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Abstract: Gamma rays in the decay of “Ge and “IGem were investigated with scintillation spectro- 
meters using y-y coincidence, sum-coincidence and y-y angular correlation techniques. About 
fifty y transitions were identified. A decay scheme is proposed including the following “As 
levels: 215&2 (#-), 263&2 (&-), (325&15), 473-13 (g+), 632&2 (#+), 755h4, (925*15), 
1195f3 (8). 1280f8, 1457&6, 155714, 17OOf15, 2001&6, 2109&-IO, 2232f9, 2347f4, 
(2445& 15) and 2565&25 keV. Six of these levels have not been reported before. 

The “Gem half-life is 59f2 s. 

E RADIOACTIVITY “Ge [from 7BGe(d, p) and 7eGe(n, r)]; 
measured T+, E,, I,,, w, w-delay, yy(19). “As deduced levels, J, z. Enriched targets. 

1. Jntroduction 

The decay of 77Ge(11.3 h) and 77Gem(59 s) to a number of levels in 77As has 
been studied previously by several investigators le5). The information resulting 
from these experiments is presented in fig. 1. 
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Fig. 1. The decay scheme of “Ge and “Gem as found from previous investigations. 

The spins and parities assigned by Schardt 3, and Martin and Wiedenbeck ‘) 
were mainly based on the analogy between the lower levels of “As and 75As. No 
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spins of “As have been measured directly. The allowed B- transitions from l7As 
(39 h) to the ground state of 77Se, with a measured spin of +, and to a J” = 5- level 
of 77Se determine J” = $- for the ground state of “As. 

The present investigation is the third in a series intended to obtain more informa- 
tion about the energies, spins and parities of the levels of the arsenic nucleides 6~ ‘). 
The apparent similarity of the 75As and 77As level schemes stimulated the interest 
in the decay of “Ge and 77Gem. 

2. The Single y-Ray Spectrum of “Ge 

The 77Ge sources (11.3 h) were prepared with the synchrocyclotron of the “In- 
stituut voor Kernfysisch Onderzoek” (I.K.O.) at Amsterdam by the 76Ge(d, p)“Ge 
reaction. The target consisted of 10 mg of GeO,, enriched to 95 % in 76Ge. After 
the irradiation the target was dissolved in hydrochloric acid and As and Ga carrier 
were added, after which the GeCl, fraction was distilled from the solution into a 
recepticle containing dilute HCl. The germanium was then precipitated with hydrogen 
sulphide, centrifuged, evaporated to dryness and finally dissolved in a few drops 
of sodium hydroxyde solution. 

The single y-ray spectrum of 77Ge has been measured with a crystal-photo- 
multiplier assembly consisting of a 5.1 cm x 4.4 cm NaI crystal and a Philips 153 
AVP photomultiplier tube. With this assembly a half-width of 7.4 % was obtained 
for the 662 keV photopeak of 137Cs. The pulse spectrum was observed with a RCL 
256-channel pulse-analyser. The B rays of 77Ge were absorbed by 1.08 g * cmm2 
of aluminium, placed between the source and the crystal. 

In order to obtain better statistics for the higher energy part of the spectrum the 
single y-ray spectrum was measured in two stages. The time of measurement for the 
high energy part was appreciably longer. The spectrum is given in fig. 2. Sources of 
‘03Hg, “Na 137Cs 54Mn, 88Y, 65Zn and Th B + C were used for energy calibration. 

The energ; calibiation was improved by a careful determination of the energy 
of the photopeak of the 2347-+_ 10 keV y transition, by repeated comparison with the 
photopeaks of 1835 and 2614 keV in the y-spectra of ‘*Y and 206T1(ThC”), respec- 
tively. During these measurements gain stabilization was applied with a strong 
137Cs source. In the lower energy region the energies of a number of y rays were 
measured with a high accuracy by coincidence measurements in which the photo- 
peaks of the calibration y rays were produced simultaneously with the spectrum 
by random coincidences. 

Interpolations between the shapes of the spectra of the calibration sources provided 
information for a careful analysis of the single spectrum of 77Ge. The use of a 
log (N/JE) diagram appreciably reduces the amount of work in the analysis, since in 
these diagrams the shape of the photopeak is constant over a fairly large energy 
region ‘). Such an analysis is given in fig. 3. The analysis of the single spectrum 
reveals the existence of hitherto unknown y transitions of 2300, 2135, 2085, 1890, 
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1830. 1335, 890 and 755 keV. These energies were measured more accurately in the 
coincidence spectra. The differences between the energies measured in the single and 
coincidence spectra never exceeded 15 keV. 
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Fig. 2. Single y-ray spectrum of “Ge. The spectrum was taken in two slightly overlapping parts, both 
including the photopeak at 1080 keV. The distance between the source and the crystal was 50 mm. 

The photopeaks at 1576, 1490, 1260, 1080, 927 and 815 keV were shown to be of 
multiple character by coincidence measurements. The measured intensities of the 
1195, 985 and 632 keV lines had to be corrected for summing of coincident pulses 
in the crystal. 
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The y rays found in this analysis are listed in table 3, together with those observed 
in the experiments, described below. 

3. Well-type Y-Ray Spectrum of “Ge 

The y-spectra are given in fig. 4. A 6.3 cm x 6.3 cm NaI crystal with a 0.8 cm x 3.1 cm 
well, coupled to a Dumont 6363 photomultiplier was used in the measurements. 
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Fig. 3. The high energy part of the y-ray spectrum in fig. 2 represented in a log N/2/E diagram, where 
N is the number of counts per channel and E is the energy in keV. 

Placing the source inside the well (see curve (b) of fig. 4), results in an intensity 
decrease of the 210/215, 263, 368, 417, 563, 925, 1350 and 1715 keV photopeaks, 
and a considerable increase of the 632, 1195, 2000 and 2347 keV photopeaks; new 
peaks appear at 473, 1460 and 1560 keV. A more careful examination reveals that a 
weak 755 keV photopeak in (a) is also present in (b). These results indicate the 
presence of levels at 473, 632, 1195, 1460~1560,200O and 2347 keV. In addition, the 
existence of a level at 755 keV is suggested. The level at 2000 keV may be of multiple 
character as indicated by the broadness of the peak. The existence of a level of 
higher energy than 2347 keV is not revealed explicitly, but after a careful subtraction 
of the background a weak residual ridge can be traced as far as 2600 keV. 

The energies of sum peaks, as given above, have been corrected for the intrinsic 
scintillation counter non-linearity ‘). 
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Fig. 4. The well-type spectrum of “Ge. Curve (a) represents the spectrum with the source outside the 
crystal at 10 cm; (b) with the source inside the crystal. 

Fig. 5. The sum-coincidence spectrum with the sum channel set at an energy interval of 2340-2450 
keV. The angle between the axes of the two 5.1 cm x4.4 cm NaI crystals was 90”. 
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4. Sum-Coincidence Spectrum 

A sum-coincidence spectrum lo) is given in fig. 5. The sum channel was set at 
an energy interval of 2340-2450 keV. In order to allow for accidental summing, the 
sum-coincidence spectrum was also taken with separate ’ 'Ge sources of about equal 
strength in front of each crystal. The amount of accidental summing proved to be 
insignificant. The following y-y cascades were found: 2135-215,2085-263, 1715-632, 

1 I I I I 

600 c 
Pb-K 

r 

716 

Xl 

360 

1065 

J 

1 

Fig. 6. The scintillation spectrum in delayed coincidence with the 210-263 keV y-y cascade corrected 
for random coincidences. 

1560-785, 1460-890 and 1280-1070 keV. It should be mentioned that the relative 
intensity of the 1715-632 keV y-ray cascade was about two times higher than could 
be expected from the scheme of fig. 1. The sum-coincidence spectrum with the sum 
channel set at the energy interval of 2090-2150 keV shows a number of photopeaks. 
The interpretation, however, is less certain than in the case of fig. 5, as a number 
of additional peaks are produced by photo-Compton coincidences from cascades 
between the 2347 keV level and the ground state. Moreover, photo-photo sum- 
coincidence peaks originate from cascades between the 2347 keV level and the 215 
and 263 keV levels. The presence of the following cascades is indicated: 1890-215, 
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1830-263, 1475-640, 1070-1025 and 1295-785 keV. These have been confirmed 
by coincidence measurements. 

A sum-coincidence spectrum measured with the sum channel set at a 2450-2580 
keV interval yielded no conclusive information about the possible existence of 
cascades from a level in that energy interval, notwithstanding the long time of 
measurement. 

5. The Delayed Coincidence Spectrum 

The level at 473 keV in “As has a half-life 3, of T+ = 116~s. This isomeric 
level decays to the ground state by a 210-263 keV y cascade. The y-ray spectrum 
in delayed coincidence with the 210 and 263 keV y rays was measured by introducing 
an extra delay of 5.7 ps between one scintillation counter and the pulse analyser. 
The gate of the latter was operated by the output pulses of a single channel dis- 
criminator, selecting photopulses between 170 and 300 keV from the other scintil- 
lation counter. A pulse in this channel opened the gate for 2 ps. A weak source of 

TABLE 1 

The energies and relative intensities of the y transitions in delayed coincidence with the 210-263 
keV y cascade 

Present investigation Schardt s) 

(ZV) 
Relative Relative 
intensity (l%) intensity 

159+ 5 
360f 10 
510f 10 

(630f20) 
718flO 
805f15 
920f15 

1085&10 
1515f20 

(1980&20) 

0.25hO.13 153f 3 0.13hO.05 
0.25f0.15 
0.2510.13 
O.lOf0.06 
1.4 kO.2 709* 7 1.3 f0.2 
0.20f0.13 8OOf15 0.3 *to.1 
0.16f0.05 920&40 0.2 kO.1 
1 1080&10 1 
0.13f0.06 1500~15 0.10f0.05 
0.04f0.04 1960&30 0.02*0.02 

“Ge was sandwiched between two 10.2 cm x 10.2 cm NaI crystals. The large number 
of random coincidences present in the spectrum was corrected for by subtraction 
of a single y spectrum of appropriate intensity. The spectrum is given in fig. 6. The 
energies and intensities of the y lines are listed in table 1, together with the data 
given by Schardt 3). 

All observed transitions except the 510 and 630 keV y rays fit into the “As level 
scheme as given in fig. 11. The former is due to annihilation quanta, the latter is 
weak and dubious. 
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6. Gamma-gamma Coincidence Spectra 

The coincidence spectra were mostly measured with 5.1 cm x 4.4 cm NaI crystals. 
The pulses from one spectrometer were gated by selected parts of the pulse spectrum 
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Fig. 7. Scintillation spectra in coincidence with E, = 210/215 keV (a) and Ey = 263 keV (b). 

from the second one. The fast-slow coincidence arrangement was of the type des- 
cribed in a previous publication II). It has a resolving time of 22 = 60 ns. 



DECAY OF Ge 457 

As a first step in the analysis of the complex y-ray spectrum, a series of thirty 
py coincidence spectra were measured. The gating channel (width 30 keV) system- 
atically covered the energy interval 100-1000 keV. Due to ‘the decreasing yield with 
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Fig. 8. Scintillation spectra in coincidence with E, = 368/417 keV (a) and E, = 632 keV (b). 

increasing E,,, the coincidence spectra were relevant only for Ey d 1100 keV. Weak 
y lines, observed in one or more of these thirty spectra, were re-investigated by 
measurements with better statistics. 
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A second series of measurements was aimed at the investigation of y rays of higher 
energy (E, > 1100 keV) coincident with the 215, 263, 368, 417 and 632 keV y rays. 
Most of the y transitions seen in figs. 7 and 8 have not been reported before. 

Since the four y rays selected by the gating channel are mainly transitions de- 
exciting the 632 keV level, the intensity ratio of the y rays decaying to the 632 keV 
level will be the same in the four spectra given in figs. 7 and 8. This condition holds 
for the 563_+2, 1370_+15 and 1600+15 keV y transitions only. The 2340_+30, 
2135k15, 1890+15, 1790+15, 1335+15, 1245+20, 985515 and 710+15 keV 
y rays observed in spectrum (a) of fig. 7 are only coincident with Ey = 215 keV as 
they do not appear in the other spectra. The assumption that these y rays are reaching 
the 215 keV level is plausible, as most of them can be fitted in the existing level 
scheme. The 2340 and 710 keV transitions should de-excite new energy levels at 
2565 and 925 keV, respectively. The weak photopeak at 1790+ 15 keV can be at- 
tributed to (1370 +417) -215 keV triple coincidences. 

The peak at Ey = 710 + 15 keV was also observed by Arns et al. 4, and ascribed 
to coincidences between the 718 keV y transition and the 210-263 keV y cascade 
starting from the isomeric 473 keV level (rt = 116 ps). This explanation is rather 
unlikely as the resolving time of their coincidence circuit was 35 ns, and because the 
710 keV photopeak is much weaker in the spectrum in coincidence with Ey = 263 keV. 

The y rays of E, = 2300+20, 2085+15, 1830f15, 1295+20, 1195+8 and 
1025f 15 keV are coincident with the 263 keV transition only (fig. 7b). All of these 
transitions can be considered as exciting the 263 keV level. The weak 2300 and 
1025 keV y rays de-excite new levels at 2565 and 1280 keV, respectively. The first 
of these levels has been mentioned above, the second will be discussed in sect. 7. 

The spectrum in coincidence with Ey = 632 keV (fig. 8b) shows a y transition 
of 1475 + 15 keV. This transition is also, rather weakly, present in fig. 7a, but not in 
figs. 7b and 8a. The only possible explanation is that the 1475 keV y ray is not 
coincident with the ground-state transition from the 632 keV level but with some 
other transition of about that energy. One possible triple cascade, allowing for the 
phenomena just mentioned, is a 640-1475-215 keV cascade, with an assumed new 
level at about 1700 keV. This assumption is favoured by the observed greater in- 
tensity of the photopeak at 1715 keV in fig. 8b, compared with those peaks in figs. 
7a, 7b and 8a, due to a 640-1700 keV cascade. This cascade also explains the fact 
that the intensities of the 1715 and 632 keV photopeaks in the sum-coincidence 
spectrum of fig. 5 are about two times higher than those deduced from the single 
spectrum on the basis of a single 1715-632 keV cascade. 

The photopeaks at 925 keV in figs. 7a, 8a and 8b are due to the rather strong 
transition of Ey = 925 +_ 5 keV, connecting the levels at 1557 and 632 keV. The 
intensity increase of this peak in fig. 7b is caused by a second y ray of 925 _t 15 keV, 
between the levels at 1195 and 263 keV, already observed in previous investigations4). 

The shapes of the peaks at about 800 keV indicate their complex character. In 
the decay scheme of fig. 1, only one 805 keV y transition is given, which feeds the 
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1195 keV level. The relative intensity of this transition, as determined in directional 
correlation measurements (see sect. 8), is too small to account for the strong 800 keV 
peaks. However, this is easily explained by assuming a new y ray of I$ = 825+ 10 
keV between the energy levels at 1457 and 632 keV. The 800 keV peak in figs. 7 and 
8 is found to be composed of the 805 and 825 y transitions and a third one of Ey = 

785+_ 15 keV. This last one, already found in a sum-coincidence spectrum (fig. 5), 
is the first component of the 785-925 keV cascade through the 1557 keV level ending 
at the 632 keV level. 

In fig. 8, the peaks at 368 keV are too intense compared with those at 417 keV. 
Part of this intensity must be attributed to the Compton ridge of the relatively strong 
563 keV y ray, partly it might also be due to a weak 360 f 10 keV y transition between 
the 1557 and 1195 keV levels. This y ray is also weakly observed in the delayed 
coincidence spectrum (fig. 6). Corrections have been applied for triple coincidences. 
The observed 985-215 keV cascade e.g. is partly (about 40 %) due to the strong 
(563 + 417) - 2 15 keV triple cascade. 

All information deduced from these spectra is included in table 3. 

7. Complementary y-y Coincidence Measurements 

In order to obtain more information about some, thus far unresolved, problems 
in the complex decay scheme of 77Ge a number of additional coincidence meas- , 

urements were carried out. 
The coincidence spectra of figs. 9a and 9b were measured with the 4.4 cm x 5.1 cm 

crystals in a 90” position. To the lead shielding of 17 g. cmm2 between the two 
counters was added a copper layer of 5 g 1 cm-’ to absorb the Pb K X-rays. 

In fig. 9a a new 123f3 keV y transition is seen, which is absent in fig. 9b. This 
y ray, observed in all other spectra coincident with y components of the cascades 
between the 632 keV level and the ground state, fits in the level scheme as a connection 
between the new level at 755 keV and the one at 632 keV. 

The 159 f 3 keV y transition, seen in fig. 9b, is known to connect the 632 keV level 
and the isomeric state at 473 keV. 

In the search for y rays feeding the level at 755 keV, a problem was raised by the 
appearance of a pronounced photopeak at 755f 10 keV in the spectrum coincident 
with E, = 740 keV. The coincidences must be attributed to y rays in the 700-800 
keV energy region as this peak is not present in spectra coincident with y rays of 
higher or lower energy. A tentative 705+20 keV y ray, connecting the 1457 and 755 
keV levels, is given in the level scheme (fig. 11). An unambiguous explanation of the 
observed spectra could not be given. The presence of more cascades seems probable. 

The coincidence spectra of fig. 10, measured with two 10.2 cm x 10.2 cm crystals, 
definitely establish the existence of a 1070-1280 or 1280-1070 keV cascade, shown 
in the sum-coincidence spectrum of fig. 5. Apart from the transitions due to that 
cascade these spectra show additional Ey = 940f 15 and 1025+ 15 keV transitions. 
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Fig. 9. The low-energy scintillation spectra (Ey < 300 keV) in coincidence with E,, = 2101215 keV 
(a) and E; = 563 keV (b). 
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Fig. 10. Scintillation spectra in coincidence with Ey = 1070 keV (a) and with E, = 1280 keV (b) 
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These transitions support the proposed level scheme of fig. 11 with an assumed new 
level at 1280 keV. The alternative possibility, a level at 1070 keV can not be definitely 
excluded, however. 

The absence of the 718 keV y ray in both spectra constitutes strong evidence 
against the level scheme proposed by Arns et al. ‘) in which the 1070 and 1250 keV 
transitions are supposed to proceed to the 1195 keV level (fig. 1). 

The absence of the 718 keV y transition in both spectra also means that the 
transition observed at Ey = 565 f 15 kevcannot be due to a 563 keV (1195 + 632 keV) 
transition. This transition must be a new one feeding the levels at 1557 and/or 1457 
keV. The low-energy y rays, observed in fig. 10, are due to the Compton pulses from 
high-energy y rays. 

In the level scheme (fig. 1 l), two y rays are given of 435+20 and 785115 keV 
proceeding to the 1557 and 1457 keV levels, respectively. Their presence could not 
be stated unambiguously, and therefore they are given in dashed lines. The assump- 
tion was based on the appearance of weak photopeaks in unpublished spectra, 
coincident with high-energy y rays. 

The existence of ground-state transitions from the 2109 and 1195 keV levels is based 
on intensity considerations (sect. 10). 

8. Angular Correlation Measurements 

These measurements were carried out with the arrangement described in sect. 6. 
Angles of measurement were 90”, 120”, 135”, 150”, 180”, 210”, 225”, 240” and 270”. 

TABLE 2 

Measured angular correlation coefficients 

Present investigation Martin and Wiedenbeck “) 

y cascade 

(kev) 
‘4s A4 A, AP 

210-263 -0.173~0.005 -0.011 f0.008 -0.190~0.004 -0.009*0.004 
417-215’ +0.003~0.015 +0.024&0.029 -0.031~0.007 +-0.017&0.009 
368-263 -0.360~0.012 -0.023f0.019 -0.321 ztO.009 -0.007f0.012 
563-368 -0.14 io.05 -0.05 hO.07 -0.035~0.020 +0.068&0.020 
563417 3-0.16 kO.04 -0.01 f0.05 -+0.163~0.016 +0.052&0.024 
563-632 +0.13 hO.05 -0.28 10.10 +0.085f0.027 +0.065&0.030 
805-563 -to.37 hO.13 -0.03 f0.16 

The measured angular correlations were analysed in terms of Legendre poly- 
nomials Pz and P4 

W(8) z 1 + AzPz (cos 9) + A,P,(cos 9). 



462 I. B. VAN DER KOOI AND H. J. VAN DEN BOLD 

In the calculation of the coefficients A, and A,, corrections have been applied for 
random coincidences, the decay of the source, the contribution of higher energy 
y cascades and solid angle. The coincidence spectra were analysed using single calibra- 
tion spectra taken in the same arrangement. The additional uncertainty introduced 
by this analysis is included in the stated errors. The full areas of the photopeaks 
were used in the calculation, which was carried out with the ZEBRA electronic 
computer of the University. The results together with those recently published by 
Martin and Wiedenbeck 5), are given in table 2. 

9. The Decay of “Gem 

This decay was investigated in order to obtain more information about the 
levels of 77As populated in the decay of 7 7Gem. The measurements were carried out 
with the crystal-photomultiplier assembly and the well-type crystal mentioned in 
sects. 2 and 3, respectively. The sources were prepared by irradiation of 10 mg of GeO, 
enriched to 95 % in 76Ge, at a neutron flux of 1.3 x 1Or3 cmm2 * s-l in the HF 
reactor of the “Reactor Centrum Nederland” at Petten, Netherlands. Each irradia- 
tion lasted 15 sec. The measurements started about 60 to 90 set after the end of the 
irradiations. From each source four spectra were taken at successive time intervals 
of 30 set to distinguish between the radiation of 77Gem and other radioactive 
products, for instance 75Gem, 77Ge and ‘*Al. The strong j3 radiation of 77Gem 
was completely absorbed by 1.6 g * cmM2 of aluminium. The spectra were corrected 
for the contribution of long-lived contaminants by subtraction of the residual 
spectrum after 10 min. From these measurements the half-life of 77Gem was found 
to be 59 + 2 s. Earlier measurements 1$.2Y 12) yielded 59+2, 52+2, and 53.6kO.9 s. 

The photopeaks of the 159 and 215 keV y transitions, given in fig. 1, are clearly 
shown in the 77Gem spectra. The 138 keV isomeric transition of 75Gem could also 
be identified, the measured half-life being 45+9 s; Burson et al. 2, reported 49&2 s. 
The observed intensity ratio of the 159 and 215 keV y rays is 1159/1215 = 0.55 kO.04, 
in agreement with the value of 0.68 20.16, which follows from the measured y/P 
ratios published by Lyon and Eldridge i2). The 159 keV y ray, assumed to be E3, 
was corrected for internal conversion 13). The corrected intensity ratio was 

1159/1215 = 1.13kO.08. 
The branching ratio in the “Gem decay was calculated, using this last value and 

the ratio “) Z,,,/I, = 0.28+0.05. The result is 

159 keV y decay 24f5 %, 
ground state B decay 55+5 %, 
/3 decay to 215 keV level 21+4 %. 

By using a lead shield of 5.6 g - cmm2 between the source and the crystal to absorb 
the strong 215 and 159 keV y rays, indications were found for y rays of Ey = 325 + 15 
and 755 f 20 keV and for the y rays de-exciting the 632 keV level. As the peaks in the 
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spectra are weak compared with the strong background due to bremsstrahlung, it 
can only be stated that the intensity of any transition with Ey > 215 keV is at most 
0.2 % of the total “Gem decay. 

The well-type spectrum shows photopeaks at 325 and 632 keV, but none at 473 
keV. The peak at 325 keV could indicate a ground-state transition and thus could 
mean a weak p transition to a level at 325 keV. The existence of such a level would 
be in good agreement with the level scheme 6, of 75As in which the level at 199 keV 
(.I” = $-) is only weakly populated by a p transition from the J” = +- state of 75Ge. 

10. Level Scheme 

The proposed level scheme is given in fig. 11. The energies of the levels are cal- 
culated by taking the weighted average of all values obtained by adding and sub- 
tracting the measured y-ray energies of the cascades involved (see table 3). The 
results are: 

E, = 2565&25, (2445f15), 2347+4, 223259, 2109+10, 2001+6, 1700,15, 
1557+4, 1457+6, 1280f8, 1195k3, (925+15), 755?4, 632_+2,473&3, (325*15), 
263+2 and 215+2 keV. 

This list includes six new levels of which the existence is deduced from the fol- 
lowing facts: 

2565 keV y cascades of 2340-215 and 2300-263 keV (sect. 6), 
1700 keV y cascades of 640-1700 and 1475-215 keV (sect. 6), 
1280 keV y cascades of 1070-1280 (sects. 4 and 7) and 1070-1025-263 keV 

(sect. 7), 
(925 keV) y cascade of 710-215 keV (sect. 6), 
755 keV 755 keV y ray observed both in single spectra (sect. 2), and in well- 

type spectra (sect. 3), y transition of 123 keV to 632 keV level (sect. 7), 
(325 keV) y transition of 325 keV (sect. 9). 

Some of the energies, given in fig. 11, differ slightly from those reported by previous 
investigators 3*4). 

The intensities obtained from coincidence measurements are in good agreement 
with those obtained from single spectra, with two exceptions. The intensity of the 
1195 keV y ray in the single spectra is too high in comparison with the intensity 
observed in the spectrum coincident with E, = 263 keV. A ground-state transition 
from the 1195 keV level explains this discrepancy. A similar difference between the 
intensities of the combined 2135-2085 keV transitions in single and coincidence 
spectra can be ascribed to the ground-state transition from the 2109 keV level. The 
intensities of the 210 and 263 keV y rays are corrected for internal conversion by 
using theoretical conversion coefficients 13). 

Detailed information about the /_?- transitions is given in table 4. The transition 
energies are calculated, using the ground-state /?-decay energy given in ref. 14). 
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TABLE 3 

Energies and intensities of the y rays in the decay of Tie. 

Energy 

(kev) 

Initial and 
final level 

(kev) 

Intensity (“/,) 

Present AI-IIS 

investigation et al.‘) 

(2565) 2565 --f 0 
2347f 10 2347 --f 0 
234Ok30 2565 --f 215 
23OOf20 2565 + 263 
2135&15 2347 + 215 
2109&20 2109 --f 0 
2085&15 2347 + 263 
2003 f 20 2001-+ 0 

(1980f20) 2445 -+ 413 
189Okl5 2109 --f 215 
1830f15 2109 -+ 263 
1715,t 8 2347 --f 632 
1700*25 1700-t 0 
1600&15 2232 + 632 
1560f20 1557 -+ 0 
1515&20 2001 + 473 
1475f15 1700 + 215 
1460115 1457 + 0 
1370f15 2001 + 632 
1335*15 1557 --f 215 
1295120 1557 -+ 263 

(1280% 10) 2565 + 1280 
1280&10 1280 -+ 0 
1245&20 1457 -+ 215 
1195k 8 1457 --f 263 
1195& 8 1195 + 0 
1085% 7 1557 --f 473 
1070&- 10 2347 + 1280 
1025f15 1280 + 263 
985&20 1195 + 215 
940*15 2232 --f 1280 
925& 5 1557 -+ 632 
925&15 1195 --f 263 
920& 15 2109 +‘1195 
890+ 10 2347 + 1457 
825110 1457 + 632 
805&10 2001 + 1195 
785415 2347 -+ 1557 

(785f15) 2232 --f 1457 
755*10 755+ 0 
718&15 1195 + 473 
710&15 925 -+ 215 

(705 *20) 1457 + 755 
640&25 2347 -+ 1700 
632& 3 632-t 0 

(565-+ 15) 2109 -F 1557 

<0.03 
0.5 kO.1 
0.06f0.04 
0.09&0.03 I 
0.18f0.07 
0.4 &0.2 
0.40f0.05 I 
0.6 ho.2 

<0.4 
O.llf0.06 
0.18f0.07 
0.75f0.09 

0.4 io.1 I 
0.3 kO.1 
1.2 f0.5 
0.8 10.4 

0.2 *0.1 1.2 f0.6 I 
3.1 10.2 
0.9 kO.5 
0.7 f0.3 

<0.06 
0.5 kO.2 
0.6 f0.3 i 
2.3 ho.2 

0.6 +0.3 1 
6.3 10.4 

0.2 kO.1 0.3 hO.1 I 
0.5 kO.3 
0.2 *to.1 
3.5 kO.4 
0.5 10.2 
1.0 &OS 
0.6 kO.3 
1.2 hO.5 
3.1 +0.2 
0.6 kO.3 

<0.4 I 
6.0 f1.5 
7.7 fl.O 
1.5 kO.5 

t1.0 
0.2O=tO.O5 

10.7 10.4 1 
<0.6 

0.7 

0.95 

0.5 
0.2 

0.3 

2.4 

1.0 

1.9 

2.8 
1.4 

0.4 

4.5 

7.7 

0.5 

4.3 
3.0 

7.5 

9.5 

11.5 
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TABLE 3 (continued) 

Energy 

(keV) 

Initial and 
final level 

(keV) 

Intensity (A) 

Present 
investigation 

Ams 
et al.‘) 

563f 2 1195 --f 632 17.5 kl.0 19 
(435f20) 2001 -+ 1557 to.4 
417& 2 632-t 215 25.0 hl.0 27 
368& 2 632 --f 263 14.5 10.5 16 
360& 10 1557 + 1195 0.5 f0.3 
263& 2 263 -+ 0 50.0 k3.0 “) 59 
215& 2 215+ 0 28.0 f3.0 29 
210& 2 473 + 263 31.5 13.0 “) 34 “) 
159f 2 632 + 473 1.3 *to.7 1.0 
123k 3 755 + 632 1.0 hO.3 

“) Corrected for internal conversion. 

TABLE 4 

The logfi values of the B- transitions in the decay of “Ge and “Gem 

Transition Final state 
number “As (keV) (MS) 

?‘Gem 

Intensity 

(%) 
logft 

0 
215 
325 
632 
755 

2.91 
2.69 
2.58 
2.28 
2.16 
all kO.05 

55*5 5.2&0.1 
21f4 5.3kO.l 

to.20 >7.3 
<0.15 >7.3 
<O.l >7.3 

473 

632 755 

1195 925 

1280 1457 

1557 1700 
2001 2109 

2232 2347 
2445 
2565 

2.28 

2.12 2.00 

1.83 1.55 

1.47 1.29 

1.19 1.05 
0.75 0.64 

0.52 0.40 
0.30 
0.19 
all f0.05 

15.4 k3.6 8.1hO.l 

24.2 7.0*1.5 f2.0 7.8hO.l 8.2kO.l 

> <1.5 22.1 f1.7 8.8 7.2+0.1 

0.4 4.7 kO.3 11.0 8.9f0.6 7.6kO.l 

12.5 0.40*0.15 hl.2 6.9kO.l 8.2hO.3 
7.6 1.7 f0.6 rto.7 6.8f0.3 6.4rtO.2 

0.5 3.4 hO.2 hO.5 7.010.3 5.8kO.3 
to.4 > 5.9 

0.15f0.05 6.1f0.5 
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The intensities are deduced from the measured y-ray intensities, and in the “Gem 
case, from the y//I ratio 12). 

Theft values of,several allowed p- transitions from 77Ge are too high by a factor 
of 100. This may be due to the many-particle character, in particular of the levels 
with even parity, and is not exceptional in this region. 

11. Spins and Parities of the Levels of izGed5 and z:Aspq 

All nuclei with N = 43,45 or 47 and even 2 have isomers. In this group all N = 43 
nuclei have a J” = +- ground state and a J” = 2’ isomeric state, whereas in all 
N = 45 nuclei the spin succession is reversed. The nuclei with even Z and N = 47 
also have low-lying J” = f’ and $- states. 

In most of these nuclei the E3 character of the isomeric transitions has been 
established by internal conversion measurements. In the “Gem case, however, this 
measurement has not been carried out. 

All these transitions of measured or probable E3 character have transition 
probabilities between &- and & times the Weisskopf estimate, which in the I’ -3- 
sequences on the average are twice as high as in the +- -f’ cases. This ratio is & 
for the 159 keV transition from 77Gem which value strongly suggests an E3 classi- 
fication. If the two states between which this E3 transition occurs, have J” = +- 

and s+, the allowed /3- transition from “Gem to the J” = 3- ground state of 77A~, 
determines J” = +- for 77Gem and thus J” = f’ for “Ge. The apparent absence 
of the corresponding /3- transition from the 77Ge ground state is in agreement 
with these suggested assignments. 

This result for 2 = 32 fits in well with the relationship between E(s+)-E(+-) 
and the neutron number both for Z = 34 and Z = 36 which shows a pronounced 
negative minimum 15) at N = 45. 

An unambiguous determination of spins and parities of “As levels on the basis 
of the experimental data only, proves to be impossible. If, however, the 473 keV 
isomeric state is assumed to have J” = ff, as have the isomeric states in 73As and 
“As the experimental data give some information on other 7 7As levels. 

The suggested analogy is based on the fact that the known M2 transitions de- 
exciting the isomeric states in 73As and “As have transition probabilities of about 
& times the Weisskopf estimate, whereas the 210 keV isomeric transition in “As 
has a transition probability of about & times the Weisskopf estimate, if this transi- 
tion is assumed to have M2 character. This implies a J” = 3- assignment to the 263 
keV level. The observed branchings of the p-decay of 77Ge and 77Gem, the absence 
of a 473 keV y transition, and the existence of a 263 keV y transition to the ground- 
state of 77As are not in disagreement with these assumptions. Starting with the 
e+-$--$- sequence f or the 210-263 keV y-y cascade the angular correlation data 
yield many possible radiation amplitude mixings for the two y transitions involved. 
The mixing ratio x of the 210 keV transition (M2-E3) however is greatly restricted 
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by transition probability considerations which exclude the values 1x1 > 0.03. A 
larger E3 admixture implies an experimental transition probability greater than the 
Weisskopf estimate, whereas the values of all E3 transitions, observed in 2 = 33, 
35 and 37 nuclei, are lower. Assuming x = 0, the E2/Ml mixing amplitude y, of 

-Y 
-co-5 -2 -1 -0.5 0 0.5 1 2 

I” ” 
I I I I 

10 - 
5- 

I I 1 I I --I 
- 90' -60' -3oO 0’ l 30’ l 60’ + 90’ 

- bgtg Y 

Fig. 12. The Xe-values, calculated with the measured angular correlation coefficients of the 210-263 
keV cascade, plotted as a function of the amplitude mixing ratio y of the 263 keV y ray. The 210 

keV y ray is assumed to have pure M2 character. 

the 263 keV transition can be determined from a x2 plot. This is shown in fig. 12. 
The two possible values are y, = - 1.38 +O.lO and yz = -0.36+_0.04. 

The 632 keV level has either J = 3 or J = 3 since it decays both to the J” = +j- 

ground state and to the J” = s’ level at 473 keV. 
The angular correlation coefficients A, of a y-y cascade can be written as 

A, = ~“(rI)fl”(Yz), 

where the respective F,, depend on one component of the cascade. From the meas- 
ured A2 of the 210-263 keV cascade (table 3) and a theoretical value T2 (210) = 
- 0.1909 (for pure M2) it is calculated that 9,(263) = + 0.91 kO.03. 
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It then follows from A, (368-263), that Fz (368) = -040~0.02, and subse- 
quently from AZ (563-368), that Pz (563) = +0.35&0.13 and from A, (563-632), 
that P2 (632) = +0.37t_ 0.19. The A, values are taken from table 3. Since an assign- 
mentofJ=$ to the 632 keV level would imply that for any octupole/quadrupole 
mixing ratio gz (632) < -0.45, the assumption J = 3 is untenable, and the correct 
assignment is J = 3. 

Using the amplitude mixing ratios of the 263 keV transition found in the 210-263 
keV angular correlation, the mixing ratio for the 368 keV transition is 0.04+0.02. 

1195 Ly_ 

563 563 

632 rci_ 

360 36% 632 

263 

263 

0 ?YI 

77As 

Fig. 13. The y-y cascades 368-263 (I), 563-368 (II) and 563-632 (III) keV. 

Assuming odd parity, and thus M2 character of the 159 keV y transition to the e+ 
state at 473 keV, implies an unlikely large M2 strength of at least 600 Weisskopf 
units. Therefore J” = 3’ is proposed for the 632 keV level. Then the 368 keV 
transition is an M2/E1 transition. The small mixing ratio for this transition found 
above, is consistent with this J” = 4’ assignment. 

The allowed p- transition from a J” = $- state (“Gem) to the 215 keV level 
indicates J” = +- or +-. The calculation of F,(417) from the measured angular 
correlation coefficients A, of the 563-368 and 563-417 keV cascades yields gz 
(417) = +0.4910.22, which is inconsistent with the assumption that the transition 
is pure qpadrupole 3 + 3 (F, = -0.5345). This leaves J” = $- as the only possible 
assignment to the 215 keV level. 

The 1195 keV level has either J = 3 or J = s, since it decays both to the J” = $- 

ground state and to the J” = e+ level at 473 keV. The negative A4 coefficient in the 
angular correlation of the 563-632 keV cascade is in disagreement with a J = z 

assignment to the 1195 keV level. All other data agree both with J = $ and with 
J = 3. Therefore J = (3) has been assigned provisionally. 

12. Conclusions 

In comparison with previous investigations ’ -‘) this work reveals a number of 
new energy levels in “As, new /3- and y transitions in the decay of “Ge and in- 
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dications of new transitions in the “Gem decay. Angular correlation measurements 
confirm the spin and parity assignments suggested by Schardt 3). Both the spins and 
parities and the modes of decay suggest a close analogy between several low-energy 
levels of 75As and 77As. A theoretical description of the observed data seems to be 
difficult as none of the more simple nuclear models can be applied s). 
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