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We study the Large Hadron Collider (LHC) search potential of a Z4-based two Higgs doublet
model which can simultaneously explain the muon g − 2 anomaly and the observed dark matter. The
neutral scalars in the second Higgs doublet couple to μ and τ and largely contribute to the muon
anomalous magnetic moment through the one-loop diagram involving τ and scalars. An additional
singlet scalar which is charged under the discrete symmetry can be a dark matter candidate. An
upper limit on the scalar mass originates from the unitarity constraint, and the μτ flavor-violating
nature of the scalars predicts nonstandard signatures at the LHC. However, the previously proposed
μ�μ�τ∓τ∓ signal via the electroweak heavy neutral scalar pair production at the LHC loses sensitivity
for increasing scalar mass. We revisit this model and investigate the LHC prospects for the single
production of the μτ flavor-violating neutral scalar. It is shown that the single scalar process helps to
extend the LHC reach to the 1 TeV mass regime of the scenario. The search potential at the high energy
LHC is also discussed.
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I. INTRODUCTION

Most experimental results so far support the standard
model (SM) of particle physics. However, the SM falls
short of explaining dark matter, the baryon asymmetry of
the universe, neutrino masses and so on. Each of these
problems has many possible solutions, and thus more
experimental hints are required to specify the correct
new physics (NP) scenario. One of the most notorious
and long-lived discrepancies between the SM prediction
and the measurement exists in the muon anomalous
magnetic moment (aμ) [1–3]. The comparison of the SM
prediction with the experimental value is given as

Δaμ ¼ aexpμ − aSMμ ¼ ð2.51� 0.59Þ × 10−9: ð1Þ

The SM prediction is taken from the theory white paper [1]1

which is mainly based on the data-driven determination

of the hadronic vacuum-polarization contribution.2 It is
known that the discrepancy is of the same order as the
electroweak contribution, i.e., a new Oð100Þ GeV weakly
coupled particle can explain the discrepancy. However, no
signal of NP at this scale has been found at the Large
Hadron Collider (LHC) so far. This fact implies that in
order to explain the discrepancy in terms of NP, some
enhancement mechanism in the NP contribution to g − 2 is
necessary.3

A popular method to enhance the g − 2 contribution is
the introduction of a new flavor-violating particle. The
dipole operator underlying g − 2 requires a chirality flip,
which corresponds to the muon mass within flavor-
conserving scenarios. A one-loop contribution involving
a μτ flavor-violating particle is instead enhanced by a factor
of mτ=mμ ≃ 17 [32–60].4 This mechanism can lift the mass
scale of the new particle by more than a factor of four.
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1See Refs. [4–23] for relevant original work.

2We note that the estimate based on the recent lattice
simulation differs and is more consistent with the measured
muon g − 2 [24–26]. Recent results from other lattice groups are
converging toward the BMW result [24,27]. However, the lattice
results are in tension with the low energy σðeþe− → hadronsÞ
data [28–30], so that further clarification is needed. In this paper
we consider the discrepancy as quoted in Eq. (1).

3See Ref. [31] for a recent review.
4Due to the loop function, scalar mediators receive a further

enhancement.
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However, lepton flavor-violating (LFV) interactions are
stringently constrained and easily spoil the model if the
particle also has lepton flavor-conserving couplings.
Therefore one needs to ensure the absence of flavor-
diagonal couplings for the τ mass enhanced muon g − 2
solution to be viable.
This specific coupling alignment can be realized by a

discrete Z4 flavor symmetry within the two Higgs doublet
model (2HDM) [45].5 In this model the g − 2 contribution
is proportional to the μτ LFV coupling and the mass
difference of the additional neutral scalars. Recently it was
proposed that the singlet scalar extension of the model can
explain the relic density of the dark matter (DM) through
the thermal freeze-out mechanism [60]. The Z4 symmetry
is then used both to stabilize the DM candidate and also to
realize the flavor alignment.
Since the new scalars are quark-phobic within the

Z4-based model, their production cross section at the
LHC is not large. However, the unique coupling structure
predicts that the neutral scalars ϕ ¼ A, H decay into μ�τ∓.
Previously we pointed out the smoking-gun signature of a
μ�μ�τ∓τ∓ final state via electroweak scalar pair produc-
tion (left of Fig. 1) with a special focus on the case where all
Yukawa and scalar potential couplings are smaller than one
[47]. We argued that the full Run 2 dataset can test the
model up to 500 GeV scalar mass thanks to the very unique
double μτ LFV resonance nature of the signal events.
However, if we accept relatively large coupling ofOð1Þ, the
model can still explain the discrepancy with 1 TeV scalars.
In this paper we revisit the model’s collider prospects in

the presence of larger couplings. The pair production cross
section is governed only by the electroweak coupling and
decreases rapidly when the scalars get heavier. We thus
propose the single scalar production process (middle and
right of Fig. 1) to assist to cover the heavier scalar scenario.
To search for the heavy leptophilic bosons, it is known that
the inclusion of photon-initiated processes is important
[51]. We combine those processes and evaluate the search
potential at the future LHC.

The layout of the paper is given as follows. In Sec. II, we
briefly introduce our setup of the 2HDM and review the
muon g − 2 explanation. There we determine how heavy
the scalar can be and discuss relevant constraints. In
Sec. III, we focus on the collider phenomenology and
show the impact of the single scalar production process to
evaluate the future LHC reach. Section IV is devoted to the
summary and discussion.

II. MODEL, MUON g− 2 AND DARK MATTER

We consider a two Higgs doublet model with an addi-
tional scalar singlet (S) and a discrete Z4 symmetry under
which the Higgs and lepton fields transform as given in
Table I. The gauge charge assignments of other SM fields,
e.g., quarks, are the same as in the SM, and they trivially
transform under Z4.

6

We assume the Z4 symmetry to be unaffected by
electroweak symmetry breaking, so that the two Higgs
doublets H1;2 are in the Higgs basis [63,64] in which only
one Higgs doublet has a nonvanishing vacuum expectation
value (vev) of v ≃ 246 GeV. In this basis, the two Higgs
doublets can be decomposed as

H1 ¼
� Gþ

vþhþiGffiffi
2

p

�
; H2 ¼

� Hþ

HþiAffiffi
2

p

�
; ð2Þ

whereGþ andG are the SMNambu-Goldstone bosons, and
Hþ and h are a charged Higgs boson and the discovered

FIG. 1. Representative Feynman diagrams that contribute to the μ�μ�τ∓τ∓ signal at the LHC. The left diagram displays the
electroweak pair production channel. The middle and right diagrams correspond to the single production process where ϕ denotes A or
H. In addition, there are also contributions obtained by exchanging μ and τ which are included in our numerical calculation.

TABLE I. Relevant field content and charge assignment of the
model. The notation of SM gauge quantum numbers is given as
ðSUð3ÞC; SUð2ÞLÞUð1ÞY .

Field H1 H2 ðLe; Lμ; LτÞ ðeR; μR; τRÞ S

SM gauge ð1; 2Þ1=2 ð1; 2Þ1=2 ð1; 2Þ−1=2 ð1; 1Þ−1 ð1; 1Þ0
Z4 1 −1 ð1; i;−iÞ ð1; i;−iÞ i

5Note that aZ4-symmetric 2HDM always carries an accidental
Uð1Þ symmetry [61], however further extensions of the scalar
sector can break the latter symmetry [62].

6In order to obtain realistic neutrino masses and mixings the
model needs to be extended. See Ref. [60] for details.
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CP-even Higgs boson, respectively. H and A correspond to
additional neutral scalars. Note that a nonzero vev of the
singlet S would spontaneously break the Z4 symmetry. The
presence of hSi ≠ 0 would not alter the phenomenology
discussed in the present paper, hence we do not discuss this
possibility further.
The scalar potential of our model is given by [60]

V ¼ M2
1H

†
1H1 þM2

2H
†
2H2 þ λ1ðH†

1H1Þ2 þ λ2ðH†
2H2Þ2

þ λ3ðH†
1H1ÞðH†

2H2Þ þ λ4ðH†
1H2ÞðH†

2H1Þ

þ λ5
2
½ðH†

1H2Þ2 þ H:c:�
þM2

SjSj2 þ λSjSj4 þ ½λ0SS4 þ H:c:� þ λS1ðH†
1H1ÞjSj2

þ λS2ðH†
2H2ÞjSj2 þ κ½ðH†

1H2ÞS2 þ H:c:�: ð3Þ

Since the mass spectrum of the scalars is of crucial
importance for the muon g − 2 as well as the collider
phenomenology, we explicitly show the mass relations:

m2
h ¼ λ1v2; m2

A ¼ M2
2 þ

λ3 þ λ4 − λ5
2

v2;

m2
H ¼ m2

A þ λ5v2; m2
H� ¼ m2

A −
λ4 − λ5

2
v2;

m2
S ¼ M2

S þ
λS1
2

v2: ð4Þ

Note that due to the Z4 charge assignments, neither h nor S
mix with the neutral components H, A of H2. For later
convenience we define the mass difference of the heavy
neutral scalars H, A as

ΔH−A ¼ mH −mA

≃ 50 GeV

�
λ5
1.5

��
1800 GeV
mH þmA

�
: ð5Þ

Note that λ5 ≥ 0 corresponds to mH ≥ mA. The mass
difference ΔH−A decreases for heavier scalars, since it is
proportional to the SUð2ÞL breaking.
Thanks to the Z4 symmetry the Yukawa sector of

the model contains only two new parameters, significantly
less than in the general 2HDM. Following the notation
in Ref. [38], the Yukawa sector of the model based on
the Z4 charge assignment, in addition to the SM part, is
given as

−LY ¼ ρμτe L̄μH2τR þ ρτμe L̄τH2μR þ H:c:; ð6Þ

where ρμτe and ρτμe are free parameters. The scalar singlet S
does not couple to the SM fermions.
In this model, a sizable contribution to Δaμ is generated

via the one-loop diagram mediated by the extra neutral

Higgs bosons H and A. The τ mass enhanced contribution7

is given as [38,39]

Δaμ ≃
mμmτρ

μτ
e ρ

τμ
e

16π2

�ln m2
H

m2
τ
− 3

2

m2
H

−
ln m2

A
m2

τ
− 3

2

m2
A

�

≃ −2.5 × 10−9
�
ρμτe ρ

τμ
e

1.0

��
λ5
1.0

��
700 GeV

mA

�
4

; ð7Þ

where Eq. (5) is used to derive the second relation. Notice
the dependence on the product of the two new Yukawa
couplings, Δaμ ∝ ρμτe ρ

τμ
e . For given masses mH;A, the NP

effect in aμ is thus largest if both couplings ρμτe and ρτμe are
large. As we are interested in the heaviest possible scenario,
we thus set jρμτe j ¼ jρτμe j in the following.
Figure 2 shows the value of ρμτe ρ

τμ
e required to explain

the central value of the discrepancy with black contours.
If we allow for large Yukawa couplings, heavy scalars of
Oð1Þ TeV can explain the muon g − 2 discrepancy.
Furthermore the product ρμτe ρ

τμ
e λ5 must be negative to

obtain a positive contribution to Δaμ. In summary, we find
that the parameters relevant for Δaμ are ρ

μτ
e ρ

τμ
e , mA and λ5.

It is noted that the τ mass enhanced g − 2 contribution
picks up the SUð2ÞL-breaking effect and is proportional
to m−4

A .
The charged Higgs mass is set to mH� ¼ mA ðmH� ¼

mHÞ for λ5 ≥ 0 (λ5 ≤ 0) to respect the constraints
from electroweak oblique parameters [65] and vacuum

FIG. 2. The black contours show the value of ρμτe ρτμe to explain
the central value of αμ in the mA vs. λ5 plane. The blue region is
excluded by the lepton flavor universality of τ decays. The orange
region corresponds to Γϕ=mϕ ≥ 30%. The purple contours depict
the cutoff scale of the model.

7We also include non-mτ enhanced terms of the neutral scalar
loop diagram numerically, however their impact is small in our
case. The H�-loop contribution does not have an mτ enhance-
ment and thus its numerical impact is also small.
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stability [66,67]. The size of the couplings is bounded from
above by the requirement that the theory remains pertur-
bative, we hence choose jλij ≤ 4π and jρμτe j ≤

ffiffiffiffiffiffi
4π

p
[45].

Furthermore, the perturbative unitarity condition for which
we require tree-level unitarity of 2 → 2 processes is
imposed [68–70]. Even if the couplings satisfy those
constraints at the mass scale of the additional scalars,
renormalization group (RG) running effects alter them and
the theory would become nonperturbative at a high energy
scale with Oð1Þ couplings.8 To quantify this, we solve the
coupled RG equations (RGEs) for the β functions of
the SM third generation fermion Yukawa couplings, λi,
ρμτe and ρτμe , and then determine the cutoff scale, ΛLP, where
LP stands for Landau pole.9 These conditions imply the
existence of an upper mass limit for the heavy scalars. In
Fig. 2 dash-dotted, dashed and dotted lines in purple depict
ΛLP ¼ 30 TeV, 10 TeVand 5 TeV. It is observed that if we
require the theory to be perturbative up to 30 (5) TeV, the
upper limit on the scalar mass is given as

mA ≤ 1250ð1650Þ GeV: ð8Þ

The large λ5 case is constrained by the 2 → 2 unitarity
bound while the small λ5 region is disfavored by the
unitarity constraint on the RGE-evolved Yukawa couplings.
The presence of a charged Higgs with a sizable product

of the relevant Yukawa couplings can modify the decay rate
of τ → μνν̄. Following Ref. [44], lepton flavor universality
in τ decays puts an upper limit on the interaction:

���� ρ
μτ
e ρ

τμ
e

1.9

����
�
700 GeV
mH�

�
2

≤ 1: ð9Þ

The corresponding exclusion is shown in blue in Fig. 2.10

Furthermore the one-loop corrections to Z and Higgs boson
couplings to ττ̄ and μμ̄ are known to be less constraining.
Since we are interested in the collider sensitivity utilizing

resonant production of the new scalars ϕ ¼ A, H, their
width-to-mass ratio is important. This ratio is approxi-
mately given as Γϕ=mϕ ∼ jρμτe j2 × 4%. We assume that the
narrow width approximation is valid up to 30%. The
parameter region which predicts Γϕ=mϕ ≥ 30% is shown
in orange in Fig. 2. Depending on the desired accuracy
for LHC cross-section predictions, a more conservative
limit on the validity of the narrow width approximation
may be in order. However, since the cross section is a
steeply falling function of mA, as seen in the left panels
of Figs. 3 and 4, and we are interested in the collider reach
in terms of the mass mA, even a somewhat imprecise
prediction of the cross section using the narrow width
approximation will yield sufficiently precise results for the
(HL/HE-)LHC reach.

FIG. 3. Left: fiducial cross section of μ�μ�τ∓h τ
∓
h via electroweak HA production at a 14 TeV pp collider, as a function of mA in GeV.

The horizontal gray lines correspond to the sensitivities with different luminosities. Right: the collider sensitivities are overlaid on Fig. 2.
The cyan region can be tested with 3 ab−1 of the electroweak pair production, while the magenta region can additionally be probed by
including the single production channel. The blue and orange regions and purple contours are the same as in Fig. 2. Δaμ ¼ 2.51 × 10−9

is fixed and jρμτe j ¼ jρτμe j is assumed in the figure.

8In order to keep the model under perturbative control,
additional particles and their interactions at the scale ΛLP would
be necessary. Such Oð10 TeVÞ new particles can in principle
contribute to the muon g − 2, however the effect is small since it
scales as 1=m2

ΛLP
. Similarly, they are out of reach of direct LHC

searches. Finally, the contribution of the new particles to the beta
functions and their impact on the RGE evolution highly depends
on the nature of the new particles, e.g. their coupling structure
and spin.

9See Refs. [45,71] for the β functions. At the initial scale,
we set λ2, λ3 ≪ 1 to maximize the cutoff scale. It is noted that
there are typos in the β functions of Ref. [45].

10The Belle II experiment will improve the sensitivity, how-
ever, a quantitative evaluation is not available [72].
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As shown in Ref. [60] and mentioned in the introduction,
the singlet scalar S is a viable dark matter candidate. In the
early universe S is in thermal equilibrium with the SM
fields through its interaction with the scalar doublets, see
Eq. (3). Note that in Ref. [60] the coupling of S to the SM
Higgs doublet, λS1, has been set to zero and S has no
vacuum expectation value. S then couples only to the new
heavy scalars H�, H, A which serve as μτ-flavored
mediators. It is then possible to explain the relic abundance
with the thermal freeze-out mechanism. Thanks to the Z4

charge assignment, the singlet scalar does not couple to the
nucleon at the tree level, evading the stringent constraints
from direct detection experiments. Similarly, due to the
absence of couplings to SM particles, S is not produced
directly at colliders. However, one-loop Z penguin induced
DM-nucleon scattering can constrain the model. The viable
mass range for S is broad and the next generation experi-
ments are important to probe the interesting parameter
space. More details on the phenomenology of S and its dark
matter interpretation can be found in [60].
We stress that while the explanation of the g − 2 anomaly

in terms of A, H contributions is independent of the
introduction of S and its dark matter interpretation, the
reverse statement is not true. On the one hand, dark matter
stability is guaranteed by the same Z4 symmetry that is
responsible for the lepton flavor-violating coupling struc-
ture of the heavy scalars. On the other hand, since the heavy
scalars serve as mediators between the visible and dark
sectors of the model, their mass and interaction strength
with the SM leptons directly influences the dark matter
phenomenology of the model.
In passing we note that charged scalar pair production is

probed by the left-handed slepton search [73,74]. However,
it is difficult to constrain O(1) TeV H� with BRðH� →
μνÞ ≃ 0.5 even at the HL-LHC.

III. LHC PROBE OF TeV SCALAR SCENARIO

In this section we investigate the LHC sensitivity to our
model. Reference [47] pointed out the smoking-gun sig-
nature μ�μ�τ∓τ∓ via pair production of the heavy neutral
scalars HA, each decaying into μ�τ∓. This signature
violates lepton flavor and is therefore free from irreducible
SM backgrounds. Note that while the final state μ�μ∓τ�τ∓
is produced at comparable rates, the latter is lepton
flavor-conserving and therefore subject to sizeable SM
background from, e.g., ZZ production. The signature
μ�μ∓τ�τ∓ is thus less suitable as a discovery channel—
however in case of a μ�μ�τ∓τ∓ discovery it could
potentially be used to validate the underlying model. In
the present paper we focus on the discovery prospects of the
lepton flavor-violating signature μ�μ�τ∓τ∓.
As a first step we extend the previous study [47] and

evaluate the high luminosity (HL)-LHC reach of the model
based on the electroweak pair production of the scalars.
Reference [47] focused on the weakly-coupled scenario
with jλ5j; jρμτe j; jρτμe j ≤ 1, and thus mA ≤ 700 GeV was
considered. It was argued that the very distinctive
μ�μ�τ∓τ∓ final state via decays of an electroweakly
produced pair of neutral scalars is useful to test the model
and it was shown that 139 fb−1 of the data can probe the
scenario with mA ≲ 500 GeV. The electroweak production
cross section depends only on the heavy scalar masses.
Throughout our analysis, we use MADGRAPH5_aMC@NLO

[75] with NNPDF3.1luxQED [76] to calculate the signal
cross sections. To account for the minimal kinematic cuts,
jpμ

T j, jpτ
T j ≥ 20 GeV, jημj, jητj ≤ 2.7, and ΔR ≥ 0.1 are

imposed for all pairs of charged leptons. We assume a
hadronic τ-tagging efficiency of 70% [77] and the hadronic
τ decay branching ratio of about 65% [65]. It is noted that
an excellent τ charge reconstruction is reported in Ref. [78].

FIG. 4. Left: fiducial cross section of μ�μ�τ∓h τ
∓
h via electroweak HA production as a function of mA in GeV. The colored lines show

the model prediction at a 27 TeV pp collider. The horizontal gray lines correspond to the sensitivities with different luminosities. Right:
the cyan region shows the sensitivity of the HE-LHC based on HA production. The magenta region can additionally be probed by
including single production. The gray region displays the sensitivity of the HL-LHC. See also the caption in Figs. 2 and 3.
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Our signal of same sign μ�μ� and τ∓τ∓ pairs of which
μ�τ∓ forms a resonance is very distinctive. Specifically,
due to the resonance structure, the final-state leptons
are very energetic. Therefore we can safely assume
the SM background (SMBG) to be negligible.11 In this
situation Poisson statistics is applicable and the sensitivity
at 95% confidence level is given when ≃3 signal events are
predicted, if no events are observed in the data. The
additional decay channels H → W�H∓ and A → HZ open
in the case of large mass differences.12 However, such large
mass splittings are difficult for Oð1Þ TeV scalars. We
numerically included this dilution effect.
Interpreting the DM candidate S as the relic of a thermal

freeze-out [60] requires a nonvanishing portal interaction
between the Higgs doublets and S in Eq. (3),

V ⊃ κðH†
1H2ÞS2 þ H:c: ð10Þ

This coupling induces the invisible scalar decay ϕ → SS,
where ϕ ¼ H, A. In turn this would suppress BRðϕ → μτÞ
and hence reduce the μ�μ�τ∓h τ

∓
h signal number. However,

BRðϕ → μτÞ is proportional to mϕ while BRðϕ → SSÞ is
proportional to m−1

ϕ because of the dimensionful coupling
κv originating from the portal interaction. As a result
BRðϕ → SSÞ is suppressed in the heavy scalar regime
and BRðϕ → μτÞ ≃ 1 holds well. Therefore the μ�μ�τ∓τ∓
mode remains a viable and important probe of the model
also in the presence of the DM candidate S, underlining the
broad applicability of this search channel. It is noted that
the relic abundance requires κ of Oð0.1Þ and hence its
presence does not have a significant impact on the
phenomenology discussed in the present paper.
The colored contours in Fig. 3 (left) show the fiducial

μ�μ�τ∓h τ
∓
h cross sections based on the electroweak HA

production with
ffiffiffi
s

p ¼ 14 TeV. The horizontal lines cor-
respond to the sensitivity for integrated luminosities of
139 fb−1, 1 ab−1, and 3 ab−1, and correspond to cross
sections of 0.02 fb, 0.003 fb, and 0.001 fb, respectively. For
these cross sections ≃3 signal events are expected at the
respective integrated luminosities so that an exclusion at
95% confidence level can be obtained in the absence of
signal.
Therefore, the HL-LHC data of 1 ab−1 and 3 ab−1 would

be sensitive to mass scales of mA ≃ 800 GeV and
mA ≃ 960 GeV. It is worth mentioning that the pair
production channel is powerful since once the neutral
scalars are produced they dominantly decay into μτ, as
long as a sizable τ-mass enhanced contribution to aμ is

postulated. Nevertheless there is a mass gap between the
sensitivity and the theoretical upper limit of Eq. (8). The
loss of sensitivity for larger mA mainly comes from two
factors: the contributing coupling constant is a weak gauge
coupling which is independent of Δaμ and the production
cross section is suppressed by the heaviness of the pair-
produced scalars.
One possible way to extend the LHC reach to our model

is to include the single heavy scalar production channels
corresponding to the middle and right diagrams of Fig. 1.
Especially for Oð1Þ TeV leptophilic particles the inclusion
of the photon initiated process is important [51]. Again,
following the procedure in Ref. [41] we assume the SMBG
to be negligible. There are two terms in the single scalar
production amplitude to generate μ�μ�τ∓τ∓ events. One is
proportional to ðjρμτe j2 þ jρτμe j2Þ which vanishes in the
mA ¼ mH limit. On the other hand the term proportional
to ρμτe ρ

τμ
e does not disappear in this limit. Since the m−4

A
scaling in Eq. (7) requires a large product of the LFV
Yukawa couplings and the first term is suppressed by the
mass difference, the second contribution will be important
for Oð1Þ TeV scalars.
In Fig. 3 (right) we overlay the collider sensitivity in the

mA vs. λ5 plane. The cyan region shows the sensitivity of
the pair production channel. The sensitivity is asymmetric
in λ5, since λ5 ≥ 0 corresponds to mH ≥ mA and thus the
production cross section will be smaller compared to
mH ≤ mA. The magenta regions can additionally be
covered by including also the single scalar production.
We note that there is also a nonresonant signal contribution
which comes from t-channel A=H exchange. Since the
lepton pT in this case is generally small and we are
interested in the high pT region where the BG is negligible,
this contribution is separated and subtracted to evaluate the
sensitivity. We find that the inclusion of the single
production process can improve the experimental reach
by 130 and 60 GeV for jλ5j ≃ 1 and 2, respectively, when
the Yukawa couplings are fixed to explain the central value
of the muon g − 2. This 130 GeV gain approximately
reduces to 90 GeV (50 GeV) when the size of the NP
contribution in g − 2 is reduced by −1σ (−2σ). This still
leaves a gap between the experimental reach and theoretical
upper limit.
In order to further boost the sensitivity to the large-mass

scenario it is important to increase the center of mass
energy from

ffiffiffi
s

p ¼ 14 TeV to, for instance, 27 TeV [79].
The colored lines in Fig. 4 (left) show the fiducial pair
production cross section with

ffiffiffi
s

p ¼ 27 TeV. The hori-
zontal lines correspond to the sensitivity for integrated
luminosities of 300 fb−1, 1 ab−1, and 3 ab−1. Thanks to
the larger center of mass energy we see that 1250
(1550) GeV can be covered with 1 ð3Þ ab−1 of data. It
is noted that the same kinematic cut introduced above has
been applied for simplicity. The sensitivity is shown in
cyan in the right panel.

11Background events come from pp → ZZ → 4τ. We con-
firmed that the contribution is smaller than Oð10−5Þ fb and can
safely be neglected in the resonant regime.

12Note that the decay A → hZ is forbidden by the Z4

symmetry.
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Again the reach of the μ�μ�τ∓τ∓ channel can be
extended by including the single production process.
The magenta regions in Fig. 4 (right) in the right corners
can also be probed. Compared to the sensitivity with

ffiffiffi
s

p ¼
14 TeV shown in gray on the left, the high energy (HE)-
LHC is significantly more sensitive to the heavy scalar
scenario. As a result, we observe that all the theoretically
viable parameter region in Fig. 4 (right) can be covered.
Finally, a comment is in order concerning the impact of

the assumptions on the Yukawa couplings ρμτe , ρτμe entering
our analysis. As mentioned in Sec. II for given scalar
masses mϕ their effect in aμ is maximized for equal
couplings jρμτe j ¼ jρτμe j and we hence restricted our atten-
tion to this limit. While moving away from the equal
coupling scenario decreases Δaμ, the HA pair-production
cross section and the branching ratio into the μ�μ�τ∓h τ

∓
h

final state remain unaffected. As a consequence, for
jρμτe j ≠ jρτμe j the HA pair-production channel becomes
more sensitive to the scalar solution to the g − 2 anomaly
in this model. The single-production cross section, as
discussed above, decomposes into two contributions, the
dominant of which is proportional to the same product
ρμτe ρτμe as Δaμ. The sensitivity of this channel is therefore
independent on the relative size of ρμτe and ρτμe , as long as
Δaμ is fixed. It will on the other hand decrease (increase)
if eventually a smaller (larger) NP contribution to g − 2 is
required.

IV. SUMMARY AND DISCUSSION

The new FNAL experimental data for the muon g − 2 is
consistent with the previously measured value at the
Brookhaven experiment, and the significance of the
long-standing discrepancy now amounts to 4.2σ. In this
article we revisited the collider prospects of the Z4-based
2HDM which can explain the discrepancy using new one-
loop contributions involving τ and neutral scalars. A
distinctive model prediction is the μ�μ�τ∓τ∓ signature
at the LHC. Since the viable parameter space of the model
cannot be fully probed at the LHC with the previously
proposed electroweak scalar pair production, we investi-
gated the impact of the single scalar production. We have
shown that the latter mode helps to extend the reach for the
Oð1Þ TeV scalar solution of the muon g − 2 discrepancy.
For instance, the HL-LHC with 3 ab−1 can test up to
mA ¼ 1100 GeV. We also examined the search potential at
the HE-LHC and showed that increasing the center of the

mass energy is crucial to fully probe our scenario. While
the model can also explain the DM relic abundance, the
reach of the proposed search does not depend on the DM
interpretation.
In this article we did not discussH�ϕ production. Due to

a combinatorial factor the cross section is four times larger
than the one of HA pair production [47]. The final state
contains three charged leptons 2τ þ μ or 2μþ τ and a
neutrino at parton level, with their relative rates depending
on the ratio of jρμτe j2 and jρτμe j2 [46]. HenceH�ϕ production
is expected to have better sensitivity to jρτμe j2. Allowing for
an imbalance in the couplings, ρτμe < ρμτe , while keeping the
product ρτμe ρ

μτ
e fixed, will thus decrease the LHC sensitivity

to the g − 2 solution in H�ϕ production. At the same time
the required larger value of ρμτe also lowers the cut-off scale
ΛLP of the theory. Note that the single scalar production
cross section, being proportional to ðjρμτe j2 þ jρτμe j2Þ, is
enhanced in this case. Thus, the signal discussed here is
more universal. Combining those various search channels
to further enhance the sensitivity would be an interesting
future direction.
Motivated by the muon g − 2 discrepancy, we focused on

the 2HDM with μτ LFV couplings. While the eμ- and eτ-
philic scenarios lack such motivation, LFV particles can be
a viable DM mediator and they predict a similar collider
phenomenology. Especially the eμ case is attractive in this
respect, since the particle reconstruction is easier and the
fiducial cross section via electroweak pair production is
larger by a factor of five since the hadronic τ decay
branching ratio and tagging efficiency no longer reduce
the signal rate. This means that the relevant cross sections
can be obtained from Fig. 3 and Fig. 4 by lifting the
predictions by a factor of five.
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