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We construct a supersymmetric SU(S) model characterized by: (a) naturally massless doublet Higgs superfields; (b) the
natural appearance of “light” coloured triplet Higgses of mass of the order 1010 GeV, and study proton decay as well as the
generation of cosmic baryon asymmetry. We find that an appropriate choice of Higgs sector renders dimension-five opera-
tors kinematically irrelevant for the stability of the proton. Proton decay proceeds through Higgs boson exchange in terms

of dimension-six operators mainly to 5, K*, w'KO,

It is by now weli known that the technical aspect
of the hierarchy problem in GUTs, i.e., the stability
of scalar masses under radiative corrections [1], is
solved by incorporating the concept of global super-
symmetry [2]. Nevertheless, a natural explanation
for the smallness of M, is still lacking. In practice
one finds that the Glashow—Weinberg—Salam Higgs
doublets have to be fine tuned [3] to be essentially
massless, while the other members of the Higgs mul-
tiplet that carry color must have a mass of at least [4]
1010 GeV for fear of too rapid a proton decay. Super-
symmetry makes such an arrangement stable to all or-
ders in perturbation theory [5] ; however, the mass-
lessness of the Higgs doublets is achieved in a highly
unnatural way [3].

Recently, two of us (D.V.N. and K.T.), motivated
by the study of the cosmological implications [6] of
supersymmetric GUTs, proposed [7] a variety of
SU(5) endowed with “light” colour triplets of an in-
termediate mass in the neighbourhood of 1010 GeV,
Such a theory leads to [7] sin26, and my/m,_ values
in agreement with experiment and Higgs boson medi-
ated proton decay through dimension-six operators
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dominantly to E“KJ', v*KO (while dimension-five oper-
ators, although present, are irrelevant [8]) as well as
a plausible scenario in which monopoles are naturally
suppressed and the right amount of matter—antimatter
asymmetry is generated [6,9] . In this paper we re-
turn to supersymmetric SU(5) to find that the use of
the 50 representation leads to naturally massless Higgs
doublets as well as Higgs triplets of an intermediate
mass (1010 GeV). We also carry out an analysis of pro-
ton decay in such a model and devise a type of Higgs
structure with which dimension-five operators al-
though present are harmless and proton decay pro-
ceeds via dimension-six operators mainly to 7, K*,
u*KO, Finally we discuss baryon generation. It should
be stressed that apart from setting certain couplings
allowed by SU(5) gauge symmetry equal to zero, some-
thing made technically possible by the non-renormali-
zation theorem [5] of the superpotential, there is no
fine tuning involved in our model. Furthermore, the
masslessness of the Higgs doublets is not achieved due
to some global symmetry we have imposed, but due
to the particular representations we have chosen.

Let us begin by reminding ourselves of the triplet—
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doublet problem in SU(5). The relevant terms in the
superpotential are [3]

W"’(XHE 22;4H5 +mH§H5. (1)

The breaking of SU(5) in the SU(3) X SU(2) X U(1)
direction via

a(Z,,) =3 m' diag(2,2,2,-3,-3),
leads to
W~ HzH,(m + §m’) + H3H,(m — m'). )]

Choosing m = m' renders the Higgs doublets massless
[3] . Nevertheless this extremely accurate adjustment
is highly unnatural [3]. If we were to omit the direct
mass term, the doublets would obtain superheavy
masses from the expectation value of the adjoint Higgs.
The strategy we shall use is to introduce representa-
tions that contain Higgs triplets but no doublets, so
that if we do not put a direct mass term for the 5 and
5 there will be no doublet mass term in the superpo-
tential. A crucial observation is that the 50 represen-
tation of SU(5), when decomposed under SU(3)

X SU(2) X U(1), contains no SU(3) singlets — SU(2)
doublets [1,2]

50=(8,2) +(6,3) +(6,1) +(3,2) + (3, 1) + (1, 1).
€)

No expectation value that would conserve colour and
charge is possible for the 50. Since it is a non-real rep-
resentation, an anomaly-free supersymmetric SU(5)
also requires a 50. In order to write mixing terms be-
tween 5, 5 and the 50, 50 we must use the 75 instead
of the 24 representation in order to break SU(5) *'.

The list of supermultiplets that define the model is:
V, — gauge vector supermultiplet; Z(75); 6(50), 8(50);
H(5), H(5) — Higgs supermultiplets; Qo> Qz — matter
supermultiplets; the index i = 1, 2, 3 refers to genera-
tions.

A superpotential for the model is

W=1Mtr(£?)+3atr (%) + b0 TH +cO=H + 56
+dQ Qo H +Q Qs H +4Q;(Q, (6. €))

No term HH is present. The coupling / is necessary

1t is interesting to notice that the representations 50 and
75 have been used before, in ordinary GUTs, aiming at a
radiatively induced fermion mass spectrum. See ref. [10].
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to avoid any unwanted U(1) global symmetries. A
non-zero expectation value for T breaks SU(5) unique-
Iy to SU(3) X SU(2) X U(1) in contrast with the min-
imal case in which the 24 leads to degenerate broken
vacua [3,11]. The relevant Higgs mass terms would be

W= 0(b(ZYH + B(c(Z)H + M50 + ... 3)

The vacuum expectation value of (Z) ~ M/a must be
of the order of 1015—1016 GeV. The resulting SU(3)
X SU(2) X U(1) invariant effective superpotential is

W= 0,(bM/a)H, + 6 (cM[a)Hi, + MO,0,+ ... (6)

and does not contain any mass term for the Higgs

doublets. The only two scales that are natural in the

theory are M/a ~ 1015—1016 GeV and the Planck

mass ~1019 GeV. We choose M ~ My = 1019 GeV 2,

A reasonable choice for the couplings b, ¢ is b, ¢

=~ 10-1-10-2. Thus, we are led to the following mass

matrix for the triplets

o = (0 m ) )
m M)

where /7 ~ 10141015 GeV and M ~ 101° GeV. Di-

agonalization leads to

w=~MHAH, - @HH_H_, ®
with
H, =8, + (@/MH,, H_=-(@/Hd,+H,.
Thus, the triplets H_, H_ obtain a mass roughly of
order 1010 GeV. It is remarkable that the same Higgs
structure that has led us to massless doublets also re-
sults in “light™ triplets. In such a case, all the “goodies”
[7] of a 1010 GeV intermediate scale, like sin20 ,,
~0.22, my/m,_ 2.8, etc., are automatically repro-
duced here. Needless to say, this becomes possible on-
ly thanks to supersymmetry since radiative correc-
tions will not alter the tree level mass matrix.

Let us next come to the subject of proton decay
in our model. Due to the increase of the unification
scale in supersymmetric theories, gauge boson medi-

ated proton decay will be suppressed [12] . With Higgs
triplets as light as 1010 GeV, however, proton decay

*2 Setting M = 1015 —10'¢ GeV will definitely not undo the
natural appearance of massless Higgs doublets, but will cer-
tainly evade the appearance of an intermediate mass (~101°
GeV) Higgs triplets.
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Qo Qo Q0 Qo seem the most appealing approach and we shall em-
ploy a different strategy [8]. It is known that in or-
" T der to generate a non-vanishing baryon asymmetry
a, a, Qg ag through Higgs triplet decays, we need [8] at least two

Fig. 1. Diagrams giving rise to dimension six operators.

still occurs at the “usual” rate mediated by coloured
Higgs boson exchange [4]. In the case where the
breaking of supersymmetry includes a gluino or pho-
tino Majorana mass, baryon number violating opera-
tors of dimension five also occur [13,14] and with
colour triplets of 1010 GeV, they lead to too rapid

a proton decay. However, as two of us have proposed
in a previous paper [8], it is possible to modify the
Higgs sector so that dimension-five operators, although
present, are not dangerous for the proton for ener-
getical reasons. It is not accidental that the same type
of Higgs structure is appropriate for the generation of
the baryon asymmetry within our SU(S) model.

The graphs that lead to operators of dimension six
are shown in fig. 1. For my ~ 1010 GeV the rate will
be the “usual” 10—31 (yr)~I (roughly) and the decay
modes (modulo hadron wavefunction effects) will
show the following hierarchical pattern [7]

[‘(17“K+ 1K) r@K" e KOt "'n0"") . (e n® 1)
~ 1 : (sin%4.)2,

®

.2
sin 0C

where sin26 > % is the Cabibbo angle.

On the other hand, dimension-five operators due
to the graphs of fig. 2 seem disastrous, giving too high
a proton decay rate if my, ~ 1010 GeV. It is possible
to avoid them by imposing extra symmetries (i.e., an
R symmetry [13] or an extra U(1) gauge symmetry
[14,15]). If we forbid gaugino Majorana masses, the
dangerous graphs vanish. Nevertheless this does not

paly ¥
TY

Fig. 2. Diagrams giving rise to dimension five operators.
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pairs of Higgs supermultiplets **. At the same time,
the fact that the top generation of ordinary fermions
has distinctively higher masses than the other two,
hints at the existence of Higgs fields that couple ex-
clusively to the top generation. It does not seem un-
natural to modify the superspace potential according
to

w=beWsHD + p'gPDTH?D
+cBWTAD + FOSAD + FHEDID + FPe Dy

oDy 32
+dijQIOQ(1,0H +dQj,QypH

Had i A3
+;QUoQs HY +1Q5p Qs H

NQWEWD + 1. QBQNFD
+h, QBQRED + 1, QRQREP + ... (10)

We have allowed no HVH®, A@HD a5 well as
gDgD gDeM) terms**. After diagonalization the
superspace potential (10) will be

w=ALHP + APHDP)
- @) @EOHD + BOHP)
o) 3)aB®)(2
t dileloQ(ljoH +dQjQipH

OFR )= 0] B3AB) M)
+£;Q1pQY H'Y +fQjgQz " HV + . (11)
where

HS_I’Z) = §§1,2) + (ﬁ/M)Hgl’z),

HOD = B0 - GAES-D.

The only graphs of the type of fig. 2 that we need
concern ourselves with are those involving gluino or
photino exchange. The SU(2) gauge fermions need not
be given a Majorana mass since they will obtain any-
way a Dirac mass in combination with Higgs fermions

*3 One pair of 50 and 50 will not do for reasons we shall ex-
plain later.

*4 Such terms, together with all possible mixings, will appear
when supersymmetry is broken; however, they will be of
order (mSUsy)
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during the SU(2) superHiggs mechanism. The only
gauge fermions that might remain massless if the su-
persymmetry breaking does not contain a Majorana
mass for them are the gluino and the photino. Inspect-
ing fig. 2, we observe that the photino or the gluino
exchange in the upper part of the box diagram does
not mix the generations, which ensures [16] the ab-
sence of flavour changing neutral currents. Choosing
the down—left vertex of the box diagram to corre-
spond to the dj; Qg’gQ(l’gH(l) quark coupling that in-
volves all generations, we observe that the down—right
vertex will necessary involve only the third genera-
tion. The most general type of mixing in SU(5), on the
other hand, when all masses are generated by 5’s and
5’sis

y® c(d) 7 +(i) ( o) cprhy
Q3= 6 d » Qp=le o @UMy|,
e d d
a2
where U is the standard mixing matrix.

It is clear then that the down--right vertex in the
box diagram of fig. 2, which involves only the third
generation if it corresponds to 5 and 10 will necessarily
mix a v_ with b or 7 with u, c, t. In both cases for ener-
getic reasons such a diagram would be irrelevant for
proton decay. Similarly, if the right—down vertex cor-
responds to a 10, 10 coupling it will necessarily mix
t with d, s b, which would make proton decay ener-
getically impossible as well. Thus, with the above-
chosen Higgs structure, dimension-five operators vio-
lating baryon number, although present, are energet-
ically irrelevant for the decay of ordinary nucleons.

It should be stressed, however, that alternative ways
could be explored in order to tame dimension-five
operators. First, by imposing R symmetries [13] or
an extra U(1) gauge symmetry [14,15], an alternative
that might have an aesthetic appeal to it, or second,
by a moderate increase in the supersymmetry breaking

scale (~10 TeV) as we have pointed out elsewhere [8].

Let us move next to the generation of the baryon
asymmetry in our SU(5) model through the decays of
colour triplet Higgses into quarks and squarks **. In
order to obtain a non-vanishing AB, the imaginary
part of graphs like the one shown in fig. 3 must be

#S of course, this is only one of several possible mechanisms
which will be analyzed in detail elsewhere [17].
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Fig. 3. Two-loop cut graph contributing to the baryon asym-
metry.

Fig. 4. Two-loop cut graph contributing to AB in our model.

non-zero. This requires at least two different pairs of
Higgses since

AB « Imtr (aa'bb"). 13)

Cut graphs of the type shown in fig. 4, with the super-
potential (4), are proportional to Im tr (rA*f*) =0
and thus irrelevant. Nevertheless, using the superpo-
tential (10), the same type of graphs as in fig. 4 cer-
tainly leads to a non-vanishing

AB  Imtr (fy5 h*H'f %), (14)

since the different pairs of 8°s and H’s couple to quarks
with different couplings.

In conclusion, we would like to summarize the main
points of the model:

(a) We have obtained massless SU(2) Higgs dou-
blets naturally.

(b) An intermediate scale of order (1010 GeV) has
naturally arisen, leading to sin26,, =~ 0.22 and (m,,/
m_) == 2.8 in excellent agreement with experiment;
colour triplet Higgses of this mass mediate proton de-
cay mainly to EﬂK*, u¥KO,

(c) Dimension-five operators can be avoided in pro-
ton decay by choosing the appropriate Higgs structure.

References

[1] L. Maiani, in: Proc. Summer School of Gif-sur-Yvette
(1979 p. 3;
E. Witten, Nucl. Phys. B188 (1981) 513;
R.K. Kaul, Phys. Lett. 109B (1982) 19.

[2] For a review, see: P. Fayet and S. Ferrara, Phys. Rep.
68 (1981) 189.

383



Volume 115B, number 5,

[3] S. Dimopoulos and H. Georgi, Nucl. Phys. B193 (1981)
150;
N. Sakai, Z. Phys. C11 (1981) 153.

[4] J. Ellis, M.K. Gaillard and D.V. Nanopoulos, Phys. Lett.

80B (1979) 360.

[§] J. Diopoulos and B. Zumino, Nucl. Phys. B76 (1974)
310;
S. Ferrara, J. Hiopoulos and B. Zumino, Nucl. Phys.
B77 (1974) 413;
S. Ferrara and O. Piguet, Nucl. Phys. B93 (1975) 261.

[6] D.V. Nanopoulos and K. Tamvakis, Phys. Lett. 110B
(1982) 449.

{7] D.V. Nanopoulos and K. Tamvakis, Phys. Lett. 113B
(1982) 151.

[8] D.V. Nanopoulos and K. Tamvakis, Phys. Lett. 114B
(1982) 235.

[9] D.V. Nanopoulos, K.A. Olive and K. Tamvakis, Phys.
Lett. 115B (1982) 15.
M. Srednicki, Princeton University preprints ($982).

[10] R. Barbieri, D.V. Nanopoulos and D. Wyler, Phys. Lett.

103B (1981) 433;106B (1981) 303.

384

PHYSICS LETTERS 16 September 1982

[11] F. Buccella, J.P. Derendinger, S. Ferrara and C.A. Savoy.
CERN preprint TH. 3212; Phys. Lett. 115B (1982) 375;
N. Dragon, Phys. Lett. 113B (1982) 288.

[12] S. Dimopoulos, S. Raby and F. Wilczek, Phys. Rev. D24
(1981) 1681;
L. Ibitiez and G.G. Ross, Phys. Lett. 105B (1981) 439;
M.B. Einhom and D.R.T. Jones, Nucl. Phys. B196
(1982) 475;
1. Ellis, D.V. Nanopoulos and S. Rudaz, CERN preprint
TH. 3199 (1981);
for a recent review, see: D.V. Nanopoulos, CERN pre-
print TH. 3249 (1982).

[13] N. Sakai and T. Yanagida, Nucl. Phys. B197 (1982) 533.

[14] S. Weinberg, Harvard University preprint HUTP-81/
A047 (1981).

[15] P. Fayet, Phys. Lett. 64B (1976) 159.

[16] J. Ellis and D.V. Nanopoulos, Phys. Lett. 110B (1982)
44,

[17] A. Masiero, D.V. Nanopoulos, K. Tamvakis and T.
Yanagida, paper in preparation.



