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The new measurement of the W boson mass performed by the CDF experiment at the Tevatron shows a
significant deviation not only with the expectation in the Standard Model but also with other precision
measurements performed at LEP, the Tevatron, and the LHC. We nevertheless take this newmeasurement at
face value and interpret it as an effect of new physics. We particularly try to link it with other possible
anomalies such as the recent muon g − 2 and consider a scenario that addresses some shortcomings of the
Standard Model. We show that a version of a model with two doublets and a light pseudoscalar Higgs
fields, supplemented by a stable isosinglet fermion, can simultaneously explain the possible MW and
ðg − 2Þμ anomalies and accounts for the weakly interacting massive particle that could be responsible of the
dark matter in the universe.
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I. INTRODUCTION

The CDF experiment at the Tevatron has recently
released a new measurement of the W boson mass [1]

MW ¼ 80.4335� 0.0094 GeV: ð1Þ
On the one hand, the combined statistical and systematical
errors on this new measurement is smaller than that of the
current world average value obtained when combining all
former measurements from LEP, Tevatron, and the LHC,
MW ¼ 80.379� 0.012 GeV [2]. The central value of this
average is more than 50 MeV lower than the CDF new
value and, when one combines all available data, one
obtains MW ¼ 80.4133� 0.0080 GeV [3].
On the other hand, the new CDF value deviates from the

expectation in the Standard Model (SM), as a recent global
fit of all electroweak precision data gives [4]

MW ¼ 80.3545� 0.0057 GeV; ð2Þ
and this deviation from the theoretical prediction is huge,
slightly more than 7σ. Even if one compares the prediction

with the new averaged MW value, the deviation is still at a
very high level [3]. This new and unexpected development
calls for great caution and confirmation (as it is customary
to say, extraordinary claims require an extraordinary
evidence) and, at least, a careful understanding of the
differences between the various measurements is manda-
tory before any firm conclusion is made.
Nevertheless, as the main mission of a particle theorist is

to interpret the experimental data without any qualms, one
should take this new result at face value, put it in
perspective and interpret it in the context of physics beyond
the SM and/or infer its possible implications, as it was
already done in many very recent analyses [5,6]. In
particular, one should at least try to relate it to other
observed anomalies and embed it in model extensions that
address important shortcomings of the SM.
It would be particularly welcome if the newMW value is

connected with another recent discrepancy also observed at
Fermilab, the one affecting the muon anomalous magnetic
moment released a year ago by the Muon g–2 collaboration
[7] and which exhibits a 4.2σ deviation from the SM
expectation. There are also standing anomalies, albeit
weaker, occurring in B-meson observables and some of
them are also associated with muons, e.g., the semileptonic
b → sμþμ− decay rate [8].
In fact, in a recent paper [9], we correlated the above two

anomalies in the context of a new physics model that also
addresses a main concern of the SM, namely its inability to
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account for the dark matter (DM) in the universe. The
model is based on an extension of the SM Higgs sector to
contain two Higgs doublet fields and a light pseudoscalar a
state with enhanced couplings to muons [10–12]. This
particle then minimally couples to an additional SU(2)
isosinglet fermion which is assumed to be stable and forms
the DM.We have shown that a version of a 2HDþ amodel
can cope with all existing constraints from collider and
astroparticle physics and, at the same time, explains the
deviations observed in the measurement of ðg − 2Þμ and
BRðb → sμþμ−Þ.
In this note, we reconsider this 2HDþ amodel and relax

an assumption made to ease the numerical analysis, namely
that the heavier Higgs—the CP-even H, CP-odd A. and
two charged H�—states are degenerate in mass to comply
with electroweak precision data [13]. This will not affect
the aspects related to DM and flavor physics, but introduces
a correction to the ρ parameter that modifies the W mass
value. Wewill show that the parameters of the model can be
chosen in such a way that the CDF measurement is
recovered without significantly impacting the other observ-
ables including the ðg − 2Þμ excess and allowing for a good
DM candidate.
In the next section, we summarize our model and present

two benchmarks in which the ðg − 2Þμ excess is resolved
with collider and astroparticle physics constraints satisfied.
In Sec. III, we discuss new contributions to MW and show
that the CDF value is reproduced in these benchmarks.
A conclusion is given in Sec. IV.

II. THE 2HD+A MODEL AND DARK MATTER

Models with two-Higgs doublet (2HDM) fields H1

and H2, acquiring nonzero expectation values v1 and v2
with

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v21 þ v22

p
¼ v ≃ 246 GeV and a ratio denoted by

tan β ¼ v1=v2, are interesting and widely discussed exten-
sions of the SM [14]. They lead to a richer Higgs spectrum
consisting of two CP-even h, H bosons, with h assumed to
be the state with a mass of 125 GeVobserved at the LHC, a
CP-odd A0 and two charged H� bosons.
The presence of a Z2 symmetry in the scalar sector is

very often assumed to automatically prevent the emergence
of tree-level flavor changing neutral currents. The 2HDM
scalar potential in this case is given by:

V2HDM ¼ m2
1Φ

†
1Φ1 þm2

2Φ
†
2Φ2 −m2

3ðΦ†
1Φ2 þ H:c:Þ

þ 1

2
λ1ðΦ†

1Φ1Þ2 þ
1

2
λ2ðΦ†

2Φ2Þ2

þ 1

2
λ5ððΦ†

1Φ2Þ þ H:c:Þ
þ λ3ðΦ†

1Φ1ÞðΦ†
2Φ2Þ þ λ4ðΦ†

1Φ2ÞðΦ†
2Φ1Þ: ð3Þ

However, to accommodate the presence of DM in a
viable way, we will consider in this work a Z2 symmetric

2HDM sector extended with a light pseudoscalar singlet
field a0. The scalar potential of this 2HDþ a model is the
2HDM one given above supplemented by the terms

V2HDþa ¼ V2HDM þ 1

2
m2

a0a
2
0 þ

λa
4
a40

þ κðia0Φ†
1Φ2 þ H:c:Þ þ λ1Pa20Φ

†
1Φ1

þ λ2Pa20Φ
†
2Φ2: ð4Þ

TheA0 anda0 statesmix to give themass eigenstatesA anda;
the mixing angle θ is defined by tan 2θ ¼ 2κv=ðM2

A −M2
aÞ,

with κ the coefficient of the term coupling the two Higgs
doublets with the singlet. Note that for MA ≫ Ma and a
strong mixing sin 2θ ≈ 1, there is an upper bound from the
requirement of perturbative unitarity in Higgs scattering
amplitudes, MA ≲ 1.4 TeV [11].
Using the mixing angle α that diagonalizes the CP-even

h andH mass matrix, which in the alignment limit becomes
α ¼ β − π

2
, and the abbreviation M2 ¼ 2m2

3= sin 2β, the
2HDM quartic couplings λi¼1;5 can be reexpressed in terms
of the physical Higgs masses as

λ1 ¼
1

v2

�
− tan2 βM2 þ sin2 α

cos2 β
M2

h þ
cos2 α
cos2 β

M2
H

�
;

λ2 ¼
1

v2

�
−

1

tan2 β
M2 þ cos2 α

sin2 β
M2

h þ
sin2 α
sin2 β

M2
H

�
;

λ3 ¼
1

v2

�
−M2 þ 2M2

H� þ sin 2α
2 sin β

ðM2
H −M2

hÞ
�
;

λ4 ¼
1

v2
ðM2 þM2

A cos
2 θ þM2

a sin2 θ − 2M2
H�Þ;

λ5 ¼
1

v2
ðM2 −M2

A cos
2 θ −M2

a sin2 θÞ: ð5Þ

This CP-conserving and Z2 symmetric 2HDþ a model
is then characterized by the following set of input param-
eters: the five Higgs massesMh,MH,MH� ,MA andMa, the
mixing angles θ among the a, A and α among the CP-even
h, H states, tan β and three parameters of the scalar
potential which enter only in the self-couplings among
the Higgs bosons. The only requirement we will make on
these last parameters is that they should lead to a very small
coupling among the haa states, λhaa ≲ 10−3.
We turn now to the Higgs couplings to fermions, which

should be special in order to explain the ðg − 2Þμ anomaly in
this 2HDþ a model that also accommodates DM (for an
explanation of ðg − 2Þμ alone, one can consider more
elaborate 2HDMs such as a flavor aligned one [15] or exotic
nonflavor aligned realizations [16]; see also Ref. [17]).
In the Z2 symmetric realization of the 2HDM, these cou-

plings are proportional to the SM Higgs Yukawa couplings.
In the alignment limit in which the hff couplings (nor-
malized to the SM Higgs couplings [18]) are SM-like,
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ghff ¼ 1 as indicated by LHC Higgs data [19], the other
Higgs couplings to fermions are such that gHff ¼ gA0ff ¼
ξf with the coefficients jξfj ¼ tan β or cot β depending on
the considered 2HDM type [14]. Only four configurations,
dubbed Type-I, Type-II, Type-X, and Type-Y, properly
describe these couplings.
In our 2HDþ a model, one can choose a similar Z2

symmetric realization as in the 2HDM above. In the limit
ghff ¼ 1, the neutral Higgs couplings to fermions become

gHff ¼ ξf; gAff ¼ cosθξf; gaff ¼ − sinθξf; ð6Þ

with the coefficients jξfj ¼ tan β or cot β depending on the
type of the considered 2HDM [14]. As can be seen, the CP-
even states have the same couplings as in the 2HDM while
the CP-odd state A has analogous couplings as the one of
the 2HDM but scaled by a factor cos θ. In the absence of
mixing, θ → 0, the two couplings will coincide. In this
limit, the additional a state will become a pure SM singlet.
We can thus also define four types of 2HDþ a models
(I, II, X, and Y) as in the conventional 2HDM.
In our present case, as we need enhanced couplings to

the isospin − 1
2
muons to explain the ðg − 2Þμ excess, we

will discuss only the so-called Type-II scenario with jξτj ¼
jξbj ¼ 1=jξtj ¼ tan β and the lepton–specific or Type-X
scenario with jξτj ¼ 1=jξbj ¼ 1=jξtj ¼ tan β. In both cases
the nonstandard Higgs states will have strongly enhanced
couplings to charged leptons for values tan β ≫ 1 and, in
Type-II, also to bottom quarks.
The original motivation of a 2HDM plus a light

pseudoscalar is that it allows to induce a gauge invariant
interaction between the gauge singlet a and pairs of SM
fermions, and through the mixing with the A state, to pairs
of the fermionic singlet χ which is assumed to be stable and
forms the DM. As χ is a SM singlet, it does not couple to
gauge bosons and couples to Higgs bosons only in pairs. In
particular, there are no χ couplings to the CP-even h, H
bosons while its couplings to the two pseudoscalar Higgs
bosons is given by [9]

LDM ¼ gχðcos θaþ sin θAÞχ̄iγ5χ: ð7Þ

In the next section we summarize the main relevant features
of such a model.

III. FIT OF G-2 AND CONSTRAINTS

Following Ref. [9], to explain the excess observed at
Fermilab in the measurement of Δaμ ¼ ðg − 2Þμ, we
consider a 2HDþ a model in which the 2HDM bosons
except for h have masses above a few hundred GeV while
the pseudoscalar boson a is light, with a mass below
100 GeV, and has a strong coupling gaμμ to muons. The new
physics contribution toΔaμ is then mostly accounted for by

one-loop and two-loop diagrams with the exchange of this
a state, such as the ones shown in Fig. 1.
The corresponding contributions can be written as [20]

Δa1−loopμ ≈−
α

8πsin2θW

m4
μ

M2
WM

2
a
g2aμμ

�
log

�
M2

a

m2
μ

�
−
11

6

�
;

Δa2−Loopμ ¼ α2

8π2sin2θW

m2
μ

M2
W
gaμμ

X
f

gaffN
f
cQf

m2
f

M2
a
F

�
m2

f

M2
a

�
;

FðrÞ ¼
Z

1

0

dx
logðrÞ− log½xð1− xÞ�

r− xð1− rÞ : ð8Þ

where one includes in the last term only the contributions of
the heavy third generation t, b, τ fermions with mass mf,
electric charge Qf, and color number Nf

c.
As evident from the previous expressions, both the

1-loop and 2-loop contributions to Δaμ should be
accounted for, since the latter features an m2

f=m
2
μ enhance-

ment which can compensate the suppression due to the
additional power in the electroweak coupling. A viable fit
of the ðg − 2Þμ anomaly is obtained for a light Ma, of the
order of 10 GeV, with a substantial doublet component, i.e.,
sin θ ≳ 0.5, and enhanced couplings to muons, hence for
the Type-II or Type-X configurations for the Yukawa
couplings. The other nonstandard Higgs bosons, which
have been assumed to be heavy, also contribute to Δaμ via
Barr–Zee type diagrams [20] but only marginally. We have
included such contributions in our numerical computation
but, for shortness, we do not report here the corresponding
lengthy analytical expressions.
Nevertheless, to be viable, the model has to obey several

rather stringent constraints. It has first to fulfill several
theoretical constraints, in particular the ones on the various
quartic couplings of the 2HDþ a scalar potential given in
Eq. (4) that we briefly summarize below (for more details
see, e.g., Refs. [21–23]).
Using the relations between the quartic couplings and

the Higgs masses displayed in Eq. (5), one can describe
the 2HDþ a model by adopting the set of parameters
ðMh;MH;MH� ;MA;Ma;M; λ1P; λ2P; λa; sin θÞ. For theo-
retical consistency, the latter are first subject to the require-
ment that the scalar potential is bounded from below which
leads to the constraints

FIG. 1. Generic Feynman diagrams responsible for the one-
loop (left) and two-loop (right) contributions of a neutral
pseudoscalar Higgs boson to the ðg − 2Þμ.
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λ1 > 0; λ2 > 0; λa > 0;ffiffiffiffiffiffiffiffiffi
λ1λ2

p
þ λ3 þmin ð0; λ4 − jλ5jÞ > 0;ffiffiffiffiffiffiffiffiffi

λ1λa
2

r
þ λ1P > 0;

ffiffiffiffiffiffiffiffiffi
λ2λa
2

r
þ λ2P > 0;

ffiffiffiffiffi
λ1

p
λ1P þ

ffiffiffiffiffi
λ2

p
λ2P ≥ 0: ð9Þ

In addition, there is the requirement of perturbative
unitarity that leads to the following bounds on the
couplings

jxij < 8π; jλ1;2Pj < 4π; jλ3 � λ4j < 4π;���� 12 ðλ1 þ λ2 �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðλ1 − λ2Þ2 þ 4λ24

q
Þ
���� < 8π;

���� 12 ðλ1 þ λ2 �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðλ1 − λ2Þ2 þ 4λ25

q
Þ
���� < 8π;

jλ3 þ 2λ4 � 3λ5j < 8π; jλ3 � λ5j < 8π; ð10Þ

where the xi’s are the solutions of the equation

0 ¼ x3 − 3ðλa þ λ1 þ λ2Þx2 þ ð9λ1λa þ 9λ2λa

− 4λ21P − 4λ22P − 4λ23 − 4λ3λ4 − λ24 þ 9λ1λ2Þx
þ 12λ22Pλ1 þ 12λ21Pλ2 − 16λ1Pλ2Pλ3 − 8λ1Pλ2Pλ4

þ ð−27λ1λ2 þ 12λ23 þ 12λ3λ4 þ 3λ24Þλa: ð11Þ

Bounds like the ones given in Eqs. (9) and (10) will
constrain the mass splitting among the different Higgs
bosons and will thus, as will be seen in the next section,
have an impact on the interpretation of the MW anomaly.
Together with these theoretical constraints, potential

collider constraints should also be accounted for. Most
of the constraints on the signal strength of the 125 Higgs
boson h [19] are avoided by limiting the deviations from
the alignment limit, α ¼ β − π

2
. However, even in this limit,

the h total decay width is modified by the decay h → aa
when kinematically accessible. To ensure that BRðh → aaÞ
does not exceed the experimental limit, one has to impose
constraints on the 2HDþ a scalar potential such that the
resulting haa coupling is small enough.
Moving to the masses and couplings of the extra heavy

Higgs states of the model, we have different constraints
from LHC searches depending on the configurations of the
Yukawa couplings, namely, the Type-II or Type-X.
In the case of the Type-II scenario, there are strong limits

from the search of the H;A;H� states at the LHC [24,25].
In the limit MA ≈MH ≈MH� one can adapt to the present
2HDþ a case the constraints on the ½MA; tan β� parameter
plane derived in the context of the MSSM [26]. In this
latter case, values tan β ≳ 10 are excluded forMH ¼ MA ≲
1 TeV from pp → H=A → τþτ− searches [24], while
values tan β ≳ 30 are excluded by pp → H� → tb searches

forMH� ≲ 700 GeV [25]. The latter searches also excludes
low values of tan β, namely ≲2 for MH� ≲ 1.2 TeV.
However, in our case, given the presence of additional
decay channels such as H → aa, A → ah, H → Za, and
H� → aW, we expect weaker limits than in the MSSM. In
Ref. [9], it has been found that a value MA ≳ 1 TeV would
allow for high enough values of tan β to be compatible with
a fit of ðg − 2Þμ.
Besides limits from heavy resonances, one has to cope as

well with the constraint from a light a decaying into muon
pairs [27] which has a large production times decay rate,
σðpp → a → μþμ−Þ at high tan β [27,28]. In the large tan β
regime, preferred by g − 2), only a narrow window of
values of Ma, around 10 GeV, would survive.
In summary, within a Type-II Yukawa configuration, a

viable interpretation of the ðg − 2Þμ anomaly can be
achieved only in very constrained regions of the parameters
spaces which would be soon probed by a further increase of
the sensitivity of collider searches.
A viable fit of ðg − 2Þμ is much easier to achieve in the

case of the Type-X scenario. Thanks to the suppressed
coupling with all quarks at high tan β, the aforementioned
constraints do not apply. Other searches, such as heavy
Higgs production in pairs, pp → HA;HþH− with possibly
exotic Higgs decays into a gauge and a lighter Higgs boson
would be required; for a recent discussion, see, e.g.,
Ref. [29]. In any case, masses of a few hundred GeV
for the H;A;H� states are still allowed in this configura-
tion. On should note that for a light a state, severe
constraints on the Type-X scenario come also from lepton
universality in Z-boson and τ-lepton decays [2].
Flavor physics is also a relevant source of constraints as

the rate of decays of K mesons and above all, B mesons
[30] are sensitive to the presence of additional Higgs
bosons. In our scenario, the Bs → μþμ− process is par-
ticularly important since it could receive significant
contributions from the light a state, possibly emitted on
mass-shell, with enhanced couplings to muons [31].
Particularly relevant is also, for the Type-II case, the bound
MH� > 570 GeV [32] from the b → sγ radiative decay.
Finally, for what concerns the DM issue, two ingredients

make that the χ state with aOð100 GeVÞmass provides the
correct cosmological relic density as measured by the
PLANCK satellite [33] and chiefly passes the stringent
constraints from experiments in direct detection such as
XENON1T [34] and indirect detection such as FERMI-
LAT [35]. First, χ does not couple to the CP-even h and H
states hence forbidding spin-independent interactions at
tree-level and, second, new χχ annihilation channels
involving the light a are present and allow for an efficient
annihilation into lighter particles.
In the discussion of experimental limits above, a major

assumption has been made to ease numerical analyses,
namely that the heavier Higgs states are degenerate in mass,
MH ¼ MA ¼ MH� , as is naturally the case in models such
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as the MSSM in the decoupling regime [26]. This was the
simplest way to avoid large contributions to electroweak
precision observables [13] and, in particular, theW mass to
which we turn our attention now.

IV. IMPACT ON THE W BOSON MASS

The leading radiative corrections to MW can be approxi-
mated by the one affecting the ρ parameter which measures
the strength of the neutral to the charged currents ratio at
zero-momentum transfer [36],

ΔMW

MW
≃
1

2

M2
W

2M2
W −M2

Z
Δρ ≈

3

4
Δρ;

Δρ ¼ ΠWWð0Þ
M2

W
−
ΠZZð0Þ
M2

Z
; ð12Þ

where ΠVV are the transverse parts of the V ¼ W, Z boson
self-energies. In our 2HDþ a model, the additional con-
tributions due to the extra Higgs states (we ignore the
SM-like contribution of the h boson which is included in
the fit of the SM data) is given, in the alignment limit, by
(see also Ref. [37] in which the contributions in a 2HDM
were first discussed and Ref. [5] in which they were
interpreted in this new MW context):

Δρ ¼ α

16π2M2
Wð1 −M2

W=M
2
ZÞ

½fðM2
H�;M

2
HÞ

þ cos2 θfðM2
H�;M

2
AÞ þ sin2 θfðM2

H�;M
2
aÞ

− cos2 θfðM2
A;M

2
HÞ − sin2 θfðM2

a;M2
HÞ�; ð13Þ

where α is the fine structure constant and θ the Aa mixing
angle. The function f is given by

fðx; yÞ ¼ xþ y −
2xy
x − y

log
x
y
; ð14Þ

and vanishes if the two particles running in the loop are
degenerate in mass fðx; xÞ ¼ 0 while, in the limit of a large
mass splitting, one has fðx; 0Þ ¼ x instead. Hence, in the
case where the members of an SU(2) doublet have masses
that are quite different, contributions which are quadratic in
the mass of the heaviest particle appear.
Let us first evaluate the impact of the new MW meas-

urement in the Type-II benchmark. As discussed in
Refs. [11,12], in Type-II 2HDMs and for large Higgs
masses, only a limited mass splitting between theH=A=H�
states is allowed when one requires compatibility with
theoretical constraints from perturbativity and unitarity
such as those that apply on the quartic couplings of the
scalar potential. This is particularly true when the align-
ment limit, cosðβ − αÞ ¼ 0, is imposed.
In the present case, we will simply consider the minimal

option of a splitting between MA, MH, and MH� , assume
again the alignment limit and perform a scan over the

possible values of MH;MH� and, also varying Ma in the
range of a few 10 GeV and tan β in the perturbative range
allowed for the bottom Yukawa coupling,

Ma ∈ ½10; 100� GeV; tan β ∈ ½1; 60�: ð15Þ

We also account for the theoretical bounds on the couplings
as given by Eqs. (9) and (10). Following Ref. [9], we also
impose BRðh → aaÞ < 0.2 to cope with the LHC con-
straint on invisible decay of the SM-like Higgs boson [38].
The result is shown in Fig. 2 for jMj ¼ MH ¼ MA ¼

1.2 TeV and sin θ ¼ 0.5. As can be seen, almost inde-
pendently from the value of Ma, at least within the
considered range, the CDF measurement can be success-
fully interpreted simply by considering a splitting
MA −MH� ≈ 100–220 GeV. This mass difference has no
impact neither in the new physics contribution to Δaμ,
dominated in this setup by the contribution of the light a
state, nor on the DM observables, since the latter does not
couple to the charged Higgs. The results obtained in
Ref. [9] hence directly apply also in this case.
As already pointed out, the Type-II scenario is severely

constrained by collider data. While our choice ofMA;H and
sin θ allows to avoid bounds from heavy Higgs searches at
the LHC, the parameter space of the model is affected by
the limits from the search of light resonances, which allow
only for values Ma ≳ 75 GeV and a narrow strip around
Ma ≃ 10 GeV. While for Ma ≳ 75 GeV it is still possible
to have a viable interpretation of the CDF anomaly, a
combined explanation of the ðg − 2Þμ would require lighter
a masses. A reasonable fit would be then possible only for
very specific choices and tuning of the model parameter
and would be most probably ruled out by a slight future
increase of the experimental sensitivity.
Moving to the Type-X scenario, a somewhat more

extensive analysis can be conducted. Indeed, theoretical

FIG. 2. Range of values of the difference MA −MH� as a
function of Ma when considering tan β ∈ ½1; 60� and MA ¼
1.2 TeV in Type-II models that account for the deviation in
the value of MW as reported by CDF.
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constraints allow for higher Higgs mass splitting in this
case and, moreover, small deviations from the alignment
limit can be considered. Assuming two fixed values for the
heavy pseudoscalar Higgs state, MA ¼ 300 GeV and
MA ¼ 500 GeV, we have varied the other Higgs sector
parameters in the following ranges

Ma ∈ ½10; 100� GeV; tan β ∈ ½1; 150�;
MH;H� ∈ ½100; 1000� GeV; j cosðβ − αÞj < 0.2;

sin θ ∈ ½0.5; 0.7�: ð16Þ

We display in the panels of Fig. 3, the model points that
are compatible with the various theoretical and experimen-
tal constraints discussed in the previous section and, at the
same time, giving a deviation to Δρ compatible with
the CDF measured MW value. In the left (right) panels,
the input value MA ¼ 300ð500Þ GeV is used.
In the top panels we show the simultaneous values of

MH� −MA and MH� −MH which allow to obtain the
desired contribution to the W boson mass. These include
small MH� values, close to the exclusion limit from the
LEP experiment, MH� ≳MW [2]. The subsequent lower
panels show that a small deviation from the alignment limit,
cosðβ − αÞ ≠ 0, can still account for the CDF MW value
even if the MH� −MA difference is significant.

Furthermore, we have highlighted with different colors
the points which, together with the CDF MW value and the
different constraints, provide a viable fit of the ðg − 2Þμ
anomaly. More specifically, the yellow points are compat-
ible with ðg − 2Þμ at the 2σ level, while the green ones
represent an agreement within 1σ. As can be seen, there are
regions of the 2HDþ a parameter space, with not too large
Higgs mass splittings and close to the decoupling limit, in
which this is indeed possible.
Finally the lower panels show the points complying with

the ðg − 2Þμ anomaly in the ½Ma; tan β� plane. As can be
seen, for MA ¼ 500 GeV, only very few points lead to the
experimentally measured Δaμ at the 1σ level. This is due to
the fact that the bounds from lepton universality in Z and τ
decays exclude most of the viable parameter space, as they
disfavor a too pronounced hierarchy between the light Ma
and heavy MH;A;H� masses. For this reason, setting MA ¼
300 GeV instead, makes it is easier to have a 1σ fit of
ðg − 2Þμ as shown in the figure.
Concerning collider limits, besides h → aa, it has been

shown that searches of heavy and light neutral resonances
decaying into fermions do not affect the scenario under
consideration [9]. However, having relaxed the require-
ments of the H;A;H� mass degeneracy and the alignment
limit, searches of Z=h, H might become relevant as well.
As shown, e.g., in Ref. [39], these will constrain the Type-X
model only at low tan β values, tan β ≲ 10, and hence, do
not affect the combined explanation of theMW and ðg − 2Þμ
anomalies which favors high tan β.
Before closing this discussion, let us note that the

implications for the MW value of the mass splitting of
the scalars in a 2HDM has been also discussed in the series
of papers of Ref. [5] that appeared shortly after the CDF
announcement. Most of these analyses made use of the
Peskin-Takeuchi formalism [40] in which, besides the T
parameter that is equivalent to the Δρ correction, T ∝ Δρ,
and which has the biggest impact, also the S parameter was
considered (the parameter U gives too small contributions
that were neglected in most cases).
While we qualitatively agree with the results of Refs. [5],

the situation is more complicated in our case since we have
the additional contribution of the light a state which,
from the start, has a very large mass splitting compared
to MA, MH, and MH� . The presence of this light a boson
will require a slightly smaller mass splitting MH −MH�

and MA −MH� to comply with the new MW value,
compared to the 2HDM case.
Finally, to conclude our analysis with an explicit

illustration, we show in Fig. 4 the correlation between
the deviations of the CDF MW and the muon (g − 2)
measurements from the SM expectation using the
S, T, U formalism. We display the Type-X model points
(for simplicity we considered just theMA ¼ 300 GeV case)
in the ½T;Δaμ=ð10−11Þ� plane, with aμ ¼ 1

2
ðg − 2Þμ.

FIG. 3. Outcome of the scans of the Type-X 2HDþ a parameter
space in the planes, from top to bottom, ½MH� −MH;MH� −MA�,
½cosðβ − αÞ;MH� −MA� and ½Ma; tan β� when fixing the input
values MA ¼ 300 GeV (left column) and MA ¼ 500 GeV (right
column). The green (yellow) points provide a fit within 1ð2Þσ of the
ðg − 2Þμ anomaly.
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The figure highlights the 1σ (in green) and 2σ (in yellow)
horizontal regions corresponding to the ðg − 2Þμ anomaly
and, as a vertical band depicted in orange, the range of
values of the T parameter

T ∈ ½0.16; 0.21�; ð17Þ

which has been proposed in Ref. [41] to explain the CDF
measurement of MW . As can be seen, it is in general rather
difficult to simultaneously accommodate the CDF MW and
the Fermilab ðg − 2Þμ measured values, but a nonzero
overlapping region nevertheless exists.

V. CONCLUSIONS

The new measurement of the W mass reported by the
CDF collaboration features a large deviation from the
theoretical expectation in the SM, but is also widely

different from previous measurements made at LEP, the
Tevatron and LHC. While a detailed and careful analysis of
the various systematical errors that affect the different MW
measurements is required before drawing a definite con-
clusion, one can nevertheless speculate about the possibil-
ity that this deviation could be due to new physics beyond
the SM and, eventually, relate it to additional anomalies
observed in other measurements.
In this paper, we have considered a two Higgs doublet

model supplemented by a light pseudoscalar Higgs boson
to which we add a new stable singlet fermion to account for
the dark matter. Two Z2 symmetric configurations have
been considered for the Yukawa couplings of the Higgs
bosons and both of them allow to reproduce the MW value
measured by CDF, when a nondegeneracy in the masses of
the new heavy Higgs bosons is assumed.
In the case of the Type-II possibility, these masses are

required to be above the TeV scale to avoid the constraints
from LHC Higgs searches. A combined explanation of the
MW and ðg − 2Þμ anomalies is further disfavored by LHC
constraints on searches of light a resonances.
More appealing and viable is, instead, the situation in the

Type-X configuration. The previously mentioned LHC
constraints are indeed avoided and, at high tan β values,
one can obtain a combined explanation of the MW and
ðg − 2Þμ anomalies forMa≃10–20GeVandMA¼300GeV.
If MA is raised to 500 GeV, the agreement of ðg − 2Þμ with
experiment occurs only at the 2σ level.
The considered scenarios comply with B-meson physics

constraints and allow to accommodate a DM candidate
which satisfy the cosmological requirements and pass all
constraints from current astrophysical searches.
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