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High sensitivity...
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Utilizing Artificial Intelligence Technologies for the Enhancement
of X-ray Spectroscopy with Metallic-Magnetic Calorimeters (MMC)
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Outstanding properties associated with MMCs [1,2,3]:

- Fast signal rise time up to 1 = 100 ns
- High energy resolution AE ..., = 1.6 &V @ 6 keV/
- Excellent linearity AF / £ < 5.5% @ 60 ke

Several successful
benchmark campaigns

anion trap [4,5,8]

- Measurement of Ka
line-splitting in U=* at

.. with 2 transition Analog = Digital signal processing

MMC is susceptible to environmental changes...
-.vibrations, magnetic flux, etc. = corrections needed

o magnetameter CRYRING of FAIR [7]
L + Developed within SPARC collaboration: maXs
N
[ cratenges or g s
B . g .
However: Best performance is only achievable ... - H Requires multitude of numerical values and

mmeg hardware settings to be optimized

* § ' partal automation but several manual steps
o involved for individual pixels
18 Artificiof

Eurnpean &1 for Fundsmental P erenes [EUCAIFCon 2024)

Developmant of a complex signal analysis framework *108 Future: From few to many pixels... _/"'Nl"yam-v
Test and improvement through experiments [s] = 1868 = Setup 'by hand' is no longer feasible —
\
How could A1 be involved?
Hardware First steps: Full signal analysis = Extraction of pulse amplitude
- Auto-tuning of read-out SQUID electronics Setup:
Goal: Use Feedback between operation parameters - Synthesize MMC detector pulses with known parameters
and signal quality to improve the performance — Perform RL on 1D temporal signal processing network [
= Reinforcement Learning (RL) I Ltagert a1
Software o
_ L2
- Simple signal characterization =
Goal: Automate the rejection of false-positives
and improvement of trigger timing capabilities
= Clossification
- Numerical parameter optimization Use n layers of a convolutional neuronal network (CNN)
Goal Automate and improve the followed by m layers of a simple perceptron = Amplitude
optimization of the finite response |, - ‘ N -
filter [FIR) used for signal analysis Under optimal conditions
) . FIR-filter qutperforms Al in
= Reinforcement Learning . reading energy from pulses
X X o + However: Alis less effected
- Full signal anatysis " by jitter of pulse timings
Train & neural network on the specific MIMC omer 5 e T 5 | Next: Optimize the mode!
detector pulse characteristics batter) N
Goai: Extract relevant measurements directly
Bonus: Use NN to synthesis MMC pulses for testing
= 10 temporal analysis
. .
SPAE == @
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