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Abstract It is generally believed that the low energy effective theory of the minimal supersymmetric standard model
is the type 2 two Higgs doublet model. We will show that the type 1 two Higgs doublet model can also be as the
effective of supersymmetry in a specific case with high scale supersymmetry breaking and gauge mediation. If the other
electroweak doublet obtain the vacuum expectation value after the electroweak symmetry breaking, the Higgs spectrum
is quite different. A remarkable feature is that the physical Higgs boson mass can be 125 GeV unlike in the ordinary
models with high scale supersymmetry in which the Higgs mass is generally around 140 GeV.
PACS numbers: 12.60.Jv
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1 Introduction
The two Higgs doublet model (2HDM)[1] is one of
the minimal extensions of the Standard Model. It has
many remarkable features, especially on discussions to the
CP-violation[2−4] and baryon asymmetry in physics.[5−6]
There are too many free parameters in the Higgs sector of
the 2HDM, it is important to find an underlying theory of
it to fix some of these free parameters.
The Minimal supersymmetric Standard Model
(MSSM)[7−8] is another one most favored candidates of
the Standard Model. If all of the supersymmetric partners of the known particles are taken to be very heavy,
the Higgs sector of the MSSM takes the Type 2 2HDM as
its low energy effective theory in which one Higgs doublet
couples to up type quarks and the other one couples to
down type quarks and leptons. In this case the quartic
couplings of Higgs doublets are highly restricted by supersymmetry. It is well known that the lightest Higgs
boson is lighter than the Z gauge boson at tree level. To
lift the mass of the lightest Higgs mass, large quantum
corrections are needed.[9−11]
It is possible that supersymmetry breaks at high energy and the weak scale is obtained by fine-tuning. Many
excellent works have been proposed under the assumption of high scale supersymmetry breaking.[12−14] There
is only one light Higgs doublet at the weak scale and detailed studies show that its natural mass will be around
140 GeV.[15] If we consider the exceed of events at 126 GeV
in ATLAS[16] and 124 GeV in CMS[17] as the signals of
the Higgs boson, theories with high scale supersymmetry
breaking seem to be wrong due to the largeness of quantum corrections from the top quark.

In this work we will show that in a special supersymmetric case, there will be two electroweak bosonic doublets
at the weak scale. One of them comes from fine-tuning
as in the high scale supersymmetry breaking and couple
to all of the fermions to generate their masses after the
electroweak symmetry breaking and the other one comes
from high scale dynamics which does not couple to Standard Model fermions. They interact with each other and
both of acquire vacuum expectation values (VEV) to contribute the electroweak symmetry breaking. The effective
theory at the weak scale is the type 1 2HDM in which one
of the quartic coupling constant can be predicted by supersymmetry. The lightest Higgs boson can be as low as
125 GeV unlike the ordinary models with high scale supersymmetry breaking since there are light particles except
the Standard Model Higgs field.
This paper is organized as the followings. In the next
section the basic structure of the model is established, and
we discuss the possible underlying dynamics. In Sec. 3, we
will focus on the properties of the Higgs boson, especially
on its mass. A brief summary will be given in the last
section.

2 Type 1 2HDM and Supersymmetry
It is generally believed that the Higgs sector of the
supersymmetric Standard Model is the type 2 2HDM for
weak scale supersymmetry or the one Higgs as in the Standard Model for fine-tuned high scale supersymmetry. In
this section, it will be shown that under some special
assumptions in theories gauge mediated supersymmetry
breaking, one of the doublets of the bosonic components
of messengers is accidently as light as the weak scale. The
effective theory will be the type 1 2HDM.
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In theories with high scale supersymmetry breaking,
to generate the electroweak scale one has to fine-tune the
Higgs mass matrix
!
m2Hu + |µ|2
Bµ
2
MH =
.
(1)
Bµ
m2Hd + |µ|2
to have the negative mass square eigenvalue of the order
of the weak scale. The physical Higgs mass is determined
by the quartic coupling constant of the linear combination
of the light eigenstate. The dominant contributions to its
mass are from gauge couplings and top quark Yukawa interactions.
In a complete theory the mechanisms that break supersymmetry and mediate the supersymmetry breaking
effects to the visible sector are needed. Theories with
gauge mediated supersymmetry breaking (GMSB)[18−21]
are well studied in the past. The supersymmetry breaking
effects are transmitted into the visible sector through the
Standard Model gauge interactions. It is known that if
there are only gauge interactions between messengers and
MSSM particles, the bilinear mixing breaking term Bµ
cannot be generated up to two loops level. The bilinear
breaking term Bµ plays essential role in the electroweak
symmetry breaking so it is required to be generated in
some other ways. In another words in additional to gauge
interactions, there must be other direct couplings between
the Higgs doublets in the MSSM and messengers. Reference [22] studied various couplings and their effects in the
most general ways.
In the past the fields which break supersymmetry and
mediate the effects are usually taken to be hidden. They
are generally heavy and interact with visible particles indirectly. Here we consider a different case in which some
of the messengers are light enough to be observed. The
simplest way is to assume the supersymmetry breaking
effects to some messenger fields are too strong to make
light particles. For instance consider a pair of messenger
φ and φ̄, they interact with background supersymmetry
breaking field as
W = XΦΦ̄,

hXi = M + θ2 F .

(2)

The fermionic components of messengers form a Dirac
fermion with mass M and the degeneracy between bosons
and fermions are violated by the supersymmetry breaking
effect F . The mass squares of two bosonic messengers are
m2± = M 2 ± F .

(3)

The gauge mediated soft masses are of the order of
g2 F
,
(4)
16π 2 M
where g’s are the gauge coupling constants. In the extreme case that F ∼ M 2 one of the bosonic messengers
can be very light and comparable with the weak scale.
MS ∼

‡ The

Vol. 58

Suppose that one of the electroweak doublet messengers, which are the eigenstate of the smaller eigenvalue of
Eq. (3) are light and couple to the Higgs doublets to generate Bµ, we will have a light doublet at the weak scale
and interact with the Higgs doublet. In addition to the
fine-tuned light Higgs doublet h, there is also a doublet φ
with the same quantum as h and its mass
m2φ = M 2 − F ∼ m2EW .

(5)

The low energy effective theory is just the type 1 2HDM.
The light fields are
h = Hu sin β + H̃d∗ cos β ,
1
φ = √ (Φ + Φ̄∗ ) ,
2

(6)
(7)

where Φ and Φ̄ in Eq. (7) indicate the bosonic components
of superfields Φ and Φ̄ in Eq. (2), respectively.
The interactions between h and φ are model dependent, they are determined by the underlying theory, which
generates all the breaking terms. For practice they are
parameterized as free parameters. The scalar potential is
chosen as
V = m2h |h2 | + m2hφ hφ+ m2φ |φ2 | + λh |h|4
+ λhφ |h|2 |φ|2 + λφ |φ|4 + c.c.

(8)

There are three comments to the potential:
• In the potential (8) all of the dimensional parameters m2h , m2φ , and m2hφ are assumed at the weak scale
although their origins are quite different. m2h is the
smaller eigenvalue of the mass square matrix (1),
which is obtained by the fine-tuning and m2φ is the
lighter bosonic messenger mass (5). Their mixing
mass m2hφ is the net effect in determining µ and Bµ,
which is needed to be explained in details. Suppose
that there are couplings between the Higgs fields and
the hidden sector doublets as part of the underlying
mechanism‡ to generate µ and Bµ
W = αi Hu Odi + βi Hd Oui + W (Ou,d ) ,

(9)

in addition to bilinear mixing Bµ, bilinear soft
breaking couplings between Higgs fields and messenger fields are often generated by the same interactions. If one bosonic components of the messenger field is accidentally light there is bilinear mixing
mass m2hφ in general. It will be shown in the next
section the mixing mass term plays crucial role in
this model.
• The quartic coupling λh in Eq. (8) can be predicted
in terms of gauge and Yukawa interactions as in the
ordinary high scale supersymmetric theories.
λh =

g 2 + g ′2
cos2 2β + (quantum corrections) .(10)
8

couplings between Higgs and messenger fields are not clear for us so all possible couplings are assumed to exist.
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Notice that for non-zero mixing mass m2hφ it is generally that the VEV of φ is non vanishing. The
Yukawa couplings here are different from those in
the Standard Model. Unlike λh , the quartic coupling λφ in Eq. (8) is not necessary related with the
gauge coupling constants. To see this we can calculate the D-term of φ and its orthogonal field
1
φH = √ (Φ − Φ̄∗ ) ,
2

(11)

If the vacuum state of the potential (8) is at the point
with non-zero VEV of φ, the Higgs sector is quite different from those in the high scale supersymmetry breaking
theories. The details of the Higgs sector will be studied in
the next section.

From the potential (8) the vacuum conditions are
(12)

It can be seen that in the D-term φ always couples to its heavy orthogonal fields φH . It is believed
that such an interaction is irrelevant at low energy,
it decouples from the low energy effective theory.
The fact is analogous to the case in the MSSM with
tan β = 1, the tree level quartic coupling of the lightest Higgs vanishes. The quartic couplings in Eq. (8)
can be generated if the Higgs doublets couple to a
hidden sector singlet. The simplest example is
W = αN Hu Hd + βN φφ̄ ,

gauge symmetries are not included. They are omitted here since they cannot be generated by simple
interactions.

3 Higgs Sector, Higgs Mass

it is easily obtained that
D ⊃ |Φ|2 − |Φ̄|2 = φφ+
H + c.c.

407

(13)

∂V
= m2h h + m2hφ φ + 2λh |h|2 h + 2λhφ |φ|2 h = 0 , (14)
∂h+
∂V
= m2φ φ + m2hφ h + 2λφ |φ|2 φ + 2λhφ |h|2 φ = 0 . (15)
∂φ+
The electroweak symmetry will break for suitable choice
of parameters.
Define the VEV’s for h and φ as vh and vφ , respectively
vh = v sin θS ,
MZ2

2

′2

vφ = v cos θS ,

(16)

2

in which
= [(g + g )/2]v . The largeness of the top
quark mass requires that
tan θS = vh /vφ

the F-term potential of the singlet N contain all
types of quartic couplings. It is worth to notice that
λh and λφ are strictly positive but λhφ not. It can
be negative. For example λhφ < 0 when α and β in
Eq. (13) have opposite signs.

can not be too small.
The Higgs sector in the 2HDM has been widely discussed, here we will focus on the lightest CP-even Higgs
boson mass in the decoupling limit. In the absence of
CP-violation, the mass of the CP-odd Higgs boson is

• It is obviously that the potential (8) is not the most
general invariant potential contains h and φ, terms
like (h+ φ + c.c.)|h|2 , which is also allowed by the

m2hφ
.
(17)
sin θS cos θS
The mass matrix of the CP-even neutral Higgs bosons is

2

M =

−m2A cos2 θS + 4λh v 2 sin2 θS
(m2A + 4λhφ v 2 ) sin θS cos θS

The physical mass of the lightest Higgs boson mass in the
decoupling limit is

MA2 = −

(m2A + 4λhφ v 2 ) sin θS cos θS
−m2A sin2 θS + 4λφ v 2 cos2 θS

!

.

(18)

that yt remains perturbative at high scale for sin θS > 0.7.

Mh2 = 4λh v 2 sin4 θS + 8λhφ v 2 sin2 θS cos2 θS
+ 4λφ v 2 cos4 θS .

(19)

As stated in the previous section the quartic coupling
constant λh can be predicted in terms of the Standard
Model couplings. The top quark Yukawa coupling constant at the weak scale is
mt
yt (MZ ) =
.
(20)
v sin θS
The one loop β-function for yt is

dyt
yt  9 2
=
yt − 8g32 .
2
dt
16π 2

Fig. 1 The top quark Yukawa coupling at the supersymmetry breaking scale MS as a function of sin θS .

(21)

The running of the yt is given in Fig. 1. It can be seen

The quartic coupling λh at the supersymmetry breaking scale MS is assumed to be the same as the MSSM
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The other two quartic coupling constants in Eq. (8) are
model dependent. To the first order of approximation
their contributions to the Higgs mass are neglected, the
Higgs mass (19) becomes

scale supersymmetry breaking. But it is still too heavy
compare to the measured Higgs mass even for the lowest allowed value of sin θS . To further reduce the Higgs
mass, contributions from φ have to be considered. As
stated in the previous section, the coupling constant of
the mixed quartic term λhφ can be negative. It will be
another source to lower the Higgs mass. To obtain the
observed Higgs mass, the required λhφ is shown in Fig. 3.
Here the terms in Eq. (19) which proportional to cos4 θS
are neglected due to the smallness of it. The requirement
that the potential (8) bounds below is

m2h = 4λh v 2 sin4 θS .

λ2hφ < 4λh λφ .

g 2 + g ′2
(MS ) cos2 2β .
λh (MS ) =
8
The one loop running of λh to the first order is
dλh
3 
1 
= 2 2λ2h + λh yt2 − yt4 .
dt
4π
2

(22)

(23)

(24)

It seems that the Higgs mass square is proportional to
sin4 θS and we will be free to reduce the Higgs mass to
the observed one. In fact the effect of the top Yukawa
interaction is enhanced since Eq. (20). As a function of
sin θS and tan β the physical Higgs mass are shown in
Fig. 2.

(25)

It is easily satisfied in the presence of λφ .
It can be seen in the previous discussions that the Standard Model like Higgs boson is able to be at 126 GeV in
a large portion of the parameter space. In the decoupling
limit MA2 ≫ MZ , the properties of the lightest Higgs boson are exactly the same as the Standard Model Higgs
boson. For smaller MA2 there will be rich phenomena at
the LHC.

4 Conclusion

Fig. 2 The Higgs mass in the absent of contributions
from λφ and λhφ .

Fig. 3 For different sin θS and tan β the λhφ shown in
the figure can make the Higgs boson to be 125 GeV.

We can see from Fig. 2 that the Higgs mass is smaller
than the generally predicted 140 GeV in models with high
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