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ABSTRACT 

The chargecl mocle of decay of 189 A aa4 77 ~ partic:lel prociueed by 

1.12-Bev/c w"" meeou in the copper wall of the Berkeley 10-iD.ch Uq,uid hyclrosea 

bubble chamber have been aulyaed and their aaymmetriel calculated. The 

aaymm.etrie1 have been examiaecl. for eeveralintereettq eubaroupe of the 

eample and for aevel'al cUrectione of fl\I&Dtl&atlon. A fore .. aft aeymmotry in 

A decay hal pre'rioualy been reponed in c:oami.c .. ray iDteractlona with complex 

nuclei and in aome machine eveDta of a elmllar nature. Thie aeymmetry ha.a 

J"eceatly been reviewed and s~rizecl by Salmeron and Zi..:hic:hi. They find 

a 3-ataadard-d.eviaticm effect,~tore-&ft = ·O.S6:t:O.l5. ln contraet, the 

aeymmetriea fowu\ here for both A and K0 are coutateat with the aeeum.ption 
. 0 

of the couervation ot parity lD the production proc:eaa "- + p(h'laucleu.e)- A + K • 

The c:roal ledion for the &laodated production of A.'fl!t!J and r.°K0 baa 

been d.eterminec! ae 10.5•0.9 mb per copper n\U:leua. Tbla value ia aomewbat 

laraer than that expected on the aaaumption that the nucleon• iDterac:t in firlt 

approximation aa free Aucleona poaaeeetna Fermi momentum accor4iq to an 

A 2./3 1caUng of the hydrogen croee aec:ttone. Thia •caJJna predicte a value for 

thil croea aection of 7.4 * 0.8 mb/nucleue. 

Subeeq,uent interaction• of. the hyperou with another nucleon tn the 

aame nucleua in which they were proclucect are frectu.ent. A lower limit f.or the 

probabiUty of acatterifta of tbe A can be aet at O.ZJ• 0.07. Thb ia in accordance 

with the obaerved. A + p croaa 1ectione. 
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Introduction 

If parity ia not conserved in strong interactions, then the final-ltate 

particles may have a component of polarization in the plane of production. An 

asymmetry in this plane may result from the parit~~·nonconaerving decay of 

1 unata'ble partlclea. In particular, with respect to the line of flight of the 

particle, a fore-aft asymmetry ia observed. Such an asymmetry baa been 

z observed in the decay ~~ A • a produced in complex nuclei by cosmic rays,. 

and in corresponclina; machine experiments. 3 The eltu.ation baa been reviewed 
4 . 

by Salmeron and Zlehiehi. They have applied. criteria which auppoaedly 

eliminate all biaaea and give an over ... all reavlt for ;-pfore-aft of -0.56 e O.lS, 

a l·atandar4-devtation effect. No such asymmetries in the plane of production 

- 0 1 have been found at Berkeley in w + p .... A + !< hy4rogen events. Many 

V -particles which were produced in the copper w.;lll of the bubble chamber are 

also obaervecl. AD. unbiaeecl eample of these has been analyzed in a search 

for poeatble aaymmetriea • 

• Work clone Wlder the aupicea of the U. S. Atomic Energy Commiseion. 
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Sample, Aaalpia, and Aaynunetries of the Wall Vee• 

Three aeta of film of fifty rolla each were aelected from the 

1.12-Bev/c ,. • experiment ill the Bel'keley 10-illch liquid hyd.rosen bubble 

chamber. Thia aample yielded 189 A - p-+ w'"' and 77 ~ - ,+ + tr decaya 

from 276 eveDta ol tile type • • + Cu - vee. Theae Z76 event a are divid.ecl aa 

followa: 23 double Am0
, 110 single A or K0

, 5 •* palre, 4 three-body J!!> 

d.ecaya, 4 K .. interaction• (arieiq from the 1% K- in the beam), one 

A + p - A + p elaatic acatteriD.a, and 19 "Junk" (w.uneaaurable eventa and. 

colneideacea, w-p acattel'iqa, aac:l ,. - &&. decaya). This aample repreeenta 

40% ol the 1.12-Bev/c , ·film and about ZOo/e of all the aaaocla.ted production 

film of the 10-iaeb. chamber at Berkeley. 

The eveata were measured on the Fraackeaatein meaeurt.ng projector. 5 

(See Fis. 1 for oDe of the two stereo viewa of a double wall-vee event.) The 

aaalyaia waa cloae by u•iD& IBM 650 pro1rama. 6 The IBM. 650 computer firat 

recoaetl'UCteci the aeometry, calculattag the cltrection coaiaea ol the begianiq 

and en4 of each track. The :m.omeutum of each track waa computed from the 

curvat\are in the 1 O·kilogauaa maanetic fielcl. · A aecond program corrected the 

momentum lor 4£/ dx loaaea or. computed the momentum from range for atoppiftl 

tracks. Two calculations were made for each track, aaeumlng a.,.. lathe firat 

caae and apia the aecond cue. A Wl"4 proaram fitted the decay both to a 

K! anti to a A interpretation by leaat-aqu.rea lite. 1 For each i'Gterpretatlon 

a x Z function waa calculated. By chooaiq the amalleat x 1• we identified the 

vee as a~· aa a A, aa ambiguous (lite either Kl or A), or ae a ubeaet" 

(fit a neither I<! nor A). The ambisuua eventa were reeolved by a meaaure ... 

meat of the ionization produced by the poaitive tracka, aa cietermioed by the 

ratio of aapa per unit length of the poaitlve track r.elative to the neaative track. 

A mlnimum t.onlaation indicatea a,+ track from K0 d.ecay in aeneral, whereaa 

a ncmminimum ioniution occura from the proton from A decay. The ''beaata" 
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were remeuurecl aiMl those falling to fit were examined. and placed in the 

• appropriate catesory (e paira, three·bod.y clecaya, etc.). 

In a4cUtioa, the double vee eveote were exam.inec:l for coneietency 

by meau of the followina checka. 

The point ol procluctlon (in the wall) ot the A or K~ waa calculated 

for all vee a. True double -vee eventa had to have the aame point of production 

ancl to fit either a AK0 or a K0A inlel'pretatioa for the two veea. Alao, rough 

aareemeDt of the correlation of momentum aDci angle of production for the 

Jmowa beam momentum and eome reaaonable Fel"mi momentum wae found to 

hold in many caaea, althouah maay A • a were obaerved at larae analea 

(> 30 ctea). Tbeae are attrllNted to the nuclear acattering of the A' • upon 

comiq out of the nucleus (see the diacuaeion below). 

After the event waa .fitted, the 4lrection eoainea of the negative decay 

pion were computed in the .K or A relt frame, with a riaht-handecl coordinate 

ayatem. The1e direction coainea are o, P• and e. where t1 mea.aurea the 

riaht·left, p the fore-aft, and.~ the up-down aaymmetl'ie1 with reapeet to a 

ttdefinecl plane, " which ia the plane o1 Tracu 1 and z aa 1hown in Fia~ z. 

Thia "d.eflaed planett ia only approximately the production plane, Iince the 

atruck nucleon in the copper nucleus poeaeeaee Fermi momentum. In lome 

eaaes the A uwlergoea a eubeequent scattering in the same nucleua, thwa 

further alterma the pi'Od.uctlon plane. Theae direction coalnea are defined by 

the equatlona ~ 

Pi ... - -• ( 1 X (I X Z )] 
fie 

p* • 

... 
\'(P3. Z)- Tll&3 

p = 
p 
,-........ - ~ -

~;:: 
P 3 ·(1X2.) 

p* 
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where 

P1 = momentum, 

Z Z 1/Z E1 = (P1 + M 1 ) = eneray. 

Ez Pz 
'Y • J,l7 • , = IT. • 

z a 
&Dd where, for example, 

• 
l = urdt vector in direction 1, 

~ 
Z = vector in direction Z, 

-P 3 = momentum vector ill direction 3, 

P*= reet-frame momentum of decay particlea. 

AD:· uymmetry coefficieat (a1) for the decay dt.atributioll 

1 +a coal 
·f(coa9) = _........,~---· 

where a1 = (G"i' a. = parity mi..xina parameter, and P • average polariaation of 

8 
the ciecayioa particles, can 'be found from the relatiou 

l(N+·NJ 
a,= R+ + R_ • 

1/Z 
2 

•• ;;t/z • 

N+ 
where p = ~ , q = 1-p, N = N+ + N_, N+ =number of event• with c?s 8f. > 0, 

aft4 N. • number of events with coa 91 < 0 for a aiven c:oa 91 = p, o, or e. 
The aaymmetriea i:A the prod.uctlon plane were alao looked at in a rotated 

fzoame p • , fl' , in which the rotation ia back through the procluction angle 
-1 ... 

coa · ( 1· 2 ), eo that p• ia parallel to lnciclent beam direction. The aaymmetrlea 

were calculated for the K' a and A • a for the following aubc.Uviaiona of the sample: 
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(a) an evente, 

(b) all eveate within the geometrical cutoff ueecl tor the c:roll• 

eectlon calculation (eee below), 

. (c) all A with Pa < 700 Mev/c (ae waa done ln some prior woru1• 3) · 

(d) &A "eDriche411 sample of evente in wb.lcb the A llee in a 

relatively amall baacl about the v • + p (hy4roaen) ldftematical 

region (which is expected to yield a sample containing a larger 

fractiou. ol nonscatterecl A' • ). 

Table l aummarizes the experimeatal reeulta. 

In aU cuea, the aaaigmnem of a1 a 0 is aatiafactory within lt&tiltice-

that .... couutent with DO &lymmetriea. 9 There ... no evidence here for the 

•ncouervation of parity in the proclu.ctloa proceee. 

The aueace ol a larse up•cilown (a1) aaymmetry require• examin&tioD. 

Two eftecte necessarily reciuc;e the up•down aeymmetry. Firat, the E0 ~ 

production eventa clecay into A • • baviq only oae-thir<l of the orig!Dal polarization 

of the Z0
• 

10 Second, the defined plane uaed for calculatiaa the aeymmetry is 

not, in aeneral, the plane of production. becauae the atruck nucleon poaaee1e1 

Fermi momentum. ODe might reaaoraably expect an up-down aeymmetry of the 

orcler of two-third.• of the val\l.e observed la hydroaen for A' a, which value is 
~ . 11 . 

C•.rJa. • 0.57 • 0.066. The asymmetry call &lao be red.ucecl if the A' e ecatter 

upon aa.other nucleon on emergJ.Da from the nw:lews ill which they are proclu.cecl. 

Thia reciudion occur• even without epta-depen4eat ecatterifta forces, arul·i• 

caused by the random orientation of the A + N ecattertng plau.e relative to the 

production plane, eo that th.e clefined e axis . aeare Uttle relation to the origina.l 

., polarlaatioa direction of the A. We mi&ht rea•onably expect, therefore, an 

llp•down asymmetry for the A' • of approximately O.l. The clata are ln accord 

with thie value. 
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Table L Tabulation oi Asymmetry Coeffidenta 

!!or ae1ative dec:a;z; ;eion! 

All events Events within seometr:r "Enriched,. :2Jk < 7 00 Meic: 

Coefii· 77 K0 189A 45 K0 1041\ 73A 143A 
(errJr (error (errJr (erl'or (error (error 

cieat •• 2l) :j: .13) * .30) :a: .ZO) •• 24) •• 17) 

ap -.54 -.10 -.49 -.18 -.28 .... ol 

•a -.08 +.14 -.04 t.OO -.03 +.07 

ae +.OJ +.14 +.04 -.06 +.28 +.18 

.. ,. ... z3 +.12 -.49 -.04 -.OJ +.21 

••• +.3. +.ZO +.40 +.!5 +.19 +.07 

. , 
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Qualitatively, more A' • were obaervec:l at a.n1lee greater than 

30 des to the beam. direction than is expected on the baeie of independent· 

particle interactions identical with elementary v- 1- N interactiona and the 

effects of the Fermi momentum. In order to check. thia CJ.u&ntitatively, the 

distribution of angle, N (9 A), of the A' s waa c:alculateci on the basis of in<lividual 

11' • + N lateractionl in the nu.cleue with the AU.cleon poseeasing Fermi momentum. 

The A laboratory-1yatem angles (8 A) versu.a the center-of-mass angle of the 

A(9') were caleulateci from the kinematics for Fermi momeatum. P1 rs 0, 100, 

100, and 300 Mev/ c for &Jlllee of the Fermi momentum vector with re1pect 

to tbe beam directior& (6F). .By use of suitable ar&gular intervals in SF and IJ', 

the cliatril:Ntion N(8 A) versue (J A was calculated for each P ,.. This was done by · 

weiJhting the ki.D.ematica with the known energy dependence for hydrogen total 

.. A • ..c 
croea 1ec:tiona iA v + p- (~) + A (as a function of the center-of-masa 

momentum of the outsoing f). or I;
0

) and with known aqula.r distributions 

lZ o (from the Berkeley data). The A • 1 ariain& from li decays were treated as 

iaotropically populati.Q& a 'band of angles in the laboratory ayatem about the "E.0 

production angle (l&'b). Finally these d.iltl'ibutior&a were folded with a FerrAi 

momentum c.Uatribution. Two diatribu.tiotuJ were waed: 

(a). A Qauaiaa f(T)dT = oxp (·p2./p
0

2) dT, where T =kinetic energy, 

with p
0 

2 correapondins to kinetic energy of 20 Mev, a value observed in 

lighter nuclei, i.e. Z < 6. 13• 14 

(b) A completely degEne,rate Fermi gas 

f(T) dT = 1 for T < T 0' 

= 0 forT> T0, 

with T0 = 33.a Mev, correapon<iing to a maximum of 250 Mev/c, which 

approximate.tfl that given by energies in infinite nuclear matter. 15 The 

distributions N(8A) are relatively inaeultive to the momentwn distributions 
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and are plotted in Fig. 3 aloq with the observed distribution shown in histogram 

form, for 104 A (same aam.ple aa used in cross sections~ see below). We 1ee 

that the observed and predicted distributions disagree, and we attribute the 

discrepancy to the scattering of the A • s on emerging from the nueleue. Such 

. 16 
scattering of the A's is coneistent with the known AN erose sections. We 

find that the fraction of scattered A • a is greater than the fraction O.Z3• 0.07 of 

the observed values lyiq outside the preclicted distribution. We conclude that 

a large fraction of the A' e must scatter, and thue expect the value of aC will be 

small. The result is conalnent with either a small or zero value. It is to be 

noted that Blumenfeld et al. found no up-down asymmetry in the same sample 

3 that gave the fore-aft asymmetry. However, their up-down distribution was not 

ieotropic, but was peaked at cos 6 • al. Thie is not possible for the known value 

11 of one-half for the spin of the A, which gives a linear distribution in cos 8. 

17 Also, Bowen et al. and Boldt et al. have not observed up-down asymmetries, 

althouah in their experiments the polarisation may be smaller becauae of the 

hiahor enersiea involved. 

Cross Section 

In order to cletermine a eros• section one must evaluate many etfecte. 

Theee are scatm1n1 efficiency, detection efficiency, neutral-decay corrections, 

and path lenph of the beam in the material. In order to have a sample of events 

in which the scanning and detection efficienciee can be evaluated and in which the 

total path lenath of the beam is known. definite geometrical cutoffs need to be 

applied. A determination of the Hlifetimeu of the particles indicated an almost 

complete lack of decay• near the entrance to the chamber (i.e., within 1 em 

of the wall), which necessitated using event• that decayed beyond 1 em. The 

number of beam tracks was determined for a central reaion of the chamber 

corresponding to the bubble chamber' a thin-window area, and for hiah-quality 
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film (leae than 30 tracks per picture, no large bubblee, gooci illumination, etc:. ). 

From the sample of 189 A and 77 K! dec:ay1, the application of the above criteria 

left 104 A. aDd 45 K! events. These dec:aye showed an exponential dilltrib\&tion 

in proper time. The maximum-likelihood. 1ob1tione for the lifetimes are lngoocl 

lZ 19 -10 agreement with the accepted values • (104 wall A gave., A c 3.1• 0.3 X 10 aec; 

0 -10 45 wall K1 eave "K = l.O• o.zx 10 aee). 

The ac:armia1 efficiendea were cletermtn.ecl by reacazming aome ot the 

film. In the sample ueec1. one-fifth had beeD reacanned in a aormal manner 

•imUar to the first acan. An additional one-fifth was reec&mled. with a careful 

eeaJ."eh for vee-.eventa uar the entrance wall. This la a poorly Ulumln.ated 

region of the chamber (see Jrig. 1). The number of events found in this region 

(decay leDgth lese than 1 em from wall) a.areea favorably with the number required. 

to clecay in there by calculation from the number of obeervecl decaya beyond 

1 em. J\11 equivalent of 80d: 20 eventa wae fouad v•raua the 85* 10 required. 

The scanning offieieac:y for the wall veee was determined to 'be 0.93•0.04 (veraua 

0. 98:!: O.OZ for the event• in hydrogen 18). 

The geometrical eecape correction or detection efflclera.cy. whlc:h ia 

the probability that the production an4 clecay of the vee occurs within the acceptable 

region of the chamber, waa calculated. The calculation wae ma4e by ueina the 

midpoint thic:kaeaa of the wall aa the averaae point of production (ao that the 1 em 

from the w&ll for the couDtf.Dg of decay time 'become• l.J5 em from tbe production 

pobrt). The calculation average• over the known true beam c:U.atribution. over the 

random orientations of the prodl&Ction and. ciecay planea and over a eet of 

laboratory-eyetem anglea &Dd momenta. Theee anglee and momenta were 

picked from a eultably diviciecl momemwn-vereue-&ftlle hlatocram. The true 

eounte in e&eh histogram interval were calculated and an averaae (15'!) waa 

determined: 
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' 

where N1 =number of events observed in interval i, 

(DE)1 = calculated detection efficiency for interval i. 

The reaw.ta are Dl:A = 0.684 and .rn:!K0 = 0.60Z. It tul'na out that these D. E.' a 

are essentially the probabUity that the decay occur beyond 1.35 em from the 

production point. Under these conditions, the detection efficiency for obaervina 

each double is ju.et the product of the probabilities for each associated A and 

~ to decay beyond this point, so that we have 

• 

with the reault i5'tA.K = 0.410. Table U give• the results of the corrections 

for scanning and. detection efficiencies. The corrections due to the branching 

ratios (.BR.) iDto the neutral or charged decay rnod.es now can be made. The 

observed ratios are: 

BR (A-,~ v~ • NAK/(SE)X(DE)AK 47cll = 0.60•0.16, 
(NAK + NK)/ (SE)X (DE)K = (!8+Z6) alA 

o:i'Oz 

( 0 + ") NAKf (SE)X(DE)AK {'<1-, +tr 47ell = 0.30• 0.08. BR · s : 

(13.6\~ all K0 
(NAK + NA/ (SE)x(DE)A 



Observed Number. N 

0 18 AK Do\lble• 

(86-JAK+)c 83 eiqle A 

(27 -l~E;'K0)a 26 eiqle K.~ 

.. 
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Table n. Correctiou to data 

E.fficienciee 

Detection Scaamioa 

0.410 0.93 

0.684 0.93 

0.602 0.93 

UCR.L-9Zl9 

Actual Number 

N 

47. 11 

131 * '" 
4?• 9 
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These 'braac:hina ratioa are in agreement with the hycbogen results and the 

- I 18,19 L preciictiolla accorclina to the JAil = 1 Z rule (l. e., BRa = O.v7, 

Bitxo • O.JJ). Ualag the 0.67 u.c:l 0.33 valuea we can calc\lla.te "rue associated 

"AK" obeei"V&blea from 

for z;O- A + y. 

We ob*ala 

N 
= Alt a l (47 • 11) • 11Z e SO :tlilA AitK 6 

a = 3(94 • 14) • zaz • 4Z 

= i (178. 18) = Z67 * 11. 

Upcm averaata& these we obtain nAK • 154 • ZO, which is taken as the 
-"lrue 

••beattt value. Tbla number, coupled with the track count and path lenath. aivee 

the eros• section. The aood•quallty film iA the aample ueecl has 38,153 aood frames 

with an averaae of 1Z. 7 • 0.1 tracks per frame throuah the defined thin-window 

area. The path lenph (L) per track ie very nearly the thickness of the waU. 

0.63 • 0. 01 em. (1/ 4 inch). Thus tor the c:lenaity p of copper of 8.6 • 0.1 a/ cc, 

A = 64 (atomic weiaht), and the K-, .,. •• e • contarnlDation of the beam of 

approximately 6% ZO (i. e. , M% v' s) we obtain (taking into accoWlt tbat the 

averaae ., .. flux in the wall ia Z% hiJhel' than in the chamber) 
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1 64 
• (8.6X0.6Sf ,.OJXlOZ) X • 10. 5 * 0. 9 m'b/ Cu nucleus 

Thia re•ult caa be compared with an A'l./J law utWziq the hyclroaen data for 

, .. + p-A(~)+~. Averaama Ute ener1y d.epeadence of the known cro•• 
11,19 . 1ec:tloaa for I' aa4 'rover the Fermi momentum diatrll:Ntion (see 

cU.acuaioa of N(l.c\) alaove), we obtaf.D. lOr an incicleDt , • momentum of 

1.11 Bev/c on copper, 

.,..- + p- A + K.0 t 0.64•0.08 mb, 

,- + p- ~+ ~: O.J7 • 0.06 mb. 

TINa, on the bula of aa A. Z./'J sealift& of these cro•• section• 

LA 2./3 L (Cu: A • .,.., Z • l9, A = lu a 1.S protona + 8.7 neutrou), 

weobtala 

g AK"+lJ~O • 7.1(0.,4+ 0.37) = 7.3•0.7 rnb/nw::leua 

aDd a ratio of 1.44& O.Z.O for the obaervecl to predicted erose aectiona. 

Several factors can contribute to the inc:reue of the obaerved over 

the pl'eclicted c ro•• aectioa. The flrlt factor ia a volume ·etfect deviation from 

an AZ/l law. A atriet AZ/l law wou14 apply only ii the piona interact only once 

in traveraing the aucle••· Some increaee in aaaociated pl'oclw:tion can then 

follow from pione that un4erao a •mall·anale elaetlc •catterma and then m&k.e 

• Four event• are estimated. to be clue to lDteractiona in hydngera lee• than 

Z mm from the edse of the wall. 
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an associated production. The eecond factor ia a contribution from 

,-P- AK0
'tf

0 eveDte, which are eneraettcally poaaible in approximately ball 

the caae• hec:auae of the Fermi momentum. The croe• eec:tton for 1w:h a 

proceaa ia DOt lmown. but la expected to be amaU. The tblrd factor la a 

contribution fl'om ,..-+a ll'ltera.ctf.owt. The .-+ .n iatel'actiou caa yield. only 

z;•Ko eveata. However. a z;• can be abeorbed to Jlve a A by the reaction 

E-+ p- A + n19 and th\18 appear aa a A + l.ff'. 

Th\18. the obeervet! erose eectlon of 10.5* 0.9 m'b/nucl~ ia 

reuoaably weU explained on the ba•t• of elemeotary w-N IAteractiona accorcUDa 
~3 . to an A law with aome moc:Ufic:atione which ciepeDii on multiple-atep procesaee. 

auch u deacribod above. 
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Fta· 1. ODe of the two atel'eo vlewa of a double-vee event, munbel' 209909. 

The left·haacl vee k a A of momeatwn 549 • J9 Mev/c and the right-haad 

vee ia a J.t0 of momeawm 61• * 15 Mev/ c. The thzoo\llh tl'aeka &l'e 'beam 

,- meeou ofl.lZ Bev/c lDcicleat from the bottom of the plctve. 

na. 1. Tl'ack Dumberiq. 

na. 3. Dietri'butloa of aape, N(BA ), of A. 
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Fig. 1 
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