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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A few dayo after learning of the event reported in the preceding letter one
of us noticed another A beta decay. 1his second esvent was found in the film
taken in the course of an experiment ia which an electrostatically ceparated K~
beams was paseed into the Berkeley 15-inch hydrogen bubble chamber.

Qur ocanners have oo far logged 7000 cases of hyperon producticn,
among them almoot 2000 A, A typical A production and decay is shown ia Fig. le.
The K happened to scatter 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. 1b) could not possibly fit the common A-production
and -decay process; if we restrict ourselves to well-establiched particles we are
forced to the conclusion that a A produced by the K~ decayed vio the proceso
A = p+e” + V., The justification of thio interpretation follows:  The positive
prong of the V must be a proton: it hac high momentum, ic heavily fonizing, and
comes to rest in the chamber without producing any decay particles. The negative
proag must be an electron, since we can show by range, curvature, and iceization
that it io lighte? than a muon. It left the chamber after a path length of 15 cm; o
p would have had an average moraeatum of at least 52 Mev/c, but the measured
average momentum was 44 ¢ 2 Mev/c. In addition, careful examination of ali fouy
views indicatec that the negative prong is very clogse to m\inimum tonization, while
a nearly stopping p would be several times minimum even at the vertex and would
saturate within a few cm.

'Having establiched the identity of the charged secondariee we muot show tha.
the meéaured momenty and aagles are compatible with the kinematics of a A
produced in K~ capture and decaying via A~p + e~ 4+ v. Analysis of the decay
shows that the A had 2 momeatum of 175 = 100 Mev/c. This indeed overlaps the
range of momentum of A produced in K~ capture by protons.

%1
Now at Cornell University, Itkaca, N. Y.
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{i ozder to establish a braanciing ratic of leptonic to pla'c wypsine ¢ o
one munit estimate in what fraction of the cases one ig able to dl.vingsish ta-
variows medcs, On careful analysis one can distiaguich the leptonic { o= (.
pionic mode about 90% of the time. {(Unfortunately we have so {ar anc veac ont
a emall fraction of our data.,) Ve aloo have a finite chance of v2cognizing
"obvious' leptonic decays bofore they are measured, as is illustrated by L2
detecticn of the event described above., However, cur detection efiiciency {n:
these ''cbvious'’ events depeads on the alextness of our scannero aad io hara ¢
eotimate,

A summary of the preseut experimental status including the work of
other laboratories is presentedin Toble I, Rows 3 and 2. The romes!ader of
Tablc I fo devoted to comparicon of expeéim«am and theory.

The form of the universal Fermi interaction propoosed by Feynman and
Gell-Mann® calle for the branching fractions f o rlept/r lioted in Row 3 of
Table 1. For each mode it predicts the Jdetection of a number of leptonic decay.,
“lept e npDf, where n io the total number of decays seen, O io the detection
efficiency for leptonic decay, and f {0 the predicted branching fraction. Thue
~one would expect to find a nuwrnber of A beta decays nDf(A < &) = £4.5, and ouly ¢
have been found. SimilarlyaDf { A~ u} = 5 {none found), adf {Z =0 ) s §j] °
nDf (2™ - plO) o 5.4 {at most ore ¥~ - @ o1 u found). Thuo a total of <1 ov:
are predicted, and at mo et three have been found,

aA certzin fraction of the muonic decays should be quite otriking. I the ¢ is
of sufficiently low momentum (260 Mev/c) it will come to rest in the chamber
and exhibit the charuacteristic e e® Jdecay. If we assume the .-mmomeatem
epectrum is proportional to phase space we {ind that about 1/3 of the u from
A = . fand 1/10 irem £t - l,ai:) should come to rest in owr chamber. If our
scenners were 100% eificient in detecting these stopping . owr number of
eifective events shouli be increased by the numbers given in parentheses in Tal -
An event in which a low.ceaergy eclectron is emitted or which clearly does not
{it two-boly kinematics (like the event in Fig. ib) may also be re tognize.s ou
inspection, but we omit them from further consideration becaut: they would i

goneral not be so striling as stopping .



L _ TABLE I
T ) - Summary of leptonic :ecay of hyperons
including - 4
A aeutral - b2 - z -
decays
e ' T e e ev ne
Lllzeiive aumber of decay% nDs:
s -+ p {(bubble chamber) 107 - 230 {935) 66 €69 {323) 45 48 {175}
ruioe, production, Berkeley® 1042 1042 49 6€
SiLoc, peoduction, Brookhaven" 380 380 62 62
+* % p, emulsion, Berkeley® 12 14 19 21
% + p, emulgion, l.aivernwx@-ef 12 5 28 i0
T otat 1529 16572 201 31 93 79
¢, Jwotonic decays reported 28 0 lh ‘ 0h 0h ()h
3. Lzpcoaic fractions { from ¥ & G-M 1.6% 0.3% 5.6% 2.5% oo =
o, izlive fractione £/f {A - e)
tzn2d on relative phase space | C.17 3.7 1.7 1.5 0.63
ol omallzed leptoaic fractions. i 1 1 i 1 1
zrauming 1 A per 1000 decays: 1600 006 596 %50 Y%l 1250
slectronically 2 >

Jae firset rows give the efiective number B¢t of iecays reported by several groups: Boi % Bopg X D
w o total mo, decays cbserved, D = chance of distinguishing leptonic decay from normal decay. The meaning
ki ué +» aumbers in parenthenes is described in the footnote.

Fow 3 licts leptonic branching fractions according to the universal iateraction of Feyamar and Gell-Mann. ¢
ey ceiculate only electronic ratéa: we got mesonic rates by scaling proportionally to phase space,
Leopwnxinzation good to few percent, )

/I %

lept 'lept ‘
oz 7 Lo mean life as listed in report of 1958 Conference on High-Energy Physics at CERN, p 270ff.

Qdow 4 piveo relative braanching fractions f = T taken properticnal to phase space, and I' = 1/,

ow § lints the '‘normalized {ractions, " 1 2 reprasenting leptoric fraction of decay based ou
i000 f A
mmos e tant 1 A per 1000 decayo electronically.



 Footnotes for Table It

2A are quoted ao if the rnode A -~ n + “0 were directly obocrved., ' iazuy
caser it hao been easier to compute an by dividing the p + 3~ decays by the
braaching fraction 0.63.

4

b’Ihis includes the data given by Alvarez, Bradner, et. al., Interactioan of
K™ Mesons in Hydrogen, UCRL-3775, July 1957,

€Crawford, ¢ reoti, Good, Kalbfleisch, Stevenson, and Ticho, preceding lette:.

dEi\slex‘:'D Plano, et. al., Leptonic Decay Modes of the Hyperons, Nevie-67,
Juno 1958.

®Barkas, Dyer, et. al., Decay Modes of Charged ¥ Hyperons, UCRL-8372,
June 1958, also private communicatioa from Joha N. Dyer.

& C Freden, F.C.Gilbert, R.S. Vvhite (UCRL) private communication,

20ne event comes from the exporiment deocribed above, © one from thic

experiment.

h'1". Horunb: stel and E, O, Salant, Phys., Rev. 102, 502 (1956}, The decay ic

most likely r* - e*, but could also be £* - p.*., Five normal docays were
reported, but they cannot be included in Row 1} because no leptonic detection

efficiency D is reported.
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Without recourse to a specific theory one can interrelate the data by
introduéing the hypothesec that all hyperone are coupled to lepton paixs with
roughly the came strength and that the matrix clements are energy-inocusitive.

The leptonic decay rates I are then proportional to phase space, and the

branching fractiono { are px’;?;trtional to rlept/ I, where I' is the total experimental
diecay rate, Row 4 of the Table gives the relative branching fractions £/£(A - e).
For ease in comparison with the experimental totals we aleo list, in Row 5, the
"normalized fractioas" (1/1000){/f(A ~ ) which represent the leptonic fraction
of decay based on the observation that on the order of ome A per thousand
decaye clectronically and the assumpticn that the rates are proportional to
phage space. .

we conclude, by comparing these '"normalized fractions' with the
experimental totals and the three cboerved cvents, that there is as yet no
evidence against the hypothesis that hyperon leptonic Jdecay rates are proportionz!
to phase space but that the absolute rate secemo lower than predicted by
Feynman and Gell-Mann,

We wioh to thank Luls W, Alvarez, Hugh Bradner, J. Downald Gow, aad
all the reat of our greoup for their help and support.
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Fig. . Normal and f decay of A. In the loft-hand picture a X~ scattere oa
a proton before coming to rest an: producing a A. The A decayeo via
the normal mode, A = p+w . Notice that the angle of the A decay
includes the A direction of flight. The A ia the right-hand picture
decays via the leptonic mode, A = p + 2~ + ¥. Note that the charged
pecondaries do not point back to the K ending, heuce the Jacay is
inconsistent with two-body kinematics. Both events are from the same

bubble-chamber picture.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained in this report, or that the use of
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