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+ + ' . 1 
We have investigated the pion decay process w - wo + e + v. · 

. . . z 3· ' ' . 
Whereas various model c~culations • laad to branching ratios for this 

process of the order of magnitude'to"'8, .the conserved-vector-current. 
' -, . 

(CVC) hypothesis 4 • 5 allows a precise prediction. Using the accepted . ' 

values for the masses6 of the particles involved and considering the cal-
. ' 7' 

cula.ted radiative corrections, on.e obtail1a a branching ratio between . . . 

i··· 

1.00 X 10""8 and 1.06X 10·8• depen<Ung on the choice o£ coupling constant. 8 

.·Thus considerable attention has b(len £oct.tsed on the pion beta decay, since 

a precise ~eas~rement of its bra.nebin(: ratio can serve as a test of the 

eve hypothesis. Experimental iDN"estijJatiorie ha'Ve been undertaken also 
• j 

at CERN9 and Dubna-. 10 

~·~· .. 

v ' . v· .. 

~\ 

This experiment ~as design-~d to dE:tect the two 'rio 'Y rays; the positron, 

and also the positron annihUation radia1;ic1n from the reaction w+- wO+ e + + v. 

· We find a branching ratio 
. . 

(see Table 1) compatible with eve. 
A schematic diagram of the expe:z:bnental arrangement is shown in 

Fig. 1-. Positive pions (175 MeV/ e) ar•3 degraded in carbon and brought to 
·, .... " ... 

rest in scintillation counter s. ln order ~o detect the wO mesons produced in 
. t ·. . . . 

the v +- wo decay, 18 lead-oeintillator-sand.wich counters were arranged 
'. 

cylindrically about counter 5 •. Each of these sandwich counters ha.d two -
photomultipliers (e. g., o.1 and 131) t}lJi!.~ yi~wed alternate layers of scintillator 

I · · . · ' ;· •• 4 .. f , ·. '': · -' · , • , : · 
- ~- ._:·_ 

' ,, 

'· • .. 

. ,. • ·, •. , ••. . 1 ·r 
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separated by lead. Coincident signals :trom a.1 and ~l req':ired that a 

charged particle pen~trate at least on~ thlckness o£ lead (Z~7 g/cm2) in 
' ' 

that counter; y
1 

and a1 wer_e s~mila:rly- situated photomultipliers on the 

diametrically opposite counter .•. .A. concentric array of thin scintillator a 
~ I ' ; 

,. ' I ' 

used in ·anticoincidence was placecJ betwe~n the lead-scintillator-sandwich 
I , , 

counters and counter 5 to 'guard .aaainst. charg~~ ?articles·. Thus a 1r
0 pr·o ... 

duces a fourfold coincidence Q.i~iY:5;~ i 1;lt 1. 2, • • •9 without anticounters •. 
\ . . 

·.·.,I' . . ' ' >'.. . ' ,, ' 

Because o£-the geometrical reeolt~·.; .. >;;;). ()£the. system, events o£ the type· 
'. ·, 

I· 

. 
t1. ) .• 

. .. 
. ..,, 

-...... -

.') 

·'· 0:if3iyJ6J; j.~ i :1:,1 are also:acc,eptable_~,;-~~e ~fficien'cy'·~f_thi~ system was. 

measured ~ d~tecting 110 ~ -~a.;a produc~d by stopping ~~.mea~~~ in cQunter 
( 

' ' , A ' ' ' :. .~ ' • : 1 1 , , , :, . • • 

5. The '(•ray efficiency· of counters y1li
1
, for eJtample,. was determined by 

• ~ l- j ;, ., ~ \'' ' ' ' • ' • ' . ' 

the ratio of fourfold events, o.1~fVi o1, t<l· threefold and fourfold events, 
' v ~ \. I : / ' ' ' I ' 

a.1~1y1 + a.i~i6i + a.1~1y1 o1 , togethcutwith,the calculated probability of conver- ·. · 
• • , ~ . :' I • ; ~ , ' . : , ' • , , ' , . , , , . . 

ting a ~O y ray bY the lead plates _'~thin, the counter. From this result we 

find that th~ number ~£ ~O ~eson.s ~rod~~ced pe.r Tr .. st~p ~n scintillator is 
. ' .• . . . ''.' 1.1 .. . 

1.3 X l 0 "'3; The work of Dunaitsev et al., . leads to a value of approx 

lxto•3 for this rati~~ while the_ c:E:a~ g~·~up9 ob~·ins i.X.l0.~3> Utilizing 

our ~easu~~ments'. 'we find th~t ~le to.tu efficiency of our apparatus for the 

detectio~ of a '11'0 ine~n produceci'in~ ih~ w + ·:._ 11° decay is 11%~ -· . 
• '• .• : '• 1~ ~ ·,' ~;. • • 

The positron in the decay wn.s' obuer:.ved by two methods: (l) We looked 
·' . + ' ' . ' ' 'I •'1·; --11,.~·~~~- ' ;_ ' . .' • ~· 

for the e . signal following the stopping 'It _,signal in counter 5. This counter · 

. ; was divided into thr~e sections, .Jt, 'B, 'and C (e~ch viewed by a different 
, ·. ... • . r , . '+ . 
photomultiplier), in order to enhance tbe e signal relative to that of the 

+. . . .>,· ' ;, • . . . . . 

stopping 11' • (2) We looked £or tho signal £rom counter 8,. a Nat crystal 

' ., placed near counter 5 in o.rde~ to ·d~te-~1t. ~ri,e ~f .the '1/2-M~V 'V rays from the 
+ . I • . . ' ,. •' .. :, L ' :: : ., ' ' ...... , ' " ;: : ' ,. 

e annihilation.. , _ 
-~·- hi::~... l" ~ r.·,,· ... · ·, 

. ' 
' 

. ' ' 
.. - .. , 

·' 

I . 
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The logic:; ol the electronic: syste~i wa~ as follows (see Fig. z)::. A . 
+ : . . . '' :. ,· ,' ,· -· ' . . 

tr me son stoppi,~g in 5 gene rates the 'sifp:Lature a 4 s· 3 6 .,. r D~ ' The 1 D " ,· 

. ; \ . . ' 

signal occurs if another beam parcicle 'anters the ~ystem within an interval · .. , 
' ~ . . -~ ' ' . 

of 10 to 60 nsec f~llowing the pion etop~· Consequently T0 demands that no ·.· . 

other beam pa.rtic::fe enter tb~' syis't.~m :d·~~rbig' the. time we' are awaitin~ a. 

p:>ssible v+ ~ w0 decay: 'This sign..-1-ture.ot>ens·a. 40-n.sec: gate ('o
2

) 6 nsec . . . . . 

... 
·' 

after the pion stops~ · 'W:ithin the. gate,-: if any four!old coincidence <>f the :. · 
. . •' • • ..· J ~~ . ' 

lead-sci~tillato~ sandwich counters ~-o.i~'J'yko 1 ) occu~s ~ithout antico~ters. 
a. trigger"i~ 'pr~duced whleh a~tiv~tes _tb.e d~ta .. st~~~·g~ 'syst~m-12 a~d ~riggers 

1 I , 

a !our-beam oscilloscope. , The data-storage system inte'rrogates all sand-·. 

wlch co~t~rs and records on ~~netic tape th~s~ that have signafs. Simul-
' ' 

taneously the oscilloscope recorda pulses-fron:r:the sandwich counters, the· 

' Nat, and.some o! the beam counters. 'l'ha magnetic tape was processed by 
.~ ' . .. 
an IBM 7090 computer. The correlated. r.llagnetic tape and oscilloscope 

· records allow us· to determine the colliue.a.rity of the w0 ~·rays (to within 

the geometrical :resolution o~ the counte.r1~). the timing of all counters 
' ' '· + :' ' ', . ' ,. 

activated by the event, the pulse height of the e in counter_.$ (A, B. or C). 

and the pulse height of the 1/z .. MeV y in. the Nat. 

Our trigger rate.was 6 per 107 st·:>pped pions• the .stopping w+ rate 

was 105 sec·1• The computer anzzJ.ysi~'tndicated !hat lOo/o of these triggers 
' • f ' ... ' . ' l 

were caused by opposite 'V rays (i.e.· o.1i~i'\'iOi events) and thus needed further 

investigation of the oscilloscope !ilm fo.r the remainder of the identification .. 

However, in order to inv~stiga.te pos.sible background effects,·· the film was 
. . 

analyzed independently by scanninn all ElVtants that had aNal signal. In an 
·~ : ~ .. 

' . 
i ' 

. . : · acceptable event. the Nat signal of the l,roper pulse height (this was pre-
·,., I . - . . ' ·. . ' .. ' ·. 2.2 ' . 

viously determi~ed with 1/1.-MeV 'I rays !rom Na. positron annihilation) 
/ 

occ~rred in time with the o:. f), 'V~ :an~ 5 ~i~~.~~ -~he. ·e + signal could not 
. ,. ·. . ,,·.' 

. ·~ • ~: -;.~ •• ~ ! • 

. _._,, 

;f· 
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be reliably obs~:rved in counter S v.ntill8 nsec after th~ 'l'l'+ .stop ana even 

then only if its ~ne:rgy was greater .than about 1/Z MeV. El,even events 

Wt}1"e found, oaven of whieb ba.c\ ob1aerva'bl•' po'sitron pulses in co.untc.ii:r 5. 
t ' . 

' . . 
Of these eleven e~ents, . o?ly one ca.n be_ d~,finitely. attribute.d to b.."Lckground 

(the angl_e betwe(m\the y rays was f;oo, er:~all_ to have been produced by a 

decay 1r
0): These results are shown in ·~·e first line of Table t. It was 

noticed in the analysis that the .v.;ray co·un.ters near the beam contribute 

a disproportfonately large fraction of th·e :trigger rate. If we discard. the 

events f1·om these counters (i ~ 9 counterlll) we·are left with six events all . . . ' 

of which satisfy th~ criteria. These. events are listed in the last three . . ' 

lines of Table I •. The third line of .the t~lble. shows ~e effect of requiring 

·.that the two 'V rays be in diamet~ically C•pposite counters. In the last line 

of 1:1~e table .we impose the requirement that the e +pulse be visible in counter 

5; the result is unchanged. The measu:r·ed pion lifetime f-rom the 10 events 

in the first line of Table I is given to show its consistency with the known . _.· . 
pion lifetime •. In the entire experiment 5~6X 1010 

'1'1' + mesons were stopped~ 
. . 10 

Dunaits.ev. Petruk};lin, Protl~oehkin, and Ryka.lin . have measured a. 

. . . ' 1· 0 -8 . . 
branching ratlo of 1.1± o:s X 10 from four events with an expected background 

of 1.3 events. Depommier, Heint~•e, Mukhin, Rubbia., Soergel, and WinteT9 
. . 

have obtained a value 1. 7± o.s X 10"' 8 for the 11' +- w0 branching ratio; having 

detected 14 events.. Our experimen~ differs chiefly in the requirement of 

the positron-annihilation radiation, where:as the other experiments. require~ 

. some energy resolution for the 11'
0 y rays. .Without the. requirement of the 

positron annihilation our background sul>t:raction.was too large to perrn.it a 

meaningful result. 
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The results verify the existm\ce c•f. the pion decay process . . + 0 + . . . 
w ·- w + 411 + v. Although the etntistic:al accuracy is poor. th·e results 

are eompatible with the eve hypotb.esf£1. 

We thank M~. James Vale and tlu~ 1S4-inch cyclotron crew for th.eir 

cooperation. Use~ul discussions with Professo~ Thomas Slantia (Brook· 

haven National Laboratory) are acknowl.e•iged. 
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Ta.bl~ I. Summar/ of resultu for pion beta decay 
5' IC'P h 21 •:n • t [ I ,111' '·l:c:~=-

Cd"iterion for e+ Accept• Back:~ · Total + Branchlnga. 'iT mean 
detected able g1•ound efflc:iency life ratio w. counters 

a.i~i'Vj 0j by . ·events events ( o/o) (nsec) (X 10•8) 
Jif.j: O,) - ,, ..... 

i= j:t: 0,1 ' Nat 10 '1 0.86 24::t.: 10. 
.. z.o 

'I , . '. ,., ;'l 

i=j ~ 0,1 b 
. ,. ,, ':· l , .. ,· .. ' 

Nat 6 0 '' 0.77 1.4 -
i=jb 

''••' 
•1,. 

' '' 0.66 Nat 4 0 ,;' 1.1 

i)=Jb Nat z ,o '0;.33 1.1 
and 5 . ~-

. .: ' 

a. The errors to be assigned to tJ:.le bra.nc:hlng ratio are dominated by 

'the statistics on the number o:£ events. 
' 

b. 'The i = 9 counters a.re exclude<i. 
\ 

~: 'r ~. • 

·. : '; ': ·>~::: f 

't. 

·', ,. 
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·.• 
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Figure Legends . . . 
Fig. 1 •. Schematic. o£ experimental. syster.n •. Cou~ters 1, 2',:4• SA' 3, 'b, 7 

. '· 

define a st~ping pion.,· Counter 3 is a water Cerenkov detector to 
·' ,. 

guard against beam,positronn;. 'All other .counters are ecintilla.tors. 
~} 

Counter 8 is a. z ... in. -thick Nat crystal for the detection of the positron . 
\ I ' ' ' f I jo 

·annihilation radiation. C re~)reaehtJa carbon de~irade:r:·. ·a.1!31• c.2 ~2· 
and their respective 180° ~onnter parts y16.1, 'Vzo 2, •'• • are lead .. 

scintillator sa~dwich counters 'for' the detection of the. '11'0 '\' rays~ 
Fig. 2. Simplified eiectronic schematic:. . ····, .. ·' 
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with the Commission, or his employment with such contractor. 



. I ( 

,., 


