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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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e report in this peper the results of an experimental u‘bu.dy of the

f"f"}'}'_ﬂ'rthree-—boc.g le'ptonic &ecay modes (KLB) of the K mesons (K B v, sl

]

It is obvious fmm the consarva.’cion laws that e.ll momen’ca and a.n_,les
: in a KL3 decay a,tf. »reaﬁ are determined by the pecification of any two. :.nde-

. pcrien't va.ria.bles. Pais and Treimen have poin‘ted out that the pion momc*z-—- —

L .tum and tha a.ngle be‘cween pion and neutrino airec ians are convenlent vax'iw RO

. .-‘a‘b}.es ana heve obta.ined the followi.ng expressions f‘or the distribution func—— ;f{ e o

tions in theae varia'bles (assxmﬁng pure couplings)
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" Here B is the pion momentun and E 1s the total pion energy; 6 1s the engle
bfl“‘vbe‘cveen the pion e.na the neutrino, MK s 'bhe K mass; W 1@ - E, m and mL
are uhe ;pion a.nd lepton masses respectivcly, and fV’ gv, fc, ; and. fT are ,_
.t .ﬁmctions ("i‘orm factors") of q = MI{ o 2 2:iKE, the Squs. we of the in-

. varia.nt. zoux'-mcmentw ‘cra.nsfer. W’e nesune tm&-mversal mvaria.nce a.nd ta.ke

: f"v’ gv, Lo &nd. :e' to be. reals.

3’::1 the presen‘t investigation we ha.ve attampted tc s‘*mdy the follcwing |

. qu,estions' L :- - - e H

o ;?1*': m:m ., céuplangs are res;ﬁansiblé' f&i;x* end KIS deéayy >V.,i_;j:§>--

i E.Are the wuon and electron, couplings identical; i,e.
L(e.re the form factors the. seme?

S 3s ,Whad:. can ‘be said abou‘b the qa dependence of the wrm . ‘

R fmtors?
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The experﬁment was un by exnosing 8 :cenon bubble ch,smber to g sepa:-
. z*aﬁed K ‘beam of such momentm tha‘b the K mescxm were atoppé& near the
' ’(center of.’ the chaxnber. De-l:e.ils of the experiment ’ 1aentification of the

,various modes, samplra aelection, e‘tc. have 'been published elsewhere.;aﬁ_»'-_ L R

L IL Ke3 ‘pECAYS

A. Nature o:t’ ‘the Coruollng

W@ have already shown thet the ve tor coupling seeus to be the only

"'one tha.t'agrees well with our Ke?, data. 3 This conclusion has one qmzli-- |

ficé.tiom' to rule out ‘the ‘sealar hypothesis, we have assumed a;' "gentle"

R qz &ependence ‘of the form factor f (we use .,upemcrip’cs, e My to sepa.ra.‘ce

"bhe :f‘orm fe.cwrs in K and K decay in those a.na.lyses wherc we are pot spe— '

: e3 13
:‘cifica.ny assmmg uhe universality of the muon and elec’cron couplings)

s Ii’e have represented the q,z depen&ence of f by the first two 'cems :i.n
"a series ezpansion fv(q ) = A(l + }\q /m ) By compariscn wi‘ch aata from
216 event., ;. w& have obtained from a maﬁmm—likelihooﬂ malysis }\ w O.& 0. 2}

.i:fIIa | x:3 mcm o

'A. I‘Iature of the Coupling
To introduce the corrections due to chamber geeme’cry, wa can ccmvcnienuly

*erri tba va.rious distri‘oution fxmctions m terms of the variables P and E , :

.ry»« 9,..,- fai el .

where E is the muon to‘bal energy:
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We hs,ve calculated ex,pec’ced pion—enc oy distributions 'by inte m’cing

Eqs. (2) over Eh, 'taking due accoun‘h of cho mbmr geometry, w:ith the i'ollow—-

: ing :i‘ux'ther assmptims. _»vi‘

“f o

_1,-' All fom fac‘cors are ta.ken to 'be constan‘t.

R The ra’c.io é;/f“ 1s choaen, ‘on ‘Lhé asmmmtion of' the identi*cy |

3““‘;-

decay ra-tes, 0.96 ::o 16. Because the *atea are quadmticany related

_.cf ma.on end electron coupling s‘crengths P from ‘bhe measurec‘l ratio of K
K3 _
‘0 the f and. gv, this ratio is s&tisfied 'by ‘cwa v&lues of e;v/fv, namely E

'i‘-;»OS*Okana-l&B:tOlh




. In Fig; l we shaw "ahe amerimen'tal pion mementun spactm a.nd ccmpa.re v
[_\v'i”c with *che scalar, -henser, end both vactor nistributions calcule.tad as des-
u .cribed abwe. » :tf one me.kes a xz test (see Tafb:!.e I) of the experimental data.
Mth 'these variom theorebical distribu‘bions based on con ta.nt' Zorm. i’actors ) i
. one finas ‘!sha’c '&he mcst likely coupl:lng is vecto:‘ (with %/f = -I-O 5f) Ty s‘l",
: f thowgh tensor 1 not ruled out. _ The sealar c0uplin,b, a8 well a8 ‘bhe vectori-'_';.
,fcaupling w:ith gv/f e -l{» 8 5 é.oes not £it the dats st all» S

7° maaentum d1s% ri’mzhion

_ Table "'I's Compamson of expermnntal K 3

with va.x'.xous cou,plings having cons’ca.nﬁ fom factors

x% Probebility




énergy. '.Ehmre ia J.esa ﬂzan & 2% chancé tha’c the obsewed “’ua specﬁra a.re :
”cerrectly described 'by this t.heory. Moreorver, if u--e unive'r'sality is assmned ,‘

: ‘”‘his is ‘bo 'bL_ compared vith the observea re.tioz .96 0. 15.
Wﬂ' conclude ‘tha’c our experimen’a is in su'bs uantial disa.greement w:.th

bhia pre&zc‘ﬁion. On uhe csther he.nd, more sopbis*cica ed model87 based On |

assmn;ptions about ;pa.r"ially conserved currents 1ead to nn,.ch :Less vielen’c

&y energg,r dependences which are com:patible vi‘bh orur data. . '

Ivmmmm OF THE MUON Az\mmmoﬁ,_commﬁ-fsﬁmas' SRS
S v_"_-xn _ o .. ' R ‘ﬁ'.." : o k

Eince we ha.ve shmm abov‘e that the ezqgerimnml evidence favox-s vector
ccupling for bofth K and KhB decays we are now rea.dy to test *‘che agtual iden-
§ tity of the eou;pling ‘by ccxnparing i and f (remwuering tha.t gv ca.nno’c ve -
obsewc.d, and hence no cam;parison of g‘; za.nd gv is possible) Age.in we assmé
?-'.‘bhe ccmwancy of’ the f ‘e, noting tha'b *bhis aeem@tion is compatible w:xth

v
{'our mea.suremen’c of ?\ discussed in Secuon ﬂ:_‘

e ’ohen no’ce that-f-

ra,te dfa’temines f

(a) thaKs v

ano-bher relation between f*“ and g$

" s from (b) and (¢)s. f‘“‘ can e de’aemined and compared -i:o fv obtained from (a)

”he resu‘!.t is uhwh fv/f“ L 1‘09 51.5 , :m go@& a.greemnﬁ wﬁ‘.th *the expectatioasi :




wg hava alrezmy nm:ed in 8ec. Fand “hhm: i.:? wivemalmy of the’ nxu.an ana

the elec‘t;ron is assumed, the meagured K ana K rates lead ’hé two values -

3 3
.+ hamel; ‘:and e 8;:. _ Qn ‘bhe o‘cher ha.nd;, tize study of the
](P,E ) distribuuion 'in' S s a,eca.y leads to
a m 3 zo 5, ‘

: "chus ruling out -the large negative g;v/“’ ossibiliﬁy. Thie rmult, a.lready
.).clea.r from Fig. l, disagrees with the ;published resmvs of Dobbs et a.l.s i
Varieus oheore‘tical models yrea.ic‘b velues of gv/f from -0.2 to ~0s 9‘ Thc—zse __} _
areA in *easonable agreement with the eone musion from the KpB (P,E ) dlstribu-
'-':_‘tian and a. li’c’cle lorfer (1.6. s "more negative) 'thmx the result from the ratio
a.no. K

3

.well as co*!ceivable systematic ‘biases in detemining the % m*i,e, we intex\-
1 . E
' ;mat ou' de ua. as 'being, fully ccmns.tible with he prediccions of these models.

’l?o ml:e 'the line of reasoning more ’L‘DPB.X‘CIIt 3y we ‘have a.»stmed throughout

: data.. A more comple‘be (bu'h more complica’cea) 'analysis 3 allcwing addimona.l

E aér%mse "ahe present paper, excep‘b “t.hat’ 'one ca.n no longer‘ if*oxously ex- -‘"

ra.tes. Hox«rever, in view of ‘the quoted. sta‘cistice.l errors S, e.s o
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
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.








