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Motivation

Comparisons of Theory and Experimental 163Ho Ratios Comparisons of Theory and Experimental 55Fe Ratios

Comparisons of Theory and Experimental 193Pt Ratios

The endpoint region is most sensitive to the neutrino mass.
Need a validated theory to extract neutrino mass without systematic uncertainty!

!"#Ho → !"#Dy∗ + 𝜈, → !"#Dy + 𝜈, + (electrons, photons, phonons)

𝜈,

𝑒:

x-ray

The advantage of a calorimetric measurement (conceptual drawing at left): no need 
to know fluorescent yield, because all atomic decay energy is thermalized and 
measured as heat. Microcalorimeter Transition Edge Sensors (right) provide the 
required energy resolution (< 10eV FWHM at 2 keV) for a kinematic neutrino mass 
measurement.

Electron capture is a 2-body reaction. A measure of the excited atom’s energy is a 
measure of the neutrino’s energy.

𝐸?@AB = 𝑄 − 𝐸F

𝑚F

𝑄
𝐾F = 0

(Left) Theoretically calculated spectrum with 107 decays (red) with current 163Ho data 
(LANL, black. ECHo, blue). (Right) Conceptual drawing of the spectral endpoint, 
showing sensitivity to the kinematic neutrino mass.

Validating a theory…
• Comparing theoretical predictions on features far from the end point
• Using theory on other isotopes
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LANL (FR)163Ho Peak Ratios are not experimentally well-constrained.
Theoretical calculations of the peak ratios vary significantly based on atomic structure 
code generating orbital wave functions AND order of antisymmetrization.

Modern 55Fe Peak Ratios agree best with EC-capture calculations. 
Better energy resolution → Better theoretical evaluations

L1/K and L2/K instead of L/K

Q value of 193Pt EC must be better known. Varying Q by 10% can change 
a theoretical calculation by 6%.  
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