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At the present stage of atomic theory, however. we may say that we have
no_argument. cither empirical or theoretical. for upholding the energy

principle in the case of B-ray disintegrations, and are even led to com- Noels
plications and difficulties in trying to do so. Of course. a radical depar- @ o1, ¢
ture from this principle would imply strange consequences. in case such a

process could be reversed. Indeed. if. in 2 collision process. an electron

could attach itself to a nucleus with loss of its mechanical individuality,

and subsequently be recreated as a B-ray. we should find that the energy

of this B-ray would generally differ from that of the original electron.

Still. just as the account of those aspects of atomic constitution essential

for the explanation of the ordinary physical and chemical properties of

matter implies a renunciation of the classical idea of causality. the fea-

tures of atomic stability. still deeper-lying. responsible for the existence

and the properties of atomic nuclei, may force us to renounce the very

idea of energy balance. I shall not enter further into such speculations and

their possible bearing on the much debated question of the source of

stellar energy. I have touched upon them here mainly to emphasize that in

atomic theory, notwithstanding all the recent progress. we must still be

prepared for new surprises.

mcerning the more general possibility of surprises in those interactions
ve today call “weak.” Bohr should maintain his point in another respect.
aver. his idea that there was only a statistical conservation of energy in

interactions seemed unacceptable to both Fermi and me. We had many
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He]icity of Neutrinos™

-

_ M. GorpHABER, L. GRODzINS, AND A.. W. SUNYAR

Brookhaven National Laboratory, U pton; New York
(Received December 11, 1957)

COMBINED analysis of circular polarization and
- resonant scattering of vy rays following orbital
electron capture measures the helicity of the neutrino.
We:ha.ve carried out such a measurement with Eu!s?m,
which decays by orbital electron capture. If we assume
the- most plausible spin-parity assignment for this
isomer compatible with its decay scheme,! 0—, we find
that the neutrino is “left-handed,” ie., @, p,=—

(negative helicity).

- Our method may be illustrated by the following
simple example: take a nucleus 4 (spin /=0) which
decays by allowed orbital electron capture, to an
excited state of a nucleus B(/=1), from which a y ray
1s emitted to the ground state of B(I=0). The condi-
tions necessary for resonant scattering are best fulfilled
for those v rays which are emitted opposite to the
neutrino, which have an energy comparable to that of
the neutrino, and which are emitted before the recoil
energy is lost. Since the orbital electrons captured by a
nucleus are almost entirely s electrons (K, L, - - - elec-
trons of spin S=3}), the substates of thedaughternucleus
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_ Super-Kamiokande
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° Detector(ID): 11,200 Photomult. Tubes, 32,000 metric tons

° etector(OD): 2,000 Photomult. Tubes, 18,000 metric tons

Michael B Smy. UC Irvine
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§ MSw Effect
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the (sin®20, Am?)-plane for "Be neutrinos at the KamLAND and Borexino
sites. The right side of the plot, with decreasing scale, can also be thought
of as Am? < 0, § < 45°.
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Figure 1: Constant day-night asymmetry contours (10%, 5%, 1%, 0.5%) in
the (sin®#, Am?)-plane for "Be neutrinos at the KamLAND and Borexino
sites. The vertical dashed line indicates sin?@ = 1/2, where the neutrino
vacuum mixing is maximal.
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Allowed by SK rate at 95% CL
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Allowed by Homestake rate at 95% CL
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Allowed by Gallium rates at 95% CL
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