics, February
1999, Seoul, p.136, Eds. I.-T. Cheon, S.-W. Hong, and T. Motoba, World Scientific Pub-
lishing Co. (2000).

[13] T am indebted to T. Motoba, Y,Yamamoto, and J. Millener for information on these
items.

[14] Y. Yamamoto and H. Bando, Progr. Theor. Phys. 83, 254 (1990).

[15] R. Sawafta, Nucl. Phys. A585, 103c (1995); A639, 103c (1998).

[16] J.J. de Swart, Th.A. Rijken, P.M. Maessen, and R.G.E. Timmermans Nuov. Cim. 102A,
203 (1988).

[17] Th.A. Rijken, “The Soft-Core Nijmegen Hyperon-Nucleon and Hyperon-Hyperon In-
teractions”, in Few-Body Problems in Physics 99, Proceedings of the 1st Asian Pacific
Conference, Tokyo, Japan, August 23-28, 1999, p. 317, Eds. S. Oryu, M. Kamimura, and
S. Ishikawa, Springer-Verlag (2000).

[18] E. van Beveren and G. Rupp, Eur. Phys. J. C 10, 469 (1999); D. E. Groom et al., Eur.
Phys. J. C 15, 1 (2000).

[19] Th.A. Rijken and V.G.J. Stoks, Phys. Rev. C 54, 2851 (1996).

[20] Th.A. Rijken and V.G.J. Stoks, Phys. Rev. C 54, 2869 (1996).

21] S. Weinberg, Phys. Rev. 166, 1568 (1968); Phys. Rev. 177, 2604 (1969).

[22] S. Weinberg, Phys. Lett. B 251, 288 (1990), and Nucl. Phys. B363, 3 (1991);

C. Ordonez and U. v. Kolck, Phys. Lett. B 291, 459 (1992).

(23] P.A. Carruthers, “Introduction to Unitary Symmetry”, Intersciences Publishers, Wiley,
New York (1966).



24] V.G.J. Stoks, R.A.M. Klomp, M.C.M. Rentmeester, and J.J. de Swart, Phys. Rev. C
48, 792 (1993).

[25] J.J. de Swart, P.M.M. Maessen, and Th.A. Rijken, in Properties & Interactions of
Hyperons, eds. B.F. Gibson, P.D. Barnes, and K. Nakai (World Scientific, 1994), p. 37.
[26] Y. Yamamoto, private communication. Obtained in different studies are as follows.
Reported are values —2.0 [27], —(4 — 8) [28], and —12.9 [29].

[27] Y.C. Tang and R.C. Herndon, Phys. Rev. 138 B637 (1965).

28] A.R. Bodmer and Q.N. Usmani, Nucl. Phys. A468, 653 (1987).

29] Quoted in I. Kumagai-Fuse and Y. Akaishi, Phys. Rev. C 54, R24 (1996); and in Khin
Wse Myint and Y. Akaishi, Progr. Theor. Phys. Suppl. 117, 251 (1994).

[30] C.B. Dover, in Properties & Interactions of Hyperons, eds. B.F. Gibson, P.D. Barnes,
and K. Nakai (World Scientific, 1994), p. 1.



	Introduction
	Extended Soft-Core model for Baryon-baryon 
	Hyperon-Nucleon
	Hyperon-Hyperon

