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MO.UE.JTh CYIIEPOBhlWIHEIDIB S 0( IO) 

Ilpe,ttJia.I'aeTCH MO~eJ.IL cynepo6~e~HeHHH, OCHOBaHHa.R: Ha rpyn­
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CBJI3HBa.IOOlee Macey t KBapxa c MaCcan cynepnapTHepoB !flepMKOHOB: 
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quantum corrections, when SU(2)L doublets of Higgs fields 

acquire negative mass square at low energies. 

The simplest superunification model is based on the group 

SU(5). Realistic SU(5) models based on the above described 

breaking mechanism, are developed in Refs.(8,9] • 

In the present paper a superuni.fication model is proposed 

based on the group 80(10). The fact that 30(10) contains a 

higher symmetry than SU(5) does, in particular, involves the 

Pati-Salam group SU(4); allows to solve the problem of breaking 

of the electroweak subgroup in a more natural way. In our model 

as well as in Refs.[6-9] the masses of superpartners of ordina­

ry particles are obtained only after the account of quanturn 

corrections: the masses of superpartners of quarks and leptons 

are given by three-loop diagrams, and the masses of the gauge 

boson superpartners by two-loop diagrams. These diagrams sue-

ceed to be evaluated. The corresponding choice of parameters 

allows one to obtain the negative mass square for the Weinberg­

-Salam doublets of the Higgs fields. From the analysis of' the 

Higgs field potential we obtain an interesting relation , which 

connects the t-quark mass with those of the fermion superpart­

ners. The obtained results for gauge-boson superpartners masse~ 

can be useful for estimat ions of the proton lifetime. 

Let us now turn to the description of our model . As it has 

been done in Ref. (10] , we r ealize the breaking of 30(10) to 

SU(J\X U(1)YX SU(2)RX SU(2)1 = G through vacuum expectation 

values (vev) of two Higgs fields in the representation 210 (see 

also Ref. (11] ). The corresponding su_perpotential has the form 
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where M1 , Mz. are of the same order as the masses of the 

grand unification, Mx , U are the singlet fields and the 

last term is formed by means of totally antisymmetric tensor 

of tenth rank G 
The representation 210 has the following decomposition 

under the group SU(4)X SU(2)RX SU(2)L 

210 = (6,Z.,2) + (10,2,2) + (W,Z,2) + 

+ ( 15, 1>1) + ( 15, f ,3) + ( 15,3, 1) + ( 1, 1, 1) . 
(2) 

When the (1,1,1) component of the field 210 and the (15, 1, 

' 1-) component of the field 210 obtain vev of Mx order, the 

S0(10) symmetry is broken up to the subgroup G • All the fields 
I 

from 210 and 210 , except for those connected with the break-

ing of S0(10), acquiring superlarge masses in accordance \vith 

the survival hypothesis for the Higgs fields [12]. The follow­

ing step is the breaking of the supersymmetry and residual sym­

netry to the standard one SU(J)cx SU(2)Lx U(1)Y = G
0

• In Ref. 

[10] is shown that the supersymmetry and SU(J)cx U(1)B-Lx 

X SU(2)Rx SU(2)L symmetry can be broken by only one scale pa-

rameter -)J , it being assumed, that Mw ~/' « Mx • It 

allows to obtain the correct scheme of S0(10) breaking in a 

natural way {10] • The corresponding superpotential reads 

w ==d..X (126. IZ67t) + ,~ 126. 12.6 + ~~zx + (J) 

+Mi!. zt +Ms 12.6·126-+ A5 ' 126·126 · 210+i.5·126 · 126 · gJQ', 

where x, y, z, t are singlet superfields. 
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It is not difficult to see that the supersymmetry breaking 

is due to the vev of the F-components of x and y fields. 

If x and y fields are substituted by 

X' = o(.X + .{3~ 
../a_2+J32 I 

"!:f - fo.X 
lj I : ..j o(. 2 + j32 ' 

(4) 

t 

then only the vev of F components of the y field differ fro~ 

zero, 

<fa:'> =O I < F~1 > = (5) 

' The fermion component of y is a Goldstone fermion, and 
t 

the vev of< y > is not fixed. 

The breaking of intermediate G symmetry is due to the 

nonzero vev of neutral colourless component of the field .!£.§. -

- the singlet G
0 

<. 126 > = < 126 > 
d._,fl 

= .,/c1.i-t~2.· (6) 

In result, the intermediate symmetry is broken to SU(3)cx 

xsu(2)
1

x U(1)y, and at the same time the supersymmetry is 

broken. The breaking of the electroweak subgroup must come 

forth after the account of quantum corrections. 
t 

It is easy to see that with the y field interacts only 

z and on the tree level the mass splitting for the superpart-

ners occurs only for this field. For the other superfields the 

mass splitting between the superpartners will occur only after 

the account of quantum corrections . In order to obtain the mass 

splitting for the supermultiplets of ordinary particles, one 

must arrange their effective interaction with the superfield 
t 

y • For this purpose the following term has· been inserted 

into the superpotential: 

6 

J 
~I I 

)\6. 210
2 r.. (7) 

Let us first consider diagrams connected with the masses 

of the quark and lepton superpartners. It is easy to see that 

the masses of scalar partners of fermions appear only in the 

third loop. The superdiagram in Fig.1 with one gauge supermul­

tiplet exchange, makes a zero contribution. It is actually cle­

ar that the gauge field in this diagram must be neutral. But 

even in this case,. due to the fact that the representation 210 

is self-conjugate, contributions of fields having opposite U(1) 

charges ( U(1)B-L' U(1)Y ), cancel out each other. 

The nonzero contribution for the fermion superpartner mass-

3S we obtain from the superdiagrams ~hown in Fig.2 • Likewise, 

the gauge boson superpartners obtain diagonal masses due to 

two-loop superdiagrams shown in Fig.3 • 

Contribu~ion to the Higgs field mass in the representation 

1Q , which is connected with the breaking of the electroweak 

group, give the same superdiagrams shown in Fig.2, where only 

the external lines - the 16-plets of S0(10) are to be changed 

for 10-plets. In connection with this the following important 

circumstance must be pointed out. As the doublets in the 10-

-plet ~o not interact with the gauge superfields of the Pati-

-Salam group SU(4), when along the inner loop in the superdia-

grams in Fig.2 passes the (15, 1, 1) component of the super­

field 210, we shall get a zero contribution to the mass of the 

Higgs field. In the same case, the contribution to , the quark 

and lepton superpartner masses is other than zero. 

When estimating the superdiagrams in Fig.Z, it is necessary 
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to take the following into consideration: the dimension of dia­

grams is ( m2 ] , from the vacuum expectation value of the F . . 

component results [ m4 ] , consequently , there must be also [ m
2

] 

in the denominator. A concrete calculation shows that in the de­

nominator there always arises the square of the mass of the 

most heavy particle which passes in the diagram's inner lines. 

This actually results from the fact that the infrared divergen­

ces, which are present separately in each diagram, cancel out 

each other in sum. 

The further calculations are carried out in assumption that 

Mc, Uz« r.i210 , where Mc is the mass of the component (15 ,1,1) 

of the representation 210, and 1.1210 is the smallest mass of 

the remaining components of the representation ill. . This con-

dition is not a hierarchic one: for our purposes a difference 

of 3-4 times between these quantities is enough. 

·;;e shall consider two possibilities which give different 

results for the masses of the quark and lepton superpartners. 

At first assume, that !Jc << Mz (again, the smallness means 

a several times of difference between these quantities). In 

such case the superdi agrarns in J!'ig. 2 approximately equally con-

tribute to the masses of the quarl{ and the leptoi:i superpartners 
z ~ 2 z I 12 rnz z ~ (Mc) A6 t .J3 ~ (S) 

~.e (4n)'t "'z+~z M~ 

where o(. (Mc) is the gauge coupling constant. 

How l et us consider the second possibility which is the re-

verse of the first one: M « i-!I • In this case we must take the · z c 
mass splitting in the multiplet (15,1,1) into account: at break-

ing of SU(4)CX SU (2)RX SU(2)1 to G by the vev of the field 

8 

~· 
~ 

gj.Q , there appear masses uI
8

, u1 and r.r
3 

for the octet, singlet 

and triplet of SU(3)c, respectively, which are contained in 

that representation. We shall consider, that all of them ere 

of the order of the grand unification mass !.Ix • With regard to 

this, our condition must read: min(M
8

, 113 , M
1

) Mz• In this 

case the diagrams in Fig.2 make the following contribution to 

1asses of the lepton end quark superpartners: 
2 2 2 ,,.2 

i _ o£ (Mc) .Asif J• I !2(..!.._!_+1...-1_+±_-1_), 
me - (4n-)'t o<.'-1-J3t F!I' 5 M~ · 15 M:,a 15 M~,1 (

9
) 

m': !:::: o<. 
2

(Mc) 
.. l4:Jt)'t 

2 2 2 
-"s ~ P I 2 ( 1 1 a 1 4 1 a 1 ) °'2. + "'' F!I' I S MF+ 45 f;1i"° + 4'i Ma + 15 M8a ~- 3 3,8 3,1 

where M3 , 8 = max(l:!J' M8 ), M3 , 1 = max(NJ' m1). ','t11en deriving 

the formulae (9), it was assumed that M3' M8 , M1 differ from 

3ach other at least for several times, but the formulae are 

valid also at M 
3 

M1 = u
8 

• Consequently, one can assLc:nc 

that these formulae work well in the whole variation range of 

M3' M1, Ms,.; Mx. 

One can see that in contrast to the first case, here the 

contributions to the masses of the quark and lepton superp~rt­

ners can be different. 

To the masses of the quark and lepton superpartners also 

contribute the diagrams in Fig.4 (9] on the vertex of which 

stand Yukawa coupling constants gi,j 1.§.i 1.Q 1.§.j ; (i,j = 1, 

2,3). The cross symbol indicates the mass insertion. This con­

tribution by about 15% changes the mass square of the third­

-generation fermion superpartners and leaves the masses of the 

superpartners of fermions of the remaining generations practi­

cally unchanged. Besides, the fermion superpartners take an 

additional contribution into their masses due to the same 
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Yukawa interaction, when the Higgs field 1Q receives vev 

which breaks the electroweak group SU(2)LX U(1)y • This contri­

bution is considerable· again for only the third generation. At 

last, the superpartners gain masses due to the same Higgs-field 

vev from the so-called D-term: this contributes to masses in 

the region of (-0.3 + 0.7) M~ [13] • 

If a~sumed, that the fermion superpartners must have masses 

of M · order, then for reasonable coupling constants the scale 
w . 

parameter __µ , responsible for the breaking of the supersym-

metry and intermediate symmetry, must be of the order of 10
11

-

- 1013 GeV. 

Now let us calculate the contribution of superdiagrams in · 

Fig.2 (with substitution of 1.§. by 1.Q) to the mass of the Higgs 

field 10 , assuming as before, that Mc' Mz-« M210 • Then one 

obtains the following contribution for the mass square of SU(2)L 

doublets contained in 1Q : 

o<. d." (Mz.10) m : 
Ht,'l. ( 43r) ft 

J\~!3i~a 

°''+~2. 

I F,yde 

M~10 ( 10) 

The contribution of the diagrams in Fig.5 must also be 

take:p. into account, which comes from the interaction with the 

1.§.-plet. Then one will obtain the following expression for the 

nass square 

where g33 

of the Higgs fiel~: 
2. 2. 9.33 2 

mH = mH. - ~mf-
1,i. 1,'l. . ' 

~ 3 e 1 a 
m+"' 4m<t + 4rne' 
is the constant of the 

M:c ' en M~,e (11) 

interaction of the third-

-generation fermions with the Higgs field, ~ is the integ­

rals cut-off parameter which must be of the grand unification 

mass order. 

10 
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Taking into !!ccount that M210 '2> Mz, Mc, one obtains that 

~2<< m~ , and at sufficient, but not very large gJJ , ~ 
can be negative: taking into consideration that gJJ at t:t:.e 

t-quark mass of 40 GeV is approximately equal to 1/4, a twice 

difference between M210 and Mz, ~.~c · is sufficient for the 

negativeness of ~ ; And what is more, we shall further ignore 

the first terin in the expression of 2 
mH in (11) as . ~gainst the 

second term. The negativeness of m~ will lead to spontaneous 

breaking of the electroweak subgroup. Let us pass to a more 

detailed study of the Higgs field potential connected with the 

breaking of SU(2)1X U(1)y. 

In the beginning note, that to the superpotential must be 

added two terms 

).. 7 1Q fil gj_Q + rA 1Q 1Q J (12) 

where A is the singlet field. 

The first term gives natural splitting between different 

components of the Higgs field by the 10-plets of SU(3)c and 

doubl~ts of SU(2)L (triplet-doublet splitting) [14]: the trip­

lets get superlarge masses of the Mx order, and the doublets 

remain massless on that level. The same term gives mass to one 

of the doublets of the order of 

ti( 2 

m,= ot.2.+~a 
.A; )'a 

Mx 
(13) 

which can also be of the Mw oreder for the corresponding choice 

of parameters (e.g., oC. << fJ ) [10] • The second term in (12) 

provides the presence of a quartic term in the Higgs-field 

potential. 
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With regard to the aforesaid, the mass term of two SU(2)L~ 

-~oublets of the Higgs field H1 and H2 contained in 1Q 

has the form 

2. 
ffiH1 

a 2 M:r: ~ 2. 1133 en--m, -mf ~ M~,e 

' 2 
2 z 933 M:c 

m :: - m- .,.z fn Ma.l H'Z. f ..,. r1 

':there we ignored 02 
mH as against 

e. z M:i: ~m-fn M-"i-
gr2 f ~. 

( 14) 

• The 

quaternary terms in the potential have the following form: 

v _ .!.. a 2 ( + _ + a 1 2 [ .. - + - 12 ~ I + 
1 
a 

l4J- 8 d' H1 H, H2 H2) +29 2 H,'t'H,+H'Z.'t"H-a. + 'L H1 H2 , (15, 

where g1 , g2 are the gauge coupling constants of groups U(1)y 

and SU(2)L , respectively. In the potential (15) there is no 

term connected with the D-term of t~e SU(2)R gauge field - it 

turns into zero from the condition of minimum over the vacuum 

expectation values < 126 >, <126 >, when their difference 

is of the Mw order. 

The potential (14,15) has been considered in many works, 

in particular, in Ref.(9]. Unlike Ref.[9] , in (14) there is 

no initial mass term for ~ • This, and also the circumstance 
2 

t hat iri our case due to S0(10)~symmetry all the fermions of 

thr. GC1.IT1P. generation enter the same irreducible representation 

~ , allow to make more definite predictions. 

Minimizing the potential (14), (15), we shall obtain the 

folJowing expression for the vacuum expecta~ion values v 1 and 

v~ of the fields H1 and H2 : 

12 

where -2 g 

,.,...2. a. a m~ + a 
"'I + \)'" :::: 1J" = - H, ffiHa 'L~ ~ 

·IJ,'2. - 1)'2.'l. = 
2 2 

g1 + g2 • 

m~ - rn-a. 
I H~ 

t92-'L2 
( 16) 

The b and t-quark masses are expressed through v1 and 

v2 in the following way: 

mt=g}}V1' ~=g}}V2 ( 17) 

From (14)-(17) it is easy to obtain the following relations: 
m~ + m~ ~ i 

'Litra= 2a. , .. ~ m7-m, 
i ~ ,_ 

a mt - mlY _ m, 

"' mi+ m~ - ~ ~ 2 
- i'l. 

( 18) 

where 1 M;c 
a=-en-~3 

f(- M-e 
~. 

Finally, from (18) one obtains the following inequality: 

j 

4 
0 2~4 92~a 

_a"---,,-- - m~ > m" >_!_ -- - 2m\ 
c:trn 2 &- t 4 o.m~ 6-

f f 
( 19) 

In the expression (19) one can ignore the b-quark mass as 

against that of the t-quark. In result one obtains the follow­

ing final relation connecting the t-quark mass and mf : 

mf = 160 [ m:~Gev]] GeV. (20) 

If assumed that _the t-quark mass is . 40 GeV, then one will 

Jbtain mf = 160 GeV. In c·ase when the formula (8) takes place 

(Mz::? Mc), one has mq= my= 160 GeV. With regard to othe1· 

terms contributing to the masses of the fermion superpartners, 

one can say, that these masses must be in the range of 150-

-180 GeV. And if the superpartner masses are determined by the 

13 
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' ' 

.formula (9) (Mz « Mc) 

tions only take place: 
and mq ~ mr ' the following restric­

mq- < 180 GeV, ml~ 329 GeV. There is 

a stronger restriction to the minimal one from the values 

mr and mq-. 

40 ) mi.n( me' m~) <1' 160GeV ( m-l(GeV) (21) 

Now let us consider the appearance o.f diagonal masses o.f the 

gauge -boson superpartners. As already mentioned, these masses 

appear due to the superdiagrams in Fig.3 • For diagonal masses 

of the superpartners of gluon, W boson and B boson . the .follow­

ing expressions are obtained: 

ol3 "": ~.ia --2'_ 
m~--- Jo<.2 + ,is2' M~ ~ - 12Tt" 

~2 .:\~ ~J? Fy1 
(22) mww-=- 12:n JtX- 2+132' 

--1 
Maio 

5 ·, -ct, A~ !fl F!l' 
ffi55 = -3- 12'it Jd.z + i>i.' M! J 

vhere we restricted ourselves to the case Mz» Mc for simplici­

ty. For the complete analysis of the mass of the gauge-particles 

superpartners, it is necessary to take their mixing with the 

superpartners of the Higgs fields into consideration [9] , but 

we shall not do it in detail here. We shall only point out the 

following circumstance. From the eqs.(22) .follows the follow­

ing relation: 

. mww"'~ ~ 
m59 o<.3 Maio (23) 

where according to our assumption Mz < M
210 

• The formula (23) 

-iffers from the result of the supersymmetric SU( 5)-model·, 

Vliere the relation mww/mu = ~: is usually obtained. 

14 

The our obtained relation (23) in a certain sense is more· 

acceptable for the following reason. The fact is, that in the 

SU(5) model the relation mww =- °'a. together with the mu ~ 
restriction to the mass of gluino mgg ~1 GeV [15,16] leads 

to restriction to the diagonal mass of w bosino: mww :;;.- 300 

MeV • In result the predicted li.fetime of proton is on the verge 

of contradiction with the experiment ( if the contribution to 

the amplitude o.f proton decay make fifth-order diagrams with 

W-bosino exchange [17,18] ). In our case the corresponding re­

striction on m-- has the .form of rnw- - > ~! • 300 MeV, -·ww w "•01.10 

i.e. the diagonal mass of W bosino can be less than JOO MeV, 

which provides a more acceptable value for the proton lifetime . 

Other phenomenological aspects of our model related with 

the mass spectrum and the modes of decays of particles appear­

ing in the model, will be considered in the paper to follow. 

.Thus, we propose an S0(10) model of superunification, where 

the s_upersymmetry is broken together with the intermediate one 

SU(3)CX U(1).YX SU(2)LX SU(2)R. The lepton and quark super­

partners masses appear after the account of the quantum correc­

tions. The presence of the Pati-Sala.m subgroup SU(4) in S0(10) 

allows to realize the radiative breaking of the electroweak 

subgroup. An interesting relation is obtained between the t­

-quark mass and those of the quark and lepton superpartners. 

From the point of view o.f agreement with the proton decay ex­

periments the obtained relation between the diagonal masses of 

gluino and W boson is more acceptable than the corresponding 

relation in the SU(5) model. 

The authors thank Ed.Sh. Egoryan, S.G. Matinyan, R.L. Mkrt­

chyan and A.G. Sedrakyan for helpful discussions. 
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fS 16 

Fig.1. A superdiagra.m with an exchange of one gauge superfield 

which makes a zero contribution to the masses of fermion 

superpartners. 

16 16 16 

16 16 16 
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F~I 

16 

16 

210 

16 

Fig.2 Three-loop superdiagrams making the main contribution to 

the masses of fermion superpartners. 

210 

45 · · 45 
210 

Fig.3 Superdiagra.ms giving the diagonal mass of the gauge-field 

superpartners. 

H 

~ ... --o--,p 
't-,e 

(-"'-. H,~,t 
\ I 

----~---
cy,e ~.e 

.t<'ig.4 Diagrams making an additional contribution to the masses 

of the fermion superpartners. 

I'\ ·0--H-
(-"\ ~,e; 
\ ) . ____ -....: 

H 
-- --

H 

~,e 

Fig.5 Diagrams making a negative contribution t o the muss 

square of the Higgs fields. 
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