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Introduction

'The two-component neutrino theory is more "than sat1sfactory,

fbeing in the worst case an extremely good approximation of reality.

‘“Nevertheless, it may be worth while to plan new types of experi-‘

'\———q_—-
,ments which should check whether neutrinos are really what we

. think they sre. ; |
::,; I shall discuss a few questions, which by tradition sre not -
}(usually dealt with at High Energy Physics Conferences, in order ,
jiof increasing degree of remoteness. It will be seen that the .
}questionscsn be esnswered, at least in principle, by performing
;'eiperiments which are not too fantastic.

" What is the mature of "diagOnal" processes ?

* . Recently a paper /1/ by Gell-Mann, Golberger, Kroll and Low
j;has been published in which it was suggested that the "diagonal" ‘
T;and "nondiagonal" terms in the weak 1nteraction Hamiltonianmay
;;be of quite a different nature., While the nondiagonal weak pro-

_fcesses are rather well studied, 1nformation on the. diagonal terms

H;lB rather scaree. It relates, first, to the nucleon part of the
ifHamiltonian and was based upon the experimental investigation of
_Eparity nonconserring effects in nuclear trans1tions /2 /. second,
" some information on the ( E,Pe D 1 LQ €~ ) term of the in-
';teraction Hamiltonian has been obtained from experiments on high
fenergy neutrinos' an upper limit for the effective interaction

constant Gpe, was found : 73/

C- ‘<40 G2, where G =10 Fi is the Fermi constant.
P




} Phird, as ‘was noticed<4) more than ten years -ago at the
,Kiev High Energy Conference, the universal theory prediction that

there exists first order),~ e scattering y leads to astrophysical
consequences, .the analysis of - which allows, in principle ) to check
the prediction<5). Theoretical investigations of astrOphysical i
aata show®) that: 62,
time experimental studies of the. )),_ + 8 =3 D; + e process

= 100#2 g2, Fourth, at the present

are. being performed(7) and planned<8) with the help of powerful
Xreactors. The results obtained so far <7) by Reines and Gurr per—
_m_iito conclude that - Gva £ 4 G2 ‘
Here I would like to stress the importance of investigating
the spectrum of electron recoils from Ve - e scattering. As a .
matter of fact the measurement of . such spectrum is not ‘much more-
' difficult than the very (w_ion of the Ve - e scattering pro—
cess, the m:formation obta:.ned thereby being considerably richer_. ‘
,wIn the paper by Bardin, Bileﬂcy and Pontecorvo(g) the )J -e scat- S
‘tering process was investigated under the most various assumptions
on the antineutrino-electron interaction. The following possibi—,
N lities were considered. _ . _ )
, : 1) The ))e/-e scattering process is due to a four-fermion
weak mteraction (V—A V(A), S(P) D

2) The U -e scattering process is due to. "anomalous“
. A

'electromagnetic properties of antineutrinos, that is to an -

anomalous electromagnetlc radius or to a magnetic momentum.

The electron recoil spectra in the process ]J,, + € --} lJ +e

were calculated for the known spectrum('lo) of’ impinging Ve fromyj}
it e

an uranium reactor. We have demonstrated that measuring the recoil




~

v ele'ctron spectrum in~ V - e scattering under practical conditions
(that is with a reactor) would make 1t possible to draw important _'
, ,conclusions on the character of the diagonal (6 Ve )(Vee/ ) inter—y .
k action. The calculated electron recoil spectra with energies in '
k’ the region from 1 to 7 MeV are tabulated in rei’.(g) for five as-
i .-sumptions: V—A v, B electromagnetic radius, magnetic momentum.
Here it is s~uf’fi_c}_gn_t__lzo note that the recoil electron spect-
rum in the - V—A theory . decreases with increasing energy far more
- rapid.ly than in the other four-fermion theories (this is due to
the fact that the Ve e scattering at 180° in the limit m-4 O
is forbidden for the V—A theory): even a rough measurement of the :
speotrum of reooil electrons from the p + e U(,_ +e process with:
.reactor antineutrinos would allow to distinguish the V—A intera.ction
from the other four-i’ermion interactions which were con51dered.
" As far as anomalous neutrino—electron electromagnetic inter—
actions are concerned, the calculations(g) performed again for the
'. spectrum of ___i_ng_i_gg_ Vc from reactors, show that the electron
- recoil spectrum is When D;- e scattering is
due to an antineutrino magnetic moment than bin the case when the
' scattering is due to an’ electromagnetic radius. The necessity of
planning measuremenﬁs of the electron recoil spectrum in the

Ve +e --} Ve + e reaction with ))Q from uranium reactors is

 apparent.
. New sou.rces of neutrinos
‘ In all the neutrino experiments which g_:l_.j,h,er__have been performed '

or are planned in high energy Laboratories it is assumed that the
only existing neutrino gources are deca,ying pions and kaons. Ac~-

—r—

cordingly pbssicists perform high energy neutri.no experiments in-
=



variably giv1ng pions and kaons the chance of decaying in
flight. But the question naturally arises: are there not
other, unknown, sources of neutrinos ? : )

It seenms that ‘in the very high energy region (Stanford, Ser— _
pukhov, Batav1a) ‘one should plan search eXperiments\whicb.are Ept to
detect neutrinos W1th the help of clas51cal high energy,neutrino
detectors but without allowing pions and kaons to decay in flight.‘

\_—__—.

This means that the proton or photon (electron) beam should

directly fall upon the shield behind wh1ch the neutrino detector

‘is placed. _ ,
As an illustration,'one could Justify such experiments in
terms of a search for the 1ntermediate boson or, even better,
ror a heavy 1epton, which decaying timmggiatelzzl would pro-
duce the neutrino(s) I understand that such a proposal
was made also by M. Schwartz. Of course, in such terms the ‘neu-
trln°.i2£33:ifz_f}ll be low :|.ndeed.J but it is gratifying that .
“in such experiments there should be about as many electron .
as muon neutrinos (this is a notable difference from experi-

ments with neutrinos from pions) Incidentally, the presumably

small neutrino production rate in the proposed experiments
would be partially compensated by a much better neutrino detec— ‘
il .
tion efficiency, due to relatively small dlstances of source ‘to
‘detector. ‘
However, 'such experiments have a phenomenological ‘interest -
e r———————— e ——————— ey,

: that is 1ndependent of the rational explanations ‘which msy be

thought Tor them,

As for the experiment background, one can say that it is

. "
‘ mainlz;due to pion and kaons .decaying in flight against our

will": the available 1ength for their decay is obviously the :

typical hadron interaction length (a few cm in heavy dense ma~

terials)
6




© 1Is the lepton charge conserved? Is the neutrino

mass really equal to zero?

: The question - are (is) lepton charges (charge) oonserved
‘exactly ? - 1s certainly not far—fetched from an elementary
Vparticle physics point of viegr‘ggiggjl‘will talk about some
ideas on such a question, whilch were developed during the last
b'lfew years mainly in the Soviet Union, but were not discussed

previously at high energy physics conferences.

In all the well-known searoh experiments for possilble vi—‘
olations of lepton charge conservation,one attempts " to ‘

" ‘measure the rate or the cross section of a certain process

( say, //L—"Z—‘I'X V "'P—’/“"“n‘ TED N ;n)one is measu-

' ring the square of the amplitude of the searched for process.

-A few years ago, before Davis, Harmer and Hoffman first

li attempted to detect solar neutrinosII with a detector based on
’ 37 37
the reaction Ve CL eT+ A 12, I pointed out™>
- that '

‘iD'the problem of possible lepton charge vlolations could
be investigated at a new level in a very sensitive way by me-
-
thods of neutrino astrenomy
41) ‘suoh a preﬁlem'is of great importance for the astro-

" physical interpretation of observations in neutrino astronomy.
The sensitivity of the proposed method is due to the enorm-
" ous distances. characterizing the solar system and is based on the
: posSibilitybof”measuring the amplitude of a process instead of

a squared amplitude. Let it be said incidentally, it is Just

such a circumstance which leads to remarkable possibilities in
Nt S , —_—

- the investigation‘of neutral kaons. Lepton nonconservation



leads to the possibility of oscillations in vacuum between dif-
ferent neutrino states. Because a fraction of neutrino states
N—————ﬁ"—-—\

is unohservable ( for example, low energy L#& ) and because

the oscillations average out, lepton charge nonconservation ‘

leads, under some conditions discussed below, to the following

h————-——\---I
effect : the intensity of solar neutrinos measurable at the )
2LERS Ly meaguras.

earth'ssurface is twice as small as the intensity which would

be expected under exact lepton charge conservationIB. But howigf

one to estimate this last 1ntens1ty w1th sufficient accuracy ?
I4

Our knowledge of the sun 1s not sufficient sy for the time
being, to predict the numher of (solar).neutrino induced
events with an accuracy better than a factor of two ( an ex—

P S e St t—
ception is the case of events induged by solar neutrinos gene—
poet it AL 1A
rated 1n the thermonuclear rea.ctions ID+P—-) d+6 +Ve_}
€ +P+P""CL ‘f'Ve,v but these neutrinos, the intensity of which
‘can be estimated to much Dbetter accuracy, have low energy

S b bt

and are consequently very hard to detect ). Thus, at least for
the time being, absolute determinations of the solar neutrino
event;intensity at the earth's surface do . not allow us to draw an

- i cd oA SR —
important conclusion on the elementary particle prcblem at
issue. -But this is a question of time, In the future ‘neutrino
astronomy will give us methods of investigating‘the lepton con-‘
servation problem which are much more sensitive than the cias-—
sical methods of nuclear and elementary particle physics;I~am
going to 1llustrate this point once more.In the first experiment
in neutrino astronomy,Davis et al,were not ahle to detect neu-

11

trinos and found that the number of neutrino induced events



~.in the reaction 1}Q_+-C;@ e +’/\ is, at least,

'utwice ’,as small as 1is expected theoreticallyI4

fI do not’think that the discrepancy is a real one and that
-1t is due to the effect mentioned above H but i would like

W

" to stress that the failure to draw a very important elementary

"particle oonclusion from neutrino astronomy is due’ 8 ply to

a (momentary) insufficient information on the best known

f‘jstar, the Sun.

The description of transitions in vacuum between the vari-

i e asten e eremasemis A ————
'vous neutrino states is in itself f interesting for particle
I3

physics. In ref. and also in,an unpublished paper of Kobza-

©. rev and Okun', possible oscillations VeV, s L#4’;3 Lﬁ&).
; Vaf(—"-])/,., _ have been discussed. As it was pointed out in- the

I5

't_paper by Gribov and Pontecorvo ~“,the first two types of oscii-ﬁy

lations should notvbe considered if it is required that in'

15 there

nature there are only four;neutrino states. In ref,

. are discussed the conditions under whioh osoillations do take
—_ _

place for this case.:

~We shall consider in the zeroth approxi—
e

" mation (V—A theory ) four neutrino states with mass zero,
which are desoribed by two two—component spinors LE, and L¢~ .

Ls in such an approximation it 1s convenient to think~of two

‘exaotly conserved lepton charges (muon and electron charges)
; Lepton nonco’\Ervation leads to virtual or real transitions
- —————————
between the above mentioned neutrino states. All the possible
cntlonec
~ transitions may "be described with the help of an interaction’

. Lagrangian
L‘./"‘b- = /WLe,z pel Ve,+mfu/1 Vfi j)/~L+ /me/i fo’- 73

+ Herm. conjug. y
‘*“



where )): )) C is the cha.rge oon;jugated spinor. For the oha.rge, ,

oon;juga.ted spinors the notation Y ’ was a.d.opted. :Lnstea.d 01’

~

Vs to avold ooni’usion with \) .

Below .for simplioity,it will be assumed that Wee,/’m 'méF’
are rea.l va.lues, i.e. CP—inva.riance is assumed. Otherwise, the
formula.e 'become somswhat more complica.ted a.nd in the: present

note we sha.]_l not. give them for the genera.l casey The interaotion :

can be ea.sily A dia.gona.lized. The diagonal sta.tes are @
- h = cosjw W)+ EmS (L))

S" J«Mf(uawe ﬂ-ws§(ufb+p,¢) ,

where
b 2§ =2 Wu«- \
eTME
,These states correspond to two Majorana’ neutrinos ( i.e. four
\__i

states when the spin orientation is taken into account ) with
the masses ’M and W, ' :

M :-71_-1: Tt V( ~m _) _,.4. J

(if m, & O » the real state with the positive mass’ —'/WLZ is

5’5 LFZ_ -

The ' two-component spinors )-)e and : Vl"' are no 1onger

describing particles with zero ma.ss,'but must be expressed in

terms of four— oomponent Ma.;jorana. spinors (fi and 90 :

e=3 () (Fenf 1 i)
UPI_‘:Z-(H‘A%),(%M?‘")OZCUS;) o

10



In this oase the" (V—A) ‘lepton current, to which wea.k pro—

~cesses are due, ‘can be written as usual ’
T

—%ﬂwt‘mfm | : |
‘l‘he mass differenoe between Majora.na neutrinos QM
by ¥ “and 90?_ leads to the oscillations V=2 uﬁ)pu__ P,,t
',( in the usual n_,tigns,)J@—- P ) If at the time t=0, one eleotron
;'i'neutrino is generated, the proha.bility of observing it at the

time t 1s- | ‘
)Jo_.(t) =P () {/‘M ﬁme‘f" ?-'Wtek- '
, | l ‘1)‘)«_ ’ ’Wl7'+4-m +/14’1_Z 2/4_ CFSZ.A[: '(I)
;‘kwhere
m_ = -
ee ’
| pa L /W\.ge_ + M Ly o
R

and P is the neutrino momentum.

It should be empha.sized that the oscillations take pla.ce
:f'iionly iIf M, e and at lea.st one of the values. ’W\.QQ  and

' ml’“l“' are different :t‘rom zero. This means phy.:ica.lly ¢ in
f“order tha.t oscilla.tions do ‘exist it is required that the/-«-—)é-f(
S S —— Q—-—-—_...u-..-—

ffdecay proba.bility not be zero and that at least  one of the ,

" eross sections for the processes, say ))e—i-’h. - e 1-P,

l,d-P—?/Uv + 7 not be zero. In the absence af: 0oscillations

","f:there are two possibilities. If My P =0 , then f =0,
"j'and there exist two Ma:jora.na. neutrinos ( without osoilla.tions )
I ’WL -'W‘F.F—O ) but i ;éo , it is na.tura.l

L to attribute an opposite sign of the lepton cha.rge ( ‘only one !),'
v ——. M—- :

1 - s e



" to oharged leptons of equal eleotrical charge ( say, @ and ‘
/"' ) I6 and to oonsider (" instead .of the degenerate states?‘ »
and (fl 5,% with the mass’WL W, 7)) - the states with a de-
] finite lepton charge \IJ )é (F Ve, -f-])/& ¢ this is the s
‘four-component neutrino theory with _paryi,y‘_nonconservzettionI7 )
Iffmq’«_and one of the values 'WLee, I'*-F- are different
from zero, :L.e. ii’ oscillations take place, a very attractive
T

case ar:l..ses when /WLW_) << /WLe « In such a case -

H
%t"vz <7U+(1D),. o }*}
Vz (7" ‘7”) |

and the oscillations are entirely similar to the K <~ K oscil—

NG

lations,- %f and % _being analogou's to K/ and KL' N Accor-’- ‘
ding t‘o (1) the oscillation amplitude . in this cas'e is thev

_ largest possible one, The two sU spin states, Vlei’t and)}right,
are Wthe same’ as the observable "phenomenological"
_particles V, and ‘))/” ( or )) )3 similarly )) = )Jf,,

and. )J right—p V., o+ & very simple picture of neutrino

©
oscillations, similar to the K —’K" oscillations arises also

1f MW,z and /WLP“I"- are ‘no longer small in comparison with WM,z ek
but are equal(“e.c“"”\p.ft) in other words, if there is a /L'L e
symmetry. In such a case 3 _T]’__ and relations (2) are exact.

In ref.13

and also.in an unpublished work of Kobzarev and :
Oku.n',there was discussed mainly the possibility that the neutri-‘.;

no oscillations are due to the so—called milliweak interaction

which, in addition to PC, would violate lepton charge conserva—
—C T

tion as well.

12



The oscillations might be also induced by a (first order)

: 'ggperweak interaction which changes the lepton charge by two

18

units « This 1nteraotion reminds us of the Wolfenste1n19 super-

weak interactions, changing the strangeness by two units and
-
might be closely related to it. Attempts to speculate about
be ¢/ c
'possible values of the oscillation length j/A . may be found
13 ' ‘

in ref, and also in ref,zo. But unfortunately nothing can

- be really sald about the mass values4w$z,4%qi, Mei and

" about the oscillation length 4/A "y even if they were con-

nected with a definite‘"etiquette " (milliweak, superweak ),

x/

as the cut-off energy 1is unknown.

- Returning now to‘neutrino astrophysics, we are going to
consider only the éimple‘caSes wherethe oscillations are si-
milar to the osoillations in the P(o,meson beams, let us
say when 4”@3?:4”ﬁq2' In such a case the intensitz of obser-
vable neutrinos of momentum P at a distanoce R from their

souroe is simply

T(R p) =1T,(A,P) ( 1+t S ;’L%R ).

:where ’1; - 1s the‘intensitx which ﬁould be observable for
lepton‘eonservétien ( more'exactly, for the case when

4”k¢ ?ku—'O) I have already spoken of the main effect
_‘which would arise from values of /nee’7na¢u?!£7 , BEEEEZ of
the decrease (due to gggggggg cut oscillatlons) by a factor of

-two in the_expeeted intensity of neutrino induced events, Po-

x/ Information on' the oscillation length , and hence, )
the mass values m-, can be obtaiggd only by detectgng
solar neutrinos. —

13



merenchu.k‘ mentioned the possibility of detecting time varia— - -
tions of the solar neutrino intensity at the earth's surface

‘ .vl{lhich‘are connected with the time varia.ti‘o'n_ A R, of"the," Sun-
Eerth distance. . This proposa.l_ can»hardlz be put to‘w‘or];cw }ae;-
cause the relative variation in the Sun-Earth distanoe 1s small
(AR,/«R{"&’. 0, D‘f—) and, consequently, a neutrino detector‘w'ith -

fantastic energy fesolution and. an extrem‘elyvacourate intensi-~ -
v bt ol e —_— :

I5
H

ty measurement would be re'gu ed. As was mentioned 1nfref.
- the use of a detector of monoenergetic neutr:l.nos could,

principle, result in discrepanciles of- the’ measurable mtensity '

T  from the calculated one Io even larger than a factorof
two. In the paper of Bahcall and Freutschi®® there was discussed
the possibility of detecting the solar neutrino line from the *

feactione,"+[>_+,:~~—; d+Y the main point being that in sich

/ ‘ v
: ‘ i £ 1, 1 iable, and ai -
a case the ca.lcul‘ation' o IQ» s rel yle,-an‘ rea; . ;I.serepan §
gﬁ\with the "absolutely measured intensity  'might be moticed.

: But under which conditions. 1s possible an fobserva.tion,
“based on relative measurenients of the actual osoiflatMg term
of eq. (3) ? It is clear that osolllations do not take place when
’WL ’WL — -0 : and that the oscillating term is not
gb/s,emab_];eqwhen ’Wtu F 1is so large (. 1l.e. when the oscil-
lation 1ength P/'Mu.'w‘z‘ for a neutrino of any relevant momen-—
tum is so small ) that the neutrino source ( i.e. the solar. re-
gion whioh is ei’feotively emitting neutrinos) is no longer a point
. —_—
source. Somewhere between these limits one may attempt, ‘in
""\-‘-\/
pr:l.nciple, to observe the osc:L'Lla.tions s for IWLQ-@ f"" values’
h Wmall " (I/I —1 ), 1t is’an a@t/a’gito de- 

14



{»tect "soft" solar. neutrinos and forfh&, 4~L values "unoomfor-

'ﬁftably high . "CI[[ _9;L_ ), it is an advantage to detect "hard"
kjlneutrinos. ’

. Here I would like to mention a new ( true, quite remote)

??{bossibility of ‘observing relative effects oonnected with the os-
~-:¢1llating term: the measuring of the solar neutrino spectrum- in
.. the high energy region,with the help of an electronic method of

‘fkreiatively'good,energy resolution.It can be shown that for fa-

,,k"‘:_our_gp_lg‘m—‘me/;values the change due to oscillations 1in the
;,cspectrum of observable high energy. neutrinos with respect to
‘jthe knowrxl3 speotrum might be notlced. An electronio detector
- suitable for soiar neutrino astronomy does not efigt_now,but,asf
-suggested by Pontecorvo and Zatsqmn?% could.be bullt in the
,’,futureion the basis of recent developments of liquid counters.
s.What are the’ dggirgp;e properties of. such a’ detector ?
I). It must be able to detect efficiently electrons from
)é;f ) scattering or eleotrons fromﬂinzerie*jg decay with -

f ,an energy of ~ I MeV. - C : o

‘2)s The weight of the sensitlive part of the detector must

at least be . about 10 tons. . '

'3);‘ The deteotor must give information on the direotion
'Edof the. detected neutrinos.

4).. It must give some information about the spectrum.of
the eleotrons generated by neutrings. . |

5). The detector must distinguishl_to a suffilclent: extent

eleotrons generated by neutrinos from background eleo—

trons.

15



.6) The detector shpuld be of the type "always ready",
Withqut film information.

It seems that these requirements could be satisfied to a
. E S et i i ————
considerable degree by a large liquid chamber, designed on the
basis of the‘Dolgoshein cbuntersza, liquid countérs about
whlch many “of you Wlll hear in a few days, at the Interna- -
" tional Instrumentatlon Conference in Dubna._zggiggggglly4v' ‘

‘a large llquld chamber would be also a good detector for’

reactor antlneutrlnos. ‘ . . i ‘
Under the assumption that there ex1st only four depen—‘

dent neutrino states, I would like now to precise-the state— o)
btk oLans

ment that solar neutrino observatlons are much more sen51t1ve‘ it
———-————'—__——“‘ :

than other methods for the 1nvest1gat10n of the question as to
whether thek(izggggg) neutrino mass is finite and the leptog
charge is violated. We may express the sensitivity of a given .
method ( measurement of the H3 f% spectrum, double-beta decay,
solar neutrinos eess) in terms of the (average) neutfino mass S
or in terms of the order of magnitudé of the upper limit for.
such mass which the method is capable of establis e Accord~. .

_ing to formula 1 in solar neutrino observations one can detect .

absolute or relative effects due to oscillations if, say, .

MM — e N (m — W) e R 21

H ; :
making the assumption simplifying, (but not essential in any
. e —————— e et
way), of f& ~e symmetry, if
4 myg R
z;uu P

~s

For solar neutrinos w1th energy v 10 MeV, for example, os—‘ ‘

16




oillation effects will be observable if "
Mz /W"e,,.«. 210 (aV)
It may be useful to recall that the masses m; and m2 of .
N .
the two Majorana neutrlnos V" ana Y, are glven)ln our case, by:
qmi"qmte W el ¢wl—l¢“ze W ,
v and that the mass of the "phenomenologlcal" particles LQ_ and 1)
is defined as 1/2 (m * m2) It is seen that the sensitivity of the
solar neutrlno methods is better by seven orders of magnitude. than
”the sensitivity of the classical method of 1nvest1gat1ng the H3 /5
spectrum, capable of giving an upper llmlt for the )&L mass of
gbout 10 eV, . o

\

Do neutrinos interact with neutrinos ?

It is taken for- granted that the only . 1nteractlon which neutrl—
nos undergo is the cla551cal weak 1nteractlon. Nevertheless, the ques-—
tion can be put as to whether the neutrino may undergo add1t1onal 1n-“
jteract1ons. The: work of Bardin, B1lenky and Pontecorvo23 1s‘concerned
w1th & possible interaction between neutrinos. Of course, thereyls‘v
an 1nteract1on between neutrlnos ar131ng in the second order of the
| usual weak 1nteract10n, but here we shall con51der a newl(hypotheti‘-
“cal) YY) w1nteract1on. To our'surprise, it tnrned out tﬁat even a
| relatively strong vy 1nteractlon is not in contrad1ct1on with
tex1st1ng data, We: suggest then new experlments which might glve in-
format1on on the YV 1nteract1on. After our work was completed
we found out that in a 1964 paper of Z. Blalynlcka--B:Lrula24 the - ques-
t1on of ~an 1nteract10n between neutr1nos was discussed and that some -
;conclus1ons and proposals ‘similar to our own were made . ;

‘ In the: presence of nonweak l’V 1nteract10ns there will appear
many phenomena among which we shall consider i) some new types of

decays (see, for example, Fig. 1a), 11) some new types of

17



'_ neﬁtrino—induced_ proceeses at high_energies o : o - R

Fig. I

(- seey for example, Fig.Ib), iii) neutrino. "form faotors"
(see- Fig.Ic) ‘

In addition to the usual weak-decays with emission of
leptons, a ]) V . inteéraction clearly implies decays with the
emission of an additional L’U Pair. At first the processes}‘

T efrp e+l | Ko et btV
were considered in detall; for the sake of definitemess; an
effective Hamiltonian describing the VeV, +  interaction
of the form HV Ve = FlJe,V (V. b’d\) )(\j‘,‘ XXVQ) |
was selected. Naturally, the electron spectrum in these decays
1s expressed through the constant FL L@ and other known con—
: stants ( the weak interaction constant G=10 /MP s the &~ decay

18



cons{;ant'%':03?_4/\(1K or the K-decay °°ﬁStantl£KI-l>,25%ﬁ ’
"the electron mass.and the pion or kaon mass )+ Thus, in order
‘,'ito obtain an upper limit for the constant FJJ Vdit 1s necessary
to 1nvestigate the positron speotrum in the T(+ and K+ de-—
cays. One may find the maximum number of positrons from the
T 2T VetVe +V ana Ko et tletbetl,
decays, with energy within a suitable energy interva.l, by
’ ‘a.na.lysing the background in experiments where the T —)(L +Ua
a.nd K+—> é_,++ Ve_ 26 decays were studied. From an ane.lysis
of pion and ka.on decays one gets correspondingly EJ Ve = IO G
and F 4 2 (0@ These are surprising,ly large va.lues,
a further search for the (K_ y— et VatVle +U decay-,
"hatjﬁrgi% ti.os c}&cérl%se the above F ' ‘upper limit, :Ls pcss:.ble as
of room for improvement. Ohserving the PI‘OGeSSK"f(’fV *h Tpf"
with the aim of getting :l.nforma.tion on F)J/,«.U is an
.even more difficult task, on a.cccunt of the large background
due to the process. K"’lb‘— +4 +b’( the decays r+ Ve_+a’
and K"@'f’)Je_'f‘b/_ are strongly suppressed for the same reason
~ that . the decays T( — €++ Yo  ana K €'T+V
are suppressed )e o
Other deca.y processes such as deca.ys of the nucleons, the
_h,yperons va.nd the,muons are 1ess_ interesting from the polnt of
view of searching for a relatively strong Vo M, or V/& V,«
."interaction. In oonclusion let us remark that in the lepton

”conserving double beta.-decay, )Je_ ))¢ interaction would .
“1mply an additional (new type ) dia.gra.m.

19
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Obviously decays with the emission of two additiona.l neu—
trinos are strongly suppressed by phase spa.ce. Therefore, very
rhigh energy neutrino experiments suggest themselves H if there
exists a strong U )] interaction, a.nd we stress that the |
interaction might be quite different from the Y, V) interaction,
‘the processes cf the following type will take place'

U +M — IM, 'I‘P'f‘})lu:f'l)ﬂ, ,
Vtp — /A +Nn +U%+JJFV Y

etc. Processes. similar to reaction (4) are the most interesting

@

ones from the experimental point of view. in high energy events
produced in )J,u_ beams there will appear muons of "wrong" sign
oharge. These processes, simulating 1epton charge violation,

can be revealed especlally well when there are no oh_arged pions\

Table I
Cross section for the rea.ction)) +P——>I[,L +%+ng,+p,u_

‘Neutrino energy - (T/(H r | O?J(./( M;- F)

in e la
th( Gtv;)’ system (10 ~40 ':_) —q-o _L)

0.5 - 5.9 x 1070 6.7 x 107°
SR I.4 x 10~% 1.9 x 104

2. ' I.I x 10~ 2.2 x 1072

3. g 3.2 x 1072 7.7 x 1072

5 , 9.0 x 1072 3.0 x 1072

‘10 - 2.7 x 1072 1.5 x 10°T

20 6.0 x 102 6.I x 07T

50 o 1.5 x Io‘I ~ 3.8 ‘

In the second column the cross section 0 1is given for the case
vhere the\) \) interaction is mediated by a vector particle with.

the mass ’YYLx =1 GeV ( Interaction Hamiltonian H=LV2F ’V"“XVJQ(VX’()'>
In the third column the cross sectlon Gece - is given for ;
a local P W interaction with the effective constant F.

20



in the fina.l state. We choose for the calculation of the process
(4-) cross section a model in which the VPDP intera.ction is me-
dia.ted by a vector particle of mass /M,x ( Intera.otion Hamil-
,v"tonian H= Lm My V#XM V/""X°(>
It should be noted that such a model was chosen only as a way
,';of :Lntroducing the corresponding V/*' lle form fe.ctor. As for
the nucleon form factors, we used those which fit experimental
elastic neutrino events 7. In ta.ble I the cross sections for in-
coming neutrino energies in the interval of 0 5 - 50 GeV are .
given in terms of the dimensionless parameter (MP bev/&f_
for ey =1 GeV. For compa.rison Table I gives also Cross
sections for local ))/A, Vrb interaction, Our calculation, in
which the CERN neutrino spectrum was taken into account,permits us
to obte.in an upper limit of Ejf"))}" from CERN data on possible
lepton charge nonconserva.tion28 b F)) 1) 4 2 |0 6
It should be noted, however, that the energy dependence of the
cross section and consequently the upper limit of Fp p/,L de—
"pends essentia.]ly upon the model of V/" l)lu, intera.ctlon ( at
high energies in our model (TJN EV&’;&- and in the model of loce.l
intera.ction(T'NEpeM_ .

It may.be concluded ‘that in experiments at high energie., s
of the type. suggested here it would be possible to observe -
the manifestation of aVH,)»)/& interaction of sufficient strength.
'AExperimente.l.di;(ffiqu.ties ,oonneoted;with the contamination i

S
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" of %“ in the )) “beam (-at present amounting® to < 10’2)‘

. will ‘decrease when experiments with essent:.ally monoenergetic

neutrinos will be feasible. '

It is clear that relatively strong Ve e - -and )')f‘“ ;U‘M_ “
interactions imply a modificaiion of the neutrino:iepton scatter;
ing amplitude. If a relatively strong Ve V[.«, interaction also
exists, in principle, ‘there might become pessible the scat't'e'ring.'
of vP_',s by electrons with a cross' sectioh\’la.r‘ger thaﬁl the ’

29

usual®” cross section for vl)/_;' e eéé.ttei'ing\"( .F‘ig.IE).( B

Other manifestations of the )),;1),& interaction could be

.fou.nd_in processes simulating muon charge violation of the

type Vit — & +Pp +Dutle.
‘Clea.rly, at high energies Table I refers also to this

process; from CERN dataBo on possible muon charge nonconserva-

tlon we obtain ﬁ) p.< < 1) G « This upper limit is lower than

the one we can deduce by a conslderatlon of the electron spec-

R

trum in /_L-decay.

Keeping in mind future experiments which are apt to reve-
al alg V/«u.nteraction'we would like to suggest als.o the reaction
)J,,d-P-ﬁé +%+)JQ,1-1J‘1A for whioh we might expect a very small
background conneoted with contamination of VQ 's in )JFLbea.ms.

In conclusion we wish to make the ‘following remarks :

1) a relatively strong interaci;ion beAtween neutfinoé
would imply cut“—-off values for purely leptoﬁic processes much
sma.lJ.er‘ than the so-called unitary cut-off,

" 11) the interaction between neutrinos discussed above,

22



Cif 1ttexists, shbuld have 1mp9rtént astrophjsiéal and,cbgmolq-A‘
‘gical consequences, ' L '
111)  the )))) interaction is the only strong inte-,

,ragtionwof neutrinos which is not excludedvby experiment:vstrong
‘interadtions‘of neﬁtrinos with hadrons and charged,leptonsy

. are already excluded by existing data. . ‘

-In conclusion I wish to express my deep gratitude to

: D. Bardin, eSe Bilenky, V.6ribov, I.Kobzarev . and L. Okun'

Vtogether with whom the work presented above was performed.

23




References

‘M. Gell-Mann, M. Goldberger, N. Kroll, F Low

 Phys. Rev.,_’ZQ, 1518' (1969). -

2.

Ve Lobashov, .Nazaren.ko, L.Saenko, L. Smotritsky, .Kharkevich.

. JETP Lstt., 3,268 (1969); 3, 73 (1967).

3.
4,
5.

6.
.7.
8.

. 9".
- 10.

1.
12,

13.
14,

15.
16.

17.

Yu.Abov, P.Kruptchitsky, M.Bulgakov, O. Ermakov, e
I. Karpiklin. Phys Lett., 27B, 16 (1968); F. Boehm, E.Ka.nkele:.t. %
Nucl. Phys., A 109, 467 (1968), E.Waiming, F. Strecher—Rasmussen,_f
W.Ratumski, J.Kopecky. Phys.Lett.;25B, 200 (1967).

See, e.ge. H Steiner. Phys Rev.Lett., 24 746 (19'70)

B. Pontecorvo. JE'I‘P,}_, 1615 (1959) ,
M.Ruderman. ’I'opical Conference on Weak Interactlons, CERN ,

.Geneva, Jan. 19690

R.Stothers, Phys.Rév.Lett., 24, 538 (1970).

-F, Re:l.nes, H.Gurr. Phys.Rev.Lett., 24, 1448 (1970) .

L.Mickaelian, P.Spivak, V.Tsinoev. Proc. XII Int. Conf. on

High Energy Physics. Dubna, 1954, V. 2 Ps 29, '
.Bardin__, »S.Bﬂ».lenk;y, B.Pqntecqrvov. Phys.Lett,,\j__, 68 (1970).
F.Avignone, S.Blakenship, C.Darden. Phys.Rev., 170, 93 (1968).

R.Davis, D.Harmer, K.Hoffman. Phys.Rev.Iett., 20, 1205 (1968).
B.Pontecorvo. Chalk River Report: (1946.).

B. Pontecorvo. JETP, 53, 1717 (1967).

Je Bahcall N. Bahcall, .Fowler, G. Shar:l.r. Phys Lett., 263 1(1968),
Je Bahcall N. Bahcall G. Sharir. Phys.Rev.Lett., 20 1209(1968)
V.Gribov, B.Pontecorvo. Phys.Lett., 28B, 493 (1969).

Ya.Zeldovich. Dokl. AN SSSR, 86, 505 (1952).

F.Konopinski, H.Mahmoud. Phys.Rev.,92, 1045 (1953).

I.Kawakani. Prog. Theor. Phys., 19, 459 (1958).

24



 E.Iipmanov, JETP 37, 1054 (1959).

8.

19,

- 2.
21,
22,

23,

o 2h,

25,

A.Sokolov. Phys.Lett., 3, 21 (1963).

B.Pontecorvo. Phys.Lett.,26B, 630. (1968).

L.Wolfenstein. Phys.Rev.Lett., 13, 562 (1964).

J.Bahcall, S.Frautschi. Phys.Lett.,29B, 623 (1959).
B.Pontecorvo, G.Zatsepin. JETP Lett., 12, 347 (1970).
B.Dolgeshein, V.Lebedenko, B.Rodicnov. Int. Conf. on Instr.

- for High Energy Physics, Dubna, 1970.

D.Bardin, S. Bllenky, B.Pontecorvo. Ph.ys.Lett.) 2___, 121 (1970).‘
Z.Bialynicka-Birula. Nuovo Cimento, 33, 1484 (1964). v
H.Anderson, T.Fujii, R.Muller, L.Tau. Phys.Rev., 119, 2050

. €1960).

D.Botteril, R.Brbwn, ‘I.Corbett, G.Culligan, J.Emmerson,
‘R.Field, J. Garvéy, P.Jones, N Middlemas, D.Newton,
.Quirk, G.Salmon, R. Steinberg, W.Williams, Ph,ys.Rev.Lett.;

19, 982 (1967).

27.

28,

29

kD Perkins 'Dopical Conference on Weak Interactlons, '
‘CERN 68-'7, Pe 1.(1969).

K.Boren, B.Hahn, .Hofer, H. ,Kaspar, F. Krienen, P Seiler.
’ '.l‘opiéal Coni.‘erence on Weak Interactions. CERN, 69-7, p.47
(1969). - ‘

J. Zeldov:l.ch, A, Perelomov. JETP. }2, 1115 (1960).

- I.Bernstein,. T.Ilee, ‘Phys.Rev.Iett.,11, 512 (1963).

30,
.~ J.Gaillard, H.Gerber, B.Habn, V.Kaftanov, F.Krienen,

J.Bienlein, A,Bohm, G. von Dardel, H.Faissner, F.Ferrero,

.. M,Reinhard, R.Salmeron, P.Seiler, A, Staude, J.Stein, .
. H.Steiner. Ph.ys.i.ett.,jz, 80 (1964).

Received by Publishing Department
.on-Octcber 28 1970 '

25



