Creduvk SP2PYUBH PLUSPSNRS

EPEBAHCKHH WU3BHYECKHH HHCTHUTYT
HHAeKCc 3624 o B

E®N-403 (10)-80

H.M,ASATRYAN, S.G.MATINYAN

NEUTRINO AND +-QUARK MASSES IN THE S0(10)
GRAND UNIFICATION SCHELE

EPrE4UT 1980 EPEBAH

NS R

A



EQN-403 (10)-80

YEREVAN PHYSICS INSTITUTR

H.M.ASATRYAN, S5.G.MATINYAN

NEUTRINO AND +-QUARK MASSES IN THE S0(10)
GRAND UNIFICATION SCHEME

‘ Epcnza‘nétA;(;ﬁ Pusndeckull
VHCTAUTYT
i TDEenpEATAR
B :

gt

Yerevan 1980




@ Epesanckuii gusuueckuii uncturyr, {980

Attractiveness of the group S0(10) U] from the view point
c? the mixi.g angle calcnlaticn problem is due to the fact
that, contrary to SU(5)[2], it contains as an electroweak
subgroup the product sU(2), ® SU(2)R ® U(1) with a higher
left-right symmetry. This ambidextrous symmetry preserves its
traces in the 30(10)-scheme and permite to restrict the Yukawe
couplings of Higgs bosons with fermions[3’4l

Left fermions form three families of quarks and leptcns
e T? . pFs¥sP | No » Lo and corresponding antiparticles
( r,y,b are coloured indices, U, denotes the charge 2/3

juark, D is the charge 1/3 gquark, No 1is a zero charge

o
lepton, L, is a charge -1 lepton of a families (a =1,2,3)).
The Higgs scalars that give mass to fermions transformed
according to the spinor representation 16 SO(10)'¢; have to
be chosen from representations 10, 126 and 120 (16 ® 16 =
= 10® 120 @ 126 ).
In connection with the possibility of the presence of
nonzero mass neutrino in the S0(10), when restricting our-

selves with only representations 10 for Higgs bosons, we are




not eble to have massless neutrino and simultaneously obtain

feasonable conclusions for the U, -quark masses.

In this connection, if not introducing for the solution
of the neutrino mass problem,, along with spinor representa-
tions, the superheavy neutral lepton-singlet of S0(10), whose
interaction gives the nonzero mass to right neutrino of the

order of 1016

GeV and thus effectively isolating it from
other fermionaly] , which seems to us rather artificial, then
the extension of the Higgs sector (see also[sl) seems unavoid-
able.

0f course, one may give up at all the strict masslessness
of 16-plet neutral leptons, as it was the case in[el, giving
the Meyorana mass to the right neutrino.

However, before giving up strict equal*ty to zero of left
neutrino masses, one should make sure of the absence of other
alternatives.

Such an alternative seems to be a generslization of re~
sults of the previous works[4’7], consisting in adding repre-~
sentations 126 to the Higgs sector.

Thus we intreoduce for the Higgs scalar along with re-
presentations 10 , the 126 representations restricting at the
same time the arbitreriness in the structure of their Yukawa
coupling with the 16-plet fermions “; .The restriction is
connected with the requirement[3’4], thaf mass matrices
of a given charge be determined by three parameters only,
corresponded to threes independent Yukawa couplings for re-
preseniutions 10 and 126, respectively.

The only acceotable siructure nf the three independent

4

Yukawe couplings of the Higgs fields ¢, from representations
10 [4] and the corresponding three couplings of the Higgs
scalars X, from self-duel, totally antisymmeiric tensor re-

presentations 126 of the left fermions -, , haes the form:

-;h‘-/«c b, Y, * B e b, ¥, £C E. By W
(1)
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where the index ¢ denotes a charge conjugation. It 1s noil
difficult to see that the number of parameters that deter-

mined the mass matrix of the given charge fermions is eaual

Tndeed, from (1) for the mass 3x3-matrix of fermions of

the given charge m? CT=4 D, Ny ) follows

[0 | A(s,+&Pi)+BD(& +ad,), O &)
A (S +dP) + D (6, +dT), O, B(Sp+df )+ PE(Gerd,)

]

O, B(Sa+dP )+ BE (6,4, ) , €[Sy +aR)+PF (&4 dT,)

\

where S, , P, and &, » I, are, in generel, complex numbers

defining the vacuum expectation values of electrically neutral

colourless components of the Higgs fields ¢k and X, , Tres-

pectively, . = 1 for faUN , d=-=1for f-D,L
pm=1/3for §2D . P =A/3 tor {7y, P =1 for
§ v s P m=t for §=N .

One can see from (2), that confining ourselves to repre-




sentation 10 for the Higgs scalars ( D:-fF - £ - o ) and
demanding the zero neutrino masses, we automatically have
zero messes for U, ~quarks. Adding representations 126 and
d-manding a zero mass matrix of neutrino (m:(li o) in tree
approximation, we do not touch +he mass matrices of charged
fermions.

To obtain the relations between mass matrices of various
fermions, we use for Yukawa coupling (2)% ag in [4] (see also
[7’8]) the U(1)® U(1)® U(1) symmetry relative to Py XQ'
and "~Pm field phase transformation. This brings to definite
relations between various ¢, end between various 9 S X
detailed consideration shows that from numerous possibilities
providing a required symmetry, only two conditions lesd to
the reasonable fermion mass relations non~conflicting with
the experiment. These conditions are: P, = P, and X, =X, .
A first one gives the following relation between elements

of the mass matrix (2)

2 L
Wniy Dy t Mgy (3
7] ¥ D 4
m‘la 3""12 1d Mies
the condition X, = X, gives
u L
D
Tas . My - myy (4)
U » L
e iia s mio

Confining with representations 10, one may consider all

matrix elements in (3), (4) real (m:&: m °°~L ). For
m, , as is known, we obtain m, =13.6 GeV 4]. In our case

irom (3), (4) only the intervel of admissible values of m,

can be obteined. Expressing by usual meens the matrix elements

A

-

in (3), (4) through physical fermion masses, and performing

by means of aiready standard renormalization group procedure
(see, e.g. :‘eview[9]) transition from symmetry values of
masses to fermion masses at the normalization point 4  de-
termined by condition mq/(,u) S M/ [10] , we obtain from (3)
7.6 GeV < m, < 29.3 GeV ( A =0.34 GeV, M =2- 10'2Ce7)
8.8 GeV < m, < 22.6 GeV ( A =0.08 GeV, M =0.6 - 30'-ueV)
Here A is a well-known Q.C,D. paremeter, ™M is a unify-
ing mass,

The condition X,z X, leading to relation (4) gives:
2,9 GeVl! « m, < T4.0GeV ( A = 0.34 GeV),
2.3 GeV < m, < 124.7 GeV ( A =0,08 GeV).

Thus, one may reach a conclusion that in the SO0(70)~-

symmetry the t-quark mass may be more than 15 GeV.
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