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Abstract. Randal-Sundrum models have an interesting feature that an effective physical scale
can be generated from a much larger one of the underlying theory. In this paper, we investigate
a model of supersymmetry in the Randall-Sundrum spacetime with a low cutoff scale. Due to the
warp factor, the Kaluza-Klein scale is warped down to O(100) TeV. With the MSSM superfields
living in the bulk, the soft SUSY breaking terms of the 4D effective theory are derived from the
original 5D Lagrangian by integrating out the extra-dimension. We examine the constraint of
the Higgs boson mass measurement on the model. As a result, the viable parameter space with
the ability to reproduce a 125 GeV Higgs mass is identified. The constraint rules out parameter
regions with the stop masses larger than 20 TeV. Therefore, the parameter space of the model can
be explored in a future 100 TeV collider.
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I. INTRODUCTION

The discovery of a Higgs boson [1] by the ATLAS and CMS Colaborations at the Large
Hadron Collider (LHC) has fulfilled the prediction of the standard model (SM). However, it also
raises many questions that have challenged the SM for a long time. To address these questions,
physics beyond the SM is necessary. One of the long-standing problem is the so-called gauge hier-
archy problem. In a theory with a scalar field like the Higgs boson, the electroweak scale becomes
unstable due to quantum corrections which are determined by the mass scale of an underlying
theory (such as the grand unification scale, or the Planck scale).
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A famous solution to the hierarchy problem comes from the supersymmetry (SUSY) which
is a special symmetry between two kinds of particle with different spins, fermion and boson. The
contributions of these superpartners exactly cancel all the quadratic divergences in loop correc-
tions, making the theory ultra-violet (UV) insensitive. Because superpartners cannot have the
same masses as the corresponding SM particles, the SUSY must be broken spontaneously. There-
fore, a SUSY breaking mechanism is required. Among several possibilities, we are interested in
the gravity mediation mechanism since gravitation is a universal interaction that acts on any kind of
matter. In SUSY breaking models, the gravity mediation appears effectively as Planck-suppressed
high dimensional operators. Beside traditional 4D models, 5D SUSY have been also studied in
the context of spacetime with an extra dimension [2]. Such models provide rich phenomenology
and interesting predictions [3].

In this paper, we focus on a setup of the minimal SUSY extension of the SM (MSSM) in
the 5D spacetime where the extra dimension is warped and compactified on an S1/Z2 orbifold [4].
This orbifold possesses two fixed points where two 3-branes (ultra-violet (UV) and infra-red (IR)
ones) locate. This background geometry was originally proposed by Randall and Sundrum (RS)
in an attempt to solve the hierarchy problem [5], however it cannot explain the existence of dark
matter. In our study, such problems are addressed by the SUSY, while the RS background plays
an essential role to lower the cutoff scale and provides a landscape for explaining the diversity of
masses and couplings [4]. Our model has a hidden sector confined on the UV brane, and all the
MSSM superfields live in the entire 5D spacetime. The 4D effective soft SUSY breaking terms are
calculated from the underlying 5D Lagrangian. Many phenomenological models have been found
to be strongly restricted [6] after taking into account the measurement of the Higgs boson mass
at the LHC. Here we investigate this constraint on the considered model, and identify the viable
portion of the parameter space that can reproduce the LHC result on the SM-like Higgs boson
mass.

The structure of the paper is as follows. In Section 2, we present the model setup with a
5D Lagrangian, and the result of effective soft SUSY breaking terms in 4D effective theory. In
Section 3, the implication of the Higgs mass measurement on the model is studied, and the viable
parameter space is identified. We finally conclude in the last section.

II. LOW SCALE SUSY FROM THE WARPED SPACETIME

The RS spacetime has an extra dimension y which is compactified in an S1/Z2 orbifold.
Therefore y takes values in the range [−π,π], and −y is identified with y. There are two orbifold
fixed points at y = 0 and y = 1 where the UV and IR branes locate respectively. The solution to
the Einstein’s equation of such configuration is found to be a metric of an AdS5 space:

ds2 = e−2kR|y|
ηµνdxµdxν −R2dy2 , (1)

where R and k are the S1 radius and the AdS curvature respectively. We assume that all the MSSM
supermultiplets live in the bulk of the AdS5 spacetime. A hidden sector confined on the UV
brane plays the role of breaking SUSY spontaneously. The Planck scales of the 5D theory and its
effective 4D theory are related by the warp factor e−kRπ as follows

M2
P4 =

M3
P5
k

(
1− e−2kRπ

)
. (2)
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The superfield formalism [7] of 5D theories employs 5D supermultiplets which are func-
tions of (xµ ,y,θ , θ̄). A 5D field corresponds to an infinite tower of 4D fields in the Kaluza-Klein
(KK) decomposition. The massless zero modes of those 5D fields are used to describe the MSSM
fields when all symmetries are manifest. 5D gauge supermultiplets are used to describe gauge
bosons and gauginos. Each one of this type contains a 4D-like vector supermultiplet:

V (x,y,θ) = −θσ
µ

θ̄Aµ(x,y)− iθ̄ 2
θλ1(x,y)+ iθ 2

θ̄ λ̄1(x,y)+
1
2

θ̄
2
θ

2D(x,y), (3)

and a 4D-like chiral supermultiplet:

χ(x,y,θ) =
1√
2
(Σ(x,y)+ iA5(x,y))+

√
2θλ2(x,y)+θ

2Fχ(x,y). (4)

They transform as an adjoint representation. The former is Z2-even while the latter is Z2-odd. The
action for gauge supermultiplet is written as

Sgauge
5 =

∫
d5x
{

1
4g2

5

∫
d2

θRW αWα +h.c.

+
2
g2

5

∫
d4

θ
e−2Rσ

2R
Tr
[
{eV/2,∂5e−V/2}+ 1√

2
(eV/2

χ
†e−V/2 +(e−V/2

χeV/2)

]2
}
,(5)

in which the 5D gauge coupling g5 relates to the 4D one g4 as g5 =
√

2πRg4.
To describe the Higgs boson, matter fields, and their superpartners, 5D hypermultiplets are

used . A hypermultiplet includes two 4D-like chiral superfields Φ and Φc which are in conjugate
representations of a gauge group:

Φ(x,y,θ) = φ(x,y)+
√

2θψ(x,y)+θ
2FΦ(x,y) , (6)

Φ
c(x,y,θ) = φ

c(x,y)+
√

2θψ
c(x,y)+θ

2FΦc(x,y) . (7)

We assume that Φ is Z2-even and Φc is Z2-odd. The action for hypermultiplets and their gauge
interaction reads:

Smatter
5 =

∫
d5x
{∫

d4
θRe−2Rσ

(
Φ

†e−V
Φ+Φ

ceV
Φ

c†)
+
∫

d2
θe−3Rσ

Φ
c
[

∂5−
1√
2

χ−
(

3
2
− cΦ

)
Rσ
′
]

Φ+h.c.
}
, (8)

where cΦ is a hypermultiplet bulk mass parameter. Solving the SUSY vacuum condition, we
obtain the y-dependence of the massless zero mode of a hypermultiplet:

Φ(x,y,θ) = ϕ0(x,θ)e(
3
2−cΦ)Rσ + ... . (9)

The Yukawa interactions between bulk hypermultiplets in 5D theory can be described by
the following action:

SYukawa
5 =

∫
d5x

∫
d2

θe−3Rσ y123

M3/2
P5

[δ (y)+λδ (y−π)]Φ1Φ2Φ3 . (10)

To avoid the µ-problem associating with the Higgs SUSY mass µ in the MSSM superpotential,
we use the Giudice-Masiero mechanism [8], and imposing an U(1)R-symmetry for the theory.
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Table 1. R-charges of θ and MSSM hypermultiplets.

θ Qh
i Uh

i Dh
i Lh

i Eh
i Hh

u Hh
d X

1 1 1 1 1 1 0 0 0

R-charges are assigned to θ and MSSM hypermultiplets as in Table 1. Under the action of R-
symmetry, the term µHh

u Hh
d only emerges after SUSY is broken in the hidden sector.

On the UV brane, the hidden sector superfield X is assigned R-charge 0. Therefore the
R-charge of its F-term, FX , is nonzero. Via some hidden dynamics, this F-term acquires nonzero
vacuum expectation value (VEV), 〈FX〉. The emergence of such a nonzero constant 〈FX〉 explicitly
breaks SUSY as well as R-symmetry. In gravity mediation, the SUSY breaking source is trans-
mitted to the MSSM sector via contact terms in the action between the visible and hidden sectors
suppressed by the Planck scale. These interactions result in the usual MSSM soft SUSY breaking
terms.

The action that describes the interactions between gauge supermultiplets and the hidden
field X has the form:

SXg
5 =

∫
d5x
[∫

d2
θda

X
2πRM2

P5
W aαW a

α +h.c.
]

δ (y) . (11)

The contact terms between Higgs hypermultiplets and X field are written as follows:

SXh
5 =

∫
d5x

∫
d4

θ

{[
dµ

X†

M2
P5

Hh
u Hh

d +dBµ

X†X
M3

P5
Hh

u Hh
d +h.c.

]
+

[
dHu

A
X +X†

M2
P5

Hh†
u Hh

u +dHu
m

X†X
M3

P5
Hh†

u Hh
u

+ dHd
A

X +X†

M2
P5

Hh†
d Hh

d +dHd
m

X†X
M3

P5
Hh†

d Hh
d

]}
δ (y) , (12)

and those between matter hypermultiplets and the hidden sector:

SXm
5 =

∫
d5x

∫
d4

θ

[
(dΦ

A )i j
X +X†

M2
P5

Φ
†
i Φ j +(dΦ

m )i j
X†X
M3

P5
Φ

†
i Φ j

]
δ (y) , (13)

where Φ stands for {Qh,Uh,Dh,Lh,Eh} hypermultiplets, and {i, j} are generation indices. The
below contact terms correspond to 4-point couplings between the ordinary hypermultiplets and
the hidden sector field:

SXa
5 =

∫
d5x

∫
d2

θ

{
(au)i j

M5/2
P5

XHh
u Qh

i Uh
j +

(ad)i j

M5/2
P5

XHh
d Qh

i Dh
j

+
(ae)i j

M5/2
P5

XHh
d Lh

i Eh
j +h.c.

}
δ (y) . (14)

After performing the integration over the 5th dimension, we obtain the 4D effective the-
ory. All zero-modes of the bulk hypermultiplets are redefined to have 4D effective theory with
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canonical kinetic terms:

ϕ0 −→ KΦϕ0 , (15)

where ϕ0 represents the usual 4D MSSM fields, {Hu, Hd , Qi, Ui, Di, Li, Ei}, and

KΦ =

√
(1−2cΦ)k

2
(
e(1−2cΦ)Rkπ −1

) . (16)

As a result of deriving the 4D effective theory, the 4D effective Yukawa couplings are now
written in terms of 5D Yukawa couplings (10) and relevant bulk mass parameters:

(Yu)i j =
(yu)i j

M3/2
5

[
1+λe(

3
2−cHu−cQi−cQ j)kRπ

]
KHuKQiKU j , (17)

(Yd)i j =
(yd)i j

M3/2
5

[
1+λe(

3
2−cHd−cQi−cD j)kRπ

]
KHd KQiKD j , (18)

(Ye)i j =
(ye)i j

M3/2
5

[
1+λe(

3
2−cHd−cLi−cE j)kRπ

]
KHd KLiKE j . (19)

The 4D effective actions containing the MSSM soft SUSY breaking terms can be derived
from Eqs. (11), (12), (13), and (14). After the X field gets its VEV 〈X〉 = θ 2 〈FX〉, the MSSM
soft SUSY breaking terms emerge automatically in the Lagrangian. As a consequence of that
calculation, gaugino masses are derived from Eq. (11) as

Ma = −dag2
a
〈FX〉

2πRM2
P5
, (a = 1,2,3) . (20)

Eq. (13) leads to scalar soft masses of sparticles:

(mΦ)
2
i j = −(dΦ

m )i j
| 〈FX〉 |2

M3
P5

KΦiKΦ j +
3

∑
n=1

| 〈FX〉 |2

M4
P5

(dΦ
A )in(dΦ

A )n jK
2

Φn
KΦiKΦ j , (21)

where Φ stands for Q,U,D,L,E, and i, j = {1,2,3}. Soft masses of the Higgs sector can be
obtained from (12) as

m2
Hu

= −dHu
m
| 〈FX〉 |2

M3
P5

K 2
Hu

+
| 〈FX〉 |2

M4
P5

(dHu
A )2K 4

Hu
, (22)

m2
Hd

= −dHd
m
| 〈FX〉 |2

M3
P5

K 2
Hd

+
| 〈FX〉 |2

M4
P5

(dHd
A )2K 4

Hd
, (23)

Bµ = dBµ

| 〈FX〉 |2

M3
P5

KHuKHd −dHu
A
| 〈FX〉 |
M2

P5
µK 2

Hu
−dHd

A
| 〈FX〉 |
M2

P5
µK 2

Hd
. (24)

As mentioned above, the ordinary SUSY Higgs mass originates from SUSY breaking source 〈FX〉
in the first term of Eq. (12) just as other soft SUSY breaking terms:

µ = dµ

〈FX〉†

M2
P5

KHuKHd . (25)
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Similarly, the trilinear couplings A-terms come from Eq. (14) as follows

(Au)i j =
1

(Yu)i j

{
(au)i j

〈FX〉
M5/2

P5

KHuKQiKQ j

−

[
dHu

A (Yu)i jK
2

Hu
+

3

∑
n=1

(dQ
A )ni(Yu)n jKQnKQi +

3

∑
n=1

(dU
A )n j(Yu)inKUnKU j

]
〈FX〉
M2

P5

}
,

(26)

(Ad)i j =
1

(Yd)i j

{
(ad)i j

〈FX〉
M5/2

P5

KHd KQiKD j

−

[
dHd

A (Yd)i jK
2

Hd
+

3

∑
n=1

(dQ
A )ni(Yd)n jKQnKQi +

3

∑
n=1

(dD
A )n j(Yd)inKDnKD j

]
〈FX〉
M2

P5

}
,

(27)

(Ae)i j =
1

(Ye)i j

{
(ad)i j

〈FX〉
M5/2

P5

KHd KLiKE j

−

[
dHd

A (Ye)i jK
2

Hd
+

3

∑
n=1

(dL
A)ni(Ye)n jKLnKLi +

3

∑
n=1

(dE
A )n j(Ye)inKEnKE j

]
〈FX〉
M2

P5

}
.

(28)

III. IMPLICATION OF THE HIGGS MASS MEASUREMENT

Due to the effect of the warp factor, e−kRπ , the KK scale which is originally proportional
to the compactification scale in usual theories is warped down exponentially to a much lower
scale, k e−kRπ . In our analysis, we use the KK scale as the cutoff scale of the effective theory,
Mcut = k e−kRπ ' O(100) TeV, where the boundary conditions are set. Since the renormalization
group running distance from the cutoff scale toward TeV scale (or the electroweak scale) is very
short, we can safely neglect such running effect, and approximately determine the soft SUSY
breaking terms as those defined at the boundary.

The SM-like Higgs boson mass of the model is determined at one-loop corrections [10] as
a function of the stop mixing parameter Xt = At −µ cotβ , the mixing angle β between the VEVs
of the two Higgs doublets, and the average stop mass mt̃ .1 Within the above approximation, the
trilinear couling At and the average stop mass mt̃ are defined at the boundary as input parameters.
Their values can be determined from the underlying 5D theory using Eqs. (26) and (21). We
use the combined result of the SM-like Higgs boson mass measurement at ATLAS and CMS
experiment [9],

mh = 125.09±0.24 GeV, (29)

1The sfermion loop corrections to the Higgs mass are proportional to the corresponding Yukawa couplings.
Therefore, the dominant loop contribution comes from the stop due to its strong Yukawa coupling. Contributions from
other sfermions are negligible.
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to set the 5σ constrained limits of the SM-like Higgs boson mass in our study:

123.89 . mh . 126.29 (GeV) . (30)

Fig. 1. The Higgs boson mass as a function of (tanβ ,At). In this case, µ = 500 GeV
and mt̃ = 1500 GeV.

Here we are interested in the mild µ case in order to avoid reintroducing fine-tuning while
ensuring Higgsino masses satisfy the current LHC lower limit. Therefore, µ = 500 GeV is fixed
in throughout the analysis. Choosing mt̃ = 1.5 TeV, in Fig. 1 we show the plot of the SM-like
Higgs boson mass as a function of tanβ and At . The black/green region correspond to the LHC
limits (30). In order to identify the viable parameter region that can reproduce such Higgs boson
mass, we project that green region onto the (tanβ ,At) plane. The result is shown as black/green
strips in Fig. 2. We find that for the above choice of stop mass, most of the parameter region is
excluded by the Higgs mass constraint, only the narrow strips still survive. The allowed regions
for the trilinear coupling At in this case locate around ±2250 GeV and ±4700 GeV.

Similarly, we plot the Higgs boson mass as functions of (tanβ ,mt̃) and (At ,mt̃) in Figs. 3
and 5 respectively. The color codes are the same as above. The corresponding viable parameter
regions are identified as black/green areas in Figs. 4 and 6. In Fig. 6, we see that for At ∼ ±3
TeV, the stop mass is around 2 TeV. This small parameter region can be tested in the future run
of the LHC. In Figs. 4 and 6, we find that the region with a large stop mass mt̃ = 5− 13 TeV is
more favored in terms of the Higgs mass constraint. This region is actually beyond the reach of
the LHC 14 TeV. We observe that the Higgs boson mass measurement limits the stop mass to be
less than 20 TeV in most of the parameter space. Such mass range can be probed at a future 100
TeV hardon collider via stop pair production channels.
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Fig. 2. Parameter region in the plane (tanβ ,At) with µ = 500 GeV and mt̃ = 1500 GeV
that can reproduce the Higgs boson mass measured at the LHC (Eq. (30)).

Fig. 3. The Higgs boson mass as a function of (tanβ ,mt̃). In this case, µ = 500 GeV
and At = 5000 GeV.
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t

Fig. 4. Parameter region in the plane (tanβ ,mt̃) with µ = 500 GeV and At = 5000 GeV
that can reproduce the Higgs boson mass measured at the LHC (Eq. (30)).

Fig. 5. The Higgs boson mass as a function of (At ,mt̃). In this case, µ = 500 GeV and
tanβ = 10.
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15000
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m
t∼
/G
e
V

Fig. 6. Parameter region in the plane (At ,mt̃) with µ = 500 GeV and tanβ = 10 that can
reproduce the Higgs boson mass measured at the LHC (Eq. (30)).

IV. CONCLUSION

The Higgs boson discovery has not only fulfilled the particle contents of the SM, but also
set a severe constraint on many models of physics beyond the SM via the Higgs mass measurement
at the LHC. Here, we have investigated a SUSY model in the RS background. The hidden sector
which breaks SUSY spontaneously is confined on the UV brane, while all the MSSM superfields
live in the bulk. The RS background naturally brings the high energy scale toward the low energy
scale thanks to the warp factor. Therefore the cutoff scale can be much lower than usual. Within
this setup, the 4D effective soft couplings and masses has been derived from the original 5D
Lagrangian. We have examined the constraint of the Higgs mass measurement at the LHC on the
parameter space of the model, and identified the viable parameter regions that can reproduce a 125
GeV SM-like Higgs boson. According to that, there are small regions testable at the future run of
the LHC where the average stop mass is around 2 TeV. Nevertheless, most of the allowed region is
beyond the reach of the LHC. However, the Higgs mass constraint also rules out a dominant region
with the stop mass larger than 20 TeV. This fact implies that a future 100 TeV hardron collider can
test the model’s viability.
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