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Abstract

We present recent results obtained with the Extended-Soft-Core (ESC) interactions. This ESC-
model, henceforth called ESCO03, describes nucleon-nucleon (NN), hyperon-nucleon (YN), and
hyperon-hyperon (YY), in a unified manner using (broken) SU¢(3)-symmetry. Novel ingredients
are the inclusion of (i) the axial-vector meson potentials, (ii) a zero in the scalar-meson form-
factors. With these innovations, it proved possible for the first time to keep the parameters of the
model closely to the predictions of the Py quark-pair-creation model (QPC). This is the case for
the meson-baryon coupling constants and F/(F + D)-ratio’s as well. Also, the YN and Y'Y results
for this model are rather excellent.
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I. INTRODUCTION

The Nijmegen soft-core baryon-baryon models are based on the study of the NN-, YN-,
and YY-interactions in particle physics, i.e. effective QCD theories like e.g. the quark-
model(QM), involving notably mesonic degrees of freedom. The feedback with (hyper)
nuclear structure studies, based on applications of the resulting potentials, plays a crucial
role in testing these interactions. In this contribution the most recent results are given
and the changes w.r.t. the previous presentation [1] are reported. The emphasis is on the
underlying quark-physics, rather than on the best possible fit to the scattering data in terms
of the 2. For that purpose we restricted the freedom of the parameters considerably.

In synopsis, an exposition of a modern theoretical basis for the soft-core approach for the
baryon-baryon interactions has been given in [2, 3]. In [2, 4] we reported on the ESC-model
for baryon-baryon scattering pointing out that many dynamical aspects of low energy QCD
and chiral-symmetry are accounted for. In ESC, the soft-core OBE-models [5-8] are extended
to include uncorrelated two-meson-exchange (TPS) and, for the first time in baryon-baryon
models, meson-pair exchanges (MPE).

In [1] we discussed the results of the first versions of the Extended-Soft-Core (ESC) models
for baryon-baryon. In this contribution we present the most recent version, where novel
ingredients are introduced, which leads to a description of the nuclear and hyper-nuclear
forces that is to large extend compatible with the predictions of the 3Py quark-pair-creation
(QPC) Model [9, 10].

In [1] the differences between the soft-core OBE-models, notably NSC97 [7, 8], and the
ESC-model are discussed. It was found that NSC97 corrected the spin-dependence of the
s-wave AN-interactions of the first YN soft-core OBE-model [6]. Akaishi and co-workers
[11] showed that an s-wave interaction between that of NSC97¢ and NSC97f is compatible
with their solution of the 3 He over-binding problem [12]. See also the presentation of that
method by Nemura at this meeting [13]. Furthermore, Akaishi et al [14] showed that the
NSC97e/f solutions are rather close in fitting the experimental A-separation energies for the
A-hypernuclei 3 H, {He (A = 4,5,...,11). However, it appeared that both satisfactory s-
and p-wave interactions were not achieved in NSC97. For example, the p-waves of NSC97f
have unfavorable consequences both for p-shell hypernuclei and neutron-star matter. Also
the AN-spin-orbit interaction seems to be too strong [15].

The > N-sector is not fixed very well by the scattering data, since different Nijmegen
models give rather different interactions in e.g. the 3S)(I = 3/2)-wave. Dabrowski [16]
analyzed the Lane part of the s.p. potential of the ¥ in nuclear matter, using the YNG
effective interactions [17]. It is argued that the NSC97 solutions are incompatible with the
(K—,7%) experiments at BNL on the ?Be-target [18].

The first attempts with the ESC-model seemed to have solved these problems [1] in
the S = —1-sector. Unfortunately, the AA-interaction was far too strong. In contrast to
the believe for many years, the NAGARA-event [19] for § , He showed that the strength of
the AA(1Sp)-interaction is rather weak, and more in line of the predictions of the soft-core
OBE-models [20].

In this report we present for the first time the results of an ESC-model, where a rather
strict control over the model parameters is imposed. These new constraints come about
by taking the QPC-model [9, 10] as a guidance. Since the latter has scored considerable
successes [21] in predicting e.g. meson and resonance decay couplings, it is reasonable to
expect that if such constraints are possible then the predictions for YN and YY will be better,



at least qualitatively. The feasibility of the QPC-model and the ESC-model presumably is
due to the two innovations, alluded to above, we introduced in ESC03. These are (i) the
inclusion of the axial-vector mesons, and (ii) the introduction of a zero in the scalar meson
form factors. (In an intermediate version, called ESC02, these two new elements were first
introduced, but without the QPC-constraints. That version has good properties in the
S =0 and S = —1 sectors, but rather strong potentials in various S = —2 channels. This
version is not further discussed in this paper.) In ESC03 both the N N-couplings, as well
as the F//(F 4 D)-ratios are constraint by the QPC-model. For the first time e.g. the near
equalities g, ~ g and g, = g4, are explained and realized in a good fit to the scattering
data for NN and Y N.

In the soft-core OBE models the important scalar-meson nonet were found to have ideal
meson-mixing conform the QQ-picture of the scalar-mesons. It was noted that the upshot
of ideal scalar-mixing is a rather weak attraction in the AA-channel. The reason is that in
this case the F'/(F + D)-ratio ag ~ 1. The QPC-model also leads to such values, and this
we adopt in ESCO03 also for the scalar MPE-couplings. In contrast to former ESC-models,
we have included only one scalar nonet in ESCO03.

Another important element is that we have utilized SU¢(3)-breaking of the coupling
constants, like in NSC97. The scheme of this breaking is worked out according to the
QPC-model, but a little different as in NSC97. The need for this breaking can be viewed a
necessity in order to have some freedom to fit YN, making the imposition of the quark-model
relations possible.

Furthermore, an improvement is made in the joint fitting procedure of NN and Y N.
Now, we make a truly simultaneous fit with a single set of parameters. This procedure
presumably is the reason for producing better p-waves in YN.

The contents of this paper is as follows. In section 2 we further describe briefly the
physics ingredients of the ESC03-model in particular, indicate briefly how the ESC-model is
extended to all baryon-baryon channels, and report on the most recent results for nucleon-
nucleon. In section 3 we discuss the results for nucleon-nucleon, in particular the NNM-
couplings and compare them with the QPC-model predictions. In section 4 we give the first
results for hyperon-nucleon, and in section 5 we discuss the results of the ESC-model for the
AA-interactions.

II. EXTENDED SOFT-CORE MODEL FOR BARYON-BARYON

The potentials of the ESC-models have been reviewed e.g. in [1]. Here, we discuss them
briefly, and in particularly the new features for ESC03:

(i) The OBE-potentials described in [5-7]. In addition to pseudo-scalar-, vector-, scalar-,
and diffractive-potentials, we include for the first time the potentials from the axial-
meson nonet JZ¢ = 1++: £,(1285), a1(1270), f1(1420), K,(1270) .

(i) In contrast to ESCO00 [1] we included only the lowest-lying scalar nonet J¢ = 0*:
£(760), ao(962), f0(993), £(900). Special for ESCO03 is the introduction of a zero in the
scalar-meson form factors at k? = m?%, where my; = 750 MeV /c. This zero is natural in
the QPC-model because of the p-wave overlap integrals, and has two important effects.
First, it eliminates the strong inner attraction of the scalar mesons and helps to avoid
deep bound states in e.g. AN (1Sy), which are present in the NSC97 solutions. Second,
it reduces the g.yn-coupling, bringing it in line with the QPC-model predictions.

3



(i)

Like in ESCO00, the TPSE-potentials as given in Ref. [24, 25] are included. These
are two-pseudo-scalar-exchange (PS-PS) potentials based on a combination of pseudo-
vector (pv) and pseudo-scalar (ps) coupling to the baryon octet, described by a param-
eter apy. 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. Moreover, due to strong cancelations between the different diagrams

for I = 0 mesons, one expects that these potentials can be described largely by OBE
and MPE.

As in ESC00, we included a (complete) set of phenomenological baryon-baryon-meson-
meson vertices, henceforth refered to as 'meson-pair-exchange’ (MPE). The vertices
and resulting potentials are given in [2, 25] for NN. The motivation for the MPE
is mainly dynamical. Additional motivation for including these MPE-potentials is
that similar interactions are required in chiral Lagrangian’s [26]. They can be viewed
upon as the result of the out integration of the heavy-meson and resonance degrees
of freedom. 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.

In ESCO03 we take only contributions from the MPE-interactions to first order in
the pair couplings. Diagrams with two pair-couplings are very similar to taking into
account the widths of the mesons in the OBE-potentials. Such effects are included for
e and p, where they are important. For heavier mesons, like a;(1270 such effects are
less important.

The extension of MPE to YN and YY is done by an SU(3)-classification of these
pair-states, and the use of the proper F/(F + D)-ratio parameters for the baryon-
baryon vertices, in analogy with those utilized for meson-baryon-baryon vertices.
The included pairs are: {PP}s,, {PP}ss, {VP}Bs, {PP}vi, {VP}a,, and {PS}4,.
Here, P=pseudo-scalar, S=scalar, V=vector, and A ,B=axial-vector, and S; stands
for the symmetric unitary singlet combination etc. Typical example for each type
S1, Ss, Bs, Vs, As, and Ag are respectively (7m) -, (m1), (7w), (77) =1, (7p)1=1, (70).
In each case, the full SU(3) structure is taken into account. To give an illustration,
consider the MPE-interaction Hamiltonians for the cases {PP}g, and {V P} 4,:

Hspp = gs\l/gp {71' T+ 2KTK+778778} 0

1~ — 'N —
Hvspp = gAspp{ ip“ s x Ot + %pﬂ . (KTTa“K)
. = 3
b5 (Kiir(oim) — he.) + 2\2_ (K
(K- 5‘)‘778) — h.c.) + %\/ngu(KT 87‘K) }

Here, & = Y1), p = 1;%7'2# etc., i.e. the baryon densities with the proper space-time
properties.



ITII. NUCLEON-NUCLEON

As mentioned in e.g. [1], fitting this model to only the NN-data, using the 1993 Nijmegen
single energy pp + np phase shift analysis [27], leads to excellent results. Without the
QPC-model constraints, fitting only the NN data, one reaches for the energies in the range
0 < Ty < 350 MeV, which contains 4233 data, typically a X;d‘p. =111 - 1.15. In a
simultaneous fit of NN and YN we usually obtain an extra AXI%_ dp. 2 0.10. In ESC03 where
we impose in addition the QPC-constraints rather strictly, we reached Xg.d.p. = 1.35. In
Table I we show the fitted ESCO3-parameters. The (rationalized) coupling constants and

TABLE I: ESC03: Meson- and meson-pair-couplings, and form factor masses.

pseudo-scalar vector scalar pairs
fr 0.263 g, 0.777 Gao 0.777 9(xm)o ~0-002
fn 0.186 fo 3.319 ge 3.214 9(rm), 0.052
fy 0.160 o 2.909 g4, 0.416 Jirm), 0.034
fo -0.227 gp 2.360 9(ry) -0.347
Apg 853.2 Ayg 944.9 Agg 775.2 9(rp), 0.720
Ap; 1362.4 Ay 803.8 Ag1 1191.1 9(rw) -0.110
apy 1.122 mp 309.1 9(ro) 0.141

form factor masses are given in Table I. Here, the f,, was not fitted but derived from f; using
o,y = 0.400. The fitted a-parameters are: off = 0.448, ag = 0.852. All other a parameters
were fixed: apy = 040, of = 1.0, oy = 0.368, and ap = 1.0. The meson mixing used
are the standard ones for the pseudo-scalar- and vector-mesons, see e.g. [6]. For the scalar
mesons and the diffractive exchanges we used ideal mixing, and for the axial-mesons we took
04 = 47.3° [28].

In QPC-model [10] the NN-couplings can be written in the following form

47

1/4
feBM(F) =M <9) X (Ines Lt Sur, I F]E;)

where (i) yas is the (running) pair-creation constant, (ii) X, are the recoupling coefficients,
which depend on the meson quantum numbers, and (iii) F}; are the quark-wave function
overlap integrals for the QQ(L = 0,1)-mesons in terms of the nucleon and meson radii,



respectively Rp and Ry;. For p — ete™ the current-field-identity and the Van Royen-
Weisskopf relation [22] give for the pmm coupling

m3/2 9 \1/2 3/
he ()
V2[1,(0)] 3n/ |1,(0)]
where the last expression on the r.h.s. is the QPC-model form of this coupling [10]. Identifi-

cation leads to the prediction: vy, = % 3m = 1.535. Taking Rg = 0.8fm and Ry, = 0.56 fm,
we obtain the predictions shown in Table II. From Table II one notices a couple of relations

TABLE II: ESC03 Couplings and 3 P)-Model Relations.

Meson |ra[fm] Xum ~ym| 2Py |ESCO3

p(770) | 0.56  1/2 1.53|g =0.78] 0.78
w(783) | 0.56  3/2 1.53|g =2.40| 2.91
ap(962) | 0.56 /3/2 1.53|g =0.79] 0.78
€(760) 0.56 3v/3/2 1.53|g = 2.11| 3.21

a1(1270)| 0.56 3v/3/2 1.53|g = 2.73| 2.86

in the ® Py-model: g, ~ 3¢,, ge = 39ag, Jay = 9p > and g &~ g,. The axial coupling satisfies
fNNay = (Mg, /M) fnNg, which is the Schwinger relation [23]. In the last column of Table II
we show the fitted NN-couplings for the vector-, scalar-, and axial-couplings. One sees that
all couplings in ESCO03 are pretty much in line with the QPC-predictions. However, one must
realize that the QPC-predictions are naive in the sense that in principle these couplings have
to be renormalized by taking into account mesonic vertex dressing. Also, one expects that
the mesons have different QQ-radii. Nevertheless, it is remarkable that the ESC03 couplings
can be choosen close to QPC-predictions. Relaxing a bit on e.g. the p and ay couplings etc.
one can easily reach X;%.d.p ~ 1.25. Also, the o = F/(F + D)-ratios are predicted by the
QPC-model, and these are apy = ay = 0.4, af, = ag = 1.0. The a-parameters used in the
fit are close to these values, see Table III below.

IV. HYPERON-NUCLEON

The form factor scheme employed in the ESC-models is the same as in the NSC97-model
[7], see also [1]. We assign Ag and A; for each meson-nonet, for respectively the {8}- and
{1}-members. In the application to YN and YY we allow for SU;(3)-breaking, by using
different cut-off’s for the K = 853.2 MeV. As mentioned above, similarly to NSC97 the
coupling constants are SU(3)-broken. This breaking is introduced in the framework of
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the QPC-model by a single parameter. Namely, we distinguish between the pair creation
constants for the non-strange and the strange quarks, i.e. v, = 74 # 7¥s. In ESC03 we have
fitted ~vs/7u.a = 0.792, and used this breaking for all OBE-couplings. The pair-couplings are
taken SU(3)-symmetric.

TABLE III: ES03: Meson coupling parameters.

mesons {1} {8} F/(F+D) angles

pseudo-scalar f 0.220 0.262 apy = 0.400% 0p = —23.00°
vector g 2.537 0.778 af, = 1.0 0y = 37.50°
f -0.972 3.319 2 = 0.45%)
scalar g 2.996 0.777 ag = 0.85 g = 37.50 %)
axial g 1.593 2.858 a4y =0.37 65 = 47.30° %)

diffractive g 2.235 0.416 ap = 1.0 Yp = 23.210 %)

In addition to the parameters given in Table I1I, we fixed the & = F/(F + D) ratio’s
for MPE’s. These are ag,.,, = 1.0,a;; = 0.275, aprs = 1.0, 4 = 0.40. The fitting for
the Nijmegen set of 35 Y N-scattering data resulted in x? = 43.3. In this fit, the 12 Ap
X-sections have x*(Ap) = 6.7, the 18 ¥~ p X-sections x*(X"p — X7 p, X%, An) = 32.2, and
the 4 X-sections for ©*p have x?(X"p) = 0.5. The capture ratio at rest was fitted to be
rr = 0.45, which close to its experimental value 0.468 + 0.01 [33].

For ¥*p the ESCO03 low energy parameters are a;, = —3.18 fm ry = 3.95 fm, and
a; = —3.18 fm 7, = 1.30 fm. Notice that the ESC03 ¥ N-interactions are such that for free
scattering the 3S;(I = 3/2)-interaction is quite attractive. This is not in accordance with
Dabrowski’s finding [16]. One way out of this problem is the possibility of three-body forces
(TBF), giving a substantial effective two-body repulsion in this channel.

For Ap the fit results in the low energy parameters a; = —2.119 fm ry = 3.177 fm, and
a; = —1.824 fm r; = 2.846 fm.

In the Tables IV-VI we display the matter properties of the ESCO3-interactions. These
results were obtained from the YN G-matrix calculations in nuclear matter [17] using the
ESCO03-model of this paper. The A well depth Uy, ~ —30 MeV, obtained from analyses of
the (71, KT) and (K~,77) cross sections on nuclear targets [29] is well fit by ESC03 and
NSC97f. From Table V one notices that K, for ESCO03 is the lowest value we ever obtained.
Yet, the spin-orbit splitting seems still too large phenomenologically.

Also remarkable is that for ESC03 I's; is much smaller than is the case for the NSC97
models. This agrees nicely with the recently confirmed % He hypernucleus [30], which has a
conversion width I' & 7 MeV. This rather small »-conversion width has been explained by



TABLE IV: Partial wave contributions to Up(po)

18y 38, 'P 3Py 3P, 3P, D |sum
ESCO03 |-11.1 -15.1 1.1 0.0 0.4 4.3 -0.9/-29.8
NSC97e|-12.7 -25.5 2.1 0.5 3.2 -1.2 -1.1|-34.7
NSCO7f|-14.3 —22.4 2.4 0.5 4.0 -0.7 -1.2|-31.7

TABLE V: Strenths of A spin-orbit splittings for various Nijmegen models. See [7] for the definitions
of KA and SLS,ALS-

Srs Sars Ka
ESC03 |-21.5 12.2 9.7
NSC97e|-25.8 9.8 17.
NSC97f|-26.7 9.5 18.

Harada et al. [31], using the SAP interactions derived using the Nijmegen hard-core model
D.

V. HYPERON-HYPERON

In contrast to the believe for many years, the NAGARA-event [19] gives ABpy(§yHe) =
1.01 £ 0.20701%, showing that the strength of the AA('Sp)-interaction is rather weak, and
more in line of the predictions of the soft-core OBE-models [20]. This means a revolution
in the S = —2-sector as compared to the situation at the time of HYP2000 [1]. As in
NSC97 in ESC03 we have again QQ-ideal-mixing for the scalar mesons, which in view of
the NAGARA-event seems to be favored by nature. The calculated values of AByy (4, He)
with the G-matrix interactions, including the AA — =N-couplings, are in MeV 1.0,0.6,1.2

TABLE VI: Partial wave contributions to Us(pg)

model 1S5y 38, 'P, 3Py 3P, 3P, D| Us| I's
ESC03-1|T=1/2 6.1 -17.2 1.4 1.2 4814 0.6
T=3/2 89 87 43-18 50 4.7 -0.3]-21.5| 7.5
ESC02 |T'=1/2 3.1-189 0.7 2.1-32 1205
T=3/2-10.7 86.3 0.7 -1.8 4.4 -6.5 0.3| 57.1/25.3
NSC97e [T =1/2 14.8 9.3 2.0 2.3 40 0304
T=3/2-12.1 4.8 -39 -1.8 54 -2.8 -0.2|-14.6(16.3
NSC97f |[T=1/2 149 -9.6 1.9 2.3 -40 04 -04
T=3/2-122 -4.2-3.8-1.8 55 -2.7-0.2|-13.9/16.0




respectively for NSC89 [6], NSCI7f [7], and ESC03. A really striking positive result for the
ESC-model.
As mentioned before [7], the soft-core OBE-models had difficulty to produce a strong at-
traction in AA, and this also holds for ESC if the scalar meson-mixing is close to ideal. We
have in ESC03, |[Vaa(0T)| = |Van(07)| < |Van(0%)]. The AA low-energy parameters are
aan(1Sp) = —2.94 fm and rpp(*Sp) = 2.53 fm. Here, we have taken into account that the
energy dependence due to the difference between the AA- and the XY -threshold leads to e.g.
extra contributions to the non-local ¢-function, giving some suppression of the AA — ¥¥-
and XX — XY-potentials.

In the ESC02-version Uz = —2.5 MeV and I's = 7.5 MeV. However, in ESC03 Uz > 0,
indicating repulsion. This seems in conflict with experiment which reported Uz ~ —14 MeV
[32]. May be, also in this case the TBF-contribution could provide the missing attraction.
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