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A total of 192 000 lambda decays in the charged mode has been
examined for evidence of the decay. A - pp-V; Two po_ssibié examp_les.of the
process ’have been f_feund in. an effective sample of 19 700 y'lamvbddbs. The
ccrre'Sponding upper l.irhit for the branching ratio a

VR = ‘I‘(A*pp-?)‘
B I{A-pn )+ (A - nr°)

is RHS1X 1“0‘4.. | o
The experiment was performed with the Berkeley 30-in: heavy-liquid
" bubble chamber in a 13—kG magnetic field. The lambdas were produced by
qntexachons in the chamber 11qu1d of 0- to 440- MeV/c K™ me sons. The
'chgmber‘was filled with a 76-24% mixture by weight of CF3Br-C3 gt @
B detailed account of the properties of thisliquid is contained in reference 1.
B o The fact that 67% of i -mesons decay after comieg» to rest in the
. ‘ ch'_a.‘mber liquid was utilized in identifying muonic lambda decays. An initial  ;
) selection was ‘made‘ of lambda decays conforming'to the following criteria: .

N t
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(a) The ncgatwe track termmated 1nbthe chamber w1th a’ u-*e-vv decay,
ea51ly recogmzed m thls ‘chamher llqu1d | T |
(b) Thc proton ended in the chamber ‘.
(C) The lambda hype ron. was produced in, a K 1nteract1on1nthechambe
.(d) The lambda, proton, and ‘meson tracks were at least 3 mm long |
A typ1cal event sat1sfy1ng the selectlon.cr1ter1a is s‘hown 1n.F1g 1 -

| Cr1terxon (a) cxcludes all A - p1r decays except those in wh1ch the.

; '.p1on decayed in ﬂlght to a muon, wh1ch in turn came to rest and decayed

"_erpolrn the measured plon'momentum- spectrum of‘-iOOO randomly.-' s‘elected' S

pionic lambda decays the fractlon of pxons decaylng in fl1ght was calculated
i .

to be 0. 0189, Thus, cr1ter1on (a) separated out a group of lambda decays in:

'wh1ch the proportlon of Ap.. events was enhanced by a factor of 53 over that

R

' ‘in the orlgmal sample |

" The remammg cr1ter1a ensure that .thevd1rect10ns of the lamhda prot‘onn
'-.._‘;.and meson. tracks can be measured and that the plroton momentum can be '
-'.‘-'u':‘)_obta1ned from 1ts range w.1th a mean error of 3% Multlple scattermg 1vn thelv‘
“vchambe.r l1qu1d precluded a. rellable determ1nat1on of. the meson momentum
E ’-’v_by magnet1c. bendlfng Ne1ther oould the »lambda‘ .-momentum -be-‘»mferred frOm'

'the dynam1cs of the K 1nteract1ons, _ smce these took place predommantly

__1n complex nucle1

g The 992_,1ambda decays that: satxsﬁed the select1on cr1ter1avd1V1ded :

f'.;l:'.between A “"_2 and Ap decays as follows: -

Z

N '(Am) _,

T
Z
ry

. Here «N‘A. i's.___,thc total number 'of.charge_:d and n_e;utr‘ajl '_p"‘ivon'ic‘:_l_ambdaldec'a_ys_-"'-'."': e
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3

in the c.hamber liquid, ?:an ‘and FH are the fractions of A — pw‘_‘ and |
/\ - ptf v decays that sat1sfy condxtlons (a) through (d), and Sﬂu' and SH
are the respectwe scannmg efficiencies for these events, The branching.
ratios for c'harged, pioniclambda decay and for muomc lambda decay are’

w

R_ and Rp, re'Spe,ctively.-. We take 0.66 for the value of . R%T.Z Reaxjranging

~and comhining Eqs. (1) and {2), we have '

. N(A)F S R .
R = P T TH T
M T NA YF S

St T g T

°

- Two. Monte Carlo calculatmns, outlined below, gave F H/FM 0. 0182 this
- estimate is mdependent of the ratio of muon capture to muon decay in the
‘-chamber llqmd | The ratm S, /S u was set equal to‘ unity because the
: .scannmg cr1ter1on for both types of events was the ptesence of .an electron at
o .the cnd of the negatwe track from the lambda decay, and therefore the ‘
‘scanmng effl_c1enc.1es foJ; An’p and' AH decays were expected to be 1dent1cal

Then we have

_R“'-_-’ [N(A )/N “] (0 0182><066) ‘(3)"";."

" The quan:ti;ty. 'N( Ap) was determined by 1ooking for events in;w_hich the_

Vlength of the negative 'track' was‘- inconsistent with the jdecay seduence

A ad pn s T - p v 1n ﬂlght “In this decay sequence the length of the o |

: ncgatlve partlcle track L + L o depends upon P the magmtude of the -
| p1on momentum in 1ambda decay, and upon the dynam1cs of the plon decay :

h "For each A event L +L is restr1cted by k1nemat1cs w1th1n an mterval Do
T .

min

. L . to L a;;t" where L (L ) is the range of the muon when the plon ." T
' Adecays at the lambda decay vertex and the muon is emltted in’ the p1on rest

( ,'ftame ant1para11‘e1 (para.-llel) to'the’pmn d1r_ect1.on. e



."'mdependent varlables, the magmtude of the proton momentum and. the angle'

| 'L x AL ) and L & AL mi , were computed from P :t: AP o
‘ ax min min’ LA
) "‘fiWhenevcr L the measured length of the negatlve partlcle track (see.the'

. "5".1]track connectmg orxgms (b) and (c) m F1g 1), lay outsxde the range L

_ A . pp 7.

-'"ff'f3000 A = pu v decays were generated in a random manner. The‘ momenta e

" of the lambdas and their decay points in the chamber were a331gned accordmg

Co-4- . UCRL-11034.

The k1nemat1cs of A - pn decay are completely spec1f1ed by two ,

o 'between the proton and the plon.' For all events 1t was assumed thatA /\ - pw;
decay had occurred and P iAP was: calculated fromb the me’asured values
of the proton momentum and 4:, the angle between the charged decay
"'I-.pro_du:cts The uncerta1nty in - P arxses predom1nant1y from the exper1menta1l

erroron G The 11m1tmg lengths of the negatxve part1c1e track

m

'inﬁ-’-:
';',_to L x the event was remeasured tw1ce. Also, when L ;although wzthm
' the range L 'j"‘.t° Lmax’ came vw1thm two standard devxatmns of a 11m1t1ng
anme.’, theve:venti’was' t'r',_:e.1'v'1'1.easur,e,d_.;}'v.;‘v' N | B |
o -Two event‘s"were found-with L< L 1n and therefore, the' A
' 1nterpretat10n was ruled out for .these decays The muon momentum was ., :
S ‘calculated from the range of the negatwe track. L, for the /\ l1nterpreta-'
' t1on and in both cases the momenta of the proton, muonvand neutrmo 1n the:’

: plane transverse to the lambda traJectory were con51stent w1th the react1onv

' A Monte Carlo calculatron shows that these two’ events const1tute 24%' '

"-w;of"the Ap decays which ‘satisfied the select1on criteria. In the calculat1on RSN

._:f:',to the experxmentally determmed values of these quant1t1es, obtamed from
. ; the measurement of'iOOO randomly selected p1on1c 1a_rnbda" decay_s. Smc..e, (jthe_‘;»_ .
' ‘.form of the 1ambda decay amphtude is not known the'calcul’lation was.‘ B

performed for ’both a Lorentz 1nvar1ant and a non- Lorentz 1nvar1ant L
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' tﬁree-body phase space; the same résult was obtained in both cases. In 61.7%
of the svimulat.ed decays, the tracks of both the 'proton and the muon were at
least 3 mm in length and .ended in fhe bubble chamber. For each of these A
events a corr_espbnding Pw Qvas_calculated fqr a A-pw decay,v with thé |
same .pr'oton 'momentum and the. sam@e opening angie between.the chargé'd decéy
prodﬁcts. The l'er;xgth of the muon track, LH' was coﬁpared w'ith‘th_e range.
of valﬁevs L in ‘to Lmax’ cglculated from 'P'n" In 24% of thé évents the _

length of the muon was outside the interv_al Lm.

to L
in m

aXx

(Lp‘< L., zo%:LH} Lmax,‘ 4%).

In a second Monte Carlo calculation, 3700 decay éequénces _of the type v
A -~ pr”, m - w v o in fligh-t were generated in a random manner. ‘In 59.4%
of"these decays the proton tr.ack and the combined length of the pion and muon" ‘
tracks were at leas.t 3 mm long and ended in the: bubble chamber. The value
of FT"H/FH is therefore (0.594 X 0.0189)/0.647 = 0.0»18.2, ; where 0.0189 is
the fraction of pions decaying in flight.

The distribution of OTTH (the projection in the film pla‘ne of the =m - .-
dvecay angle) was also examined to determine if A‘I’Tp décayé could be
‘idgntified by obServi.ng the w-u decay angle. 'More 'than 30% of the GTTH’
\/alues were les.s than 10 de'g.. Deteétibn and'measurémgnt of angles of this. |
magnitude was re.ndered difficult by'r’nultiple scattering in the heavy charﬁber .
liqu&d; cons.equgntly, no a;tlt'errvxpt:wavs ;ma;de to discriminate between A}l and |
ATT}.L decays. by this means. . |
| The two e?(amples Qf AH decay give an estimate Qf N(APL) < 2/v0.24' = 8,
- aéd N(Aﬂ“) = (992 - 8) = 984. .For the present, at least, the estiméte of
N(AP) is considered an ‘upper limit because ‘thé -Ap events could hav‘(‘evbeenvb
simulat’ed.by processes‘other‘than ‘AH. decay. DPossible sourcés of

!
background include:
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A, "/\n-. decays in wh1ch the pion decayed close to the A decay S
~ vertex. In this case L . and L Care computed mcorrectly because
' ~ “min max _ v
‘the measured angle y is not ‘the angle between the proton and T meson '

B. Aw“ decays in whrch the plon or- proton suffered an unobserved

. scatter close to the lambda'vertex_. , As_,m A, , ‘the ,mearsured ,.qx is not the
. pion- proton angle

. C. ATm decays in whrch the proton underwent a charge exchange -

i'nteraction Th1s causes. the proton momentum, and hence L ‘i and L

to be 1ncorrectly estlmated

D. Neutron inte ract1ons, “nn - nprm, - with the subsequent decay in_

o ﬁ1ght of the =~ meson.:.v

E.: 'Rad1atiyelav;r'nbda,decays,_ A -bp'n'-y,a.lsowﬂ:h :s_“ubselq‘.uent'_".de'c'ay.'1_". B

. in flight of the 1r i meson,

'-_The kmematzcs oflthe two AH decay candxdates were such as to Tule out_-"h"

'v’-{"t',"_"pos51b1l1ty that A or C had occurred

On the bas1s of two poss1ble cases of A“ decay, R“calculated 5

"'v:b.‘lgaccordmg to- Eq (3) 15

19 700 ;

R = |[2_)/(984)| (0. 0182 066 2 -y 10
e o.z4>-/~(i )] ( x )_ ; >_<

i

. The effectlve sample s1ze of lambda decays in ‘this exper1ment is seen to b

:.! : . ) ‘ . ‘ » ‘ ‘

o _, 9 700
ThlS expcr1ment glves an upper 11m1t of’ RH"<.4 5 X'10-4 at the 5%

"'"-_.'1\,:",.s1gmf1cance level A lower l1m1t can be set to the branchmg rat1o from thei'z

fobservatmn of Good and L1nd of one unamb1guous case of A decay in aﬂ-f.t U
| Vtotal of 2500 lambdas,3 glvmg R » »._o-z-.'x 10 Cat thes% -significéﬁéé level.: .

"'The combmed results deflne a 90% conﬁdence 1nterval for RH:" L
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L s 0.2x107t < R < 4.5% 107
This estimate is consistent with R}'L = (1.3% 0.2) X 107* deduced from
- | 1 r

the measured B- decay rate of the lambda hyperon 1f we assume that the

' decay processes A pe v and A - pp v are 1dent1cal except for the

}f’-e- mass d1fference A theoretmal value of R = 2.4 )( 10 -3 has been

predictedl on the ba'sis of the universal V-A we'a.k-interactxon theory’ '
the hypothe51s that the renormahzatlon of the couphng constant due to strong N
" interactions can be 1gnored in leptomc lambda decays - The measured value'
. of R clearly dxsagrees w1th the calculated one, 1t has ‘already been shown
'-‘that the AB dccay rate is S1m11arly depressed relat1ve to the pred1cted

~ value.”
One of us, W1ll1am L. Knight, gratefully acknowledges a grant from the

A'Dcpartment of Sc1ent1f1c and Industrlal Research England

A'_and Do
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FIGURE LEGEND

L F’ig'. 1. A typical event satisfying the selection criteria,

-~ (a). K™+ nucleus — A+ fragments, _ |

() noo-- e vV,

UCRL-11034.
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