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163Ho Electron Capture and νe mass

QEC = 2.80 keV
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mν ≠ 0 a�ects EC spectrum

measure all de-excitation 
channels simultaneously

Calorimetric measurement
 Source embedded in absorber
 100 % quantum e�ciency
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Sub-eV sensitivity for νe-mass requires:
  Large statistics  Nev > 1014

  energy resolution   ∆EFWHM ≤ 10 eV
  fast signal rise time  τ ≤ 1µs
  activity per pixel  ~10 Bq
  large arrays:    105 - 106 detectors

Pulse rise time: 
90 ns

Non-linearity
< 1% @ 6 keV

Energy resolution:
2 eV @ 6 keV
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Energy Input

Weak 
Thermal Link

B-Field

T < 100 mK
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Metallic Magnetic Calorimeters
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 Observation O1-line

QEC = 2.8 ± 0.08 keV

energy calibration

linearity correction

contamination level

Prototype results
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64-Pixels Array with integrated rf-SQUID readout
15.5mm

feedline

elbow coupler

slotted 
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Josephson 
junctionto resonator

to detector

9.
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~ 1Ω

heat 
bath

absorber on stems above sensor 
Non-hysteretic 
rf-SQUIDs
ε = 220ħ

Coplanar
resonators
Q = 5000

Detector
ΔEFWHM ≤ 5 eV

MMCs technically ready for

�rst arrays with 64 pixels have been produced

 characterization of the performance
163Ho production and puri�cation

Tests for 4π absorber preparation
 implantation
 alloys

ECHo

Conclusion & Outlook

fpp ≈ 10-6 s

MMCs ful�ll the requirements for a direct neutrino mass experiment:

Calorimetric measurement of the 163Ho spectrum:
from single pixels to arrays

Event discrimination

Si substrate
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Microwave SQUID Multiplexer[1]

- Two Coaxes and one HEMT for readout of ~1000 detectors
- Dissipated power inside the cryostat very low
- No limitation of signal rise-time

Main Advantages

Energy deposition in absorber

magnetic �ux change in related temperature sensor

magnetic �ux change in associated rf-SQUID

shift of resonance frequency of corresponding resonator

monitoring frequency shift as a change of amplitude/phase

Challenges
- Complex room temperature readout electronics
- Energy sensitivity degraded compared to 2-stage 
dc-SQUID
[1] J.A.B. Mates, G.C. Hilton, K.D. Irwin, L.R. Vale, and K.W. Lehnert, Appl. Phys. Lett. 92(2) (2008)
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Prototype Magnetization: Pulse height:

Pulse shape:Rise Time
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dc-SQUID tests @ 4.2 K:
(di�erent design)

I-V-characteristics @ 4.2 K       V-Φ-characteristics @ 4.2 K 

Ic = 20.1 µA

Ib,max = 38.1 µA

Rn = 1.4 Ω ΔVmax = 23.1 µV
1 / Min = 12.56 µA / Φ0
1 / Mfb = 36.12 µA / Φ0

SQUID parameters agree well with design values

Ib= 40µA 
       35µA 
       30µA 
       25µA 
       20µA

Resonator tests:
(di�erent design)

All resonances show up between 4 to 6 GHz


