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.. <l:.BSTRACT 

Va!"ioua experimental p0¥Hoibilities for dctec:t~ng the tl·ansfol:"­

mation pl'opet•ties of the weak hypel'Nl decay in.te:!:"ac!J.ona under P, C, 

and 'I ii.re discussed. 
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FOSSIB!..£ EX1~·EHIM.ENT:.> ON THE BE:~lAVIOR 
OF T HJ.!: WEAl< HYPl!:RON DEC4~ Y INTERi\CTION;j Ut':.o_g;R f-, C, AND T,~ 

~~~~ 
R. Gatto 

R~.diation Labora~o:ry a;;d Physics l)epa rtmcnt 
Univereity of Californill-~ Berkeley, Caiifo:.?nia 

INTRODuCTION 

The poasibility of de·~ecting parity nouconservation in i1yperon decay 

l b d ' d tl l, 2 I . ' · b ' fl r. f . t1as een .leCuf.uHe recen .. y. n t"1s note we trea-:: r:;.e y o.~. son~e urtner 

experim~ntal possibilities fo:r: detecting the transformation pt.•operties of the 

weuJ.t hyperon decay int:eract:l.ons und.c;)r P, C, <Hld T. The e:r~pel"imcn.ts pro­

posed. here are in general. more dif.Hcult tha.n the detection of the up-down 
. ] z 

asymmetries suggested by l,ee arJd. Yang;., however, t!H:~y vvill give rnore 

cotr1plete inf'o:rcmation. 

HYPERON !·RODCCTION FROM THE lC BEAM 

The reaction K- + p - Y + 1i (and sir:r.Ha:r .reactions on complex nudei}3 

will p?esumably be the rr:\lSt u5e£ul way of p~odudng hype;.-ons. If we aseurne 

spin zero for K and l/2 lor Y and denote the initial aod final centr:lr-of-mass 

.ae, -m.omenta by p and p 1'e ti-,a transHior. matri."'l!: for this r(:action hat3 the ftn.·m 

M ;;;: A + B u " ;:: whert! A and B are functions of p and p • -pn :;:: ppir cos (;, a.nJ 
-~ . . 
n is a unH: vectolr' normal to the p:t'oducticm plan$~. The amplitudes P.. and B ax-e 

further re st:&"icted by ;he req~.i:r·~ment of containing p and -;,r: on!y L~p to some 

powerrn, cor:responding to the :naximu.m val·..tes of the ox-bital angula!' n:Om0nt<.;, 

for the initial and fin-'ll state re~;pectively-. 1Cxplicit e:tpreBeiona in terms of 

thl!l r'!a.dion matrix ~lemer1te are 8hren by Spitzer and Stapp in a p:Aper in prepara-

The d:iffen~nrial cro1:1 s ~edion is given by 

* Thia work w.l'!.; pe:rfor:-ned \tnder t'-!E: au~: r)i.ceH of the Go So Atomic Eneiq~y 

Con:uni!:!lliOno 
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and ~ha polarization of the p;.·oduced Y by 

Note that if perturbation theory were appHc::r-..b).e. we would have ("i7>..., !¥; 0. --,. 
The transition mat!:'ix for the decay Y ·-<> N + 1T in ccnter .. of -mass is 

_, --' -~ 

T :: g + h u · 1<. where: g and hare complex number~:; and K is a tmit vtH.::\l:Oi' 
--·?. 

in th·:e direction of the emitted N. The distt•ibuti.on of f\ is given by 

oe:. 1 + 

_..:, 

shoWing the up-down. asymmetxy (term proport:i.on.-:""41 to ;; • ~ } poin.ted out by 

Lee and Yang. l, 2 We write g ~ g 3 + g
1 

and h :r,: h
3 

+ h.
1

, where g
3 

and n3 
ax·e the amplitudes correspondi.np; toN·!· 1·1 in the a and p states renpectively 

\il,ith I:::: 3/2. and g
1 

al"i.d hl are cor!'eapo-ncl:i.ng arnpHtL'l.d.Hs for ! ll: J./2. If . 

time reversal ii\ satisfied., these amplitudes ~;:an be w1:'itten io the .fornJ. peH1. 

where the p~s ai"e real rn:&rn.bera tlpositive ol" rH!gative~ and the o,_':s are th~ 
, 

reie·:rant N + r: phase shifts taken at tht! hypt~:ron decay energy. If char-ge 

conjugation h satisfied, the amplitudes can edU b~ written in the fo:rm peio., 

where the a'is ?.l"e the pha,se shifts; however. the pRs a:re :.~.·eal for t.h~ two g 

amplitudes and pu;re imagina:ry for the h amplitudes {cr _vice versa). Z. Be­

cause tht" l'elevant phase shifts <1.1.'e sr.naH fo;: f1ph1 I/?. of Y. if C b satisfied 

g ·~.!'l essentiaUy x'eal and h essentia-lly pu-r~'} :i.magitlctry, and the up·Bdown 
_:;, -' 

asymrn<et.ry \NOU.ld be smalL Obs~orvation of a large «n , 1<, ) te:o.·m it:l n ~would 
the:ref.oi*e ea1'>entia.Hy imply both P and C noncc'n.~;ervaHc,n--hut it wou.i.cl. of 

com'£H~, p1·ovidf'l r;o information on T. Unfortunately. -;:i-.e caefiident of such 
-d 1 . l~ b . /,.....,, b . 1 . terrn coul a sc• De s:~:n.a. 1. ·•(!C<n:tse o/. \ o· )y t::.n'lig arna 1. 1\ m.eamu:emeo,t of. the 

polax-ization o.f th~ crnittr::d nucleon would p:rclvide direct in.fo:r.l'l"mtic-n on thee 

qu€sticm o£ P a.nd C noncons(~:r.vation and, if \/(f)~r is not very srna.Hr al!:~o 
' I A . 

on the question of 'J:' itwa:r.ianc(;-:. The pniariz.~tfd>n of tht:l em.itted rmcleon in 

the hyper.on decay \)rill be aiven by 
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Taking hyperong fl·om any origin, independe-ntly of thei:r p:L·odu.ction px-ocef.l oJ, 

one is left Oillly with a longitudinal polarization for tht:: emitted nucleon, which 

is given by 

Such longitudinal polarhation cou.id be detec:ted by heading it into a. traosver:;e 

one wlth a magnetic field, en• by successhre £H.:atterings, or by utilizing the 

tra.nsve:r se component that odgf,nates from th-e tran<;fc;~i'mation from the Y 

rest frame to• the labr.u·a'i:ory eystem.. Th~· d<etection. of a large; ltln.gitudinal 

polari.zation would imply violation n.ot only of P bltt also of c. an.1 vice vt:r sa, 

H P is violated, such pL~la:dzation must alv>'aye be dHfe:rent f:rom zero but 

very sma.H if C h~ CCH"Hl(!;Lrved. To: iHustrate theqtw.ntitative ~rgt.crnentD let us 

consider. a.s Lee and Yang do. the zd.m.?le c<n><~ t:if E- de<:~y fo:r which only the 

final I ~ 3/2 is post:;ible. {A co1~reepond'-ng oimpie ~·H:ua.iiou perhaps hc1.ds :for 

the A 0 decay for v;hich, a.:::ccr~Ung i:o tb.e latest meanul~e:m.I.'H!ts, only the final 
--~!'~ 

I :r;; 1/ Z seems tt> e'.'.'lntl"ihut~'!.) !Pi the case of :r.- decay,. the C•>effident of ;< 
2 \ I ' ! in. (4) is ± sin. 1!1 1, ., a., 

1
) • 2:4 U -t· lr ). ·.;•ith it: :::;; g V \h. i if C is B&tisfied • .:m :l 

-· .;1 'J ' ' 

±cos (c;., - c.-:~ 1 ) · 2x/ 0. + ~ . .::'). if T is saUafied. 1i the p·oductic.m plane~; a1r•;; 
~ J . 

also obsc:t:·vecl, the polai'h'latil.:m. will b1:: t;i'r.;•en by the full expl"et;ei.on. ~:;;}, and 

* we not~ that the ohEHH."VrJ>.tion of the thh:d t~Crtu propol·t:•.onal tc1 Im igh } r.tH~.Y 

~;ive infcn·mation em T consel'V:l.ticm by th.i! same argmnentn u:H~d before . 

. En:perimetlta to n:.easuX'e(r1)N are bein.g ph.umed h't Bed~ele;.s. 

PRODUCTION AND DECAY Oli' '.::~::-

' < 1'P.. .-.... » ~·+ • l ' 0 ·• !n the reactton ,:,. + p ._,. '....:::::-::.; + J~... \:i'lt" oco•ervaho!(t of t.l'l~ 

s .. !hsequ.ent cascc,de dec~:y of ~~:~:"::·~:·~.-· (which wilJ. be ir:rv~~:tigated iu Berkeley 
. .. () 

'by .AlYarez and c<:i~Hahc.:n:e.l':\:•1' .1},. :he df.H::a.y d d:-.e <:r;,;utt:!d /J could nerve 

c:~s an ~'l.naly:e.er of thE' ptH: g.ible p,b,,·j,;;:..atic:n C'f 



the D0 itself. 1f 'ti~·e f'.L\isum.c s;p.~L ~jl. L·-~- :;b.:~ hyp!!!I·'Of?.s, thic:: pt\laldzcttior~. oE 

the :=.--:-_ _,- will be given by <:Hi. eJ.r.pr~;;;. sl!.!H'l H: ;e ~H. \1'/tAtlH'e A a.U'ltd B l'efer to 

t t- b ~ . t • ""'h .. . . . f. ...... II o c • d ~ .u.e a ove pr.ch.at:tCtlOtl reac~1.on. l £ ~ )?''~!OJ.:J7;.z;::.>':;loi'l o tue L j xrom tne .:ecay o" 

~;~=~~~ ~ will sbnilarly be descdb~d by u~~. where g a.nd h refer to 

~.::=:=-~~ ~ - /\ 0 + 'IT .. " Such polarb;a~:if.ln is 1a:~ectly obse1·ved in the subsequent 

· [\ 
0 decay for which the d:istd.bu.Hon of x, the unh vector in the dh~ection 

of emission of the nudeon, ·11.ri.U be give!ll, by 

! + (5~ 

0 
where we have written the t:;:·an.sition m.atd:~o. f.o:t• fj -• N + ;; in the for.m 

-1-1> -p + q a X • Xf S:J partides f?c.m1 any r;:dgi~;:, a~e co,'!side:t:ed h'ldepender!l: of. 

the produr.:tior~ rea.ctitm,. observ::~.r;ion oft\ la.r.'ge )'t deptm.derwe ~for\.v:a.rd­

batekward asy;rnmet;;:oy} in t5 y would Y.m.ply not O~Aly violation of :p in both c~·-----~::\ 

and /J de cay but ah.'O vio!ati O'l of C, \!.!t.\le 3 6 the relevant /\ O - f(- phase 
' 

shift is large. If the prod.t.\ction plane in !(' + p ~;:. ~-::.-::~- + K-,. is observed~ 

observation. of a large term propo&<tl.O!l.al t;} ':if\ K · x irr•. «Sl •.vcmld imply viola .. 

tion of T in:variance. 

DECAY CF HYPERFB.AGM.ENTS 

The possi.hiHty oi obaer.d.i1g F' nouconf"~~rva;tim:; ~s<:.en\:iaHy depend!!; 

.on. the s-p imtterferE:nce :bn the :Hriz. l 1;;tat~. .E-;1ilnedaHv i.r.1 /\ 0 d~ca,~. o--.;•,-ave r J l· , § J1 

emission <tcu.ld be ratlh~I' h.t:f:.requ~ut becau·>e of tl:.:o•.':: .::.mg\dar .. momenturn barr2.E r 

which is more q-!:f:fident due to t7c.e lovl Q valu.,fl. w~ :m<.ght aalr. wf..e,ther any 

possibility existr~ of enhand.~::.g H~bl p~1,'ifiJ.V~ ampllit!Ju:i.e h1 hop~;:: 1.>£ obtaining 

larger intedererr.c.e eff.ec:ts. A pnse<1ibiH.t)r· ;;s:':e!C'E:ntf'. itr•elf in. th~.~ nonmemonic 

decay of hyparfragments f.orr which ~h~ a•'l~~u!a:t r:m:·:tn.<entu.rn h;;~t·r·i.~x fo:~· larger 

ot.•bital <al1/ifUiar gr,w:a1en{;&. i.r; l~ess ~~isfa·','OK'ert ''1ii:L1 •:~::t.tpect to t~fl.~c Ci:ise of fx'ee 

1\ 0 decay bec.au.e;e of. the r::t:,:f6e~t Xl'A01l!.r.:!ntuP.-;;")_ 't?t<:;li:ufo:~?. If \'1.1(~~ ~Nrit~-: th'l:l tr&<:.!3i-

tir.m rr.:u:'l.td.x {(JX' l\ 0 - N' + ·u a.<; T g. g -t- .: -{; • j , whe~·fZ: --r h the tlrJ.onumt<rr.:l 

o:r "IT , the t:r.anvi<;;f,m~ m.<i'!.i::::Lr. fm· It c; + ,:'>{ _,. :r.;: + J.;f i:-r. P'"~Pt~.urln~tion. theox·y is 



with respect to ih\~ case ~f f:N:e /\~ decay if W€1 ar:HJUmt t a. s Rude:nn<m. and. 
5 Kar.ph.!s do, tha.t the enell.·gy dependence c£ g and !!. c~"n be neglected. · The 

b .c • '· d ' 'f ~ ,A !.) - "'· ·~· 11 ' d h t:c a ovl<!! Racto:r lS 1.:xpecie to u1c;rease l\. b~.e 1 \ l'> coi:rtha..t:ton at"A t. e "h.~.ec:t 

o! the exdu.sion pdncipi.e fo-x the Hnal <H\deons in heavy f1fagmenta a.P.e taken 

" · into acco~1.nt. Fo:r the detect1.orh of P non.rcon.tJ:exvationr a measurement r.»f the 

,r 

i. 
··' 0 

•. 

anguliill.l' correlatdons in the decay of sin:J!.p!el" hyperflr.•agrr1~i'lh could be usefalL 

Such coil'rela.Hons mu~Jt not rneceeliJai."il1r depend on the pola:-ization of the 
- .. 11 _.... .,.....J.• ~ _.I• 

hyped:R'a.gmenlt, Jl.i:l a for.t:r~oody decay vvitn Hual rnome'11t0!1 p~~ P-P p 3r a~r-d p"l 
. \ • ~ u 

of a~a unpola.rized hypedragment, /-pl"Pz · p 3 I is a prHnl.dos .e::::..rv. a.n.d its 

. "' detection would imply pa:~.:·ity ncm.c~nslfl:rvation. Moll."eo~rer., a careful examin.a· 

tio~:{ of the deca.y dia~!'ib~Jtions af the d~.JffeJr®~t decay m:odes of t.be same hype!''m 

flfagment co~ld also give in:fo:rm.<:ition on \:he poHsible e:.d.F.:>tall!IC(i.l of fhur.l 

ampHt:udes of. cppozU:e pax:ity. Suc:h stud1r would be of b:aJ:e&'rest h1 any case f.tu 

the th"!Oll."Y of hyperfragl'k1.en\:s. 
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