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It is known that the grand unified model (GUM) based or
the orthogonal group SO(1O)[1] includes only one family of
quarks and ieptons and thus leaves open the family unificatio*
problem. For the solution of this problem orthogonal groups
SO(N) with N> 10 are more convenient, since their spinor rep
resent;tion includes naturally different S0(10) families of
fermions end is free from anomalies[a] . Recently there ap-
peared many works dedicated to the SO(N) cuM B3],

In (8] the mrules® for the choice of the GUMs have been
formulated. One of these "rules" is the so-called survival
hypothesis. It states: low-mass fermions are those that can;
not receive imvariant with respect to group G, = Su(3) X

(2)x U(1) masses &, 7] This means that they must form a
complex reprqseptation of this group. The survival hypothesis
looks reasonable eﬁongh, since the GB-invarihnt vacuum expec-i
tation values (VEV) of Higgs fields breaking thq_grand.unified
_group G down to G, must have the order.of grand unification
mass 1012 Gev (as we mnbt glive & mass of thi; order to the
éorrespénding gauge bosons) and can give & mass of such order

to fermions.
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This hyﬁothesis means however that in the SO(N) GUMs
with N >10 there must be no low-mass fermions et all, since
the spinor representation of this group is self-conjugate
with respect to Go and all the fermions can receive a Go-in-
vari: “t superheavy mass ~ 1077 Gev [7].

Ve shall consider here & modified variaant of the survi-
val hypothesis based on another scheme of breaking.ﬁmen so(n) -
is broken by the Higgs fields VEVs -~ 10'% eV’ down to
D)(Go, where D is a certain discrete symmetry. Then the sur-

vival hypothesis must be formulated Tike this: only those fery -

mions survive (i.e. are low-mass) that cannot receive I)XGO-
invariant masses; i.e. form a gomplex representation of this
group [8] . The addifional discrete symmetry D prevents the
ordinary fermions from receiving a superheavy mass due to the
fact that the self-conjugate with respect to SO(10) parts of
' the fermion representation transform differently with respect
to D.

Among the‘SO(N) groups the S0(4n+2) groups only have
complex representations (o] . In particular, they have a
complex‘spinor representation gf? whick is commonly taken as
& fermionic one. The SO(4n+2) groups contain for n33 the sut
group S0(10) X S0(4n-8), and the spinor representation gf? may

be decomposed with respect to this subgrbup:

2% (16,2%"°) + (16, (22"°%)) (1)

where 22775 ana (22P75)' are two different real spinor rep-
resentations of the S0(4n-8) group. This means that the fer- ,

minn reprqséntation £ (if identified with the spinor ome) will
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contain an equal number of 16 and 16 S0(10) families, i.e.
femilies with left V - A and right V + A couplings with W-bo-
sons 5] . Then the fermion mass operator
ah-s - a2n-S
fxf=(16x16, 227 %% 25" ")+
-~ - 2p-St -, .2an-5.
+ (16 x16, (2 )x(2 )+
) - 2n-5 - an-5,.
+2-(16:16, 2 x(2 "))

(2)

contains S0(10)-singlets. 16 and & S0(10) families mixing
with each ofher can produce particles with S0(10)-invariant
(and therefore G,-invariant, since S0(10)=> Go) masses which
must be superheavy. |

‘We shall choose a scheme of the S0(4n+2)-symmetry break-
ing by the Higgs fields VEVs ~ 1012 GeV so that along with
the Go the discrefe symmetry D remains., The following Higgs
rie;dg are teken: to.tally'symmetric tensor of 2n-4 rank .
{,i,, 203 the £ifth rank totally antisymmetric tensorXijknm
(_{1 yeeeslenct, Ly, K, 0, m_-‘f.a,---,’tn*e)ﬂ.‘he distinect from. zero ms

of the symmetric tensor ~ 1012 GeV are the following

Y>> 2 K Y g > (3a)
<Ygia> <P s> <Ys...0>=< P00, 40 > (3b)
<.\h1‘"-12n°'h> ) i.-‘....ll.an-" =11, ..,,.t’n*a o (30)

and they break the SO(4n+2) symmetry down to SU°(4)x SUp(2)x
XSUp(2). The decomposition of the X‘._anm _ ‘'with respect to
S0(10) x S0(4n-8) is '



(4n+2)as = (1, (4n-8)%s) * (10, (4n-8)%s) +
*(45, (40‘8)?15) +(1 20, (‘(n'8)¢a.s) + -(4)
+(210, 4n-8) + (126.1) + (126, 1) ,

where (4n—8):s is the K rank totally antisymmetric tensor of
S0(4n-8) group. By means of the G -singlet VEVs (which also
'a.re ~ 1015‘Gev) contained in the last two terms of the decom
position (4) one may break the SU®(4)X SU,(2) % SU(2) symmetry
down to Gy
In the above mechanism of breaking ialong with G, there
may remain an additional discrete symmetry D - the subgroup
of S0(4n-8). The question, what type of symmetry D must be
' éhosen to pfovide the survival of fermions, will be discussed
on concrete examples of grand unified groups S0{14), 80(18).
and S0(22). |
1. 50(14) group. - The VEVs (3a)-(3c) of the Higgs fieldsm
Y: j along with the .VEV of the 126 (or 125 ) representation
of 50(10) (from the expansion (4) Xijknm ) break 30(14) down
“to Dx G o? where the generatiux olemont T of discrete ayn-
metry D haq the following fom ror the vector representa.tion
.14 80(14)'

Ty = ( 1.4 M ) (5)

where 4  is the 10%10 unit matrix., Por the SO(4) (S0(14)3
> 50(10)%,50(4)) spinor representationsjré;,‘.a.nd i2: we bave



1,

the fonllowi: , expressions for T
-(10 "o (-1 9y
TS-(O'I) ) TS‘(0-1) (6)
Then from the decomposition (1) we shall easily obtain the de-

composition of the apinor repres'enta.tion 64 of S0(14) with ress
pect to DxSO(10)

64 = 216" +2-3677, (1)

'where we have written down the quantum number T as a top in-
dex. Due to the fact that the 16-s and T6-s have different
quantum numbers T, they will not be mixed until the Dx G ~sym-
métry ‘18 broken (it is broken by the Higgs fields VEVs of the
osrder of W,Z~-boson masses) and, heuee, they will not ‘get a su-
perheavy mass. Therefore in this model there are two 16 and
two I8 <£0(10) families: of low mass fermions. _

It is well-known that the number of ordinary fermion. fa-
milies (with V - A coupling with W-bosons) must be at least
three, therefore we must consider orthogonal groups of higher
orders. - , -

2. so(18) group. '.L‘hg spinor representation of this group,
256 contains cight 16-8 and eight JB~s of SO(10). If they ail
are low-mass ones, then the condition of the SU®(3) colour '
group asymptotic freedom which '_requ_.:l.res that thq _nunBer of
quarks should be not more than 16 will be violated. Therefore
we shall choose-the Higgs field VEVs in the following manmer.
We shall assume as distinct from zero the VEVs (3a), (3b) of

1) As a matter of faét Ts ba.nd Ts' are determined throu lT
wita an accuracy of common multiplication by -1, bu this
is not essential for what follows.
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tp;,_,-,m- as well as
r1f,..514

Li,K,n=045, 16
17, 18 (8)

<LF‘JK“> i.;_l=15116; K.n=17) 18

Lj=1l, . fk; K= 15,16, n=17,18
As seen from (4),Xijxnm  includes the third rank anti-

sjrmmetric tensor abe (a, b, c~ 1,...,8) of the S0(8) group,
which is a G, -singlet at the same time. Let the following VEVs:
of ‘\}a.&c be distinct from zero:

az1,...,4; b,c =5,6

< >
veke as4,..,h; b,c-18 )

Then the VEVs (3a), (3b), (8), (9) along with the VEV of
126 (or 726 ) of S0(10) from (4) break SO(18) down to symmetry
Dx G e The genere;tiné element T of discrete symmetry D for the
vectorgx and the spinor §_5, _8_§' representations of S0( 8) has
the form of 8x 8 diagonal matrices | ’

Ty= diag (-1, -1, - =4 i, i, -, -1))

Te=diag (4, 4, L1, &, &, =i, -1) (10)

Te =diny (-1,-4,-1,-4, i, 4, -4, -1)
With regard to (10) the fermion representation 256 is decom-
posed with respect to Dxso(f0)group as follows:

256’4-(1_61* {__6'_"")4»2.(1_6i'+1_6-t+ 1_—6i'+ E"’) (1)
The self-conjugate with respect tonxsom)part of fermion rep-
resentation 2 (16 + 1_§."+1:6_“ + 1___5_'6' ) receives a superhea-
vy mass through the VEVs of iJabc contained in the mass ope-

rator (2). Four 16 and four 16 S0(10)-families of fermions
i

vemain low-mass. snd the asymptotic freedom at our enercies is
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Hot violated.

3. 50(22) group. In much the same way as the previous
case, making use of VEVs of the Higgs fields fijunme ond
Xijknm  one mey break the S0(22) symmetry up to DxG, '
where the generating element T has the following form for the
vector representation 12 of S0(12): |

TV =diag (-1, o, o o o, oo™t

o = etzi'

The fermion representation 1024 is decomposed with res-

%) (12)

1
pect tostouq

024=5(16% 16%*) + 5 (16" + 16"
+4.167+ 616"+ 5(167+ 16 ") + (13)
+6 (16%"+ 16" )+6 16"+ 16

Only the self-conjugate part of (13) receives a superheavy
mess, and agein four 16 and four 1§ S0(10)-families of fer-
mions.remain low-mass. |

An analogous discussion may be carried out for orthogonaz
groups of & higher order. -

The:discussed mechanism of the symmetry breaking-: leads
to the fact that a éarticle in low-mass families, for ins-
tance the right neutrino in 16 (if the VEV of 126 S50(10) is
distinet from zerc) receives a superheavy Mayorana mass bo].
The left neutrino may receive the Mayorana mass only at the
" next stege of breaking., and it will be fairly small (0]

In our discussion, besides the ordinary S0(10) fermion



families 16, the T6~s as well remain low-mass. They receive
masses via tne same Higgs field VEVs that give masses to the
W and Z-bosons. It is possible to make the particles in 16
heavier vthan ordinary ones: if the ordinary particles messes
are of the order 1 GeV, the masses of the particles in TG mey
be ~ 100 eV (5] . These questions will be discussed in de-
tails elsewhere. '

The discussed examples éhow_that the survival hypothesis
in its modifie‘d form may be successfully used for the SO(N)
GUM,

As to the SU(N) groups, it is well-khotn thst the SO(4n+2b
contains SU(2n+1) as a subgroup, and the spinor representatior
may be decomposed with respect to this subgroup. If we take
the fermion representation Bf unitary group Jjust in this form

then all the aforesaid about orthogonal groups may extend also

' to these groups, the sqrvivai hypothesis will have here the

same consequences as for coire'spond&ng orthogonal groups..

A similar discussion for the unitary groups SU(N) has
been carried out in Ref. L®) but the mechanimm of the SU(2n+1)
breeking chosen there di‘ﬁ’era ‘from the one described above.
Therefore, the results in the specific case of ithe SU(9)-sroup
are different: in our case there are no problems with asympto-
tical freedom violation as it is in [8]

In conclusion I would like to ezpreaa my gra.tituie to
S. G.Iatinyan and A,.G. Sedrakyan for rru:ltrul discussions.
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