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Contributions to the Gamow—Teller strength in 42Ca(p, n)*2Sc reaction coming from second order configuration mixing
effects are calculated. They account for half of the quenching presently unexplained from shell model calculations in the
07w space. Other contributions which can provide further quenching are discussed.

The reaction 42Ca(p, n)*2Sc at E, =160 MeV and
6 =0° hasbeen used by Goodman et al. [1] to measure
the Gamow—Teller (GT) strength function. In the sim-
plest shell model, the total strength, which is defined
as B(GT) = Z¢(f|Z, 0, 7+i)2, is expected to be equal
to 6. Experimental results show the existence of a
strong peak at £, = 0.6 MeV with strength 2.67 and
three other peaks with very weak strengths at higher
energy. It thus appears that a large amount of strength
is missing.

Recently, Toki and Bertsch [2] have interpreted
this quenching as due to the A—hole polarization
mechanism [3—11]. Their results reproduce well the
strength found by Goodman et al. It is known, how-
ever, that this mechanism, whose efficiency is present-
ly debated [12—14], is not the only one. Second [15
—18] and some third [19] order configuration mixing
effects can also provide some quenching of GT transi-
tions.

In this paper we examine contributions to the GT
strength in the 42Ca(p, n)*2Sc reaction arising from
second order effects. As GT and isovector M1 transi-
tions involve operators which are generators of the
SU(4) group (spin—isospin), it is appropriate to dis-
cuss corrections in connection with this symmetry.
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In the case where SU(4) would be an exact symmetry
and the initial state a pure S =0, T = 1 configuration,
all the GT strength would be concentrated on one fi-
nal state. SU(4) symmetry breaking will fragment this
strength between several states with 07w as well as
many 7w excitation energy. Usual shell model calcula-
tions allow to determine the distribution of the
strength within the 07w space. Some strength is, how-
ever, expected to be found at higher energy, and it is
what is left in the “O7iw space” which is considered
here. Our study is therefore closer to the ones by
Shimizu et al. [15] and Towner and Khanna [16] than
to the one by Bertsch and Hamamoto [17] . As the
above reduction is essentially due to the SU(4) break-
ing part of the interaction (spin—orbit, tensor, ...),
some emphasis will be put throughout this paper on
the corresponding contributions of the force.

Like Toki and Bertsch, our starting point is the G-
matrix calculation performed [20] by Kuo and Brown
(KB) for the 0f—1p shell nuclei. KB included in their
calculation the (g9/2)2 configuration but not the
(g7 /2 g9/2) configuration. This truncation of the basis
produces an artificial violation of the GT strength sum
rule. To avoid this problem and also to simplify the
analysis of the results, we determine the eigenstates of
this interaction within the 07w space. The (g9/2)2
configuration, which is eliminated at present, will be
reintroduced through second order configuration mix-
ing. Hereafter, we refer to these new states as KB states.
In table 1, we give the strength measured experimental-
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Double beta decay and SU(4) symmetry
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Abstract. The amplitude for 8 decay with 2v emis-
sion is shown to be related to (p, n) and (n, p) reactions
on the initial and final states, respectively. The sup-
pression of both S and (n, p) reaction is connected,
and its origin is discussed by referring to the SU4)
symmetry. From present data on the first ones, we
estimate the forward (n, p) strength of relevance for the
BB problem. The interest of the experimental deter-
mination of this strength is emphasized. Assuming a
perturbative breaking of the SU(4) symmetry, results
are given for 7°Ge, #2Se, '28Te and !3°Te.

1 Introduction

Double beta decay is the process by which a nucleus
4Z in its ground state undergoes a transition to the
ground or low lying state of the nucleus 4(Z + 2) by
a simultaneous change of two neutrons into two
protons. A great achievement of experimental science
has been the direct observation [1] by Elliott et al. of
the decay of 82Se into 2Kr plus two electrons and
two antineutrinos with a half-life of (1.1 +§8) x 102°
years, in agreement with the geochemical measure-
ments of Kirsten [2], (1.30 £ 0.05) x 102° years, and
Manuel [3], (1.0 £ 0.4) x 10%° years, and the cosmo-
chemical (meteorite) measurements of Marti and Murty
[4], (1.240.3) x 102° years. Furthermore, there are
results [5] by means of geochemical techniques on
'28Te and '*°Te, as well as some positive result [61
in 7°Ge, (1.0 +$3) x 102° years, in which the total
energy of the two electrons is measured.
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For this two neutrino mode of BB decay, the
phenomenon is treated as a second order effect of the
charged current effective hamiltonian of the standard
electroweak interaction. Due to the implications for
lepton number non conservation, Majorana character
of neutrino and, more generally, for theories beyond
the standard electroweak model, the other modes of
double beta decay, such as the Ov mode and the Oy with
emission of a Majoron mode, are particularly interest-
ing. However, in order to correctly interpret the results
of experiments on double beta decay, one has to
reliably extract the various nuclear matrix elements
associated with the different decay processes. In this
letter, we restrict ourselves to the discussion of the
transition to the ground state of the daughter nucleus
for the standard 2v mode.

Many attempts have been made in the literature to
calculate the nuclear matrix element involved. In
the shell model calculations [7], the results yield
significantly larger values than the ones needed to
explain the lifetimes measured either in the laboratory
experiment on 32Se decay or by means of geochemical
techniques on #2Se, 128Te and !3°Te. There is a
problem, as yet not fully understood, with this two-
neutrino matrix element [and some controversy [8]
about the existence of the problem for the cor-
responding neutrinoless nuclear matrix element]. It
has been pointed out [9] that the matrix elements for
the 2v, and to some extent also for the Ov, B8 decay
are suppressed when evaluated in the QRPA with the
inclusion of particle-hole and particle—particle com-
ponents of the neutron—proton interaction. Although
these calculations based on QRPA usually give matrix
elements smaller than the shell model values, the
results depend very sensitively on the value of the
particle—particle interaction constant, which is not
known with high accuracy. One concludes from this
approach that the amplitudes can vary between zero
and the shell model value for the allowed transition.
Confronted with these problems one feels the necessity
of both a phenomenological approach, in which the
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BB2v decay in “Ca
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A schematic study of the BB2v decay of **Ca is made in a shell-model approach. The emphasis is
especially put on the role of the spin-orbit potential in relation with the contribution of other terms in the strong
interaction. This is discussed with a particular attention to the behavior of these ones under the SU(4) sym-
metry. Different methods in calculating the transition amplitude are also looked at with the aim to determine
their reliability and, eventually, why they do not work. Further aspects relative to the failure of the operator
expansion method to reproduce the results of more elaborate calculations are examined.
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L. INTRODUCTION

The importance of the double beta decay process is well
recognized. First, the neutrinoless mode, yet unobserved, is
of fundamental interest, as it will be a signal for neutrino
mass and lepton number nonconservation. Second, the
double beta decay with two-neutrino emission (882v), al-
lowed in the standard model, is a very rare process which
was not experimentally observed until 1987, in the decay of
82Se studied by Elliot et al. [1]. Subsequent results in other
nuclei were obtained by other groups (see Ref. [2] for a
recent review of the experimental situation). Recently Balysh
et al. [3] have measured the double beta decay half-life of
“8Ca. This nucleus is the lightest one for which such a mea-
surement is feasible.

On the theoretical side (see Refs. [4,5] for a recent re-
view) the 882 v decay which, at the beginning, was a well-
defined process in the standard model, has been revealed as a
real challenge for nuclear model practitioners. There are two
reasons for this situation. On the one hand, the decay mode is
highly suppressed and sensitively depends on poorly deter-
mined parts of the nuclear interaction. On the other, it is a
second order process, which implies a summation on inter-
mediate, and not always well determined, states. Thus, even
if it is not a process involving new fundamental physics, the
BB2v decay is related to a new type of nuclear matrix ele-
ment. This one incorporates information on the wave func-
tions that is not given by other standard observables.

The difficulties in the calculation of the 882 v decay have
been expressed in several different but related ways in the
literature.

(i) In QRPA calculations, it has been related to the ex-
treme sensitivity of the transition matrix element to the so-
called g,, parameter, which governs the pn excitations

(ii) In the SU(4) language, it has been connected to poor
determination of the nuclear force in the L=0, S=1, T

*Email address: capilla@titan.ific.uv.es
"Email address: desplanq@isn.in2p3.fr
*Email address: Santiago.Noguera@uv.es

0556-2813/2001/63(5)/055503(10)/$20.00

63 055503-1

PACS number(s): 23.40.Hc, 21.30.Fe

=0 (J=1*T=0) channel [9,8]. At the same time, it was
also observed in this scheme that strong truncation of the
model basis can produce undesirable contributions to the
transition matrix element.

(iii) It has also been connected to the bad description of
the B* decays, which processes have been used to fit the
unknown parts of the nuclear force [7].

In order to avoid some of the previous uncertainties, an
alternative approach has been proposed, the operator expan-
sion method (OEM) [10-12]. In the present paper, we will
focus our attention on the role of different parts of the
nuclear force in the BB2v decay as well as on different
methods used in the literature to describe this process. For
that purpose, the simplest nuclear transition to be studied is
the BB2v decay in “8Ca, that offers a double advantage.
There exist both a sensitive experimental value {73}
= (4.3 %[ stat] = 1.4[ syst]) X 10" y [3]} and an elaborate
shell model calculation [13], which is the natural calculation
scheme for this nucleus. While doing these studies, we will
have in mind a long standing problem. Different calculations
were approximately leading to the same decay rate whereas
the intrinsic sign of the transition matrix element was not the
same [14], requiring some clarification. With this respect, we
will in particular show how higher order effects in the SU(4)
symmetry breaking interaction modify previous estimates.
On the other hand, a critical study of the OEM approach has
been done in Ref. [15]. Based on an analysis of the SU(4)
symmetry breaking effects, other features of the OEM have
been revealed, which deserve discussion. Our work is there-
fore concerned more with the role of various approximations
than with a realistic calculation of the process. We will use
an analytical force to achieve this objective. This allows us
to easily compare various methods of calculation and to
switch on and off the different parts of the interaction.

The plan of the paper is as follows. We remind the reader
in the second section of expressions for the standard transi-
tion operator and that one obtained in the OEM approach. In
Sec. III, we introduce in the OEM expression the Coulomb
splitting effect and make a comparison of the corresponding
result with the transition operator derived independently at
the first order in the SU(4) symmetry breaking interaction.
The effective NN interaction that we will use for our study is

©2001 The American Physical Society
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The baryonic spectrum in a constituent quark model

including a three-body force
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We analyze, within a non-relativistic quark model, the
low energy part of the baryonic spectrum in the octet and
decuplet flavour representations. The relevance of a
strong Coulomb potential is emphasized in order to ex-
plain its general features. The addition of a three-body
force allows to solve the ‘Roper puzzle’, giving a consis-
tent explanation to its relative position in the spectrum.

PACS: 14.20.Gk; 14.20.Jn

1. Introduction

The baryon spectroscopy has already been the subject of
a large number of theoretical studies and it is generally
claimed that a good account of the experimental spectrum
is obtained. A closer look at the results however shows
that discrepancies of 100 MeV in absolute or relative val-
ues are not rare and occur in the lower part of the spec-
trum. As the comparison of different works shows, such
departures are still too large to ascribe unambiguously
predicted states to observed ones. More accurate predic-
tions seem to be necessary. In some cases, as in the ex-
tensive work of Isgur and Karl [1], discrepancies are quite
small (with a few exceptions), but the overall agreement
is achieved, in an harmonic oscillator model, by treating
on a different footing states belonging to different major
shells. In other cases, only the position of some states,
such as the Roper resonance, is discussed but often in-
dependently of the position of other states [2, 5].

A few more consistent studies have been performed.
They rely on an essentially exact treatment of the 3-quark
system with quark-quark forces and use either non-rel-
ativistic approaches [6], or relativistic ones [7] (Bethe
Salpeter equation). These analyses involve large non-per-
turbative corrections due to a full treatment of short range

* Also Departament de Fisica Teorica, Universitat de Valencia
** Also Departament de Fisica Atomica y Nuclear, Universitat de

Valéncia

potentials such as the Coulomb or spin-spin interaction
(appropriately corrected for its zero range). This feature
precludes to use them in a finite basis calculation, unless
parameters are considered as very effective ones. On the
other hand, these approaches involve less freedom than
other ones and, as one might expect, are not so good in
accounting for the whole experimental spectrum.

Specifically, in non-relativistic pictures the first excited
state of the nucleon has a negative parity while it is well
known that the experimental one, the Roper resonance,
has a positive parity. One may therefore wonder whether
this resonance (and the similar states in other sectors:
A,2,A,...) is made of three constituent quarks or not.
To this respect, the explanation based on the radial ex-
citation of the bag surface [2, 3] can give the-impression
that the Roper resonance is some kind of intruder state
and implies degrees of freedom quite different from con-
stituent quarks. A similar conclusion may be inferred
from works where quarks are assumed to move in some
average deformed mean field [8]. Exotic explanations have
also been considered for other states. Due to difficulties
in reproducing some helicity amplitudes relative to y-
decay, it has been suggested that some low energy states
such as the Roper resonance (again) or the states P, at
1710 MeV and P, at 1730 MeV be hybrid states [9].
Such an explanation has also been suggested for the state
A(5/27) at 1930 MeV which is relatively quite low in
energy [10].

While the above exotic explanations may be founded,
we believe it is worth while pursuing a program intending
to correctly describe the baryon excitations in terms of
constituent quarks and, possibly, to see which price has
to be paid for that. Models based on constitutent quarks
are quite appealing for their simplicity and also provide
an easy classification of the states. They allow for a com-
plete and consistent treatment of all the states without
any restriction, including states of positive as well as neg-
ative parities, with and without strangeness. Additionally,
they are probably more transparent than other ones as
to the relationship of pecularities in the spectrum to some
new physical ingredients. However we do not believe that
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Abstract. The nucleon form factors are calculated using a non-relativistic
description in terms of constituent quarks. The emphasis is put on present
numerical methods used to solve the three-body problem in order to reliably
predict the expected asymptotic behaviour of form factors. Nucleon wave
functions obtained in the hyperspherical formalism or employing Faddeev
equations have been considered. While a ¢~ behaviour is expected at high g for
a quark-quark force behaving like 1/r at short distances, it is found that the
hypercentral approximation in the hyperspherical formalism (K = 0) leads to a
g~ behaviour. An infinite set of waves would be required to get the correct
behaviour. Solutions of the Faddeev equations lead to the g~% behaviour. The
coefficient of the corresponding term, however, depends on the number of
partial waves retained in the Faddeev amplitude. The convergence to the
asymptotic behaviour has also been studied. Approximate expressions character-
izing this one have been derived. From the comparison with the most complete
Faddeev calculation, a validity range is inferred for restricted calculations.

1 Introduction

A great interest is currently devoted to the nucleon form factor and, in particular, to
its behaviour at high-momentum transfers. Indeed, from QCD in the perturbative

regime [1], one expects the nucleon form factor, Gy (g?) (or F1(¢*)), to scale like
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Triangle Feynman diagrams can be considered as describing form factors of states bound by a zero-range
interaction. These form factors are calculated for scalar particles and compared to point-form and nonrelativ-
istic results. By examining the expressions of the complete calculation in different frames, we obtain an
effective boost transformation, which can be compared to the relativistic kinematical one underlying the
present point-form calculations, as well as to the Galilean boost. The analytic expressions obtained in this
simple model allow a qualitative check of certain results obtained in similar studies. In particular, a mismatch
is pointed out between recent practical applications of the point-form approach and the one originally proposed

by Dirac.

DOI: 10.1103/PhysRevC.65.0382XX

The point-form calculation of form factors in impulse ap-
proximation has recently been performed for various sys-
tems: the deuteron [1], the nucleon [2] and a bound state of
two scalar particles interacting via the exchange of a mass-
less scalar boson [3]. With respect to a nonrelativistic calcu-
lation, discrepancies with experimental data are slightly in-
creased in the first case and essentially removed in the
second one. For the latter case, there is no experiment but a
more complete calculation in Jadder approximation can be
performed. Indeed, the Bethe-Salpeter equation [4] can then
be solved easily, due to a hidden symmetry in the Wick-
Cutkosky model [5,6]. Moreover, this model accounts for
minimal features of realistic interaction models, such as the
field-theory character or explicit relativistic covariance. For
this system, the exact and point-form calculations of the
form factors strongly differ [3], especially when the zero-
mass limit is approached or when large Q2 are considered,
two limits that a relativistic approach should be able to deal
with. This test case points to an important contribution from
two-body currents. Amazingly, a calculation using the non-
relativistic expressions for the form factors with the point-
form wave functions does rather well. The difference resides
mainly in the expression of the transformed momenta under
a boost. Unfortunately, the complexity of the calculation in
the Wick-Cutkosky model prevents one from checking this
point directly on the expression of the form factors.

However. there exists a simpler model that allows for a
completely analytic solution and which, therefore, is particu-
larly useful to gain insight into the origin of the above-
mentioned properties. This model describes a bound state of
two scalar particles together with a zero-range interaction,
providing another case where the Bethe-Salpeter equation
may be solved in closed form. Contrary to the Wick-
Cutkosky model, however, the interaction now is of short
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range, which allows one to check qualitative features ob-
tained in Ref. [3] with a different interaction model. The
fully covariant amplitude for the bound state of total mass
M?2=P? in this case is given by

B(P.p)=—5— 750 o)
(m?=pH{m*=(P=p)*]

where p is the four-momentum of one of the two constituents
with equal mass m, and C is a normalization constant.

This solution may be used to calculate form factors of the
bound state in closed form. These form factors are icpre-
sented by the triangle Feynman diagram shown in Fig. 1. Of
particular interest in the present context is the expression
obtained for the electromagnetic form factor after integrating
over the zero component of the spectator particle four-
momentum. In the Breit frame it reads

dp
2

c?
FI(Q2)=7J’

> (e,-tc’,+2t3,,) )
e,,(e;+e,)[Ez-(e,+ep)2][EZ—(e/+ el,)2]' .
2)

with  E= MA@ e=Nm(p+OR ¢
=\m?+(p—0/2)*, and ¢, = Jm?+p2. In this form it does

FIG. 1. Representation of a virtual photon absorption on a two-
body system with the kinematical definitions.

©2002 The American Physical Socicty

or



The collaboration did not finish with the last paper
but the collaboration continued with discussions
about the ways followed by each of us

SANTI,
Have a happy and nice 60th birthday

Enjoy further nice years in physics

Thanks a lot for everything I learnt from you,
physics of course,

but also about all aspects of life in your country



