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1 Introduction

The longstanding discrepancy in the measured value of the anomalous magnetic moment

of muon (muon g − 2) and the SM prediction might be a key to reveal the physics beyond

standard model (BSM). The estimated discrepancy between the experimentally measured

value aexpµ and the SM prediction aSMµ is currently given as [1]1

δaµ = aexpµ − aSMµ = (2.74± 0.73)× 10−9, (1.1)

and the significance reaches at 3.4 σ level. Currently a new experiment is in operation at

the Fermilab (FNAL) [8] and accumulating the data, which will reduce the uncertainty by

a factor of four in the end of the planned operation. Furthermore, another experiment is

scheduled at the J-PARC in Japan [9]. These experiments may confirm the discrepancy.

Motivated by this anomaly various models are proposed and tested so far.2 Note that

the discrepancy is at the same order of the electroweak contribution: δaµ ' δaEWµ '
g2m2

µ/16π2m2
W . The new physics contribution usually scales as δaNP

µ ' g2NPm
2
µ/16π2m2

NP,

where gNP and mNP are the new physics coupling and the mass. Up to now, there is

no significant signal that suggests any particular new physics scenario found at the large

hadron collider (LHC) nor at the various flavor experiments. The current situation may

imply either the existence of the very heavy new particle to evade the LHC constraints with

the corresponding large couplings, or the very light new particle with the corresponding

small couplings. Already the current LHC bound is very severe, so that the former direction

becomes less favored since the required coupling is too large to respect perturbativity.

1See also refs. [2–7].
2For a recent review, see, for example [10].
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Figure 1. The figure shows the diagram to explain the anomaly for a µτ flavor violating X particle.

We note that the internal fermion is a τ and this gives a so-called chirality enhancement because

the chirality is flipped by the τ mass.

One well-known way to enhance the new physics contribution keeping the coupling size

small is introducing a mediator with flavor violation couplings. Since the dipole operator

requires the chirality flipping, one-loop correction involving a mediator with the µτ flavor

violating couplings is enhanced by a factor of mτ/mµ ' O(10). Such µτ flavor violating

scenarios are discussed to explain the muon g − 2 anomaly in the context of the axion

like particles (ALPs) [11, 12], in the general two Higgs doublet model (G2HDM) [13–26],

and in the Z ′ models [27–30]. Figure 1 shows the representative diagram to induce the

δaµ contribution with a µτ flavor violating mediator particle X, which is either a scalar or

vector boson, and the µτ flavor violating nature of X introduces the internal τ -propagator

at one-loop level. It is important that X has both left and right handed couplings to obtain

the mτ/mµ enhancement by the chirality flipping at the internal τ -propagator.

In general, lepton flavor violating (LFV) couplings are highly constrained by various

low energy experiments. If there are flavor diagonal couplings of X at the same time, it

immediately induces large LFV effects; for instance, in τ → µγ, τ → 3µ, τ → µee, and

so on. On the other hand, if the interactions of X are given by only µτ flavor violating

couplings, testing the model in flavor experiments becomes difficult. Even in this case,

when the mass of the mediator X is heavier than a few hundred GeV, the LHC is a

powerful tool to test the scenario. The authors of ref. [29] have pointed out the importance

of the searches for the events with the same sign muons and the opposite same sign taus

(µ±µ±τ∓τ∓) to probe the µτ flavor violating vector bosons (Z ′). Recently, the importance

of the photon initiated processes for such a Z ′ searches is shown, and a large part of the

model parameter favored by the anomaly would be covered at the high-luminosity (HL)-

LHC [30]. Moreover, if the other neutral scalars exist as in G2HDMs, the current LHC

data for 150 fb−1 would already cover the large parameter space through the electroweak

production processes in the same µ±µ±τ∓τ∓ modes [25].

On the other hand, when the mass is below O(10) GeV, it is rather difficult to search

for such new particles at the LHC typically due to the limitation of the lepton detection

for their transverse momentum is smaller than 10–20 GeV [33, 34]. For instance, it is

explicitly shown that the LHC is only sensitive down to mX = 10 GeV for such LFV

particles [29, 35, 36]. Figure 2 summarizes the current allowed and the future testable
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Figure 2. The summary of the current constraints and the future sensitivity for the scalar (left)

and vector (right) µτ LFV mediators in the mass vs. coupling plane. The muon g− 2 anomaly can

be explained within ±2σ in green band, and the shaded regions in other colors are excluded. The

black lines show the prospects in the future collider experiments. See the text for more details.

regions in the mass vs. coupling plane. The left (right) panel shows the case for the scalar

(vector) mediator case. The horizontal axis represents the mass of the µτ LFV mediator

(mH and mZ′) for the case of scalar and vector, respectively. The vertical axis represents

the corresponding µτ LFV coupling, defined in ref. [35] for the scalar scenario, and defined

in section 2.2. For the scalar case, yµτ = yτµ is assumed while Rg = gR/gL = 0.1 for the

vector case.

The green band shows the parameter space consistent with the discrepancy within ±2σ.

The blue shaded region shows the excluded region by the current constraint from τ decay

data and the cyan shaded region are disfavored due to the too much contribution to δaµ by

more than 5σ. The black dashed lines show the prospects for the future colliders, namely

HL-LHC, FCC-ee for the vector scenario [29, 30]3 and CEPC for the scalar scenario [35].

Although ref. [35] shows the prospect only for mH ≥ 5 GeV, we naively extrapolated the

prospect down to mτ +mµ, indicated by the black dotted line.

From those summary plots, one can see that most of the parameter region is already

constrained or testable at future colliders. However, the mass range of O(1–10) GeV would

remain untestable even at future colliders, therefore, developing a new method to test the

region is desired. In this paper, we will show that the Belle II experiment [37, 38], where

the center of mass energy is
√
sBelleII = 10.58 GeV, is especially sensitive to the mass range.

In this paper, we consider the mass range

mτ −mµ ≤ mX ≤
√
sBelleII, (1.2)

where mX is the mediator X mass. For mX ≤ mτ − mµ, X is copiously produced in τ

decays, and a stringent constraint from τ → µνν̄ (τ → µ + invisible) would apply. As a

result, no parameter space is available to explain the muon g − 2 anomaly [41].

3See, also [31, 32].
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Figure 3. The relevant process at the Belle II experiments. There is also the one that obtained

by exchanging µ and τ . When a mediator X is light enough to be produced in the experiment, the

cross section can be large.

The mass region (1.2) is further divided into two ranges. In the mass range of mτ +

mµ ≤ mX ≤
√
sBelleII, X → µτ occurs as an on-shell process. There we propose the search

for the process: e+e− → µ±τ∓X → µ±µ±τ∓τ∓ as shown in figure 3.4 Unless X is too

heavy, it is on shell and the cross section for e+e− → µ±µ±τ∓τ∓ is not expected to be

small. We note that X dominantly decays to µτ in order to explain the muon g−2 anomaly

and avoid the constraint on the LFV.

For mτ − mµ ≤ mX ≤ mτ + mµ, τ → µX is kinematically forbidden, therefore, no

on-shell X is produced in τ decays and evade the stringent bound from the τ → µνν̄

observation. Since mX ≤ mτ + mµ, unless X couples to the lighter fermions or a pair

of dark matter, X can not decay into 2-body, and can only undergo the 4-body decay

through the off-shell τ , which makes X a long lived particle. Conservatively, X can be

treated as an invisible particle for both cases. Nevertheless, the process e+e− → µ±τ∓X

(where X is missing) would be sensitive, and a similar process discussed in ref. [40], where

the authors evaluated the sensitivity of e+e− → µ−µ+Z ′ (where Z ′ is missing) at the Belle

II experiment.

This paper is organized as follows. In the section 2 we introduce our simplified models

to explain the muon g− 2 anomaly, with a scalar mediator and with a vector mediator. In

section 3, we study the signal at the Belle II experiment and show the potential coverage of

the model parameters that can explain the anomaly. Section 4 is devoted to the conclusion.

2 δaµ with a scalar or vector particle

In this section, we explain our phenomenological models where either scalar or vector

mediator is introduced and the corresponding interactions are µτ flavor violating. In each

model, we study the parameter region to explain the muon g − 2 anomaly as well as

relevant constraints. We note again that we focus on the mediator mass region, namely

mτ −mµ ≤ mX ≤
√
sBelleII.

4e+e− → e±µ∓a → e±e±µ∓µ∓ is discussed where an eµ flavor violating ALP (a) is introduced to

explain the discrepancy in electron g − 2 [39].

– 4 –
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2.1 Scalar scenario

We discuss a model with a new scalar mediator for the first. Following the ALP scenario,

we introduce the interaction as follows [12]

LS = −∂µa
Λ

µ,τ∑
i,j

l̄iγ
µ(V l

ij − alijγ5)lj

= −i a
Λ

µ,τ∑
i,j

l̄i[(mi −mj)V
l
ij + (mi +mj)a

l
ijγ5]lj , (2.1)

where a is ALP, that is a scalar mediator, and V l
ij (alij) are the vector (axial vector)

couplings. l1 and l2 denotes the mass eigenstates of µ and τ , so the off-diagonal elements

of V l
ij and alij correspond to the LFV couplings. The scale Λ is the cutoff scale of this

effective Lagrangian, where a global symmetry is broken. Then, a appears as a massless

boson with the derivative coupling as in LS . We simply assume that V l
ij = V l

ji and alij = alji
are satisfied and they are real. Therefore, CP is conserved in this scenario. In addition,

the diagonal elements of V l
ij and alij are vanishing in our setup. Then, V l

µτ and alµτ are only

relevant and the LFV processes are suppressed. The scalar gains non-vanishing mass, ma,

as the ALP usually does, in our model.

In this setup, we have three independent parameters: the mass of the ALP particle

ma, scalar coupling V l
µτ , and pseudo scalar coupling alµτ . The aµ contribution in this model

is calculated as [12],

δaSµ = aSµ − aSMµ '
m2
µ

16π2Λ2

[
mτ

mµ
|V l
µτ |2(1− |Ra|2)

(
2x2a log xa
(xa − 1)3

+
1− 3xa

(xa − 1)2

)]
, (2.2)

where xa = m2
a/m

2
τ and Ra = alµτ/V

l
µτ . We note that the contribution vanishes in the limit

of |Ra| = 1, or V l
µτ = ±alµτ . Since the loop function is always positive for the mass range,

|Ra| ≤ 1 needs to be satisfied to obtain the positive δaSµ contribution. The smaller |Ra|,
the smaller |V l

µτ | is required to explain the anomaly. Thus, we concentrate on the region

with 0 ≤ Ra ≤ 1 in the following.5

On the left panel in figure 4, V l
µτ to obtain the central value for δaµ is plotted on the

ma vs. Ra plane with Λ = 1 TeV. The heavier ma region is disfavored by the perturbativity

although the range we are considering in this paper would be acceptable for Λ = 1 TeV.

On the right panel, the required value of V l
µτ to explain the muon g − 2 anomaly as a

function of ma is shown for each selected coupling ratio: Ra = 0.8 (blue), 0.6 (orange), and

0 (green). On the each band, the muon g − 2 anomaly can be explained within ±2σ. As

shown on the left panel, the larger Ra, the larger V l
µτ is required. On the right panel, Ra

is fixed at the same value on the each line as on the each band with the same color. The

dashed (long-dashed) lines show our final estimate of the future prospect sensitivities by

the Belle II experiment for the selected Ra values with the integrated luminosity of 1 (50)

ab−1 at 95% confidence level (CL), that will be discussed in section 3.2. The larger Ra is,

the stronger the sensitivity becomes, since the production cross section is proportional to

5Even if we consider the case that Ra is negative, our discussion does not change.
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Figure 4. In the left figure, we show the value of V lµτ , which is fixed to explain the central value of

the anomaly in a mass vs. Ra plane. In the right figure, we show the parameter space to explain the

anomaly in a mass vs. V lµτ plane, where Λ is fixed to be 1 TeV. In each color bands the muon g− 2

anomaly is explained within ±2σ where Ra is fixed to be 0.8 (blue), 0.6 (orange) and 0 (green).

The further description is given in the main text.

(1 + R2
a)(V

l
µτ )2, but the contribution to δaµ is proportional to (1 − R2

a)(V
l
µτ )2. Therefore,

the limit Ra = 0 would be the most difficult case to search for at the Belle II experiment.

2.2 Vector scenario

Next, we consider another model with a vector mediator, Z ′. If flavor-dependent gauged

U(1) symmetry is assigned to SM leptons, LFV gauge couplings of Z ′ are generally pre-

dicted. The texture of the couplings depend on the charge assignment and the mass

matrices for leptons. Now, we simple assume that the following LFV Z ′ couplings are

effectively generated [29],

LZ′ = gL(µ̄Lγ
µτL + ν̄µLγ

µντL)Z ′µ + gRµ̄Rγ
µτRZ

′
µ + h.c., (2.3)

imposing SU(2)L invariance. We assume that the couplings gR and gL are real and other

Z ′ couplings are negligible. Therefore, CP is conserved also in this scenario. Z ′ gains

non-vanishing mass, mZ′ , according to the spontaneous symmetry breaking. Thus, this

model consists of the three free parameters: mZ′ , gL, and gR.

In this model, the contribution to the muon g − 2 is given as,

δaZ
′

µ =
m2
µ

16π2

∫ 1

0
dxg2R

[
2(1 +R2

g)

(
(1− x)

((
x2 − 2x

)
+
x2m2

τ

2m2
Z′

))
+ 4Rg

mτ

mµ

(
2(x− x2) +

x2m2
τ

2m2
Z′

)]
×
[
m2
Z′(1− x) + xm2

τ

]−1
, (2.4)

where we define Rg = gL/gR. The loop function proportional to (1 + R2
g) provides the

negative contribution, while the one proportional to Rg provides the positive contribution

– 6 –
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in the mass region we are interested in. Thus, Rg has to be positive to explain the muon

g − 2 anomaly. The top left panel of figure 5 shows the contour plot of the gR required to

explain the anomaly on the Rg vs. mZ′ plane. When the model explains the anomaly with

-2σ, 0σ and +2σ, the lightest red shaded region, middle red shaded region, red shaded

region are allowed. The numbers along black lines correspond to the value of gR to achieve

the central value of δaµ. When one requires that the model explains the anomaly within

-2σ (+2σ) level, the required gR values get smaller (larger) by a factor of 0.68 (1.24). The

tau decay τ → µνν is also affected by the existence of such a light Z ′. On the top left panel

in figure 5, the regions allowed by the tau decay constraints are indicated in red color. The

three regions correspond to the cases where one requires the δaµ value to be the central

value, and the ±2σ values respectively. As one can see, we could obtain the lower bound

on mZ′ and the upper bound on Rg. For example, mZ′ ≥ 2.7 GeV is required to explain

the central value. To obtain the δaµ within the 2σ value, 0.02 < Rg < 0.5 is required.

A full mass range relevant to the Belle II is still available when Rg = 0.1. Depending on

the magnitude of the coupling, we have the different parameter region allowed by the τ

decay constraint. This is because the leading contribution to the τ → µνν comes from the

interference term between the SM and the Z ′ amplitude (Re[MSMM
∗
Z′ ]) and is proportional

to g2L. When Ra is going down to O(0.01), the |MZ′ |2 term, which is proportional to g2Rg
2
L,

becomes the relevant contribution.

We also show the 2σ regions on the mZ′ vs. gR plane in figure 5. On the top right

panel, Rg is fixed at Rg = 0.1. On the bottom left and right, Rg is fixed at Rg = 0.25

and 0.5, respectively. The grey shaded region indicates the excluded region by the tau

decay constraints at 95 % CL. for each Rg value [41]. For each Rg value, the dashed

(long-dashed) line shows our estimate of the future prospect 95% CL. sensitivity at the

Belle II experiment with 1 (50) ab−1 of the integrated luminosity, that will be discussed

in section 3.2. We will see that the smaller the Rg is, the larger cross section is predicted.

Therefore, the Rg = 0.5 case is most difficult case to test in the Belle II experiment. Still

in that case about up to mZ′=6 (8) GeV would be tested with 1 (50) ab−1 of the data.

3 Collider signals at the Belle II experiment

In this section, we estimate the sensitivity of the models at the Belle II experiment. The

Belle II experiment is in operation at the SuperKEKB collider, which is an asymmetric

e+e− collider with Ee+ = 4 GeV and Ee− = 7 GeV, corresponding to the center of the

energy of 10.58 GeV. The final planned integrated luminosity is
∫

Ldt = 50 ab−1 [38]. We

focus on the searches only using the following 4-lepton process,

e+e− → µ±τ∓X → µ±µ±τ∓τ∓ or µ±µ∓τ±τ∓. (3.1)

As X can decay into µ±τ∓ independent of the sign of the intermediate step, we should

have the same number of µ±µ±τ∓τ∓ and µ±µ∓τ±τ∓ events. While the former process is

essentially the SM background (BG) free, the SM processes can contribute to the latter

process. For simplicity, we only consider the former process µ±µ±τ∓τ∓ in this paper, and

inclusion of the latter processes is beyond the scope of the paper although it would improve

– 7 –



J
H
E
P
0
9
(
2
0
2
0
)
1
4
4

Figure 5. The top left panel of figure 5 shows the contour plot for gR required to explain the

anomaly in the Rg vs. mZ′ plane. The model can explain the anomaly with -2σ, 0σ and +2σ, the

lightest red shaded region, middle red shaded region, red shaded region are allowed, respectively.

We also show the parameter region that explains the anomaly for Rg = 0.1 (purple, right above),

0.25 (green, left lower), and 0.5 (orange, right lower) on the gR vs. mZ′ plane. See the main text

for the more detailed description.

the sensitivity further. Thus our sensitivity estimate should be taken as a conservative one.

The distinctive features of our signal events are as follows:

• Two pairs of the same sign muons and the same sign taus, with each pair has the

opposite sign,

• One pair of µ and τ forms the resonance of X.

The both features are distinctive and useful to distinguish the signal from the BG and we

simply assume the BG is negligible after the selection of the signs at the first approxima-

tion.6 We note that ALP and Z ′ decay immediately for the nearly entire mass region even

if we take a boost factor at the Belle II experiment into account. When ALP mass is very

slightly larger than the sum of muon and tau masses, the lifetime can be long because of the

6We note that the charge identification of tau leptons is also good at the Belle II experiment since the

charges of the decay products can be reconstructed with a very good accuracy [38, 42, 43].
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phase space suppression. In this case, the experimental signature will be µ±τ∓+missing

and can be also a target at the Belle II experiment.

3.1 Signal and kinematic cut

We generate the signal events using MadGraph5 [44] and PYTHIA8 [45] interfaced with the

model file generated by FeynRules [46], and estimate the signal cross section. To guarantee

the tau identification we do not include a muonic decaying tau as a signal. Different from

at the high energy colliders, e.g. LHC, taus are not such boosted at the Belle II due to its

low center of mass energy. Thus, not all the flying directions of the τ decay products are

collimated in the original τ direction, and the fact that the τ direction is in the acceptance

region of the detector does not guarantee that all the visible decay products are found in

the detector. To obtain a conservative estimate of the acceptance and the efficiency for the

decaying taus, we require all visible decay products from the taus and the prompt muons

satisfy the following set of the experimental kinematic cuts at the laboratory frame [38, 43],

and multiplied the conservative efficiency ε = 0.9 for each object, where θi is the angle

between the e− direction and the direction of the particle i, and ~pi is its three momentum,

respectively.

• for µ: 25◦ ≤ θµ ≤ 145◦, |~pµ| ≥ 0.6 GeV,

• for e: 12◦ ≤ θe ≤ 155◦, |~pe| ≥ 0.02 GeV,

• for π±, π0 and K±: 12◦ ≤ θπ,K ≤ 150◦, |~pπ,K | ≥ 0.02 GeV.

We note that the momentum cut for a muon is much severer than that for an electron

because of the high pion fake rate [38]. For example, if the τ decays into π+π−π+π0+

missing, we require the all acceptance cut and applies the ε4 = 0.94 for the efficiency

factor. The multiplicity distribution for the whole signal events peaks around 6, which

would already end up with ε6 ' 0.53. The resulting factor including the acceptance and

the efficiency for the aforementioned µ±µ±τ∓τ∓ events is in general about 25% for most

of the cases.

3.2 Sensitivity

We show the prediction of the fiducial cross section (Xs) in a unit of ab after imposing the

acceptance cuts and the efficiencies for the scaler (ALP) scenarios (left panel) and for the

vector scenarios (right panel) in figure 6. The number of events for 50 ab−1 of the data is

simply obtained by multiplying a factor of 50 to the Xs.

On the left panel, blue, orange, and light green bands describe the fiducial cross sections

for Ra = 0.8, 0.6 and 0, respectively. The smaller the Ra is, the smaller Vµτ is required to

explain the anomaly, which corresponds to the smaller fiducial cross section. For each color

bands, the upper and the lower boundaries are corresponding to the cases accommodating

the muon g − 2 anomaly at the significance of ±2σ. Since we have a small number of

signal events with no background, we need to use Poisson statistics. The exclusion at 95%

confidence level is given when 3.09 signal events are predicted, when no events are observed

– 9 –
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Figure 6. The left figure shows the fiducial cross section (the vertical axis) of e+e− → µ±µ±τ∓τ∓

process after the cut in ab against the mass (the horizontal axis) of ALP. Light green, orange and

blue bands are prediction for Ra=0, Ra=0.6 and Ra=0.8 within ±2σ of the anomaly, respectively.

The fiducial cross section of e+e− → µ±µ±τ∓τ∓ after the kinematic cut in ab vs. mass of Z ′ is

shown in the right figure. Light green, orange and purple bands are prediction for Rg=0.5, Rg=0.25

and Rg=0.1, respectively. We plot the future prospect at Belle II experiment in black dashed (long

dashed) line for 1 (50) ab−1 of data. The region above the line will be tested.

experimentally [41]. The horizontal dotted black lines show the experimental sensitivity

at 1 ab−1 (upper) and 50 ab−1 (lower), and the region above the lines can be tested. As

ma approaches to the kinematical limit of
√
sBelle − (mτ + mµ) ' 8.7 GeV, the fiducial

cross section rapidly drops due to the phase space suppression. Still the large part of the

surviving parameter region favored by the muon g−2 anomaly will be covered at the Belle

II. For instance, we find that 1 (50) ab−1 of the data can test up to 6 (7.5) GeV in the

Ra = 0.8 scenario. However, for Ra = 0 the minimum coupling size is required and the

corresponding cross section is minimized, 1 (50) ab−1 of the data can test up to 4 (7) GeV.

We also interpret the results in terms of the coupling vs. mass plane as in figure 4.

On the right panel in figure 6, we show the corresponding results for the Z ′ models

for Rg = 0.1 (purple), 0.25 (light green), and 0.5 (orange), respectively. Note that the

number of Z ′ → µτ events is suppressed due to the phase space suppression when mZ′

approaches to mτ + mµ, under the existence of the unsuppressed Z ′ → νν̄ contributions.

The BR(Z ′ → µτ) is expressed as (1 + ΓZ′→νν/ΓZ′→µτ )−1, where the partial width ratio

is given as

ΓZ′→νν
ΓZ′→µτ

=
2R2

g√(
1− (mτ+mµ)2

m2
Z′

)(
1− (mτ−mµ)2

m2
Z′

)(
(1+R2

g)

(
2+

m2
τ+m

2
µ

m2
Z′
− (m2

τ−m2
µ)

2

m4
Z′

)
+3Rg

) .
(3.2)

As a result the fiducial cross section decreases in the light mass region especially for the

large Rg scenario. For the large mass region, the cross section drops toward the kinematic

limit, mZ′ ' 8.7 GeV by the same reason as the scalar case. The horizontal dotted lines

show the 95% CL. sensitivity for the corresponding integrated luminosity assuming no

background contributes. For instance, we found that 1 (50) ab−1 of the data can test up to
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6.5 (7.5) GeV in the Rg = 0.1 scenario. Even with the sensitivity drop at the smaller mZ′

region, the integrated luminosity of 1 ab−1 would cover the range down to mZ′ ' mτ +mµ

assuming the anomaly is explained within ±2σ. Similarly to the scaler case, we can again

obtain the upper bound of the coupling gR as a function of mZ′ from the efficiency and the

acceptance, which we show in figure 5. Thus the large mass region can be tested at Belle

II. Finally, figure 7 shows our Belle II sensitivity with the red long dashed lines overlaid

to the summary plots quoted as figure 2.

As discussed above, X can not decay into µτ when mX ≤ mτ +mµ. In that case, and

the dominant decay mode becomes the 4 body decay X → µ+µ−νµντ , or X → νµντ if it

exists. Since the 4 body decay easily becomes long-lived for the detector, and anyway X is

observed as a missing particle, they provide e+e− → µ±τ∓+missing events at Belle II.7 To

estimate the sensitivity in the mass region, we follow the Belle II analysis searching for the

e+e− → e±µ∓+missing events [47]. Note that the τ∓ subsequently decays into e∓νν̄, and

µ±τ∓+missing events eventually provide the µ±e∓+missing events. We have estimated the

efficiency to find the recoil mass ≤ 7 GeV after imposing the several acceptance cuts for

our signals, and found 13 % (14 %) for the scalar (vector) scenario on top of the standard

BR(τ → eνν̄) = 17%. On the other hand, the fiducial cross section for the SM BG is at

most about 15 fb according to figure 4 in the reference. From those numbers, taking the

criteria of S/
√
B = 2 as the definition of the future sensitivity, we found Yµτ = 3.3× 10−3

(gR = 4.7×10−3) would be sensitive for the scalar (vector) scenario at Belle II with 50 ab−1.

They are shown by a red dotted line in figure 7 in the range of mτ −mµ ≤ mX ≤ mτ +mµ.

Note that the signal to background ratio is extremely small for such a small couplings,

which is S/B ∼ 0.04fb/15fb = 3 × 10−3 because the kinematic cuts in the reference is

very minimal. Since a large number of signals S ∼ 2000 is expected, we expect there is an

enough room for the more dedicated study to improve it. The other τ decay mode would

also help to improve the sensitivity.

We note that if the mediators couples to dark matter particles χ, the signal and the

sensitivity would be reduced due to the additional X → χχ modes. In that case, we have

to consider also the contributions from µ±τ∓+missing mode. To discuss this possibility

the model needs to be specified and we leave this possibility for the future work.

4 Conclusion and discussion

The discrepancy between the experimental measurements and the theoretical predictions

observed in the muon anomalous magnetic moment may imply the existence of new physics.

Although various models have been proposed and tested so far, no other explicit convincing

signals have been observed in any experiments. In this paper, we discussed the models with

a scalar and vector mediator with µτ flavor violating couplings, and explicitly show that

relatively small coupling can explain the discrepancy in both models due to the chirality

enhancement by a factor of mτ/mµ in the muon g − 2 contribution.

We have shown that both models can evade the various current experimental con-

straints and a large parameter space is still available. Moreover, we have also shown that

7If X decays in the detector, even more exotic events would be observed and it would be easier to detect.
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Figure 7. The future prospect for a µτ FLV scalar boson (left) and µτ FLV vector boson (right)

including the Belle II projection are summarized. The red long dashed line and dotted line are

prospect for the e+e− → µ±µ±τ∓τ∓ and eµ+missing processes, respectively. The red shaded

region can be tested with 50 ab−1 of the data. The other information is the same as for figure 2.

the various future experiments will probe the most of the parameter region which can ex-

plain the current discrepancy of the muon g − 2, while only the region of the mass range

of O(1–10) GeV will remain untestable using the proposals in the literatures. In this pa-

per, we have proposed the way to search for the mediators in the range of O(1− 10) GeV

at the Belle II experiment, using the distinctive signature of µ±µ±τ∓τ∓. We estimated

the sensitivity at the Belle II experiment and found that the large part of the parameter

space is testable with the data of O(10) ab−1. The number we provided is only using

the most distinctive signature µ±µ±τ∓τ∓ and should be taken as a conservative estimate.

The more dedicated study by the experimentalist would be desired. Once the signature

is found, it would not be difficult to discriminate the scalar and vector models using the

angular distributions.
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