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Credit to HST, Robert Antonucci, Nature

The term quasar is an abbreviation of the 
phrase “quasi-stellar radio source”, as they 
appear to be star-like on the sky. In fact, 
quasars are the intensely powerful centres of 
distant, active galaxies, powered by a huge 
disc of particles surrounding a supermassive 
black hole.

Quasar - A kind of Active 
Galactic Nuclei (AGN)
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Why we do this work?

1. Quasar is important: the most luminous non-transient source 
locating till redshift z>7, itself is important and it can be applied as a too to, 
for e.g.,

2. Quasar has enormous data: one of the best surveyed 
cosmological objects, the total number closes to one million. For comparison, 
supernova has ~70,000 samples and gamma-ray burst has ~2000 samples. 
 

• Constrain the cosmological parameters 
• Understand the formation of supermassive black hole 
• Explore the formation of galaxies 
• Trace the history of the reionization of early universe 
• Infer the intergalactic medium properties 
• …
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High Redshift Quasar

Xiaohui Fan, 2019

Quoted from Astro2020 Science White Paper: 

"establishing large statistical sample of luminous quasars at z = 7 − 9, should 
be a high priority of high-redshift quasar community” 

“Surveys of … quasars and AGNs at high redshift will allow studies of the 
earlier phases of the BH accretion process. These early phases … should be 
another high priority of high-redshift quasar research in the next decade.”  

                                                                                                                 — 
Xiaohui Fan 
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Purpose

Training a net to measure the redshift of quasars, 
especially it shall be able to measure the high 
redshift.

Difficulty of traditional method: Lyman-α lines, which is widely used to determine the high 
redshift quasars, are shifted to near infrared if z>6.4 and become undetectable . Hence, only 
30% quasars at z~6.5 and 10% quasars at z>7 can be identified, and rare high redshift 
quasars have confirmed redshift, only 3 quasars with z>7 till 2020.

Deep learning method: The aim of the net is to seek and recognize, by the optimization 
procedure, all available common characteristics and patterns in data, which helps in turn to 
solve unseen problems and to measure the redshift. 



Basic Idea of  Machine Learning





Convolution?



Edge Finder!





Activation Function



Padding
Information about borders



Strided 
Convolutions

How deep one wants to 
find the patterns



Pooling layers
Max

Average
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Convolutional Neural Network 

Image from towardsdatascience.com

nn.Sequential( nn.Conv1d(1,32, 200), nn.ReLU(), nn.MaxPool1d(2, stride=2)) 





The Sloan Digital Sky Survey or SDSS is a major multi-spectral imaging and spectroscopic redshift survey 
2.5-m wide-angle optical telescope 
at Apache Point Observatory in New Mexico

eBOSS
Was designed to measure the expansion rate of the Universe.
Detect the characteristic scale imprinted by baryon acoustic oscillations in the early universe.

https://en.wikipedia.org/wiki/Redshift_survey
https://en.wikipedia.org/wiki/Optical_telescope
https://en.wikipedia.org/wiki/Apache_Point_Observatory
https://en.wikipedia.org/wiki/Universe


Y
U

 W
A

N
G

M E A S U R I N G  R E D S H I F T  O F  Q U A S A R S
Sample - Feature & Label

Statistics: Dataset from Sixteenth Data Release (DR16) of SDSS extended Baryon  
Oscillation Spectroscopic Survey (eBOSS). More than 700,000 quasar spectra have been 
detected in the redshift range 0 < z < 7.1.  

We consider the selection of quasars in range 2.8-3, which contains 11227 spectra. 

Feature: eBOSS spectrograph covers the 
wavelength range from 361nm to 
1014nm with the resolution R = 2000. We 
take the spectrum as one dimensional 
image of 2000 pixels (flux). 

Label: The identified redshift by 
traditional method.  
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Network Design

Convolutional Neural Network (CNN) has been widely adopted to recognize 
patterns from an image. Therefore, here, 1-dimensional CNN is selected to learn 
higher-order features from the input flux via convolutional layers then to make a 
prediction on redshift as a output layer.  

Thoughts: To design a purposive network, we follow the thought that, based on the 
spectrum, redshift can be estimated by the combination of three patterns: 
 
    1. The shift of the emission and absorption lines at different redshifts. 
    2. Some specific signals may appear at given redshfits.  
    3. Some features which we cannot understand!  

Design: In the convolutional part, we specially construct a large size filter of 200 
pixels covering ∼ 20% of the data to capture the global shift of the spectrum, and 
in series a small size filter of 20 pixels to capture the minor shift and those specific 
signals.  
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Redshift Caused by Universe Expansion

Observation on Earth



Y
U

 W
A

N
G

M E A S U R I N G  R E D S H I F T  O F  Q U A S A R S
One Dimensional Convolutional Neural Network 

32

Structure of one dimensional CNN. The spectrum of quasar is input as a one-
dimensional array, which goes through the convolutional layer of kernel size = 200, 
200, 20 respectively in order to search for the global and local pattern. The fully 
connected layers output the redshift.  











Optical data 
download 

https://dr16.sdss.org

Click on: ‘Optical Spectra’

Optical Spectra >> ‘Spectrum 
search’

Click on ‘BOSS’+’QSO’ 

Define a range for redshift: 
here I choose 2.8-3

Click on ‘Search’!

Click on Spectra (wget)

https://dr16.sdss.org


Z= 2.95677
Class QSO



wget -i download_url.txt

wget -i filename.txt



Y
U

 W
A

N
G

DATA 
PREPROCESSING

Manipulation or remove some parts, or add some parts to data in order to ensure the 
quality (speed, accuracy, etc) of performance 

Normalization: Transforming features to be on a similar scale 

Vectorization: If it is an image we have to convert it into to the pixel values which can be 
interpreted by the neural networks. 

Handle missing values:  Replace with mean, median value 
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One Dimensional Convolutional Neural Network 

32

Structure of one dimensional CNN. The spectrum of quasar is input as a one-
dimensional array, which goes through the convolutional layer of kernel size = 200, 
200, 20 respectively in order to search for the global and local pattern. The fully 
connected layers output the redshift.  






