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The predictions for the Higgs mass in extensions of the Minimal Supersymmetric Standard Model are dis-
cussed. We propose a simple theory where the Higgs mass is modified at tree-level and one can achieve a mass
around 125 GeV without assuming heavy stops or large left-right mixing in the stop sector. All the parameters
in the theory can be perturbative up to the grand unified scale, and one predicts the existence of new colored
fields at the TeV scale. We refer to this model as “Adjoint MSSM”. We discuss the main phenomenological
aspects of this scenario and the possible signatures at the Large Hadron Collider.

I. INTRODUCTION

One of the main goals of the Large Hadron Collider (LHC)
is the discovery of the mechanism behind the electroweak
symmetry breaking. Recently, the ATLAS [1] and CMS [2]
collaborations have reported the discovery of a new bosonic
field with mass of about 125 GeV with dominate measured
branching ratios into two photons and two massive gauge
bosons: the ZZ and WW channels. Currently, the ATLAS
and CMS collaborations do not have enough information to
conclude that this new scalar particle is responsible for the
generation of the particle masses in the Standard Model (SM)
but its properties are inline with a SM Higgs boson.

From the theoretical point of view it is important to un-
derstand which frameworks allow a scalar field with the cor-
rect mass and properties to agree with the ATLAS and CMS
data. The Minimal Supersymmetric Standard Model (MSSM)
is one of the most appealing TeV scale theories and has the
advantage of predicting an upper bound on the Higgs mass at
tree-level. Unfortunately, the one loop corrections to the light-
est Higgs mass in the MSSM are very sensitive to the spectrum
of the stop sector. A Higgs mass of about 125 GeV is allowed
in the MSSM but requires very heavy stops or large left-right
mixing in the stop sector. While this is a consistent scenario in
the MSSM, it is disheartening for the LHC since lighter stops
and sbottoms are easier to discover.

To circumvent this constraint, the Higgs mass in exten-
sions of the MSSM have been investigated by many groups:
see the reviews in Ref. [3] and Ref. [4] for details and refer-
ences therein. One of the most studied models is the Next-to-
Minimal Supersymmetric Standard Model (NMSSM) where
the Higgs sector is composed of the MSSM Higgs fields and
an extra singlet which can lift the tree-level prediction above
the MSSM value. The singlet-Higgs coupling generates an
extra contribution to the Higgs mass at tree-level, which can,
in principle, be large enough to modify the Higgs mass to 125
GeV even without contribution from the quantum corrections.
However, for this to happen the coupling between the MSSM
Higgs fields and the new singlet must be so large that it be-
comes non-perturbative far below the GUT scale and there-

fore the NMSSM would requires a low cutoff. Since gauge
coupling unification at the high scale is a desirable feature of
the MSSM (and NMSSM) particle content and since one of
the appealing features of SUSY itself is its calculability up to
the GUT scale, it is imperative to search for a theory that can
do both: raise the tree-level Higgs mass and remain perturba-
tive into the ultraviolet regime. This is the main goal of this
paper.

In this work we propose a simple theory where the lightest
Higgs mass can be large enough and all relevant parameters
can be perturbative up to the unified scale with light stops
and little stop mixing. We refer to this model as the “Ad-
joint MSSM” as the MSSM particle content is extended by
an adjoint (24) representation of SU(5). In order to solve the
µ-problem, a Z3 symmetry is imposed so that all masses re-
sult from the vacuum expectation value (VEV) of the singlet
in the 24, as in the NMSSM. We investigate the predictions
of the tree-level Higgs mass and the perturbativity of the cou-
plings in this theory and compare to some MSSM extensions
such as the NMSSM and the triplet extended NMSSM. As our
benchmark we seek parts of parameter space where the Higgs
mass is about 110 GeV at tree-level, so that 500 GeV stops
with little mixing can lift it to 125 GeV, and that all param-
eters are perturbative up to the GUT scale. Since all masses
arise from the singlet VEV the colored fields in the 24 are at
the TeV scale which help to keep the perturbative behavior
of the Yukawa couplings and the maintain the unification of
the gauge couplings. Such an effect of extra matter was also
previously discussed in a different extension of the NMSSM
in [5]. We also briefly discuss the possible decays and signa-
tures of these additional fields at the Large Hadron Collider.

This article is organized as follows: In Section II we dis-
cuss the predictions for the Higgs mass at tree-level in the
NMSSM, while in Section III we discuss an extended Higgs
sector where one has a real SU(2)L triplet. In Section IV
we propose the “Adjoint MSSM” model and discuss the pre-
dictions for the Higgs mass. In the appendices we show the
explicit form of the mass matrices of the scalars and fermions
in the theory.
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II. HIGGS MASS IN THE NMSSM

It is well-known that the light Higgs boson mass in the
MSSM is given by

m2
h = M2

Z cos2 2β + δm2
h, (1)

where MZ is the mass of the Z boson and the angle β is de-
fined by the ratio of the expectation values of the two Higgses
in the theory, tanβ = vu/vd. In order to achieve a mass
of about 125 GeV when the tree-level mass is close to MZ

(large tanβ), the one-loop correction δm2
h has to be around

86 GeV. In the context of the MSSM it is possible only if the
left-right mixing in the stop sector, Xt, is large when the stops
are light, i.e. below the TeV scale. See for example the study
in Ref. [6]. Even if it is possible to have a scenario with large
Xt, it is interesting to investigate the possibility of achieving
a large Higgs mass without a large Xt values.

One possibility is to consider the NMSSM where a new
Higgs singlet field is added to the MSSM and a Z3 symme-
try imposed to avoid the so-called µ-problem. The effective
µ-term coupling is also the coupling that generates an extra
contribution to the Higgs mass at tree-level. The NMSSM
has been discussed by many groups and has been reviewed in
Ref. [4]. See also the discussion in Ref. [7].

In the NMSSM the Higgs superpotential reads as

WS = −λH ŜĤT
u iσ2Ĥd +

1

3
κŜ3. (2)

Here Ĥu ∼ (1, 2, 1/2), and Ĥd ∼ (1, 2,−1/2) are the Higgs
chiral superfields and Ŝ ∼ (1, 1, 0) is the extra singlet. The
relevant soft SUSY breaking Lagrangian is given by

− L(1)
soft = m2

Hd
|Hd|2 +m2

Hu
|Hu|2 +m2

S |S|
2

+

(
−aHSHT

u iσ2Hd +
1

3
aκS

3 + h.c
)
. (3)

In this case the upper bound on the Higgs mass is modified at
tree-level to

m2
h = M2

Z cos2 2β +
1

2
λ2
Hv

2 sin2 2β, (4)

where v2 = v2
u + v2

d = (246 GeV)2. Therefore, if tanβ is
small the new contribution can become large (at the price of
the lowering the MSSM contribution). Regardless, a higher
tree-level mass can be achieved in the NMSSM. However a
Higgs mass of 125 GeV cannot be achieved without heavy
stops and/or large stop mixings or non-perturbative λH values
below the GUT scale, MGUT ≈ 1016 GeV. Therefore, in this
case it is not clear if one can keep the unification of the gauge
couplings at the GUT scale because the cutoff of the theory
is much lower, see for example Ref. [7]. Furthermore, there
are several open questions in the context of the NMSSM, e.g.
What is the origin of the Higgs singlet and its interactions? Is
it possible to keep the perturbative behavior of λH in a sim-
ple extension of the NMSSM? In this paper we will present a
such simple extension of the MSSM where we can keep the

perturbative behavior of all couplings up the high scale. Be-
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FIG. 1: Here we show curves that separate the perturbative region
(below and to the left of the curves) from the non-perturbative region
(above and to the right of the curves) in the κ − λH plane in the
NMSSM. Blue and green curves and points correspond to tanβ = 2
and tanβ = 3, respectively. The points represent a Higgs mass of
110 ± 5 GeV resulting from a scan of parameters as in the text. This
approximately corresponds to the necessary tree-level Higgs mass
with stops at 500 GeV and no mixing. From this plot, one can see
that it is not possible to achieve a 110 GeV Higgs mass at tree-level
that is consistent with the perturbative bounds on the system in the
NMSSM.
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FIG. 2: Evolution of the couplings in the NMSSM where solid
(dashed) curves represent tanβ = 2 (tanβ = 3) and λH = 0.6
at the low scale.

fore doing so, we first review the case of the NMSSM. Our
guidelines are as follows:
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• A tree-level Higgs mass of 110 ± 5 GeV (this requires
500 GeV stops and little stop mixing to raise it to 125
GeV).

• All couplings perturbative up to the GUT scale, which
we take to be about 2× 1016 GeV.

Fig. 1 measures the NMSSM performance under these guide-
lines in the κ − λH . The curves separate the perturbative
regime (below and to the left of a given curve) from the
non-perturbative regime (above and to the right of a given
curve).The blue and green curves and points correspond to
tanβ = 2 and tanβ = 3, respectively. The points represent
a Higgs mass of 110 ± 5 GeV resulting from a scan of the
following parameters:

0.1 ≤ |λH |, |κ| ≤ 0.7, 100 GeV ≤ |µ| ≤ 1 TeV,
0 ≤ |aH |, |aκ| ≤ 1 TeV,

where µ = λHvS/
√

2. In addition to requiring the appro-
priate mass, we also require that the point in parameter space
correspond to the decoupling limit (the mostly MSSM pseu-
doscalar has mass greater than 300 GeV), the mostly singlet
pseudoscalar be heavier than half the Higgs mass (125 GeV)
and that in cases where the lightest CP-even scalar is mostly
singlet that its mass be larger than 90 GeV. The former two
conditions are imposed so that the Higgs branching ratios are
inline with a SM-like Higgs while the latter is a conservative
bound on a light mostly singlet scalar to keep it consistent
with LEP 2, however they do not change the general outcome
of this study. Namely, from Fig. 1 it is clear that the NMSSM
does not adhere to our guidelines: 110±5 GeV tree-level mass
and all couplings perturbative to the GUT scale.

An important lesson here is the role of tanβ, which can
already be observed from Fig. 1: an increase in tanβ wors-
ens the perturbativity of the NMSSM at the same time as
raising the Higgs mass as indicated in Eq. 4. To illustrate
this point further, the evolution of the relevant couplings (the
top Yukawa coupling, κ and λH ) are shown in Fig. 2 where
solid (dashed) curves represent tanβ = 2 (tanβ = 3) and
λH = 0.6 at the TeV scale. This value of λH sits at the edge
of the perturbative regime and the two values of tanβ high-
light the fact that it is the small increase in the top Yukawa
coupling due to the decrease of tanβ that starts to spoil pertur-
bativity. Therefore, additional particle content, which would
increase the negative contributions in the top Yukawa RGE,
Eq. 61, might make it possible to use lower values of tanβ
while keeping the system perturbative as was done for exam-
ple in [8]. Regardless, since we cannot achieve solutions in the
perturbative region it is important to go beyond the NMSSM
to see if one can find solutions without assuming a low cutoff.

III. THE TRIPLET EXTENDED NMSSM AND THE HIGGS
MASS

Possible modifications of the Higgs mass at tree-level can
be understood by considering all of the possible fields which
can couple to Hu and Hd. Above we have discussed the well-
known impact of the singlet field in the NMSSM, but one can

also consider the impact of a triplet with zero hypercharge
as well. For previous studies of supersymmetric models with
real triplets see Refs. [9–13]. Since each type of field leads to
a new contribution to the tree-level Higgs mass, it is logical
that the presence of both types of fields will yield more fa-
vorable results. Therefore, in this section we study the Higgs
sector composed of a singlet, a triplet with zero hypercharge
and the Higgs doublets, the triplet extended NMSSM (TN-
MSSM) [11]. In this case the relevant superpotential can be
written as

WSΣ = −λH ŜĤT
u iσ2Ĥd +

1

3
κŜ3 +

1

2
λΣ Ŝ Tr Σ̂2

− λ3Ĥ
T
u iσ2Σ̂Ĥd. (5)

Here the Σ̂ ∼ (1, 3, 0) field is given by

Σ̂ =

(
1√
2
Σ̂0 Σ̂+

Σ̂− − 1√
2
Σ̂0

)
. (6)

Notice that the TrΣ = TrΣ3 = 0 and that a Z3 symmetry has
been enforced so that no µ-problem exists. The soft SUSY
breaking Lagrangian relevant for the Higgs sector is given by

− L(2)
soft = −L(1)

soft + m2
ΣTrΣ2

+

(
1

2
aΣ S Tr Σ2 − a3H

T
u iσ2ΣHd + h.c

)
.(7)

In this case the upper bound of the lightest Higgs mass at tree-
level can be lifted to

m2
h = M2

Z cos2 2β +
1

2
λ2
Hv

2 sin2 2β +
1

4
λ2

3v
2 sin2 2β. (8)

Therefore, if tanβ is small with λH and λ3 large one can
achieve a Higgs mass even larger than the one in the NMSSM.
However, it is not clear if it is possible to satisfy the perturba-
tive bounds or if one needs to assume a low cutoff. Since this
model is not as well known as the NMSSM, before tackling
this question, we present some more details of the TNMSSM.
As in any SUSY model, the breaking of the electroweak sym-
metry in this theory results from the soft terms above, the con-
tribution from the F-terms and the Higgs potential from the
D-terms. For the latter, it is necessary to state the kinetic term
for the triplet, which can be written as

LΣ
Kin =

∫
d4θ Tr Σ̂†

[
e2g2V̂2 , Σ̂

]
. (9)

Using this expression one can find the D-term contribution to
the scalar potential:

VD =
1

8
g2

1

(
|Hu|2 − |Hd|2

)2

+

1

8
g2

2

(
H†uσaHu +H†dσaHd + 2 Tr Σ†σaΣ

)2

(10)
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summed over a. The VEVs are defined as follows:

〈Hu〉 =
vu√

2
, 〈Hd〉 =

vd√
2
, 〈S〉 =

vS√
2
, 〈Σ〉 =

vΣ√
2
.

(11)

Since the VEV of the triplet breaks custodial symmetry it can-
not be large, i.e. vΣ . 4 GeV, see for example Ref. [14] for
a recent discussion. The minimization conditions, neglecting
the terms proportional to vΣ, are given by

m2
Hu
− 1

2
M2
Zc2β +

1

2
λ2
Hv

2
S +

1

2
c2βλ

2
Hv

2 +
1

4
λ2

3c
2
βv

2 +
vS
tβ

(
1√
2
aH +

1

2
λHκvs

)
= 0, (12)

m2
Hd

+
1

2
M2
Zc2β +

1

2
λ2v2

S +
1

4
s2
βλ

2
3v

2 +
1

2
s2
βλ

2
Hv

2 + tβvS

(
1√
2
aH +

1

2
λHκvS

)
= 0, (13)

m2
S + κ2v2

S +
1

2
λ2v2 +

1√
2
aκvS +

1

2
s2βv

2

(
1√
2

aH
vS

+ λHκ

)
= 0, (14)

m2
Σ +

1

2
λ2

Σv
2
S +

1

4
λ2

3v
2 +

1

2
λΣκv

2
S +

1√
2
aΣvS +

1

4
s2βλHλΣv

2

+
v2

2
√

2 vΣ

[
1√
2
s2βa3 +

1

2
s2βλ3λΣvS + λHλ3vS

]
= 0, (15)

where cx, sx, tx represents the cosx, sinx and tanx respec-
tively. The VEV of Σ0 can be approximated as

vΣ ≈ −
v2

4
√

2

(√
2s2βa3 + λ3vS (s2βλΣ + λH)

)
M2

Σ

, (16)

where

M2
Σ = m2

Σ+
1

2
v2
S

(
λ2

Σ + λΣκ
)
+

1√
2
aΣvS+

1

4
v2
(
λ2

3 + s2βλHλΣ

)
.

(17)
Note that there exists some tension between increasing the
Higgs mass through λ3 and keeping the triplet VEV small. In
Fig. 3 we investigate the TNMSSM with |λ3| = 0.6 given our
earlier guidelines of a tree-level Higgs mass of 110 ± 5 GeV
and couplings perturbative to the GUT scale (even though
gauge coupling unification is no longer possible), as was done
for the NMSSM in Fig. 1. The curves separate the pertur-
bative regime (below and to the left of the curves) from the
non-perturbative regime (above and to the right of the curves)
in the κ − λH plane. Blue (green) represents tanβ = 2
(tanβ = 3) for both the curves and the points. The points in-
dicate a tree-level Higgs mass of 110± 5 GeV resulting from
a scan of the TNMSSM parameters:

0.1 ≤ |λH |, |λΣ|, |κ| ≤ 0.7, 100 GeV ≤ |µ| ≤ 1 TeV,
0 ≤ |aΣ|, |aH |, |a3|, |aκ| ≤ 1 TeV, (18)

and we solve for mΣ obtaining 340 GeV ≤ mΣ ≤ 6450
GeV given |vΣ| = 1 GeV. We have applied the same con-
straints as in the NMSSM analysis and as before this Higgs
mass value roughly correspond to attaining a 125 GeV Higgs,
in line with the recent LHC discovery, given 500 GeV stops
with small left-right mixing in the stop sector.

A comparison between Figs. 1 and 3 shows that while the
lower values of λH are now necessary for a 110 GeV tree-

tan Β = 2, mh = 110 ± 5 GeV
tan Β = 3, mh = 110 ± 5 GeV
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FIG. 3: We show the curves that separate the perturbative region
(below and to the left of the curves) from the non-perturbative region
(above and to the right of the curves) in the κ − λH plane in the
TNMSSM for we have used λ3 = 0.6 and λΣ = 0.2. Blue and
green lines and points correspond to tanβ = 2, and tanβ = 3,
respectively. The points represent a Higgs mass of 110 ± 5 GeV
resulting from a scan of parameters as in the text. This approximately
corresponds to the necessary tree-level Higgs mass with stops at 500
GeV and no mixing.

level Higgs mass, the perturbative behavior has become worse
and its decline with decreased tanβ has accelerated. We have
investigated other values of λ3 and they do not improve the
behavior. Therefore, the TNMSSM does not fit our guidelines
of perturbativity and large enough Higgs mass. The running of
the Yukawa couplings in the TNMSSM are displayed in Fig. 4
where solid (dashed) curves represent tanβ = 2 (tanβ =
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FIG. 4: Evolution of the couplings in the TNMSSM where solid
(dashed) curves represent tanβ = 2 (tanβ = 3).

3). The same lesson that was evident in the NMSSM is more
dramatic here: while an tanβ close to one is advantageous for
the Higgs mass, it is quite detrimental for perturbativity. Also
of note is gauge couplings unification, as in the MSSM, is no
longer possible because the real triplet modifies the running
of g2 in a significant way. We therefore conclude that this
modification is not very appealing. In the next section we go
beyond the TNMSSM and apply our guidelines to the adjoint
MSSM testing the tree-level Higgs mass and the perturbativity
of the couplings.

IV. THE ADJOINT MSSM

We have discussed in the previous section the impact of the
singlet and the triplet fields on the Higgs mass which can be
quite large. However, in this case gauge couplings no longer
unify due to the impact of the triplet and achieving a large
enough Higgs mass is not consistent with all parameters per-
turbative up to the GUT scale. Then, what is the next step?.
In order to preserve the unification of gauge couplings of the
MSSM we need to add extra multiplets to have a complete
representation of SU(5). In this case we will have the follow-
ing extra fields

Φ ∼ (8, 1, 0) , X ∼ (3, 2,−5/6), and X̄ ∼ (3̄, 2, 5/6),
(19)

which when added to the singlet and triplet form a complete
24 representation. Therefore, we refer to this model as the
“Adjoint MSSM”. In this case the superpotential reads as

WAdj =WY + WSΣ + WC + WB , (20)

where in WY one has the Yukawa interactions of the quarks
and leptons

WY = YuQ̂Ĥuû
c − YdQ̂Ĥdd̂

c − YeL̂Ĥdê
c, (21)

and the interactions of the colored fields are in

WC =
1

3
ηTr Φ̂3 + ζΦX̂Φ̂ ˆ̄X + ζΣX̂Σ̂ ˆ̄X

+
1

2
λΦŜ Tr Φ̂2 + λX Ŝ X̂

ˆ̄X, (22)

where the last two terms serve as mass terms for the colored
fields once S acquires a VEV. In order to allow the X field to
decay we need to add the interaction between X , the Higgs
and the SM down quark which is allowed by the symmetry.
Therefore, one has

WB = yXX̂Ĥud̂
c + λ

′′
ûcd̂cd̂c. (23)

We have included the last term in the above equation be-
cause in principle if the X field does not have baryon num-
ber the first term breaks baryon number at the renormalizable
level. Notice again that the superpotential is invariant under
the discrete symmetry, Z3, where all superfields transform as
Ψ → exp i2π/3 Ψ, and therefore there is no µ problem since
all fields get mass after symmetry breaking. Here we do not
include the couplings which break lepton number, since one
could assume a leptonic discrete symmetry similar to R-parity.

We proceed by making a similar study of the adjoint MSSM
as was done in the NMSSM and TNMSSM, namely apply-
ing the guidelines of 110 GeV Higgs mass and perturbative
couplings. Therefore, in Fig. 5 and Fig. 6 we show curves
that separate the perturbative regions (below and to the left
of the curve) from the non-perturbative region (above and to
the right) for λ3 = 0.8 and λ3 = 0.6 in the κ − λH plane.
Dotted (dashed) curves correspond to λΣ = λΦ = λX = 0.2
(λΣ = λΦ = λX = 0.4). Black, blue and green lines and
points correspond to tanβ = 1.5, 2, 3, respectively. As in the
previous studies, the points represent a Higgs mass of 110±5
GeV and are the results of a scan over the rest of parameter
space as in Eq. 18. The new Yukawa couplings not mentioned
in the plot have been chosen as yX = η = ζΦ = ζΣ = 0.05.

Some comments are now in order. As mentioned above, ex-
tra particle content can help to keep the running of the Yukawa
couplings under more control since it increases the value of
the gauge couplings, which in turn reduce the value of the
Yukawa couplings. This role is played by the colored fields
and real triplet of the SU(5) adjoint. Specifically, in this case
values of tanβ = 1.5 are still allowed even though they were
not possible in the previous studies. It is furthermore clear that
the decreased value of tanβ value gives a significant boost to
the Higgs mass.

The couplings λΣ, λX and λΦ control the mass of the real
triplet and colored fermions respectively. Obviously, they also
play a major role in the perturbativity of the Yukawa cou-
plings. To get a sense of the masses that correspond to the
couplings plotted in Figs. 5 and 6 we note that points plotted
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FIG. 5: Presented here are the perturbative regions (below and to the
left of the curve) and the non-perturbative regions (above and to the
right) for λ3 = 0.8 in the κ − λH plane. Dotted (dashed) curves
correspond to λΣ = λΦ = λX = 0.2 (λΣ = λΦ = λX = 0.4)
while black, blue and green lines and points correspond to tanβ =
1.5, 2, 3 respectively. The points represent a Higgs mass of 110 ± 5
GeV and a results of a scan as shown in the text. This approximately
corresponds to the necessary tree-level Higgs mass with stops at 500
GeV and no mixing. From this plot, one can determine if for certain
values of λΣ, λΦ, λX and tanβ it is possible to get a 110 GeV Higgs
at tree-level that is consistent with the perturbative bounds on the
system. The new Yukawa couplings not mentioned in the plot have
been chosen as yX = η = ζΦ = ζΣ = 0.05.

correspond to |vS | in the range of 400 to 4000 GeV, translating
into mass in the range of 57 GeV - 570 GeV (113 GeV - 1130
GeV) for λΣ = λX = λΦ = 0.2 (λΣ = λX = λΦ = 0.4).
While the lower end of these ranges are not realistic, phe-
nomenological points that meet our criteria still exist. As
for the remaining Yukawa couplings (η, yX , ζΣ and ζΦ) we
have chosen them insignificant with respect to the RGE evo-
lution although, of course, if they were larger they would ef-
fect the perturbativity of the couplings. Some of these cou-
plings control the decays of the colored fields however their
lower bounds are significantly below the values chosen for
the plots. We will discuss the phenomenology and bounds on
these fields in a later section

Comparing Figs. 5 and 6 we see that in addition to tanβ,
λ3 also plays an important role in meeting the guidelines that
we have outlined. Regardless we have come across a model
that meets our criteria of a tree-level 110±5 GeV Higgs mass
with all couplings perturbative to the GUT scale: The Adjoint
MSSM.

To complete the study of the Higgs mass, the radiatively
corrected Higgs mass is displayed at the two loop level in
Fig. 7. Here, lines of constant Higgs mass are plotted in the
right-handed (Mt̃R

) - left-handed (MQ̃3
) stop soft mass pa-

rameter plane for a Higgs mass of 122, 125 and 128 GeV
for different values of λ3 and tanβ. The red solid lines cor-
respond to the point λH = 0.4, λ3 = 0.7 and tanβ =

tan Β = 1.5, mh = 110 ± 5 GeV
tan Β = 2, mh = 110 ± 5 GeV
tan Β = 3, mh = 110 ± 5 GeV

ÈΛ3È=0.6

ΛS = ΛF = ΛX = 0.2
ΛS = ΛF = ΛX = 0.4

Perturbative

Non-Perturbative

0.0 0.2 0.4 0.6 0.8

0.0

0.2

0.4

0.6

0.8

ÈΛH È

ÈΚ
È

Adjoint MSSM: Tree-Level mh

FIG. 6: Presented here are curves that separate the perturbative re-
gions (below and to the left of the curve) from the non-perturbative
region (above and to the right) for λ3 = 0.6 in the κ − λH plane.
Dotted (dashed) curves correspond to λΣ = λΦ = λX = 0.2
(λΣ = λΦ = λX = 0.4) while black, blue and green lines and
points correspond to tanβ = 1.5, 2, 3 respectively. The points rep-
resent a Higgs mass of 110± 5 GeV and a results of a scan as shown
in the text. This approximately corresponds to the necessary tree-
level Higgs mass with stops at 500 GeV and no mixing. The new
Yukawa couplings not mentioned in the plot have been chosen as
yX = η = ζΦ = ζΣ = 0.05.

1.5, while subsequent lines only alter the parameter indi-
cated on the plot, e.g. the blue dotted line correspond to
λH = 0.4, λ3 = 0.65 and tanβ = 1.5. Varying λH
has a similar effect to varying λ3 and so was not imple-
mented in this plot. The remainder of the relevant parame-
ters are (κ, λΣ) = (−0.4, 0.2) and (aH , a3, aΣ, aκ, vs, vΣ) =
(−10,−30, 30, 200,−1110, 1) GeV. The two loop contribu-
tion to the Higgs mass was calculated using the MSSM con-
tribution from FeynHiggs [15].

In order to illustrate the behavior of the Yukawa couplings
we show in Fig. 8 the running Yukawa couplings in the
Adjoint MSSM, where solid (dashed) curves correspond to
tanβ = 2 (tanβ = 1.5). Here the initial values were cho-
sen to lie close to the non-perturbative regime, different than
the previous plots of this nature. The evolution of the Yukawa
couplings is very interesting. Due to the existence of the new
colored fields the Yukawa coupling of the top quark can be
very small at the high scale, while it is κ and λH that saturate
the bounds on perturbativity. While the behavior with tanβ
has improved, decreasing it stills leads to worse behavior due
to its influence on the top Yukawa coupling at the low scale.

Before we discuss the phenomenological aspects of the
model we show a benchmark scenario and the values for the
Higgs mass. Using the benchmark point given in Table I the
corresponding Higgs spectrum and its composition is shown
in Table II. Here we use the notation Hi, Ai and H+

i for CP-
even, CP-odd and charged scalars respectively, while the SM-
like Higgs is denoted as h. In this particular point the lightest
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ΛH=0.4, Λ3=0.7, tΒ = 1.5

Λ3 = 0.65

Λ3 = 0.6
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FIG. 7: Lines of constant Higgs mass at the two loop order of 122,
125 and 128 GeV for various values of the parameters in the plane of
the stop soft mass parameters. The red solid lines correspond to the
point λH = 0.4, λ3 = 0.7 and tanβ = 1.5, while subsequent lines
only alter the parameter indicated on the plot, e.g. the blue dotted
line correspond to λH = 0.4, λ3 = 0.65 and tanβ = 1.5. Varying
λH has a similar effect to varying λ3 and so was not implemented in
this plot.
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FIG. 8: Evolution of the couplings in the Adjoint MSSM, where solid
(dashed) curves correspond to tanβ = 2 (tanβ = 1.5).

neutral Higgs is SM-like since the pseudo-scalar Higgs and
the other Higgses are heavy, i.e. the decoupling limit in the
Higgs sector.
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-1
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FIG. 9: Evolution of the gauge couplings in the Adjoint MSSM.

A. Adjoint Phenomenology

The adjoint MSSM predicts the existence of new colored
fields, which acquire mass after symmetry breaking. There-
fore, they have to be at the TeV scale as the upper bound on
their masses is basically defined by the vacuum expectation
value of the singlet field. The decays of the superpartners of
the adjoint fields depend, of course, on the SUSY mass spec-
trum and the status of R-parity. Therefore, let us begin by
talking about the new scalar fields:

• Colored Octet: The scalar octet, Φ ∼ (8, 1, 0), can be
produced with very large cross sections at the LHC and
can decay into two gluons at the one-loop level. Since
the QCD background for thee types of channels is quite
severe the bounds on the colored octet are not very
strong. Therefore, one can have a colored octet with
mass around 500 GeV or less in agreement with all ex-
perimental constraints coming from ATLAS and CMS.
The fermionic octet mass, Φ̃, is simply

MΦ̃ =
1√
2
λΦvS . (24)

As in the case of the scalar octet, one can produce the
fermionic octet in pairs through QCD interactions and
it will decay into the scalar octet and a gluino if this
channel is open. Therefore, here we can have channels
with multi-jets and no missing energy when we include
the effect of the λ

′′
couplings.

• Colored Doublets: The fields X̂T = (X̂1, X̂2) ∼
(3, 2,−5/6) and ˆ̄XT = ( ˆ̄X1,

ˆ̄X2) ∼ (3̄, 2, 5/6) can
give rise to interesting phenomenology. Here the elec-
tric charge of these colored fields are Q(X1) = −1/3,
Q(X2) = −4/3, Q(X̄1) = 4/3, and Q(X̄2) = 1/3.
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The mass of the fermionic fields is simply given by

µX =
1√
2
λXvS . (25)

and they can decay through yX into a Higgs and down
quark. In the case of the scalar colored fields one can
say that they can decay into a down quark and a neu-
tralino, or a down quark and a chargino. Even if the
production cross section at the LHC is large the bounds
on their masses are weak due to the severe background.

V. SUMMARY AND OUTLOOK

We have discussed the Higgs mass in different extensions
of the Minimal Supersymmetric Standard Model with the fol-
lowing question in mind: Is it possible for the tree-level Higgs
mass to reach 110 ± 5 GeV with all couplings perturbative
up to the GUT scale? The value of 110 GeV tree-level Higgs
mass has been chosen since 500 GeV stops with little mixing
are enough to raise it to the measured value of 125 GeV. Ap-
plying this guideline to both the NMSSM and the NMSSM
with a real triplet yielded null results and furthermore the lat-
ter model does not lead to gauge coupling unification.

We have proposed a new extension of the MSSM where the
new fields composed a complete 24 representation of SU(5)
and we refer to this model as the “Adjoint MSSM”. In this

context one can generate two extra contributions to the Higgs
mass at tree-level due to the existence of the singlet and the
triplet with zero hypercharge, as in the TNMSSM. Applying a
Z3 symmetry to this model furthermore explains the origin of
all supersymmetric mass terms (as in the NMSSM) and pre-
dicts the existence of light colored Higgses which could give
rise to exotic and rich phenomenology at the Large Hadron
Collider. Thanks to the existence of these extra fields with
SU(3) quantum numbers, (8, 1, 0), (3, 2,− 5

6 ), and (3̄, 2, 5
6 ),

the perturbative behavior of the Yukawa couplings is greatly
improved so that while there is no new contributions to the
Higgs mass compared to the TNMSSM, it is possible to
achieve a large Higgs mass in agreement with our guideline,
gauge coupling unification and all relevant couplings can be
perturbative up the GUT scale.

The Higgs production at the LHC could be modified due to
the presence of the colored fields, X and X̄ and their super-
partners. At the same time the Higgs decays into two gam-
mas also could be modify by the charged fields in the real
triplet superfield and the colored fields with hypercharge. See
Refs. [14] and [12, 13] for a previous study of the impact of
the Higgs triplet in the radiative Higgs decays. Of course,
the new colored fields can be around the TeV scale and their
impact on the production and decays of the Higgs could be
insignificant. These and other aspects of the theory, includ-
ing a possible UV completion, will be investigated in a future
publication.

Appendix A: CP-even Neutral Higgs Masses
In this appendix we show the mass of the neutral CP-even Higgses neglecting the terms proportional to v2

Σ. In the basis√
2Re(H0

d , H
0
u, S,Σ

0), the CP-even scalar mass matrix is

(
M2
S

)
11

= c2βM
2
Z − tβ

(
1√
2
aHvS +

1

2
λHκv

2
S

)
− 1

2
tβvΣ

(
a3 +

1√
2
λ3λΣvS

)
, (26)

(
M2
S

)
12

=
1√
2
aHvS +

1

2
λHκv

2
S +

1

4
s2β

(
2λ2

Hv
2 + λ2

3v
2 − 2M2

Z

)
+

1

2
vΣ

(
a3 +

1√
2
λ3λΣvS

)
(27)

(
M2
S

)
13

= v

[
cβλ

2
HvS +

1√
2
sβ aH + sβ λHκvS +

1√
2
λ3vΣ

(
cβλH +

1

2
sβλΣ

)]
, (28)

(
M2
S

)
14

= v

[
1√
2
cβλ3λHvS +

1

2
sβa3 +

1

2
√

2
sβλ3λΣvS +

1

2
vΣ

(
cβλ

2
3 + sβλHλΣ

)]
, (29)

(
M2
S

)
22

= s2
βM

2
Z −

1

tβ

(
1√
2
aHvS +

1

2
λHκv

2
S

)
− 1

2tβ
vΣ

(
a3 +

1√
2
λ3λΣvS

)
, (30)

(
M2
S

)
23

= v

[
sβλ

2
HvS +

1√
2
cβ aH + cβ λHκvS +

1√
2
λ3vΣ

(
sβλH +

1

2
cβλΣ

)]
, (31)

(
M2
S

)
24

= v

[
1√
2
sβλ3λHvS +

1

2
cβa3 +

1

2
√

2
cβλ3λΣvS +

1

2
vΣ

(
sβλ

2
3 + cβλHλΣ

)]
, (32)

(
M2
S

)
33

= 2κ2v2
S +

1√
2
aκvS −

1

2
√

2
s2β

aHv
2

vS
− 1

4
√

2
λ3
v2

vS
vΣ (s2βλΣ + 2λH) , (33)

(
M2
S

)
34

=
1

4
√

2
λ3v

2 (2λH + s2βλΣ) + vΣ

(
1√
2
aΣ + κλΣvS + λ2

ΣvS

)
, (34)

(
M2
S

)
44

= − v2

4
√

2vΣ

[
s2β

(√
2a3 + λ3λΣvS

)
+ 2λ3λHvS

]
. (35)
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Appendix B: CP-odd Neutral Higgs Masses: In the basis
√

2Im(H0
d , H

0
u, S,Σ

0), the CP-odd scalar mass matrix is given by

(
M2
P

)
11

= −tβvS
(

1√
2
aH +

1

2
λHκvS

)
− 1

2
tβvΣ

(
a3 +

1√
2
λ3λΣvS

)
, (36)

(
M2
P

)
12

= − 1√
2
aHvS −

1

2
λHκv

2
S −

1

2
vΣ

(
a3 +

1√
2
λ3λΣvS

)
, (37)

(
M2
P

)
13

= sβv

(
− 1√

2
aH + λHκvS +

1

2
√

2
vΣλ3λΣ

)
, (38)

(
M2
P

)
14

=
1

2
sβv

(
−a3 +

1√
2
λ3λΣvS + vΣλHλΣ

)
, (39)

(
M2
P

)
22

= −vS
tβ

(
1√
2
aH +

1

2
λHκvS

)
− 1

2 tβ
vΣ

(
a3 +

1√
2
λ3λΣvS

)
, (40)

(
M2
P

)
23

= cβv

(
− 1√

2
aH + λHκvS +

1

2
√

2
vΣλ3λΣ

)
, (41)

(
M2
P

)
24

=
1

2
cβv

(
−a3 +

1√
2
λ3λΣvS + vΣλHλΣ

)
, (42)

(
M2
P

)
33

= − 3√
2
aκvS −

1

2
s2β

v2

vS

(
1√
2
aH + 2λHκvS

)
− 1

4
√

2
λ3
v2

vS
vΣ (s2βλΣ + 2λH) (43)

(
M2
P

)
34

=
1

4
√

2
λ3v

2

(
2λ3λH −

1√
2
s2βλΣ

)
+ vΣ

(
λΣκvS −

1√
2
aΣ

)
, (44)

(
M2
P

)
44

= −
√

2aΣvS − λΣκv
2
S −

1

2
s2βλHλΣv

2 − v2

4vΣ

[
s2β

(
a3 +

1√
2
λ3λΣvS

)
+
√

2λ3λHvS

]
.

(45)

where of course the determinant is zero.

Appendix C: Charged Higgs Masses

In the basis
(
H−d , H

+∗
u ,Σ−,Σ+∗), the charged scalars mass matrix is

(
M2
±
)

11
= s2

β

(
M2
W +

1

4
λ2

3v
2 − 1

2
λ2
Hv

2

)
− tβ

(
1√
2
aHvS +

1

2
λHκv

2
S

)
−vΣ

[
1

2
tβ

(
a3 +

1√
2
λ3λΣvS

)
+
√

2λ3λHvS

]
, (46)

(
M2
±
)

12
= − 1√

2
aHvS −

1

2
λHκv

2
S +

1

2
s2β

(
M2
W +

1

4
λ2

3v
2 − 1

2
λ2v2

)
+

1

2
vΣ

(
a3 +

1√
2
λ3λΣvS

)
,

(47)(
M2
±
)

13
=

1

2
λ3vvS (cβλH + sβλΣ) +

√
2 cβ

vΣ

v

(
M2
W −

1

4
λ2

3v
2

)
, (48)

(
M2
±
)

14
=

1√
2
v

(
1√
2
cβλHλ3vS + sβa3

)
−
√

2 cβ
vΣ

v

(
M2
W −

1

4
λ2

3v
2

)
, (49)

(
M2
±
)

22
= c2β

(
M2
W +

1

4
λ2

3v
2 − 1

2
λ2
Hv

2

)
− 1

tβ

(
1√
2
aHvS +

1

2
λHκv

2
S

)
−vΣ

[
1

2tβ

(
a3 +

1√
2
λ3λΣvS

)
+
√

2λ3λHvS

]
, (50)

(
M2
±
)

23
= −v

(
1√
2
cβa3 +

1

2
sβλHλ3vS

)
+
√

2sβ
vΣ

v

(
M2
W −

1

4
λ2

3v
2

)
, (51)

(
M2
±
)

24
= −1

2
λ3vvS (sβλH + cβλΣ)−

√
2 sβ

vΣ

v

(
M2
W −

1

4
λ2

3v
2

)
, (52)
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(
M2
±
)

33
= − 1√

2
aΣvS −

1

2
κλΣv

2
S − c2β

(
M2
W −

1

4
λ2

3v
2

)
− 1

4
s2βλHλΣv

2

− v2

4vΣ

[
s2β

(
a3 +

1√
2
λ3λΣvS

)
+
√

2λ3λHvS

]
, (53)(

M2
±
)

34
=

1√
2
aΣvS +

1

2
λΣκv

2
S +

1

4
s2βλHλΣv

2, (54)

(
M2
±
)

44
= − 1√

2
aΣvS −

1

2
λΣκv

2
S + c2β

(
M2
W −

1

4
λ2

3v
2

)
− 1

4
s2βλHλΣv

2

− v2

4vΣ

[
s2β

(
a3 +

1√
2
λ3λΣvS

)
+
√

2λ3λHvS

]
. (55)

Appendix D: Fermionic Spectrum: In the basis
(
W̃−H̃−d , Σ̃

−
)

by
(
W̃+H̃+

u , Σ̃
+
)

the chargino mass matrix has block off-

diagonal entries, X and XT with

X =

 M2

√
2sβMW −2 vΣ

v MW√
2cβMW

1
2λ3vΣ − 1√

2
λHvS

1√
2
sβλ3v

2 vΣ

v MW − 1√
2
cβλ3v

1√
2
λΣvS

 . (56)

In the basis
(
B̃, W̃ 0, H̃0

d , H̃
0
u, S̃, Σ̃

0
)

the neutralino mass matrix is

Mχ0 =



M1 0 −sW cβMZ sW sβMZ 0 0
0 M2 cW cβMZ −cW sβMZ 0 0

−sW cβMZ cW cβMZ 0 1
2λ3vΣ + 1√

2
λHvS

1√
2
sβλHv

1
2sβλ3v

sW sβMZ −cW sβMZ
1
2λ3vΣ + 1√

2
λHvS 0 1√

2
cβλHv

1
2cβλ3v

0 0 1√
2
sβλHv

1√
2
cβλHv

√
2κvS

1√
2
λΣvΣ

0 0 1
2sβλ3v

1
2cβλ3v

1√
2
λΣvΣ

1√
2
λΣvS


. (57)

Appendix E: Renormalization Group Equations: The equations which describe the evolution of the gauge couplings is given
by

α1(MGUT)−1 = α−1
1 (MZ)− 1

2π

(
41

10
log

MGUT

MZ
+

4

3
log

MGUT

Mf̃1,2

+
2

3
log

MGUT

Mf̃3

+
1

10
log

MGUT

MA

)

− 1

2π

(
2

5
log

MGUT

MH̃u,d

+ 5 log
MGUT

MX

)
, (58)

α2(MGUT)−1 = α−1
2 (MZ)− 1

2π

(
−19

6
log

MGUT

MZ
+

4

3
log

MGUT

MW̃

+
4

3
log

MGUT

Mf̃1,2

+
2

3
log

MGUT

Mf̃3

+
1

6
log

MGUT

MA
+

2

3
log

MGUT

MH̃u,d

+ 2 log
MGUT

MΣ
+ 3 log

MGUT

MX

)
, (59)

α3(MGUT)−1 = α−1
3 (MZ)− 1

2π

(
−7 log

MGUT

MZ
+ 2 log

MGUT

Mg̃
+

4

3
log

MGUT

Mf̃1,2

+
2

3
log

MGUT

Mf̃3

)

− 1

2π

(
3 log

MGUT

MΦ
+ 2 log

MGUT

MX

)
. (60)

assuming the threshold of the new particles as well as the SUSY fields is at one TeV. The running is shown in Fig 9.

The RGE for a given Yukawa coupling is simply the sum of the anomalous dimensions of the all three particles involved in
that coupling multiplied by that Yukawa coupling:

16π2 d

dt
yt = yt

(
6y2
t + y2

b + 3y2
X +

3

2
λ2

3 + λ2
H −

16

3
g2

3 − 3g2
2 −

13

15
g2

1

)
, (61)
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16π2 d

dt
yb = yb

(
6y2
b + y2

t + y2
τ + 2y2

X +
3

2
λ2

3 + λ2
H −

16

3
g2

3 − 3g2
2 −

7

15
g2

1

)
, (62)

16π2 d

dt
yτ = yτ

(
4y2
τ + 3y2

b +
3

2
λ2

3 + λ2
H − 3g2

2 −
9

5
g2

1

)
, (63)

16π2 d

dt
yX = yX

(
6y2
X + 3y2

t + 2y2
b + λ2

X +
3

2
λ2

3 + λ2
H +

16

3
ζ2
Φ +

3

2
ζ2
Σ −

16

3
g2

3 − 3g2
2 −

19

15
g2

1

)
, (64)

16π2 d

dt
η = η

(
40η2 + 3λ2

Φ + 6ζ2
Φ − 18g2

3

)
, (65)

16π2 d

dt
λX = λX

(
8λ2

X + y2
X + 4λ2

Φ + 2λ2
H +

3

2
λ2

Σ + 2κ2 +
32

3
ζ2
Φ + 3ζ2

Σ −
16

3
g2

3 − 3g2
2 −

5

3
g2

1

)
, (66)

16π2 d

dt
λΦ = λΦ

(
6λ2

Φ +
80

3
η2 + 6λ2

X + 2λ2
H +

3

2
λ2

Σ + 2κ2 + 4ζ2
Φ − 12g2

3

)
, (67)

16π2 d

dt
λ3 = λ3

(
4λ2

3 + 3y2
t + 3y2

b + y2
τ + 3y2

X + 2λ2
H + λ2

Σ + 3ζ2
Σ − 7g2

2 −
3

5
g2

1

)
, (68)

16π2 d

dt
λH = λH

(
4λ2

H + 3y2
t + 3y2

b + y2
τ + 3y2

X + 6λ2
X + 4λ2

Φ + 3λ2
3 +

3

2
λ2

Σ + 2κ2 − 3g2
2 −

3

5
g2

1

)
, (69)

16π2 d

dt
λΣ = λΣ

(
7

2
λ2

Σ + 6λ2
X + 4λ2

Φ + 2λ2
3 + 2λ2

H + 2κ2 + 6ζ2
Σ − 8g2

2

)
, (70)

16π2 d

dt
κ = κ

(
6κ2 + 18λ2

X + 12λ2
Φ + 6λ2

H +
9

2
λ2

Σ

)
, (71)

16π2 d

dt
ζΦ = ζΦ

(
y2
X + 2λ2

X +
40

3
η2 + λ2

Φ +
38

3
ζ2
Φ + 3ζ2

Σ −
34

3
g2

3 − 3g2
2 −

5

3
g2

1

)
, (72)

16π2 d

dt
ζΣ = ζΣ

(
y2
X + 2λ2

X + λ2
3 + λ2

Σ +
32

3
ζ2
Φ + 6ζ2

Σ −
16

3
g2

3 − 7g2
2 −

5

3
g2

1

)
. (73)

The anomalous dimensions of the particle content are

16π2γQ3
= y2

t + y2
b −

8

3
g2

3 −
3

2
g2

2 −
1

30
g2

1 , (74)

16π2γtc = 2y2
t −

8

3
g2

3 −
8

15
g2

1 , (75)

16π2γbc = 2y2
b + 2y2

X −
8

3
g2

3 −
2

15
g2

1 , (76)

16π2γL3
= y2

τ −
3

2
g2

2 −
3

10
g2

1 , (77)

16π2γτc = 2y2
τ −

6

5
g2

1 , (78)

16π2γX = y2
X + λ2

X +
16

3
ζ2
Φ +

3

2
ζ2
Σ −

8

3
g2

3 −
3

2
g2

2 −
5

6
g2

1 , (79)

16π2γX̄ = λ2
X +

16

3
ζ2
Φ +

3

2
ζ2
Σ −

8

3
g2

3 −
3

2
g2

2 −
5

6
g2

1 , (80)

16π2γΦ =
40

3
η2 + λ2

Φ + 2ζ2
Φ − 6g2

3 , (81)

16π2γS = 6λ2
X + 4λ2

Φ + 2λ2
H +

3

2
λ2

Σ + 2κ2, (82)

16π2γHu
= 3y2

t + 3y2
X +

3

2
λ2

3 + λ2
H −

3

2
g2

2 −
3

10
g2

1 , (83)

16π2γHd
= 3y2

b + y2
τ +

3

2
λ2

3 + λ2
H −

3

2
g2

2 −
3

10
g2

1 , (84)

16π2γΣ = λ2
3 + λ2

Σ + 3ζ2
Σ − 4g2

2 . (85)
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tanβ λH κ λ3 λΣ vS aH aκ a3 aΣ mΣ

2 -0.4 0.4 0.8 0.4 -1550 GeV 110 GeV 100 GeV 90 GeV 70 GeV 2230 GeV

TABLE I: Higgs sector parameters for the benchmark point. The corresponding Higgs spectrum is displayed in Table II.

Field h H1 H2 H3 A1 A2 A3 H+
1 H+

2 H+
3

Mass (GeV ) 109 800 890 2730 580 890 2690 890 2690 2730
% of Hu 80% 2% 17% 0% 0% 79% 0% 80% 0% 0%
% of Hd 20% 9% 71% 0% 0% 20% 0% 20% 0% 0%
% of S 0% 89% 11% 0% 100% 1% 0% 0% - -
% of Σ 0% 0% 0% 100% 0% 0% 100% 0% 51%, 49% 49%, 51%

TABLE II: Tree-level Higgs spectrum based on the benchmark point in Table I. Here, Hi, Ai and H+
i represent CP-even, CP-odd and charged

scalars respectively labeled from lightest to heaviest in ascending order, while the SM-like Higgs is denoted as h. Also shown is the composition
of each of the physical states in terms of the gauge states. The two different values for the Σ composition of the heaviest charged fields is for
Σ− and Σ+ respectively.
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