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The S0(10) grand unified theory, unlike SU{5), makes 1t possible to unite

a l l fermions of the same generation into one irreducible representation.

gives an acceptable solution of the question concerning the neutrino mass.

Due to the fact that S0(10) includes a symmetry higher than that of the

SU(5), the S0(10) breakdown may be followed by the occurence of яп interre-

diate scale between the W -boson mass, My/ , and the orand unification

mass, M x . This scale 1s associated with the presence of intermeriiatf»

symmetry Involving the standard group G o = SU(3)C x SUC2)g. x U(l)y . On the

other hand, the supersymmetry breakdown in the superunified theories also mav

take place in the intermediate between M x and M ^ r e o i o n > j M v ? ' M X [ i j

In this case the mass s p l i t t i n g in supermultiolets of the ordinary particles

occurs owing only to the quantum corrections and may be of the order of

M w [ 2 , 3 ] . I t - 1s not excluded that the scales of breakdown of the I n t e r -

mediate symmetry S0(10) and supersymmetry coincide.

The present work Is devoted to studying a oossibiHty of simultaneous

breakdown of supersymmetry and intermediate symmetry by means of a sinole

scale parameter JU 1n the S0(10) superuniffed theory.

The S0(10)-symmetry breakdown can proceed throunh one of I t s maximal

subgroups: SU(5) x 11(1) or 6 « SU(4) x SU(2)L x SU(2)R . For our puroose

only the second version of breakino is nontrivial, i . e . when the scale ju



of the intermediate symmetry breakdown differs from the scale M x connected

with the proton decay [4>5j • The Pati-Salam G group 1s preferable also In

the sense that in the schemes with such Intermediate symmetry (or when the

role of the intermed1c.ce symmetry is played by Its subaroup G, = 3U(3)
C
 x

x u(l) x SU(2)
U
 x SU(2)

R
 ) it is possible to obtain the Weinbera anole

values more acceptable than 1n this supersymmetHc SU(5)-mode1 [6j . where

the theoretical prediction for this angle exceeds somewhat its experimental

value [7J . Note that of great Importance 1s a content of the Higgs super-

fields breaking the intermediate symmetry G or G
1
 up to G

o
 : wften for

these Kiggs superfieids we take 126 + 126 , the value of the Weinberg angle

decreases against the supsrsymnretric SU(5)
?
 while in the case when the Higgs

superfields are 16_ + 16.
5
 the Weinberg angle increases [6,8] . The choice of

126 + 126̂  as the Higgs superfields 1s more suitable also because it allows

one to solve the question concerning the neutrino mass. Therefore we shall

follow this choice.

In this connection note the following circumstance. The decomposition

of 126 ипйъг 6 has the form:

126 = (10, 1, 3) + (10, 3, 1) + (15, 2, 2) + (6, 1, 1) (1)

One can see that this decomposition is symmetric under.the operation of

Herm1t1an conjugation and simultaneous replacement of 511(2)̂ , by S U ( 2 ) R .

When the singlets G
o
 being 1n (10, 1, 3) 126_ and (10, 1, 3) Гг£ receive

the vacuum expectation value (v.e.v.), thus breaking the Intermediate sym-

metry G up to Go , particles 1n the supermultiplets (10, 1, 3) + (1С, 1, 3)

acquire a mass of the order of the jn breaking scale (except for the

Goldstone particles). Due to the discrete symmetry mentioned, such mass may

be obtained also by particles in the supermultiplets (10,3,1) + (10,3,1),

this being 1
r
 contradiction with the survival hypothesis for the Higgs



fields [9] . Besides, this discrete symmetry makes It difficult to under-

stand why namely the right and not the left SU{2) grouo 1s broken at the

м scale: for we know that (10,3,1) + (10,3,1) from 126 and 126 also

contain the SU(3)C x U(l)em -singlet whose v.e.v. can break the Inter re la te

symmetry up to SU(3)C x SU(2)R x U(l) and give the W -bosons the mass

ju > Mvc

In order to avoid this difficulty, 1n Ref.[8j 1s considered a model with

intermediate symmetry SU(3L x U(l) x SU(2)k x U(l)
R
 , where the.rloht oroup

SU(2)
R
1s broken already at the grand unification mass, M * . As to us, we

shall consider a possibility when the Intermediate symmetry 1s G or G, with

unbroken SU(2)
R
 , whereas the left-right discrete symmetry which 1s present

In S0(10) Is broken. As is mentioned 1n fio] , for that one can use the

Higgs superfield 210 - antisymmetric tensor of rank four which has the

following decomposition under G:

210 « (15,1, 1) + (15,1,3) + (15,3,1) + (6,2,2) +

_ (?)

+ (10,2,2) + (10,2,2) + (1,1,1)

The singlet of G from (2), (1,1,1), changes Its sign at the replacement of

L by R, hence a v.e.v. of this superfield simultaneously with breaking of

S0(10) up to G breaks also the discrete L-R symmetry.

Then owing to the coupling 126. 210. 126_ particles in supermul tip lets

(10,1,3) and (10,3,1) from 126 (like (10,1,3) and (10,3,1) from 126) can

obtain different masses, this making possible to avoid the above-mentioned

difficulties.

The superpotential which gives rise to breakdown of the Intermediate

symmetry and supersymmetry we choose In the form:



•126-J4 a)"«-J3 у 126-126 +fZcX + M t Z t ( 3 )

where JM is the breakdown parameter, Х,у,2,"С are the chiral sin-

glet superfields.

As to the S0(10) breakdown, it arises owinn to the superoot.ential

W
2
 * Л tf(«O £Ю-М|) (л)

where lT is the S0(10) sinolet.

It is necessary to write down also terms which ni
V
e masses to particles

from 126, 126 :

Щ = М3 Шё 126 + Л2 i H 126 2*0 ( e )

where a l l mass parameters (except JU ) in (3)-(5) are of the order of M *

Superpotential \X/j +1 Wg + W3 oives, in Principle, a correct picture o f '

the breakdown; however i ts drawback is that not a l l particles in the suoer-

f i e i d 210 receive masses of the order of th? sunerunificftion PI»<>S M>< :

even i f adding a cubic 210 tern, to ( ' ) . the superfiei^s fi«?.1.!K (1^,?.?^.

(10,2,2) from the decomposition (2) do not acauire such masses [ l l ] . To

solve this question ono should introduce new suoerfi?lrts whose v.e.v. are

connected with the SO(iO) breakdown: one may introduce one Р'ОГР sunerfipid

210' or superfields 5_' and №.

The additional terns in the sunernotential in +he former case have the

form:

Л
с
 126 126

с

О



where the last term 1s formed by means of a totally antisvmmetHc rank-ten

Invariant tensor 6 , M 4 "" M * .

If (1Д,1)
г 1
0 and (15,l,l)gjo' In 210, 21j}' possess nonzero v.e.v.,

then owing to (4), (6) all particles In 2KK 210.' acouirp superlarae

masses (except for the Goldstone supermultiplets and the superfield

1,1,1) gfo )> whereas S0(10) 1s broken UP to G, .

Irrespective of the question with 210-plet masses, the breakdown scheme

SO(10)-*-SU(3)
c
 x 11(1) x SU(2)

U
 x SU(2)

R
 Is more attractive aoainst the

scheme S0(10)-«-SU{4) x SU(2)*SU(2)
R
 for the foilowina reason. In our

scheme 1t Is assumed that the right neutrino receives nass owing to the

coupling 16, 16, 126 ., where 16, 1s a supermultiplet of the ordinary
f • г r

fermions. However owing to the same coupHno, there arises an Interaction

between the fermion superffelds and the color triolets entering (10,I,
1
*) 126.

As the particles entering this supermultiplet do not obtain niass of the order

of M x ) this may lead to proton decay with relatively h1nh probability [flj.

The Introduction of 210" with the v.e.v. of (15,1,1) makes 1t nossiMe to

split these color triplets off the sinqlet G
o
 1n (10,1,3) and owing to the

last term 1n (6) to give a mass of the order of M x to the triplets. ̂ 0,

there 1s no problem with the proton decay.

Quite similarly one can write down a superpotential for the case when

instead of 210/ we take the Higgs superfields 4S_ and 5£ learHno to the

breakdown S0(10)-*"G1 ; note that in this case also all the sunerfields

(except the Goldstone ones) from £5̂ , 5^, 21£ obtain superlarae masses. We

shall study at greater length a case with the 210-plets. The results o* the

both cases are quite similar.

Let us turn to searching for a minimum of the potential . fls rentionec?,

a part of the potential which is independent of the fields 12f, f?f has a

minimum at < (l,l,l)2(0 > ~ < (15,l,l)aj0' > ~ M * , this leading to a



breakdown of S0(10) up to G, .So when we search for the minimum associated

with the breakdown of the Intermediate symmetry and supersymmetry, the

fields tT (15,l,l)2f0 , (Ul^Dgio1 » (15»L3)ato . (15,1,3)210' con-

taining 6 0 singlets will obtain v.e.v. of the order of —j^j— , this

leading to zero v.e.v. for the F-components of all suoerfields in 210,

210', V . Therefore 1t 1s sufficient to find.out the potential minimum

connected with (3) with account of the mass terms of the superfields 126,

126 that are present in (5) and (6).

In the representations (10,1,3) and (10,1.3) frcn 126_ and 1_2£_ there are

the singlets under the exact subgrouo SU(3)C x U(l) e m ; denote them by.

R and R, respectively; the similar sinolets from (10,4,1) and (10,"3.1> we
— ~ — P 1 —**P

denote by L and L. The minimum of potential V =. ZL | Fj | + "g" «0
( oO is a vector of thf adjoint representation ?n(ir}} is achieved at

< R R > - 51k?/** ' <R>-<R>

oC<X> + J 3 < y > = M 3 - M + M ' < L > = < L > = 0 (7)

<z > = o , <t > =0

/.'here M and M are connected with v.e.v. of sunerfieids (1,1,1)2/0

am» {15ЛЛ)2Ю' '
 res
Pectively; the condition < R > = < R ^ provides the

absLnce of the JO -term.

Jue tc nonzero values of < R > , < R > the Intermediate synwetry

SU(3)
C
 x U(l) x SU(2)

U
 x SU(2)

R
 is broken up to G

o
 . Besides, thp swner-

symmetry is broken as well. Indeed,

If Instead of superffelds X , JJ one detemines the suoerftelris



we

jF* and y ; =(ciy- j3X)/>/cC £ t J3 a ' , then

have < Fxi > = 0 , < Fy» > ~ oCJ3J14 2 /^ 2 + J32 , i .e. the

fermionic component y ' 1s the Goldstone ferrcion, while < у > 1s not

determined

The supersymmetry breakdown parameter can be defined as

Д = jri'+аг А
4
 С^З • ̂

ne c a n
 readily see that at a tree level the mass

splitting between superpartners of the order of Д arises only for suoer-

fields £ , "fc since 126, 12? do not Interact with the suoerfield y'

whose F-component has nonzero v.e.v..

One can see from (7) that all particles from 12§ + 126̂  (except for'the

SU(3)C singlets from (10,1,3) + (10,1,3) connected with the Intermediate

symmetry breakdown) obtain a superlarqe mass ~ M X accordino to the survival

hypothesis for the H1ggs fields [9] .

However one can readily see that the equations for the potential mini-

have along with the solution (7) also the followinp one:

г

<Z > = O , <t> = 0

For this solution the Intermediate symnetry is broken un to ^U(?l
c
 x

x SU(2)
R
 x U(l), I.e. the SU(2) left group 1s broken prior to thp

one, while the W -bosons obtain a mass of the order of jut > M v c

what is quite inacceptable. Note that the value of the ootential

for the (9) solution is the same as for the (7) one: ^ г + дг /*

This implies that at a tree level it is impossible to exclude this nossibi-

lity or discriminate it from the physical one when according tn the [У-



solution the SU(Z) right group is broken at JU £> My/ art thp left

group at M\ y .

These two possibilities can be discriminated owing to the fact that

simultaneously with the intermediate symmetry also the supersymmetry Is

Lrcken. Then the quantum corrections to the vacuum energy which are nonzero

unly at broken supersymmetry can lead to the situation when the physically

acceptable Minimum lies lower than the nonphysical one.

Th«r -irst non-vanishing quantum correction to the vacuum enerny appears

owiti'i to a superdiagram of F1o.l, where along the loop the superfield 2

pusses. The contributions to the vacuum energy of this diagram differ for

cases of (7) and (9). Thus, in tne former case this contribution "is
а
 ( М з - М + М ' )

г

n t h e
 latter one 1t is

/_£_\г rf
* *? ( М

3
 + М + М ' )

г
 . if the Initial parameters

ano M connected with the S0(10)-symmetry breakdown are of the same

bicn, then the contribution of this superdiagram to the vacuum eneray for

trie solution of (7) will be less. Hence this condition havina been sat i s-

lied, we have obtained a physically correct breakdown picture when at a

scale JH the right SU(2) group is broken and not the left one, because

tne ninimum corresponding to (7) will He lower.

riots the following circumstance. The potential dependent of the suocr-

fielcis 210_. ,210' and responsible for the breakdown of $0(10) un to the

intermediate symmetry has, in principle, also a minimum with < 21O'>= 0,

< ( I . | . l«)aio ^ ~ Mx corresponding to the breakdown of

S0(10) up to G . However for this solution the quantum corrections owinn to

the same superdiagram of Fio.l give a quantity 'WAgf) ., ., ——3 • '

in case of (7). If M j and M differ in signs, this correction will be

larger than I Sgfj J F T o e КТГ , this corresoon^ino to the

fact that a miniiriim with the intermediate symretry G1 v i l l He lower. 1*.

in



a physically nore acceptable breakdown version where the problems with the

210-plet masses and proton decay are absent is realized.

In our model one can easily calculate from the renornalization nreun

equations the dependence of the breakdown scales for S0(l
n
), M*,and for the

intermediate symmetry Gj , M R ( M R '
4
'

0
^ ' / 4ot

2
 + р

г
 ) , on the Weinhern

angle [бЗ . The result 1s shown 1n F1a.2. The intersection of the curves

referring to the dependence M
x
 and M R on siti^Qw corresponds to

the results of the supersymnietric SU(5) model. One can see that in tbo

vicinity of the experimental value sin ^ » 0.226 the values

M R ~ 1 0 ^ - 10*^ GeV, this being In good agreement with the estimation for

the parameter Л given In [2] : Д ~ (10
9
 - 10

1 1
 GeV)

2
.

As to the low-energy sector, note that In our model, just like 1n

Refs [2,3,123 , the splitting of the ordinary particle supermultiplets.

along with the SU(2)k x U(l)y -breakdown, must arise owing to the quantum

corrections. Here we have two possibilities. ," first one Implies addino the

term of interaction between 126-plets and superfield H , 126. !?£ Z » to

the superpotential. Then the nonzero contribution to the mass of the scalar

partners of ordinary fermions arises only 1n the third loop. A second nossi-

bility is to replace the singlet superfields Z , "Ь by the SO(M)

10-plets or 45_-Dlets. Then, just like 1n [2] , the scalar fermion masses

occur in the second loop. These aspects will be considered 1n detail

elsewhere. Note only that like in [13] , the triolet-doublet splitting arises

owing to the coupling Л Цб. .10. 2_Ш : though the presence of the v.e.v.

in 1£6 leads to occurence of mass also for doublet. 1t 1s however of the

order of -g 1 *Jz and can 'De °^ tne or('er of ^ w ^or a suffi-

ciently large range of parameters.

.iote in conclusion that the possibility of simultaneous breakdown of

suj.^rsymmetry anri intermediate symmetry was considered in \\\\ , but unlike

11



our work, wherein we consider a spontaneous breakdown of supersymmetry,

in [llj the supersymmetry 1s broken by means of directly introduced mass

terms.

Thus we suggest a scheme of simultaneous breakdown of Intermediate

symmetry S0(10) -*• SU(3)
C
 x U(l) x SU(2)

U
 x SU(2)

R
 and super symmetry by

means of a single scale parameter. This Intermediate symmetry, which 1s

preferable physically, owing to the broken supersymmetry has a minimum

lying lower than SU(4) x SU(2)
L
 x SU(2)

R
 . The Intermediate symmetry 1s

broken by the v.e.v. of the Higgs superfields 126 + Ц б . Owing to the

quantum corrections the potential minimum turns out to correspond to break-

down of the Intermediate symmetry up to the standard proup SU(3)
e
 x

у SU(2)
U
 x U(l)y . The value of the Weinberq anqle 1s less than that. 1n

the supersymmetHc SU(5) model and agrees with the xperiment.

The authors are thankful to E.Sh. Egoryan, S.G. Matinyan, R.L. Mkrtchvan

and A.G. Sedrakyan for the useful discussions.
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Fig. 1. A superdiagram that contributes to the vacuum eneroy.
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for the quantum chromodynamics parameter Л • 0.15 GeV.
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