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1. Introduction

Neutrino oscillations have long proven that neutrinos are mas-

sive particles and that the individual lepton numbers Le,µ,τ are vi-
olated in nature. This by itself unavoidably induces charged-lepton 
flavor violation (LFV), but is unfortunately suppressed by powers of 
the minuscule neutrino mass Mν [1]. With the possible exception 
of neutrinoless double-beta decay (0νββ) [2], all such neutrino-
mass induced LFV is rendered unobservable with currently imag-

inable technology.
However, many neutrino-mass models also induce LFV pro-

cesses with amplitudes unsuppressed by Mν , with rates potentially 
in the observable range. Definite predictions are hindered by our 
lack of knowledge about the masses of the new particles and their 
couplings, typically not uniquely fixed by the neutrino masses. 
Only by fixing the new masses and couplings by tying them to 
other observables beyond the Standard Model (SM), e.g. anomalies, 
dark matter, or baryogenesis, can we hope to obtain testable pre-
dictions for LFV that allow for model falsification and goal posts 
for experimental sensitivities.

In this article, we perform a study along these lines for the Zee 
model [3,4]. Here, the SM is extended by a second scalar SU (2)L
doublet and a charged singlet scalar, which leads to one-loop Ma-

jorana neutrino masses. The loop suppression already forces the 
new masses to be smaller than in tree-level neutrino-mass mod-

els, but still hopelessly out of range of LFV experiments in the 
worst-case scenario. If we demand the new scalars to explain the 
long-standing anomaly in the muon’s magnetic moment, however, 
we generically expect testable LFV, as we will quantify below.

* Corresponding author.
E-mail addresses: heeck@virginia.edu (J. Heeck), wtd8kz@virginia.edu (A. Thapa).

The anomalous magnetic moment of the muon, aµ ≡ (g −
2)µ/2, is a precisely calculated quantity in the SM [5], equally 
precisely measured at BNL [6] and Fermilab [7]. Experiment and 
theory deviate by 4.2σ , strongly hinting at a required new-physics 
contribution

�aµ = (2.51± 0.59) × 10−9 . (1)

Despite its existence for well over a decade [6], the status of this 
anomaly is not settled yet, with recent lattice-QCD measurements 
casting doubt on the SM prediction or at least its uncertainty [8]. 
With no consensus yet in the community on this issue, we will 
take the deviation in Eq. (1) at face value and explore its resolution 
within the Zee model.

An even more significant deviation from an SM prediction was 
recently reported by the CDF collaboration [9] in their legacy mea-

surement of the W -boson mass:

MCDF
W = (80.4335± 0.0094) GeV . (2)

This exceeds the similarly-precise SM prediction [10] by an aston-
ishing 7σ and has led to a flurry of activity regarding possible res-
olutions, including appeals to new physics. The Zee model under 
consideration here is capable of ameliorating this CDF anomaly [11,

12] and we will study the relevant parameter space below.

In the remainder of this article we will show how the Zee-
model explanation of aµ and MW leads to predictions for LFV 
and neutrino observables. We start by reviewing the Zee model in 
Sec. 2 and introduce relevant observables and our parametrization 
in Sec. 3. Our numerical scan of the parameter space is introduced 
in Sec. 4 and we discuss our finding in Sec. 5. We conclude in 
Sec. 6.
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Fig. 1. Radiative neutrino mass diagram in the Zee model.

2. Zee model

The Zee model extends the SM by a charged scalar η+ and a 
second Higgs doublet H2 , with the following relevant interaction 
terms in the Lagrangian

L = −L̄c f Lη+ − ℓ̄Ỹ L H̃1 − ℓ̄Y LH̃2 + µH1H2η
− + h.c., (3)

suppressing flavor and SU (2)L indices. Without loss of generality 
we can rotate the two scalar doublets to the Higgs basis [13], so 
that only H1 acquires a vacuum expectation value, 〈H1〉 ≡ v/

√
2 ≃

174 GeV. Mℓ = Ỹ v/
√
2 is the charged lepton mass matrix, cho-

sen to be diagonal without loss of generality. A similar coupling of 
H1 to quarks yields quark masses and mixing, whereas we neglect 
the H2 coupling to quarks in order to simplify the analysis below. 
For further simplification, we ignore mixing between the CP-even 
neutral scalars in H1 and H2 , i.e. work in the alignment limit. The 
µ term in the Lagrangian will induce a mixing of η+ with the 
charged scalar contained in H2; we denote the mixing angle by φ
and the two mass eigenstates by h+ and H+ , see Ref. [14] for de-
tails. Finally, Y is an arbitrary complex Yukawa matrix while f is 
antisymmetric in flavor space.

The simultaneous presence of f , Y , and µ breaks lepton num-

ber by two units and leads to Majorana neutrino masses at one-
loop level through the diagrams in Fig. 1:

Mν = κ
(

f MℓY + Y T Mℓ f
T
)

, (4)

with κ ≡ (16π2)−1 sin2φ log(m2
h+/m2

H+ ). This Zee-model expres-
sion does not impose any constraints on the form of Mν , i.e. does 
not make predictions about mixing angles or masses. However, as 
we will show below, viable Mν textures unavoidably lead to LFV 
amplitudes unsuppressed by neutrino masses. These arise from the 
couplings Y and f , mediated by the new scalars [15].

3. LFV and other observables

Expressions for LFV rates within the Zee model have long been 
derived in the literature [15–19]. At tree level, these include the 
trilepton decays ℓα → ℓβ ℓ̄γ ℓσ , illustrated in Fig. 2. Current lim-

its and expected near-future sensitivities are collected in Table 1. 
At loop level, we find dipole operators ℓαℓβγ that include the 
desired magnetic moment of the muon but also electric dipole mo-

ments (EDMs) of muon and electron as well as LFV amplitudes 
for µ → eγ and others. In addition to the one-loop diagrams of 
Fig. 2, we also include two-loop Barr–Zee [20,21] contributions. 
The most relevant contributions arise from a photon propagator 
with neutral scalars and charged lepton loop [19,22–25]. Various 
other diagrams involving Z boson, charged scalars instead of lep-
ton loop, and diagrams involving W+W−H1 and H1H2H2 are not 
considered here as they are suppressed. For instance, the contribu-
tion from W+W−H1 and H1H2H2 vanish in the alignment limit, 
and the contribution from charged scalar in the loop can be made 
small by taking the relevant quartic coupling small.

Fig. 2. Top: Feynman diagram leading to LFV ℓα → ℓβγ via the neutral scalar H (or 
A). The same diagram also leads to (g − 2)ℓ for α = β = ℓ. Bottom: Diagram for 
tree-level trilepton decay ℓα → ℓβ ℓ̄γ ℓσ .

Table 1

Current experimental bounds on BR(ℓi → ℓ jγ ), BR(ℓi → ℓkℓmℓn), muonium–

antimuonium conversion P (e−µ+ ↔ e+µ−), µ → e conversion in nuclei, muon 
and electron EDM. All bounds are at 90% C.L. except for µEDM, which is at 
95% C.L. Future sensitivities are given in the last column. There is disagreement 
between experiments for the anomalous magnetic moment of the electron ae: 
(−88 ± 36) × 10−14 [46] and (48 ± 30) × 10−14 [47]; we use the weighted com-

bination shown in the last row.

Present bound Future sensitivity

µ → eγ 4.2× 10−13 [26] 6× 10−14 [27,28]

τ → eγ 3.3× 10−8 [29] 9× 10−9 [30]

τ → µγ 4.4× 10−8 [29] 7× 10−9 [30]

µ → eee 1.0× 10−12 [31] ∼ 10−16 [32,33]

τ → eee 2.7× 10−8 [34] 5× 10−10 [30]

τ → µµµ 2.1× 10−8 [34] 3.5× 10−10 [30]

τ− → e−µ+µ− 2.7× 10−8 [34] 4.5× 10−9 [30]

τ− → µ−e+e− 1.8× 10−8 [34] 3× 10−10 [30]

τ− → e+µ−µ− 1.7× 10−8 [34] 2.5× 10−10 [30]

τ− → µ+e−e− 1.5× 10−8 [34] 2.2× 10−10 [30]

e−µ+ ↔ e+µ− 8.3× 10−11 [35] 2× 10−14 [36]

µ ↔ e [Au] 7× 10−13 [37] −
conv. [Al] − 6× 10−17 [38,39]

µEDM 1.9× 10−19 [40] 6× 10−23 [41,42]

eEDM 1.1× 10−29 [43] ∼ 10−30 [44,45]

�acomb
e (2.8± 2.9) × 10−13 −

In the alignment limit and without H2 couplings to quarks, 
µ → e conversion in nuclei only arises through the same dipole 
operator that generates ℓ → ℓ′γ . As such, we find the relation for 
conversion in aluminum (as relevant for the upcoming COMET and 
Mu2e):

BR(µ → e,Al) ≃ 0.0027 BR(µ → eγ ) , (5)

exhibiting the expected suppression by α ∼ 1/137 [48,49]. Cur-
rently, the best limits on the µ–e dipole operator come from 
µ → eγ in MEG [26], but will eventually be superseded by µ-to-e

conversion in Mu2e [38,39].

Interestingly, the Zee model is not only constrained through 
�|Lα | = 1 LFV processes, but can also generate testable rates for 
the |�Lµ| = |�Le| = 2 process of muonium (M = e−µ+) to an-
timuonium (M̄ = e+µ−) conversion [50–53]. The oscillation prob-
ability was constrained by PSI to P (M ↔ M̄) < 8.3 × 10−11 at 90%
C.L. [35], while a sensitivity at the level of O(10−14) is expected 
in the future [36]. These oscillations place a stringent constraint 
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on the Yukawa couplings Yeµ and Yµe . The oscillation probability 
is given by [53,54]

P (M → M̄) ≃
64α6m6

eτ
2
µ

π2
G2

MM̄
, (6)

with muon lifetime τµ and Wilson coefficient

G2
MM̄

≃ 0.32

∣

∣

∣

∣

3G3

2
+

G45

4

∣

∣

∣

∣

2

+ 0.13

∣

∣

∣

∣

G45

4
− 0.68G3

∣

∣

∣

∣

2

, (7)

with the following coefficients in the alignment limit: [53]

G45 ≡ −
Y ∗2
eµ + Y 2

µe

8
√
2

(

1

m2
H

−
1

m2
A

)

, (8)

G3 ≡ −
Y ∗
eµYµe

8
√
2

(

1

m2
H

+
1

m2
A

)

. (9)

Finally, the mass splitting within the SU (2)L doublet H2 breaks 
the SM’s custodial symmetry and thus changes the relationship be-
tween W and Z boson mass. This can be used to accommodate 
the CDF anomaly. Since we restrict ourselves to masses above the 
electroweak scale, the relevant effects can be parameterized by the 
oblique parameters S and T [55,56], which modify [57]

MW ≃ MSM
W

[

1−
α(S − 2c2W T )

4(c2W − s2W )

]

, (10)

with sW ≡ sin θW and cW ≡ cos θW . Matching the CDF value from 
Eq. (2) fixes one linear combination of S and T ; the orthogonal 
combination is constrained from other electroweak data. Numer-

ous global fits have been performed following the wake of the 
CDF result to identify the preferred region of S and T , here we 
will use the results of Ref. [58], both for the 2σ regions that ex-
plain CDF and those obtained by ignoring the CDF result, dubbed 
PDG. This allows us to see the impact of the CDF result on the 
Zee-model parameter space. Similar results have been obtained in 
other fits [59]. The Zee-model expression for S and T can be found 
in Refs. [15,60] and will not be displayed here.

3.1. Limiting cases without LFV

Before delving into the most general case, let us study limiting 
cases of coupling structures that lead to heavily suppressed or even 
vanishing LFV. First off, let us assume that H2 is much heavier than 
η+ or |Y | ≪ | f |. In that case, η+ will induce the dominant LFV, 
except for the following textures:

• TX-F23: Setting feµ = feτ = 0 eliminates LFV through η+ – 
because we can assign Lτ (η+) = Lµ(η+) = −1 – and predicts 
the one-zero texture Mν

ee = 0, i.e. no 0νββ . However, this re-
quires a specific Y with little freedom to evade LFV through 
H2 except by pushing its mass to high values.

• TX-F13: Similarly, setting feµ = fµτ = 0 eliminates η+ LFV 
and generates Mν

µµ = 0.

• TX-F12: Lastly, setting feτ = fµτ = 0 eliminates η+ LFV and 
generates Mν

ττ = 0.

Additional constraints on η+ can be found in Ref. [61]. Alas, the 
η+ contribution to aµ is unavoidably of the wrong sign, render-
ing these three cases impotent to obtain Eq. (1). Only the scalars 
within H2 can generate the desired sign for aµ and can there-
fore not be pushed to arbitrarily high values. Since the three cases 
above allow for very little freedom in the Y entries, a light H2

might explain aµ but will generate far too large LFV.

A more useful starting point is | f | ≪ |Y | or H2 lighter than 
η+ . In this case, aµ can have the correct sign and LFV will be 
dominated by H2 through Y , see Fig. 2. Once again we can identify 
textures that suppress LFV:

• Diagonal Y : this case is by now excluded because it leads to 
an Mν with three texture zeros, incompatible with oscillation 
data [62]. We therefore unavoidably have off-diagonal entries 
in Y !

• �Lα = 1 LFV decays can be evaded by choosing Y to be of the 
forms

Y E3 =





0 0 0

0 0 Yµτ

0 Yτµ 0



 , (11)

Y B1 =





0 0 Yeτ

0 0 0

Yτe 0 0



 , (12)

Y B2 =





0 Yeµ 0

Yµe 0 0

0 0 Yττ



 , (13)

which give rise to the Mν two-zero textures [63] E3 , B1 , and 
B2 , respectively. The first of these is not compatible with os-
cillation data and thus requires additional entries in Y , which 
unavoidably generate LFV decays. Y B1 can lead to a viable Mν

but does not contain any muon couplings to resolve (g − 2)µ . 
Y B2 on the other hand is compatible with oscillation data and 
has muon couplings that can explain (g − 2)µ . However, de-
spite �Lα = 1 lepton decays being absent for this texture, Y B2

does induce �Lα = 2 muonium–antimuonium conversion as 
well as electron dipole couplings that render it utterly insuf-
ficient to explain (g − 2)µ , essentially because the relevant 
couplings are linked by Yeµ ∼ 70 Yµe , see the appendix for de-
tails.

From the above limiting cases we must conclude that any texture 
of Y that explains (g − 2)µ and gives valid neutrino parameters 
has entries that lead to LFV. As we will see below, the required 
electroweak-scale scalars to explain (g − 2)µ make it nearly im-

possible to suppress said LFV arbitrarily and actually make most of 
the model testable with near-future LFV experiments.

3.2. General parametrization

In order to efficiently study the Zee-model parameter space, 
we use the parametrization from Ref. [64] to solve Eq. (4) for the 
Yukawa matrix Y as

Y = κ−1M−1
ℓ (Z + Q ) , (14)

Z ≡









−Mν
eτ

feτ
0 − Mν

ττ
2 feτ

0
feµMν

ττ −2 feτ M
ν
µτ

2 feτ fµτ
0

Mν
ee

2 feτ

Mν
µµ

2 fµτ
0









, (15)

Q ≡









2q4 − fµτ

feτ
q1

fµτ

feτ
(q4 − q2) − 2 fµτ

feµ
q4 − fµτ

feτ
q3

q1 q2 + q4
2 feτ
feµ

q4 + q3

− feµ
feτ

q1
feµ
feτ

(q4 − q2) − feµ
feτ

q3









, (16)

assuming the three (complex) entries of f to be nonzero; one en-
try of f is fixed by the constraint equation
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Table 2

Predictions for the sum of neutrino masses 
∑

j m j and the effective 0νββ Majorana 
neutrino mass 〈mββ 〉 from the texture zeros Mee = 0 and Mµµ = 0, using the 3σ
ranges for the oscillation parameters from Ref. [66].

texture zero ordering
∑

j m j/meV 〈mββ 〉/meV

Mee = 0 normal ∈ [60,65] 0

Mee = 0 inverted – –

Mµµ = 0 normal > 150 > 41

Mµµ = 0 inverted > 98 > 15

0 = f 2µτ M
ν
ee − 2 feτ fµτ M

ν
eµ + 2 feµ fµτ M

ν
eτ

+ f 2eτ M
ν
µµ − 2 feµ feτ M

ν
µτ + f 2eµMν

ττ .
(17)

Q drops out of the neutrino mass formula and contains four 
complex parameters q j . It is straightforward to show that the so-
defined Y indeed satisfies the Mν equation (4) and contains the 
correct number of free parameters [64]. This parametrization is 
convenient as it allows us to use the known neutrino parameters 
as input and is far simpler than other expressions put forward in 
the literature [65].

3.3. Muonphilic textures

In Sec. 3.1 we have argued that a resolution of aµ without 
LFV is impossible within the Zee model. The parametrization from 
above allows us to easily study textures that explain aµ and still 
suppress LFV sufficiently. We aim to find muonphilic Yukawa tex-
tures, i.e. those with a large Yµµ entry, as this will lead to a large 
aµ contribution by the neutral scalars A and H [11]. A large Yµµ

immediately requires highly suppressed Yeµ and Yµe in order to 
suppress µ → eγ and µ → 3e. This can be achieved via q1 = 0

and q4 = q2 in the general parametrization.

The remaining q2 and q3 can be used to set two more entries 
of Y to zero, e.g. Yee = Yeτ = 0, leading to κY =








0 0 0

0
2 fµτ M

ν
eτ −2 feτ M

ν
µτ + feµMν

ττ

2 feτ fµτmµ
− Mν

ττ
2 fµτmµ

Mν
ee

2 feτmτ

Mν
µµ

2 fµτmτ

2 fµτ M
ν
eτ + feµMν

ττ
2 feτ fµτmτ









. (18)

Interestingly, the limit Mν
ee → 0 leads to electron-number con-

servation, at least through the Y interactions. This automatically 
eliminates all muonic LFV, which pose the most serious threat 
to an explanation of aµ . It is not sufficient though, as tauonic 
LFV is generically too large as well. However, even the remaining 
off-diagonal entries of Y , which lead to the LFV decays τ → 3µ
and τ → µγ , can be suppressed by taking feτ ≪ fµτ . In this 
limit, Yµµ is the dominant entry, Yττ ≃ Yµµmµ/mτ is the second-
largest entry, and Yτµ,µτ are suppressed. For this particular tex-
ture, aµ can be explained without testable LFV, even in future 
experiments. We stress that this relied on Mν

ee = 0, which con-
stitutes a testable prediction in the neutrino sector: the absence 
of 0νββ [2], and normal hierarchy for the neutrino mass spectrum 
(see Table 2).

Instead of using q2 and q3 to eliminate Yee and Yeτ , one can 
set Yµτ = 0 via q3 = −2 feτq2/ feµ , which gives the texture κY =








−Mν
eτ +2q2 feτ
me feτ

0 − Mν
ττ

2 feτme

0
−2 feτ M

ν
µτ + feµMν

ττ +4 feτ fµτ q2

2 feτ fµτmµ
0

Mν
ee

2 feτmτ

Mν
µµ

2 fµτmτ

2q2
mτ









. (19)

Here, dangerous muonic LFV can be evaded by requiring Mν
µµ = 0, 

which leads to a muon-number conserving Y . Once again this 
would not be sufficient; tauonic LFV have to be suppressed via the 
hierarchy fµτ ≪ feτ . q2 has to be small as well, extreme cases 

include q2 = 0 (which gives Yττ = 0) and q2 = Mν
eτ /2 feτ (which 

gives Yee = 0). The above texture makes it possible to explain aµ

while suppressing LFV below future sensitivities, but hinges on 
Mν

µµ = 0, which is again a testable prediction in the neutrino sec-
tor, as shown in Table 2.

4. Numerical analysis

With all relevant observables at our disposal we can numeri-

cally explore the Zee-model parameter space that explains aµ (and 
CDF) to find LFV predictions. The parametrization from Eq. (14) al-
lows us to use neutrino data as an input; we take the 3σ ranges 
of the oscillation parameters from the global fit [66], distinguish-
ing between normal and inverted ordering. As an upper bound on 
the absolute neutrino mass we use 0.8 eV [67].

We scan over two f i j = [10−15, 
√
4π ] – the third one being 

determined by Eq. (17) – and |qi | = [10−25, Max|qi |], while keep-
ing the phases arbitrary and demanding the Yukawa couplings to 
remain perturbative. The conservative upper bounds from pertur-
bativity for κ > 0 are

|q1| <
√
4πmµκ , (20)

|q2| <
√
4π

∣

∣

∣

∣

feτ

fµτ

∣

∣

∣

∣

meκ +
√

π

∣

∣

∣

∣

feµ

feτ

∣

∣

∣

∣

mµκ +
√

πmτκ , (21)

|q3| <
√
4π

∣

∣

∣

∣

feτ

feµ

∣

∣

∣

∣

mτκ , (22)

|q4| <
√

π

∣

∣

∣

∣

feµ

feτ

∣

∣

∣

∣

mµκ +
√

πmτκ . (23)

In addition to the two f i j and four complex parameters q j , the 
model has the following parameters that characterize the LFV 
while correlating it with Mν and (g − 2)µ:

{mH ,mA,mh+ ,mH+ , φ} . (24)

The charged-scalar masses are scanned over [0.1, 100] TeV. The 
mixing angle φ is parameterized by the mass-square difference 
m2

h+ − m2
H+ and a cubic coupling µ (cf. Eq. (3)), where we take 

µ up to a maximum value of about 4.1 times the heavier charged 
scalar mass to be consistent with charge-breaking minima [68,69]. 
This leaves us with {mH , mA} which we numerically solve to ob-
tain the desired aµ and χ2 of CDF/PDG within 2σ , which are the 
functions of parameters given in Eq. (24). The resulting {mH , mA}
are, of course, often unphysical.

The above scan automatically satisfies any neutrino-mass con-
straints and aims to explain the aµ and CDF anomalies. However, 
most of these points in parameter space are already excluded by 
current LFV limits. In an effort to find corners of parameter space 
where LFV is suppressed, we also perturb around the previously 
identified textures that evade �Lα = 1 to make sure the proce-
dure adopted is as unbiased as possible. Eventually, all scans are 
combined, resulting in O(109) points.

5. Discussion

In Fig. 3, we show some relevant observables, τ → eµ+µ− and 
µ → eγ , that can probe a lot of the parameter space and convey 
the qualitative results of our numerical scan. All points resolve the 
aµ anomaly, give valid neutrino parameters, and have perturbative 
Yukawas and scalar masses above or around the electroweak scale. 
In the top figure of Fig. 3, all points furthermore explain the CDF 
anomaly within 2σ , while in the bottom plot the CDF anomaly is 
ignored and we satisfy the PDG results for S and T .

The gray data points, which make up the vast majority of our 
scan, are already excluded by the current experimental bounds 
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Fig. 3. LFV observables τ → eµ+µ− and µ → eγ for normal (•) and inverted or-
dering (�). All points explain (g − 2)µ; in the top plot, we also explain the CDF 
anomaly, while we ignore CDF in the bottom plot. Gray data points are excluded 
by the current experimental bounds listed in Table 1. Red/pink data points can be 
probed in future experiments. Blue/green points cannot be probed in future ex-
periments. Cyan colored band (dashed purple line) is the current exclusion (future 
sensitivity) limit for τ → eµ+µ− and µ → eγ .

listed in Table 1. Red and pink data points are currently valid 
and can be probed in future experiments (defined through the 
last column in Table 1), and correspond to different neutrino 
mass orderings. These include the textures recently put forward in 
Refs. [11,12]. Finally, blue and green points lead to LFV that is sup-
pressed beyond near-future sensitivities; these points are nearly 
impossible to find in an unbiased scan and all correspond to per-
turbations of the two textures (18) and (19). The reader should 
not be led astray by their seemingly large number and density in 
Fig. 3, these points correspond to a tiny region in parameter space 
that we sampled very thoroughly.

As can already seen by eye from Fig. 3, explaining or omitting 
CDF does not lead to any qualitative differences in our results, in 
particular with respect to LFV predictions. It is aµ that enforces 
the flavor structure, CDF only requires a particular mass-splitting 
within the scalar doublet, which does not have a large impact on 
other observables. We also find that the neutral scalar that is re-
sponsible for the dominant contribution to (g − 2)µ has a wide 
mass range of 20 GeV to 3.3 TeV. Which process in particular dom-

inates varies from point to point, but µ → eγ /µ-to-e conversion, 

Fig. 4. LFV observables muonium–antimuonium conversion and µ → eγ for normal 
(•) and inverted (�) Mν ordering.

τ → ℓµ+µ− , and electric dipole moments are generically impor-

tant. Muonium–antimuonium conversion also probes an important 
part of the parameter space, see Fig. 4.

Almost the entire parameter space that can resolve aµ – 
whether or not we also resolve the CDF anomaly is not relevant 
– can be probed with near-future LFV experiments, notably Mu2e 
and Belle II. Only a few regions in parameter space remain out 
of immediate reach, indicated by blue and green points in Fig. 3. 
Those points are all small perturbations around the Yukawa struc-
tures of Eq. (18) or (19). Despite leading to suppressed LFV rates, 
these textures are nevertheless predictive in that they require ei-
ther Mν

ee = 0 or Mν
µµ = 0. The former can only be realized for 

normal hierarchy, gives vanishing 0νββ , and 
∑

i mi ∈ [60, 65] meV. 
The latter allows for both normal and inverted ordering and pre-
dicts rather large values for the lightest neutrino mass, the sum 
of neutrino masses, and the effective Majorana neutrino mass 
〈mββ〉 = |Mν

ee| relevant for 0νββ , see Table 2. In fact, limits on 
0νββ from KamLAND-Zen [70] and GERDA [71] already reach the 
predicted lower bound, depending on the assumed nuclear matrix 
elements [72]. Cosmology constraints on 

∑

i mi [73,74] also reach 
the predicted lower value for Mν

µµ = 0, depending on the com-

bined data sets. Future improvements on both fronts can probe 
these predictions unequivocally. For tests of these texture zeros at 
DUNE using the atmospheric mixing angle and Dirac CP phase, see 
Ref. [75].

6. Conclusion

The Zee model is one of the oldest and simplest mechanisms 
for neutrino masses, which occur at one-loop level. The required 
scalars not only generate Majorana Mν , but also have couplings to 
charged leptons that can lead to LFV unsuppressed by Mν . Here, 
we have shown that the Zee model can resolve the long-standing 
anomaly of the muon’s magnetic moment, and also the even more 
significant CDF W -mass anomaly. The former requires a particu-
lar Yukawa structure and relatively light scalars, which in general 
leads to dangerously fast LFV processes. While current constraints 
can be satisfied, the simultaneous explanation of (g−2)µ and neu-
trino masses predicts almost unavoidably LFV in reach of currently-
running/near-future experiments such as Belle-II and Mu2e. We 
have identified the few finetuned textures that can evade even fu-
ture LFV limits and shown that they require neutrino-mass texture 
zeros, either Mν

ee = 0 or Mν
µµ = 0, which are testable in a com-

plementary way in the neutrino sector. Overall, we hence find that 
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the Zee-model explanation of (g − 2)µ is entirely testable/falsifi-
able. Additionally explaining the CDF anomaly does not modify this 
conclusion.
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Appendix A. B2 texture zero

In this appendix we briefly discuss the Y B2 texture from 
Eq. (13) mentioned in Sec. 3.1, which evades all �Lα = 1 LFV. 
TX-Y B2 give rise to Mν

eµ = Mν
ττ = 0, with predictions for both nor-

mal and inverted neutrino-mass hierarchy [76]. Using Eq. (14) to 
solve for this texture leads to the following relations:

Yµe =
Mν

ee

2κmµ feµ
, Yeµ = −

Mν
µµ

2κme feµ
,

Yττ =
1

mτκ fµτ

(

Mν
µτ −

feτ

2 feµ
Mν

µµ

)

.

(25)

Using the B2 predictions for the currently-unknown neutrino pa-
rameters gives an almost real ratio [77]

Mν
µµ/Mν

ee ≃ 1− tan2 θ23 ≃ −1/3 , (26)

and hence Yeµ/Yµe ∼ 70. The Yukawa couplings Yeµ and Yµe

give rise to (g − 2)µ , but also (g − 2)e , eEDM, and muonium–

antimuonium oscillation. We can adjust the phase of feµ to ren-
der Yµe real, which then makes Yeµ approximately real as well, 

evading EDM constraints. Texture (25) requires 
√

|Yµe|2 + |Yeµ|2 ≈
1.47 (mH/100 GeV) to explain aµ . Inserting these couplings into 
the muonium–antimuonium probability of Eq. (6) gives values far 
in excess of the current limit. Even finetuning mA/mH to suppress 
this observable is not nearly sufficient, thus ruling out this simple 
texture.
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