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Magnetic Microcalorimeter (MMC)
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High energy resolution:

AEqyuv = 1.6 eV at 6 keV

Large energy bandwidth:
10 eV to 100 keV
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Cryostat Setup Conventional Readout ﬂ(".
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MMC pixel
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® Single channel readout
® Approx. 8 readout cables per channel

® With large sensor arrays:
high complexity & heat input

® Poorly scalable
® Multiplexing method required

24 pins for three
readout channels

- 30-pin connector 24-pin connector
at millikelvin at room temperature

[4] F. Mantegazzini et al., JINST 2021



Frequency Multiplexing ﬂ(".
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with the ,microwave SQUID multiplexer”
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Readout with Software-defined Radio System
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SDR Prototype System ﬂ(".
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Two-stage high-frequency electronics: Converter electronics: Digital electronics:
800 MHz bandwidth, 4-12 GHz 4 GHz maximum total bandwidth Evaluation board for custom firmware
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Measurement with Detector Emulation ﬂ(".
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® Setup with Laboratory equipment

® Measure with arbitrary number of o, — fozir2 s pen " o — lossoataon
channels and settings $ 100 $ 1001
® 16 channel measurement: = =
6.2 eV at 3.4 keV 3w g ol
® 80 channel measurement:
107 eV at 33 keV ° ~177.4 ~177.2 ~177.0 ° 220 —43.8 456
Signal amplitude [m®y] Signal amplitude [M®y]
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Results Low Temperature Measurements
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® First simultaneous measurement

of 16 MMC pixels

® Real-time channelization &
flux ramp demodulation
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® Long-term measurements
for iron-55 spectrography

® < 8.8 eV achieved at 5.9 keV
with 8 channel readout

Magnetic flux [®g]
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® First demonstration of real-time
event detection in microwave
SQUID multiplexer.
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ECHo Experiment

ec@®

Electron Capture 1%3Holmium

Mass investigation of the Electron-Neutrino

12000 sensor pixel measure in parallel

100 kBq total decay rate

Readout electronics for multiplexer
® 400 channels with 2 sensor pixels each

® 4-8 GHz readout interval
15 Electronics

2.4 Thit/s total raw data rate
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Conclusion and Outlook ﬁ(".

® First readout system for Magnetic
Microcalorimeters with frequency
multiplexing

® Actively used for measurements

® 160 MMC pixels for current prototype,
800 Pixels for final system

® Generic approach for various low
temperature detectors and
superconducting Qubits

® Final system for ECHo readout
IS build up @ KIT

Picture: Timo Muscheid and Robert Gartmann
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