
Lecture 1: 
Direct measurement  
of neutrino masses 

PhD Cycle XXXV
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(√∆ms2~9 10-3 eV)
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Σmν>0.06 eV

Σmν>0.10 eV
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Observables sensitive to mν
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Observables sensitive to mν

TODAY
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Observables sensitive to mν

NOT HERE
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Observables sensitive to mν

LAST LECTURE
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Direct mass 
measurements
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Beta decay: direct νe mass

Fundamentals of Neutrino Physics and Astrophysics

by: Carlo Giunti and Chung W. Kim, Oxford UP 2007
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➡ What we measure:
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The mass is extracted from a fit to the end-point
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Pros and cons

 + : This method relies purely on 
3-body kinematics, without any 
assumption on the nature of the 
ν (e.g. Dirac/Majorana)
 - : statistics, especially at the 
end point

The smaller the Qβ, the better 
for the relative stat error just 

below the end-point
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Added complication: mix
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Remember: 
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3H: chosen because:
✓ low Q ⇒ enhanced

✓ simple atomic structure (small 
uncertainties on 

reasonably short lifetime

TRITIUM
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The source should be transparent to
the emitted electrons: gas or thin layers

70 m
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•The larger the spectrometer, the smaller the gradient of the e- momentum  
•Integrated e- spectrum (threshold effect)
• Will measure N(e-) vs electric potential applied
• Measurement up to 30 eV below end-point (Q-value)

“Calibration”: example with a real 
July 2017 pre-run with 83Kr de-

excitation lines

Energy (eV)
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First KATRIN result
https://arxiv.org/abs/1909.06048v1
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Main sources of background: 
• electrons produced by ionization in the residual gas: veto system in place
• electrons from interactions of cosmic rays: veto system in place
• γ-rays from natural radioactivity emanating from material surrounding the detector 

and from the detector itself: this is still open (210Pb on spectrometer walls)
Backgrounds vary over a large range of energies, β-electrons concentrated. 
Rely on accurate E determination to separate and reject bkgs
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Systematic uncertainties

e.g. Pb210 remaining in spectrum
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Excluding masses down to 0.24 eV possible after 3 
years of full beam
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calorimetric 
measurements
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• QEC function of m(ν) ⇒ measurement of E(e) sensitive at end-point
• One sees Auger electron and measures E(e) inclusively, with source = detector

• no risk of loss or of mis-modelling energy at source 
• E freed by de-exciting 163Dy has ~lowest known “Q value”: 2.8 keV
• problem: lifetime! need smart format of detector to maximize statistics
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Equivalent of beta-decay but with B-W peaks corresponding to 
energy levels 
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Microcalorimetry
• Small, segmented devices needed for high E resolution (and to 
avoid two events overlapping in time in same reading element)

E → T
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• Exploit super-conducting property to 
rapidly (but about linearly) change R 
with T 

T → I=V/R

•Use film of material undergoing 
transition at roughly 163Ho Q (2-3 keV)

• linear with Ec ⟺T
• generates current read-out 

• Electro-thermic feedback 
compensates increase of I from T

• forces TES to stay around linear regime

linear regime
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•Q = 2.5 keV
• operating at <150 mK heat 
capacity 
• gives ΔE ~ 0.8 eV FWHM
 
• HOLMES claims ΔE = 1 eV 

An example
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Pile-up
• TES have a relaxation time of ~several ms

• Two decays can happen close in time within the same TES element 
and not be discriminated

➡  bias on the Ec measured by summing two processes

http://lanl.arxiv.org/pdf/
1412.5060v3

requirement
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Effect of statistics Effect of bkg

Overall this technique expected to currently attain          
~0.2-0.4 eV neutrino mass sensitivity
⇒ competitive with spectrometers
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Alternative observable: the ECHo experiment

Broadly same challenges and figures of merit to attain sensitivity
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Alternative to KATRIN/
spectroscopy
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Linearity test completed, good to 0.2 eV
Efficiency data being taken right now

https://zenodo.org/record/1286954#.XEiHGvx7mi4
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Back up
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•~constant along B lines
• spectrometer acts as an 
integrating high-energy pass filter 
by virtue of E field 
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lead to first mν,eff limit in 2019

high source activity: 2.45·1010 Bq allowed to collect data for 780h in April 10 –May, 13 2019 
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Main issues
• Measuring the energy with micro-calorimeters with high 

resolution

• Estimate doubles=overlaps and their bias on Q end-point

• Keep background under control

•163Ho source mostly from neutron 
irradiation of 163Er
• decays quickly (τ ~75 min) and large 
x-sec: effective process
• but mind radioactive impurities from 
other elements emitting below 5 keV!
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SOX at Borexino
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first proposed (AFAIK...): 
Phys.Rev. D73 (2006) 

045021

49



50



51



Cosmological constraints
(for more see e.g. seminar by Lattanzi at 

Roma Tre, 10th Jan 2017)
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➡ Effects:
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Model-dependent: interplay with ΛCDM, H0
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ratio of density of ν to 
matter (=non-relativistic 
particles) in the present 

universe
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