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Higgs sector and proton decay in SU(15) grand unification
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For a recently proposed symmetry-breaking pattern of SU(15) grand unification, we fully ana-

lyze the Higgs sector and examine the consistency of the mass scales with the observed proton
lifetime.

SU(3)c x SU(2)t. x U(1)y, (lc)

~ SU(3)c xU(1)&. (ld)

This is the pattern which we shall analyze in detail in the
present paper. We proceed in a step-by-step fashion,
looking at the scales M~, Mz, Mz, and M~ successively.
Finally, we shall discuss the (complicated) question of
proton decay.

It is worth recalling that, according to Ref. 1, the ener-

gy scales we are contemplating may be as low as
M~=M~ =250 GeV and Mg =4x10 GeV, MG =6
&10 GeV.

Before discussing the Higgs sector, we should stress
that in the gauge sector each gauge boson of SU(15) has a

From the viewpoint of a typical particle theorist, be-
cause of the lack of supporting evidence in the form of the
most obvious experimental predictions such as proton de-
cay, neutrino masses, and superheavy magnetic mono-
poles, the interest and activity in grand unified theories
(GUT's) has waned in the last couple of years. The gen-
eral idea of GUT's seems too appealing to drop altogether
and it is important to seek other experimental predictions
and alternative GUT models in order to find the best
scheme.

Conventional GUT's have proton decay as a natural
consequence. Since the lower limit on the proton decay
lifetime has been successively raised by dedicated experi-
ments, it prompts us to consider the possibility of a GUT
where proton decay in particular, and baryon reconserva-
tion in general, is not a primary consequence. One such
model' is the grand unification model proposed recently
based on SU(15). In this theory, baryon number is con-
served in the gauge sector but not in the Higgs sector, 2

meaning that the proton decay rate is not sharply deter-
mined by the gauge coupling but depends on Yukawa cou-
plings and Higgs-boson self-couplings which are difficult
if not impossible to estimate precisely. The symmetry-
breaking scheme for SU(15) proposed in Ref. 1 is

Mg

SU(15) SU(12)q x SU(3)(, (la)
M8

SU(6)L X SU(6)(t X U(1)(, & SU(3)(, (1b)

well-defined 8 (baryon number) determined by to which
two of the basic 15 fermions in

15 (u(u2u3d(d2d3tt|tt2i(3d(d2d3v, e e+)

the particular gauge boson couples. To illustrate this
point, which can be subtle, note that one of the gauge bo-
sons, the generator of U(1)s in Eq. (lb), is proportional to
8. Consider the embedding SU(15)&SU(5) where the
15 of SU(15) contains (10+5) of SU(5). In the latter
case proton decay is possible because while (8 —L) is
conserved as in p~ e+tru 8 and L separately are not
This is because the gauge bosons of the subgroup SU(5)
are linear combinations of those of SU(15). The larger
group has more symmetry and is able to conserve 8. Note
that L can be gauged too if we go to SU(16) (Ref. 3) al-
though we shall not pursue this here.

The advantage of avoiding such 8 nonconservation by
gauge bosons is that one can envisage a unification scale
well below the usual one, and hence envisage the likeli-
hood of new gauge bosons and forces becoming manifest
at energies accessible to the new generation of colliders.
This can then test the conceptual basis of GUT's indepen-
dent of the searches for rare events and tiny masses neces-
sitated by usual GUT's.

Now we are prepared to summarize the technical de-
tails of our analysis at the different mass scales.

(i) At M MG. Here it is possible to postulate a
nonzero vacuum expectation value (VEV) for one com-
ponent of the I representation of Higgs fields. (Here the
notation I" means a totally antisymmetric nth-rank ten-
sor. ) The unique component is that in the noncolor sector
with SU(15) indices 13-15. This complex Higgs multi-

FIG. 1. Tree-level gauge-boson exchange. This has hB =0.
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FIG. 2. Tree-level Higgs-boson exchange. This has h,B 0.

piet is 455 dimensional.
(ii) At M Mtt. Here one needs a VEV for one com-

ponent of the adjoint 1'"1 of SU(15). The particular
component is clearly that proportional to the generator of
U(I)l„ this adjoint is real and of dimension 224.

(iii) At M Mq. This is complicated. The breaking of
SU(6)L to the special maximal subalgebra SU(3)cL
xSU(2)L needs a VEV in the (1 Is11) representation of
SU(6)L. At the SU(15) level this is contained in the
fourth-rank tensor I' I ' I l. This real Higgs multiplet
has dimension 14,175. The adjoint (224) must have
VEV's appropriate to break SU(6)g to SU(3)cg
xSU(3)cRxU(1)g to SU(3)~xU(1)g and SU(3)I to
SU(2)LxU(1)». We now have an unbroken semisimple
gauge group SU(3)CL x SU(3)cg x SU(2)L x SU(2)L.
The I contains a component transforming as (3,3,2, 2)
under this group and if this component acquires a VEV it
breaks the semisimple part to the desired SU(3)c.
xSU(2)L. It also breaks one of the three U(1) groups:
R, y', and h' leaving just 8 and Y. To break 8 we intro-
duce a I of dimension 3003 (complex) and give a VEV to
the Y 0 component labeled (10,11,12,13,14). This then
leaves the standard gauge group SU(3)c.x SU(2) L

x U(l )i.
(iv) At M Mit. We need one doublet VEV to break

the electroweak group. It may be chosen to couple to the
fermions, and be in either a 11 (dimension 120) or a I
(dimension 105). The former gives a symmetric mass ma-
trix, while the latter gives an antisymmetric one.

With this Higgs sector in hand, one can now analyze
the phenomenological question of proton decay. In the
gauge sector all gauge bosons at the SU(15) level have a
well-defined 8. After Mq breaking, the U(1)q couples to
the 8 which is still exactly conserved. At the level Mz
breaking, all 8 violation must come from giving the single
VEV to the 3003, since without that 8 is still an exact

FIG. 4. Example of one-loop diagram contributing to proton
decay in SU(15) GUT for 105 of Higgs fields.

gauge symmetry. The 3003, together with the breaking at
Mn, then leave just the standard model.

Thus, 8 is broken in the Higgs sector but not in the
gauge sector.

To estimate these effects, we first reconsider the gauge
exchange (Fig. 1). Since the 3003 has a VEV for only one
component it is easy to see that this diagram conserves 8
just as it would were the central vertex absent.

Consider now a Higgs-boson exchange of a similar kind
(Fig. 2). In this diagram the Yukawa couplings involve
either both 120 or both 105 of Higgs fields. By examining
the indicial contractions at the k vertex, one can confirm
that this diagram has 68 0.

If there is a 105 coupling to the fermions, one can find a
tree diagram (e.g. , Fig. 3) which is nonvanishing. For
consistency with a proton lifetime greater than 10 yr,
one can estimate that

h'kk&10 ". (3)
This may be met with Higgs-boson couplings &10
This is small for Yukawa and Higgs-boson couplings but
cannot be ruled out.

Loop diagrams for proton decay, such as Fig. 4, give
less restrictive bounds since they give (again this diagram
vanishes for the 120 of Higgs fields )

h'A, k &10 (4)
If there is only the 120 of Higgs fields coupling to the

fundamental fermions, the lowest-order leading diagram
to proton decay is more complicated. For example, Fig. 5

lk

FIG. 3. Example of tree diagram which can contribute to
proton decay in SU(15) theory for the 105 of Higgs fields.

FIG. 5. Example of t~o-loop diagram contributions to proton
decay in SU(15) GUT for 120 of Higgs fields.
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(a two-loop diagram) gives a restriction of

X h (10 (5)
thus allowing any reasonable Yukawa and Higgs-boson
self-couplings. Although there may be a complicated tree
diagram or one-loop diagram for proton decay with the
120 of Higgs fields, it is challenging to find it. In any
case, in the SU(15) model, especially with only the 120 of
Higgs fields coupling to quarks and leptons, the proton
lifetime is comfortably consistent with the experimental
limit.

In conclusion, we have analyzed the Higgs sector of the
SU(15) GUT to give the symmetry-breaking pattern of
Ref. 1. There is no phenomenological diSculty with pro-
ton decay and this makes it even more exciting to await
discovery of the low-energy gauge bosons of this theory at
the Superconducting Super Collider when it is running.
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