


I, Introduction

‘. At present, speaking about weak interaotion, one can probably

ff‘imply all proocesses with small coupling constants of specific pro-

f;'pgrties, e.g. P-, CP_violation, etc.

E On the other hand, one can speak about the electroweak interac—

'tion theoxry (1mp1y1ng the standard theory of electroweak interaction

o ) Now:there are many experimental facts that go beyond the stan-

‘ .ﬁard<theory of the. electroweak interaction. One of these facts 1s the
‘existence of generations ( €, p, T ). Strictly following the
.étandard theory of electroweak interaction, one finds. two numbers

: conserved in this theory. They are the electric oharge j =e¥ » r O]wé
e T ﬂ
related to the U(I) subgroup and the lepton numberJ# = gw A ¢ 0

. related to the SU(2) subgroup. So, these two conserved numbers must

be present in each generation of particles. The question arises: will

. these two conserved nunbers be identical for all generationé?

: Using general considerations one can easily prove that these two

Vg‘conserved numbers will be identical for each generation if these gene-'

“-rations take part in electroweak 1nteractions'(universality of electro-

~ weak interaction).

: Then, 1f the generations differ only in masses and charges, part-

,“1cles of different generations may convert into one another in the

: Vprocesses with charge conservation, or heavlier particles will deoay.
However, experiments ‘show that these generations ( SHPRTE )

. differ in their ‘conserved numbers 1e, 1,1 T and weak transi—

‘. tions and decays occur with conservation of these numbers., It means

that generation of particles must have same properties with regard

‘to eleotroweak 1nteféotipn (1.e. the charge and the SU(2) weak spin

number 1w must be oonserved). Now we pass to one of the main mani-

festations of transitions between different generations -~ neutrino

oscillation /2/.

: The discussion of this topic has been recently stimulated by

- ref./3’4/ indicating a possiblility of resonant enhancement of neut-

rino oscillatlion in matter.

; The Wolfensteln mechanism of this enhancement i1s disoussed. A

~mechanism of enhanoement of neutrino oscillation in matter based on

the so-called "horizontal®™ symmetry is proposed.
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2. Wolfenstein equétion and violation of the condition for

The relation between Ye and ¥ = CL1. v 2 £ ¢ - are eigensta—
enhancement of neutrino oscillation in matter /s/ tes with certain masses) is established diagonalization of 2
Let us consider mixing of two neutrino types ¥_ and ¥ . 2
= u ~
v, = Cuﬁ.vp} . In the ultrarelativistic limit the evolution equa- - v, = S(8xv , (4)
tion ftor q: —r\p ,2£2> 1n matter has the form . o .
= : vhere e = { cos@ sine b,
A ~p 1) -, T {-sing coz8 !}
\“lf ~ Yo ~ ( %
i 1= kT + —- + WO, . )
T odar . 2k £
c2 o . ~ PR
where  k, M7, w are the momentum, the neutrino mass matrix squared °’ <trovmbar ay = weliag A;,g,ma 22y,
) . S (aaMTs(an M diaglm, ., m)2
in vacuum, the matrix account  for neutrino 1n§eraction with matter. + g
The mixing in (I) is due to the matrix ¥~ being non-diagonal. .
-1 - oY
s G “2 i . -
If the neutrino mass 1is low ¢S « G 2 and the layer of matter is 1 here m, and T, are the masses of Y; and v, , g - is the mixing

smaller than the absorption’lengtb; the neutrino interaction is re-
duoed to forward elastic scattering at an angle 0o . This effect
results in appearance of thevrefractive index

angle in vacuum.
The mass matrix squared can be rewritten as

zr¥, ' ‘ " ~2 ‘“a{ cos28 . -sin28 )
- - Y = A R c = e,,l M._, - o vrey e -
In, 12 ¥ “ : = Z |-sin2g -cos28 )
( ¥, 1is an addition to the neutrino energy due to interaction). ,
Physical consequenoes for the oscillation are determined by the o - If the neutrino passes through matter, equation (I) has the form
difference of diagonal elements in the matrices ““ and W ’ : Co
- [ -
namely ' w150 >
ZAL N . (2) : a¥ ~ ~ | Te2a” | - Am sin2e
=y - = —= 2 2 ; i = Hp H=11 = -
W o W“ r _ igr By where H = | . ! H — ()
: L N | ex
27 "
A = 5com —sHcon N 3 : i '
“fi = o e *y = 18 the concentration of electrons in A e e AL N
matter. Here, 1f the interaction was the same for v and v, the H=H_ - Hp = 7oy * _7§V~_.
'4! . ~ —i ~

effect of the medium on the oscillation would disappEar.
The medium must be nonsymmetric with regard to the oscillating
components.

P . - In a medium of varying density Ni =N, (X2 and (5) is a set
o v v v - W -
T e u and f'e T oscillation; e depend: on charged . of differential equations with variable factors.
—current soattering o v_ by electrons. For and » there is
60 interaction Like this .;nd e o For a medium of constant density the new mixing angle 8_
i ) involving the interaction has the form
AFCOY = 2VEs w = 2V25 N v ' ) _
| TR Fe : ‘ Am cos28 - 2V N k
N b= o
sin28_ = (Am sin262-A,  cos28_ = — —
the nongymmetric character of an ordinary medium with regard to v S ’ } . (6)
and Vu 1s due to presence of electrons and absence of muons in 1it. ; =
~ Y 2 = b= 2 2
In vacuum w = 0 and (I) is reduced to L =1LamsA A= VAm cos2e - 2V2E N k27 + (Am sin282°
a¥. . 2 ‘
it =k + oy - (3)
o} . 2k’ ' f
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o} (RY = 1-Zin"28 C1-cosPrR1 2
LI » ‘.’5 2 n - T NSt i “m’ -
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What happens here? Because of difference in v_ and ¥ in-

teraction with matter the effective mass of ¥, increases. %his in-
crease 1s due to interaction via the W -boson. The mass variation
is very small, but it 1s due to the w: -boson alone {no other small
parameters related to the very weak interaction appeér there). This
change in the effeotive mass of v_ results in enhancement of oscil-
lation (because of interaction viaﬁ wi ~bosons), i.e. in nonconserva-
tion of the lepton numbers 1 _» >, .

Two conditions must be satisfied for the oscillation to be
amplified in matter?

1) interaction must result in a mass (or effective mass) change,
as weak interaction is left-handed, the exohange of 7  and w*
does not influence the effective mass of leptons and quarks (other-
wise the Higgs mechanism is required); ’

2) this interaction must involve nonoonservation of the relevant
numbers ¢ 1_, ! , ! 2. Experiments show that in weak interactions
these numbers are well preserved (see the Table).

Upper limits for the probability of some processes
with lepton number nonconservation

Table.

——

Reaction Experimental data

Both conditions are not satisfied in weak interactions.

Thus, when v, passes through matter, there must be scattering
but not enhanoement of oscillation. ‘

Let us consider example proving the above conclusions.

a) x° - K° oscillation.

Is it possible to prediot x° - ¥°
‘general considerations?

osoillations on the basis of

oo, ioem
s "

The strong interaction does not allow this cscillation because
strangeness and parity are oonserved in strong interactions, Yet, if
we take into aocount the presence of the weak interaction which vio-
lates strangeness and parity, the x° - Eeosoillation becomes possible,
Moreover, in the weak interaction there i1s no difference between

¥° and K= , and they can be associated with the Z° ~boson (on
the appropriate mass shell). Then there will be an equal probability
of "containing® ¥© ;na ° [ =2 7 K"} . The mixing angle will
be 459, N ge J

b) Oscillation of leptons

Similarly to K k° - Kooscillations, one should consider oscilla-
tion of leptons bearing in mind that one deals with two different
types of partioles, fermions and bosons. Unlike the case with fer—
mions, there are no gauge interaotion theories for bosons, In the
gauge theories there are conserved numbers whHose violation is a none-
trivial problem. We shall conslider the scheme of viclation of these
oonserved numbers in the gauge theory of weak interaction a bit
later. Now we pass a second exsmple.

Lat us consider a weak deoay of the A° ~hyperon /7/ vias = d + 2
The matrix element of this prooess is proportional to sin8 (Ca-
bibbo angle) Since the strange quark in the K?-hyperon is a cons-
tituent quark, -the probability of the s - d transition must be
higher (sin® ~ ¥ m /m ’ because My ~ ®_when nuclear interaction is.
taken 1nto aooount. But the experiment shows that there is noc increa-
se in the probability of the S ¢» d transitlion and the mixing angle
depends on the current quark masses. This result is obvious, because
strong interaction does not violate strangeness and there must not be
increase in the probability of the s ¢» 4 transition because of
strong interaction contribution to quark masses.

The above examples show that a mechanism violating ocnservation
of the relevant numbers is neoessary for osclllation to appear; and
even if there is a mechanism like this, only its parameters violafing
conservation of these numbers (mass, ooupling comstants, ete) are
responsible for the oscillation,

(o]

3. Osoillation of ¥ with allowanoe.for ™horizontal® symmetry

In the standard theory of eleotroweak interaction there are
oconserved vector currents which determine the presence of three
lepton numbers fe, Iy, It s Wwhen the existence of three gene-
rations is taken into account. 4s is pointed out abo;e;there is no
oscillation between neutrinos of the three generations beoause of



wi?k 1ntg:gc;10nf,1f we want to consider oscillation siﬁilar fo
K=K~ ..» We must consider an interaction which violates conserva—

tion of ' 1
tio the lepton numpe?g le,‘l“-.,_T (similarly to the strong
interaction where conservation of flavour numbers is violated by the

weak 1nteract10n2,} For oscillation of'leptons it 1is necessary that
there is an interaction with its own carriers which yiolate conser—

Yation of lepton numbers. 4 candidate for this interaction is the
one related to the so-called "horizontal® symmetry /97 -

¢ _ .
e b X e o :
I ‘(ee e“ “e‘{' ' Vee ~ ";"‘u ~ x..-.,. ~ w—z . X (7)
153 l X X .4 ' X ~ ¥ v : ~ ¥
He o et ep - “ue’ er T “ye
T ' & X .4 I X ~ ¥ i
e TR OTT ur.” “ru
The interaction ca ¥ X '
' ; | carriers Yoo Yer X in (7) violate
oconservation of the 1 -1, 1 .
epton numbers tar b s . “For this inter—

“.aotion formula (5) may have the form

: 'y 4y ] 2
c‘.‘I’f A - | Te2™ | - Am sin2e
igzcHE, H=ly o}, H=- — e
. | 2% - M | - (8
sBeosze | EFyCON
- _ _ Am cos28 i
H = He H“ = ETR + oK
¥ O . { | .
Fy~¥4 ‘18 the forward scattering amplitude (1t‘appears owing to the
fact,ﬁ?at the initial flux consists of - v, but after interaction '
via “sy @ fraction of the initial v_converts into v and

then{tpis‘neutrino oompositipn is stabiiized if the medium has cong-
tant- characteristics). ‘ '

The form of -expression (6) for the probability of ‘the ; - o

v

transition in matter does not change except for replacement < H
>
) M
' F co) ~ ¥
‘Afi —>.i\0, , FiCO) _Ma,..fl-
Mo
6

The quantity that characterizes the degree of vio%gtion of lepton
numbers in the amplitude of the processes is , = Mo, ME
! "’-%x-" ‘a'.::/

a
-

In the case with the Wolfenstein mechanism % = 1, in the case of
the "horizontal" symmetry mechanism 1y « 1,

Conclusion

The Wolfenstein mechanism of enhancement of neutrino oscilla-
tion in matter has been discussed. The conclusion of inefficienoy of
this mechanism 1is drawn.

A mechanism of enhancement of neutrino oscillation based on the
so-called "horizontal™ symmetry is proposed. The efficiency of this

mechanism will depend on Ama =m - m [¢] and the density

8V
8V

[8V]
b

of matter ‘through which neutrinos pass. Since the contribution of
the "horizontal" symmetry mechanism to the effective mass (or effec-
tive energy) of the neutrino is "small", 1t is most important -~ for
‘solving the problem of solar neutrinos — to study neutrino oscilla-
tion on the assumption that neutrinos have a magnetic moment which
interacts with the magnetic field in the outer, convective layers of

" the Sun andoyauses precession of the neutrino spin changing its
1 : .

helicity /
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ﬁ»K Bonpocy 06 ycuneuuu ocuunnﬂuuu;,vm T dmv “d,
;fHenTpuHo B BemeCTBe L E R ,

) 06cymnaeTcn Mexauusm BOHb@EHMTEHHa ~yCHIIeHHA ocuunnn—
,,uuu npH npoxoxnenuu HeHTpHHO yepes BemeCTBo HenaeTCH
LBMBon o HesmmexTHBHOCTH 3TOro MexaHH3Ma ., HpennaraeTCH

‘MeXAaHH3M OCHUMIANUH  HefTPHHO. TIPH. MPOXOXAEHHH HEHTPHHO
. yepes: BemeCTBo, ocHOBaHHmn Ha Tax Hasmnaemou "ropusoH="":
TanbHoit" CHMMETDHH o R

h l 5~’Pa60Ta anonHeHa B HaGopaTopnu ﬂnepnmx npoGneM OHﬁH

'
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"lOn the Problem of Enhancement of Neutr1no
‘f;Osc1llat10n in Matter = e

% The Wolfensteln mechan1sm of enhancement of neutr1no
'yosc111at1on in matter is d1scussed ‘The. conclusion that
j1t is 1neffect1ve is drawn A mechanlsm of enhancement
~of neutrino oscillation based on the so- called "hor1zon—
f;tal" symmetry is proposed o :
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