


JOINT INSTITUTE FOR NUCLEAR RESEARCH

, | P.- 95
Laboratory of Nuclear Problems

12,
P8y

B, Pontecorvo

r

"INVERSE f3—PROCESSES AND NON-CONSERVATION OF LEPTON CHARGB"

s e o i o o o e e A o e ot e T e e T S S e S At e T T e S e A S T S e e e e e o T S e e e e e Sy S

- b
Gonenunentplil N‘CTHT‘; \
auepmax nocaeRoBal s

\
_BUEIMOTERA

1957,



“Non long ago the question was raised / as to whether there o
exist neutral particle mixtures,;other than K mesons /, that is
particles for ‘which the transition particle-vantiparticle is not »
strictly forbidden,’although the particle at issue is an entity dis—k‘
tinct from the corresponding antiparticle° There was noted that |
neutrino ‘may be such a particle mixture and consequently that there‘
is a poss1bility of real transitions neutrino-*antineutrino in .
Vacuum, provided that the lepton (neutrino) chargeB/is not conser—
ved. In the present note we consider in more detail this possibili—‘ii
ty, which became of some interest in connection with new 1nvestigat—d
ions of 1nverse1:"§ﬁ—processeso o - ”v‘ b

Recently there'come to our attention a paper by Davis4/,’who
investigated the production of A37 from 0137 under bombardment of o
neutral leptons emitted by a powerful reactor; Dav1s' result - a

measurable probability of the investigated process - if it is con—

firmed definitely indicates that neutrino charge is not strictly k
conserved. Below it 1s assumed that.‘”Y” R -
a) the neutrino (‘9 ) and antineutrino (‘d ) emitted in the

processes’

are not identical particles.uﬂd e B ;
b) the neutrino charge is not strictly conserved from which
is follow that processes S
Y p——==n+§ V. e e
. n—epepry (@)
are possible, although by definition they are less probable than

processes (l)
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The phys"“‘l reason of the distinguishability of neutrino and
antineutrino 1s not dlscussed here, it could be connected with ‘the .
non—strict conservation lcw for some kind of quantum number (neutri~_i
no charge°) in analogy with K and K mesons, the distinction bet—en
ween which is connected withkthe non strict conservation law for C

) It follows from a) and b) that neutrinos in vacuum can . trans—
form themselves into antineutrino and vice. versa. This means, that
neutrino and antineutrino are particle mixtures i eo symmetrical
and antisymmetrical combination of two truly neutral Maiorana ‘par-
ticles :v =; and Va having different combined parity5/

The poss1bility discussed above does not simplify p decay

theory and, moreover, is not likely to be trueo Nevertheless we

i
B

have. mentioned it\because it has some consequences which An prin—
ciple can be(tested experimentallyo oO, ﬁfor example, a beam of.
neutrﬂl leptons fmom a reactor which at first con31st mainly of anti—;et
neutrihoslwill change its comphsition and at’a certain destance .R |
from the reactor will be composed oﬁ neutrino and antineutriho in
equal quantities. Provided R & I meter (the plausibillty of thisg
is discussed below) experiments with neutrinos reminding the ex-
periments with K° mesons planned by Pais.and:Piccioni 2/ becone
possibleo Thusg if R£1 m the cposs section for the production

.of a neutrdn and a positron in hydrogen by neutral leptons from a J
reactor (experiment ‘6f Reines’ and Cowan /S must be smaller than ‘i
that expected on the bases of simple thermodynamical considerationso
This is due to the fact that the neutral lepton beam which at the
source is capable of inducing the reaction with a definite probabi- o

lity, changes its composition on the way from the reactor to the i;'AT“



detectoroAOnktheiother,hand,itgis d1fficult to anticipate the ef—
fectjof.rcalvantineutrinoﬁneutrinoktransitionsﬁin,therDavis'*expe—
rimenté(,_since,in;thisﬁcasegone,deals;With a non strictlyiinvew—

se p ‘procgss,’and;thereﬁmaj,be_suchmunknown;factors'asfthelpolarif”
sationpandgthe;energy,dependenceqofgthegpolarisation-ofeneutral leptons
from the reactor as welljas;irom»the,deCajj%ﬁi—_*'063?
.donsequentlydit_is notmpossible<to\concludexampriori'e as 1t would

be in“the”case‘of parity conservation = that the antineutrino beam,

which at first is. essentially uncapable oi inducﬁing the reaction A R
in question, transformsfitselfvinto -a beam in which a definite
;\fraction of particles can induce such reactiono However: it caanot
be excluded that the apprent contradiction between’ the- small ‘pro—
bability ofgdouhle‘,ﬁ;;decay;processesZ/;and;theqrelatively;high
'.probability;of.A37,production~inaDavis' experimenté/iistpartly*conff'
nected with a change in the composition -0f the neutral lepton beam i
on the way from the reactor to the détector in the last experiment.
The upper,limitjot;nghich3can;givecohserlable effects . in the
,experiment.of CowanfandwReimsé/aiSfof thevordervof’afmeter;:which“““~
‘corresponds to a time for the transformation neutrino*antineutrino
T' 10 sec If one takes into a;count that the neutrino energy
é“—‘as pointed eut by Io Pomeranchuk‘— is alwaya larger by severalv:’
orders of magnitude than mv:o (mvi is the neutrino rest mass) and o
that9 consequently, in the laboratory system there is a considerable;
rﬁativistic increase of the transformation time, then the question ﬁ;
arises as to whether the dondition T4-10 -8 sec is plansible at all |
even if assumptions a) and b) are trueo The time T is connected thdl
with the mass difference Arn of particles V, and Ua,An1is 'fi;w’t
proportional to the first power of the matrix element H of the tran-h
sition V==Y 9 about which, unfortunately, it is impossible to



say'anything,definiteg”unleSSna*more‘concretefassnmption°on€97
decay processes istone%Vforﬁexample;fPreStonS/y‘assnhed that the

scalar term in the interaction is:responsible for neutrino emis-

sion andﬂtheitensor~termvforfantineutrinoﬁemﬁssiong?the~correspond»”

- ing coupling constants being different but of comparable values,

In such a case the,Uiﬁ=€¥i}itransformation?is'due to two virtual -
transitions, egeryone of which 1s characterized by a coupling
constant-of the same order as the?constantjG of-all Weak'interact; '
don (G~10-40° @ in gunits h=c=pm=1  , where - Boois the pion
mass). Consequently H will be proportionalito”nghand Am  turn

out to,bexabout'lofll me . The: time T 159(-ébout;10*1° x neutrine eneggz

mv Gd

sec, which is considerably greater*than‘ldfsfseCo*{f
Neverthelesstthm@e‘mightﬁexist«a~direct“interact{oni(of the '
first . order in G) responsible forfthe’neutrinof-aantineﬁtrino -
~ transformation- .. . STl
V= (VNN —=Y

. In-this case A'm  ‘is proportional ‘tothe first power ‘of the

“couplingaconstant?/.andrTxturnS'outfto{be*abontﬂlo?;ﬁ*i'&eutrmnc‘imergg_
DU TN ¢

: | | e R YA
- S5eco. For neutrino eneries4iMeV and taking rn —1OOBV‘ (experimentslo/

‘indicate that th° neutrino mass is IESo than 500 ev), ye get T ~lOIzsec.

h In conclusion it is interesting to underline that independen&—k
ly of the plaus1bility of the concrete effects which were discussed .
above, non~conservat10n of neutrino charge under the condition_w_; B
which is the same, the existence of two Maiorana neutrinos with ‘
-different combined parities) inevitably leads to efﬁacts of the 5h~
Gell=Mann—Pais—Piccioni type /? Under the above assumptions effects

of transformation of neutrino into antineutrino and vice versa may be
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unobservgble in the~1aboratory because of large values of R, but

will Cértainlj occur, at least on an astrbnomic scale.

The author is grateful'to.Io‘Pomeranchuk and A. Okun for in-

teresting discussions,
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