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He suggest a model of S0(10) grand unification with additional discrete
symmetry, where the quark mass spectra probiem usually arising 1n S0(10)
breakdown schemes with intermediate SU(2), x SU(2)g symmetry is solved.

From the condition of existence of only one 1ight Higgs boson we have obtained
a‘relation between B and t quarks masses which enables one to fix a ratio

of grand unification scale My to quark-Tepton symmetry breaking scale Mc.

A concrete value of My depends on the Weinberg angle and is in agreement

with the proton decay experiments.

Yerevan Physics Institute
Yerevan 1986



lpenpmuT 1ON-883(34)-66

T..ACATPAH, A.H.VIOAHHWUCH
HEPAPXAS] MACHTABOB HAPYIIEHWA B TEOPIM
BOJHIOIO OBBEMMHEHAA SO (I0) ¥ HMACCH YACTULL

lpegnaraerca momeap doasmoro odsemmeenuws SO (I0) ¢ momoa-

HATeJbHOR IMCKpeTHO# cmmMerpuelt, I'Ie pelieHa npodiaemMa C Macco-
BHM CHEKTPOM KBAapKOB, KOTOpAas BOSHUKAET B CXeMaX HapymeHRA

SO (I0) c mpomexyrounot SU(2), x SU(2), -caMmeTpuelt. 3 ycuo-
BIA CYUIECTBOBAHAA TOJBKO ONHOI'O JIETROT'O 0030HA XHITCR NOMYH$eHO
COOTHOWGHHE MEXIy MaccaMi B ® t KBapKoB, ROTOpOe NOZBOJAET 34-
QuKCHPOBATE OTHOMEHWE Macmrada COMBIOTO OCHeNEHEHMA M, & Mac-
mTada HapymeMER RBapR-JCHTOHHOR ceMmeTpEE M. . KOHRpeTHOE SHA -
veHHe M, SaBACUT OT yraa BallEGepra R COTIACYSTCH C DKCIECDHMEH-

TAMR 0 DAchaxy OpOTOHA.

Epepascxeft feamgeckmit wHCTHTYT
Epepan 1986
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It 1s known that a simplest model of grand unification, based on SU(5)
\group. cannot explain the recent experimental data on proton 1{fetime. Among
other possible schemes the simplest one is the grand unified model based on
S0(10) group. Just as the SU(5), this model contains only ordinary quarks and
leptons as well as right neutrino. ‘

It was shown in Refs. [1-4] that the proton 1ifetime larger than that 1n
SU(5) can be obtained only in such SO(10) breaking schemes which include the
intermediate symmetries G = SU(4) x SU(2), x SU{2); or G, = SU(3), «x
] "(l)a-l. x SU(2), x SU(2)g . It 1s here assumed that the breaking scales
for the left-right discrete symetry 2 Mp and SU(2)p symmetry are
decoupled [5] . However with such models, there arises the fermion mass
problem pointed to by Svetoyoy [6] . He has shown that in the models with
intermediate SU(Z)L x SU(2)g symmetry, under assumption of the existence
of only one 1ight (with mass ~ My,) Higgs boson, the masses ¢f & and t
quarks turn out equal. In this pap?r we sugges-t the so(m) grand unified mo-
1el where we avoid this difficulty by means of the imposing of additional
{iscrete symmetry, | _

Follow briefly arguments of Ref.[6] . Assume that at $0(10) breskina,
there occurs an intermediate symmetry (G or G' . For simplicity, Tet us
suppose that all quarks and leptons obtain mass due to the interaction with
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the vacuum expectation value (v.e.v.) of one complex Higgs field in 10 re-
presentation (this does not affect the generality of conclusions). The decom-
position of 10 under G has ;:he form: 10 = (6,1,1) + (1,2,2). Denote

@ = (1,2,2); namely this field obtains v.e.v. connected with SU(2), sym-
metry breaking. OP can be expressed as 2x2 matrix:

(¥ ~ _orr (57 t)
@-(Q—_Eow ’ P=-ePE-= §" -no*
where fcrncsnvenience wepdeflned field 5 conjugated to P , while
E.—.(g-) and I’[=( :%-) are usual SU(Z)L~ spinors,
The mass term in the lagrangian for P , P fields is as follows:

2y =M (PHP+B*P)+ pM3 (PP +FT D) (2)

where M, , M; have, generﬂ'liy speaking, the order of mass of grand unifi-
cation My . The diagonal states are @, = ‘JJ-Z= (P Eﬁ) with masses
Mt pme |

The fine tuning condition requires that one of these states (say, &P; )
should have mass of the order of My, ; 1t is the Higgs field whose v.e.v.
breaks the SU(2), symmetry; the other field P, .must have mass of the
order of My and v.e.v, equal to zero, in accordance with the generalized
survival hypothesis [7]. The 1atter gives: < T[°> =< '§°> . Taking account
of the fact that t and 6 quarks 'ln't:e doublet % 2 (E)L,R obtain
masses owing to couplings with P and P

AP PV + B PY, Bt

we ge_f.: Mg=m,; . this contradicting the experiment. This relation remeins
unchanged in case the Higgs sector is complicated. It mey be broken only due
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to corrections ~Ma/Mx ;s however such corrections are small: for the
proton lifetime to be sufficiently large, Mg must differ considerably
from My . '

To solve this problem, the author of Ref.[8] suggested to introduce addi-
tional heavy fermions, which allowed one to avoid undesirable equality of b
and t quarks masses.

In the present work we suggest a model which allows one to solve this
problem in a more economic and natural way. As compared to the usual SO(10;
model, ours contains only additional discrete symmetry. Under the action of
this discrete symmetry, 16-plet of fermions and scalar fields 54, 210, 45,
126, 10, connected with SO(10) breaking transform as follows:

. X
B-e% s, 10—~ 1 10
A= M, 20 — 20 (4)
45— - 45 , 126 —»~-L 126

The corresponding b.*aldng scb-e has tho form:
soto) LLtllse 2= Mu_ g4y x sy(2), * SU@In*D

<(I.I-l) o>sM
MR su@) * sU(2), * SU(R)
K(15.1.1)a5 > = Me (5)

> SU(3),_ ® SU(Z)L xSU(2)g * U(1)p-o
<(10.1. 925> = M.'

% U(3), * SU(2), % U(')y

were (L,1,1)5, » (LLMgg » (15:1,1)45 » (10,1,3);8 enter 1n the

iocnos‘lt‘lu of the corresponding representations 54, 210, 45, 126 under
the G . V.e.v. of fields 45, 12 hnll: shlmly our intreduced

dimh symmetry (4) as well,
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The mass term for the P field we shall write down {n terms of spinors
n > 'E . Without account of breaking of discrete symmetry (4), the mass
term 1s diagonal with respect to 1 , ’g :

L= M} + yMRIN N+ (4 MF -gME)§ 7 ¥ (6

where the term proportional to M: arises due to 10 10 _1__2'9_ 126 inter-
action. Nondiagonal over n § terms occur after the accounting of rad{-
ative corrections. The Figure shows the simplest diagrams leading to such
terms. For estimates, one may regard all coupling constants at vertices
identical, and masses of scalar particles (they all are of the order of My )
passing within the inner 1ines can be regarded equal. Hence we shall obtain
the nondfagonal over n § mass term (diagrams o and B make contri-
butions of the same order):

AZy = AEHE Ma (1'% * §*0) &

where /A is a typical coupling constant.

. We assume that there exists only one Higgs field with a mass ~ My, .
Then, one of the eigenvalues of the mass matrix (6), (7) must be of the order
of M:,, . In this case, the second 5U(2), doublet has the mass of the
order of M. . One can readily ca'lculate the n , g mixing angle:

ta 20 = 2 A Nz M, . If bearing in mind that due to the discrete sym-
metry (4) the second term in (3) 1s forbidden, we shall get for the ratio of
€ and t querk masses (by a proper choice of signs of coupling constants
one can always secure that M, / m, should enter into (8) rather than the
fnverse qulntity)

mg - i A Me (8)
- My 4 My
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The estimate is true with the accuracy up to factors of about ten. It fol-
lows from the estimate that Mc (and hence Mp ) cannot differ strongly
fron My , say, nc more than by a factor of 10. We do not obtain constraints
for the breaking scale of SU(Z)R Mg from the quark mass spectrum.

The obtained breaking scheme of SO(10) gives for the proton lifetime
practically the same results as those obtained in our previous work [ 2] .
where the breaking scheme of SO(10) looks as follows: '

so.(zo)d's"")"” =Mx g 2 (10.1.3)126 >= Mg Go

The obtained renormalization group equations with account of the second loop
make it possible to calculate My and Mg versus the Weinberg angle. The
results will be true for the present model as well, With respect to the expe-
rimental value of the Weinberg angle Sin®6y = 0.22 : 0.02 the largest
value My = 1016 gev (for the value of parameter A of QCD A=
0.16 GeV), to which corresponds the proton 1ifetime t'P ~ 1037 years, this
being consideruoly larger than experimental limit.

Thus, we have suggested a model where by means of the introduction of
discrete symmetry we succeed in avoiding the contradiction with fermion mass
spectra, which arises in breaking schemes of 50(10) with intermediate
SU(2), x su(2); symmetry. The obtained relation between B and t quark

masses fixes a certain hierarchy of S0(10) breaking scales. In this case,

predicted proton 1ifetime agrees with the experiment.

In conclusion, the authors would 1ike to express their sincere gratitude
to S.G.Matinyan, R.L.Mkrtchyan and A.G.Sedrakyan for useful discussions.
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