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ABSTRACT

We consider a simple mechanism in a supersymmetric GUT with an extra reverse
doublet-triplet splitting near the GUT scale, where the mass of an extra doublet is greater
than the mass of an extra triplet by a few orders of magnitude. This extra splitting can
lower the prediction of as via threshold corrections and make it consistent with the values
being suggested by various low energy measurements. As an example we implement
this mechanism in a supersymmetric SO(10) GUT with a built-in Dimopoulos-Wilczek
mechanism of doublet-triplet splitting as well as a mechanism to suppress the Higgsino
mediated proton decay strongly.
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The value of as, calculated from a global fit of the LEP/SLC data assuming Standard
Model (SM) is correct, is three standard deviations away from the value calculated from
the low energy experiments. Some time ago it was believed that the discrepancy is due to
the error in the low energy measurements. However, with the increasing accuracy of the
low energy experiments, a real difference between the high and low energy predictions is
emerging [1]. Even though the low energy experiments are indicating a value of as = 0.112,
the global fits at the Z-peak from the LEP/SLC data assuming only the SM particle
content and interactions suggests a value of as c^ 0.125. Indeed the work of Kane, Stuart
and Wells [2] propose that a combined fit of LEP/SLC data including the SUSY particles
and interactions can lower the value of as. They have shown that to fit as = 0.112 the
X2 minimization requires a chargino mass near 80 GeV and a stop mass near 60 GeV.
We note that, in stark contrast, to predict a low value of as ~ 0.11 in a minimal SUSY
SU(5) GUT, the mass scale of the superpartners has to be considerably higher than the
electroweak scale.

It is well known by now, that the coupling constant unification in SUSY SU(5) model
predicts a high value of as ~ 0.125 for a reasonable choice of the SUSY breaking scale.
Further, it has been pointed out, that the light threshold effects tend to increase the
prediction of as even higher than the value obtained from LEP data in the step function
approximation or the so called run and match method [3]. When an improved treatment
of the low energy threshold effects is done, including not only the leading logarithmic
contributions but also the finite part of the diagrams, the prediction of as increases even
further [4, 5], At the same time in the limit when all the heavy scalars are degenerate, the
heavy threshold correction to the prediction of as comes from the split incomplete SU(5)
multiplet containing the color triplet Higgs field. This correction has an increasing effect
on as whenever the mass of the color triplet is greater than the mass of the doublet. It
has been noted [6, 7, 8] that there exists stringent lower bounds on the mass of the color
triplet coming from Higgsino mediated proton decay and hence in the minimal model the
doublet-triplet splitting sizably increases the predicted value of as again.

There has been a number of attempts to lower the prediction of as in a supersymmet-
ric GUT. In the low energy scales the Winos and the Binos give a threshold correction
to as which has an opposite sign to the threshold correction induced by gluinos; conse-
quently, it has been pointed out by Shifman and Roszkowski [9] that if one gives up the
unification of the gaugino masses a low prediction of as can be obtained due to a large
correction coming from the mass difference between the charginos and the gluinos. On
the other hand by invoking an intermediate B-L symmetry breaking scale can also get
a low prediction of as. Such a scenario has been explored in Ref[10] by introducing an
enlarged scalar sector inspired by superstring theory. Another possibility is to introduce a
higher dimensional SU(5) Higgs multiplets. If the 50, 50 and 75 dimensional Higgs fields
of SU(5) are introduced [8], the heavy threshold effects coming from the mass splitting
within these extra multiplets can also lower the prediction of as.

In this paper we stick to the conventional one step breaking of a SUSY GUT model
without giving up the universality of the gaugino masses at the unification scale and
explore the possibility of achieving a low as. We explore a possible reverse doublet-triplet
splitting which will have an effect opposite to the conventional doublet-triplet splitting on
the prediction of as. Such a strange reverse doublet-triplet splitting is indeed possible in
a SO(10) model when there is a mechanism to strongly suppress the Higgsino mediated
proton decay [11] as will be displayed below.



To explain the mechanism we consider the prediction of as including the threshold
effects in SUSY SU(5), which is well-studied in the literature [12, 8, 7, 4, 5]. Throughout
this paper we will assume that including the threshold corrections, the minimal SUSY
SU(5) GUT predicts as = 0.126 [5]; we will also assume that the mass of the color triplet
Higgs scalars in a minimal SU(5) GUT is 10166 GeV [4]. In particular the prediction of
as in the minimal SUSY SU(5) can be written as,

<{m2) = \ [3a2
l(mz) - ^\mz)] - J - m ^ ] + TL, (1)

where, M3 and M2 are the masses of the triplet and the doublet Higgs scalars present
in the 5 and 5 representations of SU(5), and TL parametrizes the contribution from all
other light degrees of freedom (excluding the light Higgs doublets) [7], and in a simple
step function approximation1 TL = ~ In Ms^8Y • In the minimal model the triplet-mass,
which is bounded from below from the non-observation of proton decay, remains at the
GUT scale. On the contrary the mass of the doublet is of the order of the electroweak
scale. In such a generic situation, that is, whenever M3 > M<i the doublet-triplet splitting
increases the prediction of as. However, notice the hypothetical possibility, that if the
mass of the doublet were more than the mass of the triplet, we would have had a reverse
effect on as. Keeping this in mind we add one more 5 + 5 Higgs scalars with doublet and
triplet masses as M'2 and M'A GeV respectively. In that case the Eqn (1) gets modified to,

o';\Mz) = \ [3a^(mz) - *l\mz)\ -±}n[^^]+TL. (2)

Taking the difference of Eqn (1) a.nd Eqn( 2) and assuming,

M3 = 1016-6 ; M2 = 102 ; M'z = 10* ; M'2 = 10", (3)

we get,

Aa ; 1 = a!:](mz) - a;\mz) = ~-{y - a:) In 10. (4)

It is easy to check from Eqn. (4) that taking y - x — 2.26 we can get Act,:1 = 0.99 and
consequently as decreases by 11%, from 0.126 to 0.112. Instead if we add n extra pairs of
5 + 5 the required splitting in each SU(5) multiplet is only 2.26/n orders of magnitude.

It is important to check the change in the gauge boson masses due to this extra
splitting, because, as a general trend [see the formula below] a reduction in the predicted
value of as is associated with a reduction in My which is the mass of the heavy gauge
bosons mediating the dimension six proton decay processes. In the minimal SUSY SU(5)
GUT the the mass of the heavy gauge bosons can be predicted from the following formula,

, Mv IT _ u . _lt ., 1 rM3 l 1 r M E , j , ,

in K V ) ( ) ] + l f e ] l W + T (5)K

where, T[ parametrises the threshold effects coming from the fields present in the low
energy scales, and M E is the mass of the heavy Higgs scalar in the adjoint representation.

1MSUSY can be considered in the simplest approach as a common susy breaking scale, or as an effective
susy mass parameter [3] resuming the effect of the detailed susy spectrum, and in this sense it can be
either more or less than mz depending on the super-partner masses.



In a simple step fuction approximation, when all the superpartners are degenerate at the
scale MSUSY, T[ = — ~ In M^Y • We note that if M2 > M3 one gets a decreasing effect
on My. At this stage we introduce the extra 5 + 5 multiplets. Now Eqn. (5) looks as,

-I

We compare with minimal SUSY SU(5) case as before and obtain,

= -!(„-*) to 10. (7)

Using y — x = 2,26 we have,

j l o ] (8)
My

Clearly, this is a small change, and is consistent with the bounds on Mv from dimension
six proton decay.

Now we give an example of incorporating this mechanism in a realistic SUSY SO(10)
GUT. The main problem to lower the mass of the color triplet Higgs Scalars comes out
of the stringent experimental upper bounds imposed on the amplitude of the Higgsino
mediated proton decay diagrams. Babu and Barr [11] have shown that it is possible to
suppress the Higgsino mediated proton decay strongly in an SO(10) model by a judicious
choice of the fields, couplings and VEVs at the GUT scale. Consider the SO(10) invariant
superpotential [11]

W = A10iH45H102if + A'102tf45^103/f + MW3HW3H + £ / y l ^ - l O u , . (9)

If 45 and 45' get VEVs in the directions [13, 11]

(45) = r]®diag(a, a, a, 0,0) ; (45') = r] ® diag(0, 0,0, b, b) ; T) =

the super-heavy mass matrices of the doublets and the triplets are of the form,

/ 0 0 0 \ / 2 i \ / 0 Xa 0 \ /3 i
(2j 22 23) 0 0 X'b 22 and (3X 32 33) -Aa 0 0 32

\ 0 -A'6 M) \ 2 3 y \ 0 0 M j \ 3 3

'(11)
The absence of any direct coupling between 3i and 3i suppresses the Higgsino mediated
proton decay. The absolute values of the masses for the doublets (MD) and the triplets
(MT) are given by2,

^ ; MT = (Xa, Xa, M). (12)

There can be various choices of parameter space leading to the required lowering in the
prediction of as [ see Eqn.(4)]. The simplest choice is, M2 = A'V. In this case the masses

are,
MD = (0, M/2, M/2) and MT = (Xa, Xa, M). (13)

2When supersymmetry is broken the masses receive correction of the order of •



We notice that, in this model one pair of doublet-triplet is almost degenerate. Now, using
the fact that in minimal SUSY SU(5) the mass of the color triplet is 10166 CxeV and using,

Aa = Iff , M =

we get,

= ^-[(16.6 -
lnlO

In 10.

(14)

(15)

We can achieve the desired suppression of as if for example x = 15.2 and y — 16.6. We
expect that such a splitting is not difficult to achieve given the number of parameters in
the SO(10) invariant superpotential.

A comment on the threshold corrections due to heavy gauge bosons is in order. Unlike
the SU(5) case, in SO(10), the heavy gauge bosons are not degenerate in mass. When
45, 45', and 16 + 16 [16] get VEVs, thirty three of the forty five SO(10) gauge bosons
acquire mass around the GUT scale. The masses of the heavy gauge bosons influencing
the threshold corrections are listed [14, 15] in table 1. The VEV of the 16 dimensional
scalar is denoted by c.

field
(1,1,1)+ he

( 3 , 1 , - | ) + he
(3,2, | )+ he

( 3 , 2 , - | ) + he

mass
*?{(? + &a)

5
2(4c2 + (a + 6)2)

92{& - a2)

name
Mi

M2/3

Mi/e

Table 1: The relevant masses of the heavy gauge bosons in SO (10)

Given the masses it is easy to calculate the correction to a~l(Mz), which we have
called [Aa^1]sector- The result is,

[Ac*;1]Wctar (16)

We have plotted [Aas
 l]vector f° r various values of the two ratios a' = ^ and b' = ^ in

Figure 1. It can be seen that this correction can be positive for a restricted range of the
parameter space, but it is not enough to drive the prediction down to cts{Mz) = 0.112;
and in fact, it pushes the prediction upwards for a part of the parameter space3. This
demonstrates again, the relevance of introducing an extra doublet triplet splitting in the
scalar sector.

The effect of the splitting in the heavy gauge sector is reflected also in Eqn 7, now
Mv may be understood as M5/6. The modified version of Eqn 7 is,

(17)

3Eqn. 15 does not include the correction due to the split heavy gauge multiplets. Obviously it can be
easily generalized including [AaJ^^ctcr-



Figure 1: The correction to the prediction of as due to the splitting in the
heavy gauge bosons. The dotted line is for the unphysical case b' = 0

Figure 2: The change in M5/6 due to the splitting in other heavy gauge
bosons. The dotted line is for the unphysical case b' = 0



In other words,

where, now Sy is a function of y — x, a' and b'. In Figure 2. this dependence is exhibited
assuming y—x — 2.26. For the major part of the parameter space the threshold corrections
due to other heavy gauge bosons increase the mass of M5/6. In this paper we have isolated
the heavy threshold corrections coming from the doublet-triplet splitting alone. There are
in principle heavy threshold corrections coming from the splitting from in the other heavy
scalars in the original theory even in the absence of the extra inverse doublet-triplet
splitting that we have considered here. We have only pointed out that the new splitting
changes the prediction of as of the original theory but keeps the prediction of the mass
of the heavy gauge bosons almost unchanged.

Now we briefly consider the SUSY SU(5) case. In the absence of any suppression of
the Higgsino mediated proton decay, the extra triplet has to have a mass at the GUT scale
and the extra doublet at the Plank scale to lower the prediction of as to 0.112. However,
near the Plank scale the SU(5) symmetry is exact and both the doublet and the triplet
are parts of the same SU(5) multiplet [17]. One needs to impose additional symmetries
(possibly discrete) so that the extra 5 + 5 scalars do not couple to the fermions, and
consequently the mass of the extra triplet can be safely lowered below the GUT scale.

To conclude, we have shown that in the presence of an extra mini doublet-triplet
splitting, in a unified framework where the universality of gaugino masses is preserved
at the GUT scale, the prediction of as in a SUSY GUT can be lowered by 11%, when
the extra doublet is a little above two orders of magnitude heavier than the extra triplet
and at the same time the change the mass of the heavy gauge bosons can be kept under
desirable control. We have outlined the implementation of this mechanism in a realistic
supersymmetric SO(10) GUT. Such a scenario may naturally exist in other GUT models
too. It will be interesting to look for an economical model where such a mechanism can
be implemented.
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