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We show that with a minimal enlargement of the Higgs supermultiplet structure of the supersymmetric SU(5) model it 
is possible to get a theory where: (i) mb/m z is in accordance with experiment; (ii) sin20w = 0.22 and (iii) the dominant pro- 
ton decay mode is through the gauge-mediated channel p ~ 7r°e + at a rate (10 -31 yr -1) compatible with the present experi- 
mental limit. This is possible since the grand unification scale is predicted to get exactly the same value as in the ordinary 
SU(5) model. 

The ambitious perspective of  embedding gravity 
into a truly grand unified theory together with the 
possibility of  solving the gauge hierarchy problem 
have attracted much interest recently to supersymmet- 
rical grand unified theories (SUSY GUTs) [ 1 ] .  The 
phenomenology of  the minimal supersymmetric SU(5) 
theory [2] has been carefully investigated [3] : 
sin20 w appears to be a bit  too large (sin20 w = 0.236 
+- 0.002), mb/m r is unchanged with respect to the suc- 
cessful standard SU(5) predict ion (i.e., mb/m r ~ 2.8) 
and Higgs-mediated nucleon decay occurs at a rate 
compatible with the experimental  limit. In particular 
the predict ion of  the minimal SUSY SU(5) for the 
dominant  p-decay mode strikingly (and worryingly) 
differs from the SU(5) prediction: proton should de- 
cay dominantly into ~rK +, a signature which is much 
harder to identify than the standard 7r0e + decay mode. 

On the other hand, these phenomenological predic- 
tions are t ightly tied up to the Higgs supermultiplet  
structure of  the model. Already in the non-supersym- 
metrical version of  SU(5) an enlargement o f  the mini- 
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mal Higgs structure (i.e., only a 24 and one 5 o f  Higgs) 
has been repeatedly advocated for several reasons. In 
particular, it  was shown that  such an enlargement, 
with the presence of  Higgs which do not  develop a 
vacuum expectation value, was compulsory if fermion 
masses are to be produced radiatively [4] .  In this 
scheme, in analogy with the 5 + 10 representations of  
fermionsalso a 10 o f  Higgs was introduced [4] .  A 10 
of  Higgs may play also an important  role in the genera- 
tion of  the cosmological baryon asymmetry if this has 
to happen at a scale lower than the grand unified mass 
scale [5].  In the SUSY SU(5) we are particularly inter- 
ested in this 10 supermultiplet of Higgs also for a 
broad sense o f  boson- fermion  symmetry .  Fermions 
appear in the reducible 5 + 10 representation. In view 
of  a possible enlargement of  the minimal SUSY SU(5), 
it appears conceivable to address ourselves first to the 
possibility of  the 5-+ 10 ofHiggs supermultiplets. 

In this note we show that this minimal and plausi- 
ble enlargement of  the Higgs supermultiplet  structure 
of  SUSY SU(5) can lead to exciting phenomenological 
consequences: sin20 w is lowered to 0.221 and, even 
more interestingly, the grand unification mass is pre- 
dicted to be exactly the same as in the standard mini- 
real SU(5} model. Clearly, this latter consequence im- 
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plies that proton has a dominant decay mode through 
the usual gauge boson-mediated nO e+ channel, at a 
rate at the border with the present experimental limit 
(i.e., 10 -31 yr -1) .  

Obviously if all the components of  10 H + ]0t t  * 1 
get superheavy, then no novelty is brought about by 
the presence of  10 H. However, we know that in the 
case of  5 H, two components do not get mass at the 
superheavy breaking SU(5)~  SU(3) X SU(2) X U(1). 
They are colour singlets and form an SU(2) doublet. 
In exact analogy, we shall suppose the colour triplet 
components of  the 10 to get superheavy, while the 
isosinglet and colour singlet component with electric 
charge +1 is assumed to remaih massless at the first 
stage of  symmetry breaking. Technically, in the mini- 
mal SUSY SU(5) model [2] the lightness Of the iso- 
doublet contained in 5 H is enforced by the equality 
of  two parameters of  the Higgs potential. This same 
strategy can be applied to keep light the (1, 1) compo- 
nent under SU(3)C X SU(2)L of  10 H. 

In order to prove our result, let us write the evolu- 
tion equation of  the U(1)y, SU(2)L and SU(3)C gauge 
coupling constants from/a to the grand unification 
mass M x : 

a l l O / ) =  0tG1 + (1/27r)(2Ng + 126N2 + a N 1 ) l n ( M x / P )  , 

( la)  

a21 (//) = aG1 + (1/2rr)(--6 + 2 N  +½N2)ln(Mx//a ), 

( lb)  

~31 (/J) = ~G 1 + (1/2rr)(--9 + 2Ng) ln(Mx/U), ( lc)  

where a G is the coupling at the unification scale M X 
and Ng, N2, N 1 denote the number of  fermion genera- 
tions, isodoublets, isosinglets (with Y =~ 0), respective- 
ly. Only eq. (1 a) differs from the renormalization 
group equations for the gauge couplings of  SU(3) 
X SU(2) X U(1)in  the minimal SUSY SU(5)model 
[3],  since the component (1, 1) of  10 H contributes 
only to the renormalization of  a l .  From eqs. (1)we 
get: 

ln(Mx/Mw) = [2rr/a(Mw) ] [1 - -}a(Mw)/a3(Mw) ] / 

(18 + N  2 +N1),  (2) 

,1 We need the presence also of ]O~/in order to cancel the 
anomalies induced by the fermions contained in 10 H. 

and 

1 
sin20w(Mw) = {3 + g N  2 + [a(Mw)/a3(Mw) ] 

x (10 - - $ N  2 +N1)}/(18 + N  2 +N1).  (3) 

In the minimal SUSY SU(5), N 2 --- 2. In our minimal 
enlargement we have added a 10 H + ]-0h , l ,  so that 
N 1 = 2. Then: (in this case aG1 = 23.6) 

ln(Mx/Mw) = [~r/11 u(Mw)] [1 - }~(Mw)/a3(Mw)], 
(4) 

and 

3 4  
sin20w(Mw) = ~ [ 4  + -~u(Mw)/%(Mw)]. (5) 

A quick look at the good old minimal SU(5) model 
[6] and, strikingly enough, one discovers that eq. (4) 
is exactly the same as the expression for ln(Mx/Mw) 
in that model. This entails two major consequences: 

(i) Operators of dimension five allowing for proton 
decay must be prohibited ,2. This can be achieved by 
the imposition of  the R symmetry [7] or of an extra 
gauge U(1) symmetry [8] ; 

(ii) SU(5) superheavy gauge bosons recover their 
dominant role in the nucleon decays. Indeed, the situa- 
tion now is entirely analogous to the non-supersymmet- 
rical SU(5)model [6],  where the dominant gauge 
boson-mediated p-decay mode is through the channel 
7r0e +, at a rate quite close to the experimental bound 
(10 -31 yr-1) .  Notice that since we have not intro- 
duced intermediate mass scales, p-decay respects the 
B-L  symmetry ,3 

Let us now turn to eq. (5). The presence of  the 
(1, 1)component  of  10 H at low energy lowers the val- 
ue of  sin20 w and, indeed, instead of  the sin20w 
= 0.236 as predicted by the minimal SUSY SU(5) mod- 
el, eq. (5)gives sin20w = 0.221, in good agreement 
with the experimental average sin20 w = 0.215 -+ 0.012. 
The aim of  lowering the value of  sin20 w had already 
been achieved by two of  the authors by requiring the 
presence of  coloured Higgses at intermediate mass 

,2 The alert reader may notice that in the presence of a dimen- 
2 2 sion-5 operator rp ~ M~m SUSY-breaking and that an or- 

der of magnitude decrease in M X may be easily compen- 
sated by an order of magnitude increase in m SUSY-breaking. 
Then we would have the amusing situation of having proton 
decay to fir K+ and e+n ° at a comparable 10 -31 yr -1 rate. 

#3 The presence of the triplets of 10 H at some intermediate 
scale would change this conclusion [ 9]. 
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scales [10]. However, the simultaneous effect of low- 

ering sin20 w and M X is a peculiar property of  the 
(1, 1) component, since, being iso- and colour-singlet, 
it contributes only to/31 speeding up the increase of 

o~ 1 . 
In conclusion, we have shown that a minimal and 

plausible enlargement of the SUSY SU(5) Higgs super- 
multiplet structure radically changes the prediction of 
the model for proton decay. Instead of the obsolete 
~r K+ channel, the usual decay mode p ~ zr0e + is pre- 
dicted at the same rate as in the minimal SU(5) model. 
Moreover, sin20w is lowered to 0.221, in good agree- 
ment  with the present experimental results. Taking 
into account that mb/m r is predicted also here to be 
the same as in the usual SU(5) model [6],  we can con- 
clude that this model does not offer any change with 
respect to the predictions of the standard SU(5)mod- 

el as far as rob/mr, sin20W and p-decay are concerned. 
Needless to say, the presence of new fundamental par- 
ticles possibly at low energy may lead to exciting dis- 
coveries at LEP (or somewhere else ...) which can dis- 
criminate the SUSY SU(5) version we have presented 
here from the non-supersymmetrical one. 

One of us (D.V.N.) would like to thank Jacques 

Prentki for a useful discussion. 
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