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JBA JVBIEIA XuITCA B SO (I0)~ MOIEA
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MAaCCOBHX MATDHIl KBADKOB. [Ipy 5TOM HOXYUADTCS CHIBHHE OTDAHHYE-
HES N19 BpeMeHE ¥M3HY mporoHa B S0(10) - - momem:.
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It is kgown that a simplest érand unified model based on
SU(5) group cannot explain recent experimental restrictions
for proton lifetime. In view of this, it seems natural to turn
to S0(10)-model which is the simplest (after SU(5)) modei of
grend unification. As distinct from SU(5), the breaking of
S0(10) group ‘up to Go= SU(3)° x sU(2), x U(f)y may con-
sist of several steps. It can be shown that a larger (compared
to SU(5)) proton lifetime in S0(10) model can be obtained only
in the case if in S0(10) breaking there is an intermediate
symmetry G=5U(&4)xSU(2),* SU(2)g or G'= SU(3)xU(1)xSU(2)L*
X SU(2)a , and only such breaking schemes are senseful to be
considered [1-4] . '

However for such SO(10) breaking schemes with one light
Higgs-field doublet there exists a difficulty with fermion

mass spectrum [5] . This difficulty was overcome in our propos-

- ed model with additional discrets symmetry [6,7] . We have

succeeded in obtaining definite predictions for proton life- |
time in SO0(10)-model with one light Higgs doublet, which can

\
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be checked experimentally {8] .

In the present paper we study problems related to quark
magges and mixing as well as %o proton lifetime in 50(10)-
model with two light Higgs doublets, whose vacuum expectation

values (v.e,v.) are sonnected with electroweak subgroup broal-
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creaking schemes where wntermedicte svmmetry & or G 18 Dre-

gent, In this case the interaction of querks with Higgs rields

responsivle for {, DOresking can e written as

.M‘J ?I-JL;CPWR_; + M 171150%1 + C.C.
ve(d), We(5), we(t) @

- rlo §+ . ~ _ go ,.l+
@ (Q- _go* | @- g- _rloﬂ

o ,

where Q=('}L-) and §=(§_) form SU(2), doublets, and P is
{(1,2,2) component of field 10 in the decomposition under the
group G .
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According to our assumption, both f and § doublets re-
zeive nonzero v.e.v. 0of Mw order and have mass of the same
order. It is clear that in such a situation, generally speak-
ing, the flavor changing neutral currents will arise. In order
to forbid them, we must impose some unnatural smallness condi-
tions on Yukawa coupling constants ?\ij » Fij . Here we shali
hold the viewpoint that flavor conservation must be natural,
must follow from the symmetry principles proper and must not
demand imposing eny additional hierarchical conditions in our
grand unified S0(10) theory. We'll satisfy these principles
if we essume that the following discrete symmetry takes place:

v 4

6 —i10 6. —=¢ “16i (3)

?

Then in (2) only the first term survives, and the flavor
changing neutral currents are absent. In this case the mass

natrices of up end down quarks take the form:
Mu=2i5<n°>,  Md=-A;;<E"D (4)

From (4) we obtein that all Kobeiyashi-Maska\na mixing angles
are zero as well as the relation My MeiMi=Mg-Mg: Mg ,
this, of course, being iﬂé.pplicable. To obtein nonzero mixing
angles, we, keeping the assumption on the existence of two
light Higgs doublets, introduce a second field 10' which
trensforms under discrete symmetry as 10: {0’ — i 10'.

Consider now a mass matrix of doublets l‘l', g', n, § en-
tering 10'end 10 . With respect %o discrete symmetry, this

‘masg matrix can be reduced to the form:

(8]



A+B 0 c 0 \

(5)

0 -C 0 D-E
For what follows there will be important a mechaniam of
SU(2)p, -symmetry breasking: this group can be broken either
immediately or in two steps. Correspondingly, we shall consider
two possible schemes of S0(10) breaking by the v.e.v. of Higgs
fields 45, 126: ‘

50(10) 5. 1110482 = Mx 5y(3) xU1) x 5U(2), * SU(R)w

(6)
<(10,1,3)126> = Me SU(3)x SU(2)u* U(1)y

S0 (10) U5, 1:1)es > =Mx_ 5u(3) x U(1) % SU(2),* SU(2)r

(1)
<M13)s > = Ma_ SU(3)* U(1) x SU(2),x U(1)r

<(10,1,3)e6>=Mg SU(3) * SU(2)x U(1)y

Fields 45, 126 are_assumed to be singlets of our introduced
digcrete symmetry.

The breaking scheme (6) was studied in detail in Ref.[2]
where we have found the dependence of My and hﬁa on Weinberg
angle in two-loop approximation. In case when Sﬁ(Z)R is

broken in two steps, the results of Ref.[2] are valid too,



since the quantity M; drops out of renorm-group equations
[3] and cen be even of 1 TeV order. S0(10) breaking in both
schemes may proceed through additional intermediate step G ,
but as will be seen further, this won't practically affect
our results.

Let us turn now to the Higgs mass matrix (5) and see what.
is the order of magnitudes of this matrix elements. It differs
for the two breaking schemes under consideration: for the
breaking scheme (6) quantities A , &) , generally speaking,
are of M;a( order, while B , € , C of M: order. In case
of breaking sc¢heme (7), A and D are again of M: order,
and B , E , C , generally speaking, are already of My Mg
order. This is due to the fact that, say, the term C in the
mess matrix in the first case arises from the coupling
_15_* Jor 126 ‘-I—LG, and in the second case from

Mx'io:* 32' 4 .
Pass now to diasgonalization of mass matrix (5). Following

our assumption, we must have two light Higgs fields; hence

2
the mass matrix (5) is to have two eigenvalues of My order.

For that we must impose two fine-tuning conditions in order tc
2 2 2
obtain masses of My order from the quentities ™ Mx ’ Ma >

» Msv . Eigenvalues of matrix (5) have the form:

2,2 = (A+8)+ (R+E)t {L(A+8)-(D+E)]%+4c?}*
(8)

2X3,4 = (A-B)+ (B-E) £ {[(A-8)-(R-E€)]" + 4c? }*

The survival hypothesis for the Higgs fields [9] to be fol-

lowed by us demands that the number of fine~tuning conditione

7



would e minimal (two in the given case).- Accordingly, two
eigenvalues of (8) (e.g. X; end X4 ) must be of M:, order,
and other two ( Xy, Xs ) of Mi order. Then one can easily
show that for this case the conditicns. A DD or H DA
niust hold. Only the first case can be considered without res-
triction of generality. Let us find diegonal states of mass

matrix (5):

= ncosO + h'sind
L ! tg26 == 7%

=-nsind + N'cosd
e =-M3inC * Re (9)
§ = gcose' + t'sin e’ 2c
o , t920= 35
§,= - psin®'+ §'cos®

’ 2
where eigenvalues ~Mw correspond to N and ;, states.

With respect to dicrete symmetry the interaction of quarks
with Higgs fields lLas the form:

'Aij \vbquWRj + 3\1] \Tfhi. m,\vﬂj +c¢c.C>
(10)

bLi=1e’

If by Uri( b =1,2,3) we denote the right components of
U, C and t quarks, and by dm the right componenté of
¢ ,S and B quarks and pass to diegonal states of Higgs

fields, then 10 can be rewritten as

W {1 (Ayjcos® +Qjjsind) + e (-Xijsin6 + AyjcosOYun; + (11)

V. {5y cos8’+ Ay sin8') + §y(~Ayysing’+Xijcos 6’ fd g

8
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One cen see that interaction (11) provides the absence of

flavor changing neutral currents owing to superlarge masses

(~Mx) of N, and §p doublets. Masses of up end down quarks

occur due to v.e.v. of 7y and §, doublets:

¢t C
Juu,=<‘:>(-7\'l — )
!l A-D (12)

Md =-<§">(A- N ngm )

Mixing angles of Higgs field doublets 6=-6'=-c/(ﬂ‘-‘0)
are small, since A~ M;% » D , and C by order of megni=-
tude is no larger than M: in the case of breaking scheme (6)
and MpMx in the case of breeking scheme (7). From this
follows that the second term in quark mass matrices (12), pro-
portional to Aij y may be considered small. We have already
congidered the mass matrices of (12) type in Ref.[8] . After
diagonalization of these matrices we'll ovtain the following
restrictions for-'mi‘xing angles [8] :

Mmd _ M ... i md Mg ... e

e e sinysinp {siné, < me * e sinysinp

Ms . cinl@ Yo Me _ 2sinp sinBe | mg _eina ). Me (13)
mg (1-sin"Ge) me {-sin?0c | mg (1-sin’6c) my | ©

.2 . m . 2 me ., 2einpsin®e f Mg ,,__. 2 me
<sm=6<—r%(i-5m 6c)+ my + 1= oinZ 6. (-——-ms (1-sin Gc)+mt)

these leading to reatric'tioh of t-quark inass mt< 1,2mg_mc/m, .
Thus, the quark mass matrices (1_ 2) ensure Kobayashi-Maskawa

mixing angles congistent with experimemnt, but the values of

these angles ave Lz:oporﬁonal to M:/!ﬂ: for the scheme -(6)

9



and to MR/M,; for the,scheme (7). This in turn leads to some
restrictions for the quantity MR/ Mx , since the Yukawa
coupling éonstants 3&; are not absolutely arbitrary: in
order the.perturbation theory be valid, their upper limit must
se in the region of unity. On the other hand, there exists a
definite relation between the mass of SO(105 grand unification,

My , and the mass of SU(5) grand unification, Ms | {21 :

My = Mg (Mx/Mg)**

Mx cannot differ significantly from the values of Mg ,

» We can conclude that the values of

otherwise we won't obtain experimentally consistent values for
quark mixing engles in the 1left charged currents. Hence, the
proton lifetime in S0(10) model cannot be too large compared

to predictions for proton lifetime in SU(5) model:

T, (S0 (10)) € (30-70) Tp (8U(5)) (14)

in the case of breaking scheme (6), and
Tp (50(10)) € (600 - 5000) Tp (SU(5)) (15)

in the case of breaking scheme (7). The uncerteinty in coeffi-
cients (14), (15) results from the uncertainties in Yukawa
zoupling components,

Eiactly the same restrictions were obtained in Ref.[8] ,
where the case with one light Higgs field doublet was consider-~
ed, Actuélly relations (14), (15) are more restrictive, since
the proton lifetime in SU(5) model in case of the second light
doublet added is by & factor of ~ 10 lower.

We may conclude that in connection with experimental res-

10
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triction of T(p—e*@°) > 31032 years the S0(10) break-
ing scheme (6) with two light Higgs doublets is excluded. The
breaking scheme (7) does not as yet contradict experimental
regstriction for proton‘lifetime, but it brings to the exist-
ence of new gauge neutal boson whose mass may be in fhe region
\of 1 TeV, which can be checked experimentally. As tc the pos-
sible additional step of breaking connected with G group,
here, since MR does not differ considerably from My , the
intemediate scale introduced between them will not practically
change the situation.

Thus, we have considered the SO(10) grand unified model
with two light Higgs field douBlets. It is shown that if we
follow the principle of natural conservation of flavors in
weak neutral currents, then we'll obtain definite restrictions
for the form of quark mass matrices and mixing angles in weak
left charged currents. Restrictions for the proton lifetime
in the S0(10) model are also obtained. These restrictions can
be brouéht to egreement with the experimental limit for proton
lifetime only in such SO(10) breaking scheme where new neutral
geuge boson with the mass region of 1 TeV exiats.

In conclusion the author would 1like to expreés his sincere
gretitude to 5.G. Matinyan and A.G. Sedrakyan for the useful

discussion.
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