Possible ways to solve the triplet-doublet problem
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A supersymmetric SU(5) grand unified model, in which the triplet-doublet
problem is solved in a natural way, is proposed. Generalizations of this model to
the SO(10) and SU(r} gauge groups are discussed.

The triplet-doublet problem ranks along with the hierarchy problem as one of the
most important and interesting problems in the grand unified theory.' Supersymme-
tric grand unified models® allow this problem to be solved “technically” (i.e., if the
triplet-doublet problem is solved at the tree level, then radiation corrections will not
alter the situation). The triplet-doublet problem can be summarized as follows: The
masses of the quarks and leptons in the SU(5) grand unified model arise from a
Yukawa interaction involving a 5-plet of Higgs fields. Under the SU(3) ® SU(2) & U(1)
subgroup of the SU(5) group, the 5-plet transforms as

5=(3.1) +(1.2)

The (3.1) triplet is involved in processes which do not conserve baryon number; from
the limits on the proton lifetime we find that the mass of the 3-plet satisfies’
M2 10"-10"* GeV. The (1.2) doublet, on the other hand, which is responsible for the
electroweak symmetry breaking, must be essentially massless at the SU(5) unification
scale. In the first stage of the symmetry breaking, SU(5}-SU(3) ® SU(2) ® U(1), which
is conveniently arranged by means of nonzero vacuum expectation values of a 24-plet,
we must have a heavy triplet (3.1) (M; 2 10''-10'> GeV) and a massless doublet (1.2). It
is far from a trivial matter to find such a huge splitting of the masses within a given 5-
plet in some natural way. This is the triplet-doublet problem. It is solved in a more or
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less natural way in the triplet-mixing model,> which is one of the most popular models
which have been advanced. In it, an additional 50-plet is introduced; as a result of the
mixing of the triplets in the 5- and 50-plets, the triplets acquire large masses.

In this letter we wish to propose another mechanism for solving the triplet-doub-
let problem. We will discuss this mechanism in detail for the particular case of a
supersymmetric SU(5) model, and we will outline the generalization to the cases of the
SO(10) and SU(n) gauge groups. In addition to the standard 24-plet ¥ and the 5-plets
H, and H”, we introduce the singlet superfields o and a. We introduce a reducible 25-
plet (¥ zo)=® 7). We choose the superpotential in the form

VI & H Ha)= hHOH+h, Tr &
(1)
+ ha Trd? + Mia + hua® .
The Lagrangian of this model is invariant under transformations
b>-® a>-—a H>—H. (2)

The symmetry in (2) forbids a mass term MHH in superpotential (1). The equation for
finding the minimum of the potential, W = |(J¥ /2¢,)|* has the nontrivial solution

&=, Diag(1, 1, 1,0, 0),
- M3
3h1 2
—)
h,

3h, +3hy (

This solution corresponds to the symmetry breaking SU(5}—SU(3) ® SU(2) ® U(1). As a
result of this symmetry breaking, the triplets H, and H, acquire a mass M; = h®,,
while the doublets H, and H, remain massless at this stage of the breaking. The
breaking of supersymmetry and of the electroweak SU(2) ® U(1) symmetry in this mod-
el can be carried out in a standard way, by introducing terms which explicitly break
the supersymmetry. The triplet-doublet problem is resolved in this model in a natural
way [for all values of the parameters 4, and M of superpotential (1), there exists a
solution which leads to heavy triplets and massless doublets; in other words, there is
no need to fine-tune the parameters].

We turn now to a generalization of this model to the case of the SO(10) gauge
group. As super-Higgs fields we choose the 45-plet ¢, 1, the 10-plet H,, and the 16-
plets £, and £°. The material fields are chosen in the standard way, as 3 X 16-plets M, .
Under the subgroup SU(5) ® U(1) of the SO(10) group, the multiplets transform as

10=5(2) + 5(—2),
45=1(0) + 10(4) +10(—4) + 24(0).

The first stage in the symmetry breaking is arranged by means of nonvanishing vacu-
um expectation values of the 45-plet. We choose the nonvanishing vacuum expectation
values in such away that

<1(0) +24(0)>= ¥, Diag(1,1,1,0,0). (3)
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For this vacuum expectation value we have SO{10}—SU(3) & SU, (2} ® SU (2) ® U(1).
We consider the Lagrangian of the interaction of the 45-plet ¢, ,; and the 10-plet H,,:

L= hH, ¢[ab]Hb . (4)

A symmetry breaking of the type in (3) is accompanied by the appearance of a mass
M, = 2h®, for the triplets H; and H,, while the doublets H, and H, remain massless.
The mass term MH,H, can be forbidden by imposing a discrete symmetry
H,—iH,, ¢4, | — $1as - Because of the nonvanishing vacuum expectation values
(£,) and (&%), the symmetry SU(3)® SU, (2)® SU,(2)® U(1) is broken to the stan-
dard SU(3) ® SU(2) ® U(1) group, while the latter is broken by the nonvanishing vacu-
um expectation values (H,) and (H,). To illustrate this mechanism for grand unified
models based on SU(n) gauge groups, we consider the simple case of the SU(8) model.
For superpotentials V(@) = V( — @) [P 3 is a 63-plet of the SU(8) group] there exists a
solution (@) = &, Diag (1,1,1,0,0, — 1, — 1, — 1), which breaks SU(8) to SU(3)
® SU(2) @ SU’(3)® U(1) ® U’(1). Because of the existence of this solution, when the
electroweak symmetry is broken by the 8-plets H; and H, the presence of an interac-
tion hH,®H, causes the triplets to acquire a mass M; = h®,, while the doublet re-
mains massless.
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