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A GENERAL interaction operator for beta-decay in the
form&2

6

V=G Z LC»V»+C»*V»*j (1)
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can be constructed from the 6ve invariant operators

VI=&Qi W(4'( —) O4( —))i (2)

in which Qg is a displacement operator acting on the charge
variable of the lth nucleon, P(—) is a quantized wave amplitude
for negative electrons, and p( —) the corresponding quantity for
neutrinos. The symbols ~Q denote the scalar (1), polar vector (2),
tensor (3), axial vector (4), and pseudoscalar (5) type operators
constructed from products of Dirac matrices.

In a theory containing only one invariant operator Vg the phase
of the coupling constant C& has no physical consequences. Con-
ventionally Cz is taken real. ~2 In the general theory containing
linear combinations the relative phases of the Ci,'s enter directly
into the transition probabilities and in8uence the half-lives and
energy distributions. The conventional choice of real coupling
constants then appears to be without physical justi6cation. ' We
report here on some consequences of permitting arbitrary relative
phases. The recent paper by De Groot and Tolhoek should be
consulted for background and details of calculation.

In the approximation which neglects the distortion of the
electron wave functions by the coulomb 6eld of the nucleus the
allowed transition probability for P+ emission per unit energy
range and unit time is simply
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Py(E) = (1/2oco) pE(E Eo)»C» ([C)[o—+ i Co)o) 1
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Existing measurements place a fairly small upper limit on the
ratio of cross to diagonal terms. The cross terms vanish if

ClC2*+Cl*C2=0,
C3C4*+C,*C,=O.

In the same way, assuming real coupling constants, De Groot
and Tolhoek obtain ClC2=CSC4=0. These drastic conditions
appear as highly singular special cases in the context of complex
coupling constants.

Equation (4) is also a consequence of the symmetry principle
introduced by De Groot and Tolhoek. These authors postulate
that transition probabilities for positron and negatron emission
have the same form when effects produced by the coulomb 6eld of
the nucleus are neglected. From the postulate they obtain either
Ci=C4=Cg=O or C2=Cs=O.

In the usual representation of the Dirac matrices the operator
for charge conjugation is 8=iPa~. Wave amplitudes for positively
charged particles are provided by the operation of charge conju-
gation applied to P(—) and tt (—):i.e.,

a(+) =~&(-), ~(+)=W(-), (5)
the bar denoting a Dirac function identical with the starred
quantity except that it is written as a four element column vector.
Similarly a bar on 0 replaces each element by its conjugate com-
plex (transpose of O~). It is then possible to write

V»* = ~ Q("@1(1('*(—)»%(—)) o

=~ St «t(~*(+)~~~~~(+))»

="~ at~(~*(+)»(+})
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With el=~4=cg= —1, e2=~3=1.& EXCept fOr a numeriCal faCtOr
and the appearance of Qt in place of Q, Vq* is the same functional
of p*(+) and tt(+) as Vg, is of lit*(—) and p( —). Now, restating
the postulate of De Groot and Tolhoek, we ask for conditions on
the coupling constants required to insure the relations

Pi(E, Z)=P (E, —Z) (7)
in all orders. These conditions are

epCI, *=e'~Ca, 4=1, 2, 3, 4, 5,
with 8 an arbitrary phase. Equation (4) is a consequence of Eq. (8).
Choosing 8=sr for convenience, Cl, C4, and C~ are real numbers
while C2 and C& are pure imaginary. The antisymmetric interaction
of Critch6eld and Wigner is a special case, with Cl, C4, and C~ as-
signed particular values and C2= C2=0.
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