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The gene:rally accepted valueZil fox the quantum nm1:liJera of the 11· meson 

· b ~ n '~' G 0 tr.. '-
1 "'' · 1 · b ·bl" . h · · are gilven y . .1 .. J. · = -v1. ... nene assll.gnments :.ave. een eeta ts ed prl-

malrUy tlhrou.gh studies o! the Dalitz-Fabri plot ior the decay '1- "i'!' + ... - 'iio. 2 

+ The e:r..isterice of the e%pected mode 11 - -rr tr- 'I has recently been es'i:ablished. 

with a branching ra.tic given by 

f'{~1 _;. TC+ 'IT- y}/f'~'l)-<> ;r +'if.~ w0 ) = 0.26::!: 0.08. 3 (l) 

The e~d.atence of the n:1ode .·1! - ~n has bGG:c'l established by using eta~ p:toclu.ced 

i~ a. heavy-l:L:~uid b~otbble ch~mber; 4 
but its rela~ive p:robabHity has not been 

·. de'i;eJ?n"lined pdolr to the experin-iertt zepori:ed here. The expected. decay mode 

11 ~ 3w0 is difficult to observe 
4 a1~d has not been established by direct obee:rvatio~ 

pld.Olli." to this e:::tpe:rh:nent •. · .. How~ve?, the l'atio {neut~al/charged) = • 
I'~~·~-r·neu1i::i."a1s)/r~'rl~''/ 'IT-x0), with x 0 unreeol~ed into '!1"

01 and )'o has been 

determined in several experimel'l.tt::: by countil'lg 11missing neutl'als. II 
2 

An 

ave:i."age ovelr" these experiments gives ~neutral/ charged) = 2. 7 ± 0.6 •. The neutl"ale 

, lln the ell.~'edment desc1·ibed here we coriiirm the e:ids'f:ence of~he decay 
""\ 

. made ~ -;::. 'V "11• ap;d find. a b:ranchine ratio 
I. 
\ 
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I'{Tj- 3w0)/[r'(·l)- rr+yr-'!'l'~b + r~,1-.Tr+W-'()]::: 0.66±0.25. ~3) 

Tho sum of our results (2) and f3) givea (neuh·al/chargedp = 1.65:1::0.53, 

i.n. only fai:r agr~r.m1cnt "vvith the result 2.7 a.:: 0.~ othc:ra have obtained by c.;:;unting 

; . ~ 2 mtsstng neuti"a.s. 

' • 0 0 .~ 0 + -Calculations baaed on the model "l-> p 1 ·-:- p2, P'i -> y, p2 _,. Tr ,. 

.p:c-ed:i.ct I'(''i""" t,r+·rr-y)/r(~~ yy):::: 1/4. 6 If we combine our result (2) with 

. oux- earlier xesu;.lt (!) we fi&'ld 

r <~.,- ,/ 1r -y)/r <11 ~ Y"V> = o! 21 ~ o.12. 

Since V} """':' 3-a should go into ~he 2hr er~ate with I = lo op.e e~:pec~s 

r('il....,. 3'll·0 )jr {7J"""'IT+w-7r0 ) 0:: 3/2 •. Fhase-space .correcU.orw and dynamical 

+ - 0' calculations basGd on a comparison of the Dalitz-Fa.b:d plots of ;1- Tr 7f 'IT · 

;s.nd K- 3·rr .. yield a predicted value of .l.68 ::l: 0.05 !or ~his ratio. 7 Combining,··· 

o·a.J? expeid~n·:H.:;~'ltal results (1) and P). we obtain 

f'('IJ ~ 3w0 )/r('l1- w+7l'-·rr 0 ) == 0.83:l1;0.32, 
' ' ' ' . ' 

in :t'athe:ii:' poc:t agreement with the prediction. 

-.~he l"emain.der of. this Lei:te::;,' is. devoted to e~.:pel"imental details. 
\ 

The 11' s w~re produced in the Alva?ez 72-inch hydrogen.bubble chamber 
\ ' 

via 'tlte reaction/w+ + p ._ -rr+ + p + 1'), using incident 11+ of U70 MeV'/c. Vie 

have analyzed 1500 two-pz-onged (ZP) events having an associated y-ray con­

version in hydrogen, and 4500 fou!,·-pronged (4P) events from the same sample 
' ' 

I + + +- o o of film. T~e 4P e
1
vertts include 'IT p- 'IT p1T. w x , . with x 0 = 11 or 'V• This event 

. i. 1 · + +. +- 0 3 · .. 
type~:. :te almoat entirely due to tr p - -rr p '11• 'l1 - w 'IT ::It· • · . The eUmtnahon · 

. ~·,,, y : ~£ background due to 'lT + p _. w +p w + rr-• a1:1d the resolution of !(0 into w0 and 'i · 
. . . . . . . 3 .• . . . . . . . . . . . 

have been described elsewhere.. ln the experiment reported here the decays 

: .Yl- 'IT 1" 1;- x 0 provide the c1denominators 11 for t]le neutral branching ratios. 
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n . . . . •. . ' • 
the Tf" r.aay nave corne .:.z;:or.:t1. Oz1'" the:a.. has a 4P t:rt:•ack cmtfiguration 

; ~ '·. J • 

+· &0 -..ee. 

2·a.0· + "''R. + .,, ·- :x.0 + v ""O fhat .,,.o = ?'lT0 + "'' wh .. e:?e .,,:n. is a real "~.•I l'a,r. il . 'I v -I . '"V$ ;;;; . A- d~ ""I • 0 R' 0 .:::-... • " 

- . ~ . 
The irt'l(adant mass m(e' e-) = mh·v) the~eiore :t:angeo between 2m«e) = l.l 

. ·. . z 
and m('f.-()1) =.13S·~.ti.e".,rjc • 

~ . 
The cli::ri;:dbW:ion i:rt mqe r e-) a):!Ld the branching :ratio 

. . 

We v.:uso only events v..rith. m(e+ e "'} < 3JMcV/<./; 

The 

'I == 'Yn. Ol' 'Vv· That we obtain the san1.e i:Q"action O.OJI.OJl ioJ: bo·th w0 
· and ''l 

. is' not an acddenC. () 

' 
Ii1 the Gecond method w~ look for a~ta e' e- pah· due to hyclra{:;e<.'l {H} 'conver':" 

L < 40 em on the path h:ll'l,r;::th · 
l - -

t:h.e co:nve:l.":sio:n proce.ss. Tc dete:r::nh'le the detecti.r:n1 p:r:obabHity for 'Vn we ..... . 
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Since 

y0 ::: 2·~r0 :z:::~d fo:o.4 y 0 = 3·:P.et. Fo:;.• ;/' ::: 2·rrc i.t is easily shown that the distrcibution 

? 2 
in n:~""(:J-t0 ·§ i:~ ,;1a:;; fol' a~:2:y- vah1e of 1tln z·/'»· (This is not so for: y 0 = 3-rr 0 ; the. 

:E'G¢')>::rAS !.'.u::;o::.?. the l:dner~1.atical limits cu.oe depopulated by a phase-space factor.) 

1[-.,:u:;;:tJ:=;ct1.o::r'l of :Fig. ! :Zhows a lal"ge du.stc:rr oi evente at m
2

(v0 } = m 2
(w0 ) =· 

I ? 2 - 2 --.~ ·~. 2 ~ . + + I) 0 O.CH82 (BeY · ,:;""'p e m (:.;:. ) - rr .. 1 ~'1!) :.:: 0~ col·:responding to '11" p -::. -rr p 'IT 0 . 1r -t> yy. 

dt.!3 /Jlun'1be2' o! events vex·sue rn
2

{y0 )$. fol" :ra
2

(y0 ) > 0.08 (BeV/c2}2• The solid 

Mstogl"ar.:."l gh"~&.J 'the eJtpected dist.:~f.bu-dcn in ~ 2 
(y0 ) fo1, y 0 = z..,.o. · Its shape 

~· ll ' .. n.g. 2. 1Ne see 'J:h.at the ·f'lolid hzotogr:am fits all the data i1;~~cet:.t 'fo:r a 

p:re)nounced peak at _the· '11 r.aaee. .dc?.waerr. n1
2 hf·0 ) ::: Ow 2.8 and 0. 32 •Ne pre; diet 
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(fro~1 ~he solid histog1ram~ .;!:.3::!1:0.\~ events
12 

!rom"/'= Zw0• We find 17 

produdioll and decay. 

· !n Fig. 3 we plot the distrL~. ·.tion in m 2 (::c) for the. 17 events having 

0.2ti < m z (y0) < 0. 32., along with t' ;.e ltinematical limits for y 0 = 'V'I• 3"i,CJ 1 

and 2"1T· 0 • The events separate cle::~,rly into five VY and twelve 3w0 events. 

We prorate the 4. 3 ~ 0.6 predicted f;)ackground counts from 21r0 according to 

.the overlap of the allowed regions in m2 (x0 ), taking into .account the mea.aul·e­

ment errors, al'l:d thus assign 0. 33:1:: 0. 05 background (2.-rr0
) count& to the 'Y'I region, 

· 2.50:1::! 0.05 to 3w0 , and 1.47::!: 0.20 to the region between Y'V and 3w0 • (Inspection 

of :F·~g. 3 shows that none of the p:.·cdicCed 1.47 counta is realized. This is 

a rea.so.nable Poisson fluctuation..} Vie combine the observed ZP and 4P events 

(with background 'subtracted) andf:!e detection factors 0.0345 .fo:r "V'V and0.105 

for 3'lTQ to get the effet;Uve nurnbe:1.' o£ decays N(11- yv) =, (5-0.33)/0.0345, 

and N(·t'J- 3'lT0 ) = «12-2.50)/0.105. 
. .J.. 

N (7\ - ·.r' ''~' • x 0 
), with J,o = 11·

0 or 'V• is obtail'l.ed from 

-. · . + + 0 C + • G • + + • • 
4P events w p - w p y • where y' = a b x • We acblume a = -.r and b = 11 

provided 'th0 in.._;a:dant m~a+b-) saJ.isfi_es m(a+b-) > 100 MeV/c 2 under the masa -----~ 

assignments m(~ +) = m(b -) = elect:ron mass, !or both assignments of the 'IT+. 
' 

T 1• • • ~ ~-. • • ~ ~ i . +b- + - d 
~us crt.t::n." .. on e;..tmr.nates 1nterna"'-convers .. on pa :rs a = e e , an :removes 

. only 5% of the evente y 0 = "If+ '1i' .. x 0 • 
3 The procedu~es by which we eliminate 

even~s 1ri· p - ,/p 11 + w • :fron1 our sample give an additional 10% loss in eventa 

y 0 = w + w .. x 0 • 
3 The remaining event a are almost enti:rely y 0 = 7\• This is 

illustrated fn Fig. 4, where we plot the distribution in m
2

(y0
) f.or 

/ . , . · .w + p- w + . p y 0 , . y 0 = 'II'+ ,.,. • x 0 , and where the assignment of the two w + • a is 

~ . ' 

tha~ which gives m 2 (y0 ) closest to m 2
("Jl) = 0.300 (BeV/c

2)
2

• · The observed 

width agl."eee v:.rith that el:pected !?om PANG measurement errors. l'he 114 · 

·. c·;,~;;.,J..ts wieh 0.28 < m 2 (y0 ) < 0.3Z ~3eV/c2)Z give, after corrections, 

Nt~1 -~> 'i1 + -w ~ ~0 ) = 132.6 "eventG". 
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Finally we obtai1:i. I'(rt-'Yv>/r'~~- w+ ...,.· :t;l)) = (5- 0.33)/{0.0345)(:1.32.6) = 
0.99:t:0.4~. and _r('ll- ?nr0 1/r' (~ -~/'" .. x0

) = (12-2.50)/(0.105}(132.6)=0.66~0.25. 
_!t i~-~ pleaSI\ll.l"~ to ~C:k.n~vle([g~th~ ~~vi.'c_e _and eJlcoaragement of 

1 ... 'Uiiil Vv. Alvarez. We wiGih to thank Ronald Grossman and LeRoy Price fol" 

. &sc:i:.G:·;ancG in the data ·Eu"lalyeia. Oi.i.a oi us (E. C. F.) wiahes ~o express his 

g:r;:M:itude f.or the hospitality shown to hir~'l by thG Alvarez bubble chamber group, 

·and to acl-o1owledge financial support dua•ing pa:irt of the expe:dn~erit from 'the 

Lawre11ce Radiation Laboratory and from Yale University •. 
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9. As long -as m~e' e -t << l't!o• whcl"e mo = !35« \1°) OX' 548(1}0 ), Che l"ela:tive 

pirobability f'(m0 - .l'R e \~ ,;.},/r(~ 0- zv;a> i~ insensitive to the maos m 0• 

«Se~{Ref. Sa).· Tha'J: ia why w·c iind O.OHH fol' Chis p1·obability, !or both 

values of llli.{e ... e -» "he li.r:.t:el"i'U.l.l conversion probability becomes EH~nli.litive 
;/ 

· · · ·~91 m
0

., so that the total intel'~'ld-conversion probabiUtyis la:~.·gel' for 

'ii - 'VV e:han for w0 
- 'tV• . 

10. l~or our crdtedon n1.«e+G-) < 30 MeV/~2,_ the Yy a:;.-e 01almost l"eal, 11 a~1d 

u. 
ii2 • 

the di::r~dbu'i:ion in :rn2 (~~:0 » fol' a given i(n
2

(y0 ) ~a e:J~pected to be esael·L'd .. ally 
. ' 

the o,W!Jile fo-z 'Vv ae3 fox· -y_., c:vc;.'lts. Fe:.· thia reason, and because of the 
. . .l:\. . 

s::;:naU rrulinber of eventso we h·ee.t):~oth event types together. 
2. . . . . ? . . . 

'':Ye iin.d x :::: 2 .. 9o whereas ( x '"} = ·1. 0. 
' . ·. ' . . . '; . 

The e"l'ror is_ obtail!led by va:a•ying t~e no1:malizai:ioi1l. oi the solid histoglfam 

. un~il x 2 (i?om .the fi?~t five poi~D) mc:reasea·'b; unity. The error 0.6 ia 

the uncertainty in the predicted. 11ave·?age1 
11 4. 31 and has nothing to do with 

·. ·.' ( 
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Hm.i'2::J are indicat~d for y 0 ::: z.,,.o and y 0 = 3r. 0 • 

Dis'i.:ribu.tion:l hl m 
2 {y0 ). 2. 

3. evem.to having 0.28 < 1-ri
2
(y0 )< 0.32 {BeV/c2 )2• 

.-:i -· ""'+ -'· - -- .... + . .._ :""' t ""o• vo -~ ""• + ·I· .., - -'-, ~.l"o, ~~ -1 i,.Ji -- ~& \ !;I :1 ~ -- tl u ~-
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