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ВРЕМЯ ЖИЭЙИ ПРОТОНА В МОДЕЛИ ВЕЛИКОГО

ОБЪЕДИНЕНИЯ SO (10)

Рассматривается модель великого объединения, основанная на

ортогональной группе SO (10). Симметрия нарушается до стан-

дартной группы SU (3)
с
 х SU (2)

L
 х U (I)y в два этапа че-

рез вакуумные средние полей Хиггса 45 и 126 . С помощью уравне-

ний ренормгруппы в двухпетлевом приближении вычислены шсш-

таб нарушения $0 (10) - симметрии М * и масштаб нарушения

лево-правой симметрии М ц . Показано, что время жизни протона

в модели SO (I0) в рамках современных экспериментальных ог-

раничений на значение угла Вайнберга может быть достаточно

большим и согласуется с последними экспериментальными данными

по распаду протона. Рассмотрены также возможные ограничения на

массы нейтрино, которые возникают в модели.
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THE PROTON LIFETIME IN SO(1O) GRAND UNIPICATICW

MODEL

A model of grand unification based on S0(10) orthogo-

nal group is considered. The symmetry is violated to the

standard SU(3)gX SU(2)jX U(I)
y
 in two stages via the vacu-

um averages of the 4£ and 126 Higgs fields. Using the re-

norm-group equations, the scale Mx of the S0(10) symmetry

breaking and the scale MR of the left-right synnetry brea-

king were calculated in two-loop approximation. It has been

shown that the proton lifetime in the SO(1O) 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. Possible limitati-

ons on the neutrino mass arising in the model were also con-

sidered.
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Recent experiments on the proton lifetime measurement

allowed to considerably rise the lower limit for "Cp to the

value f/ > 6,5* 10" yr<- К This г-esult ia at variance with

predictions of the minimal model of grand unification baaed

on SU(5) group which gives Tip = И 0
2 9 ± 2

 yr ^
2 > 3

^« This prob-

lem is difficult to solve in the framework of SU(5) model.

although such attempts were made *- •>.

In this connection it seems necessary to consider other

grand unification models which will possibly give more accep-

table predictions for the proton lifetime.

The simplest after SU(5) is the model of grand ш fica-

tion based on the orthogonal group S0{i0). Unlike SU(3 this

model allows to unite all the fermions of one family izuo ons

irreducible representation. On the other hand
s
 30(10

Ч;
 con

tains higher symmetry than SU(5). In particular, unlike SU(5*

it is left-right symmetrical. For that reason, the breaking o"

S0(10) to the standard group G ^ SU(3)
r
x 3U(2)

L
x 0(1 )y та,у

proceed in several stages.

As was noted in £5"}> the breaking of S0(10) can go through

one of the following maximal subgroups of S0(10)s

(A) SU(5) x U(1) ; (B) SU(4) x SU(2)Lx SU(2)R .

In the first case the predicted value of Tf doesn't еж-

ceed that for the conventional SU(5) model^^. Of special in-

terest is t,he second case when the breaking goes through the

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

proceed by different ways:



SUC4)

In the violation path(1)the quark-lepton symmetry is

violated sooner than the left-right symmetry(i.e., SU(2)^).

In the latter case the process is inverse. As was shown

in [5] » if the left-right symmetry is breaked sooner than

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 SU(5)

model. The predictions are more definite if the quark-lepton

symmetry is violated sooner,- in this case Xp can exceed

the experimental limit. However, in the complete violation

path (1) for SO(1O) with З Й ^ М ^ М ^ М
1
 the renormalizati-

on-group equations fail to permit My to be expressed through

observable quantities and to obtain any predictions for *Cp .

Besides, such an important parameter of the theory of H
1
 vio-

lation of U d ) ^ ^ 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-

sent in renormalization-group equations at all and could not



be d p t e r m i n e ^ -

\r. '•'ae p r e s e n f v/orli we c o n s ; j p r t i ie " a n o r t e n e d " " a ' :.

и.' r:v!>? ( "! I v i o l a t i o n . , 'i'iie Hi;:*t'J •' „ e l o s э:~ our r'ode-i. *; re Aj^

_2o, and j_U T h e i r ueco;:.:-,;; «^c;: „ r u o ;,л« renr:>uentf TJ.I;:-:;

•-;: - : ' J(3)^x J u ( 2 ^ T x L: !J(2,,-, crour, :;as t h e ; ол!,

4_5 « ( 8 , 1 , ^ - ( 1 , 3 , 1 ) - ч i Л . ••

( 3 , 2 , 2 ' •. 'Л,2,2- v ( .3 . : '

( • ; , " ! .

,:hen tab b r e a k i n g of ЛЛ' 1 - ; p r o c e e d s on а з f o l l o w s : itit- v.:

;uiun avei-age (VA) of t h e 4jj_ Higgs f i e l d component {1 .'' , 1

v i o l a t e s J 0 ( 1 0 ) t o :; ;J(3},,x J ' J ( 2 ) , x ;JU(2)r,x U ( i j v , t h e n VA

of the JJilii -^iSS 3 •field comporjeni; (1 ,1 ,3) v i o l a t e s t h i s group

t o \ J 1 , i . e . , i n our с а з е in v i o l a t i o n p a t h ("•

-'iie z'ui-thi?!- v i o l a t i o n of G, го t h e exac •. symmetry G -

-'•'.(';}.y. u f i / , nmy g° t h r o u g h t h e componer;': i'\,2,2) oi' ^i.-'

i _ . " p l e t ' - o r 12_£-.P3-et) » .4s we s h a l l sne ir. тис. f o i l эта, sucr

. v i o l a t - i o n scheme w i l l e n s u r e unequivooiu. c e i : e r : n i n a t i o n c:'

'.., члс .'Ло Гг'ош renormal : i .^a t lon-g i A oup e q u a t i o n s i n t e r r a L*.

obsOi'Vcd q u a n t i t i e s . The knowledge of }L. a u o ' v c ono t o ';•--

:'?v:;ine the o r e t o n l i i ' e t i m e , ' ^ , w h i l e t n e v a l u e of !.-, .if-

*:a-^s '.;!,- .'-. = 4lf- of l e f t - r i g } ! t and . s i m u l t a n e o u s l y of ;J( • , .

.••.-. L..V v iV ••• l o l a x : .on. As we s h a l l s e e , !;he о^'ото^ i. i f f t i : . •



(depending on the value of Weinberg angle) may be rather

large already in this simple scheme of S0(10) violation.

To allow for the contribution of Higgs fields to coeffi-

cients of f> -functions entering the renoraalisation-group

equations, it is necessary to Know the raassss o.f these fialds.

They are determined by VA of Higgs fields ana an unknown coup-

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

they are actually the unknown parameters of the theory. If we

assume, however, that no conditions on the Higgs fields poten-

tial except for the conditions of hierarchy of M
x
^> bW^> Шу

type vacuum averages are imposed, then one can obtain the most

natural order of the magnitude of Higge fields masses <- -.

Let a multistage breaking of grand unification symmetry

a to GQ takes place:

v м М iA

and the Higga field
 !
-f is a representation of G , the va-

average of which ' K
c<
- violates G., , to G^ . Let us

'T
J
 into the representations of G

v

^ - ^ + ^ -'̂w (5)

".'here Ф
о
 i" that part of Ф , .V> counonent of which violates

Gj,. .). Then, che regaining Higgs fields froa 4^. acquire the

mass '̂  й
>(
-. The masses of the rest of the Higge fields from

V" are determined in the following way: every set of f̂
5
;,

fields acquires the nv&as M (r^>K), if it ia a representati-
Г.- 1

on of G
r
 group and is not a representation of G

r +
^ group

 lb
--

!
.

One can call the3e rules the survival hvootheais for the



H.iggs fields,- the Higgs fields acquire the maximum possible

•n.ass.

It is sasy to determine from the aforesaid the raasses of

Higgs fields in our model. One SU(2)
T
 doublet of Higgs fields

acquires the mass ••»• M,,. another SU(2)
r
 doublet - the таза

~ alp . The representation (1,1,3) of SU(3).,x SU(2),-x 3U(2}~

group from the expan.3i.on of the 126-plet (3) acqures the mass

-*-• М- . All the rest Higgs fields acquire the таэз ̂  M~ ,

The renormalization-group equations determining the scales

U
Y
 and Mp of S0(10) violation have the form:

к я cu JLк я* cu
 +
 JL

where <Л is the grand unification constant (in the *L. poir.* ; *

On the analogy of [7j v/e choose I
й
 =й,̂  . 'The fine structure .:o;i-

stant in this point isci/̂ )= (127.8 i 0.5)**'» l"he parameter - >

corresponding to modified path of minimal subtractions is co:,-

sidereci to be between 0.1 and 0.2 GeV
 uc
»-'-'. The strong inter-

action constant in the
 (
м point (in two-loop approximation with

due regard for the thresholds) isolj/f*) s(9.884)~
1
 for/\ =0.1 GeV

and is^J
1
*) =(6.901)~

1
 for A =0.2 Ge\

One can determine M™. and Mp in term3 of A and V/einberg

angle OI-Y\ W-.v from equations (6). However, %c have more exact



еа с urta-er-. х~. .... i-.̂ ese&.ry to take into аесоигк еле tv(c-,.
;
:cr

corrections winch, con change tiie result by 2.? - 3 tiinec-"'-.

In our case these corrections must allow for the presence ox'

two violation scales ML. and M,,:

•,7V

p ,

••here V* , u: , ^; , uv: are coefficients of Ф -functi-

ons in the first and the second loops (with clue regard 1'ov the

contribution of Higgs fields;, '̂ .l(f) »'ЛгДИц.) - are s
a
^Ke coup-

ling constants of SU(3)/i , SU(2)
T
 , U(1)

V
 , :УС(2)

и
 , U(1)

r
,
 T

groups- -.

The allowance for threshold effects connected with the

thresholds of heavy particles is also important. .Veinberp has

shown ' Jthat if the gauge group G is broken into a product

of subgroups H..X HpX ..., then efficient gauge coupling cons-

tants ĉ, , 4 A , ... of these groups are related to the gauge

constant Л of the G group in the vicinity of violation

point by means of the following relation:

where M
o
 , М-р , NL. are masaes of heavy scalars, fermicns and

gauge bosons arising at the breaking of G , TX^ , t~l p , t'. У

are the corresponding representations of П.- groups. As it was

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

8



..« г и ш ю х е з is also small леге - '-. However, '...i m n ^O'.^L; , •,

_'O , the uncertijinties connected with hes.vy oca'i-.r pij.vi.c-

"ea may be essential,

one should alao take note of an ttda.i tLot.di '.neorer.'.""-..

mcertainxy in r.l
y
 arising due to higher order oorrecvio::: ,

•.'.•тег. can change M
v
 by a factor oi' nearly 1. *.: - ' -.

one ei.fi с calculation of ?.",- and M.. .mov.'S ~,hHi -.•; I.i.. ,

л г. *.l

Jc,-^ lu-n are nearly (to un accuracy of '!'•> ,;; ;
u>
. <чг;с .\i...; :..;

t
i.--

ar functions of о--- "'д/ ̂  Plots sif -, ̂ ii. anu
 !
- ̂ '..

u
 vcrsu:;

,H-i, -У1Л/ for A =0,1 GeV arm A =0,2 GeV are anov/n .̂n .'•.., . .,

M-.̂  is яееп то increase with :>.-•.,''••>?/ , while i«,, decry/:.'-.-.

In the intersection point of these •:• . ;/ a*peridot:c->>я о:

ana Мр, we obtain the results of Л„Ч5) ' for the г;^:; о.: .т.-.:-

unification and the Weinberg angle.

The values of s\.~'~>t> as obtp] \-л:ч f row the -inai;, :J.: r; •..•:'

low-energy data and from masses of 'Л- , *_ - bosonc ::i.r.-«.:
;
;

differ one .from the other: in the former cuae -• - - -//=u, _:! vl.

0.014» in the latter case ;.•',•"'•'+# «O.22b±O.(.'i
 !
- - - =; .... •• •-.<

;he highest value of с'иС$-х,' even from the former os
1
. ir.u'.<~, -.•.-•

onall have for the proton lifetime a figure of }Q^~ . .vhil^ . r.

the latter case the upper value of i~^ ,.s already ftbout H;- '

уеагз. Both these estimates essentially exceed the exnoriiiien-

tal limit for L,J . To get more definite predici,ГОПЫ i •• '.s ne-

cessary to increase the accuracy of experimental aeterm.inat.ion

of i>'i.rS'~)\i> ,- the variation of -:У-.-1?Ц by 0.01 changes 0
>t
 al-

most by three orders of magnitude.

In Ref. (10] , where, unlike our work, the violation path

(2) ha3 been considered, a conclusion was drawn that the pro-

3



ton lifetime in Ь0(10) not increased as compered with that in

su<5: .

The choice of violation path (2) in Ref. jjoiwas due to the

fa--
1
- that the path (1) with intermediate S"U(2)

R
x 5U(2)

L
 sym-

metry resulted in the equality of Hs and "t quarks masses
 x

-

Concerning the last assertion we can зау that it 3э valid only

when in parallel with ь'и(2)
й
х SU(2)

L
 there is an additional

discrete L-K symmetry in the model. In our model, however,

such a discrete symmetry is lacking,-it is connected with the

таза spectrum of Higgs fields assumed by the survival hypothe-

sis.

Thus, one can infer hence that in the S0(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 M
R
 we can make order-of-

magnitude estimate of the neutrino mass. Indeed, VA of the 126-

plet, breaking SU(2)pX
 U
(1)JJ.T to U(D

Y
» simultaneously im-

parts Mayoraca mass~*^\ Mp to the right neutrino, where /\л

is a constant coupling the 1j26-plet to c\ generation fermions

( О =1,2,3). Then the conventional (left) neutrino acquires

the Mayorana mass PV^"' •?• *ffi , where О1
л Ч
 is the mass of

0^ generation up quark (this mechanism was proposed by Sell-

Mann et al.) . If we take that VA of SU(2)
T
 doublets contained

in 126 also contribute to the masses of fermions,, then we car

roughly estimate the constant А<л by the violation of the re-

lation of equality of symmetrical masses: of a charged iep'tor

and a lower quark, "/
><к
 ™ ЧлАл^ЛЬы. where ТП^

й
 '. з the :аава o_

-1/3 charge quark > T*\^
o
 is the mass of ct generp-tion leci;o:

:
.



The value of KU is estimated on the basis of experimental va-

lue of 3'',r\, v.jjr and the lower bound on 'T~> and turns to be

"0^ GeV% M
R
\ 1 0

1 3
 GeV. Then we have the following estimates

т
'ог neutrino masses;

10" ' eV-C rn.
/fe
 < 1 eV

0.1 eV <; m.^ ^ 100 eV (9)

10 eV < Г П
) Л 7

< 100 keV

These <3timates are certainly correct on the order of magnitude.

Unlike Vi'it ten's estimates'- -̂  which considered another SC(4G)

violation path (with no 126-plet), these estimates are not in

contradiction with cosaiological constraints,

.ь is worthwhile to note in conclusion that the proposed

model of S0(10) grand unification апаЪ1ез one to obtain cons-

traints on the proton lifetime and the scale of left-right sym-

metry breaking. The predicted value of T"p may exceed the ex-

perimental limit. Estimates on neutrino masses have been ob-

tained as well.

The authors greatfully acknowledge stimulating discussions

and valuable advices c.f 3,G.bIatinyan and also thank R.L.JKkrtch-

yan and A.G.Sedrakyan for discussions.

6)

The vacuum averages of the doublets from Ш - and 126-plets

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



\

6№

0,21 с.гг с,?з о,?^

j p p e n u e n c e o f <.., 1.Ц. , v. \ ••'•-, o n ; •- "~-

_\ г ,\ = С . 2 OeV (corw (")) 'inc. Л -•

( c u r v e ( 2 ; ) , '.:.. •ir.z '.-, : r o rnoasui 1 ^^
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