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We demonstrate that the matter can induce a decay of

neutrino into antineutrino and light scalar particle (majo-

ron) i 0-* ])+ cJb # or vice versa, v-+ PV <?L . The diago-

nal as well as non-diagonal transitions on neutrino types are

possible. The decay probabilities depend on neutrino energies

in an unusual way. Applications for 1) accelerator neutrinos

passing through the earth; 2) solar neutrinos; 3) neutrino

emission accompanied the gravitational collapse of stellar core

are discussed.
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It is well known that the oscillations of neutrinos in

matter could be distinct compared with vacuum oscillations

' * . We shall demonstrate that the coherent interaction of

neutrinos with matter could be. important for their decay also.

In particular, a transition of the left-handed neutrino into

right-handed one (right neutrino in the case of Dirac neutri-

no or antineutrino in the case of Majorana neutrino) with the

emission of massless (or sufficiently light) scalar particle

can become energetically allowed even in the case of strictly

massless neutrinos.

Coherent scattering could be taken into account directly

into "current x current" Lagrangian which describe elastic

neutrino scattering in terms of neutral currents '.In the

rest frame of matter only the time components of electron,

pro^ton and neutron vector currents remain nonzero after

averaging over the matter, e.g. <ё *w('*^)e>=^L, h
e
 . Con-

sequently neutrino propagation in the medium is described by

the Dirac equation analogous to that describing electron mo-

tion in an external field €Aj*~($,O) . Therefore, for lcft-

-handed neutrino and CP conjugated right-handed antineutri-

no v^ rr С 'i energy levels v/e have correspondingly : В =

'The charged ( 4? 6 ) current interactions also must be

Fierz-tran3iDrmed into the form i*£



and 9*J9-£sn t°* *e and ?x - ̂  j>n f or £, end Л- >

where &# р1—№&рЩ
л
 and >ie and й

л
 are electron and neutron

densities correspondingly. So if there exist interaction

which change neutrino chirality - for example radiation of

the massless or very light scalar particle V - the decay ^T*

""""* Jt
 +
 У

 i s
 induced in the matter (or vice versa, depending

on the neutrino type and the relative neutron density of mat-

ter). We will also demonstrate that even if this scalar par-

ticle interacts diagonally with neutrino in vacuum the flavour

-nondiagonal transitions would be induced in natter.

Let us illustrate the above statements within the triplet

Majoron model '^/. We briefly remind this model. A triplet of

scalar fields 9
Э
 = ( Ф

+
*
 C
f,

c
9°) ia introduced in the standard

SU(2) (9 U(1) raodel of electroweak interactions without right-

-handed neutrino field components. The field Ф has Yukawa

couplings with the doublets &(е// * I •hjj (
for t h e S B

k®
 0
*

simplicity we shall discuss the case of two generations). If

the Lagrangian doesn't contain couplings of the type Н^ёНФ

(where H is Higgs doublet) then global U(1) symmetry could

be spontaneously broken by non-zero vacuum average 14. of the

о

neutral component ф of triplet field. In this way neutrino

acquires Majorana siass&s. Simultaneously massless Goldstone

boson (llajoron) oL-ffi****? appears in the particle spectrum»

к light Higgs Boson *f~^ &<?°- гс with a mass ffi M. appears

also (Д is an interaction constant of the field *P )*'.

energy loss of "red giants" due to Majoron emission put

the constraint : It < 100 KeV
/4yl
'• The fields f** and <?+

must be heavy, ft ""AW •



The Lagrangian of <p interaction has the following form :

У / + h.c. (1)

— A /. )
where % E С V is antineutrino field and k.~\. /is the

matrix of Yukawa coupling constants. ^

If one transform neutrino mass matrix into diagonal form

and come to the states with definite masses m^ and nu

(^rC^+J
1
^,

 t
 p^-Sib + C^ , where с = cos© , s = sin О ,

&*. 2B-4ktnl[^k€y-<{ky~ke) J) *
п в
 Yukawa couplings (1) are diago-

nalized simultaneously г

We deraonstrate that el and *f corple diagonally with ^

and v% . So the heaviest neutrino can not decay in vacuum.

The next step is to take into account effects of matter,

?or ultrarelativistic neutrino (Р — 1Р1»Ук) the evolution

of states in matter after substraction of an unessentional com-

mon phase is described by the following Schrodinger equation '

with the Hp.miltonian

Eigenstates of this Hamiltoniea are ^ = C
M
 % + S^ д



and 5 = о л о * E i senvalues of the Harailtonian (4) look

l ike :

Antineutrino evolution in the same matter is described

by analogous Hamiltonian with the change fe^^'fen (when-we

interchange p and l) the zero angle scattering amplitude

l(o) change the sign). Eigenstates and eigenvalues for V£

are given by formulae (5*6) with the change fe м~*~-Ре к

Рог eigenstates in a matter we obtain from (1) :

'lot +У)+ С С.

Therefore, the nondiagonal Д-г -* \.f as well as diagonal »i
 г
 ~~*

—* h
tl
 transitions are possible.

For the forthcoming statements we need an expression for

the neutrino decay probabilities. We shall give a general ехргб

a—ion from which all needed decay probabilities could easily

be obtained. We shall consider a decay of Majorana neutrino

м with a momentum P and mass м
(
 and an interaction poten-

tial with a matter 9 into a massless scalar o£ and Majorana

neutrino Kg with а тааз ^, and a potential f
2
 , which is

described by an amplitude hi>4
L
 P

t(i
 Л . Рог the width in a re-

ference system where matter is at rest we obtain :



We start our analysis from the case of a dense matter
% 2% 2

(or light neutrinos) §» " ^
 г

 О ^ ' О . In this caae

the eigenstates of Hamilton!an (4) are directly the current

ones : VI — *e • ?2 ~ r/i • For the neutrino decay probabili-

ties we obtain :

where fjf ., = Г( ily* vp) etc. Negative probability means that

P and ̂  must be interchanged (if ,fn
>2
.fe • then V

decays into l) ).

Now, let us turn to the case of heavier neutrino (or low

densities of matter) J » 1. For the diagonal transitions ч±—

~* < Я >*»/"* "*<
 w e

 obtain :

Nondlagonal transitions have the following width :

which are suppressed compared with diagonal ones (10a).

The probabilities of matter-induced transitions depend on

the initial neutrino energy in an unusual way. They does not

depend on energy when \«4 (see (9)). When £ >? 1 diagonal

transitions are also energy independent. As for nondiagonal

probabilities (10b), they are proportional to E/m. Por ordina-

ry vacuum decays Г"= Г
с
 >*/б where Го is the decay probabili-

ty In a rest frame of decaying particle.

Before we discuss some applications let us give the
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experimental l imits on the Majoron coupling constants:

Ae < 2-1СГ3 ( 2J3O decay with Majoror. emission)7*5' (11)

4.5"1<T
5
 _, /6/(12)
, (lepton decays of *- and ^(-mesons^

2.4-Ю-
4
 (13)

1 • 1?&эз nf the й.аср
г
1 ̂ T^tnv neutrinos t^vyni^gh t]ie "F.n.rt.h

I)H are heavier in the matter than ^ . So, when a'bunch

of accelerator produced dj*. раза through the Earth some of them

can decay into »̂н . Charge current give a distinct signature of

the effect : together with J
1
 from the reaction OjiP—hJ

4
 />'

from the reactionfy
n
—j4~p appears. Let's estimate the value of

the effect. For the Earth density we take 10 g/cm , the relative

number of neutrons is given bj electronic number Y
c
 = ]У"±1^~®»5*

The region j » 1 is more profitable, With maximal value of A ^

from (10a) and (13) we obtain :

fC l^^Sec (14)

q
As the length of the Earth diameter is of the order of 10 cm

not more than 0.03 % tj* could transform into K, .

2. Solar neutrinos

Electron neutrinos produced in a core of the Sun fall on

the Earth and, in particular, are detected in Davis experiment.

The deficit of OQ in Davis experiment in comparison with stan-

dard solar model prediction can be understood if one suppose

that ^
e
 decays inside the Sun : I)Q~+ ( 0g ~J^ ) *>t . Let us

make an estimate for the matter induced decay. As the maximal

allowed value for А.
л
 is an order of magnitude lower than
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then in the domain fc <f< 1 . neglecting j?^ in comparison with

5^ we obtain :

When j » 1 maximum neutrino mixing is profitable, 9 » 4-5

Then from (10a) we obtain :

Taking maximally allowed value for Agy, from (12) and using

the Sun density 100 g/cm at the distance 2*10 cm we obtain in

the case (15b) :

which is too little to explain three times deficit of v^ in

Davis data but probably rather large to be detected in near

future with new solar neutrino detectors,

3. Neutrinos from gravitational collapse of stellar core

In supernovae densities and distances are of a such value

that inspite of the limits (10*13) neutrino decays could take

place. The neutrinos emitted during a collapse have a typical

12 "i
energy of about 10 iteV. Taking a typical density 10 g/cm we

obtain fe zz 10" eV and £ « 1. A typical distances in superno-

vae are/I^IO' cm and decays take place if ^ >• 10~°. Relative

number of electrons in supernovae )£ varies between 0.3 at

£ ~ 1 0 6 cm and 0.5 at /8~1O7 cm ^'. Without taking decays in-

to account approximately equal numbers of ^ *s and l) *e of

different types are expected; decays change this prediction

drastically. In particular at У » 0.3 ^ and ^ decay into

P^ and tfg respectively and no antineutrinos fall on the Earth
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(let us remind that the detectors which are under operation
—Г fa/

now are sensitive only to re , however, the detectors un-

der construction will be sensitive to \}
e
 as well).

It is noteworthy that the effects of neutrino decay in

matter can be relevant also to the case of Dirac neutrinos.

Indeed, in the standard SU(2)« U(1) model with right-handed

neutrino fields ̂ ц one can introduce together with standard H

an additional Higgs doublet ^
 =
 (>*-'/ with Yukawa couplings

of the type A -̂ 1 *Jg H + h.c. and impose the global U(1) symmetry

H -* С И' . The breaking of this symmetry by the vacuum ave-

rage of the scalar H* (< «"'><r<'<H
tf
v « 250 GeV) leads to

appearance of neutrino Dirac nasses and the corresponding

Goldstone boson J? (Diron - by analogy with Majoron) simulta-

neously appears in the particle spectrum. Then the transitions

*i.~* VA+£ are possible in the matter (or vice versa, }% —

-* ̂  -f^ t depending on the neutrino type and neutron concen-

tration) . It is obvious that due to sterility of ^ the expe-

rimental consequences of the Diron scheme substantially differ

from that for the case "Llajorana neutrinos + Majjoron"»

Let us discuss now the case of neutrino decays in vacuum.

They are possible if in the Majoron scheme we incorporate also

the small Dirac mass terms. Another way is the introducing of

tv/o (or more) l*ajoron-type global U(1) symmetries acting distinct-

ly on the different neutrino flavours. In the vacuum only the

neutrino-type nondiagonal transitions due to couplings of the

type Л <V * W +Л.С. (Л*£^*-*4« г--) «tre possible, e.g. ^ -*

-*4+<>£, T<-* Pj+Л i* Уп
1
>Ш

г
 , The corresponding

width in the rest frame of the neutrino source ie Г» Г
о
 - ~ ,



where

The vacuum decays can explain the deficite of solar y^

flux in Davis experiment in two different ways.

1. The neutrino mixing is negligible and > V
e
 >

уи
*^ • Supposing

that 2V = ^л, _
 g
 ~ 500 sec for £ o0 л 5 MeV we conclude

that one third of emitting in the core of sun boron neutrinos

decay in flight from Sun to Earth. In this scenario the flux of

pp neutrinos (with energies lower than 420 KeV) is diminished in

e times. This is strong (but negative) prediction for Ga-Ge

detector experiments in preparation.

2. The neutrino mixing is substantial, i^-Cvf + Sv
2
 , and **ч>

у
ъ

г
.

If the heavier neutrino Py decay into *> with life-tims ^^«

500 sec, only the component /^--^%+
c
^i reaches the Earth.

The magnitude of ̂
e
 flux directly measures the neutrino mixing

angle ;

In conclusion we would like to emphasize that the matter

induced neutrino decays are drastically distinct from vacuum

decays and У oscillations. They can take place even for

strictly massless neutrinos. Experimental signatures of decays

are also very distinct : neutrino changes chirality, which can

not take place in a result of )l oscillations.

Numerical estimates show that in an experiment with acce-

lerator i^ beam little part could transform into %ц ; a flux

of »̂e from sun could contain some percent of £>e and P^

and a content of neutrinos and antineutrinos of different fla-

vours coining into 11» Earth from stellar collapse could differ

widely in number because of \l decays in dense regions of star.

Finally, note that the existence of Uajoron lead to the absence

. i*-.t_ ТГ ;
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stages of evolution of the Universe if Yukawa constant h

is greater than 10" .

We are grateful to S.I.Blinnikov, A.A.Gerasimov, A.Yu.Smir-

nov, H.Yu.Khlopov and V.A.Tsarev for useful discussions.
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