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Fast Radio Bursts (FRBs)

FRBs: high-energy astrophysical phenomena, emit radio
waves in millisecond-long bursts. FRB illustration

Discovered in 2007 (Lorimer et al.), hundreds of FRBs

detected since

Origin: majority remain unknown (one associated with

galactic magnetar)

Repeater FRBs vs non-repeater FRBs

Gathered lots of data, but still not much known about

them
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How can we find patterns in FRB signal data?
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Variational Autoencoders (VAES)

W
Mean —‘ X
X Py(Z]1X) J zZ Py(X|2) X
log(c) Output
Encoder Variance Decoder

Input

Variational Autoencoder Architecture
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Supervised Task

= Train a classifier to distinguish between different classes of Supetizse Vials DirgiEin

FRBs.

=  Supervised VAEs: incorporate an additional supervised Clsifer Hond
Alassthier Heac Cp) g Classification

task (classify repeaters vs non-repeaters in latent space).

= Loss now has a classification component

Py(X12) X

= Model learns both descriptive and discriminative features

Output
Encoder Variance Decoder

of the data (enhances pattern recognition). Tnput
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Data Preprocessing

» Cleaned + standardized Blinkiverse FRB dataset. Blinkiverse Dataset Visualization

=  Split standardized data into 80-20 stratified split
(preserving class distributions).

» Created two derivative datasets
1. Excluded all repeating sources
2. Sampled up to 5 bursts from each of the top 10

repeaters (plus all others)
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Data Features

Conclusions
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Feature

Description

Observing_band

Observing bandwidth of the telescope.

SNR

Signal-to-noise ratio of the burst.

Freq_high

Highest frequency observed.

Freq_low

Lowest frequency observed.

Freq_peak

Center frequency of the observation.

DM_SNR

Dispersion measure maximizing S/N.

DM_alig

Dispersion measure for best burst alignment.

Flux_density

Peak flux density of the burst.

Width

Burst width.

Fluence

Fluence of the burst.

Energy

Energy of the burst.

Polar_|

Fractional linear polarization.

Polar_c

Fractional circular polarization.

RM_syn

Rotation measure from RM synthesis.

RM_QUfit

Rotation measure from QUFIT method.

Scatt_t

Scattering timescale.

Selected Blinkiverse Dataset Features
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Model Training

Data Processing

Stratified K-Fold Cross-
Validation

'

Model Training

Learning Rate Scheduler

/_> (ReduceLROnPlateau) >

Early Stopping
to Prevent Overfitting

Adam Optimizer

K-Folds —

Model Training Procedure
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Hyperparameter Tuning
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Hyperparameter Optimize

Bayesian Optimization (350
trials)

———| Train on hyperparameters

Model Selection
Based on Accuracy

'

Final Optimized Model

Hyperparameter Optimization
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Latent Space Analysis

» Passed validation data through encoder for latent vectors General PCA and t-SNE Plots

= Dimensionality Reduction Techniques:
= Principal Component Analysis (PCA): Linear projection
= t-SNE and UMAP: Non-linear structures and visualizing
clusters in two dimensions.
= Similarity:

= NearestNeighbors to find similarity between classified

false positives and true repeaters
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Full Workflow

Optimize hyperparameters Train/evaluate models on Perform dimensionality Perform FRB similarity
P ] vperp s —> —> reduction methods on —> score analysis on model
using K-Fold validation all datasets iy
latent space data false positives
Model Workflow
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Classification Report

Confusion Matrix of SVAE

Model Prediction Non-Repeater Repeater
Actual: Non-Repeater 715 33
Actual: Repeater 62 7854

Classification Metrics of SVAE

Accuracy Precision Recall (Sensitivity) F1 Score

Value 0.9890 0.9958 0.9922 0.9940
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Latent Space Visualization (Full Dataset)

t-SNE of Latent Space Representations (Top 10 Sources)
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Latent Space Visualization (No Repeater Dataset)

UMAP of Non-Repeater Latent Space Representations (Labeled by FRB Source)
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Latent Space Visualization (Sampled Repeater Dataset)

t-SNE of Latent Space Representations (Sampled)

Class
20 1 Non-repeater

Repeater

10 1

t-SNE Dimension 2

710 4

10 15

(S

—10 -5 0
t-SNE Dimension 1

Rohan Arni Deep Learning Reveals Structural Patterns in Fast Radio Burst Data 5/19/2025



Conclusions Acknowledgements Citations

©)

Introduction Methods REIES

0000 000000 olelele] | (0]0) ©)

Nearest Neighbors Analysis

Nearest Neighbors Analysis

t-SNE of Latent Space (Highlighting Repeater Differences)

20 A

Nearest Neighbors Analysis

Non-Repeater FRB Similar Repeater FRB Score

10 4

t-SNE Dimension 2

FRB20190112A FRB20191106C 1.07201

FRB20190112A FRB20190915D 0.85919 0

T T
10 15
t-SNE Dimension 1
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Conclusions

UMAP of Filtered Latent Space

UMAP of Latent Space Representations (Top 5 Filtred)
» Classification accuracy of 98.9% on the full dataset (SotA) N | “
= SVAE able to create unsupervised clusters of FRB signals ]‘
in latent space 107
= Effective framework for analyzing FRB data in the future N
= Nearest neighbors analysis shows that FRB20190112A ; )
similar to repeater FRBs i ol
= Possibly a new repeater, as corroborated by other
studies i
2 5 0 2 1 6 8 10

UMAP Dimension 1
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Future Work

Waterfall Plot

FREZ0180725A

= Connect to more accurate/different FRB data ’J | s 3£ 75
= New CHIME Catalog 2 data coming out soon -

= Still more to uncover within the existing structure

= Analysis directly on waterfall plots using CNNs
» Confirm/validate FRB20190112A result
»  Explore other models (e.g., GANs, CNNs) for FRB data

Frequency [MHz]

Time [ms]
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