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n SUSY is one of the most favorite candidate for physics
BSM, which can
Ø provide a natural solution to the gauge hierarchy problem,

Ø provide DM candidate with PRC，
Ø achieve gauge coupling unification,

Ø ……

n CEPC would mainly concentrate on the generic searches
for the charginos, neutralinos, and sleptons. And some
relevant dark matter searches as well. 2

SUSY Introduction

CEPC/FCCee(240)
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Current status: EU Strategy- Wino

ILC 500/CEPC240: discovery in all scenarios up to kinematic limit: √s/2
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Current status: EU Strategy- Higgsino

CEPC/FCCee(240)



Gaugino (left) & higgsino(right)
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The naturalness
conditions from
the low-energy
fine-tuning
measures 【1-3】
generically
predict the light
Higgsinos
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CEPC240(FCCee/ILC): discovery for gauginos up to kinematic limit: √s/2
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Stau & smuon

CEPC
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LEP

n Smuon: muon g-2 excess

n Stau: dark matter



TECHNICAL DETAIL

• About CEPC
ECM=240GeV, higgs factory, 100 km circumference, 2 interaction points.
ILD-like detector

• Software
Signal samples: MadGraph+Pythia8
Simulation: Mokka
Reconstruction: Marlin

• Normalized to 5050 fb%&

• Dominant backgrounds: 
Ø SM processes with two-e or two-𝝁 or two-𝝉 and large missing energy final states.
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process Cross Section [fb]

𝜇𝜇 4967.58

𝜏𝜏 4374.94

𝑊𝑊 → ℓℓ 392.96

𝑍𝑍𝑜𝑟𝑊𝑊 → 𝜇𝜇𝜈𝜈 214.81

𝑍𝑍𝑜𝑟𝑊𝑊 → 𝜏𝜏𝜈𝜈 205.84

𝜈𝑍, 𝑍 → 𝜇𝜇 43.33

𝑍𝑍 → 𝜇𝜇𝜈𝜈 18.17

𝜈𝑍, 𝑍 → 𝜏𝜏 14.57

𝑍𝑍 → 𝜏𝜏𝜈𝜈 9.2

𝜈𝜈𝐻,𝐻 → 𝜏𝜏 3.07

𝑒𝜈𝑊,𝑊 → 𝜇𝜈 429.2

𝑒𝜈𝑊,𝑊 → 𝜏𝜈 429.42

𝑒𝑒𝑍, 𝑍 → 𝜈𝜈 29.62

𝑒𝑒𝑍, 𝑍 → 𝜈𝜈 𝑜𝑟 𝑒𝜈𝑊,𝑊 → 𝑒𝜈 249.34
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SIGNAL SAMPLES & CROSS SECTIONS

Direct stau/smuon

Chargino (Higgsino LSP)

Chargino (Bino LSP)

Cross-section based on Madgraph calculation



Higgsino LSP

Bino LSP

Signal Region             

GAUGINO SEARCH
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GAUGINO SEARCH
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Bino LSP Higgsino LSP
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Higgsino 
LSP

GAUGINO SEARCH

0% syst. 5% syst. Bino LSP

CEPC240(FCCee/ILC): discovery for gauginos up to kinematic limit: √s/2

5% syst. 5% syst.
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SLEPTON SEARCH

stau smuon
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SLEPTON SEARCH

CEPC240(FCCee/ILC): discovery for slepton nearly up to kinematic limit: √s/2

5% syst.

smuon

5% syst.

5% syst.

stau stau

0% syst.
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Abstract The Circular Electron Positron Collider (CEPC)
with a center-of-mass energy

p
s = 240 GeV is proposed to

serve as a Higgs factory, while it can also provide good op-
portunity for new physics searches at lower energy, which
are difficult in hadron collider but well-motivated by some
theories, such as dark matter. This paper presents the sen-
sitivity study of direct stau/smuon production searches in
CEPC with full Monte Carlo (MC) simulation. With the as-
sumption of a conserved systematic uncertainty at 5%, the
CEPC has the potential to discover the production of com-
bined LH and RH stau up to 116 GeV with 5 sigma if ex-
isted, or up to 113 GeV for the production of pure LH/RH
stau; the discovery potential of direct smuon reaches up to
117 GeV with the same assumption. The results can also
provide reference to similar searches in other electron-positron
colliders with a close central-of-mass energy, such as the
ILC and FCC-ee, due to the conserved systematic uncer-
tainty and small dependence on the detector geometry and
reconstruction in the analysis.

Declarations

This study was supported by the National Key Programme
(Grant NO.: 2018YFA0404000). The data used in this study
won’t be deposited, because this study is a simulation study
without any experiment data.

1 Introduction

Spuersymmetry (SUSY) [1–7] proposes that there is a super-
partner, known as sparticle, for every Standard Model (SM)
particle, whose spin is different by a half from the corre-
sponding SM particle. With R-parity [8] conserved, SUSY

ae-mail: zhuangxa@ihep.ac.cn(corresponding author)

particles are produced in pair, and the lightest supersym-
metric particle (LSP) is stable and weakly interacting, which
makes LSP can’t be detected directly and a dark matter can-
didate [9, 10].

The linear superpositions of charged and neutral Higgs
bosons and electroweak gauge bosons formed two charged
mass eigenstates called charginos and four neutral mass eigen-
states called neutralinos. The superpartner of a lepton is a
slepton whose chirality is the same as the lepton’s chirality.
The slepton mass eigenstates formed from superpositions of
left-handed sleptons and right-handed sleptons.

Models with light sleptons satisfies the dark matter relic
density measurements [11]. And lightight sleptons can take
part in the coannihilation of neutralinos [12, 13]. Models
with light smuons can explain (g�2)µ excess [14]. In gauge-
mediated [15–17] and anomaly-mediated [18, 19] SUSY break-
ing models, the mass of sleptons are expected to be of the
order of magnitude of 100 GeV.

LEP set lower mass limit on µ̃R of 94.9 GeV with mµ̃R �
mc̃0

1
above 10 GeV and set a lower mass limit on t̃ of 87 - 93

GeV depending on the c̃0
1 mass, for mt̃ �mc̃0

1
> 7 GeV [20].

ATLAS and CMS have excluded the smuon/stau mass up
to 700 / 300 GeV with massless LSP for simplified model,
however, for the cases with massive LSP, especially when
the mass split of slepton and LSP is very small, the sensitiv-
ity from LHC is limited by the trigger requirement [21–24].

Comparing to LHC, CEPC has very clean collision en-
vironment, which means less backgrounds. Comparing to
LEP, CEPC has higher center-of-mass energy. And there is
no trigger requirement for CEPC, so CEPC should have ex-
cellent sensitivity in compressed region. Reconstruction and
identification efficiencies for tracks and single particles (e.g.
muon) are very high in CEPC, which ensures sufficient sen-
sitivities for the scenarios with very soft objects [25].
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Prospects for chargino pair production at CEPC
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ABSTRACT

The proposed Circular Electron Positron Collider (CEPC) with a center-of-mass energy
p

s = 240 GeV will serve as a
Higgs factory, while it can offer good opportunity for new physics search at low energy, which is challenging in hadron
colliders but motivated by some theory model such as dark matter. This paper presents the sensitivity study of chargino
pair production with both Bino c̃0

1 and Higgsino c̃0
1 cases at CEPC using full Monte Carlo (MC) simulation. With

the assumption of flat 5% systematic uncertainty, the CEPC has the ability to discover chargino pair production for
both Bino c̃0

1 and Higgsino c̃0
1 cases up to kinematic limit

p
s/2 . Because of the conserved assumption of systematic

uncertainty and limited reliance on the reconstruction and detector geometry in this study, the results can be used as
reference for similar searches in other electron positron colliders at a central-of-mass energy close to 240 GeV, such
as FCC-ee and ILC.

Keywords: CEPC; chargino; Bino; Higgsino
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Summary and Outlook

n Search for sleptons and electroweakinos were

performed at CEPC.

Ø The discovery potential for electroweakinos (wino-

like & higgsino-like) is up to kinematic limit: √s/2.

Ø The discover y potential for smuon and stau are

nearly up to kinematic limit (up to ~116-117 GeV)

n The results can also be used as reference for other

lepton colliders like ILC and FCC-ee etc.

n Paper drafts are almost done and to be provided as

inputs for snowmass white paper.
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Backup



18

STAU SEARCH
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SMUON SEARCH
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EU Strategy- SUSY: ~g  
https://arxiv.org/pdf/1910.11775.pdf

https://arxiv.org/pdf/1910.11775.pdf
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EU Strategy- SUSY: ~q  
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EU Strategy- SUSY: ~t 
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EWK-ino production

26

Mass splitting of the EWKinos depends on M1, M2, µ and tanb

Standard wino-bino
case: large Dm
between N1 and C1/N2; 
è MET + hard leptons

N1,N2,C1 almost 
degenerate: 
experimental 
challenging; 
è MET + soft leptons

è Lower xsec than
higgsino LSP;

è WW+MET
dominant;

Bino LSP Higgsino LSP
higgsino

bino

wino

bino

higgsino

wino
µ

M2

M1

Wino LSP

wino

bino

higgsino
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appropriate amount of cold dark matter but cannot be excluded by cosmological constraints.
Here we want to study whether both regions where the LEP chargino limit is reduced can be
excluded by the experimental data on aµ.

As emphasized in ref. [11] the supersymmetric contributions to aµ coming from smuon-
neutralino and sneutrino-chargino loops are significant and the present experimental bound
already sets important constraints on the parameters, especially if tanβ is large. For tanβ ≫ 1,
the supersymmetric contribution is approximately given by

δaµ ≃
α

8π sin2 θW

m2
µ

m̃2
tan β ≃ 15 × 10−10

(
100 GeV

m̃

)2

tan β , (11)

where m̃ represents the typical mass scale of weakly-interacting supersymmetric particles. It
is evident from eq. (11) that, if tan β ≫ 1, the experimental constraint on δaµ can set bounds
on the supersymmetric particle masses which are competitive with the direct collider limits.
Indeed, the case tanβ ≃ mt/mb ≫ 1 has some special theoretical appeal. First of all, it allows
the unification of the bottom and tau Yukawa couplings at the same energy scale at which gauge
couplings unify, consistently with the prediction of the minimal SU(5) GUT model. Also it
allows a dynamical explanation for the top-to-bottom mass ratio, with approximately equal top
and bottom Yukawa couplings at the GUT scale, consistently with the minimal SO(10) GUT
[19].

The supersymmetric contribution to aµ is

δaχ0

µ =
mµ

16π2

∑

mi

⎧
⎨

⎩−
mµ

6m2
µ̃m

(1 − xmi)
4

(
NL

miN
L
mi + NR

miN
R
mi

)

×
(
1 − 6xmi + 3x2

mi + 2x3
mi − 6x2

mi ln xmi

)

−
mχ0

i

m2
µ̃m

(1 − xmi)3
NL

miN
R
mi(1 − x2

mi + 2xmi ln xmi)

}

(12)

δaχ+

µ =
mµ

16π2

∑

k

{
mµ

3m2
ν̃ (1 − xk)

4

(
CL

k CL
k + CR

k CR
k

)

×
(
1 + 1.5xk + 0.5x3

k − 3x2
k + 3xk ln xk

)

−
3mχ±

k

m2
ν̃ (1 − xk)

3 CL
k CR

k

(

1 −
4xk

3
+

x2
k

3
+

2

3
ln xk

)}

(13)

where xmi = m2
χ0

i
/m2

µ̃m
, xk = m2

χ±

k

/m2
ν̃ ,

NL
mi = −

mµ

v1
UN

3i U
µ̃
Lm +

√
2g1U

N
1i U

µ̃
Rm

NR
mi = −

mµ

v1
UN

3i U
µ̃
Rm −

g2√
2
UN

2i U
µ̃
Lm −

g1√
2
UN

1i U
µ̃
Lm

CL
k =

mµ

v1
Uk2

CR
k = −g2Vk1 (14)

3

– 5–

where the errors are due to the electroweak, lowest-order

hadronic, and higher-order hadronic contributions, respectively.

The difference between experiment and theory

∆aµ = aexp
µ − aSM

µ = 255(63)(49)× 10−11 , (15)
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Figure 2: Compilation of recently published
results for aµ (in units of 10−11), subtracted
by the central value of the experimental aver-
age (3). The shaded band indicates the exper-
imental error. The SM predictions are taken
from: HMNT [18], JN [4], Davier et al.,
09/1 [17], and Davier et al., 09/2 [15]. Note
that the quoted errors do not include the un-
certainty on the subtracted experimental value.
To obtain for each theory calculation a result
equivalent to Eq. (15), the errors from theory
and experiment must be added in quadrature.

(with all errors combined in quadrature) represents an inter-

esting but not yet conclusive discrepancy of 3.2 times the

estimated 1σ error. All the recent estimates for the hadronic

contribution compiled in Fig. 2 exhibit similar discrepancies.

Switching to τ data reduces the discrepancy to 1.9σ, assuming

July 30, 2010 14:34

Muon Anomalous Magnetic Moment

Present status:  Discrepancy between Theory and 
Experiment  at more than  three Standard Deviation level

New Physics at the Weak scale can fix this 
discrepancy.  Relevant example : Supersymmetry

Masses of the order of the weak scale lead to a natural 
explanation of the observed anomaly !
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QCD, excellent agreement between data and theory is
found [18].
A full compilation of all contributions to ahad,LOµ is

given in Table II of Ref. [18].

Muon magnetic anomaly. Adding all lowest-
order hadronic contributions together yields the estimate
(this and all following numbers in this and the next para-
graph are in units of 10�10) [18]

ahad,LOµ = 692.3± 1.4± 3.1± 2.4± 0.2± 0.3 , (12)

where the first error is statistical, the second channel-
specific systematic, the third common systematic, corre-
lated between at least two exclusive channels, and the
fourth and fifth errors stand for the narrow resonance
and QCD uncertainties, respectively. The total error
of 4.2 is dominated by experimental systematic uncer-
tainties. The new result is �3.2 · 10�10 below the pre-
vious one [26]. This shift is composed of �0.7 from
the inclusion of the new, large photon angle data from
KLOE, +0.4 from the use of preliminary BABAR data
in the e+e� ⇥ ⇥+⇥�2⇥0 mode, �2.4 from the new high-
multiplicity exclusive channels, the re-estimate of the un-
known channels, and the new resonance treatment, �0.5
from mainly the four-loop term in the QCD prediction of
the hadronic cross section that contributes with a nega-
tive sign, as well as smaller other di�erences. The total
error on ahad,LOµ is slightly larger than that of Ref. [26]
owing to a more conservative evaluation of the inter-
channel correlations.
Adding to the result (12) the contributions from higher

order hadronic loops, �9.79± 0.09 [44], computed using
a similar dispersion relation approach, hadronic light-by-
light scattering (LBLS), 10.5 ± 2.6 [46], estimated from
theoretical model calculations (cf. remark in Footnote 5),
as well as QED (7), and electroweak e�ects (10), one
obtains the full SM prediction

aSMµ = 11 659 180.2± 4.2± 2.6± 0.2 (4.9tot) , (13)

where the errors have been split into lowest and higher or-
der hadronic, and other contributions, respectively. The
result (13) deviates from the experimental average (4) by
28.7± 8.0 (3.6⇤).5

A compilation of recent SM predictions for aµ com-
pared with the experimental result is given in Fig. 7.

Update of � -based g�2 result. Since the majority
of the analysis in the aµ analysis also a�ects the ⌅ -based
result from Ref. [22], a reevaluation of the correspond-
ing ⌅ -based hadronic contribution has been performed
in Ref. [18]. In the ⌅ -based analysis [47], the ⇥+⇥�

5 Using alternatively 11.6±4.0 [14] for the light-by-light scattering
contribution, increases the error in the SM prediction (13) to 5.8,
and reduces the discrepancy with experiment to 3.2⇤.
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FIG. 7: Compilation of recent results for aSM
µ (in units of

10�11), subtracted by the central value of the experimental
average (4). The shaded vertical band indicates the exper-
imental error. The SM predictions are taken from: DHMZ
10 [18], HLMNT (unpublished) [43] (e+e� based, including
BABAR and KLOE 2010 �+�� data), Davier et al. 09/1 [22]
(⇥ -based), Davier et al. 09/1 [22] (e+e�-based, not including
BABAR �+�� data), Davier et al. 09/2 [26] (e+e�-based in-
cluding BABAR �+�� data), HMNT 07 [44] and JN 09 [45]
(not including BABAR �+�� data).

cross section is entirely replaced by the average, isospin-
transformed, and isospin-breaking corrected ⌅ ⇥ ⇥�⇥0��
spectral function,6 while the four-pion cross sections, ob-
tained from linear combinations of the ⌅� ⇥ ⇥�3⇥0��
and ⌅� ⇥ 2⇥�⇥+⇥0�� spectral functions, are only eval-
uated up to 1.5 GeV with the ⌅ data. Due to the lack
of statistical precision, the spectrum is completed with
the use of e+e� data between 1.5 and 1.8 GeV. All the
other channels are taken from e+e� data. The complete
lowest-order ⌅ -based result reads [18]

ahad,LOµ [⌅ ] = 701.5± 3.5± 1.9± 2.4± 0.2± 0.3 , (14)

where the first error is ⌅ experimental, the second esti-
mates the uncertainty in the isospin-breaking corrections,
the third is e+e� experimental, and the fourth and fifth
stand for the narrow resonance and QCD uncertainties,
respectively. The ⌅ -based hadronic contribution di�ers
by 9.1 ± 5.0 (1.8⇤) from the e+e�-based one, and the
full ⌅ -based SM prediction aSMµ [⌅ ] = 11 659 189.4 ± 5.4
di�ers by 19.5±8.3 (2.4⇤) from the experimental average.
This ⌅ -based result is also included in the compilation of
Fig. 7.

6 Using published ⌅ � ⇥�⇥0�� spectral function data from
ALEPH [48], Belle [49], CLEO [50] and OPAL [51], and using
the world average branching fraction [36] (2009 PDG edition).
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3.6� Discrepancy

Here m̃ represents the weakly interacting supersymmetric particle masses.

For tan� ' 10 (50), values of m̃ ' 230 (510) GeV would be preferred.

Friday, November 2, 2012

Grifols, Mendez’85,  T. Moroi’95, 
Giudice, Carena, C.W.’95,  Martin and Wells’00 ....

Finally, Eq. (3.12) shows a strong dependence of the SI cross section with the value of |µ|,

a behavior that is related to its dependence on the square of the Higgsino components.

The spin dependent (SD) cross section, instead, depends only on the coupling to the

Z [60, 61], and hence to the di↵erence of the squares of the up and down Higgsino compo-

nents. From the expression given in Eq. (3.6), one can see that

�
SD

/
m

4
Z

µ4
cos2(2�) , (3.14)

where we have again assumed that µ
2
� m

2
e�0
1
. Hence, in the large tan� regime and

for |µ| su�ciently large, the SD cross section is suppressed by four powers of µ, without

any other strong parametric suppression. This behavior should be contrasted with the SI

cross section which, in spite of its overall suppression by only two powers of µ, may be

further suppressed due to a reduction of the neutralino coupling to the 125 GeV Higgs

boson together with interference e↵ects. As we will show, for negative values of µ, and

|µ| su�ciently large to avoid the SD cross section limits, the SI cross section tends to be

below the current experimental bounds on this quantity. However, it can come closer to

the current limits depending on the precise value of tan� and mH .

4 Anomalous Magnetic Moment of the Muon

The anomalous magnetic moment of the muon is a very relevant quantity since it may be

measured with great precision and is sensitive to physics at the weak scale. The theoretical

prediction within the SM may be divided in four main parts

aµ = a
QED
µ + a

EW
µ + a

had
µ (vac. pol.) + a

had
µ (� ⇥ �) , (4.1)

where aµ ⌘ (gµ � 2)/2. The first term a
QED
µ represents the pure electromagnetic contri-

bution, and is known with great accuracy, up to five loop order [62]. The second term

denotes the electroweak contributions, which are known at the two-loop level, and are

about (153.6±1.)⇥10�11 [63]. The hadronic contributions contain the largest uncertainty

in the determination of aµ. While the vacuum polarization contributions can be extracted

from the scattering process of e+e� to hadrons and are of order of (7⇥ 10�8 [64–66]), the

so-called light by light contributions ahadµ (� ⇥ �) cannot be related to any observable and

have to be estimated theoretically. These are estimated to be about 105⇥ 10�11 [67] and

hence of the order of the electroweak contributions.

Overall, the theoretical calculation of aµ in the SM [68] di↵ers from the result measured

experimentally at the Brookhaven E821 experiment [69] by

�aµ = a
exp
µ � a

theory
µ = 268(63)(43)⇥ 10�11

, (4.2)

where the errors are associated with the experimental and theoretical uncertainties, respec-

tively. The discrepancy, of order 3.5�, is of similar size as the electroweak contributions

and hence can be potentially explained by new physics at the weak scale. The E821 exper-

imental result will be tested by the upcoming Muon g � 2 Experiment at Fermilab [70].
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In the supersymmetric case the most relevant contributions are associated with the

interchange of charginos and the superpartners of the neutral second generation leptons

(sneutrinos) [71–78]. Assuming that there are no large mass hierarchies in the supersym-

metric electroweak sector, one can write, approximately,

�aµ '
↵

8⇡s2
W

m
2
µ

em2
Sgn(µM2) tan� ' 130⇥ 10�11

✓
100 GeV

em

◆2

Sgn(µM2) tan� , (4.3)

where ↵ is the electromagnetic fine structure constant, and em is the characteristic mass of

the weakly interacting sparticles. This implies that for tan� of order 10 (20), the overall

weakly interacting sparticle mass scale must be of order 250 GeV (350 GeV) in order to

explain the current discrepancy between theory and experiment.

In our work, we shall consider chargino and slepton masses that are quite di↵erent from

each other and hence, it is relevant to provide an analytical understanding of the behavior

of aµ in that parameter regime. In the relevant approximation where |µ| >⇠ 2|M2|
>⇠ 4MW

and m
2
e⌫

>⇠ µ
2, one gets,

�aµ ' �
3↵

4⇡s2
W

m
2
µ

m
2
e⌫

M2µ tan�

µ2 �M
2
2

⇢
[f1(x1)� f1(x2)] +

1

6
[f2(x1)� f2(x2)]

�
, (4.4)

where the first term inside the curly brackets corresponds to the chargino contributions, the

second term to the neutralino contributions, x1 = M
2
2 /m

2
e⌫ and x2 = µ

2
/m

2
e⌫ . In addition,

f1(x) =
1� 4x/3 + x

2
/3 + 2 log(x)/3

(1� x)4
, (4.5)

and

f2(x) =
1� x

2 + 2x log(x)

(1� x)3
. (4.6)

In the above we have ignored the small hypercharge induced contributions. It is important

to note that for x ⌧ 1, f1(x) is negative and increases logarithmically in magnitude,

f1(x) ' 1+8x/3+2(1+4x) log(x)/3, whilef2(x) tends to one, namely f2(x) ! 1+2x(3/2+

log(x)). On the other hand, in the limit of x ! 1, f1(x) ! �2/9 and f2(x) ! 1/3. In

general, as stressed above, the lightest chargino contribution is dominant, but the heavier

chargino and the neutralino contributions have the opposite sign to the lighter chargino

one, providing a significant reduction of the anomalous magnetic moment with respect to

the one obtained considering only the lightest chargino contribution. We also note that

Eq. (4.4) is symmetric under the interchange of µ and M2, and is indeed valid also in the

region in which the second lightest neutralino is Higgsino like, |M2|
>⇠ 2|µ| >⇠ 4MW , and

me⌫
>⇠ |M2|.

Let us stress that while the reduction of the SI cross section is obtained for negative

value of µ⇥M1, the explanation of the anomalous magnetic moment of the muon demands

positive values of µ⇥M2. Hence, a simultaneous explanation of the absence of DM direct

detection signals and of the measured value of aµ may be naturally obtained for opposite

values of the hypercharge and weak gaugino masses, namely M2 ⇥M1 < 0.
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https://indico.cern.ch/event/687651/contributions/3400865/attachme
nts/1850992/3038683/Wagner-LHCP2019.pdf
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