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TABLE I. Theoretical values of asymmetry parameter a and
back/front ratio 8/F for given values of p, 5, and v.

P

0.667
0.667
0.600
0.667
0.640

0
0—0.75—0.75

l&l

+1 0.889
+1 0.889
+1 0.800
+0.75 0.889
+0.75 0.853

CX B/F

—0.405—0.296—0.266—0.301—0.323

0.98
0.86
0.90
0.99
1.04

Jp
dlV= (1+n cos8)dQ/4s. (6)

B/F is the integrated asymmetry from 0 to 10 Mev, as
previously discussed.

The last two cases are of particular interest since they
would yield the same results for n and B/F, if $ and rt

were actually +1 and —1, respectively, but the tt

mesons were only 75% polarized.
Lederman has found that n = —0.305&0.033 in

carbon. The Lee and Yang results were e= —0.333 for
5=+1.

*This work was supported in part by the joint program of the
Once of Naval Research and the U. S. Atomic Energy
Commission.
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2 Garwin, Lederman, and Weinrich, Phys. Rev. 105, 1415
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4This type of term has been discussed previously. See, for
example, E. J. Konopinski and H. M. Mahmoud, Phys. Rev. 92,
1045 (1953).

We use absolute value signs to emphasize that
I
A I

and

I BI must be real and positive.
For completely polarized p mesons, the p, mesons

decaying at rest, one obtains

dX& =2x'L (3—2x)+ $ cos8(1—2x) )dxdQ/47r,

dlVs ——12x'(1—x) (1+rt cos8)dxdQ/47r,

where

6= (f~*fv+fv*f~)/C I f~ I'+
I fv I'7

l=(gofer +go gr)/El gael +If~I j, (5)

x =electron momentum/maximum electron momentum,
and 8= angle between electron momentum and spin
direction of the p, .

These expressions for dE~ and d/2 have been given
by the authors of reference 1. (dXs is the same regardless
of whether or not we say the number of light fermions
are conserved. )

We now note that the value of p is e I
A I, where

I
A

I

is a function of the coupling constants and so may be
chosen to fit the experiment.

In Table I some examples are given. Here, n refers to
the asymmetry parameter in the Lederman experiment. '
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HE signidcant experimental results recently ob-
tained by Wu, Ambler, Hayward, Hoppes, and

Hudson, ' Gar win, Lederman, and Weinrich, ' and
Friedman and Telegdi' prove the violation of parity
conservation in weak interactions. These experiments
were suggested by Lee and Yang. 4 According to these
authors, the observed right-left asymmetry can be
attributed either to a cosmological distinction between
right and left, or to an accidental local preponderance
of right-handed nucleons over the left-handed ones
(which must amount to nearly 100/o in order to avoid
contradiction with the Pauli exclusion principle).

We wish to point out the rather trivial fact that
a cosmological asymmetry is perfectly compatible with

Riemattrtiart space time of -ordinary gerteral relativity.
Indeed, a "field" e i e»l (x) (totally antisymmetric
tensor in four-dimensional space) can be introduced,
whose covariant derivative vanishes everywhere:

~a~ I~Pv&l

The parity-violating part of the energy-momentum
tensor 0 P may then be written as a true tensor,

(1/4)( .', ~ " )8'-

Riemannian space-time, characterized by the symmetry
of the metric tensor g( P) and of the affine connection
I'&( P), follows from the postulate that the covariant
derivative of g( P) vanishes:

~ug(.~P)

This has as consequence

~"(")=8.(—g)'/( —g)',

g being the determinant of g~ P), and

V.«-evsl = ( g)'*8.[~i-e-vtl( g) '*3=o-

As g/0 everywhere, e~ P~q~ takes the same value at
every event in space-time, in a local geodesic, right-
handed and orthochronous (or left-handed and pseudo-
chronous) Lorentz frame. Thus the mean lifetimes of
particles are time standards for atomic clocks, inde-
pendent of whether such weak interactions are involved
or not.

At our present state of knowledge, the existence of
this "field" seems quite natural, because the number of
dimensions g =4, the signature of the metric
(1, 1, 1, —1) I

or (—1, 1, 1, 1)), the rest masses m„, m„
m„, ~ of the elementary particles, and the coupling
constants g~, e, Cg, C~, . are universal constants, e.g.,
constant scalar "fields" (r7,Ce 8,Co=0,—— ) whose
numerical value is given by the experiment. As pseudo-
scaler constant "fields" (V',Cs'i erel =0, ) may
equally well be introduced in Riemannian space-time,
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the suprising fact is that these Cs'i s,sl, . Luniversal
constants in every local geodesic right-handed and
orthochronous (or lef t-handed pseudochronous) Lorentz
frame) appear only in the weak interactions.

~ Assisted by the Swiss Atomic Energy Commission.
~ Wu, Ambler, Hayward, Hoppes, and Hudson, Phys. Rev. 105,

1413 (1957).' Garwin, Lederman and Weinrich, Phys. Rev. 105, 1415 (1957).' J.L Friedman and V. L.Telegdi, Phys. Rev. 105, 1681 (1957).' T. D. Lee and C. ¹ Yang, Phys. Rev. 104, 254 (1956).

where v is determined by associating the nuclear radius
of Pb"' with the point at which the probability density
LR t(r)/r$' falls to a quarter of its maximum value.

The eGective hole-hole interaction is taken to be a
central-force mixture of the form

exp( —rrs/tt)
V(ris) = V,ci gs(0. 1+0.23or es)

(r»/~)
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DETAILED calculation has been made of the
excited energy levels of the nucleus Pb"', treating

it as a system of two neutron holes moving in the pres-
ence of the double closed-shell core Pb"'. The possible
states and energies of the individual holes are taken to
be pi/s, fs/s, ps/s, i],3/s and f,/s at 0, 0.569, 0.894, 1.633,
and 2.338 Mev, respectively" from the experimental
data on Pb'".

The neutron hole states couple to form states of given
angular momenta (J).To first order the energies corre-
sponding to these states of given J will be the sum of
the single hole energies plus the energy of interaction
between the holes, E (J).

The E (J) are calculated by using harmonic oscil-
ator wave functions.

=&-t expL( —srr') Jr'L~t+."+'(~r') Vt (8,4),

0+ 2+ 3+ 4+ 4+ 7— 6— 5—Spin J
Exptl.

energies (kev) 0 803 1341 1684 1998 2200 2385 2783
Theoret.

energies (kev) 0 868 1312 1692 1937 2189 2373 2875

Coniguration interaction is important especially for
the 0+ and 2+ states (depressed by 0.66 and 0.36
Mev, respectively) and the eigenfunctions for these
states show large admixtures of the higher energy
confj.gurations.

' M. H. L. Pryce, Proc. Phys. Soc. (London) A65, 773 (1952).
2 D. E. Alburger and A. W. Sunyar, Phys. Rev. 99, 695 (1955).
3 D. E. Alburger and M. H. L. Pryce, Phys. Rev. 95, 1482

(1954).

where ~~——isotopic spin vector for nucleon 1 and
0~——spin vector for nucleon 1, with the range a=1.37
)&10—"cm corresponding to a meson mass of 276 m, .

V, is regarded as a variable parameter. Configuration
interaction between all states of the same J is allowed.
The energy matrices for J=O to 7 are calculated for V,
varying from 0 to 100 Mev in steps of 10 Mev and the
eigenvalues and corresponding eigenvectors computed.

For V,=70 Mev, there is very good agreement be-
tween theory and experiment, ' all of the lowest seven
excited states being predicted within 0.1 Mev of the
experimental values, with the correct spins and parities.


