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The vector £ can be considered as the operator of the isotopic
spin of the lepton. Thus the lepton is a particle with isotopic
spin 1. Its three charge states (electron, positron, and neutrino)
correspond to the three possible eigenvalues (F1,0) of &. The
three wave functions %, v, w (each of which is a four-component
Majorana spinor) themselves form a vector in the space of the
isotopic spin.

As is well known,? there exists also an irreducible representation
of rank four of the three abstract operators satisfying (4). This is
given by the Hermitian matrices

0 030 4 [0 000 00 00
gr=| 0000, O 00| ., 00 00
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If we write Ng= —i(&'8"— &%), etc., the matrices A; are just
reduced in the form

M= [S‘ 8], |78 3] M= [33 8] )
and satisfy the relations AgA;—AAp= —iNs, etc. Thus these
A\-matrices can be interpreted as components of the isotopic spin
of a particle belonging to (6). This isotopic spin has two values
0 and 1. The particle has four charge states, two charged ones
and two different neutral ones. Its wave function ¢’ has four
components (#', o', w’, f'), each of which can be, e.g., a Majorana
spinor. The first three wave functions %', o', w’ form a vector,
whereas f' is a scalar (in the isotopic spin-space). The charge
density is given by p'=e¢'Ih\;¢’. Different interactions with
nucleons can be defined by writing ¢’ instead of ¢ and X or &
instead of & in (1).3
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(nonelectromagnetic) interaction of protons and/or neutrons with the
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1049 (1951)] show, however, that also the nucleus Be®* can emit a pair,
although this nucleus would not be expected to have a similar structure
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N excited state in gDy!® with a half-life of (1.840.2)X10™?

sec has been observed with a delayed coincidence scintilla-

tion spectrometer using sources of Th'®, The B-decay of Tbi® is

known to consist of at least two components and is accompanied
by a large number of gamma-rays and conversion electrons.k?

The delayed coincidence scintillation spectrometer is similar to
that described previously.? In many cases the lifetimes of excited
nuclear states are too short to be measured and only upper limits
can be set.

In the case of Dy!®, delayed coincidences were observed by
exciting one channel of the delayed coincidence apparatus with
165 to 250 kev nuclear B-rays and the other channel by the L, M,
or N internal conversion electrons of the 85-kev transition. The
spectrum of the radiation announcing the formation of the
metastable state appears to be a g-ray distribution with a maxi-
mum energy of about 900 kev and presumably corresponds to the
860 kev B-ray observed in the decay of Th1® from magnetic spec-
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TasLE I. Upper limits of the half-life of some excited nuclear states.

Radioactive
Nucleus Ey T2 source
s2Tel2 159 kev <1.0 X109 sec Te12*
s2Tel2s 35 <2.0 X107 sec Te125%
e7H 0168 95 <0.8 X1079 sec Dy16s
soHg1%8 411 <0.4 X107 sec Au1s
s1T]203 280 <0.4 X1079 sec Hg208

trometer measurements.! The L and M internal conversion elec-
trons corresponding to an 85-kev transition were observed in the
spectrum of the delayed radiation. No other gamma-rays of higher
energy appear in the spectrum of the delayed radiation.

Under favorable conditions a half-life of 5X107% sec can be
detected with the apparatus using anthracene detectors. The
observed upper limits of the half-life of some other excited states
are listed in Table I.

1 Burson, Blair, and Saxon, Phys. Rev, 77, 403 (1950).

2 Cork, Branyan, Rutledge, Stoddard, and LeBlanc, Phys. Rev. 78,

304 (1950).
3F. K. McGowan, Phys. Rev. 80, 923 (1950).

Nuclear Reaction Energies*
D. M. VAN PATTER, A. SPERDUTO, P. M. EnDT, W. W. BUECHNER,
AND H. A. ENGE

Physics Department and Laboratory for Nuclear Science and Engineering,
Massachusetts Institute of Technology,
Cambridge 39, Massachusetts

(Received November 13, 1951)

N a previous publication,! the measurements of thirty-eight
reaction energies were reported. Since then, the ground-state
Q-values of ten additional nuclear reactions have been measured
using the 180-degree magnetic spectrograph at MIT. The results
are listed in Table I, together with four of the published Q-values
that have been revised in the light of new data. Comparison is
made with the most recent results of other workers. It may be
noted that the reaction energies for the Mg?5(d, )Mg? and
Si?%(d, o) Al?" reactions have not been previously reported by other
workers. In the case of the Si?*(d, p)Si® and P3.(d, p)P* reactions,
the reference value is obtained by subtracting a deuteron binding
energy of 2.23 Mev from the (n, v) measurements of Kinsey and
his co-workers.?

TABLE I. Observed reaction energies.

Present Other

Reaction Q-value (Mev) Q-value (Mev)
Ne20(d, p)Ne2! 4.52940.007 4.54 +0.04»
Ne?2(d, p)Ne2 2.964 +-0.007 2.96> .
Na2(p, a)Ne2 2.372 £0.008 2.34 =+0.04¢
Mg*(d, a)Na2 7.019+0.013 7.24
Mg%(d, p) Mg 8.880:0.012
Mg2(d, p) Mg 4.207 4-0.006 4.21 4-0.10e
AlZ(p, o) Mg 1.595 4-0.007 1.585 +0.015¢
Si®(d, a) Al27 5.994 4-0.011
Si=(d, p)Si® 8.3884-0.013 8.32 +0.05f
P3i(p, a)Si% 1.909 +0.010 1.85 +0.028

Revised Q-values

Mg(d, p) Mg 5.097 +0.007 5.03 +0.05h
Sid(d, p)Sist 4.364 4-0.007 4.33 40.051
P31(d, o) Si2® 8.158 4-0.011
P3(d, p) P32 5.704 40.008 5.71 £0.03f
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