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Beta decay of 61Ga
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Abstract. The β decay of 61Ga to its mirror nucleus 61Zn has been measured for the first time by using on-
line mass separation and β-delayed gamma-ray spectroscopy. The observed decay strength to the ground
state implies superallowed character in accordance with the systematics of the mirror decays in the sd
and fp shell. The β feedings observed to four excited states in 61Zn are consistent with earlier spin-parity
assignments based on in-beam experiments. The ground-state spin and parity for 61Ga were determined
to be 3/2−.

PACS. 21.10.Hw Spin, parity, and isobaric spin – 23.40.Hc Relation with nuclear matrix elements and
nuclear structure – 27.50.+e 59 ≤ A ≤ 89

1 Introduction

Nuclei with Z ≥ N above mass 60 are weakly bound
or even unbound due to increasing strength of the Cou-
lomb interaction. Therefore, these nuclei are more sen-
sitive to effects of deformation as well as to charge-
dependent effects of nucleon-nucleon interaction. Espe-
cially, the proton-neutron interaction plays an enhanced
role for nuclei with Z ∼ N, because the protons and neu-
trons populate the same shell-model orbitals. Due to these
effects, mirror states provide a unique possibility to study
systematic trends along the Z = N line.

Maximum β-decay energies of nuclei with MT =
(N − Z)/2 = −1/2 are usually determined by Coulomb-
energy differences between the mirror states in the initial
and the final nucleus. The transition between these states
is of mixed Fermi and allowed Gamow-Teller type and, as
a consequence, the half-life of the parent state is short and
most part of the decay proceeds through this ground state
to ground state transition. Large QEC values near the pro-
ton drip-line also allow Gamow-Teller strength studies for
a large excitation region. Deformation has been predicted
to shift the energy of the Gamow-Teller Resonance; this
effect, which affects the β-feeding pattern, might be used
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to deduce an experimental fingerprint of a particular de-
formation [1, 2].

Theoretical efforts to study the Gamow-Teller strength
in β decays between the mirror nuclei in the fp shell by the
shell model have reached 57Cu [3–5]. Experimentally, the
ground-state GT matrix elements have been determined
with high accuracy for all mirror transitions in the 1f7/2
subshell from 41Sc to 55Ni [6–11]. For heavier nuclei, infor-
mation on the Gamow-Teller strength has been reported
for 57Cu [4] and 59Zn [12] in the 2p3/2 subshell and for 67Se
[13] and 71Kr [14] in the 1f5/2 orbital. β-decay half-lives
have been measured for 61Ga, 63Ge, and 65As without any
detailed spectroscopic information [15, 16]. β-delayed pro-
ton decay has been studied for 67Se, 71Kr, and 75Sr [17].
In addition, particle stability has been observed for the
isotopes up to 91Pd [18] except for 69Br, 73Rb, 81Nb and
85Tc, which are unbound [15, 19, 20, 21].

In this paper we report on the observation of the mir-
ror β decay of the nucleus 61Ga by β-delayed γ-ray spec-
troscopy using the On-Line Mass Separator at GSI. This
study was carried out as an addendum to a main experi-
ment devoted to the decay study of 56Cu.

2 Experimental method

61Ga was produced, together with neighbouring neutron-
deficient isotopes, in a fusion-evaporation reaction using
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Fig. 1. β-coincident γ-ray spectrum obtained
for A = 61. Peaks originating from the decay
of 61Ga are marked by their energy in keV

a 121 MeV 36Ar-beam from the heavy-ion accelerator
UNILAC and a 1.9 mg/cm2 natSi-target. The intensity
of the 36Ar beam was typically 80 particle-nA. Evapora-
tion residues were stopped in a graphite catcher mounted
inside a FEBIAD-B2-C ion source [22]. The products, ex-
tracted as singly-charged ions, were mass separated by
means of the GSI On-Line Mass Separator and implanted
into a movable collection tape. In order to suppress the
amount of the long-lived contaminants 61Zn and 61Cu,
the tape was moved periodically after every 0.8 s collec-
tion period. The implantation position was shielded by a
lead block against γ radiation from sources collected dur-
ing previous implantations. Collected source was viewed
by two germanium detectors for the detection of γ rays. In
addition, it was surrounded by a hollow cylindrical plastic
scintillator with the collection point in its center for the
detection of positrons and by a 2 mm thick plastic scin-
tillator in front of one of the germanium detectors for the
detection of positrons. The measurement electronics pro-
vided an event trigger for each pair of detector responses.
The recorded event, consisting of 8 parameters, included
energy and time signals of each detector. The time inter-
vals were stored with respect to both the trigger and the
beginning of the counting period. In this way, the time
distribution of events could be used for a half-life anal-
ysis. The relative detection efficiency of the germanium
detector used for gamma-intensity determination was ob-
tained by using sources of 56Ni and 56Co produced on-line.
By using a calibrated standard 60Co-source, the absolute
efficiency was determined to be εabs = 0.95(5)% at 1.332
MeV. The efficiency of the cylindrical scintillation detector
was determined to be 46(4)% by comparing the photopeak
intensities of 58Cu γ rays in singles and in coincidence with
this β detector. The 58Cu ions were produced in separate
on-line experiments using the reactions 32S + natSi and
36Ar + natSi.

The measuring time for 61Ga was 4 h. Limited du-
ration corresponds to the period where the experimen-
tal conditions were optimised for 61Ga production, most
of the run being used for 56Cu production. The produc-
tion rates measured at the implantation position were 78,
4.2×104, and 5.1×105 atoms/s for 61Ga, 61Zn, and 61Cu,
respectively. These rates show the dominance of the 2pn-
and 3p-reaction channels as compared to the p2n chan-
nel leading to 61Ga. The strongest contamination in the
γ-ray spectrum was due to the 61Zn decay as can be seen
in Fig. 1, whereas the 61Cu activity was suppressed effec-
tively by the short collection time.

3 Results

Figure 1 shows the β-gated γ-ray spectrum recorded for
A = 61. Four γ transitions of 88, 123, 418, and 755 keV
were assigned to the β decay of 61Ga based on the known
γ transitions in 61Zn (Table 1). Due to the relatively
low production rate of 61Ga and the strong ground-state
feeding of its decay, only the strongest γ transition de-
exciting a certain 61Zn level was observed. The complex
de-excitation pattern is known from detailed studies of
61Zn states up to excitation energies of 2.3 MeV [23, 24,
25]; these nγ and γγ angular correlation measurements
yielded relative γ intensities, conversion coefficients for
low-energy transitions, and spin/parity assignments. The
β-decay branching ratios deduced in the present work are
based on the previously known γ-branching ratios from
the populated states and the β- and γ-intensities deter-
mined from our β-decay data.

The determination of the intensity of the 88 keV tran-
sition was disturbed by Kβ X-rays originating from the
lead shielding. However, this contribution could be sub-
tracted via the intensities observed in the calibration spec-
trum at A = 56. The transition has been measured to be
highly converted with αtot = 0.59(48) [25]. Unfortunately
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Table 1. Energies and relative intensities of the γ transitions
observed in the β decay of 61Ga. Only upper limits are indi-
cated in the cases of the 938 and 1362 keV transitions. These
γ rays de-excite known levels with Ex, Jπ in 61Zn to the 3/2−

ground state. Half-life estimates are also given if allowed by
the statistics

Eγ Ex
b) Jπ T1/2

a) Iγ
a)

(keV) (keV) (ms) (rel. units)

87.6(10)a) 88.40(10) 1/2− <430 250(70)

122.9(10)a) 123.75(10) 5/2− – 120(30)

418.4(8)a) 418.10(15) 3/2− 140(70) 100(14)

754.5(12)a) 756.02(18) 5/2− <130 79(13)
938 937.7(4) 1/2− – <11
1362 1362.3(4) 3/2−,5/2− – <13

a) Present work
b) Reference [25]

the large uncertainty in αtot introduces an additional un-
certainty into the β feeding. The 752/755 keV doublet is
due to γ transitions following the β decays of 61Zn and
of 61Ga, respectively. The intensity of the 752 keV peak
was obtained by using the 690 keV peak from the β decay
of 61Zn as a reference. The final intensity for the 755 keV
peak of 61Ga was obtained after subtracting this contribu-
tion from the total intensity of the 752/755 keV doublet.

The observed γ transitions following the β decay of
61Ga are given in Table 1. The intensities were determined
from the γ-ray spectrum gated by the cylindrical scintil-
lator. Additional anticoincidence was required with the
thin plastic scintillator in front of this germanium detec-
tor in order to obtain the final spectrum free from positron
summing. Only upper limits could be determined for the
intensities of the expected 938 and 1362 keV transitions.
Table 1 includes also the half-lives extracted, using a least
squares fit in the background-subtracted grow-in intensity
curves of the β-delayed γ transitions. The deduced uncer-
tainties in half-lives and γ intensities correspond to one
standard deviation following from the fitting procedures
used. Additional uncertainty contributions in the case of
γ intensities have been included using the law of error
propagation. Although the accuracy of the half-life data
remains modest due to low statistics, it is sufficient to un-
ambiguously distinguish the new short-lived 61Ga activity
from the long-lived contaminant activities 61Zn and 61Cu,
whose half-lives are 89.1(2) s and 3.41(1) h, respectively
[25]. A half-life value of 140(70) ms was obtained for 61Ga
using the 418 keV transition. As this result is less accurate
than the previously obtained value of 150(30) ms [16], we
use the previous result for further discussion. Similarly,
the more accurate level energies adopted from reference
[25] are used in Fig. 3 and the tables.

In order to determine the absolute intensity of β
branchings in the 61Ga decay, the time spectrum of the sig-
nals from the cylindrical scintillator was fitted with a two
component grow-in curve with the fixed half-lives for 61Ga
and 61Zn and a constant background due to the long-lived
61Cu activity. The time spectrum and the fitted compo-

Table 2. Branching ratios, log ft values and the corresponding
Gamow-Teller matrix elements for the 61Ga β decays feeding
levels with the excitation energy Ex in 61Zn. Absolute uncer-
tainty in intensity has been used for Ex the ground state decay

Ex(keV) Jπ Iβ(%) log ft |〈στ〉|

0 3/2− 84(20) 3.70(14) 0.35(34)
88.40(10) 1/2− 9(4) 4.66(22) 0.29(7)
123.75(10) 5/2− 2.5(8) 5.20(16) 0.15(3)
418.10(15) 3/2− 0.6(6) 5.8(5) 0.08(5)
756.02(18) 5/2− 4.6(6) 4.76(10) 0.25(3)
937.7(4) 1/2− <1.1 >5.3 <0.13
1362.3(4) 3/2−,5/2− <0.7 >5.4 <0.12

nents for the three activities are shown in Fig. 2. Integrals
of these components also gave the relative β-decay intensi-
ties of these two isotopes. The absolute β-decay intensity
for 61Ga was obtained from the known absolute inten-
sity of 61Zn derived from the 475 keV γ-ray peak. This
procedure resulted in β branching ratio of 0.84(20) to the
ground state of 61Zn. The large uncertainty is absolute and
includes the uncertainty from the total intensity determi-
nation i.e. uncertainties of the half-life of 61Ga [16] and the
fitting procedure. This uncertainty in the total β intensity
is 20%. The β-decay branching ratios, listed in Table 2,
have been deduced from the observed γ-transition intensi-
ties compiled in Table 1, and from the relative intensities
of the in-beam work [23, 25]. The log ft value and the
Gamow-Teller matrix element for the ground-state feed-
ing in Table 2 and Fig. 3 include the absolute uncertainty.

4 Discussion

In the 1995 atomic-mass evaluation, Audi & Wapstra [26]
predict a β-decay energy QEC = 9.0(2) MeV for 61Ga
from systematics. A shell-model calculation for Coulomb-
energy differences, including isospin nonconserving (INC)
interaction, yields a slightly higher value, i.e. QEC =
9.262(50) MeV [27]. The latter value is in close agreement
with the other two commonly used mass predictions of
Jänecke-Masson [28] and Möller-Nix [29], which give val-
ues of 9.220 and 9.330 MeV, respectively. Also, the half-life
calculated for the pure 0+ → 0+ Fermi decay of 62Ga us-
ing the QEC from the Coulomb-energy calculation of [27]
is in good agreement with the measured value. Based on
this good agreement, the QEC value from [27] has been
adopted. An accurate experimental determination of the
QEC value for 61Ga would be very desirable in the future.

The decay strength for an allowed β transition can be
calculated using the well-known expressions

B(F) = T(T + 1)−MTiMTf (1)

B(GT) =
(

gA

gV

)2

〈στ〉2 (2)

(1 + δr)ft =
C

B(F)(1− δC) + B(GT)
(3)
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Fig. 2. Determination of the relative inten-
sities of 61Ga and 61Zn. The time spectrum
of β particles was fitted with a two-component
grow-in curve with fixed half-lives for 61Ga and
61Zn plus a constant background. Integrals of
these curves were used to determine the rela-
tive total intensities of the activities. Statisti-
cal uncertainties in the measured data points
are smaller than the symbol. Uncertainties due
to the fitting procedure are illustrated by the
error bars in the case of 61Ga

Fig. 3. Proposed partial decay scheme for 61Ga. The given val-
ues are taken from this work, except for the QEC value which
stems from a Coulomb-shift calculation [27], the level ener-
gies and the β-decay half-life [16] which was obtained by using
intermediate-energy fragmentation reactions. Transitions that
were observed in-beam [23, 24], but not in the present β-decay
study, are indicated by dashed lines. An absolute uncertainty
has been given for the β-decay ground-state feeding and log ft
value

where (1− δC) is the correction for isospin impurity taken
as 0.997(3) [30], (1 + δr) is a radiative correction equal to
1.026 [31, 14], C = 6145(4) s [32], and gA/gV = −1.266(4)
[33]. The values for the Fermi integral f have been taken
from the tabulation of Dessagne and Miehe [34]. The

pure Fermi strength for mirror decays has the value of
B(F) = 1. Using the above expression, the GT-matrix el-
ement for the ground-state transition results in |στ | =
0.35(34). The large uncertainty is induced by the mod-
est accuracies in the branching ratio, half-life and β-decay
energy.

The total integrated GT strength is only about 10%
of the sum rule limit of

∑
f〈στ+〉2 > 3 for T = 1/2 mirror

nuclei. Similar values have been obtained for other fp-shell
mirror nuclei in the region A = 45–71. However, any solid
conclusions about the integrated GT strength are diffi-
cult to draw, since most experiments have been performed
by using β-delayed γ-ray spectroscopy, which detects the
strength only in the low-excitation region. The data on
β-delayed proton spectroscopy suited for the study of
higher-excitation region have been restricted to 59Zn [12],
67Se [17] and 71Kr [17, 14]. The GT strength deduced
for proton-unbound states in 59Cu is around 50%, corre-
sponding to an absolute feeding of only 0.23% [12]. In the
case of 61Ga, the proton separation energy of the daugh-
ter nucleus 61Zn is fairly high, i.e. Sp = 5290(16) keV, in
comparison with Sp = 3418(1) keV for 59Cu. Thus, the
probability for β-delayed proton emission for 61Ga is ex-
pected to be lower than for 59Zn. Using a simple estimate
for β-delayed proton branching based on phase-space and
binding-energy considerations only, one can estimate the
β feeding to proton unbound states in 61Zn to be 0.03%.

Short-lived isomeric states with half-lives in the µs re-
gion have been found in many nuclei in the upper fp shell
[35] mainly due to the presence of the 1g9/2 orbital. No
evidence for isomerism was found in this work. On-line
mass separation technique used in this work restricted the
search for isomerism to states with half-lives longer than
milliseconds.

The decay scheme proposed for 61Ga is shown in Fig. 3.
The observed feedings to the 1/2− state at 88 keV and to
the 5/2− states at 124 and 756 keV fix the ground-state
spin and parity of 61Ga to be Jπ = 3/2−, as expected from
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the mirror ground-state of 61Zn. This is also in agreement
with the extreme single-particle shell-model. The high rel-
ative intensity of the 418 keV peak compared to the small
β feeding to the 418 keV level is explained by a strong
population of this level from the 756 keV level by a 338
keV γ transition, as is deduced from the known branchings
[23, 25] of the 756 and 338 keV transitions. The observa-
tion of this transition is prevented by the high background
due to the 511 keV Compton edge around 340 keV. The
low β branching ratio to this 3/2− state indicates some
hindrance of the allowed GT transition.

The decay scheme shown in Fig. 2 is in agreement
with the known mirror decays in the fp shell, i.e. it is
dominated by strong ground-state feeding. All observed
transitions possess allowed character. The GT-matrix el-
ement |στ | = 0.35(34) for this transition can be com-
pared to an extreme single-particle estimate. Assuming a
2p3/2 → 2p3/2 transition, one obtains |στ |SP = 1.29 [36].
The observed reduction of the strength of the Gamow-
Teller matrix element for the ground-state to ground-state
transition, which is typical for fp-shell nuclei, has its ori-
gin in configuration mixing. Shell-model calculations for
the light zinc isotopes 62−68Zn, using the MSDI interac-
tion, have been performed by Van Hienen et al. [37]. In
these calculations, 56Ni was used as an inert core and the
MSDI two-body matrix elements were adjusted to repro-
duce the energy levels of nickel and copper isotopes with
A = 57–68. In these calculations, the occupation num-
bers of the ground states of zinc isotopes show increasing
configuration mixing between the 2p3/2, 1f5/2, and 2p1/2

orbits, when going towards the N = Z line. We have ex-
tended these calculations to 61Zn, obtaining occupation
probabilities of 0.55, 0.30, and 0.15, respectively, for the
above orbitals in the Jπ = 3/2− ground state.

As a summary, β decay of 61Ga to the mirror nu-
cleus 61Zn has been studied using β-delayed gamma spec-
troscopy at the On-line Mass Separator at GSI. In addi-
tion to the strong transition to the mirror daughter ground
state, four transitions to excited levels have been observed.
Spin and parity of the ground state in 61Ga have been es-
tablished to be 3/2− on the basis of the allowed character
of the observed transitions. The presence of an isomeric
state in 61Ga can not be ruled out by our experiment.
Limited statistics due to large background activity do
not allow an accurate determination of the ground-state
Gamow-Teller matrix element. However, the extracted re-
sult together with the large mixing of single-particle states
revealed by our shell model calculation are consistent with
the systematical trend of the Gamow-Teller matrix ele-
ments of mirror decays in the upper fp shell.
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Penionzhkewich, M. Pfützner, F. Pougheon, M. Saint-
Laurent, K. Schmidt, W. D. Schmidt-Ott, O. Sorlin, J.
Szerypo, O. Tarasov, J. Wauters and J. Zylicz, Phys. Rev.
C52, R2310 (1995)

19. B. Blank, S. Andriamonje, S. Czajkowski, F. Davi, R.
Del Moral, J.P. Dufour, A. Fleury, A. Musquère, M.S.



156 M. Oinonen et al.: Beta decay of 61Ga

Pravikoff, R. Grzywacz, Z. Janas, M. Pfutzner, A. Grewe,
A. Heinz, A. Junghans, M. Lewitowicz, J.-E. Sauvestre and
C. Donzaud, Phys. Rev. Lett. 74, 4611 (1995)

20. A. Jokinen, M. Oinonen, J. Äystö, P. Baumann, F. Didier-
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