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ARSTRACT

Various experimental possibilities for detecting the tranzfor-
mation properties of the weak hypercon decay interactions under P, C,

and T are discussed,
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INTRODUCTION

The possibility of detecting parity nonceuservation in hyperon decay

Le 2

has been diecussed recently, In t.is note we trea: briefly of some further
experimental possibilities for detecting the transformation properties of the
weak hyperon decay interactions under P, €, and T, The experiments pro-
posed here are in general more difficult than the detection of the up-down
asymr;zetriea suggested by Lee arsd.Yang;i’ 2 however, tuey will give roore

cormplete information.

HYPERON FRODUCTION FROM THE K™ BEAM

The reaction X~ + p=> Y+ 7 {and similar reactions on complex naciei}3
will presumably be the moat useful way of zzorod'uc:.ing hyperons, M we asaumnec
spin zere for K and 1/2 jor ¥ and denote the initial and final center-of-mass
momenta byi; and ‘-S"E the transition matrix for this reaction has the form
M=zA+B 0 n, whers A and B are functions of pacdp e p' = pp' cos 6, and
T i5 a unit vector normal to the production plane, The amplitudes A and B are
further restricted by /he requirement of canmining}; zmd“i"}“ only up te some
powers, corresponding to the maximum values of the orbital angular nomenta

for the initial and final state respectively. Iixplicit expreassioas in terme of

the reaction matrix slemente ave given by Spitzer and Stapp in a paper in prepara-

tion., The differerntial cross section is given by

B s . - : :
This work wn: performed under the auzplces of the L. S, Atomic Energy

Commission,
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and the polarization of the produced Y by

4o
oy . TriMM' ol . 2Re (AB e 13
X * TriH™MT] AR 3]2 . i
Note that if perturbation theory were applicable, we would have (\3}17 = 0, —

The transition matrix for the decay Y- N + 7 in center-of-mass is
- . P
T=g+ho -K where g and h are complex numbers and X is a unit vecior

3
in the direction of the emitted N. The distribution of A is given by

G=d {Te (TT1) + (F)y 1 [T T 1)

é
oc 14 ARl _2RUBY %y, g
+{h A+ iB;
f s
shewing the up «d wo asymmetry (ferm proportional ton - L) pointed nut by
Lee and Yang. L We write g = gyt 8y and h = h3 + hl' where g4 and 513

are the amplitudes corresponding to N + w in the 3 and p states respectively

with I = 3/2, and g and hi are corresponding amplitudes for 1= 1/2, ¥

e

. P . : o it F o
titne reversal is satisfied, these amplitudes can be written in the form pe

where the p's are real numbers {positive ov negative) and the ¢’s are the
relevant N + ¢ phase shifts taken at the hyperon decay energy. C e charge
conjugation is satisfied, the amplitudes can still be wriiten ia the form pem,
where the a's are the phase shifte; however, the p's arc real for the two g
amplitudes and pure imaginazy {or the h amplitedes {or vice versa). ¢ Be-
cause the relevant phase shifta are small for spin 1/2 of ¥, if C is satisfied

g is essentially real and h essentially pure imagina ry' dna the up~-down
asymmetry weould be small. Ubsservation of a large //n K ) terin ia {1} would
therefore ezseatially imply both P and C nonconservation--nut it would, of
course, provide no information on T. Unfortunately, the coefficient of such
term could also be small because of @?’}Y being small. A measurement of the
polarization of the emitied nucleon would provide direct information on the
guesion of P and O nounconservaticn and, if t’l,, is uot very srmall, also

n the quesiion of T invariance. The peiariz zetion of the emitted nucleon in

('?

e hyperon decay will be given by
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s.bsequent cascade decay of T
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Taking hyperons from any origin, independsutly of their production process,
one is left only with a longitudiral polarization for the emitted nucleon, which

iz given by

: 43

Such longitudical polarization could be detected by beuding it intoc a transverse
one with & magnetic field, or by successive scatteringe, or by utilizing the
transverse component that originates {rom the transformation from the Y

est frame to the laboratory system. The detection of a large longitudinal
polarization would imply viclation not only of P but also of C, and vice versa,
if P is violated, such polarizalion rmust alwaye be different from zero but
very smail if C is conserved. To ilivsirate theguantitative grgument, let ve
consider, as Lee and Yang do, the simple case of £ decay for which only the
final I = 3/2 is possible. {A corresponding simpie rituation perhzps helds for

c . . , . S e
the A decay for which, accerding ic the latest measuremeunts, only the final

-——

I= i/?. seems to contribute. ) Iin mc; case of % dcx:ayz the coefficient of [

in (4} is * sin ((c:s,, @ e;ﬂ,gi 2xa/i) + % }, with x = g/ hi if © is satisfied, ani
'7
& Co8 (g,., - ,“) 2xf{i + = ), if T is satisfied, If the production planes are

also nbge.f:ved the polarvization will be given by the full expresaion '\{323., and
we nete that the observation of the third (erm: proporticnal to Im {gh ) may
give information on T coanservation by the same arguments used befeore,

. X N :
Experiments to mmeasure (rf{;N are being planved in Bevkealey

PRODUCTION AND DECAY OF =5 °

. .
+ I with observation of the

in the reaction ¥~ + g -
{which will be investigated in Berkeley

. \ . . . N
by Alvarez and collabovators), che decay of the emitted could serve
& f

@3 an analyzer of the porsible prlasizaiicn of
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the A itself, If we assurne apiv 1/ 2 for the hyperons, the peolarization of
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the == will be given by an expressiea lile {1}, where A z2nd B refer to

-

. . . e ,. o .
the above production reaction, The palavization of the A from the decay of

T2 T will similarly be described by (3), where g and h refer to

o

e ) , _ .
2T = AT+ w7, Such polarization is uamcta«; observed in the subsequent

7 decay for which the distribution of x, the univ vector in the direction
‘of emission of the nucleon, will be given by
Z R(alx’pq:#); e \ > (59
W0 )+ et (F) 07X
1 1é ‘ 2 / /\
lp + | q v {

o
where we have written the {ransiticon matriz for A - N4+ w inthe form
ptag 7 x . K=" particles from any ovigiu are considered independent of

the production reaction, observation of a large % degendence {forward-

backward asyinmetry) in {5) would imply not only violation of F iw both —
and A decay but 2lso violation of C, unless the relevant A g phase
shift 1s large. X the production plane in K™ 4+ p - =5 4 I&” is cbhserved,
obgervation of a large texrm proportidnal to nA R -y in (G} would imply vicla-

tion of T invariance.

RDECAY CF HYPERFRAGMENTS

The possibility of observing ¥ nroncounservation eszsenlially depends

ou the s~-p interference im the {ingl state. Xepecially in ,;’\‘ decay, p-wave

emission could be rather infreguent becauvse of the angular-momentum barrier
which is move efficient dee to the low Q value, We might ask whether any
pessibility exists of enhancing this p-wave amplitude in bope of obtaining
larger interfercnce effects. A posesibility prevents itself in the nonmesonic
decay of hyperfragments for which the angular mementuom barvrier for larger
orbital angular momentz is less disfavored with raspect to the case of free

¥ we write the transi-
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A decay becavse of the larger momentuns o

+

. . 0 ; —_— e T -
tion matrix for ,f.’\,\ -~ N+w as T sgt .l j. where | iz the momeniur:
[} o .
of W . the transition matwix for /’i 4 od o= W4 in perturbastion theory is
essentially of the lezm fig + cﬁ;}}a -"’"’""I} »:: 5 Tf:*w;?f’ ., where § is s constant and
P 7,

et o i o cnaderenferaes s svgremn.  The

P ig the mornenivn of

o :
p amplitude of A ey O
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if we a-«;sumec as Ruderman and

5 o
Karplus do, that the energy dependence of g and [ cawn be neglected, ™ The

with respect to the case of fr‘ee /\ decay i

- ab@vé»f&cﬂ:c}r iz expected to increase if the ‘/\"}.'«f ™ correlation and the effect
‘ - of the exclusion principle for the final nucleons in heavy fragments are taken
» - imto account. For the &@tectiaﬁ of 3, z’gm‘monﬁervmmm a measurement of ﬁxe
angulay correlations in the decay of simpler hyperﬁz’agm@mé could be useful.
Such correlations must not necessarily depend on the p@iam&mti@n of the
hyperirag gment, In a fmw«-a@dy decay with final mame.:am 5“, pﬂ, p3 and pa
of aa unpslam zed hyperfragment, <pz,\pz " Py / s & pssemms £izp, and s
detection would imply parity noncenservation, Mm eover, a «*aref&ﬂ examim&--
tiou of the decay distributions of the & Bifferent decay modes of the same I:Wpefm
fragment could also give information oo the pzwmbie existance of final
aﬁﬁpﬂﬁmdea of. @pp%ité parity. Such study would be of interest in any caze fox

the theery of hyperfragments,.
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