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Gamow-Teller (1) strength was studied in®®K with the analog reactions®Ar(p,n)3® and
38Ca(B*) 8. The (p,n) reaction was performed at 135 MeV using the beam swinger facility at the Indiana
University Cyclotron Facility. Excitation-energy spectra were measured at 15 angles between 0° and 63°.
Neutron energies were measured by the time-of-flight method using a large-volume plastic scintillator array at
a flight path of 131.0 m. The overall energy resolution was 280 keV. Gamow-T@&y strength was
extracted from the measured angular distributions to discrétdirfal states. The3-decay experiment was
performed with the ISOLDE on-line mass separator facility at CERN. Bka#ecay branching ratios were
determined by observing the delayeddecays of K. These decay measurements provide an increased
sensitivity over earlier measurements and are able to extract transitions downlfd * of the strongest
branches. Th&(GT) values obtained from the two experiments are generally in good agreement, except for
the transition to the first 1 state at 0.46 MeV, which is observed to be much weaker in phe)(measure-
ments. The3-decay measurements provide good resolution and high sensitivity whil@ the rheasurements
extend theB-decay measurements to higher excitation energies. The sufd(@0d strength is~50% of the
simple lIkeda sum rule. The distribution of GT strength is in reasonable agreement with that predicted from a
shell-model calculation using “effective” GT operatof$0556-28186)05608-7

PACS numbg(s): 25.40.Kv, 23.40.Hc, 21.60.Cs, 27.34Q.

I. INTRODUCTION bar diagrams, and higher-order multiparticle-multihole con-
figurational mixing. The basic question is whether the
The study of Gamow-TellefGT) strength in nuclei con- quenching can be explained in terms of the nuclear structure
tinues to be a topic of high interest. GT transitions corre-involved or whether the GT operator is significantly altered
spond to a particularly simple process that should be ameén the presence of nuclear matter. This quenching is often
nable to accurate theoretical description. These transitiondiscussed in relationship with the model-independent sum
involve spin and isospin transfer, and the mapping of suchule of Ikeda[9]:
strength in a nucleus provides an important test of structure
calculations for that nucleus. The special interest in studies B 2 12
of GT strength arises from the fact that such strength in both B(GT-)— B(GT+)_2f (flot|i) _Ef (flotfi)
light and heavy nuclei is generally “quenched” from that
expected using “free-nucleon” GT operatofise., obtained =3(N;—=2).
from the B8 decay of the free neutrorand structure wave
functions obtained from the nuclear shell model. ThisIn this expressiong is the Pauli spin operatot,. are the
quenching is seen iB-decay strength$l,2] and also in isospin raising and lower operators, ajifl and(f| are the
(p,n)[3-5], (p,p')[6,7], and (,e’) [8] reaction studies. initial and final nuclear wave functions.
The existence of such quenching presents a significant prob- In an analysis of®’Ca gB-decay data, Adelbergest al.
lem and various mechanisms have been proposed to expldithi0] questioned the extent to which the weak GT operator is
this guenching, including coupling th-hole excitations, iso- renormalized in nuclej1l]. They noted that the GT decay
strength extracted from these data was about equal to that
obtained from a shell-model calculation together with the
*Present address: Eurisys Mesures, 67380 Lingolsheim, Francefree-nucleon value for the GT operator; and they indicated
TPresent address: Physics Department, Southern University, Batdhat this cast some doubt on previous conclusions that the

Rouge, LA 70813. experimental GT strength for nuclei witk=17-39 was sys-
*Permanent address: Ecole Normale Siguee Oum-El-Bouagui, tematically quenched to only about 60% of that expected
University of Constantine, Algeria. from 1s0d shell-model calculations. The shell-model calcu-
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lations were performed using the “universal’sdd (USD) Il. THE %8Ar (p,n) %K REACTION
matrix elements of Wildentha[2]. Later, Brown [12]
showed that the quenching extracted from tHéCa

B-decay data is more model dependent than most previous 1h€ (P,n) experiment was performed at the Indiana Uni-
analyses of GT data and that, if one uses the Chun versity Cyclotron Facility(IUCF) with the beam-swinger

Wildenthal Hamiltonian (CWH), one can reproduce the system. The experimental arrangement and data reduction

o procedures were similar to those described previously
shape of the observegldecay strength. The predictions ob- [15,16. Neutron kinetic energies were measured by the

tained using the CWH interaction are about two times |argefime-of-flight (TOP) technique. A beam of 135-MeV protons
than the experimental results, so that the quenching inferreglas obtained from the cyclotron in narrow beam bursts typi-
is then about the same as that obtained from the global analgally 350 ps long, separated by2 us. The long time be-

sis of all 1s0d-shell B-decay data. More recently, Trinder tween beam bursts was obtained by use of a small storage
et al.[13] studied GT strength in thg decay of*®Ca. They ring between the beam source and the main cyclotron, re-
found that the weak GT strength to the low-lying levéde-  ferred to as the “stripper loop.” This long time between
low 5 MeV) is better reproduced by the USD interaction but,Peam bursts eliminates “overlap” background from previ-

as in the®’Ca decay, the strength to the higher levels at 6-gUS béam bursts and greatly reduces the cosmic-ray back-
MeV is reproduced better with the CWH interaction. It ap- ground as well. Neutrons were detected in three detector sta-

pears that the ideal interaction is some combination of US lons at 0°, 247, and 45° with respect to the undeflected

7 36 : roton beam. The flight paths were 131.0, 130.2, and 81.4 m
and CWH. For both*’Ca and Ca, the total strength is the (. 05 ) respectively. The neutron detectors were rectan-
same with the USD and CWH interactions, but the CWH GTqyar bars of fast plastic scintillator, 10.2-cm thick. Three

strength is shifted down in energy relative to USD, leading toseparate detectors, each 1.02 m long by 0.51 m high, were
better agreement with the experiment at low and mediuntombined for a total frontal area of 1.552nin the 0° and
excitation energies. Also for botA’Ca and®*Ca, the “gi-  24° stations. The 45° station had two detectors, each 1.52 m
ant” GT resonance strength is predicted to lie above thdong by 0.76 m high, for a total frontal area of 2.3ZnEach
B-decayQ-value window. neutron detector had tape(eq Plexiglass light pipes attached
In this paper, we present newp,f) data for the neigh- 0N the two ends of the scintillator bar, coupled to 12.8-cm
boring nucleus®®Ar along with new data for the analog diam phototubes. Timing signals were derived from each end

38 38 . . and combined in a mean-timer circyit7] to provide the
.de.c ai/r'] Ca(s”) Kt' Tfh Lf] CZ‘SS 'ShCIIO_Si t(iht hat f&FC?(a?;j timing signal from each detector. Overall time resolutions of
is in the upper part of thesDd shel); furthermore, for the - 5, 85 s were obtained, including contributions from the

comparison between the hadronic and weak probes, it has th.o - burst width £350 p3, beam-energy spread<@400
advantage that it involves an evénnucleus. It is known ps), energy loss in the target(300 p3, neutron transit times
that GT transitions inf§,n) reactions involving oddh nuclei  zcross the 10.2-cm thickness of the detector§30 p3, and
often show marked deviation from the “universal” conver- the intrinsic time dispersion of each detecter00 p3. This

sion factor for comparing 0° g,n) cross sections with gyerall time resolution provided an energy resolution of
B(GT) values obtained in analog decays observed for about 280 keV in the first two detector stations and about
evenA nuclei[14]. The sources of these deviations are not450 keV in the widest-angle station. The large-volume de-
understood and have been ascribed to both structure andctors were described in more detail previousl§]. Pro-
reaction-mechanism effects. Some cases, Wz,13, 15, tons from the target were rejected by anticoincidence detec-
and 39 show deviations of nearly a factor of 2 from thetors in front of each neutron detector array. Cosmic rays
general trend; in contrast, strong GT transitions in efen- Were vetoed by anticoincidence detectors on top of each ar-
nuclei seem to agree with this universal conversion factor téay as well as the ones at the front.

within +15%. Additionally, for 3Ar(p,n)3K, the conver- The target was a low-volume cylindrical gas cell 4 cm
sion to B(GT) values can be checked for several transitiondond by 1 cm diameter. The entrance and exit windows were
against the measured analggdecay, 3Ca(3") 3K, since 25.4-;;8m Kapton. The cell was filled to~2 atm absolute
the B-decayQ-value window allows one to observe transi- With “Ar gas, enriched to 95%. Empty-cell runs were per-
tions up to higher energies in the residual nucleus than usu .rmed to subtract contributions from the Kapton windows.

. . Time-of-flight spectra were obtained at 15 angles between
gxlezftjjl? 8 G'Z nl\élreg\z/. 'rl';) n%rgbi aigcunrea;eeglsghrs Gt;_ ‘:f: sg;at? em 0° and 63°. Spectra from each detector were recorded at ten
branches ﬁ’l the’®Ca decay, down to the 10 level. There-  Pulse-height thresholds from 5 to 50 MeV equivalent-

fore the present study was undertaken to reach a new level ggectron energyMeVeq. Calibration of the pulse-height re-
ponse of each of the detectors was performed with a

sensitivity and make possible a good comparison betvvee%2 B ; .
e resuts f-decay nd o th sospin analop ) reac- 1750158 £ 801V 0 2 caloar et el
tion within the experimental window. Although in this spe- thrésholds were found to be the same within statistics. The
cific case, most of the predicted GT strength lies within the | f 1h i ted h t a th ) hold
range accessible to both probes, it is important to see whaf ues ot Ihe cross Seclions reported here are at a thresho
GT strength exists above the-decay “window” and this setting of 10 MeVee.
can be done with thep(n) reaction. In this work, the
(p,n) and theB-decay results are compared also with theo-
retical calculations based on the CWH interaction, which Excitation-energy spectra were obtained from the mea-

was used by Brown for th&=36 and 37 analysd42,13. sured TOF spectra using the known flight paths and a cali-

A. Experimental procedure

B. Data reduction
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bration of the time-to-amplitude converter. Strong transitions

to known states in the residual nucled® as well as the o W T T T

strong *2C(p,n)*2N(g.s) transition from the'“C in the Kap- = “Ar(pn)K

ton windows provided absolute reference points. Absolute 5 40 1 O = 02 o

neutron kinetic energie&nd therefore excitation energies > E,=135 MeV

are estimated to be accurate1d.1 MeV. Yields for indi- £ 30 .

vidual transitions were obtained by peak fitting of the TOF

spectra. g 20 - -
In order to obtain excitation-energy spectra for the ©

3BAr(p,n) 3K reaction, it was necessary to subtract the con- & w0l

tributions from the Kapton entrance and exit windows of the §

gas cell. This was performed in the TOF spectra by subtract- &

ing empty-cell runs. The TOF spectra were aligned using the 0 5 10 15 20
strong *?C(p,n)*?N peaks. The empty-cell run was normal-
ized to the full-cell run by comparing yields in the
'2C(p,n) peaks. Because there is additional energy loss in FiG. 1. Excitation-energy spectrum for tH8Ar(p,n)* reac-
the *8Ar gas for a full-cell run, the peaks in an empty-cell tion at 135 MeV and 0°.
run were somewhat narrower than for a full-cell run. This
difference produced positive and negative swinging oscillanucleon effective interaction of Franey and Love at 140 MeV
tions for subtraction of peaks, even when properly normal{24] and optical-model wave functions obtained from the
ized. We eliminated this problem to first order by performingglobal parameter set of Schwaneltal. [25]. The nuclear
a Gaussian smearing of the empty-cell runs to broaden th&ave functions were calculated using the shell-model code
TOF peaks. Because of the difference in reactpwalues, OXBASH [26] with the basis taken to be the fulls@d shell
these subtraction problems appear only abBye= 11 MeV,  (unrestricted and the modified Chung-Wildenthal Hamil-
and are not a problem for the primary region of interest intonian (CWH) interaction as described by Brovjh2].
this work.

Yields for transitions in the’®Ar(p,n)*® reaction were D. The complex at 0.1-0.4 MeV
obtained by peak fitting of the TOF spectra. The spectra were

fitted with an improved version of the peak-fitting code of experiment and are known to be thé ground state, a 0

Bevington[19]. Examples of similar peak fitting ofp(n) +
neutron TOF spectra were presented previo{tsh;16. The jjtate at 0.13 Mev, and a 1state at 0.46 Mev. By peak

Excitation energy (MeV)

The first three levels of®K appear unresolved in this

- ber of K red to fit the dat itting, using peak widths corresponding to the known reso-
minimum number of peaks required o ntthe data were useq, i, , (observed for other peaksve are able to separate the
consistent with the requirement that the fits procee

) * state at 0.46 MeV from the other two levels. Examples of
smoothly from one angle to the next. Widths for small P

K trained 1o be th that ob d TIhe fitting for this complex at 0° and 11.5° are shown in Fig.
peaks were constrained 1o be the same as hat ObServed Iprryq angular distributions for these two peaks are shown in
the largest peak in the region. Cross sections were obtain

> : . . g. 2. The angular distribution for the’3 0™ doublet at 0.0
by combining the y|glds W'th the measured geometncal Pa3nd 0.13 MeV, respectively, is fitted fairly well by the com-
rameters, thg be?‘m mtegratlorj, and the target thickness. Trﬂ)?ned DWIA calculations for these two transitions. The final-
neutron efficiencies were obtained from a Monte Carlo com

X ‘state wave functions are for the first Gand 3" states in the
puter code{20], which was tested at these energji2g, 22, shell-model calculations described above. Theé DWIA

The experimental procedure and data reduction were Simila{alculation is a “density-dependent” calculation; it was

to thc_)se (_jescrlbed in more detail n Reﬁ$5,1@. The un- found earlier that such calculations are necessary for accurate
certainty in the overall scale factor is dominated by the un-

certainty in the detector efficiencies and is estimated to bdescnpnons of 0 to 0" IAS transitions, which are sensitive

+12%. The uncertainties shown in the angular distributions(?0 Pauli-blocking effect$27]. We see that the forward peak

(see beloware only from the fitting uncertainties in this angular distribution is described fairly well by such a
y 9 ' calculation with a normalization factor slightly greater than

unity. This calculation does not account for the second maxi-
mum near 35°, which, however, is described well by the
The excitation-energy spectrum for ti8Ar(p,n)3¥K re- 37 calculation with a normalization factor of 0.13, indicating
action at 135 MeV and 0° is shown in Fig. 1. Angular dis- that this transition is probably affected strongly by correla-
tributions were extracted for all peaks observed in this spections outside the basis assumed for the shell-model calcula-
trum. These angular distributions are shown in Figs. 2 and 3jons.
Some of these peaks correspond to complexes of more than The angular distribution for the 1 state at 0.46 MeV is
one state and are discussed more fully below. No peaks ar®t peaked at 0° and is, in fact, quite we@f., the other
observed above 10.5 MeV at forward angles, where one ext* excitations described belgwAlthough this transition is
pects GT transitions to appear. In the following sections weveak and not cleanly resolved in thp,) measurements,
discuss each of these excitations separately. Each angulae believe that we were able to extract the strength reliably
distribution is compared with a distorted-wave impulse-with an uncertainty of+50% or less. The data and fits at
approximation(DWIA) calculation. These calculations were 0° and 12° shown in Fig. 4 show a definite shoulder at 12°
performed using the codewsi [23] with the nucleon- from the transition to the 0.46-MeV state; at 0°, this contri-

C. Results and discussion
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FIG. 2. Angular distributions
for the 38Ar(p,n)® reaction at
135 MeV to the final states at
0.13, 0.46, 1.7, and 3.4 MeV.

bution is clearly weaker. This transition appears to bé 2. The 1" states at 3.4 and 3.9 MeV

forbidden” and is described poorly by the DWIA calculation  The next peaks observed in the 0.2° spectrum of Fig. 1
for the first 1" state. This transition is discussed further be-are at 3.4 and 3.9 MeV. The angular distributions for these
low. two peaks are presented in Figs. 2 and 3. These peaks cor-
respond fairly well with two I states reported previously at
3.3 and 3.4 MeV, and four "1 states reported between 3.7
and 4.0 MeV[28]. The shell-model calculations predict one

The strongest excitation seen in Fig. 1 is to the knownpeak in this region at 3.9 MeV and the DWIA calculations
1* state at 1.698 MeV. This transition carries more thanshown use the wave function for this state. The 3.9-MeV
one-half of all the 1" strength observed in this reaction. The transition is fitted well with a normalization factor of 1.20.
angular distribution is presented in Fig. 2 and is describedhe 3.4-MeV transition shows additional experimental
quite well by the DWIA calculation for the second Istate  strength at wider angles, indicating that this complex prob-
with a normalization factor of 0.53. This normalization fac- ably includes some states with higher spins. The level den-
tor is typical for strong 1 transitions in the $0d shell and sity of states at this excitation energy is such that this is
is an indication of “quenching” of GT strength in this reac- likely. The DWIA normalization factor required to make the
tion. DWIA calculation agree with the data at 0° is 0.60.

1. The 1t state at 1.7 MeV
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FIG. 3. Angular distributions
for the 8Ar(p,n)* reaction at
135 MeV to the final states at 3.9,
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3. The 1* state at 6.7 MeV MeV. The distributions are clearly peaked at 0°. The shell-
yp

A weak peak is observed at 6.7 MeV. The angular distri-model calculations predict&=1, 17 state at 8.8 MeV, and
bution for this peak is shown in Fig. 3 and is peaked at 0° _the DWIA calculations use the wave function for this state.

Spin and parity assignments for levels above about 5 MeV i "€ calculation agrees well with the forward-angle part of
38K are unknown. The shell-model calculations predict gPoth angular distributions with normalization factors of 0.16
1* state at 5.7 MeV and the DWIA calculation uses the2nd 012, respectively.

wave function for this state. The calculations describe the

angular distribution well with a normalization factor of 0.20.
lll. THE ANALOG pB-DECAY MEASUREMENT:

SSCa + 38K
4. The 1 states near 10 MeV (A7)

The last peak in Fig. 1 is a broad peak at about 10 MeV. A. Experimental procedure

In fitting this peak, we found it necessary to describe it with The B-decay experiment was performed at CERN with
three individual peaks having widths consistent with those othe on-line mass separator ISOLDE. Calcium isotopes were
the lower excitation-energy peaks. In Fig. 3 we show theproduced by bombarding a Ti target with the 1-GeV pulsed
angular distributions for the two strongest of these thregoroton beam from the PS Booster. The proton pulses had a 2-
peaks, viz., for the transitions to the states at 9.9 and 10.2s width and a repetition rate of 1.2 s; the opening of the
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FIG. 5. Gated spectrum ¢8-delayedy rays from 38Ca taken

with the *8Ca'®F * beam(log scale. All peaks(energies in keYare

60 ; ; assigned to the decay ofCa. The strong peak at channel 2000
o, = 115" (b) results from the sunil568 + 511) keV.
50 ) i
* o,laouev moving tape system. Daughter activity was periodically re-
40 0.46 MeV 7 moved by driving the tape. The total number ¥Ca ions
g collected during this experiment was X30°. Special care
2 30 r ] is necessary to measure we@kransitions by looking for the
© 20 b i correspondingy-ray peaks. The setup was devised to opti-
" mize the y detection efficiency and reject bremsstrahlung
10 fﬂﬂu I ] background or superposition of positrons apdays. The
gamma spectrum was recorded with two Ge detecfd®86
0 : ' efficiency), operated in coincidence with positrons detected
3400 3420 3440 3460 in a thin cylindrical plastic scintillator, surrounding the tape
Channel Number in a near 4r geometry. A thin flat plastic scintillator was

placed in front of each Ge detector to avoid the simultaneous
FIG. 4. Fits to the experimental time-of-flight spectra at 0.2° detection of positrons and gamma rays in the same counter.
and 11.5° for the region of the’3 07, 1" complex from 0.0 to  Events detected in a Ge diode were gated with the34
0.46 MeV of excitation. counter and vetoed when a positron was detected in the thin
plastic in front of the same Ge detector. A passive shielding
ISOLDE beam gate was delayed 10 ms with respect to thwas installed between the gamma detectors and the various
proton pulse and maintained for 500 ms to optimize thebackground activities.
signal-background ratio. The different atoms were ionized
through surface ionization and mass separated in the B. B-decay: Results and discussion

ISOLDE magnet. One major difficulty for the observation of The sum of all data collected with one Ge counter asso-

weak lines in the’®Ca(87)*K decay[ T,,(%Ca) = 440 mg : : Y
; S . ) t th the pl llat to th -
is the strong activity of the isobars selected with the samé:Ia ed wi e plastic scintillators corresponds to the spec

magnetic field values®K (T, = 7.64 min and 3™

(T2 = 924 m3. For the *% isotopes, higher production x10°

cross sections and better ionization efficiencies combine to 400 o

give a yield,y, measured at the output of the separator sev- Bea(FYeK
eral orders of magnitude higher than for Ca nuclifiéd: 1200 -

y=10% at/s, 3K ™ y=10F at/s, and for’®Ca:y=10" at/g. In 1000 - x

this case, in addition to the mass selectivity, a chemical se- & T
lectivity was needed and could be found with the use of £ 800 -

molecular sideband§29]. The Ti rod target(93 g/cn?), G600 |

equipped wih a W surface ionizer, was then operated with a w00 |

CF, leak rate of 1.410 ° mbar l/s. The intensity of the
CaF" beam, measured with the separator mass at 200
A=A(Ca+19, was found to amount to 30% of the beam of 0
the corresponding elementary calcium ions. Bet57, pure 0 50 100 150 200 230 300 350 400

sources of®Ca were obtained a€Ca'°F *, allowing for the

first time the 3¥Ca 8 decay to be investigated without con-  FIG. 6. Low-energy part of the gategiray spectrum in linear
tamination by isobargas in previous separator experiments scale. X rays result from absorption of positrons in the Pb shielding.
or by other activities(as in rabbit-type experimen{$0]). The absence of contaminants and the presence of the 328-keV line,
The CaF ion beam was directed onto the collecting zone of attributed to the decay of the 0.46 MeV level, can readily be seen.
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TABLE I. Relative intensities of gamma transitions observed in’ ot (440 ms)
this work. 6743

E, Transition Relative intensities
(keV) E; (keV) E; (keV) This work Ref.[30]

328 459 130 0.1500 0.12616)

1240 1698 459 0.0028) <0.010 I (%) logft Ex (kev) JT
1568 1698 130 1 1 "
1643 3342 1698 0.004  <0.010 e o T e
1698 1698 0 0.0008) <0.0082 0.038 464 3857 1*
2883 3342 459 0.0G2) <0.0033 0360 412 a2 1t
3211 3342 130 0.01380) 0.013915)

3519 3978 459 0.00@3) <0.0042

3716 4175 459 0.0002) <0.0045

3726 3857 130 0.00192) <0.0036

3848 3978 130 0.00%6) <0.0081 1999 341 1698 *
trum given in Fig. 5. No contaminants were observed in the ‘L ‘L ! .
molecular beam and ajl-ray peaks could be related to tran- 296 478 459 i
sitions between®K levels. The low-energy portion of the 7652 849 % &
v measurement is presented in Fig. 6. Tharansition of gt 38

328 keV, which corresponds to thdecay transition to the

0.46-MeV level, appears close to the Compton edge

(E=341 keV) of the scattering distribution resulting from

the large number of 511-keV positron annihilatignrays. FIG. 7. Proposed decay scheme f€a(8™) 3.
This transition, not observed in the earliest measurements of

%Ca(B") *K [31-33, can be accurately measured in OUr |ating levels at 3857, 3978, and 4175 keV K. The

experimental conditions. _ nuclear properties of the two first ones were determined pre-
Relative y-ray efficiencies were measured witfCo and  yiously by transfer reactions with™ = 1+ assignments in

_152Eu sources. Corrections were made for cascade summinghth case§35]. The 4175-keV level was previously reported
in the 5°Co source measurement and for losses in the photq3s] with J™ = (1, 2 *. Our measurementiog ft=5.26)
peak intensity resulting from summation betweerays and  assigns)™=1" to this state. Furthermore, we have observed
511-keV annihilation radiation in th_éBCa B-decay experi- g  rays, at 1643 and 2883 keV, which were tentatively
mer;g. For the superallowed Fermi branciCag.s., 0" assigned to newy branches from the 3342 keV levé3342

— PK(130 keV, 0")], we have assumed a Idg value of ey, 1+ to 1698 keV, T" and 3342 keV, T to 459 keV,
3.486, using the same conversion factor between mode&+). Therefore, the intensity of thg branch to the 3342-

independent Fermi strength arid values as in the recent key |evel has been found to be stronger in our experiment
analyses of*®Ca[13] and *’Ca[34] decays. The relative’  than in previous work30].

intensities are given in Table I. The comparison of our re-
sults with the previous studi¢80], where the®Ca activity
was produced by the reactioffAr(3Hen) *¥Ca, illustrates
the gain in sensitivity obtained with the pure, mass-separated In order to compare the results of the,f) and
sources. In Table Il are listed the absolgebranches and B-decay measurements with each other, and also with the
values of logft derived from the measured relativeray  shell-model predictions, it is desirable to convert the
intensities. The proposed®Ca(8*)%® decay scheme is B-decayft values and the,n) cross sections t@(GT)
shown in Fig. 7. Three neyg branches are reported, popu- values.
The transition strength in th@ decay of *®Ca is deter-
TABLE Il. g-decay branching ratios and transition strengthsmined using the standard relationship betweenflogalue

IV. GAMOW-TELLER STRENGTH

observed in this work. andB(GT) [36]:

E, (MeV) J7 I g (%) log ft

0.130 0" 76.52 3.49 Ba(GT =K1,

0.459 1 2.9615) 4.783)

1.698 1" 19.9930) 3.41(2) where K=6127(9) s, as all branches to states above the
3.342 1 0.36913) 4.122) isobaric analog statee(, = 0.130 Me\j can be described as
3.857 1 0.03g4) 4.646) pure Gamow-Teller transitions. The correspondBigGT)
3.978 1 0.1198) 4.0004) experimental values are reported in Table Ill. The unprec-
4.175 1+ 0.0042) 5.2623) edented experimental conditions allow the determination of

the GT distribution for six 1 states; the news branches,
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TABLE lIl. B(GT) values from the®®Ar(p,n)3& reaction, from3Ca(8") K B decay, and from a
shell-model calculatiorisee text The shell-model states at 5.42 and 8.78 MeV héivel, all others have

T=0.
(p,n) B decay Shell model
Ex (pn) Bpn(GT)  Ex(B)  BgGT)  E(SM)  BRwGD  BRMGT)  ByY(GT)
(MeV) (MeV) (MeV)
0.46 0.0105) 0.459 0.0644) 0.13 0.559 0.260 0.115
1.70 1.7325 1.698 1.484) 1.71 3.354 1.774 2.094
3.4 0.234) 3.342 0.2%3)
3.857 0.08810) 3.73 0.418 0.226 0.212
3.9 0.437) 3.978 0.37225)
4.174 0.02110)
5.42 0.000 0.000 0.007
6.7 0.072) 5.62 0.405 0.197 0.163
9.7 0.031)
9.9 0.173) 8.78 1.252 0.633 0.562
10.2 0.132)
14.6 0.010 0.003 0.002
3 B(GT) = 2.9344) 2.41624) 6.000 3.094 3.155

observed in this study, amount to only 0.16% of the totalatic uncertainty of 12%, as discussed in Sec. I, plus the
decay but correspond to 21% of the toBHIGT) strength in  fitting uncertainties for each complex. In general, the system-
the B8 window. atic uncertainty dominates, except for the weak 0.46-MeV

In order to convert the (,n) cross sections t@(GT) transition where the fitting uncertainty was large because the
strength, we use a “universal” conversion factor determinedstate could not be separated completely from the stronger
previously by comparing 0°g,n) cross sections with analog transition to the 0, IAS at 0.13 MeV (see discussion
B(GT) values fromg decay for several 90d-shell nuclei  apove.

[4]. For the reaction of interest here, we can check this con- The Bpn(GT) values are compared with tHs,(GT) val-

version factor because tffedecay analog of the transition to yes in Table Ill. As indicated, the agreement of the
the strongly excited statle at 1.7 MeV has been observed ar]@—decayB(GT) values with those from thep(n) reaction is
the B(GT) value determined. reasonably good. For the strong transition to the state at 1.7
Following the method of Ref4], we have MeV, the (p,n) result is 17% larger than the-decay result.
#(q=0) The earlierB-decay measurement _of_WiIscm al. [30] ob-
Bpn(GT)=0-064N—a tained B(G'!’) = 1.583, which is W|th|n_ 10% of thepn)
D result. Besides the very strong transition at 1.7 MeV, both

the (p,n) and B-decay B(GT) distributions indicate a
B(GT) strength of about 0.25 at 3.4 MeV, and about 0.45 at
3.9 MeV. TheB-decay measurements reveal two weakly ex-

where o(g=0) is the (p,n) cross section extrapolated to
zero-momentum transfer, and

0° cited states near the strongly excited state at 3.9 MeV, which

apw(0°) e

ND=—00 are unresolved from the strong transition in then) mea-
opu(0°) surements. The only significant difference between the two

is the distortion factor, calculated as the ratio of the DWIA-€xPeriments is for the -forbidden” transition to the state

calculated cross sections with and without distortion. The2t 0-46 MeV, for which the g,n) result of 0.010 is signifi-
factor of 0.064 is the “universal” conversion factor obtained cantly smaller than th@-decay result of 0.064. As we will
previously. (Note that this factor is expected to be energydlscuss below, the difference observed for the strong state at

dependent, but was determined for 135 MeV, the energy of-7 MeV as well as the Iargg difference qbserved for this
this experimen}.For this reaction, the ratio of the cross sec- V&"y Weak state can be explained by the difference between

tions extrapolated to zero-momentum transfer to the 0° crosd'e effective operators for thé decay and theg(,n) reac-
sections is about 1.0&estimated from DWIA calculations ton. —
and the distortion factor is 0.38. The result is that the net Ui significant that the f§,n) measurements show some

conversion factor for this reaction is strength at higher excitation energies, above gidecay
Q-value window, viz., near 7 and 10 MeV of excitation;
Bpn(GT)=0.1770,,(0°). however, we note that this strength is relatively weak,

amounting to only 16% of the strength observed at lower
The resultingB,,,(GT) values are listed in Table Ill. The excitation energies. The strength predicted at 8.8 MeV is to a
B(GT) units are such that tHe(GT) value for thes decay of 1" T=1 state(all of the other calculated strength in Table
the free neutron is 3.0. The uncertainties are indicated il is to T=0 stateg Essentially all of the theoretical
parentheses and are the quadratic combination of the systestrength toT =1 states is concentrated in this single state. In
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account the weakly excited states revealed byghgrobe.

’ B Gamow—Toller Stre‘ngth Five 1 states are observed below 4 MeV while the calcu-
5 L wCa(foK Iathr! predicts qnly three states in this energy range. The
additional experimental "1 levels seem to be related to con-
1= . figurations outside the sDd-model space. Calculations in
the full sd-fp space are not achievable, but a shell-model
0 = il estimate obtained in dg-f;, Space reveals an intrudef 1
state coming in at 3.2 MeV with a small(GT) value, in
2 - Far(pn)?K agreement with the experiment. Moré levels are predicted
= below 13 MeV but with extremely small strendgtB(GT) =
o 1 B (2—5)x 10 %]. Intruder state mixing into the final states has
= o doo. - the effect of spreading the local GT strength, but does not
change the total strength. Intruder state mixing into the initial
> L Shell—Model _ ground state can also redistribute the strength betwgsen
and 8~ and between lowthe 1s0d shell part below about
an . 15 MeV) and high(many % w) excitation energy, and it is
I this higher-order configuration mixing which gives rise to at
0 L \ \ least part of the quenchir|@8,39.
0 5 10 15 20 As noted above, there are some differences between the
Excitation energy, E_(MeV) B-decay results and the(n) results, especially for the first

1" state at 0.46 MeV where tH&(GT) value obtained from
FIG. 8. Comparison of the experimen®},(GT) andB4(GT)  the B-decay measurements are6X larger than the value
spectra with the CWH shell-model predictions. The theoreticalpptained from the §,n) measurement. As can be seen in
spectrum was calculated using “effective” GT operat(sse text Fig. 2, the p,n) angular distribution is not peaked at 0° as
expected for A/ = 0, GT transition. In Ref[14] we sug-
Ref. [37], the M1 transitions to the analogs of the"1 gested an empirical modification to the effective GT operator
T=1 states in®Ar were studied by inelastic electron scat- for (p,n) reactions, which enhanced tieforbidden part of
tering. In that study it was found that thé1 strength was  the GT,,, operator compared to the value needed for the
fragmented over many states in the 74 MeV excitation-  GT, operator. The 1 state at 0.46 MeV is an ideal candi-
energy range; this is understood as a fragmentation of thgae 1o test this effective operator. In Table Il we give the
Eg‘gleﬂ?gji?iscﬁglgutrﬁt'ton m;ler fThar@p'gbt c(;)nzlgurat—h ¢ Bpn(GT) values calculated with the effective GJoperator.
: y hat much ot the predicied SWengm YOrhe caiculated, (GT) value for the lowest 1 state is over

o . )
17 T=1 states is located in small peaks that we canno% factor of 2 smaller thaB4(GT) in the direction observed
separate from the continuum background. The total strengt . . : . .

in experiment. This large reduction relativeBg(GT) is due

to T=0 states is 2.63, compared to the calculated free-

nucleon value of 4.75. This result is consistent with thatto a destructive interference between the allowed spin opera-

observed for other 80d-shell nuclei and indicates “quench- tor and the(enhancetl/-forbidden operator. For the strong

ing” for this case. state at 1.7 MeV the spin and-forbidden contributions are
Table 11l also presents thB(GT) values predicted by the N Phase leading to an 18% increaseB,(GT) relative to
CWH shell-model calculation described abo®GT) val-  Bs(GT), again in agreement with experiment.

ues were obtained from the one-body transition densities The calculation for the lowest 1 state can perhaps be
(OBTD’s) using both “free-nucleon” and “effective” GT made rrlore realistic by mixing the first and second shell-
matrix operatord2]. The “effective” GT operators were Model 1" states to reproduce the obsenigg(GT) value of
obtained by fitting to availablg-decay GT transitions in the 0-064 exactly(with the effective GT; operator of Rel‘[Z]).
1s0d shell[2]. As seen, the total GT strength predicted by The mixed wave function i$1”,mixed = 0.9831;) +

the free-nucleon operator calculations necessarily satisfi€31891;). Then with the same mixed wave function we
the 3N—2) sum rule, although these calculations overesti-switch the operator to GJ, and obtainB,,(GT) = 0.005, in
mate the experimental results by a factor of about 2. Thgjood agreement with experiment. With the mixed wave
predictions obtained using the “effective” GT operators arefunction, there is almost an exact cancellation between the
in much better agreement with experiment. The shell-mode$pin/-forbidden contributions tog(,n). When the empirical
GT spectrum using the “effective” operators is compared(p,n) operator was first introducegd 4], it was used to ex-
with the 8 decay and§,n) B(GT) values in Fig. 8. One sees plain cases where th&,,(GT) was enhanced relative to
that the distribution of GT strength is reasonably well pre-Bs(GT) (such as thé=15g.s. to g.s. anA=39g.s.to g.s,,
dicted by the shell-model calculation. This calculation pre-GT transition$. Here we find an example where the en-
dicts that the majority of the GT strength should appear in danced/ -forbidden operator makeB,,(GT) much smaller
single state at 1.7 MeV, with less strength distributed up tdhanB4(GT). The effective GT,, operator was used recently
about 10 MeV. This result is in good agreement with theto set limits on the’Ga GT strength, which is important for
experimental results from both th& decay and |§,n) mea-  solar neutrino experimentd0]. It would be important in the
surements. The fragmentation of the strength differs some’’Ga case to determine whether there is constructive or de-
what from the CWH shell-model prediction if we take into structive interference between the spin areforbidden
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terms. A destructive interference would presumably be charB,,(GT) values using a “universal” conversion factor,
acterized by an angular distribution that is not peaked atvhich was obtained by comparing,n) cross sections with
0°. B(GT) values for other analog decays in the 40d shell. In

We note that thgg-decay transition to the 0.46-MeV level this work, analogB(GT) values were obtained from the
was not observed in the earliest measurements of-decay experiment where pure Ca sources and effigent
%Ca(B™) *K [31-33, although it was observed in the more y measurements allowed a sensitivity around 0> for
recent measurements of Wilsenal.[30] and in the present the population of 1 states. The§,n) and thes-decay re-
work. TheB-decay branching ratio is determined by measur-sults are consistent, except for the transition to the fifst 1
ing the delayedy rays emitted by the decays of excited statesstate at 0.46 MeV. Thep(n) measurements extend the
of K. The y decays of the 1 (GT) states are primarily to  B-decay measurements because then) reaction has no
the 0", IAS state at 0.13 MeV. The difficulty in observing kinematic cutoff. The difference observed for the 0.46-MeV
the transition to the 0.46-MeV state was that its decay yieldsransition is significant; theg(,n) result is~6Xx smaller than
a 328-keV y ray appearing only as a small peak on thethe 8-decay result. This difference can be accounted for by
Compton edge of the 511-keV positron annihilatipirays  using separate “effective” [§,n) and 8-decay GT operators
that are presersee the discussion in Wilsaat al. [30]). obtained earlier.

In any event, we are confident of our analyses here for The summedB,,(GT) strength is less than 50% of the
this transition in both the{,n) and g-decay(see Fig. & simple Ikeda sum rule for this reaction, consistent with the
experiments with the uncertainties quoted. Certainly thigesults obtained for several othesdd-shell nuclei. The
case provides a difference betwegnr() and decay thatis summedB(GT) strength in this favorable case amounts to
puzzling. This difference is the largest known among numerg80% of the total experimental strength, corresponding to the
ous comparisons betweem,) and analogs decays for summed Bpn(GT). The summedBg(GT) is in excellent
“allowed” GT transitions from even-even target nuclei. We agreement with the €0d shell-model calculation of the
have observed other cases of @ 1" transitions that have strength in theg-decay “window” using “effective” GT
(p,n) angular distributions not peaked at 0°, e.g., thematrix operators. In the total range probed with thpen(
323(p,n)3<Cl(g.s) transition[15]. In this case, the very small reaction, the distribution of GT strength is reproduced well
B(GT) values observed from thé?P and °Cl g decay, by this shell-model evaluation. The shell-model calculation
B(GT) = 0.000 14 and 0.0021, respectiv¢B], indicate the uses the same basis and matrix elements as one employed
near vanishing of the spin matrix element—in agreementecently by Brown12] to describe successfully the GT dis-
with the sd-shell calculations[2]. There is a sizable tribution in A=37. For this case, as for several other
S1,— dap /-forbidden component to this transition, which 1s0d-shell nuclei, we conclude that there does appear to be
leads toB,, = 0.0083(with the effectivepn operatoy in “missing” GT strength, which indicates the need for renor-
agreement with the value of 0.0 extracted from the malization of the GT operator used for comparison of the
(p,n) experimen{15]. In contrast, the effect for the present shell-model calculations and the lkeda sum rule to the
A=38 case is much more dramatic because of the destrustrength observed in low-lying states.
tive interference between spin arndforbidden components
which are about the same size. ACKNOWLEDGMENTS
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