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We point out that the anomaly of the muon g − 2 can easily be explained in a focus point supersymmetry
(SUSY) scenario, which realizes the seminatural SUSY.Among known focus point SUSY scenarios, we find
that a model based on Higgs-gaugino mediation works with a mild fine-tuningΔ ¼ 40–80. We propose two
new focus point SUSY scenarios where the anomaly of themuon g − 2 is also explained. These scenarios are
variants of the widely known focus point SUSY based on gravity mediation with universal scalar masses.
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I. INTRODUCTION

Low-energy supersymmetry (SUSY) has many attractive
features and is a leading candidate for physics beyond the
standard model (SM). In the minimal supersymmetric SM,
three gauge coupling constants of SM gauge groups are
unified at a high-energy scale around 1016 GeV. The
electroweak symmetry breaking (EWSB) is induced via
SUSY breaking, which was expected to solve the fine-
tuning problem of the Higgs potential, namely, to explain
the smallness of the EWSB breaking scale.
Another attractive and important feature of low-energy

SUSY is that it has a potential of providing a solution to the
long-standing puzzle, the anomaly of the muon anomalous
magnetic moment (g − 2). The experimental value of the
muon anomalous magnetic moment is deviated from the
SM prediction ðaμÞSM above the 3σ level [1,2]

ðaμÞEXP − ðaμÞSM ¼
� ð26.1� 8.0Þ × 10−10

ð28.7� 8.0Þ × 10−10

�
: ð1Þ

Here, ðaμÞEXP is the experimental value of the muon
ðg − 2Þ=2 accurately measured at the Brookhaven
E821 experiment [3]. In low-energy SUSY, smuons and
chargino/neutralinos of Oð100ÞGeV give Oð10−9Þ correc-
tions to the muon g − 2 and explain this discrepancy [4,5].
However, nonobservation of SUSY signals at the Large

Hadron Collider (LHC) (see, e.g., Refs. [6]) and the
relatively heavy Higgs boson of 125 GeV [7] push up
the SUSY scale above TeV. Especially, the observed Higgs
boson mass requires rather large radiative corrections from
heavy stops [8]: it is suggested that the stop is as heavy as
3–5 TeV [9], including higher order corrections beyond the
three-loop level. As a result, both the SUSY solution to the
fine-tuning problem and the SUSYexplanation of the muon
g − 2 anomaly seem to be difficult to work.
There are several attempts to attack these two difficulties,

but separately. As a solution to the fine-tuning problem,
the focus point SUSY now becomes more attractive [10]

(see also [11,12]). In the focus point SUSY, a special relation
among soft SUSY breaking parameters is assumed so that
radiative corrections to theHiggs potential cancel each other.
As a result, the EWSB scale becomes insensitive to the soft
SUSY breaking mass scale. There are several focus point
SUSY scenarios, based on gaugino mediation [13], Higgs-
gaugino mediation [14], gravity mediation with nonuniver-
sal gaugino masses [15], and gauge mediation [16].
On the other hand, light smuons and light chargino/

neutralino are required to explain the muon g − 2 anomaly,
while the Higgs boson mass around 125 GeV requires
rather heavy stops. In Refs. [17], it is shown that the Higgs
boson mass and the muon g − 2 anomaly are explained
simultaneously by mass splitting among generations. Also,
other possibilities are provided based on gauge mediation
[18], gravity mediation [19], and gaugino mediation [20]:
in these frameworks, colored and noncolored SUSY
particles are split in their masses so that the SUSY
contribution to the muon g − 2 is enhanced.
In this paper, we show that the anomaly of the muon

g − 2 can easily be explained in a focus point SUSY
scenario. In the next section, we review four known types
of focus point scenarios and discuss whether the scenarios
can explain the muon g − 2 anomaly. We find that a model
based on Higgs-gaugino mediation, which is recently
proposed by the current authors [14], works. It is found
that the discrepancy of the muon g − 2 from the SM
prediction is reduced to the 1σ level with a mild fine-
tuning Δ ¼ 40–80. [See Eq. (15) for the definition of Δ.]
We propose two new focus point scenarios which can
explain the muon g − 2 anomaly in Sec. IV. They are
variants of the well-known focus point SUSY scenario
proposed by Feng, Matchev, and Moroi [10].

II. FOCUS POINT FOR THE ELECTROWEAK
SYMMETRY BREAKING

In focus point SUSY scenarios, the EWSB scale is
relatively insensitive to the soft SUSY breaking mass scale.
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This is achieved by introducing some fixed ratios between
soft mass parameters at a high-energy scale. In this section,
we review four known focus point scenarios and discuss
whether they can explain the muon g − 2 anomaly. We
show that only one of them works.
The conditions for the EWSB are given by

g21 þ g22
4

v2

≃
"
−μ2 − ðm2

Hu
þ 1

2vu
∂ΔV
∂vu Þtan2β

tan2β − 1
þ
m2

Hd
þ 1

2vd
∂ΔV
∂vd

tan2β − 1

#�����
MIR

;

Bμðtan2β þ 1Þ
tan β

≃
�
m2

Hu
þ 1

2vu

∂ΔV
∂vu þm2

Hd
þ 1

2vd

∂ΔV
∂vd þ 2μ2

�����
MIR

;

ð2Þ
where g1 and g2 are gauge coupling constants of Uð1ÞY and
SUð2ÞL, vu and vd are the vacuum expectation values
(VEV) of the up-type and down-type Higgs, tan β≡ vu=vd,

v≡
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v2u þ v2d

q
is the EWSB scale, μ is the Dirac mass term

of the Higgs doublets, mHu
and mHd

are soft masses for the
up-type and down-type Higgses, Bμ is the SUSY breaking
holomorphic Higgs quadratic mass term, and ΔV is a one-
loop contribution to the Higgs potential.m2

Hu
,m2

Hd
, andΔV

are evaluated at the geometric mean value of stop masses,
MIR ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffimQ3

mŪ3

p . For large tan β, m2
Hd

is relatively unim-
portant for the EWSB scale, since its effect is suppressed
by 1= tan2 β.
The low-energy values of m2

Hu
and m2

Hd
are written in

terms of gaugino masses and scalar masses at the high-
energy scale,1

m2
Hu
ð3 TeVÞ
≃ 0.009M2

1 þ 0.217M2
2 − 1.168M2

3

þ 0.005M1M2 − 0.109M2M3 − 0.016M1M3

þ 0.667m2
Hu

þ 0.026m2
Hd

þ 0.073m2
L − 0.074m2

Ē

− 0.385m2
Q − 0.163m2

Ū − 0.070m2
D̄;

m2
Hd
ð3 TeVÞ
≃ 0.030M2

1 þ 0.367M2
2 − 0.120M2

3

− 0.002M1M2 − 0.030M2M3 − 0.001M1M3

þ 0.019m2
Hu

þ 0.933m2
Hd

− 0.088m2
L þ 0.063m2

Ē

þ 0.044m2
Q − 0.145m2

Ū þ 0.043m2
D̄; ð3Þ

for MIR ¼ 3 TeV, tan β ¼ 20, mt ¼ 173.34 GeV, and
αsðmZÞ ¼ 0.1185. The soft SUSY breaking parameters
in the right hand side of Eq. (3) are defined at
Min ¼ 1016 GeV. Here, M1, M2, and M3 are the bino,
wino, and gluino masses, respectively, and mQ, mŪ, mD̄,
mL, and mĒ are generation-universal soft masses of left-
handed squarks, right-handed up squarks, right-handed
down squarks, left-handed sleptons, and right-handed
sleptons, respectively. The above expressions are obtained
by numerically solving two-loop renormalization group
equations [21]. For this purpose, we use SoftSUSY 3.6.1

package [22].
In the focus point SUSY, ~m2

H≡m2
Hu
−ðm2

Hd
−m2

Hu
Þ=

tan2β becomes insensitive to SUSY breaking parameters.
This is achieved by introducing fixed ratio(s) among mass
parameters at a high-energy scale, which we take as
Min ¼ 1016 GeV. Currently, the following four focus point
scenarios are known:
FPUS: universal scalar masses (m0) and a fixed m0=M3.
FPGM: vanishing or small scalar masses and a
fixed M2=M3.
FPHSG: high scale gauge mediation with a fixed messen-
ger number, ðN2; N3Þ.
FPHGM: vanishing slepton and squark masses and a
fixed mHu

=M3.
FPUS is based on gravity mediation, where universal

scalar masses are assumed. In this case, their contribu-
tions to m2

Hu
almost cancel each other. FPGM is based

on gaugino mediation, where all soft scalar masses
vanish at the high-energy scale Min. FPHSG is based
on high scale gauge mediation, where scalar masses as
well as gaugino masses are generated by messenger
loops. Finally, FPHGM is based on Higgs-gaugino
mediation motivated by the E7 nonlinear sigma model
[23], where squark and slepton masses vanish at the
high-energy scale. More detailed descriptions are
shown below.
Before discussing each focus point, we comment on

nonuniversal gaugino masses. As we will see in the next
section, nonuniversal gaugino masses are crucial in
order to explain the muon g − 2 anomaly and the
observed Higgs boson mass around 125 GeV, simulta-
neously. Nonuniversal gaugino masses are naturally
obtained if product group unification (PGU) is consid-
ered [24]. We note that PGU has an advantage over the
minimal SUð5Þ grand unification (GUT): PGU provides
a solution to the doublet-triplet splitting problem
[25,26]. The gauge coupling unification is still main-
tained approximately.
We briefly discuss how nonuniversal gaugino masses

arise in the SUð5ÞSM × SUð3ÞH ×Uð1ÞH PGU model [25],
where the unification of quarks and leptons into SUð5Þ
multiplets is maintained. Gaugino masses are given by
couplings between a SUSY breaking field Z and gauge
multiplets,

1Here, we neglect the contribution from A terms, for simplic-
ity. It does not change our conclusion qualitatively unless A terms
are so large that they dominate the quantum corrections to m2

Hu
.
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�
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þ H:c:; ð4Þ

where g5, g3H, and g1H are the gauge coupling constants of
SUð5ÞSM, SUð3ÞH, and Uð1ÞH gauge interactions, respec-
tively. The field strength superfields of the gauge multiplets
are denoted by W5, W3H, and W1H, and k5, k3H, and k1H
are constants. After SUð5ÞSM × SUð3ÞH ×Uð1ÞH is broken
down to SUð3ÞC × SUð2ÞL ×Uð1ÞY , nonuniversal gaugino
masses are generated at the GUT scale as

M1=M2 ≃ k5N þ k1H
k5

1

N
; M3=M2 ≃ k5 þ k3H

k5
; ð5Þ

where we take the strong coupling limit, g21H; g
2
3H ≫ g25.

The constantN is determined by theUð1ÞH charge of GUT
breaking Higgs fields, which break SUð5ÞSM × SUð3ÞH ×
Uð1ÞH down into the SM gauge group. In the strong
coupling limit of SUð3ÞH and Uð1ÞH, the gauge coupling
unification is still maintained approximately as g21 ≃ g23 ≃
g22 ¼ g25 at the GUT scale. Here, g1, g2, and g3 are gauge
coupling constants of Uð1ÞY , SUð2ÞL, and SUð3ÞC,
respectively.

(i) FPUS The original focus point is proposed in a
framework of gravity mediation. Surprisingly, if all
the scalar masses are universal, their contributions
to ~m2

H almost cancel each other at the low-energy
scale [10];

~m2
Hð3 TeVÞ≃−1.170M2

3 þ 0.072m2
0 þ � � � ; ð6Þ

where � � � denotes other contributions containingM1

orM2. If the ratiom0=M3 is fixed to be 4–5, the low-
energy value of ~m2

H becomes insensitive to the
SUSY breaking mass scale [12].2 [Because of the
correction ΔV in Eq. (2), ~m2

H is not necessarily
negative for the successful EWSB.]
In FPUS sleptons as well as squarks are as heavy

as a few TeV to explain the observed Higgs mass;
therefore the SUSY contribution to the muon g − 2,
Δaμ, is suppressed.

(ii) FPGM In gaugino mediation models, we have a
focus point with nonuniversal gaugino masses.
Assuming that scalar masses vanish at the GUT
scale, ~m2

H is given by

~m2
Hð3 TeVÞ≃−1.170M2

3þ0.217M2
2−0.109M2M3;

ð7Þ

where we have dropped negligible contributions
depending on M1. One can see that above ~m2

H
nearly vanishes for M2=M3 ≃ 2.6 and −2.1 [13].
Universal scalar masses are introduced without
much affecting the fine-tuning of the EWSB scale,
as long as m0 is not very large [15].
Since M2 is large, left-handed sleptons become

inevitably heavy. The low-energy value of m2
L is

given by

m2
Lð3 TeVÞ
≃ 0.391M2

2 þ 0.033M2
1 þ ðsmaller termsÞ

≃ 2.643M2
3 þ 0.033M2

1 þ ðsmaller termsÞ; ð8Þ

where we take M2 ¼ 2.6M3 in the second line.
Consequently, FPGM cannot explain Δaμ ≳ 10−9.

(iii) FPHSG It has been shown in Refs. [16] that a
focus point exists in high scale gauge mediation
models.3 In FPHSG, the number of SUð2ÞL doublet
messengers (NL) and SUð3ÞC triplet messengers
(ND) are not equal: for NL ≫ ND, the EWSB scale
becomes insensitive to the fundamental SUSY
breaking parameter, mmess (see the Appendix for
details).

~m2
Hð3 TeVÞ≃ 1

N2
D
½0.217N2

L − 0.116NDNL

þ 0.589NL − 1.175N2
D

− 1.640ND�M2
3; ð9Þ

where M3 ≃ ðαGUT=ð4πÞÞNDmmess. For instance,
ðNL;NDÞ ¼ ð29; 11Þ gives

~m2
Hð3 TeVÞ≃ 0.017M2

3: ð10Þ

However, the masses of the wino and the mass
squared of the left-handed slepton are proportional
toNL, and it is impossible to explain the discrepancy
of the muon g − 2.

(iv) FPHGM We have a focus point in Higgs-gaugino
mediation (FPHGM) motivated by the E7 nonlinear
sigma model [23]. In Higgs-gaugino mediation, soft
masses for squarks and sleptons vanish atMin, while
those for the Higgs doublets are as large as gaugino
masses. This is consistent with nonobservation of
flavor-violating processes. The low-energy ~m2

H is

2Originally, it is assumed thatM3 ≪ m0 [10]. However, for the
original scenario, the observed Higgs mass now pushes up the
fine-tuning measure to Δ ∼ 200–500.

3Although the gravitino mass m3=2 is as large as
m3=2 ∼ Fmess=MP, it is assumed that the contribution from gravity
mediation is suppressed.
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~m2
Hð3 TeVÞ≃−1.167M2

3 þ 0.693m2
H þ � � � : ð11Þ

Here, we assume thatm2
Hd

¼ m2
Hu

≡m2
H at the high-

energy scale, for simplicity. The ratio mH=M3 ≃
5=4 − 4=3 leads to a small ~m2

H [14]. In this model,
sleptons as well as the wino can be light. As
is shown in the next section, it is possible to obtain
Δaμ ≳ 10−9.

As we have shown, among four focus point scenarios,
only FPHGM can explain the muon g − 2 anomaly. In
the next section, we give a more detailed explanation for
this point.

III. THE MUON g − 2 IN THE FOCUS POINT SUSY

The SUSY contribution to the muon g − 2 is enhanced
when gaugino(s) and smuon(s) are light. There are two
dominant SUSY contributions to the muon g − 2: wino-
Higgsino-(muon sneutrino) diagram and bino-(L-smuon)-
(R-smuon) diagram. (Here, L and R denote left handed and
right handed, respectively.) To enhance these contributions,
at least, the left-handed slepton needs to be light. Clearly,
FPUS cannot explain the discrepancy of the muon g − 2,
since all the sleptons as well as squarks are heavy as a few
TeV. Also, L-smuon is too heavy to obtain Δaμ ≳ 10−9 in
FPGM and FPHSG. Therefore, the only remaining pos-
sibility is FPHGM.
The wino-Higgsino-(muon sneutrino) contribution to

ðΔaμÞSUSY is given by [5]

ðaμÞ ~W− ~H−~ν ≃ ð1 − δ2LÞ
α2
4π

m2
μ
~M2μ

m4
~ν

tan β · FC

�
μ2

m2
~ν

;
~M2
2

m2
~ν

	

≃ 18.2 × 10−10
�
500 GeV

m~ν

	
2 tan β

25
; ð12Þ

where we take μ ¼ ð1=2Þm~ν and ~M2 ¼ m~ν in the second
line. Here, ~M2 is the wino mass at the soft mass scale. The
leading two-loop contribution δ2L comes from large QED
logarithms [27,28],

δ2L ¼ 4α

π
ln
m~ν

mμ
: ð13Þ

To explain Δaμ by this contribution, the masses of the wino
and L-smuon should be around 500 GeV. Obviously, the
wino or L-smuon are too heavy to obtain ðaμÞ ~W− ~H−~ν ≳
10−9 in FPUS, FPGM, and FPHSG. In FPHGM, on the
other hand, the wino mass is unimportant for the focus
point, and hence can be small enough to explain the
anomaly of the muon g − 2. As we will see, the L-smuon
is also light enough.
The bino-(L-smuon)-(R-smuon) contribution is found to

be [5]

ðaμÞ ~B− ~μL− ~μR
≃ ð1 − δ2LÞ

3

5

α1
4π

m2
μμ
~M3
1

tan β · FN

�
m2

~μL

~M2
1

;
m2

~μR

~M2
1

	

≃ 21.7 × 10−10 μ

640 GeV
tan β
40

�
110 GeV

~M1

	
3

;

ð14Þ
where we take m~μL ¼ 3 ~M1 and m~μR ¼ 2 ~M1 in the second
line. From the requirement of the small fine-tuning
(Δ < 100), there is an upper bound on μ: μ ≲ 650 GeV.
It can be seen that ðaμÞ ~B− ~μL− ~μR

is sufficiently large only
when the bino and smuons are very light as 200–300 GeV,
and tan β is larger than 40. Although Eq. (14) does not
contain ~M2, it implicitly depends on ~M2 through the
renormalization group running from Min to MIR: large
M2 thus ~M2 leads to large L-slepton masses through the
radiative corrections. Therefore, L-smuon becomes too
heavy in FPGM and FPHSG [see Eq. (8)]. Moreover, with
large tan β ∼ 40, the tau Yukawa coupling becomes large
and the stau mass becomes easily tachyonic. Because of
these reasons, it is difficult to obtain ðaμÞ ~B−~μL−~μR

≳ 10−9 in
the known focus point SUSY scenarios.
In the following, we discuss FPHGM in detail. We

assume M1 ¼ M3, for simplicity.

A. Focus point in Higgs-gaugino mediation

We consider the FPHGM and estimate the fine-tuning of
the EWSB scale in this model. For this purpose, we employ
the following fine-tuning measure [29]:

Δ ¼ max
a

fjΔajg;

Δa ¼
�∂ ln v
∂ ln μ

����
vobs

;
∂ ln v
∂ lnM3

����
vobs

;
∂ ln v
∂ lnM2

����
vobs

;
∂ ln v
∂ lnB0

����
vobs

�
;

ð15Þ

where vobs ≃ 174.1 GeV. The fundamental mass parame-
ters in Δa are defined at Min ¼ 1016 GeV. As shown in
Eq. (2), The VEV v in Δa is determined by the Higgs
potential including one-loop radiative corrections, which
are in fact non-negligible. It is very interesting if there is a
small Δ region where the observed Higgs boson mass and
the muon anomaly g − 2 are simultaneously explained.
In our numerical calculations, the Higgs boson mass is

calculated using FeynHiggs 2.10.3 [30] and the SUSY mass
spectra as well as Δ is evaluated utilizing SoftSUSY 3.6.1

[22]. The strong coupling constant and the top pole mass
are taken as αsðMZÞ ¼ 0.1185 and mt ¼ 173.34 GeV.
We show the contours for the Higgs boson mass andΔ in

Fig. 1. In the orange (yellow) region, the SUSY contribu-
tion Δaμ reduces the discrepancy of the muon g − 2 from
the SM prediction to 1σ (2σ). For the SM prediction of the
muon g−2, we use ðaμÞEXP−ðaμÞSM¼ð26.1�8.0Þ×10−10
[see Eq. (1)]. The gray regions are excluded since the stau
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becomes too light (left part) or the EWSB does not occur
(upper part). For tan β ¼ 15 (25), M2 smaller than 300
(500) GeV can reduce the discrepancy of the muon g − 2 to
the 1σ level. Here, M2 ¼ ð300; 500Þ GeV corresponds to
the wino mass around (200, 370) GeVat the stop mass scale
MIR. The observed Higgs boson mass around 125 GeV is
also consistently explained with Δ ¼ 40–100.
Also, we show the maximum value of Δaμ in Fig. 2 for

different parameter sets (A, B, C). We vary tan β within a

range [10:60] in each parameter set such that Δaμ is
maximized. We require thatm~τ1 ,m~ντ ≳ 100 GeV; therefore
the region with too small mL or too large tan β is not
allowed. (The allowed range of tan β is up to ∼30 in
the parameter region preferred for the muon g − 2.) The
maximum value of Δaμ easily exceeds 1.8 × 10−9 in the
mild fine-tuning region. For C, M2 smaller than 750 GeV
(580 GeV at MIR) is allowed to explain the anomaly of the
muon g − 2. In this case, the level of the fine-tuning is still
as low as Δ < 40.
Interestingly, in this FPHGM the muon g − 2 anomaly is

easily explained. This is due to the smallness of scalar
masses atMin, which gives small radiative corrections to the
staus during the renormalization group equation running:
the lighter L-smuon and larger tan β are allowed compared
to models which will be discussed in the next section.
Let us present some sample mass spectra and Δ in

Table I. One can see that the discrepancy of the muon g − 2
is, in fact, explained in the region Δ ∼ 40–80. The
calculated Higgs boson mass is consistent with the
observed value. Note that the tau sneutrino is the lightest
SUSY particle (LSP) in these model points, and one may
need to pay attention to it.

B. Sneutrino LSP

Before closing this section, let us comment on the (tau)
sneutrino LSP from viewpoints of the cosmology and
collider searches, since the tau sneutrino tends to be the
LSP in the parameter region of our interest (apart from
the region where the wino mass is around 100 GeV). If the
sneutrino LSP is absolutely stable, it is easily excluded by
direct detection experiments due to a large scattering cross
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FIG. 1 (color online). The contours of Δ (black solid line) andmh (green dashed line) in FPHGM. The Higgs massmh is shown in the
unit of GeV. We takemH=M3 ¼ 4=3. In the orange (yellow) region the SUSY contribution to the muon g − 2 reduces the discrepancy to
1σ (2σ). The gray regions are excluded since the stau becomes too light (left part, m~τ1 or m~ντ < 100 GeV) or the EWSB does not occur
(upper part).
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FIG. 2 (color online). The maximum value of Δaμ × 109 in
FPHGM for different parameter sets. Here, A:ðM3; mH=M3Þ ¼
ð1500; 4=3Þ; B:ð1900; 4=3Þ; and C: (1400,1.37). In each point,
tan β is varied within a range [10:60], requiring m~τ1 ;
m~ντ > 100 GeV.
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section with nuclei [31]. However, the sneutrino LSP
can easily decay into SM particles with a lifetime less
than 0.1–1 s, if there is a tiny R-parity violation (e.g.,
W ¼ LLĒ; LQD̄). Therefore, the sneutrino LSP conflicts
with neither the direct detection experiments nor standard
cosmology.
The sneutrino LSP may behave as a stable particle inside

the detector. In this case, the sneutrino can be searched for
at the LHC through the production of chargino-neutralino,
which eventually decay into multileptons with a missing
transverse momentum. It may be distinguishable from an
ordinary neutralino LSP case, since the flavors of the final
state leptons are uncorrelated for the sneutrino LSP [32].

IV. VARIANTS OF FPUS

So far, among known focus point SUSY scenarios, only
FPHGM can explain the muon g − 2 anomaly. In this
section, we discuss possible modifications of other focus
point SUSY scenarios.
In FPGM and FPHSG, the heavy wino is crucial for

realizing seminatural SUSY; therefore, it is very difficult to
modify these scenarios to be consistent with the muon
g − 2 experiment. On the other hand, the modification may
be possible for FPUS by relaxing the condition of universal
scalar masses and taking slepton masses to be small.
Although the fine-tuning is rather insensitive to the slepton
masses, this modification is not very easy. This is because
radiative corrections induce negative squared masses for
staus. Staus become very light or tachyonic via radiative
corrections for tan β ¼ Oð10Þ.4 We have found, however,
two possible modifications of FPUS, which we refer to as
FPNUS1 and FPNUS2. Here, FPNUS1 respects the SUð5Þ
unification while FPNUS2 does not.5 In FPNUS1, the
discrepancy of the muon g − 2 from the SM prediction is
reduced to 1σ level for the wino as light as ∼100 GeVwhen
mHu

∼mHd
at Min, and for the wino as light as ∼400 GeV

whenmHd
≪ mHu

atMin. There is a larger parameter space
in FPNUS2.
(v) FPNUS1 Scalar contributions to m2

Hu
can be can-

celed, even if scalar masses are not completely
universal. Similar to FPUS, we take mQ ¼ mŪ ¼
mH ¼ mĒ. Then, we have

~m2
Hð3 TeVÞ≃−1.170M2

3 þ 0.069m2
Q þ 0.074m2

L

− 0.070m2
D̄ þ � � � : ð16Þ

Note that the relation mQ ¼ mŪ ¼ mĒ is consistent
with the SUð5Þ unification. In the SUð5Þ unification,
the relation mD̄ ¼ mL is imposed, which we take as
a free parameter independent of mQ. Assuming that
mQ=M3 ∼ 4–5, we obtain the focus point.

(vi) FPNUS2 There is another focus point once the
SUð5Þ unification is abandoned. For mQ ¼ mŪ ¼
mD̄ ¼ mH with a fixed ratio of mQ=M3, small ~m2

H

compared to M2
3 can be obtained as well, although

this condition is not consistent with the SUð5Þ
unification.

TABLE I. Model points of FPHGM. Here, M1 ¼ M3 at
Minð¼ 1016 GeVÞ is assumed.

P1

M3 2000 GeV
M2 400 GeV
mH=M3 4=3
tan β 20
μ 353
Δ 82
mgluino 4.14 TeV
m ~q 3.55–3.56 TeV
m~t1;2 2.82, 3.16 TeV
m ~μL , m ~μR 403 GeV, 739 GeV
m~τ1 , m~ντ 271 GeV, 261 GeV
mχ0

1
, mχ0

2
267, 366 GeV

mχ0
3
, mχ0

4
395, 876 GeV

mχ�
1
, mχ�

2
269, 401 GeV

mh 125.2 GeV
Δaμ 19.2 × 10−10

P2

M3 1650 GeV
M2 495 GeV
mH=M3 4=3
tan β 27
μ 433
Δ 45
mgluino 3.46 TeV
m ~q 2.98–3.00 TeV
m~t1;2 2.35, 2.64 TeV
m ~μL , m ~μR 408 GeV, 611 GeV
m~τ1 , m~ντ 211 GeV, 208 GeV
mχ0

1
, mχ0

2
350, 444 GeV

mχ0
3
, mχ0

4
474, 721 GeV

mχ�
1
, mχ�

2
352, 480 GeV

mh 124.1 GeV
Δaμ 19.9 × 10−10

4Focus point with light sleptons is discussed in Ref. [33].
There, slepton masses are not determined by renormalization
group equations from a high scale down to the weak scale, but are
simply put by hand at a weak scale.

5Here, “SUð5Þ unification” means the unification quarks and
leptons into SUð5Þ multiplets. The GUT gauge group itself is not
assumed to be a single SUð5Þ. See the comment on product
groups in Sec. II.
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A. FPNUS1

Let us evaluate the fine-tuning Δ, the Higgs boson mass,
and Δaμ in FPNUS1. Here, we consider the case of mQ ¼
mU ¼ mE ¼ mH and the fixed ratio mQ=M3. Also, mL ¼
mD̄ is assumed so that quarks and leptons are unified into
SUð5Þ multiplets. The fine-tuning of this model can be
estimated by the following measure:

Δ ¼ max
a

fjΔajg;

Δa ¼
�∂ ln v
∂ ln μ

����
vobs

;
∂ ln v
∂ lnM3

����
vobs

;
∂ ln v
∂ lnM2

����
vobs

;
∂ ln v
∂ lnmL

����
vobs

;

∂ ln v
∂ lnB0

����
vobs

�
: ð17Þ

In Fig. 3, the Higgs boson mass mh and Δ are shown for
differentM3. Here, rQ is the ratio of the squark mass to the
gluino mass, mQ=M3. The gluino mass at Min is taken as
M3 ¼ ð800; 900; 1000; 1100; 1200Þ GeV. As rQ increases,
Δ is minimized at a certain point. Above the vertical line,
the EWSB no longer occurs. In small Δ region, the
calculated Higgs boson mass of mh ≃ ð123.5; 124.5;
125Þ GeV is obtained for M3 ¼ ð800; 900; 1000Þ GeV
and tan β ¼ 25, while larger M3 is required for
tan β ¼ 15.
Next, we see whether we can explain the muon g − 2

anomaly in FPNUS1. In Fig. 4, the maximum value of Δaμ
in the region with mild fine-tuning is shown. We take
different parameter sets denoted by A, B, C, D, E, and F as
shown in the caption. We vary tan β within a range [10:60]
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FIG. 3 (color online). The Higgs boson mass and Δ in FPNUS1, with parameter sets ðM3;M2; mLÞ ¼ ð800–900; 500; 1000Þ,
(1000–1200,500,1200) GeV. In the upper (lower) panel, tan β ¼ 25 (15). Here, rQ ≡mQ=M3.
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in each parameter set such that Δaμ is maximized. (The
allowed range of tan β is up to ∼20.) We see that, in the very
light wino case A, the discrepancy of the muon g − 2 from
the SM prediction can be reduced to the 1σ level, while in
the heavier wino case B the discrepancy is reduced to 1.5σ.
In E and F, the condition mHu

¼ mHd
atMin is relaxed, and

there is a region where the discrepancy is reduced to the 1σ
level for m2

LðMinÞ < 0. Note that mHu
≠ mHd

is consistent
with the SUð5Þ unification.
Let us present a sample mass spectrum and Δ in Table II

(P3). One can see the discrepancy of the muon g − 2 is
reduced around 1σ if the winolike chargino is as light
as ∼100 GeV.

B. FPNUS2

Once we abandon the SUð5Þ unification, we have
another focus point (FPNU2). Here, we consider the case
for mQ ¼ mŪ ¼ mD̄ ¼ mH with the fixed ratio of
mQ=M3 ≡ rQ. Although this model is not consistent with
the SUð5Þ unification, a larger parameter space with Δaμ ≳
1.8 × 10−9 exists. The fine-tuning measure Δ is slightly
changed from FPNU1 as6

Δ ¼ max
a

fjΔajg;

Δa ¼
�∂ ln v
∂ ln μ

����
vobs

;
∂ ln v
∂ lnM3

����
vobs

;
∂ ln v
∂ lnM2

����
vobs

;
∂ ln v
∂ lnmL

����
vobs

;

∂ ln v
∂ lnmĒ

����
vobs

;
∂ ln v
∂ lnB0

����
vobs

�
: ð18Þ

 1

 1.5

 2

 2.5

 3

-500  0  500  1000  1500

(Δ
a μ

) m
ax

 x
 1

09

mL
2 / mL  (GeV)

1σ
2σ

A(Δ<40)
B(Δ<40)
C(Δ<40)
D(Δ<40)

E (Δ[40,60))
F (Δ[40,60))

FIG. 4 (color online). The maximum value of Δaμ × 109 in
FPNUS1 for different parameter sets. A: ðM3;M2; mQ=
M3; mHd

=mQÞ ¼ ð750; 150; 5.5; 1.0Þ; B: (750,400,5.1,1.0); C:
(900,150,4.7,1.0); D: (900,400,4.6,1.0); E: (900,150,5.6,0.3);
and F: (750,400,6.0,0.2). In each point, tan β is varied within
a range [10:60], requiring m~τ1 ; m~ντ > 100 GeV. The condition
mHd

¼ mHu
is relaxed for E and F.

TABLE II. Model points of FPNUS1 (P3) and FPNUS2 (P4)
are shown. Here,M1 ¼ M3 andmHd

¼ mHu
atMinð¼ 1016 GeVÞ

is assumed.

P3

M3 800 GeV
M2 200 GeV
� � �
mL ¼ mD̄ 560 GeV
mQ=M3 5.3
tan β 13
μ 221
Δ 40
mgluino 1.89 TeV
m ~q 1.46–4.46 TeV
m~t1;2 2.85, 3.71 TeV
m ~μL , m ~μR 435 GeV, 4251 GeV
m~τ1 , m~ντ 160 GeV, 139 GeV
mχ0

1
, mχ0

2
126, 236 GeV

mχ0
3
, mχ0

4
254, 364 GeV

mχ�
1
, mχ�

2
129, 269 GeV

mh 123.8 GeV
Δaμ 17.5 × 10−10

P4

M3 1000 GeV
M2 350 GeV
mĒ 1000 GeV
mL̄ 560 GeV
mQ=M3 4.9
tan β 19
μ 168
Δ 62
mgluino 2.37 TeV
m ~q 5.16–5.18 TeV
m~t1;2 3.34, 4.25 TeV
m ~μL , m ~μR 515 GeV, 984 GeV
m~τ1 , m~ντ 143 GeV, 119 GeV
mχ0

1
, mχ0

2
146, 181 GeV

mχ0
3
, mχ0

4
310, 445 GeV

mχ�
1
, mχ�

2
154, 314 GeV

mh 125.0 GeV
Δaμ 18.6 × 10−10

6Unless mL or mĒ is very large, Δ is dominated by Δμ or ΔM3

so far.
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In Fig. 5, the maximum values of Δaμ for different
parameter sets are shown. Here, we only consider the mild
fine-tuning region. (The Higgs boson mass is similar to the
one in FPNUS1.) As in the case of FPNUS1, tan β is varied
within a range [10:60] to find a maximum value ofΔaμ. One
can see that A and B can reduce the discrepancy of the muon
g − 2 to the1σ levelwithΔ < 40. If the requiredupper bound
on Δ is relaxed to Δ < 70, all parameter sets (A, B, C, D)
shown in the figure can reduce the discrepancy of the muon
g − 2 to the 1σ level: the Higgs boson mass and the muon
g − 2 anomaly are explained relatively easily in FPNUS2
compared to FPNUS1. This is because the stau is heavier for
the same L-slepton mass atMIR and tan β. This allows larger
tan β and smaller m ~L, avoiding the too light stau.
Finally, let us present a sample mass spectrum and Δ in

Table II (P4). Although this model is not consistent with the
SUð5Þ unification, the anomaly of the muon g − 2 is, in
fact, explained in the region with Δ≃ 60.

V. CONCLUSIONS

The focus point SUSY scenario is very attractive, since it
explains seminaturally the observed electroweak breaking
scale v≃ 174.1 GeV even when masses of squarks and
gluinos are in several TeV region. One interesting pre-
diction of the focus point SUSY breaking scenario is the
light Higgsino with a mass of several hundred GeV. This
relatively light Higgsino provides a possibility of explain-
ing the anomaly of the muon g − 2. In fact, if the wino and
the left-handed smuon are also light, the anomaly of the
muon g − 2 is explained.

In this paper, we have found that, among the known focus
point SUSY scenarios, a scenario based on the Higgs-
gaugino mediation can explain the observed value of the
g − 2 with mild fine-tuning measures Δ ¼ 40–80. This
scenario is proposed recently by the current authors moti-
vated by the E7 nonlinear sigma model, which may explain
why the family number is three. There, the wino mass is
unimportant for the focus point and hence can be light
enough. The mass of the left-handed smuon is mainly given
by the quantum correction from the wino loop and is small.
The tau-sneutrino is likely to be the LSP in the parameter

region of our interest, which gives a distinctive collider
signal as described in Sec. III B. Therefore, this intriguing
possibility may be tested and distinguished from other
SUSY scenarios at the LHC.
Also, we propose two new focus point SUSY scenarios

based on gravity mediation, which are variants of the well
known focus point SUSY scenario. Unlike the original one,
the scalar masses are no longer universal and the left-
handed sleptons are light. We have shown that the muon
g − 2 anomaly is explained.
In this paper, we have mainly discussed the anomaly of

the muon g − 2 in focus point SUSY scenarios. The focus
point SUSY needs some relations among relevant mass
parameters. We hope that those relations may be given by
more fundamental physics (see, e.g., [12,34]). It is, how-
ever, beyond the scope of this paper.
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APPENDIX: HIGH SCALE GAUGE MEDIATION

We consider a high scale gauge mediation model withNL
pairs ofSUð2ÞL doubletmessengers andND pairs ofSUð3ÞC
triplet messengers. The SUSY breaking mass and SUSY
invariant mass of the messenger superfield are denoted by
Fmess and Mmess, respectively. It is assumed that Fmess and
Mmess are common for all the messenger fields.
In this setup, the gaugino masses are given by

M1¼
α1
4π

mmess

�
3

5
NLþ

2

5
ND

	
; M2¼

α2
4π

mmessNL;

M3¼
α3
4π

mmessND; ðA1Þ

 1
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 200  300  400  500  600  700  800  900  1000

(Δ
a μ

) m
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  x
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B (Δ[40,70))
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FIG. 5 (color online). The maximum value of Δaμ × 109 in
FPNUS2 for different parameter sets. A: ðM3;M2; mQ=M3;
mĒ=mLÞ ¼ ð750; 150; 5.1; 2.0Þ; B: (750,400,5.1,2.0); C: (900,
150,5.0,2.0); and D: (900,400,5.1,2.0). In each point, tan β is
varied within a range [10:60].
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where mmess ¼ Fmess=Mmess. The scalar masses are

m2
Q ¼

�
8

3

�
α3
4π

	
2

ND þ 3

2

�
α2
4π

	
2

NL þ 1

30

�
α1
4π

	
2
�
3

5
NL þ 2

5
ND

	�
m2

mess;

m2
Ū ¼

�
8

3

�
α3
4π

	
2

ND þ 8

15

�
α1
4π

	
2
�
3

5
NL þ 2

5
ND

	�
m2

mess; m2
D̄ ¼

�
8

3

�
α3
4π

	
2

ND þ 2

15

�
α1
4π

	
2
�
3

5
NL þ 2

5
ND

	�
m2

mess;

m2
L ¼

�
3

2

�
α2
4π

	
2

NL þ 3

10

�
α1
4π

	
2
�
3

5
NL þ 2

5
ND

	�
m2

mess; m2
Ē ¼

�
6

5

�
α1
4π

	
2
�
3

5
NL þ 2

5
ND

	�
m2

mess;

m2
Hu

¼ mH2
d
¼ m2

L: ðA2Þ

If we take Mmess ¼ MGUT, the low-energy value of m2
Hu

− ðm2
Hd

−m2
Hu
Þ= tan2 βð≡ ~m2

HÞ is written by

~m2
Hð3 TeVÞ≃ 1

N2
D
½0.216N2

L − 0.116NDNL þ 0.587NL − 1.172N2
D − 1.636ND�M2

3; ðA3Þ

where we take tan β ¼ 20.
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