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ABSTRACT
Lambda hyperons were produced by K~ mesons at rest in the Berkeléy
30-in, heaﬁy-liquid bubble chamber filled with a misxture of 76?2,03313:—24"/‘3 CSHB
'by weight. A search for the B-decay mode A-p+ ¢ + v was made, A total of
,l-9v2.,000 A decayas of the fype A—~p+w was obscrved, Three methods; of separating
the g-decay mode from the mesonic decay and from other forms oi.background are

discussed, The most successiul method of calculating the branching ratio

T A-—’.p te fyv made use «©of the AB decays identified by the electrois
(A=p+u)+(A=n+ )
stopping or starting to curl up in the chamter; also, r was calculated {rom Aﬁ decays

in which the negative secondaries left the chamber, The nonmesonic nature of these
secondaries was established either by 6 rays or by decay kinematics, The values of
. * obtained by the different methods all agree within the errors. The best value’

obtained is r = (0.82£0,13) X 10™°,



ele UCRL-10678

*
The Beta-Decay Branching Ratio of the Lambda Hyperon

Robert P. Ely, George Gidal, George E. Kalmus, Larry 0 Oswald,
Wilson M, Powell, and William J. Singleton

Lawrence Radiation Laboratory, University of California
Berkeley, California

ang
Frederick W, Bullock, Cyril Henderson, ‘David J. Miller, and F. Russell Stannard
University College london, London, England

February 11, 1963

INTRODUCTION
Soon after the discovery of parity nonconservation in weak interactions,
Feynman and Gell-Mannl and Marshak and S‘»ut:!carshauzx2 proposed a successful theory
of the weak interactions of nonstrange particles. Their straightforward extension

of this.theory to the betadecay of the lambda
A~p+e +v (1N

predicts a branching ratio of 1.6%. Bubble chamber groups which had analyzed
‘several thousand lambda decays soon realized that this ratio was an order of magnitude
| lower than that predicted. 3 Aubert et al, 4, on the basis of 8 events, have rgcently
reported a ratio (3.0% *2)x 107,
This paper describes an experiment in which 150 beta decays were found
among 192,000 visible lambdas,T The events have been separated into groups accord-
ing to the method of identification, and a branching ratio is determined for each group.

Results on the angular correlations between the decay products and on the

branching ratio of the muonic decay A -~ p + u + v will be presented in a later repoc-t,
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- EXPERIMENTAL PROCEDURE
Exgosm‘
The experiment wae performed in the Berkeley 30-in, heavy-liqu.id bubble
chamber, 5 . The chamber wage filled with a 76%-24% mixture, by weight, of
CF,Br-C H The large number of A's necessary for thia,r"fexperiment was qbtaine’d

3 3y
from the reaction K (at rest) + nucleus - A+ fragments,’/ The K™ mesons were

obtained from tfxe Bevatron by using the 800-MeV/c separated beam of Murray et a1,6
To obtain the largest number of low-momentum A's, which give decay electrons that
are easily detected, the particles in the beam were degraded with copper absorber

to 550 MeV/c before they entered the chamber, They were further degraded to 440
MeV/c by a 1-in, copper plate placed inside the chamber 5 in, from the entrance,
The chamber was in a 13-kG magnetic field.

The composition of the bubble chamber liquid was decided upon as a com-
‘prom‘ise between ob‘éainixig a reasonable accuracy in the determixfza,tion of momenta
‘and the necessity to distinguish electrons from plons and muons. To o}iai:i the
dezired mixture, the amounts of Freon and propane used were wéighed by sub-

' traction from their containers. The composition was checked by measuring the
denmty, in the gaseous phase, of 2 small sample of liquid extracted at operatmg
conditions, and allowance was made for the expansion ratio. A check on the density
was made by using it as a free parameter in the range-energy relations and by con-
stré.ining the A mass to 1115036 MeV. For this a sample of A-p + r  in which

both secondaries stopped was used. The properties of the mixture can be summarized |

w

as follows: -

Properties of the C3H8-CF3B1' mixture ‘
Percentage composxnon (by weight) 249 C 3! 8' 76% CF3Br
Operating temperature 37°C
Operating pressure ‘ 283 1b/in, 2
Density (under operating conditions) 0.89 g/ce

'Radiation length v 22,5 cm
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The chambei was operated so that minimum-ionizing tracks contained 7 to
10 bubbles per centimeter in order to allow good ionization measurements. However
it was not possibk to ‘'use ionization tq_;lisi:inguish eleéfrons from pioxﬁs because of
the relativistic rise in eiectron—traék _bgbi:le density. ~Gap;-length measurements
yielded 1.2 to l.3><=minimum ioniza}:ioﬁ for 100-MeV/c electrons., This .is to be
compared to 1.2 to 1,5 for pions between 140 and 200 MeV/c’ the most probable
‘momez‘xtum‘ range for those pions that did not 'stop in the chamber.

A total of 230,000 useful pictures was obtained with an average of about two
K's per picture,- Two-thirds of the K's stopped in the cha'ji'nber, and the rest xﬁostly

interacted in flight, Approximately half the film was scaﬁned and analyzead by each

of the two participating groups.

Scamﬁng Procedure

| The entire film was sca,nned‘:for both the mesonic deéay. : A=-p+w, and the
beta decay, A=p+ety, Events Were requj.red.to have some poésible origin in the
liquid. -

The ideﬁtifiéation of the mesonic -_deéa.y mode wag established by comparing |
scan-table measurements of momenta, angles, and ionizaﬁon with kinematic curves,
All mesonic decays were recorded, but only those with a negative prong greaﬁér than
15 cm and leaving the 'cha.r\nﬁer'wer'e' measured on a digitized micrcécbpe or " Franck-
enstein," These latter events represented 2% of the total and wefé coﬁéidered to be
candidates for the beta-decay mode if they failed the kinematic-constraint program.

The more likely candidates for the B-decay mode were selected on the scanning
table according to one of the following criteria: (a) The vector R from the ‘poi:}t of.
decay t_b a point along the track was séen to pass through a maﬁmum value; such cases

were noted as maximume-radius-vector (Rm‘ax) events.
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In 80% of these ‘events the electron curled up and stoppéd in the chamber., (b) The
~ negative track was greater than 15 cm in length, left the chamber, and had a § ray
greater than 1 c¢m, as measured on the scanning table; (c) The negative track left
the cha_mber and was too long for a mesonic decay, as calculated from the proton
.momentum Vand the opening angle, |

A.ll the B-decay candidates were measured and rejected if the calculated mass
'vwas not consistent with the A maas. Measurements of the electron momenta were
; sufficiently uncertain so that this condition was primarily a test on the transverse -
momenta of the protons.

The first two columns of Table I list the number .caf events found by these pro-
"'cerdures and the scanning efficiencies for each category. The scanning efficiencies
were determined by comparihg two independent scans, For the mesonic decay approx?
imately ,10% of the film was ﬂc,ﬁnneed twice, and the efficiency was found to be
€4 =0.89x0,01. To calculate €., We assumed that all the evente had the same chance -
. of being detected., This may not be true, however, for decay configurations in which
the proton was very short or in which tf}e pion and proton were collinear. If these
decay configurations were consistently missed, vthe scanning efficiency detérmined
here would bevtoo high, An upper Yimit to this bias is 3%.

For the g-~decay candidates of the maximume-radius -vector va‘riety. about
50% of the film was rescanned‘after the first scan was complete, To determine the
efficiency of the second scan, each scanner was given film containing the events
found by the others in the first scan. The average efficiency of both scéns is
0.87+0,05.

The efficiency for finding g decays with & rays was determined Ey rescanning
a sample of the film chosen 8o as to contain many of the events identified by 6 rays
on the first scan, The average efficiency for § rays was fbund to be 0.67+0.15.

in a similar fashion, the efficiency for finding § decays that did not obey

mesonic A kinematics was estimated to bte 0,90+0,07,



"

by choosing a 2-mim cutoff length for the positive track,

=5< 'IJC_I": T.-100783
BACIIGROUND
Docause of the rarity of the type of event being ctudied, a thoroush invaestiga-
tion of possible ac}ur‘cee of background ig necessary before a determination of the
bfa.nching ratio can be made. Later, it will be seen that éttemptn ‘are made to
olttain thx‘;ee independent 'aatimate;of the bfanching ratio from the thrac different
methods of identification; some sources of background afieét all categories, whereas

others are important for only one of the methods,

The first source of background concerns very asymmetric electron pairs in

which the positron is too short to be identified. This effect was eliminated complziely

<

Neutron interactions emitting a single proton and leaving the residual nucleus
in a radioactive atate that later 3 decays may also simulate leptinic A decays. The

highest-energy electron expected from such a process is 13,6 MeV from the decay of -

Rl2 . s ) - .
" B"7, In order that none of these events should be included the clectrons were reoguired

- to have ranges of at least 9 em, The measured A-momentum spectrum (Fig, 1}is

used in a relativistic three-body phase-space calculation to corroct for the proton-

" and electron-length cutoffs. The total correction iz €.1040,03, The error of 2%

reflects the sensitivity of the laboratory system mowmenta of the e~ and p to the
nature of the matrix element for a2 V, A type of interaction, as well as the un-~

certainty in the A-momentum spectrum, This error might be somewhat larger for

* other types of interactions,

The next type of background concerns events in which the positively charged

.secondary leaves the chamber, so that it cannot be immediately identified 23 2 proton,
' For these events ther‘ejmight,be confusion between a Ap decay and a Ki’ deecay, _oz-.‘.’
"~ “ap entering the chamber through the top or bottom glase and decaying into an

- electron noar an origin, Fifteen evente came into this category, Those events

could be identificd as A'p decays on the basgis of the ionization of the positively

charged secondary,
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Some neutron étars emit a proton and a w° mea‘on, and it is to bhe expected
that a proportion of the y rays from the ©° decays give asymmetric Lalitz pairs,
The proton, together with a negative electron from such ;a pair looks like a leptonic
A decay., The chance of a positron's having an energy less than 0,3 MeV, and Iuenée L
passing unobserved, is about 4X 10"3 for a y-ray energy in the region of §0 MeV,
Adding to this a 1X 10'3 chance that the positron will annihilate in the first millimeter,A
the overall chance of missing the positron is' 5x1073, Dalitz pairs from =’ decays
‘occur with a frequency of 1 in 80, so the probability that such a neutron star will
éimulate a leptonic A deéay is 6><10'5.  A search for electron pairs pointing back to
proton recoils led to an estimated total of 200 neutron stars emitting n° mesons,
Thus, the contamination of background events is only 1 in approximately 10‘}‘ leptonic
"_A decays, ‘ Fizr;the‘r poesible confusion may arise when y rays from the same source
prodﬁce Compton electrons. A Compton electron may start within 1 mm of the star
' and so appear to have the same origin as the proton. From observations on Compton
electrons pointing back to proton recoils, this background is estimated to be 19,

Two further possible types of contaniination are due to normal megonic A
decays for which the negative track contains a decay sequence w-» p— e, The first
type occurs when the p decays backwarde in the i center-of-mass systern and has
g0 lietlef‘engrg}‘r in the laboratory system that it travels no detccta‘b}.e distance.' This.
happens only for slow wa, Thesye have an ionization of at least 2.5 times minimum
for a length of 1 cm before the decay point. This means that the change in ionization
at the dg;ay point is observable, The ='s decay.ing- in leass than ] em will not be so
readily seen, but calculation showe& the number of s.purious events from these decays -~
to be hegligible. The second type of contamination occurs when the lines of flight of
the w and p arcl opposite to that of the proton and seem to be a continuation of the
proton traci_c. When the angle between the proton and the ﬁ ‘was restricted to be

greater than 170° and the miomentum of the w was restricted to be less than 45 MeV/c

the contamination due to this effect was calculated to be much less than one event in
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the film, Events falling outside these criteria could be easily recognized by the
kink at the A-decay point and by the {onization of the ., |

The sources of background outlined so £af>are expected to give less than
two spurious leptonic A-decay events in the experiment,

The most important source of confusion affecting éven&s identified solely by
& rays is the fairly iarée number of atray Compton electrons in the chamber., We |
have calculated the probability that the first bubble of such an electron will coincide
with the pion from a normal A decay in such a way as to simula_tte a § rav, Exam-
ination of our subjective criteria for' deciding whetizer or not a doubtful & rays is in
fact attached to a track has enabled us to estimate the eff:ective volume assoc%ated
with a track within which the track of 2 stray electron must cornmence for a ci:hance
coincidenée to be established. The average effective volume for pions with leimggtha
exceeding 15 crﬁ and leaving the chamber was found to be 0,6 cm3. This is 1;6X10'5
the total volume of the chamber, An average of 35 Compton electrons was found per
picture, so the prokability that one of these pions has a simulated § ray is about 1 in
1800, Confirmation of this result came from scanning for simulated § rays Em tracks
of stopping pions, X mesons, and protons, where it was known that there could not
be genuine 6 rays of the necess.ary energy. This investigation leads to a contamination
of 18% among leptonic decays identified by the d-ray method,

. The largest background for evénta selected by the kinematics method was due
to thdse normal A decays for which the w decayed \mde{tepted into a in flight, after
which the p leift the chamber, In o?der to calculate the ;ize of this effect, a Monte
Caxlo computer program was written to simulate A(w+p) events of this type.

The background was found to be quite large and very sensitive to the :scanningr o
criteria. - Thus, owing to the difficulty in calculating the actual baékgroumd in
the selected kinematic~type events, another method of 8epé.ration was uged, In this

method the A{w-—p) background was eliminated by demanding that the kinematic«

event configurations can not possibly be simulated by the w - p anywhere along the
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w track. A background due to neutron stars that produced a proton and m  and
having a configuration satisfying the kinematics of a A‘3 decay still remained.
Film was scanned for neutron stars simulating kinematic A‘3 decays not associated
with acceptable origins, A lifetime cutoff was used to sélect these events. Geometric
factors were then uﬁed to determins the bvackground of neutron stars that would )

constrain to good AB events, on the basis of transverse momentum and lifetime,

This was found to be 1.7 eventé, i.e,, 10% of the number of events in the category.

DETERMINATION OF THE BETA-DECAY BRANCHING RATIO

Because the three different means used to identify an event as A~p+e + v
‘have different detection efficiencies, the branching ratio has been calculated sep-
arately in each case. In general, the procedure is to apply corrections to the nt}mber
of events observed for scanning efficiency, for the scanning bias introduced by the
appliqation of the minimﬁm cutoff-length requirements on the two'deca.y ‘second;aries,
and for the effects of background. The probability that a Aﬁ decay is detected by the
particulér method is then determined, and the total number of leptonié decays is
calculated from the observed number.

The branching ratio r is defined here as the ratio of the number of § decays
to the number of mesonic decays. DBy assuming that two-thirds of the mesonic decays
'go via the charged mode, the total number of mesonic decays in the experiment is

found to be 322,000+ 10,000,

Branching Ratio from R Events
. max .

" In ordér to determine a rate, it is necessary to estimate the total number of -
leptonic decays from the number seen with electrons passing through Rmax‘ A
Monte Carlo prégram was written to simulate the formation of electroﬁ tracks from
A decays,‘ These were tested to see how many satisfied the detection criteria. The
program initiated its electrons from the coordinates of a random sample of 208

normal A decays found in the chamber. The direction of the e~ was randomized
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since the pions.from norral A decays showed no detectable correlations with any
directioix in the 'cha.nﬁber. The energy with which the electron starts is chosen from
an energy spectrum (Fig. 1) obtained by folding the A-nxomenﬁum dist_ribution of‘
Fig. 2 into a phase-space electron-energy spectrum in the center-of-rmass system,
Six tracks of different energies and angles were initiated from each origin,

The tracks were generated in cells of 0.9-cm length. In each cell four effects
were reproduced. Firstly, an energy loss due to collision was evaluated. Secondly,
the magnetic bending corresponding to the momentum and dip angle was calcﬁlated.
Ranﬁom choices were thén made of both fnultiplemcattefing and bremsstrahlung
energy loss, At the end of each cell a new énergy, posit!ion, and direction were
comnputed, and a further cell was begun, This was repeated until cither (a) élh.e
‘energy dropped below 1.5 MeV and the ﬁarticle was considered to have stopg;ed,
or (b) the traék passed through anax‘ The final energy of the electrons and fhe
~detection efﬁcienéy as a function of.dip angle and of initial electron momentum were
" compiled and printed.v

The theory used for collicion loss was that of Sternheimer, 7 The radiation
loss was calculated from Heitler's analytic fornm.zla8 by usging the exact cros:s sections
given by'I‘ioch and Motz,g and the maultiple-scattering theory is that described by
Barkas and Rosenfeld. 10 |

Because of the numerous appréxima‘tions invdlved in the theories, it was thought
desirable to check the program against the bcahavior of a known sample of electrons,
For this purpose p~ mesons that stopped in the chamber and decayed were used,‘:
inasmuch as they provided a source of electrons having a known energy spectrum.

The coordinates of the origin, the initial direction of the electron, and the value of
Rn*aax (where appropriate) were recordeci for 170 of these pf decays with all events
accepted regardless of dip angle, It was observed that (62£6)% of the electrons

went through a maximum radius vector. The program predicted (65,5%2,5)% by
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using the same origins and an electron spectrum given by the two-component -

neutrino theory (p = 0.,"15).,~x The observed and calculated mean values of P‘ma.x

‘were 6,80 and 6,95 cm, respectively, and the shapes of the distributions of R o

-were found to agree well,

This confirmation of the accuracy of the program for electrons of enorgy =
less than 50 MeV was most satisfactory from the point of view of its application to
the generaily higher«energy ‘electx‘one from A decay since the main uncertzainty in
the calculation was in fact due to Heitler's apéroximation for bremsctrahiung helow
4014:5/..’5\1’,- Further confirmation came from runs of the program in which values of
the radiation 'loéa,, collision loas._ and magnetic field are changed by srnall amounts,
'Also, runs were made without fnultiple' acattering. In every case the effect on the
' ~detectiori efficieﬁcy was small,

| Th.e valueof the detection efficiency for Rmax events having negative
secondaries with dip angle < 30° was found to be 0,60+0,02,. The error arises pre-
‘domina;ntly from the statistics on the number of A-decay origins fed into the program
and also from the accuracy to which the p-decay run provides confirmation of the |
calculation, . The dip-angle requirement was found to be necessary in praciice Le-.
‘c‘ause_ steeply-éipping electrons that pass through Rma.x can be coniuced with stopping
‘pions. |

The number of events deteéted by the Rma:c criterion and satisfying the
dip~-angle requirement was 62, - The scavnning éfﬁcienc? for this clasz of events
was 0,87%0.05, The correction of 0,10x0,03 also had to be applied fér events exe
cludgd by the requirement that the range of the proton shauld be greater than 2 mm
‘and that of the electron greater than 9 cm. The Monte Carlo program described here ’
was used to obtain the part of this c'orr'ectiox{,:i'ue; to elaectron tracks that were too™ -

short. This contribution amounted to 4%, When these various factors are taken
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into account, the number of leptonic decays is estimated to be 26540, Dividing
this by the total number of A decays, 322,000%10,000, gives the branching ratio

£ = (0.82+0,13) X 1073,

Branching Ratio from § Rays

Al; fﬁgﬁi’vi/s/eggg%ies leaving the chamber were examined for § rays.

All events m which the § ray exceeded 1 cm were reported by the scanner. This
cutoff was chosen because only about 1.5 of the A's gave w's capable of producing

these 6 rays. For each event the proton momefxtum and the opening angle were used '
to calculate the pion momentum ‘corr,esponding‘i to mesonic A decay. Events in which
this pion could have produced a :;6 ray of the pbsarved,lengﬁh were rejected.

Twénty events were found in which the electron did not also go through a
maximum radius vector. There was good reason to believe that the scanning effi-
ciency for 6 rays on tracks less than 15cm long and leaving the chamber was very
poor. The reason for this was that for events with negative secondaries longer than
15 ¢cm a scan card had te be filled i:?x by the scanner., This ensured that the track
was looked at carefﬁll& and that the § ray was noted. For &z*ackfs.lésa than 15 cm long

“the scanner did not have to. record the fact that the track did not have a & ray, and
thus many events were possibly missed. The total nurber of events with & rays and
having negative tracks longer than 15 cm was 12, The total number of A@"&: was
calculated from these events by weighting each one according to the inverse of the

probability that its electron should have produced a § ré,y satisfying the scanning

criteria somewhere along its path length, The weighting factor for each event is

141 - exp (- £/M)],

where £ is the electron's path length and A is the mean free path for producing that
required 5 réy. |
In practice, it was not possible to use the 6-ray range in spac;e,‘

owing to the heavy scattering suffeied by low-;energy electrons, Instead, the criterion
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has been to retain those events with negative secondavrie's that produce a § ray of
projected length greater than or equal to 1.0 cm, Thus, \ in the above expression
does not have its conventional meaning and is no longer simply calculated theoretically, -
It has been necessary, therefore, to determine the effective \ experimentally, and
for this purpose we have scanned electron tracks from high-energy electron pairs.
A value for the effective )\ has been determined at several pointa throughout the run,
since it has been 'found to vary with chamber sensitiviﬁy. This variation occurs
because there is high probab111ty of a scanner's judging the § ray to be a background
Compton electron 1£ its first bubble is sepa.rated by more than 2 or 3 mm from the
parenﬁ _tragk.‘, vThe chamber sensitivnty, as measured by the bubble density of »mmimu'm
ionizing 'tracks., is now related to the effective mean-free path, Once the bubble
density on the picture ‘concerned has been measured, the appropriatel A\ for any event
~is then available, Values of \ are typically about 37 cm. |
The effective A also varies w1th the velocnty of the parent: electron, and
increases gapzdly when the y value of the electron drops below about~35. A pro-
cgciure has been developed whereby the effective \ is suitébly iﬁcréased for those
events having a stopped or nearly stopped electron.

4 good cheék on the method is afforded by the me-electron events, since
all R a.x electrons are positively identified by magnetic —ﬁeld curvature. From
the number of Rmax electrons with § rays, the method should be atle to predict
the number °£, Rmax. electrons without § rays. It is calculated that .frOm 29 events
with § rays, there should be (69+14) Rma.x electrons altogether. The.re are in fact
9. - | | ) B

After 2. l‘ background events due to stray Compton electrons are subfta.c_ted,
there are 9.9 events left with which to determine the A.6 decay ?ate. These ha\}e
an average weighting of about 2.5, which implies that about 40% of all B decays with

a negative track leaving the chamber after 15 ¢cm have a & ray. By means of the
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Monte Carlo program described previously, it is calculated that (18+4)% of all §
decays have such a length of negative track, Allowing further for 6% of all events
lost because the proton range was less than 2 rara and for the écamting efficiency
of 0.67:&01.15, the observed § ray events represent (4,4+41.5)% of all @ decays, On

this basis the branching ratio is r = (0.7020,33}X 10™°,

Iranching Ratio from Minernatics

The kinematic events are required to have a negative track‘that leaves the
chamber and is at least 15 cm long, In addition, a requirement is placed on the
proton momentum and opening angle that eliminates 2ll mesgonic decays and retains
a considerable fraction of the A{E decéya, This defines a region in Aﬂ decay phase

_space that can not be simulated by normal A decays or A decays with a subsequent
. -» p decay, This region is that above the line shown in Fig, 3., The line represents
constant v momentum, The position of this line is determined by calculating the
minimum initial momentum of a w which, by decaying into a g, can produce a lS—cm :
track. This pion momentum is 100 MeV/e.

In order to determine a branching ratio, the fraction of all ‘A{E% decays falling
in thie region was calculé.ted by using a Monte Carlo program, The opening angle
{between the proton and electron) and the protén momentum obtained from this pro-
gram wére plotted for each decay on a scatter diagram similar to Fig. 3. It was

found that (0.47+0.04) of all A, decays fell above the line, As explained in the section

g
on f-ray events, it is estimated that 0.1820.04 of all A{j decays have an electron
length of 15 cm and leave the chamber before going through R oax® The correction
for this category due to the proton-length cutoff of 2 mm is much less than one event,
~ The séanning efficiency for these events is 0.90+0,07. Seventeen gvents were found,
A 10% correction is necessary for neutron-star background, leavivr@ 15.3 events,
These represent (7.6x2.8)% of‘the_ total number of Ai3 decays in the film, From

kinematic events the branching ratio is r = (0.62+£0,25)X 10-3.
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DISCULSION

Because the electron-detection efficiency is not constant for all electron
raomenta, the branc;hing ratio quoted dependz on our assumption of the shape of
the labo_ratory-aystem clectron-momentum distribution, Tho electron-momentwun
distribution used is shown in Fig. 1. This was oblained bty folding the A-momentum -
distribution (Fig. 2) into a cimple three-body lorentz-invariant phase-space cal-
culation. REecause of the insensitivity of the electron-momentum distribution to the
nature of the matrix element for a V, A type of interaction, the branching raﬁios
we obtaln should rnold within the quoted errors for this type of interaction.

From the detection-efilciency ‘curves {Fig. 4) the branching ratio can te cal-
culated for any given laloratory-oystem electron-momentum spectrum,

The branching ratios obtainaed by the Rmax and the §~ray and kinematic
methods are in good agreement, in spite of the different shapes of the detection-
cificiency curves. Owing, hlowevcr,, to the large errors on the §-ray and kinematic
ratios, not much can be infafred about the validity of the assumed electron-momentum
spectrum, except that it is consistent with the results, and very large deviations

from it are ualikely,

CONCLUSION

he three determinatiouns of the branching ratio are shown below:

{0.82:0.13)% 10°3,

i)

- Wi ot P
{a) Branching ratio from R_ .

(b) Branching ratio from § rays = (0.70:30.33»(.10'3,
and : :
{c) Branching ratio from = (0,6220,25)X 10'3.
kinematics ' .

It should te noted that the events used to determine. (a) are completely
separate from those uscd to determine (b) and {¢). Different parts of the electron-
energy spectrum are sampled by the three categories, It can be seen that all the

values agree within the errors,
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The best value obtained from this experiment for the branching ratio is that
obtained from Rmax events, The 15% error quoted contains both the statistical
uncertainty and the errors on the scanning efficiencies, We feel that any systematic
erroxr would be considerably less than this, |

The confirmation of the branching ratio from Rmax by the §-ray and
- kinematic methodg, in spite of much larger urcertainties, is valuable because the
only common link in determining the ratios ia the Monte Carlo calculation of detection
efficiencies. Formerly, the best estimate of the ratio was that of Aubert et 31.4
who found (3.0 f;f)x 10'3 on the basis of 8 events, The value found in ocur work

is clearly in disagreement with the prediction of 16 ><1()'3 made by Feynman and

Gell-Mann, 1
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Table I, Numbers ofm.fu'.t., ‘..“u br'xncm:‘.g ratios.
Category No, Scanning Estimated Cutof_f Dztection Total Branching
_ observed efncxeucy background correction efiiciency ratio
{5 %ooscn«.c‘) ' o, (99
Mesonic decay 192,000 - 8921 <2 0 100£2  322,000£10,000
Rn;az - a. » , 5
30 <<ip a.ngle?-30 62 87=5 <3 1903 60=2 265140 (C.82+5,13)X10
50+ 0P )
Delta rays 12 67%15 17 94:2¢ 7.1£1.5 2242100 (0.7020,33)X107
Kinematic events 17 - 9047 10 47249 184 200:80  (0.62+0,25)X107
] <
*&vents are not 1nc1u"eﬁ in these categories if they satisfy the. Rmax condition.,
a"], = 2 mm and Ze =G cm
D1p angle between :RO
‘ép =2 mm
dpbove line in Tig. 3

-8[-

8L901-T¥DN
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FIGURE LEGENDS

| “Fig. 1. Laboratory-system electron-rmmomentum spectrum obtained by folding
the A -momentum distribution (Fig, 2) into a three-body phase-space
calculation, |

Fig. 2. Histogram of A moementum in the laboratory system,

‘Fig. 3. Graphb of opening angle between charged tracks vs proton moraentum,
Background from mesonic decays falls below line, |

Fig. 4. Electron—;ietection efﬁciency curves for the three methods of identification,
Dasvhed vertical line defines a 9-c£n cgtoff used for Rma.xl events, | Total
curve is slightly lower than the sua: of the other three curves due to‘a 10%
oveﬂa.p of kinematic and § ray events, A 1007 scanning efficiency is

assumed for all curves.
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