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Decay of the x+ Hyperon and its Antiparticle*
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Two decay modes of the Z+ hyperon and the corresponding ones for its antiparticle are investigated. The
branching ratio may be different for both, if charge-conjugation invariance or time-reversal invariance does
not hold.
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HE purpose of this note is to investigate the
decay modes of Z+ and Z+.
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where "barred" quantities mean antiparticles (e.g., Z+
is the antiparticle of Z+). As a result of the TCP
theorem, ' the total lifetimes of 2+ and Z+ are equal.
However, this is generally not true for partial lifetimes,
e.g. , for (1a) and (2a), if charge conjugation or time-
reversal invariance does not hold. Therefore, we may
test the validity of these conditions by comparing the
modes (1a) and (2a).

In the lowest order of the weak interaction H~, which
causes these decays, the matrix elements for the
processes i~f and s~f are given by

where k is the momentum of the pion in the rest system
of the Z hyperon, and we have assumed that Z has
spin g.

As, Bs, etc. (or At, Br, etc.) represent the part of the
matrix element belonging to the total isotopic spin
T=-', (or T=—,') in the final pion-nucleon system. If
parity is conserved, either all the A's or all the 8's
are zero.

The application of (4) to the processes (1) and (2)
gives the following equations.

2'
)

+3@e2i813
7

~1=A1&e2s81

)
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( f)=L —*(f) + ()].
By applying the TCP theorem" to (3b), we have

~(S~ f)=[+( )*(i)&~+(,1(f)]
=Q„M*(i~ e)s(f~ n), (4) dn, (fm, f'+ f~, f')

sp lnwhere we have replaced 4& &(i) by 4& &(i+), which is
correct to the lowest order in H~ for i=3+, and where
S(i~f) is the 5-matrix element.

%e may put

~d&s(f~lf'+ f3fsf') (8)
spin 0

which means that the total lifetime of Z+ and Z+ are
equal. However, in general,Mr ——M(Z+ —+ P+s')
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Ms=3'(Z+ —+ e+s+)
= L(s)*'As+(s)'At]

+[(l)'& +(l)'*& ]( k)/» (Sb)
If charge conjugation holds, then in addition to (7),

we have
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if time reversal is valid, then
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(3b)
where the 6's are the usual phase shifts for pion-nucleon
scattering.

By using (7), we can easily verify that
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In the derivation of (10), we have assumed that Z+
has the same parity as the nucleon. In the case of
opposite parity, we only have to change all the negative
signs in (10) into positive signs.

Returning to the general case, let us put

for charge-conjugation invariance, and

63, Ai ——&m/2; Aia, Ai&=0 or &g

for time-reversal invariance.
We define the relative frequency of the events (1a)

and (2a) by
Ag ——lisle'&'~ '), Ai ——IAile'&"+ ",

Ba——i
I
B3

I

e' &"~~» ) Bi——i
I Bil e' &'»+~ »)

spin 4
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where the 6's are unknown phase factors. Then, the
identity (7) gives
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(12) and their ratio by

r i= 2 &D.1~ii' 2 d&.(lail'+ I~2I'),
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(15b)

~3 ~1 ~13 ~11=0 (13)

Speci6cally, if invariance under charge conjugation or
time reversal holds, then by (9) or (10),

P1
~=—= Z df). I%I E d~l. l~. l', (16)

p1 spin spin 0

where we have used the identity (8).
By (5a), (6a), (11),and (12), we get

where
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—Ai)]—2y sin[hi3 —hii —-', (his —Aii)] sin[2 (Aia —A&i)]

1+2x sin[h3 —hi+~(A3 —6&)] sin[-', (63—Ai)]+2y sin[h&3 —hi&+-', (his —5»)] sin[ —', (Aia —A&i)]

1 1*=Y2—I~
I

I~ I, y=lv2 —IB I IB I,
D D

D=-', (ldll'+IB3I')+-', (IAil'+IBil') —-',%2IAil IASI cos(h3 —hi) —-',%2IB&l IBSI cos(h» hii)—

(17)

If invariance under charge conjugation or time reversal
is valid, so that according to (13) and (14)

(A~—hi), (Ai3 —A&i)=0, &~, or +2s., (19)

1—2y sin[has —h31 g (+33 631)] sin[-', (633—431)]

1+2y sin[h33 '53]+2 (633 +3i)] sin[~ (633—63])]
(21)

where
then (17) gives V~IB&l. IB31

,20, (22)
-', I B3I'+4 I Bif'—3&2I Bil .

I B3I cos(h33 —h3i)

which means the equivalence of the partial lifetimes
for the decays (1a) and (2a).

The pion-nucleon phase-shifts are given' by

—23', h&3
—hii 7' (at 130 Mev).

Thus, if x/0 and the deviation from time-reversal or
charge-conjugation invariance is rather large, (17) will

give a value diferent from unity and hence may be
detected by experiment. Otherwise x will be of order
unity.

In this derivation, we assumed that the spin of Z is —,.
If it is —'„ the final pion must be in a I' or D state. We
may probably neglect the contribution from the D wave
at this energy (~130 Mev). Then instead of (17), we
have

therefore, the deviation of 8 from unity will be greatly
amplified.

Finally, we remark that if the initial Z hyperon is
polarized, we can obtain much information. For
example, the validity of parity conservation may be
tested by observing the angular distribution of the
final pions. 4
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