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1. Introduction




Simulation

Following Luan’s work tuning the digitization parameters for Fusion HG, the low
energy ER simulation can now be properly used for the trigger study.

The 0.25 and 0.5 keV ER simulations were digitized and prepared to be used by
the CNN and filter trigger methods.
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ER events: 3000 events per energy.

Split: 60% training / 20% validation / 20% testing.

Noise: 6000 events extracted from Run5 pedestal runs (60005 - 60444).
Primary Focus: 0.25 keV events (most challenging detection).



Data split
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The data split was performed using k-fold to balance event distribution across datasets
based on energy (ADC counts).

Some ER events contain very low ADC counts (down to a minimum of 4 ADCs).
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Filtering
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Pixel-level trigger data preparation

Simulated 0.25 keV events were transposed to random positions on the image
(with vignetting applied).

Signal labeled events: 1800 and 600 images with signal combined with noise for

training and validation, respectively.
o Norestriction in energy.

Noise labeled events: 1800 and 600 noise images for training and validation,
respectively.



2. Pixel-level trigger
training




Pixel-level trigger optimization

Training

Threshold TPR:
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The algorithm has basically two parameters:
o Threshold: to be applied after filtering to look for
centroids.
o Dilation radius: Radius of the square region to
be expanded around each centroid.

Energy triggered (%)

Training scan:
o  Evaluated 5 thresholds corresponding to target
TPRs of 0.7-0.9 on the training dataset. s

o  Evaluated 5 dilation radii (10-30 px). =

N 085
. 0.90

Pixel-level trigger optimization

Signal recovery: Lower TPR thresholds
struggle to Ffully recover event energy,
whereas a dilation radius 2 20 is required.

Noise pixels: At a radius of 20, the active mask
retains ~2000 and 20000 noise pixels for TPRs
of 0.75 and 0.8, respectively.

Noise pixels triggered (px)

20
Dilation radius (pixels)



Validation

The pixel-level trigger was applied with
the same configurations on the
validation dataset.

The thresholds from the training
detected ~68%, ~73%, ~79%, ~85% and
~91% on the validation dataset.

Apart from the small reduction in signal
detection, the average energy and noise
pixels triggered remained the same.

Two operating points were selected for
the test dataset: thresholds of 0.75 and
0.80 TPR with dilation radius fixed at 20.

Energy triggered (%)

Pixel-level trigger optimization

Pixel-level trigger optimization




3. Test dataset




Trigger performance

Operating Point 0.25 keV TPR 0.5 keV TPR Noise pixels
(radius = 20) (%) (%) triggered (px)
Threshold 0.75 TPR | 0.7583 0o 0.9817 Tl 2448 £ 199
+0.0290 +0.0066
Threshold 0.80 TPR BLBISH s I —" 21836 + 668

Both operating points recover ~100% of the signal energy for all detected events.

Increasing the target TPR on training from 0.75 to 0.80 allows detecting additional 0.25 keV
events (~75.8% to ~81.5%), but introduces ~9x more active noise pixels.

The two operating points give a rejection Factor for noise of ~2168x and ~243x, respectively.



Processing time

The pixel-level trigger algorithm
requires ~50 ms per image to create a
mask.

Processing time depends more on the
dilation radius than the threshold due to

algorithm implementation.
o The Fastest GPU implementation uses a
max-pooling layer with kernel size
(2*radius + 1).

The Gaussian Filter stage alone takes ~15
ms.

Processing time for pixel-level trigger
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4. Conclusions




Conclusions

The pixel-level trigger recovers ~100% of event energy for all detected signals
while providing a noise rejection Factor of ~2168x (0.75 TPR target) and ~243x
(0.80 TPR target).

It achieved ~75.8% and ~81.5% event detection at 0.25 keV for 0.75 and 0.80 TPR
targets, respectively, increasing to ~98% efficiency at 0.5 keV.

Mask generation needs ~50 ms per image on GPU.

A lower threshold for centroid detection increases signal detection by ~6% at
0.25 keV at the cost of ~9x more noise pixels.



Next steps

e Develop a proper methodology to use the reconstruction output as a benchmark
for detection performance.

e Enhance pixel level trigger methodology.
e Write a paper about these results (also analyse real data).

e Apply this framework to QUEST images.

Apply on long tracks.









