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 Open problems in the SM

 Many BSM extensions consider Sterile Neutrinos, e.g. type-I and type-III 
seesaws, and its variants 𝛎MSM, linear seesaw, inverse seesaw…

Neutrino massesDark matter

Baryogenesis

🤨
…

 New Physics is needed to solve these issues

Inverse seesawType-I seesaw

 Sterile neutrinos: SM singlets, only via mixing to active neutrinos
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 Experimental status for 𝛽 and 0𝜈𝛽𝛽 decays

 The role of sterile neutrinos in 𝛽 and 0𝜈𝛽𝛽 decays

 Implications for type-I seesaw models
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 Measure the end-point spectrum of tritium 𝛽 decay  (E0 = 18.6 keV)

Source: KATRIN experiment
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Diana Parno -- The KATRIN Experiment

mν,eff2: A Brief History in Tritium

Adapted from J. Wilkerson, Neutrino 2012
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*Talk by Diana Parno in Neutrino 2018
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Image credit Laura Baudis
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Image credit Laura Baudis
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Diana Parno, Neutrino 2018
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 The KArlsruhe TRItium Neutrino experiment

 First Tritium data in May’18!!!

 Expected sensitivity

m� < 0.2 eV
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 Large luminosity of 1011 decays/s

 Good energy resolution 0.93 eV
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Anna Julia Zsigmond (GERDA), Neutrino 2018
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Experiment Isotope Tmin
1/2 (y) mmax

ee (meV )

EXO-200
136

Xe 1.8⇥ 10
25

147-398

KamLAND-Zen
136

Xe 1.07⇥ 10
26

62-165

GERDA
76
Ge 0.9⇥ 10

26
110-260

MAJORANA DEMONSTRATOR
76
Ge 2.7⇥ 10

25
200-433

CUORE
130

Te 1.5⇥ 10
25

110-520

CUPID-0
82
Se 2.4⇥ 10

24
376-770
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 Current bounds on neutrinoless double beta decays after Neutrino 2018

 Depend on the studied isotope

EXPERIMENTAL STATUS OF 0𝜈𝜷𝜷

 More in talk by Chiara Brofferio
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 Current bounds on neutrinoless double beta decays after Neutrino 2018

 Depend on the studied isotope

EXPERIMENTAL STATUS OF 0𝜈𝜷𝜷

 More in talk by Chiara Brofferio

NE
W!!!
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 The standard picture for 3 light Majorana neutrinos (SM𝜈)
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 The standard picture for 3 light Majorana neutrinos (SM𝜈)
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End-point in 𝛽 decays
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S. Mertens et al, Phys.Rev. D91 (2015) 042005 

 It could be seen as a kink in the electron spectrum

d�

dE
= cos2(✓)

d�

dE
(mlight)⇥(E0 � E �mlight) + sin2(✓)

d�

dE
(mheavy)⇥(E0 � E �mheavy)
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 It could be seen as a kink in the electron spectrum
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*Disclaimer: not a real arXiv entry (yet)

2507.020900000000002

Observation of a ‘kink’ in the tritium spectrum in the search for 
keV neutrinos with the KATRIN experiment
The KATRIN Collaboration

A search for keV sterile neutrinos in the tritium 𝛽 decay spectrum in the KATRIN experiment is presented. After 
a lot of work, a kink-like signature is observed with a lot - really a lot - of statistical significance. The signal is 
compatible with a new sterile neutrino with a mass of _____ keV and a mixing to the electron of |Ue4|2 = _____ . 
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What would be the implications?
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 4 masses

 4x4 mixing matrix

N

e
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a kink in KATRIN 
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<latexit sha1_base64="IYf0GjLgyhUlNC+ijyvW/BbP0wA=">AAACCnicbVDLSsNAFJ3UV62vaJduBkvBVUlEUDdScONGqWhsoQlhMr1ph04ezEzEEvoJfoNbXbsSt/6ES//EaZtFrZ7Vufecyz2cIOVMKsv6MkpLyyura+X1ysbm1vaOubt3L5NMUHBowhPRCYgEzmJwFFMcOqkAEgUc2sHwYqK3H0BIlsR3apSCF5F+zEJGidIr36y6ivEeYMfPXRHh1tX17dg3a1bDmgL/JXZBaqhAyze/3V5CswhiRTmRsmtbqfJyIhSjHMYVN5OQEjokfehqGpMIpJdPw49xPUwEVgPA03nem5NIylEUaE9E1EAuapPlf1o3U+Gpl7M4zRTEVFu0FmYcqwRPOsA9JoAqPtKEUMF0SkwHRBCqdFOV+vybx1nKiu7EXmzgL3GOGmcN++a41jwvyimjfXSADpGNTlATXaIWchBFI/SMXtCr8WS8Ge/Gx8xaMoqbKvoF4/MHGjOaUg==</latexit><latexit sha1_base64="IYf0GjLgyhUlNC+ijyvW/BbP0wA=">AAACCnicbVDLSsNAFJ3UV62vaJduBkvBVUlEUDdScONGqWhsoQlhMr1ph04ezEzEEvoJfoNbXbsSt/6ES//EaZtFrZ7Vufecyz2cIOVMKsv6MkpLyyura+X1ysbm1vaOubt3L5NMUHBowhPRCYgEzmJwFFMcOqkAEgUc2sHwYqK3H0BIlsR3apSCF5F+zEJGidIr36y6ivEeYMfPXRHh1tX17dg3a1bDmgL/JXZBaqhAyze/3V5CswhiRTmRsmtbqfJyIhSjHMYVN5OQEjokfehqGpMIpJdPw49xPUwEVgPA03nem5NIylEUaE9E1EAuapPlf1o3U+Gpl7M4zRTEVFu0FmYcqwRPOsA9JoAqPtKEUMF0SkwHRBCqdFOV+vybx1nKiu7EXmzgL3GOGmcN++a41jwvyimjfXSADpGNTlATXaIWchBFI/SMXtCr8WS8Ge/Gx8xaMoqbKvoF4/MHGjOaUg==</latexit><latexit sha1_base64="IYf0GjLgyhUlNC+ijyvW/BbP0wA=">AAACCnicbVDLSsNAFJ3UV62vaJduBkvBVUlEUDdScONGqWhsoQlhMr1ph04ezEzEEvoJfoNbXbsSt/6ES//EaZtFrZ7Vufecyz2cIOVMKsv6MkpLyyura+X1ysbm1vaOubt3L5NMUHBowhPRCYgEzmJwFFMcOqkAEgUc2sHwYqK3H0BIlsR3apSCF5F+zEJGidIr36y6ivEeYMfPXRHh1tX17dg3a1bDmgL/JXZBaqhAyze/3V5CswhiRTmRsmtbqfJyIhSjHMYVN5OQEjokfehqGpMIpJdPw49xPUwEVgPA03nem5NIylEUaE9E1EAuapPlf1o3U+Gpl7M4zRTEVFu0FmYcqwRPOsA9JoAqPtKEUMF0SkwHRBCqdFOV+vybx1nKiu7EXmzgL3GOGmcN++a41jwvyimjfXSADpGNTlATXaIWchBFI/SMXtCr8WS8Ge/Gx8xaMoqbKvoF4/MHGjOaUg==</latexit><latexit sha1_base64="IYf0GjLgyhUlNC+ijyvW/BbP0wA=">AAACCnicbVDLSsNAFJ3UV62vaJduBkvBVUlEUDdScONGqWhsoQlhMr1ph04ezEzEEvoJfoNbXbsSt/6ES//EaZtFrZ7Vufecyz2cIOVMKsv6MkpLyyura+X1ysbm1vaOubt3L5NMUHBowhPRCYgEzmJwFFMcOqkAEgUc2sHwYqK3H0BIlsR3apSCF5F+zEJGidIr36y6ivEeYMfPXRHh1tX17dg3a1bDmgL/JXZBaqhAyze/3V5CswhiRTmRsmtbqfJyIhSjHMYVN5OQEjokfehqGpMIpJdPw49xPUwEVgPA03nem5NIylEUaE9E1EAuapPlf1o3U+Gpl7M4zRTEVFu0FmYcqwRPOsA9JoAqPtKEUMF0SkwHRBCqdFOV+vybx1nKiu7EXmzgL3GOGmcN++a41jwvyimjfXSADpGNTlATXaIWchBFI/SMXtCr8WS8Ge/Gx8xaMoqbKvoF4/MHGjOaUg==</latexit>

S. Mertens et al, JCAP 1502 (2015) no.02, 020
S. Mertens et al, PRD91 (2015) 042005
N. M.N. Steinbrink et al, EPJC 78 (2018) no.3, 212 

 Simplest bottom-up approach

m⌫ = (m1,m2,m3,m4)
<latexit sha1_base64="fU7UYUfZBexgPzPRHKhHQ+Buuzo="></latexit><latexit sha1_base64="fU7UYUfZBexgPzPRHKhHQ+Buuzo="></latexit><latexit sha1_base64="fU7UYUfZBexgPzPRHKhHQ+Buuzo="></latexit><latexit sha1_base64="fU7UYUfZBexgPzPRHKhHQ+Buuzo="></latexit>

|Ue4 |2 ≳ 10−8 − 10−6

m4 ∼ (1 − 18) KeV
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 A new Majorana neutrino in the KeV could change the standard picture
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 A new Majorana neutrino in the KeV could change the standard picture
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X

i

miU
2
ei

���
<latexit sha1_base64="MGPwi5+tkoBTDdQxKuqDNeHV+pU=">AAACAXicdVDNSgMxGMz6W+tf1aMHg0XwVLJV23or9eKxgqtCty7Z+G0bmv0hyQpl7U1fRi8ievIVfAHfxmytoKIDgcnMBDLjJ4IrTci7NTU9Mzs3X1goLi4tr6yW1tbPVJxKBg6LRSwvfKpA8AgczbWAi0QCDX0B5/7gKPfPr0EqHkenephAN6S9iAecUW0kr7TltnjvBrsqDT2O8+N4GfDRZRWPHa9UJpUDQuq1BiYVQvZrdjUnNtlrHGDbKDnKaIK2V3pzr2KWhhBpJqhSHZskuptRqTkTMCq6qYKEsgHtQcfQiIagutm4yAjvBLHEug94fP+ezWio1DD0TSakuq9+e7n4l9dJddDoZjxKUg0RMxHjBanAOsb5HviKS2BaDA2hTHLzS8z6VFKmzWpFU/+rI/6fONXKYcU+2S83W5MdCmgTbaNdZKM6aqJj1EYOYugOPaBn9GLdWvfWo/X0GZ2yJm820A9Yrx/PXJaO</latexit><latexit sha1_base64="MGPwi5+tkoBTDdQxKuqDNeHV+pU=">AAACAXicdVDNSgMxGMz6W+tf1aMHg0XwVLJV23or9eKxgqtCty7Z+G0bmv0hyQpl7U1fRi8ievIVfAHfxmytoKIDgcnMBDLjJ4IrTci7NTU9Mzs3X1goLi4tr6yW1tbPVJxKBg6LRSwvfKpA8AgczbWAi0QCDX0B5/7gKPfPr0EqHkenephAN6S9iAecUW0kr7TltnjvBrsqDT2O8+N4GfDRZRWPHa9UJpUDQuq1BiYVQvZrdjUnNtlrHGDbKDnKaIK2V3pzr2KWhhBpJqhSHZskuptRqTkTMCq6qYKEsgHtQcfQiIagutm4yAjvBLHEug94fP+ezWio1DD0TSakuq9+e7n4l9dJddDoZjxKUg0RMxHjBanAOsb5HviKS2BaDA2hTHLzS8z6VFKmzWpFU/+rI/6fONXKYcU+2S83W5MdCmgTbaNdZKM6aqJj1EYOYugOPaBn9GLdWvfWo/X0GZ2yJm820A9Yrx/PXJaO</latexit><latexit sha1_base64="MGPwi5+tkoBTDdQxKuqDNeHV+pU=">AAACAXicdVDNSgMxGMz6W+tf1aMHg0XwVLJV23or9eKxgqtCty7Z+G0bmv0hyQpl7U1fRi8ievIVfAHfxmytoKIDgcnMBDLjJ4IrTci7NTU9Mzs3X1goLi4tr6yW1tbPVJxKBg6LRSwvfKpA8AgczbWAi0QCDX0B5/7gKPfPr0EqHkenephAN6S9iAecUW0kr7TltnjvBrsqDT2O8+N4GfDRZRWPHa9UJpUDQuq1BiYVQvZrdjUnNtlrHGDbKDnKaIK2V3pzr2KWhhBpJqhSHZskuptRqTkTMCq6qYKEsgHtQcfQiIagutm4yAjvBLHEug94fP+ezWio1DD0TSakuq9+e7n4l9dJddDoZjxKUg0RMxHjBanAOsb5HviKS2BaDA2hTHLzS8z6VFKmzWpFU/+rI/6fONXKYcU+2S83W5MdCmgTbaNdZKM6aqJj1EYOYugOPaBn9GLdWvfWo/X0GZ2yJm820A9Yrx/PXJaO</latexit><latexit sha1_base64="MGPwi5+tkoBTDdQxKuqDNeHV+pU=">AAACAXicdVDNSgMxGMz6W+tf1aMHg0XwVLJV23or9eKxgqtCty7Z+G0bmv0hyQpl7U1fRi8ievIVfAHfxmytoKIDgcnMBDLjJ4IrTci7NTU9Mzs3X1goLi4tr6yW1tbPVJxKBg6LRSwvfKpA8AgczbWAi0QCDX0B5/7gKPfPr0EqHkenephAN6S9iAecUW0kr7TltnjvBrsqDT2O8+N4GfDRZRWPHa9UJpUDQuq1BiYVQvZrdjUnNtlrHGDbKDnKaIK2V3pzr2KWhhBpJqhSHZskuptRqTkTMCq6qYKEsgHtQcfQiIagutm4yAjvBLHEug94fP+ezWio1DD0TSakuq9+e7n4l9dJddDoZjxKUg0RMxHjBanAOsb5HviKS2BaDA2hTHLzS8z6VFKmzWpFU/+rI/6fONXKYcU+2S83W5MdCmgTbaNdZKM6aqJj1EYOYugOPaBn9GLdWvfWo/X0GZ2yJm820A9Yrx/PXJaO</latexit>

 If there are more light sterile neutrino (mi2 ≪ p2 ~ (100 MeV)2)
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 Add right-handed neutrinos with Dirac and Majorana terms

mlight ' �mD
1

M
mT

D
<latexit sha1_base64="zOxfvgwpKvxPOjV3nrtHxj5D+eo="></latexit><latexit sha1_base64="zOxfvgwpKvxPOjV3nrtHxj5D+eo="></latexit><latexit sha1_base64="zOxfvgwpKvxPOjV3nrtHxj5D+eo="></latexit><latexit sha1_base64="zOxfvgwpKvxPOjV3nrtHxj5D+eo="></latexit>

L = LSM + iNI /@NI �
✓
Y↵I`↵�̃NI +

MIJ

2
N c

INJ + h.c.

◆
,

<latexit sha1_base64="wfXf5opVaH3OoO+3yYK1sVx0Tog="></latexit><latexit sha1_base64="wfXf5opVaH3OoO+3yYK1sVx0Tog="></latexit><latexit sha1_base64="wfXf5opVaH3OoO+3yYK1sVx0Tog="></latexit><latexit sha1_base64="wfXf5opVaH3OoO+3yYK1sVx0Tog="></latexit>

Mtype I =

✓
0 mD

mT
D M

◆

<latexit sha1_base64="tHqHTPPhJNE/lv1ljy7OszVRGXY="></latexit><latexit sha1_base64="tHqHTPPhJNE/lv1ljy7OszVRGXY="></latexit><latexit sha1_base64="tHqHTPPhJNE/lv1ljy7OszVRGXY="></latexit><latexit sha1_base64="tHqHTPPhJNE/lv1ljy7OszVRGXY="></latexit>

 The minimal realization needs 2 right-handed neutrinos

 After the EW symmetry breaking
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M. Blennow et al,  JHEP 1007 (2010) 096

 Explaining mlight imposes relations between the parameters

 In the type-I seesaw, these relations may lead to cancellations in mee
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M. Blennow et al,  JHEP 1007 (2010) 096

 Explaining mlight imposes relations between the parameters

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

 Neutrino mass diagonalization relations:

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

⇣
Mtype�I

⌘

ee
=

⇣
UMdiagU

T
⌘

ee
=

3+NX

i=1

U2
eimi ⌘ 0

<latexit sha1_base64="cMYJGTM/sBayQvWltCrDcNY34QU="></latexit><latexit sha1_base64="cMYJGTM/sBayQvWltCrDcNY34QU="></latexit><latexit sha1_base64="cMYJGTM/sBayQvWltCrDcNY34QU="></latexit><latexit sha1_base64="cMYJGTM/sBayQvWltCrDcNY34QU="></latexit>

mee '
3+NX

i=1

U2
eip

2 mi

p2 �m2
i

⇡
3+NX

i=1

U2
eimi ⇡ 0

<latexit sha1_base64="qjxTjzKviQ96w4VWZgakx3rI4nk="></latexit><latexit sha1_base64="qjxTjzKviQ96w4VWZgakx3rI4nk="></latexit><latexit sha1_base64="qjxTjzKviQ96w4VWZgakx3rI4nk="></latexit><latexit sha1_base64="qjxTjzKviQ96w4VWZgakx3rI4nk="></latexit>

 The cancellation in a nutshell:
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They live here
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 Cancellations in the type I seesaw with light right-handed neutrinos 
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 Minimal realization needs 2 right-handed neutrinos

mee =
NX

i=1

U2
ei p

2 mi

p2 �m2
i

⇡ m(3+1)
ee

h
1� p2

p2 �m2
5

i

<latexit sha1_base64="90B6ApEwXvNvB2OIdZAQSfOfTvY="></latexit><latexit sha1_base64="90B6ApEwXvNvB2OIdZAQSfOfTvY="></latexit><latexit sha1_base64="90B6ApEwXvNvB2OIdZAQSfOfTvY="></latexit><latexit sha1_base64="90B6ApEwXvNvB2OIdZAQSfOfTvY="></latexit>

 Fix 𝜈4 to the KATRIN regime and let 𝜈5 free
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 Minimal realization needs 2 right-handed neutrinos

mee =
NX

i=1

U2
ei p

2 mi

p2 �m2
i

⇡ m(3+1)
ee

h
1� p2

p2 �m2
5

i
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 Fix 𝜈4 to the KATRIN regime and let 𝜈5 free
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 Minimal realization needs 2 right-handed neutrinos

mee =
NX

i=1

U2
ei p

2 mi

p2 �m2
i

⇡ m(3+1)
ee

h
1� p2

p2 �m2
5

i
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 Fix 𝜈4 to the KATRIN regime and let 𝜈5 free
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if KATRIN says…

a) m4|Ue4|2 ⇠ 10�6 KeV

b) m4|Ue4|2 ⇠ 10�5 KeV

c) m4|Ue4|2 ⇠ 10�4 KeV
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 Lack of signal in 0𝜈𝛽𝛽 naturally pushes m5 to also be light

 It opens the possibility of a second kink in the KATRIN spectrum
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 Lack of signal in 0𝜈𝛽𝛽 naturally pushes m5 to also be light

 It opens the possibility of a second kink in the KATRIN spectrum
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 If they are close (double-kink) point towards Lepton Number Conservation
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 Intense experimental programme for 𝛽 and 0𝜈𝛽𝛽 decays

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

 We explored the implications for several seesaw models

 Could be extended to kink searches in 𝛽 decays

 If no signal is observed in 0𝜈𝛽𝛽, double-kink searches 
could probe these model  

Under the assumption of an experimental ‘kink’ observation:

 We showed results for type-I seesaw models
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