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It h.ait;beea clear for eome time that the experimental data. relating to 

strange-particle decays are •1111••tlvely cloee to the values predicted by 

the AI = ! aelection rulo. 1• 2 The large1t diacl'epancy hae beeo betweea the limlta3• 2 

.;:::. o.za ~ B ~ o.3a. U) 

predle,ted for tho oeutral branehiq ratlo B • P(K1 °z- •0 + • 0)/[P(K1 ° - u0 + ,..0) + 
0 + - ] P(K1 - tr + 1r ) • and the values .B • 0. 14 • 0. 06 found in the Columbia propane 

bubble-chamber experitneilt, 4 aad. B = 0. 06 (one event) ia the MIT lead-plate 

cloud-chamber experime Rt. 5 The Prec:lletlou (1) ie obtained. b\atead of the 

prediction B c l/3 o£ the 'tpure'* AI= i rule, if oae aaaum.ea enousb ~~ c 3/Z 

to account fol" tb.e decay K+ - 21r. 

The particle-mlxtue theory of Oell·Maftft and Pate predicte, fol" the 

0 trac:tioo f of short-lived (K1 ) decaye, 

f = 1(1 ° I (all K 
0

) = i . (2) 

Tllia ~l'eault la expected fl"om CPT lavarlance aloae, l. e., CP lo.va.l"iance le not 

needed. 6 U, aa aeeme likely, tlle z,.. modea eonatitute practically all the short-
S 

lived decaya, 4 alld. K~ - 1u h negligible, 7 Eqa. (1) aad (1) caa be combiaed to 

predict, ~r Al • i• 
0.31 ~ ltlt ~ O.l6, 

where B.K = P(K 1° - , + + 1r 'f./ (all x0
• ) •. 

• Wol"k clone uader the auapieee of the U.S. Atomic .Energy .Coamiaaioa. 

+ Now at latituto di Flaic:a. Univeraita dl Padova, Padova, Italy. 

§Now at Uoiver•ity of California at Loe Aa.gelee. 

(3) 
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The eorreepoa.din.g experlmeuta.1 reaulta (prevloua to the preeeat experiment) 
8 

are Rx = o. 42 zt: 0. 05 (Columbia). 4 aad Rx = o. 46 • 0. 08 (Michigan propane chamber). 

These ue oD.ly ia fair agreement with the prediction (3). but whee. combined 

~tb Colt~~Dbia'e B/2. " 0.01 give I = 0. 49 • 0.08, io.sood •sreemeat with the 

particte .. mlxture p;redlctlon (t). 

At the time of the CERN coDfel'eace. we preaected p;relimlnary reaulta, 

baaed oa 450 decay eveata obsel'vecl bt our hydrogeo. 'bubble cllamber, for Bx· 
and for the A branehiq ratio R.A. 8 The Al = ! rule predicte 9 the value 

B.A • P(A - p + tt"')/(all A) •_Z/3. (4) 

Our preliminary value a were in good &.'irHmeat with the predictions (4) aad (3 ). 

We reported a.o results on the x1 °- w0 + w0 mode a.t that time aod tliua eo\lld not 

check the predicdona (1) and (Z). 

We have now completed our an.alyaie. and. report en a total of 1091 events. 

Our data ehow no eontwadictioc.e with the pwedictione of tile 

contrary they are in remarkable agreement with them. 

AI = ~. rule. Oa the · 
"' 

We have oheerved l.Z1 double events (i> • 221) f.n which both the A arid -
thtt K0 decay withtc the prescribed "fiducial volumet• inaide tbe chamber via 

.. . 0 + ... 
their ~barged modes A - p + w aad tt1 -,.. + 1r • There are 594 events in 

which only the A ia observed to decay via ita charged mode (A = 594), and Z70 

event• in which ocly the K1 ° is observed to decay via its charged mode (K = Z70). 

For each of the 8'4 ainale v•a. the productioo and decay d.yaamics of the 

ob•erved particle che~lte with tbe hypotbeeie of aaaociated production via eidler 

- 0 (A . ) .. ""'0 0 1'1!'0 ) 11 + p - A + K pTod.w:tlon or w + p - .,;u. + K ,.., prodv.ction • 

The braochins ratioa il:K and a.·A' and the ''true u n\U'Jlber of asaociatecl 

productions, o.(tne) • are given by 

·'l., 



and 

·4-

1\K = [D/CA + D)} ~ , 

R.A = {D/(K + D)J 'lA • 

a(true) c [(A + .D)(K + D)/D] "o, 
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+:•• "\<• 11A' aad 'lo are escape corJrectione which would be uaity !or ao 

infinite chamber. The tt'• are caleuliat~d by averaging ov(lr smoothed 11truet• 
.• t• 

distributions lu the production poaitioa a.nd angle. We require that .for a A or 

K0 to be ••d.etecta'ble,. ita ehupi dee:ay must occur beyond 0.3 em from the 

pro~uction. point and muet lle wttbia the fiducial volume. The fi~Qcial volume 
'· 

is defined. by the requirement that all decay tracks be at least ;2 em .in leagth. 

ln. the small fl'action of single v•s ln which the production and decay dynamics 

of A and x0 overlap when curvature and aagte measurements alone are used, 

we measure iollization on the positive deca.y fra.cmeBt, to distinguish protons 

(A decay) from n + (K1 ° decay). 

The calculated averages o! the 111& vary only a. few percent over the en.tire 

incident-pioa momentum raqe, and differ by ocdy a few pe:rcent between the A 

and E 0 pl'ociw:tioa mode&.. Therefore we quote here on.ly the ''grand averaae u 

over all the •ttru.e" clistJ>ibutione, which yield a the calculated values "'K. = 1. 249, 

11 A = 1. 398, and flo = 1. 097. ln. pedormtng the averages we use our Ufetime 

-10 . 6 ·10 vahea "K c 0. 94 * 0. OSX 10 sec and ., A = z. 72 :b 0.1 )( 10 soc. We alao' 

calculate the derivatives with reapect to Ufetimee, with the results 

taln&x = + 0. 193 Alo.TA add .AlnRA = + C.149.Alft1'K. Tile contributions o£ 

uncertaintlea ht lifetimes to the uncertainties in Rx. acui .Jtff. are negligible. 

The observed counts, D, A. and K muet be replaced by D/ t z• A/ E. 1• and 

K/• 1• where • z and\ ~re ~canning efficiencies for fiadi"' doullle and oingle 

V•e. By reaeaftnina 30, iit the film we fi.nd for "detectable •• deeaya, t 2 • 0. 995 :t: 0. 005, 

and c 1 • 0. 976 • 0. 008. 



The value• of llx, and RA obtained at tb.e vutoue beam momeata, 0.95 and 

1. 03 Bev/c (below :&0 threaltold), and 1.09. 1.12., aftd 1.23 Bev/c (above z0 

threahold) agree within the erl"ora. Simt.lal'ly the momeatum .. ave~aged A-production 

resulta agree within oae-tht.rd. ataftdalod d.eviatioa with the z0 -production reaulta. 

We tb1t1refore lpreaent oaly the graad averaae reaulta, for the fraetf.oaa of 

charged -4.ecays, ancl total num.bel" of aeaodated productions, 

aK = o.339 • o.ozo. 

a.A • 0.6l7 :~: 0.031, 

ll(ti"W!J) = 20 2.0 • 100. 

We turn now to the decay K1 °- w
0 + w0. We have aeen three events 

consistent with tht s decay mode; ia. each eaae there ta an associated charged 

A decay. ln. one eaae a 1r
0 uadergoea a "Dalltz 4ec:ayu ln.to e + + e· + 'Y· In the 

other 'wo caaes one of the w0 
-'V ra.yes produces an electron pair ia the liquid 

(5) 

(6) 

(7) 

. 0 
hydl'ogen. :Fs>om our expedmental K momentum diatributlon we find the n° -y .. ray 

0 0 spectrum by aaeumla.g daotropy ill the K and 1r decay. Combia.ing this with 

the kaowft patr .. production cross section per h.ychogen atom. abd including a 

... z 0 probability few DaUtz-decay of Z. 5 X 10 per K1 , we find. a total detection. 

o ~z . . 1 -z e!fideney per K1 of 3. S X 10 • Our three event• thus correspond to 3 3. 5 X 10 = 

86 :t:"Sj' decays. The number of accidental counts due to chance coinddencee from 

una.saoeiated eleetroe. pairs is eatimated from the frequency of pairs, and the 

ch.'lnce of fitting the decay dynamics. The result ia that leas than 0. 2. accidental 

count i.e expected. (No correctioa was made. ) There were 2.2.7 decaye 

0 + ... 
K1 - " + • • a.eaodated with charged A dec:aye. Therefore, iad.ependellt o! 

aaJwnptione as to the value off= K 1 °/(atl K0). and independent o! eacape 

corrections, we find. fol' the fraction :a of raeuual K1 ° decays 

B = 86/ (86 + Z2.7) = 0.27 :.t.: 0.11, 

whieh is consiatent with Prediction (1). We combine the charged and neutral 

(8) 
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reeults (5) and (8) to obtain 

f = 0.47 :t 0 .. 080, 

lra good agreement with the partlde·mbdure .. tbeory pl'•diction (Z). 

The dbe.g-reement betweet.t our result.s (5) lJTd·($). and (9) ao.d tlloae o£ 

other groUpe may be. expressed a.s follows/ Both Ehler et at. 4 and we find 

the "expected'' £ = !. but disagree on the admixtures of eha.rged and meutral 

x1° cleeaye'. Howevert U we combine aU experimeau without imposing the 

contraint f = i then ov eha.rged K1 ° decay1 domiaate etatbtica11y, whereas in 

the ueutral decays "'e Columbia and MIT l'esutts prevail (7 + 1 = 8 events to 

(9) 

ou 3 events). The internal eonsiatency is furthermore not bad .... a. x Z probability 

of 18% for. the charged decays, and 20% for the neutral. The resulting cha.rged 

· 'U · 4 . 8, and aeutral world average• are Bx , . C •• Col .• Mich. , = 0. 3S4 :t: 0.018. and 

B(tJ. C. • Col. • 4 MIT 5) = 0. 141 * 0. Ol7. (The el'ror on D reflects only the 

countiog statistics. ) Ia the aboenee of otaer decay modes of the (short lived) 

tc1 O these combine to give ·f = 0. 424 Ji O.OZ6 .. in dieagreemea.t 1.'\llth nediction (a). 

u.. instead, £ = i h aseum.ed, then 18 c 6% of the K 1° decaye would have to occur 

by an aa yet unknown mode. We believe it is instead more reasonable not to 

combine the experiments, and to attribute the disagreement to statistical bad 

luck or 8fSt~aUc error. The rf;>K z probability that Qur charged bac:tioo h 

conalatect with the Columbia--hUT neutral fraction is then about 10·3• 

We next conslder the decay A - n + n°. We have fo~d. two Da.liu. 

dec:aya and one 'V c:oaversion c:orreapondill6 presumably, to tide ritod.e. In each 

case there waa an :ueodated charged K1 ° de¢ay. The three eveata correspond 

to 171 a: 100 ceutral A decays. Combining ~ee with the 1.2.7 double V•e we 

find .B.A • 1.1..7/(117 + 171) = 0. 57: 0. 14. Since we have good !'eaaoa £or believing 

that the asaociated-proclu.c:tion hypotheeie is valid ao.d that there are no prominent 

A decay modes other than the two cOl'lsideJ'e.d. here. tllle laet result eaa be c:ombin.ed 

with Reault (6) for the charged decays. We thus obtaht the weipted. average 
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(10) 

R.eeutt (10) ia in excellent a~"cut~fnlt with the AI • i pl.'edic:tio" a • l/3, 

and VJith other d'!!.r:~JaattOAe by gRv.pl at Columbia, 4~8 *licbiaan. 8 aud MIT, 5• 8 

.a• well aa with reaulta of the Bnkeley K- -eaptu.re eapertmeat. 8 A leaat•aquarea 

weighted aver•s• of these reeultl give• ajt. (U. C •• Col. • Mich., MIT) = 0. 637 = 0.020. 

Fi.ully, Dalitz1 ~ad Pail aftd Trelmau10 poiat o\lt that if the Al • i rule 
. 0 + - 0 + . 

ie valid. oae expeeta w(K2 - • + u + 11 ) • (Z/ 5 )w(K - 3-. ). Fvthermore, 

the decay rate w(K1 °-, + + v"" + v0) ahould be. excee4taaly small compared. with 

0 10 + - 0 Ut.e cor-re•pollcilng Kz rate, ao that we may attribute aay observed "' + 1r + 11' 

. 0 decay to tho K2 • 

We 'have •••• one suc:Ja decay. '.rile ••••t wae aeeociated with a charged 

A dtteay. However, we would easily detect th11 decay mode if 1t oceured ae a 

ab1gle V. Ctntreepocdin& to the total t\1ilft'lbel' of a.eeociated product!oas, 

n(true) = JOZO, there ehould be 1010 Kz 0 ••. Combt.aun.s the 1mown. K+ branchiag 

ratloa 11 and lifetimea 12 and the AI = ~ rule oae obtaina the prediction 

w(Kz0 ... ,'~'+ + .... + ,o) = Z.4X 106 eec· 1• The ave1'age potential time for K.0•a 

was 3.5 X 10•10 aec. We thes-efore expect to find !.4 X 106 X 3.1 x ltf" 10 X 1010 = 
0 + .. 0 0. 85 • O .. JP<l decays Kz ... • +v + 1r • 0\11' lingle ••eat ie thua coaeiatent 

witll the AI c i rule. 13 

ln aummatoy. we tiucl that Our 1091 a•aoclatecl-prodv.ction aad decay 
if',hi-·"':'·; . ' 

ewate are io. l'emarkahly gotH! ql"eemeat wt·th the pl"edlctloa.a of thet\Al = i rule. 

Thie makee the total experimental evicteace for AI = t falJrly iaipreaaive: 

(a) The decay r - ft + ... Occurs, it at all, mucllleaa.fl'e4~Y thaa. 

:=:· - A + u... Thia caa be Wldel'etood it the !! ha~l • t aad the AI • t rule holds. 
. . + relative to K 1 -z'IT 

(b) The auong lnhlbitloa of K - 2,'f·oUowe from the $1 =i rule, if the K hae 

aero spin aaci 1 • i· (c) The a4miatve of AI= 3/1. J'equtl"ed to admit the observed 

K+ - 2w rate ia ill good aareement with our K1 ° .... !w bnnchiaa a-atioe. (d) The 

A brauc:hln.g ratle agrees widl (but 
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doea not require9) AI• t• (e) The bl'anchiftg ratio11• ~ 

P(K+ - "'+ + 1t .. + ,.0)/(P(K+ - v + +Zv0) agree a with (but d()ea ttot require14) 

AJ = i· (f) The reaulta of Cool et al. 15 on,;* decay ~•ymmetry are moat 

eaaUy explained by (but do Dot require) AI• t· (ld Our oae 1<2 ° ... w• + v· + 1fo 

asreee (a• well as one event can) with AI= i· 13 

We wlah to thar.t'k We W. Alvarez lor his interest and support. aad. 

Don Gow ancl. Hup Bradner for their aaeiataace. 
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