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The decay of ’Ge™ (52.9 9 populating the levels of ’As has been reinvestigated by measuripgay
singles spectra as a function of time with an HPGe detector. 13ynys are assigned to the decay’dGe"
and three new levels are added to the presently accepted level scheffissddt the following energies:
503.89, 1604.686, and 1676.49 keV. Froaray intensity measurements and figalues determined in this
work—combined with previously reported results—tentatd/e assignments have been made for the new
levels proposed.

PACS numbd(s): 23.20.Lv, 27.50+e

Experimental methodWe have studied the decay of obtained in several other irradiations of 50 and 300 s dura-
IGe" (52.9 9 populating the levels of ’As. Sources were tion, with counting times of 200 EL3].
produced by irradiating 180 to 360 mg samples of 1.5to 1.9 y-ray energies Energy calibration of the MCA was ac-
mm-thick detector grade germanium in the RA-6 Barilochecomplished by a quadratic fitting routirié] that was per-
reactor using a pneumatic tube systéabou 1 s traveling
time). The neutron flux was about>410'? cm 2 s ! ther-
mal, and 8< 10'° cm~? s~ ! epithermal. To enhance the cap-
ture of neutrons by%Ge, as compared to th€Ge isotope,
the samples were placed inside 1 mm-thick cadmium covers
and irradiated for 60 sy-ray singles spectra were obtained
with a 12.3% relative efficiency ORTEC HPGe intrinsic-N 10°F
coaxial detector with a resolution of 2.0 keV FWHM, mea-
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detector’s front end to avoid prohibitively high dead-time <
caused mainly by the low-energy139.5 keV} y-radiation Q
from the isomeric decay of°Ge™ (47.7 9. Also, these ab- e
sorbers help to attenuate the bremsstrahlung produced by thig L , s
strong B rays from the decay of‘G€". To avoid havingto & 200 400 600 800 1000
make variable-count-rate dead-time corrections, counting™~
was started as soon as the dead-time was below 5%, typicalljf",—__" 10
40 to 110 s after the end of irradiation. Data were collected 3
in 4096 channels of a Nuclear Data ND76 multichannel ana-¢3
lyzer (MCA) which was programmed to count the sample for
50 s real time, store the data on a floppy disk, and then clear 4¢°
the MCA data memory, repeating automatically this
counting-storing-clearing cycle ten times. The ND76 is ca-
pable of start acquiring a new spectrum within about 0.38 s 10°
of having finished the previous one, thus collecting a set of
ten 50 s-spectra in less than 505 s for each irradiated sample
Nine different Ge samples were irradiated and counted in  10'f i b 310
this manner. The spectra were analyzed with the Nuclear ‘
Data analyzing packadéd]. . i .
Experimental resultsThe upper part of Fig. 1 depicts a 10100‘0 1200 14'00 “““ 160! 18’6010
y-singles spectrum which is the sum of the first five 50 s Energy (keV)
individual spectra of all nine sets, that is, the sum of forty-
five 50 s spectra. The lower part of Fig. 1 depicts the sum of £, 1. Upper spectrum: sum of consecutive spectra 1 to 5 for
the second five 50 s individual spectra of these nine setsj| nine iradiated samples. Lower spectrum: sum of spectra 6 to 10
clearly showing the vanishing of th€Ge" y rays. For the  for the same nine irradiated samples. Labeled energies correspond
calculation ofy-ray emission probabilities, the upper spec-to 7’Ge" decay. Inset shows evidence foryaray of about 2006
trum shown in Fig. 1 was enriched by the addition of spectreeV.
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TABLE |. Energies and intensities of-ray transitions taking place in the decay ‘86€™. Uncertainties
shown correspond to one standard deviation.

Initial — Gamma-ray energgkeV) Gamma-ray emission probability
Final level  Experimentdl Adjusted® Relative® Absolute%) ¢
1-0 (194.76-0.03) 194.756:0.029 —_— (0.436:0.049)
2—0 215.532-0.059 215.5280.059 —_— (21.8:2.3)
3—-0 (264.44-0.50) 264.440.32 —_— >0.0155-0.003%
—_— <0.0224+ 0.0084
5—1 (419.75£0.03) 419.7480.030 —_— (0.09%0.015)
4—0 503.86-0.18 503.8%0.17 113697 0.0510.010
5—-0 614.43-0.18 614.5040.041 1000 (0.04520.0081)
6—5 990.2%-0.27 990.1640.085 52657 0.0238-0.0050
7—5 1061.61-0.50 1061.96:0.12 115-33 0.0052:0.0018
6—4 1100.7%£0.50 1100.780.18 73-37 0.0033:0.0018
7—4 1172.36-0.50 1172.580.19 89+ 38 0.0040(-0.0019
6—3 1339.99-0.49 1340.23:0.32 342:45 0.0155-0.0035
6—2 1389.13-0.50 1389.146:0.098 15734 0.0071:0.0020
6—1 1409.94-0.16 1409.9120.081 238@:120 0.108-0.020
7—3 1412.56:0.70 1412.020.33 152£41 0.00690.0023
7—2 1461.25-0.50 1460.940.13 14G:33 0.0063:0.0019
7—1 1481.73-0.24 1481.7%0.12 103365 0.04670.0089
6—0 1604.65-0.10 1604.668 0.079 4826220 0.218-0.041
7—0 1676.46-0.14 1676.4%0.12 363a-170 0.164-0.031

AVe do not observe the 195 keY ray because of our Pb absorber; the 264 and 420 ke¥ys are both
strongly interfered by other Ge decays. Therefore, energies shown in parentheses are thos¢2ddopted
corresponding energies in the decay @&e (11.3 1, using the criterion that they are better known than those
adopted for the’’Ge" (53 § decay. However, since we are here proposing the existence of the 264 keV
ray, we have arbitrarily increased its energy uncertainty to 0.50(ked/same as for our weakest linesith

the sole purpose of allowing numerical computatipfils which are not sensitive to the precise value of this
uncertainty.

bAdjusted least-squares fi#] using all energy and uncertainty values shown in the second column.

‘The 1o uncertainties shown include the uncertainties corresponding to the relative efficiency, the peak areas
as given by the analyzing packaf@e], and those associated with the 614 keV reference line. The areas
corresponding to the 504, 1062, and 1340 keV lines, were corrected for the contributions from the decay of
"IGe (11.3 h. The area corresponding to the 1100.79 keV peak was corrected for the contribution from the
1101.37 keVy ray from the decay of“Ga (8.1 min formed through the’“Ge(n,p) reaction. For these
corrections, pertinent data were taken from REZs5]. “°K-natural—background contribution to the 1461.25
keV peak is negligible and was not taken into account. Except for the 1412+ked¥, all other peaks
reported in this column are well resolved singlet peaks. Sinceythays under study have high enough
energy, corrections due to internal conversion were neglected.

dAs explained in(a) above, values shown in parentheses were taken from[Rjefor the 195 and 420 keV

v rays. Given that for the 216 keV peak our efficiency uncertainty is of the order of 50%, and that this is the
strongest and a well established peak, we use the absolute emission prokiakelityal conversion included

given in Ref.[2].

®Lower limit: it is obtained under the assumption that the 264 keV level is fed only by the 134Q kay.

Upper limit: from the experimental background around the 264 keV peak we calculate a minimum detectable
area[6] in this region and, since the peak is not discernible, take it as the upper limit for that area.

formed for each sample immediately before its irradiation,individual energy calibration—the energies of nine of the
using a mixed source of°Co+ (%Ag™+ 1%Ag™) + 182Ta,  most intense peaks froffGe (11.3 h, namely[2]: 367.40,

with a maximum useful calibration point at 1505 keV. Since416.33, 558.02, 631.82, 634.39, 810.35, 1085.19, 1193.26,
the y rays under study have energies as high as 1676 keV,and 1368.4 keV, all having an energy uncertainty

fresh source of®Al was placed along the mixed source each=0.03 keV, except the last one which hA&E=0.5 keV.

time, thus getting another calibration point at 1779 keV. InDepending on the net counts under the corresponding peak in
each of the nine spectfaach comprising the sum of the first each of the nine spectra, we assigned to each peak an energy
five 50 s individual spectyave determine—by means of its uncertainty that varied from 0.15 to 0.50 keV and obtain for
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the total sum spectrum a weighted average for that energyive efficiency curve can be found in R¢f.3]. Its estimated
These averaged energies coincide, within uncertainties, withesulting uncertaintiesone standard deviationlie between
the accepted energy values quoted above. The uncertainti@2% and 2.5% in the energy interval of interest, i.e., 500 to
obtained for these averages are 0.05 keV for the five strongelr700 keV.

peaks, and between 0.07 and 0.11 keV for the four weaker Table | summarizes the energies and intensities of the

peaks. Having thus checked that our energy calibration, ang.ray transitions taking place in the decay G€™. Based
e;ocedure, are reliable, we apply the same procedure to thgh these results, and energy-sum relations, the decay scheme

Ge™ y rays except that, since the areas involved are geny, 77Gen was established as that given in Fig. 2. Regarding
erally smaller, this time we conservatively assign energy Ung,q proposed 264 keV line, since we detect say with an

certainties varying from 0.20 to 1.0 keV, again depending Orlanergy of 1339.99 keV, we assign its origin to a partial de-

the net area under each peak. The energies and uncertaint - -
thus obtained are those indicated in the second column (§c§pulat|on of the proposed level at 1604.65 keV leaving the

7 . . .
Table I. The peaks shown with energy uncertainties equal to As nucleus in its well established levg2] at (264.401

0.50 keV are those lines which are not discernible in any of- 0.014) keV: (1604.650.10)-(1339.9% 0.49)=(264.66

the nine spectra mentioned above but only show up in the" 0.50) keV. We are unable to detect this peak with the

total sum of these nine spectra. This 0.50 keV uncertaint)Present experimental setup because of stro_ng_ interferences
was assigned somewhat arbitrarily, taking into account thafom other Ge decays. The absoluferay emission prob-
when comparing the energies determined by the previou%b'“t'es shown in the last column of Table | are baf2don
procedure with those obtained from the total sum spectrunh,=(0.0452:0.0081)% for the 614 keV reference line.
[Fig. 1(a) in Ref.[13]]—internally calibrated with thed’Ge ~ With these absolute emission probabilities, and through a
(11.3 B main lines—they are within 0.30 keV in the worst detailed intensity balancg?] for each level, we get th@
case(989.99 keV for the 990.29 keV lingand within 0.20  branching ratios, and thereby the correspondingiaglues
keV or less in all other cases. It is worth noting that we areshown in Fig. 2. For the detailed intensity balance calcula-
now reporting new energy values, with corresponding lowettion, the totalB branching for the 160 keV metastable state
uncertainties, for the known 215 and 614 keV lines. in ""Ge was assumd@®] to be (79-2)%. Theg branching
Half-life check Decay studie$13] on the four most in- ratios obtained are shown in Table Il where the energies for
tense peaks agree with the value (52®6) s for the’’Ge”  the different levels involved have been corrected for nuclear
half-life [3]. recoil, although this correction never amounts to more than
vy-ray intensities Because of our experimental procedure0.02 keV.
(Pb+ Cd+ Cu absorbens we can only use as a reference line  Spin assignmentsAll log ft values found in this work
the 614.3 keVy ray. The contribution of the 614.39 kel  agree within uncertainties with those given in R&f for the
ray from the decay of ‘Ge (11.3 h was taken into account. previously knowns decays to the levels at 0, 195, 215, and
All areas were corrected for self-attenuation produced in thé&14 keV. Therefore, in what follows we shall refer only to
germanium samples. Details on the measurement of the reléhe newly proposed levels ifAs.
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TABLE Il. Beta branching ratios in the decay 6fGe™. dating back to 1970. Since Imanishi and Nishi were trying to
establish the existence of a low-lying triplet of levels in
Intensity balance £~ %) "'as, they only measureq rays up to an energy of about
Level Energy(keV) This work Ref.[2] 580 keV. Meeker and Tucker measurgdays with an en-
0 0.0 563 3.1 57+3 ergy cutoff at 1000 keV. Therefore, in both cases, they were
1 194.756-0.029 0.184-0.056 0.410.07 unable to see most of the newrays we are reporting here.
2 215.528 0.059 21.823 21.2+2.3 EXCGpt for the energies of the 195, 264, and 420 k)eV
3 264.44- 0.32 0.0006: 0.0094 rays, the intensities for the 195, 216, and 420 kgVays,
4 503.89-0.17 0.044-0.011 and the spin assignment to the 504 keV level, the level
5 614.507-0.041 0.113-0.018 0.138-0.019 Scheme and data shown in Fig. 2 were obtained from the
6 1604.686-0.079 0.376-0.047 energy and intensity measurements pe_rformed in the present
- 1676.49-0.12 0.233-0.033 work. As can be seen in the inset of Fig. 1, we also observe

in the decay of’Ge™ a peak at an energy of 2006.2 keV,
with an absolute intensity of about 0.005%. Insufficient data
prevent us from placing thig ray in the decay scheme given
in Fig. 2.

A few words about expected—but not observegd+ays:
®rhe levels of 77As that are fed by the decay of both the
ground and metastable statesdGe, are the 195, 215, and
614 keV levels. All y rays depopulating these levels and
observed for the ground-state decay but not for the meta-
stable decay originate in the 614 keV level, having the fol-
lowing energies: 350, 399, and 420 keV. Thesays should

264 keV levelThe intensity measured for the 1412 keV
ray shows that the3 branching to the 264 keV level lies
below 0.01% and is probably zero. This result is compatibl
with the well established valugé™=5/2" for this level be-
cause this assignment would suggest a second forbigden
transition for the decay of‘Ge™ to this level.

504 keV levelOur logft value of 7.8 for this level would
seem to indicate that it is probably fed through a first forbid-

den transition. However, it is_ hot uncommon to find high also be present in the decay 6fGe™, but a study of the
Iog fit values for gllowed transmqns in this region of the nu- spectrum obtained shows that the expected count rates for
clide chart and, in effect, there is enough evidence f0f'a he neaks at 350 and 399 keV are both well below the back-
=1/2" or 3/Z" assignment from nuclear reactions eXPeri-ground count rate in these energy regions. The 420 keV
ments performed by Bettst al. [8], Schradert al. [9], and ray—although observed—is strongly interfered by peaks
Rotbardet al. [10] . from both °Ge (1.38 h and "Ge (11.3 h decays.

1605 and 1676 keV level@ur respective lot values of Except for slight differences, the main results of this work

5.7 and 5.8 for the decay to these levels suggest an allowgeh, o een reported by Farhan and SingFl®| as a private
transition in both cases. Therefore, since dfie=1/2” value .o munication.

for the 160 keV parent level if’Ge is well established, we

proposel™=1/2" or 3/2" for both these levels. This assign-  We gratefully acknowledge S. Ribeiro for his careful fit-

ment agrees with th@™ found by Bettset al. [8] for their  ting of the efficiency curves; the RA-6 Reactor staff for their

1674 keV level, and with the work by Rotbaed al.[10] for ~ dedication during the experiments; E. Galdoz for the com-

their 1606 and 1660 keV levels. puter processing of some graphs; E. Browbawrence Ber-
Discussion Referencd?2] reports a level diagram for the keley Laboratory for an early discussion of preliminary re-

decay of ’Ge™ that is almost exclusively based on the workssults. The financial support by the Fundacidose A.

of Imanishi and Nishi and of Meeker and TucKérd], both  Balseiro is gratefully acknowledged.
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