ONE-LOOP CORRECTIONS
1O FERMION MASSE
AND FLAVOR SYMMETRIE

Maximilian Loschner
Advisor: Walter Grimus

T igsitat f dk H LIF

Der Wissenschaftsfonds.
kt atskolleg

icles and Interactio

Maximilian Léschner Multi-Higgs Workshop Lisboa
One-Loop Fermion Mass Corrections and Flavor Symmetries 6 September 2016



INTRODUCTION

Standard Model of particle physics
arguably only contains massless T
left(right)-handed electron, muon and

tau (anti-)neutrinos

o

Measurement of p-oscillations:

http://www-sk.icrr.u-tokyo.ac.jp/sk/detector/image-e.html

» Confirmation of non-vanishing mass
differences:

19, Lo ZUMUB,L Ugge 1AM 38

Possibly far reaching implications of
mass generating mechanismes:

» e.g. lepton number violation,
composition of dark matter

http://www.sno.phy.queensu.ca/sno/images/publicity_photos/index.html
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SOM

OPEN QU

=S TIONS

On the theory side:

|. Smallness of » Mmasses

2. Mild hierarchy In

D mass spectrum vs.
strong hierarchy in spectra
of charged leptons

3. Mixing angles in lepton
mixing matrix Upmnis
(especially vs. Vckm)
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NEUTRINO MASS TERMS

* In order to build three gauge invariant (Yukawa) mass terms, necessarily need to introduce at
least three right-handed D’s [arXiv:0905.0221]

£m,Dirac = y(vL¢0 ) ZL¢—)VR _I_ h°C'
= mp = y{Po)

* If s are of Majorana nature, also need to include:

Lo = AT == e,

» New scalars needed to describe these in terms of
Yukawa couplings

6
D masses are at least |0 times smaller than electron mass

0

» Seems unnaturally small

» Mechanisms avoiding tiny Yukawa couplings often introduce new scalars, e.g. Type || Seesaw
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FLAVOR SYMMETRIES

* Attempt to describe/explain structure of
UprmMnis via symmetries of the mass matrix

» Use combination of discrete symmetries
to approximate Upmns, €.g. H-T symmetry

[Phys. Lett. B 579 (2004), | 13-122]
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http://arxiv.org/abs/arXiv:1212.6374
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ONE-LOOP CORRECTIONS

 Starting point: Determine one-loop mass corrections in general

framework, starting from toy model with a Majorana/Dirac fermion and a
real scalar field: farXiv:1406.7795]

R 1 " 1
Lo = 0t + GUECTxu6 + e ) + 5(0,68)(0"0) = V(O
I}

V(g) = 5126 + 126"

» FInd an appropriate renormalization scheme, 1.e. choose proper
parameter set, investigate role of tadpoles, ...

{Zla ZQ7y7 Aat} VS. {Zla ZQam)o quat}
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GENERALIZATION

* ldea: generalize toy model to n, real scalar and nrf Majorana/Dirac fields

Leen = iX1.0x1L + (%Xﬂcl(yk)ll’Xl’L¢k + hoC-> I %(31/@)(31/@') - Vi(¢)
V(g) = %(U2)ij¢i¢j o i)\ijklgbi¢j¢k§bl

» Easlly generalize one-particle results, e.g. the fermion self-energy
(see backup slides)

» Apply to specific models known from the literature

» Investigate flavor symmetries, one-loop corrections to mixing angles:
Are the predictions for mixing angles stable under radiative

corrections!?
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* On-shell conditions are needed for
calculating the field strength renormalization
constants

 The derivation of these conditions for
theories with mixing seemed a bit vague for
the general reader of the relevant literature

» Review on the derivation and use of on-
shell conditions in theories with
flavor mixing:

» Conditions for: real scalar fields, Dirac &
Majorana fermions in theories with and
without CP conservation; comparison of
#free parameters vs #conditions, ...
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arXiv:1606.06191v1 [hep-ph] 20 Jun 2016

UWThPh-2016-11

Revisiting on-shell renormalization conditions
in theories with flavour mixing

W. Grimus® and M. Loschner!

University of Vienna, Faculty of Physics
Boltzmanngasse 5, A-1080 Vienna, Austria

June 20, 2016

Abstract

In this review, we present a derivation of the on-shell renormalization conditions
for scalar and fermionic Selds in theories with and without parity conservation,
We also discuss the specifies of Majorana fermions. Our approach caly assumes
a camomical form for the remormalized progagators and exploits the fact that the
lmverse propagators are non.singular in £ « p* — m?, where p Is the external four.
momentum and m,, s 8 pole mass, In this way, we obtain full agreement with
commonly used on-shell conditions. We also discuss how they are lmplemented in
renormalization,

*E-mail: walter grimvestasivie.sc.at
TE-mail: maximilian boschnerOunivie ac at

[Int. J. Mod. Phys. A 31, 1630038 (2016)]
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,[..] the discovery of neutrino oscillations
implying mass and mixing can be regarded
as one of the greatest discoveries in physics
in the last two decades, not least because it
provides the only laboratory evidence for

physics beyond the Standard Model |...]|"

arXiv:1511.0383 I [hep-ph]

T HANKS!
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https://icecube.wisc.edu/gallery/press/view/ | 964
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BACKUP SLIDE
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ST TEOOR

4

Generalize the toy model and one-loop results
to arbitrary # of fermion and scalar fields

Study effects of (discrete) flavor symmetries

Investigate analytically the stability of tree level
predictions for mixing angles and masses

-inally: apply findings to promising models known

from the literature and produce numerical results
for corrections to masses and mixing angles
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SR EMPLARY RESUEE

» Recent result: Yukawa coupling renormalization constants properly
cancel divergencies Iin fermionic self-energy

fermionic self-energy: Yukawa-vertex correction

h k

/"‘

N

nn My XiL I XfL \\XjL
—1 (E E Z Z - »- —ilijk(p, q) =
k=1 f=1
divergent part prop. to masses: renorm. constants
nf np
B’&J( = fjmf (5yk S‘ S‘ (:&k)mn
167T 167T
f=1s= 1 =l =1l
Maximilian L&schner Multi-Higgs Workshop Lisboa

One-Loop Fermion Mass Corrections and Flavor Symmetries 6 September 2016



GENERALIZATION

» Fermion self-energy easily generalizable for the toy model with an
arbrtrary number of particles:

—1 (El)ij (}75) 5 Z Z 1(Qk)1zé"7§?gk)f] ([Z - mf] G

k=1 f=1

Sy

dz|(1 — z)p + my|In (A’jdéﬂ))>

2
Ot = -t Indr, Aps(@?) = 2((1 — 2)p® — m?) + (1 — z) M
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NEUTRINO MASS TERMS

* In order to build three gauge myamant Mechanisms that avoid tiny Yukawa couplings:
(Yukawa) mass terms, necessarily need
to introduce at least - Type | Seesaw mechanism
three right-handed V’s [arxiv:0905.02217
0 s M, =2 0.
Em,Dirac = y(VL¢ i ZL¢ )VR —I_ h'C' i VR mD M
= mp = Y{¢o)
2
6 . S ey D)
* D masses are at least |0 times smaller M Mo ~
than electron mass ﬁ\
—11
» Y 5 10
* Radiative mass generation
» seems unnaturally small o o
* (Can also introduce Majorana o >—< 0
mass term / 3
e — Vivpvrn | h.c. A 7 i
e lian Eoschner Multi-Higgs Workshop Lisboa
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RADIATIVE MASS GENERATION

Example: Scotogenic Model %o %o
[arXiv:1408.4785] \\ //
B SIM Dy three right- e
handed D's and second PN
scalar doublet Np
Ni;  (n%,n°) with (n”) =0
* Impose exact £ -

symmetry: all SM particles

even. New particles odd « Vanishing VEV of second scalar doublet

0 4 | » No tree level Dirac mass
» y(vg” — 1™ )N forbidden

» One-loop Majorana mass

0 -
% y(Vn = 177 )N allowed « Possible dark matter candidate
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HISTORY

Neutrinos originally postulated by
Wolfgang Pauli in 1930

* First direct detection in Cowan—Reines
neutrino experiment in [956

« [wo further flavors of neutrinos
measured in 1962 and 2000

* Feynman and Gell-Mann: only
eft(right)-handed (anti-)particles take T
bart In weak interaction "

- Standard model of particle physics :
inherits only massless left(right)-handed 4 e
< The 'Neutrino Event’

electron-, muon- and tau Rl 15,1570 = Ve E R
(anti-)neutrinos

hydrogen bubble chamber
oot

/—i :: ;
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SOM

OPEN QUESTIONS

Experiment On the theory side:
|. Value of the CP-violating |. Smallness of D masses
phase In the mixing
Matrix 2. Strong hierarchy In mass

spectra of charged leptons
2. Normal or inverted mass

hierarchy 3. Mild hierarchy in D

spectrum
3. Absolute mass scale of

the lightest neutrinos 4. One small and two large
mixing angles In lepton
4. Dirac or Majorana nature mixing mMatrix
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