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ABSTRACT

Once all the sleptons as well as the Bino are observed at the ILC, the Bino
contribution to the muon anomalous magnetic dipole moment (muon g � 2) in
supersymmetric (SUSY) models can be reconstructed. Motivated by the recently
confirmed muon g � 2 anomaly, we examine the reconstruction accuracy at the
ILC with

p
s = 500GeV. For this purpose, measurements of stau parameters are

important. We quantitatively study the determination of the mass and mixing
parameters of the staus at the ILC. Furthermore, we discuss the implication of
the stau study to the reconstruction of the SUSY contribution to muon g � 2.
At the benchmark point of our choice, it is found that the uncertainty can be
⇠ 8% with the stau study at the ILC.

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)

This is a preliminary study performed in the framework of the ILD concept group.
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1 Introduction

The Fermilab experiment of measuring the muon anomalous magnetic moment (muon g�2)
confirmed the long-standing discrepancy between its measured value at the Brookhaven
experiment [1–4] and the Standard Model (SM) prediction [5],

aBNL+FNAL
µ = (11 659 206.1± 4.1)⇥ 10�10 , (1)

aSMµ = (11 659 181.0± 4.3)⇥ 10�10 , (2)

which amounts to a discrepancy at the 4.2� level:

�aµ ⌘ aBNL+FNAL
µ � aSMµ = (25.1± 5.9)⇥ 10�10 , (3)

where aµ ⌘ (gµ� 2)/2 with gµ being the muon magnetic moment.#1 This discrepancy may
be a hint for physics beyond the SM. Noting that �aµ is as large as the SM electroweak
contribution to aµ, new particles with a mass in the electroweak scale may be the source of
this discrepancy.

Low-energy supersymmetry (SUSY) is one of such solutions [7–9]. It predicts new par-
ticles (SUSY particles) that interact with muons and photons, yielding extra contribution
to aµ, which we call aSUSY

µ . If their masses are at the sub-TeV scale, aSUSY
µ can be sizable

enough to solve the discrepancy. This feature does not harm other benefits of SUSY. In
particular, with the thermal freeze-out mechanism, the lightest SUSY particle (LSP) can
account for dark matter, with a relic density consistent with the observed value. For exam-
ple, Ref. [6] pointed out that there exist parameter spaces of the minimal supersymmetric
Standard Model (MSSM) in which the muon g � 2 anomaly is well explained, the LSP be-
comes the dark matter candidate with the observed relic density, and the latest constraints
from collider experiments and dark matter direct detections are avoided.

As the SUSY solution to the muon g � 2 anomaly requires some SUSY particles to be
relatively light, those particles are important targets of future collider experiments. More
interestingly, by determining the properties of the SUSY particles, the SUSY contribution
aSUSY
µ can be reconstructed to confirm that the anomaly truly originates in SUSY parti-

cles [10]. For this purpose, masses and coupling constants of the SUSY particles should be
precisely measured.

The International Linear Collider (ILC) is an ideal facility to perform such measure-
ments. Although the SUSY contribution aSUSY

µ comes from various diagrams, we focus

on the so-called Bino-smuon diagram (Fig. 1); we denote its contribution by a(B̃)
µ . In the

parameter space with a large Higgsino mass parameter µ � 1TeV, it tends to dominate the
SUSY contribution aSUSY

µ . The four benchmark points in Ref. [6], BLR1–4, are such exam-

ples; Binos B̃ and smuons µ̃L,R are as light as 100–200GeV and µ � 1TeV, which realizes

#1This SM value is based on the data-driven method for determination of the hadronic vacuum-polarization
contribution. On the other hand, a lattice method provides a di↵erent estimation, with which the SM
prediction is consistent with the measured muon g � 2, while producing a new tension. See, e.g., footnotes
#1–3 of Ref. [6] for further details of the SM prediction.
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Figure 1: The Bino-smuon loop diagram contributing to aSUSY
µ .

aSUSY
µ ' a(B̃)

µ ' �aµ. In addition, staus ⌧̃1,2 and tau-sneutrinos ⌫̃⌧ have masses smaller
than 250GeV and coannihilation yields the correct dark matter relic abundance. These
particles are thus within the reach of the ILC with center-of-mass energy

p
s = 500GeV,

and we can reconstruct a(B̃)
µ by measuring their properties.

For the reconstruction of a(B̃)
µ , it is necessary to know (i) masses of smuons, (ii) Bino

(i.e., the lightest neutralino) mass, (iii) lepton-slepton-Bino couplings, and (iv) left-right
mixing of the smuons m2

µ̃LR (cf. Eq. (5)) as depicted in Fig. 1. Among them, (i)–(iii) can be
precisely determined by using the smuon and selectron production processes, as summarized
in Ref. [10]. On the contrary, the determination of the left-right mixing of the smuons is
highly non-trivial. Information about the smuon left-right mixing is di�cult to obtain from
the smuon production processes at the ILC because m2

µ̃LR is proportional to the muon mass
and is tiny relative to the squared smuon masses.

In Ref. [10], it has been proposed to rely on a SUSY relation to determine m2
µ̃LR. In

the parameter region of our interest, i.e., if the Higgsino mass µ is much larger than the
slepton trilinear couplings (the Al parameters), the left-right mixings of the sleptons are
approximated by m2

l̃LR
' �mlµ tan� with l = e, µ, and ⌧ and tan� being the ratio of

the vacuum expectation values of up- and down-type Higgs bosons.#2 Then, m2
µ̃LR can be

related to m2
⌧̃LR as

m2
µ̃LR =

mµ

m⌧
m2

⌧̃LR . (4)

The left-right mixing of the staus is an order of magnitude larger than that of the smuons
and hence is easier to measure at the ILC. This provides a strong motivation to study stau
properties at the ILC in connection with the muon g � 2 anomaly. The ILC’s potential to
determine the stau properties in the parameter region motivated by the muon g�2 anomaly,
however, is not yet well understood.

Motivated by the possibility to reconstruct the SUSY contribution to the muon g � 2,
we investigate the prospect of measuring stau properties at the ILC. We pay particular
attention to the parameter region suggested by the muon g � 2 anomaly. We perform a
detailed Monte Carlo (MC) analysis to see the accuracy of the ILC measurements of the
stau mass and mixing parameters. We also qualitatively discuss the implication of the stau
study for the reconstruction of aSUSY

µ .

#2This relation holds in the limit of |Al| ⌧ |µ| tan�.
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This work is organized as follows. In Section 2, we explain our basic strategy to study
the stau properties at the ILC. In Section 3, we show the results of our MC analysis.
Implication of the stau study to the muon g � 2 anomaly is discussed in Section 4. The
results are summarized in Section 5.

2 Stau Study at the ILC: Basic Strategy

Let us begin with our strategy for the determination of the stau property at the ILC, in

particular the stau left-right parameter m2
⌧̃LR, which is used in the reconstruction of a(B̃)

µ

in Sec. 4.

The stau mass eigenstates are denoted as ⌧̃1 and ⌧̃2 (with their masses m⌧̃1 and m⌧̃2),
while the gauge eigenstates as ⌧̃L and ⌧̃R (where ⌧̃L is embedded in SU(2)L doublet while
⌧̃R is SU(2)L singlet). The mass matrix in the gauge eigenbasis is denoted as

L � �
�
⌧̃⇤L ⌧̃⇤R

�
M

2
⌧̃

✓
⌧̃L
⌧̃R

◆
with M

2
⌧̃ =

✓
m2

⌧̃LL m2
⌧̃LR

m2
⌧̃LR m2

⌧̃RR

◆
. (5)

Here, we assume that CP violation in the MSSM sector is negligible so that m2
⌧̃LR can be

taken to be real. With diagonalizing the stau mass matrix, the mass and gauge eigenstates
are related by using the stau mixing angle ✓⌧̃ as

✓
⌧̃1
⌧̃2

◆
=

✓
cos ✓⌧̃ sin ✓⌧̃
� sin ✓⌧̃ cos ✓⌧̃

◆✓
⌧̃L
⌧̃R

◆
⌘ U⌧̃

✓
⌧̃L
⌧̃R

◆
, (6)

where m⌧̃1 < m⌧̃2 and 0  ✓⌧̃ < ⇡.

In the smuon sector, we obtain similar relations in relating the mass and gauge eigen-
states; the above argument is applicable to the smuons with replacing ⌧̃ ! µ̃. (In the smuon
sector, we also take mµ̃1 < mµ̃2 and 0  ✓µ̃ < ⇡.)

Our primary purpose is to determine m2
⌧̃LR, which is related to the mass and mixing

parameters of the staus as

m2
⌧̃LR =

1

2

�
m2

⌧̃1 �m2
⌧̃2

�
sin 2✓⌧̃ , (7)

via the measurements of m⌧̃1 , m⌧̃2 , and ✓⌧̃ . For this purpose, we use the stau pair production
processes

e+e� ! ⌧̃⇤i ⌧̃j (i, j = 1, 2) . (8)

Their cross sections are given by [11]

�(e+e� ! ⌧̃⇤i ⌧̃j) =
8⇡↵2

3s
�3
f


c2ij

�2
Z

sin4 2✓W
(P�+L

2 + P+�R
2)

+ �ij
1

16
(P�+ + P+�) + �ijcij

�Z

2 sin2 2✓W
(P�+L+ P+�R)

�
,

(9)
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where

�2
f =

"
1�

(m⌧̃i +m⌧̃j )
2

s

#"
1�

(m⌧̃i �m⌧̃j )
2

s

#
, (10)

�Z =
s

s�m2
Z

, (11)

c11/22 =
1

2
[L+R± (L�R) cos 2✓⌧̃ ] , (12)

c12 = c21 =
1

2
(L�R) sin 2✓⌧̃ , (13)

L = �
1

2
+ sin2 ✓W , (14)

R = sin2 ✓W . (15)

The beam polarizations are parameterized as P⌥± = (1 ⌥ Pe�)(1 ± Pe+). As one can see,
the cross sections are sensitive to the stau mixing angle ✓⌧̃ as well as the stau masses, and
hence their measurements provide information about ✓⌧̃ .#3

For the determinations of stau masses, we use the endpoint analysis. At our benchmark
point, the staus decay as

⌧̃i ! ⌧B̃ , (16)

then the tau decays leptonically or hadronically. At the ILC, we can identify the visible
decay products of ⌧ and measure their energy. Considering the stau with its energy E⌧̃i ,
the energy of the visible decay products, E⌧ , is bounded from above as

E⌧ < E+(⌧̃i) ⌘
m2

⌧̃i
�m2

�̃0
1

2m2
⌧̃i

⇣
E⌧̃i +

q
E2

⌧̃i
�m2

⌧̃i

⌘
, (17)

where m�̃0
1
is the lightest neutralino mass while the ⌧ lepton mass can be ignored with good

accuracy. Thus the information about the stau masses can be obtained from the endpoints
of the energy distributions of the decay products of ⌧ .

In the next section, we will discuss how accurately we can measure the endpoints and
the stau production cross section at the ILC, based on which the stau masses and mixing
angle are determined.

3 Fitting for Stau Properties from the Pair-productions

For a demonstration, we investigate the “BLR1 benchmark point” of Ref. [6] for the analysis.
The mass spectrum of this point is shown in Table 1. This spectrum is obtained by assuming
the universality of the SUSY breaking slepton masses: mL̃1

= mL̃2
= mL̃3

⌘ mL and

#3Alternatively, the stau mixing angle can be determined by measuring the polarization of the ⌧ from the
stau decay [12]. However, the cross section measurement provides a better resolution [13,14].
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Table 1: The benchmark mass spectrum for this study (the BLR1 benchmark point of
Ref. [6]). The mass parameters are in units of GeV.

mẽ1 mẽ2 mµ̃1 mµ̃2 m⌧̃1 m⌧̃2 m�̃0
1

cos ✓µ̃ cos ✓⌧̃

155.8 156.7 154.0 158.5 113.2 189.8 99.3 0.631 0.703

mL mR M1 µ tan� ⌦DMh2 aSUSY
µ a(B̃)

µ

150.0 150.0 100.0 1323 4.94 0.120 27.1⇥10�10 27.5⇥10�10

mẼ1
= mẼ2

= mẼ3
⌘ mR, where mL̃i

and mR̃i
are soft SUSY breaking mass parameters

of the left- and right-handed sleptons in the i-th generation, respectively. Furthermore,
mL = mR is set.#4 In this case of mL = mR in the BLR1 benchmark point, the slepton
mixing angles are close to ⇡/4 (or 3⇡/4). Superparticles other than the sleptons, the Bino,
and the Higgsinos are assumed to be decoupled. The trilinear couplings of sleptons are set
to be zero.#5

At this benchmark point, the muon g�2 anomaly can be explained at the 1� level with
the correct dark matter relic abundance. Note that the value of aSUSY

µ in Table 1 includes

the Higgsino contributions, while a(B̃)
µ includes only the Bino-smuon contribution. They

are calculated with the exact formula given in Ref. [19]. It includes two-loop photonic con-
tributions, which has a large logarithmic factor and can be sizable [19,20]. The constraints
from the LHC Run 2 data, the dark matter direct detection, and the vacuum meta-stability
condition are also satisfied [6].

We generated SUSY event samples at
p
s = 500GeV using WHIZARD 2.8.5 [21] and

stored in the mini-DST data format [22]. Tau dacays are processed with TAUOLA 2.7 [23].
The detector simulation is performed with DELPHES 3.5.0 [24] using the ILC generic detector
card [25]. We included all 2f , 4f , 5f , 6f and Higgs event samples of the SM background
fully simulated in the International Large Detector (ILD) [26] and two-photon scattering
process (�� ! two fermions) simulated with the SGV fast detector simulator [27]. For the
full simulation samples, the PandoraPFA algorithm [28] is used to reconstruct particles from
tracks and calorimeter clusters, which are used as input for the tau reconstruction. For tau
reconstruction, we use the TaJetClustering processor [29], which clusters particles in the
narrow angles consistent with tau mass as tau candidates and removes jet-like non-isolated
particles. We use the beam polarization of Pe� = +80%, Pe+ = �30%, denoted as eRpL
in the following text, in order to suppress the the weak-boson exchanging processes (e.g.,
e+e� ! W+W�

! ⌧⌫⌧⌫) giving identical event topology to the signal. We assume a total
integrated luminosity of 1.6 ab�1 based on the ILC running scenario [30,31], with which the
expected number of SUSY events without any cuts is O(104–105) while the SM background

#4It is hard to probe a parameter region of mL ' mR at the LHC when mass di↵erences between the
sleptons and the LSP are close and all the emitted leptons are soft.

#5Note that the value of tan� is slightly di↵erent from Ref. [6] by a radiative correction: tan� is rescaled
by 1/(1+�l) where �l is a non-holomorphic radiative correction [15,16] (see, also [17,18]). As a result, the
mass eigenvalues and the mixing angles in Table 1 are consistent within the tree-level calculation by using
the rescaled value of tan�.
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events is O(109).

3.1 Event Selection

In this work, we consider a search for stau-pair production in final states of:

e+(Pe+)e
�(Pe�) ! ⌧̃⇤i ⌧̃j ! ⌧+⌧� + 2B̃ (i, j = 1, 2) , (18)

which have two oppositely-charged taus and large missing momentum with little other
activities. We apply the following preselections:

• Require exactly two reconstructed taus with opposite charge.

• Remove events with one or more isolated electrons or muons in the event. We only
select hadronic tau decays to mainly suppress leptonic background including ẽẽ and
µ̃µ̃ processes.

• Require two reconstructed taus to have, in total, at least one photon or at least three
charged particles. This cut is to further reject events from ẽẽ and µ̃µ̃ processes.

• Remove events with large non-tau activity. Events are removed if they contain two or
more tracks, or six or more neutral particles, that are not included in the tau candidate
jets. This e�ciently removes most of semi-leptonic and hadronic SM background,
while leptonic events with pileup of low energy �� ! hadrons are still accepted.

These preselections e�ciently remove non-tau background, but numerous tau backgrounds
such as �� ! ⌧⌧ , e+e� ! ⌧⌧ and e+e� ! W+W�

! ⌧⌫⌧⌫ remain, requiring strong
kinematic cuts for signal selection. Significant amount of ẽẽ and µ̃µ̃ SUSY background still
remains, which is due to mis-identification of electrons and muons. The lepton identification
criteria can be further optimized after reproducing SUSY events with the full detector
simulation.

We apply the following kinematic cuts to further reduce backgrounds:

• Cut 1: ✓acop/⇡ > 0.05

• Cut 2: 20 < Evis < 300 GeV

• Cut 3: Minv > 200 GeV

• Cut 4: | cos ✓miss| < 0.9

• Cut 5: missing Pt > 20 GeV

• Cut 6: | cos ✓⌧± | < 0.9

7



Table 2: The cut table. An integrated luminosity of 1.6 ab�1 and a beam polarization of
eRpL are assumed. ⌧̃1⌧̃2 stands for ⌧̃⇤1 ⌧̃2+ ⌧̃⇤2 ⌧̃1 events. The �� ! 2f events are not included
in the “SM bkg” but in a separate column.

⌧̃1⌧̃1 ⌧̃2⌧̃2 ⌧̃1⌧̃2 SUSY bkg SM bkg �� ! 2f

no cuts 1.386⇥105 4.211⇥104 2.075⇥104 1.286⇥106 4.727⇥107 4.283⇥109

preselection 2.004⇥104 1.213⇥104 4128 1.380⇥104 7.292⇥104 3.047⇥107

cut 1 1.581⇥104 1.113⇥104 3616 1.268⇥104 1.916⇥104 1.310⇥107

cut 2 1.493⇥104 1.112⇥104 3584 1.268⇥104 8032 7.058⇥106

cut 3 1.493⇥104 1.112⇥104 3584 1.268⇥104 4954 6.069⇥106

cut 4 1.369⇥104 1.032⇥104 3301 1.154⇥104 2119 5.963⇥105

cut 5 4396 9868 2930 1.117⇥104 1439 2788

cut 6 4091 8564 2706 8940 1001 1764

where ✓acop is the acoplanarity angle between two reconstructed taus, Evis is the visible
energy of an event, Minv is the missing mass of an event, ✓miss is the polar angle of missing
momentum, and ✓⌧± is the polar angle of ⌧±. Table 2 shows the cut table. O(103–104) stau
and O(104) SM background events remain.

We further assume that the background events from �� ! 2f processes can be greatly
reduced by BeamCal information [13]. As the number of events is already as large as
the other SM background after the six cuts, they are expected to be subdominant after a
BeamCal-based selection. Therefore, we will simply omit the �� ! 2f background in the
further analysis.

3.2 Measurements of Stau-pair Production

Figure 2 shows the reconstructed higher ⌧ energy E⌧ in an event after applying all the event
selection cuts with the eRpL beam polarization. From this plot, we extract the endpoints
and number of events, which are necessary to reconstruct stau masses m⌧̃2 , m⌧̃1 and the
mixing angle ✓⌧̃ . We assume that the endpoints of ẽ and µ̃ pairs are obtained by independent
analyses. Since ⌧̃ endpoints are well separated from these endpoints in the benchmark point,
they are not greatly a↵ected by the SUSY background. Note that, throughout our analysis,
we include only the statistical uncertainty. No systematic uncertainty, including one coming
from the MC statistics, is assigned for simplicity.

We first discuss the extraction of the ⌧̃2 endpoint. Figure 3 (a) shows the result of
fitting. We parameterize the SM background distribution in E⌧ by using straight line in
the range of 130–170 GeV (the light green line), assuming that the SM distribution is well
known. We then perform fitting for all events using an additional straight line on the SM fit
in the range of 136–150 GeV (the cyan line). We can extract the endpoint as the crossover

8



0 20 40 60 80 100 120 140 160 180 200
) (GeV)τE(

0

100

200

300

400

500

600

700

# 
Ev

en
ts

 / 
2 

G
eV

All
1τ
∼

1τ
∼

2τ
∼

2τ
∼

2τ
∼

1τ
∼

SUSY bkg
SM bkg

ILD preliminary

Figure 2: The reconstructed higher ⌧ energy distribution in an event after applying all se-
lection cuts for eRpL beam polarization. The vertical error bars correspond to the expected
statistical uncertainty in the actual running.

of these lines. The obtained result is

E+(⌧̃2) = 150.4± 1.2GeV , (19)

consistent with the theoretical endpoint value 149.9 GeV.

We can similarly extract the ⌧̃1 endpoint. Figure 3 (b) shows the result of fitting. We
first fit the distribution of all events using a second-order polynomial in the range of 60–
120 GeV (the orange line). Here we do not assume that the contributions from the ⌧̃1⌧̃2 and
⌧̃2⌧̃2 are known, since they depend on the yet-unknown stau mixing parameter. With this
treatment, this method can be regarded as a data-driven approach. We then in the range
40–54 GeV perform a fit (the cyan line) by a linear function stacked on the extrapolation
of the aforementioned second-order polynomial fit function. The obtained endpoint for ⌧̃1
is

E+(⌧̃1) = 53.19± 0.66GeV , (20)

which is slightly smaller than the theoretical endpoint 54.5 GeV.

For the determination of the stau mixing angle, we use the number of events in the
energy range 60GeV  E⌧  150GeV. For an integrated luminosity of 1.6 ab�1, the
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(a) ⌧̃2⌧̃2 endpoint fit
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(b) ⌧̃1⌧̃1 endpoint fit

Figure 3: Zoomed regions of Fig. 2. (a) The ⌧̃2⌧̃2 endpoint region. The light green and cyan
lines correspond to the SM background fit and the fit of all events, respectively. (b) The
⌧̃1⌧̃1 endpoint region. The cyan (orange) line is the fit result for the E⌧ range of 40–54GeV
(60–120GeV). See text for details of the fittings.

expected number of signal and background events in this range are found to be

N22 = 5803 , (21)

N12 = 1354 , (22)

NSM = 595.2 , (23)

NSUSY = 7215 , (24)

where N22, N12, NSM, and NSUSY are the numbers of events of ⌧̃2⌧̃2 production, ⌧̃1⌧̃2 pro-
duction, SM background, and SUSY background, respectively.

3.3 Stau Masses and Mixing Angle

First, we fit the ⌧̃1 mass parameter by using the endpoint in Eq. (17) with E⌧̃1 =
p
s/2 and

p
s = 500GeV. We assume that the lightest neutralino mass is measured with 100MeV

uncertainty from the endpoint analyses of selectron and smuon pair-productions [10, 32].
From the endpoint (20) and m�̃0

1
= 99.3± 0.1GeV, we obtain

m⌧̃1 = 112.8± 0.2GeV . (25)

Here and in the following analysis, we perform toy MC simulations to generate the
probability density function (PDF).#6 The PDF is maximized at the expectation value,
and the uncertainty corresponds to 68% of the PDF. Here, we require that both edges of
the uncertainty have the same value in the PDF.

#6We assume the Gaussian distribution for the lightest neutralino mass and the endpoints.
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Similarly, the ⌧̃2 mass is determined from the endpoint (19) with E⌧̃2 =
p
s/2. The

result is
m⌧̃2 = 188.6+4.9

�3.9GeV . (26)

There are three comments on this fitting. First, the E+(⌧̃2) fitting includes irreducible ⌧̃1⌧̃2
events, whose theoretical endpoint is 170.6GeV.#7 Second, the endpoint in Eq. (17) is not
a monotonically increasing function of the stau mass, but decreases when the stau mass
satisfies m�̃0

1
(2E⌧̃i �m�̃0

1
) < m2

⌧̃i
< E2

⌧̃i
. This results in a twofold ambiguity of the ⌧̃2 mass

parameter in this fitting. This ambiguity can be resolved by analyzing the stau production
cross section. Third, the PDF of the ⌧̃2 mass is not a Gaussian and the uncertainty becomes
asymmetric.

Next, we determine the stau mixing angle ✓⌧̃ from the number of events, (21)–(24).
There, we imposed an additional cut, 60  E⌧ < 150GeV, to collect ⌧̃2⌧̃2 and ⌧̃1⌧̃2 events.
This cut eliminates ⌧̃1⌧̃1 events and makes the number of events more sensitive to ✓⌧̃ .

We first evaluate the signal e�ciency (✏12 and ✏22) by comparing the MC result in the
range of 60  E⌧ < 150GeV with the theoretical cross section in Eq. (9). It is assumed
that the signal e�ciencies are independent of the stau mixing angle and masses around their
theoretical values. The following equality is then used to determine the stau mixing angle:

✏12
⇥
�(e+e� ! ⌧̃⇤1 ⌧̃2) + �(e+e� ! ⌧̃⇤2 ⌧̃1)

⇤
+ ✏22 �(e

+e� ! ⌧̃⇤2 ⌧̃2) =
Ntotal �Nbkg

L
, (27)

where L is the integrated luminosity L = 1.6 ab�1. The left-hand side is evaluated as a
function of ✓⌧̃ with the obtained stau masses, i.e., Eqs. (25) and (26) through Eq. (9). In
the right-hand side, Ntotal is the number of total events in the range of 60  E⌧ < 150GeV,
which will be given by experiment, and we used Ntotal = Nsignal + Nbkg. The number of
background events, Nbkg = NSUSY+NSM, is determined by the MC analysis and the values
are given in Eqs. (23) and (24). The statistical uncertainties of Ntotal and Nbkg are added
in quadrature. As a result, we obtain

cos ✓⌧̃ = 0.680+0.070
�0.051 . (28)

Note that the equality (27) has a twofold ambiguity with regard to the stau mixing
angle ✓⌧̃ . The ambiguity comes from ✓⌧̃ $ (⇡�✓⌧̃ ). Since the slepton pair-production cross
section in Eq. (9) is invariant under ✓l̃ $ (⇡ � ✓l̃), we cannot resolve this degeneracy. This
degeneracy corresponds to the sign of the µ parameter. Also, the sign of the muon g � 2
anomaly implies µM1 > 0. Therefore, this degeneracy also corresponds to the sign of M1.
In our fitting, we assumed µ > 0 with M1 > 0.

Finally, we obtain the stau left-right mixing parameter from Eq. (7). The result is

m2
⌧̃LR =

�
1.21+0.03

�0.12

�
⇥ 104GeV2 . (29)

Moreover, the smuon left-right mixing parameter can be reconstructed by Eq. (4), and we
obtain

m2
µ̃LR = 720+17

�70GeV2 . (30)

All the fitted values are summarized in Table 3.
#7One can subtract ⌧̃1⌧̃2 events after the stau masses and the mixing angle are determined.
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Table 3: Fitting summary for the stau parameters with
p
s = 500GeV and 1.6 ab�1. The

mass parameters are in units of GeV and the left-right mixing parameter is in units of GeV2.

m⌧̃1 m⌧̃2 cos ✓⌧̃ m2
⌧̃LR

Theoretical value 113.2 189.8 0.703 11606

Fit result 112.8± 0.2 188.6+4.9
�3.9 0.680+0.070

�0.051

�
1.21+0.03

�0.12

�
⇥ 104

4 Reconstruction of the Muon g � 2

In this section, we study an implication of the determinations of stau parameters, in partic-
ular m2

⌧̃LR, for the muon g� 2 anomaly. We discuss how accurately the SUSY contribution
to aµ is determined using the ILC measurements at our benchmark point. It is assumed that
all the charged sleptons and the lightest neutralino (as the LSP) are within the kinematical
reach of the ILC and that no other superparticles, in particular charginos, are discovered.
In such a case, the neutralino can be considered as the Bino-dominated one. Furthermore,
in the absence of the chargino discovery, we may expect that the SUSY contribution to the

muon g � 2 is dominated by the Bino-smuon loop contribution a(B̃)
µ .

We can reconstruct a(B̃)
µ once the following quantities are known:#8

• Smuon mass eigenvalues: mµ̃1 and mµ̃2 ,

• Smuon left-right mixing parameter: m2
µ̃LR,

• The lightest neutralino mass: m�̃0
1
.

At the ILC, the smuon masses can be measured from the smuon pair-production processes,
and the lightest neutralino mass can be done from the selectron production processes in
addition to the smuon ones. As for the smuon left-right mixing parameter m2

µ̃LR, as we have
discussed, the stau study at the ILC can be used for its determination. It is obtained from
the stau left-right mixing parameter (see Eq. (4)).#9 Once m2

µ̃LR and the smuon masses

#8For simplicity, we do not consider the determination of the lepton-slepton-Bino couplings, and assume
that the coupling satisfies the tree-level SUSY relation. See Ref. [10].

#9At the one-loop level, non-holomorphic corrections to the lepton masses may be sizable. The non-
holomorphic corrections are parameterized by �l-parameters and Eq. (4) is modified as [15, 16]

m2
µ̃LR =

mµ

m⌧

1 +�⌧

1 +�µ
m2

⌧̃LR .

In general, �µ and �⌧ di↵er and we should better take account of their e↵ects. Importantly, �µ and �⌧

both depends only on the combination µ tan� (as well as on the masses of sleptons and Binos and Bino-
muon-smuon couplings). Thus, even at the one-loop level, we can obtain m2

µ̃LR from m2
⌧̃LR through the

reconstruction of µ tan� in the situation of our interest. In our analysis, we neglect a di↵erence between �µ

and �⌧ . (Notice that, in the benchmark point of our choice, �µ ' �⌧ holds with a good accuracy.)
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are determined, the smuon mixing angle ✓µ̃ is determined from the relation,

sin 2✓µ̃ =
2m2

µ̃LR

m2
µ̃1

�m2
µ̃2

=
mµ

m⌧

m2
⌧̃2
�m2

⌧̃1

m2
µ̃2

�m2
µ̃1

sin 2✓⌧̃ , (31)

with which the smuon mixing matrix Uµ̃ is obtained.

With the above mentioned parameters, the Bino-smuon contribution to aSUSY
µ can be

calculated. At the one-loop level, it is given by#10

a(B̃, 1-loop)
µ =

1

16⇡2

X

A=1,2

m2
µ

m2
µ̃A

(
�

1

12

h
(N̂µL

A )2 + (N̂µR
A )2

i
FN
1

 
m2

�̃0
1

m2
µ̃A

!

�

m�̃0
1

3mµ
N̂µL

A N̂µR
A FN

2

 
m2

�̃0
1

m2
µ̃A

!)
, (32)

where

N̂µL
A =

1
p
2
gY (Uµ̃)A1 , N̂µR

A = �
p
2gY (Uµ̃)A2 , (33)

with gY being the U(1)Y gauge coupling constant, and the loop functions are defined as

FN
1 (x) =

2

(1� x)4
�
1� 6x+ 3x2 + 2x3 � 6x2 lnx

�
, (34)

FN
2 (x) =

3

(1� x)3
�
1� x2 + 2x lnx

�
. (35)

In our analysis, we include the photonic correction to evaluate a(B̃)
µ as

a(B̃)
µ = a(B̃, 1-loop)

µ + a(B̃, photonic)
µ , (36)

where a(B̃, photonic)
µ is the two-loop photonic contribution.

The stau study of the ILC can give crucial information for the reconstruction of a(B̃)
µ

through the determination of m2
µ̃LR. To understand the impact of the stau study, let us

estimate the uncertainty related to m2
µ̃LR in the reconstructed value of a(B̃)

µ . Since the PDF

ofm2
µ̃LR is not the Gaussian, we perform the toy MC analysis. With neglecting uncertainties

in mµ̃1 , mµ̃2 , m�̃0
1
, we obtain

a(B̃)
µ = 27.6+0.3

�2.5 ⇥ 10�10
��
m2

µ̃LR
[�9%,+1%] , (37)

where the expectation value corresponds to a(B̃)
µ at the maximal PDF, and the values in

the bracket means the relative uncertainties.
#10This formula is exact when the lightest neutralino is composed of the Bino and the other contributions,
i.e., those from the Wino and Higgsinos, are decoupled.
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With including all the uncertainties in the toy MC, where the PDF of the masses is
assumed to be the Gaussian, we obtain

a(B̃)
µ = 26.4+2.1

�1.7 ⇥ 10�10 [�7%,+8%] , (38)

where the uncertainties on mµ̃1 , mµ̃2 , and m�̃0
1
are taken to be 200MeV, 200MeV and

100MeV, respectively [10]. The expectation value is shifted from Eq. (37) because the PDF

of a(B̃)
µ is modified by the uncertainties of mµ̃1 and mµ̃2 . The upper (lower) value of the

uncertainty is increased (decreased) correspondingly. At the benchmark point of our choice,

the uncertainty in the reconstructed value of a(B̃)
µ is dominated by the one related to the

smuon left-right mixing parameter m2
µ̃LR. It is concluded that the stau study at the ILC

can help reconstructing a(B̃)
µ at the 8% accuracy. Improvements of the measurements of

the stau parameters can reduce the uncertainty, which may become possible with an ILC
operation with higher luminosity or larger beam energy.

5 Summary

The Fermilab experiment result confirmed the long-standing muon g � 2 anomaly. If the
muon g � 2 anomaly mainly comes from the Bino contribution in SUSY models, �aµ '

aSUSY
µ ' a(B̃)

µ , and if all the sleptons and the lightest neutralino are within the kinematical
reach, the ILC will be able to measure the MSSM parameters which are necessary to estimate

a(B̃)
µ . In this work, we have investigated the measurements of the stau masses and mixing

at the ILC, which are essential ingredients to determine the a(B̃)
µ . We have also discussed

their implication for the a(B̃)
µ reconstruction. We have shown that, at our benchmark point,

the SUSY contribution to the muon g � 2 can be reconstructed with the accuracy of ⇠ 8%
at the ILC with

p
s = 500 GeV and an integrated luminosity of 1.6 ab�1.
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