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Abstract

The beta decay of 3K is studied in detail. Several new beta de-
cay branches and y-ray transitions are assigned to this nucleus. The £-
forbidden 0ds/; — 1s,/, Gamow-Teller branch to the first excited state in
37Ar is observed for the first time and its branching ratio measured to be
(42.2 £ 7.5) x 1075, Such ¢-forbidden branches are very semsitive to extra-
nucleonic effects such as meson-exchange currents and A-isobar excitations.
A calculation of these as well as core-polarization and relativistic effects, pre-
dict branching ratios of 8 x 10~® with USD wavefunctions and 52 x 1078 with
Chung-Wildenthal wavefunctions.
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I. INTRODUCTION

Studies of £-forbidden Gamow-Teller and isovector M1 transitions are a sensitive probe of
the possible influence of extra-nucleonic effects, such as meson-exchange currents or A-isobar
excitations, on the description of low-lying nuclear states. These transitions are special, in
that ordinary nuclear effects produce only very small transition matrix elements and extra-
nucleonic effects thus become more visible. In the case studied here, M1 transitions between
3/2% and 1/2% states, the matrix element would be identically zero in the long wavelength
approximation if it were assumed the decay proceeds entirely through a single-particle ds/,
to s1/; transition. Of course, in practice a transition is never exactly single particle in nature:
there will always be configuration admixtures and they must be estimated. Also, there will
be corrections to the impulse approximation arising from relativistic effects. But if these
two complications can be reliably evaluated, then the study of /-forbidden transitions will
lead directly to information on meson-exchange currents and A-excitations.

Comparisons of isovector M1 y-transitions and their analogous Gamow-Teller (GT) B-
transitions provide a further powerful simplification. Because of the similarities in the oper-
ators, the ratio of these matrix elements is very insensitive to the particulars of the model.
Both M1 and GT matrix elements increase (or decrease) together with the choice of param-
eters, with their ratio remaining unchanged. _

Studies of {-forbidden transitions in nuclei that consist of a particle (or hole) in an LS
closed shell are particularly promising because the lowest-order wavefunctions are simple
and configuration admixtures can be calculated with some degree of confidence. They offer
the best opportunity to study extra-nucleonic effects with minimum sensitivity to unknown
details in the wavefunctions.

The {-forbidden transitions in A=39 nuclides have been the subject of many stud-
ies [1-4] since they meet these criteria. The predicted GT matrix element [1,5,6],
M(GT) = [B(GT;3/2* — 1/2*]'/2 = —0.036(18), is in fair agreement with experiment
[1,2], —0.024(1), whereas the predicted isovector (IV) matrix element [1,5,6], M®) = [B(M1 :
IV,3/2% — 1/2+]/2 = —0.022(19), differs from experiment, —0.091(8), by a factor of four.
No agreement seems possible for the insensitive M(GT)/M®) ratio as any reasonable ad-
justment in the theory of effective operators [5] has so far been unable to explain such a big
discrepancy.

The tantalizing promise offered by the study of ¢-forbidden transitions has not been
fulfilled for the A=39 nuclides. The only way to obtain a further understanding of this
problem is to study additional cases. The A=37 nuclei offer the next best choice in terms of
nuclear-structure simplicity. Although not as simple as the A=39 cases their wavefunctions
can still be calculated with confidence.

The A=37 mirror nuclides have not been studied with the same detail as the A=39 ones.
The lifetime of the 1/2* — 3/2* M1 transition in 3Ar is known [7], but that in 3K is
not. The {-forbidden GT branch from 37K also is not known. In this paper we describe
the first measurement of this branch and a comparison with the calculated value from the
Towner-Khanna model [5,6].




II. EXPERIMENTAL TECHNIQUE

The 3K activity was produced with the °Ca(p, @) reaction. A 3uA, 15 MeV proton
beam from the TASCC facility bombarded a stack of fifteen 0.5 mg/cm? thick Ca targets
inside a helium-filled target chamber. A He-jet transport system with NaCl aerosol removed
the activity from the target chamber and brought it into a low background counting area.
There, radioactive samples were collected on the 25 mm wide aluminized mylar tape of a fast
tape transport system. Every 3.5 seconds the tape moved and the samples were sequentially
positioned in front of two separate counting stations. While sample n was collecting, sample
n — 1 was counted in station 1 and sample n — 2 was counted in station 2. Fig. 1 shows a
layout of the experimental arrangement.

The sample preparation, transport and counting procedures were very similar to those
used in a published experiment on the /-forbidden decay of 3°Ca [1] and are described in
detail in that report. Briefly, the first counting station consisted of a 68% efficient HPGe
detector and two plastic scintillators. Its purpose was to observe 4 rays originating from
weak B branches of 3"K populating excited states in 3"Ar. (The ground-state transition
accounts for 98% of the decay intensity.) Events observed in the HPGe detector were tagged
by the coincident positrons seen in the scintillators, either heading away from the HPGe
(upper scintillator) or towards the HPGe (lower scintillator). In the present experiment, the
majority of events observed in the HPGe detector originated from positrons heading towards
that detector because they could interact with it directly or through bremsstrahlung and
annihilation-in-flight processes. Such unwanted events were removed by a condition that
HPGe events must be coincident with positrons heading away from that detector. This
condition lead to a dramatic reduction of the background produced by positrons from the
dominant, superallowed ground-state branch, which is not accompanied by v rays. Events
from excited-state branches, which are accompanied by subsequent ~ rays, are still efficiently
recorded.

The second counting station was designed to measure the total 3K activity of each sam-
ple. A continuous-flow gas proportional counter, with nearly 100% efficiency for positrons,
was used for this purpose. The samples on the transport tape were positioned in the center
of the counter and decay positrons were detected and multi-scaled.

The efficiency of the HPGe detector was determined with standard sources of 3*Mn, *¢Co,
60Co, 88Y, 137Cs and ?2Th. The efficiencies of the plastic scintillators were determined by
comparisons of the intensities of strong <-ray peaks in the singles HPGe counter spectrum
with the intensities of the same -ray peaks in the scintillator-coincident HPGe spectra. The
gas counter efficiency has been determined in several previous experiments.

III. EXPERIMENTAL RESULTS

Three beta-decay branches, producing a total of four v-ray transitions, have been pre-
viously reported for 3K [7]. Our scintillator-gated y-ray spectrum, obtained from 48,000
radioactive samples is shown in Fig. 2. It is dominated by v rays from 3K although
the strongest excited-state S-decay branch from this isotope has an intensity of only 2%.
Gamma rays from small quantities of >"Sc and #4Sc (produced from the 4>#4Ca isotopes
present in the natural Ca target) and 32Cl, %2"Mn and *®Cu (produced from minute S, Cr




and Ni target contaminations, partially originating from the target fabrication process) are
also visible in Figs. 2 and 3. They were used for the HPGe energy calibration. Our ~-ray
spectrum contains many new peaks that we assign to the decay of 3’K. Fig. 3 shows two
expanded areas of the 7-ray spectrum shown in Fig. 2. They display in more detail the
main -ray peaks used to deduce the ¢-forbidden beta-decay branch (Fig. 3a) and two weak
7 rays assigned to *K that are barely visible in Fig. 2 (Fig. 3b).

Our results for the ten y-ray transitions we assign to *K are shown in Table I. Two 5
rays previously attributed to >’K [8] were not observed in our experiment. Two of the ten
7 rays observed were known before, the remainder are new assignments. Our assignment of
the eight new v-ray transitions to 3K is based on two observations. The measured half-life
of each of them agrees with the accepted value, 1.226 (7) s and their energies all agree with
known level differences in the beta-decay daughter, 37Ar [7].

We obtained the absolute y-ray intensities, shown in Table I, by normalizing the HPGe
data to the absolute *’K decay intensity obtained from the gas counter measurements. The
multi-scaled positron data from this counter were analyzed for the 3"K content. Excellent
fits to the decay curves were obtained with two components with the half-life of the first
component fixed to that of K and the second one being a constant background. The second
component accounts for activities such as “*™*4Sc whose half-lives are much longer than the
3-second measurement interval and thus appear constant in our data. The number of 37K
decays determined from the decay-curve analysis was corrected for the detector efficiency
and the decay losses experienced by the samples during the 3.5 second time spent between
counting at the HPGe location and at the gas counter position. The half-life used to fit the
decay curves and to calculate the decay losses was the accepted value of 1.226(7) s [7]. After
a small correction for electron-capture decays (which are invisible to the gas counter) we
deduce that a total of 8.58(25) x 10'° *K decays took place at the HPGe counting location
during the experiment.

We have constructed the decay scheme shown in Fig. 4 by assigning the + rays listed in
Table I to the corresponding known level energy differences in 3"Ar and using the absolute
intensities shown in the table. This decay scheme contains five weak beta transitions that
have not been observed before. Our results for all beta transitions from 3’K are shown in
Table II. Some details for transitions of particular interest and for cases in which our data
do not support previous results are discussed below.

1410 keV state, 1/2%. The d3/2 — s1/2 beta transition is ¢-forbidden as is indicated by
the large ft value of 7.39. The 1410 keV state de-excites by a single 4-ray transition of the
same energy. It is populated, in addition to the beta feeding, by a 1386 keV v ray and two
much weaker v rays of 2192 and 2528 keV (the latter will be discussed with the 3938 keV
state). Fig. 3a shows the spectrum near the 1386 and 1410 keV v-ray peaks. The beta
branching ratio for the {-forbidden transition was deduced to be 42.2(75) ppm. It will be
compared to a theoretical calculation in Sec. IV.

1611 keV state, 7/27. This state is populated and de-excited by v rays of almost equal
intensities. Consequently the deduced 3 side feeding is poorly determined, 25 + 20 ppm,
and could well be non-existent. The beta-decay branch can, within its large uncertainty
range, accommodate log f¢ values of 8 or greater, appropriate for a unique second-forbidden
transition.

2490 and 3938 keV states. We observe only one de-populating v ray from each of these




levels. Previous in-beam 4-ray experiments have shown evidence for a second, weaker de-
populating < ray in both cases. Our data does not contradict the in-beam observations
since those additional weak v rays would be below our sensitivity limit. We have used the
published y-ray branching ratios [9], together with our measured intensity for the strong
v-ray branch, to deduce the intensities of the 879 and 2528 keV v rays shown in Fig. 4,
which were not visible in our experiment.

2796 keV state, 5/2%. We observe three y-ray transitions de-populating this state. The
1185 and 1386 keV « rays have not been reported before. We do not observe a 2217 keV
7 ray, previously reported by Taras et al. [10] from 3Cl(p,n)%" Ar studies, nor the 579 keV
~ ray supposedly populating the 2217 keV level. Both should clearly have been visible to
us, if present with the gamma branching ratios reported in Ref. [10]. Our deduced §-decay
branch to the 2796 keV level is 2.07(11)%, which agrees with two previous results, 2.22(21)%
[11] and 2.0(4)% [12], but not a third one 1.45(16)% [13].

In Table III we present the gamma branching ratios we deduce for the 2796 and 3602
keV states in *’Ar. For both cases our data are superior to those in the literature [9] and
for the 2796 keV case they also disagree with the literature values.

IV. THEORY AND COMPARISONS
A. The {-allowed branches

The starting wavefunctions for a discussion of the nuclear spectroscopy of the A=37
nuclides are the configurations (s, d)™3, three holes in the closed 1s-0d shells. Mixing among
these configurations is calculated in the shell model with the residual interaction taken from
the universal s-d (USD) interaction constructed by Wildenthal [14]. This interaction has
been constrained to give good fits to the energy eigenvalues of many low-lying states in
s, d-shell nuclei. For spectroscopy studies, it is the most accurate interaction available for
these nuclei. For comparison purposes, we also consider the older Chung-Wildenthal (CW)
interaction [15]. Brown has recently noted [16] that while the USD wavefunctions reproduce
well the Gamow-Teller matrix elements for low-lying states, the CW interaction seems to
do better at describing the Gamow-Teller giant resonance and its energy distribution.

Since the model space, (s,d)™3, is a truncation of the full Hilbert space, some considera-
tion has to be given to the renormalization of transition operators used in truncated spaces.
For electromagnetic M1 and Gamow-Teller 3-decay transitions, we write these operators as

3 1/2
M1 = (Z;) {gL,eaL + gs,eﬁs + gp,eﬁ[Yz, S]} 3
GT = gLA,eﬁL + GaesO + gPA,eﬁ[YZ, 0'], (1)

where g, .« = g1 + g, etc. with g, the bare, impulse-approximation coupling constant and
dg. the correction to it. There is a new term [Y2, S|, absent from the bare M1 operator, which
has the form of a spherical harmonic of rank 2 coupled to the spin operator to form a tensor
of multipolarity 1. Likewise for the GT operator, both the L and [¥3, o] terms are absent
from the bare operator but appear through the renormalization. Brown and Wildenthal in
a series of papers [17-19] have determined the effective coupling constants, ég, for M1 and




GT operators by fitting calculations of transition rates based on the USD wavefunctions to
experimental data for a large number of nuclides in the s, d shell.

An alternative to data fitting is to evaluate the coupling constants, 8g, from first prin-
ciples. This is practicable for nuclei described as closed-shells-plus-or-minus-one-nucleon as
has been demonstrated by the work of the Chalk River and Tokyo groups [5,20,21]. There
are two principal contributions to the renormalization. First, the truncated model space
is corrected by inclusion of configurations from other shells via second-order perturbation
theory. These corrections are called core polarization. Second, the bare operators them-
selves are influenced by the fact that nucleons in a nucleus are interacting by the exchange
of mesons, leading to corrections known as meson-exchange currents. For GT transitions,
the most important of these processes involves exciting a nucleon to its internal isobar state,
the A resonance. Results from the calculations of Towner [5] for M1 and GT operators are
compared with the fitted values of Brown and Wildenthal [17-19] in Table IV. For ¢-allowed
M1 and GT transitions, the calculations are dominated by the isovector gs and g, values
respectively, for which there is reasonable accord between the 8¢ values of Towner (T) and
Brown-Wildenthal (BW). For ¢-forbidden transitions between d3/; and sy, states, only the
gr terms contribute and here there are significant differences between the calculated values
of T and the fitted values of BW, particularly for the isovector M1 transitions. The study
of {-forbidden transitions, therefore, is aimed at shedding some light on this difference.

In the beta decay of 3K reported here, six Gamow-Teller transitions have been identified,
five of which are denoted {-allowed and the sixth, being a 3/2% — 1/2* transition, is called
{-forbidden. The B(GT') values for these transitions are listed in Table V, where it is seen
that the {-forbidden value is very small indicating the hindered nature of the tranmsition.
The B(GT) value is related to the ft value via

6144.6
fi= B(F) + B(GT)’ (2)

where B(F') is the Fermi matrix element squared and has the value unity for the isobaric
analogue ground-state transition and is zero for the others. Table V also gives the calculated
values using USD or CW wavefunctions and effective operators from T or BW. We note the
USD wavefunctions reproduce the experimental data for the ¢-allowed transitions better on
average than the CW wavefunctions, but are noticeably inferior for the ¢-forbidden branch.

B. The {-forbidden branches

In the corresponding work in the A=39 nuclides [1-4], the 3/2¥ — 1/2% transitions
are uniquely given by a single-particle dsj; — 1/, matrix element, and hence are uniquely
related to the renormalized coupling constant, g.. In the A=37 case, configuration mixing
among the (s,d)™ states implies the 3/2* — 1/2* transition involves a mix of ¢-allowed
and {-forbidden matrix elements, even though up to now we have been calling this an ¢-
forbidden transition. With the USD wavefunctions, the 3/2* — 1/2% transition matrix
element, M(GT) = [B(GT)]"? is

M(GT) = —0.0071(ds || GT || ds) — 0.0091(ds || GT || ds) + 0.0169(s; || GT || s1)
+0.0094(d; || GT || ds) + 0.2088(d3 || GT || ds)
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—~0.0599(s1 || GT || ds) +0.4549(d3 || GT || s1), (3)

where the double-barred matrix elements are single-particle reduced matrix elements of the
operator, Eq. (1), in the Brink and Satchler [22] conventions. In terms of effective coupling
constants, the matrix element becomes

M(GT) = 0-00299‘4'“{(3'5) - 0-0013gA’eﬂ'(d'd) + 0'38959LA,eﬁ(d'd)
_0.117ggPA'eﬁ(d-S) s 0.0812gpA,eﬂ(d-d),

= 0.01219A,e5(d-d) - 0-117ggpA,eﬁ'(d's), (4‘)

where in the last line the Towner values from Table IV are used to relate g, .a($-5), gra er(d-d)
and gea or(d-d) to ga.s(d-d). Since g, .s(d-d) ~ 1.0 and g, .s(d-s) ~ 0.1, one sees from Eq. (4)
that the f-allowed and ¢-forbidden matrix elements are making a roughly equal contribution
to M(GT). This is still a sizeable £-forbidden contribution compared to a typical £-allowed
3/2t — 3/2% transition. However, because of the relative minus sign in Eq. (4) these two
contributions nearly cancel each other. Therefore this transition is more sensitive to the
choice of s-d shell wavefunctions, USD versus CW, than it is to the effective operators.
This can be seen from Table V where there is an order of magnitude difference between the
B(GT;3/2* — 1/2%) value calculated with USD and CW wavefunctions. With Towner’s
effective coupling constants, the branching ratio for the {-forbidden transition is given by
8 ppm with USD and by 52 ppm with CW wavefunctions compared with an experimental
value of 42.2(7.5) ppm.

C. The M(GT)/M") ratios

In the calculations of effective operators, the dominant contribution to the ¢-forbidden
coupling constant, gp,.s, comes from isobar excitations. (See Table 5 of Ref. [4]). Sim-
ilarly for the isovector M1 coupling constant, gy.;, the largest contribution comes from
isobars although there are sizeable contributions from other meson-exchange processs and
from orbital contributions to the core-polarization calculation. To the extent that gp, .q
and isovector gy ¢ are given entirely by isobar contributions (and spin contributions to the
core-polarization calculation) these coupling constants and hence their ¢-forbidden matrix
elements will scale with each other according to the bare g, and isovector gs values. That

is M) = [B(M1;1V;3/2% — 1/2%)]"/? and M(GT) are approximately in the ratio

1/2
M(GT) 1.26 2(571) oLl

MO 1706 1 °\3 (5)

The puzzle is that the experimental value for this ratio, 0.26, in the A=39 nuclides [1-4] is a
factor of four smaller than this estimate, while the more complete theory calculation moves
the estimate upwards. It is therefore of interest to examine this ratio for the ¢-forbidden
transition in the A=37 nuclei, although to date there are less electromagnetic data available.

In 37Ar, the lifetime of the 1/2% state is known to be = = 950(200) fs [7] corresponding
to a width of I' = 0.69(15) meV. This width is made up of an M1 and an E2 component.
If we use the shell model to calculate the E2 component of I'(£2) = 0.23 meV with USD
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wavefunctions and effective charges of Alexander et al. [23] then the M1 width is r(M1) =
0.46(15) meV corresponding to an M1 matrix element M(M1; *Ar; 3/2+ — 1/2%) =
—8.4(14) x 1072 py assuming the shell-model sign. For 3K, there is only a limit on the
lifetime of the 1/2% state available, < 1.5 ps, corresponding to I' > 0.44 meV. Again
using the shell model to compute the E2 component, we obtain a limit on the M1 matrix
element M(M1; %K; 3/2t — 1/2%) > 6.8 x 10~2 uy. The isovector combination of these
matrix elements is M® = L(M (3 Ar) — M(*K)) and the experimental limit on the ratio
M(GT)/M® < 0.2. Again the experimental data point to a value of this ratio much less
than the simple estimate given in Eq.(5). However, as the calculations recorded in Table
VI indicate, the theory here also supports smaller values. Thus for ¢-forbidden transitions
in the A=37 nuclides there is no conflict between theory and experiment. Nevertheless, the
corresponding situation in the A=39 nuclides still remains a puzzle.

D. The first-forbidden branches

First-forbidden §-decay branches are another example of hindered 3 transitions that have
an enhanced sensitivity to extra-nucleonic effects [24,25]. In these cases, meson-exchange
contributions lead to a very large enhancement of the time-component axial-charge matrix
element over that expected from the impulse approximation. This enhancement occurs in
rank-0 transition operators evident in first-forbidden 8 decay between states of the same spin
and opposite parity. Warburton et al. [25] have, among other cases, calculated the 8-decay
rates for the 3/2* — 3/2~ transitions in *K and 3°Ca via the impulse approximation in the
nuclear shell model. The transitions in question, not known at the time of the calculation,
can now be compared to measured values.

Our result for the 3"K(3/2%, gs) —37Ar(3/27, 2490 keV) B-decay branch is shown in Table
VIl and compared to the predicted value. Our limit for the 3°Ca(3/2%, gs) —%°K(3/2~, 3019
keV) branch, taken from Ref. [1], is also shown. For both cases the predicted branching ratio
is about an order of magnitude larger than the measured one. This is a very strong hint
that the accuracy of the shell-model calculation is insufficient for the expected enhancement
of the axial-charge matrix element to be extracted from these first-forbidden decays.

E. The ft value of the ground-state branch

The %K nucleus has been chosen as a good case for precision tests of weak interaction
symmetries in # decay with optically trapped sources [26]. The focus in those studies will be
the superallowed, ground-state 3-decay branch and its ft value needs to be precisely known.
Thus, corrections need to be made for the presence of other, sizeable allowed GT branches,
such as the 8 branch to the 2796 keV state. Our result for this branching ratio, 2.07(11)%,
is the most precise one obtained so far. Our data also show that all other 3K beta-decay
branches, excluding those to the ground and 2796 keV states, are smaller than 250 ppm.
Our experiment was designed to be sensitive to very weak 3 transitions. We have performed
another experiment on *’K, designed to measure even more precisely the S-decay branch to
the 2796 keV state and the analysis of this experiment is in progress [27].




V. CONCLUSIONS

The weak S-decay branches from *’K have been investigated and the strength of the
{-forbidden GT branch measured to be 42.2(7.5) ppm. The theoretical prediction for this
branching ratio is very sensitive to the choice of s,d-shell wavefunctions used. With the
effective coupling constants explicitly evaluated from core-polarization and meson-exchange
processes, the branch is calculated to be 8 ppm with USD wavefunctions and 52 ppm with
CW wavefunctions.

The ratio of the {-forbidden GT matrix element to that of the isovector M1 matrix
element is expected to be less sensitive to the details of the effective coupling-constant
calculation and with some overly simplistic assumptions, it has a value of 1.1. A more
detailed calculation reduces this ratio to the vicinity of 0.2 for the A=37 case, but again is
sensitive to the wavefunctions chosen. By contrast, in the A=39 case, the detailed calculation
increases the ratio to 1.63. The experimental situation does not follow this pattern at all.
In both A=37 and 39 cases, the measured values for this ratio are very similiar, at around
0.2. Thus any evidence for extra-nuclear effects in low-energy B and « decays, as seen in
investigations of /-forbidden transitions, remains regrettably inconclusive.
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TABLES

TABLE I. Gamma rays from the decay of 37K.

‘ E, L, (rel) - I, (abs)
(keV) (%) (ppm)©
879* 28

1184.84(10)® 1.286(54) 263(14)
1386.25(13): 0.211(14) . 43(3)
1409.78(11) 0.471(22) 96(6)
1611.24(10)® 1.417(58) 289(15)
2191.5(8)® 0.044(15) 9(3)
2490.0(3)® 0.13(2) 27(4)
2528° : 1.8
2795.97(15) 100 ©2.04(11)%
3169.65(30)° 0.13(1) 27(2)
3601.6(4) 1.052(44) 215(11)
3937.7(5)® 0.048(6) 9.7(12)

2inferred from in-beam experiments. See text.
bfirst observation
°result in parts per million, except where noted otherwise

TABLE II. Levels in 37Ar populated in the decay of 37K.

Present Expt. Literature? Beta feeding
E; E; J7 log ft
(keV) (keV) (ppm)®
0.00 3/2% 97.89(11)% 3.66
1409.82(9) 1409.82(10) 1/2* 42.2(75) 7.39
1611.26(8) 1611.27(7) 7/2° 25(20) 7.51
2490.06(30) 2490.60(30) 3/2~ 29(4) 6.88
2796.11(10) 2796.10(30) 5/2% 2.07(11)% 3.79
3169.80(30) 3171.30(140) 5/2% 27(2) 6.35
3601.67(37) 3602.00(70) 3/2% 224(12) 4.96
3937.95(50) 3936.70(40) 3/2% 11.6(13) 5.78
. 2Ref. [7]

bresult in parts per million, except where noted otherwise

11




TABLE III. Gamma-ray branching ratios of 37 Ar levels (%).

Ez_f (keV)
Ezi (keV) 0 1410 1611 2217
2796 98.25(6) 0.214(9) 1.267(51) <0.2
3602 96.0(14) 4.0(14) <1.7 <11

TABLE IV. Effective coupling constants for the M1 and GT operators for mass, A=37, from
the calculations of Towner and the data fits of Brown and Wildenthal.

Towner? Brown-WildenthalP
Notation® IS v GT IS v GT
8gs(d-d) —0.147 —0.612 —-0.240 -0.134 —0.830 —-0.342
8gs(s-s) —0.145 —0.633 —0.250 —0.054 -0.726 -0.312
6g.(d-d) 0.010 0.078 0.009 0.021 0.140 0.010
bgp(d-d) -0.024 0.728 0.100 0.165 2.340 0.115
dgp(d-s) —0.033 0.502 0.162 0.165 2.340 0.115

2Results from Ref. [5], but with two changes: first, the isobar coupling constant is reduced from the
Chew-Low value to the quark-model value; second, the results for mass, A=37, are interpolated
between values quoted for A=17 and A=39.

PFrom Ref. [17], the “A=18-38" fit for isoscalar (IS) electromagnetic operators; From Ref. [18],
table I, column 4, for isovector (IV) electromagnetic operators; From Ref. {19], for Gamow-Teller
(GT) operators.

°The argument in the effective coupling constants indicates the orbitals for which the value is
operative. For the Gamow-Teller operator the results tabulated are for §g,, g, and gp.,.
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TABLE V. B(GT) values for various states in 3” Ar fed by allowed transitions in the beta decay

of 3K.
Theory?

Transition Experiment T(USD) T(CW) BW(USD)
B(GT;3/2% — 3/21) 3.38(8) x 107! 4.12x 1071 4.81 x 1071 3.38 x 107!
B(GT;3/2% — 1/2)) 2.5(5) x 104 0.5 x 1074 3.1x1074 0.1x104
B(GT;3/2% — 5/21) 1.0(5) x 10° 1.1 x 10° 1.1 x 10° 0.9 x 10°
B(GT;3/2% — 5/28) 2.8(2) x 1073 6.1 x 1072 5.0 x 107! 5.0 x 1072
B(GT;3/2% — 3/21) 6.4(4) x 1072 4.4x1072 1.1x 107! 3.7 x 1072
B(GT;3/2% — 3/21) 1.0(1) x 1072 7.9 x 1072 3.7x 1072 6.7 x 1072

2s-d shell wavefunctions from the universal s-d interaction (USD), or the Chung-Wildenthal in-
teraction (CW); and effective coupling constants from Towner (T) or Brown-Wildenthal (BW) as

given in Table IV.

TABLE VI. Electromagnetic and weak rates (in nuclear magneton units) for the {-forbidden
transition 3/2% — 1/2% in A=37 nuclei.

Theory?

Experiment T(USD) T(CW) BW(USD)
B(M1;*K) >4.7x 1073 9.1x 1073 6.0 x 1073 1.6 x 10~*
B(M1;¥Ar) 7.1(23) x 1073 1.0x 1072 6.2 x 1073 1.3x 1073
| MO | <0.8x1072 2.2x 1073 8.1x 104 1.2x 1074
| M) | > 7.6 x 1072 9.8 x 1072 7.8%x 1072 2.5 x 102
| M(GT) | 1.6 x 1072 6.9x 1073 1.8 x 10~2 3.0 x 1073

M(GT)/M®M < 0.2 0.07 0.22 0.12

2See corresponding footnote in Table V.

TABLE VIL First-forbidden 3/2% — 3/2~ 3 transitions in 3K and 3°Ca.

Branch
Parent Final 3/2~ state Experiment Predicted [25]
(keV) (ppm) (ppm)
3K 2490 29(4) 250
3%Ca 3019 <3.3 51
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FIGURES

FIG. 1. Schematic layout of the experimental setup. When the transport tape is moved the
gas jet shutter blocks the He-jet nozzle (dotted position) and the accelerator beam is blocked as
well. The scale is appropriate for all items shown except the concrete wall.

FIG. 2. Gamma-ray spectrum obtained from all samples. Each sample is counted for 3 seconds
but this spectrum only shows those decays that occurred during the first 1.2 seconds. The symbols
above the y-ray peaks identify the activity and are explained in the box in the upper panel. The
symbol §, SE and DE are used for peaks produced by coincident summing, single escape and
double escape events, respectively. The 2796 and 3602 keV v rays were previously known to
originate from the decay of 37K; eight new 7 rays were found in this experiment.

FIG. 3. Gamma-ray spectra from the full three-second decay observation of all samples. a)
Expanded region around the 1386 and 1410 y-ray peaks. These two y-ray transitions feed
and de-populate the 1/2%, 1410 keV state, respectively. The beta side-feeding to this state is
{-forbidden. The 1460 keV +-ray peak from “°K room background is present as a tesult of random
scintillator coincidences. Each channel is 1 keV wide. ) Expanded region around two vy-ray peaks
from 37K that are barely visible in Fig. 2. Each channel is 2 keV wide.

FIG. 4. Proposed decay scheme for 3"K. The numbers above each v-ray transition are energies
in keV and the absolute intensities per 3’K decay in ppm, unless otherwise indicated. The beta
branching ratio is also given in ppm, unless otherwise indicated.
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