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Main question

How do radiative corrections to masses and mixing
angles behave in ν-mass models?

M. Fox, W. Grimus and M. Löschner,
Renormalization and radiative corrections to
masses in a general Yukawa model,
arXiv:1705.09589 [hep-ph].
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Motivation

Open problems:

1. Smallness of ν-masses
2. Mild hierarchy in ν-mass

spectrum vs. strong hierarchy
in spectra of charged leptons
and quarks

3. Relation between mixing
angles and masses

4. Majorana nature of neutrinos

Taken from [1]
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Motivation

Flavour symmetries

• Attempt to describe/explain structure of
UPMNS via symmetries of the mass matrix

• Use (combination of) discrete symmetries to
approximate UPMNS , e.g. µ-τ symmetry [3]

SMνS =M∗
ν

with S =
νe

νµ

ντ

1 0 0
0 0 1
0 1 0


⇒ |Uµi| = |Uτi| ∀i

⇒ θ23 = 45◦, δ = ±π
2
. Taken from [1]

I Models of this kind often show proliferation of scalars
I Need suitable treatment of potentially large number of scalars
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Radiative Corrections in ν-mass models

Setup of general Yukawa toy model:

• nχ Majorana fermions
• nϕ real scalars
• Z4-Symmetry: no tree-level mass terms and (tri-)linear terms in

scalar potential:

S : χL → iχL ϕ→ −ϕ

Toy model Lagrangian

L = iχ̄iL /∂µχiL +
1

2
(∂µϕa) (∂µϕa)

+

(
1

2
(Ya)ij χiL

TC−1χjLϕa + H.c.

)
− 1

2
(µ2)abϕaϕb −

1

4
λabcd ϕaϕbϕcϕd
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Radiative Corrections in ν-mass models

Generation of masses

• Masses are generated via spontaneous symmetry breaking
(SSB)

ϕa =M−ε/2v̄a + ha

I Majorana masses m0 =
nϕ∑
a=1

vaYa

I Scalar masses
(
M2

0

)
ab

= µ2
ab + 3λabcdvcvd

• Masses fully determined via model parameters, also in terms of
renormalization

• Note: number of masses� number of model parameters

⇒ Renormalization of masses not sufficient to make theory finite
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Radiative Corrections in ν-mass models

Renormalization

Want to achieve:
I Clear and straightforward approach
I Non-specific on peculiarities of the investigated models
I Take nature of masses as functions of parameters of the model

serious

Programme:
1. MS renormalization for all parameters of the model and the field

strength renormalization constants (using dim. reg.)
2. Finite shifts ∆va of vacuum expectation values such that scalar

one-point functions vanish
3. Finite field strength renormalization to get on-shell self-energies
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Radiative Corrections in ν-mass models

Determination of Counterterms

(a) δλ̂abcd determined from the quartic scalar
coupling

(b) δŶa obtained from Yukawa vertex

(c) δµ̂2
ab removes UV-divergent terms from

p2-independent part of scalar selfenergy

(d) δ̂(χ) and δ̂(ϕ) determined from
momentum-dependent parts of respective
selfenergies.
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Results
One-point functions and VEV shifts

I Unobscured treatment of tadpole contributions

0 = + +

=M−ε/2 i

−M2
0a

× (−i)
(
t̂a + Ta + ∆t̂a + δµ̂2

abv̂b + δλ̂abcd v̂bv̂cv̂d

)
I At one loop order:

∆t̂a = µ̂2
ab∆v̂b + 3λ̂abcdv̂cv̂d∆v̂b =

(
M̂2

0

)
ab

∆v̂b,

I Finite tadpole contributions are absorbed in VEV shifts

∆v̂a = −
(
M̂2

0

)−1

ab
(Tfin)b .

I Note: t̂a = 0 equivalent to finding stationary points of potential

t̂a = µ̂2
abv̂b + λ̂abcdv̂bv̂cv̂d =

∂V

∂ϕa

∣∣∣∣
ϕi=v̂i

!
= 0
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Results

Renormalized self-energies

Majorana fermions

Σ(p) = Σ1-loop(p)− /p
[
δ̂(χ)γL +

(
δ̂(χ)

)∗
γR

]
+v̂a

[
δŶaγL + (δŶa)∗γR

]
+ ∆v̂a

[
ŶaγL + Ŷ ∗

a γR

]
,

Real scalars

Πab(p
2) = Π1-loop

ab (p2)− δ̂(ϕ)
ab p

2 + δµ̂2
ab + 3δλ̂abcdv̂cv̂d + 6λ̂abcdv̂c∆v̂d

*explicit results for self-energies and counterterms in [2]
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Results

One-loop masses

Majorana fermions:

mi = m0i +m0i

(
Σ

(A)
L

)
ii

(m2
0i) + Re

(
Σ

(B)
L

)
ii

(m2
0i),

Dirac fermions:

mi = m0i +
1

2
m0i

[(
Σ

(A)
L

)
ii

(m2
0i) +

(
Σ

(A)
R

)
ii

(m2
0i)
]

+Re
(

Σ
(B)
L

)
ii

(m2
0i)

Real scalars:

M2
a = M2

0a + Πaa(M2
0a)

I Finite mass shifts via radiative corrections to couplings
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Conclusion/Outlook

• General idea: build a tool for studying radiative corrections to
masses and mixing angles in neutrino mass models with flavor
symmetries

• Contribute to recent discussions on tadpole renormalization
I see e. g. [4, 5, 6]

• Next steps:
I Need gauge interactions to see effect of mixing angle

renormalization
I Elevate toy model to gauge theory
I Relate approach to N-Higgs doublet models (NHDM)
I Determine radiative corrections to masses and mixing angles in

showcase ν-mass models known from the literature
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Thanks!
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