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There hm recently been renewed interest in grsnd uniSed business related with 
the recent LEP data which allow to measure sin’(6w) with unprecsdented y- 
cumcy. Nsmely, the world weages of LEP data mean thnt the standard non- 
supersymmetric SU(5) model [1] ls ruled out Sndly and forever ( the fact that the 
standard non-supersymmetric SU(5) model is in conflict with experiment was well 
known [2] before LEP data). But maybe the most striking and impressive lesson 
from LEP is that the sup ersymmetric extension of the standard SU(5) model(3,4,5] 
predicts the Weinberg angle Bw in very good agreement with expaimmt. The r+ 
markable success of the supersymmetric SU(5) model is considered by many physi- 
cists as the &at hint in f*vour of the sxistence of low energy broken supersymmetry 
in Nature. However, as it haa been shown in [6,7,6] it is possible to construct 
non-supersymm etric genemhsations of the standard SU(5) model which give good 
predictions for sin2(6w) and don’t havs problems with proton decay by the introduc- 
tion of the additional split S+z snd lO+m multiplete in the minimai three families 
5+10 of SU(5) [6,7] or by the introduction of the additional light coloured octets and 
electmwedr triplets which originate from 24 adjoint multiplets of SU(5) [g]. Several 
non-supersymmetric and supersymmetric SU(5) models with tight coloured octets 
and electmweah triplets have been constructed. The typical feature of the models 
proposed in (61 is the existence of If 5 4 light Higgs doublets. On the other hand 
besides problems with proton decay and sin2 8rv the grand unified model have the 
problem with fermion m-. Namely the standard SU(5) grand unified theories 
(both supersymmetric and non-supersymmetric) predict equal masses of lep tons 
and down-type quarks at the GUT scale [S]. This prediction could be successful 
for the third generation provided the top Yukawa coupling constant is relatiwly 
big [lo] and fails for the 6xst and second generations. Them are several ways to 
overcome these troubles by postulating new nonrenormalizable interactions [Ill or 
by the introduction of a 45 Eggs multiplet with nonxero vacuum expectation value 
[12]. As it has been shown recently in [13] it is possible to explain m~/m, ratio 
for the hrst generation in the standard SUSYSU(5) model with radiative fermion 
mzrses of the first generation through soft supersymmetric breaking terms. 

In this paper we consider the SU(5) grand unified model with four light Higgs 
doublets, light colour octet, electroweak triplet and two singlets which ha9 been pro- 
posed in [S]. We show that the model predicts the correct value of sin’ 6~. Moreover 
we 6nd that it is possible to obtain the ratios mb(mb)/m, and m,(lGeV)/mp in 
agreement with experiment provided the Yukawa coupling constants for the second 
and the third generations are relatively big. The key observation is very simple: 
in the model with four light Higgs &singlets we can have relatively big Yukawa 
coupling constanta both for the second and third generations. In the calculation 
of the Yukaw~ coupling evolution from the electmweak scale to the GUT scale we 
have to take into account the h3-term for the Yukawa P-function which is positive 
and decressm the evolution of the Yukawa coupling from the electroweak scale to 
the GUT scale compared to the case when we take into account the QCD evolution 
only. Unfortunately for the Srst generation we can’t explain the md/m, ratio ( or 
to be more precise: if we obtain the right value for md/mc then we have troubles 
with the explanation of the m,/m,, ratio for the second generation). So we shall 
assume the mechanism proposed in [14] for md/mc ratio within the standard SU(5) 



model &to for in our model. 
So consider the sup wettic W(5) model [S] with tht& generations. four 

light HiggS auperdoubleta. One ColOUr octet auperhi~, one triplet “,p,&+ m,j 

two ringlet SUPffhigg= 2((1,1,2) + (l,l,-2)). The rcprc8ention (1,1,2) can 
originate from a Tb-plet of SU(5). The Sll(3) x SCr(2) x U(1) content of the 
l~~p-~tion is 10 = (3,2, -l/2) + (3,l. 4/3) + (l,l, -2). We rssume that 
due to the “missing partner” mechanism [14] only particlea with -turn ne 
(l,l,-2) +(1,1,2) remain light tide lO+m. 

For the SU(3) x Su(2) x u(l) &ctive N pvmmetric gauge theory the @- 
functioMuptotwoloopaaregivulby 

For the considered model we have b I 0, b I 4,6, = 9.6 & 

b+=A’g( i i i)+lf( i t i)+( y i i) (2) 

where N,, is the number of generations and H is the number of Higga doublets 
Here we neglected the contribution of the Yukawa coupling constanta to the two 
loop gauge P-functions. At one loop level the aolutione for the effective coupling 
coMtNt6 are 

1 
aio 

E: $+bit (3) 

where t = &ln(m/p). Here we r&o assume that the electromagnetic coupling 
constaut a and the strong coupling constant a. are given at the electroweak acale 
p = Mz. The use of eq. (3) dlows one to determine the grand unified scale &UT, 
the unified coupling comtmt a~ and the Weinberg angle &v. At one loop level the 
following basic formulae take place [5,9] 

sin2(8w) = $2 - h + (61 - a)“:) 

t I &kg) 

1 
- 1 ~(-~-~yl) 

ac 
d = b-b~+c~(b,-&,) 

2 E i (4) 

In the Bssumption that all additional light particles have masee O(Mz) for a(Mz) = 
l/l26 and as(Mz) = 0.115 f 0.01 one can 6nd that [S] 

sin2(8w) = OT2317$$$?5 

MG~T = 2.0+f.61016GeV 
1 

- = 8.7;;; 
QG 

(5) 



Note that according to LEP data (151 the value of sin2(8) in the m-scheme [lS] at 
the hfz energy is [lfl 

sin2(t'w) = 0.2333 f 0.0008 

It appears that tx~loop corrections are not smail. Our numerical results for the 
cdculationr of sin* Bw, MG~T and wm are presented in 6gme.e la-c. SO we ICC 
that N account of the two loop conections leads to the incre~~ byafactorofe: 
of the grand uni6ed scde which is a welcomed feature at le.& from the point of 
view of string theories [l&I]. 

In SU(5) grand uni6ed theories with light Higgs doublets ahicb come from the 
5-plet representation of SU(5) the Yukawa term lOh,f3h43S is rwponsible for the 
creation of m- for both down quarks and charged leptons. As a consequ~ce 
at the GUT-scale we have the relations between charged leptons and down-quark 
Yukawa coupiing COMtantd 

xd(MGUT) = 7;.@‘fGUT) (6) 

&(MGUT) = J;r(MGUT) (7) 

h(MGUT) = i;r(MGUT) @I 

For the standard supersymmetric SU(5) model the boundary conditions (4) and (5) 
for the first two generations lead to the wrong predictions for the md/m. and m,/m,, 
ratioe. An for the ease of the third generation one can obtain the experimentd ratio 
ny/m, only provided that the top YuJsawa coupling constant is not small which 
seems to be the case in reality since the recent andysis of LEP-data, bared on the 
account of radiative corrections. gives ml = 120 - 170GeV [IS]. In our c=e we have 
four light Higgs doublets so we can redlze the dtuation when one pair of the Higgs 
doublets is coupled to the third generation and the second pair couples to the second 
generation whereas some linear combination of the 6rst and second pair couples to 
the iirst generation. The masaea of the fermions are equd to the corresponding 
vacuum expectation value times the Yukawa coupling constant. So in our model, 
unliks to the standard supersymmetric SU(5) model with two Higgs doublets we 
can realize a situation where the Yukawa coupling constants for both the second 
and third generations are not small and the h3-terms in the 6-functions decrease 
the evolution for the Yukawas from &UT to the eiectmweak scale compared to the 
case WhN only QCD-evolution is taken into account. Here for simplicity we shall 
neglect the mixing between the second and the third generation. Note that as it has 
been shown in [19] by postulating some discrete symmetries it is possible to solve 
the problem of flavour changing neutral currents in the case of models with more 
than two relatively light Higgs doublets. 

The renormalization group equations for the Yukawa coupling constant of the 
third and second generation above the SUSY-threshold t are [20,21] 

Dhr(c) = W&, + ht., - yg; - 39; 
13 

- gg:h(,, 

Dhb, 
16 

= (h&) + 6h& + h;,) - Tg; - 39;: - ;g:)ht(,, 

Dh(,l = W;,, + ah&, - 39; - 3g:)hti(,, (9) 

*For simplicity we assume that the m-of the additional octets. triplets and singlets are O(Msusv ). 



with D = 16r2&dp. We also MIlUme that for the scale mi < p < Afmw we havs 
effectively the standard Weinberg Sdarn modal with a single Higgs doublet and the 
corresponding renormalization group equation have the form 

Dhye) = (;h:(,) + &,) + h$,) - ad- 59: - $:)hq.l 
Dhw = (;h&, + ;ht,) + hf.(,) ---8d - ;g$ - &t&q,) 
D’wP) 5 2 

= (i&,,, 
92 

+ 3hi.j + 3’&, - a92 - ~g;)h<,j 00) 

The mrau of the ferrnions are 

m.(P) = Wh mph4 = T;,bh 

m.(a) = I;.(&2 W(P) - &(ah 

m,(p) = i;,b)Y m(a) = U4v4 (11) 

where the ui are the vacuum expectation values of the corresponding Higgs doublets. 
“Experimental values” for the quark masses are 1221 

ny(mg) = 4.25 f0.15GeV 
m,(IGeV) = 180 f 5OMeV 

m,j( 1Gev) = 8.9 f 2.6MeV (12) 

We found that it is possible to obtain reasonable vdues‘ for the b- and s- quark 
starting from the GUT boundary conditions 

h(MGUT) - j;r@fGUT) 

&(MGUT) = j;lr(MGUT) (13) 

and solving the renormalization group equations for the Yukawas from the GUT 
scale to the 1 GeV scale. Of course the results depend on the scde of supersymmetry 
breaking Afsusv. on the value of o. and on the inltid value of &,(&UT) and 
&(MGuT). Our results are presented in figures 2a-d and 3a-d 

In conclusion we would like to stress that for the grand un&d models with 
more than two Higgs by playing with the Yukawa couplings it is possible to obtain 
the ratice mt(mb)/m, and m,(lGeV)/ m, in agreement with experiment. For the 
iirst generation we can obtain the right value for the md(IGeV)/m, ratio. but it 
appears that it ls impossible to obtain simultaneously the right ratios for the 6rst 
and second generation at least within the considered model. 
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Figure captions 
Fig& Man, LX,, and OI.XJT in our model as a function of ain SW and b4mm. 
Fig.2: Ratio of m, and m, for v&our Q, and Msu~. h(btmT) ir the co-n 
Yukawa coupling at the GUT scale. 
Fig.% Lii Fig.2, but for m&n, . 
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