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" ~"I negative P decay the binding energy of the orbital electrons. of the daughter atom exceeds that of the parent atom. The
question of how this energy excess, AB,=E(Z+1) E(Z), is—' dis-

posed of has been discussed theoretically since 1937. Goldstein'
and Hebb~ came to the conclusion that b.E, is carried away by the

P particle, the result being a cutoff at the low-energy end of the

P spectrum at 16 kev for Z=82, according to the Fermi-Thomas
model of the atom. This looked plausible because there is no ap-
preciable coupling of the neutrino with the atomic electrons.

Some P emitters having an upper energy limit Ep of the same
order of magnitude as E, should thus have a spectrum with a line

shape about the endpoint. Among these elements, RaD seemed
best suited for examination because it can be introduced into a
proportional counter in the form of gaseous lead tetramethyl, the
measurement thus avoiding difhculties by self-absorption and
backscattering. P decay of RaD is followed by a strongly con-
verted y ray of 46.5 kev. In most disintegrations the proportional
counter will therefore measure the sum of the energies of the

P particle and the secondary radiations caused by the conversion,
i.e., the sum of the energies of the P particle and the p ray. Thus
the measured distribution should give immediately the shape of
the P spectrum shifted towards higher energies by 46.5 kev. But
the counter gives finite line-width for a monoenergetic line and
thus Battens the steep beginning of the spectrum. The correction
for this is the only important one. In the case of solid sources
corrections are more complicated. '
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FIG. 1. P spectrum of RaD, uncorrected.
(Corrections are needed from 0 to 4 kev).

The pulse output of the counter was analyzed by the method of
Curran et al.4 Figure 1 shows the result. The smooth curve corre-
sponds to a straight Kurie-plot from the endpoint down to 7.5 kev,
below which it is fitted to the measured distribution (without
corrections).
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There is no cutoG at 16 kev; i.e., bE, is shared between electron
and neutrino. This agrees with recent theoretical considerations.

After the experiments described here had been finished, Jaffe
and Cohen6 published their results on the disintegration of RaD.
They used almost the same experimental methods, and arrived
at the same result as to the disposal of bE,. However, they found
Ep=15.2&1 kev, while the Kurie-plot corresponding to Fig. 1
gives Ep=23.0 kev with an estimated accuracy of %2.5 kev. An
error of more than —3.0 kev seems not to be compatible with the
experimental results. Energy calibrations were made by super-
imposing the E rays of Ag and the p ray of RaD from external
sources. Jaffe and Cohen calibrated in a similar manner, taking the
widths of the calibration lines as a check of the proportionality
of the counter. Proportionality of the whole apparatus near the
endpoint (So+46.5 kev) could not be directly measured. Perhaps
this may cause the discrepancy in the values of Ep.

Figure 1 shows a maximum in the energy distribution at about
4.5&2.5 kev (Jaffe and Cohen: 2.7 kev). (The uncertainty in its
position is caused by deficiencies in the calibration: neither Jaffe
and Cohen nor the present author disposed of y sources strong
enough in comparison with the gaseous source. ) At the moment it
cannot be said whether the maximum is real or not. The correction
for finite line-width is somewhat dificult, and that made by
Jaffe and Cohen leads to a rather broad uncertainty in the shape
of the spectrum below 3 kev. It can, however, be shown that the
real shape below 4 kev can be calculated with an accuracy of 5
percent. Calculation shows that a maximum below 2.5 kev may
be caused by finite line-width; if it lies at higher energies it must
be real.

In all cases the cal'culation exhibits a marked deficit of P particles
at low eriergies compared with the Fermi theory neglecting screen-
ing of the nucleus by the orbital electrons. (This is confirmed by
the quite simple calculation of the shape the counter gives to a
theoretically allowed spectrum with Ep=23 or 15 kev, shifted by
46.5 kev towards higher energies. ) Screening diminishes the prob-
ability of emission at low energies. Computations are not yet
available in the case of RaD, but are now in progress at the Uni-

versity of Marburg. However, there are doubts that the effect of
screening is sufriciently high to explain a pronounced maximum,
if it should exist,

A full account of the experimental work and the necessary
corrections will soon be published elsewhere.
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"

NUCLEAR states with zero spin and even parity have been
found in iQK", ivCP4, and i3Al".' Their half-lives are

(0.95+0.03) sec, (1.58+0.05) sec, and 6.3 sec, respectively. They
decay by positron emission directly into the ground state of the
neighboringeven-evenisobarsA', S",and Mg '. The disintegration
energies correspond closely to the decrease of Coulomb energy.

Assuming a uniform distribution of the nuclear charge in a
spherical volume and using the empirical mass differences, we can
calculate a nuclear radius R.~ In Fig. 1 the resulting values of
fp=RA ~ are plotted against the number of protons. The black
points refer to the well-known mirror transitions. They show that
at least for A)20 a useful approximation of the Coulomb energy
results from the value rp= 1.43&(10 "cm. The open circles, repre-
senting K', CP', and AP, fit well to this value of rp. That means
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that the Coulomb energy (together with the neutron-proton mass
diGerence) accounts for the whole energy difference between the
0+ states of the neighboring isobars with A =38, with A =34, and
with A =26.'

This result confirms not only the assumption of charge sym-
metry but even of charge-independence of the nuclear forces.
Furthermore it allows us to assign isotopic spin T= 1 to the
0+ states of AP6 CP4, and K'8. This assignment is confirmed by
the constancy of the logft values: K" (3.35&0.07), CP' (3.47
&0.06), and A126 (3.52&0.10). These values also may be com-
pared with the corresponding values of 0'4 (3.52~0.10) and
C'4 (3.31+0.15).4 From the mean value (3.44+0.05) we deduce
a Fermi coupling constant (1.51&0;08))(10"erg cm'. This re-
sult agrees with the value (1.55&0.10)X10 erg cm' which
Kofoed-Hansen and Kinther' derived from the ft values of odd-A
nuclei.

The assignment of isotopic spin one to the 0+ states does not
imply that the isotopic spin is a good quantum number. The high
purity of isotopic spin in these particular cases probably arises
from the fact that the next admissible states with the same spin
and the same parity, but with diferent isotopic spin, occur only
at much higher excitation energies.
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FIG. 2. Level schemes of the odd-odd nuclei containing an equal number
of protons and neutrons. As a basis of reference the 0+ states (T =1) are
arbitrarily put to the same level.

6-

4.

3.

2.

Tap

S T=1

( )Isomeric state

Ct
l

11

IC1

I

I

&s

Sc

I ay
y M

I

(q)

(ill)„

l

growth of the spin with every added pair of nucleons in the lower
half of the 1p shell and in the lower half of the 1d shell, is still
unchanged, and the prediction of spin five for A125 by King and
Peaslee is verified. It looks as if all the orbits were paired, while
all the spins are aligned. In the 1ds~~ shell and in the 1f7~g shell,
however, holes and particles seem to be nearly equivalent, which
indicates prevalence of j—J coupling.

FrG. 1. Reduced nuclear radii rp =RA»g, calculated from the
empirical disintegration energies.
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Frc. 3. Spins of the light odd-odd nuclei.
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The smooth dependence of ro on the atomic number (Fig. 1)
enables us to predict the position of the 0+ levels in P", Na" and
F".The analogous states of N", 8",and Li' have been found em-
pirically. 4 In every odd-odd nucleus with an equal number of
protons and neutrons we therefore know the relative positions
of the lowest (T=1) and (T=O) levels. Figure 2 shows the corre-
sponding level schemes. The spin assignments are taken from
reference 1.

From the new spin assignments there also follow some small
modifications of the diagram given by King and Peaslee' for the
ground-state spins of odd-odd nuclei with neutrons and protons
filling equivalent shells. In the new diagram, Fig. 3, the low-
lying isomers of the f7&2 shell have been plotted as additional
points. The most puzzling feature of this diagram, the steady

A detailed report will appear in IIetvetica Physica Acta. I am
grateful to Dr. P. Preiswerk for many helpful discussions.
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