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Considering the generalized minimal supergravity model in the minimal supersymmetric Standard
Model, we study the electroweak supersymmetry, in which the squarks and/or gluino are heavy around a
few TeVs while the sleptons, sneutrinos, bino, winos, and/or Higgsinos are light within 1 TeV. We resolve
the ðg − 2Þμ=2 discrepancy for the muon anomalous magnetic moment in the Standard Model successfully
and identify a parameter space in which such solutions also have the electroweak fine-tuning measuresΔEW

16.5 (6%) and ΔEW 25 (4%) without and with the Wilkinson Microwave Anisotropy Probe (WMAP)
bounds, respectively. We find that the allowed mass ranges, which are consistent within 3σ of the g − 2

discrepancy, for the lightest neutralino, charginos, stau, stau neutrinos, and first two-family sleptons are
[44, 390], [100, 700], [100, 700], [52, 800], and [150, 800] GeV, respectively. Moreover, our solutions
satisfy the latest bounds reported by the ATLAS and CMS collaborations on electroweakinos and sleptons.
The colored sparticles such as light stop, gluinos, and the first the first two generations of squark masses
have been found in the mass ranges of [500, 3000], [1300, 4300], and [1800, 4200] GeV, respectively. To
obtain the observed dark matter relic density for the lightest supersymmetric particle (LSP) neutralino, we
have the bino-wino, LSP neutralino-stau, and LSP neutralino-tau sneutrinos coannihilation scenarios and
the resonance solutions such as the A pole, Higgs pole, and Z pole. We identify the Higgsino-like LSP
neutralino and display its spin-independent and spin-dependent cross sections with nucleons. We present
ten benchmark points that can be tested at the up coming collider searches as well.
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I. INTRODUCTION

It is well known that supersymmetry (SUSY) provides a
natural solution to the gauge hierarchy problem in the
Standard Model (SM). In the supersymmetric SMs (SSMs),
gauge coupling unification can be realized, which strongly
indicates the grand unified theories (GUTs), and the
electroweak (EW) gauge symmetry can be broken radia-
tively due to the large top-quark Yukawa coupling. If
conservation of R parity is assumed, the lightest super-
symmetric particle (LSP) such as a neutralino is a dark
matter candidate. Thus, SUSY is the most promising new
physics beyond the SM.
From the first run of the LHC, a SM-like Higgs boson

with massmh around 125 GeV was discovered in July 2012
[1,2]. This is a little bit heavy for the minimal SSM
(MSSM) since it requires the multi-TeV top squarks with
small mixing or TeV-scale top squarks with large mixing.
Moreover, we have strong constraints on the parameter
space in the SSMs from the LHC SUSY searches. For
example, the gluino mass m~g should be heavier than about
1.7 TeV if the first two-generation squark mass m ~q is

around the gluino mass m ~q ∼m~g and heavier than about
1.3 TeV for m ~q ≫ m~g [3,4].
Inspired by the LHC Higgs [5] and SUSY [6] searches,

as well as the experimental results/constraints on B physics
[7,8] and flavor changing neutral current [9–11], anoma-
lous magnetic momentum of the muon [12,13], dark matter
relic density from WMAP experiment [14], and direct dark
matter search from the LUX experiment [15], one of us
(T. L.) with his collaborators proposed electroweak super-
symmetry (EWSUSY), in which the squarks and/or gluino
are heavy around a few TeVs while the sleptons, sneutrinos,
bino, winos, and/or Higgsinos are light within 1 TeV [16].
Especially, the EWSUSY can be realized in generalized
minimal supergravity (GmSUGRA) [17,18].
In this paper, we shall systematically study the SM

ðg − 2Þμ=2 discrepancy for the muon anomalous magnetic
moment in the MSSM with the EWSUSY from
GmSUGRA. We find that the EWSUSY from
GmSUGRA not only resolves the ðg − 2Þμ=2 anomaly
but also addresses the electroweak fine-tuning (EWFT)
problem. We show the preferred mass ranges for some
SUSY-breaking (SSB) terms required to explain the muon
ðg − 2Þμ=2 anomaly. It is well known that neutralinos,
charginos (collectively known as electroweakinos), and
sleptons play very important roles in addressing the muon
ðg − 2Þμ=2 anomaly. We show that the EWSUSY from
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GmSUGRA very effectively resolves the muon ðg − 2Þμ=2
anomaly. The allowed mass ranges consistent within 3σ of
the ðg − 2Þμ=2 discrepancy for the LSP neutralino, chargi-
nos, stau, stau neutrinos, and first two families of sleptons
are [44, 390], [100, 700], [100, 700], and [52, 800] and [150,
800] GeV, respectively. Recently, the ATLAS and CMS
collaborations have reported new bounds on electroweakinos
as well as all three families of sleptons and sneutrinos
depending on various assumptions and topologies. We
discuss these bounds in some detail and find that our
solutions are consistent with these bounds and still provide
resolution to the muon magnetic dipole moment anomaly
within 3σ. We also note that some portions the parameter
space are not only consistent with all the collider and
astrophysical bounds but also provide even within 1σ
contributions to the muon ðg − 2Þμ=2 and hence resolve
the discrepancy successfully. For color sparticles, we note
that the light stop is the lightest colored sparticle in our data
having mass range [500, 3000] GeV, while gluino mass
range is [1300, 4300] GeV. This gluino mass range shrinks a
little to 3000 GeV if we insist on dark matter relic density
bounds. The first two families of squarks lie in the mass
ranges from 1800 to 4200 GeV. We also identify a viable
parameter space that satisfies all the bounds including 5σ
WMAP9 bounds, resolves the muon ðg − 2Þμ=2 anomaly,
and provides solutions with small EWFT.We note that in our
data the minimal EWFT measures ΔEW ∼ 16.5 (6%) and
ΔEW ∼ 25 (4%) without and with the WMAP9 bound,
respectively. In our present scans, we find that, in order
to obtain the observed dark matter relic density, we have the
bino-wino, LSP neutralino-stau, and LSP neutralino-tau
sneutrino coannihilation scenarios and resonance solutions
such as A resonance, Higgs resonance, and Z resonance for a
binolike neutralino. Moreover, we comment on the binolike
solutions that do not satisfy theWMAP9 bounds. Apart from
the bino-like LSP, we have wino-like and higgsino-like
LSPs. These wino-like and higgsino-like LSPs solutions
have very small relic density. We comment on such wino-
like LSP solutions. We display graphs for direct and indirect
searches for higgsino-like LSP. Finally, we present ten
benchmark points in two tables showing some characteristic
features of our models.
This paper is organized as follows. In Sec. II, we briefly

describe the GmSUGRA model and the SSB parameters.
We also briefly discuss the ðgμ − 2Þ=2 anomaly and
describe our definition of EWFT. In Sec. III, we outline
the detailed SSB parameters, the ranges of numerical values
employed in our scan, the scanning procedure, and the
relevant experimental constraints that we have considered.
We discuss results of our scans in Sec. IV. A summary and
conclusion are given in Sec. V.

II. EWSUSY FROM THE GMSUGRA IN THEMSSM

In the GmSUGRA [17,18], one can realize the
EWSUSY, in which the sleptons and electroweakinos

(charginos, bino, wino, and/or Higgsinos) are within
1 TeV while squarks and/or gluinos can be in several
TeV mass ranges [16]. Moreover, the gauge coupling
relation and gaugino mass relation at the GUT scale are
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where k is the index and equal to 5=3 in the simple
GmSUGRA. We obtain a simple gaugino mass relation,

M2 −M3 ¼
5

3
ðM1 −M3Þ; ð3Þ

by assuming gauge coupling unification at the GUT scale
(α1 ¼ α2 ¼ α3). It is obvious that the universal gaugino
mass relation M1 ¼ M2 ¼ M3 in the mSUGRA is just a
special case of this general one. ChoosingM1 andM2 to be
free input parameters, which vary around several hundred
GeV for the EWSUSY, we get M3 from Eq. (3),

M3 ¼
5

2
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2
M2; ð4Þ

which could be as large as several TeVor as small as several
hundred GeV, depending on specific values of M1 and M2.
The general SSB scalar masses at the GUT scale are

given in Ref. [18]. Taking the slepton masses as free
parameters, we obtain the squark masses in the SUð5Þ
model with an adjoint Higgs field,
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where m ~Q, m ~Uc , m ~Dc , m ~L, and m ~Ec represent the scalar
masses of the left-handed squark doublets, right-handed up-
type squarks, right-handed down-type squarks, left-handed
sleptons, and right-handed sleptons, respectively, whilemU

0

is the universal scalar mass, as in the mSUGRA. In the
EWSUSY, m ~L and m ~Ec are both within 1 TeV, resulting in
light sleptons. Especially, in the limit mU

0 ≫ m ~L= ~Ec , we
have the approximated relations for squark masses:
2m2

~Q
∼m2

~Uc ∼m2
~Dc . In addition, the Higgs soft masses

m ~Hu
and m ~Hd

and the trilinear soft terms AU, AD, and
AE can all be free parameters from the GmSUGRA [16,18].
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A. Anomalous magnetic moment
of the muon aμ ¼ ðg − 2Þμ=2

In parallel to the ongoing searches for the new physics at
the high-energy collider, one can look for such effects
at low energy. The precise measurement of muon aμ ¼
ðg − 2Þμ=2 may reveal, though indirectly, traces for the
physics beyond the SM. The SM prediction for the
anomalous magnetic moment of the muon [12] shows a
discrepancy with the experimental results [13], which is
quantified as follows:

Δaμ ≡ aμðexpÞ − aμðSMÞ ¼ ð28.6� 8.0Þ × 10−10: ð8Þ
If SUSY does exist at the EW scale, then the main SUSY
contributions to aμ come from the neutralino-smuon and
chargino-sneutrino loops and are given as1

ΔaSUSYμ ∝
Miμ tan β
m4

SUSY
; ð9Þ

whereMiði ¼ 1; 2Þ are the weak-scale gaugino masses, μ is
the Higgsino mass parameter, tan β≡ hHui

hHdi, andmSUSY is the
sparticle mass circulating in the loop. It is also evident from
Eq. (9) that, by having appropriately light mSUSY masses
(electroweakinos and sleptons), we may have sizable
SUSY contributions to Δaμ. To address the g − 2 anomaly
between experiment and theory, new direct measurements
of the muon magnetic moment with fourfold improvement
in accuracy have been proposed at Fermilab by the E989
experiment as well as Japan Proton Accelerator Research
Complex [20]. First results from E989 are expected around
2017/2018. These measurements will firmly establish or
constrain new physics effects. Spurred by these develop-
ments, new studies have been done in order to explore this
opportunity [16,21]. In this article, while doing general
scans, we resolve the muon ðg − 2Þμ=2 successfully and
add new dark matter channels such as Higgs resonance
and Z resonance consistent with Δaμ values within 3σ in
addition to the previously reported channels [16,22].
Moreover, we show that our solutions, while having
previously mentioned properties, also have small electro-
weak fine-tuning (defined below). In our scans, the sleptons
and electroweakinons mass ranges, which are required to
address the ðg − 2Þμ=2 problem, are in agreement with
Refs. [16,22,23].

B. Electroweak fine-tuning

It is interesting to note that, in addition to resolving the
aμ anomaly, the EWSUSY from GmSUGRA can also
accommodate the solutions with small EWFT. Upon first
glance, it appears contradictory. On one hand, from Eq. (9),
it appears that the large values of μ are required for sizable

aSUSYμ contributions. On the other hand, small EWFT
requires small values of μ. But after looking at Eq. (9)
more carefully, we see that, by having suitable large values
for gaugino masses and tan β, and small values for electro-
weakino and slepton masses, one can compensate for the
small values of μ (required for small EWFT) and still
resolve the aμ anomaly.
We use the latest (7.84) version of ISAJET [24] to

calculate the fine-tuning conditions at the EW scale MEW.
After including the one-loop effective potential contribu-
tions to the tree-level MSSM Higgs potential, the Z-bosom
mass MZ is given by

M2
Z

2
¼ ðm2

Hd
þ Σd

dÞ − ðm2
Hu

þ Σu
uÞtan2β

tan2β − 1
− μ2; ð10Þ

where Σu
u and Σd

d are the contributions coming from the
one-loop effective potential defined in Ref. [25] and
tan β≡ vu

vd
. All parameters in Eq. (10) are defined at the

MEW. To measure the EWFT condition, we follow Ref. [25]
and use the definitions

CHd
≡ jm2

Hd
=ðtan2β − 1Þj;

CHu
≡ j −m2

Hu
tan2β=ðtan2β − 1Þj;

Cμ ≡ j − μ2j; ð11Þ

with each CΣu;d
u;dðkÞ less than some characteristic value of

order M2
Z. Here, k labels the SM and SUSY particles that

contribute to the one-loop Higgs potential. For the fine-
tuning measure, we define

ΔEW ≡maxðCkÞ=ðM2
Z=2Þ: ð12Þ

Note that ΔEW only depends on the weak-scale parameters
of the SSMs and then is fixed by the particle spectra.
Hence, it is independent of how the SUSY particle masses
arise. Lower values of ΔEW correspond to less fine-tuning;
for example, ΔEW ¼ 10 implies Δ−1

EW ¼ 10% fine-tuning.
In addition to ΔEW, ISAJET also calculates ΔHS, which is a
measure of fine-tuning at the high scale (HS) like the GUT
scale in our case [25]. The HS-scale fine-tuning measure
ΔHS is given as follows:

ΔHS ≡maxðBiÞ=ðM2
Z=2Þ: ð13Þ

For the definition of Bi and more details, see Ref. [25].

III. PHENOMENOLOGICAL CONSTRAINTS AND
SCANNING PROCEDURE

We employ the ISAJET 7.84 package [24] to perform
random scans over the parameter space given below. In this
package, the weak-scale values of the gauge and third-
generation Yukawa couplings are evolved to MGUT via the1For complete one-loop result, see Ref. [19].
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MSSM renormalization group equations (RGEs) in the DR
regularization scheme. We do not strictly enforce the
unification condition g3 ¼ g1 ¼ g2 at MGUT, since a few
percent deviation from unification can be assigned to the
unknown GUT-scale threshold corrections [26]. With the
boundary conditions given at MGUT, all the SSB param-
eters, along with the gauge and Yukawa couplings, are
evolved back to the weak scale MZ.
In evaluating Yukawa couplings, the SUSY threshold

corrections [27] are taken into account at the common scale
MSUSY ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffim~tLm~tR

p . The entire parameter set is iteratively
run between MZ and MGUT using the full two-loop RGEs
until a stable solution is obtained. To better account for the
leading-log corrections, one-loop step-beta functions are
adopted for gauge and Yukawa couplings, and the SSB
parameters mi are extracted from RGEs at appropriate
scales mi ¼ miðmiÞ. The RGE-improved one-loop effec-
tive potential is minimized at an optimized scale MSUSY,
which effectively accounts for the leading two-loop cor-
rections. The full one-loop radiative corrections are incor-
porated for all sparticles.
The requirement of radiative electroweak symmetry

breaking (REWSB) [28] puts an important theoretical
constraint on parameter space. Another important con-
straint comes from limits on the cosmological abundance of
the stable charged particle [29]. This excludes regions in
the parameter space in which charged SUSY particles, such
as ~τ1 or ~t1, become the LSP. We accept only those solutions
for which one of the neutralinos is the LSP.
Using parameters given in Sec. II, we have performed the

random scans for the following parameter ranges:

100 GeV ≤ mU
0 ≤ 5000 GeV;

100 GeV ≤ M1 ≤ 900 GeV;

100 GeV ≤ M2 ≤ 800 GeV;

100 GeV ≤ m ~L ≤ 800 GeV;

100 GeV ≤ m ~Ec ≤ 800 GeV;

100 GeV ≤ m ~Hu;d
≤ 5000 GeV;

−6000 GeV ≤ AU ¼ AD ≤ 5000 GeV;

−800 GeV ≤ AE ≤ 935 GeV;

2 ≤ tan β ≤ 60: ð14Þ

Also, we consider μ > 0 and use mt ¼ 173.3 GeV [30].
Note that our results are not too sensitive to one or two
sigma variation in the value ofmt [31]. We usemDR

b ðMZÞ ¼
2.83 GeV as well, which is hard coded into ISAJET.
Also note that we will use the notations At, Ab, and Aτ

for AU; AD, and AE, respectively.
In scanning the parameter space, we employ the

Metropolis–Hastings algorithm as described in Ref. [32].
The data points collected all satisfy the requirement of

REWSB, with the neutralino being the LSP. After collect-
ing the data, we require the following bounds (inspired by
the LEP2 experiment) on sparticle masses:

m~t1 ; m ~b1
≳ 100 GeV; ð15Þ

m~τ1 ≳ 105 GeV; ð16Þ

m~χ�
1
≳ 103 GeV: ð17Þ

Moreover, we use the IsaTools package [33,34] and
Ref. [35] to implement the following B-physics constraints:

0.8 × 10−9 ≤ BRðBs → μþμ−Þ ≤ 6.2 × 10−9ð2σÞ ½7�;
ð18Þ

2.99 × 10−4 ≤ BRðb → sγÞ ≤ 3.87 × 10−4ð2σÞ ½11�;
ð19Þ

0.15 ≤
BRðBu → τντÞMSSM

BRðBu → τντÞSM
≤ 2.41ð3σÞ ½10�: ð20Þ

In addition to the above constraints, we impose the
following bounds from the LHC andWMAP9 experiments:

mh ¼ 123–127 GeV ½1; 2�; ð21Þ
m~g ≳ 1.7 TeV ðfor m~g ∼m ~qÞ ½3; 4�; ð22Þ

m~g ≳ 1.3 TeV ðfor m~g ≪ m ~qÞ ½3; 4�; ð23Þ

0.0913 ≤ ΩCDMh2ðWMAP9Þ ≤ 0.1363ð5σÞ ½14�; ð24Þ
4.7 × 10−10 ≤ Δaμ ≤ 52.7 × 10−10 ð3σÞ ½13�: ð25Þ

IV. NUMERICAL RESULTS

A. Preferred masses required by Δaμ
In this subsection, we present results of our scans. In

Figs. 1 and 2, we present graphs of Δaμ vs the input
parameters given in Sec. III. In these plots, grey points
(grey in black and white print) satisfy the REWSB and LSP
neutralino conditions, aqua points (slightly dark grey in
black and white print) satisfy the mass bounds, B-physics
bounds, and 123 GeV ≤ mh ≤ 127 GeV, and red points
(dark grey in black and white print) are subset of aqua
points that also satisfy the WMAP9 5σ bounds. In Fig. 1,
we display graphs in theM1 − Δaμ,M2 − Δaμ,M3 − Δaμ,
Atð¼ AbÞ − Δaμ, Aτ − Δaμ, and tan β − Δaμ planes. At
first, we did general scans over the parameter space given
by Eq. (14), and then we did the dedicate scans around the
phenomenologically interesting solutions. These dedicated
searches appear as patches in the graphs. In the top left
panel, we see that aqua points have M1 mass range
[100, 900] GeV, which also have 3σ to 1σ contributions
to Δaμ. There is a lack of gray points between
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800 GeV≲M1 ≲ 900 GeV. It is because initially we
generated data up to M1 ¼ 800 GeV. To get the light
CP-even Higgs boson mass around 125 GeV, we then did
some dedicated searches in which we had to increase upper
ranges of a couple of input parameters. This is the reason
why one can see the sharp cut in gray points in this plot and
plots in the Atð¼ AbÞ − Δaμ and Aτ − Δaμ planes. Another
point to be noted is that we do not see any preferred range

of M1 to have large contribution to Δaμ. Apparently, there
are more points between 400 GeV≲M1 ≲ 800 GeV
where we see large values for Δaμ. But in fact, by
generating more data, it can be shown that we have more
or less the same contributions to Δaμ for all values of M1

between [100, 900] GeV. Since our parameter space is very
large, doing these kind of scans is a very time-consuming
job. But the main purpose of this study is to show that the

FIG. 1 (color online). Plots in M1 − Δaμ, M2 − Δaμ, M3 − Δaμ, Atð¼ AbÞ − Δaμ, Aτ − Δaμ, and tan β − Δaμ. Grey points (grey in
black and white print) satisfy the REWSB and LSP neutralino conditions. Aqua points (slightly grey in black and white print) satisfy the
mass bounds, B-physics bounds and 123 GeV ≤ mh ≤ 127 GeV. Red points (dark grey in black and white print) are subset of aqua
points that also satisfy the WMAP9 5σ bounds. The horizontal black solid lines represent 3σ Δaμ values, and the dashed purple lines
show the central value of Δaμ.
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EWSUSY from GmSUGRA can resolve the apparent
discrepancy of muon Δaμ, which is clearly displayed.
Moreover, we find that even red points can have any value
of M1 between [100, 900] GeV. We note that red points
with small M1 values (M1 ≲ 150 GeV) with 2σ contribu-
tions to Δaμ represent resonance solutions like the Z pole
and Higgs pole. We will discuss such a solution in
Sec. IV D. We also see that in our present data with M1 ∼
500 GeV red points have contributions toΔaμ within 1σ. In
the top right panel, we note that aqua points can have M2

values between 140 and 800 GeV and within 3σ bounds of

Δaμ. The small values ofM2 indicate the presence of a light
wino-type LSP neutralino. On the other hand, the minimal
and maximalM2 values for red points are between 250 and
800 GeV. In the middle left panel, we display values forM3

that we calculate using Eq. (4). Here, one can see that we
have solutions with both M3 < 0 and M3 > 0. To have 3σ
or better Δaμ contributions and remain consistent with the
constraints discussed in Sec. III, we need in both cases
jM3j > 500 GeV, which indicates a relatively heavy
gluino. The right middle panel depicts that in our model
with jAtj ¼ jAbj > 3000 GeV, we have the sizable SUSY

FIG. 2 (color online). Plots in themU
0 − Δaμ,mE − Δaμ,mL − Δaμ,mQ − Δaμ,mU − Δaμ, andmD − Δaμ planes. The color coding is

the same as in Fig. 1.
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contribution toΔaμ and consistent with the bounds given in
Sec. III. These relatively large values of jAtj will also help
to get the Higgs boson mass around 125 GeV. In the left
bottom panel, we observe that aqua solutions have Aτ range
anywhere between −800 GeV≲ Aτ ≲ 935 GeV. But for
red points, we have −600 GeV≲ Aτ ≲ 935 GeV. In the
bottom right panel, we see that the contributions to Δaμ
increase as tan β increases, which can be understood from
Eq. (9). For tan β ≈ 12–50 and 20–25, respectively, for
aqua and red points, we have solutions within 1σ
(20.7 × 10−10 − 36.7 × 10−10) bounds on Δaμ. As we
discussed earlier, the large tan β along with large μ values
may help to get the desired Δaμ values. But the large left-
right stau mixing term Aτ may generate the electric charge
breaking minimum in the scalar potential as indicated in
Ref. [36]. It was shown in Ref. [37] that one can have a
metastability condition for the electric charge breaking in
terms of μ, tan β,m~τL , andm~τR (also see Ref. [38]), in which
the product μ tan β should be less than some combination of
m~τL and m~τR . Although in our case we do not have the very
large Aτ values, we still use Eq. (11) of Ref. [37] to filter out
points that do not satisfy the metastability condition.
In Fig. 2, we show plots in the mU

0 − Δaμ, m ~Ec − Δaμ,
m ~L − Δaμ, m ~Q − Δaμ, m ~Uc − Δaμ, and m ~Dc − Δaμ planes.
The color coding is the same as in Fig. 1. In top left panel,

we see that mU
0 is anywhere between 100 and 3600 GeV if

we consider aqua points, but for red points, it is restricted to
be around 3000 GeV. In the right top panel, we observe that
aqua points within 1–3σ bounds onΔaμ havemEc from 100
to 800 GeV. Similarly, red points share the same mass
range. The middle left plot shows the mass range [130,
800] GeV for the universal left-handed sleptons ~L. Like the
right-handed sleptons, ~Ec and ~Lmore or less share the same
mass range for both aqua and red points. In the right
middle, bottom left, and bottom right panels, we display
masses for left-handed, right-handed up-type, and down-
type squarks, respectively, which we calculate by using
Eq. (7). For the left-handed squarks, we have slightly
narrow allowed mass ranges as compared to the right-
handed squarks. Also, ~Uc and ~Dc have almost the same
mass ranges, which are consistent with Eq. (7).

B. Compatibility between the Δaμ bound and EWFT

Figure 3 displays plots in the mh − Δaμ, ΔEW − Δaμ,
and ΔEW − Δaμ planes. The color coding is the same as in
Fig. 1 except that in the mh − Δaμ plane we do not apply
Higgs mass bound. The left panel shows plenty of solutions
accommodating bounds on Higgs boson mass 123–127 GeV,
having sizable contributions to Δaμ and being consistent

FIG. 3 (color online). Plots in themh − Δaμ, ΔEW − Δaμ, and ΔHS − Δaμ planes. The color coding is the same as in Fig. 1 except that
in the mh − Δaμ plane we do not apply the Higgs boson mass bound.
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with the sparticle mass bounds and B-physics bounds
mentioned in Sec. III. Red points are mostly concentrated
in the Higgs boson mass range 123 GeV≲mh ≲ 124 GeV
and have Δaμ contributions within 2σ. In the left panel, we
find that aqua and red points have small values for fine-
tuning measure ΔEW. These points not only resolve the Δaμ
discrepancy but also provide a solution to the EWFT
problem. As we mentioned earlier, this can be understood
from Eq. (9), where we see that the SUSY contribution to
Δaμ is proportional to μ, gaugino masses (M1;2), and tan β
but inversely proportional to the fourth power of mSUSY (the
mass scale related to charginos, smuons, sneutrino, and
neutralinos). Small EWFT requires small values of μ, while
sizable Δaμ contributions have the opposite requirement for
μ. But if the gaugino masses and tan β are appropriately large
(as can be seen in Fig. 1) and mSUSY is small (as can be seen
below in Fig. 4), one can indeed have sizable Δaμ. In our
data, the minimal value of ΔEW is about 16.5 (6%) with
Δaμ ≈ 11.6 × 10−10 for aqua points, and for red points, ΔEW
can be as small as 25 (4%) with Δaμ ≈ 15.1 × 10−10. A plot
inΔHS − Δaμ is also shown for the comparison of g − 2with
the HS fine-tuning measure. Here, it can be seen that the
points, which have lowΔHS values, have relatively largeΔaμ
values and vice versa.

C. Supersymmetry searches at the LHC

The viable parameter space in the SSMs is still large, so
efforts are going on to find its evidence(s). If R parity is
conserved, SUSY particles are pair produced, and the
lightest neutralino in most of the cases is the LSP and
thus dark matter candidate. Charginos (~χ�1;2;) and neutra-
linos (~χ01;2;3;4) can decay into leptonic final states via
superpartners of neutrinos (~ν, sneutrinos) or charged
leptons (~l, sleptons), or via W, Z, or Higgs (h) bosons
(~χ�i → l� ~ν; ν ~l�;W� ~χ0j ; Z ~χ

�
j ; h~χ

�
j and ~χ0i → ν~ν;l� ~l∓;

W� ~χ∓j ; Z ~χ0j ; h~χ0j , respectively). In recent studies, the
ATLAS and CMS collaborations have reported new bounds
on electroweakinos. For example, in Ref. [39], direct
production of charginos and neutralinos is presented in
events with three leptons and missing transverse energy
Emiss
T for 8 TeV center-of-mass energy. Here, the simplified

models are employed to study the direct pair production of
~χ�1 and ~χ02. ~χ

�
1 and ~χ02 are assumed to be degenerate and

consist purely of a wino component. In this study, ~χ01 is
assumed to be pure bino.2 In such scenarios, if ~χ�1 and ~χ02
decay via the first two-generation sleptons and sneutrinos
~l=~ν, their masses can be excluded up to 700 GeV. On the
other hand, if only ~τ=~ντ as the next-to-LSP (NLSP)
are involved while the first two generations of sleptons/
sneutrinos are heavy, then the lower mass limit for ~χ�1 and

~χ02 is 380 GeV. In the case of W=Z and W=h mediated
decays, ~χ�1 and ~χ02 mass limits are 345 and 148 GeV
respectively. In another ATLAS SUSY searche [40], the
direct productions of charginos, neutralinos, and sleptons in
the final states with two leptons and missing transverse
energy at 8 TeV center-of-mass energy is reported. Here,
too, ~χ�1 and ~χ02 are assumed to be degenerate and pure winos
while ~χ01 is pure bino. In the scenario in which the masses of
sleptons and sneutrinos lie between ~χ�1 and ~χ01, ~χ

�
1 decays

promptly to lν~χ01 via ~lν or l
� ~ν, and its mass can be excluded

in the range [140, 465] GeV. On the other hand, if ~χ�1 is the
NLSP and decays viaW to lν~χ01, its mass is excluded in the
ranges [100, 105], [120, 135], and [145, 160] GeV. In
another scenario, ~χ�1 and ~χ02 are considered mass degenerate
and NLSPs, the direct ~χ�1 ~χ

0
2 pair-production is followed by

the decays ~χ�1 → W� ~χ01 with a 100% branching fraction. In
this case, the excluded mass range for ~χ�1 and ~χ02 is [180,
335] GeV. In a scenario in which slepton ~l is the NLSP
(pp → ~lþ~l− → l� ~χ01), the common values of the left- and
right-handed selectron and smuons masses between 90 and
325 GeV are excluded, and for m~χ0

1
¼ 100 GeV, the

common values of the left- and right-handed slectron
and smuons masses between 160 and 310 GeV are
excluded. Similar studies have also been reported by the
CMS Collaboration [41]. In light of these results, we
investigate our data in Fig. 4. The color coding for this
figure is the following. Blue points (black points in black
and white print) represent the bino-type LSP neutralino,
satisfy REWSB, and are consistent with the bounds on
sparticle/Higgs masses including 123 GeV ≤ mh ≤
127 GeV, B-physics, and 4.7 × 10−10 ≲ Δaμ ≲ 52.7×
10−10. Red points (dark grey points in black and white
print) are a subset of that blue points that satisfy the
WMAP9 5σ bounds. The black solid lines are just to guide
the eyes where we expect mass degeneracy in LSP
neutralino and other sparticle masses. We present the plot
in the m~χ�

1
−m~χ0

1
plane in the left top panel. Here, blue and

red points along the line represent the bino-wino coanni-
hilation solutions. The chargino mass ranges for these
points are [140, 410] and ∼½180; 410� GeV for blue and red
points, respectively. Interestingly, these red solutions are
consistent with the bounds on the NLSP ~χ�1 mentioned
above. There is a horizontal strip of points along
m~χ0

1
≈ 45 GeV, which are the Z-pole solutions. We also

have another horizontal strip of red points around m~χ�
1
∼

430 and m~χ0
1
∼ 60 GeV that represents Higgs-pole solu-

tions. The above-mentioned bounds on charginos do not
apply on the resonance solutions. We will discuss these
solutions later on. We also find blue and red points with
m~χ0

1
≳ 150 GeV and 100 GeV≲m~χ�

1
≲ 700 GeV. These

are the points where the NLSPs are sleptons or sneutrinos
(either the first two generations or third generation). We

2In the results given below, m~χ0
1
¼ 0 is assumed unless stated

otherwise.
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have to be careful about all of these points and check their
status. For this purpose, we display plots in the m~τ1 −m~χ0

1

and m~ντ −m~χ0
1
planes. In these plots, there are points where

the stau and tau sneutrino are the NLSPs and are degenerate
in mass with the LSP neutralino. To make sure whether
these NLSP solutions satisfy the bounds on charginos
discussed above, we present plots in the m~τ1=m~χ0

1
−m~χ�

1

and m~ντ=m~χ0
1
−m~χ�

1
planes. These plots clearly show that

all the points m~χ�
1
≳ 380 GeV are allowed as they satisfy

the chargino mass bounds in the case of ~τ=~ντ-mediated
chargino decays given above. In the bottom left panel, we
display the plot in the m~l −m~χ0

1
plane, which shows that

most of our solutions easily satisfy the upper bounds on
the first two-generation slepton masses 325 and 310 GeV,
respectively, for m~χ0

1
¼ 0 and 150 GeV.

FIG. 4 (color online). Plots in the m~χ�
1
−m~χ0

1
, m~τ1 −m~χ0

1
, m~ντ −m~χ0

1
, m~τ1=m~χ0

1
−m~χ�

1
, m~ντ=m~χ0

1
−m~χ�

1
, and m~l −m~χ0

1
planes. Blue

points (black points in black and white print) represent the bino-type LSP neutralino and satisfy REWSB. They are consistent with
bounds on sparticle and Higgs boson masses including 123 GeV ≤ mh ≤ 127 GeV, B-physics, and 4.7 × 10−10 ≲ Δaμ ≲ 52.7 × 10−10.
Red points (dark grey points in black and white print) are subset of blue points that satisfy the WMAP9 5σ bound.
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In Fig. 5, we present plots in theM3 −mU
0 and m~g −m ~ul

planes. Gray points satisfy the REWSB and neutralino as
LSP conditions. Aqua points satisfy the mass bounds,
B-physics bounds, and 123 GeV ≤ mh ≤ 127 GeV.
Orange points form a subset of aqua points that satisfy
the 3σ bounds on Δaμ. Red points are a subset of orange
points that also satisfy WMAP9 5σ bounds. In the left
panel, orange points can be divided in three portions. In the
case of large M3 and large mU

0 , all colored sparticles are
decoupled with masses around several TeV. For large M3

and small mU
0 , the colored sparticle spectra will be similar.

However, when M3 is small but mU
0 is large, the gluino is

light around or below 1 TeV, while squarks are heavy.
The mass squared (mass2) of the right-handed squarks is
predicted to be approximately twice the left-handed ones.
In the right panel, we show the mass ranges for the gluino
and left-handed squarks in our scans and do not apply
squark and gluino mass bounds here. The black horizontal
and vertical lines represent the squark and gluino bounds.
For orange points, the gluino mass range is about
∼½1300; 4300� GeV, corresponding to squark mass range
∼½1800; 4000� GeV. While for red points, the upper limits
on gluino and squark masses are relatively light about
3400 GeV. Here, we also note that, because we have
relatively light gluinos compared to m~g ≳ 2 TeV reported
in Refs. [16,22], our parameter space can be probed easily
at the next round of LHC supersymmetry searches. It is
shown in Ref. [42] that the squarks and gluino with masses
around 2.5, 3, and 6 TeV may be probed by the LHC14,
high-luminosity LHC14, and high-energy LHC33, respec-
tively. This clearly shows that our models have testable
predictions. Moreover, if we have a collider facility with
even higher energy in the future, we will be able to probe
even larger values of sparticle masses.

D. Dark matter relic density

In this subsection, we discuss the possible mechanism
through which in our present scans we get the observed
dark matter relic density and also satisfy all the phenom-
enological bounds such as sparticle mass bounds, the Higgs
boson mass bounds, 3σ bounds on Δaμ, and B-physics
bounds. We have already shown the existence of the bino-
wino coannihilation scenario in our model in the top left
panel of Fig. 4. Just to remind the reader, red points in
that figure satisfy all the bounds just mentioned above.
We see red points along the black line with chargino mass
170–410 GeV. Some portions of this mass range have
already been explored by the LHC searches as discussed
above. The International Linear Collider (ILC), a proposed
eþe− collider [43,44], was designed to operate at center-of-
mass energy

ffiffiffi
s

p
∼ 0.25–1 TeV. At the ILC, one can probe

the chargino mass up to
ffiffiffi
s

p
=2. This clearly shows that the

entire chrgino mass range mentioned above can be tested at
the ILC, and we can have valuable information about
SUSY contributions to g − 2 indirectly. Moreover, in
the same plot, we can see the Z-pole solutions with
m~χ0

1
∼ 45 GeV. Such solutions are constrained by the

decay width of Z-boson to a pair of dark matter particles,
ΔΓðZ → χ01χ

0
1Þ < 0.2 [45]. It was shown in Ref. [46] that

this decay width can be translated for the bino-LSP case in
terms of μ and μ≳ 140 GeV is required in order to avoid
the experimental bound. We have checked that all of our red
points satisfy this bound.
In the same plane, there exist the Higgs-resonance

solutions as a horizontal strip of red points around
m~χ0

1
∼ 60 GeV. We show ooint 1 in Table II as an example

of such solutions. In particular, note that Brðhiggs →
~χ01 ~χ

0
1Þ ∼ 4.68 × 10−4, which is consistent with the results

FIG. 5 (color online). Plots in the M3 −mU
0 and m~g −m ~ul planes. Gray points satisfy the REWSB and the lightest neutralino as LSP

conditions. Aqua points (slightly dark grey points in black and white print) satisfy the sparticle mass bounds, B-physics bounds, and
123 GeV ≤ mh ≤ 127 GeV. Orange points (slightly dark grey points in black and white print) form a subset of aqua points which
satisfy the 3σ bounds on Δaμ. Red points (dark grey points in black and white print) are a subset of orange points that also satisfy the
WMAP9 5σ bounds. Also, we do not apply the squark and gluino mass bounds on the right panel, which are 1.8 and 1.3 TeV,
respectively.
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reported in Ref. [47]. In the top right and middle left panels
of Fig. 4, it is easy to see that we can accommodate the LSP
neutralino-stau and LSP neutralino-tau sneutrino coanni-
hilation scenarios. The middle right and bottom left panels
of Fig. 4 show that in these scenarios solutions with ~χ�1 ≳
380 GeV do survive. Because the production cross section
of ~χ�1 ~χ

0
2 is very large as compared to sleptons, it will be very

hard to probe such solutions at the LHC. Apart from Higgs-
pole and Z-pole solutions, we also have A-resonance
solutions, as can be seen in Fig. 6. The color coding is
the same as in Fig. 4, and the black line there represents
mA ¼ 2m~χ0

1
. For blue points, we have mA as light as

370 GeV and as heavy as 700 GeV along the line.
While for red points, the lower limit for mA is about
600 GeV. Apart from our red points that satisfy the 5σ
WMAP9 bound in Figs. 4 and 6, we would like to comment
on blue points. These blue solutions have Ωh2 values either
above or below the 5σ WMAP9 bounds. To solve this
problem, in the former case, one can treat the bino as the
NLSP and assume that it decays to a lighter state, for
example, ~χ01 → γ ~a, where ~a is an axino. In such a scenario,
we will have the mixed axion and axino (a ~a) dark matter
[48]. In the latter case in which we have relic density
Ωh2 ∼ 10−5 − 10−2, the neutralino abundance can be
accommodated in the Pecci–Quinn augmented MSSM,
where m ~a > m~χ0

1
and additional neutralinos are produced

via thermal axino production and decay m ~a → m~χ0
1
γ [49].

In these cases, the cold dark matter tends to be neutralino
dominant with a small component of axions. In addition to
the bino-type neutralino LSP, we have the wino-type and
Higgsino-type neutralino LSPs as well. Let us discuss them
one by one. It was shown in Refs. [50,51] that for Navarro-
Frenk-White and Einasto distributions the entire mass
range of thermal wino dark matter from 0.1 to 3 TeV
may be excluded. In a recent study [52], it was shown that
the wino as a dark matter candidate is excluded in the mass
range below 800 GeV from the antiproton and between 1.8
and 3.5 TeV from the absence of a γ-ray line feature toward

the Galactic center. Because our wino-type solutions have
very small relic density from 10−3 to 10−5, for example,
point 5 in Table I, the light winolike LSP neutralino, which
can provide a solution to the aμ anomaly, does satisfy the
above constraints. Even if one has a thermal winolike LSP
neutralino with mass around 2.8 TeVand the observed relic
density, one can escape the above bounds by assuming that
the winolike neutralino is the NLSP and decays to an axino
and γ. Another example of solutions with under abundance
relic density is the Higgsino-like LSP. To match the
observed dark matter relic density, we need an additional
dark matter candidate along with a Higgsino. In this
scenario, the Higgsino could make only a small fraction
of the dark matter relic density, and the remaining abun-
dance is composed of axinos produced through the vacuum
misalignment [53]. This also provides the possibility to
detect axinos along with the chances to detect Higgsinos
despite the fact that their relic density is somewhat sup-
pressed between 1 and 15 in the present Universe. In the top
left panel of Fig. 7, we plot the rescaled Higgsino-like
neutralino spin-independent cross section ξσSIð~χ01pÞ vs
mðHiggsinoÞ. The orange solid line (top greyish solid line
in black and white print) represents the current upper bound
set by the CDMS experiment, the black solid line depicts
the upper bound set by the XENON100 experiment [54],
and the current upper bound set by the LUX experiment
[15] is shown by purple line (greyish solid line in black and
white print), while the orange (greyish in black and white
print) and black dashed lines represent, respectively, the
future reach of the SuperCDMS [55] and XENON1T [56]
experiments. To account for the fact that the local Higgsino
relic density might be much less than the usually assumed
value ρlocal ≃ 0.3 GeV=cm3, we rescale our results by a
factor ξ ¼ Ω~χ0

1
h2=0.11 [57]. Blue points satisfy all the

bounds mentioned in Sec. III except the WMAP9 bounds.
We note that these solutions have 50≲ ΔEW ≲ 130 and
most of the solutions have ΔEW ≲ 100. However, the
solutions with mðHiggsinoÞ in the range [100, 325] GeV
can be ruled out by the LUX experiment depending upon
their ξσSIð~χ01pÞ values. The rest of the solutions with
small values of ξσSIð~χ01pÞ will be probed by the
SuperCDMS and XENON1T experiments, but not com-
pletely. Here, we would like to comment on our solutions
just below the XENON1T reach line with Higgsino mass
around mðHiggsinoÞ ∼ 200 and 300 GeV, which have μ ∼
209 and 313 GeV, while ΔEW ∼ 102 and 128, respectively.
The presence of this point shows that it would be difficult
to rule out the Higgsino-like LSP neutralino for entire
parameter space in R-parity conserving natural SUSY
models [58]. The top right panel shows a plot in the
rescaled Higgsino-like neutralino spin-dependent cross
section ξσSDð~χ01pÞ as a function of mðHiggsinoÞ. The
green line represents the upper bound set by the COUPP
experiment [59]. We see that our solutions are about a

FIG. 6 (color online). Plot in the m~χ0
1
−mA

plane. The color
coding is the same as in Fig. 4.
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couple orders of magnitude below the current bounds from
the COUPP experiment. For comparison, in the bottom
panel of Fig. 7, we present a plot of the (nonrescaled)
Higgsino-like neutralino spin-dependent cross section
σSDð~χ01pÞ vs mðHiggsinoÞ. The IceCube DeepCore and
future IceCube DeepCore bounds are shown by the black
solid line and black dashed line [60]. The color coding is
the same as the left panel. Because the IceCube detection
depends on whether the Sun has equilibrated its core
abundance between capture rate and annihilation rate
[61], we do not rescale our results here. It was shown in
Ref. [62] that for the Sun equilibration is reached for almost
all of SUSY parameter space. If this is true, then our

solutions will be probed by the future IceCube DeepCore
experiment. However, we are not sure whether such an
equilibration can be reached if the SUSY particles are
relatively heavy.
In Table I, we present five benchmark points. All the

points satisfy the bounds on the sparticle and Higgs boson
masses as well as the constraints from B physics and Δaμ
described in Sec. III. Points 1 and 2 are the solutions with
the minimal values of ΔEW that are, respectively, not
consistent and consistent with the WMAP9 5σ bound.
Here, we see that the mass of the binolike LSP neutralino is
about ∼46–48 GeV, the m~χ�

1
range is ∼½165; 211� GeV,

and the CP-even Higgs boson mass is around 123 GeV. For

TABLE I. All the masses in this table are in units of GeV. All the points satisfy the constraints described in Sec. III. Points 1 and 2
display the solutions with the minimal values of ΔEW, which are, respectively, not consistent and consistent with the 5σ WMAP9
bounds. Point 2 is an example of Z-pole solutions. Point 3 represents a solution with large contribution toΔaμ and consistent with the 5σ
WMAP9 bounds. Point 4 and 5 are the examples with large gluino masses and 125 GeV light CP-even Higgs boson mass, which are,
respectively, consistent and not consistent with the 5σ WMAP9 bounds. Points 3 and 4 are the bino-wino coannihilation scenario, while
point 5 represents winolike LSP solutions.

Point 1 Point 2 Point 3 Point 4 Point 5

m ~Q 1268.4 1435.2 2141 2095.2 467.95
m ~Uc 1632.2 1914.5 3022.7 2872.3 161.02
m ~Dc 1736.7 1988.1 3004.9 2899.4 349.3
m ~L 159.6 152.9 438.2 543.7 517.6
m ~Ec 743.9 673.7 175.6 728.1 641.9
M1 108.9 112.1 515 899.8 786.1
M2 706.1 682.4 287.1 495.6 158.5
M3 −786.9 −743.35 856.85 1506.1 1727.5
At ¼ Ab 3564 3725 −5073 −5897 −4817
A~τ −496.7 −465.7 168.7 396.1 −250.6
tan β 15.9 17.9 25.9 28.6 31.2
mHu

2457 2581 3160 2306 1856
mHd

2507 2523 562.6 265.9 288.8
μ 162 207 1572 3070 2553
ΔEW 16.5 25 598 2269 1569
ΔHS 1462 1616 3005 3540 2393
Δaμ 11.62 × 10−10 15.12 × 10−10 22.40 × 10−10 7.78 × 10−10 11.67 × 10−10

mh 123 123 124 125 125
mH 2446 2407 708 2524 2081
mA 2430 2391 703 2507 2068
mH� 2447 2408 713 2525 2083
m~χ0

1;2
46, 165 48, 208 218, 234 387, 404 108, 329

m~χ0
3;4

173, 611 218, 591 1571, 1574 3053, 3054 2544, 2544
m~χ�

1;2
165, 605 211, 584 234, 1570 406,3059 108, 2547

m~g 1829 1752 2029 3323 3672
m ~uL;R 2036, 2233 2081, 2382 2689, 3411 3491, 3986 3211, 3227
m~t1;2 830, 1401 966, 1387 1444, 1867 2298, 2592 1862, 2515
m ~dL;R

2038, 2322 2083, 2469 2690, 3433 3492, 4036 3212, 3203
m ~b1;2

1384, 2217 1354, 2342 1533, 3176 2486, 3723 2492, 2894
m~ν1;2 442 367 267 497 621
m~ν3 365 240 287 502 622
m~eL;R 457, 767 384, 755 251, 552 504, 943 644, 501
m~τ1;2 383, 691 266, 654 247, 571 457, 948 402, 685
σSIðpbÞ 1.54 × 10−9 7.14 × 10−10 4.9 × 10−11 8.09 × 10−13 4.65 × 10−12

σSDðpbÞ 2.13 × 10−4 7.99 × 10−5 2.62 × 10−8 7.91 × 10−10 3.09 × 10−8

ΩCDMh2 0.006 0.122 0.096 0.103 0.0007
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the first two-family sleptons and sneutrinos, the left-handed
sleptons are lighter than the right-handed sleptons and are
in the mass range [380, 460] GeV, while the third-family
light stau and tau sneutrino can be as light as 266 and
240 GeV, respectively. For the colored sparticles, the gluino
mass is around 1800 GeV, the first two-family squarks are
in the mass range ∼½2000; 2400� GeV, and the light stop is
around 830 GeV. Point 2 also represents the Z-pole
solutions. Point 3 represents a solution with large contri-
bution to Δaμ ∼ 22.4 × 10−10 (within one σ bound on Δaμ)
and consistent with the 5σ WMAP9 bounds. It is also an
example of the bino-wino coannihilation scenario with
m~χ0

1
∼ 218 and m~χ�

1
∼ 234 GeV. Here, we see that the

Higgs boson mass is around 124 GeV; the first two families
of left- and right-handed sleptons, respectively, have masses
∼251 and 552 GeV; the light stau mass is around 247 GeV;
and the tau sneutrino mass is 287 GeV. The gluino mass is
around 2000 GeV, while the first two families of squark
masses are from 2680 to 3430 GeV. The light stop mass is

around 1444 GeV. Points 4 and 5, respectively, are the
examples of solutions with large gluino masses about 3323
and 4215 GeV and 125 GeV light CP-even Higgs boson
mass. Point 4 is consistent with relic density bounds with
Δaμ ∼ 7.87 × 10−10, while point 5 has Δaμ ∼ 11.54 ×
10−10 but does not satisfy the relic density bound. Point 4
is another example of the bino-wino coannihilation scenario.
Point 5 is representative of the winolike LSP neutralino
solutions. For points 4 and 5, the first two families of right-
handed sleptons are, respectively, 943 and 870 GeV, but the
corresponding left-handed sleptons are 504 and 477 GeV.
Also, sneutrinos have masses 497 and 430 GeV, respectively.
The light stau and tau sneutrino masses for point 4 are 457
and 502 GeV, while for point 5 the light stau mass is
136 GeV, and the tau sneutrino mass is about 283 GeV.
In Table II, we display another five benchmark points

consistent with the constraints described in Sec. III. Points
1, 2, 3, and 4 represent the Higgs resonance, A resonance,
neutralino-stau solution, and neutralino-tau sneutrino

FIG. 7 (color online). In the top left panel, rescaled Higgsino-like neutralino spin-independent cross section ξσSIð~χ01pÞ vsmðHiggsinoÞ
is shown. The orange solid line (top greyish solid line in black and white print) represents the current upper bound set by the CDMS
experiment, black solid line depicts the upper bound set by XENON100 and the current upper bound set by the LUX experiment is
shown by purple line (greyish solid line in black and white print), while the orange (greyish in black and white print) and black dashed
lines represent, respectively, the future reach of the SuperCDMS and XENON1T experiments. The top right panel shows the plot in the
rescaled Higgsino-like neutralino spin-dependent cross section ξσSDð~χ01pÞ −mðHiggsinoÞ plane. The green line represents the upper
bound set by the COUPP experiment. In the bottom panel, the (nonrescaled) Higgsino-like neutralino spin-dependent cross section
σSDð~χ01pÞ vs mðHiggsinoÞ is displayed. The IceCube DeepCore (black solid line) bound is shown, and the future IceCube DeepCore
bound is depicted by the black dashed line. The color coding is the same as in Fig. 4.
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solution, respectively. Point 5 is an example of the
Higgsino-like LSP. Here, we see that all of these points
have a lot of common features. Gluino masses are in the
range [1700, 2100] GeV, while the first two families of
squarks have masses from around 2700 to 3600 GeV. The
light stop mass lies in the range [1000, 1750] GeV. Also,
the first two families of sleptons and sneutrinos are almost
degenerate. In both tables of benchmark points, the light
stop is the lightest colored sparticle. Point 5 has the rescaled
Higgsino-like neutralino spin-independent cross section

ξσSIð~χ01pÞ ¼ Ω~χ0
1
h2=0.11 × σSIð~χ01pÞ ∼ 2.09 × 10−11 pb,

which is below the XENON1T experimental low bound.

V. DISCUSSIONS AND CONCLUSION

We attempted to resolve the muon ðg − 2Þμ=2 discrep-
ancy in the SM by exploring the MSSMwith the EWSUSY
from GmSUGRA. We identified a viable parameter space
that resolves this discrepancy, and as a by product, we
obtained the solutions with small EWFT simultaneously.
Our solutions not only provide sizable contributions to Δaμ
but also satisfy all the current experimental constraints
including the LHC SUSY searches. In particular, the relic
density for cold dark matter can be achieved within the 5σ
WMAP9 bounds by the bino-wino, neutralino-stau, and
neutralino-tau sneutrino coannihilation scenarios, and the
A, Higgs, and Z resonance scenarios. Moreover, we
identified the Higgsino-like LSP neutralino and calculate

TABLE II. All the masses in this table are in units of GeV. All points satisfy all the constraints in Sec. III except point 4, which does not
satisfy the 5σ WMAP9 bounds. Points 1, 2, 3, and 4 represent the Higgs resonance, A resonance, neutralino-stau coannihilation, and
neutralino-stau neutrino coannihilation solutions, respectively. Point 5 is an example of the Higgsino-like LSP. This point has the
rescaled Higgsino-like neutralino spin-independent cross section ξσSIð ~Z1pÞ below the XENON1T experimental upper bound
(Ω~χ0

1
h2=0.11 × σSIð~χ01pÞ ∼ 2.09 × 10−11 pb).

Point 1 Point 2 Point 3 Point 4 Point 5

m ~Q 1631.4 2305.6 2328.6 2344 2084.3
m ~Uc 2302.7 3230.9 3258.8 3288.9 2907.8
m ~Dc 2274 3246.1 3277.2 3301.6 2928
m ~L 466.8 211.7 210.2 215.1 237.8
m ~Ec 143.6 439.5 473.7 414 483.4
M1 135.4 709.5 768.2 761.2 789.7
M2 658.8 687.4 742.5 701.0 707.2
M3 −649.7 742.65 806.75 851.5 913.45
At ¼ Ab 4095 −4616 −4675 −4695 −4078
A~τ −202.5 918 807.3 846.7 784.8
tan β 21.5 14.2 15.9 14.7 16.1
mHu

2708 3641 3295 3521 3472
mHd

2722 828.3 954.6 980.1 861
μ 451 503 1459 1170 209
ΔEW 49 76 512 329 102
ΔHS 1818 3260 3128 3318 2914
Δaμ 12.2 × 10−10 7.5 × 10−10 5.76 × 10−10 6.0 × 10−10 10.3 × 10−10

mh 123 123 123 123 123
mH 2503 577 1499 1275 401
mA 2487 573 1490 1267 398
mH� 2504 582 1502 1278 409
m~χ0

1;2
60, 433 300, 478 331, 611 327, 573 198, 219

m~χ0
3;4

462, 586 513, 604 1466, 1469 1179, 1184 344, 589
m~χ�

1;2
440, 580 481, 598 611, 1469 573, 1184 214, 578

m~g 1571 1798 1933 2025 2132
m ~uL;R 2113, 2567 2715, 3515 2805, 3576 2857, 3642 2725, 3383
m~t1;2 1034,1323 1544, 1868 1726, 2062 1741, 2064 1648, 1914
m ~dL;R

2114, 2632 2716, 3544 2806, 3625 2858, 3608 2726, 3401
m ~b1;2

1222, 2444 1631, 3453 1813, 3516 1832, 3582 1766, 3295
m~ν1;2 378 400 358 350 489
m~ν3 166 385 336 330 474
m~eL;R 387, 689 399, 582 352, 731 345, 662 493, 564
m~τ1;2 184, 498 395, 582 340, 715 337, 646 485, 546
σSIðpbÞ 7.42 × 10−11 2.7 × 10−9 1.7 × 10−11 4.11 × 10−11 4.66 × 10−8

σSDðpbÞ 3.44 × 10−6 5.82 × 10−6 2.82 × 10−8 8.06 × 10−8 1.64 × 10−4

ΩCDMh2 0.129 0.098 0.124 0.123 4.94 × 10−5
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the spin-independent and spin-dependent cross sections on
the LSP neutralinos with nucleons.
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