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ABSTRACT
Detailed studies of the spin-isospin structure of nuclear excitations are possible at

TRIUMF's medium resolution spectrometer using the (n,p), (p, p') and (p,n) reactions.
We discuss here results on isospin symmetry of inelastic nucleon scattering reactions
populating isospin triads in A=6 and A=12 nuclei. The 0+ Gamow Teller strength
function from (n,p) reactions on (sd) and (fp) shell targets is found to be substantially
quenched compared to current nuclear structure models using the free-nucleon axial-
vector coupling constant.

1. INTRODUCTION

The Gamow-Teller (GT) resonance, an L=0 spin-flip isovector excitation related to
the or one-body operator, was first predicted by Ikeda et al') who pointed out that a
large fraction of the fragmented strength distribution may be energetically inaccessible
to nuclear /? decay. Inelastic nucleon scattering at intermediate energies and small mo-
mentum transfers can be viewed as an extension of GT studies in li decay. The strong
pion and rho meson exchange interaction between nucleons imposes the same selection
rules on spin and isospin of initial and final nuclear states as does the weak axial-vector
current in J3 decay. The close correspondence between L=0 cross first observed for the
(p,n) reaction at IUCF 2) and, more recently, for the (n,p) reaction at TR1UMF 3). The
results discussed here were obtained with the medium-resolution spectrometer (MRS)
at TRIUMF which allows measurements to be made of the (n,p) and (p,n) charge ex-
change reactions *) and of the (p,p') reaction 5) between 200-500 MeV. Although the
energy resolution achieved is modest (typically 120 keV FWHM in (p,p') and 1 MeV in
charge exchange reactions) this is compensated for by the extreme selectivity of these
reactions in exciting spin-isospin modes. Recent work at TRIUMF has concentrated
mainly on (n,p) reactions to study /3+ strength functions. In nuclei with neutron excess
/i+ strength tends to be Pauli blocked and is thus very sensitive to details of the nuclear
Fermi surface.

2. ISOSPIN BREAKING IN (n,p), (p,p') AND (p,n) REACTIONS

First measurements 6) of isospin symmetry in N-nucleus reactions have been carried
out at 280 MeV on self-conjugate (T3 = 0) target nuclei where isospin symmetry of the
nuclear wavefunction would imply equal GT strength for /3~ and /?+ decay. If, in addi-
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tion, isospin is conserved in the N-nucleus interaction the cross sections for transitions
to members of an isospin triad with T^=1,0,-1 are simply related by aPin=aniP=2ap^i
provided they have been extrapolated to the same scattering angle (0°) and momentum
transfer (q = 0). The factor of two arises from the isospin coupling coefficients for the
projectile.
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Fig. 1. Angular distributions for the 6Li(p,n) and (p,p') reactions at 280
MeV and the (n,p) reaction at 200 and 280 MeV populating the A = 6 0+
isospin triad. The theoretical DWIA curves assume good isospin in the
three reactions and include the effects of finite angular acceptance in the
experiments.

Accurate measurements of absolute cross sections for reactions involving detection of
neutral particles are difficult. We have measured both (n,p) and (p,p') reactions relative
to Arndt's SP88 phase shift solutions 7 ) for elementary NP and PP scattering. This
procedure was tested in A = 1 2 where the asymmetry in the ft values for the ground state



decay of I2N and 12D, ft+/ft~ = 1.13±0.01, is attributed to a binding energy effect in the
nuclear wavefunctions rather than to second class currents in the weak interaction 8) .
We have performed one-step DVV1A calculations for the three reactions using Woods-
Saxon form factors which reproduce exactly the observed ft asymmetry. The effect of
the small T = 0 admixture in the 15.1 MeV T - l state in UC is also taken into account.
We find that the SP88 normalization implies ratios aexvlaowiA for the (n,p) and the
(p,p') data which agree at q » 0.25 fin"1 to an accuracy of about ±3%. If one makes
the reasonable assumption (supported by DW1A calculations) that additional isospin
violation between (p,n) and (n,p) reactions at the same energy is negligible one may
then use the 12C(p,n)'2N cross sections relative to those for (n,p) to determine the
normalization factor for (p,n) reactions.

We then measured the 6Li(n,p), (p,p') and (n,p) reactions at 280 MeV to investigate
isospin symmetry in the A=6 system. A comparison of the GT matrix element in 6Li
with the Ml matrix element from tiLi(e,e') is of interest because it can be used to impose
limits 9) on the change of the nucleon size inside the nucleus. Since the 6Be ground state
is unbound to particle emission B(GT+) is not available and therefore isospin symmetry
was assumed in the theoretical calculations. The radial form factors were obtained with
a harmonic oscillator potential whose size parameter was adjusted to a very large value
(6 = 2.15 fin) to force agreement with the (p,p') angular distribution; for the (n,p) and
(p,n) calculations the same oscillator parameter was adopted. The data for the three
reactions, which made use of normalization factors from the A=1'2 experiments, and
theoretical calculations are shown in Figure 1. The calculations have to be multiplied by
a factor of 0.88 to reproduce D(GT_), and an overall factor of 1.004 to bring the DW1A
calculations into agreement with the (p,p') data. It can be seen that the (p,p') data
fall below the (n,p) and (p,n) data by about 5%. This is unexpected since in the A=12
system the isospin violation is roughly linear in T3 of the final nucleus. Theoretical
estimates of isospin breaking in the A=G system are however difficult because of the
low two-particle emission thresholds, the particle instability of 6Ue, and the cluster-like
structure of the 4He+2N system. We conclude that isospin violation experiments in
N-nucleus reactions are at present limited to accuracies of several %.

3. QUENCHING OF /?+ STRENGTH IN (sd) AND (fp) SHELL NUCLEI

Extraction of total p~ strength (5_) or fi+ strength (,S'+) from (n,p) or (p,n) angular
distributions requires two steps. For each excitation energy the L = 0 fractions of the
cross sections have to be determined by a multipole decomposition and extrapolated to
0° and q - 0. A conversion factor, a = cr(0°,q = 0)/U(GT), is then used to determine
S. The GT strengths are large and determined reliably at low excitation energies where
they can be compared to shell model, RPA or quasi-particle RPA (QRPA) calculations.
Quenching factors, SeXp/StheorV, quoted for (n,p), (p,p') and (p,n) reactions may vary
widely depending on whether a is obtained empirically from transitions of known B(GT)
2|3ll>) or from DWIA calculations. For example, using the t-matrix interaction of Fraucy
and Love 10) and optical potentials obtained by folding this interaction with experimental
nuclear matter distributions we find 6) a to be underestimated by typically 25%.

In Figure 2 GT quenching factors are shown for (sd) shell nuclei from (p,n) data
at IUCF " ) and from (n,p) ") and (p,p') 13) data at TRIUMF using the empirical
values 2A6) for <7 (a 9 mb/sr for A=20 at 200 MeV). The GT strength obi..:rvcd at low
excitation energies is only about 60% of that predicted by the untruncated shell model
u ) . The GT strength distributions agree well with the calculations except in A=20 and
28 nuclei.

The study of the 48Ti(n,p) reaction at 200 MeV 12) was motivated by the fact that
fi+ matrix elements enter sensitively into calculations of the lifetime for 48Ca 2c double
P decay. The measured GT strength distribution is shown in Figure 3 together with
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Fig. 2. GT quenching factors for inelastic nucleon scattering from (sd)
shell targets obtained with empirical conversion factors a and the shell
model predictions of ref. 14. The dashed line corresponds to a value of
{9A/gv)tjj = 1.0.

calculations using truncated shell models l5'16) and the QRPA 17). In these calculations
a renormalization factor of 0.6 is already included. Although the calculations predict
total strengths of S+ = 1.04, 0.88 and 0.80, respectively, in reasonable agreement with
the data they fail to reproduce the strength near 3 MeV and the tail extending to about
10 MeV. Since much of the 5_ strength in 48Ca(p,n) is found in this tail region the
model estimates of the 48Ca double fi decay rate may be subject to large uncertainties.
The strength above 15 MeV depends sensitively on assumptions made in the multipole
decomposition.

The GT sum rule, 5_ - 5+ = 3(iV - Z), was recently tested for the low excitation
energy region by Vetterli et alI8) who measured (p,n) and (n,p) reactions on 54Fe at
300 MeV. In this case 5_ and 5+ are both large and provide a severe test of any nuclear
model. The calibration of a at 300 MeV was determined from the (p,n) cross section for
the 0.94 MeV state in S4Co whose B(GT) was known from previous (p,n) experiments
at 135 MeV I9) and 160 MeV 20). The fT strength from the three (p,n) measurements
agree and determine S- - 7.5± 0.5, whereas the (n,p) data imply 5_ = 3.1± 0.6. Thus
(67 ± 13)% of the sum rule is observed at low excitation energies. The S+ strength
is smaller by a factor of 2-3 than estimates using truncated (fp) shell models. In the
QRPA the reduction in 5+ can be obtained by adjusting the particle-particle interaction
"-2 1). With this interaction strength chosen to reproduce the long lifetimes for double fi
decay 17) the QRPA gives similar quenching for 5_ and 5+ and determines the effective
axial-vector coupling constant to (gA/9v)ejj *= 1-0.
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Fig. 3. Comparison of p+ GT strength from the 48Ti(n,p)48Sc reaction and
calculations using the shell model (top; solid line ref. 15, dotted line ref.
16) and the QRPA (bottom; ref. 17). The errors do not include systematic
uncertainties in the multipole decomposition which are substantial above 15
MeV.

The GT quenching which appears to be similar for both the untruncated shell model
and the QRPA points to the necessity of including higher order core polarization effects
22). The inclusion of several major shells implies a softened Fermi surface for which
evidence exists also from E2 effective charges, from spectroscopic factors deduced in
sub-Coulomb stripping reactions, and from occupation numbers measured in (c,e') and
(e.e'p) reactions. An additional contribution to GT quenching from coherent delta-hole
a••' fixtures is expected 22) although its magnitude is still controversial.

The author is indebted to W.P. Alford, B.D. Anderson, J. Mildenberger, B. Pointon
and M. Vetterli for their permission to quote experimental results prior to publication.
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