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Data Revolution in Spectroscopy

SDSS DR16Q catalog which contains 750,414 quasar spectra
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Welcome to the SQUAD Project!

The Spectroscopic Quasar Anomaly Detection (SQuAD) Project is dedicated to identifying anomalous quasars from large-scale spectroscopic surveys and conducting follow-up
studies on these intriguing sources. Our mission is to uncover rare quasar phenomena to enhance our understanding of supermassive black holes and the extreme environments
they inhabit.

About the Project

Quasars are among the brightest and most energetic objects in the universe, powered by supermassive black holes at the centers of distant galaxies. While many quasars have
been studied extensively, anomalous quasars—those with unusual spectral characteristics—offer unique insights into astrophysical processes.

Project 1 : Spectroscopic Quasar Anomaly Detection (SQUAD) I: Rest-Frame UV Spectra from SDSS DR16 : The Spectroscopic Quasar Anomaly Detection (SQUAD 1) project is
designed to identify and categorize spectroscopically anomalous quasars from large-scale astronomical surveys, such as the SDSS DR16 catalog. By utilizing advanced techniques
like Principal Component Analysis (PCA) for dimensionality reduction and hierarchical K-Means clustering, the project focuses on finding rare or unusual quasars with distinct
properties. In this first phase, SQUAD 1 concentrates on rest-frame UV spectra to detect anomalies in quasar spectra.
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SDSS DR16 QSO Catalog Sample

Lyke et. al.
* Quasar catalog from Data Release yREEh al. 2020
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* The largest selection of
spectroscopically confirmed
quasars to date. (750,414 quasars)
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SDSS DR16 QSO Catalog Sample
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Dimensionality Reduction (PCA)
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PCA 2 Coetticient

k-Means Clustering
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PCA 2 Coefficient
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PCA 2 Coefficient
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Algorithm

1,888 anomalous
quasars, categorised
iInto 10 broad groups.

® C IV Peakers : 65
® Excess Si IV emitters : 227
® Si IV Deficient Anomalies : 328
® BAL Anomalies : 692
® Blue BALs : 64
® Flat BALs : 306
® Red BALs : 231
® FeLoBALs : 109
® Reddened Anomalies : 341
® Heavily Reddened : 165
® Moderately Reddened : 93

® Plateu-shaped Spectrum : 83
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Composite Spectra
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Line Ratios
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Some examples of really weird spectra !!!
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Going Forward

PCA 2 Coefficient

Photo-ionization simulations to understand what physical
conditions lead to the anomalous line ratios.

Follow-up observations of weird spectra

Connection between dust and BAL properties ?

Rest-frame O

e Crucial in the Eigen vector 1 context

ptical wavelengths : Already implemented
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Radio Morphological classification of quasars

Fraction of broad absorption line quasars in different radio morphologies
Akhil & Vivek, 2022, MNRAS, 511, 4946

vy

Core-dominated Double

|||||||

Lobe-dominated Double Lobe-dominated Triple

7| Silv ;) CIV
T f
Relativistic Jet N, '("
elativistic Je £
R 5 My Wy b
X I T/ 3 @ 2 |
& S T
S R 7/ ,
5/ &/ S |
~ B\ g:énr. £ o
\\w Vil ko s)
(@
Silv | Clv
= .. lll “'l
Central Black Hole Accretion disk S ‘”M\,M‘»w\,wfr \,‘“wwud'lu,

w (10 ke fs)
®)



MargNet

Photometric identification of compact galaxies, stars, and quasars using multiple neural networks

Siddharth Chaini, Atharva Bagul, Anish Deshpande, Rishi Gondkar, Vivek M, 2023, MNRAS, 518, 3123
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FLAME: Fitting Lya absorption lines using machine learning
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Gaussian Process Regression for damping timescales
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“The machine learning algorithm
wants to know if we’'d like a
dozen wireless mice to feed the
Python book we just bought.”
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Figure 1: Left: Total explained variance by 20 PCA components for Max (current manuscript) and
Median normalization (referee suggested). Right: Cluster visualization of the first two PCA
components for Median normalization (referee suggested). C1v Peakers are overlayed on the
spread to depict the ineffectiveness of the suggested approach.
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UMAP 2

Isolation Forest on BAL UMAP Representation
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