
   

 Neutrino Mass Measurements



   

 decay
Measurement of  mass from kinematics of  decay.
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Requirements for 
experiment

The number of electrons close to the endpoint should 
be small
Good (and well-understood) electron energy resolution
No (or minimal) electron energy loss within the source
Minimal atomic and nuclear final state effects, of 

excited transitions 

GaseousTritium:3 H 
3 He+

e­


e

Endpoint is at 18574 eV
No molecular excitation above 18547 eV
Only 10-9 electrons in this region
Gaseous so you can have a very large source



   

History of tritium- decay 
results



   

The current standard for tritium beta decay experiments

Mainz Experiment

Electrostatic Filter

2 acceptance
High energy resolution

 E

E
~0.03%



   

Present Status

Both experiments have reached the intrinsic limit of their
sensitivity.



   

KATRIN
Due to start 2012
Expected limit : me < 0.2 eV (90% CL)

Discovery potential : me = 0.35 eV at 5 



   



   

KATRIN on the move



   

KATRIN on the move



   

Katrin data



   

KATRIN Sensitivity

Starts in 2016

3 year run period



   



 mass 

Easiest way is to use pion decay at rest
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Cosmology

m eV m eV

m eV m eV

Density fluctuations 
are affected by 
neutrino mass in the 
early universe
Highly model 
dependent
WMAP,2dF,ACBAR,
CBI

∑m
νi
< 0.3eV



   

Neutrinoless double beta decay is considered a
golden channel for the measurement of neutrino
mass.

In some nuclei  
decay is forbidden 
but double 
beta decay is not

Z , AZ2, A2 e­
2

e

2 Decay



   

2 Decay
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Second order process in perturbation theory

Severe test for nuclear matrix element calculation

Nuclear structure effects cause variations in the nuclear 
matrix elements of factors of 10

Calculable
phase space

Nuclear
matrix element



   

2 Decay



   

Neutrinoless  Decay

Neutrino must have 
mass

 Neutrino is a Majorana 
particle

Violation of lepton 
number conservation

Experiments are crucial 
 to understanding
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What is the signal?



   

Experimental 
Requirements



   

Types of experiments



   

Passive Source - NEMO3



   

Advantage : electron tracking
Disadvantage : less source 
material and worse energy 
resolution



   

Cuoricino/Cuore

Thermal coupling

   Heat sink

Thermometer

Double beta decay

Crystal absorber

example: 750 g of TeO
2
 @ 10 mK

C ~ T 3 (Debye)  C ~ 2×10-9 J/K
1 MeV -ray  T ~ 80 K

 U ~10 eV



   

Cuoricino Results
60Co 0

2529 keV

T1 /2
0

3.0×1024 years ⇒ 〈m 〉0.68eV



   

Heidelberg-Moscow
11 kg of Ge enriched to 86% of 76Ge in the form of 5 Ge 
diodes surrounded by Cu,Pb,Bn shielding
0 electrons detected by Ge detectors themselves
Only sum of electron energy measured 



   

Heidelberg-Moscow
11 kg of Ge enriched to 86% of 76Ge in the form of 5 Ge 
diodes surrounded by Cu,Pb,Bn shielding
0 electrons detected by Ge detectors themselves
Only sum of electron energy measured 

0



   

Heidelberg-Moscow

m

 = 0.4 eV



   

GERDA

Designed to test 
Heidelberg-Moscow

Uses the same Ge-76
isotope and technique

Been running since 2010 



   

GERDA

t
1/2

 > 2.1 x 1025 yr @ 90% CL

Inconsistent with HdM, but not
definitive (yet)



   

Future Program



   

Current global limit



   

Absolute mass status

Tritium  decay < 2.3 eV

Katrin extends sensitivity to 0.2 eV

0 decay ∣∑i
U

ei
2 m

i∣
<0.3-1.2 eV

< m

>

Pion decay

<m><300 meV

Cosmology ∑i=e , ,
mi0.7eV

m



190 keV

Tau decay m

18.2 MeV



   

Requirements for 
experimentThe number of electrons close to the endpoint should 

be small
Good (and well-understood) electron energy resolution
No (or minimal) electron energy loss within the source
Minimal atomic and nuclear final state effects, of 

excited transitions 

GaseousTritium :3 H 
3 He+

e­
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e

Endpoint is at 18574 eV
No molecular excitation above 18547 eV
Only 10-9 electrons in this region
Gaseous so you can have a very large source



   

Experimentally...



   

The Ideal Detector



   

NEMO3
✘
✔

✔

✔

✘

✔



   

Dirac vs Majorana
A Dirac particle is different from it's antiparticle 
(e.g. electron and positron). A majorana particle is
the same as it's antiparticle.



   

Experimentally...



   

Seesaw and GUTsElectromagnetic, strong
and weak forces have very
different strengths 

If supersymmetry is valid
their strengths are the same
at around 1016 GeV

To explain light neutrino
masses through the see-saw
mechanics, we need a heavy
neutrino with mass 1016 GeV

Probing of GUT scale physics
using light neutrinos!



   

SN1987A



   

Neutrinos detected
Four neutrino detectors operating at the time 
Kamiokande II, IMB, BST, Mont Blanc



   

Mass from Velocity
The neutrinos had travelled 180,000 light years – enough
for small mass differences to show up as a difference in
arrival times 
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Estimate dependent on models of supernova process
(emission intervals, size of the neutrino shell etc)
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NEMO3 Sources
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