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INTRODUCTION

What follows is a brief account of some of the results of studies of the (n,p) reac-
tion on nuclear targets initiated at TRIUMF in December 1985. The close connection
between studies of nucleon charge exchange reactions and spin excitations in nuclei
has been a central theme of earlier conferences held here at Telluride. The emphasis
at this conference is on the information uniquely accessible through measurements
of spin observables in nuclear reactions at intermediate energies. The (n,p) reaction,
inducing spin-flip transitions in isospin space, appears to exhibit a unique sensitivity
to certain aspects of nuclear structure.

Early experiments involving nucleon scattering as a probe of nuclear structure
were carried out without reference to the concept of isospin. In fact the first direct
evidence that isospin is a useful quantum number in medium weight or heavy nu-
clei was provided by Anderson and Wong1 utilizing the (p, n) reaction at energies
high enough to involve a single scattering mechanism and with resolution sufficient
to identify the isobaric analogue state in the final nucleus. This pioneering study
of isospin-flip transitions involving the Fermi component (L=0, 5=0, T=l) of the
effective nucleon-nucleon interaction was followed by a period of intense theoretical
and experimental activity2. In many respects history was repeated more recently
when the same reaction was used at higher energies to identify the Gamow-Teller
resonance (L=0, S=l , T=l) as a simple mode of nuclear excitation prominent with
targets from 2H to *"Pb. s- r

In the context of studies of the (p, n) reaction, the (n,p) reaction can be viewed
as inducing "reverse" spin-nip transitions in isospin space. For a variety of reasons
there are important distinctions to be drawn between the (p, n) and (n,p) reactions
as probes of nuclear structure.



The most obvious difference in studies of the two charge exchange reactions is
that the one is well established while the other, (n,p), is still in its infancy. The
pioneering studies of the (n,p) reaction at 152 MeV on nuclear targets by Measday
and Pahuieri8 were limited by low counting rates and an energy resolution of 6 MeV.
More recently Brady et a/.9 have developed an (n,p) facility utilizing a collimated
neutron beam at energies up to 65 MeV. For most applications involving the distorted
wave impulse approximation (DWIA) higher energies are preferred. The TRIUMF
(n,p) facility is the first in operation to exploit the (n,p) reaction as a detailed probe
of nuclear structure at energies above 65 MeV.10"14

In terms of nuclear structure the initial experiments suggest a role for the (n.p)
reaction significantly different from that associated with the (p, n) studies. IK isospin
space all targets are 100% polarized and the majority exhibit a neutron excess with
the consequence that Tz = {N - Z)/2 > 0. Thus for all targets but JH and 3He
the operator associated with the (n,p) reaction is uniquely isospin raising (T, =
TX,T] = Tz + 1). The obvious consequence of this restriction is the absence of
Fermi transitions but, as is illustrated below, the impact on Gamow-Teller and other
collective transitions is dramatic.

Finally there are some specific nuclear transition matrix elements which can be
estimated on the basis of (n,p) measurements. Detailed discussion of these important
applications of the probe lies beyond the scope of this article but brief reference will
be made to two exampies in the context of a specific experimental result and in the
conclusions.

THE TRIUMF {n,p) FACILITY

The TRIUMF charge exchange facility utilizes the medium resolution spectrom-
eter (MRS) in very similar configurations for the study of both the (p,n) and (n.p)
reactions at forward angles in the energy range between 190 and 500 MeV. The initial
(p.n) results were reported by Alford et oi.15 and are also discussed in the following
paper.16 Brief descriptions of the (p, n) mode of operation are included in Refs. 11. 15
and 16. Figure 3 of Ref. 16 illustrates many of the features common to both modes
of operation. The proton beam extracted from the cyclotron is incident on the pri-
mary target located at the entrance of a dipole magnet used to deflect the emerging
protons 20° to a locally shielded beam dump. For (n,p) studies the secondary beam
is produced by (p,n) reactions in a 7Li primary target. The nearly monoenergetic
neutrons emitted at 0° are incident on the {n,p) target located 92 cm away, just
outside the clearing magnet as is illustrated in Fig. 1. The protons emerging from
the secondary target axe detected in the MRS.

Two essential differences in the operation of the facility in the (n,p) mode arc
the use of a segmented secondary target chamber17 in place of a hydrogenous recoil
scintillator and the location of the axis of rotation of the MRS near the centre of this |
{n,p) target chamber. This chamber, filled with counter gas, consists of alternating j
layers of wire chamber and target foil. The particular foil in which the (n, p) reaction |
takes place is identified by requiring all and only those wire chambers downstream ;
to register the event. Correction can therefore be made for the proton energy loss in ]
the subsequent targets, permitting the use of more secondary target material while
maintaining the required energy resolution. Other advantages ensuing from the use of ;
this design such as background reduction and the precision with which cross sections j
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Fig. 1. A schematic diagram of the experimental configuration in the region
of the secondary target for (n,p) experiments at TRIUMF.

can be normalized are discussed in detail in Refs. 13 and 17.

Figure 2(a) illustrates the spectrum obtained for the 12C(n,p)12B reaction at
0° with En = 198 MeV in the first experiment performed with this facility. Natural
carbon targets each 5 cm high, 2 cm wide and 92 mg/cm2 thick were mounted in
positions T2 to T5 in the segmented chamber. The spectrum shown is the sum of
all four targets with suitable energy loss corrections. The spectrum is dominated by
the peak resulting from the (n,p) reaction populating the ground state of 12B (Qo =
— 12.59 MeV). The observed energy resolution results from comparable contributions
from

1) the energy spread of the incident proton beam,

2) energy loss in the 110 mg/cm2 7Li target,

3) secondary neutrons populating both the g.s. and 0.43 MeV states in 7Be.
and

4) energy loss and straggling in the carbon targets.

The smaller peak at w=0 is associated with the H(n,p) reaction primarily on hydro-
gen in the mylar foils of the wire chambers and in the counter gas (50% isobutane,
50% argon in this case). This background and a very small contribution at higher ex-
citation energies can adequately be accounted for with an "empty spectrum" recorded
with the carbon targets removed.

Figure 2(b) is an (n,p) spectrum recorded simultaneously with that in 2(a) for
CH2 targets located in positions Tl and T6. The 12C(n,p) cross section is measured
relative to that for the H(n,p) peak that dominates this spectrum. This ratio is
completely insensitive to the incident neutron flux, to computer dead time and to



400

300

200

100

0

6 600-I
u
4- 400vv

oo

200

0

10J

102

101

10°

°C(n,p)«B
a)

H(n,p)n
I •— 1.01 M*V

CH.
b)

c)
n CH,-C

0 10 20 30
om (MeV)

Fig. 2. (a) The (n,p) spectrum at 0° with 4 carbon targets and En = 198 MeV;
u is the kinetic energy lost by the nucleon, (b) the (n,p) spectrum recorded
simultaneously with (a) for two CHj targets, (c) the spectrum used to infer
the distribution of incident neutron energies [(a) and (b) are reprinted from
Ref. 13, (c) from Ref. 11].

the efficiencies of all wire chambers except those in the target chamber. Any small
differences associated with individual target locations are monitored by a separate
measurement with CH2 located in all target positions. Such spectra recorded with
different settings of the MRS magnetic field are also used to measure the acceptance
of the spectrometer as a function of the coordinate on the focal plane.

A novel feature of this (n,p) facility is the short uncollimated neutron beam.
Figure 2(c) shows the spectrum obtained by subtracting the contribution of the C
from a CH2 spectrum and correcting for the variation with energy of the spectrometer
acceptance. The peak arises from the H(n,p) reaction induced by neutrons from the
7Li(p, n) reaction populating the lowest two states in 7Be. Lower-energy neutrons
resulting from the population of unbound levels in 7Be will give rise to a continuum
at UJ > 3 MeV. Data from the time-of-flight facility at IUCF for the TLi(p, n) reaction
at 200 MeV18 indicate that this source accounts for the continuum present in Fig. 2( c).
Estimates of the contribution of this continuum are subtracted from the (n, p) spectra
recorded with the targets of interest by performing a simple deconvolution of the
neutron line shape.

EXPERIMENTAL RESULTS

Below is a sample of the results acquired to date with the TRIUMF (n,p) facil-
ity. These are generally ordered by increasing target mass and are chosen to illustrate
the trends in the data. Detailed discussion is avoided; in most cases reference is made
to more complete accounts of these results.



6Li(n,p)6He

Figures 3(a) and 3(b) illustrate spectra at two angles recorded with neutrons
incident at 198 MeV on 6Li. The value 0c.m. = 2.1° in Fig. 3(a) is an estimate of
the rms scattering angle accounting for the finite acceptance of the MRS, which was
centred at 8 = 0°. The dominant feature of these data is the strong transition to
the 6Heg.,.(/ir=0+) at forward angles. At 2.1° the strength of the transition to the
2+ state at 1.80 MeV is <2% of that to the 0+ despite the possible contribution of
Gamow-Teller transitions from the 6Lig.».(l+ T=0) in both cases.

Figure 3(a) is a simple illustration of the sensitivity of the (n,p) reaction to the
influence of space symmetry on nuclear wave functions. If the nuclear Hamiltonian
was independent of both total spin 5 and isospin T, the energy levels would be
eigenfunctions of SU<:

xl>n{[f](\n...)LSJT}

with eigenvalues:

exhibiting the (25+1) x(2T+l) degeneracy of a Wigner supermultiplet.19 In this
classification [/] specifies the spatial permutation symmetry and Xfi... any addi-
tional quantum numbers. In general the attractive nature of the long-range part of
the nucleon-nucleon interaction tends to lead to states of maximum orbital symmetry
dominating the low-lying eigenfunctions. The operator responsible for Gamow-Teller
transitions is particularly sensitive to the influence of space symmetry (SU<) since it
connects only states of the same [f\(\y. • • -)L (i.e., states within the same supermul-
tiplet).
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Fig. 3. (a) The cross section deduced from the observation of the (n,p) reaction on 6Li with
£„ = 198 MeV and 8 (MRS) = 0°. (b) The corresponding result with 8lab (MRS) = 15°.



SU4 is at best an approximate nuclear symmetry broken by, amongst other
terms, a one-body spin-orbit interaction. The low-lying levels of the A=6 nuclei may
exhibit the best examples of the influence of space symmetry in which the ground
states of 6Li and 6He are predominantly 35j and 'S o , respectively, while the 6He
(1.80 MeV) is largely 1D2.

W-24 The strong GT transition to the 6Heg... and the
almost pure L=2 transition to the 2+ state seen in Fig. 3 reflect these assignments.
The complete {n,p) data set (including data at other angles) is being analyzed in
terms of detailed nuclear wave functions and the abundant data available for the A=6
nuclei from other probes of nuclear structure.

Calibration of the Probe: <r

An essential first step in the quantitative analysis of the (p,n) data was a 1
systematic series of measurements of the cross sections at 0° for transitions for which 4
the Gamow-Teller strength, BQT, was already known from /? decay.4 The result of a i
recent analysis by Taddeucci tt al.2S of L=0 spin-flip transitions within the framework
of the DWIA is expressed in terms of &QT, the cross section per unit GT strength
extrapolated to q = u> = 0. \

An important objective in taking the data shown in Figs. 2, 3, and 4 was to .
obtain a similar calibration of the (n,p) reaction as a probe of BQT, the distribution
of Gamow-Teller strength for isospin-raising transitions. The accurately known ft
values for the fi~ decay of 6He, 12B and 13B to the ground states of the daughter
nuclei provide ideal opportunities for this task. The incident neutron energy, En =
198 MeV, was chosen to permit direct comparison with the most recent results for
the corresponding (p,n) analogue transitions at Ep = 200 MeV.25 The details of this
investigation have recently been published.13 The results are summarized in Table I.

Table I. A summary of the cross sections (cm.) per unit Gamow-Teller
strength for analogous (n,p) and (p,n) transitions at 200 MeV. For defini-
tions of the symbols please see the text (reprinted from Ref. 13).

Target B+T a+T * 5 T

mb/sr mb/sr

6Li 1.593±0.007 9.90±0.36 9.1±0.5
12C 0.999±0.005 9.42±0.31 9.2±0.9
13C 0.759±0.018 10.97±0.56 14.7±1.1

For the (n,p) measurements the use of the segmented target chamber provides a
natural normalization for cross sections in terms of the elementary H(n,p)n reaction.
This point was made with reference to Fig. 2 and is discussed in detail in Ref. 13. To
derive the values for CTQT *^e H(n>P) cross section at 198 MeV and 0° was assumed
to be 12.5 mb/sr (cm.) , the value given in a recent phase-shift analysis.26 The values
for CTQT were derived25 from (p,n) cross sections at 0° measured relative to that for
the 7Li(p, n)7Be reaction. The uncertainties quoted for OQT and CTQT ^° n o t include
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Fig. 4. The (n,p) cross section for 13C with En = 198 MeV and 8 (MRS)=0°.
The prominent peak at "Ex = -12.6 MeV" results primarily from hydrogen
in the mylar windows of the 13C target container.

in either case the uncertainty in the cross section used for normalization.

As is discussed in Ref. 13, the values for the cross sections per unit strength given
in Table I for 4=6 and 12 are in reasonable accord with expectations. In contrast
to these results there is a substantial discrepancy between the measured values of
<7QT and OQT for 4=13. The latter value is based on the measured ffpn(0°) for the
transition to the lowest T - 3/2 state at 15.1 MeV in 13N and an estimate of B£T

= 0.23±0.01.25 Considering the results for 4=6 and 12, the 34% discrepancy in the
two values for 4=13 cannot reasonably be attributed to uncertainties in the overall
normalizations. It should be pointed out that, in contrast to the (p, n) case, the (n,p)
result involves a substantially stronger transition to the well-isolated ground state of
13B (see Fig. 4).

9Be(n,p)9Li

Figure 5 presents the 9Be(n,p)9Li spectrum measured at En ^ 198 MeV with
the MRS centred at 0°. The peak near u = 0 corresponds to the incomplete sub-
traction of the contribution of hydrogen in the segmented target chamber. Two
relatively weak peaks are identified with transitions to the lowest known states in
Li. The measured angular distribution for the transition to the 9Lig... is consistent

with DWIA calculations28 based on the wave functions of Cohen and Kurath.22 These
calculations indicate that even for this weak transition <7np(0°) is dominated by the
1=0 GT component. The value B£T = 0.019 is known from the decay of 9Li,27

and when combined with the measured anp(0°) gives a£T(9Lig.,.) = 16 mb/sr. The
deviation between this value and the generally more consistent values of <r£T given
in Table I can probably be attributed to the fact that the 4=9 transition is nearly
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Fig. 5. The (n,p) cross section for 9Be. Also shown are the expected locations
of the 2 peaks corresponding to the lowest known states in 9Li.

two orders of magnitude weaker than those chosen for the calibration of the probe.

A comparison between the (n,p) spectra recorded at 0° for 13C (Fig. 4) and 9Be
(Fig. 5) reveals much more Gamow-Teller strength concentrated in the 13Bg.5. than
is seen at low excitation energy in the final nucleus ^ i . Reasonable wave functions
calculated22 for these nuclei account for this difference. It should be noted that if SU4
is an exact symmetry for these nuclei there is no T=3/2 state of the same [/] as the
maximum orbital symmetry of the T=l/2 ground state. In general, in the SU4 limit,
BQJ = 0 for any target with a neutron excess. Figure 5, like Fig. 3(a), dramatically
illustrates the influence of spatial symmetry on these light nuclei. The much stronger
BQT noted for 13C can be attributed to the larger effect of the one-body spin-orbit
interaction near the end of the lp shell.
MFe(n,p)MMn

Results of measurements of the 54Fe(n,p)MMn cross sections at 298 MeV have
been reported by Vetterli et a/.10 and are shown in Fig. 6. There is a strongly
forward peaked concentration of strength at excitation energies below 10 MeV. The
shell model calculations of Bloom and Fuller29 predict a distribution of GT strength
with a shape shown for comparison with the 0° data. It is important to note that,
although the predicted shape coincides reasonably well with the data for Ex < 8 MeV,
the predicted magnitude of the cross section exceeds the data by more than a factor
of 2.

To confirm the L=0 assignment for the peak at 0° in Fig. 6, Vetterli et al. used
the measured angular distributions to perform a limited multipole decomposition of
the data involving orbital angular momentum transfer L=0, 1 and 2. The results of
this analysis for the 0° data are shown in Fig. 7. The measured cross section at 0c

integrated to Ex = 10 MeV is 16.9 mb/sr of which 12.9 mb/sr is identified as 1=0.

The most prominent feature at higher excitations in Fig. 7 is the broad spin
dipole resonance (L=l, 5=1, T=\). The analysis of Fig. 7 suggests an 1=0 con-
tribution of 8.5 mb/sr in the range 10 < Ex < 40 MeV. It is not clear, however.
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what fraction of this strength can properly be attributed to BJT. As is mentioned in
Rfif. 10, this result is very sensitive to a possible uncertainty in the DWIA estimate
of the angular distribution of the 1=1 strength. Moreover, Auerbach ti al.30 have
identified this region of excitation as the location of a spin isovector monopole reso-
nance with the same quantum numbers as the GT resonance but involving a radial
(2fiw) excitation.

One of the important objectives of this study of the 54Fe(n,p) reaction was to
test the Gamow-Teller sum rule relating the strengths BQT and B£T integrated over
all excitation energies:

As is mentioned above, there is significant uncertainty associated with possible BQT

strength at Ex > 10 MeV. Also, the value of the total strength 5Q T estimated by
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Rapaport et al.31 from studies of the 5i(Fe(p, n)54Co reaction has an estimated un-
certainty of 25%. Detailed analysis of the data in terms of the sum rule has been
reported both by Vetterli et al.10 and by Auerbach.32 Given the uncertainties, no firm
conclusions can be drawn in this regard at this time.

Despite the absence of a definitive test of the sum rule there are important
implications of the comparison of the detailed distribution of strength BJT predicted
by Bloom and Fuller29 and measured by Vetterli et al.10 The primary motivation
of the theoretical calculations was to obtain estimates of electron capture rates on
nuclei in this mass range during the gravitational collapse of a massive star prior to
a supernova explosion. The results of the (n,p) experiment suggest that these calcu-
lations accurately give the relative distribution of the strength at Ex < 10 MeV but
overestimate the total strength in this region by a factor of 2.4. The corresponding
reduction in the predicted electron capture rates would tend to increase estimates
of the electron/baryon ratio Yc in the stellar interior. In terms of nuclear structure.
Auerbach32 has discussed the quenching of both BQT and BQT for 54Fe, with em-
phasis on the influence of RPA correlations. This analysis would suggest that these
correlations are probably responsible Tor a major fraction of the rescaling necessary
to fit the results of a limited-space shell model calculation to the (n,p) data. In terms
of fractional char > es in the total strengths, the influence of RPA correlations on BQJ
is much greater than on BQT.

Much of the emphasis in the early (n,p) experiments at TRIUMF has been on
BQJ and hence data at the most forward angles. However, the somewhat featureless
data at larger angles illustrated in Fig. 6 have also received attention. Smith and '
Wambach33 have compared the S4Fe(n,p) data at 6 = 5°, 8° and 12° with predictions jj
of a semi-infinite slab model of the response of the nuclear surface. The predictions !
including significant 2p-2h damping of the T= l , S=l response agree well with the |
data. |

i

j
Studies of the 90Zr(p, n)90Nb reaction have played a very prominent role in the

consideration of isovector excitations in nuclei. Figure 8 illustrates both the data of
Gaarde et al.6 at Ep = 200 MeV, 0 = 0° and one of the most recent calculations of
this cross section by Smith and Wambach.34 This calculation, based on the eikonal
approximation, explicitly includes an estimate in the second random phase approx-
imation of the 2p-2h spreading of the single scattering response and an estimate of
the two-step contribution to the cross section. The results of this calculation are
similar to earlier ones by Osterfeld et a/.35 and Klein et al.36 The general conclusion
based on these calculations is that for the (p, n) reaction at these energies the nuclear
response can be accounted for in detail over a wide range of q and u.1 without invoking
isobar-hole mixing in the nuclear wave functions.

The 90Zr(n,p)90Y reaction provides the opportunity for a critical test of the
conclusions based on the analysis of the (p, n) data. The BQT strength dominates
the data of Fig. 8 at w < 20 MeV. However, to the extent that Z=40 is a closed
proton shell in the "Zrg.,, the BQT strength is totally Pauli blocked. It is therefore
very important to see whether the theoretical formalism apparently successful in
accounting for (p,n) data can also correctly predict a dramatically different {n,p)
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Fig. 8. The full 0° cross section calculated by Smith and Wambach (Ref. 34)
for the (p,n) reaction on ^Zr (thinner smooth line) compared tc the data
of Gaarde et al. (Ref. 6, heavier irregular line). The calculated two-step
contribution is also given separately by the dotted line (reprinted from Ref.
34).

response. Results of studies of the 90Zr(n,p)90Y reaction at En = 198 MeV have
recently been reported by Yen er a/.14

Figure 9 is a comparison of the (n,p) data14 at 6.4° and the results of a calcula-
tion by Smith and Wambach34 carried out with the same formalism used to explain
the (p, n) data in Fig. 8. The calculation gives a reasonable account of the location
of the two peaks in the data which are attributed to concentrations of isovector spin
dipole strength. The quantitative agreement between data and prediction exhibited
in Fig. 8 is, however, notably absent in Fig. 9.

Other predictions of the ^Zrfr^p) strength exist36'37 but none appears to ac-
count in detail for the data. Until the discrepancy between theory and experiment

•°Zr(n.p)"Y E =198 MeV

-10 40

Fig. 9. The cross section for the (n,p) reaction on ^Zr at 6.4° (solid histogram,
Ref. 14) is compared with the full calculations of Smith and Wambach (dashed
line, Ref. 34). This full calculation includes the contribution of the two-step
processes also shown separately by the dotted line (reprinted from Ref. 14).
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Fig. 10. The histogram represents the data of Yen et al. (Ref. 14) for the
(n,p) reaction on ^Zr at 1.8J. Shown dotted for comparison is the cross
section predicted for BQJ by the calculation of Bloom et al. (Ref. 38) on the
basis of their model A (reprinted from Ref. 14).

for the 90Zr(n,p) data can be resolved, conclusions based on the apparent success of
theoretical predictions of the (p, n) data must be viewed with caution.

The possible contribution of BQJ to the 90Zr(n,p) data at forward angles is of
particular importance. The RPA calculations of the full nuclear response reported
in Refs. 34-37 do not include the effects of 2p-2h correlations in the ^Zrg s. and
therefore give S Q T = 0 . Bloom et a/.38 have calculated BQT on the basis of a shell
model including g.s. correlations involving the excitation of 2 protons from the 2p
shell to the lg9/2 shell. Figure 10 illustrates the results of this calculation when single
nucleon transfer data are used to fix the corresponding I59/2 occupation probability
(model A of Ref. 38). The ^Z^n.p) data at 1.8" are also shown and are clearly
inconsistent with this prediction.

We have noted earlier the sensitivity of BQT to the influence of space symmetry
(SU4) in light nuclei and RPA correlations in S4Fe. Detailed calculations by Towner39

for the N=50 isotones suggest that one can expect very substantial quenching of
the strength predicted with a shell model with a restricted set of basis states. In
particular core polarization and higher-order effects are estimated to reduce BQT at
low Ex for ^Mo by a factor of ~9 compared to the result expected if the wave function
of the 92Mog... involved simply 2 protons in \g9/j coupled to an .4=90 closed shell. It
seems plausible that these effects could also account for the substantial overestimate
of BQT at Ex < 5 MeV shown in Fig. 10.

CONCLUSIONS

The {n,p) data presented and discussed above are a representative sample of
the initial experimental program undertaken at TRIUMF. A number of simple con-
clusions can already be drewn.

The calibration of the (n,p) reaction as a probe of the Gamow-Teller strength
Btr has been achieved for the three targets best suited to this purpose. Features
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of the design of the TRIUMF (n,p) facility lead to a precision which in these cases
exceeds that achieved in analogous (p,n) measurements.

A comparison of the cross sections per unit strength <T£T and <5QT deduced for
analogous transitions on 13C reveals a substantial discrepancy. There is at present
no adequate explanation of this result.

Detailed theoretical calculations appear to be remarkably successful in account-
ing in detail for the nuclear response of ^Zr to the (p, n) reaction. The same pro-
cedures, however, are not nearly so successful in predicting the 80Zr(n,p) data. A
comprehensive understanding of the isovector nuclear response is an important objec-
tive which will certainly require further experiments and refinement of the theoretical
approach.

Several examples have been given of the sensitivity of the measured distributions
of BQT to the detailed nature of the nuclear wave functions. This situation may
be contrasted with that for BQT where all nuclei with N > Z exhibit a reasonably
compact Gamow-Teller resonance located in the vicinity of the isobaric analogue state
with a total strength SQT given by 3(Ar — Z) to within a factor of 2. In light nuclei
the sensitivity of BQT is connected with the influence of spatial symmetry (SU4) on
the nuclear wave functions. It is interesting to note that in a very early assessment of
limited experimental data on SGT for A ~ 120 Fujita and Ikeda40 proposed a model
invoking a "persistent supermultiplet structure" broken in perturbation theory by the
spin-orbit interaction. More recent theoretical analyses of this problem in medium
and heavy nuclei (such as in Refs. 32, 39 and 41) do not make this connection with
SU4 symmetry but arrive at similar conclusions regarding the substantial quenching
of B j T strength.

There are two important reasons for an interest in measurements of BQJ that
extend beyond the field of nuclear structure. One, concerning the rates of electron
capture in the collapse of a massive star, has been mentioned in connection with the

F
 MFe(n,p) data. The other involves critical tests of the nuclear structure calculations

$ used in the analysis of double /? decay.*2~4b In general those models which are suc-
I cessful in accounting for the measured suppression of the 2i/ transition probabilities
I also predict strong quenching of BQT for the daughter nucleus and for other nuclei
I in the same mass region. Measurements of L=0 strength in the (n,p) reaction are
I being used to test the adequacy of such predictions and hence provide additional
I constraints on the models. 48Ti and 76Se are the first two targets being investigated

for this purpose.
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charge exchange facility and to its early use. Experimental collaborators appear as
authors in Refs. 10, 13, 14, 15, and 17. We would also like to acknowledge important
contributions in the early stages of develpment by D. Clark, G. Clark, D. George,
F. Marsiglio, A. Otter, P. Reeve, and V. Verma. P. Machule, R. Churchman, and
W. Felske have provided excellent ongoing technical assistance. Theoretical support
from N. Auerbach, S. Bloom, A. Brown, J. Engel, G. Fuller, A. Gal, M. Macfarlane,
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