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1. Introduction

The Bi and At nuclei with one and three protons
outside the closed Z=82 shell are of considerable inte-
rest from the framework of the shell model. By coupling
a hg/s proton to the 13/2" neutron hole states in odd lead
nuclei a two-quasiparticle multiplet arises in theadjacent
Bi isotones. The lowest lying level of this multiplet forms
a 10 isomeric state, which occurs with surprlemg regula-
rity in the odd-odd B1 isotopes /17" down to ' °Bi. Neu-
tron hole states 13/2" have also been found in the odd-A
polonium isotopes /2:3/ but at somewhat higher excitation
energies than in the corresponding lead isotones. Decay
spectroscopic investigations 3/ showed that the ground
state of the odd-A astatine nuclei is also characterized
by 17 =9/2~. These similarities to the odd-A bismuth
isotopes inspired the search for 10~ isomers in the odd-
odd astatine nuclei, which are also expected to deexcite
by highly retarded E3 transitions.An isomeric act1v1ty,
first observed /#/ in 1969, was wrongly ascribed toZ%A¢
due to an mcompletely measured excitation function. We,
therefore,reinvestigated this isomer by making use of
different reactions leading to astatine compound nuclei.

2. Experimental Method and Results
2.1. Gamma-ray spectra

The experiments were carried out using the external
beam from the U-300 heavy ion cyclotron, which was
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. 1. A part of the y -ray spectragbtained by bombard-
gxigntlof a%old target );vith 80MeV [2C jons. Both spectra
were measured during 100 ms, the upper spectrum
starting immediately and the lower spectrum 300 ms
after the end of the 112 ms activation period. 2’1(‘)2&3 i*lzlgfgt)
shows the excitation functions of the 426.1 keV ( t 0
and the 587.3 keV transitions.

additionally pulsed by gating the dee voltage. In the energy
range from 40 keV to 2.2 MeV the y-rayswere registered
with a 25 cm3 coaxial Ge(Li) -dete%gr. The target
materials !97Au (2 mgem —2 ), enriched 15Pt and e{x6ri-
ched !%Ir were bombarded with !, !N and 0

ions, respectively. In every case a delayed 587.310.2 keV
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transition was observed, the half-life of whichagreed with
the earlier measured value 74/ of Ty, = 108+10 ms.
Figure 1 shows a part of two subsequently detected y -ray
spectra of the Au+ '2C bombardment. As is seen from
the insert, the energy of the cyclotron did not permit
the measurement of the comglete excitation function. For
this reason we bombarded !” Ir with 137 MeV 1603+
ions. Figure 2 shows y-ray spectra observed during the
beam-off time for iwo different incident energies. The
y -ray energies were calculated by means of the computer
code GAMMA /12/ using external and internal calibra-
tion lines. The accuracy of the transition energies given
in fig. 2 amounts to about * 0.3 keV. In the prompt
spectra, measured during the 1 ms beam-on time, apart
from Coulomb excited transitions of 1°3Ir, no significant
additional transitions of short-lived isomers could be ob-
served.

2.2. Excitation functions

As is already shown in ref.M/ , the energy difference
of the K and L conversion electron lines of the isomeric
transition is AEy; = (79.2r1.1)keV, whichisin agreement
with the value expected for Z =85(At). Inorder to identify
the mass number, the excitation functions of the reactions

193 16 209.-- :
(" 0,xn) * At were measured. The 193} target

(7.7 mgem™" enriched to 98.19,) was made by sedimenta-
tion on a 1 mgem —? Al backing. The beam energy was
varied by calibrated Al foils. The energy loss in Al and
Ir was taken from the energy-range tables V. Between
subsequent runs at different bombarding energies the
spectra of the long-lived activities were measured during
30 minutes.In measuring the excitation functions the re-
maining activity of the preceding runs was taken into acco-
unt.

- Figure 3_shows the excitation functions of y -transi-
tions of the 202— 2054, decays. In the 19311‘(160,4!1)205At
reaction the shift of the peak cross section towards
liigher energies is caused by the influence of the Coulomb
barrier. For 202=2044¢ {he positions of the peak cross
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2. Gamma-ray spectra from the bombardmeiit of

%.lr with 160

between the beam pulses.

, registered during a 2 ms interval
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Fig. % Fxcitation functions of y -ray-transitions of
the 1931r(J60,xn) 209-x At reactions. The hatched fields
correspond to a +50% deviation fro the calculated
positions of the peak cross sections./%/,C.B.denotes the
Coulomb blarrier (ro= 1.5 fm), E ., theinitial energy
of the 1603+ jons, o, the total cross section for
compound nucleus formation.

sections are in fairly good agreement with calculations
based on a semiempirical formula .

The 587.3 keV transition shows the same behaviour as
the transitions of the 204Ac¢ 20%po decay, which agrees
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with the insert of fig. 1. Above 40 keV no further y -ray-
transitions of a similar excitation function were found.

As is shown in fig. 2, a y -ray line of (391.8+0.3) keV
was observed, with T1/2< 10s, the excitation function of
which is quite similar to that of transitions belonging to
the 2027 , 202p, decay. To prove that this transition
is a candidate for the expected isomeric transition in
202A¢  additional experiments should be carried out.

2.3. Decay scheme

Because no further y -ray-transitions were found, we
conclude that the 587.3_keV transition proceeds directly
to the ground state of 2°%At , for which an assignment of
I =7 is favoured. This is supported by the fact /7,87
that the main branches of the ground statedecay of 2047,
proceed directly to the 8% and 6% two-quasiparticle
states in 2%4Po.

The earlier conversion electron measurements 4/ re-
sult in an experimental intensity ratio K/(L+M)=1.5¢%
+ 0.1 which suggests an E3 assignment of the 587.3 keV
transition.

From the present experiment it follows that the isome-
ric cross-section ratio shows a slight increase with
increasing ion energy, i.e., the spin of the isomer should
be higher than that of the ground state. As an independent
check, the 3 min-decay 2%*Rn~20%At  ofthe 294Rn ground
state /%’ with 17 =0+ was measured, whereno 587.3 keV
transition was found. Thus, the experimental data support
an 17 =10 assignment for the 108 ms isomeric state
in 2%A¢. The proposed decay scheme is shown infig. 4.

3. Discussion

204 The decay characteristics of the isomeric level in
At are quite similar to those of the corresponding
neutron deficient bismuth isotopes. We assume, therefore,
that the 10~ isomer&c state in  2%Ac is formed by the
v(irs/2 )" a(hgss )° configuration. The 17=7" ground
state of 204At is realized by the expected shell model

+ 1.2 min 641

13/ 2 =— ~~L___ 108ms
v 0 587.3
==
gg' 0172 0
203 204
8.Pon9 85”tng

204 203 .
Fig. 4. Decay scheme of the * At and Po isomers.

contiguration w(hg,, )3,-v(f . The isomeric E3 transi-
tion is j -forbidden (Aj =4>'L'=3), andthe experimental
half-life exceeds the Weisskopf estimate by a factor of
F-6-102 .This is the same order of magnitude as that
observed for the cO)il/'esponding E3 transitions in the odd-
odd bismuth nuclei .

For the isotonic pairs the energy ditferfnces between
the M4 transitions depopulating the 13/2 neutron hole
states in Pbor Poand the E3 transitions from the adjacent
10~ isomeric two-quasiparticle states to the 7* level
in Bi or At are shown in fig. 5. Due to the very similar
radial wave functions of the i3,  neutron and the
hg/a proton the residual p—n interaction leads to alarge

splitting of the formed two-quasiparticle ‘multiplet. The
experimental data for nuclei with N2>119,showed that the
isomeric 10~
state. The 7+ levels of Bi contain v (fg/2 ) and n(hgyy)
as the main components. Because both configurations have
‘quite different wave functions, the p-n interaction is

state is shifted below the adjacent 13/2*
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Fig. 5. Energy differences between the M4 and E3 transi-
tions in isotonic pairs of Pb—Bi and Po—-At as a function
of neutron number.

diminished and results only in a slight shift of the 7 *
state above the 5/2 " state of the adjacent isotones.

The two-quasiparticle multiplet splitting depends also
on the occupation of the orbit /!!/ which results in the
observed strong dependence of the energy difference of
the M4 and M3 transitions on the neutron number. Beyond
the half-filled orbit the level sequence of the v (f5/2 )l1r(h9/2)l
multiplet changes, which happens in our case for the
f5/2 orbit. As a consequence, we observe a negative
value of the above-mentioned energy difference for the
Pb—~Bi isotones with N< 119 (see fig. 5).

The Po—At values exceed the Pb—Bi values. This
may be explained by the factthat the presence of additional
identical particles, i.e., two hg/o protons in the case of
At magnifies the multiplet splitting /107" 6t the
m(ho/2 )" v(ig g )~! multiplet. The systematics shown in
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fig. 5 may be a guide for the search of further j -forbid-
den E3 transitions in the At nuclei. _

The authors wish to express their thanks to Academ}—
cian G.N.Flerov, Profs. L.A.Sliv and L.K.Peker for their
interest in this work and valuable discussions.
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