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The 8 decay of*’K is studied in detail. Several ne® decay branches anghray transitions are assigned to
this nucleus. The-forbidden @,,— 1s,,, Gamow-Teller branch to the first excited state*fAr is observed
for the first time and its branching ratio measured to be (£2.%)x 10~ . Suchl-forbidden branches are very
sensitive to extranucleonic effects such as meson-exchange curremsisoiohr excitations. A calculation of
these as well as core-polarization and relativistic effects, predict branching ratios 1§ with universal
s-d wave functions and 5210 ® with Chung-Wildenthal wave functionfS0556-28187)03807-7

PACS numbses): 23.40.Hc, 21.10-k, 21.60.Cs, 27.36:t

. INTRODUCTION M®=[B(M1:1V,3/2" —1/2")]¥?=-0.022(19) differs
) _ ) from experiment,—0.091(8), by afactor of four. No agree-
Studies ofl-forbidden Gamow-Teller and isovectM1  ment seems possible for the insensitéGT)/M () ratio as
transitions are a sensitive prObe of the pOSSible influence (ﬁny reasonable adjustment in the theory of effective opera-
extranucleonic effects, such as meson-exchange currents @jrs[5] has so far been unable to explain such a big discrep-
A-isobar excitations, on the description of low-lying nuclearancy.
states. These transitions are special, in that ordinary nuclear The tantalizing promise offered by the study of
effects produce only very small transition matrix elementsl-forbidden transitions has not been fulfilled for the=39
and extranucleonic effects thus become more visible. In thauclides. The only way to obtain a further understanding of
case studied herdyl1 transitions between 3/2and 1/2 this problem is to study additional cases. The 37 nuclei
states, the matrix element would be identically zero in theoffer the next best choice in terms of nuclear-structure sim-
long wavelength approximation if it were assumed the decaypliCity. Although not as simple as the= 39 cases their wave
proceeds entire|y through a Sing|e-partid[§2 to S1/2 transi- functions can still be calculated with confidence.
tion. Of course, in practice a transition is never exactly single TheA=37 mirror nuclides have not been studied with the
particle in nature: there will always be configuration admix-Same detail as theA=39 ones. The lifetime of the
tures and they must be estimated. Also, there will be correc%é2 —3/2" M1 transition in*’Ar is known [Z]’ but that in
tions to the impulse approximation arising from relativistic ~ K 1S not. Thel-forbidden GT branch frqrﬁ K also is not
effects. But if these two complications can be reliably evalu-Known. In this paper we describe the first measurement of
ated, then the study déforbidden transitions will lead di- this branch and a comparison with the calculated value from
rectly to information on meson-exchange currents Anek- the Towner-Khanna modg¢b,6).
citations.
Comparisons of isovectoM1 vy t(z;nsitions find their II. EXPERIMENTAL TECHNIQUE
analogous Gamow-TelliGT) B transitions provide a fur-
ther powerful simplification. Because of the similarities in ~ The 3K activity was produced with thé°Ca(p, «) reac-
the operators, the ratio of these matrix elements is very intion. A 3uA, 15 MeV proton beam from the TASCC facility
sensitive to the particulars of the model. Bathl and GT  bombarded a stack of fifteen 0.5-mg/érhick Ca targets
matrix elements increasér decreasetogether with the inside a helium-filled target chamber. A He-jet transport sys-
choice of parameters, with their ratio remaining unchangedtem with NaCl aerosol removed the activity from the target
Studies ofl -forbidden transitions in nuclei that consist of chamber and brought it into a low background counting area.
a particle (or hole in an LS closed shell are particularly There, radioactive samples were collected on the 25-mm-
promising because the lowest-order wave functions argvide aluminized Mylar tape of a fast tape transport system.
simple and configuration admixtures can be calculated withievery 3.5 s the tape moved and the samples were sequen-
some degree of confidence. They offer the best opportunitfially positioned in front of two separate counting stations.
to study extranucleonic effects with minimum sensitivity to While samplen was collecting, sampla— 1 was counted in

unknown details in the wave functions. station 1 and sampla—2 was counted in station 2. Fig. 1
The |-forbidden transitions irA=39 nuclides have been shows a layout of the experimental arrangement.
the subject of many studi¢¢—4] since they meet these cri- The sample preparation, transport, and counting proce-

teria. The predicted GT matrix elemen1,5,6] dures were very similar to those used in a published experi-
M(GT)=[B(GT;3/2"—1/2")]¥?>= —0.036(18), is in fair ment on thd-forbidden decay of°Ca[1] and are described
agreement with experimefit,2], —0.0241), whereas the in detail in that report. Briefly, the first counting station con-
predicted isovector (IV) matrix element [1,5,6  sisted of a 68% efficient HPGe detector and two plastic scin-
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FIG. 1. Schematic layout of the experimental setup. When the [
transport tape is moved the gas jet shutter blocks the He-jet nozzle 10 Lo vy
(dotted positioh and the accelerator beam is blocked as well. The 2500 3000 3500 4000
scale is appropriate for all items shown except the concrete wall. GAMMA-RAY ENERGY (keV)

tillators. Its purpose was to obsergerays originating from .
weak 8 branches off’K populating excited states iB7Ar . FIG. 2. y-ray spectrulm obtained from all samples. Each sample
(The gro)und-state trgnsitiog accorl:nts for 98‘? of the decagcggngz er?gsthl;u:i rtlsqtuslSzp:ct;ﬁgws%r;ybslf;o;vsoilfsa Se;:;/Ifsthat
intensity) Events observed in the HPGe detector were =~~~ g e :

agged by the concident positons seen i he sanilatorsf 1 SCUY S mtined e box e epe e,
either heading away from the gpper scintillatoy or e

towards the HPGéower scintillatoy. In the present experi- dsglt S_‘F?em;%’e_s'ggge %%Z?Egvigdsdxgze re:\fizﬁil eﬁﬁgtﬁh rt?pec'
ment, the majority of events observed in the HPGe detectot Y- © from tho d e, o ﬁ't P y o
originated from positrons heading towards that detector be2"9'!Nat€ rom e decay o', eight newy rays were found in
cause they could interact with it directly or through brems-NiS experiment.

strahlung and annihilation-in-flight processes. Such un-

wanted events were removed by a condition that HPGecintillator-gatedy-ray spectrum, obtained from 48 000 ra-
events must be COinCident W|th pOSitrOHS heading aWay fronajioactive samp|es is Shown in F|g 2.1t is dominated‘)by
that detector. This condition lead to a dramatic reduction OPays from 37K although the strongest excited-stagedecay

the background produced by positrons from the dominanty snch from this isotope has an intensity of only 2ays
superallowed ground-state branch, which is not accompanieglym, small quantities of2"Sc and*4Sc (produced from the
by y rays. Events from excited-state branches, which are2.44~, isotopes present in the natural Ca targetd 3°Cl
accompanied by subsequeptrays, are still efficiently re- 52"\, and 58Cu (produced from minute S, Cr, and Ni target

corded. _ , , contaminations, partially originating from the target fabrica-
Th%secor)d. counting station was designed to measure thg, nrocess are also visible in Figs. 2 and 3. They were
total 'K activity of each sample. A continuous-flow gas ;e for the HPGe energy calibration. Oray spectrum

proportional counter, with nearly 100% efficiency for posi- .yntains many new peaks that we assign to the decay of

trons, was used for this purpose. The samples on the transs, Figure 3 shows two expanded areas of §heay spec-

port tape were positioned in the center of the counter angl, shown in Fig. 2. They display in more detail the main

decay positrons were detected and multiscaled. __y-ray peaks used to deduce théorbidden 3-decay branch
The efficiency of the HPGe detector was determined W'“TFig 3@)] and two weaky rays assigned t6K that are
standard sources of*Mn, 56Co, ®°Co, &y, ¥'Cs, and barély visible in Fig. ZFig. b)].

??%Th. The efficiencies of the plastic scintillators were deter- 5 results for the teny-ray transitions we assign to
mined by comparisons of the intensities of stropgay 37K are shown in Table I. Twoy rays previously attributed

peaks in the singles HPGe counter spectrum with the intery, 37¢ [g] were not observed in our experiment. Two of the

sities of the samey-ray peaks in the scintillator-coincident ., y rays observed were known before, the remainder are

Sew assignments. Our assignment of the eight nevay

transitions to®’K is based on two observations. The mea-
Il EXPERIMENTAL RESULTS sured half-life of each of_ them agrees with th(_a accepted

value, 1.226(7) s and their energies all agree with known
Three B-decay branches, producing a total of fopray  level differences in thg8-decay daughter’’Ar [7].
transitions, have been previously reported f4K [7]. Our We obtained the absolutg-ray intensities, shown in

mined in several previous experiments.
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FIG. 3. y-ray spectra from the fuB s decay observation of all a7 ' < 97.89% 3.66
samples.(a) Expanded region around the 1386 and 1410 keV Ar

v-ray peaks. These twg-ray transitions feed and depopulate the

1/2", 1410 keV state, respectively. Tieside feeding to this state FIG. 4. Proposed decay scheme f3K. The numbers above

: - 20 . 4. .

is | forb_ldden. The 1460-keVy-ray peak from .K room_be_lck- eachy-ray transition are energies in keV and the absolute intensi-
ground is present as a result of random scintillator comudence%eS per 9K decay in ppm, unless otherwise indicated. THe

Each channel is 1-keV widelb) Expanded region around two b . L h : e il
ranching ratio is also given in ppm, unless otherwise indicated.
y-ray peaks front’K that are barely visible in Fig. 2. Each channel d g PP

is 2-keV wide. activities such ag?™*4Sc whose half-lives are much longer
than the 3-s measurement interval and thus appear constant
Table 1, by normalizing the HPGe data to the absol#fi¢  in our data. The number of’K decays determined from the
decay intensity obtained from the gas counter measuremenggcay-curve analysis was corrected for the detector effi-
The multiscaled positron data from this counter were anaciency and the decay losses experienced by the samples dur-
lyzed for the3’K content. Excellent fits to the decay curves iNd the 3.5 s time spent between counting at the HPGe loca-
were obtained with two components with the half-life of the tion and at the gas counter position. The half-life used to fit
first component fixed to that 6FK and the second one being the decay curves and to calculate the decay losses was the

a constant background. The second component accounts fgrcepted value of 1.22B s [.7]' After a S’.“‘?‘" correction for
electron-capture decayéwhich are invisible to the gas

countej we deduce that a total of 8.58(28)L0° 3K decays

TABLE I. from the d FK. . , , .
¥ Fays lrom the decay 9 took place at the HPGe counting location during the experi-

ment.
I(Ek’ev) Iy(o(/:)el) I(;;am?% We have constructed the decay scheme shown in Fig. 4

by assigning they rays listed in Table | to the corresponding
8792 22 known level energy differences iffAr and using the abso-
1184.8410) ® 1.286G54) 26314) lute intensities shown in the table. This decay scheme con-
1386.2513) P 0.211(14) 43(3) tains five weak beta transitions that have not been observed
1409.7811) © 0.47122) 96(6) before. Our results for aj transitions from*’K are shown
1611.2410) ® 1.41758) 28915) in Table Il. Some details for transitions of particular interest
2191.58)° 0.04415) 9(3) and for cases in which our data do not support previous
2490.G3) P 0.132) 27(4) results are discussed below.
25083 182 1410-keV state, 1/2 Thedz,— sy, B transition isl for-
2795.9715) 100 2.0411)% bidden as is indicateql by the Ia}rge value of”7.39. The
3169.6530) ° 0.131) 27(2) 1410-keV state Qeexcnes by a smg.?efray transition of the
3601.64) 1.05344) 21511) same energy. It is populated, in addition to fhéeeding, by
3937.75) P 0.0486) 9.712) a 1386-keVy ray and two much weakey rays of 2192 and

2528 keV (the latter will be discussed with the 3938-keV
4nferred from in-beam experiments. See text. statg. Figure 3a) shows the spectrum near the 1386- and
bFirst observation. 1410-keV y-ray peaks. TheB branching ratio for the

‘Result in parts per million, except where noted otherwise. |-forbidden transition was deduced to be 423 ppm. It
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TABLE II. Levels in 3Ar populated in the decay of’K. IV. THEORY AND COMPARISONS
Present expt. Literatufe B feeding A. The |-allowed branches
E, E, J7 In ft The starting wave functions for a discussion of the
(keV) (keV) (ppm) ° nuclear spectroscopy of the=37 nuclides are the configu-
rations 6,d) 3, three holes in the closeds2d shells. Mix-
0.00 3/{ 97.891)%  3.66 ing among these configurations is calculated in the shell
1409.829) 1409.8210) 12 42.275) 7.39 model with the residual interaction taken from the universal
1611.268) 1611.277) 7127 2520 7.51 s-d (USD) interaction constructed by Wildenthgl4]. This
2490.0630) 2490.6030) 3/2” 294) 6.88  interaction has been constrained to give good fits to the en-
2796.1110 2796.1Q30)  5/2° 2.011D)%  3.79  ergy eigenvalues of many low-lying states srd-shell nu-
3169.8030) 3171.30140 5/2° 27(2) 6.35  clei. For spectroscopy studies, it is the most accurate inter-
3601.6737) 3602.0070)  3/2° 22412)  4.96  action available for these nuclei. For comparison purposes,
3937.9%50) 3936.7Q40) 3/2" 11.613) 578  we also consider the older Chung-Wildentb@W) interac-
Referencd 7], tion [15]. Brown has recently noteld 6] that while the USD

wave functions reproduce well the Gamow-Teller matrix el-
ements for low-lying states, the CW interaction seems to do
better at describing the Gamow-Teller giant resonance and
will be compared to a theoretical calculation in Sec. IV. its energy distribution.

1611-keV state, 7/2 This state is populated and deex-  Since the model spaces,l) 3, is a truncation of the full
cited by y rays of almost equal intensities. Consequently theHilbert space, some consideration has to be given to the
deduceds side feeding is poorly determined, 220 ppm, renormalization of transition operators used in truncated
and could well be nonexistent. The-decay branch can, spaces. For electromagnetidMl and Gamow-Teller

PResult in parts per million, except where noted otherwise.

within its large uncertainty range, accommodate fog/al- ~ B-decay transitions, we write these operators as
ues of 8 or greater, appropriate for a unique second- 3\ 12
forbidden transition. M1l= (E) {91 el + 9s,etS+ p el Y2,S1}

2490- and 3938-keV stated/e observe only one depopu-
lating v ray from each of these levels. Previous in-beam
y-ray experiments have shown evidence for a second, GCT=giaefll +Gaei@+ Ippeil Y2, 0], @
weaker depopulating ray in both cases. Our data does not ) ]
contradict the in-beam observations since those additiondfheré g er=9gu+4d9., etc., with g, the bare, impulse-
weak y rays would be below our sensitivity limit. We have aPproximation coupling constant aad, the correction to it.
used the publisheg-ray branching ratio§9], together with ~ 1Nere is a new termiY,S], absent from the barsl1 op-

our measured intensity for the strogeray branch, to deduce erator, which has the form of a spherical harmonic of rank 2
the intensities of the 879- and 2528-ke9</rays'shown in coupled to the spin operator to form a tensor of multipolarity

Fig. 4, which were not visible in our experiment 1. Likewise for the GT operator, both the and [Yz, o]
2796-keV state, 5/2 We observe three-ray transitions terms are absent from the bare operator but appear through

: ! the renormalization. Brown and Wildenthal in a series of
depopulating this state. The 1185- and 1386-kekdys have paperd17—19 have determined the effective coupling con-

not been reported before. We do not observe a 22%3*6\/ stantsdg for M1 and GT operators by fitting calculations of
ray, previously reported by Tarastal. [10] from “'Cl  yansition rates based on the USD wave functions to experi-
(p,n)*"Ar studies, nor the 579-key ray supposedly popu- mental data for a large number of nuclides in & shell.
lating the 2217-keV level. Both should clearly have been An alternative to data fitting is to evaluate the coupling
visible to us, if present with the branching ratios reported constantssg from first principles. This is practicable for nu-
in Ref.[10]. Our deducegq3-decay branch to the 2796-keV clei described as closed-shells-plus-or-minus-one-nucleon as
level is 2.0711)%, which agrees with two previous results, has been demonstrated by the work of the Chalk River and
2.2221)% [11] and 2.@4)% [12], but not a third one Tokyo groups[5,20,21. There are two principal contribu-
1.4516)% [13]. tions to the renormalization. First, the truncated model space
In Table Il we present the branching ratios we deduce is corrected by inclusion of configurations from other shells
for the 2796- and 3602-keV states MAr. For both cases Via second-order perturbation theory. These corrections are
our data are Superior to those in the |itera1'{_9']3and for the called core polarization. Second, the bare OperatOI’S them-

2796-keV case they also disagree with the literature valuess€lves are influenced by the fact that nucleons in a nucleus
are interacting by the exchange of mesons, leading to correc-

tions known as meson-exchange currents. For GT transitions,
the most important of these processes involves exciting a
nucleon to its internal isobar state, theresonance. Results

TABLE Ill. y-ray branching ratios of’Ar levels (%).

Exr (keV) ;
from the calculations of Towndi5] for M1 and GT opera-
Exi (keV) 0 1410 1611 2217 tors are compared with the fitted values of Brown and Wil-
2796 98.2%6) 0.2149) 1.26751) <0.2 denthal[17-19 in Table IV. Forl-allowed M1 and GT
3602 96.014) 4.014) <17 <11 transitions, the calculations are dominated by the isovector

0s andgpa values, respectively, for which there is reasonable
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TABLE 1V. Effective coupling constants for th11l and GT operators for mas#,=37, from the
calculations of Towner and the data fits of Brown and Wildenthal.

Towner? Brown-Wildenthal
Notation® IS v GT IS v GT
59s(d-d) ~0147  -0612  —0.240 ~0134  -0830  —0.342
595(5-5) ~0145  -0633  —0.250 ~0054  -0726  —0.312
69, (d-d) 0.010 0.078 0.009 0.021 0.140 0.010
5gp(d-d) ~0.024 0.728 0.100 0.165 2.340 0.115
89p(d-s) —0.033 0.502 0.162 0.165 2.340 0.115

dResults 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 Mas87 are interpolated between values
quoted forA=17 andA=239.

bFrom Ref.[17], the “A=18-38" fit for isoscalar(IS) electromagnetic operators. From REE8], Table I,
column 4, for isovectoflV) electromagnetic operators. From REf9], 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 areStpr, 69,5, andégpp -

accord between thég values of TownerT) and Brown- B. The I-forbidden branches
Wildenthal (BW). For |-forbidden transitions betweets,
ands,,, states, only theyp terms contribute and here there  In the corresponding work in tha=39 nuclides[1-4],
are significant differences between the calculated values of The 3/2°—1/2" transitions are uniquely given by a single-
and the fitted values of BW, particularly for the isovector particle d;,— S, matrix element, and hence are uniquely
M1 transitions. The study df-forbidden transitions, there- related to the renormalized coupling constagg,. In the
fore, is aimed at shedding some light on this difference. ~ A=37 case, configuration mixing among thg(()‘3 states

In the B decay of *K reported here, six Gamow-Teller jmplies the 3/2—1/2" transition involves a mix of
transitions have been identified, five of which are dendted |-allowed andl-forbidden matrix elements, even though up
allowed and the sixth, being a 3/2:1/2" transition, is  to now we have been calling this arforbidden transition.
called! forbidden. TheB(GT) values for these transitions are \yjith the USD wave functions, the 3/2-1/2" transition
listed in Table V, where it is seen that thdorbidden value  5trix elementM (GT)=[B(GT)]*?is
is very small indicating the hindered nature of the transition.
The B(GT) value is related to thét value via M(GT)= —0.0071dy| GT|ds) — 0.009% ds GT] )
2) +0.0169s,[GT]|s;)+0.0094d||GT||ds)

+0.2088 ] GT]ds) — 0.0599s,| GT]ds)

61446
t= B(F)+B(GT)’

whereB(F) is the Fermi matrix element squared and has the

value unity for the isobaric analog ground-state transition +0.4549d;(GT]sy), ()
and is zero for the others. Table V also gives the calculated

values using USD or CW wave functions and effective op-

erators from T or BW. We note the USD wave functionswhere the double-barred matrix elements are single-particle
reproduce the experimental data for thallowed transitions reduced matrix elements of the operator, 89, in the Brink
better on average than the CW wave functions, but are ncand Satchlef22] conventions. In terms of effective coupling
ticeably inferior for thel -forbidden branch. constants, the matrix element becomes

TABLE V. B(GT) values for various states f{Ar fed by allowed transitions in thg decay of*’K.

Theory?
Transition Experiment TUSD) T (CW) BW (USD)
B(GT;3/2" —3/2) 3.38(8)x 107! 4.12x10°! 4.81x1071 3.38x10°?!
B(GT;3/2" —1/2)) 2.5(5)x 104 0.5x 104 3.1x1074 0.1x1074
B(GT;3/2" —5/2]) 1.0(5)x 1¢° 1.1x10° 1.1x10° 0.9x1¢°
B(GT;3/2" —5/2;) 2.8(2)x10°3 6.1x 1072 5.0x107! 5.0x 1072
B(GT;3/2" —3/2}) 6.4(4)x10°? 4.4x 1072 1.1x10°1! 3.7X 1072
B(GT;3/2" —3/2;) 1.0(1)x 1072 7.9x10 2 3.7x10°? 6.7x10°?

8-d shell wave functions from the universald interaction(USD) or the Chung-Wildenthal interaction
(CW) and effective coupling constants from Towri&) or Brown-Wildenthal(BW) as given in Table IV.
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M(GT)=0.002 s-s)— 0.001 d-d TABLE VI. Electromagnetic and weak ratéis nuclear magne-
(@D Yner(55) Baenld-d) ton unitg for the |-forbidden transition 3/2—1/2" in A=37 nu-
+0.3899) p er(d-d) —0.117Ypp r(d-S) clei.
_0.081©pA’eﬁ(d'd) = O'Olz:gA,eff(d-d) Theorya
—0.117Ypp o(d-S), (4) Experiment T(USD) T (CW) BW (USD)

_ _ B(M1;¥K) >4.7x10° 9.1x10 % 6.0x10°% 1.6x10°*
where in the last line the Towner values from Table IV areg(\11:37ar)  7.1(23)x1073 1.0x10°2 6.2x10°3 1.3x10°3
Used to relat@A'eff(S'S), gLA,eff(d'd)a and gPA,eff(d'd) to |M(0)‘ <0.8X 10*2 2.2% 10*3 8.1X 10*4 1.2X 10*4
gA,ef‘f(d'd)- S'nce gA’eﬁ(d'd)’\"l.o a.nd gpA‘eﬁ(d's)’\"o.l, |M(l)‘ >7.6X 10—2 9.8% 10—2 7.8%X 10—2 25X 10—2
one sees from Eq(4) that thel-allowed andl-forbidden M(GT)| 16x10°2 6.9x10°% 1.8<10°2 3.0x10°3
matrix elements are making a roughly equal contribution tq,, o ' ' ' '

g . . . o GT)/M <0.2 0.07 0.22 0.12
M(GT). This is still a sizablé-forbidden contribution com- (GT)
pared to a typical-allowed 3/2 —3/2* transition. How-  2See corresponding footnote in Table V.
ever, because of the relative minus sign in Ej.these two

qontflbutlons near.ly cancel each'other. Therefore this transg< 1024, assuming the shell-model sign. FIK, there is
tion is more sensitive to the choice sfd shell wave func-

tions, USD versus CW, than it is to the effective operators.Only a limit on the I-|fet|me of the 1/2 statg avgllable,
1.5 ps, corresponding t6>0.44 meV. Again using the

This can be seen from Table V where there is an order of ) o
magnitude difference between tB¢GT:3/2" — 1/2*) value shell model to compute tHE_Z component, we obtain ;I|m|t
calculated with USD and CW wave functions. With Town-©" ~ the M1~ matrix  element M(MIL™K;
er's effective coupling constants, the branching ratio for the3/2" —1/2")>6.8x 10" ?uy . The isovector combination of
| -forbidden transition is given by 8 ppm with USD and by 52 these matrix elements 1 ™=1/2 M (*’Ar) —M (*K)] and
ppm with CW wave functions compared with an experimen-the experimental limit on the ratibl (GT)/M("<0.2. Again
tal value of 42.2(7.5) ppm. the experimental data point to a value of this ratio much less
than the simple estimate given in E@). However, as the
calculations recorded in Table VI indicate, the theory here
also supports smaller values. Thus ffdorbidden transitions

In the calculations of effective operators, the dominantin the A=37 nuclides there is no conflict between theory and
contribution to thel-forbidden coupling constantpser  experiment. Nevertheless, the corresponding situation in the
comes from isobar excitationgSee Table V of Ref[4]).  A=39 nuclides still remains a puzzle.
Similarly for the isovectoM 1 coupling constangp , the
largest contribution comes from isobars although there are
sizeable contributions from other meson-exchange processs D. The first-forbidden branches
and from orbital contributions to the core-polarization calcu-
lation. To the extent thaip 5 o and isovectogp . are given
entirely by isobar contributiong@nd spin contributions to the
core-polarization calculationthese coupling constants and
hence theit -forbidden matrix elements will scale with each
other according to the bagg, and isovectogg values. That
is MM=[B(M1;IV;3/2"—1/2")]¥2 and M(GT) are ap-
proximately in the ratio

C. The M(GT)/M® ratios

First-forbiddenB-decay branches are another example of
hinderedg transitions that have an enhanced sensitivity to
extranucleonic 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-O transition operators evident in first-
forbidden B decay between states of the same spin and op-
112 posite parity. Warburtoet al.[25] have, among other cases,

=1.1. (5) calculated the3-decay rates for the 3/2-3/2" transitions
in 3K and Ca via the impulse approximation in the nuclear

shell model. The transitions in question, not known at the

The puzzle is thaj the expgrimental value for this ratio 0.2&jme of the calculation, can now be compared to measured
in the A=39 nuclideg1-4] is a factor of four smaller than 5 es.

this estimate, while the more complete theory calculation oy result for the 3K(312*, g.5.)—3Ar(3/2", 2490
moves the estimate upwards. It is therefore of interest t‘ke\l) B-decay branch is shown in Table VIl and compared to
examine this ratio for the-forbidden transition in the

A= 37 nuclei, although to date there are less electromagnetic ) ) 3 N )
data available. TABLE VII. First-forbidden 3/2°—3/2" g transitions in3K

M(GT) 1.26><
MDD T 4.706

4qr

3

In 3Ar, the lifetime of the 1/2 state is known to be &"d*Ca
7=950(200) fs [7] corresponding to a width of Branch
'=0.69(15) meV. This width is made up of &1 and an Parent Final 3/2 state Experiment Predictg@5s]
E2 component. If we use the shell model to calculate the P
E2 component of '(E2)=0.23 meV with USD wave func- (kev) (Ppm) (Ppm)
tions and effective charges of Alexandsral. [23] then the 37 2490 294) 250
M1 width is T'(M1)=0.46(15) meV corresponding to an 39cg 3019 <33 51

M1 matrix elementM(M1;%Ar; 3/2" —1/2")=—8.4(14)
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the predicted value. Our limit for the®Ca(3/2", g.s.) V. CONCLUSIONS
—3%(3/27, 3019 keV) branch, taken from Réfl], is also

shown. For both cases the predicted branching ratio is about 5 . .
an order of magnitude larger than the measured one. This is The weakp-decay branches fror’k have been investi-

a very strong hint that the accuracy of the shell-model cal9ated and the strength of theforbidden GT branch mea-
culation is insufficient for the expected enhancement of th&ured to be 42(2.5) ppm. The theoretical prediction for this
axial-charge matrix element to be extracted from these firstoranching ratio is very sensitive to the choice f-shell

forbidden decays. wave functions used. With the effective coupling constants
explicitly evaluated from core-polarization and meson-
E. The ft value of the ground-state branch exchange processes, the branch is calculated to be 8 ppm
with USD wave functions and 52 ppm with CW wave func-

The 3K nucleus has been chosen as a good case for pr
cision tests of weak interaction symmetriesdrdecay with
optlcally trapped sourcef26]. The focus in those studies the isovectoM 1 matrix element is expected to be less sen-
will be the superallowed, ground-staBdecay branch and . : . : .
its ft value needs to be precisely known. Thus, correction sitive to the details of the effective coupling-constant calcu-
need to be made for the presence of othér sizéable allowcjaﬁon and with some overly simplistic assumptions, it has a
GT branches, such as th@ branch to the 2’796-kev state value of 1.1. A more detailed calculation reduces this ratio to
Our result for this branching ratio 2.07(11)% is the mostthe vicinity of 0'2_ for theA=37 case, but agan 1 sensitive
precise one obtained so far. Our data also show that all othd the wave functions chosen. By contrast, in#e39 case,
37K B-decay branches, excluding those to the ground ané'e detailed calculation increases the ratio to 1.63. The ex-
2796-keV states, are smaller than 250 ppm. Our experimer@e€rimental situation does not follow this pattern at all. In
was designed to be sensitive to very wegkransitions. We bothA=37 and 39 cases, the measured values for this ratio
have performed another experiment ofK, designed to are very similiar, gt around 0.2. Thus any evidence for_ex—
measure even more precisely tBedecay branch to the 2796 tranuclear effects in low-energ§ and y decays, as seen in
keV state and the analysis of this experiment is in progresivestigations ol -forbidden transitions, remains regrettably
[27]. inconclusive.

fions.
The ratio of thel -forbidden GT matrix element to that of
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