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Data Revolution in Spectroscopy
SDSS DR16Q catalog which contains 750,414 quasar spectra 



Spectroscopic Quasar Anomaly Detection 
(SQuAD) Project

https://vivekastro.github.io/SQuAD.github.io

Goal is to identify and characterise anomalous 
quasars from these large datasets 

Follow-up the interesting ones with bigger facilities Arihant Tiwari 
IIA VSP intern

arXiv:2411.16858



Quasar spectrum

vanden berk et al 2001



SDSS DR16 QSO Catalog Sample

• Quasar catalog from Data Release 
16 of the extended Baryon 
Oscillation Spectroscopic Survey 
(eBOSS). 

• The largest selection of 
spectroscopically confirmed 
quasars to date. (750,414 quasars) 

• 99,856 broad absorption-line 
quasars and 35,686 damped 
Lyman alpha quasars.

Lyke et. al. 2020



SDSS DR16 QSO Catalog Sample

Full  : 81,814 
Non-BAL Only : 55,245 

1.88 ≤ z ≤ 2.47 


SNR  ≥ 5 


ZWARNING = 0


IS QSO FINAL  = 1 

Max-normalization

Smoothing

Resampling


Padding



Dimensionality Reduction (PCA)



k-Means Clustering



Outliers



BAL & Reddened Anomalies



Algorithm

•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

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



Composite Spectra



Line Ratios



Some examples of really weird spectra !!!



Going Forward

• 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 Optical wavelengths : Already implemented 

• Crucial in the Eigen vector 1 context



Radio Morphological classification of  quasars
Fraction of broad absorption line quasars in different radio morphologies

Akhil & Vivek, 2022,MNRAS,511, 4946



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	 	  



FLAME: Fitting Lyα absorption lines using machine learning
Priyanka Jalan, Vikram Khaire , M. Vivek , and Prakash Gaikwad, 202 4,A&A, 688, 126	 	  



Gaussian Process Regression for damping timescales
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