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We demonsfrate that the matter can induce a decay of
neutrino into antineutrino and light scalar particle (majo-
ron) t V- ‘D-r ol , or vice verss, 7-* P+ ol . The diago-
nal~a§ well am nonédiagonal transitions on neutrino types are
poasible. The decay probabilities depend on neutrino energies
in an unusual wey. Applications for 1) accelerator neutrinos
passing through the earth; 2) solar neutrinos; 3) neutrino

emission accompanied the gravitational collapse of stellar core

are discusased.
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It is well known thay the oscillations of neutrinos in
matter could be distinct compared with wvacuum oscillatioms
/142/  §e shall demonstrate that the coherent interaction of
neutrinos with matter could be important for their decay also.
In particular, a traensition of the left-handed neutrino into
right-handed one (right neutrino in the case of Dirac neutri-
no or antineutrino in the cese of Majorane neutrino) with the
emisgion of massless (or sufficiently light) scalar particle
can become energetically allowed even in the case of sitrictly
massless neutrinos, »

Coherent scattering could be taken into account directly
into "current x current® Legrengien 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. <€ ¥, (H))e>= 6‘0’ h, . Con-
sequently neutrino propaegation in the medium is described by
the Dirac equation analogous to that describing electron mo-
tion iu en external field €Ap=(§ 0) . Therefore, for lcft-
~handed neutrino and CP conjugated right~handed antineutri-
no /; = C ¥, energy levels we have correspondingly : £ =
=\Vpheme * S . Here P and ™ are ¥ nomentum and mass

*5 -
The cherged ( ¥ € ) current interections also must be
Fierz-transiormed into the form Va_i'f 2, %(4“})}9 Eb_},(‘“‘)} e.
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and 9=3e‘4’3n for ‘)e and ?-_--,jynror ?}, end ‘>r »

where §p ), =VT4-ne , and Ne and N, are electron ard neutron
densitiea correspondingly. So if there exist interaction

which change neutrino chirality - for example radiation of

the massless or very light scaler particle Y - the decay J(’
**,D;_ +¢ is induced in the matter (or vice versa, depending
on the neutrino type and the relastive neutron density of mat-
ter), We will also demonstrate that even if this scalar par-
ticle interacts disgonally with neutrino in vacuum the flavour-
-nondiagonel transitions would be induced in matter,

Let us illustrate the above statements within the triplet
Mejoron model /3/. We briefly remind this model., A triplet of
scelar fields $=( @' ¥,9°) is introduced in the standard
SU(2)L @ U(1) model of electroweak interactiois without right-~
~handed neutrino field components., The field P has Yukawa
couplings with the doublets 4-{6')?)1_ ’(Jiﬂt (for the seke of
simplicity we shall discuss the caese of two generations)., If
the lagrangien doesn't contain couplings of the type H:l"'é'lf 5"
(where H is Higga doublet) then global U(1) symmetry could
be spontansously broken by non-zero vacuum average U of the
neutral compdnent @ ° ot triplet field. Im this way neutrino
acquires Majorane masses. Simul taneously massless Goldstone
boson (llajoron) ol-‘-;f;: Jm P2 appears in the particle spectrum.

A light Higgs Boson ‘|’=;;: £ P°~ U with a mass VA eppears

also ( A is an interaction constant of the field P )*),

*)The energy loss of "“red giants" due to Majoron emission put
the constraint : U < 100 KeVM'/. The fields ®** anda P+

must be heavy, M~ M., .
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The Lagrangian of P° interaction hes the following form :

A ~
- . ) '
< = ("e {)/')1 A.(‘k+ta1+ ‘P){f ) + h.c. (1)
NIig
~ . "' A_e A—eﬂ.
where ‘IV{EC ¢ 1is antineuirino field and /-.- is the
- hep hp

matrix of Yukawa coupling constants.

If one transform neutrino mass matrix into diagonal form
and come to the states wifh definite masses m; and m,
(&:Cﬂe-rS'D ﬂ:-S’tL-pCJ , Where c = cos® , 8 =8in & ,
fbntza-.-‘f,(_: HA 4y, 4t ) the Yukawa couplings (1) are diago-

nalized simultaneously H
”\42

h2= 7 [hethn TV G hpde )T ], = f}(z)

We demonstrate that o« and ¥ cowple diegonally with 4,

and ‘)2 « S0 the heaviest neutrino can not decay in wvacuum.

The next step 18 to take into accqunt effects of matter.

For ultrerelstivistic neutrino ( P=/P[ >>m ) the evolution

of states in matter after substraciion of an unessentionsl com-

mon phase is described by the following Schrodinger equation/ 1,
with the Hemiltonian |
-—-’-+C'& _P CS Pe
X = i e g (4)
C 5 fe ”'—P“ + s .Pe - 7 f,‘_

Eigenstates of thia Hamiltonien are )Z,hz Com ¥+ 5my 0,
=-s,_;> +Co 4} (c 2618y, S, = $in O ) where
. Y .
.Cc'«téa,,‘ = Fnze , (5)
Lutao+ (Cog ze-f)’




' -y
and }: . Eigenvalues of the Hamiltonian (4) look
2 P Se
like : '
M= L[ Peemi \/(:".f_:_.s+ opt J
12572 7P L7 [ 2P Cod?éf)-}—&m‘z f'z ()

Antineutrino evolution in the same matter is described
by enalogous Hamiltonlan with the change fe’,n"‘fe,n (when .we
interchange y and 7 the zero angle scattering emplitude
f£(0) change the sign). Eigenstates and eigenvalues for T’:e
are given by formulse (5,6) with the change fe‘ n?- _Pe‘ h
(Ein::a” é;u ,3:,:124=§;,,

' For eigenstates in a matter we obtain from (1) :
2= ) (c,.. (O VR A ) S A SN BT 3
Em T o= 2-"“\1 S$n E«. A,*Cu‘?ml‘: ZN (1)
(z,uqv)* ¢ C.
Therefore, the nondiagoneal )41 ‘2.: as well as dimsgonal l’ ;‘
— 94,1 transitions are possible. '

For the forthcoming statements we need an expression for
the neutrino decay probabilities, Ve shall give a general expre
s-ion from which all needed decay probabilities could easily
be obtained. We shall consaider a decay of Majorana neutrino
94 with a momentum P and mass m,y and an interaction poten-
tial with & matter @, into a massless scalar o and Majorana
neutrino ‘)2 with a mass m, end a potential £, , which is
described by en emplitude A7, J, o . For the width in a re-

ference system vhere metter is at rest we obtain :
e L2 Cris (h-ﬁ)m—']1 m? )
76 = - 8)
Pz ﬁh fhﬁ+6ﬂ-ﬁjﬂz¢gtﬁﬁwimd¢f
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We start ocur analysis from the case of a dense matter
. mi 2
(or light neutrinos) 9> -—-2—’—5—-1 (§<< 1) . In thie cese
the eigenstates of Hamiltonien (4) are directly the current

m m
ones : l)q =‘}e s })2 = i_)/n « For the neutrino decay probabili-

ties we obtein

' 2
= A _ 4
’.}:4",)1" —Afn: fee = T[:%(Q’P""P")’ Tne=Te =-""“,”,T (Pf’ﬂ-)(B)

where [5, = Iy %) etc. Negative probability means that
~ —~
YV and Y must be interchanged (if $.>2Ff , then ¥

decays into ¢ ).
Now, let us turn to the case of heavier neutrino (or low

: m
densities of matter) E >> 1, For the diagonal transitions D,,_—-

=05 ) = Tag we obtain :
A 1, 40 ) 2
iy = {#[ﬁeco;a-;g), I3 =#[ﬁe£c,. e-1p.) (10a)

Nondiagonal transitions have the following width
?
- _ A T b\"— m‘/ - .
Fex Fn-“;‘ﬂ ;n’ t, A;g- _’C'_““_z"ﬁ‘.{l,,-/u}/ - (10ms
A«ee(/t A)-— _hen fore

which are suppressed compared with diagcnal 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 § ¢<1 (see (9)A). When _{ >> 1 diagonal
trensitions are alsc energy independent. As for nondisgonal
protabilities (10b), they are proportional to E/m. For ordina-
ry vacuum decays /= /; M/E where f; is the decay probabili-
 ty in & rest frame of decaling particle,

Before we discuss some applications let us give the
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experimental limits on the Majoron coupling constanis:

/),e ¢ 241073 (280 decay with Najoron emj_ssion)/S/ (11)

2 2
Ae-fhgﬁ < 4.5°107- /6/(12)
7 p _4 (lepton decays of T and K -mesons)

hp by ¢ 244210 (13)

1. Pags of the pecelarator peuirineg through the Eaxrth

—~ e . R

DJ. ere heavier in the matter than Jﬁ . S0, when a bunch

of accelerator produced 2234 pads through the Earth some of them

can decay into 9}1 . Charge current give a distinct signature of
+ <5 + -

the effect : together with ' from the readtion Uu P — A M N

from the reéctiont}.""j"P appears. Let's estimate the value of

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

ne
——%0,5.
Hprh;\,

The region & >> 1 is more profitable, With maximal velue of /Lv,,

number of neutrons is given by electronic numbex )é:;_

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

12
rn =k . 3fo em
» ‘,{_j,ﬂan 340" L /e < 100 sec (14)

As the length of the Earth diameter is of the order of 109 cem

/—/
not more than 0.03 % 9)4 could trensform into PJ_, .

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 l)e in Davis expefiment in comparison with atan~
dard solsar model prediction can be understood if one suppose
that Vg decays inside the Sun : Vo ( 73’ Z,) o , Let us
make an estimate for the matter induced decay. As the maximal

2
allowed velue for A, is an order of magnitude lower than
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then 1n the domaing << 1 .neglecting @&, in comparison with

$e we obtain :
Fy v < he
o P = 7{7?& fe (152)
When§ >>1 maximum neutrino mixing is profitable,' O ~ 450.
. Then from {(10a) we obtain :

2
Ae

’}eqvg,;} = - fe (15%)

2
Taking maximaelly allowed value for /l«ej, from (12) and using
3

the Sun density 100 g/cm” at the distance 24100 ¢cn we obtain in

the case (15b) :
A/-‘T/"Ge &~ 5% (16)
which i3 too little to explain three times deficit of JE 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 supernovee densities and distances are of a such value
that inspite of the limits (10413) neutrino decays could take
place; The neutrinos emitted during a collapse have a typical
energy of about 10 eV, Taking a typical density 1012 g/cm3 we
obtain f =~ 10"1 eV and §(< 1. A typical distances in superno-~
vae a.reR_~1O7 cm and decays take place if /\.2 > 1072, Relative
number of electrons in supernovae )6 varies between 0,3 at
R~10% cm and 0.5 at R ~107 em 77/, without taking decays in-
to account approximastely equal numbers of ¥ 's and 17 ‘s of
different types are expected; decays changé this prediction

draatically. In particular at Y = 0.3 :’; and ¥, decay into
Y end Jp respectively and no antineutrinos fall om the Earth
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{(let us remind that the detectors which are under opei"ation
now sre sengitive only to 79 /8/; however, the detectors un-
der construction will be senmsitive to l}e as well).

It 18 noteworthy that the effects of neutrino decay in
matter can be relevant also to the case of Direc neutrinos,
Indeed, in the standerd SU(2)® U(1) model with right-handed
neutrino fields ijg, one can introduce together with standard H
en additional Higgs doublet H'= :.‘:’) with Yukaewa couplings
of the type AE}_JK H + h.c. and impose the glotal U{1) symmetry

H> CMH' . The breaking of this symmetry by the vacuum ave-
rage of the scalaxr H' (CH">¢ccH®> = 250 GeV) leads to
appearance of neutrino Dirac naesses and the corresponding
Goldstone boson B  (Diron - by analogy with Majorom) simulta-
neously appears in the particle spectrum. Then the transitions

).~ Ve +B  are possible in the matter (or vice verse, /fp—
~/, +p , depending on the neutrino type and neutron concen-
tration). It is obvious that due to sterility of )g the expe-~
rimental consequences of the Dirom scheme substantiglly differ
from thet for the case "llajorana neutrinoa + Majoron®.

Let us dlscuss now the case of neutrinc decays in vacuum,
They are possible if in the Msjoron scheme we incorporate also
the small Dirac mass terms, Another way is the introducing of
two (or more) Majoron-type global U(1) symmetries acting distinct~
ly on the differemnt neutrino flavours, In the vacuum only the
neutrino-type nondiagonal transitions due to couplings of the
type AP O +h.c. (%=CPe +$4, ,-+-] are possible, e.g. ), -
—tZﬂi, E- )72 +ol it my>m, , The corresponding

width in the rest frame of the neutrino scurce is [/ =/, -E’A .
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where /g = 7’4%7—- m_jﬁ:".‘ .

The vacuum decays can explain the deficite of solar 5%
flux in Davis experiment in two different ways.

1. The neutrino mixing is negligible and M, >m.3,, « Supposing
that T"e: T:J: .i._l’iz 500 sec for £, = 5 lieV we conclude
that one third of emitting in the core of sun boron neutrinos
decay in flight from Sun to Eafth. In this scenaric the flux of
pp neutrinos {with energies lower than 420 KeV) is diminished in
610 times, This 1s strong (but negative) ﬁrediction for Ga-Ge
detector expériments in preparation.

2. The neutrino mixing is substantial, e =C+St, , and m,>m,.
If the heavier neutrino ﬂ» decay into #, with life-time T, <<
500 sec, only the component [212—-9994'55)' reaches the Earth,

The megnitude of ‘)8 flux directly measures the neutrino mixing
angle 3 AQ&MA4/WQ=,£ohﬂ9 .

' Iﬁ conclusion we would like to emphasize that the matter
induced neutrino decayﬁ are drastically distinct from vecuum
decays and y¥ oscillations, They can take place even for
strictly massless neutrinos. Experimental signatures of decays
are also very distinect : neutrino changes chirality, which can
not take place in a resﬁlt of ¥ oscillations.

Numerical estimetes show that in an experiment with acce-
lerator'z; beam little part could transform into Jx ; a flux
of Ve from sun could contain some percent of 2; snd 2;
and & content of neutrinos and antineutrinos of different fla-
vours coiiing into the Earth from astellar collapse could differ
widely in number because of V decays in dense regions of star.,

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

- - . . LA _ e __ N, R B T B IR SRS S Y. T S . T . T _ -
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steges of evolution of the Universe if Yukewa constant ' h
is greater than 1077,
We are grateful to S.I.Blinnikov, A.A.Gerasimov, A.Yu.Smir-

nov, M.Yu.,Khlopov end V.A.Tsarev for useful discussions,
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