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Fruh S. Cl'nwlol'Ci, Jr., MD.rcollo Cr.eotl, Myron L. Good, 
li"l'ank T. Solmltc, end 114. Lynn Stovencon 

.an4latlon Laboratory 
UnlvoroUy of Cal.Uonia 

Borltoloy, Calltol'nla 

AtiCJU•t IS, 1951 

Pulty nonconoorvatton ono flrot ootabUah.o4 osportmentally in tho woolt 

lnt:ol'o.ctioae ot ' clocay, v docny, nn4 p clec:cy. iubooqucatly, tho obo,orvatlon 
of n larso up-40WD 4oca.y a.oymmoil'}' of A• G · mth rOtJnM to the pi-oduc:tlon pluo, 

in 
• . . 0 

• + P .,.. A+ K • (l) 

A - p + v··· (Z) 

4omonotl'ntcd thnt parlty 1o aloo ut cOJleenocl in hyporoa doeay. 1• & 

Expcrlmonto involving aucleal' o,.ergy lovclo 4CtAonotro.to tllat pnrlty io 

coaoervod to a hip 4ogl'oo in otl'oag tmcrnctlono "bctwooa nuclol. J Howovor, it 

ha., bocn potato4 out by Solcrriov4 OA4 by Da-oU, J"rautocbl, aact Lockett5 that thlo 

evldonc:o mAy llavo little boorios • tho quootf.on of wbcthor parity is conoonccl 
in strcm.s interactions iavolviag otreaso pe.l'tleloo. 6 

The olloervod 161'80 aoymmotry Ia the A decay (I) ful'nlahoD a powerful 
meaao of lnvoottsaUas thts qucotloa, throuflb cletorml.natioa of tho 4lroctlon ud 

matp1itudo o£ the A polo.tlao.tion. If pnrlty le coasol'vocl in tbe coaoclo.tecl 

productloa procooo (1), thoro ca.n be oo compeaoat of A polo.rlaAtion a.DC1 honea 
no decay noymmotry in the pro4uctloa plnao? 1\lrther, Dl'oll et al. point out 

(tmd. we ropon.t their oboorv3ticm ln the lattor part ol tbt& pnper) tba.t U' oomo 

parlty•noaeonoervlft.8 nmplltu.clo le proont in the prodaetlon (1), it co.naot fall 
- 5 to yield a polariza.titm component in tho production plano. (Thia concluoloa 

dopenclo on tbo prooonco of tho Dlrondy eoto.blit~hect noymmotry normal to the 

production plaAo. l,l, Conooquontly, ono can experimentally cletormino nn 

upper limit to the po.J'ity-nonconoervf.na contl'ibution to (1). 

6 
Work done under the auopiceo of the U.s. Atomic Enorsy Commieoloa. 

t Thlo wol'h wac l'oportod at the 1951 APnuallntornational Conferonco on Hip 
Enorsy Phyolcc, at CERN. 



We h.avo analyaed in cletaU J36 evont.o of tho type (l) + (Z), pl'oducecl by 

l.lJ .. Bev/c piono inciclont upon n liquicl bydrotJon bubble cU.mbor. Our J'ooult• 

are perfectly coaoiotont (X a pi'ebnbUlty of 30~ with sol'o clccny n.Dymm.otry in. the 

production pllll1(). The date e.r• tb.uo o. t.JOocl fit to the laypothooto that podty lo 

ccm.oorvecl in aeoociate<l pl'ocluctioA. It, 1n ol'4ol' to ootnbl.tah u upper llmit, we 

nclopt the hypothoola $hat parity lD ilot coasorvcd ill tho pwocl.uctioa, wo flnd thAt tho -frncd.ono.l intoaoity of tho pulty•uacoaoontns eoaQ<ib\ltlon io 0.01 d: 0.08. Tho 

detailo of tho aatllyeio follo\'"1. .. 
Tho hyperon polo.rbmtloo voc:tor P (e) in the hypoaron l'oot tramo la tJI.von 

by oJ)oc:U'yiDt.J lte tllroo compoao•to Ph(B) with I'08nl'd too. l'ight·bmulod orihopnal 

·coorcUanto oyotom.cODOiottao of t\'10 auoo, No. 1 ·~No. a. lyintJ iil tho proctucUcm 

plane, a.n4 llD oxlo No. I pOI'p<nldlculnl' io tbo proactloa plcmo. lA tho 4il'octln of - .. . 
pi XPA • 

The chotec olcll:roctf.oa lor oat.o No. l to oomewlint n~bttrary. If Dl1 tho 
~ . 

productloa ocnrro4 o.t a otaclo oat)lo f ( f las tho c. m. p~Otl•ette oasJ;o of the 
hyperon wUh roopoet to tho blc:i4ont ptoa), tlllo choice ~· bo lma:ultorlnl la 
dete~mi.niDS tho rnntmltucio (P l a + p l z) l/%. of tbO polal'f.co.doa COmpGDOAt ill tho 

production plono. Simllna-ly. a plot of fr1 
1(&) + Pz1(8) ]11~ vo 9 lo, of courao, 

invariADt ngo.lncst tbie cboico. Wo Y1U1 ftrot conoJ.clor thta mt\{JIU.teclo, bOfOI'O 

conoiclerina particular ol'1entf.tlone of axio. No. 1. 

Wo 4l'Y1clo tho production aiatslo B iato oln oqucl .. i.otogl'am latorvalo ln 
co~ B. Tbo throe Ave~aso pGlat'lGatlon · <:ompononto in. each fAtorval uo ulvon by 

r- ..,N(fl) J .. Z , 1/1 
«it(6) o oPll(B) = L J/N(8): E ·u>k(6) • \ (l•"J.t )/Nt$)j · · · • 

' J•l ; ,_ 

\?hero lt lo 1, i, J, nncl whoro 'itfii» lc tbe d&rcetton cooiDo of *"o Jth bypo:roa'o 

, docny pion ~OiltJ nxto No. k, il\ tho hyperoa root laonmo. (The mnsattu4o ot •• 
ao <lotormined. lrom thooe same oveato, Ueo botwooa 0. ?S c 0.1~~ o.ad 1.0. ) 

·· Wo wiob. to toot the hypotheoiG thnt parity h ccmoorvcd ln 1\ooc:tton (1). 

Tb.ou tb.o expoctatlon values fer the· 4tJ~ay~ aaym:m.etry compoaCilto in the production 

plnne nre (q,1; • (n1':~ a 0 • •l/2. • ~hero ·rt a J/M(6) to tho moen oquol'o 

devtatioa la 'it due to otatlottc.al fluctuatlono. Jf a 1 tmd a.1 nrc normally 
cliotdbuted about zero. then fot the inagDltud<;) a(6) = + (a1 a(D) + c 1 

2(6) )l/l f.-h.~ 
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tha probability cU.otl'ib\ltlon io 

P(a)cla. o oxp (·az/Zu) (ada/u), 

so that, from otcttotic:al tluctu.atione elone, we bAVG 

r ~ 1/Z / z' .. a 1/a -· 1/z. 
a = 1 ( w/l.)u' , \a = l.fl, and ( ,· (a • ._a ) ) ) = (2•a-/Z)a! • 

1ft Jfig. 1, we plot 

a(S)- : (tr/Z)a~ l/i. r(l-w/2).;~ l/2. VG e. 

It b evident from Fig. 1 that Uiore h no indication of a otatiotic:ally slsniflctm.t 

real effect. To Qpsoeee tlds numerically, we pel'form a xz test on tho bypotheote 

tbat a 1 (8) :a a2C8) = o. and apply it to tho olx hlotossoam mtorvalo plottocl. We obtain 

xz. = 1-6.1, with Z X 6 = 11. dosroo.o of freedom.~ The probability for xz ;:?. 14.1 lo 

0.30. Tho.t ls, th.e data stve an excellent ftt to the hypothoolo that parity is conoorvocl 

in aaaociated producticm. Slneo a (6) ~o iavad~t. a reAl cflect c:annot 1\avo oocnpccl 

detection 'by an u.lllucky choice of coordtnAte syatemo. 

Wo now make particular choiceo for axle No. 1 nad avorase the polarlzatioa 

vector ovor 6, the production IU181o lot the hyperon. At loaet throe lateJ>eetlns 

cih'octlons ouaaest thomeelveo. They are Wustrat$4 in Fts. z. l(j With a ronl 

pal'lty-nonconsarvatton effoet, ODo of tb.eae oy"tems mlaht bo oxpocte4 to be 

"profel'red" in the sense that the polarlcation in the production pitme would not 

cancel voctol"lally in averagina over 6. 

Tb.e rosulto are oumm.ariaecl ln Table l. No eta.tiottcally oi;ntflcnnt nvornlJo 
l. ~ 

polarizntlon f.r1 the p.roduction. plaae ta apparent in any of the coordinate oyotomo. 

(Thb reou.lt wao, of c<Nroe, paraatoecl 'by tile n-egntivo rooult from tho prococSlns 

"coordblato lnvulant" analyolo. ) 

We now adopt the h-,.theoio that parity l$ !2!,_ cn.ocrvad. in production in 

· order to dotormine o.n uppol' limit to the parlty•nonconoel-Vlnts Qinplltwlo. tn the 
I . . 

notation of 1\e!o. Send 9. tho p1'o~ctioa matrbc element (M. E.) may be writtcm 

. .. .. ~ ..... 
M.. E. c a + b cos & + 1 c olne a • l'l + u · • 

where d. is tho parity-nonconael'Vins amplitude. Then. in the u., • c. m." coor• 

c.Unate oynto.m (J'ig. Z and Ta.ble 1), we ho.ve 



I( 8)F R ( 6) = l.lmc 
0 

(n + b coo fJ)oht 8, 

1(8)P (.t) • Z'&ed
0 

(a • b coo B), . . .· 

I(fi)Pa(B) c: Z.· Red.
0 

c oiQ e. 
1(6) ~~: Ia +b coo if~ ,+fe alae j1 +fdl& • 

Atter o.•erc.fJbaa ovor e tro havo 
. 0 
~ • (1r/i)lr a, (J) 

lP • ~ 8.e4° a (-6) 
11' ' 

0 
~ 1 = (a/Z) B.ed c (5) 

1 • iafl + Jbf 2/s + z jei 1/3 (6) 

Since P n lo oboaaovo4 to bo l~nc.. c bnct n mu.ot both lito noaooro, nn4 thotl' phaoo 

dlUeJ"oace cannot he 0° ozo 180°. Tb.ef'efol'o, P • ancl ~ 1 cnamo' both . •anioll, 
lmlosc /4' io 0. 

If wo olimiaato the pbaoe of d from Eqo. (J), (<6), CloAi (S) and inoert ouao 

l"esulta il'Om Table 1, we •taln 

fd I a I lf 12 IJ;~ z + ( (11/-Gl j ~/c.f~, )~•lcoD 9 (u/4l) lc/~, 11'P 1} IP! 
= o.07-M + o.o:H4Jc/a J1 + 0,101 coo .~·jc/a j, 

where ~ lo the ph&fe of (\ l'eladvo to c. 

·.aecnso of tho I'QlJ\Ilt that !41 la 0~~ u·l'tUno oat thtl' tllo b\duolon of 4 

<looe not oubotantially chango tbe solutions ~~-· ~ b, and c:: oliWnocl 'by oottins 4 • 0. 
Thoi'G 81"0 O()VOJ"ol ncb. oolutloae. 8 The Oilo th(l.t yloldc tho 1nrcoot Vnllle fOl' d 

b.ao 1 lcfaj • 1.4&, ct • ·~ 0 • t'l stvo 1 c1 1
2/fit 1 

1 -= o.:' t.t: o.a?. 
Ia term.D of lntearatea crooo ooctioDo, W<l !ln4 

o-(8 wt\ve)/cr(Total) = {aj1/ Jcf + jbj1/3 + ~ fc( 2/s o O.l8 c 0.16 • 
DO t.hat 

a(fibf'Uy not consorvccl)/C1 C-.r;otaJ.) ~ 0.0? 1t 0.08. 

Wo Wioh. to tbtmk lale W. Alvarez for hio conti.auo4 iatcl'ent and. p14aalco. 
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6. For blatanee, etranaeneota coaaervatloa forbi4o the oacb.u.se of a obagle K 

m.oeon betwoon two nucleox.,a. On the other, hand, -tlie (allowed) U.Change 

of two K mesons t:thoulcllead. to eo:mpal'atively obot't•raos• loreQo, whlch 

might play only a om1llll'olo in. low•ouOi'JY au.cloar torceo. Further, unclor 

the euggeotive hypotheoi.o that PC lnval'iaaee holde tor the otrong 

interactione (as lt &Qemc to for the wQok), tben fo:r pton-nuclocm forcea 

charge lndepcndeuce (Cl) implteo C iavutanco ancl hoaeo P lnvarf.Q.ncca. 

But lc the aucleoa-hyporon-K•meuon bate.J'aetlon, CI dooa not hnply C ..• . .. 

laval'iance, otnco the (K. , K0)dwblot io cUottnc:e from ito C con.jlagate 

clcmblet (K"", K0 
). Thuo tho c:ombltu.\ttoa Cl plua CP tuvarlaace 4oeo 

not imply P iAVUianco for otl'OD(JO pci'tteloa. 5 

&. .R.oaulta of cnalyole of tb.e omne ZS6 evonto, pJ"et;uantod e.t tho 1958 Annual 

latorno.tlON\1 Conforonco oa High Eaorgy Pb.yotcc at Gmi.N, and to bo 

publlehocl. Tbe nDalyotc acunmico A optn 1/2, po.rt.ty conaorvatton in 

the productlem, and o aiUl p wave& only tD. tho ltA oyotcnt. The notAtion 

la that of a.of •. 8. 

Q, Leo. Stelnborj~r. Foinbors, Kabit, and Yanc. Phyo. !lev. 106, 1367 (1957). 

10. The fl.z. teot 1.\pplice only to aormt!lly dtotdbutod vartnbloo, l. o., to a 1 tmd 
~ . ( z ·. lr)l/1 a
1

, not to a c:r o.1 + a1 . Tb.en 



z t ,- z. ·. ~ ... 
X = pa' : nl (g\) + a a U) (N(J)/S 

a (1/3) :- 94(.131)6 + 56(.l91)1 + 41(.66~J'+ ao(.6aS)a + 1?(.514)~ + 9(.787)a · . 

• 1<6,1 
~ . ~ 

,'U• Figure Z io mnemonic: ouly, b~eauso -of the nonlinearity of voloc:tty a441tion 

18. 

. . -- .. in tbo Lorentz ta-mustormotlon (LT) •. T~o unit voetoro v, A, oad ). a.re 
obtabiecl by traaolo.-mlns .moaaure>cllabo-rcto:ry-oyotom q,ua.otltioo fh'ot to 
the c. ra. •• thn to th•. A frame. Bocn\too of tho LT aOBUaeal'ity, theoo 

dlftor by a (emcll) rotnttoa faoom tho corsoaopondiltfJ dbtoetioaa obtalno4 by 

tr~Ulelormina dii'OC:tly fl'om tho la.b f1'.mno to the A fl'amc. Seo, for lno~co, 

HCD.ry Stapp,· 1\olativtotic T.-aa.ofol"mntloaa of Spin Diroctloao, UCR.L·8096, 

Dec .. 1957 (upUliohod). 

One can eompal'e our e11S 1 (A~lah) = - 0.046 • 0.11 with rcunuta of n~meroua 
c:osmie-ray and. c::osmotron eloucl charru.er oboervationrs on A-decayo from 

A's produced in complex nuclei. Tbeoo experiment& have lndic:ate4 a 

front .. back decay asymmetry with reaarcl to the A- lln4'J of flight. [see, 

for instance, Blumenfeld, Chi~owoky, and Lederman, Nuovo cimento 

..!J l96 (1958), ·and r~foronces stven by them.] Theao experimen~s are not 

coneluoivca. Altlaouah all. experimenters asreo on the nign of the effect, 

it is of doubtful validitY. to combine the cosmic-ray ancl cosmotron o~atiotico, 

since the production ineclumiem.o clWer, and presumably could. leadto 

opposite polarizationo. . 

7. ·This is true only if Reaction (l) doea not proceed through parity-doublet 

formation. There are &t present no theoretical or experimental reaoono 

for believing that parity doublets exist. See, for blotance, Eisler, Plano, 

Samios, Schwartz, and Steinberger, Phye. Rev. 107, 3U (1957). 
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Table l 

!!,olarization cQmponenta averas4t4JWel' hyperon c. m •. prod:uc:tion analo. Here 
n ia a unit vector in the direction 11 J7Jnci4ent) « ~ (hY"P~QD). 1'be sta:n4nrd 
4evt.ations oa all alf l, z, 3 are (l/l36) a O.ll 3. Prob (x l, z) = · 

exp - i' ro. 2P~ l + GZp~ ~~ al"6/6j • tllo probability of getttns a x1 ao large as 
or la~ser than that obaerve4.. U: tho true values are 1'"1 :i"P i = 0. 

Coord. Axis Axis .Alde o.'Pl GP o.f1 z 
Prob (X l, a) 

oyetem No. 3 No. 1 No. a 1 z. 
- .- -- .. - ·- 0.55 -o.l:s +0.15 o.a1 • • c.m. 1l • ~v 

A • c.m. - r ..... - 0.65 +0.081 +0.068 .0.6i l\ AS\ 

A • l~ab - 1t ... K 0.55 -o.M6 +0.18 O.i6 n ' 
·a .a . 
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LEGENDS 

Fig 1. .M.plt\)do of tbe A ueay $DymrDetry- f.n ~bo ptto4uctitm plano, mi.ftUO 

. [sa'/lNC8)] l/~;o. the moan vrlluc OJtp&~c:a4_1J>om. ototiotlcolll•etuotloD:o oloao, 

p1ottc4 VOP0ll9 e. Ute byporo~ c. in. proctution aQglo. The plottOct ot,ore -0 
·the l"ms fluctuationo • [<a• w/~)S/N(S)J l/i. .... · . . 

.Ftg. z. Mnemonic (a<>nrelatt.vls~tc) 4io.po.m. la voloctty spo.co .. !f~ K; Q-nd -,:' ue 
unit vectoro, relet'rlns; to tho 41Jt"ectton of tbe lncl4ent tt with reay;,u~ct to tho 
center of mao a, the A with ;rogol-4 to the labol"ctory lretno, an4 .the A Tilth 

re1a.rd to the c. m. • all ao oeen ta. tho· A r·o.ot fttame. See also Footnote 10. 
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