
Two-Stage GRB Detection Pipeline
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STAGE 1: CNN Hotspot Finder

Preprocessing

HEALPix pixelization
Sliding window

Sparse triggering

Input Tensor

(batch, channels, T, E)

9 spatial + bkg + exp

2D CNN

Conv2D layers
BatchNorm + ReLU

Global Pooling
FC → Sigmoid

Output
candidates_raw.csv
(time, ra, dec, prob)

MERGING

DBSCAN Clustering

Spatio-temporal
grouping

eps (spatial)
eps (temporal)
min_samples

Output
candidates_merged.csv

(clustered events)

STAGE 2: Deep Sets Classifier

Preprocessing

Cone extraction
Feature normalization
(dt, logE, dRA, dDec)

Input Tensor

(batch, max_photons, 4)
+ Mask

Deep Sets

Φ: per-photon MLP
Σ: masked sum pool

ρ: classifier MLP

Output
candidates_final.csv
(refined detections)

Training

Stage 1
Signal injection

into real background
Loss: BCE

Stage 2
Hard negatives (FPs)

+ injected signals
Loss: BCE

Key Parameters

Physics
nside, min_energy
window_duration

stride

Model
input_channels

latent_dim
max_photons

DBSCAN
eps_spatial

eps_temporal
min_samples

Training
batch_size

learning_rate
threshold
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