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Holmium measured EC spectrum

HOLMES and the direct measurement of mν

 

The determination of the absolute neutrino mass scale is a 
fundamental open question in physics;

Model-independent method: energy conservation of 
electron capture decay;

HOLMES approach: source embedded inside the detector, all 
the energy is measured except the neutrino fraction;

      HOLMES: 15 Bq, 48 channels, 2 months, established
             < 27 eV/c2 at 90% CI;

      HOLMES+: next-gen neutrino experiment module
      development.

Holmium electron capture:

Pulse rise ~ 20 μs and decay time ~600 μs;

Sampling time 2 μs;

Multiplexing factor: 256;

Performance (without ¹⁶³Ho) shows energy 
resolution of 4–5 eV FWHM at 6 keV.

HOLMES makes use of 

Holmium implanted 

Transition Edge Sensors.
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Read-out: μwave rf-SQUID multiplexing.

HOLMES setup

Holmium

Performance

163Ho produced by neutron 
irradiation of Er2O3. An ion
implanter is used to implant Ho 
in the array and to select only
163 a.m.u. mass.
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          Spectrum @ ROI [2250,3500] eV:

    : number of events;

    : Ho real spectrum;

           : pile-up fraction and pile-up spectrum;

      : flat background;

      : detector effective resolution.

Но

:  phase space, only term with mβ

: M1 peak right tail

: energy spectrum of shake off de-excitation

27 @90%

32 @95%

Bayesian parameter estimation 

in the ROI using a Poisson 

likelihood and a modeled spectrum;

Posterior distributions explored 

using Hamiltonian Markov 

Chain Monte Carlo via STAN;

Despite high-precision 

measurements, Q is a free 

parameter (calibration shifts);

Upper limit mβ < 27 eV/c² (90% CI);

Most stringent bound on mβ from 

EC decay of ¹⁶³Ho;

Simulations: mean upper limit of  

40 ± 10 eV/c2, consistent with data;

mβ is correlated only with Q;

The result confirms the feasibility 

of the method;

Future scaling of the experiment 

aims to reach sub-eV sensitivity.

 

Measured and fitted spectrum @ROI 

13 total free parameters in the fit, only 10 well-constrained by the data in the ROI;

10/13 parameters with uninformative priors;

Prior (blue) and posterior (red) distributions;

Weakly informative priors for Npp, ΔEeff, and γ.
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"Most stringent bound on 
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First data-taking runs
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163Ho activity distribution on the detector array

48 detectors measured;

Mean activity per detector ~ 0.3 Bq, total activity ~ 15 Bq;

Energy gain stability over several days;

6×107 events recorded and processed;

Source of background: 
pile-up and 
radiation  interacting 
with other array 
components;

Less than 1% of events 
discarded through cuts 
on shape parameters; 

Total 163Ho calorimetric 
spectrum obtained by summing ~1000 partially calibrated 
spectra;  

300 (30) eV normal (best) trigger threshold.


