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Level structure of ™As from the "*Ge(w, np ) reaction
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States of As, ‘excited through the Ge(a, npy) reaction at E, =30 to 55 MeV, were studied.
Excitation functions, y-ray angular distributions, y-y coincidences, and y-time distributions
with respect to the beam bursts, were determined. Three excited states are identified with

. Btates previously observed with the (p, ) reaction. In addition, six new levels are incor-
porated into the level scheme. ' The decay pattern of these.levels is rather simple. The exis-
tence of two y-ray cascades showing quite similar energy spacings and possible spin se-
quence J=7—~6—~5—+4 which mzirly feed the known 37 state at 183.0 keV state is observed.
A half-life T'(;,=28%2 nsec of 2 level at 259.2 keV was determined. Tlus is the state whose.
£ factor was previously assigned to 2 level at 273.8 keV.

NUCLE AR REACTION 7~Ge(a nm)“As E,=30 to 55 MeV; measured E,,I,,7(8),
exe. funct., v-v,v-t (nsec) “As deduced levels, J,nm, Ty/,. Enriched Ge targets
. Ge(Lx) detectors.

1. INTRCGDUCTION

~ The odd-oad nucleus “As has been studied in the
past by means of the (p,ny) (Refs. 1-4), (°He,d)
(Ref. 5), and (p,d) (Ref. 6) reactions. The most
recent and comprehensive investigation is that of
Kimura? who, from the measurement of conver-
-sion electrons and cross sections determined
spins, parities, and y-ray multipolarities cor-
respondirg to levels up to about 470 keV. The
earlier work on (*le, d) and ({) d) mostly con-
Aributed with spectroscopic factors and angular
_momentum tr arx.uer values. In addition, Chris-
tiznsen ef «l.° determined the lifetime and g factor
of a level proposed at 273.8 keV. The 1dem1hca-
tion of this level as well'as another one at 14.8
keV is at variance with other investigations. '™
In this papcr we report the resuits of a study of
the "?Ge{a, npy) rveaction at £_ =30 to 55 MeV lead-
ing to levels cf ™As. As exnected, this reaction
populates rew levels cofrespond;ng to spin values
higher than those observed up to now. The decay
pattern of these levels is rather simple and exhib-
its interesting features like {or instance the exis-
tence of two y-ray cascades showing quite similar
energy spacings and possible spin sequences
J="T—6= 5~ 4 which mainly leed the known' 3"
statc at 183.0 keV. In wurn these cascades are
similar to another recently reported in the neigh-
boring isciope "“As.” The present data also show
that the ¢ factor and lifeiime previously ascicred
10 2 level at 272.8 keV correspond to a level at
259.2 keV.

pis "EXPERIMENTAL METHODS AND DATA ANALYSIS

A 55 MeV &-particle beam, obtained from the
Buenos Aires synchrocyclotron and degraded to
30 MeV in steps of 5 MeV, was used to bombard
a 5 mg of enriched (82%) 72Ge target bound to a
thin Mylar foil. : :

In the present work the experimental informa-
t10'1 was obtained through the measurement of (a)
y-ray eXcitation functions between I, =30 and 55
MeV, (b) -y coincidences, (c) y-ray time distri-
butions with respect to the beam pulse in the nsec
rang}e, and (d) y-ray angular distributions. Three
Ge(Li) detectors were used throughout the experi-
ments. Two of them were of about 7% efficiency
and 2.4 keV resolution at the *°Co lines. The third
was an x-ray spectrometer of about 700 eV at 122
keV.. The data were accumulated in a 4096-chan-
nel memory and the spectra were analyzed with

the help of a light pen and small HP computer uSinf.{-

a program developed in this laboratory.® Energy
and eificiency calibrations were obtaincd using.
standard radioactive sources of **Eu and '**Ba.> '
The y-ray energies determined with the large
detectors (£,>100 keV) of all but the weakest lines
are estimated to be accurate to within 0.2 keV,
while for £, <100 kcV the x-ray detecior was us sed
and the energy accuracy was increased to 0.05 keV.
The errors of the y-ray intensities range from’
10% for the sirongest lines to 30% for the weakest
and ‘or.low energy (%,<80 keV) lines. In the fol-
lowing we summarize the most relevant informa-
tion correspending to the different measurements.
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FIG. 1. Single y-ray spectrum from the 2Ge+ o reaction at E, =35 MeV, obtained with a large Ge(Li) detector (upper
part) and an x-ray detector (lower part). The ¥ rays assigned to ™As are labeled with solid dots and the lines originating

in the target backing with the letter C.
reaction. T

_A. Excitation functions

In Fig. 1 the low energy v-ray speetrum obtained
with the x-ray detector and the spectrum obtained
with a large Ge(Li) diode corresponding to £, =35
MeV are shown. The peaks assigned to "As are
indicated with solid dots. The most prominent
peaks corresponding to 7*Se,As,?As, and back-
ground lines from the target (denoted C) are also
labeled. The peak at 183 keV is composite but
could be well resolved with the small x-ray de-

" tector. About 60% of the intensity belongs to "As
while the rest corresponds to the *O(a, np)'®F re-
.action. Table I lists the y-ray energies and in-
tensities at E_, =35 MeV. The variation of the y-
ray intensities with bombarding energy is shown
in Fig. 2. The intensities from the diiferent runs
were normalized using the photopeak area of the

835 keV line from the inelastic scatlering reaction

>

Part of the intensity (40%) of the 183.0 keV line corresponds to the *Ofa,xp)8F .

TABLE 1. Energies, intensities, and angular correla-
tion coefficients of v rays from the "’Ge(a,np¥)"As re-"
action at E, =35 MeV. ' :

E, (keV) 1 Ayl
55.95 70 ~0.15+0.21
. 63.84 46 0.13+'0.13
. 76.21 85 0.25+0.10
79.28 37 0.02+0.09
88.58 12 .
153.0 9
. 183.0 100 -
- 201.2 54 —0.08+0.14
21176 33 —0.26+0.17
259 .. 38
271.5 28 0.67+0.11

. * The computation with both 4, and A, as free para-
meters yielded very large errors, with A, consistent

with zero. Hence we quote the results of fitting the data
with A, fixed and equal to zero.

.
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FIG. 2. Excitation functions of v rays assigned to -
"As. The v intensities were normalized to the intensity
of the 2*— 0* transition in-the target nucleus arising
* from inelastic scattering.

on the target as standard. A comparison with the
excitation functions corresponding to other reac-
tions produced simultaneously, shows that the
(d,,np) process’is easily distinguishable from the
others. The curves for the hitherto known*y
rays of energies of 76.2 and 271.5 keV were used
as a preliminary tool to identify the other ¥ rays,
later confirmed by coincidences.

B. -y coincidences

Different runs were carried out to determine
coincidence spectra using either the x-ray or one
large Ge(Li) detectors to observe the y rays se-
lected as gates. A’ conventional coincidence sys-
tem with a time resolution of 100 nsec was used.
The data were routed into four separate 1024-
channel sections of the analyzer memory cor-
responding to equal windows sct on peaks and
adequate background intervals. The net coinci-
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FIG. 3. 'y-"y coincidences spectra obtained by gating
on the 76.2 and 211.6 keV lines. The 96.0 keV peak
comes from the 96.0—~ 213.8 keV cascade in "2As and
the 300 keV line is due to the backscattering radiation

_from the annihilation peak.

dence spectra for gates on the 76.2 and 211.6 keV
peaks are shown in Fig. 3, and the results of these
measurements are summarized in Table II.

C." Anguiar distributions

y-ray spectra were taken at angles of 75°, 90°,
100°, 110°, 120° ‘and 133° with respect to the
beam direction. The target was rolled into a cylin-
drical shape of 3 mm in diameter. The Ge(Li) di-
ode was placed at 15 cm from the target. The
normalization of the spectra at different angles
was obtained by feeding the oulput of a pulser,

- triggered by signals from a monitor detector, into

the preamplifier of the moving detector. Owing to
the large errors of the experimental values plus

TABLE II. y-y coincidence intensities from the present experiment (intensities corrected

with the detector efficiency are given in arbifrary units).

A

=
Gate\' 7 55.9 63.8 76.2 793 88.6

153.0 183.0 201.2 211.6 27135

55.9  eee © 30 30
63.8 ves 8
76.2 50 ) s 30
79.3 20 14 aee
183.0 110 13 140 60 20
201.2 57 32 52

211.6 .80 8"

32 30 - L
4 8 17 14
. 62 31
13 . 20
4 e 85 15
: - 52 see -
8 10 e 27 -




the lack of data at large angles, the A, term was
ne;ilect.e&l and the data were fitted to the function
W(6)=1+A,P,(cosp). The resulls are given in
column 3 of Table I. No value is shown for the
183.0 keV line because it was, as mentioned above,
unresolved from a contaminant line. Also the
angular distribution for the 88.58, 152.0, and
259.2 keV lines was not determined due to the low
intensity of these lines. Most of the lines appear
almost isotropic showing an A, parameter con-
sistent with dipole transitions, while the 271.5
keV vy ray clearly exhibits a positive anisotrcpy.

D. Timing

To investigate the existence of 1somer1c ‘states
w1th lifetimes longer than a.few nsec, the small
x- -ray. detector was used; and the time interval
between its pulses and the svnchrocyclotl on radic-
- frequency was recorded following the method of
Yamazaki and Ewan.!' The data were accumulated

in 64 X 64 channel format in the analyzer memory
spanning the energy range 40<E,<100 keV. The
system’s time resolution was about 15 nsec and
the slope of the prompt distribution was 5 nseec.
All the y rays with E, <100 keV -assigned to ™As
exhibit a prompt distributicn except_the 76.21 keV
v ray. The latter shows a hali-life of 28 +2 nsec
in good agreement with the value of 26.8+0.5 nsec
previously measured by Christiansen ¢/ al.? These
"authors, however, associate the 76 keV y ray with
a level different from that proposed in both
Kimura’s* and the present work.

III. CONSTRUCTION OF THE LEVEL SCHEME

From the single and coincidence intensities and
energies presented in the previous section we ob-
tain the level scheme shown in Fig. 4. On the
basis of the level scheme obtained from the .
strongest lines a search for additional weak cross-
over transitions was made. Only a 259.2 keV ¥
ray was found which éould be only tentatively as- -
signed to "*As. -

'183.0 and 271.5 ke V levels. The strong 183.0

" kev ¥ ray was shown by Kimura! to be the ground
-state transition from a level at this energy, in
contrast with earlier investigations® in which the
v ray was thought to populate a state at 14:9 keV.
The spin- parlty of the 183.0 keV level is deter-
mined from Kimura’s internal conversion mea-
surement and the analvsis of the (p,ny) yields
using Hauser-Feshbach theory to be 3°. The spin
and varity of the 271.5 keV level was also deter-
mined from the Kimura’s work to be J'=4", Our
angular distribution data are consistent with this
spin assignment. Qur timing measurements show
that the hali-life of this level is less than 5 nsec.
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FIG. 4. Level scheme for ™As proposed in this work.

Taking into account the branching ratio, the 271.5
keV E2 transition must be of order of the single-
particle estimate or faster. Assuming that the £2
transition is not enhanced more_than a factor of

10, the 89 keV M1 transition to the 3° state at

183 keV is about 100 times hindered. This hin-

drance has been observed in A1 transitions in

other neighboring odd-cdd nuclei such as Br.!%
259.2 keV level. Up to now there is contradic-

' tory evidence for the existence of this level.

Christiansen et al.? propose a 76.3-182.6 keV y
ray cascade and a 259 keV line as deexciting a
level at 273.8 keV into the 14.9 keV state men-
tioned in {lie preceding paragraph. They deter- '
mined both a half-life of 26.8+0.5 nsec and a ¢
factor equal to 0.809+0.010 for this level. From °
the g-factor measurement they deduced positive
parity for this state and from the intensity of the.
neutron feeding in the (p, n) reaction J=3 is in-
ferred. Later Kimura® placed a 76.2 keV. y ray

as depopulating a tentatively proposed 259.2 keV
state into the 183.0 keV state. He did not observe- -
a 259.2 keV y ray and proposed J=4 for this state
on the basis of the E1(M1) multipolarity deter-
mination for the 76.2 keV v ray and the low neu-
tron feeding! at ~260 keV. The 76.2-183.0 keV -
y-ray cascade suggests that the 273.8 keV state.
of Christiansen ef al.? and the 259.2 eV state of
Kimura®! are the same; the difference lying in the
assumption by the former authors of the existence
of a 14.9 keV state. "Qur data are in avreement
with Kimura’s as renard to the existence of a

- level at 259.2 keV deexcited by a 76.2 keV y ray.

On the other hand, our timing measurement yields

-
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a half-life of 28+ 2 nsec for the 76.2 keV line and
a T,;,<5'nsec-for the preceding 56 keV transition

(Fig. 4).” These facts indicate that: (a) The 76 keV -

¥ ray, observed by Christiansen et al.,? Kimura,*
and us are the same; (b) the half-life of ~27 nsec
corresponds to the level deextited by such y ray.
Furthermore, the @-value analysis of Kimura
shows fairly. concldsively that the 183 keV transi-
tion goes to the.ground state and not to the 14.9.
keV state as claimed by Christiansen ef al., so
that the level under discussion must lie at 259.2
keV. The most likely spin assignment for this
state is J=4. This is based onthe following:. (a)
The 76.2 keV y ray must have'dipole character
because of the level’s half-life and the intensity
balance in and out of the 183.0 keV state.. [Other-
wise the correction for internal conversion would
imply I, (76.2)>1 (183.0)]. This is consistent with
our angular distribution data and is also in agree-
‘ment with Kimura’s internal conversion results.
(b) The branching ratio J{259.2)/1(76.21) and the
lack of crossover transitions from upper states
make the possibility'J=2 or 3 very unlikely. In-
addition any of these assignments would imply
quite different (of the order of 10%) hindrance fac-
tors. for the transitions depopulating the 259.2
keV state. It is to be noted that the argument
utilized by Christiansen et al.? to propose J=3
instead of J=4 (i.e., neutron feeding intensity into
this level) reverses itself if the level.lies at
~260 and not at ~274 keV. Furthermore tho as-
sumption of positive parity implies an M2 259.2
keV transition with a measured half-life which
agrees well with the single-particle estimate and
systematics, and an E1 76.2 keV line hindered 10*
times which again is in agreement with hindrance
values encountered thrdughout the Periodic Table
for E1 transitions. Thus we propose J* =4 for
the 259.2 keV state.

315.1 and 335.4 keV levels. These two Icvels
have similar decay modes, feeding the 4% 259.2

and 4~ 271.5 keV states, respectively. The inten- .

sity balance (due to the internal conversion cor- -
rection), and the determined half-life limit of
T,.<b nsec for both indicate that the 55.9 and
63.8 keV v rays are dipole transitions. . The angu-
lar distribution of these two ¥ rays.are essentially
isotropic and hence consistent with the deduced
dipole character. The nonobservation of any
crossover transition into lower states suggest
that their spin is J=5, while consideration of.
usual hindrance factors for M1 and E1 transi-
tions, together with the measured half-life limit
appear to favor nc change of parity in either case.
Hence, the spin-parities J°=(5") and (57) for the
315.1 and 335.4 keV levels are tentatively pro-
posed. It should be noted that Fournier ef al.®
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have observed a J"=5" or 6~ level at 337 keV which
could be identified with our 335.4 keV level.

~ Levels above 500 keV., Each of these levels de-
cays by a single transition. Because of the transi-
tion energies and the upper T,,,<5 nsec limit for
these states (inferred from the measured half-life
of the 55.9 and 63.8 keV lines) they should deexcite
through dipole radiation. This is also borne out
by the angular distribution data and in the case of
the 79.3 keV line, the additional argument can be
usod that a qmdrupole transition would imply a
conversxon coefficient not consistent with the in-
tenSJty balance. Since crossover transitions are

‘not observed, the most likely spin assignments

for the 516.3 and 547.0 levels is J= 6 and for-the .

" 595.6 and 700.0 keV levels is J=1.

IV. DISCUSSION

The (a,np) reaction studied in the present work
shows much more selectivity in populating states
in ™AS than those reactions previously used to
investigate ihis nucleus. . The decay scheme ob-
tained here is rather simple and only a fraction of
the observed levels were seen in earlier works,
most of which made use of_the (p,n) reaction at
low energy.. In addition to selectivity, the (a,np)
reaction should favor high $pins because of the
large angular momentum carried in by the projec-
tile., However, the highest spin proposed in this
work (J=1T) is small compared to those usually ob-
tained with (a,xn) reactions in heavier even-even -

‘nuclei. Both results, the degree of selectivity .and

the amount of maximum angular momentum pro-
posed here are in agreement with what has already

. been reported before in studies of nuclei in this

region of the Periodic Table.” It is to be noted,
however, that the possibility of observing higher
energy levels was hampered in the present work
by the lack of statistics in the high energy part of

“our coincidence spectra. Longer runs using a

megachannel system would be desirable to deter-
mine with higher accuracy to what degree is there
a significnﬁt difference with heavier even-even
nuclei in this regard.

A particularly interesting feature of the level
scheme obtained in this work is the appearance
of two groups of levels of very similar spacing _
and possibly equal spin sequence which decay into
the ground and 3~ 183.0 keV states. The lowest
members of these two groups are the 4 state
at 259.2 keV and 4~ at 271.5 keV as discussed in

. the preceding section. The next states up have

possibly spin J*=(5* ) and (57). The fact that the
two sequences of levels with proposed spins

.J=4, 5, and 6 lie at such a similar excitation en-

ergy, is remarkable and suggests that they cor-
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responil to opposite parities. 1t is also worthwhile
pointing out that a very-similar “band” has been
observed in "*As. . In this nucleus a 4~ state lies

at 309.8 keV, which is mainly fed by a (67)-5-4-
cascade with energy spacings of 200 1 and 53.0-

keV,grespectively, showing an interesting paral-
lelism with *As. No simple description of these
bands can be proposed.here. Nonetheless, the
regularity exhibited by these groups of levels is

intriguing and stimulates further study.

*Fellow of the Consejo Nacional de Investigaciones
Cientificas y Técnicas.
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