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Gamow-Teller decay of the T = 1 nucleus **Cr
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The Gamow-Teller 8 decay of **Crto the N = Z odd-odd nucleus *°V has been observed for the first time. “°Cr
was produced by the fragmentation of a *°Cr primary beam at 80 MeV/nucleon. By means of 8-y coincidence
measurements, a y-ray peak at 993 keV corresponding to the decay of the 1} state in *°V was observed. The
branching ratio of the Gamow-Teller decay to this state was found to be bgr = 0.216 % 0.050. The half-life of “°Cr
was measured to be 71/, = 240 £ 140 ms. The transition strength was determined to be B(GT) = 0.64 & 0.20.
This result was compared with theoretical values calculated with the shell model and the phenomenological

quasideuteron model.
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I. INTRODUCTION

B decay is a major source of information on nuclear struc-
ture. In particular, Gamow-Teller (GT) transitions generated
by the spin-isospin o ¢4 operator are extremely sensitive to two-
body interactions. Experimental data, e.g., excitation energies
and transition matrix elements, provide useful information on
these interactions, a good understanding of which is required
for a correct description of nuclear properties.

The B decay of *°Cr is of particular interest since the “°Cr
nucleus is expected to have a strong GT decay branch, as a
nucleus with |N — Z| =2 and mass number A = 4n + 2 (for
n an integer). Such 7 =1 nuclei decay to the 7 = 0 and
I™ = 17" states of daughter nuclei via the so-called favored-
allowed GT transitions [1], which are characterized by small
ft values. One example is °He, which decays to the ground
state (g.s.) of °Li with ft =813 (log ft = 2.91). For light
nuclei, Wigner SU(4) symmetry [2] helps explain the small
ft values of nuclei with [N —Z| =2 and A = 4n + 2. With
increasing nuclear mass, the SU(4) symmetry is increasingly
broken due to relatively large LS coupling or deformation
effects [1]. Nevertheless, the favored-allowed character of the
GT transitions survives at least up to the pf shell.

The favored-allowed GT transitions of nuclei with
I[N —Z|=2 and A = 4n + 2 have been observed up to 37n,
with the exception only of the decay of “Cr. The decay of
46Cr was first investigated by Zioni et al. [3], who used the
325(1%0, 2n) reaction to produce *°Cr. Activity with T/, =
260 4 60 ms was ascribed to the Fermi decay of “°Cr to the
I™ = 0% g.s. of “°V. No delayed y transitions associated with
the same half-life were observed.

In recent years, an excited 1% state at 993 & 0.4 keV has
been identified for 6V [4] by measuring the angular distri-
bution and polarization of 993 keV y rays. This spin-parity
assignment has been independently confirmed [5,6]. The large
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B(M1) value of the transition to the /™ = 0", T = 1 g.s. indi-
cates its isovector character. Therefore, the 17 state at 993 keV
should have T = 0. Thus, one would expect a GT decay of “°Cr
to the first 17 excited state of “°V,

The GT decay study of “°Cr gives unique information on
nuclear structure in the midregion of the pf shell, where
possible deformation may affect GT decay. It is expected
that the 17 states of a spherical potential are fragmented
by the coupling to collective degrees of freedom. Shell
model calculations [4], suggest there should be at least two
excited 11, T = 0 states in the 0-3 MeV energy range. At
the same time, the associated GT strengths should also be
fragmented. Besides the shell model, a phenomenological
model, the quasideuteron (QD) model [7], is also useful for
revealing the effects of deformation on GT decay, where T = 1
and T = 0 pairs of nucleons are simply coupled to a deformed
N = Z core.

The main aim of this work is to define the GT decay
of “°Cr to the first excited 17 state of “°V and to other 1+
states if they exist, and to compare results with shell model
and phenomenological calculations. In the following, we first
describe the experimental setup and procedure in Sec. II. In
Sec. III, we describe the method of data analysis and present
the experimental results, including the observed 993 keV
peak, the branching ratio to the 17 state, and the half-life of
46Cr, Based on these results, we determine the GT transition
strength. In Sec. IV, we compare the results with shell model
and phenomenological calculations.

II. EXPERIMENTAL SETUP

This study was performed at RIKEN Projectile Fragment
Separator (RIPS) [8] in the RIKEN accelerator research
facility. A “°Cr beam was produced by the projectile
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FIG. 1. Experimental setup for the 8-y coincidence measurement.

fragmentation reaction of 0Cr, and the nuclei were im-
planted into an active stopper made of a plastic scintillator.
B and y rays from the implanted nuclei were observed to de-
duce T}, and the branching ratios. Figure 1 shows a schematic
view of the detectors for the 8 and y rays. The f rays were de-
tected by plastic scintillators, while the y rays were detected by
Ge detectors. In the following, details of the detector setup and
experimental techniques are described.

Radioactive ions were produced by projectile fragmentation
of an 80 MeV/nucleon *°Cr primary beam with a beam
intensity of 5 pnA. We used a primary beam of *°Cr enriched
to 60%, which has a natural abundance of only 4.3%, to
obtain a “®Cr beam of reasonably good purity. The production
target was *Be with a thickness of 139 mg/cm?. The thickness
of the production target was chosen so as to maximize the
yield of #6Cr, using a semiempirical yield estimation by the
INTENSITY code [9]. The reaction fragments were collected
and analyzed by RIPS in an achromatic mode. An aluminum
wedge degrader with a mean thickness of 116 mg/cm? was
placed at the momentum dispersive focus (F1) for isotope
separation. The secondary “°Cr beam had an intensity of
about 40 particles per second and an isotope purity of 0.1%
at the first achromatic focal plane of RIPS (F2). The beam
was pulsed for measuring the half-life of “°Cr. The durations
of the beam-on and beam-off periods were chosen to be
500 and 790 ms, respectively, to match the half-life of
Cr [3].

The radioactive ions were implanted into the active stopper
located at the final focal plane (F3) of RIPS. The number
of implanted ions was counted using the stopper itself. For
the active stopper, we used a 2-mm-thick plastic scintillation
detector with an area of 100 x 100 mm?. The active stopper
was tilted at an angle of 45° to the horizontal plane to decrease
disturbance of the S-ray detection. In front of the stopper, we
placed an 18-mm-¢ stainless steel collimator so that nuclei
were implanted only in the central region of the stopper.
In addition to counting the total number of implanted ions,
determining the ratio of implanted “°Cr to the total number
of implanted ions was also necessary to obtain the number
of implanted “°Cr. To obtain the ratio, each of the incoming
nuclei were identified by time-of-flight (TOF) information in
a separate run. The TOF was measured with a RF signal and a
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0.1-mm-thick plastic scintillation detector, located at F2. In a
further run, aimed at checking the purity of **Cr in the range of
the TOF of “°Cr, we identified each of the incoming nuclei by
A E-TOF information using a 0.35-mm-thick silicon detector,
placed at F2 to measure A E. When using this silicon detector,
the 6Cr nuclei were stopped before the stopper because the
range of “°Cr was rather short. To monitor the transmission
efficiency between F2 and the stopper, the beam profile
at the collimator was measured by two PPACs (F3PPACs)
located upstream of the collimator at 92 and 122 cm,
respectively.

Four clover-type Ge detectors (Ortec) were used to detect
y rays from the 8 decay of *°Cr. The high energy resolution
of these detectors enabled us to separate y rays originating
from various sources and to attain a good sensitivity to low-
intensity y rays. Each Ge detector was located at 12 cm from
the stopper. A '3?Eu standard source was used for energy and
detection efficiency calibration. The energy resolution was
measured to be 2.6 keV for the 1.3-MeV y ray transition
in %9Co. In the measurement of y rays, the add-back mode can
be used to improve the photopeak efficiency and the signal-
to-background ratio. The total photopeak efficiencies with and
without the add-back mode were 1.4 and 1.0%, respectively,
for 1-MeV vy rays.

We also detected B rays from the implanted nuclei for the
identification of 8-y coincidence events and improvement of
the signal-to-background ratio in the y -ray energy spectra. The
B rays were detected with two sets of A E-A E-E plastic scin-
tillator telescopes [10], placed above and below the stopper.
The dimensions of each A E counter was 200 x 200 x 2 mm?.
The AE detectors were placed 8.3 cm from the stopper,
covering 42% of the solid angle. Each AE detector had two
photomultiplier tubes at either end, and a logical AND of signals
from both tubes defined the detection of a 8 ray. The average of
the timing signals from the two photomultiplier tubes provided
the detection time. Each E counter had a cylindrical shape with
a diameter of 240 mm and a height of 130 mm. The thickness
of these detectors allowed a measurement of B-ray energies
up to about 30 MeV.

The data acquisition system was triggered by a S hit
event, a single y hit event, a -y coincidence event, or a
y-y (clover-clover) coincidence event. A § hit event was
defined by a logical OR of signals from the first layer AE
counters of the S-ray telescopes. A y hit event was defined
by a signal from a Ge detector. A y-y coincidence was not a
coincidence between individual clover Ge crystals but among
the clover Ge detectors. To suppress the trigger rate for single
y events, the threshold level was set at 600 keV. For 8-y
and y -y events, the threshold was set at a lower 100 keV. 8-y
coincidence events were used for identifying 8-delayed y rays,
and y-y coincidence events were used for observing cascade
decays.

To obtain decay curves, the time of each event as measured
from the start of the beam-on period was recorded. The shape
of the decay curves could be distorted by the rate dependence
of the dead time in the data acquisition system. Thus, random
pulses were mixed with the triggers so that the dead-time
spectrum could be deduced and used to correct the distortion
in the decay curves.
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FIG. 2. y-ray energy spectra around 993 keV in add-back mode
(a) without 8 coincidence and (b) with B coincidence.

III. DATA ANALYSIS AND RESULTS

We observed the 993-keV y rays from the GT decay of
4Cr and determined the branching ratio of this decay and
the half-life of “°Cr. From these values, B(GT) was deduced.
The Fermi transition strength to the g.s. of “°V was compared
to the theoretical value so as to check the reliability of the
experimental results. In this section, we describe the details of
the data analysis and the results of the experiment.

A. Observation of the 993-keV peak

To identify the 993-keV y rays originating from B emitters,
we compared two y-ray energy spectra, namely a y single
spectrum and a B-y coincidence spectrum, as shown in
Figs. 2(a) and 2(b), respectively. A peak at 993 keV was
observed in both spectra, thus confirming that 993-keV
y rays are associated with a 8-delayed transition. The observed
energy of these y rays is 993.1 0.2 keV, which agrees with
the energy of 993.2 keV of the known first 1+ excited state of
0V [4].

Note that there is no known y transition in the vicinity of this
peak that is associated with the 8 decay of beam contaminants.
Figure 3 shows the y-ray energy spectra in an energy range
up to 1.6 MeV, observed in the 8-y coincidence measurement.
The strong y lines at 437, 1228, and 1525 keV are f-delayed
y rays of 425¢™ | a contaminant in the *°Cr beam. The line
at 1014 keV in Fig. 2(b) also originates from *?Sc”; this is

Counts/0.5 keV

1 1 1
04 06 08 1.0 1.2 1.4 1.6
Energy (MeV)

FIG. 3. y-ray energy spectra in add-back mode with § coincidence.
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a single escape peak of the 1525-keV y rays. The peak at
1157 keV comes from the 8 decay of “*Sc.

Another way to check the origin of the 993-keV y rays
is to examine their time structure. The half-life of the source
of these y rays agrees with the half-life of “°Cr given in the
literature [3], as will be shown later. From the above facts, we
conclude that these y rays depopulate the 17 state in *°V fed
by the GT decay of the ground state of “°Cr.

B. Branching ratios

The branching ratio of the GT transition to the l]L state
in 0V is determined from the y-ray spectrum. The obtained
value was bgy = 0.216 % 0.050. This value is given by

Ny

S A— 1
€, xd x N; %

bgr =
where N, is the number of counts in the 993-keV peak after
background subtraction, d is the dead-time correction, and N;
is the number of implanted *°Cr nuclei. In the following, we
describe how we determined N; and N,,.

The number of implanted “°Cr fragments was determined
from the total number of implanted ions and the ratio of *°Cr
to the total number of implanted ions, as described above.
Figure 4 shows a TOF spectrum of the ions implanted
in the stopper. The ratio of “Cr was determined to be
(7.09 & 0.44) x 10~* from this spectrum. In determining the
ratio, the purity of “6Cr in the TOF range of *°Cr was taken
into account because we could not separate **V from 4°Cr
from only the TOF information. The purity was estimated to
be 93% from the A E-TOF information. The error of the ratio of
46Cr to the total number of implanted ions includes systematic
errors. One of the major sources of error is the uncertainty in
the transmission efficiency from F2 to the stopper, originating
from the difference in efficiency for 46Crand *V, both selected
in the TOF gate. The uncertainty was estimated to be 4.8%
using the beam profile information obtained by the F3PPACs.
The total number of implanted ions was 1.23 x 10°. From this
number and the ratio of “°Cr to the total number of implanted
ions, the number of implanted *°Cr was determined to be
(8.75 £ 0.54) x 10°.

To determine N,, we analyzed the y-ray energy spectrum
obtained from the y single triggered events. The identification
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FIG. 4. TOF spectrum of ions implanted in stopper.
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of y single events enabled us to avoid the additional uncertainty
in the 8 detection efficiency. In this analysis, we did not use the
add-back mode because of the relatively high energy-threshold
level for the single event trigger. The number of 993-keV y rays
was obtained by a Gaussian fit of the peak; the obtained y -ray
yield was 1949 + 403. The error in this value is statistical. The
contribution from y rays from “°Cr stopped at the collimator
had to be subtracted from this value. We determined the
detection efficiency of y rays from the collimator by using
y rays from #?Sc. The number of observed y rays from the
stopper should be the same in each Ge crystal, but in practice
the number of observed y rays coming from the collimator is
not the same, because the distance and the amount of absorbing
matter between the collimator and each Ge crystal is different.
Thus we can estimate the number of y rays from the collimator
from the difference in the number of observed y rays at
each crystal and thereby determine the detection efficiency of
y rays from the collimator. Finally, the number of 993-keV
y rays was found to be 1455 £+ 322.

The branching ratio of the GT transition to the 1] state
in 4V was determined to be bgr = 0.216 £ 0.050. If we
assume that only the 17 state is populated by a GT transition,
the branching ratio for the Fermi transition to the g.s. is
brp = 0.784 £ 0.050. This number represents only an upper
limit, because there may be GT transitions to higher lying
17, T = 0 states. The assumption made in Ref. [11] that
y transitions from any higher states populated by GT tran-
sitions will ultimately populate the 1] state should be taken
with caution. The 1%, T = 0 states usually decay mainly to
the 07, T = 1 g.s. through an isovector transition with a large
B(M1) [12].

C. Decay curve

To obtain a decay curve, we used the y -ray energy spectrum
in add-back mode with 8 coincidence, which provided us
with a better peak-to-background ratio. The decay curve for
events in coincidence with 990.5-994.5-keV y raysis shownin
Fig. 5. The half-life of “6Cr was obtained by fitting a function

40— T T

200

Counts/125 ms

100 | R

0 n n n n n n
0 200 400 600 800 1000 1200
Time (ms)

FIG. 5. Decay curve obtained in coincidence with 993-keV
y rays. The curve shows a fit to a decay plus a constant background.
The background is shown by the dotted line. The periods of 0—500 ms
and 500-1290 ms correspond to the beam-on and beam-off periods,
respectively.
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to the decay curve, with the dead-time correction and the
background of the decay curve considered. The obtained value
of the half-life was 240 + 140 ms. This value is consistent with
the previous data 77/, = 260 & 60 ms [3]. The details of the
fitting procedure are given in the Appendix.

D. Gamow-Teller transition strength

The next step is the calculation of the reduced half-life fz.
As mentioned above, the half-life of “°Cr measured in this
experiment and the value given in Ref. [3] are statistically
consistent. Therefore, we use the weighted average of these
two values, 7> = 0.257 & 0.055 s. Hence, the partial half-life
of the GT transition is t = 1.190 4+ 0.375 s.

To calculate the statistical function f, we must know the
difference of the atomic masses of the parent and daughter
nuclei. The mass excess of “°Cr has been experimentally
determined [3,13]. We adopt the value D(**Cr) = —29.471 +
0.020 MeV [14], where D denotes the mass excess. The
value D(**V) = —37.070739 & 0.0015 MeV was taken from
the same source. We obtained an atomic mass difference
between the ground states of the two nuclei of Qg = 7.6029 £
0.02 MeV.

The f functions were calculated using a BNL code [15]
and checked against Wilkinson’s table [16]. The value of the
f function for the decay to the 0.993-MeV state in *°V was
f =5000. This gives ft = 5950 £ 1875 s. The GT strength
is defined as

B(GT; I, T;, T — I7, Ty, Tyy)

Z oktf
k

1
= 1o, Ty, T,

2
Ii7 T‘i’ Tzi> ) (2)

with7_ = J(7) — i12) [17]. The summation is carried out over
the nucleons participating in the 8 decay. The relation between
ft and B(GT) [17] is

B(GT) = 3)

(ga/gv)*ft’

with K = 6145 s and gx/gv = —1.266 [18]. From this we
obtain B(GT) = 0.64 £ 0.20.

E. Fermi transition strength

It is also interesting to examine the Fermi transition to
the g.s. of 46y, As shown above, br = 0.784 £ 0.050. This
corresponds to a Fermi partial half-life of fr = 0.328 s.
The statistical function has the values f = 10715 and
ftr = 3540 £ 789. From these, we can calculate the Fermi
strength by a formula analog to Eq. (3), B(F) = 1.74 = 0.38,
which is statistically consistent with the simple theoreti-
cal value B(F) = 2. The latter does not include radiative
and charge-dependent corrections [11,18], which are at the
1% level.
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IV. DISCUSSION

In this section, we discuss the obtained B(GT) value from
two viewpoints. First, we compared the obtained value with
the values of neighboring nuclei and found that the B(GT)
value of *6Cr is similar to those of neighboring nuclei. We
also made a comparison with theoretical calculations with the
shell model and the quasideuteron model [7]. We found that
the shell model calculation using the FPD6 interaction [19]
(see below) was in good agreement with the measured value.

A. Comparison with neighboring nuclei

Values for similar transitions to the IT state in neighboring
nuclei are B(GT) = 0.59 + 0.15 in the decay of *°Fe [11] and
B(GT) = 0.68 £ 0.15 in the decay of 3*Ni [20]. One should
take into account the fact that *°Fe as well as “°Cr are probably
deformed or, at least, have collective features [7]. Interaction
with a deformed mean field leads to fragmentation of the
1T state and of the GT strength (see Sec. IV B). Therefore,
in this case we may expect some GT strength going to higher
1" bound states.

B. Comparison with theory

At present, the most reliable way to calculate GT strength
is by the shell model. GT strength is distributed over a wide
range of excitation energies (which also include unbound
states). A correct quantitative evaluation should take into
account particle-hole excitations to higher shells, starting from
2hw [21] and perhaps other degrees of freedom [22]. Such
calculations have been done so far only for light nuclei in
the 1p shell, e.g., in Ref. [23]. Even in the A = 40 region,
the best one can do is to carry out calculations in the full pf
model space. The truncation of the model space unavoidably
leads to overestimation. This is the main reason why an
empirical quenching factor is required to bring the theoretical
and experimental values into agreement.

The excitation energies and electromagnetic transition
strengths for “°V have been calculated in the full shell model
pf space [4]. In the present work, this calculation has been
extended to GT matrix elements. The following two-body
interactions have been used:

(1) The KB3 interaction, which is based on the Kuo-Brown
G matrix [24], with modified monopole parts [25]. In the
present calculation, we replaced this interaction by the
improved version KB3G [26].

(2) The FPD6 interaction, whose matrix elements are calcu-
lated using one-boson-exchange-potential-type functions
[19]; the parameters have been adapted to the pf region.

(3) The GXPF2 interaction [27], which is an effective
interaction devised for use in the full pf shell space.

A calculation with the phenomenological quasideuteron
(QD) model [7] was also done. In this model, two nucleons
occupying the same single-particle state are coupled to an
even-even Z = N core with T = 0. If the nuclear potential is
spherically symmetric, the model does not explicitly contain a
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FIG. 6. Comparison between experimental (EXP) and quenched
theoretical values of B(GT; 0" — 1}). The calculated B(GT) values
are quenched by a factor of 0.55.

two-body interaction between valence nucleons. In the case
of %V, a deformed core with an effective deformation of
B = 0.27 was used, and the two nucleons were considered to
occupy Nilsson orbitals. In this way, a two-body interaction is
implicitly contained in the deformed mean field. As mentioned
above, interaction with the mean field leads to fragmentation
of the spherical states; so far, only the 1] state in “°V has
been populated both in fusion reactions [4] and in the present
experiment. Of course, the GT strength is fragmented also.

It is worth considering what happens in a hypothetical
spherical nucleus. To get at least a qualitative idea, we carried
out a shell model calculation without two-body interactions
and assumed that the valence nucleons had the configura-
tions | (7 f7,2)*(vf7/2)% 0%) and (7 f72)* (v f7,2)% 1) in Cr
and *0V, respectively. We obtained seven degenerate lowest
17 states, each of them having the same GT strength B(GT) =
0.42. If we switched on a residual interaction, the degeneracy
was lifted and the distribution of GT strength over the first
seven 17T states was no longer uniform. This simple example
also shows the crucial role played by the two-body interaction
in the GT decay strength.

The values of B(GT;0", T =1 — 1], T = 0) calculated
with the shell model, as well as with the QD model, are shown
in Fig. 6. The most plausible theoretical value is that obtained
by using the FPD6 interaction. It is usually assumed that the
GT matrix element calculated in the full pf shell needs a
quenching factor of 0.74. This means that the value of the
calculated B(GT) must be quenched by a factor of 0.55. The
value calculated for the FPD6 interaction and quenched by
this factor, namely B(GT) = 0.51, is in reasonable agreement
with the measured B(GT) = 0.64 &+ 0.20. However, the large
standard deviation does not allow a detailed comparison with
theory.

V. CONCLUSION

The Gamow-Teller decay of 4Cr to the 1, T = 0 state of
46V has been observed for the first time. A *Cr secondary
beam was produced by the fragmentation of a primary
N0Cr beam and was identified after magnetic separation
by measuring the time of flight and the energy loss in a
solid state detector. The secondary beam was stopped in a
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plastic scintillator. The y rays following the GT decay were
observed by measuring single-y spectra with four clover Ge
detectors, as well as coincidences with two B-scintillator
telescopes. This shows again that the fragmentation reaction,
followed by B-y-ray spectroscopy on the stopped beam,
constitutes a powerful tool for the investigation of unstable
nuclei.

As expected, the GT decay of the T = 1 *6Cr nucleus to
alI™ =11, T =0 state of the odd-odd N = Z *°V nucleus
was observed. The branching ratio to the 11+ state was
0.216 £ 0.050. This GT decay has a relatively large value
of GT strength of B(GT) = 0.64 £ 0.20. Similar values have
been observed in the GT decay of neighboring nuclei. Since
previous investigations show that both the parent and daughter
nuclei are deformed or at least have collective properties, the
1+ state of *°V populated in this experiment is only the lowest
among several 17 states located inside the 8 energy window.
Therefore, the observed B(GT) represents only a fragment of
the total GT strength.

This experimental GT strength was compared with shell
model calculations in the full pf space, as well as with
calculations done with the phenomenological quasideuteron
model. The shell model calculation using the FPD6 two-body
interaction gives a value closest to the experimental result. This
theoretical value, reduced by the standard quenching factor, is
in reasonable agreement with the measured value.

Since accurate measurements of favored-allowed GT tran-
sitions are important because of their high sensitivity to
the interactions used in the shell model, an investigation

ABtlI exp (—%) + Ia+ con
N@) =

(A exp (— 500) + l)rIB exp (—

T

exp (_M) —1
A=z — 7 | A2
1 —exp (—1220) A
B=1—exp (—‘;’) (A3)

where 1, T, con, and cofr are free parameters and a = 10 ms is
the bin width; 7 corresponds to the life-time of *°Cr, and c,,

=500
= ) + Coft
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of the GT decay of “°Cr with higher statistics is certainly
desirable.
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APPENDIX

We here describe the method of obtaining the half-life of
46Cr, which involves fitting a function to the decay curve. The
dead time and background must be taken into account in this
fitting.

The decay curve of *Cr was distorted by the dead time,
which was time dependent. For the dead-time correction, we
used a random trigger. The time structure of the random trigger
shows how the observed decay curve was distorted by the dead
time, allowing the observed decay curve to be corrected by this
random trigger.

We assumed that the energy dependence of the time
structure of the background around 993 keV was smooth
because the background of the decay curve mainly consisted
of Compton-scattered y rays. The time structures of the
986.5-990.5 and 994.5-998.5-keV windows of the y-ray
energy spectrum were used for estimating the background.

A fit to a function for the decay curve uses

(0 <t <500 ms)
(500 <t <1290 ms),

(AD)

and cq correspond to the background. For the background,
the functional form is

con (01 <500ms)

coft (500 <t <1290 ms),

N@t) = (A4)

The maximum likelihood method was used to fit the three
spectra, namely, the decay curves of the peak and the two
backgrounds.
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