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· Equation ( 2e.) · nOi·r resd.rs: 

s/ (.; -l!a - "1. 2)} dl! a Ew • 

~ .• '! ' . 

. ::, 

:.· GV(:P,E)d.Il d _Pt &:%· ~ ( f 2 [4- E. (11- 1?: ) -(t/~ - p2 ~ .ni. 2)1 
'"" r' E v jJ. \ ll ' ' . . . L J 
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+ 4 tv'f!rv {1>7- E~) tL'" + :.--a 
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ori. Page 3, the last line of the third paragraph no~>t reads: 

'. •. 

·: 
t f -:~ -~ - :' 

. ; ~) . 216 :events~ we haye obtained from a rnax1mum-like11.hood analysis A = o.4 ±0~4. : 
'···· 

This sentence should read: 
::_~~~ ~<~~;: ... :;..;...... . . . . . . . . . . . . . ' . ; . 

2lc:~~-en1_;_s, we have obtained trom a m.aximu:m-l.ikel:thood analysis 

.,, ·>·' .. :'~:·_.":'·:Pe::ge 6, last line now reads: thatf~/£t = -· 
. ~: . 
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equation 'should read: 
. . e 

· that £t/£v = 

·."' ... 
• • •• ••• t 

.,., ,·· ' ' : . . . . . ~ ' .· '.;'' 

"A = 0.04 ±0.04. 
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_-~ -~-r~~;~~~- !. INTRODuCTION 
. i •. 

We report in· this paper the results of an experimental. study of' the 
' 

. '.f 

t . . · 

. . ; .. 

'j_ 

+ + ·. + + 0 ' 
three-body lepton1o decay mOdes ( ~3) of the K · mesons ( Ke

3 
-,;;... e + 3t + v 1 · 

+ + 0 . 
KJJ.3 -? 1-L + 7t + v) " 

It is obvious from the conservation le.-vra that all momenta a..nd e.ngles 
+. .· . . . . . . . . . ' . 

· · · ... in a. I~3 decay at rest are determined. by the specification of any tvo inde-

·i .·. 

Pais and. Treiman have pointed. out that the pion momen-
. '• ·. 

tum e.nd the· angle betvreen pion and neutrino directions a.re convenient vari-

ables and ha.ve obtained the follOWing expressions for the·· distribution func

tions in these variables (assuming pure cot+plings) ;
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c:p~ ,(w ~ p2 ~ m.2i'- ·.·r.·.~.2 .. :. 2 '. 2 .., .. ·.Fv(P,~)d.P deosQ. = - · .. · · 1r4v.-- · • sin o. tv. 
· · ·· · E (v1 + PcosG-) ... : 
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. scaiar co:upi!n& · · 

F8(P,G)d.P dcosG-

~ensor couplin~ 

h:f~.~ (I! ~ k~~>'Sylt~ ~~~ . 
.. . ~ ).,: .. ~ .• . t . 

-- .; 
• 1. I ' (' ; . •· .~ ~ 

~ p~ ("' - p2 - ·~ 2) 
2 

= .Iif · . (W +.PcosG-)2 
2 . 

r
8 

d.P d.cosQ. 

... 

' :. (la) · 

• .. 

(lb) 
.' •, . ~ 

(rl-- p2 ~ nx.2)2 

. (W + PeosQ.)4 f'T 
2 r(Hoo~+ P)

2 
+'"r, 2 

a1n
2"]d:P ~Oo~ 

~ . . . . 

' 

Here P is the pion momentum and E is the totaJ. pion energy; G- is the a.ngle 

between the :pion .and .the neutrino; : ~; ·ia the K+ mass; W 111:1 Mi\: - E;. mrc 'and. ~ 

are the pion ~ ~epton masses respectiveJ.y1 and. fv; ,Svt t 8, a.n_d fT a.re<· · · 

. ( . . . ') 2 . 2 2 
f'UnCtions · "fo.rm factors" of q = 1~ . + m:rc - 2£.1~1 the squc.:·9 of tlie in-~ , 

variant fol.l.t'-mbmentum. transfer~ We ass~e time-reversal. in.va.ria..nce and take 

" : ·.·. 
\.; .. :·._; '- ">' ····· .. 

-<~ • .... • : ..... 

• . !n the present. investigation we have tittempt~d to study. the foUot.ring _: 
• • • • < " • • .. • • ~· ~ ·- • •• • • ~ • 

questions:. .·. . . , ,_ ,; , . · . ,: ,_ · · · .. -. . ,. 
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·:-i' 
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·.-· . 

·. 2.. Are the muon .and electron couplings identical.;, iee.1 . 

, . . . : are the form fa.ctors the. same 'l 

3• What can be said about t.he q2 .dependence of the toi"Jll 

factors? 
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' . . . . .· . . . . . i . 
Tb:e experiment was run by ex.posin.g a. .xenon bubble chamber to e. sepa,... 

... . ·. ' . . ... .. ' ' .. + . . . · ... 
rated K · beam of sucm m;omentum. the.~ the K "mesons w~ stowed. near the · : ·.. . 

'; , ', .. c~ter of the ~ber. Deta.Us of the ~>.'Periment, 1d.entif1ea.tion of the 
:. :-:. . -~~ ' -~ ' . . 

~ -: ) ' . 

' various modes, sample s.election, etc. ha.ve been pUbl.ished. else-vrhere.a..:-5 
-.;. . ' 

. . ' 
···--. 

' . '; •·, ' ., . 

A. Nature of' the Coupli~ 

· · v1e have a.lready. shOw'Il tha·c the vee~.; or coupling seems to be the only 

.'; 

> , one; that agrees v!Cll <d.th Olll' !~3 data .. 3 'lhlG conclusion has one q;wa.li- . 

tica.tions. to rul.e out the sca.le.r lzypothe.sia.; we ha.vG assumed a. ''gentlen 

· .... :· 

q2 dependence of the form factor r; (ve use s~rt;cripts, e, 1-Lt to separate :: 
' • • • ,! '"' ~ + + ~ ' ~ ' - .. ·: ; "· ' 

. the. +orm factors in Ke
3 

and ICI-L3 decay. in those a.nal.yses "ivherc 1-re are not ape-

. cifica.Uy assuming the universaJ.ity of the mu.On e.nd electron couplings). 
. . . ' ~ ; ~" . ''" ~. 

· ... · 
. ';~ ; - .. 

. · ~ tfe have represented. t~ q~ .. dependence of t~ by_ the fi~st tvro .~erma in .... 

a: series ~Xpa.ns1~ f~(-q2) = ·. A(l + ;..q2/m'IC 2} ... ·~~comparison .wi~h data. i'~ ·· ->:; 

216 _events,_ ve lla.ye .9bta.illed. from a lllrud.nn:lm-likelihood analysis f. lilii o .. 4 ±0.4 •. 

·, 
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,._: . . ., · .. -... Nature of the Cou:e,ling , , . 
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. To :iliti-oduee the c6~ect1ona due to ~hamber geometry 1 we can conveniently . ·. · 
. ·.~ 
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·- .. ~;-J "'·' .... -. ,·. _.,' . .,, 
·, ._· ~--. 

··-..4-
~- ··, ,• 

~--. 

V~tor cou;p11ng · · ._ . ·- / . ;, ... i: ._, ,. 

.. . 1\(f,~)ai- 4 11:1' ., : f h2 [~+ ~- (W- l\.) ;.; (.j. ,_ p2 -. "1,2) 2] ... ··~ .. 

(2a.) · . ·,• .. , .· :; ~ ··.··4 f . <~- E·; -~ 2 
· + •.. '7-z : ~-~-<~·_·,a. ;-.~-.m.~>.·.·J·. dP ~ ·:. 

*·' . ,.,,, .· .. ~vfhr_: .. 14~. My_a -~ .. · ... ·<.-~·· ~- ~ . ' : . . ' . . . ' . 

:: ~_;> 
., 

~- • "• r' :: • ' "· ,-. t 
;.1-.. .. ' . 

. . . . ~ · .. 

·. ' scalar co'lt.Plins : 

,, 

-·-. 
i . ' . ~· ~ . 

~, ' . 

~ '· .. " -"·· ,,.q..; ;.,.,: . ·. •, 

·-·•:· 
. _.,. 

.. . · · :rensor coupling 
" . 

~ ; 
• ~ ' •I ::. ' • . ~' ' ~ : -... ·, . 

. _,. 

-~~P':E11)dP dE" .. <~~ z'l
2 [r cw2 :- r -"1. 

2
> '". ~ ,a <w _. E/ 

, ... 

. ; 
t • • 

. . . . · We have calculated. expected :p:ton-enel"GY ctistrlbutions by integrating: 
) .... ' .... . ·.• i "'•· 'I. .• t,;. 

Eq~~ (2) 'n.er \' .. t~ due aq?oun~ ~7 che.nlber' ~~ometry1 .~th<~~~ -~~~.1~~~-" 
'• j. . . ' 

·~ :- :_ .... : :_· . . ' . . t ·,_. :~ ..- --~ -.· 
, . . _:-

l. 
. : ... _: •. ·- ';.-: 

All form factors a.re taken to 'be constant. · 
~. ·:_ ·-,_. 

' . 

·· 2. Th~ ratio.··~~ is chos.e!l;·.~ori ~he:asstmlpt:t<lll of -the identity. 
··.·:, ' ' . . •' '· :- . . . . . .... :.· _,· ... ·.-·:··· ._· ·. ':· .: . ·: + . . 

":_··: :· of muon and. electron cQUpling strengths, troni, the mea.$ured. :ratio <:1£ Kil3 a.nd. 

:u:3 decay ra.tes.~~ 2 0.96· ~-l~ •. : .. ::aeca.u.ae the;.rll.tes· _a.r~ quadratically related 

to the tv~ena ·Sy,- this ratio iei\~at~~ied.. ~ two~ values·. of e;y!tv, ~ely ... 
.. -·· ·.'! 

0.5 ±0)~; end --.4..8 i0 •. 4.~ .... ,.;._, , .. , ····~ .. 

'. ' . ,~ ·. 
,._ 'i 
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, > 

. '! 

.. 
· .... ·' .;. ,_ '~ .. ~. 

. '' ·~ • f -l; •· 

:ll .,_ ... - ,-· ~ ... .. 
- 1-·: 

.'f. 

,>' •• .,. 

-· ,.... . ~ ,._ 
.,-. -~ ;· >~-- ,'·'. ,~--

·.,. 

.(2b) 

._._., _ 

_.._.,___· :-,· 

·(2c) 
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it 'With the:soala.r1 tensor;. a.tld. botl:l vector distributions ce..tcul.e.ted as d.es-
···· .. ' ... · ' . '·.. . ·.. . .... 2 .. ' .·. . '. ·.· . . . ' . . . .· ., 

cribed abov¢1.· It' one makes a X test (see ':rable I) of ~he experimental data • ·· 

with these variOUs theoretical distributionS based on constant•. form .f~tors 1 
one finds that the ·most likely ·~0\X.Pl:l.ng .is ~e~tor (vrith ftvltv ·~ +O.~i));~ e.l~ 

' __ ·, . . -·.· 

though tent?OX' is riot· ruled out. . ~ scalar coupling, .as well as th~ vector .. 
~ . ': . 

, ,, c·~upling~'~:tth ·e;rv •. ~•$?1 does not fit the d.a.tei.. Eit aU. · > . . . , ,. 
: -~ , .. 

' 1 
'I 

·I 
'j 

l 
>•' "l 
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1 
i 

. . j 
1 

•. -. ·.! 

. vTi th various couplings having constant fonn factors · · · 
''"! :- -:~ 

.:_._ .. ' .< 
; ·-1 - .-· ~ _:·_. .f.' . . .. ·. 2 . i•" 

, .. ·' : . ).', ,· 

··-' 

.i 

r••:, 
~. 

... · 

.. ,\ r 

. ~- _, ... 
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"i, 

vector;, svJtv ··.* :*O·~B 
vector, s/'fv. • ..J&..e5 

scal.a.r·· 

' . tensor:· 
~ • i. • 

0 

I r• • 

-·"' ,-! • 

. ·; ".' . ·r .. 4 _. 

,. ... - .'· 

X. . Probability 
., 

,. -~ ~-

(%) ·. 

. ' 

<·0.1 . ' 
. ·- \ .'. 

-~ "'. 

· < 0.1·;; 

· ·.ol • ·,. 

Pher&r 1lependel~e' Qf, ~-l~·~ 'D: · · • 
'. ·~ ,• .. 

. : . . • 

energy dependence ·of .:r;;'ana ~.: We havel hmreverj.,, eanpared. oU:r-r~at\lte .. _-
·• . ' . ', >.' .• ,· .. · .·· ·.. • • •. · · ... 6 

'With -the ;predi¢t1.ons' ()f .the· conserved current, theory:. ·~ .. 
' ; ~- : 

.:·.·.r 
'.•.·,.., 

·: .. _ 

.. ~.: .... 
. ~· ,_· 
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:--.. 
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= ·--. ·• ; .•. q2 
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. ·.··r. ,' ·.~ . . 
~ ·. . 

,·,. ·,:::,' 

. ~ r . .... ··_,'· .. ; 

; . :rn this theo~ the rati~ svfrv haS a 'very stl;'Ong energ:i dependence due to 
\ _:-~~. '' 

<. the :pol<{a.t 4"• 01 whicb.·causes. e. marked ;peatt in· tha pion spectrum a.t-·bigh · 

. ~ ' . . 1," .... 

>.:· 

. :~ ,This -~s- 't()'. be compared ~r1th tbe obse:rv~·- re.tiot 2 :" 0 ~96 :t:O .15. . .... ·.-

We co:nclud.e that oU:r ·eJq>er:t.ment is in su.bsta.utia.l disagreement with 

•Jjhla· prediction. ' ~ the other hand; more sophisticated. inodefs7 based· cm 

a.ss'Uillptions e:l:>out ::.;Pa;tiall.y conse~ed. .. currents lead. to muCh 'l~ss . violent . ;' 
. . . ' . ' . 

. ·' 

t .... · 

. , 

.·.-· 

·· ... · .. -
'• . ·. ·. ~ 

. ··.: 
j 

,. I.' . I 

-.~. IV•· , · lDENTM OF TEE MUON AND ELEm'ROl'l. COUPLING ·sTRENGTHS 
'. ( .. . ; l .. ~- . ; 

Since we have shown above tba.t' the. exparimeD.tal evidence favors vector . · · ·· · 
. . . . ; + .. + ' . . .. . .. -·.. . . ' 

... , . coupling for both I<:e3 .and ~3 decey-, we _are now ready to test the actuaL iden-

:· .· .. -tity Of the cou;pling by c~ing f~ and. :f'V (remembering that s;. cannot be _· 

· -.· obse~cpd, and _hencf.l:n'o''·cam.Pa.rison· ot ·~~d. -~ is ;possible)'.: '.Again we ~s~ume 
the. co:ns·~ancy of the fy'SI noting ~t· th~~ _·a.asuxn;pti~ ia ~ompa.tible· vrith ·· · : · .. ·.· 

. :_ our· measurement. o:f: '1\ d.iscus·s~d in S$c~i~ri Il~:"-We,:then not~ that~ .· .. '_;, . 
. ·. ' ... ·.· ·. + . ·- .. . : e ~ . 

:, , {lit),>. the Ke3. ra:te dete:n:o.ines :zv . ":' . . _ . ' . ' . ,; ·.~· 

. fo);., the ~ rate determines a rola~ion; bett-reen <f'~ a.ud ~ -~:.::· .: ~ -·· " . · · 

. , . <(~).:·:~the ~tUey·., of_ the ~3 s decay (P ,E~) dist~but~on :provid~~ ~: . ; .. , .. : ~~· 
•• · : ·. · · · > ,. another r~la.tion 'between _f~ and ~· ;: :.. · 

·" . Thus .from .(b) ·ana (c) 1 , ~ ·cs.n .be ;dete~ and compared t~ :e; obte.~ed f~em (a.). .· · 

The result -~~-:the.t.:t¥~ • 1.09 ±0·15,; ~-;good &greeme~t with the expectatio,:ls• ... 
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. thus ~ing out the l.arge negative &/tv :vossibUity. · rus ·resUlt, already 
' ' .. . . ... . . . . . 8 

ci.ear from Fig •. 11 disagrees "~>rith the ,PUblished. resuJ:ts of Dobbs et aJ. •. 
'< . ,. : ' . '· .· 7'. 

·;;. ;· .. ; V~io~~;theoret:~ca.l ~odel.s predict values of &/fv from -0.2 to ...0•9•·. These 
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· tion .and a.littl~· J.at-rer (i.e.~'more uegative)tha.n the resUlt from the ratio 
.· ... + +.·' .. ', •, '. . . 
·of Ic,.,.
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and Ke
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rates. 1Iowever1 in view of the quoted statistical errors, as 

~ ' .. ·· . ' ' ·.. + 
.. as cor~ceiv,able.s~st~t~ bia.ses.in defermi.n~~~ :he ~.·:ra~e, we.~ntei-.·· 

;pret. our dP .. ta as being •fUI.iy compatible with the pred.icJcions of these models.; ... · ··.· 
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