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from which, according to (6),

aP=044+0.115 (8)

If parity were conserved, and hence a=0 were the
true value, we would have N yp,= N gown, o0 the average.
The odds against a statistical fluctuation as large or
larger than that which would be needed to give our
result (7) are better than 10* to 1. We conclude that
parity conservation is violated in A decay.

We can compare our value of |a| with the maximum
value of |a| allowed by invariance under charge con-
jugation. Using the TCP theorem, Gatto® has calculated
this maximum value and finds || €0.184-0.02, which
is inconsistent with our result (8) (since |P| £1). We
conclude that the A decay interaction violates charge-
conjugation invariance as well as parity conservation.
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1 In nuclear emulsion many K~ mesons have been brought to
rest and captured from atomic orbits according to the reaction
K~+p—=*+r*, where p represents a proton which is part of a
nucleus. The 2 and = tracks are in general not collinear, so one
can define a “production plane,” and look for an up-down asym-
metry in = decay. Compiling the emulsion data and using the
notation of this letter, one finds for the mode Z*—p+70, aeP =
—0.37+£0.19, for Z*—on+tr*, «;P=-0.36+£0.21, but for
2 —n+7", a_P=—0.1340.26. We wish to thank the Berkeley,
Géttingen, Livermore, and Naval Research Laboratory emulsion
groups for their private communications.

2 Lee, Steinberger, Feinberg, Kabir, and Yang, Phys. Rev.
106, 1367 (1957).

3 Analysis of the double Vs shows that reaction (1) is about
three times as common as reaction (3). R. Gatto has shown
(private communication) that the magnitude of the polarization
of such secondary A’s (averaged over the 20 decay solid angle) is
4 that of the =%s .Thus even if the Z”s were highly polarized
their contribution would have a very small effect on our result.

4 We estimate that in our sample the contamination of K%—2x
decays allowed by this criterion is about 159%),. We are indebted
to Dr. Melvin Schwartz for pointing out this simple way of
eliminating most of the K%s from the single V%’s.

5 This result is in excellent agreement with results of similar
experiments performed at Brookhaven and analyzed by the
Bologna, Columbia, Michigan, and Pisa groups. Those data were
compiled at the recent Venice-Padova Conference, 1957; they
are Nyp—129, Ngown=81, so aP=0.46+0.14. Their asymmetry
for Z=—n+7 is much smaller, also in agreement with our result
and that for emulsion.

6 R. Gatto, Phys. Rev. 108, 1103 (1957), following letter, and
private communications.
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he evidence for noninvariance under charge con-
jugation (C) in 8 decay and in the = and p decays
was based on a theorem due to Lee, Oehme, and Yang,
which states that, in decays where final-state inter-
actions can be neglected, no pseudoscalars of the form
(o-p) can appear in the decay distribution if C is
conserved.! In the decay of a hyperon into nucleon plus
plon, a strong final-state interaction is present and
therefore a quantitative estimate of the limits imposed
by C invariance to the coefficients of the (o-p) terms
is necessary before drawing conclusions on the question
of conservation of C for such decays. Recent experi-
mental results on up-down asymmetry in A—p-+n—
indicate an asymmetry parameter |a|>0.444-0.11.2
From the limitation |a|<0.1840.02, that we give
here for A—p+47~ under the assumption of C invariance
we can conclude that C is not conserved in A decay. It
might be appropriate to remark that the argument is
based on the T'CP theorem—all evidence so far against
conservation of C is based on the validity of the T7CP
theorem.

We write the final amplitude from A decay in the
form T'x:f:, where x; and {; are the initial spin and
isotopic spin states respectively, and 7' is a matrix in
the spin and isotopic spin spaces. In the expansion
T=T3+T3+Ts+---, where T; produces a change
AI=J in isotopic spin, only T3 and T contribute to
A—nucleon+m. They are of the form T3=g;+4 (o k),
T3=gs+hs(o-k), where the g’s and A’s are complex
numbers, ¢ is the Pauli spin operator, and k is a unit
vector in the direction of the emitted pion. The decay
distribution for A—p-#— is given by

GK)=14(o)s-Tr [T1teT )/ Tr [T:TT1]
=1+4a(A—p—){o}u -k

where (o), is the A polarization vector, 7' is that part
of T which contributes to decay into p-4#—, and
a(A—p—) is the asymmetry parameter.® If C is con-
served we can write, using the 7'CP theorem,
g1=G16i°‘1, g3=G36i°‘3, h1=iH18i°‘“, h3=1:H36i°‘31,

where the G’s and H’s are real numbers, and the a’s
are the relevant nucleon-pion phase shifts for a total
kinetic energy in the center-of-mass system equal to
the Q value in the decay.! With such substitutions we

can write the asymmetry parameter in the form
O‘(A'—’P - ) = f (A) (A 9102+ Bv194+Coovs+ D‘Ds%)
where f(A)=(1+3A)/(143A), A being defined by:
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(relative frequency of A—p+7~ to A—nt7%)=24A4;
A, B, C, and D are parameters proportional to the sines
of differences of phase shifts and the real numbers »;
have to satisfy Y »2=1. Definining a vector » with
components v;, this condition can be written as (v,9)=1,
and a(A—p—) can be put in the form f(A)(v,mv) where
m is the symmetric 4X4-matrix associated to the
quadratic form in a(A—p—). The maximum and the
minimum of a(A—p—) are therefore given by the
maximum and minimum eigenvalues, respectively, of
the matrix f(A)m. Such two eigenvalues have the same
magnitude, and by direct calculation one finds

[a(A—p—)| < (1/2V2) f(A)LS+ (S*— PP,
where
S=4 sin?(a;— a11)+2 sin?(ez—aui1)
~+2 sin?(a;—as;)+sin?(as—as1),

and P?=16 sin?(e;—a3) sin?(a;—as1). Taking the value
0.32-£0.05 reported by Steinberger’s group for the
fraction of A particles undergoing neutral decay,* and
for the pion-nucleon phase shifts the values reported by
Anderson,® we find |a(A—p—)| <0.184:0.02, if charge-
conjugation invariance is satisfied. Similar limitations,
under the hypothesis of conservation of C, can be
given for the asymmetry parameters of = decays. We
assume spin i for 2. The limitation |a(Z——n—)|
<|sin{as—az)| for =~ decay, where only one final
isotopic spin state can occur, is given in reference 3.
The phase shifts are taken at an energy equal to the
decay Q value. We find that |a(Zt—p0)| < (1/2V2)
Xg(T)[R+ (R*— Q' ]}, where g(I') = § (14-3T), T being
defined by (relative frequency of Zt—n+txt to
Zt—p+a0)=14T,
R=Sin2(a1—(¥11)+2 Sinz(ag—au)

+2 Sinz(a1—-a31)+4 sinz(a3—-a31),
Q2= 16 sinZ(ar-as) sin2(a11—a31);

le@t—n+)| <A/2V2D)R(ID)U+ (U -],
where
h(I)=$(1+3T)/(14D),
and
U=4 sinz(al——au)-i—Z sinz(ag—an)
+2 sin2(a1—a31)+sin2(a3——a31).

Taking the value 0.454-0.06 for the ratio (Tt—n-+xt)
to the total =+ decay rate,® and using the nucleon-pion
phase shifts from reference 5, we find |a(Z——n—)|
<0.1440.06, |a(Z+—p0)]|<0.27£0.04, |a(Zt—n+)]
<0.370.06, if C is conserved. For hyperons with spin
£ the decay distributions will not in general be describ-
able with a single parameter «. If C is conserved, the
total asymmetry will still be severely limited for A de-
cay, but presumably only weakly limited for 2 decay,
because of the large a33. One argument for A spin %, that
based on the mesonic-decay to nonmesonic-decay ratio
in hyperfragments,” may turn out to be inaccurate if a
large p wave is observed in A decay. Because of the low
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final momentum, a large up-down asymmetry in A de-
cay will be an important test for theories which predict
the relative amount of parity-conserving and parity-
nonconserving interactions on the basis of a universal
interaction. The knowledge of the frequency ratio
(A—p—)/(A—n0), of a(A—p—), and of a(A—n0), to-
gether with the total decay rate, would constitute essen-
tial information on the A-decay matrix.? If the present
value for the A branching ratio is taken as an evidence—
in any case incomplete—in favor of AT=7% ®in A decay,
then a(A—n0) is predicted to be equal to a(A—p—).

The author is indebted to the members of the Alvarez
group, in particular to Frank Crawford, Bud Good,
Lynn Stevenson, and Frank Solmitz, for discussions
and for information on their experimental results.

* This work was done under the auspices of the U. S. Atomic
Energy Commission.
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INCE Wu ¢t al.! showed that space inversion invari-
ance is violated, the study of 8 decay entered into
a new stage. At present we have not yet reached any



