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crepancy, or a 3σ deviation between the experimental and theoretical results of the muon

anomalous magnetic moment, can be resolved by SUSY models, which implies at least

three SUSY multiplets have masses of O(100) GeV. In particular, models with the bino,

higgsino and slepton having O(100) GeV masses are not only capable to explain the muon

g−2 discrepancy but naturally contains the neutralino dark matter with the observed relic

abundance. We study constraints and future prospects of such models; in particular, we

find that the LHC search for events with two hadronic taus and missing transverse mo-

mentum can probe this scenario through chargino/neutralino production. It is shown that

almost all the parameter space of the scenario can be probed at the high-luminosity LHC,

and a large part can also be tested at the XENON1T experiment as well as at the ILC.

Keywords: Supersymmetry Phenomenology

ArXiv ePrint: 1704.05287

Open Access, c© The Authors.

Article funded by SCOAP3.
doi:10.1007/JHEP06(2017)031

mailto:motoi.endo@kek.jp
mailto:hama@hep-th.phys.s.u-tokyo.ac.jp
mailto:sho@physics.technion.ac.il
mailto:yanagi@hep-th.phys.s.u-tokyo.ac.jp
https://arxiv.org/abs/1704.05287
http://dx.doi.org/10.1007/JHEP06(2017)031


J
H
E
P
0
6
(
2
0
1
7
)
0
3
1

Contents

1 Introduction 1

2 Setup 2

3 Prospects for the bino-higgsino-slepton scenarios 4

3.1 DM abundance and muon g − 2 4

3.2 DM spin-independent scattering 5

3.3 LHC search 6

3.3.1 Recasting the stau search 6

3.3.2 HL-LHC prospect 8

3.4 ILC prospects 10

3.5 Impact of the wino mass 10

4 Summary and discussion 11

1 Introduction

Supersymmetry (SUSY) is one of the most attractive candidates of physics beyond the

Standard Model (SM). The electroweak scale is stabilized against the radiative corrections,

the gauge coupling unification becomes much better than in the SM, and the lightest SUSY

particle (LSP) can be the dominant component of the dark matter (DM). On the other

hand, the stringent constraints from the LHC searches as well as the 125 GeV Higgs boson

mass may imply that the SUSY particles, in particular the colored ones, are much heavier

than O(0.1–1) TeV.

However, there are still motivations to consider SUSY with O(100) GeV sparticles: (i)

the naturalness, (ii) the neutralino DM, and, although not conclusive, (iii) the discrepancy

of the anomalous magnetic moment (g − 2) of the muon. Among these motivations, the

naturalness requires at least higgsino, stop, and gluino to be light, and such a mass spectrum

is severely constrained by the recent SUSY search results (see, e.g., ref. [1] for a recent

study). We focus on the other two motivations, (ii) the neutralino DM and (iii) the

muon g− 2 discrepancy, and investigate minimal SUSY models that can explain these two

simultaneously.1

The value of the muon g−2 is reported by the Brookhaven E821 experiment as [13, 14]

aµ(exp) = (11 659 208.9± 6.3)× 10−10 , (1.1)

where aµ = (gµ − 2)/2. It is compared with the SM prediction

aµ(SM) =

{
(11 659 182.8± 4.9)× 10−10 [15],

(11 659 180.2± 4.9)× 10−10 [16],
(1.2)

1For recent studies of prospects for SUSY models in light of DM and the muon g−2, see, e.g., refs. [2–12].
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where aµ(LbL) = (10.5± 2.6)× 10−10 is used for the estimation of the hadronic

light-by-light contributions [17]. The difference is evaluated as aµ(exp) − aµ(SM) =

(26.1± 8.0)× 10−10 [15] or (28.7± 8.0)× 10−10 [16].2 Therefore, the experimental result

is larger than the SM expectation by the > 3σ level. Such a large contribution can be

explained in SUSY models with O(0.1–1) TeV smuons and charginos/neutralinos [19–21].

In order to explain the muon g − 2 discrepancy, at least three SUSY multiplets must

be as light as O(100) GeV. In this letter, we consider minimal scenarios, i.e., models in

which only three SUSY multiplets have O(100) GeV masses and the other SUSY particles

are much heavier. There are four minimal scenarios, which are characterized by the light

SUSY multiplets:

BHR bino, higgsino, and right-handed slepton,

BHL bino, higgsino, and left-handed slepton,

BLR bino, left- and right-handed sleptons,

WHL wino, higgsino, and left-handed slepton.

In each scenario, the three light SUSY multiplets yield loop-level contributions to the muon

g − 2 to resolve the discrepancy, as we will see in section 2.

The WHL scenario, however, cannot explain the DM abundance because the ther-

mal wino (higgsino) DM predicts its mass around 2.9 TeV [22] (1 TeV [23]), which is too

large for the muon g − 2. The phenomenology of the BLR scenario has been investigated

comprehensively in ref. [24], although the DM physics was not discussed in detail.

In this letter, we study the BHR and BHL scenarios in the light of the muon g − 2

discrepancy and the DM abundance. The DM is the lightest neutralino Ñ1 dominated

by the bino component, whose mass as well as those of the higgsino and the sleptons are

O(100) GeV. The scenarios can be tested at the LHC, by DM direct detections, and at

the ILC. In particular, we find that the LHC search for events with two hadronic taus

and missing transverse momentum, whose original target is the direct stau production,

can probe this scenario through production of chargino/neutralino decaying into taus.

It is shown that almost all the parameter space of the scenario can be probed by the

high-luminosity LHC (HL-LHC), and a large part can also be tested by the XENON1T

experiment as well as the ILC. It is emphasized that, as the SUSY particles that are

irrelevant to the muon g−2 and DM are assumed to be heavy and decoupled, our conclusion

is quite general and independent of details of the models.

2 Setup

The following SUSY parameters are responsible for the muon g − 2:

M1,M2, µ,m
2
L,m

2
R, tanβ, (2.1)

2If we use another result aµ(LbL) = (11.6± 4.0)× 10−10 calculated in ref. [18], the difference becomes

(25.0± 8.6)× 10−10 or (27.6± 8.6)× 10−10 with the contributions of hadronic vacuum polarization ahad-VP
µ

calculated in refs. [15] and [16], respectively.
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where M1, M2, mL and mR are the soft masses for the bino, wino, left-handed and right-

handed sleptons, respectively. µ is the higgsino mass parameter, and tan β = 〈Hu〉/〈Hd〉 is

the ratio of the vacuum expectation values of the up- and down-type Higgs. For simplicity,

we take the slepton soft masses to be universal and flavor-blind, and assume that the

effects of the A-terms are negligible.3 We further assume that the complex phases of soft

parameters are neglected, and take M1 and M2 to be positive, while µ can have either sign,

following the convention of ref. [25]. To obtain sizable contributions to the muon g− 2, we

take tan β = 40 throughout our analysis. All the analyses are done with tree-level masses

and couplings, including the D-term contributions to the slepton masses.

Considering the one-loop diagrams with gauge eigenstates, the SUSY contributions to

the muon g − 2 are classified into four types: BHR, BHL, BLR, and WHL, and for large

tanβ the contributions are respectively approximated as [21]4

aµ(BHR) ' −αY
4π

m2
µ

M1µ
tanβ · fN

(
M2

1

m2
µ̃R

,
µ2

m2
µ̃R

)
, (2.2)

aµ(BHL) ' αY
8π

m2
µ

M1µ
tanβ · fN

(
M2

1

m2
µ̃L

,
µ2

m2
µ̃L

)
, (2.3)

aµ(BLR) ' αY
4π

m2
µM1µ

m2
µ̃L
m2
µ̃R

tanβ · fN

(
m2
µ̃R

M2
1

,
m2
µ̃R

M2
1

)
, (2.4)

aµ(WHL1) ' −α2

8π

m2
µ

M2µ
tanβ · fN

(
M2

2

m2
µ̃L

,
µ2

m2
µ̃L

)
, (2.5)

aµ(WHL2) ' α2

4π

m2
µ

M2µ
tanβ · fC

(
M2

2

m2
ν̃µ

,
µ2

m2
ν̃µ

)
, (2.6)

where the loop functions are given by

fC(x, y) = xy

[
5− 3(x+ y) + xy

(x− 1)2(y − 1)2
− 2 lnx

(x− y)(x− 1)3
+

2 ln y

(x− y)(y − 1)3

]
, (2.7)

fN (x, y) = xy

[
−3 + x+ y + xy

(x− 1)2(y − 1)2
+

2x lnx

(x− y)(x− 1)3
− 2y ln y

(x− y)(y − 1)3

]
. (2.8)

As discussed in the Introduction, we consider minimal scenarios, where only three

SUSY multiplets have O(100) GeV masses and the other SUSY particles are much heavier.

Then, the simultaneous explanation of the muon g−2 discrepancy and the DM abundance

under the thermal relic density requires that the LSP should be bino-like with the mass of

O(100) GeV. In this letter, we study in detail the following two scenarios (bino-higgsino-

slepton scenarios). Other possibilities are briefly discussed in section 4.

BHR scenario. The bino, the higgsino, and the right-handed sleptons are as light as

O(100) GeV and M1, µ, and mR are the relevant parameters. The other soft masses are

3The case of non-universal slepton masses is briefly discussed in section 4.
4In the numerical calculation, we do not use these approximation but the full one-loop level formula in

terms of the mass eigenstates. For two-loop SUSY contributions, see refs. [26–28].
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taken to be decoupled. Since aµ(exp) − aµ(SM) is positive, we need negative µ to obtain

the positive contribution (see eq. (2.2)). In the present analysis, we focus on the parameter

region of M1 ≥ 100 GeV. There are two possibilities of DM in this scenario: bino-slepton

coannihilation, and the well-tempered bino/higgsino [29]. The well-tempered neutralino,

however, is disfavored because it results in a large DM-nucleus scattering cross section that

is inconsistent with DM direct detections.5 We thus focus on the bino DM through bino-

slepton coannihilation. Based on these, we adopt the following procedure to constrain the

parameter space: at each point on the (M1, µ) plain, we find mR that provides the correct

DM relic abundance, ΩLSP = ΩDM. Then we calculate the contribution to the muon g − 2

and experimental bounds and prospects from the DM direct detection, LHC, and ILC.

BHL scenario. The bino, the higgsino, and the left-handed sleptons are the light parti-

cles and the relevant parameters are M1, µ, and mL. As in the BHR scenario, the other soft

masses are taken to be decoupled. To obtain the positive g− 2 contribution from eq. (2.3),

we need positive µ. Since the constraint from DM direct detection is determined mainly by

the higgsino component of the LSP, the situation is similar to the BHR scenario, and we

consider only the bino-slepton coannihilation for DM. The same procedure as in the BHR

scenario is thus adopted: we first find mL that provides the correct relic abundance, and

then study the experimental bounds on the (M1, µ) plain. We note that, as we will discuss

in section 3.5, the wino soft mass M2 is important for the muon g− 2 in this scenario even

when M2 > 1 TeV, since the wino contribution, i.e., the sum of eqs. (2.5) and (2.6), is

positive and still sizable in presence of light left-handed slepton.

3 Prospects for the bino-higgsino-slepton scenarios

In this section, we study experimental constraints and future sensitivities to the BHR and

BHL scenarios. The results for the BHR (BHL) scenario are summarized in the left (right)

panel of figure 1; the parameter regions that explain the muon g − 2 discrepancy together

with the DM relic abundance, the constraint from the latest LUX result, and the future

prospects of XENON1T, HL-LHC, and ILC experiments are shown. We will explain each

of the constraints and prospects in the following subsections. We also briefly discuss the

impact of wino mass M2 in section 3.5.

3.1 DM abundance and muon g − 2

The relic abundance of the bino-like DM is calculated with micrOMEGAs 4.3.2 [31]. For

each model point on the (M1, µ) plain, the slepton mass parameter mR or mL is tuned

so that the bino-slepton coannihilation provides the correct relic abundance. We fix

M2 = 3 TeV, tan β = 40, and the other soft masses to be 5 TeV. The resulting slep-

ton (selectron/smuon) mass, m˜̀
R

or m˜̀
L

, is shown by blue contours in figure 1.6 Typ-

ical mass difference between the LSP and the next-to-lightest SUSY particle (NLSP) is

5The blind-spot suppression for the direct detection [30] does not work, since we consider large tan β to

enhance the muon g − 2.
6We use ` to denote the first- and second-generation leptons (e and µ), while l is used for e, µ, and τ .
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Figure 1. The parameter region of our interest for the BHR scenario (left panel) and BHL scenario

(right panel), together with experimental constraints and future prospects. We use tan β = 40 and

M2 = 3 TeV. The blue contours show the slepton mass m˜̀
R

or m˜̀
L

that gives ΩLSP = ΩDM. With

the slepton mass, the muon g − 2 discrepancy is explained within 1σ (2σ) uncertainty in the red

(yellow) regions. The regions below the solid (dashed) lines are excluded (will be probed) by the

LUX (XENON1T) experiment with 90% confidence level. The regions below the green dashed lines

will be probed by the HL-LHC with
√
s = 14 TeV and

∫
L = 3000 fb−1, assuming 30% systematic

uncertainty from SM background; the green hatched regions correspond to different systematic

uncertainties between 20% and 50%. The red solid line corresponds to m˜̀ = 248 GeV, which will

be probed at the ILC with
√
s = 500 GeV.

10 GeV. Then, we calculate the muon g − 2 contribution using the determined slepton

masses. The red (yellow) regions in figure 1 explain the muon g− 2 discrepancy within 1σ

(2σ) uncertainty.

3.2 DM spin-independent scattering

Since we assume hierarchical spectra in which the squarks and gluino are too heavy to

affect the cross section on nucleus, the spin-independent cross section is dominated by

the tree-level neutralino-quark interaction via the SM Higgs exchange. The quark-Higgs

interaction is with Yukawa coupling, while neutralino-Higgs interaction is determined by

the bino-higgsino mixing. The interaction Lagrangian between the neutralino DM and the

Higgs and between quarks and Higgs are respectively given by

LhÑ1Ñ1
=

1

2
λhhÑ1Ñ1, Lhqq =

g2mq

2mW
hq̄q, (3.1)

where the neutralino-Higgs coupling λh is approximated as7

λh ' g1

(
µ sin 2β +M1

µ2 −M2
1

mZsW +O
(
mZsW
µ

)2
)
. (3.2)

In the limit of negligible momentum transfer, the effective Lagrangian between the neu-

tralino DM and the proton or neutron is written as L = fpÑ1Ñ1p̄p+fnÑ1Ñ1n̄n, where [32]

fp(n) = mp(n) ·
λh

2m2
h

· g2
2mW

(
2

9
+

7

9

∑
q=u,d,s

f
p(n)
Tq

)
. (3.3)

7In the numerical calculation, we use the exact formula at tree-level.
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fpTq fnTq

u 0.0153 0.0110

d 0.0191 0.0273

s 0.0447 0.0447

Table 1. Nucleon form factors used in our calculation of the spin-independent cross section, which

are the default values of micrOMEGAs 4.3.2 [31].

For the nucleon mass fraction f
p(n)
Tq

, we use the default values of micrOMEGAs 4.3.2 listed

in table 1.

The spin-independent cross section per proton (neutron) is given by

σp(n) =
4

π
f2p(n)m

2
p(n)

(
1 +

mp(n)

mÑ1

)−2

, (3.4)

In figure 1, the current constraint from the LUX experiment [33] is shown by the

black solid lines, below which the model is excluded with 90% confidence level (CL). The

future sensitivity of the XENON1T experiment [34] is also shown by the black dashed

lines. We see that the 1σ parameter region of the BHL scenario is mostly excluded by the

LUX experiment, and XENON1T will probe most of the 2σ region. Meanwhile, the model

points of the BHR scenario are still widely allowed, and the XENON1T experiment will

probe most of the 1σ region.

3.3 LHC search

3.3.1 Recasting the stau search

Let us now consider LHC searches for neutralinos, charginos and sleptons. As we focus on

the bino-slepton coannihilation scenario, the LSP and sleptons, being the NLSP, are very

degenerate with a typical mass difference of 10 GeV. Therefore, the process

pp→ l̃l̃→ lÑ1lÑ1, (3.5)

produces soft leptons only, which makes searches for the direct production of sleptons

difficult. Here, l̃ (l) denotes sleptons (leptons) including stau (tau), Ñi is the i-th lightest

neutralino, and C̃±
1 is the lighter chargino.

On the other hand, the higgsino is not degenerate with the bino LSP, and is expected to

provide viable signals at the HL-LHC. Figure 2 shows the branching fractions of Ñ2 and C̃±
1

calculated with SUSY-HIT [35] as functions of tan β at typical model points: (M1, µ,mR) =

(100,−600, 108) GeV for the BHR scenario, and (M1, µ,mL) = (100, 600, 125.6) GeV for

the BHL scenario. These parameters provide the correct DM relic abundance, and g − 2

discrepancy becomes less than 2σ for tanβ = 40 (see figure 1). Since the higgsino decays

into a tau and a stau are governed by the tau Yukawa coupling yτ = mτ/v cosβ, its partial

width is enhanced for large tan β. We see that, for tan β = 40, its branching ratio is as

large as Br(Ñ2 → τ̃ τ) ∼ Br(C̃±
1 → τ̃ ντ ) ∼ 0.7. We checked that the branching ratio of

– 6 –
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Figure 2. Branching fractions of the higgsino-like neutralino and chargino. The top left (right)

panel shows the branching fractions of Ñ2 (C̃±
1 ) in the BHR scenario, while the bottom left (right)

panel shows the branching fractions of Ñ2 (C̃±
1 ) in the BHL scenario. Relevant parameters are

shown in each figure, and others are taken to be larger than 3 TeV.

Ñ3 has the similar behavior.8 Changing M1, µ,mR, or mL for fixed tan β does not change

the situation much. Therefore, a large fraction of the events with chargino/neutralino pair

production leads to two hard taus and missing transverse energy (cf. the top panels of

figure 3):

pp→ Ñ2 Ñ3 → τ τ̃ τ τ̃ → ττsoftÑ1 ττsoftÑ1 (BHR and BHL), (3.6)

pp→ Ñ2/3 C̃1 → τ τ̃ τ ν̃ → ττsoftÑ1 τνÑ1 (BHL), (3.7)

pp→ C̃1 C̃1 → τ ν̃ τ ν̃ → τνÑ1 τνÑ1 (BHL). (3.8)

Thus, searches for events with two hadronic taus and missing transverse momentum, which

are originally designed to search for the stau pair production (pp → τ̃ τ̃ → τÑ1τÑ1), can

probe the current scenarios.9 In the next subsection, we investigate the future prospect

8The branching fraction of Ñ3 → τ̃ τ is similar to that of Ñ2 → τ̃ τ , while the branching fraction of

Ñ3 → Z(h) has similar behavior to that of Ñ2 → h(Z).
9We have also considered the prospects of the searches for WZ and Wh channel using an ATLAS

study [36], but found that they are much weaker than searches for two taus and missing energy.
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Figure 3. Top: the Feynman diagrams of the neutralino/chargino production that produce two

hard taus in the present scenarios, corresponding to the processes (3.6), (3.7), and (3.8). Bottom:

direct production of staus decaying into taus and LSPs, which is the original target of the ATLAS

search we recast [37]. In our scenarios, this process will not yield signal events because the taus

from this process are soft.

of searches for two taus and missing energy at the HL-LHC, recasting the result by the

ATLAS [37].

Let us briefly discuss the current constraint from the 13 TeV LHC on the BHR and

BHL scenarios, based on the recent ATLAS result on a search for neutralino/chargino

production in events with at least two hadronic taus [38]. They analyzed the simplified

model that consists of Ñ2 and C̃±
1 being wino-like, Ñ1 as the bino-like LSP, and left-handed

stau/tau-sneutrino τ̃L, ν̃τ . The other sparticles are assumed to be heavy. The masses of τ̃L
and ν̃τ are set to be halfway between the masses of C̃±

1 and Ñ1. They obtained an upper

limit on wino-like chargino mass of 580–520 GeV for the LSP mass of 0–150 GeV, and no

limit is obtained for mÑ1
> 150 GeV. Simply comparing the cross section of wino-like

chargino to that of the processes (3.6)–(3.8), we may have a rough estimate on the upper

limit on higgsino mass; for M1 = 100 GeV, it would be −µ = 302 GeV for the BHR scenario

and µ = 490 GeV for the BHL scenario, which do not exceed the XENON1T sensitivity.

Since models with mÑ1
> 150 GeV are not constrained in this results, we expect that

the constraint from the 13 TeV LHC is limited to exclude a part of the 1σ parameter

space. Therefore, there still remains a wide region of the parameter space avoiding current

constraints and the XENON1T prospect in the respective models, and it is important to

study HL-LHC prospect to cover the whole parameter space.

3.3.2 HL-LHC prospect

To evaluate the sensitivity of the HL-LHC to our scenarios, we recast the result of the

ATLAS study in ref. [37], which investigated the future sensitivity of a search for the

direct stau production in events with at least two hadronic taus and missing transverse

momentum at the HL-LHC (cf. the bottom panel of figure 3). The ATLAS event selection

requires at least one opposite-sign tau pair decaying to hadrons. They considered three

– 8 –
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Figure 4. The production cross section of higgsino-like neutralino/chargino at the 14 TeV LHC

with M1 = 100 GeV and M2 = 3 TeV.

simplified models: left-handed stau production (pp→ τ̃Lτ̃L), right-handed stau production

(pp → τ̃Rτ̃R), and both of the left- and right-handed stau production (pp → τ̃L,Rτ̃L,R),

in which the staus decay into a tau and the LSP. For instance, in the case of combined

τ̃L+ τ̃R production with the 30% systematic uncertainty on the SM background, the upper

bound is mτ̃ = 710 GeV for mÑ1
= 100 GeV, which corresponds to the stau pair production

cross section of 0.14 fb, and no limit is obtained for mÑ1
& 300 GeV. For pure τ̃Lτ̃L and

pure τ̃Rτ̃R production, the situations are similar and we can obtain the upper bound on

production cross section of 0.14–0.15 fb if the mass difference between the stau and the

LSP is large enough.

In order to recast these results, we calculate the NLO production cross section of

neutralino/chargino by Prospino 2 [39], which is shown in figure 4, and their branching

fractions to the modes involving a hard tau by SUSY-HIT [35], shown in figure 2. We

consider the process (3.6) for the BHR scenario, while the processes (3.6)–(3.8) are taken

into account for the BHL scenario. Ignoring the soft particles τsoft and ν, we compare the

effective cross sections of these processes to that of combined τ̃L + τ̃R production in the

ATLAS study. Note that the signal acceptances for the processes (3.6) and (3.7) decrease

by a factor 1/2 because the two hard taus do not necessarily have opposite sign. As is

done in the ATLAS analysis, we consider three different systematic uncertainties of 20,

30, and 50%.

In figure 1, the green dashed lines show the 95% CL upper limits on |µ| in the presence

of 30% systematic uncertainty, and hatched regions correspond to 20–50% systematic un-

certainty. We can see that 95% CL upper limit is −µ = 800–850 GeV for the BHR scenario

and µ = 1140–1200 GeV for the BHL scenario, and all the parameter space explaining

the muon g − 2 discrepancy will be covered by this analysis. Note that we are interested

in M1 . 200 GeV, which can explain the muon g − 2 discrepancy and avoids the LUX

constraint, and hence the mass difference |µ| −M1 is large enough to have a similar accep-

tance as the models ATLAS analyzed, which allows us to estimate the constraint simply

by comparing the cross sections.
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Figure 5. The upper bound on M2 that can explain the muon g− 2 discrepancy at the 1σ level in

the BHL scenario. The other parameters are the same of the right panel of figure 1.

3.4 ILC prospects

As a further experimental research in the future, we consider the ILC with
√
s = 500 GeV

(ILC500). At the ILC, slepton-anti-slepton pairs are produced from e+e− collision via the

Z-boson and photon exchange. With its clean environment, the ILC can probe productions

of NLSP sleptons that are degenerate with the LSP, contrary to the LHC. The ILC500

can exclude, for instance, the NLSP µ̃R up to 248 GeV at 95% CL for the mass difference

smaller than 10 GeV [40]. This prospect is applied to our scenario as described in figure 1

by the red solid lines; the left region to the lines can be probed at the ILC.

3.5 Impact of the wino mass

As shown in figure 1, the BHL scenario requires a smaller value of the higgsino mass than

the BHR case to explain the g−2 discrepancy, which is due to the smaller factor in eq. (2.3)

than in eq. (2.2). On the other hand, the BHL scenario has broader parameter space for

the muon g− 2 in the large M1 region. This is because we assume M2 = 3 TeV as a heavy

wino mass. Equations (2.5) and (2.6) tell us that the WHL contributions are large due

to the SU(2) gauge coupling. In fact, aµ(BHL) ∼ aµ(WHL1) + aµ(WHL2) is realized in

most of the parameter space in figure 1. To study the impact of the wino mass in the

BHL scenario, we show in figure 5 the contours of upper bounds on M2 to explain the

muon g − 2 discrepancy at the 1σ level. DM abundance and direct detection constraints

are the same as the right panel of figure 1 as far as M2 � µ. On the other hand, for

M2 ' µ, the HL-LHC prospect is altered due to the non-negligible wino component in

neutralino/chargino. For instance, if M2 = 1 TeV, the higgsino-wino mixing decreases the

branching fraction of neutralino/chargino into τ̃ τ/ν̃ττ , which weakens the exclusion reach

at HL-LHC to 935–960 GeV depending on the systematic uncertainty. The HL-LHC cannot

cover the whole parameter space to explain the muon g−2 discrepancy at 2σ. In this case,

in addition to the stau-search at the HL-LHC, we need the XENON1T and the ILC500 in

order to cover most of the parameter space.
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4 Summary and discussion

We have shown that bino-higgsino-slepton scenarios can explain the muon g−2 discrepancy

and the DM relic abundance simultaneously. Much of the parameter space will be probed

by the XENON1T, while at the HL-LHC the whole parameter space will be probed by

searches for events with two hadronic taus and missing transverse momentum. The ILC500

can further test the scenarios through the direct production of sleptons.

We have taken tan β = 40 throughout our analysis. If we take a larger value for tan β,

the preferred parameter space becomes broader, while the sensitivity of the HL-LHC search

is also strengthened because the higgsino branching fractions to stau/tau-sneutrino get

closer to unity.

The assumption of the universal slepton mass can also be relaxed, as long as smuon is

light enough to produce sufficient contributions to the muon g − 2 and at least one of the

slepton masses is close to the LSP mass in order to provide the correct DM abundance.

The HL-LHC search is still prospective in this case provided that the stau is sufficiently

lighter than the higgsinos.

In the parameter regions with M1 < 100 GeV, which we did not consider in the anal-

yses, the DM abundance and the SUSY contribution to the muon g − 2 have nontrivial

dependences on the higgsino and slepton masses. In particular, the LSP annihilation cross

section is enhanced at mÑ1
∼ mZ/2 or mh/2. These possibilities are left to be studied in

future works.

Let us briefly mention other SUSY scenarios to explain the muon g − 2 discrepancy.

The BLR scenario, where only the bino and the left- and right-handed sleptons are light,

can also provide a minimal explanation of the muon g− 2 and DM. As shown in eq. (2.4),

the contribution to the muon g − 2 is proportional to µ tanβ. Increasing µ tanβ provides

a sizable contribution to the muon g − 2, and the bino-like neutralino can be the DM

in presence of the coannihilation effect with the sleptons. For this scenario, we should

also be aware of the constraint from the vacuum stability as well as from the DM direct

detection and collider experiments, since large µ tanβ causes the charge-breaking minima

in the potential (see, e.g., ref. [24]).

Allowing more than three SUSY multiplets having O(100) GeV masses, we can go

beyond the minimal scenarios we have considered. Here, the wino mass plays a crucial

role. As seen in figure 5, wino contribution to muon g − 2 is sizable even for M2 > 1 TeV,

provided higgsino and left-handed sleptons are relatively light. Lighter wino will allow

us to solve the muon g − 2 discrepancy in a larger parameter space, and also makes the

HL-LHC prospects more involved; for example, the stau search becomes less effective as

discussed in section 3.5.

In this letter, we have studied constraints and future prospects of SUSY models in

which the muon g−2 discrepancy and the dark matter relic abundance are simultaneously

explained. In the near future, the sensitivity of the dark matter direct detection experi-

ment will be improved by XENON1T and other experiments, and the new experiments at

Fermilab [41, 42] and J-PARC [43] will provide more precise measurements on the muon

g − 2. Furthermore, the lattice QCD calculations of the SM hadronic light-by-light con-

– 11 –



J
H
E
P
0
6
(
2
0
1
7
)
0
3
1

tributions are now in progress (see, e.g., [44]), and hence we expect a significant progress

on the muon g − 2 measurement in both experimental and theoretical sides. We hope this

letter is useful for further studies towards the searches for new physics in the light of muon

g − 2 and DM.
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corrections to the muon magnetic moment from fermion/sfermion loops in the MSSM:

detailed results, JHEP 02 (2014) 070 [arXiv:1311.1775] [INSPIRE].

[28] P. Athron et al., GM2Calc: Precise MSSM prediction for (g − 2) of the muon, Eur. Phys. J.

C 76 (2016) 62 [arXiv:1510.08071] [INSPIRE].

[29] N. Arkani-Hamed, A. Delgado and G.F. Giudice, The well-tempered neutralino, Nucl. Phys.

B 741 (2006) 108 [hep-ph/0601041] [INSPIRE].

[30] C. Cheung, L.J. Hall, D. Pinner and J.T. Ruderman, Prospects and blind spots for neutralino

dark matter, JHEP 05 (2013) 100 [arXiv:1211.4873] [INSPIRE].

[31] D. Barducci et al., Collider limits on new physics within MicrOMEGAs, arXiv:1606.03834

[INSPIRE].

[32] M.A. Shifman, A.I. Vainshtein and V.I. Zakharov, Remarks on Higgs Boson Interactions

with Nucleons, Phys. Lett. B 78 (1978) 443 [INSPIRE].

[33] LUX collaboration, D.S. Akerib et al., Results from a search for dark matter in the complete

LUX exposure, Phys. Rev. Lett. 118 (2017) 021303 [arXiv:1608.07648] [INSPIRE].

[34] XENON1T collaboration, Physics reach of the XENON1T dark matter experiment, JCAP

04 (2016) 027 [arXiv:1512.07501] [INSPIRE].

[35] A. Djouadi, M.M. Muhlleitner and M. Spira, Decays of supersymmetric particles: the

program SUSY-HIT (SUspect-SdecaY-HDECAY-InTerface), Acta Phys. Polon. B 38 (2007)

635 [hep-ph/0609292] [INSPIRE].

[36] ATLAS collaboration, Search for supersymmetry at the high luminosity LHC with the

ATLAS experiment, ATL-PHYS-PUB-2014-010 (2014).

[37] ATLAS collaboration, Prospect for a search for direct stau production in events with at least

two hadronic taus and missing transverse momentum at the high luminosity LHC with the

ATLAS Detector, ATL-PHYS-PUB-2016-021 (2016).

[38] ATLAS collaboration, Search for electroweak production of supersymmetric particles in final

states with tau leptons in
√
s = 13 TeV pp collisions with the ATLAS detector,

ATLAS-CONF-2016-093 (2016).

[39] W. Beenakker, R. Hopker and M. Spira, PROSPINO: a program for the production of

supersymmetric particles in next-to-leading order QCD, hep-ph/9611232 [INSPIRE].

[40] H. Baer et al., Physics case for the ILC project: perspective from beyond the standard model,

in the proceedings of Snowmass on the Mississippi (CSS2013), July 29–August 6,

Minneapolis, U.S.A. (2013), arXiv:1307.5248 [INSPIRE].

[41] Muon g-2 collaboration, J. Grange et al., Muon (g − 2) technical design report,

arXiv:1501.06858 [INSPIRE].

– 14 –

http://dx.doi.org/10.1007/JHEP11(2013)013
https://arxiv.org/abs/1309.3065
http://inspirehep.net/search?p=find+EPRINT+arXiv:1309.3065
https://arxiv.org/abs/hep-ph/9709356
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9709356
http://dx.doi.org/10.1016/j.physletb.2013.09.034
https://arxiv.org/abs/1309.0980
http://inspirehep.net/search?p=find+EPRINT+arXiv:1309.0980
http://dx.doi.org/10.1007/JHEP02(2014)070
https://arxiv.org/abs/1311.1775
http://inspirehep.net/search?p=find+EPRINT+arXiv:1311.1775
http://dx.doi.org/10.1140/epjc/s10052-015-3870-2
http://dx.doi.org/10.1140/epjc/s10052-015-3870-2
https://arxiv.org/abs/1510.08071
http://inspirehep.net/search?p=find+EPRINT+arXiv:1510.08071
http://dx.doi.org/10.1016/j.nuclphysb.2006.02.010
http://dx.doi.org/10.1016/j.nuclphysb.2006.02.010
https://arxiv.org/abs/hep-ph/0601041
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0601041
http://dx.doi.org/10.1007/JHEP05(2013)100
https://arxiv.org/abs/1211.4873
http://inspirehep.net/search?p=find+EPRINT+arXiv:1211.4873
https://arxiv.org/abs/1606.03834
http://inspirehep.net/search?p=find+EPRINT+arXiv:1606.03834
http://dx.doi.org/10.1016/0370-2693(78)90481-1
http://inspirehep.net/search?p=find+J+%22Phys.Lett.,B78,443%22
http://dx.doi.org/10.1103/PhysRevLett.118.021303
https://arxiv.org/abs/1608.07648
http://inspirehep.net/search?p=find+EPRINT+arXiv:1608.07648
http://dx.doi.org/10.1088/1475-7516/2016/04/027
http://dx.doi.org/10.1088/1475-7516/2016/04/027
https://arxiv.org/abs/1512.07501
http://inspirehep.net/search?p=find+EPRINT+arXiv:1512.07501
https://arxiv.org/abs/hep-ph/0609292
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0609292
http://cds.cern.ch/record/1735031
http://cds.cern.ch/record/2220805
http://cds.cern.ch/record/2211437
https://arxiv.org/abs/hep-ph/9611232
http://inspirehep.net/search?p=find+EPRINT+hep-ph/9611232
https://arxiv.org/abs/1307.5248
http://inspirehep.net/search?p=find+EPRINT+arXiv:1307.5248
https://arxiv.org/abs/1501.06858
http://inspirehep.net/search?p=find+EPRINT+arXiv:1501.06858


J
H
E
P
0
6
(
2
0
1
7
)
0
3
1

[42] Muon g-2 collaboration, A. Chapelain, The muon g − 2 experiment at Fermilab, EPJ Web

Conf. 137 (2017) 08001 [arXiv:1701.02807] [INSPIRE].

[43] J-PARC muon g-2/EDM collaboration, H. Iinuma, New approach to the muon g − 2 and

EDM experiment at J-PARC, J. Phys. Conf. Ser. 295 (2011) 012032 [INSPIRE].

[44] T. Blum et al., Connected and leading disconnected hadronic light-by-light contribution to the

muon anomalous magnetic moment with a physical pion mass, Phys. Rev. Lett. 118 (2017)

022005 [arXiv:1610.04603] [INSPIRE].

[45] J. Ellis, TikZ-Feynman: Feynman diagrams with TikZ, Comput. Phys. Commun. 210 (2017)

103 [arXiv:1601.05437] [INSPIRE].

– 15 –

http://dx.doi.org/10.1051/epjconf/201713708001
http://dx.doi.org/10.1051/epjconf/201713708001
https://arxiv.org/abs/1701.02807
http://inspirehep.net/search?p=find+EPRINT+arXiv:1701.02807
http://dx.doi.org/10.1088/1742-6596/295/1/012032
http://inspirehep.net/search?p=find+J+%22J.Phys.Conf.Ser.,295,012032%22
http://dx.doi.org/10.1103/PhysRevLett.118.022005
http://dx.doi.org/10.1103/PhysRevLett.118.022005
https://arxiv.org/abs/1610.04603
http://inspirehep.net/search?p=find+EPRINT+arXiv:1610.04603
http://dx.doi.org/10.1016/j.cpc.2016.08.019
http://dx.doi.org/10.1016/j.cpc.2016.08.019
https://arxiv.org/abs/1601.05437
http://inspirehep.net/search?p=find+EPRINT+arXiv:1601.05437

	Introduction
	Setup
	Prospects for the bino-higgsino-slepton scenarios
	DM abundance and muon g-2
	DM spin-independent scattering
	LHC search
	Recasting the stau search
	HL-LHC prospect

	ILC prospects
	Impact of the wino mass

	Summary and discussion

