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-spectrum seems to violate
energy conservation.

- Propose a new particle:

the neutrino

- Must be neutral and have a

super tiny mass ... or no mass
atall?



Pauli & Fermi speak at Solvay 1933, and a
year later, Fermi writes down a theory about _
-decay

- Rejected by Nature

- Neutrino mass will affect the shape of
the electron energy spectrum near the
endpoint!

- Independently suggested by Perrin in
1933
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Pauli & Fermi speak at Solvay 1933, and a
year later, Fermi writes down a theory about _
-decay

- Rejected by Nature

- Neutrino mass will affect the shape of
the electron energy spectrum near the
endpoint!

- Independently suggested by Perrin in
1933

D Does not require detecting neutrinos!
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Year

adapted from Hamish Robertson
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1. Minimal SM prediction
m = 0 must be wrong

2. We only need to
measure [0 to fix the
three mass eigenstates

3. Oscillation
measurements cannot
measure the absolute
scale
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1. Minimal SM prediction
m = 0 must be wrong

2. We only need to
measure [0 to fix the
three mass eigenstates

3. Oscillation
measurements cannot
measure the absolute
scale

but set lower limit:
m &[0OmeV






- Neutrino
Mass
ordering

- Sensitive to
sterile s

- Ingredient in
cosmological
models

- Majorana or
Dirac?
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normal hierarchy (NH) inverted hierarchy (IH)

WL2 m2

- Neutrino
Mass
ordering

Am?

atm

Sensitive to
sterile s

- Ingredient in
cosmological
models

- Majorana or
Dirac?
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Cosmology 0 -decay Kinematics
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Cosmology 0 -decay Kinematics
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I
- Model dependent - Only if Majorana

Wouter Van De Pontseele by Susanne Mertens 9



Type Element Isotope Half-life (years) Mass diff (Q)
Tritium 3H, 12 18 keV
decay Indi.um 510 4 10™ 0:15keV
Cesium 135Cs 1 106 0:44 keV
Rhenium  "®Re 4 10" 2:5keV
Electron capture  Holmium  '®Ho 4750 2:8 keV

1. Low Mass difference: Number of events in last eV goes as 1=0°
2. Low half-life time: increases statistics.

Ultra-low Q sources are under study,

Currently Tritium and Holmium are the favorites
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Type Element Isotope Half-life (years) Mass diff (Q)
Tritium 3H, 12 18 keV
Indium 510 4 10™ 0:15 keV
-decay . 135 6
Cesium Cs 1 10 0:44 keV
Rhenium  "®Re 4 10" 2:5keV
Electron capture Holmium  "Ho 4750 2:8 keV
[-decay
*H 3 Het +e + 7, 7
3 x 10713 in last eV )
YT ™\
s &
n:;'/” \
\ 7.) Electron capture

163H0 Te — 163Dy* + v,
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Method Variable affected by [1 ~ Resulting measurements  Isotope
MAC-E filter Electron energy Counts above threshold Tritium

Calorimetry Deposited energy Heat/Phonons Holmium
CRES Electron energy Frequency spectrum Tritium

Levitating particles  Recoil spectrum Scattered light TBD
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