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We compute the leading-logarithmic correction to the neutrino mass matrix in the Standard Model
effective field theory (SMEFT) to dimension seven. In the limit of negligible lepton and down-type quark
Yukawa couplings, it receives contributions from the Weinberg dimension-five operator as well as from 11
dimension-six and five dimension-seven independent interactions. Two of the main implications we derive
from this result are the following. First, we find dimension-seven operators which, despite violating lepton
number, do not renormalize neutrino masses at one loop. And second, we demonstrate that the presence of
dimension-six operators around the TeV scale can modify the Standard Model prediction by up toOð50%Þ.
Our result comprises also one step forward towards the renormalization of the SMEFT to order v3=Λ3.
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I. INTRODUCTION

The nonvanishing neutrino masses [1–7] remain still the
only indisputable evidence of physics beyond the Standard
Model (SM) of particle physics. Their small value suggests
that most likely the new physics threshold Λ is well above
the electroweak (EW) scale given by v ∼ 246 GeV.1 This in
turn justifies using the SM effective field theory (SMEFT)
[8] to describe particle physics at low energies.
If the baryon number is conserved [9], only SMEFT

operators of an odd dimension contribute to the neutrino
mass matrix Mν at tree level [10]. Neglecting operators of
dimension nine and higher, we have only

Oð5Þ
LH ¼ ϵijϵmnðLiCLmÞHjHn;

Oð7Þ
LH ¼ ϵijϵmnðLiCLmÞHjHnðH†HÞ: ð1Þ

We will refer to both of them as Weinberg operators [11].
Here, L and H stand for the left-handed lepton and the

Higgs doublets, respectively, ϵ is the totally antisymmetric
tensor, and C denotes the Dirac charge conjugation matrix.2

These operators give the simple tree-level relation,

Mtree
ν ¼ −

v2

Λ

�
αð5ÞLH þ αð7ÞLH

v2

2Λ2

�
; ð2Þ

where αð5ÞLH and αð7ÞLH stand for the corresponding Wilson
coefficients. However, things are significantly different at
the quantum level. In this article, we will be interested in
computing the one-loop leading-logarithmic correction to
Eq. (2). There are various motivations to address this
exercise.
1. The Wilson coefficients in Eq. (2) can, at least

partially, cancel each other. Such cancellations are feasible,
as Oð5Þ

LH arises at a higher-loop order than Oð7Þ
LH in some

ultraviolet (UV) completions of the SM [13,14]. This
implies that the relative size of the one-loop correction
to Mtree

ν can be arbitrarily large.
2. Radiative corrections are triggered, in particular, by

dimension-six terms, proportionally to αð5ÞLH. Consequently,
accurate measurements ofMν performed at different energy
scales [15] could provide new tests of dimension-six
interactions.
3. Most importantly, this computation paves the way for

renormalizing the SMEFT to an order v3=Λ3. In particular,
we will have to compute the divergences of a number of
dimension-six operators, which despite being calculated in
Refs. [16–18] are not provided there explicitly. We will
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1Of course, neutrinos could be Dirac particles (as all other
fermions in the SM), implying the existence of the right-handed
fields νR. Also, Majorana masses of the active left-handed
neutrinos can be generated by relatively light new physics.
Though these possibilities are definitely plausible, in the present
article, we assume that neutrino masses are generated by heavy
new physics.

2Here and in what follows, ψCχ stands for ψcχ ¼ ψTCχ,
where ψc ≡ Cψ̄T . We omit the transposition on ψ in the fermion
bilinears to lighten the notation (cf. Ref. [12]).
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emphasize that it is only on the basis of this information
that one can build on previous results for renormalizing the
SMEFT to higher orders [19,20].
In what follows, we will neglect the small down-type

quark and lepton Yukawa couplings. This approximation
simplifies the calculation enormously, in particular,
because operators with different lepton chiralities do not
renormalize each other.

II. TECHNICAL DETAILS

We use the following form of the SM dimension-four
Lagrangian:

Lren ¼ −
1

4
GA

μνGAμν −
1

4
WI

μνWIμν −
1

4
BμνBμν

þ ðDμHÞ†ðDμHÞ þ μ2HH
†H −

1

2
λHðH†HÞ2

þ iðQ̄DQþ ūDuþ d̄Ddþ L̄DLþ ēDeÞ
− ðQ̄YdHdþ Q̄YuH̃uþ L̄YeHeþ H:c:Þ: ð3Þ

Beyond the already defined L and H, we have introdu-
ced e for the right-handed leptons, and Q and u, d for
the left- and the right-handed quarks, respectively. The
SUð2ÞL ×Uð1ÞY EW gauge bosons are denoted by W and
B, respectively, while G represents the gluon. We have also
defined H̃ ¼ ϵH�. We work in the limit Yd, Ye → 0 and
assume Yu to be real and diagonal. Finally, we use the
minus-sign convention for the covariant derivative,

Dμ ¼ ∂μ − ig1YBμ − ig2
σI

2
WI

μ − igs
λA

2
GA

μ ; ð4Þ

with g1, g2 and gs representing the Uð1ÞY , SUð2ÞL, and
SUð3ÞC gauge couplings, respectively. Y stands for the
hypercharge; σI with I ¼ 1; 2; 3 denote the Pauli matrices,
and λA with A ¼ 1;…; 8 are the Gell-Mann matrices.
The effective Lagrangian involving higher-dimensional

interactions reads

Leff ¼
1

Λ
αð5ÞLHO

ð5Þ
LH þ 1

Λ2

X
i

αiOi þ
1

Λ3

X
j

αjOj; ð5Þ

where i (j) runs over all independent dimension-six
(dimension-seven) interactions Oi (Oj), and αi (αj) denote
the corresponding Wilson coefficients.
At dimension five, there is only the Weinberg operator

[11]. As a minimal set of dimension-six operators, we use
the Warsaw basis [21]. For dimension-seven interactions,
we choose the basis of Ref. [22] (improved in Ref. [12]),
which in particular includes Oð7Þ

LH.
At the technical level, large logarithmic corrections can

be inferred from the running of the operators in Eq. (1),
which can be in turn read from the one-loop effective

action. There are four different kinds of contributions
to this.
1. We have direct renormalization of the dimension-five

Weinberg operator. There are diagrams with a single
insertion of Oð5Þ

LH [see diagram (a) in Fig. 1], as well as

diagrams involving both Oð5Þ
LH and a dimension-six inter-

action [see diagram (b) in Fig. 1] and diagrams with a single
dimension-seven operator [see diagram (c) in Fig. 1]. The
latter two contribute proportionally to μ2H=Λ2. There are no

diagrams with three insertions of Oð5Þ
LH.

The mixing between operators of different dimensions,
proportional to powers of μH=Λ, makes this computation
especially cumbersome. One could be tempted to neglect
this for simplicity, as it is often done when using the
dimension-six SMEFT at high energies, E=v ≫ 1.
However, neutrino masses are proportional to v ∼ μH,
and hence, dropping terms scaling as μH=Λ would be
completely mistaken.
2. We also have direct renormalization of the dimension-

seven Weinberg-like operator. There are diagrams involv-
ing Oð5Þ

LH and one dimension-six operator [see diagram
(d) in Fig. 1], as well as diagrams with a single insertion of
a dimension-seven term [see diagram (e) in Fig. 1].
3. Then we also have renormalization of (redundant)

dimension-six interactions that, on shell (or in other words
upon field redefinitions), contribute to the Weinberg
operators [see diagrams (f) and (g) in Fig. 1]. A set of
independent dimension-six redundant operators, namely an
extension of theWarsaw basis to a Green basis, can be found
in Ref. [23]. Neglecting lepton Yukawas, only operators
involving neither e nor quarks or the gluon can overlap

FIG. 1. Examples of one-loop diagrams contributing directly to
renormalization of αð5ÞLH (upper row) and αð7ÞLH (middle row) and
indirectly via renormalization of redundant dimension-six inter-
actions (lower row). See the text for further details.
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on shell with the Weinberg operators, as the latter involve
only left-handed leptons. It can be further checked that
none of the operators in the class ψ2XD is relevant. This
leaves us with only the operators in the upper part of Table I.

We have introduced H†D
↔

μH ≡H†DμH − ðDμHÞ†H and

H†D
↔I

μH ≡H†σIDμH − ðDμHÞ†σIH. Flavor indices are
suppressed to lighten the notation.
4. Finally, we have renormalization of redundant dimen-

sion-seven operators. Diagram (b) in Fig. 1 is representative
of this case. Relative to our chosen basis of dimension-
seven interactions, there is only one such independent
redundant term, that we define in the lower part of Table I.
Any other dimension-seven redundant interaction with
nonzero overlapping with the Weinberg operators on
shell can be reduced to OðRÞ

LHD via algebraic identities or
integration by parts.
Within our bases of operators, divergences for the

Weinberg interactions and for the aforementioned redun-
dant operators can only be induced by the dimension-six
and dimension-seven terms in Tables II and III, and of
course, by the Weinberg operators themselves.
To fix the divergences of the relevant Wilson coefficients

(that we name with a tilde hereafter), we compute all
necessary one-particle-irreducible diagrams off shell. We
proceed with the help of FeynRules [24], FeynArts [25], and
FormCalc [26]. We work in the background-field method in
the Feynman gauge and use dimensional regularization
with space-time dimension d ¼ 4 − 2ϵ.
For the lepton number violating (LNV) operators, we

obtain

ðα̃ð5ÞLHÞpq ¼ −
1

64π2ϵ

�
ðg21 − 3g22 þ 4λHÞðαð5ÞLHÞpq − 16ðαð5ÞLHÞpqαH□

μ2H
Λ2

− 8½ðαð5ÞLHÞprðαð1ÞHLÞrq − 2ðαð5ÞLHÞprðαð3ÞHLÞrq þ p ↔ q� μ
2
H

Λ2
− 16ðαð7ÞLHÞpq

μ2H
Λ2

�
; ð6Þ

ðα̃ð7ÞLHÞpq ¼
1

256π2ϵ
f16ðαð5ÞLHÞpq½6αH − 12λHαH□ þ 2λHαHD − 3g21αHB − 3g22αHW − 3g1g2αHWB�

þ 24ðg21 þ g22Þ½ðαð5ÞLHÞprðαð1ÞHLÞrq − ðαð5ÞLHÞprðαð3ÞHLÞrq þ p ↔ q�
− 32λH½ðαð5ÞLHÞprðαð1ÞHLÞrq − 2ðαð5ÞLHÞprðαð3ÞHLÞrq þ p ↔ q�
þ 8ð3g22 − 20λHÞðαð7ÞLHÞpq þ 6g32½4αpqLHW þ g2α

pq
LHD1 þ p ↔ q�

þ 3ðg41 þ 3g42 þ 2g21g
2
2Þ½αpqLHD2 þ p ↔ q� þ 48Yrt

u Yus
u Yut

u ½αrspqQuLLH þ p ↔ q�g; ð7Þ

ðα̃ðRÞLHDÞpq ¼
1

128π2ϵ
f16ðαð5ÞLHÞpqαH□ − 16½ðαð5ÞLHÞprðαð1ÞHLÞrq − 2ðαð5ÞLHÞprðαð3ÞHLÞrq þ p ↔ q�

þ 3½2g22αpqLHD1 þ g22α
pq
LHD2 þ 4Yrs

u α
rspq
QuLLH þ p ↔ q�g; ð8Þ

where the sum over repeated flavor indices r, s, t, u is
implied. The pieces proportional to dimension-seven oper-
ators in Eqs. (7) and (8) were partially computed for the
first time in Ref. [27] (see also Ref. [28]), which we have
used for cross-check. It is worth noting that the renorm-
alization of the Weinberg operators by OLHW has been
previously studied in [29,30].

The divergences of the redundant dimension-six oper-
ators read

α̃2B ¼ α̃DH ¼ α̃LD ¼ 0; ð9Þ

α̃2W ¼ −
3g2
4π2ϵ

α3W; ð10Þ

TABLE I. Relevant redundant operators of dimension six (top)
and dimension seven (bottom).

O2B − 1
2
ð∂μBμνÞð∂ρBρνÞ

O2W − 1
2
ðDμWIμνÞðDρWI

ρνÞ
OBDH ∂νBμνðH†iD

↔

μHÞ
OWDH DνWIμνðH†iD

↔I
μHÞ

ODH ðDμDμHÞ†ðDνDνHÞ
O0

HD ðH†HÞðDμHÞ†ðDμHÞ
O00

HD ðH†HÞDμðH†iD
↔μ

HÞ
OLD

i
2
L̄fDμDμ; DgL

O0ð1Þ
HL ðH†HÞðL̄iD

↔
LÞ

O00ð1Þ
HL

∂μðH†HÞðL̄γμLÞ
O0ð3Þ

HL ðH†σIHÞðL̄iD
↔I

LÞ
O00ð3Þ

HL
DμðH†σIHÞðL̄γμσILÞ

OðRÞ
LHD

ϵijϵmnLiCLmHj
□Hn
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α̃BDH ¼ −
g1

96π2ϵ
½αH□ þ αHD − 4αppHe − 4ðαð1ÞHLÞpp

þ 8αppHu − 4αppHd þ 4ðαð1ÞHQÞpp�; ð11Þ

α̃WDH ¼ −
g2

96π2ϵ
½αH□ þ 18g2α3W

þ 4ðαð3ÞHLÞpp þ 12ðαð3ÞHQÞpp�; ð12Þ

α̃0HD ¼ −
1

32π2ϵ
½6ðg21αHB þ g1g2αHWB þ 3g22αHWÞ

þ ð3g21 − 3g22 þ 2λHÞαHD þ ð6g22 − 4λHÞαH□

þ 6Ypq
u ðαpquH þ αpq�uH Þ − 24Ypr

u Yqr
u ðαð3ÞHQÞpq

− 8ðαð5ÞLHÞpqðαð5ÞLHÞ�pq�; ð13Þ

α̃00HD ¼ −
3i

32π2ϵ
Ypq
u ðαpquH − αpq�uH Þ; ð14Þ

ðα̃0ð1ÞHLÞpq ¼
3

16π2ϵ
ðαð5ÞLHÞ�prðαð5ÞLHÞrq; ð15Þ

ðα̃0ð3ÞHLÞpq ¼ −
1

8π2ϵ
ðαð5ÞLHÞ�prðαð5ÞLHÞrq; ð16Þ

ðα̃00ð1ÞHL Þpq ¼ 3

32π2ϵ
ðg21αHB̃ þ 3g22αHW̃Þδpq; ð17Þ

ðα̃00ð3ÞHL Þpq ¼ −
3

32π2ϵ
g1g2αHW̃Bδ

pq: ð18Þ

These terms are needed for computing one-loop corrections
to Mν to order v3=Λ3. More generally, renormalizing the
SMEFT to certain dimension requires knowledge about
the counterterms of redundant operators at all smaller
dimensions.
It is therefore important that divergences of redundant

operators are given explicitly rather than only used in
intermediate steps of the calculation. In this vein, it would
be desirable if Eqs. (9)–(18) are extended elsewhere to
include the divergences of all redundant dimension-
six terms.
Upon using the SMEFT equations of motion to Oð1=ΛÞ

[31] for B, W, H, and L,

∂νBμν ¼
g1
2
H†iD

↔

μH þ g1Yff̄γμf; ð19Þ

DνWI
μν ¼

g2
2
ðH†iD

↔I
μH þ L̄γμσILþ Q̄γμσ

IQÞ; ð20Þ

D2Hi ¼ μ2HH
i − λHðH†HÞHi þ Ypq

u ϵijQj
puq

−
ðαð5ÞLHÞ�pq

Λ
ϵij½Lj

qðH̃TLc
pÞ þ ðLq H̃ÞLc;j

p �; ð21Þ

iDLi
q ¼ −2

ðαð5ÞLHÞ�pq
Λ

H̃iðH̃TLc
pÞ; ð22Þ

(with f running over all fermions), we obtain the following
on-shell projections onto the Weinberg-like operators:

ðOðRÞ
LHDÞpq ⊃ μ2HðOð5Þ

LHÞpq − λHðOð7Þ
LHÞpq; ð23Þ

O2W ⊃
g22
2Λ

ðαð5ÞLHÞpqðOð7Þ
LHÞpq þ H:c:; ð24Þ

OWDH ⊃ −
2g2
Λ

ðαð5ÞLHÞpqðOð7Þ
LHÞpq þ H:c:; ð25Þ

O0
HD ⊃ −

1

Λ
ðαð5ÞLHÞpqðOð7Þ

LHÞpq þ H:c:; ð26Þ

O00
HD ⊃ −

2i
Λ
ðαð5ÞLHÞpqðOð7Þ

LHÞpq þ H:c:; ð27Þ

TABLE II. Dimension-six interactions that modify Mν at one
loop. Those in bold italic will be shown to give vanishing
correction to Eq. (2) at the very end of the calculation.

OH ðH†HÞ3
OH□ ðH†HÞ□ðH†HÞ
OHD ðH†DμHÞ�ðH†DμHÞ
OHB ðH†HÞBμνBμν

OHW ðH†HÞWI
μνWIμν

OHWB ðH†σIHÞWI
μνBμν

O3W ϵIJKWIν
μ W

Jρ
ν WKμ

ρ

OHB̃ ðH†HÞB̃μνBμν

OHW̃ ðH†HÞW̃I
μνWIμν

OHW̃B ðH†σIHÞW̃I
μνBμν

OuH ðQ̄ H̃ uÞðH†HÞ
Oð1Þ

HL ðH†iD
↔

μHÞðL̄γμLÞ
Oð3Þ

HL ðH†iD
↔I

μHÞðL̄γμσILÞ
OHe ðH†iD

↔

μHÞðēγμeÞ
Oð1Þ

HQ ðH†iD
↔

μHÞðQ̄γμQÞ
Oð3Þ

HQ ðH†iD
↔I

μHÞðQ̄γμσIQÞ
OHu ðH†iD

↔

μHÞðūγμuÞ
OHd ðH†iD

↔

μHÞðd̄γμdÞ
OLL ðL̄γμLÞðL̄γμLÞ

TABLE III. Dimension-seven interactions that modify Mν at
one loop.

OLHD1 ϵijϵmnðLiCDμLjÞHmðDμHnÞ
OLHD2 ϵimϵjnðLiCDμLjÞHmðDμHnÞ
OLHW ϵijðϵσÞmnðLiCσμνLmÞHjHnWIμν

OQuLLH ϵijðQ̄uÞðLCLiÞHj
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δpqðO00ð1Þ
HL Þpq ⊃ 2i

Λ
ðαð5ÞLHÞrpðOð7Þ

LHÞrp þ H:c:; ð28Þ

δpqðO00ð3Þ
HL Þpq ⊃ −

2i
Λ
ðαð5ÞLHÞrpðOð7Þ

LHÞrp þ H:c: ð29Þ

On top of these quantities, the divergences of the Higgs
and left-handed lepton kinetic terms, to order 1=Λ2, are also
needed. We get

KH ¼ −
1

32π2ϵ

�
g21 þ 3g22 − 6TrðY2

uÞ

þ 2ð2αH□ − αHDÞ
μ2H
Λ2

�
; ð30Þ

as well as

KL ¼ 1

64π2ϵ
ðg21 þ 3g22Þ: ð31Þ

In order to derive the renormalization group equations
for the Wilson coefficients of the Weinberg operators, first
we need to remove the operators which are redundant on
shell. To this aim, we use Eqs. (23)–(29) to obtain α̃ð5ÞLH and

α̃ð7ÞLH in the physical basis, which with a little abuse of

notation we will still name the same. Subsequently,
we canonically normalize the kinetic terms by performing
the perturbative field redefinitions H → ð1 − KH=2ÞH
and L → ð1 − KL=2ÞL. The bare ðαð5ÞLHÞ0 is related to the

renormalized counterpart by ðαð5ÞLHÞ0 ¼ μ2ϵZð5Þ
LHα

ð5Þ
LH, with

Zð5Þ
LH ¼ 1 − α̃ð5ÞLH=α

ð5Þ
LH. The running of αð5ÞLH is thus derived

from the requirement that the bare term is independent of

the renormalization scale μ, namely, μdðαð5ÞLHÞ0=dμ ¼ 0.
This gives

μ
dαð5ÞLH

dμ
¼ ϵαð5ÞLH

∂Zð5Þ
LH

∂gk nkgk; ð32Þ

with gk running over all Lagrangian couplings, renorma-
lizable or not, and with nk representing the tree-level
anomalous dimensions of gk, namely, the values required
to keep the action dimensionless in d ¼ 4 − 2ϵ dimensions.
A completely analogous derivation holds of course for the
dimension-seven Weinberg-like operator.
Solving the corresponding renormalization group equa-

tions to the leading-logarithmic approximation, and upon
EW symmetry breaking, we obtain

δMpq
ν ¼ −

v2

16π2Λ
log

Λ
v

�
½3g22 − 2λH − 6TrðY2

uÞ�ðαð5ÞLHÞpq

þ v2

Λ2
ðαð5ÞLHÞpq

�
−4ðαð5ÞLHÞstðαð5ÞLHÞ�st þ 6αH þ 2

3
ð5g22 − 12λHÞαH□ þ 1

2
ð3g21 − 3g22 þ 4λHÞαHD þ 6g22αHW

þ 3ig21αHB̃ þ 9ig22αHW̃ þ 3ig1g2αHW̃B þ 6Yst
u α

st�
uH þ 4

3
g22ðαð3ÞHLÞrr þ 4g22ðαð3ÞHQÞrr − 12Ysu

u Ytu
u ðαð3ÞHQÞst

�

þ v2

Λ2

3

2
ðg21 þ g22Þ½ðαð5ÞLHÞprðαð1ÞHLÞrq − ðαð5ÞLHÞprðαð3ÞHLÞrq þ p ↔ q� þ v2

Λ2

3

4
½g21 þ 5g22 − 8λH − 8TrðY2

uÞ�ðαð7ÞLHÞpq

þ v2

Λ2

�
3

8
g42α

pq
LHD1 þ

3

16
ðg41 þ 2g21g

2
2 þ 3g42ÞαpqLHD2 þ

3

2
g32α

pq
LHW þ 3Yrt

u Yus
u Yut

u α
rspq
QuLLH þ p ↔ q

��
: ð33Þ

At energies μ < v, the neutrino mass matrix does not
renormalize in the limit of negligible lepton masses [32].
Thus, Eq. (33) comprises the leading correction to Eq. (2),
constituting the main result of this article.
Let us note that the renormalization of the Weinberg

dimension-five operator due to the SM interactions has
been extensively studied a long time ago [33–35]. The first
line in Eq. (33) agrees with the previous result, which
provides an additional check of our computation.
A more precise determination of δMν could be obtained

upon accounting also for the running of the renormalizable
couplings as well as the dimension-six operators them-
selves, which can be found in Refs. [16–18,36,37].

III. DISCUSSION

Equation (33) becomes more important as smaller the
tree-level neutrino mass is. The latter can be approximately
vanishing if, for example, bothαð5ÞLH andαð7ÞLH are zero. In such
a case, neutrino masses within the SMEFT are necessarily

induced by dimension-sevenoperators [other thanOð7Þ
LH], at a

scale of order Oð103Þ TeV for unit Wilson coefficients.
Not all combinations of the dimension-seven operators

within our basis generate log-enhanced neutrino masses,
though. For example, it can be directly read from Eq. (33)
that O ¼ g2OLHW − 4OLHD1 gives δMν ¼ 0. (It is worth
noting that we could only come to this result upon having
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included μ2H=Λ2 corrections in the renormalization of αð5ÞLH.
Otherwise, O would seem to induce a spurious nonvanish-
ing δMν proportional to λH.)
This means that, within a UV completion of the SM

leading toO (note that bothOLHD1 andOLHW can arise at tree
level [38]), neutrinomasses would be finite at one-loop order
up to leptonic Yukawa corrections. It would be interesting to
investigate whether such finite piece vanishes or not.
Another case where Eq. (33) becomes important is when

both Weinberg operators cancel partially each other at tree
level. As we anticipated in the Introduction, such cancel-
lations are feasible, as Oð5Þ

LH can arise at higher-loop order

than Oð7Þ
LH in UV completions of the SM [13,14].

Irrespective of potential cancellations, we find interest-
ing analyzing the importance of dimension-six operators in
δMν relative to the SM contribution. To this aim, let us just
work in the one-family case. We compute δMν for different
values of αH

3 assuming that all other dimension-six
operators are fixed to their best (marginalized) fit values
from Ref. [44] (other Wilson coefficients not included in
Table 6 of that article; i.e., αHB̃, αHW̃ and αHW̃B are set to
zero because they are very constrained; see, e.g., [45,46],
and dimension-seven operators are assumed to be zero
for simplicity) and compare to the case where all dimen-
sion-six interactions vanish, δMSM

ν . We obtain that jδMν −
δMSM

ν j=jδMSM
ν j reaches 50% for Λ ¼ 1 TeV and αH ¼ 5;

see Fig. 2. On a different front, we compare δMν toMtree
ν as

a function of Λ in Fig. 3, this time allowing the Wilson
coefficients of dimension-six operators to vary across the
95% confidence level ranges [44]. The plot does not go
beyond Λ > 3 TeV, as some of these coefficients approach
the nonperturbative limit in that regime.
It would be worth exploring further the impact of

dimension-six corrections on the neutrino mass and mixing
parameters. In particular, we believe that our results open
the possibility of including neutrino data in the fits of the
SMEFT. For example, ifMν is accurately measured at both
low energies and near the TeV scale, Eq. (33) can be used to
constrain dimension-six interactions. Whether Mν can be
precisely determined at colliders is still an open question,
though. It depends significantly on how large the entries in
Mν are [15,47].
Also, it would be particularly interesting to study to

which extent the neutrino mass ordering is affected by the
dimension-six flavored operators OuH, Oð1Þ

HL, Oð3Þ
HL, and

Oð3Þ
HQ. For this matter, fits of the SMEFT to the data with

relaxed (or none) flavor assumptions, as that in Ref. [48],
are needed. In particular, it may happen that Mee

ν [or better

to say ðαð5ÞLHÞee] vanishing at some high scale Λ will be
generated at the EW scale in the result of running induced

by Oð1Þ
HL and Oð3Þ

HL, cf. Eq. (33). Consequently, neutrinoless
double beta decay would have a nonzero rate. In the
absence of the dimension-six interactions, this would not

have been the case, since ðαð5ÞLHÞpq runs proportionally to
itself (in the considered approximation of negligible
charged lepton Yukawa couplings).

FIG. 2. Impact of dimension-six interactions on the size of the
leading-logarithmic correction to Mν as a function of αH for
different values of the new physics scale Λ. The Wilson
coefficients of other dimension-six operators have been set to
their best-fit values from [44]. Dimension-seven operators have
been assumed to vanish. See the text for further details.

FIG. 3. Relative size of the leading-logarithmic correction toMν

as a function of Λ, with the Wilson coefficients of dimension-six
operators set to zero (blue line) and to their best-fit values from [44]
(red line). The band represents the variation of the Wilson
coefficients of dimension-six operators across the 95% confidence
level ranges derived in [44]. Dimension-seven operators have been
assumed to vanish. See the text for further details.

3This Wilson coefficient is very weakly constrained by current
data [39–41]. Moreover, there are theoretical reasons to expect
αH=Λ2 ≳ 1 TeV−2 [40], based on the possibility that the matter-
antimatter asymmetry is induced by EW baryogenesis [42] due to
a modified Higgs potential [43].
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Related to this discussion, it is also worth highlighting
that several combinations of dimension-six operators do
not modify δMν. The most notable of these are O3W ,

OHWB, and g22OH −OHW as well as 2g22OH − 3Oð3Þ
HQ and

2OHW − 3Oð3Þ
HQ (for Yu → 0). It would be interesting to

find deeper reasons, if any, behind these nonrenormaliza-
tion results.
Finally, we would like to stress that, if the LNVand the

dimension-six operators are suppressed by different
scales, ΛLNV ≫ ΛLNC, then the v3=ðΛLNVΛ2

LNCÞ piece
of Eq. (33) comprises the leading correction to the
SMEFT renormalization obtained in Refs. [16–18];
being, in particular, more important than the v2=Λ2

LNV
piece obtained in Ref. [49]. We plan to address the full
renormalization of the SMEFT to order v3=Λ3 in a
future work.
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