


1 Introduction =

The solution of the Wolfenstein equation for neutrinos passing Ain'mati
ter [1] (for simplicity we shall consider the mixing of .only. two"sorts
of neutrinos, v, v,) results in the conclusion that at certain -values: of
the difference between the square neutrino’ masses, the mixing angle
and density of the matter there: arise resonance: neutrlno osc1llat10ns
[2] This phenomenon is known asthe MSW effect.

“The present: paper-is. devoted ' to ‘the :analysis of the Wolfensteln
equation descrlblng the neutrmos passmg through matter RRER &

2 The qufensteirrVeqliaiti.c')frrfori'r‘leu‘trin'o 1n Mat-
ter ENEEES s ;

In the ultrarelat1v1st1c 11m1t the evolutlon equatlon for the neutrino

wave function vg in matter has the form [1]
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where P, M2, W are, respectively, the momentum the square mass ma-
trix in vacuum (it is nondiagonal) and’ the matrm takmg 1nto account
neutrino interactions in matter, Sl e
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‘The matrix M? is dlagonahzed by rotatlon through the angle 0
(vacuum osmllatlon) : : 5
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_ and the length of oscillation Lo in this case is
' ' 47p.

Bt e L R
Since M2 is a nond1agona1 matrix (evrdently, M 2, appears at-very short

distances rp, rp >> — ) this vacuum osc1llat10n of neutrinos will take

place at any energies W1th the length of oscillation Lg. The solution of-

equation (1) is considered in detail in refs. [2, 3] and here the main
results will be shown in the reduced form. :

When neutrinos pass through matter, its" mﬂuence (see equation

(1)) leads to changes of the rotation angle 6 for diagonalizing the mass

matrix M2, if dlagonal matrix W, responsible for the difference between
the 1nteract10ns of the neutrinos (v,v,), is added to the mass term

M2/2p, and then 6 becomes 0’(9’ # 0).
' Thus neutrlno mixing in matter is determined by sm2(29

. “’ sm2(20 ) = sm2(20)/[(cos(20) 0)2 + sin2(20)] ' (4)

'where LO isa dlffractlon length (i.e. length of formation):
L= 27rmp(20‘5GppY)_ =

3107(m)(p(g/ em?)2Y,)1, (5)
Y is the number of: electrons per nucleon. k B

In the common case 0 depends on the dlfference of masses m;, mg,
dens1ty P of matter and the neutrino momentum.

At Ly = L° the resonant neutrlno oscillations take place, i.e.
srn2(20' )= 1.

Now, the following question arises: although equation (1) yields
| the above results, is this equation formulated correctly from a physical
point of view? Or, in other words, is it possible.to write the equation
for the neutrino wave function vg in matter in the form of equation (1)
without violating the necessary phys1cal requlrelnents?

In previous papers [4] we d1scussed various aspects of equation (1).
Now we shall go on discussing equatlon (2).
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3 "Analysis of the Wolfen’stéih"eqijat‘ion’“‘1\~?~l”_ :

1. This is a Schrodinger type equation for the function i .-
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where Ve ="Ver +VeR, Vy = 1/,, L4+ vur ‘Thus, this is:a left-right symmet-
ric equation for the spinor function. ‘This equation’ contains the term
W swhicli arises from the weal interaction (contribution of W- bosons)'
and contains only “the left interaction -of the neutrinos, ‘and'is sub-
stituted into the left-right symmetric’ equation (1) without:indication
of its left origin, i.e., this equation -contains superfluous componeiits
Wver, W vur. Then we see that Eq. (1) is the equation including the
term W that arises not from the wealk: interaction. but.a hypothetical
left-right symmetric one... Moreover, . the obtained effect. of resonant
enhancement of neutrino: osc1llatlons in matter 1s Caused by thls hypo-
thetical left- rlght symmetric interaction. ‘

-~ As: can be seen: from Eqs (1 (4), if euhancement of neutrmo 0s-
cillations is to occur in matter (see”Eqgs.:i (1) 4) the result of the
interaction of ‘the neutrinos with: matter:must-reduce-to-a:change in
the effective masses of:v,, v, (W is a diagonal matrix). If the effective
masses of Ve, v; become near:(m;, =m,,) il matter:as a result of the
contribution: of the hypothetical'interaction:; then tho ml\lng angle o'
will be of order §' = 7. o Gl Bt e

"The:standard weal\ interaction takes part only in:the left-side in-
teractlon But'to generate masses of fermions; it:is necessary to. have
aleft-right symmetric interaction [5]; that.is: why: the standard- wealk -
interaction cannot result in.enhancement of neutuno oscillations’ in
matter. So, we see that Eq.(1) is the equatlon including a hypothetical
left-right interaction and having no connection with the standard weal\

1nteractlon

2. ‘Let us: cons1der Whether thls equatlon, \nth thc h\ pothetlcal
1nteractlon can lead to the existence of resonant cnhancement i1 mat-
ter. The answer.is clear. In such a fornl this equatlon leads to 1cs011a11t:
enhancement of the osc111at10ns in matter Howm 01 a queshon agam'




arises regarding the -equation itself: is-it possrble to, substltute simul-

taneously the nondlagonal mass term “2' responsible for the neutrino

mixing and the term W associated with the hypothetical left-right sym-
metric interaction? This question appears because in the region of the
hyp‘othetical interaction (an ‘actio'n identical to the wealk interaction),
i.e., at distances of order -—l—- no significant.nonconservation of lepton
numbers is found (in the weak interaction the lepton numbers are con-
served).: Then it may be. concluded that ‘the nonconservation of the
lepton numbers occurs at shorter dlstances i.e., the nondiagonal mass
term M? must take placeiat shorter. distances rp = -1; (mp - charac-
teristic mass where the lepton numbers are violated).. So, we. haye the
following question: Can this mass term arising at shorter distances be
sensitive to a mass: arising at:distances of order #? “‘The answer to
this question is again clear. The mass term A? can be sensitive only
to the masses that arise at distances comparable with the distance at
which this term appears itself. In-other words, if we:wish to take into
account the contribution of the hypothetical interaction in Eq.(1) to
the neutrino mass, we must-take into_account only:the part of the mass
that arises from this ‘hypothetical interaction at distances of the order
of the ‘distances  where .the nondiagonal mass term M? appears, i.e.,
atir = ¢ Thus, we:have arrived at the:conclusion that Eq:(1) in
such a form does not take.into account the fact-that the terms: M? and
W -drise at different distances and to formulate the equatlon correctly,
they should be combined. :

¢ Let us combine these terms in Eq.(1).:For this purpose we estimate
the deposit of the hypothetical interaction on the mass of v, at distances
r = rp. In the expression’ for L0 there is-a term Gp wluch has the
followmg form e ‘

o gk
1

and mcludes a: vector boson propagator - and when mW >> q?

-
this propagator ‘transforms into the expressmn ;li_v If g2 1s a- very
la.rge va.lue ie., g >> mb; and R mP, then the propagator “will
have the’ fOIIOng form A (the sign is not ‘taken “into account for
it characterizes the sign “of 1ts addition to the diagonal term of mass

matrix M .

So, the length formatlon L0 for the hypothetlcal left- rlght interac-
tion-at ¢ = m% (or at dlstances of the order of the lepton numbers
VlOla.thIl) is . . AN S .

‘The value of mp can be estlmated from hrmta,tron of the e (ete)

[6 ] decays
' W~ —eete
W(all)

“ie. (—) <2 710"12 :

) <2710-12

m. > 106mW

If mp =y then

The value of L0 is very large and is much blgger than the dlmensmn
of stars (or the Sun) L T T IO e el el
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“From the’ express1on (6) at” —°1 =0 we’ also obtain sm2(29m)
s1n2(29) ‘i.e., there is no resonance neutrmo oscrllatlon enhancement in
matter connected W1th the hypothetlcal left-rlght symmetrlc 1nterac—
thIl it i i H B RESEH 3 i

’4 Neutrlnos in Matter

3

VVVha,t happens when the oscﬂlatmg neutrlnos (wrth E, < 15M eV) are

passing through ‘matter (the Sun)? ‘The osclllatmg neutr1nos take part ;
in the weak interactions in matter' and’ these 1nteractlons are at'low
energies with low momentum ‘transfer’ (1 e. deposrt from the tml of the
w bosons exchange, or of mteractlons ‘at long dlstances) ‘Tt’is' clear
that- these 1nteractlons cannot glve contrlbutlon to the nondlagonal
(or at: rvery small distances), moreover,:the: -weak interaction’ is:left-
side one a.nd cannot generate the masses (see refs -4, 5]) Then ‘the
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VWolfenstem equat1on (1) can be rewrltten 1n the follow1ng form::

-

d Ve ~

i M2 o
R F??.* P
o7 - v p+Wy¢ . O L i : . . ) . -
where P = ( g P’+'Wy;,") (here . P is taken in nonoperator
form). BN '

~ The values W, ,':'W,,‘i{are very small.ones and therefore the momenta
P,, and P,, slightly differ (these values must be added to momenta
of the left-side neutrinos; but not right-side ones). To consider this
question more strictly we nieed to use the Dirac equation rather than the
Wolfenstein oné and then we will obtain the correct picturé of neutrinos
“passing through matter. But we do not realize such a procedure here
for.it does not lead to any 1nterest1ng consequences. :

It is possible to put it 1n a more understandable form. If E, is the
neutrmo energy and . E2 = p? 4 m? , there arises the following question:
—where will the dep051t go. from the weak neutrino interaction, to p or

'7 From the above dlscussmn ituis clear that the weak 1nteract10n
glves the depos1t into p but m, remains without Change As a result
there is no enhancement of neutrino osc1lla.tlons in matter.

5 , ConcluSion

The Wolfenstem equatlon for neut11nos passmg through matter has
been con81dered Although : from this. equat1on we can, obtaln enhance—
ment of neutrmo oscﬂlatlons in ‘matter, in der1v1ng this equatlon some
phys1cal requlrements have not been tal\en 1nto account: .
w1 The Wolfenstem equatlon is left- rlght s1de symmetrlc but not
: 2 In thls equat1on we must put only the terms Wluch appear at
the same distances, namely M2, W (i.e. the1r,}contr1but1ons must ‘be
comblned) ‘
. Taking into account these physical requirements results in this
equation including a hypothetical interaction but not the wealk one.

spectrum of the B8 ‘neutrinos (8]-

2. -Mikheyev S.P., Smirnov A. Yu Y d F1z 42(1983) 1441 i

- 8. Bahcall J.N. Neutrino astrophysms, Cambrldg,e ’U P

,Be51des thls equa.t1on does not result in enhancement of neutrmo 0s-
c1llat10ns in matter. - S ~

* In conclusion we would like to stress that in the experimental data
from [7] there is no visible change in the spectrum of the B® Sun neutri- -
nos. The measured spectrum of neutrinos coincides with the computed
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