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163Ho Electron Capture for measuring the neutrino mass

163Ho + e- ! 163Dy � + � e ( Ec ) electron capture from shell > M1

- Calorimetric measurement of Dy atomic de-excitations (mostly non-radiative)

) measurement of the entire energy released except the� energy

- rate at the end point depends on ( Q - EM 1) : the proximity to M 1 resonance peak enhances the statistics at the end
point (i.e. sensitivity on m � )

- Searching for a tiny deformation caused by a non-zero neutrino mass to the spectrum near its end point
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proposed for the �rst time
by A. De Rujula e M. Lusignoli in 1982

Phys. Lett. 118B (1982) 429
Nucl. Phys. B219 (1983) 277-301

Q EC = 2.833 keV
� 1=2 ' 4570 years



The HOLMES experiment (ERC-2013-AdG no. 340321)

The m � statistical sensitivity has:

- Strong dependence on statistic: � ( m � ) / N events
1=4

- Strong dependence on pile-up: f pp ' A EC � � res

(A EC : pixel activity, � res: time resolution)

- Weak dependence on energy resolution �E ;

Multiplaxable detectors with fast response are required

HOLMES

Neutrino mass determination with a sensitivity as low as � 1 eV

- Microcalorimeters based on Transition Edge Sensors with
163Ho implanted Au absorber

- Pixel activity of A EC � 300 Bq/det

- Energy resolution: O ( eV)

- Time resolution: � res � 3 � s (� rise = 10- 20� s);

- 1000 channels for 3� 1013 events collected in TM = 3 years
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more details on
Eur. Phys. J. C (2015) 75: 112



Ion implanter
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Ion implanter designed to embed Ho inside the detectors' absorbers and to
perform a mass separation of the 163Ho from the other contaminants.

- extraction voltage 30-50 kV ! 10-100 nm implant depth

- 163Ho/166m Ho separation better than 105

Main components :
- Ar penning sputter ion source

- magnetic dipole mass analyzer (Bmax = 1 T)

- faraday cup and slit

- target chamber for Au co-evaporation

Au co-evaporation :
- to fully encapsulate the source

- to compensate the saturation of
the 163Ho concentration in the
absorber

- to avoid oxidation

- heat capacity

Target chamber:
- 4 COMIC microwave sources

- 4 Ar beams hit on 4 Au targets
! 4 in order to increase the deposition
rate and uniformity


