
Indications for isospin impurities in the 21
+ excitations of theA=30 T=1 isobaric multiplet

E. Khan,1 V. Lapoux,2 N. Alamanos,2 and Y. Blumenfeld1
1Institut de Physique Nucléaire, IN2P3−CNRS,F-91406 Orsay, France

2CEA-SACLAY DSM/DAPNIA/SPhN, F-91191 Gif-sur-Yvette, France
(Received 2 December 2003; published 22 March 2004)

Indications for isospin impurity in the transition from the ground state to the first 2+ states of30S and30Si
mirror nuclei are given, using electromagnetic and proton scattering probes. The30S neutron and proton
transition matrix elements are compared to the corresponding experimental mirror quantities in the30Si
nucleus, indicating a possible charge independence violation. The experimental30Si neutron transition density
deduced from previoussp,p8d scattering is found larger than the30S proton transition density. Electromagnetic
data on30P are also incompatible with charge independence in theT=1s30Si,30P,30Sd isobaric multiplet.
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Isospin symmetry is a much applied concept in nuclear
physics[1], but is only an approximate symmetry, partly due
to the charge dependence of the nuclear force[2]. Isospin
impurities have already been observed in theN=Z 64Ge [3],
46V [4], and 54Co [5] nuclei usingb decay measurements.
They can also be traced through detailed studies of transition
rates between ground and excited states. Electromagnetic
probes such as lifetime measurements and Coulomb excita-
tion experiments allow to directly measure the proton contri-
bution to the excitation[6]. Inelastic hadron scattering such
assp,p8d is a complementary tool for measuring the neutron
contribution. Namely, the proton and neutron transition ma-
trix elements are defined from the transition densitiesdr,

Mp,n =E drp,nsrdr4dr s1d

in the case of a transition from the 0+ ground statesg.s.d to
the first 2+ state. TheMp factor is directly related to the
BsELd transition strength value obtained by Coulex experi-
ment. In the following we adopt the convention

BsE2,Ji → Jfdp,n =
s2Jf + 1d
s2Ji + 1d

uMp,nu2. s2d

Equations1d shows that the transition matrix element mainly
reflects the transition strength at the nuclear surface. Since
direct reactions are surface peakedf7g, they are well adapted
to provideMn values. Therefore the combination of electro-
magnetic and hadronic probes allows the extraction of the
Mp andMn values. Isospin symmetry in a givenT multiplet
imposesf8g

MpsTZd = Mns− TZd. s3d

In stable light nuclei, the symmetry breaking effect due to
the Coulomb force is smallf2g, thus the direct comparison of
the measurements of the neutron and proton observables pro-
vides a check for this symmetry. Bernsteinet al. used this
argument to investigate theT=1 isobaric multiplets forA
ø42 nuclei [8], assuming charge independence of nuclear
forces. They proposed a method to check if the symmetry is
verified within theT=1 multiplets[8]. The charge indepen-

dence entails that the isoscalar multipole matrix element is
independent ofTz,

M0 = M0sTZd = MpsTZd + MnsTZd. s4d

Under this assumption the analog low-lying states ofT=1
multiplets were analyzed and a disagreement forM0 was
found for the 2+ towards 0+ transitions of thes30Si,30P,30Sd
multiplet. The authors concluded to the necessity of
checking the experimental data, especially for the30S and
30P unstable nuclei. For these nuclei our knowledge has
now dramatically increased due to the development of ra-
dioactive beam facilities in the last decade. With these
techniques, isospin purity has been recently investigated
in A=18 f9g, A=26 f10g, and A=38 f11g T=1 multiplets.
The synthesis of all the results in theA=4n+2 multiplets
shows that the isospin symmetry is surprisingly broken for
the A=34,38,42 systemsf11g.

Recently the isospin symmetry was also investigated for
the T=2 32Ar and 32Si mirror nuclei[12]. A Coulomb exci-
tation measurement was performed for the first 2+ state of
32Ar, leading to itsMp value, whereas inelastic proton scat-
tering provided theMn value of the first 2+ state of32Si. The
agreement of theMp value of 32Ar with the Mn value of its
T=2 mirror counterpart was observed within experimental
uncertainty. However, the main concern is that a simple mac-
roscopic model was assumed in Ref.[12] to extract theMn
value and the result should be cross-checked by measuring
32Arsp,p8d.

In this Rapid Communication we report on indications for
isospin impurity for the first 2+ state of the30S and 30Si
mirror nuclei. Since the30S nucleus is unstable, accurate data
have only recently become available[13]. TheMp values are
obtained by electromagnetic measurements, and theMn val-
ues are extracted fromsp,p8d data. Due to the expected
weakness of the charge symmetry breaking, it is necessary to
test it through the comparison of several independent observ-
ables.

First we discuss the available data on30Si proton and
neutron transition matrix elements. TheBsE2d value for the
stable30Si nuclei was obtained from five different lifetime
measurements[14]. They yieldBsE2dexp=205±11e2 fm4, for
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the transition from the g.s. to the first 2+ state [14]. The
method employed to extract theMn value of30Si is described
in Ref. [15]. First the charge transition density for the 21

+

state is fitted to the available electron scattering data[16],
and the proton transition density is obtained by unfolding the
nucleon form factor. The proton transition density is then
held fixed and the neutron transition density is extracted
from the proton scattering data measured using 180 MeV
protons. A linear expansion of the proton-nucleus interaction
is performed, the fitted parameters are obtained with errors
reflecting the uncertainties due to the normalization of the
data, statistics, and systematic errors due to the fitting proce-
dure. The values obtained forMp [14] andMn [15] for 30Si
are given in Table I. Since30S is unstable,se,e8d measure-
ments are not feasible. However, lifetime measurements pro-
vide the value of the reduced transition probabilityBsE2d.
The experiments[17,18] yield BsE2dexp=304±28e2 fm4. The
BsE2dexp value of 30S is at variance with the previous
BsE2dn=398±51e2 fm4 measurement of30Si, deduced from
the Mn value of 30Si.

To investigate further the possible isospin impurity for the
g.s. towards the 21

+ state transition we need to cross-check
this result by using the neutron and proton matrix elements
in 30S and30Si, respectively. The 21

+ inelastic angular distri-
bution of the30Ssp,p8d reaction has been recently measured
at 53 MeV/nucleon in inverse kinematics at the GANIL fa-
cility [13]. The g.s. and transition densities of30S are re-
quired in order to perform a microscopic analysis of the an-
gular distribution. The g.s. densities are calculated by the
Hartree-Fock+BCS sHF+BCSd model, with the SGII
Skyrme force[19]. The transition densities from the g.s. to
the 21

+ state are given by quasiparticle random phase approxi-
mation(QRPA) calculations[20]. It should be noted that the
QRPA residual interaction is determined self-consistently
from the interaction which generated the mean field in the
HF+BCS calculation. The accuracy of the QRPA model can
be tested for stable nuclei by comparison with proton transi-
tion densities deduced from inelastic electron scattering[6].
The QRPA32,34S proton transition densities were found in
perfect agreement[13] with the measured densities obtained
by se,e8d scattering[21,22], indicating an accurate QRPA
description of the proton contribution to the excitation in the
sulfur isotopes. This shows that the profile of the proton
transition density is well reproduced by the QRPA calcula-
tions, giving confidence in the use of the QRPA density. For
the other even sulfur isotopes, from30S to 40S, it was shown
in Ref. [13] that the QRPA transition densities could repro-

duce well the evolution ofBsE2d with the neutron number. In
the case of 30S, the QRPA prediction, BsE2dQRPA
=328e2 fm4, is in good agreement with the experimental
data. The QRPA proton transition density of30S is also vali-
dated by the results mentioned above.

As a first analysis we use directly the QRPA to predict the
30S Mn value since the QRPA calculations were proven to
provide a consistent description along the sulfur isotopic
chain of bothBsE2d values andsp,p8d scattering. TheMn

value predicted by the QRPA neutron transition density is
Mn=7.45 fm2, which shows a strong variance with the mea-
sured Mp value for 30Si:Mp=6.40±0.17 fm2 (Table I). It
should be noted that the30S and30Si neutron transition ma-
trix elements are both found,13 % larger than the30Si and
30S proton transition matrix elements, respectively. In order
to evaluate the contribution of the Coulomb potential to this
isospin violation, QRPA calculations for the first 2+ state of
the 30Si nucleus are performed. In the QRPA model the
Hamiltonian preserves the isospin symmetry except for the
Coulomb term. We getMp=7.52 fm2 and Mn=7.76 fm2,
which shows a variation of 7 % and 4 % with the respective
QRPAMn andMp values of30S. This represents the approxi-
mate contribution of the Coulomb term to the isospin impu-
rity, which remains much lower that the observed variation.

The 30Ssp,p8d data may allow to investigate further on
this result. The inelastic angular distribution corresponding
to transition to the first 2+ state has been analyzed by two
independent sets of microscopic optical and transition poten-
tials, namely, the Jeukenne, Lejeune, and Mahaux(JLM) pa-
rametrization[23] and the folding model[24]. In a first
analysis[13] of the 30Ssp,p8d angular distributions, the JLM
parametrization is used[23] to generate the optical potential.
This potential is derived from nuclear matter calculations,
built on the Reid hard-core nucleon-nucleonsNNd interac-
tion, using the Brueckner-Hartree-Fock(BHF) approxima-
tion. An improved local density approximation(LDA ) is ap-
plied to derive the potential in the case of a finite nucleus.
The resulting JLM potential is a microscopic, complex, and
local nucleon-nucleus potential depending only on incident
energyE and on the neutron and proton densitiesrp, rn of
the nucleus. The inelasticsp,p8d angular distributions are
obtained through distorted wave born approximation
(DWBA) calculations[7] including the JLM potential. They
are performed with theTAMURA code [25]. The entrance,
transition, and exit channel potentials are defined with the
g.s. and transition densities.

In Ref. [13], these calculations were performed for sulfur
isotopes and it was shown that the 21

+ inelastic angular dis-
tribution is very well reproduced. In order to test the sensi-
tivity of the predicted angular distribution to the optical
model potential, the densities previously used in the JLM
potential are folded with a density-dependent effective inter-
action, based on theG-matrix elements of the Paris potential
[24]. The real nuclear, the Coulomb, and spin-orbit potentials
are calculated by the folding approach. The imaginary part of
the optical and transition potentials is generated using the
CH89[26] parametrization. The angular distributions are cal-
culated using the DWBA formalism. The 21

+ angular distri-
bution of 30S is well reproduced[24]. The difference be-

TABLE I. Proton, neutron transition and deduced isoscalar ma-
trix elementsM0 for 0+ towards 2+ transition in theT=1, A=30
isobaric multiplet, in fm2. Values for30Si are from Refs.[14,15].
TheMp values for30P and30S are from Ref.[14] and theMn value
for 30S is given in this work.

30Si 30P 30S

Mp exp 6.40±0.17 7.05±0.27 7.80±0.36

Mn exp 8.92±0.57 Mn=Mp 5.75±0.95

M0 exp 15.32±0.59 14.10±0.54 14.04±1.01
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tween the JLM and the folding approaches should be
emphasized: the JLM parametrization relies on BHF calcu-
lations in infinite matter and on the LDA, whereas the fold-
ing model is directly a calculation in a finite system. Since
the contribution of the protons to the 2+ excitation of30S is
well described by the QRPA results, the good reproduction of
the sp,p8d angular distribution by the calculation is a strong
test of the QRPA prediction for the neutron contribution. The
BsE2dn=5uMnu2 QRPA value is 278e2 fm4. The determination
of the experimental value of theMn moment is operated by
using the QRPA transition densities, by renormalizing the
QRPA proton transition density to the experimentalBsE2d
value according to Eq.(2) and by renormalizing the neutron
one, checking the interval allowed by the variation of theMn
value on thesp,p8d data. The deduced experimental value,
written in Table I, isMn=5.75±0.95 fm2 at ones. This last
value, obtained with large uncertainties, is compatible with
the experimental value ofMp for 30Si (Table I) and is there-
fore a priori consistent with isospin purity.

It is, however, of interest to illustrate the possible isospin
impurity situation by comparing the QRPA30S proton tran-
sition density to the experimental30Si neutron transition den-
sity. Figure 1 presents the transition densities for these mirror
nuclei as a function of the radius. Their moments correspond
to the definition of Eq.(1) and the values are given in Table
I. In Fig. 1 the QRPA proton transition density for30S renor-
malized to the experimental valueMp=7.80±0.36 fm2 is
plotted. It is compared to the Si neutron density extracted
from sp,p8d analysis and given in Ref.[15]. The band delim-
ited with dotted lines for Si corresponds to the overall error
given in Ref.[15] and for 30S, to the experimental error of
the Mp measurement. As stated before, the transition densi-
ties’ magnitudes are different. The shapes exhibit also a dif-
ference: the proton transition density for30S is narrower and
peaked slightly more inside of the nucleus than the neutron
30Si transition density.

To further test the transition densities given in Fig. 1 we

present in Figs. 2 and 3 the JLM calculations for the elastic
and inelastic30Ssp,p8d cross sections at 53 MeV/nucleon.
lV=1 andlW=0.9 are the normalization factors of the real
and imaginary parts of the JLM potential which give good
agreement with the elastic scattering data(Fig. 2). We as-
sume the mirror symmetry: for the g.s. densities30S proton

FIG. 1. Comparison of the30S proton to the30Si neutron tran-
sition density, as described in the text. FIG. 2. Elastic scattering data for30S on proton at

53 MeV/nucleon in comparison with the results given by the JLM
potential including mirror g.s. densities for the30S nucleus.

FIG. 3. Inelastic scattering data for30Ssp,p8d at
53 MeV/nucleon in comparison with the results given by the JLM
potential including mirror g.s. and transition densities for the30S
nucleus. The solid curve is obtained by applying the mirror symme-
try to both 30S proton and neutron transition densities while only
neutron30S density is taken equal to the proton30Si one for the
dashed line.
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and neutron densities are from neutron and proton30Si BCS
calculations(their shape is close to the profile of the experi-
mentally deduced densities reported in Ref.[27] and ob-
tained by electron scattering), for the transition densities, we
test two assumptions. First, showed by the solid curve, mir-
ror symmetry is assumed both for neutron and protons taking
mirror 30Si densities, taken with the parametrizations ex-
tracted from experimentalse,e8d and sp,p8d data in Ref.
[15]. Second, the dashed curve shows the QRPA proton tran-
sition density renormalized to the experimentalMp value,
and the neutron transition density taken from the mirror30Si
proton transition density of Ref.[15]. In both cases the data
are slightly overestimated by calculations which assume mir-
ror symmetry, implying a possible isospin impurity.

30P is the third element of theT=1 isobaric multiplet and
provides complementary information to the isospin violation
situation. We can therefore compare the three values ofM0
obtained using Eq.(4) for each nucleus of theA=30 multip-
let. In the case of theN=Z 30P nuclei, charge independence
states thatMp=Mn. Since theMp value has been measured
with lifetime method[14] one getsM0=2Mp. The resulting
M0 values for the multiplet are given in Table I. A discrep-
ancy of 8% is observed between30Si and30P M0 values, still
implying the violation of the charge independence. TheM0

value calculated assuming Eq.(3) for 30Si and 30S is M0

=Mps30Sd+Mps30Sid=14.10±0.46 fm2. This result is at vari-
ance from the result of Bernsteinet al. [8], because of the
low quality of the data on the unstable30S nucleus at that
time. It is now in agreement with theM0 value of 30P (see
Table I), as previously mentioned in Ref.[11].

To summarize, indications for isospin impurity are ob-
served in the transition from the g.s. to the first 2+ state of the
30S and30Si nuclei. The twoMp values are directly obtained
by several electromagnetic probes. The twoMn values are
obtained bysp,p8d scattering using reliable methods. The
two sMn,Mpd comparisons in mirror nuclei both lead to iso-
spin impurity conclusion and are in quantitative agreement.
The charge independence using the30Si and theMp

30P data
is also not verified. Therefore the combination of the electro-
magnetic and the hadronic probes provides a quantitative test
of the charge dependence violation. Complementary ways to
measure the neutron contribution are called for in order to
confirm this result. It should be noted that eachT=1 isobaric
multiplet with Aø42 includes at least one unstable nucleus.
The use of the most recent electromagnetic and hadronic data
should provide a test of charge independence in these mul-
tiplets.
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