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The proton decay experiments have shown a failure o! a 

simplest grand unified model based on SU(5) group. Among other 

models the simplest is one based on S0(10) group. As distinct 

from other grand unified models, the fermion representation of' 

S0(10) ju8t like SU(5) includes only ordinary quarks and lep­

tons as well as right neutrino. Because of the right component 

of neutrino in S0(10), a nonzero mass of neutrino occurs. The 

present paper is devoted to a st~dy of neutrino J!!&SS and mix­

ing in grand unified S0(10) model • . 

As w~ mentioned in Refs.[1-4] , a larger, compared to 

SU(5), lifetime of proton can be obtained only in those S0(10) 

breaking s chemes which contain left-right intennediate symmet­

ry SU(2)a. 11 SU(2)R • However, as shown in Re!. [5] , in this 

case a problem wfth the. degeneration of heavy quark masses 

arises if we assume the existence of only one light (with 

mass _;... Mw ) Higgs boson connected_lfi th breaking of electro­

weak group. In Ref. [6] an S0(10) model is suggested, where 

this problem was solved (see al.so [7] ) via the introduction 

Qf additiozyU. cy.~crete .fl!!llllet~ 
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In this work we, on the basis of a model suggested in 

Ref'. (6 J ·and also in [8]; shall st~dy questions related to 

neutrino masses and mixing. 

Just like in [6] , discrete symmetry in Higgs sector of 

theory has a form: 

54 - 5~ 126 - -i 126 

210 -210 10 - i 10 

45--45 

(1) 

Vacu\im expectation values (v.e.v.) of these fields violate 

S0(10) at several steps: 

50(10) <( t. 1.1 )st,, > = M" SU(4)" SU(2)i. >< SU(2)R x P 

<(t.1.1 >2t0 >=Mp SU(4) K SU(2)i. x SU(2)R E. G 

' <(15: 1· t ).-s>•Mc SU(3)c x SU(2)i. x SU(2)R" U(f)e-1.:. G, 

<(10.1.3)126>=MR 5U(3)c x SU(2)i. l( U(1)!1 

<.(f. 2. 2)10> """<(f5.2.2)126>,..., Mw SU(3)c x U(1)em 

where representation components are indicated according to 

decomposition over group G. 

(2) 

Further on, we shall assume that · ~lectroweak subgroup 

-breaking g?es owing to v .e.v. of ~U(2) doublets contained in 

the representations ..!.Q and 21.§.: the .use · of o.nly ..!.Q~plet would 

lead to equality of masses of 'charg~d leptons and down quarks. 

In view of this, consider a mass matrix of *io• (1;2,2) 

4. 

and 4P,.!6 = (1,2,2) fields connected with breaking of 

SU(2)r.. x U(1).!I , where we took components of group G de-

composition. Mass matrix invariant under G group has a form: 

2 + -+ - 2 + .. ....... -
1.lM = M 1 ( <P,o 4>10 + <P,o <P,o) + Mz ( 4>126 cPns + 4>126 4>126) + 

2 ... - -+ . 
M3 ( 4>10 cl>126 + <P,o 4'126) + ·3 . c 

r 1- ( . r) ('• ,,. ) - '110 10 ( 3) 

<Pio= 11~. - ri~: ' ¢10::; - -JO* 1 

'110 10 

e=- 1: .. ) 
4>126:; i- -~ <>* 
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126 126 

;j; , ( 1~. ~.:.) 
126 _ -jo* J 

~126 126 

1! -(?1:) =( ~:o) 
if10 = j; ' ~10- 'l;o ' i- = ( 11~6)' 

d126 • ~ -
J12G 

-(· iz;26) 
~126 = 'l ;26 

where 

are usual SU(2)i. doublets. 

Diagonalizing the mass matrix (J) we'll obtain two orthogo­

nal states: 

~I : COS 'f cf>10 + SLI\ 'f 4>1Z6 
(4) 

q>l = - si.n ~<P10 + cos'! 4>126 

these both, generally speaking, must have mass of an order of 

magnitude Mx (with account of the fact that Mc is close to 

M x ( 6] ) • Actually, owing to the fact that one of these 

fields is connected with SU(Z)i. x U(1)!:1 breaking, then, accord­

ing to the fine tuning condition, this field (say, cp
1 

) must 

have a mass « M1t , i:e. MR • Then obviously, the only 

" 
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doublet of S~(2) whose v.e.v. is connected with electroweak 

group breaking is contained namely in field <1>1 (with an accu­
\ l./ 2 racy up to MR Mx ) • Thu.s; one may consider a mass . matrix or 

C.oublets which enter ¢1 separately. ·a th accoun_t of terms 

breaking SU(2)R -symmetry the mass term for fields J, '1 

takes the form: 

2 2 ~*~ . 2 2 * 
(«MR+ ~M11)a1 a1 + (O..MR - l)M1drz, 'l1 (5) 

~ust like in Ref.[6], when we . take account of radiative cor­

rections, there arises a nondiagonal over j-
1 1 I}, term which 

i:= c<mnected with discrete symmetry breaking. As a result, 

·ve '11 come to the following contribution: 

A ~ Mc: . M ~ ( f' rt I + .ri ~ 11 ) . 
(6) 

Diagonalizing (5), (6), we'll obtain two new orthogonal 

states ~ , 'l One of these states must have a mass - Mw , 

r.ar.iely its v.e.v. is connected with 5U{2)i.. ll U(.t)!I breaking! 

the other field in accordance with the survival hypothesis 

f.or Higgs fi~lds must have mass -MR and zero v.e.v. · In what 

follows we '11 believe that Higgs field is J - this may 

always be attained by the choice of sign of () • Then 

1 = ~ cos e - 'l sin e 
1 ,d 

(7) 

f11: jsi.n e .+ ricos 6 t~ 26 =).. Mc: 
Mic 

Turn now to fermion mas.sea. Just like in [8), we'll deter-

' mine the action of disc!"ete symmetry for three generations of 

6 ' 

fermions as follows: 
. Jr 

-L-

16113 - e "' t6,,a 

. :r 
-l ~ 

162 --e 16, . 

Then the Yukawa couplings of fermions with Higgs fields 

take the form: 

3 

4, 1si. 16j c 10 }.ij + t26f'i; + WJJ1j ) 
•J . 

where 

(8) 

(9) 

C' 0 '·) (° P• O) l':j. G p; o,) 
.Aij = O 1'2 0 ' J.lij = }J, 0 JJ2 ' 0 fz 

. .).4 0 1.3 0 )J2 .0 ' JJ2 0 

With account of (4), (7) we'll obtain mass matrices of fer­

mions in the following form: 

Jtlu= P·tj -t t99_ (t'.ijt~f + p;j)]cos<fcosB< l ;> 

.A.la =-[Aij t96 + (1'ijt9f + l'~j )]cosf cose < j*> 

JUe= -[ .• \j ~se +(-3JJij tff + !'~)] cos~cos6 < r· > 

.u: = [ ~ij + ~ 0(-31'tj ~~ + f'~>Jcosycosa < a> 

( 10) 

With respect to the smallness of parameter ts 9 these 

matrices can be reduced to the form: 
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coo) ca,o) JUt.1 ::. 0 C 0 + t9 B a, C Oz 

;; o o t o a2 o 

. c o c) (° a.a) JU'* = . o c o t~ e + a, O az 
0 0 t 0 az o 

( 11) 

JUe = (u o 
0 c 
0 0 

0) ( 0 8, 0) o t9 e + g, o B2 

t 0 g2 0 

(

u o 
:I) - ' JU'\) . - 0 c 

0 0 

B1 o) o Bz 
g2 0 . 

+ t~S ( ~' n 
As a result, we'll come to the same findings for quark 

masses and mixings as in Ref, [8] , in particular, to relation 

m g/m~ = t9 a , this leading to the fact that Me must be 

close to Mx [8) • Besides, we'll obtain new results connect­

ed with lepton masses and mixirtgs. 

Parameters a. 1 1 
a 2 , g1 1 

f, 2 which enter ( 11) can be expressed 

through masses .of quarks and leptons and unknown phases [8] • 

For simplicity we' l l consider mass matrices to be real. Then 

we'll obtai n: 

2 u~ + s ·+ ~) 
Q.1 =cl.5(1 :j: cu- - g- t I 

2 U't' J1 C ) g, =ep(1-er+·T-+T <1_2> 

·B 

1 ,, 

. . 2 
2 gc c Cc) 

a 2 = sg ( ! f + ~ + 2 ~ + 2 5 t2. , 
2 'l:C- c ~ c 2 

g2 =p.t"(1+pt +2~+2;- t.2) 

t~ e = 
:tcl+s+g 
u + c + t 

Turn now to- a more detailed study of neutrino mass and 

mixing, In addition to Dirac masses (11), neutrino may obtain 

Majorana mass. In our 0ase right neutrino receives Majorana 

mass owing to Yukawa coupling J.l~jl26·16i.· 16j from (9), when 

v.e.v. ( ,.., IV1R ) of 126-plet breaks (B-L)~symmetry: 

R 
,JU;> = J'i.j MR ( 13) 

Then the mass matrix of neutrino takes the form: 

u 0 0 

0 0 c 0 

0 0 t t 14) 

JU.\) = I u 0 0 0 JltMR 0 

0 c 0 jJ1 MR 0 }lzM~ 

0 0 l t 0 PtMR 0 

Diagonalizing t .his matrix we obtain three Dirac neutrinos 

with masses uc/p, MR , tp.j }J 2 and }12 MR • Mass of . t'. -

neutrino comes out inapplicably large: - mt ( m.11rexp < 50 MeV). 

This circumstance as well as the fact of appearance of Dirac 

and not Majorana neutrino in 30( 10) scheme are· due to the fact 
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that the mass matrix of right neutrino ·c13) is degenerated. 

The situation becomes quite different after the account of ra-

diative corrections to the mass matrix of right neutrino. A 

sinplest diagram that makes contribution to masses of right 

~eutrino is given in Fig,1, With respect to this diagram con­

tribution for the mass matrix of right neutrino we obtain: 

where 

I < lfO) 
.!UvR = .Ptj MR + -Atj oe. MR < 1li26 > ) 

d.. ::::: c£2(Mx) < '1126 > e :.: 10.4 
< ~10 > 

(15 ) 

e ~ 10-1 is mixing !apter of colored triplets from .12. and 

£1.Q (9] • 

1 After taking accoU1lt· of radiative corrections we 111 have 

6 Majorana states, J of which are light and J are heavy. 

The mass matrix of light Majorana neutrino will take the 

!onn: 

~ - _, z < rz 1Z6 > r a t 1 [ 2 1 JU" = JU 11 (iUvR) JU.~ = MR Lee. 'uc - 16 cL u(a2-8z) + t (a1-S,f] ,,. 

. 2 

"'
2u2ct - ~ (a;..::&e 'f 

1 
-atuct 4(a1-8,) u.t ~ca1-&1){az..g2) \( 16 ) 

. t 
ct2uc2t 

1 
-ctuct it" (a1 -&tl -iiituct 4 (a2·&t) 

f r ' 

~t 16 (a,-S,)(a2-&2) 
f -ce.uct 4(a2-g2) 2 t2 2 t ~ ct u.c -t 16 (a1-g,) 

10 

After diagonalization of this mass matrix we obtain three 

~ajorana states with masses: 

m,:: mz = <'112&> 4uc. ·=(< '112&>)( 1o'or3B\1-z~36 .:::20-10-338 
MR la1-S1I 102 f38 MR f 

\m,-m2\=m1 4ctd (a,-S,) • =(<'11z&>)(101ofaS)(t0:2'"'"t.5'3B ('17, 
t(a 1-g,)2+ u(a·i..g2)" 1oor3B · MR 'J 

= ·· :1.26> t =(<'1126>)( 10
10 n1B) ( t J2t.13B 

m3 "'MR 1oor:ie · MR so r:iB 7 
if MR varies within the limits 101'0-1013 GeV. 

V,ixing angles in weak charged lep~on current are 

1 
sine, = .f2 

f [ u 
si~ 62= J2 t 

(a 2 - 112) • 111 !;z ] 
(a, -111) + r 2 f-g: 

LL (a2-ll2) 

sin 63:: t ( a1-!;1) 
!;2 
't' 

Whe.nce, with respect to ( 12) we o.btain 

. e t 
SLR ' ~ IZ 

I sin 0z I~ 0.015 -
. 

I sin 63 \ ~ 0:3 

( 18) 

( 19) 

Thus, mixing between two first lepton generations in weak 

charged current is maximal (45°). 

The bbtained results do not contradict the experiments on 

neutrino oscillation detection - the difference in masses 

·11 
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among the first two generations of neutrino is very small 

( l'l.m 12 « 1 eV), and the third generation is mixed weakly with 

the first two ones ( sin Sa , sin 03 « 1 ) (10]. 

Thus, the obtained results agree well with those on measure­

ment of neutrino. masses and mixing. 

In conclusion the authors (H.M.A. and A.N.I.) would like 

to express their sincere gratitude to S.G. Matinyan for the 

useful discussion, 
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Figure Caption 

Fig.1. Diagram that contributes into the mass matrix 

ot right neutrino. 

a) in terms cit field-representations 80(10) 

b) in terms of field-representations 

SU(4)xSU(2)1.. x SU(2)R 

126 

,. t 45 210 ll " 210 

10 
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