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A few dayo afteK learning of the event reported in the precedins lett2r one 

of us noticed another A beta decay. 'lbio second event. was found in th0 film 

taken in the course of an experiment in which an electrostatically oepa1rated K­

beam1 wac passed into the Berkeley 15-inch hydrosen bubble chamber. 

Our ocanners have oo far logged 7000 caseo of hyperon production. 

among them almoot 2.000 A. A typical A production anJ decay io obown in Fifi. !o. 

The K happened to acatter on a proton before coming to rest, where it produced a 

A. In the course of measuring the K-p scatter, it wao noticed that another event 

in the same picture (Fig. lb) could not possibly fit the common A-production 

and -d&cay proceos; if we restrict ourselveo to weU .. establiahed pa~ticleo we a1rc 

forced to the concluoion that a A produced by the K- decayed via the proceGo 

A - p + e- + v. lbe justification of tbio interpretation followo: 'Ihe pooitivo 

prong of the V mucat be a proton: it hac high momentW'I'l~ ic heavily ionizing, and 

comes to reot in the chamber without producing any decay particleo. 1he negative 

prong muot be an electrOl\0 oince we can show by rangee curvature0 and ionbntion 

that it io lighter than a muon. It left the chamber after a path length of 15 em: o 

1.1 would have had an average momentum ~f at least 52. Mev/ Co but the measured 

average momentum was 44 ±.l Mev/ c. In addition. careful examination of aU fow: 

viowm indicatec that the negative prong is very clooe to minimum ionization., whilo 

a _nearly stopping li would be oeveral times minimum even at the veU'ten and would 

saturate within a few em. 

Having eotabliohed the identity of the charged secondaries we mu.ot show tha .. 

the measured moment~.;. and angles are compatible with the kinematico of a A 

pr,oduced inK- c::apture and decaying via A-p + e- + v. Analycio of the decay 

showo thaP. th<a A had B momentwn of !7.5 ::t:: 100 Mev/c. Thh indeed overlapo tho 

:rrange of momentum of A produced inK- capture by protonc. 

¢ 
Now ~t Cort,el! Ulliversity, !tm ca, N.Y. 



1,. o:-rd•n• tf.'l eetablieh a. brancHna r.atic of lcptonic to pl•:J .. '.' c .l';p: .'• ~o• c ... 

one mnJt estimate in \\.bat f1~a•:::tion of the caoeo one :i.o able to u· .•. ":f.::lE'1:'.Ph tr. 

vario1ao mo-les. On careful attaiysio one can diatiaguioh tho lcptonir t · t· ~'.: : .~ . 

?iOn~c .Htode abcmt 90% of the time~ (Unfortunately we hove eo faA" a~...:'.:,~~c.. o;;r,: 

a am~U fraction of our data.) \l,e aloo have a finite chance of S"~coanhint: 

"ob,.rfouJ 11 leptonic decayl!l bEJfore they are meaow;oed, a a h illt\&tt"atcd br tL.2 

detection of the event deocribett above. However. our detectiOL'l .afi.iciency fn 

th~:se "obviouo" ev~nts Jependa on the al~Et4UtJ of our scanneFo l'H.'ld in hat>d :<" 
eottmate. 0 

A flummagoy of the preeeut experimental etatuo includina tho work of 

otheh" laboratorrieo ia presented ·in l<.1ble I. Rowe 1 and ?.. 'I'hc l?mtne:' ndt!l' -:•f 

'l abtt~ i no dovoted to compasrioon of experim0nt and theory. 

'I'he form of the univeroal Fermi interactioll propooed by Feynm-:1n and 

Ge11-Mann
2 

calhl for th12 branching izactione f c riep/1' liotod in Ro\'!1 3 of 

1 able 1. f'or each mode it predicts the ,Jetection of a number of 13ptonic dec a~· .. 

n1 t c nD!, 'Where n io the total number of decayo seen, D io the det'!ctioa ep 
efficiency for leptonlc decay, and ito the predicted branching fraction. T":n~,c 

. one would expect to find a number of A beta decays raDf(A - e) n .C"3.5, a:r.cl ou.l~· 

have be~n £ound. Similarly nDf ( A"""' p.) 1t 5 (none found), nDf (:Z- -t'> o"');:; i J • 
- .o ... .... -nD£ ( l: - JJ. ) c 5.4 (at most one I: - e 01 ._. fotand). Thuo :1 total e:f ·0 O'l.-';~· 

oro predicted, and at moe:! three have been found. 

¢ . 
J.. certC~.in fraction of the mu.onic uec:ays should be quit~ otriltbt(J. If t.hc p f.;; 

of ouf!iciently low momentwn (~60 Mev/c) it will come to root ?.n the ch.:·ur1b~1· 
and exhibit tho characterbtic: ,± ... e.± decay. If we aosumct the ;J. .. mom~ntt!.n1 
spectrum h proportional to phase space we lind that about 1/3 of the f.l from 

A -r. i' {and 1/10 frc•m E:t:- 1;,±) should come to rcat in our chantber. !f out· 

aee.nners were 100% efficient in detectins tbeee atoppiina p. ou nwnber of 

t>ff'ective events ahoW.d be incx-eaoed by the numberfJ given in par<·mtbeses in Ta:• 

An ev~nt in which a low.energy electron h emitted or which cl(!ariy docs ncn 

iit two-boJy kinemat!ca (like tht:' event fn Fig. lb) may also be re coeni~e..! t>u 

irulpectiOI"lr bu"t; we omit them frl>m t'urthe:r consiJeration becautw t:'1cy v.ot.~J b. 

g::meral not he so atl·ilting a a ~toppins 1.:.. 
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T/'.BLE I 
·--·--... -

Summary of lcptonic Jecay of hyperons 
·~ _____ ,.,.. ..... 

including 
A } neutral r - I r.· ~... l:+ <> 

~ecayg 
e- 1J.- J e- 1.1.- ·· · ·T- ev- --- - tJ.·r 

i!. 
';\ 

" 

"!:..:"~-?~~ivel nwnber of .Jecay~ nD: 
_.;. ·.· p (bubble chambe:d 

.... ,·:;et:. p1roduction, Berkeleyc 

.' .vc. ~uoductiono Brookhavend 

:t ·• .;. P: emulsion" Berkeleye 
. 1 . Li f ... ·.· p. 0mu M10il, vermore 

-~-·ro-rar 

J..e !)i:oclc decay a reported 

.>::!p·:.:>aic fractions t: !rom F & G-M 

.~ .. .!lc:.:iv~ fractions f/f (A~ e) 
l:;:"!:)::i on i"elative phase space 

~r;_.r •: _·:..'?la li.ze J !eptonic fractions. "} 
~ t''!tlming 1 A per 1000 decays 
-~ 1:~ c t:ronic ally 

i07 

1042 

380 

[52_9_ 

lg 

l.6o/o 

I 

1 
rnmr 

·-

230 (935) 

1042 

380 

16-5? 

0 

0. 3o/c; 

0.17 

1 
b'im'(J 

66 69 (3l3) 46 

4Cj 6(; 

6l 6l 

ll 14 19 
ll 5 28 

zch zil; 93 
-

lb o' o' 
5. 6'j'o l. So/c. ---
3.'1 1.7 1.5 

1 1 l 
2'f6' ~ b1m 

J.~~ fhst rows give the effective number neff of Jecays reporteJ by several groups: neff • nobs X D 

48 (175) 

ll 

10 
•t9 

o' 
---
0.63 

1 
1'5'91r 

':: , n Co~al a.o. jecayo observed, 0 a chance of distinguiobing leptoftic decay from normal decay. 'fhe meaning . coo 
~:r ·r::...,c 1l numbers in parentheses io described in the footnote. 

::.:";.ow 3 Uotn leptonic branching fractions according to the univeroal hateraction of Feywnan and Gell~Mann. 2 

1'~1.Jy cdculat~ oDly ~lectronic rates; we got meeonic rates by scaling proportionally to phase apace. 

:-'?t'::.'"'~>t~ulation good to few percent.) 

now '.l Giveo relative branching fractions f c: r lep/I'; I'lept taken proportional ~o phame apace, and r ::!: 1/T, 

-~·· ,:!:-:>,:- ·r ~n m.;;nn life ao liotcad in report of !958 Conference on Hish-I:neray Physics at CERN, p 270££. 

':tow 5 Hntn the "normalized fraction!, 11 rolm- f.- rep:ralaer..tina leptonie fraction of d0cay baaed on 
A 

1··~:..~ ~·; c:;. t~.t 1 A p-2:2" 1000 decnyo electronically. 

.. 
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Footnote6 !or 1 able 1: 

a A nll'e quoted no if the mode A - ft + u
0 

were directly obocrved. ·,-~ ::.~cuy 
caosc it hac been easier to compute nA by dividing the p + n·· decayo by ~:ae 

branching fraction 0.6 3. 

b This includeo the data aiveo by Alvarez:, Bradner, et. &1. & lnteractiono of 

K- Mesono in Hydrogen, UCRL-37750 July 1957. 

cCrawford, r recti, Good, Kalbfleisch. Stevenoone and Ticbo, prscedina lett'*:"·. 

di.'hler~ Plano, et. al., Leptonic Decay Modeo of the Hyperons. Neviom67& 

Juno !958. 

e Barltae, Dyer, et. al., Decay Modes of Charged :E Hyperons. UC.RL-8372, 

June 1958, also private communication fs.-om Johra N. Dyer. 

fs.c~ Freden, F.C.Gilbert, R.S. ·Vvbite (UC"RL) private communication. 

gOn.e event comes from the expodment doocribed above& c one from tldo 

experiment. 

bT. HornbG.etel and E.O. Salant, Phys. Rev. 102, 502 (1956). The decay ir 
.t :i; = ---;r-

most likely :E - e o but could also be E - J.l. • Five normal Jocayo WGirQ 

reported, but they cannot be iftcluded in Row B because no leptonic detection 

efficiency D ie reported. 
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\\ithout rccouroe to a specific theory one can interrelate the data by 

introducins the hypotheeeo that all hyperonu are coupled to lepton pni~o with 

roughly the aame 11trength and that the matd-< olemento are energy-ino<mdtivc. 

The leptonic decay rates rlept are then proportional to phaoe apace, and the 

branching fractiono f are proportional to I' lep/r·, where I' is th0 totsl expcrimcntcl 

d:e::ay rate. .Row 4 of the Table givea the relative branching fractions £/f(A- e). 

For eaae in comparioon with the experimental totals we also listr in R.ow 5, the 

"normalizted fractions 11 (1/ 1000)£/f(A- e) which represent the leptonic £traction 

of decay based on. the observation that oo the order of oce A per thousand 

decay" t111lectronically and the assumption that the rates are proportional to 

phaoe apace. 

V\·e conclude~ by comparing these "n.ormali:z:ed fractions" wUb the 

experimental totals and the three oboei'ved eventoe that there is 1u1 yet no 

evidence against the hypothesis tbat hyperon lcaptcn.ic decay rateo are propt:>rtiond 

to phase epace but that the aboolute rate aeemo lower than pr0dicted by 

Feynman and Oell- Manno 

We wish to thank Luio W. Alvarez, HUBh Bradner, J. Donald Gow. and 

all the rest of our group !or thoir help and support. 
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Captio!l ... 

Fig. B. Normal and fJ decay o£ A. In th~ l~aft-han.J picture a K- ncattc:Jrc oa 

a proton beforo coming to reot and producing a A. 1he A decayo via 

the not•mal mode, A - p + tr-. Notice that the ansle of the A die cay 

includeo the A direction of fliabt. The A in the right-hand picture 

d0cays via the leptonic mode, A. - p + o .. + V'. Note that the charged 

oecondades do not point back to the K- ending~ hence the Jocay is 

inconsistent with two-body kinematico. Both events are from the oame 

bubble-cb.a.mber picture. 
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