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A SEARCH FOR PARITY NONCONSERVATION,,
IN THE ASSOCIATED PRODUCTION PROCESS

Frank 8, Crawford, Jr., Marcollo Cresti, Myron L. Good,
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Rodiation Laboratory
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August 13, 1958

Parity noncengorvation was firot ootablished oxporimentally in the weak
intoractione of B docoy, u decay, and p decoy. Subsequontly, tho oboorvation:
of o largo up~-down decay aoymmotey of A'p with rogard to the production plano,
in D R |

a +p - A+KY, o | n

| A wptu, | | (2)

demonotrated that parity is aloo not conserved in hyporon decay. 1,2

Exporimonto involving nuclear ocnorgy lovelo domonctrate that pority 1o
conservod to o high dogroo in otrong intcrnctions botweon nuclol. 3 Howover, it
hap boen pointod out by SOLMWQ ond by Drojl, ¥Frautochi, and Locketts that thio
evidonco may havo little boaring on tho quoction of whothoer parity is conoorvod
{n etrong intoroctions involving otrange particlos. _

The oboerved large acymmotry in the A docay (2) furniohoes a poworful
meano of invootigating this quostion, through detormination of the dircction and
magnitudo of the A polariastion. If parity is conserved in the nosocinted
production proceos (1), thero con be no compenont of A polarization and hence
no decay asymmetry in the production plmw? Further, Drell ot al. point cut
(and we ropont thelr oboorvation {n the lattar part of this paper) that if some
parity-nonconoerving omplitude is prooent in the prodnction (1), it connot fail
to yield a polarizntion component in the production plano, B (Thioc conclusion
dopendo on tho proocnce of thé slrondy established asymmotry normal to the
production planc. L ‘,‘) Conooquently, ono can experimentally detormine nn
upper limit to the parity-nonconserving contribution to (1).

FWerk done under the auopices of the U.5. Atomic Energy Commisoion.

T'.!’!ada work was rcportod at the 1958 Annual Intornational Conferenco on High
Enorgy Phyoico, at CERN,
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We have analyzed in detail 236 evento of tho type (1) ¢ (2), produced by
1.12-Bev/c pions incidont upon a liquid hydrogon bubble chambor. Our rosults
are perfoctly consiotont ()gz probobility of 3059 with sore decay anymunotyy in the
production plan¢. The datn are thuc o good fit to tho hypothenin that parity is
~ conserved in associsted production., If, in ordor to enmbliok an upper limit, wo
adopt tho hypotheois thot parity is net conserved in tho production, wo find that tho
fractionol intonsity of tho parity-nonconoorving een:ribatien ic 0.07 = 0.08, Tho
details of the tmnlyaio follovr.

- Tho hyperon polorination voctor P (6) in the hvparm root framo is given
by opocifying its throo componontn P, (6) with rogord to o right-banded orthogonal
-coordinnte oyotem conoioting of two anop, No. 1 and No. 2, lying in tho production
plaae. ond on oxtic No. 3 porpondiculse to the produmlon plane. ln tho diroction of

g X P A

- The chetco of direction for onic No. 1 io somewhot arbitrary. If oll tho

production occurrod at a oinglo angle & (6 is tho ¢c.m. production angle of the
hyporon with reppoct to tho lncidon: ptou). thic choice would bo {mmatorinl ia
detormining the magnitude (Pl +P, ) 1/2 of the pohrinuuon componont in tho
production planc. Similarly, a plot of E’ (6) + Pz (6)] " w8 @ o, of courso,
invariant againot this choice. Wo will ﬂrnt convidor this mngnimdo. boforo
concidering particular orientations of axic No. 1.

We divido tho production angle 6 into oin oqual histogram tntorvnlo in
cos 6. The three average polarisation components in oach interval aro givon by

s 0 [ Eht0 e o] V2

wher¢e k is 1, 2,3, and whore nk('ﬁ). ic the diroction ceoinc of tho jth hyporon'o
. decoy pion slong oxis No. k, in tho hyperon root f¥amc. (The mngnitudo of °,

as dotormined from thooe samo events, lies boetwoen 0.73 = 0. M% ord 1.0.)
. We wich to teot the hypotheois that parity s connorved {n Ronction (1),
Thon the expectation values for the détay asymmetry compononto in the production
-blana are /'ql) = (hz"“ = 0 & cl/ 2 . wherc ‘¢ & 3/N(6) io the moon SqUOYe
deviation in a, dueto statistical fluctuationo. If ay ond az arec normny
distributed about zero, then for the magnitude a(6) = + (a‘ (9) ta, (6) ) / thi,
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the probability distribution {s

P(a)da = oxp (-a%/20) (ada/o),
so that, from otatiotical fluctuations alone, we have

‘a = f( w/?.)c l/z (a2’ = 20, and (‘{a~ .a") ,>)l/z*= E(z-g/mﬁ 1/2 .
In Fig. 1, we plot

al) - [ (v/200, Y24 'enjare V2

ve B,

It ie avident from Fig. 1 that thore is no indication of a statiotically significant

roal effect. To express thia numcricnlly; we perform a xa test on the hypotheosis
that 31(6) @ aaw) = 0, and apply it to the oix histogram intorvale plottod. We obtain
xz = 14,1, with 2 X 6 = 12 dogreop of fmadam.m The probability for xz 2 14,1 s
0.30. That is, the data give an sxcellont fit to the hypothools that parity is conocrved
in associated production, Since a(0¢) io invariant, a real offect cannot haveo eocoped
detection by an unlucky choice of coordinate systemo, 4

We now make particular choiceo for axis No. 1 ond avorage the polarization
vector gver §, the production angle for the hyperon. At loast throe interesting
directions suggest themselvos, They are illustrated in Fig. 2. 1% With a roal
parity-nonconservation ¢ffoct, one of these oystems might ba expocted to be
"preferred' in the sense that the polarisation in the production pihne would not
cancel vectorially in averaging over 6.

The results are summarized in Table 1. No statistically uigniﬁcnnt avomgo
polarization in the production plane iz apparcent in any of the coordinate uyotomn. ‘
(Thie result wao, of cource, guarasntced by the negative roeult from tho procoding
“coordinate invariant' analyoio, )

We now adopt the hypotheoic that parity is not conocrved in production in
~ order to dotormine an upper limit to ;iae parity-nonconsarving amplitude. In the
notation of Refo. 5 and 9, the production matrix element (M. E.) may be written

] ) “@ e - -
ME za+bcos 8+icoin6onedo- x

where d is the parity-nonconserving amplitude, Then, in the ‘¢ - ¢.m." coor-
dinate oyotem (Fig. 2 and Table ), we have '
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O (6) = 2imc® (o +b coo 6)otn 6,
HOIP, (6) = 2Red” @+b coo 6), |
HOP,{6) = 2 Red ¢ sin 6,

16) = |a +b cos 6}3 +lcotn 6 |? val? .

After averaging ovor o wo havo

W, = w/agpe’s, )
1B, = 2Red’s, o @)
TP, = (/) Rede . e
T = foffelpl¥sezlel?s B (6)

Sinco ? lo oboarved to bo large, ¢ and a muot both bo nonooro, and théir phaso
dweranco cannot be 0° or 180°. Th'é?cfaro;. P and P, caono m_vaﬁiah,
unless [d'ic 0. :

If wo olimainate the phaoe of d from Eqgo. (3), (4), and (5) and inaert our
results from Table I, we obtain

/ MZ = L?z- +((w/é) §C/n.f'P ) 2 2con o ('ﬂ/‘ﬁ) tc/ai .? 31 /ﬁg
= 0.0744 + 0.034¢ [c/a [* + 0,101 coo & }c/a .

where § io the phase of & relative to c.

Becousc of the reoult that /4 iis nmnu. {t tazno out that the inclusion of d
does not substantially change the solutione for a.b. and ¢ obtained by sotting & = 0,
Thore aro sovoral such colutione, 8 The onc ﬂmz yicldo tho largoot volue for d
hao 1 jo/a) = 142, d=46°% togive [d %/ [4]® = 0.2¢ « 0.27.

In terms of tntegrated croos sectiono, wo find

o(8 wave)/o(Tatal) = o] 2/ uf 2/s +2 iaf‘/sﬂ; = 0.28 & 0.16,
go that

o(farity not consorved)/o (Total) = 0.07 = 0.08.

Wo wish to thank Luis W. Alvarcz for his continued interest and guidanco.
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For inctance, strangeneos conscrvation Iorbidé the mhaagé of a oingle K
meson betweon two nucleons. On the other hand, the (allowed) exchange
of two K mesons a_héuld lead to comparatively chort-range forces, which

might play only & omall rol¢ in low-energy nuclear forcen. Further, undor

the suggeotive hypothesic that PC {anvariance holde for the otrong
interactions (as it scemn to for the 'woa-k). .'then for pion-nucloon forces
charge independence (CI) implies € invariance and honco P invariance,
But in the nncleon-»hyparan-—lbmeson interaetitm. C! dooo not imply C
invariance, since the (K )daublot io distinct from {tc C conjugsate
doublet (K*, K® ). Thuo the combination CI plus CP iavariance doeo
not imply P invariance for ,otrnugd pume’las. s

Reoults of analyois of the same 236 e:mntu. precented at tho 1958 Annual
Internationsl Conforcnco on High Encrgy Physice at GERN, and to bo
published. The anaiyoio asmmmn A opin 1/2, pavity conservation in

the production, and o and p waves only in the EA oyotem, The notation

is that of Rof, 8.
Leo, Stein‘bar@er. Foinberg, Knbir. gnd Yong, Phys. Rev. 106, 1367 (1957).
The g~ toot applics only to normally diotributed variobloes, {.0., to a, tnd

_ag. notto a = (alz + azz)"/a . Then
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X “5;%; ia;z‘df;) +8,%) NGY/3

u (1/3) 94(.131) + 56( 292) * 41( 66234 20( 623) + 17(. 514) + 9( ‘1'3?)ia

= 16 l
2l Figure 2 i0 mnomonic only, because of the nonlinearity of valoeity addition

in tho Loreatz transformation (LT). .The unit voctorno w. A. ond x arae
obtained by trensforming measurod laboratory-oyotom quantitics firot to

the c.m., then to the A !rama. Bocoune of the LT aannmearity. these
diffor by a (small) rototion from tho correcponding diroctions obtainod by

| transforming dlroctly from tho lab froame to the A framec. Eeo, for instnnco,
Honry Stapp, Relativistic Trnnnfarmmiom of Bpin Directiono, .UCRL~8096.
Boc. 19567 (unpabhohed) :

llﬁ'. One can cempare our aP (A-lab) s - 0 046 = 0.11 with results of numeroua
cosmic-ray and ccamotrcn cloud chamber obpervations on A-decayn from
- A's produced in complex nuclel., These cxperiments have indicated a
~ front-back decay asymmetry with regard to the A line of flight, [See.
for instance, Blumenfeld, Chinqowuky, and Lederman, Nuovo cimento
8, 296 (1958), and reforences given by them. | Theso experiments are not
conclusive. Although all oxperimenters agreoc on the nign of the effect.
gt is of doubtful validity to combine the cosmic-ray and cosmotron staticticas,
- since the production mechaniamo dlﬁet. and presumably could lead to
oppoaite polarizationo.
7. This is true only if Reaction (!) doen not proceed through parity-doublet
" formation. There are at present no theorctical or experimental reasons
for believing that parity doublets exist. See, for instance, Eisler, Plano,
Samios, .Schwart‘m. and Steinberger, Phys. Rev, 107, 324 (1957).
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Table I

golarization components averaged %mr hyperon c¢. m. pruductian angle. Hero
n i8 a unit vector in the direction 1(7 zincident) x P (hypaf The standord
deviations on all &1 2,3 are (3/236)1/2 50,113, Prob x4 z’ =

exp -; %azi}z i B3‘6/$ } = tho probability of getting 2 x
or larger than that obaerveﬁ. if the true values ave T’ w'?' = 0,

¢ a5 large as

A - Lab

Coord. Axis . Axis Axis G?S ﬂ‘?l | GFZ Prob (le 2
system No, 3 No. 1 No. 2 ‘ . ¢=
§-com. @ F 0 EmT 055 <043 40,15 0.21
A - c.m, "y Y Axx 0.55 +0.087  +0.068 0.62

n . X an R
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LEGENDS

Fig l. Magnkh;dq of the A decay asymmetry in the prodncttm plenc, minuo

' f'su/zmaﬂ ; .n the moan vilue oxpected from atntiotiaal fluctuntions alonc,
plottod vorsus 6, the hyporon c.m. productian angle. ‘!’h@ plotted errorve aroe
the rms fluctuations & {(Z-w /z)s/meﬂ Vi |

Fig. 2. Mnemonic (nonrelativistic) diagram in voloe&ty space. W, A, ond X ave

~ unit vectors, referring to the direction of the incident s with respeet to the
center of mass, the A with regaré to the laboratory framo, and the A vith

- regard to the c.m., all ap aeen in the A r_en: frame. See also Footnote 10,
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