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Alpha-Emitting Isomer Polonium 2117
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PIESS' has recently found that the o-particle

bombardment of §,Pb*® produces two short-lived
« emitters belonging to s,Po?!, with E,M=7.14 Mev,
Ty®W=123 sec, and E,®=7.43 Mev, T;®=0.52 sec.
He concluded that these two states are isomeric states
of g,Po?!, the 25-sec state being the ground state and
the 0.52-sec state being an excited state having a low
spin and an excitation energy of 0.3 Mev. He points
out, however, that this explanation leads to a difficulty ;
in the K-capture decay s;At*'! — s,Po?! only the 0.52-sec
activity is observed. Since, according to shell theory,
the ground state of both sPo?! and ssAt2! have spin
9/2, it is hard to understand why the 25-sec activity
is not also found. Spiess also observed long-range o
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F16. 1. Decay scheme of gsPo?,

particles of low intensity, but did not identify them.
We have investigated these long-range a particles and
have shown that they are from gsPo?!. Our results lead
to the revised decay scheme shown in Fig. 1. The 0.52-
sec state appears as the ground state, and the difficulty
mentioned by Spiess thus disappears. The 7.14-Mev
a decay does not take place from the ground state of
saP0®™ but occurs from a 1.30-Mev 25-sec level and
goes to the 4132 state of ssPb¥7.

The decay scheme shown in Fig. 1 was deduced from
the experiments 1-5 described below. In all of these
experiments a thin lead foil was bombarded by «
particles for 1 minute and measurements were started
about 30 seconds after the end of the bombardment.

(1) The measurements of the energy of the a par-
ticles, made with an ionization chamber, gave peaks at
7.144-0.05 Mev, 7.854-0.05 Mev, and 8.704-0.05 Mev.
Figure 2 shows the pulse-height distribution. The dif-
ferences in the o-disintegration energies: 8.87-7.28
=1.5940.07 Mev and 8.87-8.00=0.87+0.07 Mev
agree with the excitation energies of the 4132(E=1.63
Mev) and the ps2(E=0.87 Mev) states of gPb%7.2

(2) The three a groups (E=7.14, 7.85, and 8.70 Mev)
all have the same half-life of 25 sec. A fourth weak
group at 6.584-0.05 Mev decays with a half-life of about
2.1 minutes and probably belongs to g3Bi*!.

(3) The intensity ratios of the three groups remain
unchanged while varying the bombarding o energy
from 21.3 to 24 Mev, thereby changing the cross
sections by a factor of about 3. These results indicate
that all three groups are emitted from the same level
of g, Po®l,

(4) vy-ray measurements with sodium iodide scin-
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tillation counters showed the presence of a 0.56-Mev and

a 1.06-Mev « ray, both decaying with a half-life of 25
sec. The two vy rays are in coincidence.

(5) Since the half-life of the 7132 state of g2Pb?7 is
0.84 sec,® the 7.14-Mev alpha particles should not be in
coincidence with v rays. a—y coincidence experiments
with pulse-heights election confirmed this conclusion.

The absence of a 7.43-Mev a-peak in the pulse-
height distribution indicates that the partial half-life
of the v transition from the 25-sec state to the 0.52-sec
state is at least a hundred times as large as that for the
a transition. From Weisskopf’s formula* it follows that
a transition with L >35 is necessary to explain such a
long half-life. According to shell theory, the 0.52-sec
level should have a spin of 9/2. The 25-sec state then
must have a spin of at least 19/2. This conclusion is
also supported by a-decay considerations. Calculations
of the a-decay half-lives, made using a semiempirical
formula,’ yield the result that spin changes of about 9,
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8, and 5 units accompany the 8.70, 7.85, and 7.14-Mev
a decays of the 25-sec level and that the 7.43-Mev «
decay occurs with a spin change of about 4 in agreement
with the shell theory assignment of 9/2 for the spin of
the 0.52-sec level. These results show that the spin of
the 25-sec state very probably lies between 19/2 and
“about 23/2.

The simple single-particle model cannot explain the
high spin of this excited state, since the highest reason-
able spin for a low excited level of ssPo*! would occur
for the 127th neutron in a 752 state. Spiess’ suggestion
that the excited state of gPo?! is due to ‘“core iso-
merism”® is consistent with our decay scheme. By
exciting the proton core to a (kg2 f7/2) configuration, and
assuming the 127th neutron in the go/» state,” the maxi-
mum spin of the 25-sec state would be 25/2.

It is somewhat surprising that the expected 25-sec
a-particle group which decays to the fs state of gsPb?"7
could not be found. There seems to be some con-
sistency, however, since the decay of the 0.52-sec level
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of 3gsPo?! to the [y state of 3sPb®7 is also unexpectedly
weak.8

According to these results the 8.70-Mev « particles
decay with a partial half-life of about 360 sec from a
state with a spin of at least 19/2 into a p; state. This
is probably the largest spin change known for a nuclear
decay.

The authors are grateful to Professor E. Segré for
suggesting this investigation. We thank Professor Hans
Frauenfelder and Professor Peter Axel for valuable dis-
cussions and Mr. Sidney Singer for advice and help
during the experiments.
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Vacuum Polarization in a Strong
Coulomb Field*
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N the interpretation of recent experiments with x-rays

from p-mesonic atoms, some reference has been
made to the role of vacuum polarization both in con-
nection with the p-mass determination! and in con-
nection with nuclear radius determinations.2=® The
estimates made have been based on the Uehling for-
mula,® which is merely the first term of an expansion
in powers of aZ. Since the experiments have been
carried out in elements as heavy as lead, for which
aZ=0.6, the role of higher-order corrections may be
significant.

Another situation in which such effects may play an
experimentally significant role is in connection with the
x-ray fine-structure separation (2P;—2Pj) in the heavy
elements. The large value of the nuclear radius deduced
by Schawlow and Townes” from the anomalous Z
dependence of this fine structure might be brought into
agreement with values determined by other methods by
including electrodynamic effects. One must in this case,
of course, include the effects of the mass operator as
well as those of the polarization charge.

There is, of course, also some general theoretical
interest in the treatment of such quantities, by tech-
niques which either avoid power series expansions in
certain quantities, usually treated as small, or which
establish the convergence of these power series. Ac-



