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A zmmber df'authors'?' 8 lmve s‘gmm 'tha,t ’ mder the o.asumbion of vector
o
: ccu'»ling,, the i‘ollming dlat"”lbl&tﬁ on fujctlon nolds fcz- ei’cher K 3 or Ku3

d\.ca,f mr the pion mamentum and plenaeu uI‘iIlO 'mgu._nf con‘ele.tmm :

- K(P,0) AP d cos® = - , -

B (W +'P cos &)

BN S +;K‘§("%c £y *+ (W + P cod) g,) ] dP'd cosd .- . (1)
Here P 1s ﬁha pion morentun and E 42 Lke co’cal pion energy; © is the angle

betx-feeh the pion and the meutrino; MK tht. K mass; W = M~ Enm_is the

pion me.us, mL ig tb.e lcpton (H or <-_) maes, end 1 [.;V are funculona (”i‘om

' ~fe.ctors_’?) of qz = MK »+ mTZ - ZiKh 5 ‘c,_b.e snuare of the :‘anarlam; LTour—

momenturs tmnafer. Ve assume 'time—revsr al invarignce and hence ta.l:e the

Lomm ;E'at'"mm to be yeal. Do.ori-zntal soudies have con:f‘:.zmea ’shﬁ vtzlidity

of Zg. (1) for the descripti n of the b 45 ,J)Lle. However, it schould be
n'crted'that foz‘ thiz dcea,y node, | the tewm: conﬁaininm g, 1s pr«mctical.ly 2eroc,
".a:lnce the ratio of the electron mass to that of' the he.on is ve r,y small; com-

sequentLy, inlormatlomn concex'ning this term must coma e;;clus*vel,,r from the

')

'inveatiigam on of the K decay wode.

B3 :

. g " The hpf:‘x e‘ven‘cs under coucideration are a specie.lly .:ele"hecl Zroun th:a.t
' -ft‘.lflll the iollowing reqwifements' _

| 'l. The K dcca.y occurs in & given i‘iducial volvms

Z. The u stops in the charher with o range grocloer than L -cm;

3. Doth y roys fyom the a° convert into electron walers within

& given fiduclal volume,
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The.ae rnqurcmenus ‘insure. t.m’c (a) 5 3 avents are sepamtea from ‘the much

"

zZore nmacrous K c..ccays on the sca mmd tuble, '- ("o) the easure:nents
ow “tha 1;1.11:;:1 cuére;y and dim stdom oud mmmf-n.y mmcmozxa pmvide enoug,h
mfoma':ioq for a comple‘ce reeonatm" ticn of the e\rent. ‘ 'I’hls.stgceznen-c
| bns one mua.lii ic.u.clons .- 'the rec:ons"mc*'-;o 71 ‘doable-—va.luea, end the cor-
e=ct ao.Lut,ion ie chooen fmm a comarison oc(ween the predictecl gamwray
ne.;g,ies and 'che observed ionizing pd:{.n lene;th" of hne electron ps.:.rs. In
: :
genera.l the two solutiona pre&ic‘t wic‘ie)y di feg ent energles for the ga.nm_a. .
ys » mxd evcn cz-ude em‘perimental ind ormatlon or chis poin* ‘can d.eL :me the
correct solut..on. | s .’ ' e _ o |
Thn aoove cri eria i‘or elec‘cinrf the K+3 saiﬁiﬁlé:iea;vé cﬁe ‘-in@'orta.nt‘
_.Jov;zrce of couni ammt’on, namely 1: ('e --> 'r -+ 2-:°) aecgyg in »zhlch only
ro out OJ. the ;out' gamma rayc; conv‘crt m uhe chamoexu ‘ uome of uh05° eve.d;s
‘C'm be "'econs smctecl a.s fakm I& 3 def:a;ys wi“th oecondaries of ranbe 1f—:~ thaen
8.2 ca ! ‘Lne s range - of the st in % decay). Thece T’ eventz, canno’c
4be r'elils.bly Gi 'l:in(_;uished £ron Kp3 dec;,ys by observa’cion ‘of the character—
is mc 'c--p;-e decay caain, since ihe zaago of the u from the s decay iz
onl 17.‘3 T, To exoaine i,he effect of CHLG contammwuion, we have put o
OIS é:'ampie oi’ %' decays g;enemtec} by & lonve ('a.rm prc)ce:cm.T throush the
P::;3" r_echst:':c’clon ca.lculation. The rasult is that wr'ouallj all ' events

can, be l...,..LAlI wased by aa..cably restricting the o° decay comlgurs.tloas ac~-

czsp‘cea. for e.ents. in ‘the' amb,;-;mus (" or "u3) ca,tegory.~ We estimate that

L om :i‘.mz:u. oa.mple of 76 evente ccatains about three 1!'s.

~ For the purposes of our amej.ysis it ic convenient to rewrite Eg. (1)

°

with nev veriecbles P and Eu , where Eu 1s the total muon enexsy:
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U 3 G Y ST S 2 2 2
CF(P,E) AP AE = &2 1 |- b B2+ hVE ~ (W ~P°
-j(’u)fz.- "o [ T _TEu .(- -F mb)

.

B v :’i
\ ’ s Z piA | “ - . i
n ol ' .
: - -m";‘m -—-'.l.':-. 2 72 z - 1 2 ™ > ;
-g 4 fV &y (U. | Eu = +' Mz By ( - P 2 ) ap dz:_';u . (2) .

.- For eaci‘a event, ihe K:3 reconsirﬁc'tién c.elcﬁla‘tior.i vields an appropriate P
velue with an avezjage _e‘rrgr'of 8 Mev/e, and the ” Eu ire;lue comas dirécfly from

| the muon :ran{‘;e_‘ nieé,suren‘lem.'.' F&r comparison wich our observed (P, E!-t) distri—
‘pu‘bioﬁ,- the function ?(P, éu) i mﬁl’cig;}.ic.’. by the lm&rm Probability of ob-
-sem'im-;' i) o chamber a stom>iﬁg muon of whatever iange co:;reaponds Lo Eu.
We czsm' :;oxug‘t’:ly 'ldeséz‘ibé this pasbobilisy by sﬁying that it is- high Tox

(4

tinetic cnercles up 40O &0 wav , drops to 50% at 70 Mev y &ud is nesgligibly

siodl sbove 100 Mev. It should be noted thet thls restricticn only imito

B P . . [ +y
"~ the vange of probsble cbeervetlon of q“/m,t"‘
4

. 2 . .
W - 0.9<¢q /mﬂzﬁ 6.8 instead
.}- dopideant . . <. 2 g(_ . ey - R o
of the “otal range 0.6 = ¢ /u.ﬁ <4 7.1 ; i.e., the behavior of tha fora fac-—
Ctors 2, end g con be stulled over practically theii wnole vanze of variation.
| To make our arelysis definite, wo love talen for fv_emd By tlhie first
1o terms of & series expanslion in q

£, o= All+ndg Zor |A|£ 0.1 - (z2)
o : ki}
: ‘Ti
NI ,
By = BL+ A for |a'l & 0.1 - 20}
v - |n= .

viere Ay B, A, A' cre teken %o be roal consieuts. The chove restrictions

or. |Al add |A'Y , vhich permlt variaticns in . and of nearly a facior of

¥
. " , ; » 2 : e .
o overr the rance of ¢ , ceew reasontrle tocause:

Sy



- i»icmi; 4\.," rhe vamcm.s .«‘m:iclfz *:mncued, i‘c«r thm csaj,cul o.t.mn of‘ o

L :f'\i’ dtﬂd gv 13 ,r:wc :r:.se é:c: mms‘ hlch ca.n verj vell. be ' :
. m‘e nted’ 'Ly 'a:hc: expa.;s.-cm in E o (3) \».flth vu,luea of ?\, S

;m K 3 &ml K o3 docay

xi’l%:.h'fr,uffic.z.eu‘c, w.stz ’_,.;f | ”

X*B ctec.;&yg anl A ,

7\7 'mm worls cm & dcm&fq m m:med earluwr ﬁ mx& ?\ a,m mﬁ«»

53,'9

vwe sx,ﬂ.l mm,e a r‘ic;,n ifde én"c)

.:’\ iu.ﬁ Qe:m:i e:i, 6 ;:-Gthi_ Aand A to_ a::sﬂ'm variour* v&l a8 - isz ‘jhe

. ) ’ T . N '-1- o N
:!‘taauﬁ & n e;«n ,u'x (3). sﬂ’or e&c ,3"~*=L /\; Ay ve use oar‘ K fwé K“S desa -

HoE da:tc wune A A L ,..“ci B - T’i}e r&tio A /A 50 o‘btame'i is uwrly

né.enemim’c, oi‘_ 7\, Al Ead b.s.s the va..me MO'{ 30 18 In othw words, y Af

e agsmuv the sml-, ymn G’nﬁ*rf“’ dep@mc.xﬂc tor L.g a:m.é, i‘*i;; A

‘é;‘cie_asfee m.th m'xmv wrcn:m v ]b‘}é .-:uc«*rmm tal erro

we find t‘ms

ohhaln She.

‘{.

Lmt po:;mblf: :imammnm on f a.ne:l V' ' H:rom Um mea.burcd to el K ., de-

(D

3
rm:t »:m cmlcula.u& A a5 funculm of ?\,.l slemg v-\, p...o’c in Pige L in

% }xe Ji‘m 1 of“ a. bu::zc} vlm es 11}113.1;3 cormmq a ‘Lc} : ..l fotcan am ew,mmn in ’Ll‘”
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K3 rate. The ordinates in Fig. 1 ere roranlized so that when Eq. (1) 1s
' ot tha 1T -l .
irgegratied over P and cosB, one oltoains the Ke3 rate in sec ~. Using the

-}. ’ . «
Ke3 plon momontwa spoctium, wo then detheralue the value of A ond obiedn

0.036 :L{).le-‘}.lz The ‘central value and the one-standard—deviation limits

or A are shown as vertical lines in Fig. 1.

We now toke as exact the measurad values of the I\e rate and A (d.c.,

. . . 3 |
. -2 =2  ~1/2 RN o A ey |
A= T7.0%10 " Mev sec 3 A =0.038) and calcilete B as o functlon i
4 N : +
of A, wsing only the reasured K u3 rate,  4he result is double-valued and

ic plotted 1n Tz, 2 as two bends whose limlts cowrespond to  +1 standard
13 rate, If izc.exd, we combine the gbove A, A with

only ow: (P, L}H.). distributicn, we obtain the single, sauevhot broader bond

also dinplaycd in Fig. vz. It 16 cleer that of the two solutions perulitted

by the rcle dota, only the upper one in Flg. 2 is consistent with the re—
neinder of the information, the lower ofe beingy ruled out with & confildence
of btetter thon 99.9%. This resuld is ir disegreadent with the conelusion

of Dobbs et el. ,5 based on their stully of the -K:
13

muon enordy spechun,

3
<rat the lower solution in Pipg. 2 ic favored.
. +
I7 we coabine 21l our K

13 .
-2 . =2 -1/2 _ s . ) .
1.6 x 10 " Mev © cec . The uncertalritizc in this muaber arice from the

informotilc:, our best estimote of B is

rollowing ceuses:

s, -, - + : .8 - -
(2) +the ctatistical errors in the Kll data, incluli..; bolh the

3
rate and the (P, mu)'disf;ribution, vhich contribuce .
— — - /(» \
2.5 % 1072 Mev 2 sac M &, , l
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the impossibility of determining from our dato the value of
A's, The rsther wenl: dependence of D on A', chown by the
contz'al' curve of T4 3, lecds 4o on wncexcainty in B
which 1s small relative o the error. discuszed in (a)
above. |

the errcrs in A asd A exicing from the limited statistics
of the 1{‘;3

; ) o e +
tions of one standard deviaidion in the Ke rate end in A

3

ere shown by the verious votted curves in Fip. 3.

suzple. Tae effects on | B arlsing from voric—

analysis presented here, we conclude that:

wvithin the 187 cacarinmcrdal uncertainty, the muon and elec—
tron couplilngs in the thres—body K+ leptonic decays have the
samo strenzthi.

Tor the ratio gv/fv, we have O.h 0,3 if the form Tactors

‘

have no qz d~pendence.ll* Vith the qz dependerce assumed in

 this paper, this ratio iz only slightly modilled.

pne can iearn little cbaut the qa dependence of Zy without

very lerge statictics becruss, ac implied Ly Conclusion (2)
’ Y

ptove, the forn factor f’v’ Joesermines the main ouservable

L LF
features of Ku3 dzcoy.

N
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12, Tnic result 1o “ma;sed on o samplo uf 21.7 K’. ovents, which ineludes 175

Qrememod in reference 23 aad i3 zml,.,rzed ina :milar though slishtly

mo:'e sophis ica.uec. va.y. |
lS.l J.t s wort h ﬁcting T,ua*‘ the cowclu ionn of Do“ons et al‘. are bas ed on the’
) p+ ener g wec‘cm, vhoreas cmz‘.a come princ:.m".lly from the 1:0 en ert_;y
spc*ci: *um.' ’.F‘ney ax‘e inccmp:xtiblc A% the seanse that .Lt is no‘b possmb}.e

to im nq. (1) with the dbserved 'KZB mi-xﬁ stes, the muon duta of

s Do‘bbs et a.l., n.ad our. (P,g ) d.aba.‘ I“c";!.s'coﬁceivable that the tuo

resatlts oere r concﬂ.ablc if one f-“b clcmu ‘the. ’sheoreulcal i‘ caevwork on

wivich Eg. (l) ,is based., . In view of the :_,c'recxnem betveﬁn Bg. {1) en
+ v
the K 3 «:aLa, we consi der this last possibili‘é;y 23 the leasy Likely

e}qslana'i:a‘.on of the disnsroenent

- I

11:;';7 In “Lhe models nrom.,ed in reromn(::u 9, 10, and 1L, the p”'c.dlc d ratio

gv, V is Lomewhat swa.ller (.ue., wors ner &‘LJ.V"’) than owr reswlt. This

o 4
d:i.:?fereace would b2 removed if the . iio of HAPEE I

L -
[F35 i)
- ]

rates wers on

thv lcrvr side of ouvr measurcl value o) 0.95 10,15,

’

v



FIGURE LiCINDS

g L. Relobion beﬁreen A ond Mo nez':tzoul.al solid and danhcd cCUrves

are for nominel“l{* ra:te and il standsxd devlutlon variation in rate. Verti-

e3

cal sol.’xd and do.sned curves are for no*una.l A eand 1l standard deviation varia—

tion in ?\, as detcmmed experimante.llv from the K T momentum spectium.

°3

Flg. 2, R-}.atlo.: bo*cwecn B and M .os determined from K 3 da.ta.

Dzshed curves outl:x.ne region allmred ‘by one a'tdlldal‘d deviation variation in

+
K . rate.. Solid. curves om.l.me region allowel (at one ﬂtan..ara dev.;a ion

3
 Jevel) by K 3 (P,E ) d;str;bg.tn.on.

‘ rFie;. 3. Relotion betwecn B and A' as 'intenni.ned from all the data.
Tre solid eurve represents the best velve of B vr N, The dashed curve

. A N . ' N + :
stove, the effect of varying the I\: rate by one s':.mdard deviaticn; the dot~—

_ e3
de.eh cwive shows the effect of varyiug b by one standard deviatien.
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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-
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