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Measurement of neutrino mass

 Remember oscillations only measure difference in 
mass square

 Several probes: 
 Astrophysics measurements
 Cosmological measurement
 Beta decay spectrum
 Double beta decay
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Different neutrino mass terms

Σ=m1+m2+m3

M β=(∑∣U ei∣²mi
2
)

1 /2

M ββ=∣∑∣U ei∣e
iα imi∣

Cosmology. Kinetic term

Beta decay. Real 
neutrinos. Incoherent sum.

Double beta decay. Can 
also probe Majorana 
phases (in principle) 
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Direct decays
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Neutrino masses and hierarchy

Sum(masses) >  0.06 eV Sum(masses) > 0.1 eV
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Cosmology
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Probing neutrino masses with cosmology

(E..g., Ma 1996)

mν = 0 eV mν = 1 eV

mν = 7 eV mν = 4 eV

The neutrinos suppress low scale structures because they are free-
streaming (not gravitationally bound). 
The neutrino masses determine the fraction of energy carried by them 
=> impact of “smoothing”
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Probing neutrino masses with cosmology
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LSS from galaxy maps

Other probes: LSS from lensing maps, Lyman alpha forests ... 
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Current constraints from cosmology
J. Lesgourgues, 2014
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But other measurements prefer higher values 
J. Lesgourgues, 2014

(Some) measurements affected by systematic uncertainties not yet under control
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Beta decay
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Measurement of the beta spectrum

 Method described already in Fermi 1934 paper!

Katrin experiment: aim at 0.2 eV sensitivity
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Measurement of the beta spectrum

Effective nu_e mass

Notice that if our detector were very precise then we would see
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KATRIN experiment
C. Weinheimer, NEUTRINO 2014
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Not anymore a tabletop experiment



 Marco Zito 18EIPS Lyon 2014

Double beta decay

 β decay  ββ decay 0 ν
Requires Majorana 
neutrino!

 ββ decay 2 ν
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NEMO3 detector with the radon-free air tent (dec 2004)NEMO3 detector with the radon-free air tent (dec 2004)
Reduction of Radon BKG ~ 10

3m

Source

Wire chamber

Scintillator

LAL: wire chambers, DAQ
CENBG+IreS:calorimeter
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Neutrinoless double beta decay

mν<0.18 ÷ 0.94 eV
PRL 95, 142501 (2005)

Best sensitivity: Heidelberg-Moscow 76Ge 
experiment
Controversial claim of observation

Double beta decay (0 ν): only if ν is a Majorana particle!

Results from Cuoricino100Mo

T1/2(ββ0ν) > 4.6 1023 y 

〈mν〉  < 0.66 – 2.81 eV

T1/2(ββ0ν) > 4.6 1023 y 

〈mν〉  < 0.66 – 2.81 eV
N

E
M

O
3

PRL. 95 (2005) 182302
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Current limits
Lisi Large Neutrino Infra, 2014
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Prospects
Lisi Large Neutrino Infra, 2014



 Marco Zito 29EIPS Lyon 2014

Conclusion

 Current limits point to the sub eV range, an 
extremely difficult region to probe

 Beta and double beta experiments will be 
increasingly difficult to improve

 Impressive progress by cosmological measurements, 
however the control of the systematic uncertainties 
remains a difficult point
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