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. 'Non'. 1'0.ng· ago the -question was raisea.1/ as to whether there 

exist' neutral particle mixtures, other than Ko 'm-esons2/, that _is 

particles' for which the tran~'ition !)~:rticl~➔antiparticie is not 

strictly forbidden, although the particle at issue i~ an entity dis

tinct from the c or:responding antipar.ticie o There was noted that 

neutrino may be such a particle mixture and consequen~ly t~at there 

is a possibility of real transitions neutrino➔antineutrino in 

vacuum, provid'ed that the lepton (neutrino) charge3/ is no~ C ons~r-. 

vedo In the present note we consider in more detail this possibili-
• a < ' • , < - " , • ·, ~ • 

ty, which became ~f so~e interest in connection with new investigat-
,. 

ions of inverse ~ -processeso 

Recently ther~ c'6me to our attention a paper by Davis4/, who 

investigated. the production. of ;A37 from c137 u~der 'bo~bardment of 

neutral 1ept0ns emitted by a 'powerful reactor" D~vis' result - a 

measurabl'e probabili'tY of the· inv'estigated process - if it is Con

firmed, definitely :indicates that; neutrino charge is not strictly 

Con served~. Below it is' ·~ssumed ti~t ~ 

a) the neu.tririo ( v .. ) and -~mtineu'.tri~o (V. ) emitted in the 

processes .'" ,p-n + P: +y 

h-~'P+r+·s\) (1) 

are not identical par~ic~es. 

b) the neutrino charge is-not strictly conse:r;ved, from which 

is follow that processes 
., 

+ -
P7!:n 1- ~ +v 

. . n ~- P: + ~.~ + ~v (2) . 

are possible, although by definition they are less probable than. 

processes (1)., 
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The physj_c:J.l reason of ,the distinguishability, of neutrino and 
. ' ,:;:·;;,'.',; . ·, ,., ' 

antineutrino is n~t discuss~~:~ere;_ it could ~e connected with.the 

non-strict 'conserv~t1on law for some kind of quqntum number (neutri-
, ~ • ' : ' . t ' ' '. ,' --- ·<: : '. - ' . ; -, ·.! ;. ~ . '.:. • • ,- ' ; _,, 

. . · 0 -o . · 
no charge?) in analogy with K and K mesons, the dist;tnction .bet-

,- , t ,, -~ :~ -...1 ._:.~·: ~~~ .·i, :-.-~.'._'',,:' , , ' 

wee·n which is connected with the non strict conservation law for 
strangeness2I., ,. ' ·: . -·, " . -

It follows from a) and b) that neu~rinos in vacuum can trans-

form themselYes into antineutrino and vice versao This.means that 
• j • ' ~. ; ,,_ < (._ • • ; • > • (, • •, c •;, •' -:•: ;, y' • • ~ • C 

neutrino and antineutrino are particle mixtures.i.,e~ symmetrical 
'; ~ : ' J . 

and anttsymm~t;ical combination of two truly neutral Maiorana ,par-

·ticles ))
1 

- , and V
2 

having dif·f~rent combin~~·'··~-ari t;r5/ e -· 

The possibility_ discussed_._,ab_ov,e ;~oe~, _ no,t s,:yn_p,lifY_. ,p. , decay 

theory and,- moreover, is not likely to be_ tr~eo Neyertheless we 
~ ' • I j 

,! ' . 

have mentioned it because it has so1!Je consequenqes, ,v.hich ,_in prin-
: ; ,i.) ~:;: . • '· ,' . 

V ~ l! ~:: .... " .... ,_ 

ciple can be tested experime~tally., So, pfor example,: a bep,m of 
LI , . / ·. :: - :, '..: , :, '; .: _. • , - . . ' 

nelitra.r lepton·s feom a· reactor which at first consist mainly of' anti~. 
'\". ~ . ··::··js.~· .. :t1 •; _•J' ,:·": ;:·:, :-··- .' .:. 

neutrinos will change i·ts compi>si tion and at a certain destance R 
~J..:\J\·; ,:,•· 1,;1-.::·:i-··-.):', ~-t 

from the reactor will be··composed o• neutrino., and antineutriho .. in_ 
·t : : t • • .. : ; '• , ,'.i • "'. c·,.;, i ; \ -, h •.. ) : . •, • • . ; " ' C ' 

equal quantities. Provided R k I meter (the plausibility of thia, 

1s discussed below) experiments with neutrinos· remi:niding the ex

per:iments with K0 mesons planned by Pais,andPiccion12/ become 

possible~ Thus 9 if R~ 1 m the c»oss section for the production 
... 

- .: '··· ' 

o! a neut:ran and a positron in hydrogen by neutral leptons from a 

reactor (expfiriment''cSf
0 R~irie~·- an.d CowJ~6/f mus't ',be smaller than 

. -· 
that -expected on the bases of simple the:rmodynamical oonsiderationso 

• \ I : \ f / ·,1 , 
This is due to the fact that the neutral lept·on beam which at the 

source is capable of inducing the rea~t:fon•with a definite p:robabi-
:~ ' ' . ·.• '- !.. c-:' ,.-. '," ; ; ' ' _.. ;">t ;'., ~~-. ;-_ '" • i ~ 

lity, cha:nges · 1fs.'c o'mpOsition· on ·'t'he way ''trom the reactor to the 

j 

;:} 



.. 

det~ctoro .On the other hand it. is difficult to anticipate the ef-
. -',, .I ., . , ' , 

feet of real _an.~ineutrino~neutrino :t:r.ansi tions 1in the Davis• expe-
4/ . . ·. 

riment_ , si,nce in_ this case one deals ,with a non strictly. inve,i1-

se ~ pro~_~ss 9 and there. may .be such unknown ,factors as· the polari'.""" 

sation and. the· energy dependence .of the polarisation. o:f neutral leptons 
. 37 37 

from the. reactor _as well .. as .. ::frorn· the decay A - Ge. . 

Consequently it_ is not pos~ible- to: conclude. a .priori .-:-. as it would 

be 1~ t~e ease·.of parit7 conservatiort - that-the antineutrino,~eam, 

which at first is,. essen~ia:l.ly uncapable o'f. indue)!ing the reaction 

1n question, transforms its~~f tn~o-~ beam in ~hioh a definite 

:trEtction. of pa~tic les can _,induce such, :reactiono However-' it c14J1.not 

be excluded that the. 9:p•ren~r.c_ontradic.tio~ between: the small· pro

bability 9f d!'.)ub~e. f3 :deoay_,processes71:and the·:relatively high 

probability. o! .A37 .production .in,.DaTis' experiment1/ is partly con~ 
- ,, ,. , .. ,.), -

nected with a change in the composition of the neutral lepton .beam ''., 

on the way from the reactor to the d,tector in the last experiment,, 

The upper. l~mi t. Q:f': R,,W.hich 5can give,. ,obser\l.able effects ··1n ,the 

experiment o:f c.owan' .9:nd,Reiras6/,,is;;o:f, the order ,of a:meter,·which 

corresponds to a time :for the transformation neutrino,+antineutrino 
, . ., ,: :-B ~ . ·; , - . , i r V \ ~· 

T £ 10 sec. If one takes 'into account that the ·,neutrino energy-

:,,~ as ·pointed eJt oy·· I/·po~·~;'anchtik - is ,~-l~~ya larger by several 
. • ' ., , ,; '.; ·' \ ~ 1 ''. '2 '. . ' ·, .' . , ' . ; ... 

orders of magnitude than mv c (m v is the.·neutrino r,est mass) and 
; ~ • . '. ' . . • <. : : . " - - . -"~ , I-~~ / ' ·• . . 

that~ c·onsequently, in the laboratory system there is a considerable 

l'd..ativistic ·1nbrease o.f the tra~sform~·tion time, then the question 
'- (\ 

sec is plansible at all 

even if assu~Ji"t'ton~ a) 'hnd b) are trueo Th'e 'time,.T is connected 

with the mas~ difference .6m of particles ))1 and V2 ,.Llm is 
. . i: ,; j ~J • • • 

proportional t'o the :first power o.f the matrix element H of the tran-

sition \) ~V, , 9 a.bout' ~hioh., unfortunately, it is impossible to 
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say anything definite' ·unle"ss, a m'ore concrete assumptioh on. ~ ' 

decay processes is done: for: example·;: Preston8/, assumed that the 

scalar term in the interaction is'responsible for'neutrino emis:... 

sion and the tensor term .for anti:peutri:no:emtssion~· the corr"espond

ing coupling constants being, different but of:bomparable valuesa 

In such a case the )) ;.,;.~)) ·transformation is due to two virtual 

transitions, egeryone of which is char·acterized by a coupling 

constant of the same order as the constant G of all wealt interact

ion ( G '"'.""10'
7
- 10-

6 ~~ 'ih muni fs tl:. C'= ~ ~ 1 9 ,vh·er·e · p. is the pion 

mass) o Consequently H will be proportional: to G2 , and Am turn 

-11 . · 9/ -10 · out to.be about 10 . meo The time Tis · about 10. x neutrino energ 
. . ·· . . ~a · · .mv· G !! · 

sec, which is considerably greater than 10 sec a· 4 

Nevertheless thX!!!re might exist a direct interaction"'(of the 

first, order in G) responsible for the netitrini:( ~antineutr:i.no 

transformation• - - '• -V~(V+N 4 N)~)) 

In .·.this case 8 'm 1s proportional ·to,·the first 'power 'of the 

· coupling c onstant9/ .and T .turns out to \be abo'ut ::1071,6 x 6.eut:dmo :imer&l: ' . . : , m. c~ .. : .... 
· sec o For neutrino eneries_ iMe,V afrd ta.king ':1v =-fOOev .. (experimentslO/ 

indicate' that the neutrino mass _is l~s~ than ~00 e.v), _we get T ,.,1612sec. 

In conclusion it is inte!esting to underlin,e, that,. independen~-:-
-·-\ 

ly of the plausibility of th,e concrete ef~ects whit!!h were discussed 

above, non-conservation of neu.t;l,"ino charge un~er the condition .. 

that neutrino and antineutrino are disting:u,ishable entities (or, 

which is the same, the existence of two Maiorana.neutrinos with 
.• i ,:; ' '"::· 

different combined parities) inevitably lea,ds to effe.cts of the 

Gell-Mann-Pais-Piccioni typ~21
o Under the above assumpt_ions effects 

·~ ,: ' - , 

of transformation of neutrino into antineutrino and vice versa maybe 
~ 



unobserv~ble in the laboratory because of large values of R, but 

will certainly occur, at least on an astronomic scaleo 

The author is grateful to Io Pomeranchuk and Ao Okun for in

teresting discussionso 
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