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Abstract

We present a chiral-invariant SU(3) Lagrangian describing the interactions
of the baryon octet with the lowest-mass meson nonets. Empirical estimates
for the strengths of these vertices are given. The nonlinear realization of the
chiral symmetry generates pair-meson interaction vertices, the coupling con-
stants for which contain no new free parameters. A baryon-baryon potential
is evaluated and its quality is examined for the NN sector.
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I. INTRODUCTION

The construction of baryon-baryon potentials has a long history. Despite an enormous
amount of effort, it has not yet been possible to construct potential models which give a
high-quality description of the empirical data, obey the symmetries of QCD, and at the same
time contain only a limited number of free parameters. The familiar one-boson-exchange
potentials (Nijmegen, Paris, Bonn) contain a relatively small number of free parameters, but
their description of the scattering data can only be classified as reasonable. On the other
hand, the recent high-quality NN potentials (Nijm I, Nijm II, Reid93, CD-Bonn, AV18) give
a very good description of the empirical scattering data, but they contain a large number
of purely phenomenological parameters. A recent attempt to impose the symmetries of
QCD using an effective Lagrangian of pions and nucleons [1] failed in the sense that it only
captures the qualitative features of the nuclear interaction and in no way can compete with
the much more successful potential models mentioned above.

In our study of two-meson-exchange (TME) contributions [2], we found that the inclusion
of TME potentials provides a significant improvement over the more traditional one-meson-
exchange models. Furthermore, the pair-meson vertices in the triangle and bubble TME
diagrams are in principle dictated by chiral symmetry, and so the TME contributions do not
require the introduction of new free parameters. The pair-meson potentials can be viewed
as the result of integrating out the heavy-meson and resonance degrees of freedom. For low
energies the heavy-meson propagators can very well be approximated by constants, leading
directly to pair-meson vertices.

Here we try to combine the idea of a QCD-inspired Lagrangian with the success of
traditional meson-exchange potentials. Rather than integrating out all mesons other than
the pion, we here keep all lowest-mass mesons up to ~1 GeV. The potential is then obtained
by evaluating the standard one-meson-exchange contributions, but now also including the
box and crossed-box two-meson exchanges and the pair diagrams where at least one of the
baryon lines contains a pair-meson vertex. In principle, all coupling constants can be fixed
using empirical estimates and symmetry arguments, where the only free parameters are the
cutoff masses needed to regularize the potential, and higher-order extensions as allowed by
the symmetry. The latter are to be determined in a fit to the NN scattering data.

II. THE MODEL

The octet of baryon fields containing the nucleon, A, ¥, and Z fields is represented by a
3x3 traceless matrix ¥, where the left- and right-handed components transform as

Uy — LU LT, Vi — RURR (1)

under the SU(3),xSU(3)g symmetry. The octet of pseudoscalar mesons (7, g, K) and the
nonet of scalar mesons (o, ag, fo, k) are grouped into

Y= Ag0g + Au0q + 1A, T,
= F + XoSo + AaSa +1Ae7ma (a=1,...,8), (2)



which transforms as ¥ — LY RT. The isoscalar singlet og = (00)+ 5o and octet og = (0g) + 53
fields are assumed to have nonvanishing vacuum expectation values (v.e.v.’s), which are
collected in a diagonal matrix F' = diag(f1, f1, f2) with

fr=/2o0) +/Los),  fo=\/2{o0) — 2\/L(0s). (3)

The v.e.v. for the singlet field is introduced to break the chiral SU(3),xSU(3)r symmetry
to SU(3)y, and the v.e.v. for the isoscalar octet to further break the SU(3)y symmetry [3].
The simplest possible interaction Lagrangian then reads

L;=—gTr(T 20N+ Upnivw, 5)

~ —gUn(0+iyT )Wy + ... (4)
Defining a nonlinear transformation [1] u(&,), we can transform away the nonderivative
pseudoscalar coupling while leaving the v.e.v. matrix F' unchanged. It is given by
B R — uW R'LLT

i/\am’l] 7 (5)

BL = UT\IILU } ) u(fa) = eXp[Z/\aga] = €xp [ 2f1
where the primed fields are complicated expressions in terms of the original scalar and

pseudoscalar fields. Since the primed fields behave as pseudoscalar fields, we will simply
identify them with the octet of physical pseudoscalar fields, i.e.
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The new octet of baryons, transforming as B — HBH' in this representation, is given by
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The kinetic-energy term for the baryons now transforms into

Tr(@Li’y"@M\I/L + TRM"GMKDR) —
Tr(Biv"D,B) — Tr(By°y"u,B), (8)

where the derivative D, B = 0,B + i[I',,, B] contains the connection

r, = _%@‘(uTﬁﬂu + u@uuT) ~ T X O+ ... 9)
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and hence pair interactions. The second term involves

1
u, = —Yi(u'o,u — ud,u) ~ ﬁ‘r@,ﬂr +... (10)
1
implying the pseudovector (derivative) coupling for the pseudoscalar fields.
Using the transformation properties of the new fields we can define the combination

X+ = 2(uZu’ + uZtu), (11)
and an interaction Lagrangian
»CI = _gs,lTr(EXJrB) - gs,QTr(EBXJr)' (12>

The combination y, behaves like a nonet of scalar fields, and so we can simply define these
fields to be the physical scalar fields and drop any reference to the original fields. The v.e.v.
of the oy field alone would imply a common mass M = (gs1+9s2)f for all the baryons in the
baryon octet, but the additional assignment of a v.e.v. to og now allows for the appropriate
mass splittings within the baryon octet.

Vector and axial-vector mesons are introduced by extending the global chiral symmetry
to a local one, which introduces the corresponding left- and right-handed gauge fields. The
mass Lagrangian for these spin-1 fields and a fit to the empirical vector and axial-vector
meson masses provides values for the f; and f v.e.v.’s of the scalar mesons.

Given the transformation properties of the baryon and meson fields and introducing
singlets to complete the pseudoscalar and vector nonets, we can define the chiral-invariant
combinations

[BB®| = Tr(B®B) + Tr(BB®) — 2Tr(BB)Tx(®),
[BB®| = Tx(BB) — Te(BBY),
[BBS| = Tr(BB)Tx(®), (13)
and hence the general interaction Lagrangian reads
L =—¢*V2{a [BBY| +(1-a)[BBY| }
-5/} [BB2] (14)

where « is known as the F//(F + D) ratio. We furthermore have to introduce mixing angles
f to make a connection between the pure singlet and octet isoscalar fields and the physical
meson fields. All baryon-baryon-meson coupling constants for each type of meson (scalar,
pseudoscalar, vector) can be expressed in terms of the four parameters ¢°*, ¢, o, and 6.
The transformation of the vector-meson fields requires the condition ay = 1, the so-called
universality condition proposed by Sakurai [5]. Also, all other parameters can in principle
be fixed beforehand [3].

To second order in the meson fields the nonlinear transformation u(&,) gives rise to pair
interactions of the form v*(m x d,m), ¥°v*(7 x p,,), etc., where all coupling constants can

be readily expressed in terms of the single-meson coupling constants.
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III. RESULTS

The interaction vertices are next used in a potential model, where we restrict ourselves
to maximally two mesons in the intermediate state and a total meson mass of about 1 GeV.
This means that for the two-meson exchanges we only consider the m-meson, K K, and oo
exchanges. (The o is taken to be a very broad scalar resonance where the potential due to its
exchange can be successfully approximated by a sum of two stable effective mesons [0], one
of them having a mass less than 500 MeV.) The potential due to each exchange needs to be
regularized with an exponential cutoff. We allow for a different cutoff for each type of meson
(scalar, pseudoscalar, vector). However, it then still is impossible to arrive at an acceptable
fit to the NN scattering data. We therefore also introduce a diffractive contribution [7] and
a further chiral-invariant interaction piece, quadratic (to lowest order) in the pseudoscalar
fields [3]. The latter introduces pair interactions of the form

g om0, o"o,mx0,m, (15)

which do have free parameters in front of them.

The 12 free parameters allow for a very satisfactory fit of x?/data = 1.35 for the NN
data below 300 MeV, which is significantly better than other meson-theoretical models that
have appeared in the literature, and which use roughly the same number of free parameters.
In contrast to these other models, it should also be realized that in the present model all
coupling constants satisfy constraints as imposed by chiral symmetry or empirical constraints
from other sources. Obviously, further improvements can be made by relaxing some of the
constraints on the coupling constants.
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