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Motivation: renormalizable mass models

An instructive example

» An abundance of renormalizable »-mass models tries to
explain observed masses and mixings

> e.g. u-7-symmetry [GLO3]: invariance under non-standard
CP-transformations such as vy, o, — iSaﬁ’yOC’P:LF’ﬁ provokes
maximal atmospheric mixing, other symmetries provoke
my, < mr (3HDM with heavy Majoranas)
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Model setup

Test stability of tree-level predictions using a general model,
later apply specific parameter choices/symmetries/seesaw
mechanism: arXiv:1807.00725 [hep-ph]

L = Lym + Lxin + Ls + Lyuk + Lymaj + Lar + Lrp.

> SU(2) x U(1)y with ny scalar doublets
Ls = (D, ®,)" D'®, — 2, 8] &y — Nypea (B] D) (BLD4)

» Mass generation via Yukawa interaction and Majorana mass term

- 1
Lk + Lyaj = —€rPLT: (’e’i) —vrdlA, (’ZLL) — 5PrMpvf, + He.

Fk c (DnH><(nL><nL)7 Ak c (DnHX(nRXnL)

| Gauge fixing with RE-gauge (avoids scalar-vector boson mixing @ tree-level)
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One-loop calculation

Main goal: one-loop masses (& later mixing angles)

» Potentially far more parameters than process-independent
physical observables
= MS-scheme somewhat unavoidable

» MS-Renormalization of scalar sector: {ouz;, SNijki, Ovk}
> MS-Renormalization of leptonic sector: {§A;, 6T, 6 Mz}

» Gauge-dependence discussion: How to show
gauge-parameter independence of one-loop masses?

» Treatment of tadpole contributions
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Renormalization of scalar sector

Quartic coupling

> Determine 0 from (Q] T o004 ) in unbroken phase
to simply save some computational effort

» Using dimensional regularisation in d = 4 — ¢, this is:

- & 9
21 (5)\ijkl = % , Coo = g +vE + 111(471’)
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» Serves as input for mass counterterm in broken phase:

g, S

Sufficient for our purposes: oA;jx; = 0Xijki + SAitk;j
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Renormalization of scalar sector
dp? and dv

» Knowing 55\ijkl, find 5#% and év, by demanding finite scalar

self-energy:
@ -

N
SXijkt, OuZ;, Svg

» Need independent duvy, for & # 0 [SSV13]. Result: (note the
absence of £4)
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» Check finiteness of scalar one-point function:
l
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Renormalization of leptonic sector

Yukawa couplings

» Determine Yukawa counterterms 6I';, and A, from divergencies
in vertex corrections, again in unbroken phase:

e v Y

» Find remarkably simple result for neutral leptons
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Finite one-loop lepton masses

» Inserting Yukawa- and VEV-counterterms in the lepton
mass-counterterms gives finite self-energies
» For neutrinos: dMp = % (6vg Ak 4+ vE0AL) + wave-function renorm. §)

D—+—@—+__ _+_ 1 =0

——
SMp,5(x) coo

» Note: 0 Mgz = 0 at one-loop!
» Eventually calculate finite mass shifts (for neutrinos) via

S(p) =p (EEA) (P*)vL + Eg{‘)(ﬁ)m) +23 e + =2 0*)yr.

Am; = m; (Z,(j’z)) (m?) + Re (E,(g)) (m?) (i=1,...,np +ng)

> Presentation of full results for leptonic self-energies
(including tadpoles) in analytic form. (Fits on a page)
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Gauge dependencies

» Consistency check: gauge-parameter independence of
one-loop masses

» Can analytically show this for on-shell lepton self-energies,
i.e. here: when p — 1, [Wei73]
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Gauge dependencies

Full ¢z-dependence of self energies contained in:
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Gauge dependencies

Full ¢z-dependence of self energies contained in:
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= Gauge-parameter independent one-loop masses

Terms of these types do not contribute to mass corrections, only
shifts of the propagator residues — field strength renormalization
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Finite tadpole contributions

» We have seen: need (finite) tadpole contributions for
gauge-parameter independence of one-loop masses
» Can introduce finite VEV shifts Av;, to absorb these =

vanishing one-point function
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Finite tadpole contributions

» We have seen: need (finite) tadpole contributions for
gauge-parameter independence of one-loop masses
» Can introduce finite VEV shifts Av;, to absorb these =

vanishing one-point function
7 Q@ © ¢/
: o+ 1+ ¢ =0
| | |
SN, o2, SN, o2, Av
dv v

®
+ 1 =0 —
|

» Equivalence of inserting all tadpole contributions for a given
observable versus making the shift v, — v + Awy in the
corresponding Lagrangian terms (here: lepton masses)

—R—+ ’ + ' = —Q—+—bD—
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Finite tadpole contributions
Charged leptons

» Finite tadpole-shifts introduce finite mass-shifts:
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For take away

» An abundance of renormalizable neutrino mass models
available, often with many new scalars

» Want to check perturbative stability of mass and mixing
predictions in generally applicable way
= multi-Higgs doublet SM
» Results: arXiv:1807.00725 [hep-ph] (to be published soon)
» MS-renormalization of scalar and leptonic sector in broken phase
via renorm. of parameters of unbroken theory
» Clear treatment of tadpole renormalization and finite contributions
» Gauge-parameter independence of one-loop masses analytically
shown
» Rather compact analytic results for complete one-loop lepton mass
corrections
»> Current work: numerical evaluation for p-7 symmetry model
> Future work: study radiative corrections to mixing angles
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