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The B decays of the tw§?As isomers have been investigated Byand y-ray spectroscopy to elucidate
details in the population of levels iffSe, and to determine the ground state energ§?aé. The relative
positions of theB-decaying states have been determined for the first time. The spin of the ground state,
previously assumed to bé lis proposed to be2in agreement with systematics. The new data confirm many
previously known features of th¥Se level scheme, but has also led to significant corrections. During the
course of this work, the first information on absolyteay intensities in the decay 6fGe was obtained.
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The decay of?As has been investigated several times inend points due to an incomplete knowledge of the detector
the pas{2,1,3, but important data on details of the decay areresponse are estimated to a few keV for 2 MeV transitions
still missing. It is known that there are two isomers®fiAs,  and about 30 keV for transitions of 9—10 MeV. The energy
but the relative positions of these two levels have so far noscale is calibrated on-line using knowsray energies in the
been determined. The two levels have been assigned either @gtivity being studied together with a source emitting the
a 1* state and a Sstate[2], or as 2 and 5 [3] in previous 6129 keV line from™®0. Additional descriptions of the spec-
works. There was a need for additional data onghgecay trometer and the methods employed are found in Réfg].
properties in order to choose between these alternatives. ~ The neutron induced fission products from i) target

Being close to stability, the position of tH8As ground ~ Wwere ionized by plasma ionization, and the mass separated
state is of substantial interest in order to correctly place thé\=82 beam was collected in front of the detector system on
more exotic isobars on the scale of excitation energy. Using movable mylar tape. Tape movements were used in order to
preciseQ, measurements to determine the mass differenceghinimize contributions from possible contaminations by
the positions of both th&?As levels can be obtained. Such ong lived nuclides. In the MSS experiment, tape movements
experiments rely heavily on the level scheme of the daughteere followed by a measurement cycle comprising one time
nuclide. However, early results from the current work indi- 9roup of beam collection, followed by seven groups of data
cated that the existing level scheme®@e[4] is not entirely ~ taken with the beam deflected. The group time was chosen to
correct. The tentative placements of seveyatansitions, in 10 s, hich gave good conditions for study of the decays of
a previous study2], did not give consistent results when °-G€, ““As and *"As, having half-lives of 4.6, 19.1 and
used in the analysis of they coincidence data set intended 13.6 S, respectively. An example of the MSS data is given in
for the Q; determinations. Therefore we also included aFig- 1, while Fig. 2 shows an example of the coincidence
y-ray spectroscopy study of tH&As decay in the present data. o )
work. The work reported here is part of a larger effort to  The By coincidence measurements were performed using
determineQ, values and neutron separation energies in thé low counting rate of less than about 2 kHz in the
vicinity of the N=50 closed shell. The new data obtained for 8-detector, in order to reduce possible effects due to pulse
the 8As decay and the structure 8fSe provides a solid pile-up. For the same reason, a gated integrator amplifier

basis for this larger effort. 4000 . . . saig T

The experiments were done at the OSIRIS facility at 7548 8183 } o2
Studsvik, Sweden, usingy and yy coincidences ang-ray g %00 l _ | ——Group 7
multi-spectrum scalingMSS). The y-ray spectroscopy was 3

performed using standard coaxial HPGe detectors, while g 2°®¢
Low Energy Photon Ge detect¢LEP) was used as @8
detector. This LEP detector had been extensively calibratec
to permit its use as a spectrometer for electrons. The detecto . . ‘ ‘ ‘
response to mono-energetic electrons was studied over th 725 750 775 800 825 850 875
range 1—-8 MeV using the BILL spectromef{&i previously Ereroy (V)

in use at Institue Laue-Langevin, Grenoble, for energy selec- fiG. 1. Example of the MSS data. The differences in the time
tion of conversion electron lines following thermal neutron gependence for the three decays are visible. The 843.6 keV transi-
capture. The BILL spectrometer was used also to determingon belongs to th&Ge decay, the 754.8 keV transition to fi{éAs

the energy losses in the windows of 0.25 mm Be andiecay, and the 814.7 and 818.3 keV transitions are due {5ths
0.08 mm Al, which separate the LEP from the mass-decay. The spectra are shown in the order listed in the inset, with
separator vacuum. The uncertainties in the derj@esppectra  Group 2 as the topmost spectrum.
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FIG. 2. Example of theyy coincidence data, showing tilleack- :'3, ;
ground subtracted y-ray spectrum obtained by gating on the 3*7¢( &9 2= T ¥ 2007.7
2835 keV transition. The data show that this transition is coincident ¢ s
with the 655 and 755 keV transitions and is not coincident with the % €57 (O+) T86 5 2623.8
1731 keV transition, as previously propogdq?]. CA N
sg8 g
with a short time constant of s was used, as well as active a2 ;’
pile-up rejection electronics. s.0(11) s.68™ a4+ st g 17337
In the current work, we could take advantage of re- '®*  ®4® == T f_/m
examination of a data set obtained by Galyal. [8] in a 147y 957" o 4 ';3 1409.2
study of the fission product yield distribution. This data set e
included results from time sequential simultaneous measure 8
ments of bothy rays andg particles, and could be used to E
derive the absolute intensities of somdransitions. The in- 213  ees 2+ o €52.4
tensity of the 754.8 keV transition of the low spifAs iso-
mer was found to b&+3% /decay using the data 4B8].
This limits the 8 feeding of the ground state to 50% or less. zs@s) s.76 ox 0.0
In the calculation of3-feeding and logt-values, thes feed- “Se

ing to the ground state was taken to be 25+25% /decay. We

2 . _
also found the absolute intensity of the 1091 keV transitionsta::elGO'f AA.SLeTvr:a;slgf firf’:eﬁl:;?rtfd c')? ttgf::gﬁ]y otgt?ﬁegrcr)gﬂg d
in the decay of’Ge to be 80+20% /decay. ) g y g g

state is discussed in the text. For absolutmtensities in %, mul-

& tiply by 0.54.
(5-) 147 ©
82 3
As N ; All y-ray transitions found to follow the decays of the
{:.’ = 82As isomers could be placed in the decay schemes by use of
Ei"{g) |:g°ft s B 1 rosoo the yy coincidence data. The results of theray spectros-
B s - ' copy study are therefore given in the decay schemes only,
§ & with no separate tabulation gfray properties. One should
g f :C note that the transition energies determined presently differ
1aaE sTs (82 Ta® Py 2452.2 significantly from those of the compilé4]. The energy scale
B R s used by us was established by standard calibration sources
© 9§ and confirmed by the presence of lines fréfNa (from the
54(3) 5.39 (5-) = 0o g 849 2891.8 .
3 9% N room backgrounygin our spectra.
19(5) s.o7 (3.4+) LI TS 25485 The level scheme constructed from the data on the decay
g3 ¢ of the (57) isomer of%?As, see Fig. 3, is essentially identical
§ § § to the existing level schem@d], while the level scheme for
g the decay of the low spin isomer shown in Fig. 4, differs
o3 °%t £ =R e 472z from Ref.[4] in important respects. The two states at 2623.8

and 3007.7 keV, previously observed in reaction spectros-
copy only, were now found to be well populated also in ghe
decay. The two highest lying of the tentatively propo$4d
states could not be confirmed by us. Figure 2 shows the
coincidence spectrum seen when gating on the 2835 keV
transition, giving no evidence of the previously assumed
[1,2] coincidence with a 1731 keV transition. The strong
2835 keV transition was now found to depopulate a new

oL TSe 2.0 state at 4244 keV, with a probable assignmentofMost of

the other levels observed have spins well established from
FIG. 3. Levels of®?Se populated in the decay of the Bomer  reaction experiments.

of 82As. For absolutey intensities in %, multiply by 0.75. Some lower lying levels of’Se are populated in the de-

654.4(2) 100(5)
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TABLE |. Total B decay energies of th¥As isomers. All en- 50
ergy values are in keV.
40 | 82
Isomer Gatingyray Final state End point Qg %M E;’ij“sr;'(;"kf\f A
Jm energy energy energy value L3
30
a 755 1409 613763 7546163
2513 4244 326@8) 7513398) %Z "
2835 4244 32986)  753926) = 4135 (10) keV
Average 753121
10 |
5 1540 4090 356@35) 765635) ; .
560 3452 42319  768319) 0 4 TH?; LLDRTE:
Average 7670L7) T — ; — s
% Energy (MeV )
cays of both As isomers. The MSS data give a possibility to 2
separate these two contributions to the intensitieg-ody Py 3 o
transitions showing composite decay curves, and thus to de p spectrum of “As

duce the directg feeding of the lower lying states. In the x| Y gate : 2835 keV

case of the #level at 1733.7 keV, we found no strong direct

B feeding from the(57) isomer, but observe a substantial
feeding from the lower spin isomer, which strongly favours
an assignment df2°) for this latter state. The*lassignment Z 1w}
proposed by Kratzt al. [2] is not compatible with a direct
feeding of the Se 4level. Assignments of2”) and(57) for

the 8%As states agree with all of our observations and are

E =3193 (26) keV

adopted in the following. Th&~™) assignment for the ground 0 [ jB H i
. . : . : il bl
state is plausible also in the view of our observatisee
above regarding thé’Ge decay. b : ; : > ' : : s
The analysis of the end point energies of {Bespectra Energy (MeV)
projected from theg8y coincidence data set is strongly depen-
dent on the choice of the gatingray transitions. Good can- FIG. 5. Examples of the determination Bfspectra end points

didate y rays for gating should depopulate levels with little from the 8y-coincidence data. The vertical axis was selected as the
feeding by transitions from higher lying states. Such feed-square root of the pulse height distribution in order to better show
ing can add unwanted components to fiespectrum. The the quality of the fitgsolid curves. The asymmetrical error bars at
gating transition should also be free from coincidences witHow counts are simply a consequence of this choice of vertical scale.
y rays causing photo peak events in the region near the eriote that the end point energies shpwn have not been corrected for
point energy of the projecte@ spectrum. The decay of the the energy losses in the vacuum window.
(27) isomer gives a good opportunity for projecting cle@n
spectra by gates on the 2513 and 2835 keV transitions. In thiée (57) state is located at 146+27 keV. Had the old level
decay of the57) isomer, similarly clean gates were obtained scheme[4] of 8’Se been used in the analysis, %) state
using the 560 and 1541 keV transitions in Qg determina-  would have been suggested as the ground state. This serves
tion. The analysis of end point energies was performed bys an illustration of the importance of having correct level
fitting a simulated pulse height distribution to the experimen-schemes when deriving total decay energies.
tal data. This simulated distribution was generated by apply- The 8?As ground state can be described as a coupling of
ing the known detector response function to a calculatedhe v"1gy, neutron hole in antiparallel to the odd proton in
spectrum, having a shape according to the Fermi theory. Thihe «f5, orbital. The(57) isomer can be a member of the
results of the analysis are given in Table |I. Examples of fitssame multiplet, or also have a contribution from acoupling
to the data are shown in Fig. 5. involving mps. In either case, an isomeric M3 transition
Using the revised level schemes, Qg value of would be of allowed type. This expected isomeric M3 tran-
7531+21 keV was obtained for th@") state of°?As. This  sition was searched for in the MSS data, resulting in an up-
result supersedes a preliminary value obtained before the dper intensity limit of about 2—3%/decay of tk&") state. The
cay scheme revision, and quoted by Wapstal. [9]. As  partial half life for the y decay is thus of the order of 5
expected from the systematics of the heavier isotéfilBs X 1(? s, or greater, which is reasonable for a M3 transition in
and®Rb, the(2") isomer is the ground state 8tAs, while  this energy range.
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