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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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?
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*Talk by Diana Parno in Neutrino 2018
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 The KArlsruhe TRItium Neutrino experiment

 First Tritium data 3 weeks ago!!!

 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

2𝜈𝛽𝛽
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*Talk by Andrea Giuliani in 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
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 Current bounds on neutrinoless double beta decays after Neutrino 2018

 Depend on the studied isotope
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NE
W!!!

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
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EXPERIMENTAL FUTURE OF 0𝜈𝛽𝛽
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*Talk by Andrea Giuliani in Neutrino 2018

Possible scenario in 2024 
Considering running or well advanced projects (for results, funding and infrastructures) 

INVERTED 
ORDERING 

NORMAL 
ORDERING 

1 10-1 10-2 mbb [eV] 

KamLAND-Zen 800 

SNO+ phase I 

LEGEND 200 

CUORE 

NEXT-100 

Running 

Start 2018 

Start 2019 

Start 2021 

Start 2019 

(Vanishing lowest neutrino mass) 
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𝜷 AND 0𝛎𝜷𝜷 IN THE 𝛎SM
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 The standard picture for 3 light Majorana neutrinos 
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WHERE IS THE STERILE NEUTRINO 
IN ALL THIS STORY?
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STERILE NEUTRINOS 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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d�

dE
= cos2(✓)

d�

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

d�

dE
(mheavy)⇥(E0 � E �mheavy)

<latexit sha1_base64="qQMAKPZeI5zWHr4SsK4KgdOi33c="></latexit><latexit sha1_base64="qQMAKPZeI5zWHr4SsK4KgdOi33c="></latexit><latexit sha1_base64="qQMAKPZeI5zWHr4SsK4KgdOi33c="></latexit><latexit sha1_base64="qQMAKPZeI5zWHr4SsK4KgdOi33c="></latexit>

kink

1703.10779



Xabier Marcano APC Paris, GDR Neutrino Meeting

WHAT IF…
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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 = _____ . 

2025 2025
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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 = _____ . 

2025 2025

make your bets
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*Disclaimer: not a real arXiv entry (yet)

What would be the implications?

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 = _____ . 

2025 2025

make your bets

A new neutrino?
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WHAT IF…
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*Disclaimer: not a real arXiv entry (yet)

What would be the implications?

A new Majorana neutrino?

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 = _____ . 

2025 2025

make your bets

A new neutrino?
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THE 3+1 SCENARIO
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 4 masses

 4x4 mixing matrix

N

e
W

a kink in KATRIN 
m4 ⇠ (1� 18) KeV
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<latexit sha1_base64="a61HqhPK56wcKZ7IUqXHiVbC0mY=">AAAB/HicdVC7TsMwFHXKq5RXgZHFokJiipzSFwuqxMJYJEIrtVHluE5r1U4i20FUUcU/sMLKhFj5FzY+BactEkVwpuN7jnXPPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/cKuiRBLqkohHsuNjRTkLqauZ5rQTS4qFz2nbH19mevuOSsWi8EZPYuoJPAxZwAjWZtRx+2lPJJVpv1hCdrmKqqgCM3KGqrWM1FC53oCOjWYogQVa/eJnbxCRRNBQE46V6joo1l6KpWaE02mhlygaYzLGQ9o1NMSCKi+d5Z3CkyCSUI8onL1/elMslJoI33gE1iP1W8uGf2ndRAcNL2VhnGgaEmMxWpBwqCOYnQ0HTFKi+cQQTCQzKSEZYYmJNuUsbbmfhyyYSr7vhv8Tt2yf2851pdS8WHSTB0fgGJwCB9RBE1yBFnABARw8gifwbD1YL9ar9Ta35qzFn0OwBOv9C8q+lhE=</latexit><latexit sha1_base64="a61HqhPK56wcKZ7IUqXHiVbC0mY=">AAAB/HicdVC7TsMwFHXKq5RXgZHFokJiipzSFwuqxMJYJEIrtVHluE5r1U4i20FUUcU/sMLKhFj5FzY+BactEkVwpuN7jnXPPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/cKuiRBLqkohHsuNjRTkLqauZ5rQTS4qFz2nbH19mevuOSsWi8EZPYuoJPAxZwAjWZtRx+2lPJJVpv1hCdrmKqqgCM3KGqrWM1FC53oCOjWYogQVa/eJnbxCRRNBQE46V6joo1l6KpWaE02mhlygaYzLGQ9o1NMSCKi+d5Z3CkyCSUI8onL1/elMslJoI33gE1iP1W8uGf2ndRAcNL2VhnGgaEmMxWpBwqCOYnQ0HTFKi+cQQTCQzKSEZYYmJNuUsbbmfhyyYSr7vhv8Tt2yf2851pdS8WHSTB0fgGJwCB9RBE1yBFnABARw8gifwbD1YL9ar9Ta35qzFn0OwBOv9C8q+lhE=</latexit><latexit sha1_base64="a61HqhPK56wcKZ7IUqXHiVbC0mY=">AAAB/HicdVC7TsMwFHXKq5RXgZHFokJiipzSFwuqxMJYJEIrtVHluE5r1U4i20FUUcU/sMLKhFj5FzY+BactEkVwpuN7jnXPPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/cKuiRBLqkohHsuNjRTkLqauZ5rQTS4qFz2nbH19mevuOSsWi8EZPYuoJPAxZwAjWZtRx+2lPJJVpv1hCdrmKqqgCM3KGqrWM1FC53oCOjWYogQVa/eJnbxCRRNBQE46V6joo1l6KpWaE02mhlygaYzLGQ9o1NMSCKi+d5Z3CkyCSUI8onL1/elMslJoI33gE1iP1W8uGf2ndRAcNL2VhnGgaEmMxWpBwqCOYnQ0HTFKi+cQQTCQzKSEZYYmJNuUsbbmfhyyYSr7vhv8Tt2yf2851pdS8WHSTB0fgGJwCB9RBE1yBFnABARw8gifwbD1YL9ar9Ta35qzFn0OwBOv9C8q+lhE=</latexit><latexit sha1_base64="a61HqhPK56wcKZ7IUqXHiVbC0mY=">AAAB/HicdVC7TsMwFHXKq5RXgZHFokJiipzSFwuqxMJYJEIrtVHluE5r1U4i20FUUcU/sMLKhFj5FzY+BactEkVwpuN7jnXPPX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/cKuiRBLqkohHsuNjRTkLqauZ5rQTS4qFz2nbH19mevuOSsWi8EZPYuoJPAxZwAjWZtRx+2lPJJVpv1hCdrmKqqgCM3KGqrWM1FC53oCOjWYogQVa/eJnbxCRRNBQE46V6joo1l6KpWaE02mhlygaYzLGQ9o1NMSCKi+d5Z3CkyCSUI8onL1/elMslJoI33gE1iP1W8uGf2ndRAcNL2VhnGgaEmMxWpBwqCOYnQ0HTFKi+cQQTCQzKSEZYYmJNuUsbbmfhyyYSr7vhv8Tt2yf2851pdS8WHSTB0fgGJwCB9RBE1yBFnABARw8gifwbD1YL9ar9Ta35qzFn0OwBOv9C8q+lhE=</latexit>

U⌧4
<latexit sha1_base64="6iSJPfsStuT+kdiuKBojhtZH4FM=">AAAB/nicdVC7TsMwFHV4lvIqMLJYVEhMkVP6YkGVWBiLRGhFG1WO67RWHSeyHUQVdeAfWGFlQqz8ChufgtMWiSI40/E9x7rnHj/mTGmEPqyl5ZXVtfXcRn5za3tnt7C3f6OiRBLqkohHsu1jRTkT1NVMc9qOJcWhz2nLH11keuuOSsUica3HMfVCPBAsYARrM7p1e2lX4wSWJ71CEdmlCqqgMszIKapUM1JFpVodOjaaogjmaPYKn91+RJKQCk04VqrjoFh7KZaaEU4n+W6iaIzJCA9ox1CBQ6q8dJp4Ao+DSEI9pHD6/ulNcajUOPSNJ8R6qH5r2fAvrZPooO6lTMSJpoIYi9GChEMdwexw2GeSEs3HhmAimUkJyRBLTLSpZ2HL/Sxk3lTyfTf8n7gl+8x2rsrFxvm8mxw4BEfgBDigBhrgEjSBCwgQ4BE8gWfrwXqxXq23mXXJmv85AAuw3r8A8CGWrQ==</latexit><latexit sha1_base64="6iSJPfsStuT+kdiuKBojhtZH4FM=">AAAB/nicdVC7TsMwFHV4lvIqMLJYVEhMkVP6YkGVWBiLRGhFG1WO67RWHSeyHUQVdeAfWGFlQqz8ChufgtMWiSI40/E9x7rnHj/mTGmEPqyl5ZXVtfXcRn5za3tnt7C3f6OiRBLqkohHsu1jRTkT1NVMc9qOJcWhz2nLH11keuuOSsUica3HMfVCPBAsYARrM7p1e2lX4wSWJ71CEdmlCqqgMszIKapUM1JFpVodOjaaogjmaPYKn91+RJKQCk04VqrjoFh7KZaaEU4n+W6iaIzJCA9ox1CBQ6q8dJp4Ao+DSEI9pHD6/ulNcajUOPSNJ8R6qH5r2fAvrZPooO6lTMSJpoIYi9GChEMdwexw2GeSEs3HhmAimUkJyRBLTLSpZ2HL/Sxk3lTyfTf8n7gl+8x2rsrFxvm8mxw4BEfgBDigBhrgEjSBCwgQ4BE8gWfrwXqxXq23mXXJmv85AAuw3r8A8CGWrQ==</latexit><latexit sha1_base64="6iSJPfsStuT+kdiuKBojhtZH4FM=">AAAB/nicdVC7TsMwFHV4lvIqMLJYVEhMkVP6YkGVWBiLRGhFG1WO67RWHSeyHUQVdeAfWGFlQqz8ChufgtMWiSI40/E9x7rnHj/mTGmEPqyl5ZXVtfXcRn5za3tnt7C3f6OiRBLqkohHsu1jRTkT1NVMc9qOJcWhz2nLH11keuuOSsUica3HMfVCPBAsYARrM7p1e2lX4wSWJ71CEdmlCqqgMszIKapUM1JFpVodOjaaogjmaPYKn91+RJKQCk04VqrjoFh7KZaaEU4n+W6iaIzJCA9ox1CBQ6q8dJp4Ao+DSEI9pHD6/ulNcajUOPSNJ8R6qH5r2fAvrZPooO6lTMSJpoIYi9GChEMdwexw2GeSEs3HhmAimUkJyRBLTLSpZ2HL/Sxk3lTyfTf8n7gl+8x2rsrFxvm8mxw4BEfgBDigBhrgEjSBCwgQ4BE8gWfrwXqxXq23mXXJmv85AAuw3r8A8CGWrQ==</latexit><latexit sha1_base64="6iSJPfsStuT+kdiuKBojhtZH4FM=">AAAB/nicdVC7TsMwFHV4lvIqMLJYVEhMkVP6YkGVWBiLRGhFG1WO67RWHSeyHUQVdeAfWGFlQqz8ChufgtMWiSI40/E9x7rnHj/mTGmEPqyl5ZXVtfXcRn5za3tnt7C3f6OiRBLqkohHsu1jRTkT1NVMc9qOJcWhz2nLH11keuuOSsUica3HMfVCPBAsYARrM7p1e2lX4wSWJ71CEdmlCqqgMszIKapUM1JFpVodOjaaogjmaPYKn91+RJKQCk04VqrjoFh7KZaaEU4n+W6iaIzJCA9ox1CBQ6q8dJp4Ao+DSEI9pHD6/ulNcajUOPSNJ8R6qH5r2fAvrZPooO6lTMSJpoIYi9GChEMdwexw2GeSEs3HhmAimUkJyRBLTLSpZ2HL/Sxk3lTyfTf8n7gl+8x2rsrFxvm8mxw4BEfgBDigBhrgEjSBCwgQ4BE8gWfrwXqxXq23mXXJmv85AAuw3r8A8CGWrQ==</latexit>

Ue4
<latexit sha1_base64="9AQV+LB0fmb3KGjKjwbFf+Nq6tE=">AAAB+3icdVC7TgJBFJ31iesLtbSZSEisNruwAjaGxMYSExdIgJDZ4QIjs4/MzBrJBr/BVmsrY+vHWPonDg8TNHqqM/ecyT33+DFnUtn2h7Gyura+sZnZMrd3dvf2sweHdRklgoJHIx6Jpk8kcBaCp5ji0IwFkMDn0PBHl1O9cQdCsii8UeMYOgEZhKzPKFF6VPe6KbiTbjZnW065VCy42LaKdtF1bU3cM7dYKWHHsmfIoQVq3exnuxfRJIBQUU6kbDl2rDopEYpRDhOznUiICR2RAbQ0DUkAspPO0k5wvh8JrIaAZ+9lb0oCKceBrz0BUUP5W5sO/9JaiepXOikL40RBSLVFa/2EYxXh6dG4xwRQxceaECqYTonpkAhCla7GzC+vuZ+nNHUn34fj/4lXsM4t59rNVS8W5WTQMTpBp8hBZVRFV6iGPETRLXpET+jZeDBejFfjbW5dMRZ/jtAPGO9fwiuVVA==</latexit><latexit sha1_base64="9AQV+LB0fmb3KGjKjwbFf+Nq6tE=">AAAB+3icdVC7TgJBFJ31iesLtbSZSEisNruwAjaGxMYSExdIgJDZ4QIjs4/MzBrJBr/BVmsrY+vHWPonDg8TNHqqM/ecyT33+DFnUtn2h7Gyura+sZnZMrd3dvf2sweHdRklgoJHIx6Jpk8kcBaCp5ji0IwFkMDn0PBHl1O9cQdCsii8UeMYOgEZhKzPKFF6VPe6KbiTbjZnW065VCy42LaKdtF1bU3cM7dYKWHHsmfIoQVq3exnuxfRJIBQUU6kbDl2rDopEYpRDhOznUiICR2RAbQ0DUkAspPO0k5wvh8JrIaAZ+9lb0oCKceBrz0BUUP5W5sO/9JaiepXOikL40RBSLVFa/2EYxXh6dG4xwRQxceaECqYTonpkAhCla7GzC+vuZ+nNHUn34fj/4lXsM4t59rNVS8W5WTQMTpBp8hBZVRFV6iGPETRLXpET+jZeDBejFfjbW5dMRZ/jtAPGO9fwiuVVA==</latexit><latexit sha1_base64="9AQV+LB0fmb3KGjKjwbFf+Nq6tE=">AAAB+3icdVC7TgJBFJ31iesLtbSZSEisNruwAjaGxMYSExdIgJDZ4QIjs4/MzBrJBr/BVmsrY+vHWPonDg8TNHqqM/ecyT33+DFnUtn2h7Gyura+sZnZMrd3dvf2sweHdRklgoJHIx6Jpk8kcBaCp5ji0IwFkMDn0PBHl1O9cQdCsii8UeMYOgEZhKzPKFF6VPe6KbiTbjZnW065VCy42LaKdtF1bU3cM7dYKWHHsmfIoQVq3exnuxfRJIBQUU6kbDl2rDopEYpRDhOznUiICR2RAbQ0DUkAspPO0k5wvh8JrIaAZ+9lb0oCKceBrz0BUUP5W5sO/9JaiepXOikL40RBSLVFa/2EYxXh6dG4xwRQxceaECqYTonpkAhCla7GzC+vuZ+nNHUn34fj/4lXsM4t59rNVS8W5WTQMTpBp8hBZVRFV6iGPETRLXpET+jZeDBejFfjbW5dMRZ/jtAPGO9fwiuVVA==</latexit><latexit sha1_base64="9AQV+LB0fmb3KGjKjwbFf+Nq6tE=">AAAB+3icdVC7TgJBFJ31iesLtbSZSEisNruwAjaGxMYSExdIgJDZ4QIjs4/MzBrJBr/BVmsrY+vHWPonDg8TNHqqM/ecyT33+DFnUtn2h7Gyura+sZnZMrd3dvf2sweHdRklgoJHIx6Jpk8kcBaCp5ji0IwFkMDn0PBHl1O9cQdCsii8UeMYOgEZhKzPKFF6VPe6KbiTbjZnW065VCy42LaKdtF1bU3cM7dYKWHHsmfIoQVq3exnuxfRJIBQUU6kbDl2rDopEYpRDhOznUiICR2RAbQ0DUkAspPO0k5wvh8JrIaAZ+9lb0oCKceBrz0BUUP5W5sO/9JaiepXOikL40RBSLVFa/2EYxXh6dG4xwRQxceaECqYTonpkAhCla7GzC+vuZ+nNHUn34fj/4lXsM4t59rNVS8W5WTQMTpBp8hBZVRFV6iGPETRLXpET+jZeDBejFfjbW5dMRZ/jtAPGO9fwiuVVA==</latexit>

ŨPMNS
<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, Phys.Rev. D91 (2015) 042005 

 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>
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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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 A new Majorana neutrino in the KeV could change the standard picture
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<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
���
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>
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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

<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

No 0𝜈𝛽𝛽
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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

1 kink

2 kinks
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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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2νββ
（normalized to１） 0νββ (5%FWHM)

2νββ short2νββ Long
T 0�/T 2�

If ratio is big 
 → Energy resolution is important

2νββ → Background of 0νββ

Isoto
pes Q-value (keV) N.A.  

(％) Pros & Cons

48Ca 4273.6 ± 4 0.19 4.4  × 1019 -
76Ge 2039.006 ± 0.050 7.6 1.84 × 1021 (2.99-7.95)×1026 2ν long, enrichment ~90%
82Se 2995.50 ± 1.87 8.7 9.6  × 1019 (0.85-2.38)×1026 enrichment >90%
96Zr 3347.7 ± 2.2 2.8 2.35 × 1019 (3.16-6.94)×1026

100Mo 3034.40 ± 0.17 9.4 7.11 × 1018 (0.59-2.15)×1026 2νshort, enrichment >90% 
110Pd 2017.85 ± 0.64 7.5 - -
116Cd 2813.50 ± 0.13 7.5 2.8  × 1019 (0.98-3.17)×1026 enrichment 80~90%
124Sn 2287.80 ± 1.52 5.8 - -
130Te 2527.01 ± 0.32 34.1 7.0  × 1020 (7.42-2.21)×1026 N.A. high
136Xe 2457.83 ± 0.37 8.9 2.165  × 1021 (1.68-7.17)×1026 2ν long, enrichment ~90%
150Nd 3317.38 ± 0.20 5.7 9.11 × 1018 - 2ν short, enrichment difficult

T 2�
1/2 T 0�

1/2(50 meV)
measurement 
PDG2015, no error included

(year)
calculation 

PRC 79, 055501 (2009), (R)QRPA (CCM SRC)

 Q-value highest, N.A. small, 
enrichment difficult

- No perfect isotope for double beta decay
 Isotopes for double beta decay (Q-value > 2MeV)

*Talk by Azusa Gando (KamLAND-Zen),Neutrino 2018
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How difficult is it? 

1/t = G(Q,Z) gA
4 |Mnucl|2 mbb 

2 

Phys. Rev. C 85, 034316 (2012) 

Rep. Progr.  Phys. 80, 046301 (2017) 

gA 1.27 (no quenching) 

76Ge 

100Mo 

82Se 

130Te 136Xe 

76Ge 

82Se 
100Mo 

130Te 

136Xe 

Phase space: exactly calculable Nuclear matrix elements: several models 

(1) 

(2) 

See next talk by Jouni Suhonen 

*Talk by Andrea Giuliani in Neutrino 2018
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10�2 10�1 100 101

ms [keV]

10�9

10�8

10�7

10�6

10�5

10�4

10�3

10�2

10�1
si

n2
2✓

HDM CWDM

fDM = 0.1

fDM = 7 ⇥ 10�4

Type II SNe Reheating

Signals

KATRIN � TOF

H14 M31

0⌫��

⌦s > ⌦DM

�-decay

K. Abazajian, arXiv:1705.01837 

http://arxiv.org/abs/arXiv:1705.01837

