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We analyze the allowed region of the muon anomalous magnetic moment (muon g − 2) satisfying lepton
flavor violations, Z boson decays, and collider physics, in a framework of multicharged particles. Then we
explore the typical size of the muon g − 2 and discuss which mode dominantly affects the muon g − 2.
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I. INTRODUCTION

The muon anomalous magnetic moment (muon g − 2) is
one of the promising phenomenologies to confirm the new
physics. Therefore, there is still a discrepancy between the
standard model (SM) and new physics [1]

Δaμ ¼ ð26.1� 8Þ × 10−10; ð1:1Þ

where the 3.3σ deviation from the SM prediction with a
positive value; recent theoretical analysis further indicates a
3.7σ deviation [2]. Furthermore, several upcoming experi-
ments such as Fermilab E989 [3] and J-PARC E34 [4] will
provide a result in a more precise manner. From a
theoretical point of view, several mechanisms have been
historically proposed through, e.g., gauge contributions
[5–7], Yukawa contributions at the one-loop level [8], and
Barr-Zee contributions [9] at the two-loop level. In par-
ticular, when one supposes the muon g − 2 is related to the
other phenomenologies such as neutrino masses and the
dark matter candidate, Yukawa contributions at the one-
loop level would likely be promising candidates [10–33].
In this case, one has to simultaneously satisfy several
constraints of lepton flavor violations (LFVs) such as
li → ljγ, li → ljlkl̄lði; j; k;l ¼ ðe; μ; τÞÞ, and lepton-
flavor-conserving (-violating) Z boson decays such as
Z → ll̄0, Z → νν̄0 [34]. Particularly, lμ → leγ gives the
most stringent constraint, and the current branching ratio

should be less than 4.2 × 10−13 [35], and its future bound
will reach 6 × 10−14 [36]. Also, Z boson decays will be
tested by a future experiment such as CEPC [37].
In this paper, we introduce several multicharged fields

(bosons and fermions) with general Uð1ÞY hypercharges to
get the positive muon g − 2, and we estimate the allowed
region to satisfy all constraints of the muon g − 2, LFVs,
and Z boson decays. Also, we consider the constraint of
collider physics, since multicharged fields are severely
restricted by the Large Hadron Collider (LHC). We discuss
the necessity of an extra charged scalar in order to make
exotic charged leptons decay into the SM particles and
decay chains of exotic charged particles. Then the signature
of exotic charged particles are explored, and we consider an
allowed scenario accommodating muon g − 2 and collider
constraints.
This paper is organized as follows. In Sec. II, we review

the model and formulate the LFVs, muon g − 2, Z boson
decays, and renormalization group for gY. In Sec. III, we
estimate the allowed region for each N, comparing to
collider physics. We conclude in Sec. IV.

II. MODEL SETUP AND CONSTRAINTS
WITH A COMMON PART

In our setup of the model, we introduce an isospin
doublet fermion L0

a ≡ ½ψ−n
a ;ψ−n−1

a �Tða ¼ 1Þ for simplicity1

and a new boson hþn with n≡ N−1
2

(N ¼ 3; 5;…), as
shown in Table I. Notice here that N is defined by odd
number, where N ¼ 1 is not considered because L0

L cannot
be discriminated from LL. The valid Lagrangian is given by
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matrix, we minimally need two families to satisfy the neutrino
oscillation data.
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−Ln
Y ¼ fiaL̄Li

L0
Ra
hn þ H:c:

¼ fia½ν̄Li
ψ−n
a hn þ l̄iψ

−n−1
a hn� þ H:c:; ð2:1Þ

where i ¼ 1–3, a ¼ 1 are generation indices. The Yukawa
Lagrangian ylii L̄Li

eRi
H provides masses for the charged

leptons (mli ≡ yliiv=
ffiffiffi

2
p

) by developing a nonzero vacuum
expectation value (VEV) of H, which is denoted by
hHi≡ v=

ffiffiffi

2
p

. The exotic lepton L0 has vectorlike mass,
and the new scalar field h�n does not develop a VEV. We
denote the mass of L0 and h�n by mψ and mh, respectively.

A. Lepton flavor violations and the
muon anomalous magnetic moment

TheYukawa terms of (f, g) give rise toli→ljγ processes
at the one-loop level. The branching ratio is given by

Bðli → ljγÞ ≈
48π3αem
G2

Fm
2
li

CijðjaLij
j2 þ jaRij

j2Þ; ð2:2Þ

where GF ≈ 1.166 × 10−5 GeV−2 is the Fermi constant,
αemðmZÞ≈1=128.9 is the fine-structure constant [34],C21≈1,
C31 ≈ 0.1784, and C32 ≈ 0.1736. aL=R is formulated as

aLij
≈ −mli

X

a¼1–3

fjaf
†
ai

ð4πÞ2 ½nFðψ
−n−1
a ; hnÞ

þ ðnþ 1ÞFðhn;ψ−n−1
a Þ�; ð2:3Þ

aRij
≈ −mlj

X

a¼1–3

fjaf
†
ai

ð4πÞ2 ½nFðψ
−n−1
a ; hnÞ

þ ðnþ 1ÞFðhn;ψ−n−1
a Þ�; ð2:4Þ

Fð1; 2Þ ≈
ðm2

1 −m2
2Þf5m2

1m
2
2 −m4

2ð1þ 3nÞ þm4
1ð2þ 3nÞg − 12m2

1m
2
2f−nm2

2 þ ð1þ nÞm2
1g ln½m1

m2
�

12ðm2
1 −m2

2Þ4
; ð2:5Þ

where mψ−n−1 ≡mψ , and mhn ≡mh. The current experi-
mental upper bounds are given by [35,38]

Bðμ→ eγÞ≤ 4.2×10−13ð6×10−14Þ;
Bðτ→ μγÞ≤ 4.4×10−8; Bðτ→ eγÞ≤ 3.3×10−8; ð2:6Þ
where in parentheses, μ → eγ is a future reach of the MEG
experiment [36].

1. The muon anomalous magnetic moment (Δaμ)
We can also estimate the muon anomalous magnetic

moment through aL;R, which is given by

Δaμ ≈ −mμðaL þ aRÞ22: ð2:7Þ
The 3.3σ deviation from the SM prediction is Δaμ ¼
ð26.1� 8Þ × 10−10 [1] with a positive value.

B. Flavor-conserving (-changing)
leptonic Z boson decays

Here, we consider the Z boson decay into two leptons
through the Yukawa terms f at one-loop level [23]. Since
some components of f are expected to be large so as to
obtain a sizable Δaμ, the experimental bounds on Z boson
decays could be of concern at the one-loop level. First of
all, the relevant Lagrangian is given by2

L ∼
g2
cw

�

l̄γμ
�

−
1

2
PL þ s2W

�

lþ 1

2
ν̄γμPLν

�

Zμ

þ g2
cw

��

−
1

2
PL þ ns2W

�

ψ̄nγμψ−n

þ
�

−
1

2
PL þ ðnþ 1Þs2W

�

ψ̄nþ1γμψ−n−1
�

Zμ

þ in
g2s2W
cW

ðhn∂μh−n − h−n∂μhnÞZμ; ð2:8Þ

where sðcÞW ≡ sinðcosÞθW ∼ 0.23 stands for the sine
(cosine) of the Weinberg angle. The decay rate of the
SM at tree level is then given by

ΓðZ → l−
i l

þ
j ÞSM ≈

mZ

12π

g22
c2W

�

s4W −
s2W
2

þ 1

8

�

δij; ð2:9Þ

ΓðZ → νiν̄jÞSM ≈
mZ

96π

g22
c2W

δij: ð2:10Þ

Combining all the diagrams in Fig. 1, the ultraviolet
divergence cancels out, and only the finite part remains
[23]. The resulting form is given by

ΔΓðZ→l−
i l

þ
j Þ

≈
mZ

12π

g22
c2W

�jBl
ijj2
2

−Re½AijðBlÞ�ij�−
�

−
s2W
2
þ1

8

�

δij

�

; ð2:11Þ

TABLE I. Charge assignments of fields under SUð2ÞL×Uð1ÞY,
where n≡ N−1

2
with N ¼ 3; 5;…, and all the new fields are color

singlet.

LL eR L0
L=R H hþn

SUð2ÞL 2 1 2 2 1
Uð1ÞY − 1

2
−1 − N

2
1
2

N−1
2

2We neglect one-loop contributions in the SM.
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ΔΓðZ → νiν̄jÞ ≈
mZ

24π

g22
c2W

�

jBν
ijj2 −

δij
4

�

; ð2:12Þ

where

Aij ≈ s2Wδij; Bl
ij ≈

δij
2
−
fiaf

†
aj

ð4πÞ2 G
lðψ ; hÞ;

Bν
ij ≈

δij
2
þ fiaf

†
aj

ð4πÞ2 G
νðψ ; hÞ; ð2:13Þ

Glðψ ; hÞ ≈ −ns2W

�

−
1

2
þ s2w

�

H1ðψ ; hÞ

−
�

−
1

2
þ s2w

�

2

H2ðψ ; hÞ

þ
�

−
1

2
þ ðnþ 1Þs2w

�

H3ðψ ; hÞ; ð2:14Þ

Gνðψ ; hÞ ≈ −ns2W

�

−
1

2
þ s2w

�

H1ðψ ; hÞ −
1

2
H2ðψ ; hÞ

þ
�

−
1

2
þ ns2w

�

H3ðψ ; hÞ; ð2:15Þ

H1ð1; 2Þ ¼
m4

1 −m4
2 þ 4m2

1m
2
2 ln½m2

m1
�

2ðm2
1 −m2

2Þ2
; ð2:16Þ

H2ð1; 2Þ ¼
m4

2 − 4m2
1m

2
2 þ 3m4

1 − 4m2
2ðm2

2 − 2m2
1Þ ln½m2� − 4m4

1 ln½m1�
4ðm2

1 −m2
2Þ2

; ð2:17Þ

H3ð1; 2Þ ¼ m2
1

�m2
1 −m2

2 þ 2m2
2 ln½m2

m1
�

ðm2
1 −m2

2Þ2
�

: ð2:18Þ

Notice here that the upper index of B represents ψ ≡ ψ−n−1

for the charged-lepton final state, while ψ ≡ ψ−n for the
neutrino final state. One finds the branching ratio by dividing
the total Z decay width Γtot

Z ¼ 2.4952� 0.0023 GeV [34].
The current bounds on the lepton-flavor-changing (-con-
serving) Z boson decay branching ratios at 95% C.L. are
given by [34]

ΔBRðZ→ InvisibleÞ≈
X

i;j¼1–3

ΔBRðZ→νiν̄jÞ<�5.5×10−4;

ð2:19Þ

ΔBRðZ → e�e∓Þ < �4.2 × 10−5;

ΔBRðZ → μ�μ∓Þ < �6.6 × 10−5;

ΔBRðZ → τ�τ∓Þ < �8.3 × 10−5; ð2:20Þ

BRðZ → e�μ∓Þ < 7.5 × 10−7;

BRðZ → e�τ∓Þ < 9.8 × 10−6;

BRðZ → μ�τ∓Þ < 1.2 × 10−5; ð2:21Þ

where ΔBRðZ → fif̄jÞ (i ¼ j) is defined by

ΔBRðZ→ fif̄jÞ≈
ΓðZ→ fif̄jÞ−ΓðZ→ fif̄jÞSM

Γtot
Z

: ð2:22Þ

We consider these constraints in our global analyses below.

C. Beta function of gY
Here we estimate the effective energy scale by evaluating

the Landau pole for gY in the presence of new exotic fields
with nonzero multiple hypercharges. Each contribution of
the new beta function of gY from one SUð2ÞL doublet
fermion with −N=2 hypercharge is given by [19]

ΔbfY ¼ 3

5
×
4

3
×

�

N
2

�

2

: ð2:23Þ

Similarly, the contribution to the beta function from
one SUð2ÞL singlet boson with ðN − 1Þ=2 hypercharge
is given by

ΔbbY ¼ 3

5
×
1

3
×

�

N − 1

2

�

2

; ð2:24Þ

where 3=5 is the rescaled coefficient. Then one finds the
energy evolution of the gauge coupling gY as [39]

FIG. 1. Feynman diagrams for Z → lil̄j and Z → νiν̄j, where
upper diagrams represent the contribution to Zl̄l, while the
lower diagrams are for Zν̄ν.
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1

g2YðμÞ
¼ 1

g2YðminÞ
−

bSMY
ð4πÞ2 ln

�

μ2

m2
in

�

− θðμ −mthresÞ
ðΔbfY þ ΔbbYÞ

ð4πÞ2 ln

�

μ2

m2
thres

�

; ð2:25Þ

where μ is a reference energy scale, and we assume that
minð¼ mZÞ < mthres ¼ 500 GeV, where min mthres are the
initial and threshold mass, respectively. The resulting
running of gYðμÞ versus the scale μ is shown in Fig. 2
for each of N ¼ 3, 5, 7, 9, 11, 13.

III. MUON g− 2 AND THE PHYSICS OF EACH N

In this section, we estimate the muon g − 2 taking into
account constraints from LFVs and Z decays and discuss
the constraints and prospects for collider physics in some
number of N.
In addition to theYukawa interaction explaining themuon

g − 2, we need extra particles and/or interactions to make
exotic particles decay into SM ones. Herewe summarize the
extensions for the cases of N ¼ 3, N ¼ 5, and N ¼ 7 as
follows.3

(1) N ¼ 3: In this case, we have the interaction term

Lex1 ¼ gijL̄c
Li
LLj

hþ þ H:c:; ð3:1Þ

without introducing an extra particle. Then all
exotic particles can eventually decay into the SM
particles.

(2) N ¼ 5: In this case, we have the interaction term

Lex2 ¼ g0ijē
c
Ri
eRj

hþþ þ H:c:; ð3:2Þ

without introducing an extra particle, and exotic
particles can decay into the SM particles as in the
N ¼ 3 case. Here it is also worthwhile mentioning
that we can explain the active neutrino sector at
two-loop level if both extra terms are introduced
with an extra doubly (singly) charged particle for
the N ¼ 3ð5Þ cases. This is called the Zee-Babu
model [40,41].

(3) N ¼ 7: In this case, we need to introduce h� and
h�� in addition to h��� in order to make it decay
into the SM particles. We then have interactions
Lex1ð2Þ and a new interaction in the scalar potential:

Vex ¼ μXhþþþh−−h− þ c:c:; ð3:3Þ

with which a triply charged scalar can decay into the
SM particles through doubly and singly charged
scalar decay by Lex1ð2Þ interaction. Note that new
Yukawa interactions affect the LFVs, muon g − 2,
and Z decays. In particular, these terms contribute to
the muon g − 2 negatively. Therefore, we require
that these terms be small enough to satisfy the
sizable muon g − 2.

A. Muon g − 2 and flavor constraints for each case

In this subsection, we scan the Yukawa coupling in
Eq. (2.1) and estimate muon g − 2 taking into account
constraints from LFV charged-lepton decay as well as Z →
lþ
i l

−
j processes discussed in the previous section. Here we

universally scan fi1 in the range of

fi1 ∈ ½10−6;
ffiffiffiffiffiffi

4π
p

�; ð3:4Þ

where the upper bound is the requirement from perturba-
tivity. First, we take a wide mass range of fmψ ; mhg ∈
½100; 5000� GeV in our parameter scan where mψ and mh

are, respectively, the mass of L0 and hn. In Fig. 3, we show
the value of the muon g − 2 as a function of the exotic
lepton mass for N ¼ 3, N ¼ 5, and N ¼ 7 where the red,
green, yellow, and blue color points, respectively, corre-
spond to those with li → ljγ constraints, li → ljγ plus
Z → νiν̄j, li → ljγ plus Z → μμ̄, and li → ljγ plus all of
the Z → fif̄j. We see that the Z → μμ̄ and Z → νiν̄j
constraints severely exclude the parameter region, and
exotic particle masses are preferred to be relatively light
as mψ ;h ≲ 500 GeV. Then we focus on the light mass
region which can accommodate the muon g − 2. The left
and right plots in Fig. 4 show the value of the muon g − 2 as
a function of the L0 and hn masses, respectively, imposing
all the constraints as discussed in Fig. 3, where black and
pink points, respectively, correspond to the cases of N ¼ 5
and N ¼ 7. Furthermore, in Fig. 5 we show a contour plot
for Δaμ and ΔBRμμ≡ΔBRðZ→μþμ−Þ on the fMð¼mh¼
mψ Þ;f21g plane where we take only f21 to be nonzero and

N=3

N=5

N=7

N=9

N=11

N=13

100 105 108 1011 1014 1017

0.4

0.6

0.8

1.

1.2

1.4

GeV

g Y

FIG. 2. The running of gY in terms of a reference energy of μ,
depending on each of N ¼ 3, 5, 7, 9, 11, 13.

3For N more than 7, model is rather complicated because some
fields have to be introduced in order to make new fields into the
SM. Thus, we consider N ¼ 3, 5, 7.
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other fij to be zero. In the plots, the (light) yellow region is
the ð2σÞ1σ region for muon g − 2, and the shaded region is
excluded byΔBRðZ → μþμ−Þ. Thus, one find that the mass
scale is constrained by ΔBRμμ even if only f21 is nonzero.
We thus find that the L0 mass should be relatively light as
mψ ∼ ð150; 200; 250Þ GeV for N ¼ ð3; 5; 7Þ to explain the
muon g − 2 within 1σ, while the charged scalar mass mh
can be heavier than mψ .

B. Collider physics and constraints

In explaining the muon g − 2 by the interaction Eq. (2.1),
the mass scale of exotic lepton doublet L0 is required to be
less than ∼300 GeV. Thus, the exotic charged lepton can
be produced at the LHC with a sizable production cross
section, and we should take into account collider

constraints to check if the mass scale for explaining the
muon g − 2 is allowed. In our study, we focus on the exotic
charged lepton with the highest electric charge since it has
the largest pair production cross section and provide the
most stringent constraint.
First, we estimate the pair production cross section of the

highest charged leptons for each case. These charged
leptons can be pair produced by the Drell-Yan (DY) process
qq̄ → Z=γ → ψþnψ−n and also by the photon fusion (PF)
process γγ → ψþnψ−n [42–44]. Here we estimate the cross
section by applying MADGRAPH/MADEVENT5 [45], where
the necessary Feynman rules and relevant parameters of the
model are implemented using FeynRules 2.0 [46], and the
NNPDF23LO1 parton distribution function [47] is adopted.
In Fig. 6, we show the cross sections including both DYand
PF processes at the LHC 8 (13) TeV for the left (right)

FIG. 4. Muon g − 2 as a function of L0 and hn masses (left and right plots) obtained from a parameter scan imposing all the constraints
as discussed in Fig. 3, where the black and pink points, respectively, correspond to the cases of N ¼ 5 and N ¼ 7. Note here that there
are not any allowed points for N ¼ 3.

FIG. 3. Muon g − 2 as a function of L0 mass obtained from parameter scan for N ¼ 3, N ¼ 5, and N ¼ 7 where the red, green, yellow,
and blue color points, respectively, correspond to those with li → ljγ constraints, li → ljγ plus Z → νiν̄j, li → ljγ plus Z → μμ̄, and
li → ljγ plus all of the Z → fif̄j.
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plots. We thus find that the cross section is large when
electric charge is increased, where the PF process highly
enhances the cross section.
Second, we list the decay chain of the highest charged

lepton for each case.
(1) N ¼ 3: The decay chain of E�� is

ψ�� → l�
i h

�ð�Þ → l�
i l

�
j ν; ð3:5Þ

where the charged scalar can be either on shell or
off shell. Thus, the ψþþψ−− pair production process
gives four charged leptons with missing transverse
energy. The singly charged scalar with mhþ >
100 GeV is allowed by the collider experiment,
and we require that the mass be heavier than
100 GeV [34].

(2) N ¼ 5: The decay chain of ψ��� is

ψ��� →l�
i h

��ð�Þ

→l�
i l

�
j l

�
k ½→l�

i h
�h� →l�

i l
�
j l

�
k ν�; ð3:6Þ

where the charged scalar can be either on shell or off
shell as the previous case, and the process in square
brackets can be induced by introducing a singly
charged scalar with interaction Eq. (3.1). Thus, the
ψþþþψ−−− pair production process gives six charged
leptons. Note that the doubly charged scalar mass is
constrained by the LHC data as mh�� ≳ 700–
800 GeVandmh�� ≳ 400 GeVwhen theh�� decays
into e�e�ðμ�μ�Þ and τ�τ�, respectively [48,49].
The constraint is looser as mh�� ≳ 200 GeV when

N=7

FIG. 5. Contours of Δaμ and ΔBRμμ ≡ ΔBRðZ → μþμ−Þ on the fMð¼ mh ¼ mψ Þ; f21g plane where we take only f21 to be nonzero
and the other fij to be zero. The (light) yellow region is the ð2σÞ1σ region for muon g − 2 and the shaded region is excluded by
ΔBRðZ → μþμ−Þ.
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h�� dominantly decays via the h�� → h�h� →
l�
i l

�
j νν process. To explain the muon g − 2, we

require h�� to dominantly decay into singly charged
scalars [50].

(3) N ¼ 7: The decay chain of ψ���� is

ψ����→l�
i h

���ð�Þ→l�
i h

��ð�Þh�ð�Þ

→ h�ð�Þh�ð�Þh�ð�Þ→l�
i l

�
j l

�
k l

�
l ννν; ð3:7Þ

where the triply charged scalar decays via interaction
in Eq. (3.3). Also, as in the previous case, we require
doubly charged scalar decay into a same-sign singly
charged scalar pair. Thus, the ψþþþþψ−−−− pair
production process gives eight charged leptons with
missing transverse energy. In general, the constraint
on the mass of the triply charged scalar is weaker
than that on ψ����, and we will not explicitly
discuss the constraint.

Finally, let us discuss collider constraints on our scenario
to explain the muon g − 2. We note that the highest charged
lepton dominantly decays into ψ�n → μ�h�n−1 since the
f21 coupling is required to be large to explain the muon
g − 2. In addition to the conditions discussed above, we
classify benchmark scenarios as follows:
(a) The singly charged scalar decay into l ¼ e, μ in the

decay chain and exotic charged lepton has sufficiently
short decay length.

(b) Exotic charged leptons have long decay length and
pass through the detector.

(c) The singly charged scalar decays into the τνmode, and
the highest charged scalar mass is slightly lighter than
that of the highest charged lepton.

For scenario (a), an inclusive multilepton search con-
strains the cross section where the upper bound of the cross
section is ∼1 fb at the LHC 8 TeV for the signal in which
the number of charged leptons Nl (l ¼ e, μ) is

Nl ≥ 3 [51]. Comparing the cross section for 8 TeV in
Fig. 6, the charged-lepton masses are required to be
mψ ≳ ð650; 900; 1100Þ GeV. In this scenario, the region
explaining the muon g − 2 in 1σ is excluded for all N, and
the largest value of the muon g − 2 is roughly Δaμ ∼ 10−10

for each case. Scenario (b) can be realized when the
charged scalar in the decay chains is off shell and the
extra couplings in Eqs. (3.1)–(3.3) are sufficiently small.
For the long-lived charged particle, the upper bound of the
cross section is given in Ref. [52] for the LHC 13 TeV.
Comparing the result for the chargino, we find the upper

8 TeV

200 400 600 800 1000
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FIG. 6. The pair production cross section of the exotic charged leptons with the highest electric charge for each case at the
LHC 8 (13) TeV for the left (right) plots.
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FIG. 7. The distribution of the transverse momentum of
muon μ in ψ���� → h���μ� → h��μ�τ�ν → h�μ�τ�τ�νν →
μ�τ�τ�τ�ννν decay at the LHC 13 TeV (neutrino and antineu-
trino are not distinguished here); the vertical axis shows the event
ratio defined by Nbin=Ntotal where Ntotal and Nbin indicate number
of events in total and those inside the corresponding bins. Here
ΔM indicates the mass difference between ψ���� and h���.
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limit is less than 1 fb, and since we have multiple charged
leptons, the constraint will be stronger. Thus, the collider
constraint in this scenario is stronger than scenario (a), and
we cannot expect a sizable muon g − 2. For scenario (c), the
decay chain provides a signature for each case such that
case (1) gives a low energy muon with missing transverse
energy, and cases (2) and (3) give a multitau lepton
signature with a low energy muon since we require that
the mass difference between ψ−n−1 and h�n be small and
h�n be on shell. In Fig. 7, we show the event ratio for
the distribution of the transverse momentum of muon μ in
the ψ���� → h���μ� → h��μ�τ�ν → h�μ�τ�τ�νν →
μ�τ�τ�τ�ννν decay chain at the LHC 13 TeV for different
values of ΔM indicating a mass difference between ψ����

and h��� where the behaviors are similar if we change
colliding energy from 13 to 8 or 14 TeV; here we consider
case (3), but we will have similar results for the other cases.
The masses of h�� and h� are also fixed to be mh�� ¼
150 GeV and mh� ¼ 100 GeV. In Fig. 8, we also show the
event ratios for the distribution of transverse momentum of
τ in the same process, where three τ leptons are distin-
guished by transverse momentum as pTðτ3Þ < pTðτ2Þ <
pTðτ1Þ for each event. It is found that the transverse
momentum of some τ leptons is generally sizable, and
they can be detected at the detector. On the other hand, the
transverse momentum of μ tends to be small for
ΔM ≲ 10 GeV, and it will be missed by an event trigger.
For the multilepton search in Ref. [51], they require that
one muon or electron should have pT > 26 GeV and pT >
15 GeV from the second muon (electron). As a result, the
number of dimuon signal events becomes less than ∼0.1%
after the trigger for ΔM ¼ 10 GeV. We thus see that if
ΔM ≲ 10 GeV, most events are missed by the event
trigger, and we can escape the experimental bound.
Therefore, scenario (c) with small ΔM can still be allowed

since an analysis of the multitau signature is more
difficult and the explicit bound is not given. Thus, we
conclude that to obtain a sizable muon g − 2 by interaction
Eq. (2.1), we should rely on this specific scenario.
Therefore, the multitau signature is important to test the
mechanism to explain the muon g − 2, although an analysis
of it is challenging.

IV. CONCLUSIONS

We have analyzed the muon g − 2, LFVs, and Z decays
including collider physics in multicharged particles. We
have found that LFVs do not restrict the allowed region of
the muon g − 2, while the Z → νiν̄j invisible decay and
Z → μμ̄ give stringent constraints, and the allowed region
drastically disappears. Also, larger N increases the allowed
region of the muon g − 2. However, once we consider the
constraint of collider physics, the typical size of the muon
g − 2 is of the order 10−10, depending on the benchmark
scenarios (a)–(c). To obtain a sizable muon g − 2 of
Oð10−9Þ, we have found that a specific scenario is required
for the decay chain of the charged particles in which the
mass of L0 is slightly heavier than h�n and charged scalar
bosons decay into a mode only including τ and neutrinos.
Therefore, an analysis of the multitau lepton signature is
important to fully test the scenario to explain the
muon g − 2.
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