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Electron Capture in 1®3Ho — Spectrum

Source = Detector

Calorimetric measurement
A. De Rujula and M. Lusignoli, Phys. Lett. 118B (1982)
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Electron Capture in 1°3Ho - Timeline

m(v,) <225 eV **
1980 1990 2000 2010 ECHo, HOLMES 2020
Modern 193Ho experiments
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Proof of concept

counts / 5 eV

C. Velte et al., EPIC 79 (2019) 1026
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4 day measurement with 4 pixels loaded with ~0.2 Bqg 3Ho
* measurement performed underground
* test for data reduction and spectral shape analysis

Q.. = (2838 + 14) eV
* m(v,)<150eV (95% C.L.)



Requirements for sub-eV sensitivity

Statistics in the end point region Sensitivity curve based on old theory
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ECHo phases

ECHo-1k — almost concluded
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163Ho Source
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163Ho production via neutron irradiation = (n,y)-reaction on ®%Er 321 y 0m ) 1036 h i
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Sample
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F. Schneider et al., NIM B 376 (2016) 388
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- Coming soon: implantation on wafer scale



Calorimetric measurement — 4w geometry

ECHo uses large arrays of low T metallic magnetic calorimeters with enclosed '®3Ho
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First absorber:
180 um x 180 um

F. Mantegazzini et al., Nucl. Instrum. Meth. A 1030 (2022) 166406
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ECHo-1k array
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- Design performance:
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W 7,7 90 ns (single channel readout)
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ECHo-1k read-out
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ECHo-1k high statistics spectrum

-

ECHo-1k chip-Au 23 pixel with implanted 163Ho
3 background pixels
average activity = 0.94 Bq
total activity of 28.1 Bq
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Analysis of the 1*3Ho electron capture spectrum
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—— 163Ho Spectrum
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E<2.5keV
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2.5keV < E<2.8 keV

PRELIMINARY

—— theory fit, Q = 2860.0 + 1.9 eV
experimental data
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Determination of Qg by fitting the spectrum using:
* Brass & Haverkort theory
* Flat background

Systematic uncertainties related to theoretical spectral shape and Q-value

...still too large for analysis of smaller endpoint region
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* Qg = (2.833 £0.0305% + 0.015%t) keV
S. Eliseev et al., Phys. Rev. Lett. 115 (2015) 062501

Waiting for new PENTATRAP* results

(*) J. Repp et al., Appl. Phys. B 107 (2012) 983
C. Roux et al., Appl. Phys. B 107 (2012) 997



Updated sensitivity

Brass & Haverkort theoretical model + new Q-value
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Updated sensitivity

Brass & Haverkort theoretical model + new Q-value

m, sensitivity, 90% C.L. / eV
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ECHo-100k for eV-scale sensitivity

| GHz

GHz

|
DFG Deutsche
Forschungsgemeinschaft

The ECHo Collaboration EPJ-ST 226 8 (2017) 1623

R. Hammann et al., Eur. Phys. J. C (2021) 81:963

ECHo-100k baseline: large arrays of metallic magnetic calorimeters
Number of detectors: 12000

Activity per pixel: 10 Bq (2 x 10*2 163Ho atoms)

Present status:

High Purity 1*3Ho source:
e available about 30 MBq

lon implantation system:
e demostrated and continuously optimized

Metallic magnetic calorimeters

* reliable fabrication of large MMC array
» succesfull characterization of arrays with ®3Ho

Multiplexing and data acquisition:
e demostrated for 8 channels
* development of the SDR electronics
 still to show scaling of the system

Data reduction
* optimized energy independent algorithm to identify spurious traces



ECHo-100k — MMC array

ECHo-1k ECHo-100k
~1 Bq/ pixel 10 Bq / pixel
57 MMCs 12000 MMCs
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v' Design and fabrication completed
v’ Characterised with >>Fe external source
implanted 1%3Ho



ECHo-100k — Multiplexing

Microwave SQUID multiplexing
Single HEMT amplifier and 2 coaxes
to read out 100 - 1000 detectors

* Successful characterization of first prototypes
with external >>Fe
- Very promising results:
8 channels (16 pixels)
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- 400 MMC detectors x
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S.Kempf et al., J. Low. Temp. Phys. 175 (2014) 850-860
M. Wegner et al., J. Low Temp. Phys. 193, 462 (2018)



Conclusions

V  The results obtained with **Ho loaded MMCs paved the way to large scale neutrino mass
experiments based on 1%3Ho

V The ECHo collaboration has already contributed to a more precise description of the 163Ho
spectrum

V Afirst improvement on the effective electron neutrino mass limit has been obtained in a
proof of concept measurement

V  More than 108 1*3Ho events have been acquired within the ECHo-1k phase -
A new limit at the level of 20 eV on the effective electron neutrino mass is coming soon

V  Important steps towards ECHo-100k have been demonstrated:
new ECHo-100k array + multiplexed readout

EO@ ... not only cool because of mK temperature
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