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PaccmaTpreaeTrcd MONENE: BeJMKOTO OGBHENMHEHWST, OCHOB2HHAT Ha
oproropaysHoi rpymre SO (I0). CmvMeTpMs HapymwaeTcs IO CTak-
mapmHoft rpymm SU (3), x SU(2), x U(l)y B mea sranma ue-
pes BaKyyMmHHe cpermuue noJe#t Xurrca 45 m 126 . C nmomoumib ypaBHe-
HIff peHOPMTDYNIIH B IBYXIIETICBOM UPHCIIDRSHMM BHICIIEHH MACki-
a6 mapymemus SO0 (I0) - cumveTpmr Mx ¥ MacWTAS HAPYHmEHMS
Jepo-mpaBoit cvmveTpmr  Mge |, [lokazado, 9TO BpeMA KM3HM IIDOTOHA
B MOZeu SO (I0) B paMkax COBDEMEHHHX SKCIEPUMEHTAJBHHX OT-
paHwdeHul Ha 3HaueHwe YyIJa BaltHdepra MOXeT OHTBH HOCTATOYHO
GOJBUIM ¥ COTVIACYETCH ¢ IOCJASIHHMME SKCIEDUMEHTANLHHMY LaHHWMA
IC paclaly IPOTOHA. CaCcCMOTPEHH TAKRe BO3SMONMHHE OT'DAHIYEHNd Ha

VMaCcCH HeH TPHHO, KOTOPHE BO3HMKANT B MOIEN:.

EpeBaHCKEA (Pu3VIecKu#i MHCTHUTYT
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THE PROTON LIFETIME IN SO(10) GRAND UNIFICATICHN
MODEL

A model of grand unification based on S0(10) orthogo-
ngl group is considered. The symmetry is violated to the
standard SU(3),x SU(2);x U(I)y in two stages via the vacu-
um averages of the 45 and 126 Higgs fields, Using the re-
norm-group equations, the scale My of the S0(10) symmetry
breaking and the scale MR of the left-right symmetry brea-
king were calculated in two-loop approximation, It has been
shown that the proton lifetime in the S0(10) model can be
rather large in the framework of recent experimental restric-
tions on the value of Weinberg angle and agreed with availab-
le data on the proton decay measurements. Posgible limitati-
ons on the neutrino mass arising in the model were also con-

sidered,
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Recent experiments on the proton lifetime wmeasurement
allowed to considerably rise the lower limit for T, tec tbe
valuet:+ﬁ;6,5'1031 yrti]. Thig result ig at varience with
predictions of the minimal model of grand unification based
on SU(5) group which gives qu =1O2912 yr Ez'Bgﬁ This prob-
lem is difficult to solve in the framework of SU{5) model,.
although such attempts were made LQ}.

In this connection it seems necessary %o consider other
grand unificetion models which will possibly give more accep-
table predictions for the proton lifetime.

The simplest after SU(5) is the model of grand wr Zizwu-
tion based on the orthogonel group S0{10). Uniike SU(: this
model allows to unite all the fermions of one femily in.o ons
irreducible representation. On the other hand, S0(10' con
tains higher symmetry then SU(5). In particular, uniike SU{%;
it is left-rigat symmetrical. For thet reason, theée breaking o
S0(10) to the etandard group Gy= SU(B)Cx SU(E)LX U(liy ma s
proceed in several stages.

As was noted in [S1, the breasking of S0(10) can go through
one of the following maximal eubgroups of S0(10):

(4) su(5) x U(1) 5 (B) SU(4) x SU(R)x SU(2)y -

In the first case the predicted value of 'I% doesnti ex~
ceed that for the conventional SU(5) modelts}. 0f special in-
terest is the second case when the bresking goea through tze

Pati-Salam group. In this case the subsequent vieclation could

proceed by different ways:

\92)
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SO(10) 1A SULY )= SURIL* SUR)R

ey SUI X UM #SUY* SU (g
”x SUG)ex UM SU ), x Uty
M, SU)xSU@) x V(1) )

50(10) % SUCH) »SU) xSU2)

Me, SUCIXSU(2), x UM
e, SU@)x U, x SUR) 2 U1,
B, SU)ansu), xu), (2)

In the violation path(1)the quark-lepton symmetry is
violated sooner than the left-right symmetry(i.e., SU(2)R).

In the latter case the process is inverse. As was shown
in [5) , if the left-right symmetry is breaked sooner then
the quarks separate from leptons, then in such a model the
proton lifetime strongly depends on the Higgs content of the
theory and may be both larger and smaller than that in SuU(s)
model. The predictlions are more definite if the quark-lepton
symmetry is violated sooner,- in this case 'Tﬁ can exceed
the experimental limit. However, in the complete violation
path (1) for S0(10) with M DM, DM P M' the renormalizati-
on-group equations fail to permit Mk to be expressed through
observeble quantities and to obtain any predictions for'tb .
Besides, such an important parameter of the theory of M' vio-
lation of U(1)y ; symmetry, as that by means of which the
masses of right neutrino are determined (and with their help
also the masses of conventional, left neutrino) is not pre-

gsent in renormalization-group equations at all and could not
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{depsndang on the value of Weinberg angle) may be rather
large already in this simple scheme of S0(10) violation.

To gilow for the centrivution of Higgs fields to cceffi-
sients of P -functions entering the renormalization-group
equations, it i8 necessary to know the messes of these Tizlds.
Trey are determined by VA of Higgs fields and an unknown csup-

ling constent defining the self-action of these fields, i.e.,

T
F s

=

they are actuzlly the unknown parameters of the theory. e
agsuice, however, that no conditions on the Higgs fields poten-~
tial except for the conditions of hierarchy of MX;b MR§> My
type vacuum avereges are imposed, tnen one can cbtain the most
natural order of the magnitude of Higge fields masses :6}.

Let a multistage breaking of grand unification symmetry

-

a to Gy takes place:

: : vl ;
T e M T
e TOTRL AP (4)
. SN RN, SN = M
E“"l.«. ;\, s iqis‘ﬂ Joiv i P2 P ]vl: ! (4

and the Higgs field 4 18 a repregentation of G , the va-

cuwn asverage of which v M, violates G, , to Gy . Let us
. . ; .

decompoge 37 inte the representaticns of Gypn
e

£ = P, + T (5)

v

whers CPa is thet nart of &, v conponent of which violates

oD

+q+ Then, the remaining Higgs fields from ﬁ% acquire the

nasg MK‘ The maases of the rest of the Higga fielde from

G

g4

¥  are determined in the following way: every set of GF;

fields acquires the ness M, (r>»K), if it i3 a representati~

- . : R (6]
on of 4, group and is not & repregentation of V.1 EFOuUptUS,

One cen call these ruleg the survival hvoothegis for the

N
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Higgs fields,- the Higgs fields acguire the maximum possible
MESS.

It is eagy to determine from the aforesald the massass of
Higgs fields in our model. One SU(2); doublet of Higgs fields
acquires the mass v H,, ancther SU(?.)L doublet -~ the mass
~ N . The representation {1,1,3) of SU(3).x SU{2);x 3U(2);
greup from the expansion of the 126-plet (3) acqures the nmass
~s MR » A1l the rest Higgs fieslds acquire the masa~ EX .

The renormalization-group esquations determining the scalses

MX and MR of S0(10) violation have the form:

L= AN+ By Zn M 4 b Ga

I‘Zj‘ IA ;uﬂ t‘/\h.
—- AunBw b Y u i (&)
\ ALY .4 ' Y 4(/
A = w&r) N A7 M P 'HIL

A g
P v Ow + KT Ao R I (‘%“"-*%*"\'" 33*33-*
I A TooRmEs 2 v R
A B A
[} - ’}" _A
£, = =NV, ¢, =-S= , 2.252

where Si is the grand unification constant {in the Wy POLLT .
On the analogy of L 7) we choose 4 =M, . The fine structirs .on-
stant in this point is¢iﬁ?= (127.8 % 0.5)"'. The parameter ..
corresponding to modified path of minimal subtracticns is nar-
sidered to be between O.1 and 0.2 GeV [2'3}. The strong inter-

action constant in the j+ point {(in two-lcop approximetvicn with

due regard for the thresholds)
and isd,““‘, =(ES.9O1)"'1 for AN
One cen determine MX and

a0
angle sun Tw from equations

isds{1*) =(9.884)77 for!\ =0.1 cev
=0.2 GeV.
Mp in terms of /\ and Yeinberg

{6). However. tc have more exact
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egiunaten . 1n L natessary 1o take 1nto acoouns cne twWo-.ucr
correciions wWhich can casnge the resuls by 2.5 - 2 timec-"-.

In cuxr case these correciions must allow for the presence orf

two violation gcales My and Mg :
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vhere v , v. &;; , 1) are coefficients of jﬁ ~functi-
ons in the first and.the second loops (with due regard fov the
contribution of Higgs fields},.j¢(r\ R (N,)- are gauge coup-
ling constants of SU(B)C . SU(E)L , W(1)Y R uU{Q)R , U(1>B-L
groupsiBE.

The ailowance for threghold effects connected with the
thresholds of heavy garticles is alsc important. seinberg has
shown Z9}that if the gauge group G is broken into a product
of subgroups H1x H2x ..., then efficient gauge coupling cons-
tants (3,, ﬂ; s ¢ss Of these groups are related to the gauge
constant of the Ci group in the vicinity of violaticn

point by meana of the following reletion:

,.3._,’\‘«‘\ = q(;v\) + J’;‘U{T(t Ean M\,;vk},r (a)
e Tors % Tl tie 2 MefM) - 21 To(t enltyiM)

where MS , MF s Mv are magges of heavy scalars, fermicns and
gauge bosons arising at the breaking of G ,T., e Lty
are the corresponding representations of Hi groups. As it was

the case with SU(5), the threshold effect connected with gau-

8



rt1lcies 1S also small here - -, However, o3 wHS a0t ou
_'Y, the uncerteinties cennected with heavy scaler pari.c-

~.e8 may be essential.

vne siould slso tuke note of an wdalfional ~oeoret.on .

mceertainty in M, arising Jue to higher order correctlound,

%nlcn can change M, by a Tactor af neariy 1.2 -' -,
. N )

- soecific caleulation of T, and 1L, anows o o,

4N it - oy

g MH are neariy {to uan accuracy or 1iw in e LRGN} ononiie

2 n
. Lr . . N
ar runctions of oo e o Flots of i ana vy oL, versus

4 .
- A

Suw Jw for {\ =£.1 GeV  snd (. =0.2 GeV are anown .n rio. ..
@K is seen to 1ncrease with g;nfﬁi” , while MH QEeCTen i
In the intersection point of ihese . g aependences of
and MR we obtaln the resulits of s (5] : for the muos ol oo
aification and the Weinberg angle.
The values of ;anifn 08 obtaines From the onmliosoo oV

Low=-energy data and fron masses of .. , T -bosons sorewnosd

s

differ one from the other: in tie former cuse .. . Tp=u,olo

5.014; in the latter case ... %, =u.22020,01 D Lo o ar

-~

she highest value of gin’Fye even from the rarmer estimuic, w-

0

e T

(V8]

snall have for the proton iifetime 41 iigure of 187, while [r

the lestter case the upper value of 1, .s already asboual 10-

vearg. Both these estimates essentially exceed ithe eXperimen-

tal limit for tﬁ . T0 get more definit. prediciicons it lg ne-

cesgary io increase the accuracy of experimental determination

],

‘ '

YA C I £ - _
of nir. 7w ,~ the variation of 2uniry by 0.01 changes ‘..  ai-
mest by three orders of magnitude.

In Ref. {10} , where, unlike our work, the violation path

{2) has been considered, & conclusion was drawn that the pro-

we

(VA



ST

ton lifeiime in 5G{10) not incressed a3 compered with that in
5U{9,

The choice of viclation peth (2) in Ref. {10! was due to the
fa~* the* the path {1) with intermediate SU(2)Rx SU(2}‘L gym-
metry resulted in the equaliiy of é{ and © quarks nasses {12f
Concerning the last assertion we can 3ay that it is valid ouly
when in paraliel with SU(E)Rx SU(.?')L there is an additional

iscrete L-R symmetry in the model. In our mcdel, however,
guch 8 discrete symmetry is lacking,-it is connected with the

maas spectrum of Higgs fields assumed by the survival hypsthe-

Thus, one can infer hence that in the 30(10) model the
value of proton lifetime could be agreed with the experimental
limit in the simplest violation path with intermediate left-
right symmetry.

Using the obtained results for MR we caun mske order-of-
magnitude estimate of the neutrino mass. Indeed, VA of the 126-
plet, breaking SU(Z)RX U(1)B_L to U(?)Y, simuiteneously im-
perts layorana massA{X(lMR to the right neutrino, where ;\a
is a constant coupling the 1§§-plet to C generation fermions
( & =1,2,3). Then the eonyentional {left) neutrino acquires
the Mayorana mass My, %E%%h y where m,q 18 the mass of
o. generation up quark (this mechanism was proposed by Gell-~
Mann et al.) . If we take that VA of SU(E)L doublets contained
in 126 w&lso contribute to ihe masses of fermions, then we car
roughly estimate the constant 3c; by the violation of the re-
lation of equality of symmetricei masses of 8 cherged lepion
anda a lower quark, ?Rq”’ Mda ~Tieg, where Mya 3 the xass o.

M
-1/3 charge quark ., My, 1s the mass of a  gensration lecton.



The value of MR is estimated on the basis of experimental ve-
sue cf o-',ng'e\x, end the lower bound on "r’:',-s and turns to be

0 GeV MR*(1013 GeV., Then we have the following estimates
“or neutrino masses: 1)

04

0.1 eV 4 m-vp < 10G eV

10 eV ‘( PY‘..,,,,: < 100 keV

aV My, < 7 oev

.

PE
O
N

These «stimaies ere certainly correct on the order of magaitude,
unlike Wiitten's estimatesi13]which econsidered another SC(16)
violation path (with no 126-plet), these eatimates are not in
contradiction with cosucliogicel constraints,

.5 1s worthwhile to note in conclusion thst hthe propoagsd
model of 5C(10) grand unification enables one to obtain cons-
traints on the proton lifetime and ithe scale of left-right syn-
netry breaking. The predicted value of ’CP may cxceed the ex-
perimental limit. Estimetes on neuitrinoe masgses have veen 0D~

tained as well,

The authors greattully ecknowledge stimulating discussions
and valuable advices cf 3.G.Matinyan and also thank R.L.Mkrtch-~

sen and A4.G.S5edrekyan for discussions.

3)
The vacuun averages of the doublets from 30- and 126-plets

are taken to be of the same order of magnitude and to be

+
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