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3Introduction

Bk and Bq.—Two fast transients induced by the dynam-
ics of charging the ESQ system and firing the SR kicker
magnet slightly influence the actual average field seen by
the beam compared to its NMR-measured value as
described above and in Ref. [61]. An eddy current induced
locally in the vacuum chamber structures by the kicker
system produces a transient magnetic field in the storage
volume. A Faraday magnetometer installed between the
kicker plates measured the rotation of polarized light in a
terbium-gallium-garnet crystal from the transient field to
determine the correction Bk.

The second transient arises from charging the ESQs,
where the Lorentz forces induce mechanical vibrations in
the plates that generate magnetic perturbations. The ampli-
tudes and sign of the perturbations vary over the two
sequences of eight distinct fills that occur in each 1.4 s
accelerator supercycle. Customized NMR probes measured
these transient fields at several positions within one ESQ
and at the center of each of the other ESQs to determine
the average field throughout the quadrupole volumes.
Weighting the temporal behavior of the transient fields
by the muon decay rate, and correcting for the azimuthal
fractions of the ring coverage, 8.5% and 43% respectively,
each transient provides final corrections Bk and Bq to aμ as
listed in Table II.

V. COMPUTING aμ AND CONCLUSIONS

Table I lists the individual measurements of ωa and ω̃0
p,

inclusive of all correction terms in Eq. (4), for the four run
groups, as well as their ratios, R0

μ (the latter multiplied by
1000). The measurements are largely uncorrelated because
the run-group uncertainties are dominated by the statistical
uncertainty on ωa. However, most systematic uncertainties
for both ωa and ω̃0

p measurements, and hence for the ratios
R0

μ, are fully correlated across run groups. The net computed
uncertainties (and corrections) are listed in Table II. The fit
of the four run-group results has a χ2=n:d:f: ¼ 6.8=3,
corresponding to Pðχ2Þ ¼ 7.8%; we consider the Pðχ2Þ to
be a plausible statistical outcome and not indicative of
incorrectly estimated uncertainties. The weighted-average
value isR0

μ ¼ 0.003 707 300 3ð16Þð6Þ, where the first error
is statistical and the second is systematic [82]. From Eq. (2),
we arrive at a determination of the muon anomaly

aμðFNALÞ ¼ 116 592 040ð54Þ × 10−11 ð0.46 ppmÞ;

where the statistical, systematic, and fundamental constant
uncertainties that are listed in Table II are combined in
quadrature. Our result differs from the SMvalue by 3.3σ and
agrees with the BNL E821 result. The combined exper-
imental (Exp) average [83] is

aμðExpÞ ¼ 116 592 061ð41Þ × 10−11 ð0.35 ppmÞ:

The difference, aμðExpÞ − aμðSMÞ ¼ ð251$ 59Þ × 10−11,
has a significance of 4.2σ. These results are displayed
in Fig. 4.
In summary, the findings here confirm the BNL exper-

imental result and the corresponding experimental average
increases the significance of the discrepancy between the
measured and SM predicted aμ to 4.2σ. This result will
further motivate the development of SM extensions,
including those having new couplings to leptons.
Following the Run-1 measurements, improvements to

the temperature in the experimental hall have led to greater

TABLE II. Values and uncertainties of the R0
μ correction terms

in Eq. (4), and uncertainties due to the constants in Eq. (2) for aμ.
Positive Ci increase aμ and positive Bi decrease aμ.

Quantity
Correction
terms (ppb)

Uncertainty
(ppb)

ωm
a (statistical) % % % 434

ωm
a (systematic) % % % 56

Ce 489 53
Cp 180 13
Cml −11 5
Cpa −158 75

fcalibhωpðx; y;ϕÞ ×Mðx; y;ϕÞi % % % 56
Bk −27 37
Bq −17 92

μ0pð34.7°Þ=μe % % % 10
mμ=me % % % 22
ge=2 % % % 0

Total systematic % % % 157
Total fundamental factors % % % 25
Totals 544 462

FIG. 4. From top to bottom: experimental values of aμ from
BNL E821, this measurement, and the combined average. The
inner tick marks indicate the statistical contribution to the total
uncertainties. The Muon g − 2 Theory Initiative recommended
value [13] for the standard model is also shown.

PHYSICAL REVIEW LETTERS 126, 141801 (2021)

141801-7

Phys. Rev. Lett. 131, 161802 (2023) Phys. Rev. Lett. 126, 141801 (2021)
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Simplest  model:U(1)Lμ−Lτ

• 1st, 2nd and 3rd generations  charge: , , U(1)Lμ−Lτ
0 +1 −1

Lint−Z′￼
= − g̃(μ̄γμμ − τ̄γμτ + ν̄μγμLνμ − ν̄τγμLντ)Z′￼ν

ΔaZ′￼

μ =
g̃2

8π2

m2
μ

m2
Z′￼

∫
1

0

2x2(1 − x)dx
1 − x + (m2

μ /m2
Z′￼

)x2

• In the limit , mZ′￼
≫ mμ′￼

ΔaZ′￼

μ = (g̃2/12π2)(m2
μ /m2

Z′￼
)

g̃2/m2
Z′￼

= (2.66 ± 0.63) × 10−5 GeV−2

• Induce muon neutrino trident (MNT) process



       

Δaμ = aexp

μ − aSM
μ

= (251 ± 59) × 10−11

4.2σ
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νμN → νiμμ̄N

σZ′￼

σSM trident

=
(1 + 4s2

W + 8g̃2m2
W /g2m2

Z′￼
)2 + 1

1 + (1 + 4s2
W)2

Muonic tridents in the SM and beyond.—To be specific,
and to take the least constrained case, we concentrate on a
Z0 boson coupled to Lμ-Lτ,

LZ0 ¼ −
1

4
ðZ0ÞαβðZ0Þαβ þ 1

2
m2

Z0Z0
αZ0α

þ g0Z0
αðl̄2γαl2 − l̄3γαl3 þ μ̄RγαμR − τ̄RγατRÞ: ð1Þ

Here, g0 is the Uð1ÞX gauge coupling, the field strength is
ðZ0Þαβ ¼ ∂αZ0

β − ∂βZ0
α, the electroweak doublets associ-

ated with left-handed muons and taus are l2 ¼ ðνμ; μLÞ and
l3 ¼ ðντ; τLÞ, and the right-handed electroweak singlets are
μR and τR. The origin of the vector boson mass is not
directly relevant for our work, and thus we suppress any
additional pieces in Eq. (1) related to the corresponding
Higgs sector.
This model contributes to the neutrino trident production

at lowest order through the diagram shown in Fig. 1. This
contribution interferes with the SM contribution coming
from W%=Z exchange. In order to gain insight into the
different contributions, in what follows we provide ana-
lytical results using the equivalent photon approximation
(EPA) [14,15]. Under the EPA, the full cross section of a
muon-neutrino scattering with a nucleus N is related to the
cross section of the neutrino scattering with a real photon
through

σðνμN → νμNμþμ−Þ ¼
Z

σðνμγ → νμμþμ−ÞPðs; q2Þ: ð2Þ

Here, Pðq2; sÞ is the probability of creating a virtual photon
in the field of the nucleus N with virtuality q2 which results
in the energy being

ffiffiffi
s

p
in the center-of-mass frame of the

incoming neutrino and a real photon. This probability is
given by [16]

Pðq2; sÞ ¼ Z2e2

4π2
ds
s
dq2

q2
F2ðq2Þ; ð3Þ

where Ze and Fðq2Þ are the charge and the electromagnetic
form factor of the nucleus, respectively. The integral over s
is done from 4m2 to 2Eνq, with the muon mass m and the
neutrino energy Eν. The q integral has a lower limit of
4m2=ð2EνÞ and the upper limit is regulated by the expo-
nential form factor. We thus concentrate on the computation

of the cross section σðνμγ → νμμþμ−Þ. Computations of the
full νμN → νμNμþμ− process have been performed in
Refs. [17–22] in the context of theV-A theory and of the SM.
We begin with the differential cross section for the νγ →

νμþμ− subprocess associated with a pure V-A charged
interaction between neutrinos and muons. It is given
symbolically by

dσ ¼ 1

2s
dPS3

"
1

2

X

pol

jM1M2j2
#
G2

Fe
2

2
; ð4Þ

where GF ¼
ffiffiffi
2

p
g2=ð8M2

WÞ is the Fermi constant. The
three-body phase space (with correction of a typo in the
corresponding expression of Ref. [23]) is given by

dPS3 ¼
1

2

1

ð4πÞ2
dt
2s

dl
2π

v
dΩ0

4π
; ð5Þ

where l ¼ ðpþ þ p−Þ2 is the square of the invariant mass
of the μþμ− pair, Ω0 is the solid angle with respect to
the photon four-vector in the μþμ− rest frame, v ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2=l

p
is the velocity of each muon in that frame,

and t≡ 2k · q. M1 and M2 in Eq. (4) are the neutrino and
the muon-pair blocks in the amplitude, that form the total
amplitude according to M ¼ ðGFe=

ffiffiffi
2

p
ÞM1M2. The factor

of 1.2 in (4) originates from the average over the incoming
photon polarizations.
Using M1;2 explicitly, and summing over spins and

polarizations, we get (in agreement with result of Ref. [16])

1

2

X

pol

jM1M2j2 ≡ 512jMV-Aj2 ≃ 512×
"
ðk1 ·pþÞðq · k2Þðq ·p−Þ

A2
þ ðk2 ·p−Þðq · k1Þðq · pþÞ

B2
þ 2ðk1 ·pþÞðk2 ·p−Þðpþ ·p−Þ

AB

−
ðk2 ·p−Þðpþ ·p−Þðq · k1Þ

AB
−
ðk1 ·pþÞðpþ · p−Þðq · k2Þ

AB
−
ðk1 ·pþÞðk2 ·p−Þðq ·p−Þ

AB

þ ðk1 ·pþÞðk2 ·pþÞðq ·p−Þ
AB

þ ðk1 ·p−Þðk2 ·p−Þðq ·pþÞ
AB

−
ðk1 ·pþÞðk2 ·p−Þðq · pþÞ

AB

#
; ð6Þ

FIG. 1. The leading order contribution of the Z0 to neutrino
trident production (another diagram with μþ and μ− reversed is
not shown). Other contributions at the same order in g0 are further
suppressed by the Fermi scale.

PRL 113, 091801 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending

29 AUGUST 2014

091801-2

σCHARM−II /σSM = 1.58 ± 0.57
σCCFR/σSM = 0.82 ± 0.28

σNuTeV /σSM = 0.72+1.73
−0.72

σZ′￼

σSM
= 5.86

g̃2/m2
Z′￼

= (2.66 ± 0.63) × 10−5 GeV−2

 contributionZ′￼

Only  GeV 

Survive

mz′￼
< 300

Ruled out the model for 
GeV scale mZ′￼

PRL, 113,091801(2014)
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So far so good, but induce  processesτ → μμ̄μ, μγ

  mixing              μ − τ
The MNT process will be suppressed by mixing angle θ2 g̃2/m2

Z′￼
∼ θ2 mτ

mμ

 Flavor diagonal  and off-diagonal  coupling to  and               Z′￼ μ τ
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The conflict can also be avoided if  only has   type of interaction Z′￼ μ̄γμτZ′￼μ

J. Sun, F. Huang and X.-G. He Physics Letters B 845 (2023) 138121

2. The U (1)Lµ−Lτ model for maximal µ-τ coupling

In the simplest U (1)Lµ−Lτ model, the left-handed SU (3)C × SU (2)L × U (1)Y doublets LL i : (1, 2, −1/2) and the right-handed singlets 
eR i : (1, 1, −1) transform under the gauged U (1)Lµ−Lτ group as 0, 1, −1 for the first, second and third generations, respectively. The Z ′

gauge boson of the model only interacts with leptons in the weak interaction basis [18,19]

LZ ′ = −g̃(µ̄γ µµ − τ̄ γ µτ + ν̄µγ µLνµ − ν̄τ γ
µLντ )Z ′

µ , (1)

where g̃ is the U (1)Lµ−Lτ gauge coupling, and L(R) = (1 − (+)γ5)/2. Introducing a scalar S transforming as a singlet under the SM gauge 
group, but with U (1)Lµ−Lτ charge 1, after S develops a vacuum expectation value v S/

√
2, Z ′ will obtain a mass mZ ′ = g̃v S .

Exchange Z ′ at one loop level can generate a non-zero anomalous muon g-2 which can explain the anomaly observed. However, Z ′

exchange will produce a non-zero contribution to the neutrino trident process vµ + N → vµ + N + µ+µ− . Neutrino trident data then 
constrain the Z ′ mass to be less than 300 MeV [15]. To avoid neutrino trident data constraint on the Z ′ interaction [16], one introduces 
new scalar particles to make the Z ′ interaction to muon and tauon off diagonal so that the neutrino trident process will not happen at 
tree level. Such a model had been proposed a long time ago with the bits of help of three Higgs scalars [20].

We briefly outline the steps to obtain such a model. One needs to introduce three Higgs doublets H1,2,3 : (1, 2, 1/2) (< Hi >= vi/
√

2) 
with U (1)Lµ−Lτ charges (0, 2, −2) and to impose an unbroken exchange symmetry Z ′ → −Z ′ , H1 ↔ H1 and H2 ↔ H3 with v2 = v3 = v , 
to do the job. In this case the Z ′ interaction and Yukawa terms to leptons are given by

LH = −g̃(l̄2γ µLl2 − l̄3γ µLl3 + ē2γ
µRe2 − ē3γ

µRe3)Z ′
µ

−[Y l
11l̄1 Re1 + Y l

22(l̄2 Re2 + l̄3 Re3)]H1 − Y l
23(l̄2 Re3 H2 + l̄3 Re2 H3) + H .C . (2)

The transformation between the charged lepton mass eigen-state and weak eigen-state basis is given by
(

µ
τ

)
= 1√

2

(
1 −1
1 1

)(
e2
e3

)
. (3)

Similar transformation applies to neutrinos. In the new basis, the Z ′ interactions with leptons become the following form as desired,

LZ ′ = −g̃(µ̄γ µτ + τ̄ γ µµ + ν̄µγ µLντ + ν̄τ γ
µLνµ)Z ′

µ . (4)

The above Z ′ interaction will lead to a much larger τ → µν̄µντ branching ratio, which is excluded by experimental value by more 
than 5σ if the muon g-2 anomaly is explained by Z ′ exchange at one loop level. Therefore one needs to reduce the branching ratio for 
this decay to satisfy the experimental constraint while addressing (g − 2)µ anomaly.

This problem can be solved by introducing three Y = 1 triplet scalar %1,2,3 : (1, 3, 1) (< %i >= v%i/
√

2) with U (1)Lµ−Lτ charges 
(0, −2, 2) [16]. This % field is the famous type-II seesaw mechanism providing small neutrino masses [21–26] with the component fields

% =
(

%+/
√

2 %++

%0 −%+/
√

2

)
, %0 = v% + δ + iη√

2
. (5)

Under the above exchange symmetry %1 ↔ %1, %2 ↔ %3 with v%2 = v%3, the Yukawa terms in the basis shown in Eq. (3) are

L% = −
[
l̄cµLlµ(Y ν

22(%2 + %3) − 2Y ν
23%1) + l̄cτ Llτ (Y ν

22(%2 + %3) + 2Y ν
23%1) + 2l̄cµLlτ (Y ν

22(%2 − %3))
]
/2 + H .C . . (6)

Expanding out the above interaction in terms of the component fields %0,+,++ , we obtain

L% = −(ν̄c
e , ν̄

c
µ, ν̄c

τ )M(%0)L




νe
νµ

ντ



 +
√

2(ν̄c
e , ν̄

c
µ, ν̄c

τ )M(%+)L




e
µ
τ



 + (ēc, µ̄c, τ̄ c)M(%++)L




e
µ
τ



 ,

with M(%) =





Y ν
11%1 0 0

0 (Y ν
22(%2 + %3) − 2Y ν

23%1)/2 Y ν
22(%2 − %3)/2

0 Y ν
22(%2 − %3)/2 (Y ν

22(%2 + %3) + 2Y ν
23%1)/2




. (7)

Here we find that if assuming the degenerate case %2 = %3 required by the exchange symmetry %2 ↔ %3 and Y11,23 << Y22, M(%) is 
diagonal matrix with non-zero entries M22 ≈ M33. This is helpful for simplifying the our model analysis.

Therefore, the scalar sectors include three Higgs doublets and three triplet scalars. To simplify the analysis, we will make the following 
assumptions: Y11,23 << Y22, degenerate case m%2 = m%3 and other heavier new degrees of freedom. Under these assumptions, the new 
scalar effects on SM particles will be dominated by %2 interaction terms. If further assuming the degenerate triplet components, we can 
obtain m%++ = m%+ = m%0 = m% . In this case, for %m = 0 with large v% ∼ O (GeV), doubly-charged scalar mass below 420 GeV has 
already excluded from the collider constraints [27]. Therefore, we will focus on the scenario with m% > 420 GeV.

Note that our models contain the totally flavor changing Z ′ interactions and % mediated flavor conserving interactions. The relevant 
low-energy phenomenology has been studied in Ref. [16]. We will mainly focus on the muon collider aspects in the following part. We 
firstly focus on the two body case µ−µ+ → τ−τ+ , then further expand to four body case µ−µ+ → µ±µ± +τ∓τ∓ . The influences can be 
expressed in the four model parameters. The two ones are g̃ , mZ ′ from U (1)Lµ−Lτ , and the remaining two are Y22, m% from triplet scalar. 
The total contributions for the above processes should contain the Z ′ effects by g̃ and mZ ′ , and triplet ones by Y22 and m% simultaneously. 
Therefore, the dominant contribution could come from the Z ′ effects or triplet ones which depends on the choice of the four parameters. 
In the following we carry out numerical analysis for these processes at a multi-TeV muon collider.

2

 MNT process

τ → 3μ, τ → μγ

Give addition contribution to decay which is highly constrained the modelτ → μν̄μντ + μν̄τνμ

Rτμ =
Γ(τ → μνν̄)

ΓSM(τ → μνν̄)
= 1.0066 ± 0.0041

Ruled out the model 
more than 5σ
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Z′￼ → − Z′￼, H1 ↔ H1, H2 ↔ H3

The transformation between the lepton mass eigenstate and 

weak eigenstate basis 

Introduction scalar triplet:Δi(1,3,1)
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Yukawa terms in the mass eigenstate basis

J. Sun, F. Huang and X.-G. He Physics Letters B 845 (2023) 138121

2. The U (1)Lµ−Lτ model for maximal µ-τ coupling

In the simplest U (1)Lµ−Lτ model, the left-handed SU (3)C × SU (2)L × U (1)Y doublets LL i : (1, 2, −1/2) and the right-handed singlets 
eR i : (1, 1, −1) transform under the gauged U (1)Lµ−Lτ group as 0, 1, −1 for the first, second and third generations, respectively. The Z ′

gauge boson of the model only interacts with leptons in the weak interaction basis [18,19]

LZ ′ = −g̃(µ̄γ µµ − τ̄ γ µτ + ν̄µγ µLνµ − ν̄τ γ
µLντ )Z ′

µ , (1)

where g̃ is the U (1)Lµ−Lτ gauge coupling, and L(R) = (1 − (+)γ5)/2. Introducing a scalar S transforming as a singlet under the SM gauge 
group, but with U (1)Lµ−Lτ charge 1, after S develops a vacuum expectation value v S/

√
2, Z ′ will obtain a mass mZ ′ = g̃v S .

Exchange Z ′ at one loop level can generate a non-zero anomalous muon g-2 which can explain the anomaly observed. However, Z ′

exchange will produce a non-zero contribution to the neutrino trident process vµ + N → vµ + N + µ+µ− . Neutrino trident data then 
constrain the Z ′ mass to be less than 300 MeV [15]. To avoid neutrino trident data constraint on the Z ′ interaction [16], one introduces 
new scalar particles to make the Z ′ interaction to muon and tauon off diagonal so that the neutrino trident process will not happen at 
tree level. Such a model had been proposed a long time ago with the bits of help of three Higgs scalars [20].

We briefly outline the steps to obtain such a model. One needs to introduce three Higgs doublets H1,2,3 : (1, 2, 1/2) (< Hi >= vi/
√

2) 
with U (1)Lµ−Lτ charges (0, 2, −2) and to impose an unbroken exchange symmetry Z ′ → −Z ′ , H1 ↔ H1 and H2 ↔ H3 with v2 = v3 = v , 
to do the job. In this case the Z ′ interaction and Yukawa terms to leptons are given by

LH = −g̃(l̄2γ µLl2 − l̄3γ µLl3 + ē2γ
µRe2 − ē3γ

µRe3)Z ′
µ

−[Y l
11l̄1 Re1 + Y l

22(l̄2 Re2 + l̄3 Re3)]H1 − Y l
23(l̄2 Re3 H2 + l̄3 Re2 H3) + H .C . (2)

The transformation between the charged lepton mass eigen-state and weak eigen-state basis is given by
(

µ
τ

)
= 1√

2

(
1 −1
1 1

)(
e2
e3

)
. (3)

Similar transformation applies to neutrinos. In the new basis, the Z ′ interactions with leptons become the following form as desired,

LZ ′ = −g̃(µ̄γ µτ + τ̄ γ µµ + ν̄µγ µLντ + ν̄τ γ
µLνµ)Z ′

µ . (4)

The above Z ′ interaction will lead to a much larger τ → µν̄µντ branching ratio, which is excluded by experimental value by more 
than 5σ if the muon g-2 anomaly is explained by Z ′ exchange at one loop level. Therefore one needs to reduce the branching ratio for 
this decay to satisfy the experimental constraint while addressing (g − 2)µ anomaly.

This problem can be solved by introducing three Y = 1 triplet scalar %1,2,3 : (1, 3, 1) (< %i >= v%i/
√

2) with U (1)Lµ−Lτ charges 
(0, −2, 2) [16]. This % field is the famous type-II seesaw mechanism providing small neutrino masses [21–26] with the component fields

% =
(

%+/
√

2 %++

%0 −%+/
√

2

)
, %0 = v% + δ + iη√

2
. (5)

Under the above exchange symmetry %1 ↔ %1, %2 ↔ %3 with v%2 = v%3, the Yukawa terms in the basis shown in Eq. (3) are

L% = −
[
l̄cµLlµ(Y ν

22(%2 + %3) − 2Y ν
23%1) + l̄cτ Llτ (Y ν

22(%2 + %3) + 2Y ν
23%1) + 2l̄cµLlτ (Y ν

22(%2 − %3))
]
/2 + H .C . . (6)

Expanding out the above interaction in terms of the component fields %0,+,++ , we obtain

L% = −(ν̄c
e , ν̄

c
µ, ν̄c

τ )M(%0)L




νe
νµ

ντ



 +
√

2(ν̄c
e , ν̄

c
µ, ν̄c

τ )M(%+)L




e
µ
τ



 + (ēc, µ̄c, τ̄ c)M(%++)L




e
µ
τ



 ,

with M(%) =





Y ν
11%1 0 0

0 (Y ν
22(%2 + %3) − 2Y ν

23%1)/2 Y ν
22(%2 − %3)/2

0 Y ν
22(%2 − %3)/2 (Y ν

22(%2 + %3) + 2Y ν
23%1)/2




. (7)

Here we find that if assuming the degenerate case %2 = %3 required by the exchange symmetry %2 ↔ %3 and Y11,23 << Y22, M(%) is 
diagonal matrix with non-zero entries M22 ≈ M33. This is helpful for simplifying the our model analysis.

Therefore, the scalar sectors include three Higgs doublets and three triplet scalars. To simplify the analysis, we will make the following 
assumptions: Y11,23 << Y22, degenerate case m%2 = m%3 and other heavier new degrees of freedom. Under these assumptions, the new 
scalar effects on SM particles will be dominated by %2 interaction terms. If further assuming the degenerate triplet components, we can 
obtain m%++ = m%+ = m%0 = m% . In this case, for %m = 0 with large v% ∼ O (GeV), doubly-charged scalar mass below 420 GeV has 
already excluded from the collider constraints [27]. Therefore, we will focus on the scenario with m% > 420 GeV.

Note that our models contain the totally flavor changing Z ′ interactions and % mediated flavor conserving interactions. The relevant 
low-energy phenomenology has been studied in Ref. [16]. We will mainly focus on the muon collider aspects in the following part. We 
firstly focus on the two body case µ−µ+ → τ−τ+ , then further expand to four body case µ−µ+ → µ±µ± +τ∓τ∓ . The influences can be 
expressed in the four model parameters. The two ones are g̃ , mZ ′ from U (1)Lµ−Lτ , and the remaining two are Y22, m% from triplet scalar. 
The total contributions for the above processes should contain the Z ′ effects by g̃ and mZ ′ , and triplet ones by Y22 and m% simultaneously. 
Therefore, the dominant contribution could come from the Z ′ effects or triplet ones which depends on the choice of the four parameters. 
In the following we carry out numerical analysis for these processes at a multi-TeV muon collider.
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2. The U (1)Lµ−Lτ model for maximal µ-τ coupling

In the simplest U (1)Lµ−Lτ model, the left-handed SU (3)C × SU (2)L × U (1)Y doublets LL i : (1, 2, −1/2) and the right-handed singlets 
eR i : (1, 1, −1) transform under the gauged U (1)Lµ−Lτ group as 0, 1, −1 for the first, second and third generations, respectively. The Z ′

gauge boson of the model only interacts with leptons in the weak interaction basis [18,19]

LZ ′ = −g̃(µ̄γ µµ − τ̄ γ µτ + ν̄µγ µLνµ − ν̄τ γ
µLντ )Z ′

µ , (1)

where g̃ is the U (1)Lµ−Lτ gauge coupling, and L(R) = (1 − (+)γ5)/2. Introducing a scalar S transforming as a singlet under the SM gauge 
group, but with U (1)Lµ−Lτ charge 1, after S develops a vacuum expectation value v S/

√
2, Z ′ will obtain a mass mZ ′ = g̃v S .

Exchange Z ′ at one loop level can generate a non-zero anomalous muon g-2 which can explain the anomaly observed. However, Z ′

exchange will produce a non-zero contribution to the neutrino trident process vµ + N → vµ + N + µ+µ− . Neutrino trident data then 
constrain the Z ′ mass to be less than 300 MeV [15]. To avoid neutrino trident data constraint on the Z ′ interaction [16], one introduces 
new scalar particles to make the Z ′ interaction to muon and tauon off diagonal so that the neutrino trident process will not happen at 
tree level. Such a model had been proposed a long time ago with the bits of help of three Higgs scalars [20].

We briefly outline the steps to obtain such a model. One needs to introduce three Higgs doublets H1,2,3 : (1, 2, 1/2) (< Hi >= vi/
√

2) 
with U (1)Lµ−Lτ charges (0, 2, −2) and to impose an unbroken exchange symmetry Z ′ → −Z ′ , H1 ↔ H1 and H2 ↔ H3 with v2 = v3 = v , 
to do the job. In this case the Z ′ interaction and Yukawa terms to leptons are given by

LH = −g̃(l̄2γ µLl2 − l̄3γ µLl3 + ē2γ
µRe2 − ē3γ

µRe3)Z ′
µ

−[Y l
11l̄1 Re1 + Y l

22(l̄2 Re2 + l̄3 Re3)]H1 − Y l
23(l̄2 Re3 H2 + l̄3 Re2 H3) + H .C . (2)

The transformation between the charged lepton mass eigen-state and weak eigen-state basis is given by
(

µ
τ

)
= 1√

2

(
1 −1
1 1

)(
e2
e3

)
. (3)

Similar transformation applies to neutrinos. In the new basis, the Z ′ interactions with leptons become the following form as desired,

LZ ′ = −g̃(µ̄γ µτ + τ̄ γ µµ + ν̄µγ µLντ + ν̄τ γ
µLνµ)Z ′

µ . (4)

The above Z ′ interaction will lead to a much larger τ → µν̄µντ branching ratio, which is excluded by experimental value by more 
than 5σ if the muon g-2 anomaly is explained by Z ′ exchange at one loop level. Therefore one needs to reduce the branching ratio for 
this decay to satisfy the experimental constraint while addressing (g − 2)µ anomaly.

This problem can be solved by introducing three Y = 1 triplet scalar %1,2,3 : (1, 3, 1) (< %i >= v%i/
√

2) with U (1)Lµ−Lτ charges 
(0, −2, 2) [16]. This % field is the famous type-II seesaw mechanism providing small neutrino masses [21–26] with the component fields

% =
(

%+/
√

2 %++

%0 −%+/
√

2

)
, %0 = v% + δ + iη√

2
. (5)

Under the above exchange symmetry %1 ↔ %1, %2 ↔ %3 with v%2 = v%3, the Yukawa terms in the basis shown in Eq. (3) are

L% = −
[
l̄cµLlµ(Y ν

22(%2 + %3) − 2Y ν
23%1) + l̄cτ Llτ (Y ν

22(%2 + %3) + 2Y ν
23%1) + 2l̄cµLlτ (Y ν

22(%2 − %3))
]
/2 + H .C . . (6)

Expanding out the above interaction in terms of the component fields %0,+,++ , we obtain

L% = −(ν̄c
e , ν̄

c
µ, ν̄c

τ )M(%0)L




νe
νµ

ντ



 +
√

2(ν̄c
e , ν̄

c
µ, ν̄c

τ )M(%+)L




e
µ
τ



 + (ēc, µ̄c, τ̄ c)M(%++)L




e
µ
τ



 ,

with M(%) =





Y ν
11%1 0 0

0 (Y ν
22(%2 + %3) − 2Y ν

23%1)/2 Y ν
22(%2 − %3)/2

0 Y ν
22(%2 − %3)/2 (Y ν

22(%2 + %3) + 2Y ν
23%1)/2




. (7)

Here we find that if assuming the degenerate case %2 = %3 required by the exchange symmetry %2 ↔ %3 and Y11,23 << Y22, M(%) is 
diagonal matrix with non-zero entries M22 ≈ M33. This is helpful for simplifying the our model analysis.

Therefore, the scalar sectors include three Higgs doublets and three triplet scalars. To simplify the analysis, we will make the following 
assumptions: Y11,23 << Y22, degenerate case m%2 = m%3 and other heavier new degrees of freedom. Under these assumptions, the new 
scalar effects on SM particles will be dominated by %2 interaction terms. If further assuming the degenerate triplet components, we can 
obtain m%++ = m%+ = m%0 = m% . In this case, for %m = 0 with large v% ∼ O (GeV), doubly-charged scalar mass below 420 GeV has 
already excluded from the collider constraints [27]. Therefore, we will focus on the scenario with m% > 420 GeV.

Note that our models contain the totally flavor changing Z ′ interactions and % mediated flavor conserving interactions. The relevant 
low-energy phenomenology has been studied in Ref. [16]. We will mainly focus on the muon collider aspects in the following part. We 
firstly focus on the two body case µ−µ+ → τ−τ+ , then further expand to four body case µ−µ+ → µ±µ± +τ∓τ∓ . The influences can be 
expressed in the four model parameters. The two ones are g̃ , mZ ′ from U (1)Lµ−Lτ , and the remaining two are Y22, m% from triplet scalar. 
The total contributions for the above processes should contain the Z ′ effects by g̃ and mZ ′ , and triplet ones by Y22 and m% simultaneously. 
Therefore, the dominant contribution could come from the Z ′ effects or triplet ones which depends on the choice of the four parameters. 
In the following we carry out numerical analysis for these processes at a multi-TeV muon collider.

2

Simplification the model
Y11, Y23 < < Y22, mΔ2 = mΔ3

mΔ++ = mΔ+ = mΔ
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Figure 2. Left (right): the ATLAS observed and expected 95% CL upper limits on the H±±H±±

(H±±H∓) production cross-section times branching fraction. The reproduced 95% CL upper limit
is represented by the blue dashed curve.

leptons (3!) and four leptons (4!) channels. The event selection proceeds in two steps
— the preselection and the SRs selection. The preselection requirements are based on a
number of variables such as the absolute value of the sum of charges of the leptons, their
transverse momenta, pmiss

T , the jet multiplicity, the b-jet multiplicity, MOSSF, etc. Four
signal regions (SR1, SR2, SR3 and SR4 ) are defined for each channel. For defining SRs,
several other variables such as the invariant mass of all selected leptons, the invariant
mass of all the jets, the distance between two same-sign leptons in the η-φ plane, the
azimuthal distance between the dilepton system and pmiss

T , the smallest distance between
any lepton and its closest jet in the η-φ plane, etc. are used (see ref. [82] for details).12
These variables, exploiting the boosted decay topology of the triplet-like Higgs bosons as
well as the high energy of their decay products, are useful to discriminate between the
signal and the background. Events in the 2!sc SRs are further divided into ee, µµ and
eµ final states, whereas those in the 3! SRs are separated into two categories (3!1 and
3!0) based on whether or not an OSSF lepton pair exists in the event. This enhances the
sensitivity of this search by distinguishing the lepton-flavour composition between signal
and background.

We, then, move forward to validate our implementation of this search by reproducing
the ATLAS 95% CL bound on the total pair production cross-section times branching frac-
tion for two scenarios corresponding to the pair production H±±H±± and the associated
production H±±H∓ in ref. [82]. The left (right) plot in figure 2 shows the ATLAS observed
and expected 95% CL upper limits on the H±±H±± (H±±H∓) production cross-section

12Though different sets of kinematic variables and selection cuts are used to define the SRs (SR1, SR2,
SR3 and SR4 ), they are not mutually exclusive. They are designed by optimising the sensitivity for the H±±

pair production mode, respectively, for the mH±± = 200, 300, 400 and 500GeV mass hypotheses. ref. [82]
considers SR1 (SR2 ){SR3}[SR4 ] for 200–300(300–400){400-500}[> 500] GeV mass hypothesis. Here, we
differ from ref. [82]; for a given mass hypothesis, we conider all the SRs disjointly, and eventually, choose
the most sensitive one. However, for the validation of our implementation, we adhere to the ref. [82]’s
approach.

– 11 –

Δm = 0 with  νΔ ∼ 𝒪(GeV)
mΔ > 420GeV
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FIG. 1: The Feynman diagrams of flavor changing µ�µ+
! ⌧�⌧+ processes. The SM s-channel contributions are shown in the

first three figures, mediated by Higgs in Fig.(a), photon in Fig.(b) and Z boson in Fig.(c), respectively. Fig.(d) means t-channel
mediated by o↵-diagonal Z0 interaction. We do not show the contributions from the triplet e↵ects, which can also contribute
the process via s-channel.

If further assuming the degenerate triplet components, we can obtain m�++ = m�+ = m�0 = m�. In this case, for
�m = 0 with large v� ⇠ O(GeV), doubly-charged scalar mass below 420 GeV has already excluded from the collider
constraints [27]. Therefore, we will focus on the scenario with m� > 420 GeV.

Note that our models contain the totally flavor changing Z 0 interactions and � mediated flavor conserving inter-
actions. The relevant low-energy phenomenology has been studied in Ref. [16]. We will mainly focus on the muon
collider aspects in the following part. We firstly focus on the two body case µ�µ+

! ⌧�⌧+, then further expand
to four body case µ�µ+

! µ±µ± + ⌧⌥⌧⌥. The influences can be expressed in the four model parameters. The two
ones are g̃, mZ0 from U(1)Lµ�L⌧ , and the remaining two are Y22, m� from triplet scalar. The total contributions
for the above processes should contain the Z 0 e↵ects by g̃ and mZ0 , and triplet ones by Y22 and m� simultaneously.
Therefore, the dominant contribution could come from the Z 0 e↵ects or triplet ones which depends on the choice
of the four parameters. In the following we carry out numerical analysis for these processes at a multi-TeV muon
collider.

III. SIGNATURES IN µ�µ+
! ⌧�⌧+ AND µ�µ+

! µ±µ± + ⌧⌥⌧⌥

The maximal µ�⌧ interaction of Z 0 will a↵ect µ�µ+
! ⌧�⌧+ via t-channel, which is di↵erent from the SM s-channel

contributions as shown in Fig. 1. Besides, the Z 0 interaction can produce distinctive signature µ�µ+
! µ±µ±+⌧⌥⌧⌥

as shown in Fig. 2, which serves as a smoking gun for the model studied here.
For a multi-TeV muon collider, the luminosity scaling with energy quadratically [28, 29] as
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! ⌧�⌧+ processes. The SM s-channel contributions are shown in the

first three figures, mediated by Higgs in Fig.(a), photon in Fig.(b) and Z boson in Fig.(c), respectively. Fig.(d) means t-channel
mediated by o↵-diagonal Z0 interaction. We do not show the contributions from the triplet e↵ects, which can also contribute
the process via s-channel.

If further assuming the degenerate triplet components, we can obtain m�++ = m�+ = m�0 = m�. In this case, for
�m = 0 with large v� ⇠ O(GeV), doubly-charged scalar mass below 420 GeV has already excluded from the collider
constraints [27]. Therefore, we will focus on the scenario with m� > 420 GeV.

Note that our models contain the totally flavor changing Z 0 interactions and � mediated flavor conserving inter-
actions. The relevant low-energy phenomenology has been studied in Ref. [16]. We will mainly focus on the muon
collider aspects in the following part. We firstly focus on the two body case µ�µ+

! ⌧�⌧+, then further expand
to four body case µ�µ+

! µ±µ± + ⌧⌥⌧⌥. The influences can be expressed in the four model parameters. The two
ones are g̃, mZ0 from U(1)Lµ�L⌧ , and the remaining two are Y22, m� from triplet scalar. The total contributions
for the above processes should contain the Z 0 e↵ects by g̃ and mZ0 , and triplet ones by Y22 and m� simultaneously.
Therefore, the dominant contribution could come from the Z 0 e↵ects or triplet ones which depends on the choice
of the four parameters. In the following we carry out numerical analysis for these processes at a multi-TeV muon
collider.
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The maximal µ�⌧ interaction of Z 0 will a↵ect µ�µ+
! ⌧�⌧+ via t-channel, which is di↵erent from the SM s-channel

contributions as shown in Fig. 1. Besides, the Z 0 interaction can produce distinctive signature µ�µ+
! µ±µ±+⌧⌥⌧⌥

as shown in Fig. 2, which serves as a smoking gun for the model studied here.
For a multi-TeV muon collider, the luminosity scaling with energy quadratically [28, 29] as
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FIG. 2: The Feynman diagrams of flavor changing µ�µ+
! µ+µ+ + ⌧�⌧� processes. The diagrams are so much that we just

show two examples. Here we only show the flavor changing Z0 e↵ects.

TABLE I: The cross section of SM background ⌧±⌧⌥ at
p
s = 3 TeV.

�(pb) ⌧+⌧� ⌧+⌧�� �(! ⌧+⌧�)⌫⌫̄ Z(! ⌧+⌧�)⌫⌫̄ h(! ⌧+⌧�)⌫⌫̄ W+(! ⌧+⌫⌧ )W
�(! ⌧�⌫̄⌧ ) Total

1. Basic Cut 0.008 0.00162304 0.016896 0.043552 0.0126848 0.0035424 0.086304
2. PT > 250 GeV 0.007808 0.00032 0.003584 0.00192 0.000064 0.000704 0.0144

In particular, the benchmark choices of the collider energies and the corresponding integrated luminosities within 5
years is

p
s = 3 TeV �! L = 1 ab�1 . (9)

A very good identification of the leptons is a basic ingredient of many analyses at the colliders. In particular ⌧ -
leptons, which are the most di�cult leptons to identify, are expected to be produced by the decay of several interesting
physic channels. Tau tagging is performed to identify jets likely to originate from a tau lepton, which is conducted
by the hadronic decay mode of the taus. In the SM, tau decays hadronically with a probability of 65%, producing
a tau-jet mostly containing neutral and charged pions. In our case with a pair of taus in the final state, 42% of the
events will contain two tau-jets. The hadronic tau decays have low charged track multiplicity (one or three prongs)
and a relevant fraction of the electromagnetic energy deposition due to photons coming from the decay of neutral
pions. Moreover, when the momentum of the tau is large compared to its mass, the tau-jets will be highly collimated
and produce localized energy deposits in the electromagnetic and hadronic calorimeters. These characteristics can be
exploited to enhance the identication of hadronic tau decays. At the muon collider, the muon tagging e�ciency is
100% with ⌘ < 2.5 [30] and the ⌧ tagging e�ciency is 80% with pT > 10 GeV, as defined in Delphes cards [31].

To obtain simulation data for analysis, we implement interactions in the previous model through means of Feyn-
Rules [32], we generated a Universal Feynman rules Output(UFO) model [33] for the model Lagrangian. Then fed
the model into MadGraph5-aMC@NLO [34] for all simulations, which are then fed to PYTHIA 8 [35] for showering
and hadronization, and DELPHES [36] for a fast detector simulation.

A. µ+µ�
! ⌧+⌧� analysis

To extract signatures, we need to have a good understanding of the background. The SM backgrounds for µ+µ�
!

⌧+⌧� are shown in Table. I. Here we use the following basic cuts [30]: (i) transverse momentum pT > 10 GeV, (ii)
absolute pseudo-rapidity |⌘| < 2.5, (iii) the separation of the two leptons �R =

p
(�⌘)2 + (��)2 > 0.4. In addition

to the s-channel scattering process with SM mediators �, Z, h, there also exist other backgrounds from the blind
features of the detector, ⌧+⌧��, h/Z/�(! ⌧+⌧�) ⌫⌫̄, W+(! ⌧+⌫⌧ )W�(! ⌧�⌫̄⌧ ). Therefore, the total backgrounds
are 0.086304 pb as shown in Fig. 3. This background value can be suppressed to 0.0144 pb by changing the cut
PT > 250 GeV as shown in Table. I.

For the e↵ects of the model under consideration, we can obtain the corresponding cross section using model
parameters depicted earlier. Based on the analysis in Ref. [16], we use g̃/mZ0 = (0.55, 0.89) ⇥ 10�3GeV�1 and
Y22/m� = (0.26, 1.42)⇥ 10�3GeV�1 for resolving the muon (g� 2)µ anomaly while satisfying the other experimental

h, γ, Z

SM background t-channel signal 

The cross section of SM at S = 3 TeV
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FIG. 4: The cross section of flavor changing µ+µ�
! ⌧+⌧� processes with di↵erent m� in basic cuts and PT > 250 GeV.

Here we choose the lower bound Y22/m� = 0.26⇥ 10�3GeV�1. The di↵erent color lines mean the di↵erent Z0 mass with fixed
g̃/mZ0 = 0.55⇥ 10�3GeV�1, mZ0 = 100 GeV in red, mZ0 = 200 GeV in green, mZ0 = 500 GeV in blue, respectively.

TABLE III: The cross section ⌧±⌧⌥ for U(1)Lµ�L⌧ model with Y = 1 triplet at
p
s = 3 TeV for fixing mZ0 = 100 GeV and

g̃ = 0.055.

U(1)Lµ�L⌧ with triplet model
m� = 800 GeV m� = 500 GeV m� = 450 GeV

Y22 = 0.208 Y22 = 1.136 Y22 = 0.13 Y22 = 0.71 Y22 = 0.117 Y22 = 0.639
cross section (pb) 0.0069 2.6156 0.0019 0.5180 0.0014 0.3569

luminosity (fb�1) with 3� 4.00 0.0035 39.287 0.018 72.2335 0.026
Events ( L = 1ab�1 ) 6900 2615600 1900 518000 1400 356900

(a). The required luminosity for 3� and 5� discovery
with g̃/MZ0 = 0.55⇥ 10�3GeV�1 .

(b). The required luminosity for 3� and 5� discovery
with di↵erent Z0 mass.

FIG. 5: The required luminosity for di↵erent scenarios in the case of µ+µ�
! ⌧+⌧�. The 3� and 5� significance are shown

in green and red, respectively.

processes with di↵erent m� in basic cuts and PT > 250 GeV. Here we choose the lower bound Y22/m� = 0.26 ⇥

10�3GeV�1 and fix g̃/mZ0 = 0.55 ⇥ 10�3GeV�1 with three di↵erent Z 0 masses. We found that the cross section
varies slightly when increasing � mass. The corresponding luminosity and events are shown in Table. III. We found
that the cross section is around 10�3 pb for the above two lower bounds, which is so smaller than the large Z 0 mass
e↵ects. This means that the choice of the triplet parameters will not a↵ect cross section to a large extent. Therefore,
we choose the previous parameters m� = 450GeV, |Y22| = 0.117 to conduct the analysis in the following.

In order to further investigate the detection possibility of the flavoring changing process µ+µ�
! ⌧+⌧� at the

future muon collider, we present the required luminosity for U(1)Lµ�L⌧ model with triplet scalar Y = 1 as shown
in Fig. 5. Here we consider two di↵erent cases with significance 3� and 5�. In the left panel, we show the trend
of integrated luminosity with di↵erent Z 0 mass when fixing the lower bound g̃/mZ0 = 0.55 ⇥ 10�3 GeV. We found

Y22

mΔ
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Increasing Delta mass mΔ
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! ⌧+⌧� at the
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FIG. 4: The cross section of flavor changing µ+µ�
! ⌧+⌧� processes with di↵erent m� in basic cuts and PT > 250 GeV.
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TABLE III: The cross section ⌧±⌧⌥ for U(1)Lµ�L⌧ model with Y = 1 triplet at
p
s = 3 TeV for fixing mZ0 = 100 GeV and

g̃ = 0.055.

U(1)Lµ�L⌧ with triplet model
m� = 800 GeV m� = 500 GeV m� = 450 GeV

Y22 = 0.208 Y22 = 1.136 Y22 = 0.13 Y22 = 0.71 Y22 = 0.117 Y22 = 0.639
cross section (pb) 0.0069 2.6156 0.0019 0.5180 0.0014 0.3569

luminosity (fb�1) with 3� 4.00 0.0035 39.287 0.018 72.2335 0.026
Events ( L = 1ab�1 ) 6900 2615600 1900 518000 1400 356900

(a). The required luminosity for 3� and 5� discovery
with g̃/MZ0 = 0.55⇥ 10�3GeV�1 .

(b). The required luminosity for 3� and 5� discovery
with di↵erent Z0 mass.

FIG. 5: The required luminosity for di↵erent scenarios in the case of µ+µ�
! ⌧+⌧�. The 3� and 5� significance are shown

in green and red, respectively.
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t-channel pair production can easily be distinguished at more than 

5  level from the s-channel production in SMσ

Luminosity for μ+μ− → τ+τ−
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μ+μ− → μ+μ+τ−τ−

μ+μ− → Δ++Δ−− → μ±μ±τ∓τ∓
μ+μ− → h*/γ*/Z* → μ±τ∓ + (Z′￼ → μ±τ∓)

Two different source
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Triplet effects rise
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TABLE IV: The cross section µ±µ±⌧⌥⌧⌥ for U(1)Lµ�L⌧ model with Y = 1 triplet at
p
s = 3 TeV for fixing m� = 450 GeV

and Y22 = 0.117.

U(1)Lµ�L⌧ with triplet model
mZ0 = 500 GeV mZ0 = 200 GeV mZ0 = 100 GeV

g̃ = 0.275 g̃ = 0.445 g̃ = 0.11 g̃ = 0.178 g̃ = 0.055 g̃ = 0.089
cross section (pb) 0.029 0.863 0.00083 0.00134 0.00076 0.00079

luminosity (fb�1) with 3� 0.31 0.010 10.843 6.716 11.842 11.392
Events ( L = 1ab�1 ) 29000 863000 830 1340 760 790

(a). The required luminosity for 3� and 5� discovery
with g̃/MZ0 = 0.55⇥ 10�3GeV�1 .

(b). The required luminosity for 3� and 5� discovery
with di↵erent Z0 mass.

FIG. 7: The required luminosity for di↵erent scenarios in the case of µ�µ+
! µ±µ± + ⌧⌥⌧⌥ with baisc cuts. The 3� and 5�

significance are shown in green and red, respectively.

as shown in Fig. 7. We analyze the required luminosity with significance 3� and 5� in di↵erent cases at the muon
collider, di↵erent Z 0 mass with the fixed lower bound g̃/mZ0 = 0.55⇥10�3 GeV in the left panel and the ratio g̃/mZ0 in
the right panel. We found that the required luminosity will tend to decrease. In the left panel, the required luminosity
will gradually tend to abrupt when increasing mZ0 . In the right panel, the luminosity shows the fall trend when rising
g̃/mZ0 for two kinds of di↵erent Z 0 masses. If increasing the ratio into the upper bound g̃/mZ0 = 0.89⇥ 10�3 GeV,
the required luminosity will decrease with di↵erent degrees depending on the Z 0 mass.

Therefore, we find that the smoking gun signature of doubly same sign µ±µ± + ⌧⌥⌧⌥ pairs production can have
a 5� sensitivity, if required to solve the muon g-2 anomaly, at a muon collider of a 3 TeV with O(fb) luminosity. If
further changing the triplet parameters to enhance the e↵ects as shown in Fig. 6, the cross section increases rapidly
so that the discovery potential will become more obvious.

IV. CONCLUSION

We have studied in detail the maximal µ � ⌧ interaction of a Z 0 in U(1)Lµ�L⌧ model at a muon collider. The
maximal Z 0 o↵-diagonal mixing, (µ̄�µ⌧ + ⌧̄ �µµ)Z 0

µ
, will escape other constraints with Z 0 mass to be lower than a

few hundred MeV while addressing the muon g-2 anomaly. In addition, a Z 0 with a large mass can result in very
distinctive signatures, such as muon collider t-channel production of µ�µ+

! ⌧�⌧+ pair, and doubly same sign muon
and tau pairs production, µ�µ+

! µ±µ±⌧⌥⌧⌥. With a muon collider of 3 TeV with O(fb�1) luminosity, we find
that within the muon g-2 anomaly constrained parameter spaces for the ratio of Z 0 coupling and mass, and triplet
Higgs contributions, for the µ�µ+

! ⌧�⌧+ case, the t-channel pair production can be easily distinguished at more
than 5� level from the s-channel production as that predicted in the standard model. For the µ�µ+

! µ±µ±⌧⌥⌧⌥

case, it can serve as the smoking gun signature for our model which can be discovered at 5� level.
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The maximal off-diagonal  interaction in      at                              
a muon collider

Z′￼ U(1)Lμ−Lτ

  A  with off-diagonal mixing leads to very distinctive signatures

      t-channel and four body smoking gun processes

Z′￼

μ+μ− → τ+τ−

    With a 3TeV muon collider with  luminosity, 

        the signal processes can be distinguished at 5σ level

𝒪( fb−1)
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