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We suggest a natural split mechanism for sfermions based on N = 2 supersymmetry (SUSY). N = 2 SUSY 
protects a sfermion in an N = 2 multiplet from gaining weight by SUSY breaking. Therefore, if partly 
N = 2 SUSY is effectively obtained, a split spectrum can be realized naturally. As an example of the 
natural split mechanism, we build a gauge-mediated SUSY breaking-like model assuming N = 2 SUSY is 
partly broken in an underlying theory. The model explains the Higgs boson mass and muon anomalous 
magnetic dipole moment within 1 σ level with a splitting sfermion spectrum. The model has seven light 
sparticles described by three free parameters and predicts a new chiral multiplet, sb: the N = 2 partner of 
the N = 1 U(1)Y vector multiplet. The bini, the fermion component of the sb, weighs MeVs. We mention 
the experimental and cosmological aspects of the model.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

After the discovery of the Standard Model (SM) Higgs-like bo-
son at the Large Hadron Collider (LHC) [1], no new particle has 
been found. On the other hand, some deviations from the SM have 
been observed in flavor physics [2]. If nature has supersymmetry
(SUSY), the current experiments suggest an interesting possibility: 
a split spectrum for sfermions. No discovery of sparticles [3] gives 
bounds to the squark masses: the squarks should be heavier than 
O(1) TeV. This is consistent with the simplest SUSY SM (minimal 
supersymmetric standard model: MSSM) prediction, since stops are 
required to be heavier than O(10) TeV to explain the Higgs boson 
mass of about 125 GeV unless the SUSY breaking stop-Higgs tri-
linear coupling is parametrically large [4]. In the case, the heavy 
sfermions automatically solve/alleviate the flavor/CP problem, the 
proton decay problem, several cosmological problems etc. On the 
other hand, if some deviations in flavor physics are true, there 
should also be light sfermions. For example, the deviation of the 
muon anomalous magnetic dipole moment (muon g − 2) from the 
SM prediction, δ( g−2

2 ) = (26.1 ± 8.0) × 10−10 [5,6], is above the 
3 σ level. To relax the tension, a smuon as light as O(300) GeV is 
needed in the MSSM [7].
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A split spectrum commonly has the naturalness problem pro-
posed by ’t Hooft [8]. If the particle mass is naturally small, by 
the definition of naturalness, there should be an approximate sym-
metry dominantly broken by the mass. The split spectrum mostly 
considered is the mass split between gauginos [9] (gauginos with 
higgsino [10]) and all the scalars except for the Higgs boson. The 
split is natural since chiral symmetry forbids the mass term of 
a gaugino/higgsino. In SUSY SMs, the sfermion mass comes from 
SUSY breaking, hence the lighter sfermions should be protected 
from the SUSY breaking by a symmetry while the heavier ones 
are not.1

In this paper, we suggest a natural split mechanism using N = 2
SUSY [12]. The non-renormalization theorem of N = 2 SUSY forbids 
the sfermion mass terms which are embedded in N = 2 multiplets 
even with SUSY slightly broken (Sec.2). If we add a sector with 
N = 1 SUSY weakly coupled to the N = 2 sector, the SUSY breaking 
dominantly affect the sfermion masses in the N = 1 sector, while 
sub-dominantly to those in the N = 2 sector since they are pro-
tected by N = 2 SUSY. Therefore, a partly N = 2 SUSY model can 
generate a naturally splitting sfermion spectrum.

As an example, we construct a natural split gauge-mediated 
SUSY breaking (GMSB) model [13] to explain the muon g − 2

1 Note that the split between sfermions seems to be unconstrained by the an-
thropic principle. This is the difference from the case of the electroweak scale and 
the cosmological constant [11].
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Table 1
N = 2 multiplets and SU(2)R representations.

N = 2 multiplet In superfields In fields Renormalized at

Vector multiplet (V , �Y )
(
(Aμ,λ, D), (�Y ,ψY , FY )

)
1-Loop level

Hypermultiplet (�i , �
†
i ) ((φi ,ψi , Fi), (φi ,ψ i , F i)

†) Tree level

SU(2)R multiplet (φi , φ
†
i ) (λ, ψY ) (F †

i , Fi ) (�[FY ],�[FY ], 1√
2

D) The others

Representation 2 2 2 3 1

anomaly within the 1σ level. We introduce the hyperpartners of 
left-handed sleptons, smuons, and down-type Higgs, with the ex-
tension of the U(1)Y gauge interaction to N = 2 SUSY by intro-
ducing a singlet chiral multiplet. To cancel the gauge anomaly, we 
introduce spectator fields which are the mirror particles of the 
hyperpartners. The messenger sectors are also partly extended to 
N = 2 SUSY so that the natural split mechanism works. The condi-
tion of gauge coupling unification (GCU) at the SUSY GUT scale, 
∼ 1016 GeV, naturalness, and the symmetries require the addi-
tional charged fields to be at the same scale, the messenger scale. 
Below the messenger scale, the MSSM particles and the singlet sur-
vive.

In our model, there are only three free parameters: the messen-
ger scale, the dominant and sub-dominant F -terms. The dominant 
one only gives masses to the sfermions in the N = 1 sector at 
the leading order due to the natural split mechanism. The sub-
dominant one acts as the one in the usual GMSB model. We show 
an IR spectrum containing various testably light MSSM sparticles 
such as smuons, left-handed sleptons, and gauginos. In addition, 
there is a new light singlet fermion, bini, which is the SU(2)R part-
ner of the bino. In our model, the bini mass is O(10) MeV, which 
is 2-loop suppressed to the bino mass. The light bini rarely in-
teracts with the MSSM particles, due to the higher dimensional 
interactions suppressed by the messenger scale.

2. Natural Split Mechanism

A sfermion mass term comes from the bilinear Kähler term,

K = |Z |2
M2

Q † Q ⊃ |θ |4
∣∣∣∣ F Z

M

∣∣∣∣
2

Q̃ † Q̃ . (1)

We will show N = 2 SUSY forbids such a term.
An N = 2 SUSY extension of the SM is hardly considered for 

phenomenology. There are at least two difficulties. The renormal-
izable N = 2 SUSY theory only has fermions that are in real rep-
resentations, while the SM fermions are chiral. The Landau-pole of 
the gauge coupling is generated at a low energy scale. However, a 
partly N = 2 SUSY extension at a high energy scale is not so prob-
lematic.

2.1. Review of N = 2 SUSY

Here we briefly review N = 2 SUSY. For simplicity, we consider 
N = 2 SUSY quantum electrodynamics.

The Lagrangian is given in the N = 1 superfield formalism as

LN=2 = Lmatter + Lgauge,

Lmatter =
∫

d4θ

N f∑
i

(�ie
−2Yi V �

†
i + �

†
i e2Yi V �i)

+
∫

d2θ

N f∑
i

(
√

2Y i�i�Y �i +
∑

j

mi, j�i� j) + h.c.,

Lgauge = (
1

g2

∫
d4θ�

†
Y �Y + 1

4g2

∫
d2θWαW α + h.c.), (2)

with Yi = |Y i |, [m†, m] = 0. The Lagrangian is the most general 
non-trivial renormalizable Lagrangian with N = 2 SUSY without 
the Fayet–Iliopoulos (FI) term [14].

There are two kinds of N = 2 multiplets in the Lagrangian: 
vector multiplet and hypermultiplet. The Lagrangian has a spe-
cific symmetry, SU(2)R symmetry, that rotates the fields in the 
N = 2 multiplet as in Table 1. The SU(2)R symmetry is not only 
non-commutative with θ , but also not closed in an N = 1 super-
multiplet.

Since the Lagrangian has the SU(2)R symmetry only if Yi =
|Y i |, the SU(2)R symmetric models do not allow Yi to vary 
even with the wave functions renormalized. Because of the non-
renormalization theorem for the superpotential, the SU(2)R sym-
metry leads to the non-renormalization theorem to the Kähler 
potential as in the Table 1.

2.2. N = 2 SUSY breaking

We consider the case that N = 2 SUSY is slightly broken to N =
0 by an F -term, F Z , of a SUSY breaking field, Z . Since N = 2 SUSY 
is recovered with the vanishing F -term, the effective Lagrangian 
should be

Leff = LN=2 + LN2B ,

LN2B =
∫

d4θ W̃ (�i,�i,�Y , Z , Z †) + h.c. (3)

Here W̃ is a holomorphic function of �i , �i , and �Y . Therefore, 
even with SUSY breaking, sfermion masses like Eq. (1) are for-
bidden by the non-renormalization theorem. On the other hand, 
integrating θ2 out, an effective superpotential, F †

Z ∂Z † W̃ , is gener-
ated.

If �Y is a gauge singlet as in Sec. 2.1, the dangerous tadpole 
term, δW̃ ∼ Z †�Y , may be generated. Z †�Y can be a source of 
large �Y ∼ Z or FY ∼ F Z unless fine-tunings. To have < �Y >∼ 0
naturally, there are two possibilities. One is to introduce a large 
SUSY preserving mass term, W = M�2

Y , by hand to suppress <
�Y >. The other is to impose a symmetry to forbid the tadpole 
term or to have a naturally small one. In this paper, to forbid the 
tadpole term we assume a symmetry, under which Z is charged, 
while �Y is not.

A concrete Z2 symmetric superpotential with slightly broken 
N = 2 SUSY is as follows.

W = √
2Y �Y (�1�1 + �−1�−1) + Z(�1�1 − �−1�−1). (4)

The model possess a Z2 symmetry which exchanges the indices 
and reverses the sign of Z . Since Z can be identified as the chiral
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