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WHY STERILE NEUTRINOS

2 Open problems in the SM

2 New Physics is needed to solve these issues

2 Many BSM extensions consider Sterile Neutrinos, e.g. type-l and type-III
seesaws, and its variants vMSM, linear seesaw, inverse seesaw...
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2 Sterile neutrinos: SM singlets, only via mixing to active neutrinos
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BROAD PHENOMENOLOGY

Sterile neutrinos could be anywhere

2 Different scales

B Different observables
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BROAD PHENOMENOLOGY

Sterile neutrinos could be anywhere

2 Different scales

B Different observables

_\\\
Explore the interplay
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p and Ovpp
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OUTLINE

2 Experimental status for f and Ovff decays

2 The role of sterile neutrinos in f and Ovpp decays

2 Implications for type-l seesaw models

Xabier Marcano KIT, Invisibles 18 Workshop



EXPERIMENTAL STATUS OF DECAYS

2 Measure the end-point spectrum of tritium f decay (Eo = 18.6 keV)
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Physics
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*Talk by Diana Parno in Neutrino 2018

Adapted from J. Wilkerson, Neutrino 2012
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THE KATRIN EXPERIMENT
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THE KATRIN EXPERIMENT

2 The KArlsruhe TRItium Neutrino experiment
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NEUTRINOLESS DOUBLE BETA DECAY

2
2 Learn about neutrinos looking for no neutrinos  Mee = ‘ E m;Ue;
i
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Anna Julia Zsigmond (GERDA), Neutrino 2018
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EXPERIMENTAL STATUS OF 0vgp

2 Current bounds on neutrinoless double beta decays after Neutrino 2018

2 Depend on the studied isotope

Experiment [sotope T f/”zn (y) ma*(meV)
EXO-200 136Xe 1.8 x 10?%° 147-398
KamLAND-Zen 136X o 1.07 x 1049 62-165
GERDA 6Ge 0.9 x10%° 110-260
MAJORANA DEMONSTRATOR  "Ge 2.7 x 10?5 200-433
CUORE BB0Te 1.5 x 10%° 110-520
CUPID-0 32Se 2.4 x 10%4 376-770

2 More in talk by Chiara Brofferio
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EXPERIMENTAL STATUS OF 0vgp

2 Current bounds on neutrinoless double beta decays after Neutrino 2018

2 Depend on the studied isotope

Experiment [sotope T f/”; (y) ma*(meV)
EXO0-200 136Xe 1.8 x 10%° 147-398
KamLAND-Zen 136X o 1.07 x 1026 62-165
GERDA 6Ge 0.9 x 1026 110-260

VAJORANA DEMONSTRATOR  76Ge 200-433
CUORE 130Te 1.5 x 102° 110-520
CUPID-0 82Ge 2.4 x 1024 376-770

2 More in talk by Chiara Brofferio
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f AND 0OvSS IN THE SMy

2 The standard picture for 3 light Majorana neutrinos (SMy)
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2 The standard picture for 3 light Majorana neutrinos (SMy)
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WHERE IS THE STERILE NEUTRINO
IN ALL THIS STORY?
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STERILE NEUTRINOS IN g DECAYS

2 It could be seen as a kink in the electron spectrum
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S. Mertens et al, Phys.Rev. D91 (2015) 042005
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STERILE NEUTRINOS IN g DECAYS

2 It could be seen as a kink in the electron spectrum
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STERILE NEUTRINOS IN g DECAYS

2 It could be seen as a kink in the electron spectrine
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WHAT IF...
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THE 3+ 1 SCENARIO

2 Simplest bottom-up approach
2 4 masses m, = (M, Mo, M3, My)

2 4x4 mixing matrix

a iniKR|N nmy ~ (1 — 18) KeV

S e e e

S Mertens et al, JCAP 1502 (2015) no.02,020
S. Mertens et al, PRD9 | (2015) 042005
N. M.N. Steinbrink et al, EPJC 78 (2018) no.3,212

>

U, P 21078 =107
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OvSf IN THE 3+ 1 SCENARIO

2 A new Majorana neutrino in the KeV could change the standard picture
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OvSf IN THE 3+ 1 SCENARIO

2 A new Majorana neutrino in the KeV could change the standard picture
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OvSf IN THE 3+ 1 SCENARIO

2 A new Majorana neutrino in the KeV could change the standard picture
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OvBS IN THE 3+N SCENARIO

2 If there are more light sterile neutrino (mi2 « p2~ (100 MeV)?2)

- Excluded by KAMLAND - ZEN
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TYPE | SEESAW MODELS

2 Add right-handed neutrinos with Dirac and Majorana terms

L= Lasn + ZE@N[ — (YQIZgENI | NICNJ -+ hC) :

2 The minimal realization needs 2 right-handed neutrinos

2 After the EW symmetry breaking

0 m
MtypeI:(mg ]\f )
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TYPE | SEESAW MODELS

2 Explaining mignt imposes relations between the parameters

2 In the type-I seesaw, these relations may lead to cancellations in mee

M. Blennow et al, |[HEP 100/ (2010) 096
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TYPE | SEESAW MODELS

2 Explaining mignt imposes relations between the parameters

2 In the type-I seesaw, these relations may lead to cancellations in mee

M. Blennow et al, |[HEP 100/ (2010) 096

2 The cancellation in a nutshell:

# Neutrino mass diagonalization relations:
3+N

(Mtype—l) — (UMdiagUT) — Z ngmz =0
ee ee —

% mee if all the neutrinos are lighter than the p2~(100 MeV)2:

3+ N | 3+ N

Xabier Marcano KIT, Invisibles 18 Workshop



TYPE | SEESAW MODELS

2 Cancellations in the type | seesaw with light right-handed neutrinos
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MINIMAL TYPE=-l SEESAW WITH 2 RH

2 Minimal realization needs 2 right-handed neutrinos

2 Fix va to the KATRIN regime and let vs free

N 2
m; D
Mee = g U3¢P2p2 L ~amBth 1 }
i=1

02 ee 2 _ a2
m; p mrx
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MINIMAL TYPE=-l SEESAW WITH 2 RH

EEEEEEEEEEEEEEEEEEEEEE

2 Minimal realization needs 2 right-handed neutrinos

|Meel(€V)

2 Fix va to the KATRIN regime and let vs free
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MINIMAL TYPE=-l SEESAW WITH 2 RH

r Excluded by KAMLAND - ZEN

2 Minimal realization needs 2 right-handed neutrinos

2 Fix va to the KATRIN regime and let vs free
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MINIMAL TYPE=-l SEESAW WITH 2 RH

1 -

f KATRIN says...

a) m4]U€4\2 ~ 107% KeV
b) ma|Uecy 2 ~107° KeV
c) my|Uea|? ~ 1074 KeV

Excluded by KAMLAND — ZEN

107"
10

—_

<
N
|

S
V) Future sensitivity
~ °
Py
54

NO

mlighlest:()

10—4 \\\\H‘ \\\\H‘ \\\H‘ \\H‘ I I |
1078 1077 1076 1 1072 1074 1073

ma|Uea|* (KeV)

RN
o
»
|
E
|
-
|
-
|
-

— =,
e DTN Y A ,j,} e

el S Y e e s
PN 2 oy T ﬂ&m ot RS & ey |
1 . Afa s ;;.."_5', o s h:ﬁ«iﬁ;‘.‘ e o Y R A T :;?‘ Y
FEa R e m I e R o R
N ritend o k : '

1074

......

1078 1078

10-12p7 my|Ues?~3x10°KeV - 1072

rul

10° 107 1 10 10° 10° 107 1
ms (KeV) ms (KeV)

10 103

Xabier Marcano KIT, Invisibles 18 Workshop



MINIMAL TYPE=-l SEESAW WITH 2 RH
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MINIMAL TYPE=-l SEESAW WITH 2 RH
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MINIMAL TYPE=-l SEESAW WITH 2 RH

f KATRIN says... i K80 8 ﬁ
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DOUBLE KINK IN KATRIN?

2 Lack of signal in Ovpp naturally pushes ms to also be light

2 It opens the possibility of a second kink in the KATRIN spectrum
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DOUBLE KINK IN KATRIN?

2 Lack of signal in Ovpp naturally pushes ms to also be light

2 It opens the possibility of a second kink in the KATRIN spectrum

2 If they are close (double-kink) point towards Lepton Number Conservation

dl' /dE (a.u.)

Xabier Marcano
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2 Intense experimental programme for f and Ovff decays

2 Could be extended to kink searches in f decays

Under the assumption of an experimental ‘kink’ observation:
2 We explored the implications for several seesaw models
2 We showed results for type-| seesaw models

2 If no signal I1s observed in Ovpp, double-kink searches
could probe these model

The interplay between f and 0vff decays could help
disentangling the various possible models for neutrino masses
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