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Introduction

• The run I of the LHC has discovered the last 
building block of the SM: The Higgs 

• Its properties are compatible with the ones of the 
SM: minimal realization of the Higgs potential 

• But an extended Higgs sector is not yet excluded 
and can have different and interesting signatures.



• One way of deviating from the minimal model is to 
include extra Higgses: 

• More doublets 

• singlets 

• Triplets 

• ……



• These extra fields could appear in a UV completion 
of the model and could remain light by the same 
mechanism as the SM Higgs 

• Pseudo-goldstone boson 

• Supersymmetry



• In this talk I am going to explore different aspects 
of an extended Higgs sector with triplets in a 
supersymmetric model. 

• In general there are two possible triplets that could 
mix with the Higgs, Y=0 and Y=1. 

• The kind of couplings are:

W = �0HuT0Hd + �+1HdT+1Hd + ��1HuT�1Hu



• In principle the triplet will get a vev once EWSB 
occurs and can lead to a dangerous contribution to 
the T-parameter 

• I will either make sure that the vev of the triplet 
component is small or implement a symmetry to 
avoid contributions to the T-parameter.



Increasing the Higgs mass 
w/o fine tuning

• One of the properties of adding an extended Higgs 
sector in supersymmetry is that one can deviate 
from the usual formula: 

• Unfortunately one has to pay a price in fine tuning, 
in order to maximize the new contribution one has 
to decoupled non-supersymmetricaly the new 
states.
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• One way to avoid the fine-tuning is to double the 
fields, to couple one to the Higgs and decouple the 
other one: 

• This trick was previously exploited for the case of 
singlets arXiv:1308.0792 

• We will use triplets for a different dependence on 
tan β

with Hu, Hd. A detailed study of the DiracNMSSM was performed in Ref. [9], taking into
account all corrections at one loop order and dominant two-loop corrections. Beyond fine
tuning, constraints from SUSY searches and dark matter were also applied.

One disadvantage of the original DiracNMSSM is that the singlet contribution to m2

h has
the same tan � dependence as in the NMSSM. Specifically, the singlet piece is largest at
low tan �, exactly the region where the MSSM tree level Higgs mass vanishes. This can be
overcome, but requires sizable coupling of the singlet to Higgses.

In this paper, we examine the e↵ects of replacing the singlets in the DiracNMSSM with
triplets under SU(2)L, maintaining the key features of the Dirac mass and with only one
triplet coupled to the Higgses. Triplet extensions of the MSSM have been studied exten-
sively [10–19]; they o↵er richer phenomenology than singlet extensions, but they are also
more constrained. Specifically, the neutral components of the triplets generically acquire
vacuum expectation values (vev), causing tension with electroweak precision observables
[20, 21]1. Nonetheless, triplets o↵er appealing features when compared with singlets, espe-
cially in the context of the DiracNMSSM: (i) more variety due to two possible hypercharge
assignments, Y = 0 or Y = ±1, and (ii) triplets with hypercharge must be included in pairs
for anomaly cancellation and can only have Dirac-type superpotential mass.

The rest of the paper is organized as follows. In Sec. II we introduce the key superpotential
interactions and give the correction to the Higgs mass for both the Y = 0 and Y = ±1 triplet
models. Next, in Sec. III we analytically study the various sources of fine tuning, pinpointing
the dependence of each term on the triplet parameters. This is followed up by a discussion
of the precision electroweak T parameter. From this discussion, it will be clear that the
Y = ±1 model works better at raising the mass of the Higgs, avoiding fine tuning, and
staying within the electroweak precision constraints. In Sec. IV we perform a numerical
study, focusing on the Y = ±1 scenario. As one of the primary di↵erences between singlets
and triplets is the existence of additional charged and potentially light fermions, in Sec. V we
review the phenomenology of ‘exotic’ states, examining both direct production and indirect
e↵ects such as altered stop decays. Finally, conclusions are drawn in Sec. VI.

II. THE MODELS

There are two signature features in the DiracNMSSM [7], a Dirac mass term between two
strictly di↵erent superfields, and the fact that only one of the two singlets couples to the
Higgs doublets. The extension explored here, where a pair of triplets take the role of the
singlets should maintain both properties. With this in mind, we define ⌃

1

to be a SU(2)L
triplet chiral superfield which couples to the Higgses in the superpotential, and a define a
second triplet ⌃

2

, which does not. This is not the most general superpotential allowed by
the symmetries of the model but we follow the setup of the original DiracNMSSM, in any
case the choice is radiatively stable since superpotential couplings can not be generated via
radiative corrections2.

With the inclusion of the triplets ⌃
1,2 the superpotential is enlarged to

W = µHu ·Hd + µ
⌃

Tr(⌃
1

· ⌃
2

) +WH�⌃

+W
Yukawa

(3)

1 Triplet extension which preserve custodial symmetry, such as the Supersymmetric Custodial Triplet Model,

allow for large triplet vevs (and light scalars) without tension from electroweak precision observables [22–

24].
2 One could also use a spurion analysis of an extra broken symmetry which would suppress the unwanted

couplings [7].
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• In the case of Y=0 the effect is similar than the 
singlet. 

• On the other hand for the case of Y=1 the two fields 
are already needed to cancel anomalies 

• I will couple one of the two triplets to the Higgses 
and the other one will be inert:

scalar mass matrices. Taking the decoupling limit for simplicity and adding the one-loop
stop contribution to lightest tree-level mass eigenvalue, we find the Higgs mass:

m2

h = m2

Z cos2(2�) + (stop loops) +
v2�2

2
sin2(2�)

m2

�

µ2

⌃

+m2

�

�v2�2

2

|2µ⇤ � A� sin(2�)|2
µ2

⌃

+m2

T

. (8)

The expression above, with a positive (negative) piece that depends on the uncoupled
(coupled) triplet soft mass is clearly reminiscent of the singlet DiracNMSSM, Eq. (2). As
in the singlet case, the interplay between the two terms plays an important role in the fine
tuning of the model.

B. Y = ±1 case

Given that the superpotential should conserve hypercharge and be holomorphic, a super-
symmetric mass term for a triplet with hypercharge Y = 1 can only be included if there is
a second triplet with Y = �1. Anomaly cancellation also rests on introducing hypercharge
triplets in vector-like pairs. As in the Y = 0 scenario above, we assume ⌃

1

is the triplet
with superpotential couplings to the Higgses. Depending on its hypercharge ⌃

1

will only
be able to couple either to H2

u or H2

d , which is distinct from the Y = 0 setup. To get the
largest impact from the triplet-Higgs coupling, we want it to couple as much as possible to
the physical Higgs boson. At large tan � and large mA, the Higgs boson resides primarily in
Hu, therefore we assign Y = �1 to ⌃

1

, permitting the interaction

WH�⌃

= �Hu · ⌃1

Hu. (9)

The second triplet ⌃
2

(now with hypercharge Y = 1) has no superpotential couplings.
The soft terms are as in Eq. (5) with the same modification to the A� term as in the
superpotential, and the complete CP even scalar potential is given in Appendix B.

When the triplet scalars are integrated out in this scenario, the neutral components are
replaced by:

⌃
1,neut ⌘ T 0 ! � (A�H0⇤

u H0⇤
u � 2µH0⇤

u H0

d)

µ2

⌃

+m2

T

+O
✓

1

D2

�

,
1

D�DT

,
1

D2

T

◆
(10)

⌃
2,neut ⌘ �0 ! ��µ

⌃

H0

uH
0

u

µ2

⌃

+m2

�

+O
✓

1

D2

�

,
1

D�DT

,
1

D2

T

◆
. (11)

Working with the e↵ective Higgs potential and proceeding as in the Y = 0 case, we find the
decoupling-limit Higgs mass to be

m2

h = m2

Z cos2(2�) + (stop loops) + 4v2�2 sin4(�)

✓
m2

�

µ2

⌃

+m2

�

◆

�v2�2 sin2 (2�)

µ2

⌃

+m2

T

|2µ⇤ � A� tan (�)|2 . (12)

Comparing m2

h in the two models, Eqs. (8) and (12), we see similar features. In both
models there is a positive contribution to the Higgs mass proportional to m2

�/(µ
2

⌃

+ m2

�).
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• We can write the potential in the following way:Appendix B: Potential for the Y = ±1 triplets

Now we examine the model where the triplets have hypercharge Y = ±1, which can then
be expressed as

⌃
1

=

✓
T�/

p
2 �T 0

T�� �T�/
p
2

◆
and

⌃
2

=

✓
�+/

p
2 ��++

�0 ��+/
p
2

◆
.

(B1)

The superpotential is modified from the MSSM with

W � �Hu · ⌃1

Hu

The neutral potential is then given by

V
neutral

= m2

Hu
|Hu|2 +m2

Hd
|Hd|2 +m2

�|�0|2 +m2

T |T 0|2
+
��2�H0

uT
0 + µH0

d

��2 +
��µH0

u

��2 +
��µ

⌃

T 0

��2 +
��µ

⌃

�0 + �H0

uH
0

u

��2

+
g2 + g0 2

8

�
H0

dH
0⇤
d �H0

uH
0⇤
u + 2T 0T 0⇤ � 2�0�0⇤�2

+
���A�H

0

uH
0

uT
0 � µBµH

0

dH
0

u � µ
⌃

B
⌃

T 0�0 + h.c.
�

(B2)

The heavy triplets are integrated out, leaving an e↵ective potential of

V
e↵,neut

=
�
m2

Hu
+ µ2

� |H0

u|2 +
�
m2

Hd
+ µ2

� |H0

d |2

+
m2

Z

4v2
�|H0

d |2 � |H0

u|2
�
2 � �

µBµH
0

dH
0

u + h.c.
�

+�2|H0

uH
0

u|2
✓
1� 2A2

�

µ2

⌃

+m2

T

� 2µ2

⌃

µ2

⌃

+m2

�

◆

�8|H0

u|2|H0

d |2�2µ2

1

µ2

⌃

+m2

T

+
4�2A�

µ2

⌃

+m2

T

�
µ⇤H0

uH
0⇤
u H0⇤

u H0⇤
d + h.c.

�
+O(

1

D2

�

,
1

D�DT

,
1

D2

T

). (B3)

The minimization conditions are given by

m2

Hu
= �|µ|2 + 1

2
m2

Z cos(2�) +m2

A cos2(�)� 2v2�2 sin2(�)

+2 sin2(�)
µ2

⌃

v2�2

µ2

⌃

+m2

�

+ 2v2�2 sin2(�)
A2

� + 2µ2 cot2(�) + 2A�µ cot(�)

µ2

⌃

+m2

T

(B4)

m2

Hd
= �|µ|2 � 1

2
m2

Z cos(2�)�m2

A sin2(�) + 4
|µ|2v2�2 sin2(�)

µ2

⌃

+m2

T

. (B5)

This leads to a shift in the Higgs mass in the decoupling limit of

�m2

h = 4v2�2 sin4(�)

✓
m2

T1

µ2

⌃

+m2

�

◆
� 4v2�2 sin2 (�)

µ2

⌃

+m2

T

|2µ⇤ cos (�)� A� sin (�)|2 . (B6)
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|Hd|2 +m2

�|�0|2 +m2

T |T 0|2
+
��2�H0

uT
0 + µH0

d

��2 +
��µH0
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��2 +
��µ

⌃

T 0

��2 +
��µ
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�0 + �H0

uH
0

u

��2
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�
H0

dH
0⇤
d �H0

uH
0⇤
u + 2T 0T 0⇤ � 2�0�0⇤�2

+
���A�H

0

uH
0
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0

dH
0
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⌃
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�
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V
e↵,neut

=
�
m2

Hu
+ µ2

� |H0

u|2 +
�
m2

Hd
+ µ2

� |H0

d |2

+
m2

Z

4v2
�|H0

d |2 � |H0

u|2
�
2 � �

µBµH
0

dH
0

u + h.c.
�

+�2|H0

uH
0

u|2
✓
1� 2A2

�

µ2

⌃

+m2

T

� 2µ2

⌃

µ2

⌃

+m2

�

◆

�8|H0

u|2|H0

d |2�2µ2

1

µ2

⌃

+m2

T

+
4�2A�

µ2

⌃

+m2

T

�
µ⇤H0

uH
0⇤
u H0⇤

u H0⇤
d + h.c.

�
+O(

1

D2

�

,
1

D�DT

,
1

D2

T
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m2

Hu
= �|µ|2 + 1

2
m2

Z cos(2�) +m2

A cos2(�)� 2v2�2 sin2(�)

+2 sin2(�)
µ2

⌃

v2�2

µ2

⌃

+m2

�

+ 2v2�2 sin2(�)
A2

� + 2µ2 cot2(�) + 2A�µ cot(�)

µ2

⌃

+m2

T

(B4)

m2

Hd
= �|µ|2 � 1

2
m2

Z cos(2�)�m2

A sin2(�) + 4
|µ|2v2�2 sin2(�)

µ2

⌃

+m2

T

. (B5)
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✓
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µ2
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�
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T
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• Upon integration of the triplets and going to the 
decoupling limit one gets the following mass for the 
Higgs (SM-like):

scalar mass matrices. Taking the decoupling limit for simplicity and adding the one-loop
stop contribution to lightest tree-level mass eigenvalue, we find the Higgs mass:

m2

h = m2

Z cos2(2�) + (stop loops) +
v2�2

2
sin2(2�)

m2

�

µ2

⌃

+m2

�

�v2�2

2

|2µ⇤ � A� sin(2�)|2
µ2

⌃

+m2

T

. (8)

The expression above, with a positive (negative) piece that depends on the uncoupled
(coupled) triplet soft mass is clearly reminiscent of the singlet DiracNMSSM, Eq. (2). As
in the singlet case, the interplay between the two terms plays an important role in the fine
tuning of the model.

B. Y = ±1 case

Given that the superpotential should conserve hypercharge and be holomorphic, a super-
symmetric mass term for a triplet with hypercharge Y = 1 can only be included if there is
a second triplet with Y = �1. Anomaly cancellation also rests on introducing hypercharge
triplets in vector-like pairs. As in the Y = 0 scenario above, we assume ⌃

1

is the triplet
with superpotential couplings to the Higgses. Depending on its hypercharge ⌃

1

will only
be able to couple either to H2

u or H2

d , which is distinct from the Y = 0 setup. To get the
largest impact from the triplet-Higgs coupling, we want it to couple as much as possible to
the physical Higgs boson. At large tan � and large mA, the Higgs boson resides primarily in
Hu, therefore we assign Y = �1 to ⌃

1

, permitting the interaction

WH�⌃

= �Hu · ⌃1

Hu. (9)

The second triplet ⌃
2

(now with hypercharge Y = 1) has no superpotential couplings.
The soft terms are as in Eq. (5) with the same modification to the A� term as in the
superpotential, and the complete CP even scalar potential is given in Appendix B.

When the triplet scalars are integrated out in this scenario, the neutral components are
replaced by:

⌃
1,neut ⌘ T 0 ! � (A�H0⇤

u H0⇤
u � 2µH0⇤

u H0

d)

µ2

⌃

+m2

T

+O
✓

1

D2

�

,
1

D�DT

,
1

D2

T

◆
(10)

⌃
2,neut ⌘ �0 ! ��µ

⌃

H0

uH
0

u

µ2

⌃

+m2

�

+O
✓

1

D2

�

,
1

D�DT

,
1

D2

T

◆
. (11)

Working with the e↵ective Higgs potential and proceeding as in the Y = 0 case, we find the
decoupling-limit Higgs mass to be

m2

h = m2

Z cos2(2�) + (stop loops) + 4v2�2 sin4(�)

✓
m2

�

µ2

⌃

+m2

�

◆

�v2�2 sin2 (2�)

µ2

⌃

+m2

T

|2µ⇤ � A� tan (�)|2 . (12)

Comparing m2

h in the two models, Eqs. (8) and (12), we see similar features. In both
models there is a positive contribution to the Higgs mass proportional to m2

�/(µ
2

⌃

+ m2

�).
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• Problems: 

• Fine-tuning: 

• T-parameter:

This is maximized when m2

� � µ2

⌃

, and goes to zero when m2

� ⌧ µ2

⌃

, so the Higgs mass is
increased the most by decoupling the scalar part of ⌃

2

. In Section III we will show that the
decoupling of m2

� barely a↵ects the fine tuning.
The amplitude and tan � dependence of the positive term is di↵erent for the Y = 0

triplets and the Y = ±1 triplets,

C
0

(�) =
v2�2

2
sin2(2�) (13)

for Y = 0 and
C

1

(�) = 4v2�2 sin4 �. (14)

for Y = 1. C
0

is maximized when 2� = ⇡/2, or tan � = 1. However, C
1

is maximal as
� ! ⇡/2, or tan � ! 1. As the tan � dependence of C

1

aligns with that of the MSSM,
the size of the triplet contributions to the Higgs mass do not need to be as large, leading to
smaller values of � in the Y = ±1 model.

Equations (8) and (12) also have a term which acts to lower m2

h. The negative terms
depend on the mass of ⌃

1

, the triplet which couples to the doublets. A large soft mass
for ⌃

1

decreases the absolute value of the negative term, raising the Higgs mass. However,
m2

T also enters into the radiative corrections of the Higgs soft masses, so the mT value that
minimizes the fine tuning is less clear cut and is best tackled numerically.

Both of the negative terms also contain a factor which depends on the di↵erence between µ
and A�, |2µ⇤ � A� sin(2�)|2 for the Y = 0 case and |2µ⇤ � A� tan �|2 for Y = ±1 respectively.
The same expressions appear in the e↵ective triplet vevs, Eq.(6, 7) or Eq.(10,11) after the
Higgs doublets acquire vacuum expectation values. The T parameter is tightly constrained
by precision electroweak measurements, however, the fact that the same expressions appear
in the Higgs mass and the triplet e↵ective vevs implies that regions with the smallest negative
contribution to the Higgs mass are also the regions with the smallest T parameter.

Having shown how the Higgs mass is altered in the two Dirac Triplet scenarios and
identified key parameters, we now move on to study the fine tuning.

III. FINE TUNING CALCULATIONS AND T PARAMETER

Equations (8) and (12) show that decoupling the soft mass of ⌃
2

leads to a maximal
increase in the Higgs mass. Ordinarily, the introduction of large scalar masses to correct the
Higgs mass increases the fine tuning. In the next subsection we show that this is not the case
for this model; the fact that ⌃

2

does not couple to the doublets allows it to be decoupled
with small e↵ects on the fine tuning, as in the original DiracNMSSM model. Beyond the
fine tuning of the Higgs mass, triplet models are also constrained by the T parameter, which
we examine more closely in Section III B.

A. Fine tuning of m2

Hu

We adopt the definition of fine tuning of [7],

� =
2

m2

h

max

✓
m2

Hu
,m2

Hd
,

dm2

Hu

d log (u)
L,

dm2

Hd

d log (u)
L, �m2

H0
u
, µBµ,e↵

◆
(15)

6

fit of the data if all of the oblique parameters are allowed to float4. Forcing the (tree-level)
triplet contributions to the T parameter to lie within the 1-� uncertainty, we can derive a
bound on the triplet model parameters. In an e↵ective theory where we have integrated out
the triplets, there are no triplet fields around to get vevs, but the T contributions are still
present in the form of higher dimensional operators. Specifically, after integrating out the
triplets, the kinetic term for the ⌃i becomes (schematically)

|Dµ⌃i|2 ⌃��������!
integrated out

1

⇤2

|HDµH|2 , (22)

which, once the Higgses are set to their vevs, contributes di↵erently to the W and Z mass.
The operator is intentionally left vague, as the actual combinations of the Hu and Hd and
the mass scale ⇤ are di↵erent for each triplet.

For the triplets with Y = 0, this operator contributes to T by

TY=0

=
1

↵

4
�h�0i2 + hT 0i2�

v2 � 4
�h�0i2 + hT 0i2� (23)

where hT 0i and h�0i are the values of equation (6) and (7) after the doublets have developed
vevs – what we dub ‘e↵ective vevs’ for the triplets. The e↵ective vevs are approximately
given by

⌦
T 0

↵
Y=0

⇡ v2�

2
p
2

2µ⇤ � A� sin(2�)

µ2

⌃

+m2

T

and
⌦
�0

↵
Y=0

⇡ � v2�

2
p
2

µ
⌃

sin(2�)

µ2

⌃

+m2

�

, (24)

up to higher order terms in 1/(µ2

⌃

+m2

T,�). For the case with hypercharge, the T parameter
takes the form

TY=±1

= � 1

↵

2 (h�0i2 + hT 0i2)
v2

(25)

with hT 0i and h�0i now coming from Eq. (10) and (11) once the doublets acquired the vevs,

⌦
T 0

↵
Y=�1

⇡ �v2�

2

sin(2�) (2µ⇤ � A� tan (�))

µ2

⌃

+m2

T

and
⌦
�0

↵
Y=1

⇡ v2
��µ

⌃

sin2 (�)

µ2

⌃

+m2

�

. (26)

Inspecting these equations, we can identify several parameter combinations that dictate
the size of the T parameter.

• m2

�: The e↵ective vev h�0i ! 0 in the limit of large m�. In order to e↵ectively raise
the Higgs mass, we want m2

� � µ2

⌃

. Large m� also does not add to the fine tuning
(see previous subsection), so large m� is preferred for both the fine tuning and the T
parameter.

• m2

T : Similarly, the e↵ective vev hT 0i ! 0 in the limit of large mT . A large value for
mT also reduces the negative term in the Higgs mass squared equations. However, m2

T

enters into the tuning from the RGE running terms and can quickly dominate the fine
tuning.

4 If the U parameter is fixed to U = 0, the best fit is T = 0.10± 0.07.

9



9
25

50

100

200

200
500

1000

Fails T Parameter

Improved T Exclusion

mQ˜3 =mũ3c
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• This model also changes the different decays 
channels since there are more states. 

• Specially having more charginos can lead to 
distinct patterns of decays of stops 

• The main drawback are the bounds that come from 
the T-parameter



The (SUSY)-Georgi-Machacek model: 
SUSY breaking and DM

• The GM model was proposed to ensure a custodial 
structure with triplets. 

• It was supersymmetrized in arXiv:1308.4025
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4

where Q = T3L + Y . They are organized under SU(2)L ⌦ SU(2)R as H̄ = (2, 2̄), and �̄ = (3, 3̄)
where

H̄ =

✓

H1

H2

◆

, �̄ =

 

�⌃0p
2

�⌃�1

�⌃1
⌃0p
2

!

(2.3)

and T̄3R = �T3R = Y . The invariant products for doublets A · B ⌘ Aa✏abBb and anti-doublets
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• RGE evolution, yukawa and U(1) break the custodial 
limit and generate a non-zero ρ so in general:
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• I am going to embed this model into a predictive 
scenario of SUSY breaking like GMSB to see the 
deviation from the custodial limit:

W = �ijX�i�̄j, whereX is an spurion field that parametrizes the breaking of supersymmetry in the
secluded sector. As MGM provides a very rigid framework to encompass low energy phenomenol-
ogy we will consider a particular model of general gauge mediation [20] (GGM) where there is more
flexibility to accommodate the supersymmetric mass spectrum of the SCTM. We will consider a
model where messengers transform only under one of the SM gauge groups SU(3)⌦SU(2)L⌦U(1)Y
and will choose (non-exotic) representations which are contained in SU(5). In particular, to trans-
mit supersymmetry breaking to the observable sector, we choose the messenger representations 5

�8 = (8,1)0, �3 = (1,3)0 and
⇥

�1 = (1,1)1, �̄1 = (1,1)�1

⇤

. (3.1)

According with GGM we will explore the more general case where the messengers have inde-
pendent mass terms instead of getting all their mass from the spurion superfield. For simplicity,
we also consider that the scalar component of X does not acquire a VEV 6, thus hXi = ✓2F .
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We now impose an O(n8)⌦O(n3)⌦O(n1) global symmetry in the superpotential, where n8, n3

and n1 are the of number of copies of each messenger respectively 7. Due to this symmetry, the dot
product is the only invariant that can be built, thus ensuring the diagonal form of �̃ij

A (⌘ �ij�̃A)
and Mij

A (⌘ �ijMA) in the mass basis. Via messenger parity, this symmetry prevents dangerous
one-loop contributions to the masses of sleptons [22, 23]. Moreover for simplicity we will consider
a common messenger scale so that we will assume MA ⌘ M (A = 8, 3, 1).

Within this setup and with ⇤8 ⌘ �̃8⇤, ⇤3 ⌘ �̃3⇤ and ⇤1 ⌘ �̃1⇤ (⇤ ⌘ F/M) the gaugino
masses at the messenger scale are,
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where we are using SU(5) normalization for the U(1). For sfermions,
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Where Cf
a is the quadratic Casimir of the sfermion f̃ 8. The functions g(x) and f(x) come from

5�8 and �3 where already used as messengers in [21].
6In fact we are assuming that hXi ⌧ MA, A = 8, 3, 1.
7In the case of n1, it is the number of pairs (�1, �̃1) due to anomaly cancelation.
8It is equal to N2�1

2N for the fundamental N representation of SU(N) and, in our notation Cf
1 = Y 2

f , where Yf

is the SM hypercharge of f̃ .
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• The spectrum is generated at a high scale M 

• Run down to the EW scale 

• EWSB it is imposed 

• mh=125 GeV 

• All experimental constrains (direct & indirect) are 
satisfied
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Figure 1: Left panel: Running of (m2
H1
,m2

H2
) (dashed lines) and (m2

⌃0
,m2

⌃1
,m2

⌃�1
) (solid lines),

normalized to their values at the messenger scale for benchmark scenario #1. Right panel: Running
of gaugino (solid: M3 orange, M2 blue and M1 red) and squark (dashed: mQ̃ black, mt̃ gray and
mb̃ brown) mass parameters for benchmark scenario #1.

is also in agreement with cosmological bounds on the gravitino mass [27] the gravitino will not
provide the observed relic density by itself, another component will have to enter to fill the DM
relic density up to the current observed value. Also, the next to lightest supersymmetric particle
(NLSP) will play an important role in the phenomenology of the model. In particular we will
see that, in each of the benchmark scenarios studied below, because of the low values of

p
F the

decay NLSP ! G̃+ ... will be prompt, i.e. it will decay inside the detector but with no displaced
vertex, and the experimental signature will be an imbalance in the final state momenta and a pair
of photons or charged leptons.

4.1 Benchmark scenario #1: a Bino-like NLSP

For this scenario we will choose the number of messengers and their couplings with the hidden
sector as

n1 = 1, n3 = 2, n8 = 6 and �̃1 = 0.9, �̃3 = 0.5, �̃8 = 0.1 . (4.1)

Note in particular the hierarchy that we establish between �̃8 and �̃1. We do this to have as light
as possible stops along with sleptons above their experimental bounds. In minimal versions of
gauge mediation the contributions given by di↵erent gauge groups cannot be disentangled and it
is di�cult to accommodate light stops without too light sleptons.

The SU(2)L ⌦ SU(2)R invariant � of the superpotential will be fixed at the messenger scale
such that the correct Higgs mass is reproduced 9,

�(M) = 0.68 (4.2)

We also fix the superpotential parameter �3 = 0.35, although it will have little e↵ect on the low
energy spectrum. The boundary conditions at the messenger scale of µ (and µ�) are adjusted

9To fit the 125 GeV value we include the dominant loop contributions to the Higgs mass [28].
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For this scenario we will choose the number of messengers and their couplings with the hidden
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n1 = 1, n3 = 2, n8 = 6 and �̃1 = 0.9, �̃3 = 0.5, �̃8 = 0.1 . (4.1)

Note in particular the hierarchy that we establish between �̃8 and �̃1. We do this to have as light
as possible stops along with sleptons above their experimental bounds. In minimal versions of
gauge mediation the contributions given by di↵erent gauge groups cannot be disentangled and it
is di�cult to accommodate light stops without too light sleptons.

The SU(2)L ⌦ SU(2)R invariant � of the superpotential will be fixed at the messenger scale
such that the correct Higgs mass is reproduced 9,

�(M) = 0.68 (4.2)

We also fix the superpotential parameter �3 = 0.35, although it will have little e↵ect on the low
energy spectrum. The boundary conditions at the messenger scale of µ (and µ�) are adjusted

9To fit the 125 GeV value we include the dominant loop contributions to the Higgs mass [28].
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Figure 3: Left panel: Scalar spectrum for scenario #1. MSSM-like scalars are quoted as so. Right
panel: Fermion spectrum for scenario #1.

5.2 Sleptons

ATLAS and CMS searches place strong bounds on slepton masses [30, 31]. These will change
depending on whether ⌧̃R is the NLSP or not. If ⌧̃R is the NLSP, LHC searches give m⌧̃R & 250
GeV and m⌧̃L & 300 GeV. Bounds are relaxed if we have a neutralino NLSP to which the ⌧̃R
decays. In this case, from the exclusion regions in the (m�̃0

1
,m⌧̃R) plane from decays ⌧̃R ! ⌧ �̃0

1,
it turns out that for m�̃0

1
& 100 GeV, there is no LHC constraint on m⌧̃R , so that only the LEP

bound m⌧̃R & 100 GeV survives. The latter case applies to our benchmark scenario #1 where
m�̃0

1
> 100 GeV. In the benchmark scenario #2 we explore the former case and we can see from

the mass spectrum that m⌧̃R and m⌧̃L are above their experimental lower bounds.

5.3 Higgs scalars

There are a total of five neutral CP-even, 4 CP-odd, 5 singly charged, and two doubly charged
massive Higgs scalar fields in this model. With the help of a smooth limit to the MSSM scalar
sector, when v� ! 0, we can identify the MSSM-like states as those which remain light in that
limit [18]. Due to the small mixing angles between doublets and triplets, the MSSM-like scalars

11

tan β=1.38



• There are deviations on Higgs properties and 
exotic decays like:

In particular for the gluon-fusion (gF), the associated production with heavy quarks (htt), the
associated production with vector bosons (V h) and the vector boson fusion (VBF) production

processes, one can write µ(gF )
hXX = µ(htt)

hXX = r2hffr
2
hXX/D and µ(V BF )

hXX = µ(V h)
hXX = r2hV V r

2
hXX/D. Where

D ' 0.74 r2hff + 0.26 r2hV V .

Scenario #1 WW ZZ bb̄ tt̄ ��

rhXX 1.05 1.04 1.01 1.01 1.22

µ(gF )
hXX , µ

(htt)
hXX 1.07 1.05 1 0.99 1.45

µ(WF )
hXX , µ(Wh)

hXX 1.16 1.14 1.08 1.07 1.58

µ(ZF )
hXX , µ

(Zh)
hXX 1.14 1.11 1.06 1.05 1.54

Scenario #2 WW ZZ bb̄ tt̄ ��

rhXX 1.05 1.04 1.01 1.01 1.18

µ(gF )
hXX , µ

(htt)
hXX 1.07 1.06 0.99 0.95 1.35

µ(WF )
hXX , µ(Wh)

hXX 1.16 1.15 1.08 1.05 1.46

µ(ZF )
hXX , µ

(Zh)
hXX 1.15 1.14 1.07 1.03 1.45

Table 1: Left: Higgs couplings and signal strengths for scenario #1. Right: Higgs couplings and
signal strengths for scenario #2.

We show the values of the di↵erent couplings and signal strengths for the two benchmark
scenarios in Tab. 1. These scenarios are in agreement with the ATLAS current measurements [38]
within the present uncertainties. However as the precision will increase, the measurements of Higgs
properties will o↵er one of the most promising avenues to probe this model, in particular through
the rh�� coupling. The Higgs is a doublet-like state and therefore its couplings to vector bosons and
fermions will not be greatly modified, since the rest of the doublet-like spectrum is heavy enough.
However because custodial invariance is broken at the electroweak scale by the RGE running it
turns out that there is a corresponding breaking of universality as the parameter �WZ = rWW/rZZ

departs from one. In particular as we can see from Tab. 1, �WZ � 1 ' 1% for the benchmark
scenario #1 and �WZ � 1 ' 3% for the benchmark scenario #2. This breaking of universality was
considered in Ref. [19] as one of the possible smoking guns of our model.

Loop induced couplings like h�� can have large modifications. New charged triplet-like light
scalar states like H± or H±± are present and will modify the coupling by circulating along the
loop. The lighter these particles are, the greater their e↵ect will be in rh�� and since the masses
of triplet-like states scale with v�, h ! �� will soon put bounds on v�.

In order to illustrate this point we show in Fig. 5 a scenario with the same values of the
parameters as the benchmark scenario #1, but with v� = 15 GeV. In this case the scalar spectrum
is heavier and the contributions to rh�� are smaller 11.

6 Conclusions

In this paper we have explored the possibility of reconciling the Higgs mass measurement with low
scale supersymmetry breaking in the context of gauge mediation. We have done so by implement-
ing a gauge mediated mechanism of supersymmetry breaking to the SCTM, a model where the
Higgs sector is extended by three SU(2)L triplet chiral superfields, whose neutral components can
develop large VEVs, which contribute non-negligibly to EWSB consistently with the experimental
constraint on the ⇢ parameter. By adding a non minimal Higgs sector we can generate the correct
Higgs mass and still have stops below 1 TeV.

11The presence of light charginos could also modify rh�� . Note however that in the cases under study µa,b is large
and no beyond the MSSM light charginos do appear in the spectrum.
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How about DM?

• Having extra fermionic states can have an impact 
in the composition and properties of the LSP 

• I am going to present different cases where the 
relic abundance is obtained 

• NB: I am deviating from GMSB. i e the gravitino is 
not the LSP!!!!!! (thanks to E. Pontón)
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and s� and c� are shorthand for sine and cosine of � respectively.

Overall, the masses are controlled by M
1

,M
2

, µ, and µ
�

for the Bino, Wino, Higgsinos,
and tripletinos respectively. There are additional contributions to the masses and mixings
scaling with either vH or v

�

. In order to provide a good dark matter candidate we want
the lightest supersymmetric partner (LSP) to be the lightest neutralino, its composition will
then determine the annihilation and direct detection cross sections.

The composition of the LSP in terms of the gauge eigenstates is shown in Fig. 3 for the
case when the VEV of the triplets is constant 10 GeV and tan � = 1(2) in the top (bottom)
row. The left panels have the Higgsino like states lighter than the tripletino ones, using
µ = 200 GeV and µ

�

= 250 GeV. The middle panel has both the Higgsino and tripletino
masses set to µ = µ

�

= 250 GeV. Finally, the right panel examines when the triplet states
are lighter than the Higgsino, with µ = 400 GeV and µ

�

still at 250 GeV. To simplify the
situation as much as possible, we decouple the Wino by setting M

2

= 1 TeV.
In the custodial situation, the doublet components of the LSP are equal and the triplet

components are separately equal over most of the parameter space. The tan� = 2 case has
each Higgsino and tripletino contributing di↵erently to the LSP. Despite the complexity of
the plots, there are a few overarching trends.

In section II, we argued that the Bino component of the LSP must dominate in order to
achieve the correct relic abundance of dark matter. The interesting regions to examine in
the compositions plots are then M

1

< µ, µ
�

. In this region, even when µ > µ
�

, the second
largest component of the LSP is Higgsino rather than tripletino which is true even for quite
large values of the Higgsino mass. This is due to the mixing of the Bino with the Higgsinos
or tripletinos, which comes from o↵ diagonal terms weighted with vH or v

�

respectively. Due
to Eq. (9), vH � v

�

and the Higgsino mass needs to be much larger than the tripletino mass
in order for the triplet contribution to the LSP to be larger than the Higgsino component.
So even though the mass of the Higgsino can be larger than the tripletino mass, the mixing
of the Bino with the Higgsino can be what causes the correct annihilation rate.

As µ is further increased, the amount of Higgsino in the LSP drops past the point where
mixing alone can yield the correct relic abundance. Looking only at regions where M

1

< µ
�

,
we see that the triplet states do not contribute much to the LSP. By removing the Higgsino,
the LSP is made more pure Bino, rather than increasing the triplet amount. The only
possibility of well tempering for this will then require co-annihilations of the Bino-like LSP
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Figure 3. Composition of the LSP in terms of gauge eigenstates. The top row shows tan� = 1

and the bottom shows tan� = 2. The columns correspond to µ = (200, 250, 400) GeV respectively

while the tripletino mass is set to µ
�

= 250 GeV. The Wino has been decoupled with M
2

= 1 TeV.

Note in top middle and top right plots the presence of a triplet like eigenvalue, which is totally

decoupled from the rest of the neutralino mass matrix, made out of only  ̃, �̃ and �̃. It corresponds

to an SU(2)V fiveplet in the custodial basis.

with a triplet like state.

VI. DARK MATTER

To examine the dark matter of the SCTM the model was implemented into SARAH
[60–64]. With this, a code was generated for SPheno [65, 66] and CalcHep [67]. The
SPheno code calculates the spectrum, outputting a parameter card which can be read
by MicrOMEGAs 3 [68]. The program MicrOMEGAs 3 uses the CalcHep code to
calculate the dark matter properties.

A. Thermal relic density

For each of the choices of tan � and the method of picking v
�

, we scan over the possible
µ values for µ

�

= 250 GeV, using 50 GeV step sizes. At each point in µ, we then scan over
M

1

to find the Bino masses which yield the correct relic abundance of dark matter. We start
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Figure 4. Relic abundance for the model with µ = 200 GeV, µ
�

= 250 GeV, v
�

= 10 GeV, and

tan� = 1. The grey line marks the observed relic abundance in the universe today. As the mass of

the LSP crosses over half the mass of one of the scalars in the model, the annihilation cross section

greatly increases, leading to lower relic abundances. When the LSP mass gets close to the mass of

the Higgsino, the mixing and co-annihilations take over and the relic abundance stays below the

observed value.

with M
1

= 40 GeV and take 1 GeV steps until M
1

> 100 GeV, at which point a 5 GeV step
is used to save on computing time.

Fig. 4 shows an example of the relic abundance calculated at each M
1

value for the point
µ = 200 GeV, v

�

= 10, and tan � = 1. The grey line marks ⌦h2 = 0.1187, the observed relic
abundance in the universe [69]. The scalar masses do not depend on the M

1

value and are
given by

mH0
1
= 125 GeV, mH0

2
= 299 GeV,

mA0
1
= 325 GeV, mH0

3
= 337 GeV, and others > 700 GeV.

(16)

Three dips in the relic abundance are seen in the plot corresponding to the H0

1

funnel, the
H0

2

funnel, and one for the nearly degenerate A0

1

and H0

3

states occurring when the Bino
mass is roughly half the scalar mass. There are three M

1

values of this model point which
yield the correct relic abundance. The first two correspond to going into and out of the
lightest Higgs funnel and the third one is at the start of the H0

2

funnel. However, the next
funnels corresponding to A0

1

and H0

3

are close together, so the e↵ect of having multiple nearly
resonant s-channel annihilations keeps the relic abundance below the observed value. This
runs into the region where M

1

> µ and the Higgsino becomes the LSP, leaving not enough
dark matter in the current universe.

For each µ value in our model scans, we do the same process. Whenever the relic abun-
dance at one M

1

value crosses from one side of the observed value to the other at the next
M

1

step, we take the M
1

value which is closest to the observed relic abundance. We then
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Figure 5. Points which yield the correct relic abundance of dark matter. The upper row is for the

custodial case while the lower has tan� = 2. The left panels keep v
�

constant, and the right panels

use the maximum allowed value for v
�

for each µ value. The points are labelled corresponding to

which annihilation channel dominates in the early universe.

collaboration [72, 73] for spin-dependent measurements. Super-Kamiokande [74] and Ice-
Cube [75, 76] have better spin-dependent exclusions, but are indirect constraints which rely
on the annihilation of dark matter in the current universe and depend on the the by-products
of the annihilation which change as the LSP composition changes. We then only compare
our results with the LUX and COUPP constraints.

The spin-independent cross sections for the points satisfying the correct relic abundance
are shown in Fig. 6. The micrOMEGAs 3 output providess both the cross section of the
dark matter with a proton and a neutron, we take the maximum of these. The points are
marked in the same fashion as Fig. 5 to show how the relic abundance is being achieved. The
upper (lower) panels show tan � = 1 (2) while the left and right panels display v

�

= 10 GeV
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Figure 6. Spin-independent dark matter nucleon cross sections. Each point meets the correct relic

abundance with the annihilation mode marked. Points with smaller Higgsino components have a

lower spin-independent cross section.

and when v
�

is maximized at each point respectively. The shaded blue region is excluded
by the LUX bound, and the dashed blue line is the projected sensitivity of LUX.

The spin-independent cross section is mediated by the doublet scalars. There is not much
di↵erence between the tan � = 1 or tan � = 2 models in terms of the cross sections. For
v
�

= 10 GeV, both have a region where the dark matter mass is between 100 and 200 GeV
which can be excluded by LUX. The points are achieved through a triplet funnel, and to get
masses in this range for the LSP, the values of µ are low. Referring back to Fig. 3, low values
for µ and M

1

give the LSP a moderate Higgsino component. This Higgsino component
is what drives the nuclear cross sections so large. The cross sections are lower when the
maximum value of v

�

is used. In this case, there are few points which are currently excluded
by LUX. The larger value of v

�

lowers the masses of the triplet like scalars. This pushes
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Figure 7. Spin-dependent dark matter nucleon cross sections. Each point meets the correct relic

abundance with the annihilation mode marked. The parity violating Z couplings vanish in the

custodial case.

the triplet funnels and the well tempering regions to larger values of µ, further decreasing
the Higgsino component and the spin-independent cross section. Fortunately, there are still
many points which can be probed by LUX in the future. However, the points which are well
tempered through Bino-tripletino co-annihilations remain under the projected bound, due
to the minimal Higgsino component of the LSP.

The spin-dependent interactions are mediated by the Z boson and the cross sections are
shown in Fig. 7. The panels use the same labelling as Figs. 5 and 6. In the custodial case, with
tan � = 1, the mass eigenstates of both the fermions and the scalars of the Higgs doublet
and triplet superfields form representations of SU(2)V . The parity violating Z coupling
therefore vanishes in this case. And while this is also true in the MSSM for tan � = 1, the
SCTM provides motivation for this choice of tan�. The model points examined for tan � = 2
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Figure 8. Annihilation cross section times velocity of dark matter in the galaxy in the current

universe. Each point meets the correct relic abundance with the annihilation mode in the early

universe marked. The lines mark the limits assuming the annihilation occurs 100% of the time

through the given channel, each resulting in di↵erent spectrum of photons measured here on Earth.

to yield the correct relic abundance, it must have a large Bino component to not annihilate
too quickly in the early universe. Well tempering mixes the Bino with either the Higgsino,
Wino, or tripletino in just the right amount to give the observed relic abundance. If the Bino
component is too large, dark matter does not annihilate quickly enough in the early universe,
unless the mass of the dark matter particle is about half the mass of a boson. We found that
the triplet scalars or the triplet fermions can play a role in the annihilation of dark matter
in the early universe over a large range of values for the Higgsino mass parameter µ. We
compared the model points giving the correct relic abundance with the current best direct
detection limits. The points with low µ values have at least a moderate Higgsino component
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Conclusions

• One of the multiple possibilities for physics beyond 
the SM is an extended Higgs sector 

• Extra scalars appear naturally in UV theories 
attempting to explain the Hierarchy problem 

• In this talk I have supposed that supersymmetry is 
the explanation of the EW scale and moreover that 
there are triplets coupled to the usual Higgses.



• I have studied the reduction of fine tuning in the 
case where there is only a triplet of Y=1. 

• Indeed one can find regions of the parameter 
space where there is sensibly much less tuning 
and the phenomenology of stops can be greatly 
changed. 

• The main drawback is that one has to be careful 
about contributions to the T-parameter.



• One way to automatically have the T-parameter 
under control is the GM model. 

• I have introduced the SCTM and study how can it 
be embedded into GMSB 

• It naturally leads to a low messenger scale 

• But one can successfully have a complete model 
with low tan β



• Finally I have analyzed the implications that having 
an extended sector of neutralinos on DM. 

• New regions appear that can have very interesting 
implications for direct and indirect detection. 

• The SCTM has very exotic decays for the Higgs 
sectors that I am currently studying.


