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, . Enez:Sl de:penqenoe of the ,:eo_s_.!:ttin a~~_§jt;;:;r_, in mu.2,n .. dec,e.;z.: 
. .. . .,.-·. 

A.I.Muohin, E~B.Ozerov, B.,Ponteoorvo 

The energy dependence of the asymme.t_ry ,of po~~tons produprd b,Y 
' 

polarized muon decay is. investigated.....;.;"vdth. a sci:n,.tillation c.ounter , 
• • , _ . "- .,• i "'l .t1_, 

technique greatly· suppressing the. detec.tio;p. of bre·msstr,¥1lung 
~ .. ~ ·,,,. ..:· ·.i ·-:.·:-r .c, 

radiation .. The investi:gati?n was q¥,rried out at eleotroll: ~ne~g;es 

above 20 Mev. It was-found that such energy dependenoe·agrees . 
. . • .. . .. ·,, . . ·-;:. .. .. --.:~.:,·' 

quantitatively with that pred~cted by the t·ao-co~l?P~~nt neutr~~·-.:: 

' theory., 
._.., .,. _ _., • 'l : _: :, .""'' ~ ..... _- ... 

i 

ThEL experiments show that the polarization of the muon beam used ... 

is equal to 0 .. 8I:t_O.II. 

Introduc_~ r· ,., 

.:
1 

. :: •• , ... 1:· 4,. ' 

The parity no;n-:-conservat.:tqn hypoth~_?i.s:i:) nat~raily lead~2y": 
• . .;,-........ . .• • if .., .·:~:..:·~: ;1 ___ '\ 

to one possibility, .;the. so-called h•,o-component or lQngitudina.1 ,. 

neutrino theol,.'y. The_,a~tractive si.mplioi,ty of su9h theory ma.~es it 

desirable t~ look .for-::~~tperiment9:l,.evidence conf:trming or rejepting 

the longitudinal, :µeutrin9.)1ypothesis,. 
, 1••·. . • • 

The inyestigation at different .. angles ·of the spectrum of: 
:,•·. 

electrons_ emitted in the:,·cl~cay ?f_ J?,ol_ar~zed muons is one of the aspe~t 
h,:,,.; 

-;vhich oa.n qe ~?,lyzed Jro:u.i ~Jie a,boy~ poip.t .of.' v~~W';,o, It is necessary, ; 

however,· to tµiqerline- that,. wh:f.le sr~oh ___ ~ investigation can reject. 
" 

the two--compo:q.ent theq;,ry:, .. it _c.an.n-ot fina1:1Y conf:1:rm it. In ot..~,r .. _,, 

words, a f"our-compon~nt neutr.ino .theory with a suitable set of 

coupl:tng constants3 ) ,c~: predio~ . :-,~ spectrum of the same .fo;~ -.,._:_ 

••.T .,L.,. 



. as. that which ·is d~f-initely- ·:given .·by·. the t;vo..;.comporient:<neutrino .. theory, 

namely 
; .. 

J(c,e) - .u'-{(3~t'~)-r 0-~-1)A ~e} . (I) 

<-. Here f {Efe) . :is :the eieotron eri.ergJ/· c11.~rtributlon. fu.11otion, 

e; 1i' thi -angl~ betvieen the electron· momentum -and . the muon . spin, :· 

·t. is the . ratio of th~ .electron energy to its maximum possible value,; 

~nd .i{ •·\§''a .parameter d·epen~:fant on cioupling constant~. 

Parity non-conservat:ton :[~ Ji-J-e. - decay· was first ·observed ·111 

the .··61a.ssioa.l·e:fperiments· of Ga.rv11n,i-·Lederman and 1tleinrich~l- ·:~h@ 

proved that muon beams originating from a synchrocyolotron in.ne:r"• 

target are considerably poiarized and that the an.gular distribution ot"· 

electrons in f -e- decay has the form !-~Cos. G.- It f'ollows f:r6m 

above that the two-component neutrino theory predicts a definite 

dependence. o.f the coeff'icient ~ ·· on el~ctron energy. 

Th~ energy dependence of the coefficient Cl.... found· in the 

v~r;r'first .Colulhb:la. pape·r4) turned out·to he ·weaker than'it was 

required by (I). In :this'' investigation'•the electron:; ener·gy ,vas 
• I 

·e9.iuateci by detertn:Lning the transmission of electronS.thr'ough, a; 

gra.phit·e· filter.' T.aking··1nto _account that' the counter· arrangement 

used in ,,i;) 1ivas relatively sensitive to the brenisstr~lunif ±adi·a.tion 

of electrons5), we·,· stlrted ·'an experiment' in which detection of such. 

a \;~diatibn wa~ g~~tly suppiessed _by the'teohnique· employed •.. 
• • • • : ... •, • c:r •• •• p •,. • -., .,, • .' •" • • .... •' ,• ,. • • • • ' ~ 
As it will be shown .further, tlie ·results· ·of out: measurme-nt-s, in which 

.. 
.. .. . . .. . .,, . · .. ,,...... . . ·.· . . ·. . . I 

a good ·•a:iigular :resolution waS': U:sed in· addition to· strong suppressfon 
~ . :· . ' . ,· . . , 

of·bremsstrahlu:ng.radiatibn'deteotion,m.ake it possible to check 

. qua.ntita.tiv~1y· ·· fdrmuia (:tY 'in the el·ectroh energy. r'eg-1011 above 20 Mev. i 

A:ftefr ··our experfment ;was ·'started; 1 there appeared another. pa.p8:r 

~ 



of the Columbia/ group6) in which the observed energy depend·ence of 

t~t eleotr:on asym~et~~, +;_·f-:.e- decay i_s c_lose~'.:t~ .·~·h~~ predicted by 

(I). Qualitative agreement with :formula: (.~) __ - -that 1s, an asymmetry 
1· ' :· . /··-~· ,1' :·:·c. (' ·.. ,_', ....... ;·•·;.._::_:; -< -~- ·:_·. _J ,. <\ --~· '· .· . . _··J-: .' 

increase with electron energy - was obtained also in recent 

1nve~~1gati6ns in whi~h ph~toplate;7) and pro;a::.· -,:~~~ble chamber8) 
. ·· ~J v-.C~ . '"'' ., .. .' ·. _t: ~~~ . ·: \ ,- .. _ ~)t·"' •~ L L.t-· •>.t,.i'!. ,. 

techniques were usedo The accuracy, however, was considerably l~wer 
. - .· _-:'~ .. - ··.; . --.;~: .. ;.:_, . :·: · ... _,_:-:•::.> '~f.. -~L!·;::·--~-- 'f•".. • .-

than it could be obtained by- electronics: c' fuet·hod~ .. 
,,\ j" 

_ .... _.,._, \ __ \•: .. : : J .. ~. "--

Ex72e:rime1:;1t al ... err~s emen1:_ 
• • ......... ·, • •-1. • .. (' ,. 

A beam o:f po~iti:,,e pions ,Jith .80 ~.~ev .'enli'gy ·
1

p~t6duchia:(;~:n' the 

synchrocyclotron ;::b.uier -target w~s used in ''the~ '°e~ifer:fmelS:t l3J~.Vhile 

passing thro~gh the fring:I.ng· mai'ne'i;i.6'. ·f:tJid of -th~·· a.ooe'fe¥'at-"or the 
• ' • ' ' I· <'\ ." • .• • '-. '") ·:.• ~;) r C\ ·1 beam· ·1s arialized . and· focused. ·Befor·e --pa.ss:tng through four ·meter 

concrete wall; the beam is a:tia.iyzed one~ more by eg. 'magns't' aird _comep 
. . . -, . ~ ,., . . _..,... , . (' r-

int o the experimental hall through a ·collimator. The ifrt;'(=}n:'sity ,of the 

beani is not· ve.;y· high-r (IOO cm .... 2 sec-I); howeiter ,·- the gdod -ert~rgy 
. ' 

homogeneity permits to r~·solve stopped mnons""a.na. ·lto:P,1,>ed pions and 

- therefoi·e makes· ~ft mor'e ~ suibab:te :for muon ,;viorlt than other inore 

;,,. ',.,.S, 'The expe:rittiental ·'a.:trangement \1i~d ·1s iifJi-i;iri Fig.I. ?riir:eotly 
.:: • .'~ • ._-.;' :::_,;,." ·; •• i __ .•• • • '.'"'.,. ,. ". ';. :•· ,. ,_;~~O. . . . . ·. .ri _: :·•· . ~f -~·_,.. .. -::T 

in front of the. monitor· counters I and· 2 there--·was. pla.o'ed a 
. . ,~•<"1/."·.U :.""'··· ·°'·()' .. ·., ;;-,<·,~j ·_:-'-· .... +r .. ,; .:· · r~ ~ • .. · •··.f: -~ ... t({ .. · ... t .• '. .: .-l_;f e,,. ... ~ 
berillium filte~ with ·a thickness required to··,.stop· pions ·tn:"'the 

· :~:r'aphitci,'target ~; This w;:s: ne,oissaxy in - oa.lib\::iff.\~h .ei1i~rim\int~ •. 

While ·1n.;~;t1ga:f1rig -the'£:.iJym~e·tr;,·,1t ;;·as 'fe'qu1:r:Ja: 't'h~t; ·~on~ were 

s·topped · in .. the· ·-graphite•-··•target and for •Such-· purpose an'.:-ad:ditional 
~;·,· -- -.. •'{ /) :} ;.: .. r r:.r .... _ .... ;.:"'~ .. ~~·- ~-' .... J . ,:; 

,Pc;J.yethY.le,21:a ,:fi:lter_19 .o_m:'.t,1'f,?lc,-:wa~:
1
placed bet.we~n,;c5rn~ters ·rand 2. · 

When measuring the energy dependenoe_o:f the ele-etron a.$;immetry 

j_n f ~;..ll - decay by the method of filter absorption there -arise ti,vo 
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difficulties; 

a) distortion of.the spectrum of electrons passing thro'.iigh the 

filter due to multiple scattering and bremsstrahlung radiation; 

,b) detection -·~-f ele~trons having an energy less than 'that 
.... ,, . 1.L 

nominally required ·by filter thickness due to the registration of 

their (relatively penetrating) bremsstr~lu~g radiation • 
" 

. , ~ ! i' ; • 

Point (a) is discussed in the next paragraph. 

As for the point (b),in order to reduce the probability of 
. ·. ~.r--· 

electron detection through -their bremsstrahlung radiation, in our 

experim~;ntal arran,gement for co:unting decay electrons the use was 

made o~ a .telescqpe consis_ting of a_ gre_at nu_mher of s9+p.till~,tion 
' .-

count.ers. The minimum threshold for electron detection in this 
'.~ .:•. !. h ' ., • . . •· ' ,.. ·::_ , • ' • . \ • • . • . .' ., ... :,.· . • • :.. : ' • • / " I 

telesc:ope,,1,(~.,4, 5, ~f 7 ;n Fig.~) Yf~,s. :r~ther hi_gh. and, includi~g' half 

. of the, gra,phi~e. t
0
~get th:1.ckness, was equivalent to 9. 7 g/om2 qf 

~- .. \1~. ,; ' .· .. ·. .· . ::; •, ~ 

p_olyethYlene~. Changes in the .e.lectron thre . .sh;ol_d detection were made 
: . . . . ~ . . . . ~ . , . '· . ·:, . . ' ·,. 

by-mean~ o~ polyethylen~_;f'ilters placed between counters. 
~ ·~':. . . ~ . , . 

~c:>-· obtain an angular _resolution ,of th,e detection system .better 

than in 4), a small value o~ the verticll-1 ma.g~etio ;~·:ld ac,t1!1S u~~n . 

the muon spin vms used. In the course of the whole experiment such 
• > • ! ' . . .• ~ 

field was constant and equal to -4.4+0.I oe all over th,e target 
, • 

0'l_; - - - • --~-- ·• ·c; · 

volume+/. : The gr?,ph;tt"e t.arget 2c::m XI4cm )a4 cm v,as fixed in the 
. · .. ,. "( ,·-;,..._. •.••·· ,-· 

center .of a mag~et s_p.ie_ld po~s
1
isting of two. 1:ron cylind~rs placed 

-~ ---~- . .:t·~ . ., .. 

·· one above another with a. gap of II om. Such a ~~ield, destroying . 

the hq.~+.:z;ontal c'?mponents of \he ~gnet1c fiel~ _pre~_ent in the ha11, 

y-;;;· .. -·---- - ~---- --~·- . --·-- -- ·----- ---------.. ~--- --~---· --... 
+ The authors express their gratitude to D.P.Vasilevskaj~ 

. for measurem~nts of. the magnetic ·field ··v-alues . insia.'e the magnetic 

shield. 
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provided at thesame time an homogeneous vertical magri.etio field of the . . . 

intensity indicated above in the region v1here the target. v1a.s lo?at_ed. 

The -block-diagram of the ele9tronic equipment. is· shov!Il .in Fig .. 2 •. 

An impulse from the monitor coin(?idenoe oircuit.(I,2) passing through 

the antiooincidence circuit (I, 2}·:-J trlggered the time selecftio~. :q_ircuit. 

The time. selection system fo~ decay elect:pons was a .J.-ohannel _one;,_g~te. 

widths we:r:~ l f sec. long_ ea.9,h. T~e delayed· !3l~9tron imJ?ulses dete?.~e~ 

by the fivefold coincidence circuit were :fed into·the gating syetems 

and registered by numerators. 

At minimum,deteotion threshold q.D.d in the geonietry·indioated in_ -..· ' ,, . ·-' . .:.. , .. :t_. 

Fig.I Jhe inten~ity of positons from )'-e - decay w;3.s· ·;.., J<): per_,,~1.,1• 

When. on the beam p~th there was p:J_aoed only the berill_:l.um. filter, .. 1n·-, 
. . :, . ' . ..],._~: ' 

order that pions get stopped in the C target, the in~ensity ?,f electron~ .. 

. from 1i-j'--,e7decay was ~ 200 per min .• -. 
1

: 

Due-to the fact that the chosen magnetic field rotated t4e ang~lar 
\·~-.... ; ~ ..... 

distrib11tion only by 2I 0 per I.~ f sec (th~ muon p~eoes~ion fr~quency ... ;, :· 

f €Ai· 
is =-g virm)d! ) , two sets of measJ.1rements were oarri~_d out, each' · 

at two angles symmetrical with respect to the collimator direction 

(and also \Vith.respect to: the'target}: .I}: 52~; and _180° :+--52°,- ·. an.~ 
2) !28° and !80° + I28° . . The. target ,vas fixed at 45° ··to the beam; 

-~ ......... -~ . 

as it.is shown for the first case inFig-.I. Taking into.-acoount·the' 

rotation of· the· muon· spill 1n the constant magnetic field, .-ineasurements 
I 

at these four 'angles with·:-three time· cha.ri.riels· made" it poss:i."b1e to obtain· 

the angul.ir .distributi'on. of electrons, with r·espect' to· the muon spin - at· 

I2 angles"'• in the :angular regi'on 0°:. -J60° .': Theser angles were. equal -

to II 0
' J2°, 6I 0

.,· 88°' IIO",. I700,, I9I° F,,212°., 24I-~, 268~,,290° aJ:ld, J.?Q.~,

at"ter ccrrections wer:e made which took· .. into· account'' angular· resolution 
r . C ; _,' ' ' ,• ' 

and the exponentiona.l form ~f decay wi:thin the· "gate" width._ 

Essentially· for the determinatlon of the .coefficient a_ ,we 



~ 

had at our. disposal thre~ p~irs nf p6ints·····syinmetr1cal with respect 

to the 'muon spin .direoti_OILriear 0° · and 180°·. Besides there were · · · 

6 more:·point·s pair symmetrical near 90° · _@id· 270° which: wercf.:.aesigIJ.ed 

to ~heck the overall. synunet_ry. of the experiment~. 
, ... - .... 

• ~'. • I ~ • • .,,,. 

It : should be emphas:t°zed that · small possible differences in 

gate widths· are not a ser'fous cause of error in determining the 

coefficient Q._, , as: couzit:tng· intensities which -need to be co_mpared ' 
. ~..: _..,,, r < . . : . ... - ~ 

were measured at di-'-ff'erent· ·angles with the same gates; ·· 

A variable delay line (Fig.2).made it possible·to'va.rj'the gate 

triggering time._ wi
1
thin o· to 5·.o rsec:, aiter the time ·at which a 

meson passed t·hr~ugh the counters (I, 2). This was used ·:for evaluating 

the b ackg:fo~nd_· 'of random o o~Iicidenc es. ' i,i"l:he, experiment a O. 4 :/ sec 

'delay was-used throughout. The background,the main source of. which 
. . . 

· were muons s~opping _in the··rnagnetio shield. wall and giving deoa.i 

elec.trons, was · 5..;IQ%. It depended on the thickness of the polyethylene 

filter pr~ctioa.liy in the same way_ as did the rate of decay electrons 

from_muons·stopped in graphite. 

Investisation; ,of the absorption ~OF ~leo:ti:rons emit~ed b): 

ri'dn..:.::;e~lai:ized · muons 

For the ·interpretation Qf .:the absorption curves of electrons 
, ·. . . I 

· ·emitted at dif,ferent ::-angles by, polarized muons which .a.re discus$ed - ' . ·. . . . 

in the next p~agraph, ·':Lt i~ ·nece$sa:ry .to kno,v the probability 'f(c, fl) 
of detecting an electron wi;th given energy . .-. t_ passing through a 

nominal polyetby.lene filte·r of thicloless R.. In our- case R means 

. the filter thickness pl~s the thiokne_ss of .scintillation counters and 

half the thickness of the graphite target. 

The passage of electrons through the matter is a. rather corn:pl:i~oati.l 

phenomenon due to the multiple scattering and bremsstrahlung 

JC> 
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radiatj.on. _Ho_w:ever, .the co:iresp:ondihg·.~telementary interaction laws 
"": ·, ¥_ : ... 'I£ ,., :;_{/.~ .. -, 

are well..k:nown and th~·r-efo·re the. problems. of electron passage· 
' .. ., ·:'l_ • ~ ' t 'I,, ....... ~.- • ,..., .,._. •• 

, : (f c~ -::1 , < .· . . < _., • ~1 ~ 

through· m~tter a.re connected only with· mathematic.~1 difficul't:1.es.: 
.. ·,: .. ~ .-·- ·•.· . . _·- - -_.rj;~ .-:rr· 

.... : IT( .. ! .· 

Practically this problem oan be solved bot:ti·experimentally making use 
-..... -· . r, ... ,'"'t,: .. j .. -:. .. 

of a source of monokinetio eiectrohi:f'. of different. ~nergie-; 'or by:,; 
,, .. . __ .. . '' l J -' • !ii. ~:L~} C tr_. . 

the Monte-Carlo method. Vie used'. the results of calculat1ons 1>y the . • 
; . .: . )•:": {.~ .. ·, . . . . !) .: ~ . -~,. 

MonterCarlo .. _method given in::L8icanathan and Stei:n,b~.l,'ger•s ~-a;~r9) 
-· .. , ... . . :-• 

.. , .. .,,, .. r .. -~ ...... 

in orde~,. ~-o o~tain -~he probability that electron pa~s_ through-· .. 
:: :r; 

:, polyethylene of_ different · thickneilses .. 
••w• .,--

• ~i. .,, . . . . 

To evaluate the applicability_of·the m~thod 

was made. of the absorption. in polyethil'ezie,.; of' the 

known ,spectrum 
•• »• "~·I. 

tally ~et~rIP.+ned ourte was 'c'ompared.:,with the absq .. rptj.on CUl.~"e c·alcu~•

. 1atetl::Jo;r,thi~,;;peri~,;~m·::6'rifiiihe ·basis.of,;Monte-C~;o dat'~-~J- ,..._-:· .,.;· 

, .. As. is known ~he.'' ~iect,r'i!>W' spect:rum<:· arising 1~ non~p~l~riz~d 

, muon. dec.ay _i.s; .:c·o,~~iet·e·ly detlrm:tnEfd -bycth,e Mic4ef~ par~~.tf~ j> · fl 

Accordin{$·. to experimental data '(see, :for instanQ.~J)) th~' v·a1tl·e· of· .. 
. ""' . . . , . , . . ' . . : .-: .. . :"~1.1~:~ 

this•parameter is near to that predicted by the two1...oomponent 
' . ' . . . ,, . . 

~eutrino the~;y an~ t,~eref~re we used p · ::0. 75~/ in ou~::·.t;i_'~ulations., 

< ., The. s.olid curve of Fig. J ·represent':3 the ca;i.culated dependen.ce 
. . . .... ,£ \ .. 

.ff(f.L= ftcJ •~[.)•'-f'(t!, fl.) rU ; < B• ,. '• 

, .The curve was normalize a.'. so ; that.,. ·the counti.ng rate wa.ES taken 
. :! . · .. · . ' ....... i . . . .c . ' .• , .. :> .... ·.' 

equa~, to unity_-.when the t'h:r."<:{~iiiold tb;f'.· the telescope (J,4,5,6, 7) 
~ . .., . :-.: ". ; . . ~': "':'" ' . 

regi:stering, .. electrons was ··aete1"m:tn'ed: only by .the thickness o:f. 
" ·-'~· ; . -· l' ; ''. { .. .. ' 

:.,;, .·) ·~. . .r; . , (' 
/ .i ::;. sc:tntillators. 

+/ Radiative correctionsJ) do not change· the· state b:e affa'.irs 

in this problem. 
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In;the exper,1mental_determination of the absorpti~n curve, 

between c~~te:c-s· ._:t''·ka ,_;;2: ther~ 'r~as no · ;e'~1ter, so that<pions were 
. •·, . . . . ··. . 

stopped. in the graphitf:.ta.rget:. The telesbope for electron d'etection 

was .fixed at the angl•~:-;:f 2J2<> with respec.i to the ~1:rect:\-on of the 
; tl 't• .•· • ·• ·. •: -,;.• • , It, ' , ,, '.~- ;'.';. •·• • < if . • •• 

mesori. beam,·-1n-·the> same: geometry as it ,,~s used in the measurements·. 

··of the ,-~-deoa;t·asymmetry. Poly_ethyl~ne' filters :were pla~~:d·between· 
·"·: .... : . ..~ .. _. . , ... . : .. , -· :-::r . 

counters~ The .experimental points ob~a_.~ned ar.e a:lso shown. in Fig.J. 

As· v/e .can see. __ 
. . • - __ ;,..·: :~~::--~r •. ._,._: . 

from the figure-, the calculated ourve 1s in 
J..; :~ _. ,:: >, : t:; -~ ; . . • . . ,._ ... 

good agreement:' with the experime~ta.l .points. This justifies the method 
. . .,,,,, . : ·'•' ·-· .: . .J 

used•in the following paragraph to take into account.the distortion 
c· 

in·the :~~ectrum,of e~eotrons ·passing through polyethylene filters .. 

A noticeable di'screpanoy. between oalcu~ated curve ~d e~pe;imantal 

· po'ints is observed only when the .total thickness of th~ i1iter ti· 
;·, more than· 22 . g/ cm2 of polyethylene ;he;e such. disorep~cy· is" aoo\.~r· 

).. ',.":."<' • • • • ,<, • ;; • '-.~ • ~ ... ~ . •• ~ •• .,•. "<o,d ••• -~t, • 

IO per cent. The relative discrepanoy: between the theoretical_curve 
•· .••: .··,. . . -,1.:: -~ .... : ... :.- :· . ·--~ ,., .... ··. . '.) t.:'~••'f:·. . ' • . - • 

and the: experimental ,-points inoreas·e:s with filter thickness. Thus, 

when tlie f11ter t~icknes;; ·i's 'sufficient. to. stop through i"oniza.tion 
\..·.. • • J ' •'• 

losses 55 Mev electron~·, the telescope is st.ill registering 0.,4% 

of th~-:~umber· of electrons registered without . additional filters 

.'.(~llen·R ·=· 9.7-~/-om2). :Thus ·\.,e ~an ~·o~olud~ that the a.iso:repancy is not 

:::-,due .·to errors -1n_ theoretical calculations l;)ut, to the non-zero 

proba.bil.ity of bremsstrahlung r~dia.tion deteotion5) by the ~elescope. 

The fact that the det.ection· .probabili~j-. of b~emsstrahlung • is quite 

. small is due to the arrangement of counter~- .•\vhich h~d been 

· deliberat'ely -selected,, ~amely_ .to· the ,la.rg_e nuillber of scintillators 
..... , 

in•the-te1escope. · 
• ! :, -~ .' 
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,._ 

P.eEendenoe of the as.YJl!metrz on the energy of electrons 

. . 
.. 

. ,;. .· Fig~4 shc:r\vs the experimental_ values·_ of the·<asymmetry:: coefficiellt,:.r ; 

a... , which wer~ obtained by the least square method' from· angular . . ~ ~·, . . ,, ··:~ . 
" .. •J ., "'-r • f) ;~ • 

distribution curves determined at different filter thicknesses·~:~The :, ,,: 
... , . . ~ :·, 

indicated. errors are only statistical. -- :· 

4,s it was stated above, at a filter· thiok~ess :of 2I·.7 -g/om:. 

( the maximum thickness us·ed) about IO% of th.e. counting rate .in .the 

telescope registering elec~rons from non-polarized muons was due :to 

bremsstrahlung_ r_adiati.on. T,his can lead to,.·.an underestimation of the 

i 
I 
i 
' i a:;;ymmet·r;y\ :: measur_ed w_ith thi_s- filter. Howeyer th~. upper:.limit of the .. , . 

. ,. ·- ~ . '. '. .: . . ' ·-::, '" ~ . 
. . 

correction :ta.king into, account· th;s -~;ffeot . turns. out __ to be oonsid~fabl~f 
. 

less·.than the statistical error _ind~cate?::• _It' is not e:x:oludecl, ·"~••r· 

;however, that in the ·inv·estigations, \,_6) -;\vhere the probability .of 

bremssrahlung deteotion\v~s-- oo;n?ider.ably .greater, this_ effect_ might,. 

-give a more· pronounced -asymmetry underestimate. -.. 

The solid curve given"in Fig.4 represents the dependence -of. ,. ,. i 

the asymmetry coefficient ct{R-)=B d.{R.) on the total filter thioknes~; 
: i' 

R_ 1n,the telescope and was calculated from the form of the_-spectrum: 

predfoted by the' two-component neutrino theory (formula I) •• Th~.::,:v-alue 

of the const·ant B,_-_(whioh gives t:q.e so.ale in Fig. 4) · will_ be discussed_ 

below·. 
. . -

Bremsstrahlung radiation and multiple elect·ron soatt~.rin~ ~s w:ell 
..... _, ......... _. 

"as the angular telescope resolution were. taken :into accountr., t,h.~_, 

dependence given by the solid line ,vas obtained in the follo•,ri:llg __ way: 

d-.(R. " ln. J: i ~0-?-1
) ·'-f{t.,P..)· ~ej,_l ·J.1l-

) . A Q ·L ll.O-ti) 'f(l,R.) -~ 9-dt. : _ _ 
1vvhere the integration over S2. takes into account the finite angular 

'lt;;• . .:.. . ·.'t.'.': '.·, ·:· 
~ .. ---



~ • I ., ) 1• 

.................... :!.,(('.'',. :!_; -· -,~-.,~.:: .., 

~ .. 

resolution o~ t_he telesoop"e:•· .. The reiia.bi.lity of the used function 

' -,' :t(c.,R.J -~ ,j;p.e l~;ro.?~~ili ty that an electron \"fi th energy E wi~l_ be 
. ,_ , ,: ;-' _-_'_ j- ~f ~--, _; ._ I .., 

reg1f3tered J>y the telescope ~:wlte'it' the total filter thickness is equal 
· ~~-- !.ii,- 1•· · - or·~~-- ·· · · =·-

. t'.b . It ~- was __ di;o~a;ed in the ·previous paragraph. 
. ,_: ;.· ·.:r-~. ,~: . ;. 

·t:.· ·•Jt 

The smallness of 
,"_:~~-.,:"~-:fr~-~ .-1~•~-- . . . ":: ;,_. . 

error1r·possible ·in-the. calculation of the ·sol;Ld 
~: ·•·-- .. ,.. 

r ;·· --~ . - . ..·- ... - --:rt .. 

o~~::g:f:.ve:x>. in Fig.4 can be appreciated also i.f a comparison of ·1t 
.. ,.. .·· ... ,, ~ .. _ . r:-;:_( .( . .i...,:,,._;,· . . r :, ....... - .... ):. • 1$ !lll'd<lcwitJ>, thf /~s!~d curve · 

:.,·:",. <.: ,:, _ .... •· r:,. · Jrl·?{~ -t)dl " / /.+l+i.'-+3l~ 

.. . :·;J(R.! "1 \!{3-tt.)dt- " 3 -f-+l_+_l_.t --l.-. 5- ... ,, .. 
<",.''• ·--;· 

l ,; ~. 
• .-· _.: ••. :, 3(": .. •• ~.< I • . ::!\.". ·•-~-. .,_< 

obtained for· the ideal' case·. of a:bsenoe of any disto:rtio:b:'61' -the 

1:3pectrum of electrons passing thro.ugl~ t_he :filter.•.;,r ~he discrepancy 
. -.'.. ",-'.--:.:.ftJ.:.:~ .-' ,:4.. • .- ._I • • :._. ;.~ •. :: ·. •. ,. 

between these two ·curves, a.s .it .~an be. seen in Fig~4, is ·::rel'at·i'vely 
. •, ··,· •• • • . ...... :: . .:::: .. ·· ... , -;-,,,✓-, . ,, 

small in spite_ of ·the:d!act that the .spectrum distortion, ts·, kno\vn to' 

... be very· oorisidera.bfe~· . Th±s:...,is .so,.J>eoause the dis'brepanoy· reflects 
.... ,_.. $ .J.. ,,. . , ·. ~ . . . ~--;t: . . 

., ... _r,,, .• only the different degre'~s of. spectrum distortion a.t different, 
.. -~\. , . . . . . ~-- . . . ;. . . ,. ........ ~. ' . ' . .· 

,··,,· • .. at1g;l.es. This circumstance makes the ohos~n method qui'te suitable in 

-·y ,. ,-:~ur problem, i.e., the errors in tJ:+e s~~~~-~-u~-~ axe ne~ligible., 
.J ... , ' • . :· :-· , ....... '. ,., . . 

. ' ,- ,. , 

:L., ):"• ,... As it is seen the solid_ Oll:J:'!_7 oomn,ute~ from ·the tvro-oomponent . 

. ~;utrino. theory within fihv per cellt •, Ag;~-~;~ with the ··experimental 
- ~-:. :.) r~ .-., 

:Points in the investigated energy region above 20 Mev.. ·· 

The constant" B=O, 70+0.02 obt,.q,;Lp.ed by fitting the experimental 
1_.,,~(-) ... _ .......... ,'.,,.,;,.-:.;~_:, ... ,_..( , .... "'."(\,-·.'·- .,_ 

dat~. w~~!:1 the caicula.ted cuua '~~ :be expressed a.s. B:::P(I.J;'{ C) A ' 
w~ere P: ~s- the degr~e of. pola.rizat.i,~n.1:

0
Jf ~he, muo~· beam, VI 

O 
i! the ¥" 

:probab1i1ty· -of dep.~1_-~1~8.tic>~ of muons in' gra.ph.itellilLl. = ,tf f r91:: 
, ,., . "7·• .. . ,. . '"' • I/ 'I" A 

.. 1s the ~undamenta.f'·&onstant o'f' '. :jJ.-::e· .-.:.:·, de_c~y-::::.iri. -the ,~vro~component. 
,, ·' .: ;· ' -'") ,.._ ., ~ ~ ..... : ~ . .... \ -

theory (:formula. I). Th.e-~error. indicated. al:>_RY:~. ¼:3 ,. only- statistical. 

The constant B .and ·its unoertai.uty ,vere. fo.und. altogeth:er 'from fottr . 

measurements ma.de with different .. filters·; it was tacitly assumed that 

,. 
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the. quantitative. agreement of calculated curve with experimental points! 

(Fig.4) is· sufficient t.o make definite ·conc.lusions about _the va+idity I 
of the dependence expressed by formula (I). Then.it is possible 

automatically obtain the integral vafue,of the a.symmetry coefficient 

Ct
0 

for all t'h:E?: electron spectra by. extrapolating the solid ,.o~rve to 
B . 

C<.o = ,- = 0.,2JJ± 0 .. 007, this zero filter thickness~ ·It is found that 
../ . 

value relating, .of course, to the muon beam used. 

Analyzfng•ailthe data on·measurement.s of the asymmetry of 
+ 

electrons from 1i - f +_:. €:+-- decay in photoplates and •}' ~~,e_ + 

decay in photoemulsions and graphite YlilkinsonIO) made the conclusion 

that the value (I- W
0
)/4 = 0.87 t. O.I2. Comparing this result \•11th 

the value B=P(I-W
0
)A=0.1o'±o.02 obtained in the present investigation 

one may conclude that the muon beam.used has the degree-of polarization 

P=0.8I :t. O.II that is, in all probability, it is not completely 

polarized. 

If one compares the asymmetry coefficients <X, in graphit'e for · 

.different mu-on beams(obtained ,true, in.an analogous manner from 

synchrocyclotron inter~al targets,)6 ' II' 121 it is seen that the. 

differences may be not significant. This means that muon .beams have .. 

similar degree of polarization independently of the energy of protons .. , 

r .(in t"he interval 400-700 Jlev) which generate pions on the inner 

target of the syn.ohrocyclotron. 9 

· In-conclusion· it should be noted that so far there 1s no 

experimental indication that A is less than one, that is, less . 

than the value required by the Feinmann and Gell-Mann the~ryIJ). 

C o n c 1 u s 1 o n 

I) The energy dependence of the electron asymmetry in· 

decay was measured· by an·electronio method greatly suppressing t:µe 

probability of electron.bremsstrahlung radiation detection~ 



2) The fo:un.d.:energy ·dependence -o_f t~e asYlll1Ile.t;y iA t.he:,,investigatooj 
. . l 

positon energy region ;> 20-Mev quanti.tatively (wit_hin a few- ,per cent) _I . 
.. . ,, . . .; . ·, i • 

agrees with the predic"tion ,of the bvo component- neutrino t_heory. 
. . - .. .. . . : . . ' ::.._. .. " 

J) Making the assumption that this g~pendency is ya.lid a.lso :for 

th..e _unanalyzed portion. o::f. t;b.e_: positon s-pec1=rum ( .energy < 20 Mev), 

a value·o:r .0~2.33±-·o.0_07 was f9und .f.or the asymmetry c.oeffioient 

in graphite ·relating to the: integral. spectrum. 

4) The. muon beam. used in ._our experiment in all. ,probabili:t,Y. is 
, 

not completely pola.rize_d,:- the degree of ·its polarization is 
. . . -

+ ', 
P=0.·81 -~ 0 .II •. 

5) I3ep,ms, o:f ,muon~ obtained ._from p1ons gen·er_a:~ed on the inner 

"-

i :ta:1.1ge.:t.:·,,of.: ·synch:rocyclotrons have ~bout the saP1e degree Q;f polarization,. 

inQ:ep~:nd~ntiY;-Of the :acoeieratec;L _:pr9.ton energy, .in the interval 

400-700 Mey .• , . 

.. -~.. •' .. ~-

,F •·· 

t ~~-.-

~· -,J,'. 

,::,,,·· 

'\.,. .::..:.-

-.. _. ... ,_, 

• ,.f.. 

, . 



Fig.I., 

Fig.2. 

Experimental arrangement 
Be - berillium filter 
C - graphite target .· .. 
I,2,J,4,5,6, 7 - scintillati'o:O: counters 

Block-diagram of the electronios equipment. 
.d.a. - amplifier§!,~,w+tll.'.__ distributed. pa.;r,ameters • co~ected 

. the outputs of the· photomultipliers I,2,J;4.,5,6, 7. 

I, II, II:r ~ coincidence .circuits c tC =l?:5 x I0...:8se~) · 
AC - anticoincid.~ri.c:e. oiroui~:-(I, 2)-J .. · :,.: . 
KF - .. cathode follower · · 

. v .d.l. - variable delay line 
Tr,T2 ,T3 - triggers •. 

d.e. -- differentiating elements 

· F:tg.J·. Abso:r}ition curve .:of·.: electrons f:rom unp·o1a:r1z'ed muon decay. 
The solid . cu:rve is the calculated depende;nce of the elect:ron· 
intensity upon ·the polyethylene filte:r ·thickness R~' 

O - experimental points •. 
The counting :rate of the telescope +s taken equal to op.e 
when there are no additional fil~ers, i.e. when its 

· :d:etection threshold. is 9.7 g/cm • 

Fig.4 •. Dependence of: the, asymmetry coefficient_ Q on electron energy. ~ 

The., solid curve a {R.)i with which experimental points must ., ... 
be c_ompared, is calcu ated taking into account the 
efficiency of electron detection in the experimental. 
arrangement .. . · · ·· 
R is the total filter thickness. . 

. The dashed curve o(((.) is calculated on the assumption that 
< there is no any spectrum distortion. 

! - experimental values of the coefficient a. . 
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