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. ~ec~.1J~~lr5 ):d .tl:ds· letter ite p:;.~3lf3~n.~ tll!:l -l~esvJ.ts of ·.a detailed an.rJJ..ys_:ts g:!' 

'1{3?~~ts. observe<t. l.n " lz:;inc4- :c.mcn Oubble ~hrunb<>r, 6 :11 Jil"rticUl.o.r, 

.-vre :.ch.ow~'l;hc.t 1-rlt.hin tho. 1':~."D..lr,zMol"k of .the' u;i>i.4~ V-A Fermi in.te:t:·a.ct1.on9 tho 
'; '·, ~ ;.: . 

• : il'.i110n. wii elec",;;.ron are coupled 
lf ' .. 
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'I . /' . . . . 

. 78 h A nl:mber of authors 1 have s ovm tho.t, under the o.sslJ.mpt.ion of vector 
. . li + 

cc.upling, the f0ll~ring distribut5~on fl~ .. ction holclo fo~ either Ke3 or K:3 · 

decay f()l' the pion momentum 8..nd :p;l/~::1--A'let:brino :xriGU).u;,:- con·ele.tio..'"l: . 

( 
2 . 2 2) 2 

p2 . ,.; . - p . -· ~ 
F(P,~) dP d cosG- :: ...:..---.---.....;::;.-.4-, E .. (W +·P COG ~) 

~ . ; /, . 

[
. 2 .. 2"' .() 2 
~. s:m .. v J..V 

. ~ ' .. 

Here P is the pion mam.cmtum and E i3 '.;ce ~ectal pion energy; Go is the angle · 

bet1-reen the pion and the neutrizl<:J; Mx< is the K mass; V1 = MK- E; ·mrc is the 

piOll IDa!lSj m.r.. iEi the lepton (p. or e) lnn.E:s, (' ... nd :fV' ·r5v o.re fuuctiOnG (. 1'form 

· . fe.ctorsn) of q2 
= I'7:r.

2
. + ro.:t 

2 
- 2~.~~ $ tbe square o:r the. invariant f'Out'­

mcmentun tranofer. \-Je assume thle--r.sw~rsa.l :tnvariance and hence tal:e the 

i'c!'ID. faetors to be real. B:: ... :::-:1 ·.~1t.o.l :·~~'L~c1ics have conf'inne1 the validity 

of r:q. (1) for t.he de:.;cript:i... :1 o~: the ;(
3 

::-~'Xle. 2 HOivever, it should be 

nOted that for thi;::; d.:!cey moie 1 thG te:·::*t containing gv is xn:D.Ctic:JJ..ly zero, 

s:i.nce the ratio of the elec·tron mass to that of the kaon is vacy s!lll111; con-

sequent:.y, ini'o:o."m.a.tion· concerning this t.enu must coma exclusively frO'.n. -t:;he · 
. ,·. 

. + 
investigo.t:J.or~ of the KIJ.

3 
deco.y m.ode. 

T'a~~ r2".., events under con:::::tdera.tioll a.re a speciel.ly selected 13rou:p that 
. . jJ • .) . . . 

:ftllf'ill the :i.'ollo~d.ll!J requirements: 

l. 
+ . 

The K d~!cay occurs in a ~iven fiducial. volu!r.:;. 

2. 
+ The ~ sto}.)a 1n the ch:::mf.)er \fit.h o. r::mec c;l·c.c::~~..;!· th:m l em; 

. 0 
Both y rn.ys fror~ the :rc ccmvcrt into electrcn :_;o.i:.. .. ::; vith:ln 

a given fiducial volume. 

(1) 

I 
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•rhese r;~·qu:i:rc.::llterr~s · insuxe. that (a.) K:
3 

~vents a:re Geparated. from 'the much 
. . + . . 

more m.ll!lerous ·K 2 decays on the· sca.nni~; ta1)le, o.ud. (b) the measurements 
' . ' 1C ~ ~ . ' . . 

f • • • . . • 

. o'i: ·tho ~~u.on c;,,err,:;y MO. di:x·cc;;t:l.on ~ ·ot .. r;ua.-r.r.loY d:l.r(;ict:lono provide Qnouah .. . 
. '. 

infonna·~:ton _for a comple~~e reconc;truc·~i<)i.l or the event. This statement. 

~'l.S one:: qual.ii~ics~i;ion; ' the reconst.ructton :!.s. doubl~val:ued, and t.he COl'­

rect soltttio:ri ia chosen· from a. comparison be-tvreen ·the predicted g;:unma,-ray 
' .. ·' 

ei'lergie:; and the 'observed ~oniz1ng path lcnet,ho of the 'el.ectron pairs. In' 

· general., . the ~~wo .. sOlution~· predict \rideJ.y differen·c ·~e1·gies ~for· the g~ 
' . ' . . ' ~ . 

· n.~ya, and· even crude e):perimelli?~l irdor.:lJ-s.tion on···this point. .can define the 
. ·. 

.. . ... -
' .. . ·· . . . . . . . . . +' . . . . .· . 

Th1~ above criteria: ;for eelcc~in;:,; ·the KJ..ll sa.m:Ple leave <?ne :unportn..nt 

source t)f corri:;amiuation,;· namely "'t .( -c •· ~ ;c+ + 2.r0 ) decays :ti1 ·~rhich only 

'tiro. out.: of the four go.1l'l1lla. rays convert .in the chanfoer. Some of these· events 
. . . . ' .· . + 

c:m be :recona·cru.cted as fake K o:~ decay~ vtith necondaries of ranee leas tllan 
' . . IJ...) 
' I + . f ' 

8. 2 c;n .[the m.aximuril .ra.r.v;e .of the 1t in -.: decay). Theoe -r' events car...not. 

. ,.+ 
bo l'eli1:~obly <iistir..(!'uished .f::..,::)..:l l\.!-!

3 
dHc3.ys 'by observation of the ch::::.rn.cteJ."-

. int:tc 1t·~t---<l decay c:Uin, since 'Lh·:: r-au:se of -~he !l from the rt-j..l. decay io 

otlly l. :3 mm... To e;-:::::.:lline the ef'i'ect· of ·i~h::.n contarrdno:tion, ~-e have put a 

lnrge s:im:ple of 1:' decays generated by u l·:::>n~e Ca.:t'l.o procedu:':'e t.hrow,;h ·~he 

"'· . 
.I( 

3
· rcc•Xl.~c't:;:;.:ction caJ.culation. T'.ae rauul·t; is tho.t virtuaJ.ly all. -r 1 events 

~ . . 

can 'be ·~l·h·ha.ted by suiJcably restric.tilJ& the '1C0 decay configm·o.tio.as M-
.. 

C(!pted :ror ~;;·.·cnts. in the· ambiGruous ( -r' or K+ .. ) co,tcgory •. He eo·ciro .. a:te that 
.. , . IJ.j . 

~lr fiut:!.l. SL'Imple Of. 76 .eVentS CC:.i.'lt~ins U.bout three ~ 1 1 
S" 

Fo:r the purposes of otu' e..llr-:J.ysia it i.e convenient to re~·rri-te. Eq. (1) 



. ' 

'? 2 2 "'j'-(1-i - P - 1:1.. ) .dP dE 
~ . . 1-L 

. + 
. · FC>r each event, the .\

3 
reconstruction c.alcula:Cio:r:i yields w:~ appropriate P 

veluc w:Lth an a.vera,ee error of 8 M:Iiv/c,. and the E vaJ.ue ~Om3S directly from 
. ~ . .· 

For comps::tson w .; . .-th · cur observw ( P, E! ) distri-
. . ~ 

bntion, the :r·unction I'(P,E ) is mult:tJ?.].il:.'. /:..1y tho J.r..noun prolxtbilit.y o"f ob-
1-L . . 

sero:ill.£; in ?ID' cham~Jel" a stowing Irtu.:m of vrhe:~ever range co;;:-responds to EIJ.. 

Hn can ::uuglily describe ·this r·~;:;"tu.bi.U·:.:r by saying ·tm.t i·t iG hir.:;"h f'or· 

.., '> c..; '-' q m 
1t 

t.bis rest:r.ictia£-. only :U.rJ:I:ioo 

to .o.9 ~ c/·;m_.2 ~ 6.5 incteo.d-. 
•• 2 ,., . 

0. 6 ::=-: q / J..i "' ~ 7.1 ; i. c. , ·che behc.viol~ of the for.:~ f'::!.C-
. 1{ .. 

·cors Zv. e.nd Cv co.n be· studi~d ov-er pr.J.C'Lically their. wnole · x•o.n::;e of vt.r:lction. 
; . ·• . . 

; To n!at:e our cmalyc.i3 definite, w:: l.cn.vc •ca:.:cn :ror fv t~d (J...'V tha fi:r::;·c 

2 tvro tel't!'l£: of f::. aeries expansion in q : 

rv = A(~ + A o22) 
m. 

1( 

Sy 0:: v ( 1 +A' :
2
2) 

. fi 
' 

lil:.ere A; B1 A., )\' ~re tc.ken to be ron..l. conr.>tcmts. ~3 <.:..bmre rcc-'vrictions 

or. I "1 zmd I A 'I ' ~-rhich ::pcrm.:tc va.r1at~.cm: in fv D.nd Cv of 21C.::J.rly a ::· ... 1.c·~or of 
. 2 

t.r·o ove::- the ranee of q , ce~ rea.Go.nc.·:~le coco.ucc: 

(2) 

J 
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·. ' . . ~ 
·f' 

·:! 

·.\ 

.\ . ··.•:· 

om., det.emninaticns o? '{\ :f.l'Om·K:3 decc:j·~~e f~y CQmpn:'t:~ble 
.. r ';,'. 

. .·.. . •O....lJ .• 
fV' a.nd ev-' ·. ~ giye l"ise ~tci ·i'Ol'l!l9 ·~hich Call very 1:reil. be 

:,· .. 

·· ... Eq. 

1\' .. · that · ite''~r . ·go beydha. 6 ~.O'f. · 
, . ., ' ·.: ' I •, ., ,· • .-<1 . 

_- .. ,_. -~ .. 

··.,· ,.· ... ".. ~ .. '"- ~ .. ' . '• ~. . .. . . 

T'a1~ ·:va,rruaet.er~ .. -A,:B; 1\, /1} nE!ed :1ot ·be the 
,. . . ' . + ·. ·.' . + 
same for K and K 

f.t} · e3 decay .. 
. ' 

tu i;;h ·: riu:f':fici0ut 
.. ' ·' ,· 

:· :;tf the ldUon a:.i'Jd '(!lect.ro:n. are l::K}~b 'couplecl ::tdC..11't.icaJ.1y. 
... ' : . \ .' ·' ·. . . ~ ' 

:·~:.cm~·c~~::obJc~inf .. ±n···J?r.i~~ipi~,: .. ·/le~ i\s.:r';~om_~~;·~:tlldY ot.K:3 d~c~,y~,and Alit ··· 

· · "A l3 ·. ~: ''A' 6'0l11 .vio~h ·.on K:~ ·df:!ca.y., ·. As ntrted. ·ea.rl:\x~'l~,. B . atJ.ri. j.; t .. are 1.i:n .. -

!•. 

(~ .. ' 

< t~' J.l..'\;: . ..,_ ·., · · '¥.,) · · • · · e e 
.·:. 'cl1J~~x<va1~l~. He· han' th~Jn 'check t:ni·~e:c~lJJ.ty :oy ve:t·if'yin,g;' t1:1e ·e~uality o:r· · · < .. -. 
• ' '· 1. • .... ~ ··~ • • • ; .J.: . ~: .· .. ~ 

• •.. ·{~ 11'</ "~-~i1.tn··_.· A~/ /\~.-· .· ·o~ '·r.::3 ds:ba m"~~:not. e.rJ.equat1~ .to co:n.7 out .. this p:ro-:-

I -~ 

1 -,.. 

···g··ar- .. .l~·r~ · s:Qd. ~re ·.~r·e ·uhaole to det~~~'nti.l1~ t.. ·and. t... ,· \~ith .. good .accUl"O.CY~ 
. . .l. '·' .· J ; . . . ~- . • . jJ. ; . . !J. . . . . 

-:_··,:. 

" !fnweverJ \te s-t;iJ~ make a/si~snificlin:t t6nt of· !J;-e u:cd:versal.it;y~ b;f ·tl'.tid:ng 
.,._ ,.,,·:· . 1-: 

.•. A ;E.·.~~_:· ·.&1·. )\\ ~md perm.:1:t;ti:D.g toth: A a.J.i,d. J\ 1 to as sum~· various val.u..es in -'Ghe 
~~ . .., 

·),' 

1 
. , rt~!{je given in Eq~ ~ ( 3). j,.i'or each oe-t ·;,.;r 'A' , wo uae· oW:' K+ and -r/ · dat;a 

•· ·. ' · ·. · J..t3 ·c3 

·, .;; 

.: :;~o tl~te::"'.uine . Ae,· Af-1.; and _B1i~ A /A so obtained is nearly 
JJ. e 

. ~ -' ~ . 
.. :·_. -~ 

,_·; t-, "' 

• t . .'. ~ • -~ 

,~ ' . 

· · · : : :indepenik-liJG of : .. A, . A. 1 E•.nd h.'l.s the val'U<9 
.•, 

:.07 ±~.~ ~18.- :tn other .uo:;;."ds 1 if · 
.· ~· . 

'.· ... 

.. . · 
He· tHJi-t e,ns'U!t.le univex<sallty e.nd ccnibine all ou:r res:-Qlts to obtain ·the 

'' .. •' 

'. 

,· · .. 
the· for11 of a; 'i:.)fu"1.cl vh6ze isjnits · corre8;.;wnd t.o: ±l s·ta1:.da:.rd. tlevlat:ton in the 

. ' ~ , 

.··· . . , 

.;· 

·J - ' .. 
,·-. 

,o I ' 

'" 

-·,, 

1 t·, ./··. 
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K:
3 

rc.tH. The ordinn.t;;:s in Fie. 1 ere t.or.:mJ.izcd so that \.,rhen Eq. (1) ic 

+ -1 i:r..tcgro.1;Cd. over P a"'ld coE9-, one o:;·~; ..... il:u:. the Ke
3 

r.1.te in sec UGing the 

+ • . 
K<'.3 pion ln01llOl'\tunl C)iOOt:t"'lllnJ wo tllon do~~~::r.n:lnc ·tho vnJ.uo o~ ,\ o.nc'l. ob"i.;c.in 

0.036 :1:0.045.12 The 'central. value ~'ld the o:n<r-sto.ndo.rd-devio.tion limit:.; 

on A arn shOim a.a vertical linco in Fig. 1.. 

\ile ncrvr J.:;<:.ke us exact the meo.sur~d Ylll uso of the K+ ra/~e aud A ( i. c. , 
e3 

.' -2 -2 . -1/2 . 
A = 7.0 X 10 ~·lev sec ; 1\ == 0 .o;:6) and. cD.lcUl.a:Ge B as e function 

+ oi' /, 1 
, lWing only the rc.ea.sured Ku ~ ~~. 

_,::..J. 
':a.hc resuJj; is d.oublo-vru.ucc.1 c;..nd 

,.+ . dcvi<?.tion in the h.J-1
3 

·ro:ce. If 1: . .< .. ~c}.d_, vrc combine the abovo A, 'A \J.l.th 

~DJ.~: 01.u:· (P, l!·) d:l.Gtribut.iou, rre obto.:Lr.~ "the single, soruel·ihat. bro:tde:r ba.11d 
-- _£ 

o..l.so diBplcyd. in Fig. 2. It is clc::;.r t.ha:l:. of the t"Yro solutions pexu:Lt-t.ed 

by the ;:-c.te dc~tn) only the upper one :til Fig. 2 is consistent Hith the l"'t..,_ 

I"~'.in.C.er of thE:! infonno.tion, the lo1rer o::::.e ·ocin;; ~cd out <ritl:l e. confidence 

of' bettm· thn.n 99.~/J• This result i,:;; :tr. disc.g:rcCl:tent i.,ith ·t~he coucJ.U3:Lon 

of .Dobbn et el. ,5 ba.oe1 on their stu:1y of the K:
3 

muon encrc;y s:pect:.':"U.Ul, 

·i;l:..at th(t lower solution :tn FiG. 2 ic fn...-o:;:·cd.. 13 

· rr, '1-:"e coJ;binc O.:U our K:
3 

ini'orJW.1~:1.c·l.~ ou.t .. bent esti.~te CJi' B i.:> 

1. 6 x 1(1'2 1•1m··-2 sec -l/2• The unccr'ca.:tr:i;i3c in th:t:::; n"'..Wl.uer ~rice fl"'Om the 

fc·lletfiilS caur:en: 

(a) 
+ . 

the statistical error~J :Lr1 the K 
3 

data, inclu:.U •.. _; boJ..;h the 
f.!. 

rate 

±2.4 

a.ud the ( P, r: ) dic'~I·ibution, li11ich contribu·.;c 
J.1 

-2 -2 -1/2 x 10 Hev sec 
\ 

\ 

I 
I· 
I 

. I 
I 
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{b) the izn:"vec:;ibility oi' detcr.ni."l.ing from our data. the value of 

A.' • The rather we~: ti.cpcnc1e."lce o:f n on A. • , chom1 by the 

cont:r·~ curvo of ::n.-;. 31 lccdo · ~.;o o.n uncori.la.~.nty in. D 

which 13 ~ relative to the error discuss~d in (a) 

above. 

(c) the errors in A and. 7\ n:cici.."!C i'rom the l:U,'lited. ste.tistics 

+ , of the· Ke
3 

Ss.<;.":Ple. T.1e cfi'cct:J on . B arising from VC'.ric..-

+ :tiono of one standard dc•;iation in the rce
3 

ro..te and in f. 

c.re ch01m by the ·re.riom; clotted cur-v-eG in Fir.;. 3· 

Frcrm. th~ anoJ.yaic presented. hcr0, 1ro conclude that: 

·' 

1. \,'1.thin th·~ 13~ .... ~;~:.·i;'lcntnl unccrts.:tnty 1 the muon c.:.1cl. elec­

tron couplirl.:}z ill the tltrce-body. K+ lo:ptonic deceyc hs.va the 

2. .for tho mtio &vlfv, llO have o.l~ :'.l'J.3 ii' the form i'o.ctors' 

2 ~ 2 
ho.ve no 9. de: . .J~snd·~nce. ilith the q dependm:cc assu:ro.ed Ll'l 

thio :po.per, thin ratio 5.G only 

one can ,j,ear::t litt~e o.bo'ti..t ·the 

ulichtly modi::'ied. 

2 q dependence o~ g, 1;ithout 

very lo.rce sto.ticticc 'bnct.u..;~, uc ii;lplied by Conclus:!.on (2) 

feattu-es of K+ d-::!cuv. J.l.3 v 

) 
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TW.c rer.n.tl·c io bo.sed. 011 o. oam:pl.o o:f' 21.7 Ic03 ovcn·to, 1-rh:lch includes 17:; 

:prEisentc:1 in re:f:'ere.'l'lce 2·) and is ~Ul:llyzed in a. similar though nlie;htly 
'. 

· ·. mo)·e eophis"Gico.tecl i·;ay. 

It is ·h~or'ch· noting that the CO!lclu~iono of 'Dobbs ct aL arc ·oosed on the.' 

~ + , enerey s.:p~ct~, "tri:lcrco.s our~ come princi;pclly, frp;:n the 1f.
0 

encr[SJ' 
:-

· sp~~Ctl"tl!ll• They are :triconrpatiblc :l..t·, the sense that it is not possible 

to :f:'it Eq. (l) irlth; the (1bser-~ccl lC+ rull 1t
3 

r:s.tes, the muon· data of 
.€:3 . j..l. 

nOhb~ e'c e..l.; aud. .~ur. (P,. 'J ) <L:1.to... It .is conccivc.ble t.ha:t the 't.~ro 
.' . . . l' ' . . . . ' 

· rem.Uts ere reconcilable if one c.bs.11d.on.a the. theoretica1.. frc.mc-,.;ork on 

ul:>_:~c.:h Eg,. (l) .is P3..sed.. . In vie,; of' the o.gr-eer!lent bctvrecn L:q. (l) c..md 

th(~ K+
3 

~..::.n.ta1 1te consider tbis l.n(~t po~Gi1;>Ui·ty o-:3. the least ~:L.~ely . e 

ei:;plo.nnJd.on of the dir.n.:~r~e;n.e:lt. 
I 

. t ·. 

ll... . In .the· models propose~ 1-~· l·ef<Xl:-ene :JG 9) 10, t:?Jld 11, the :p::redictetl l"c"l.t:to 

. c;'/i~v· is com~·il'l8.t sma..lle:r. (i.e., lil:lr~ nc:::;~tiv·:!) ·tho.n ow. .. ;r-es'l.U.t. '.rhis 
.. , .. 

d:J;~ferenee · vould b~ removed if -th~ :. :do o:r I: _ 
'<J . 

'--

i 
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3 
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lE".vel) by K:
3 

(P,E
14

) distrib'ation. 

·Fig. 3· Relation bet1·mcn B e.::ld. )\ 1 as deter .. rd.ned. from all tho daJ~a.. 

T.te sol5.d. curve reprcccnts · tl:c best, vc...lt:e of ·B vs /,'. · T1.1e dashed cunre 

+ .- s:t.~.;s. the effect· of VC.r'Jil'lg the J<'"e
3

· rate by one Gt:.u:.d.:lrd. deviation; the dot-

dcsh c1.W'\"C. shm-rs the effect of vm:-·;int:; ), by one otandard deviation. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, comple~eness, 

or usefulness of the information contained in this 
report, or that the use of any information, a'ppa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of .any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




