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THE POSITRON SPECTEUM OF 22Na AND THE NEUTRINO HEST MASS

E, Beck and H. Daniel
Max-Planck-Ingtitute for Nuclear Physics, Heidelberg,
Germany

Sincs Pauli formulated the neutrino hypothesgils the
neutirino rest mass has been assumed to be very small
with respect to the mass of the elactron, or sven
equal to zerol). In the beta continuum the influence
of a finite rest mass is moef striking near the snd -~
point. The most accurats values from tritium measure-
ments yileld a certain uprper limit of tha antineutrino
mass of 1 keV2’3). However, no 8% sgpectrum has besn
measursd for the determinstion of the neutrino mass.
0f course, the reason are better experimental condi-
tions of S~ decay, namely the small tritium end-
point energy of 18.6 keV.

In the last fow years a new interest in the
neutrino mass has resulted from the following facts:

1. The two-component theory of the nsuirino can
be applied only in the case of vanishing rest mass.

2. The u-ﬁeutrino has been found to be different
from the e-neuirino.

4)

3. As has been shown by Weinberg some cosmological
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models imply that the universs 1s fllled with 28 dew
generate neutrino or antineutrino gsa. Since neu-
trinos obey the Ferml atatistics, there can exlat a
Fernl energy EF up to which all nsutrine levels
are occupied., The effeet of a degenerate neutrine
gag on & f spectrum is qualitatively the same as
that of a finite rest mass.
Meagurements on the A% continuum of 22Na have
been carried out at the Heidelberg (= /2)¥ 13 iron-
free g~ray
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Fig. 1, Drawing of some elsctron
orblts. the exit

8lit which
is curved. PFigure 1 shows a schematic drawing of

some slectron orbits. The focusing angle is 8=

= (7/2) Y13 = 324.5°. The radius of the stationa-
ry orbit is ro = 30 cm. The whole spectrometer is

built up without iron in an iron-free duilding. The
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earth’s magnetic field is compensated by two Helm-
holtz coil systems for the horizontal components
and a gystem of four coils for the vertical compo-
nent. At a regolution of n = 0.1 per cent the
fractional s0lid angle ia & = 1.5 per cent. The
gources were preparsd by vacuum evaporation of

carrier-free NaCl.

In figs. 2 and 3 a momentum gpectrum of 22Na
and the Ferml plot are shown, regpectively, The
snd-point energy Eo and the rest mass mvc2
have been determined simultaneously by & least
square f£it. The results of three independent
measgurements at two diffarent gources are:

1, The end-point energy 1is an 545.7 + 0.5 keV,
2. The most probable value of the rest mass is
zero, with a standard deviation of 4.1 keV,
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Pig. 2a. Momentum spectrum of 22Na.
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Fig. 2b. Momentum spectrum of T in the
vicinity of the end-point energy
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Fig. 3. Permi plot of a 22Na spectrum
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Furthermore, the sxpsrimental resulta wers
analysed with a x2 test. The mass turmned out to
be smaller than 6 ksV with 90 per cent confidence.

Tha minimum of x2 correaponds to zerc rest mass.

Table 1 shows a comparison of the end-point energy

TABLE 1
End-point enargy Eo (keV)  Authors and references
542 + 5 Macklin et al, ref, 6
540 + 5 Wright ref. 7
545 + 2 Daniel raf, 8
547.4 £+ 1.0 Nichols et al. ref, 9
543 £ 3 Hamilton et al, ref. 10
543 3 Leutz and Wenninger
ref. 11
545.7 # 0.5 this work

of this measurement with the result of other
authors. The agresment is zood.

As Weinberg has polnted out, a possible neutrine
degeneration causes qualitatively the same effect in
8 f spectrum as a2 finite neutrino mass4). The uppsr
limit of 4.1 keV for ths rest mass may therefors bs
also regarded as an upper limit of ths Fermi de~
generation energy EF' 0f particular interest are
the conseguences for an oscillating universe. If it
undergoes & periodic cycle of expansion and contrac-
tion, then during every cycle as many neutrinos must
be absorbed as are smitted. From this condition ths
following relation can be dsrived
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where EF is the Ferml energy, Ea is the thre-~
shold of the endothermic neutrino abgorption, and
Rm and R are the smallest and the present radilus
of the universe, respectively. From known £ de-
cays ons obtains the estimate E 5 5 MeV.

The limit for the Fermi energy, Eg £ 4.1 kev,

therefore, gives the ratlo
R
m -4
R 5-8'104,

if the universe oscillatea at all.
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