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I. DETAILS OF NUMERICAL ANALYSIS

A. Identifying Realistic Natural FN Textures

This section provides details on the method used to identify natural realistic FN textures
for leptons.

We allow for FN charges up to 7 for charged leptons, 7 for RH neutrinos in type-I seesaw,
and 9 for RH neutrinos in the Dirac case. These large charge values are necessary to produce
the observed neutrino masses for ϵ ∼ 0.1.

Permutations of fields within a family do not represent physically distinct models. To
remove these redundancies, we impose the following convention for the FN charges Xα,
α ∈ {L, e,N}: |Xαi | ≥ |Xαj | for i < j when all Xα have the same sign, otherwise Xαi ≥ Xαj .
We also remove mirror charges, which are related by multiplying all charges by −1 and
reordering them.

Each texture generates masses and mixings, which are compared to experimental values.
Specifically, the observables we consider are the charged lepton masses, the PMNS matrix
elements |V11|, |V13|, |V23|, |V21|, |V31|, and |V32|1, the neutrino mass squared differences,
∆m2

21 = m2
2−m2

1 and ∆m2
32 = m2

3−m2
2, and the cosmological bound on the sum of neutrino

masses. To account for scenarios where this bound may be relaxed [1–3], we also repeated
our analyses using the laboratory bound [4]. The results show no significant differences.
The measured values and uncertainties for these parameters are listed in Table I. For each
observable O, the fractional deviation from the experimental value is defined as

δO =


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exp
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Parameter Exp. Value Ref.

me(1 TeV) 0.489535765+0.000000013
−0.000000012 MeV [5]

mµ(1 TeV) 103.3441945± 0.0000059 MeV [5]

mτ (1 TeV) 1756.81± 0.16 MeV [5]

∆m2
21 (7.53± 0.18)× 10−5 eV2 [6]

∆m2
32 (IO) (−2.536± 0.034)× 10−3 eV2 [6]

∆m2
32 (NO) (2.453± 0.033)× 10−3 eV2 [6]∑

mν (cosmo) ≤ 0.12 eV (95% CL) [6]∑
mν (KATRIN) ≤ 1.35 eV (90% CL) [4]

|V12| [0.513, 0.579] [7]

|V13| [0.143, 0.155] [7]

|V23| [0.637, 0.776] [7]

|V21| [0.234, 0.500] [7]

|V31| [0.271, 0.525] [7]

|V32| [0.477, 0.694] [7]

TABLE I: Measured parameters and their uncertainties. Charged lepton masses are evaluated

at a scale of 1 TeV and PMNS elements are given in 3σ ranges. We conduct all analyses twice,

either imposing the cosmology or laboratory bound on
∑

mν , and find no meaningful difference

in our conclusions.

Here Oexp
min and Oexp

max are the experimental lower and upper bounds for the observable O,
respectively. We then scan over many possible coefficient choices cαij as explained in the
main text. Textures can then be ranked by Fx for different x.

B. Increasingly Focused Scan Sequence

For each mass mechanism, the numerical procedure described above is performed in
several stages. This is necessary because the full parameter space is enormous: for example,
in the Dirac case there are over 100 million distinct charge assignments {XL, Xe, XN}.

Scanning all textures in full (i.e. with a large number of trials) is numerically prohibitive,
so we implement preliminary scans to discard unpromising textures early. A distinct numer-
ical advantage of our approach is that, generically, relatively large values of Fx for different
choices of x are highly correlated for natural realistic textures. This correlation allows us to
perform an initial scan with few trials per texture, applying a cutoff at F5. Textures surpass-
ing this initial threshold are then subjected to more intensive scrutiny for many more trials,
focusing on Fx values for x very close to 1. This strategy not only conserves computational
resources but also ensures that only the most promising textures are examined in depth.
We validate this method a posteriori by confirming that it consistently identifies textures
capable of providing exact fits to the data, as detailed in Appendix ID.
Charged lepton prescan – The first stage targets the charged lepton sector, where we
start by examining 231,232 distinct charge assignments {XL, Xē}. This number can be
reduced to 110,590 unique charge difference matrices nℓij, as permutations and redundancies
are removed. Matrices containing a zero difference produce an eigenvalue of the same order
as the Higgs VEV, which is too large for the tau mass. Removing these yields ∼66k unique
matrices, corresponding to ∼134k textures. We perform a charged lepton-only scan by
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running 1000 coefficient trials per texture and computing Fx using only the charged lepton
masses as observables. Textures are retained if they satisfy F5 > 0, meaning that at least
a small fraction of trials match the charged lepton data. At this stage, ∼ 46k charge
assignments {XL, Xē} pass the F5 > 0 cut.

Secondary preselection – Next, we incorporate constraints from the neutrino sector and
impose additional cuts, which depend on the specific mass mechanism.

• Dirac – For the Dirac case, since neutrino masses depend only on ϵ, the required
charge differences nν must produce the appropriate level of suppression, ϵn

ν ∼ mν . For
each charged lepton texture {XL, Xē}, we determine the allowed RH neutrino charges
by identifying the minimal viable value of ϵ from the charged lepton prescan, denoted
ϵmin, that meets the criteria δmax < 5. We then use ϵmin to compute the minimum
charge difference nν that satisfies a conservative bound on the total neutrino mass
(e.g. mν

lim = 100
∑
mν). Any texture with charge differences nν below this minimum

is discarded. This procedure drastically reduces the number of candidate textures
{XL, Xē, XN} to ∼ 74k, corresponding to ∼ 35k unique charge difference matrices
{nℓ, nν}.

• Majorana – In the Majorana scenario, there are no RH neutrino charges, so the
neutrino charge differences nW are determined directly from the LH charges XL. After
the charged lepton prescan, the top-performing textures are directly passed to the
full scan without further cuts. The number of candidate charge difference matrices
{nℓ, nW} for the Majorana case is ∼94k.

• Seesaw – For type-I seesaw, the mass and mixing parameters depend on three charge
difference matrices: nℓ (charged lepton Dirac), nν (neutrino Dirac), nN (RH Majo-
rana). The dependence of the neutrino masses on Λ prevents us from using cuts on
ϵmin as was done in the Dirac case. Due to the enormous number of possibilities (over
64 million charge assignments for maximum charge 7, after the charged lepton pres-
can), a preliminary scan is performed. Specifically, we run a very coarse scan with 40
trials per texture, requiring F5 > 10%. Only textures passing this criterion are sub-
jected to the full scan with 1000 trials. This procedure retains ∼ 2.7 million textures
for further analysis. Despite the looser cuts, we expect this approach to capture all
relevant textures with F5 > 50%.

Final scans – After the secondary preselection, we perform two more scans for all mass
mechanisms. First, for each remaining texture, we do a fresh scan with 1000 coefficient
choices and rank textures based on F2. Textures with the same F2 are ranked by F5.
Finally, for the top 1000 textures from this prescan we do a final scan with 105 random
coefficient choices. Textures are ranked by Fx with x ≈ 1.2 − 1.3 depending on the FN
scenario. The exact value of x is chosen to be as close to 1 as possible while optimizing the
statistical significance of the ranking.

Our phenomenological analysis focuses solely on observables related to lepton flavor or
lepton number violation. Specifically we include LFV processes at low and high energies
and neutrinoless double β decay. The complete list of observables, alongside their current
and projected experimental sensitivities, are summarized in Table II.
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Observable Current Ref. Future Ref.

BR(µ+ → e+γ) 4.2× 10−13 [8] 6× 10−14 [9]

BR(µ+ → e+e−e+) 1.0× 10−12 [10] 10−16 [11]

BR(τ → eγ) 3.3× 10−8 [12] 2× 10−9 [13]

BR(τ → µγ) 4.2× 10−8 [14] 10−9 [13]

BR(τ → eee) 2.7× 10−8 [15] 4× 10−10 [13]

BR(τ → µµµ) 2.1× 10−8 [15] 4× 10−10 [13]

BR(τ− → µ+e−µ−) 2.7× 10−8 [15] 4× 10−10 [13]

BR(τ− → e+µ−µ−) 1.7× 10−8 [15] 3× 10−10 [13]

BR(τ− → e+µ−e−) 1.8× 10−8 [15] 3× 10−10 [13]

BR(τ− → µ+e−e−) 1.5× 10−8 [15] 3× 10−10 [13]

CR(µ−Ti→ e−Ti) 6.1× 10−13 [16] - -

CR(µ−Pb→ e−Pb) 4.6× 10−11 [17] - -

CR(µ−Au→ e−Au) 7.0× 10−13 [18] - -

CR(µ−Al→ e−Al) - - 3× 10−17 [19]

mee 36 meV [6] 3 meV [20, 21]

µµ→ eµ - - - -

µµ→ µτ - - - -

µµ→ eτ - - - -

TABLE II: Current experimental limits and future sensitivities for the observables considered in

our analysis. Current limits are given at 90% confidence level, except for the bound on mee,

which is marginalized over different nuclear matrix element values with O(1) uncertainty.

C. Predicting Lepton Violation in FN

For the predictions, we employ the SMEFT framework. We construct effective operators
following the power counting dictated by formal U(1)FN invariance, as in

O4 =
cijkl
Λ2

(
ψ̄iψj

) (
ψ̄kψl

)
ϵnijkl , (2)

where cijkl are O(1) coefficients and we have defined

nijkl ≡ |Xψi −Xψj +Xψk −Xψl |. (3)

We assume all Wilson coefficients to be O(1) , and generate them randomly with the
same priors used for the effective Yukawa coefficients. For simplicity, we consider only
SMEFT operators that contribute at tree-level to our observables (we checked explicitly
with wilson [23] that running effects do not affect our results significantly). We collect
these operators in Table III.

To calculate low-energy LFV processes, such as muon and tau decays and muon-to-
electron conversion in nuclei, we use flavio [24]. For high-energy collider observables, we
follow Ref. [25]. As for 0νββ, the effective Majorana mass mee is given by mee = |

∑
imiV

2
ei|.

To generate predictions for the top FN textures, we retain all trials of our final scan that
meet the goodness of fit criterium δmax ≤ 2, storing the associated rotation matrices, ϵ, and,
where applicable, Λ(W ).

2 Trials are then ranked by δmax, and for the top 500, we calculate

2 We explicitly checked with the top few textures that performing exact fits, as detailed in Appendix ID,

and using these exact fits as input for the phenomenological study did not significantly alter the results.
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(ēpγµer)

Qed (ēpγµer)
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(
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(
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)
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TABLE III: Warsaw-basis SMEFT operators included in our analysis [22]. SU(2)L indices are

indicated by j, k = 1, 2 where necessary. Flavor indices are given by p, r, s, t=1, 2, 3. For leptons

we include all flavor combinations. For quarks we only include flavor-diagonal combinations of

the three lightest quarks, as the corresponding Wilson coefficients are enough to capture the

leading contribution to µ− e conversion in nuclei. All other operators are set to zero.

the suppression for the Wilson coefficients of the operators in Table III. Note that to remain
as model-independent as possible we have excluded operators where the two quark fields
have different chiralities, as these could be further suppressed if, for instance, the quarks
carried FN charges. However, we explicitly verified that including these operators results
in only a ∼ 5% correction. We only included flavor diagonal quark operators for the same
reason. After rotating to the mass basis, we derive the predictions for the observables in
II. For each observable we find the average and standard deviation and compare it to data.
This allows us to establish a lower bound on Λ for Dirac and Majorana scenarios, and to
check whether the predictions for type-I seesaw models comply with current bounds. Note
that our bounds on Λ are derived purely from processes involving SM states. Considering
the phenomenology of the flavon itself may yield additional, but model-dependent, bounds
[26].

D. Natural Fits

This section details the method for adjusting the coefficients cαij (α = ℓ, ν,W,N) to
reproduce exactly the masses and mixing parameters in Table I. Our goal is to demonstrate
that with minimal adjustments to the initial O(1) coefficients, the predictions for our top
FN textures can be brought into full agreement with data.

For each mass generation mechanism, we focus on the top texture as ranked in the
main text. We use a simplex minimization algorithm to refine the coefficients cαij to fit the
experimental values by minimizing the cost function in Eq. (1). We do this using as starting
point 1000 coefficient sets from trials that yielded a promising δmax < 2.

To assess the extent of the adjustment needed, we introduce the parameter:

η = log10
max |c|
min |c| (4)

where c spans all the coefficients in the effective Yukawa matrices cℓ, cν , cW , and cN . His-
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FIG. 1: Histograms of the η parameter distribution for 1000 trials that yield exact fits to the

measured leptonic masses and mixings parameters. For each neutrino mass mechanism we show

the result for the top-performing textures: for Dirac neutrinos (left), XL = {6, 5, 5},
Xe = {−3,−2, 0}, XN = {9, 8, 8}; for Majorana (middle), XL = {2, 0,−1}, Xe = {7, 6, 4}; and for

type-I seesaw (bottom), XL = {6, 1,−1}, Xe = {7, 7, 6}, XN = {3, 0,−4}.

tograms of η (Fig. 1) indicate that typically only a modest range variation is required,
suggesting our selected textures reproduce experimental observations naturally, without ex-
tensive tuning or significant adjustments of coefficients. The examination of individual
coefficient distributions further confirms that they adhere closely to our O(1) assumption.
Overall, this check confirms our method of identifying natural and realistic textures without
doing explicit fits to the experimental data.

II. MORE ON PHENOMENOLOGY AND SUPPLEMENTAL PLOTS

This appendix completes the discussion in the main text, supplementing the results with
additional figures.

Low-energy CLFV and bounds on Λ – For both the Dirac and Majorana cases, the
bounds on the FN scale Λ are set by current low-energy CLFV bounds. Fig. 2 illustrates that
the strongest bounds are mostly set by µ→ eγ (and secondly by µ→ 3e), with the strongest
bound on Λ being remarkably consistent across different textures. The difference between
the null and FN textures arises because FN observables sensitive to left-right couplings are
suppressed with respect to the anarchic case.

Future muon colliders – Collider experiments provide a potential platform to test
LFV processes predicted by FN models, especially at high energies where muon collid-
ers [27] outshine e+e− colliders [28] due to their higher accessible energies and the resulting
enhancement of cross-sections. Our analysis indicates that the Dirac and Majorana scenar-
ios (with Λ = Λexp), show the most promising but still very modest potential for detectable
signals. Detailed results for these scenarios are illustrated in Fig. 3.

In Dirac FN models, certain textures exhibit an enhancement in the µτ final state. This
enhancement is mainly due to the equality of XµL and XτL charges, which leads to significant
contributions from unsuppressed LH four-fermion operators. As a result, µτ processes are
more likely to be detected compared to eτ processes, which are generally suppressed by larger
charge differences that diminish mixing. As shown in Fig. 3, we find O(1) and O(100) events
for a c.o.m. energy of 10 and 100 TeV, respectively.

For Majorana neutrinos (with Λ = Λexp), the predictions at colliders vary notably from
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FIG. 2: Bounds on the FN scale Λ from current constraints on the processes shown on the

horizontal axis, for the Dirac (top) and Majorana (bottom) FN scenarios. For the latter we also

show the constraint from active neutrino masses if Λ = ΛW .

those in the Dirac case. Here, the eµ and µτ final states are expected to have nearly similar
magnitudes, reflecting the specific FN charge differences among LH fields. This similarity
suggests that collider experiments could provide insights into the LH charge assignments in
FN models. Still, collider prospects remain very limited, with only a few textures giving
O(1) events at an extremely hypothetical 100 TeV machine.

Seesaw phenomenology – The phenomenology of the top 100 FN type-I seesaw mod-
els, detailed in Fig. 4, aligns broadly with that in the Dirac and Majorana cases (displayed
in the main text), with less variability compared to the null texture. Unfortunately, none
of the identified textures have a low enough scale to be probed by any currently planned
CLFV experiment.

Active Neutrino Masses The predicted mass of the lightest neutrino and the sum of
neutrino masses is shown in Fig. 5 for the top 100 textures of each mass mechanism. It is
interesting to note that many of these natural realistic textures predict an ultralight active
neutrino (see e.g. [29, 30]).

Dirac FN only predicts normal-ordered (NO) neutrinos. While DESI is projected to be
able to measure the minimal NO scenario at 3σ [31], the resolution will not be sufficient to
discriminate between Dirac textures. However, a positive determination of inverted-ordering
(IO) would strongly disfavor the Dirac scenario.
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FIG. 3: Predicted muon collider event rates for CLFV processes in Dirac FN and Majorana FN

scenarios with Λ = Λexp ̸= ΛW chosen to saturate current experimental bounds at Λ ∼ 106 GeV.

assuming an integrated luminosity of 10 ab−1. In this figure, the ranking of each texture is

indicated by color, with red textures ranked higher than blue textures. The corresponding results

for the Majorana scenario with Λ = ΛW or type-I seesaw are not shown, as the predicted rates

are many orders of magnitude smaller.

III. GENERALIZATIONS

A. Non-Trivially Charged Higgs

One can also consider the case where the Higgs is non-trivially charged under U(1)FN .
For the Dirac case, the Lagrangian is modified to:

L ⊃ −cℓijLiH†ējϵ
|XLi+Xēj−XH | − cνijHLiNjϵ

|XLi+XNj+XH | + h.c. (5)

It is straightforward to identify textures with XH = 0 that give equivalent Yukawas.
Requiring all fields of the same type to be shifted by the same amount (e.g. XLi → XLi+c),
there are three possible solutions, depending on whether XL, Xe or XN is held fixed. Using
X to denote the original XH = 0 texture and X ′ to indicate the new XH ̸= 0 texture, the
three solutions are as follows:

X ′
Li

= XLi , X ′
ej
= Xēj −XH , X ′

Nj
= XNj +XH ,

X ′
Li

= XLi +XH , X ′
ej
= Xēj − 2XH , X ′

Nj
= XNj ,

X ′
Li

= XLi −XH , X ′
ej
= Xēj , X ′

Nj
= XNj + 2XH .

(6)

For a given XH = 0 texture from our analysis, we can then easily find the corresponding
XH ̸= 0 textures. In the Majorana and type-I seesaw cases, the requirement that the
Weinberg operator or the Majorana RH neutrino mass term remains invariant selects the
second solution in Eq. (6).
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The purely leptonic observables for the XH = 0 texture and the equivalent XH ̸= 0
textures remain the same. This can be seen by observing that most fermion bilinears are
unaffected:

(ψ̄iψj)ϵ
|X′
ψj

−X′
ψi

|
= (ψ̄iψj)ϵ

|(Xψj+c)−(Xψi+c)|,

= (ψ̄iψj)ϵ
|Xψj−Xψi |.

(7)

Here, Dirac structures are omitted for clarity. As long as ψi, ψj are of the same type
(e.g. L̄L or ēe), the shift cancels in the exponent, and the bilinear remains invariant. Thus,
all four-fermion operators in Table III are unchanged. Similarly, the operators QeW and
QeB share the same form as the Yukawa couplings, and are therefore invariant by definition.
The remaining operators contain bilinears of the form H†H, which are U(1)FN -neutral by
construction. As all SMEFT operators we consider remain the same, the predictions for
CLFV are unchanged.

B. Other Sources of Lepton Number Violation

In the type-I seesaw case, we have assumed no additional sources of lepton number
violation beyond the Majorana mass of the RH neutrino. If this assumption is relaxed, the
Lagrangian is modified by an additional contribution to the Weinberg operator:

L ⊃ LSS −
cWij ϵ

nWij

Λ
�L

(LiH)(LjH) , (8)
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most realistic textures in the Dirac (top), Majorana (middle) and type-I seesaw (bottom) FN

scenarios. The red (blue) line represents the mass of the lightest neutrino as implied by the

values of ∆m2
21 and ∆m2

32 for a
∑

mν in the NO (IO) case. The dashed line shows the current

cosmological constraint on the sum of neutrino masses. Error bars show the 1σ spread of

predictions over 500 trials with δmax < 2. The large error bars on the Dirac scenario are due to

the high powers of ϵ required to reproduce neutrino masses, making this scenario more sensitive

to small variations in ϵ.

where Λ
�L
indicates the scale of the additional lepton number violation.

The resulting neutrino masses can be derived similarly to those in the type-I seesaw

discussed in the main text. We define the Weinberg mass as m2
W,ij = v2cWij ϵ

nWij and note
that the Weinberg operator does not contribute to the mixing between sterile and active
eigenstates until O ((vΛ−1)3) [32]. The resulting neutrino masses are:

mν ≈
m2
W

Λ
�L
−mDM

−1
N mT

D , (9)

where mD = vY ν/
√
2 and MN =McMϵn

M
.

We performed our analysis in the case where Λ
�L
= Λ =M , and found slightly different top

textures. However, the overall conclusions remain unchanged: the scale of flavor violation
for these models exceeds projected experimental sensitivities. The CLFV phenomenology
for the top 100 textures is shown in Fig. 6.
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FIG. 6: Phenomenology for the top 100 type-I seesaw textures if the FN sector is lepton number

violating (with Λ
�L
= Λ = M), as in Fig. 4. The FN scale Λ is fixed by neutrino masses. The axes

are fixed to be the same as in Fig. 4 for ease of comparison.

C. Type II Seesaw and other Majorana UV Completions

The Majorana case can arise from a variety of UV completions. For illustration, we
consider the example of a FN-augmented type-II seesaw mechanism. The type-II seesaw
[33–37] has the form [38]

LSS2 ⊃ −
y

2
∆LL− µ∆∆H

†H† −M2
∆Tr[∆

†∆], (10)

where ∆ is an electroweak scalar triplet with hypercharge 1, and generation indices are
omitted. The quantities M∆ and µ∆ are dimensionful, and y is dimensionless. When M∆ is
large, integrating out ∆ yields a Weinberg operator with the prefactor:

cW2
ΛW

=
2yµ∆

M2
∆

. (11)

Assuming that ∆ is charged under U(1)FN , the Lagrangian becomes

LSS2 ⊃ −
yij
2
ϵ|XLi+XLj+X∆|LiLj∆− cµΛϵ|X∆|∆H†H† + h.c.− (cMΛ)2Tr[∆†∆]. (12)

where we have taken the mass scales µ∆ and M∆ to be set by the flavon scale Λ, and
y, cµ, cM are O(1) prefactors. This implies the Weinberg coefficient
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cW2
ΛW
≈ 2

(
yijϵ

|XLi+XLj+X∆|) (cµΛϵ|X∆|)

(cMΛ)2

≈ c̃ijϵ
nW+2X∆

Λ
,

(13)

where c̃ ∼ O(1) . In the second equality we have assumed all relevant charges to be positive,
so that the absolute value can be dropped. As a result, the apparent scale of the Weinberg
operator differs from the true FN scale by ΛW = ϵ−2X∆Λ. Consequently, a given effective
Weinberg scale can correspond to a much lower physical scale. However, if charges are such
that the absolute values in the exponents cannot be dropped, different generations may
have distinct FN suppression. This scenario cannot be mapped onto our generic Majorana
textures and lies beyond the scope of this work.

For the type-I seesaw, the same analysis yields:

cW2
ΛW

=
1

Λ

[
cνijϵ

|XLi+XNj |
(
cMjmϵ

|XNj+XNm |
)−1

cνmnϵ
|XLn+XNRm |

]
.

As in type-II seesaw, certain textures can be directly matched to a Majorana texture
with a common scale. However, for some textures the effective scales are hierarchical and
cannot be mapped onto the Majorana case as implemented in our method. Additionally, in
some cases, a midscale UV completion of the Weinberg operator may generate additional
contributions less suppressed than the FN-generated ones. In such cases, the phenomenolog-
ical predictions would be somewhat different, depending on which operators are generated.
These scenarios would require an ad-hoc study.

IV. AUXILIARY MATERIAL

In the auxiliary material we include several additional documents for reference. The files

• dirac tex pheno cosmo.csv

• seesaw tex pheno cosmo.csv

• majorana tex pheno cosmo.csv

provide phenomenological predictions for each neutrino mass generation model. Each file
contains the charge assignments for the top 100 textures, along with the best values of ϵ
and Λ, when relevant, averaged over trials with δmax < 2. NO indicates the fraction of trials
that yield normal-ordered neutrinos. Λexp is the scale implied by the most constraining
observable. By default charge assignments are sorted by Fx, where x is the lowest value
for which at least 25 coefficient choices satisfy the criterion δmax < x. F2 and F5 are
also provided. All dimensionful quantities are given in GeV. Collider observables are the
estimated number of events at an extremely hypothetical 100 TeV muon collider with 10−1

ab integrated luminosity. Branching fractions and conversion rates are calculated assuming
that the scale is set by Λexp for the most constraining observable (usually µ → eγ) for the
Dirac and Majorana cases, and by the scale implied by neutrino masses for the type-I seesaw
case. All results are given assuming the cosmological bound on neutrino masses.

Correlation plots for the top 100 textures of each neutrino mass model are included in
the files:
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• dirac correlations cosmo.pdf

• majorana correlations cosmo.pdf

These plots show the values of observables for the top 500 trials (smallest δmax) for each
texture, smoothed using a Gaussian kernel estimation to determine approximate 1σ (solid
line) and 2σ (dashed line) predictions. Shaded regions indicate parameter space that may be
probed in future experiments and solid horizontal/vertical lines indicate current constraints.
The constraint on the muon conversion rate in aluminum is estimated based on current
constraints in gold. Collider observables are as above. The scale is set as above.

Correlation plots for the seesaw model are not included, as nearly all textures fall outside
experimental observation.
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[30] G. Alonso-Álvarez, D. Curtin, A. Rasovic, and Z. Yuan, “Baryogenesis through Asymmetric

Reheating in the Mirror Twin Higgs,” JHEP 05 (May, 2024) 069, arXiv:2311.06341

[hep-ph].

[31] DESI Collaboration, A. Aghamousa et al., “The DESI Experiment Part I:

Science,Targeting, and Survey Design,” arXiv:1611.00036 [astro-ph.IM].

[32] A. Dedes, S. Rimmer, and J. Rosiek, “Neutrino masses in the Lepton Number Violating

MSSM,” JHEP 08 (2006) 005, arXiv:hep-ph/0603225.

[33] M. Magg and C. Wetterich, “Neutrino Mass Problem and Gauge Hierarchy,” Phys. Lett. B

94 (1980) 61–64.

[34] J. Schechter and J. W. F. Valle, “Neutrino Masses in SU(2) x U(1) Theories,” Phys. Rev. D

22 (1980) 2227.

[35] G. Lazarides, Q. Shafi, and C. Wetterich, “Proton Lifetime and Fermion Masses in an

https://dx.doi.org/10.1007/JHEP10(2021)019
https://arxiv.org/abs/2103.12994
https://dx.doi.org/10.1016/j.physletb.2010.03.037
https://arxiv.org/abs/1001.3221
https://dx.doi.org/10.1103/PhysRevLett.76.200
https://dx.doi.org/10.1140/epjc/s2006-02582-x
https://arxiv.org/abs/1501.05241
https://dx.doi.org/10.1088/1361-6471/ac3631
https://dx.doi.org/10.1088/1361-6471/ac3631
https://arxiv.org/abs/2106.16243
https://arxiv.org/abs/2203.08386
https://dx.doi.org/10.1007/JHEP10(2010)085
https://arxiv.org/abs/1008.4884
https://dx.doi.org/10.1140/epjc/s10052-018-6492-7
https://dx.doi.org/10.1140/epjc/s10052-018-6492-7
https://arxiv.org/abs/1804.05033
https://arxiv.org/abs/1810.08132
https://arxiv.org/abs/1802.02657
https://dx.doi.org/10.1007/JHEP06(2019)065
https://arxiv.org/abs/1812.10963
https://dx.doi.org/10.1140/epjc/s10052-023-11889-x
https://arxiv.org/abs/2303.08533
https://dx.doi.org/10.1103/RevModPhys.93.015006
https://dx.doi.org/10.1103/RevModPhys.93.015006
https://arxiv.org/abs/2003.09084
https://dx.doi.org/10.1007/JHEP07(2017)023
https://arxiv.org/abs/1611.07975
https://dx.doi.org/10.1007/JHEP05(2024)069
https://arxiv.org/abs/2311.06341
https://arxiv.org/abs/2311.06341
https://arxiv.org/abs/1611.00036
https://dx.doi.org/10.1088/1126-6708/2006/08/005
https://arxiv.org/abs/hep-ph/0603225
https://dx.doi.org/10.1016/0370-2693(80)90825-4
https://dx.doi.org/10.1016/0370-2693(80)90825-4
https://dx.doi.org/10.1103/PhysRevD.22.2227
https://dx.doi.org/10.1103/PhysRevD.22.2227


15

SO(10) Model,” Nucl. Phys. B 181 (1981) 287–300.

[36] R. N. Mohapatra and G. Senjanovic, “Neutrino Masses and Mixings in Gauge Models with

Spontaneous Parity Violation,” Phys. Rev. D 23 (1981) 165.

[37] C. Wetterich, “Neutrino Masses and the Scale of B-L Violation,” Nucl. Phys. B 187 (1981)

343–375.

[38] E. Ma and U. Sarkar, “Neutrino Masses and Leptogenesis with Heavy Higgs Triplets,” Phys.

Rev. Lett. 80 no. 26, (1998) 5716–5719, arXiv:hep-ph/9802445.

https://dx.doi.org/10.1016/0550-3213(81)90354-0
https://dx.doi.org/10.1103/PhysRevD.23.165
https://dx.doi.org/10.1016/0550-3213(81)90279-0
https://dx.doi.org/10.1016/0550-3213(81)90279-0
https://dx.doi.org/10.1103/PhysRevLett.80.5716
https://dx.doi.org/10.1103/PhysRevLett.80.5716
https://arxiv.org/abs/hep-ph/9802445

	Testing the Froggatt-Nielsen Mechanism with Lepton Violation – Supplemental Material
	Details of Numerical Analysis
	Identifying Realistic Natural FN Textures 
	Increasingly Focused Scan Sequence
	Predicting Lepton Violation in FN
	Natural Fits

	More on Phenomenology and Supplemental Plots
	Generalizations
	Non-Trivially Charged Higgs
	Other Sources of Lepton Number Violation
	Type II Seesaw and other Majorana UV Completions

	Auxiliary Material
	References


