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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

between

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 APC Paris, GDR Neutrino Meeting



EXPERIMENTAL STATUS OF [/ DECAYS

2 Measure the end-point spectrum of tritium f decay (Eo = 18.6 keV)
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'm,, «2: A Brief History in Tritium

Physics

Carnegie Mellon University,
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THE KATRIN EXPERIMENT

KARLSRUHE TRITIUM NEUTRINO EXPERIMENT

INAUGURATION KIT, 11* June 2

Image credit Laura Baudis
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THE KATRIN EXPERIMENT

- ; -~
7 O

' : -4
g A~ /.k
'. , B
o A

Voo
T —— —— g pi—

,”}

w
| w—

KARLSRUHE TRITIUM NEUTRINO EXPERIMENT (KATR!

URATION KIT, 11* June 2018

Image credit Laura Baudis

Xabier Marcano APC Paris, GDR Neutrino Meeting 7



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;
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Anna Julia Zsigmond (GERDA), Neutrino 2018
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EXPERIMENTAL STATUS OF 0v(/

Approaches and experiments

source = detector NOW MID-TERM LONG-TERM
/ EXO-200 NEXO \
Xe-based
~ VP NEXT-10 NEXT-100 NEXT-2.0
= Fluid PandaX-Ill PandaX-IIl 1t
2 embedded
— o KamLAND-Zen 800 KamLAND2-Zen
(O source Liquid
8 scintillator
as a matrix
K SNO+ phase | SNO+ phase H/
ﬂ*’ G , GERDA-II \
2 e;r.n‘;n'”m LEGEND 200 LEGEND 1000
o Crystal oIl MID
2 embedded
= source AMORE pilot, | AMORE Il
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1 CUORE CUPID
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*lalk by Andrea Giuliani in Neutrino 2018
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EXPERIMENTAL STATUS OF 0v(/

2 Current bounds on neutrinoless double beta decays after Neutrino 2018

2 Depend on the studied isotope

Experiment [sotope T11”1‘/1121“l (1) ma2*(meV)
EXO0-200 136Xe 1.8 x 102° 147-398
KamLAND-Zen 136Xe  1.07 x 10°° 62-165
GERDA ©Ge 0.9 x10%° 110-260
MAJORANA DEMONSTRATOR  "Ge 2.7 x 10?5 200-433
CUORE 30Te 1.5 x 10%° 110-520
CUPID-0 52Se 2.4 x 10%4 376-770
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2 Current bounds on neutrinoless double beta decays after Neutrino 2018

2 Depend on the studied isotope

Experiment [sotope T11”1‘/1121“l (1) ma2*(meV)
EXO-200 136X e 1.8 x 10%° 147-398
“\ KamLAND-Zen 156Xe  1.07 x 104 62-165
\  GERDA ©Ge 0.9 x 10% 110-260

ORANA DEMONSTRATOR  "©QGe 200-433
CUORE 130T 1.5 x 102° 110-520
CUPID-0 82Ge 2.4 x 1024 376-770
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EXPERIMENTAL STATUS OF 0v(/

2 Current bounds on neutrinoless double beta decays after Neutrino 2018

2 Depend on the studied isotope

Experiment [sotope T11”1‘/1121“l (1) ma2*(meV)
EX0-200 136Xe 1.8 x 10% 147-398
A\ KamLAND-Zen 136Xe  1.07 x 1026 62-165
J\'*\ GERDA 6Ge  0.9x102  110-260
AJORANA DEMONSTRATOR  Ge 2.7 x 10%° 200-433
CUORE 130Te 1.5 x 10?5 110-520
CUPID-0 52Se 2.4 x 10%4 376-770
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EXPERIMENTAL FUTURE OF 0v/f

Possible scenario in 2024

Considering running or well advanced projects (for results, funding and infrastructures)

KamLAND-Zen 800
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*lalk by Andrea Giuliani in Neutrino 2018
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f AND OvfSf IN THE VSM

2 The standard picture for 3 light Majorana neutrinos

1 O E I T T 11 I T T 11 I T T 11 | I T T 1T I T T ]

L | N

- vySM | i

I | |

1 - | =

: i ;

" Excluded by KAMLAND — ZEN | ]

1071 | _

> S (0 < i

O C | = a

i@ i | ; i

So 7 Future sensitivity : o |

= 107 Z s |

z & & z

i B % :

10 NO & - _

? 'z = :

B | o= = ]

I | § 5 |

1 0—4 | I O N | ‘ | [ ‘ | I O N | ‘ | CD | | I | ‘ | | | I |

10~4 1073 1072 107" 1 10

Mightest (eV)

Xabier Marcano APC Paris, GDR Neutrino Meeting



f AND OvfSf IN THE VSM

2 The standard picture for 3 light Majorana neutrinos
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WHERE IS THE STERILE NEUTRINO
IN ALL THIS STORY?

APC Paris, GDR Neutrino Meeting



STERILE NEUTRINOS IN 3 DECAYS

2 It could be seen as a kink in the electron spectrum

dI' dI , dI’

d—E — COS2 (e)d—E(mlight) @<EO — b — mlight) + SlIl2 (Q)d—E(mheavy) @(EO — b — mheavy)
;', > :_ T o e cos?® dl'/d E(mnght)
L / e e sin?® dI'/dE(m,)
% 20/ .-l N —— with mixing

----- no mixing

10

Ll L1l 1 Ll 1l | - - L LAl 1l J L L l il l.l L
2 4+ 6 8 10 12 14 16 18 20
E (keV)

S. Mertens et al, Phys.Rev. D91 (2015) 042005
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STERILE NEUTRINOS IN 5 DECAYS

2 It could be seen as a kink in the electron spectriine - "\
dF = - B \ 703 i \ 0779
d_E — CO% E - mheavy)
&\‘ L * Galeazzi 2001 |
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WHAT IF...

*Disclaimer: not a real arXiv entry (yet)

: : We gratefully acknowledge support from
Comell UmverSIty the Simons Foundation

and member institutions

arXiv.org > hep-ex > arXiv: 2507.020900000000002

(Help | Advanced search)

High Energy Physics - Experiment Download:

Observation of a ‘kink’ in the tritium spectrum in the search for [ [0 ..
keV neutrinos with the KATRIN experiment * Other formats
The KATRIN Collaboration

(Submitted on 31 Jul 2025 (v1), last revised 31 Aug 2025 (this version, v2))

Current browse context:
hep-ex

A search for keV sterile neutrinos in the tritium g decay spectrum in the KATRIN experiment is presented. After < prev | next >

a lot of work, a kink-like signature is observed with a lot - really a lot - of statistical significance. The signal is new | recent

compatible with a new sterile neutrino with a mass of keV and a mixing to the electron of |Ue4|2 = References & Citations

o |INSPIRE HEP
(refers to | cited by )
e NASA ADS
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What would be the implications?

A new neutrino?
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What would be the implications?

) A new Majorana neutrino?
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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

My ~ (1 —18) KeV

S. Mertens et al, JCAP 1502 (2015) no.02, 020
S. Mertens et al, Phys.Rev. D91 (2015) 042005

—> Uea|” 21070
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Ovff IN THE 3+1 SCENARIO

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

2 A new Majorana neutrino in the KeV could change the standard picture

1 - [ [ T 1T [ [ T 17 [ [ T 77T [ [ T 1T [ [ [T T
- Excluded by KAMLAND - ZEN 8
10~ :* N
- 10 .
= I |
O Future sensitivity
~ 41n0-2| _
— 107+ .
v B ]
S i NO i
1073 — -
B mlightest:O B
1 0—4 | N N ‘ | I | ‘ 1 I | ‘ I | ‘ | I
1078 1077 1076 10 10~ 1073

ma|Uesl” (KeV)

Xabier Marcano APC Paris, GDR Neutrino Meeting



Ov// IN THE 3+ 1 SCENARIO

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

2 A new Majorana neutrino in the KeV could change the standard picture
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0v// IN THE 3+N SCENARIO

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

2 Add right-handed neutrinos with Dirac and Majorana terms

L= Lsu+iN@N; — (YQIZCBNI | NiNj+ h-C-> :

2 The minimal realization needs 2 right-handed neutrinos

2 After the EW symmetry breaking

0 m
MtypeI:< m% ]\f )

Xabier Marcano APC Paris, GDR Neutrino Meeting



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

(Migpe 1) = (UMdiagUT> Z 2m; = 0

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

3+N 3+N
Y < 2 L NS
Mee = E : ezp 2 2 ~ § :Ueiml ~
1 1=1

Xabier Marcano APC Paris, GDR Neutrino Meeting



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 m p2
)
Mee — E Ue27, p2 2 9 ~ mgi—|—1> 1 2 2
1=1 - mi p- = m5
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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
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DOUBLE KINK IN KATRIN?

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

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

Xabier Marcano

2 kinks
1 kink
: ma.ms € [1,18.6] KeV
o - - o |
107° 1078 10~ 1073
2
|Ue4|

APC Paris, GDR Neutrino Meeting



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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THANK YOU!
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BACK UP
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Isotopes for double beta decay (Q-value > 2mev)

- No perfect isotope for double beta decay

2v Ov
39| Qvae beV) | 165 | it | o | Pt Cons
“Ca | [4273624] | 019 44 x10° : R
6Ge [2039.006 + 0.050| 7.6 1.84 x 1027 [ (2.99-7.95)x1026 | 2v long, enrichment ~90%
82Se | 2995.50+1.87 | 8.7 | 9.6 x 10" | (0.85-2.38)x10% enrichment >90%
%Zr | 3347.7+22 | 2.8 | 2.35x101 | (3.16-6.94)x10%
10Mo| 3034.40£0.17 | 94 | 7.11x10% | (0.59-2.15)x10% | 2vshort, enrichment >90%
110pq | 2017.85+0.64 | 7.5 - -
16Cd | 2813.50+0.13 | 7.5 2.8 x 10" [ (0.98-3.17)x10%° enrichment 80~90%
1245n | 2287.80+1.52 | 5.8 - -
130T | 2527.01 % 0.32 7.0 x 1020 | (7.42-2.21)x1028 N.A. high
136Xe | 2457.83+0.37 | 8.9 |[2.165 x 102']| (1.68-7.17)x1026 | 2vlong, enrichment ~90%
150Nd [ 3317.38+0.20 | 5.7 9.11 x 108 - 2v short, enrichment difficult

2v[3 — Background of Ov[3

TOI//T21/
If ratio is big

— Energy resolution is important

*Talk by Azusa Gando (KamLAND-Zen),Neutrino 2018
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NUCLEAR MATRIX ELEMENTS

How difficult is it?

Phase space: exactly calculable

100} 130Te 136Xe
Nd W approximate
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82 @ this work
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Phys. Rev. C 85, 034316 (2012)
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1/1=G(Q,Z) 8o* My |2 Mg ?

*lalk by Andrea Giuliani in Neutrino 2018

Xabier Marcano

See next talk by Jouni Suhonen

Nuclear matrix elements: several models
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Xabier Marcano

COSMOLOGY

K Abazajian, arXiv:1 /05.01837

Type II SNe Reheating

07t w0
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http://arxiv.org/abs/arXiv:1705.01837

