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HexoTopbie 3aMe4aHHs OTHOCHTEIBHO ypaBHeHHA Bonbenmreiina

MO OCUWUIALHH HEHTPHHO B BEILECTBE.

Ynpyrue B3auMOAIEHCTBHA HEHTPHHO B BEllleCTBE H MOJISAPH3aLHs BelleCTBA HEHTPHHO

AHamusupyeTca (PH3HKA, Jiexawas B OCHOBe ypaBHeHHA Bonbgenmreiina. Ing atoif nenu usyyaercs
NpoxoxpaeHHe ¢OTOHA, MAacCHBHOH 3apsXXeHHOH YaCTHLIBI H MACCHBHOIO HEHTPHHO uepe3 BEIleCTEBO.
ITokasbiBaeTcs, YTO MOCKOJBKY Caboc B3aHMMONCHCTBHE HE MOXET IeHEpPHPOBaTh Maccy, TO SHEPIHA
(W) ynpyroro B3aMMONCHCTBHS HEHTPHHO B BCLIECTBE PaBHA HYN0. DTO NPHBOAMT K 32KIIOYCHHIO:
PE30HAHCHOE YCHIEHHE OCLIUIALAH HEHTPHHO B BEIUECTBE HE JIOJIXHO MPOHCXOAMTS.

oxassiBaeTcs, yTo B cabbix B3aHMONEHCTBHAX YEPEHKOBCKOE HATyUCHHE HE CYILECTBYET.

I'unoTeTHYecKOE NeBO-NTPAaBOCHMMETPHYHOE C1aboc B3aHMOIEHCTBHE, KOTOPOE HCTONB3YETCH B ypaB-
HeHun BonngeHmreiina, MOXeT reHepHPOBaTh PE30HAHCHOE YCHIICHHE OCLIUIALMHK HEHTPHHO B BEILECT-
Be, HO (Kak nokasaHo B pafore [1]) ycioBMe and CyIEeCTBOBaHMSA TAaKOIO PE3OHAHCA B 3BE3Jlax
He peannsyetcs. Bonee Toro, mokaspiBacTcs, YTO NMPH BBIXOE HEHTPHHO U3 BemiecTBa (ConHLa) B BaKyyM
PE30HAHCHOE YCWIEHHE OCUWUIALHH HEATPHHO JOMXHO HCYe3HYTh GeccrelHo.

PaGota BeimonneHa B JlaGoparopuu cBepxBicoKHX aHepruii OHAH.

Coobiuenne OObeIHHEHHOTO HHCTHTYTA SAEPHBIX HecnenoBaHuit. [lyGHa, 1997
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Some Remarks on the Wolfenstein Equation of Neutrino Oscillations in Matter.
Elastic Interactions of Neutrinos in Matter and Polarization of Matter by Neutrinos

The physics laying on the basis of the Wolfenstein equation, is analysed. For this purpose a photon,
a massive charged particle and a massive neutrino passing through matter are studied. It is also shown
that since the standard weak interaction cannot generate masses, it cannot generate permanent polarization
of matter either, due to this reason the energy (W) of neutrino elastic interaction in matter
in the Wolfenstein equation is zero. It leads to the conclusion: resonance enhancement of neutrino
oscillations in matter does not exist.

It is shown that in the standard weak interaction the Cherenkov radiation cannot exist.

The hypothetical left-right symmetrical weak interaction, which is used in the Wolfenstein equation,
can generate the resonance enhancement of neutrino oscillation in matter, but for stars the condition
for realization of the resonance is not fulfilled. Moreover, it is shown that the neutrino resonance .
enhancement in matter must disappear without leaving a trace when neutrinos go out into vacuum
from matter (the Sun).

The investigation has been performed at the Laboratory of Particle Physics, JINR.
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1 Introduction

In the previous work [1] the physics laying on the basis of the Wolfen-
stein equation was analysed. There was drawn a conclusion: in the
Wolfenstein equation [2] a hypothetical left-right symmetrical weak in-
teraction is used but not the standard (left-side ) weak interaction.
Therefore the conclusions (resonance enhancement of neutrino oscilla-
tions in matter ) obtained there, have no connection with the weak
interaction physics.

This work is to continue the discussion on the problem of neutrinos
passing through matter.

2 The Wolfenstein Equation for Neutrino in Mat-
ter

In the ultrarelativistic limit the evolution equation for the neutrino
wave function vg in matter has the form [2]

dvg . M? .
Z—Jt— ( I+ —2‘p_+IV)V¢’ (1)

where p, M? W are, respectively, the momentum, the square mass ma-
trix in vacuum (it is nondiagonal) and the matrix taking into account
neutrino interactions in matter,
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The matrix M2 is diagonalized by rotation through the angle 6

(vacuum oscillation):
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m%,? = %[(mlz/,ue + mtzluuu) + J(m?/gu, - mlzluu ) + 4”7’1/ l/,,] |

Am? = \/(;13¢”¢ —-mi, ) +4m,

and the length of oscillation Ly in this case is

47p

Ly= E = pc. (3)

[ mf—mi [’
Since M? is a nondiagonal matrix (evidenﬂy, M? appears at very short
distances rp, rp >> L) this vacuum oscillation of neutrinos will take
place at any encrgies with the length of oscillation Lg. The solution of
equation (1) is considered in detail in [3] and here the main results will
be shown in the reduced form. ,

When neutrinos are passing through matter, their influence (sce
equation (1)) leads to changes of the rotation angle 8 for diagonalizing
the mass matrix M2, if diagonal matrix W, responsible for-the differ-
ence between the interactions of the neutrinos (Vesvp), 18 added to the
mass term M?2/2p, and then 6 becomes 6 (8" # 6). o

" Thus, neutrino mixing 111 matter is (letcrnunod by sin?( 29 )

“sin?(260') = sin?(20)/[(cos(20) — é )? 4 sin (29)] (4)

’ 1 ’ I
17152 = 5[(1712,,: + 7”1/2”1/ Y4 /(m ,, v, ~ m )+ 4m‘}, v 1,

2 _ 9 ] 14
Am* = \/(mw,e -m.,, )2 + 4mytl,“

ro Lo
‘ 0™ sin(26)’ ;
where M, My, are masses of ve,v, in matter, L° is a diffraction

length (i.e., length of formation), ’
V L= 27rm,,(20 5G’F/)Y) = _
3107 (m)(plg/em®)2Y)7, )

Y, is the number of electrons per nucleon.
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In the common case §' depends on the difference of masses mi, my,
density p of matter and the neutrino momentum

At L = & L? the resonant neutrino osc111at10ns take place, i.e.,
sin®(26') 2 1 or ¢ 2 Z. But, since Am'? & m?, v,» the length of oc-
sillations i in matter Lyi is deﬁned by mV va

| mZ,., |

and increases relatively to the vacuum oscillations length L.

We remind that at resonance (if v,(0) = 0 ) the oscillations are
vdeﬁned by the followmg expresswn ' I "

ve(t) & E[exp(—iElt) + exp(—iEyt)] v.(0)

| 5(0) 2 lexp(~iB}t) = exp(~iEy)] ZOBC
or
P(Ve — ue,t) =1- s1n2(20 (r)) s1n2[ )], = ct, (M
(Where Ej, E’ are energies of vy, vy neutrlnos), there neutrino reso-,
nance m1x1ngs talxe place. It is necessary to notice that the position of
the angle mixing maximum at resonance in matter (sin’(26'(r))) may
not coincide with the position of the maximum of neutrino oscillations
in matter (sin?[+7Z~ T )]), therefore the picture of neutrino oscillations in
matter is comphcated

If all v(t) neutrinos are transformed to v,(t), then sin(§') =
(cos(6") = 0), 6' = 7 and sin*(20') = 0. It is obvious that the cons1dered
mechanism cannot lead to such transitions. -

The equation (1) was obtained at supposition that the neutrino
behaviour in matter is analogous to a photon behakur in matter with
refraction coefficient-n. '

The photon velocity ¢ in matter with refraction index nis

d=2 (8)

- N - B n N
and depends on characteristics of matter.

The laws of conservatlon of the energy and the momentum of the
photon in matter have the following form:

Ey- Ey(n—1
Eo E_*_Ema“__o_*___g(nn__)
n—1
po=p+pmau=@+p“——————( ) 9)
n n
Eo_th’w’—_E pc3

where Eg, p; are primary energy and momentum of the photon E,pE_,.

Pz 2r€, Tespectively, energy and momentum of the photon in matter and energy

and momentum of the matter polanzanon of the passing photon (matter

response).
If we suppose that the neutrmos in matter behave in analogy with

the photon in matter and the neutnno refraction 1nd1ces are defined by
the expression =

o m=1+ lf;—f,-m), (10)
(where i is type of neutrinos (e, i, 7), IV is density of matter, f;(0) are
a real part of the forward scattering amplitude), then the velocity of
neutrinos in matter is determined by n;.

The electron neutrino (v.) in matter interacts via W%, Z° bosons
and v, v, interact only via Z% boson. These differences in interactions
lead to the following djfferences on the refraction coefficients of Ve and

V;n vr
2N

An:—pTAf(O) Y
Af(0) = ~VESL,

where G is Fermi constant. » ,
Therefore the velocities of v, and v, v, in matter are different. ‘And

at the suitable density.of matter this difference can lead to a resonance

enhancement of neutrino oscillation in matter [3,1]. ‘



3 Ana1y51s of the Wolfensteln Equatlon

In previous works [1] it was shown that a hypothetical left-right sym-
metrical weak interaction is used in the Wolfenstein equation therefore
we can use some analogy with the Electrodynamics. ‘

_ Then arises the question: can neutrinos in matter behave as the
photon in matter?

This question arises since the neutrinos are supposed to be mas-
~ sive particles but not massless ones., And the massive charged particle
behaves unlike the photon in matter. Veloc1ty v can be. hrgher than
. veloc1ty c of the ‘photon i in matter and v <ec

" Elastic and inelastic 1nteractlons can take place in matter Here
‘we are interested only in elastic interactions, namely potentlal inter-
actions of the charged partlcle 1n matter.. . These interactions lead to
'polarlzatlon of the matter, in the result of it a definite part of energy
and momentum of the massive charged particle go for polarization of
matter. The laws of conservatlon of the energy and the momentum of
the charged partlcle in matter lhave the followlng form:

Ey=E+Epna -
p+p,,.au,” S 6 7))

'where EO, po are prlmary energy and momeutum of the charged par-
Atlcle, E, P, Ema“, Pmatt are, respectlvely, energy and momentum of the

charged particle in matter and energy and momentum of the matter '

polarlzatlon

It is clear that the matter polarlzatlon nioves with the velocity
which is equal to the velocity of the charged particle in matter, v, if
this veloc1ty v is less than the velocity of light in matter ¢'. If v is equal
or larger than ¢, the energy and the momentum of polarization will
go for the Cherenkov radiation [4] Le., the energy and the momentum
'losses Wlll take place

It is 1nterest1ng to l\now d1str1butlons of the energv and momentum
between the charged particle and the matter polarrzatlon or which part
of the energy goes for mass alteration of the charged massive particle
(the field of this particle is left-right symmetrical and can be changed

the effective mass of the particle). To solve this problem, it is necessary

-to do-a detailed. computing of this.interaction- (connection between

mg, m can be obtained using equations (12)). Since it is .not of our
interest, we do not do this computing. The interest is connected with
the problem of resonance neutrino oscillations in the hypothetical left-

‘right symmetrical interaction ‘which is used in the Wolfenstein equatron
-(see also expressions (3),(4) and part 3'in [1] ). o e

‘Work [1] estimates the déposit of the hypothet1ca1 left- -right inter-
action in the mass of v, neutrino in the regions where enhancérmerit
of neutrino oscillations in matter can appear. As in the previdus case

“(electromagnetic intéraction) we do not: fulﬁl a detalled computmg smce

it‘is not of our practical interest:" :

One needs to notice, from the analogy of the’ e1ectrodvhamics ; that
the cons1dered process is an elastic one, therefore and if even the neu-
trino resonance enhancement arises inside the matter (the Sun), when
these neutrinos go out from matter (the Sun):into, vacuum, .this en-
hancement disappears without leaving a trace and the oscillations tran-
sit to vacuum neutrino oscillations (in vacuum the masses, energies and
momenta of the neutrinos are restored). The same result is obtained
from eq. (6) since in vacuum y&—v 0 and sin?(26') — sin? (20)'

It is very interesting to notice ‘that i ‘the consrdcred case (the
hypothetical left-right symmetrical weak interaction) if ~ R

n,i’»— 1>0, . : (13)

then in analogy with the Electrodynamlcs when v; > =, the Cherenkov

radiation will take place

4 Neutrlnos 1n ,‘Matt_ér ) "

Let ts pass to"a more detailed dlSCllSSlOIl of the problem of resonance
enhancement of neutrino osc1llat10ns in matter 1n the weak 1nteract10n

As is l\nown {5 1] this 1nteractlon cannot generate the masses
Therefore when the massive neutrmo 1s passmg through mater 1ts mass
does not change.



The laws of conservation of the neutrino energy and the momen-
tum have the following form (we do not take into account inelastic
.processes):

a) By = E + W, : :
B po=p+Wg, | (1)
where Ej, po, E, p are, respectively, energy and momentum neutrino in

vacuum and i in matter, Wis elastic energy of neutrino 1nteract10n in
matter g=2=:.

It is obvious that the response of matter moves with the velocity
c(8 = 1) since the weak interaction cannot generate a mass (the mass of
system is not changed). If expression b) is substituted into expression
a), we obtaln the following expression:

Vg +mb = lpa — WY +mf+ W, - (15)

wh1ch is solved only if:

my = 0,

or

The requlrement of conservatlons of energy and momentum for the
weak interacting partlcle in matter leads to a conclusion that or

my =0,

orif ..

o mg # 0 ‘
then the elastic energy of neutrino interaction. with matter (or the
energy of the matter response W) must be zero. W = 0, i.e., there
take place only virtual interactions of the neutrino in matter, whjch is
admitted by nonidentity relations, and there is no permanent response
of matter (1n comparision with the electrodynanucs)

As soon as the neutrinos are massive partlcles in the VVoIfenstem

equatlon ‘the W must be equal to zero, and, this is whv there are no
any changes of neutrino oscillations in matter.

Wory - (16)

In the reverse cases (when mg; = 0) the W can differ from"zero,
but -in this case, as is well:known, the vacuum oscillation of neutrinos

~ cannot take place

So, we come to a conclusion: no resonance enhancement of neutrmo
oscillations in matter arises through the standard weak interaction
It is interesting to remark that, when the neutrinos are passing

through matter, there is no permanent polarization (n; = 1) of the
matter , that is why the Cherenkov radiation cannot arise there.

5 Conclusion

The physics laying on the basis of the Wolfenstein equation, is analysed.
For this purpose a photon, a massive charged particle and a massive
neutrino passing- through matter are studied. It is also shown, that
since the standard weak intéraction cannot generate masses; it cannot
generate permanent polarization of matter either; due to this reason the
energy (W) of neutrino elastic interaction in matter in the Wolfenstein
equation is zero. It leads to the conclus1on resonance enhancement of
neutrino oscillations in matter does not ex1st

It is shown ‘that in the standard weak 1nteract10n the Cherenkov

radlatlon cannot exist.

The hypothetical left- rlght symmetrlcal weak mteractlon Wthh is
used in the Wolfensein equatlon can generate the resonance enhance-
ment of neutrino oscillation in matter, but for stars the condition for

“realization of the resonance is not fulfilled. Moreover, it is shown that
-the neutrino resonance enhancement in matter must dlsappear without
lleavmg a trace when neutrinos go out into vacuum from matter (the

Sun).

Work [6] suggested the nonresonance mechanism of the neutrino
oscillations enhancement in matter through the quasi-elastic weak in-

‘ teractlons

In conclusion we would like to stress that in the experlmental 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
spectrum of the B8 neutrinos [8]1.
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