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Within the standard approach [ 1] fo the neutrino.oscillation it is assumed 
that the mass matrix M for physical neutrino sta~es Ve' vi,' VT is non-diagonal: 

mil ml2 ml3 

M= lm21. ~22 m23I. ' (1) 

m31 · m32 · m33 

Diagonalizing this mass ma~_rix M we go 'to new states v 
1

, v 
2

, v 
3 

(we shall 

call theni asymptotic states), WQich are eigenstates of a Hamiltonian. In this · 
case it is assumed that the physical states v , v , v do not.have a certain niass · • ; . . - e JI T · 

and transitions (oscillation) between these neutrinos proceed in accordance 
~ith the corresponding formulae [l ). If a heavier neutrino decays in flight'in 
vacuum, one can observe products of this decay. Below we shall apply the term 
<<real oscillation» to that type of oscillation when there occur~ a real.transition of 
particles of one type to particles of another type in vacuum. It should be m~ntio~ 
ned, however, that the above oscillation scheme is rather idealized. If _the niass. 
matrix M was non-diagonal durin·g production of_ particles, then v 1, v2, v

3
: 

should be. produced instead of ve' v
1
,; vr. The asymptotic eigenstates v 1, v2, v3 

cannot arise as real state.s in all cases because in- real processes particles are 
produced within finite time periods and with certain masses (i.e. the four-mo:
mentum is invariant). Besides, the requirement to conserve proper numbers in 
production of particles in interactions of the given type prevents realization of 
asymptotic states. Then, while the particles produced are moving in vacuum, the _ 
transition to asymptotic states will occur. Whether this transition is real or vir-

tual depends on th~ eigenmass value of th~ asymptotic state. With J<!l, x..°, for 

example, the asymptotic states~,~ will be real because mK' K' =mi?>?~ 

~ (m.rf + mif) /2. If mlf It~ mff jf ~ (mlf + mif )12, these asympt?tic 
I 2 · . 1. · 2 . - . 

states would only be realized as virtual states. . 
· Let us consider a system of oscillating particles as a bound system. Pheno-
menologically, the degree of binding of these particles will be determined by 
non-diagonal mass terms of the mass matrix (we shaliconsider a system of 
three particles ( 1)), or, more precisely; by ra'tios of non-diagonal and diagonal 
terms of this matrix: · · 

2 

I 
1,: 

A.k ~ m.klm~. L~ k; i, k = I +3 
_ I I II I· . , . . · , 

(2) 

arid 
B::k=m.kflni .. :-"m.:I i~j; i~k;,i,'jik=l~3.. ·c.3) 

I/ , l II . JI · • · · · · · · · · . · . . · . '. 

If Aik « C thf'given system can be regarded a~ a w~kly bound system, and the 
.' . . , •. '.'. . . V l ~· .· • ·, .. : • . '· '< • 

physical states v E; v ,,.v Twit~ be realized as real states, w.hile at ~ik:51.this sys-i 
. • '. . • I : . •. . . . . . . . . . .. : . . . '·.. . . . . • 

. tern will be strongly bound ap:d the asy01pto!ic statesv1 ;t2 ;'v3 will be reaHzed as 

real states <a'nd not virtual ones)'. ,Theasymptotic states' can also be realized as 
.·. rearsta_tes in a spedal cas~ ~here.Aik·« l and/~i I":= ,n2~= ~33· _· . ,,': . 

' • • : \ 1 •. · : . ·, '. ~ ' . • • .. ' ,. • ' . ' 

Let us proceed to the 'phenomenological analysis of two examples of vacuum 

oscillations k° ~ K', a~d y ·~ p O. Then we ~hall apply ;the results tri krialysis' of' 
,l·, · ·' , .. · . ..,., .'. .• . ' ,, r •. .. 

neutrino oscillation. .. ,, ' . : . ' ' . ; ' ., . ·.. . • .-· ; . ; 

::a) x_O; x._0' oscillation . . : 

'fh~;mass·~~t;ixof i°:·i!>:-~~;dnshas the fohn'. 

._, ., ·<•;_ '· " ---.1: .· .... :· !/· .. :.·.,.:- ... -- · .. ·: .,-1··• •· .. ·. -.m·. :; .. • .o.· .. ·•·._ ·.: ·., mK' K1 0 . • ,: J<.. K ,• .·· 

0 ;- , . tn"'jf ?. = mK' if'= m K': 
. : ' ,''. '.' :, .:,, .,·,· . '. '·:' ,•. ·. ·. '',\ i'' -----· .. ,:'f ·:.- . :: ·. ,._ ... :. >c.. :'. ·: .. ' 

. When I(!>, K°:-mesoris pais through vacuum: their mass matrix become~·nondia~ 
': .. : . "• \ ' . ·:. . . . . . '. . . ' . . ' . . . .' . . ,·. " . . . ,--.·. . . ' . ' 

/gonal. Diagon~lizing it, we go :to th~ mass -matrix ofl<!t, '~ -mes~ns / . 

:,:·:_1"!ic1~- ,- ~iflf1,~1;~·~~}:'__.·.<1. ·-.,, .. 
; mK'i? . mi?>? ,, o • ' m~~ 
-_' ... < :':, '' '' ,.·· > ' ' > : . ' 2. 2 \ 

•·x<> ~ (~;:~. ~~1::12. --~ = <~-~ ~>.1"2 
· ,. »i~ ii ,;;_(mif + f!ZJt.)12 

~ ,;-,,:...',' ·~ .. ,, .... ,./·'./·, .~ .. ·_',\',' -,,2·' :, 

and the mi~irig a~gle 0 is equal to n/4. (2 ] .. To esHmaiethe degree fohinding of -

' the x'l, K°:-rheso~'syste~ due to the n~ndiigo,nal massforni ~ppea~ng in (4); 
we shall use expression (2) ' .. " .· . . .. . . -· ,. . . 

' ', ! i 

· ~j>~lmK°Jf ~ 3.47·10--:
15 

• ' ' . I,.,'•,',• I -

Sci; K°; J?'-ni"5ons aJ q~iiea weakl; bouiid ,;,;~:. ' > . ··•· ·.. • 
·. , I<!!, K° ~~e~o·ri~ produ<:ed i~ strong irite~actio~s ~re eigen~tates of this inter-
action· and have certain , masses (strarigeriess is'. preserved· in. strong inter-- . . . :•, ·, . ,: . .. . . ' .. ".' . ·. . 

---~-.~:.....:_...:~3' ' '>,'' 
f~ ' .. ·, ·.. ..._,"'~~ 

i, ,. t,!;J .. Lr,:,.. .• 't.i-il.iiU. -.1·l·v·,-., .. ·'''.";~. ·•I·· ,., .... , .. ·. ,· •.•wl;.;>J':11 
· · · g. '.l<i,'!"l<"'llkl1·:1,;uit-rir,;,;;;:.,;f 

I~·: •,,·t.:~Jj,s·· '. -~::•'~'",\,J}~,;1ri .. :·:: 
,,.,. r.,,-YP-J m,,,,,.i:--u .. ··,,;. .... ~ : . ,· """--,~'_.c::.r1rt ,. 1 , 
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\ 
. - \ ' ' ' . ~ - . . . . . . ; ' . 

-· - actions). Then oscillation or mixing of quarks arising from violation of stran:.. 

geriess must be virtual. ·How will the ~scillaiion b~twee~ J<!l-:- and ~ -mesons 

o~cur? Since I<'- and i0-m~sonsinc9rporate s, d and d, s quarks, thei·r masses 
\' . - , . .. ,, . ' . . . . . 

; are the sa~e a~d the~e iniist be realJransitions between J<!l- and :ic1-mesons, 
(these transitions can' be described by the appropriate formulae I l ]) . Since 

~ If K:' = 0 (m If·+ ~ If.)/2, the asympto.tic states IS1, ~ will be re~liz~d 'as real . 
· I ; _ 12 j . ,: . ·., , • , . , ' . ·._ ;. .. : . 

states i<particks) .· Possible types ~f J<!-).,.... :i(O oscillatiCJn with allowance for de- ' 
; c~y widths. and -~ifference iri mass~s; if in~~ m!f, are considered in ref. (3). 

~f; ~ 1/ os~Hlatio~ . . . 
, •. , ( '... . ~ . ! : ,. ,, ,. ' ' •. ' - : ~ 

. Let us consider' mixing (oscillation) that arises in the vector: .dominance 
model (4 ]. This:model considers ·~ixing of vector fields in strong interaction 

:.V.r?) a7d .elcctffimagn~tjc '";""ft'~. A,;. ?c initial. fields . rl,:J :~'.e m.r·. ixcd 

. wh~n the strong and electromagnetic interactions areincludeq ~5 ). · . '· · . . . '' ( . ' . .- ., ' . . . / 

v' -,= cos cp V -· sin cp A , cos·cp = G/'1G2 + e2 
/l, ·:. I' µ I 

A
0 

=sincpv'+coscpA.',' .· 
I'·· · , " I' . , · I' 
,: • <. • - ,' 

' G ande ar~ thestrong ~rid the el~ctromagn,etk interactio~ cbnstants. Owing to 
gauge invariance in electromagnetidnteracticin (and' isospin conservatio':O in 

.·· strong interaction) the mass matrix ofthe fields v<A 'mustbe diagonal:· 
. . · ··.: . · · · · . : · ' ·. · . I~< I~. · · · · . . •·. 

2 ... 2 lo o· 1· mA µ. ·. 
µ " = o· 2 • 

.. 2 ... ·2 .. mp µ. ;my , .. 

(7) 

• '~.' - •• • ,·. \ •• ,· I µ I . • . •. ,· ·: -• \. ·, 

... How'tlie y ~ po oscillation will occur? Since the fields A and ·v are noticeably··'. 
:· . . . . . . . '., , : . . . \ ·: . . : . . , , µ . I'. . 
different in mass, 1here must be no real oscillation between them·as it is between~ 

.t 
J ,;, 

~· 

..0> and "R°.. There must be vir~t~l oscill~tiori beiw'eenthese fields (particles).H. 

means 'that the transition to the asymptotic states A' ' V (. must be virtual (so, ' 
' . .>.. :. ·- . • , . . I' I' , . . . ·. , . . '.• 

:there must be no real,transition o(; y'.quantum toap0-meson followed byHs ~ ..• ·11~1 

'' ~e,cay, into prndu~ts thafcan b~:obse~ed). !~ma~e this ~ra~siti~n (~-~~illati:o~) ' '' fl • 
, . real ·.(for y -+ p0), the y quantum ~ust parttc1pate m th.e mterc1.ctton m order to f 
; conie tothe·p~-~eson mass sliell. , . · r, . . , ·. . ! 

1 

,, " \ ,.; 

\ ' 'i 

c) v' oscillation \ ' 

·.. . , .· ' . I. . · .. 
Knowing that the lepton numbers L , (, L are well conserved in the standard . ., : •.· . >· , ,. , , t' /I r· · · ,· · · . 

~• th.eory of'weak°interaction (61, which is highly accurate, one can, draw a con~. 
. .clusion that a ne~frino system (see mass matrix (I)) is a weakly bound system, • 

i.e. the interaction that violates 'the above numbers must be weak and, con
sequently, the ratios mi/ mii <<I (i :;c ~; i; k == l -3) must be s~all.' ]'he phy-

sical neutrino.states V 'V 'V arising from weak interactions ~ill ha~e certain 
:·vc.··., ··-,,: ·.1:,·.l',•\r ',. ,· , , .' .... ·.•· 

masses.. The asy,mpto~k- states ,v 1, v2, vJviolatin,gthe ~~pton_ numbers ~e' 111 ,' ~r 

will be realized in moiion bf neutrinos in. vacuum; and the type of their reali~ 
zatioh will d~p~nd 0~ the masses m ·, m , m : : . ; > . ' ' •. : : , , , '. 

' . . . . , -1'e l',t i: ''r ~ , , ·, l , 

. . . Let us classify possi~lc types' of neutrino 'oscillations \ by analogy with 
: .;.() -;-,o ,· ' ' 0 . ' ' ' '. . ,, ' ' \ 
A.-, K ~ and y, p oscillati.ons. · . . .. . 

1 r1f masses' o(v , v ; v arc equal, there must be real oscillation bchveen 
. . ,. .· t' I'· . r. , . , , . . , . ·.. . . . : 

. . . / '· ·'. ' . I ' .• I ', , • • ' ,l • 

:. these' neutrinos in full 'analogy with ,0>· :i(O oscillation. In this case the asymp-
.: totic states'vl, l'i, v3 wip be, realized in vacuum as realStatcs. : ... \ .. 

, ·. · .·· 2) If mass'~s of v , {, , v are different, there m~st be virtual oscillation by , ,. : , . e . I' r . , . . , . .. . . . . . . . 

·, an~logy wHhy ~ p0 osdllation (a~ym'.pt6tk stat;;~! ;~2' v3 ;ill be rea_lizcd in 

·vacuum a~,virtual states as weli). To find real neutrino oscillation\n this case 
one mus( have interaction of this neutrino for its transition to 'tt1e mass.shell of 
another n;utrino: For example, if av neutrino oscillates•to v ; v n~utrinos and 

.• ~ . ,,. . . . ·. . t' , ... . . . . ., . . I' . r , . . . ' . . 

these neu !rin,osl have decay rio~es, then thes~ pscillations.a~,d decay modes. earl ' 
be seen only if v ... participates in an interaction and t.here .is a transition to the 
' '' ' (t, ' .. ~' , , \' '. ' ' ' . ; 1 ' • ' • ' 

corresponding mass shells of v ; v • 
' ' • •• ' .,. / < ,' ' •• p ~. ·.' ' . . ' .' '. '. .· .. ' ' . 

: In case ·2). for experimental observation of neutrino. oscillation neutrinos. 
f • " •• '·,, ·-·,. ' •· ✓ ,, ", •• ,' ,., ' ' • , • .,..,, 

"'~ must be passed-through matter so that a real transition of a neutrino of one type 
toa neutrin~ of another type c6uld pccur., Wher ne,utriri~s born inside the Sun 
pass ttjrough the Sun; there is a natural possibility of this transition. The bulk of , .. 
the Earth can .be used for the same p'urpose. The facilities Super-:-Kamioka_ndc: 
(71 and SNO (8 ), which are under'constrnction' now, .may allow one io observe. 
neufrino oscillation of the indicated type. . . ' 

r. . , , , . . . 
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EelllTO~B x.M. E2-93:.297 
HeKOTOpb1C'3aMellaHHSI K 'sonpocy 06 0ClJ,Hnmm,HH HeHTpHHO 

PaooTa nOCBSIW.eHa amuiuay ~03MO)KHblX THD0B OClJ,IIJIJISllJ,HH HCHTpHHO. 
Jle.naCTCSI BblB0,!1., llTO ecnH MaCCbl pa3nH4HblX THDOB HCHTPHHO 6y.a.yT paBHhl, 
TO B03MO)KHbl peanbHblC OCU,HnnSIU,HH HeiiTpHHO pa3nH4HhlX THDOB no attanornH 
C f<!J, 'i(-0 OCU,IIJIJISIU,HeH. . . 

Ecnu MaCCbl pa3nH4HblX THDOB tteiiTpHHO 6y.a.yT paanu1.1aTbCS1, TO B03M0)K:. 
Hbl TOnbKO BHpTyaJJ&Hble OClJ,IIJIJISIU,HH tteiiTpHHO " .a.mi Toro, llTOObl ocyw.ecr
BHTb peanbHble OCU,HJL/lSllJ,HH tteiiTpuuo HeOOX0,!1.HM0. HX y1.1acrne BO B3aHMO
.a.eiiCTBHSIX ,!l.nSI nepexo.a.a Ha COOTBCTCTBYKlW.He MaCCOBblC IlOBepXHOCI'H DO atta-
JIOrHH c nepexo.a.oM y-KeaH-ra sp0-Meacm B MO~e.nn seKTOpttoii .a.oMuttaHTH~H. 
Ta Kall OClJ,IIJIJISllJ,HSI ueiiTpHHO 6y.a.eT ocyw.ecTBJISlTbCSl npn npoxo~eimu HCHT
p1rno, po,!1.HBlllHXCSl BHYTPH CoJIHU,a, 4epe3 ConHu,e, a TaK)Ke npn npoxo~eHHH ' 

. ero 1.1epe3 3eMmo. · · 
Pa6oTa BblDOJIHeHa s Jia6opaTOpHH Bbl4HcnHTeJlbHOH TeXHHKH n aBTO-

MaTH3aU,HH O11.5U1. · 

Tlpenp1111T 061.eJtllllCIIIIOl'O m1cnrryTa !IJtepnblX HCCJ1eJtOBa1111il. ,Qy6na; 1993 

Beshtoev Kh.M. E2-93-297 
Some Remarks to the Problem of Neutrino Oscillation 

. . 

The paper deals with the analysis of possible neutrino oscillation types. Th~ 
conclusion drawn is that if masses of different type neutrinos an~ equal,' then 
real oscillation or'different type neutrinos is possible by analogy with f<!J;'i(-0 
oscillation. · • · · · ' 

If masses of different type neutrinos are different; then only virtual neutrino 
oscillation is possible, and real oscilla~ion of _neutrinos requires their parti
cipation in interactions for transition to the appropriate mass shells by analogy 
with they quantum transiti~n to the p0-meson in the vector dominance modeL 
This neutrino oscillation will occur when neutrinos produced inside the Sun are 

· passing through the Sun, or ~ti'cn they are passing through the Earth. . . 
The. investigation has been performed at the: Laboratory _of Computing 

Techniques and Automation, JlNR. · 
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