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Light Higgsinos below several hundred GeV are favored or required by the naturalness of low-energy
supersymmetry. If only Higgsinos are light while other sparticles are sufficiently heavy, we have the
so-called light Higgsino scenario. Confronted with the muon g − 2 data, this scenario is examined in this
work. Since in this scenario the lightest sparticle is Higgsino-like, we need to also consider the dark matter
constraints. Assuming a light Higgsino mass parameter μ in the range of 100–400 GeV while gaugino mass
parameters above TeV, we explore the parameter space under the muon g − 2 data and the dark matter
constraints. We find that, to explain the muon g − 2 anomaly at 2σ, the winos and sleptons are, respectively,
upper bounded by 3 TeV and 800 GeV. In this case, we find that the light Higgsino-like dark matter can
sizably scatter with nucleon and thus the allowed parameter space can be covered almost fully by the future
LZ dark matter detection project. We also perform a Monte Carlo simulation to figure out the potential of
High-Luminosity Large Hadron Collider (HL-LHC) to detect the light sleptons in this scenario. It turns out
that compared with the current LHC limits, the HL-LHC can further cover a part of the parameter space.
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I. INTRODUCTION

The latest Fermilab result of muon g − 2 [1], combined
with the BNL result [2], is 4.2σ above the SM prediction
[3,4]; i.e., the experimental value exceeds the SM value
by ð2.51� 0.59Þ × 10−9. For new physics researchers, this
anomaly is just like when a long drought meets a shower of
rain. As said by Steven Weinberg forty years ago, “Physics
thrives on crisis. We all recall the great progress made while
finding a way out of the various crises of the past [5].” Now
to move on beyond the Standard Model (SM) we indeed
need a crisis from experiments. Such an anomaly from the
muon g − 2measurement may serve as a crisis (albeit some
lattice calculations [6–10] seem to shift up the SM value to
relax this crisis, which, however, may transfer the crisis
to the electroweak fit [11–14]) and suggest the direction of
new physics. Not surprisingly, this muon g − 2 anomaly

caused a sensation in high energy physics and attempts to
explain have been made in various new physics theories.
As a leading new physics candidate, the low-energy

supersymmetry (SUSY) has been recently revisited (for
recent brief reviews, see, e.g., [15–17]) to explain the muon
g − 2 anomaly; albeit the SUSY contribution was calcu-
lated long ago [18–20]. (i) In the low-energy effective
SUSY models, such as the minimal supersymmetric model
(MSSM) [21,22] and the next-to-minimal supersymmetric
model (NMSSM) [22–24], the explanation of the muon
g − 2 anomaly can be readily achieved [25–44]. Also,
the explanation can be made in other extensions of the
MSSM [45–52]. (ii) The SUSY models with boundary
conditions at some high energy scale, such as the CMSSM
or mSUGRA, cannot explain the muon g − 2 anomaly
because of the correlation between the masses of the
sparticles [35,53,54]. In order to accommodate the muon
g − 2, extensions are needed, such as extending mSUGRA
to gluino-SUGRA [55–60], extending gauge-mediated
supersymmetry breaking (GMSB) by introducing Higgs-
messenger coupling [61,62] or deflecting anomaly medi-
ated supersymmetry breaking (AMSB) [63,64], the flipped
SUð5Þ intersecting D-branes model [65].
Note that in these SUSYexplanations of the muon g − 2,

the lightest sparticle (LSP) as the dark matter candidate
is usually assumed to be binolike due to the limits from
the relic density and direct detections of dark matter.
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Very recently, the wino-Higgsino admixture, with both
winos and Higgsinos below several hundred GeV, was
considered as the dark matter candidate to explain the muon
g − 2 anomaly [66], where it was found that the favored
parameter space in the spontaneously broken SUGRA is
detectable in the future dark matter direct detections or the
LHC searches for the electroweakinos. In this work, wewill
examine another fascinating scenario, the so-called light
Higgsino scenario, for the explanation of the muon g − 2
anomaly. In this scenario only Higgsinos are light, with the
Higgsino mass parameter μ being usually in the range of
100–300 GeV, favored or required by the naturalness of
SUSY (see, e.g., [67]). This scenario provides a Higgsino-
like dark matter (since gauginos are above TeV, signifi-
cantly heavier than Higgsinos), differing from the scenario
with wino-Higgsino admixture as the dark matter consid-
ered in [66]. In our study, assuming a light Higgsino mass
parameter μ in the range of 100–400 GeV while gaugino
mass parameters are above TeV, we will explore the
parameter space by considering the muon g − 2 data and
the dark matter constraints. Then for the favored parameter
space we will check the detectability of future dark matter
detection projects and the High-Luminosity Large Hadron
Collider (HL-LHC).
This work is organized as follows. In Sec. II we provide a

brief description for the light Higgsino scenario. In Sec. III
we perform a numerical scan to locate the parameter space
for the explanation of the muon g − 2 anomaly at 2σ level.
In Sec. IV we perform a Monte Carlo simulation to show
the HL-LHC detectability for the parameter space favored
by the muon g − 2. Finally, we conclude in Sec. V.

II. A BRIEF DESCRIPTION OF LIGHT
HIGGSINO SCENARIO

From the naturalness of SUSY, the Higgsino mass
parameter μ cannot be heavy, which can be seen from
the following minimization relation of the tree-level Higgs
potential [68]:

m2
Z

2
¼ −μ2 þM2

Hd
−M2

Hu
tan2β

tan2β − 1
; ð2:1Þ

with M2
Hd

and M2
Hu

being the soft SUSY breaking masses
of the Higgs fields at weak scale, while μ is the mass
parameter of the Higgsinos. Obviously, the value of μ
cannot be too large compared with the weak scale in
order to avoid fine-tuning, which in natural SUSY [67] is
assumed to be smaller than 300 GeV. Since naturalness
has no strict criterion, we, in this work, assume μ in the
range of 100–400 GeV.
In the light Higgsino scenario, the gauginos are heavy

(above TeV) and thus the LSP as the dark matter candidate
is utterly dominated by Higgsinos. Not only is the LSP
Higgsino-like, but the next-to-lightest sparticles (the neu-
tralino χ̃02 and chargino χ̃�1 ) are also Higgsino-like, all of

which are nearly degenerate, having a mass around the
value of μ. These Higgsino-dominated electroweakinos are
approximately given as follows [49]:

mχ̃�
1
∼ μ; mχ̃0

1;2
¼ μ ∓ Δm;

Δm ≃
g21v

2M1

M2
1 − μ2

þ g22v
2M2

M2
2 − μ2

; ð2:2Þ

with v ¼ 246 GeV being the Higgs vacuum expectation
value,M1 andM2 being the soft SUSY breaking masses of
bino andwino fields, respectively.WhenM1 andM2 are both
greater than 1 TeV, the mass splittingΔm is less than 1 GeV.
In this case, since the visible particles from the Higgsino
decay are too soft, the productions of these Higgsino-like
sparticles at the collidersmerely givemissing energy and can
only be detected by requiring one initial state radiation (ISR)
jet, e.g., at theLHC the signal ofmonojet plusmissing energy
[69]. Since such productions of Higgsino-like electrowea-
kinos are proceeded by electroweak interaction, a global
likelihood analysis showed that no clear range of theirmasses
can be robustly excluded by current LHC searches [70]. Very
recently, the LHC constraints on the electroweakinos were
revisited [71], which showed that these Higgsino-like elec-
troweakinos as light as 100 GeV are still allowed.
Since in this scenario gauginos are heavy (above TeV),

the LSP as a dark matter candidate is dominated by light
Higgsinos. Such light Higgsino-like LSPs can efficiently
annihilate, e.g., through the s-channel Z-boson exchange,
to have a large annihilation rate in the early Universe. Thus
they usually give a thermal relic density under abundance.
This implies that these light Higgsino-like LSPs are only a
component of dark matter while other components like
axions are needed. Therefore, in this scenario the LSP-
nucleon scattering cross section must be rescaled by a
factor ΩLSPh2=ΩPLh2, with ΩPLh2 being the observed relic
density by Planck satellite.

III. PARAMETER SPACE FOR MUON g− 2
In our scan, we assume light Higgsinos and heavy

gauginos

100 GeV≤ μ≤ 400 GeV; 1 TeV≤M1; M2 ≤ 5 TeV:

ð3:1Þ
Since the muon g − 2 is also sensitive to slepton masses, we
scan over it from 200 GeV to 2 TeV

200 GeV ≤ MLl
¼ MEl

≤ 2 TeV; ð3:2Þ
where l ¼ e, μ. For the third-generation squark mass
parameters, we require them to be heavy due to the
125 GeV Higgs boson mass

3 TeV ≤ MQ3; MU3 ≤ 5 TeV: ð3:3Þ
For the third-generation sfermion trilinear couplings, we
require them in the range
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−3 TeV ≤ At;b;τ ≤ 3 TeV: ð3:4Þ

For the value of tan β, we scan over it in the range of
1 ≤ tan β ≤ 50. Other soft mass parameters are fixed at
5 TeV except for the trilinear ones like Au;d;e which are set
to zero. In our scan we consider the following experimental
constraints:
(1) The package SUSY-HIT [72] is used for generating the

particle spectrum, where the mass spectrum is
calculated by subprogram SuSpect-2.41, and the
decays of the Higgs boson and sparticles are
calculated by subprogram HDECAY-3.4 and SDECAY-

1.5, respectively. The Higgs boson masses are evalu-
ated with two-loop corrections, under the approx-
imations of vanishing external momenta and of
vanishing electroweak (EW) gauge couplings. So
the SM-like Higgs boson mass is required in the
range of 122 < mh < 128 GeV.1

(2) We consider the constraint of metastability of the
vacuum state, which requires jAtj ≲ 2.67ðm2

t̃L
þ

m2
t̃R
þ μ2 þm2

Hu
Þ [81].

(3) The sleptons are required to be above 200 GeV,
considering the LEP2 plus LHC constraints.

(4) The LSP dark matter relic density is calculated
by micrOMEGAs-5.2.13 [82] and is required below its
2σ upper bound of the Planck observed value
ΩDMh2 ¼ 0.120� 0.001 [83].

(5) The two-loop level SUSY contributions to muon
g − 2 are calculated by the package GM2Calc-2.1.0

[84,85]. We require SUSY to explain the current
data Δaμ≡aexpμ −aSMμ ¼ð2.51�0.59Þ×10−9 [86]
within the 2σ range.

In Fig. 1 we plot the scatter plots of the samples survived
the constraints (1–5) including especially the muon g − 2 at
2σ level. This figure shows the following characteristics:

(i) From the top panels we see that in this light
Higgsino scenario the muon g − 2 data at 2σ level
requires the wino mass M2 below 3 TeV and the
slepton mass below 800 GeV, while it is not sensitive
to the bino mass M1.

(ii) From the bottom-left panel we see that such
Higgsino-like LSP gives a thermal relic density
much below the measured abundance.

FIG. 1. Scatter plots of the samples that survived the constraints (1–5) including especially the muon g − 2 at 2σ level.

1The accuracy of the Higgs mass calculation has been
improved to state of the art. Now the theoretical uncertainties
are understandable, and in most recent studies, the total
Higgs mass uncertainty was improved to less than 2 GeV for
low-energy MSSM parameter space. For the relevant studies, see,
e.g., [73–80]. In this work, we adopted 3 GeV as the accuracy in
the code SuSpect.
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(iii) From the bottom-right panel we see the LSP is
utterly dominated by the Higgsino component.

The relevant SUSY parameters result in different con-
tributions to aSUSYμ . The two-loop expressions of aSUSYμ

implemented in the package GM2Calc take the form in
Refs. [87–89]. To figure out the dominant SUSY contribu-
tion, the detailed five contributions at one-loop level are
shown in Fig. 2 via a ternary scatter plot2 with the colors
coded by ΔaSUSYμ . As shown in Fig. 2, the five contributions
are classified into three classes: the wino-Higgsino loops
ΔaSUSYμ ðW̃; H̃; μ̃LÞ þ ΔaSUSYμ ðW̃; H̃; ν̃μÞ (left axis), the
bino-Higgsino loops ΔaSUSYμ ðB̃; H̃; μ̃LÞ þ ΔaSUSYμ ðB̃; H̃;
μ̃RÞ (right axis), and the bino-smuon loops ΔaSUSYμ ðB̃; μ̃L;
μ̃RÞ (bottom axis). From Fig. 2, one can find the dominant
SUSY contribution is from wino-Higgsino loop. The bino-
Higgsino loop provides a ∼ 10% negative contribution while
the bino-smuon loop provides a∼ 10% positive contribution.
Therefore, we can understand why a sizable contribution

to the muon g − 2 in this light Higgsino scenario needs
a not-too-heavy wino mass. If gauginos are too heavy
and decoupled, the light electroweakinos will be only
Higgsinos. The interactions of a Higgsino with muon
and slepton (smuon or sneutrino) are kinds of Yukawa

couplings, which always flip the chirality between muon
and slepton. Hence, a pure Higgsino cannot flip the muon
chirality via loops, except with a mass insertion of left-right
handed smuon transition mμðAl − μ tan βÞ, which can be
neglected. As a result, the pure Higgsinos cannot make
enough contributions to explain the muon g − 2 at 2σ level.
When not-too-heavy winos come into play, we have Fig. 3.
In this figure, the wino-Higgsino loop contributions are
given as follows [18–20,84]:

ΔaSUSYμ ðW̃; H̃; ν̃μÞ ≃
g22m

2
μ

8π2
M2μ tan β

m4
ν̃μ

· Fa

�
M2

mν̃μ

;
μ

mν̃μ

�
;

ΔaSUSYμ ðW̃; H̃; μ̃LÞ ≃ −
g22m

2
μ

16π2
M2μ tan β

m4
μ̃L

· Fb

�
M2

mμ̃L

;
μ

mμ̃L

�
;

ð3:5Þ
where the loop functions are defined as

Faðx; yÞ ¼
1

2

G3ðx2Þ −G3ðy2Þ
x2 − y2

;

Fbðx; yÞ ¼ −
1

2

G4ðx2Þ −G4ðy2Þ
x2 − y2

;

G3ðxÞ ¼
3 − 4xþ x2 þ 3 log x

ð1 − xÞ3 ;

G4ðxÞ ¼
1 − x2 þ 2x log x

ð1 − xÞ3 : ð3:6Þ

They satisfy 0 ≤ Fa;bðx; yÞ ≤ 1 and are monochromatically
increasing for x and y, satisfying Fað1; 1Þ ¼ 1=2 and
Fbð1; 1Þ ¼ 1=6 for degenerate sparticle masses.3 Other
contributions come from the bino loops, where the bino-
Higgsino loops take approximate forms [18–20,84]

ΔaSUSYμ ðB̃; H̃; μ̃LÞ ≃
g21m

2
μ

16π2
M1μ tan β

m4
μ̃L

· Fb

�
M1

mμ̃L

;
μ

mμ̃L

�
;

ΔaSUSYμ ðB̃; H̃; μ̃RÞ ≃ −
g21m

2
μ

8π2
M1μ tan β

m4
μ̃R

· Fb

�
M1

mμ̃R

;
μ

mμ̃R

�
;

ð3:7Þ

FIG. 2. A ternary plot showing the components of the one-loop
SUSY contributions to muon g − 2. The left axis represents the
wino-Higgsino loop, the right axis represents the bino-Higgsino
loops, and the bottom axis represents the bino-smuon loop. The
colors are coded by the two-loop result of ΔaSUSYμ .

FIG. 3. The muon g − 2 Feynman diagrams showing the
contributions of light Higgsinos assisted by not-too-heavy winos.
Here the charged-current loop dominates the contributions.

2A ternary plot depicts the ratios of the three variables as
positions in an equilateral triangle. Note that any one of the
variables is not independent to the others. 3Fa and Fb are reduced from the functions in Ref. [18].
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From Eqs. (3.5) and (3.7), one can find that the contribu-
tions of the wino-Higgsino loops are positive while the
contributions of the bino-Higgsino loops tend to be
negative. Since bino in this work is heavier than 1 TeV
and its contribution is proportional to g21, about a quarter of
g22, so a not-too-heavy bino cannot play a dominated role.
In Fig. 4 we show the samples survived the constraints

(1–5) on the plane of slepton mass versus the LSP mass.
The regions excluded by the ATLAS searches for the two
hard leptons plus missing energy [90] and two soft leptons
plus missing energy [91] are displayed. We see that for a
large mass splitting between slepton mass and LSP mass,
the ATLAS searches for the two hard leptons plus missing
energy have excluded a quite large part of the parameter
space required for the explanation of the muon g − 2 at
2σ level. While for a compressed slepton-LSP spectrum,

i.e., a very small mass splitting between slepton mass and
LSP mass, the exclusion ability of the current LHC is rather
limited.
In Fig. 5, we replot the samples of Fig. 4, showing the

spin-independent and spin-dependent LSP-nucleon scatter-
ing cross sections and the velocity-averaged DM annihi-
lation cross section versus the LSP mass. In the aspect
of DM direct detections, the current direct detection limits
are shown assuming that a single dark matter candidate
constitutes the entire relic. Since the Higgsino-like LSP is
underabundant, so the direct detection limits are applied
on the scaled cross sections, where the scaling factor is
ΩLSPh2=0.12. We see that after scaling, the most samples
of the Higgsino-like LSP can survive the current direct
detection limits, while the future LZ-projected can almost
cover all the survived samples. Most of the DM indirect
detection experiments are searching for the DM self-
annihilation rate ΓA given by

ΓA ∝ hσvi × ρ2DM
m2

LSP
; ð3:8Þ

where ρDM is the DM density in the local halo. We checked
that Higgsino-like LSPs mostly annihilate into gauge
bosons (over 80% in most case) and/or Higgs bosons.
These primal annihilation products subsequently decayed
and can act as the sources of some cosmic ray flux, such as
positrons, antiprotons and photons, and neutrino flux in our
galaxy. From Fig. 5, one can find that the annihilation rate
is diluted by the square of the local density scaling factor.
The current experiments, e.g., the constraints from AMS-02
[92], are hard to detect hσvi below 10−26 cm3 s−1 for mχ̃0

1

larger than 100 GeV. Although the limits in Fig. 5 depend
on the properties of the DM halo and the cosmic ray
propagation, etc., one can argue that the current DM
indirect detection experiments are not sensitive to the light
Higgsino scenario.

FIG. 4. Same as Fig. 1, but displayed on the plane of slepton
mass versus the LSP mass. The regions excluded by the ATLAS
searches for the hard dilepton plus missing energy [90] and soft
dilepton plus missing energy [91] are shown.

FIG. 5. Same as the samples in Fig. 4, but showing the spin-independent and spin-dependent LSP-nucleon scattering cross sections
and DM annihilation cross sections versus the LSP mass. Since the Higgsino-like LSP is underabundant, a scaling factorΩLSPh2=0.12 is
applied on the LSP-nucleon scattering cross sections. The 90% C.L. upper limits from LUX-2017 [93], XENON1T-2018 [94],
XENON1T-2019 [95], PandaX-2019 [96], PandaX4T-2021 [97], LZ-2022 [98] as well as the future sensitivities from LZ [99],
XENONnT(20ty) [100] are shown. The 95% C.L. constraints on DM annihilation intoWW are derived from the antiproton and B/C data
of AMS-02 [92].
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IV. DETECTABILITY AT THE HL-LHC

Since the muon g − 2 data requires sleptons below
800 GeV, we examine the observability of the slepton pair
production at the 14 TeV HL-LHC with 3000 fb−1. For this
end, we perform a detailed Monte Carlo simulation for the
process

pp → jelþð→ lþχ̃01Þel−ð→ l−χ̃01Þ → jþ lþl− þ Emiss
T :

ð4:1Þ

A typical Feynman diagram of this process is shown in
Fig. 6. The main SM backgrounds come from the Drell-
Yan, dibosons, Z-boson plus jets, and the leptonic top
pair events. We use MadGraph5_aMC@NLO [101] to generate
parton-level events and then pass the events to PYTHIA

[102] for showering and hadronization. We simulate the
detector effects by Delphes [103] and perform the analysis of
events with CheckMATE2 [104–106]. Finally, the significance
is obtained by

Z ¼ Sffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Sþ Bþ ðβBÞ2

p ; ð4:2Þ

with S (B) being the events number of signal (SM back-
ground) and β being the total systematic uncertainty, taken
as β ¼ 10% in our calculations.
Fig. 7 displays the normalized distributions of the

missing transverse energy and the dilepton invariant mass

FIG. 6. A typical Feynman diagram for the slepton pair
production process pp → jelþð→ lþχ̃01Þel−ð→ l−χ̃01Þ → jþ
lþl− þ Emiss

T at the LHC.

FIG. 7. The normalized Emiss
T andmll distributions of the signal and the SM background events at the 14 TeV HL-LHC. The upper and

lower panels are for the final states with soft and hard 2l, respectively.
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of the signal and background events. According to the
kinematic features including those shown in Fig. 7, we
impose the following event selection criteria.
For the soft dilepton plus missing energy channel,

corresponding to the compressed mass spectrum, the event
selection is optimized via Recursive Jigsaw Reconstruction
technique [107,108] as follows:

Cut-1— Emiss
T trigger. The first cut requires Emiss

T >
110 GeV.

Cut-2— Dilepton preselection. Before assigning visible
objects to the jigsaw decay tree, the preselection
criteria require the signal to have exactly two leptons
with pl1 > 5 GeV; the invariant mass mll not in the
range ½3.0; 3.2� GeV to remove contributions from
J=ψ decays; mll is further required to be smaller than
60 GeV to suppress the background from on-shell
Z-boson decays. To reduce background events con-
taining the so-called fake nonprompt leptons, the
lepton pairs should be separated: ΔRμμ > 0.05,
ΔRee > 0.3 and ΔReμ > 0.2.

Cut-3— ISR jet preselection. We require at least one jet
with pj

T > 110 GeV as, for signal events, lepton pairs
are boosted by energetic ISR jets. The leading jet is
required to be on the different hemisphere from
the missing momentum Δϕðj1; p⃗miss

T Þ > 2.0, while
the additional jets, which are assigned into the
ISR system of the compressed decay tree, must
satisfy Δϕðj; p⃗miss

T Þ > 0.4. Furthermore, events with
b-tagging jets and pb−jet

T > 20 GeV are vetoed.
Cut-4— OSSF. Signal events contain one opposite-
sign same-flavor (OSSF) lepton pair plus large

missing energy. And to suppress the Drell-Yan back-
grounds Z → ττ; τ → lνν, the mττ variable, defined
in [109–111], is required to be negative or to be
greater than 160 GeV.

Cut-SR— Signal region. We require Emiss
T > 200 GeV.

The transverse mass variable m
mχ

T2 [112–114], with mχ

being an input mass variable, is used for finer signal
selection. First, m100

T2 is required to be less than
140 GeV to improve the compressed spectrum, where
the chosen value of mχ ¼ 100 GeV is from Higgsino
mass. Second, the m100

T2 distribution has an end point
of 100 GeV and the difference ðm100

T2 − 100Þ reflects
the mass splitting between el and LSP, which is
closely related to the lepton energy. So we require
pl2
T > min ð20; 2.5þ 2.5 × ðm100

T2 − 100ÞÞ. Finally,
the RISR variable estimated by the Recursive Jigsaw
Reconstruction technique, which approximately fol-
lows the relation RISR ∼mχ̃0

1
=mel, is required that

max ð0.85; 0.98 − 0.02 ×m100
T2 Þ < RISR < 1.

For the hard dilepton channel, the searching strategy is
more straightforward. Signal events are required to have two
OSSF leptons l1 and l2 with pl

T > 25 GeV and the
invariant mass mll > 121.2 GeV. Any event that contains
one b-tagging jet with pT > 20 GeV is removed to suppress
the tt̄ background. We also require a large missing transverse
energy Emiss

T > 110 GeV and Emiss
T significance > 10 [Emiss

T
significance is defined in Eq. (1) in [115]]. Finally, mT2 >
100 GeV is required to reduce SM backgrounds further.
In Table I, we demonstrate the cut flows for the bench-

mark points in two channels. For both soft and hard

TABLE I. The cut flows for the cross sections in units of fb at the 14 TeV HL-LHC. For the soft dilepton signal we
choose a benchmark point mχ̃0

1
¼ 240 GeV, ml̃ ¼ 250 GeV, tan β ¼ 50; while for the hard dilepton signal we

choose a benchmark point mχ̃0
1
¼ 155 GeV, ml̃ ¼ 200 GeV, tan β ¼ 38.5.

Soft Dilepton Channel

SM Backgrounds Signal

Cuts tt̄ Diboson Drell-Yan (250, 240)

Emiss
T Trigger 138727.9 5599.09 1565.4 12.05

Dilepton preselection 6041.48 361.02 104.95 4.57
ISR jet preselection 195.00 40.87 47.52 2.17
OSSF 82.26 20.08 6.93 1.96
Signal region 2.65 1.09 0.99 0.17

Hard Dilepton Channel

SM Backgrounds Signal

Cuts tt̄ Diboson Drell-Yan (200, 155)

Nl ≥ 2; pl1
T > 25 GeV; pl2

T > 25 GeV 20471.83 3622.38 16096.39 13.92
OSSF, Nb−jet ¼ 0 76.28 467.62 580.97 0.57
mll > 121.2 GeV 31.17 94.06 8.90 0.32
Emiss
T -significance > 10, Emiss

T > 110 GeV; mT2 > 100 GeV 4.64 3.82 1.48 0.06
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dilepton channels, the cut on missing energy Emiss
T is quite

crucial to suppress backgrounds. To reduce the huge top
pair background, the veto of b-jets is quite efficient. Finally,
with all these cuts, we display in Fig. 8 the significance of
the processes pp → jelþel− at the HL-LHC. We see that
compared with the current LHC coverage, the HL-LHC can
further cover a sizable part of the parameter space favored
by the muon g − 2 at 2σ level.
Note that we checked that in this light Higgsino scenario

the contribution to the W-boson mass is quite small, much
below the magnitude to explain the measured value by CDF
II [116]. The reason is that, as found in [117], the SUSY
contribution to the W-boson mass mainly comes from the
stops and the explanation of CDF II result needs a stop

around 1 TeV. In our scenario, stops are assumed to be quite
heavy. Also, this light Higgsino scenario cannot jointly
explain the electron and muon g − 2 anomalies (with the
fine structure constant from the Berkeley experiment [118],
the SM value of electron g − 2 is above the experimental
value [119] by 2.4σ). As shown in [49,120–125], a joint
explanation needs a rather special parameter space in
SUSY.

V. CONCLUSIONS

We examined the light Higgsino scenario in light of
the muon g − 2 data. The dark matter constraints on the
light Higgsino-like LSP were also taken into account.
Assuming a light Higgsino mass parameter μ in the range
of 100–400 GeV while keeping gaugino mass parameters
above TeV, we explored the parameter space. We found
that, to explain the muon g − 2 anomaly at 2σ level, the
winos and sleptons are respectively upper bounded by
3 TeV and 800 GeV. Then, for the light Higgsino-like
LSP, we found that it can sizably scatter with nucleon and
thus the allowed parameter space can be covered almost
fully by the future LZ dark matter detection project.
Finally, for the light leptons we performed a Monte Carlo
simulation for their pair production at the HL-LHC
and found that compared with the current LHC limits,
the HL-LHC can further cover a sizable part of the
parameter space.
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