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© UeHTJ>8JlbHblA HIY'fH<>-HCc..eAOBaTe.nbCKHA HHCTHT)'T HH<jlopMaUHH 

H TeXHKKO-!tKOHOMH"-feCKHX KCClle.llOBIHllA' no ITOMHOA HlyKe 

H TeXHHKe (UH~;H81011Mttejlop11\ 1984 

As is known, the SO(lO) grand unified theory (11 contains, as an elPctro­

weak subgroup, the product SU~(2)xSUR(2)xU(l) with a hfoher than in SU(5) 

[2] left-right synmetry. Therefore the introduction of several multiplets of 

Higgs bosons makes ft possible to couple the mix1no angles with fermion 

masses. 

It is known that ff only Higqs fields from the repr:sentation 10 con­

tribute to the fermion masses in the SO(lrJ) scheme, then masses of charoerl 

leptons and down quarks become equal (for the eneroy ~1015 GeV). whai-

agrees with experiment only for the third fermion qeneration. Therefore, ~s 

Higgs fields giving masses to fermions, we introduce, toqether with one 

field in the representation ~Q . one more Hfqgs field in the reprPsentation 

126. 

The introduction of several multiplets of Higgs fields may lead, rene­

rally speaking, to undesirable transitions with flavor nonconservatfon; 

however such transitions may be suppressed ff all the Hiogs doublets except 

one become superheavy [3,4] . 

An additional discrete sy11T11etry we need for Yukawa couplfn~s of fermions 

with Higgs fields leads to the mass relations for the three generations of 
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fermions. In this case, the relations connect inn the masses of light down 

quarks with those of leptons do not take place, and relation between the 

masses of g -quark and 't' -lepton remains in somewhat modified form. 

The relations obtained allow one also to express all mixing anoles in 

fermion currents (in particular, Kobayami-Maskawa anqles and mixino angles 

in currents connected with the proton decay) via the values of particles 

masses. Neglecting CP-violation one can obtain constraint for the t -ouark 

mass. There is also a relation between thP t -quark mass and thP mixino 

an~les in currents with barycn number nonconsPrvation. 

The mass operator of fermions in SO(lO) has the form: 

1_§_ x 1_6 = lQ. + _12_Q + 126 (1) 

A complete form of Yuka1>a cour>lings of .!_~-plet and 126-plet of Hiqos ho-

sons with fermions involves many terms. It is natural thereforp to introduce 

an additional condition for selecting thPse terms. Such condition may be a 

Ji screte sy1lllletry: 

10 10 . 126 - -126 

(2) 

lfJ, -- lj), ' %--% ' lfl3 -% 

where lf'~ is the f -th family of left femions united into a 16-nlet 

[5,6] 

uJT-(v d d de de de e c c c c) (3) T, - e, U, ,U2,U31e,d,, 2, 3 ,- 3,- 2, 1 ,-e, U 3 , -Uz ··u,, V i. 

and so on. 

With respect to discrete symmetry (2) , Yukawa couplings of fermions wit~ 

Higgs fields are as follows: 
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.A11 lf, e ~ lJ-!, i' -A22 qi2e P lJJ2 + ..Aaa Y:,3e P ~ + .fi13 i:p,c :!? l/'3 + 

-c -c 
i' ,A 12 lf. ;f: % i' .A23 % ~ % + h • C · 

(~) 

Here 

p = ~o ~<>. ¢d. 

i dJ.!5~ 
;&=-s! ~o ~d.~J3~5~6~e::.C 

(5) 

a.-:/< .J3 =l-61=-6+e 

where ~d, and x"-J300€ 
are 1~-plet and 1?~-nlet. resnectivelv, anrl 

id... are generalized Dirac matrices 

{~"')~Id}:: 2""Jl ol..;j3 = n. 1 , ... • q IF\ 

llonzero vacuum values of neutral cGlorless compc>nents of Hions fielrls whir'1 

3ive mass to fennions have the for·~· 

< p > = s ·I+ p · JU03 
(7\ 

<. x > = 6· /11 • v +BT· ru · n..1 • .Y ""- r1a ro3 r12 

1 
Here Jli"'Jl =--cl [ ~«. , d'13] are generators of SO(lO) ornup in srinor re,.,re-

scntation, y is a singlet in color generator of SU(4), an'1 s,p, 6, [ff 

dre some parameters. 

Mass matrix of fer111ions wil 1 take the form: 

..U1.4=K·H+~3·C 

JU.ct,=- e· H-+lf·G 

where vlle = e. · H + tr · G 

C" 
0 8,,) 

q" ( ~" R,, o) H=- o .A22 0 ] 0 .Aa3 , 

.R13 0 fla3 .A23 0 
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K = S + p 

e = s- P 

~::6+gj, 

v=o-rn. 
(q) 

As one can see from (7)-(9). in our scheme tnP 10 Hinos fiPl~ contributes 

only to the diagonal masses of ferrrions. and mixinq between fafl'ilies occurs 

* owing only to the 126 Higgs field contribution . 

In the following, we shall assume all the matric'!s vUu. 
1 

.A-ld, ..Ue 

real, i.e. neglect CP-violation. 

Then, matrices (8) can be diaqonal1ze<1 by orthorional transforn:ation 

o T 
J.1~ =- o~ · J.A.r o~ f=u,d,e. ( 10) 

where vU.~ are diagonal matrices. 

Matrices .L!-J , generally soeakinQ, are not positively defined ones, 

therefore vll; involves masses of particles with arbitrary sions. Those 

signs lead to some uncertainty in our predictions. 

From (8)-(10), one can arrive at the relations: 

Ta ..A.1~ = Tz .Llu = K T2 H 

T2(vU:)2=Tz...U~= K2 T2H 2 +; g2 T2G
2 

(11) 

Tzc...u:)3=T2J.lt: K3 TaH3+ ~ 92 KT2(Hc/) 

* Nondiagonal terms in H can be eliminated by the unitary transformation, 

the matrix G form befng unchanged. 
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Ta J.A.'d = T'2. ...UcJ. = e T2 H 

( 
o )z T z e 2 T 2 1 2 T 2 Ti ..ll d = I 2 Jld = 2 H + 9 li 2 G 

T2(..Ud) 3 =T2vU~= E3 hH3 + 1 v- 2 eT2(HG2
) 

T-z vU.~ = T2 ...Ue = e T2 H 

T2(.Ll~/= Tc..U~ = e2 T2H 2
+ zraT2G 2 

Tz(vU.~)3 =Tc. .Lt!:: e3 T2H 3 
t 3tYae r~ (HG 2

) 

In fact , we have obtained 9 equations with 9 unknowns, two of which are 

masses of t and g quarks. 

All relations given here correspond to enPrqies ,..... ln15 GeV. They involve 

the particle masses which are related to the masses at our energies by the 

r:iorrnalization coefficients [7] 
4 3 

ma.(JU):: rnct<MJ =(°'s (µ) _)11-"H· (oc'.·(µ)_\2'1 
me(1-1) me(M) <i. (M)) cL(JV1)) (l?l 

4 21 

mu(}-1) = ml.l CM) = ( r:f.., (µ) _)11-H . ( cl,(µ) )201 
me(JI) me(M) ci.(M)) r:f..(M) 

where t is the number of quark flavors. 

The energy of 1 GeV is crosen as a normalization noint J'A for masses 

of u, d., s quarks . For tile rest of quarks 1t is taken froM thP con'11t1on 

JU= 2·m(iu) (11) 

Fron, (11), there f<;illows the relation 

(14) 

Tc. ..U.~ = T2 vU~ 
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From this relation, with respect to stated above , one can define the 

mass of 8 -quark. However, because of phases, we can get onlv the upper 

and lower limits for mg The result depends also on the parameter 

of quantum chromodynamics. 

4.6 GeV ( mg ~ 5.5 GeV for A 
2 

= 0.03 GeV2 

4.1 GeV ~ mg ( 5.0 GeV for A 2 
" n. 005 Gev2 (15) 

One can see that the mass of 8 quark is within quite reasonable limits. 

· Chosen by us form of interaction of fermions with Hioqs fields allows 

to get additional relations. 

let us consider traces of products of different powers of matrices 

Td.Uu. ·vUa) = K· e. Ta H2 - ~- ~· V-· Tz Ga 

( z 2 ~ (K·lfa ~) Ta vUu·.,Uct)= K·e ·TaH + '9 ~ 9 Tz(HC 2) (lG) 

T ( I 12 ( f•S2 2•9•K't!"\ 
1z wtu.·vUd)=K

2·e·TzH 3+ T ~ 9 J Tz(HQ 2
) 

' - ' 2 As is seen, these traces are expressed by the same quantities Ta H , 

TaH
3
, TzG~ h(HG 2» K, e) g, lY 

On the other hand, 
entering into eos.(12). 

Ta (..Uu · .Uct) = T-i ( o; ·Ou· ..U°u · O~ ·Oct· .Uc't) = 

:: T?, (K- 1 ..u:. K . ..U~) 

Tz ( ...Uu. . ..U~) = Td l<.-1 .,u~. t< • ..u~2) 

Td ..U~ · .llct):: T z (K-1 
· .U~e · K · .ll~) 

where K is Kabayasha-Maskawa (KM) matrix. 
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(17' 

I 

Making use of (11), (16). (17) one Ciln obtain relations which connect 

the 111ixing angles of KM fl'atrix with the masses of six 011arks and charqe!J 
leptons: 

Tz (k-
1 

· ..ll~ · K · Jla) = i1; 'te + t; 1.3; ~8 

- 1 o o~ 2 . ' + i5 ( . -_ _ ) Tc.(K · vUu·K·vU.cl)='tj • 't4 ~ 2· is-"Z.; 

T-· "' , 02 0 2 . is . _ _ 
i(K ·J1u.·f<·..Ua.)"'t, · 'Z4 t etf(2"C.i·"ta-"l7) 

- 0 

Ti J.lc.1. 
7'j = n. ..u~ 

1 e -
't2 = 8 (9T~ (..ltd,) = Tz(J,£~)2) 

~ 02 -
't-3 = T2 vU.ct - Ta vU~2 

oai 

- 1 (9 T- ,,oa ·_ . o3 
7,lf = 8 · a. <.M-c:t - Ta. ..tle (I9) 

is =fa. ..u.:3 ~Ti .,u.:3 

i =-T ,,02 
6 2 V\A..t.t 

'67 = ~3 [ "l2 · (,~ - 'Zs] 

'&a-:: ff; 



Similarly, one can obtain the relation for the other ~1x1nq anqlPs con-

nectecJ with fennfon currents with baryon nuriber nonconservation. 

To find out mixinq angles in de current, considPr traces of ororlucts 

of1 9ifferent powers of matrices vU.e, ..U.d, and 1ntrociucfnn rnatrix K 1 

with respect to their turn, in diaqonalization we shall h;ive 

T ( 1-1 0 I 0 3 
IC! K · .,Ud · K · .lle) ="le +5"Z3 

T ( 1-I o I II 02) j c K · .Uct ' I< ' V\A.e = "l4 - 6 'C,5 

(2n) 

5 
T't (K- 1

· J.A.,~2 • K1
· .ll~) = 'l4 + e4''- 5 

" -Matrix K which describes mixinn in ue current is exriressed tiv 

K and K1 

II I 
K = K · K (21) 

Fran the derived relations (19), (21), (22) ~1e can, in nrinciole, exoress 

mixing angles in weak charged current, and also in curr,.nts related to pro­

ton uecay via particle masses rne 1 mfl,m't,mci,ms,mg, mu 1 mc. mt· 

From (12), one can obtain also a relation connectinq the "lilSS of t 
quark with ones of the rerraining quarks and charned 1Potons: 

1 (u+c-rt)3[ 
u3+c3+t3 = 8 e-r.wt- 9(d3+ s3+g3)-(e\1l+t"3)]+ 

+ u+c+t [u'+c2+t2-(u+c+t)2]" 
e+JU+r: 

e 3 +.}la+ t'3 -(d3+ 53 +g3) 
)( 

e2+ JJ'+'t:e. -(ct2+sz+g2) 
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(22) 

Here, it is assumed that relation (?3) involves particle m<1ss"s with 

arbitrary signs (+ and -) . i.e. vU~ . vU: , .U~ involve only ro~l quan­

tities. 

The solution of eqs.(lll), (20). (22) yields the followinn results. 

Mass r~nurmalization Jepenus on QCD din>ensional o?rall'eter I\ . We sfiall 
2 2 -

consider two possibilities: /I = 0.03 Gev 7 and /\ = 'l.005 Gev2 . For oac:h 

value of /\ we shall ~et a few solutions of eqs .(?<) fl'r mt . <1n,i 

hence for mixing anglc>s. Here we considered solutions for which mt.> lP.'1 G<>V. 

First. note, that therP is no solution with ITTt > 40 Gr>V f(lr 1\2 =0.M Gr>V 2 

2 2 
an<.l with mt > 36.5 GeV for /\ = 0.0115 r.ev, i.e. 0ne riay cl;iim tt ?t thP 

mass of tt bounJ state is less than 111") GeV. 

An interestinq rclatfon t~kes [!]ace Petween the mass of t riuark and 

mixinq annles in currents connected with the proton ~Peay. 

i'la1,ely , if 

26.5 GeV ~mt~ 36.4 GeV for /\a = r. .11n5 GP/ 

28 .6 GeV ~mt~ 39.3 GeV for /\ 
2 ? 0.113 GeV , 

then 11iixin9 matrices in de and ue currents are ne~rly diannnal , the 

coefficient in currents u~ ) d.}l ) se ~ 0.1 . This means th<1t 1f 

tne t -quark mass is in the 1 imits mentioner, then the oroton dPcavs 

mainly by lrlOdes ei' ST 0 + 0 • }' K etc. 

If 

mt< 26.5 GeV for /\
2 = 11.nns r.ev2 

rnd 
/\

2 
= n.1103 Gev2 , mi< 21l.6 GeV for 

then the above situation . 9enerally speakinn, doesn't take place, ;inrl the 

+ 0 + 0 
<lominant decay modes might be e K . .fl ST etc. 
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Note also, that in all the cases considered, the Cabbibo anrl the other 

angles in KM matrix 11re small, of the order of n.7-'1.3 * 

In conclusion, we can say that our scheme allows to oht~in intPrestinq 

mass relations for charged leptons and quarks, All r'lix1nri annlPs in fennion 

currents are expressed throu'lh particle masses. Qeasonable 1 imits for @- -

quark mass are derived. Interestino predictions are obtained for 'It -ouark 

mass. dependent on the probabil fty of various modes of proton decay. 

---- ------ - -------. ---

* Ambiguities in phases do not allow one to obtain exact predictions fnr 

those angles. 
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