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The grand unified model based on the orthogonal group 

50(18) is considered. ·The model includes four ordinary and four 

mirror fermion families. The mechanism of the generation of 

masses of ordinary and mirror particles is studied. The esti­

mate for the masses of the right WR-boson, that implements 

the interaction via right currents, is obtained. 
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The orthogonal groups S0(18) are most convenient for the 

solution of the problem of family unification, since the gauge 

SO(N) theories are automatically anomaly-free and include 

quite naturally various S0(10) families. 

S•.ich models should meet certain requirements. According 

to the survival hypothesis [1) , the fermion representation 

should be complex with respect to G = SUc(3)xsuL(2)xU(1); only 

the fermions, that cannot acquire a G-invariant mass, have or­

dinary (not super heavy) masses. Besides, a constraint comes 

also from the asymptotic freedom condition in color: if the 

number of fermion families is more than eight, j3 QCD becomes 

positive. 

On the other hand, the spinor representation of the or­

thogonal groups S0(4n+2) (only such orthogonal groups have 

complex representations) is self-conjugate with respect to G 

for n > 2 and contains at least 16 fermion families for n > .3. 

It has been shown in [2,3] that one may evade the above 

difficulties, proceeding from such a scheme of breaking of 

~0(4n+2) by super heavy vacuum expectation values (VEVs) of 

the HiP:gs fields. which _ alon~ with G leaves a discrete sym-
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metry D. The additional discrete symmetry D protects ordi­

nary fermions from getting a super heavy mass due to the fact . 
that the self-conjugate (with l·espect to G) parts of the fer-

mion representation transform differently with respect to D. 

In this case, there are no problems with the asymptotic free­

dom in color either, since some fermions get a super heavy 

mass and the asymptotic freedom at our energies is unbroken. 

The present paper is devoted to the study of the S0(18) 

grand unified model, based on the above breaking mechanism. 

The fermio~ representation is identified in this model 

·with the spinor representation of S0(18), which has the dimen­

sion 256~ The group.S0(18) contains the subgroup S0(10)xS0(8), 

and the spinor representation may be decomposed in representa-

tions of this subgroup: 

256 = (16,8) + ('lb,8 1
), 

( 1) 

where § and. §' are two different real spinor representa­

tions of SO(B). The representation 1§. of S0(10) corresponds 

to ordinary particles, and the representation Tb, to the 

so-called mirror particles, i.e. particles which interact with 

W-bosons via right currents. 

We choose such a scheme of S0(18} breaking, that along 

with G, there remains a discrete .symmetry D. 

The Higgs fields in- our model are as follows: totally an-

tisymmetric tensor of the fifth rank X ijk:nm and totally 

symmetric tensor of the fourth rank 'f ijkn(i,j,k,n,m=1, ••• , 

18). As is shown in (2,3], the super large VJ!Vs of these 

fields break S0(18) down to D x G, where the generating ele-
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ment T of the discrete symmetry D has the form of the dia­

gonal matrix 8 x 8 on the spinor representations §, §' of 

SO(B) 

T = diag (1,1,1,1,i,i,-i,-i) 

T' = diag (-1,-1,-1,-1,i,i,-i,-i) 

Then the decomposition of the spinor representation 

respect to the group D x S0(10) takes the form: 

ill = 4 • (1§.1 + 'lb-1) + 2 (1§.i + 'lb-i + 1§.-i + '!bi) J 

(2) 

256 with 

(3 ) 

where we have written the quantum number T as a top index. 

The self-conjugate (with respect to D x S0(10)) part of the 

fermion ~epresentation 2 (1§.i + 1£-i + 1§.i + lti-i) gets a 

super heavy mass via VEVs of the Higgs field X ijknm' only 

four 1§. and four lb families stay massless at this stage 

of breaking and there arise no problems with the asymptotic 

freedom in SUc(J). 

In the present paper we shall study the next stage of 

breaking, when G x D is broken down to D x SUc(3) x U(1), 

and the breaking is due to the VEVs of the same Higgs fields 

If ijkn r .id X ijknm" At this stage of breaking, both the par­

ticles in four left and four right families and W,Z-bosons 

get a mass. 

It is known that till' now nobody has found particles in­

teracting with W-bosons via right currents, i.e. particles 

that enter into mirror families. This, apparently, comes to 

imply that their mass is large enough, tens or maybe hundreds 

of GeV (if they exist at all). 
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In our scheme masses of these particles, of course, can­

not be much larger than those of W,Z-bosons, since the Higgs 

field VEVs, that give masses to mirror particles, also contri­

bute to the masses of VI, Z-bosons. 

The decomposition of the fermion mass operator in S0(10) x 

x S0(8) reads 

256 x 256 <16 x 16, 1 + 29 + 35> + en; x n;, 1 + 29 + 35'> + 

+ 2 (16 x n;, 8 + 56) 

.1.§. x .1.§. 

.1.§. x 16 

.1.Q + J1.Q + lli 
1+±2.+lli 

(4) 

It is seen that ordinary and mirror families, in general, 

get masses . via various VEVs, and it is possible to provide a 

different order of thl!'ir mass. For example, if ordinary parti­

cles get a mass due to VEVs (10,35), the mirror particles get 

a mass due to (10,35'). 

However, ·there exists a more interesting possibility. 

Namely, we shall assume that in the tTee approximation, only 

mirror particles (and W,Z-bosons) get a mass. Ordinary parti­

cles get a mass only due to radia'!:ive corrections [4] •. Thus 

the hierarchy of masses of ordinary and mi~ror particles is 

automatically provided. 

'l'hus, in order to break G -suc(J) x U(1), we use the 

Higgs fields VEVs (10,35') from the decomposition of X ijknm 

( 18)5 
-as (1,56) + (10,35) + (10,35') + 

+ (45,56) + (120,28) + (210,8) + 

+ (12b,1) + (~,1) 
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(5) 

These VEVs give a mass to W,Z-bosons as well as to mir-

ror fermions. If the Yukawa and gauge constants are consider­

ed to be of the same order, the mirror fermions should have 

a mass m.,.1, mz, i.e. ""'100 GeV. 

!;lasses of ordinary fermions are generated only due to r n-

diative corrections. 

The first nonvanishing contribution is made by the ~ia­

gram in fig. 1. It is finite and results in the following fer-

mion mass: 

m(16) ~ ~ 
481 ( (1,56) >2 m (ib)/M~ , ( 6) 

where MG is the mass of super heavy intermediate bosons, 

which is related to the generation of super heavy VEVs of dif­

ferent components of l:f ijkn and X. ijknm [2 ,3] (in particu­

lar, (1,56)). If all these VEVs are considered to be of the 

same order, MG "'"'g < (1,56) > , and we obtain the following 

relations between masses of ordinary amd mirror fermions: 

m( 16) "' cl.. m('lb), where cL is the typical gauge constant 

( ....., 1/100) [4]. 
Thus, m~sses of mirror fermions appear to be nearly 100 

times bigger than those of ordinary fermions. 

Due to the presence of exact discrete symmetry D in our 

scheme, ordinary and mirror. particles do not mix, since they 

have different quantum ni;mbers T (+1 and -1, respectively.). 

Consider now the neutrino mass in ordinary and mirror fa-

milies. 

In our treatment the left neutrino in ordinary families 

gets a mass due to the mechanism proposed by Gell-!,lann et al., 
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i.e. by introducing an M Majorana mass much bigger than the 

m Dirac mass. In our case M is related to the VEV of 126-

plet of S0(10) from (5), and m is the mass of the upper 

quark of the appropriate family. In the simplifiea case (when . 
there is no mixing between families), the mass matrix of the 

neutrino has the fonn 

( ~ ~) (7) 

After diagonaliz:ation we shall have two Majorana neutri­

nos in each ordinary family: a left neutrino (with a small 

mixture of the right one, if M » m) with a mass ffivL~m2/M 

and a right neutrino with a mass ~ M. 

What can we say about the scale of M ? The experimental 

restriction on the neutrino mass gives M> 103 GeV, It should 

be noted that the mass of the WR-boson, which implements the 

interaction via right currents, is generated due to the same 

VEY of 12b-plet, and is also of the order of M. 

In our approach the neutrinos in mirror families get a 

Uiajorana mass due to radiative corrections. The first nonva­

nishing contribution is made by the diagram in fig. 2. This 

contribution can be easily estimated, it is of the order of 

cL M (the Higgs field ( 1 o! I 1 ) from the decomposition of Y' ijk:n 

also obtain a super heavy VEV [2,3] ). As a result, we have the 

following mass matrix for mirror neutrinos: 

(
d.. M 
m (i6) 

m
0
( 16)) 

8 

(8) 

After diagonalization we shall obtain in each family twt 

Ma.jorana neutrinos with the masses m2(16)/ol-llf and ol M, if 

mCl''b') « cL M. In the case, if m(lb)"" ol M, the neutrino will 

have the mass ""' m(lb). 

On the other hand, for cosmological reasons, there is a 

restriction on the masses of heaVy (with a mass > 1 MeV) 

neutrinos; their mass should be > 2 GeV [5]. Making use of 

this fact, we obtain M < m2(lb)/ol • 1 GeV "'10
6 

GeV. Thus, 

we have the following restrictions for M, and, hence, for 

the mass of the WR-boson as well: 

103 GeV ( ~ffi ( 106 GeV 

In ref. [6] a stronger restriction was obtained for the 

heavy neutrino mass: ) 100 GeV. In this case we obtain for 

IDwR narrower limits 

103 GeV ( InwR. < 104 GeV. 

The obtained limits for my/R do not conflict with the 

restriction on the existence of right currents. 

In refs. [4,7], 0(14) and 0'(14) symmetries are consi­

dered as flavor unifying groups. Unlike our model, where the 

discrete symmetry D provides the presence of fermions with 

ordinary masses, the fermion representation is there self­

conjugate. This implies that the presence of ordinary masses 

of· fermions in these models is attained artificially. There­

fore, our model looks more natural. 

Thus, S0(18) grand unified model, proposed in the present 

paper, allows to naturally unify different families into a 
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uni fied scheme, obtain a reasonable estimate of the masses of 

mirror fermions and right WR-bosons, 

Other consequencies of the model will be studied in a 

subsequent paper. 

In conclusion the author thanks V,G,Gurza~yan, M.Yu.Khlo­

pov, S,G.Matinyan and A.G.Sedrakyan for helpful discussions. 
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Diagram of the lowest order contributing into ordina-

ry fermion masses. 
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Diagram or the lowest order contributing into the Ua­

jorena masses or neutrinos in mirror ramilies. 
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