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“One normally associates statistics with large numbers and astronomy is full  
of large on to believe that increased interaction between statistics and  
astronomy will be of benefit to both subjects”  
J.V. Narlikar to C.R. Rao 



Rise of Bayesian analysis in astro literature

arXiv:1208.3036



Rise of MCMC analysis in astro literature

arXiv:1706.01629



Rise of ML analysis in astro literature

About 90 astro-ph papers with deep learning in  
abstract after 2014

arXiv:1901.05978



Astronomy in the by-gone era 
~ 1930s



Large Synoptic Survey Telescope (2022+) 
Mirror Size ~ 8.4 m 
Camera 3.2 Gigapixels 

Field of view 10 sq. degrees 
30 TB  of raw data per night 

Total raw data + catalogs ~ 100 PB!

Where (optical) astronomy is today

Dark Energy Survey (2013-19) 
mapped ~ 5000 sq deg of sky

Mirror Size ~ 4m 
Camera 570 pixels 

Field of view 3 sq deg. 
Total  data volume 2 PB!



Statistical tasks in Astrophysics

Photometric Redshifts (Regression)  
Star/Galaxy classification 
Source Classification 
Dimensionality Reduction/Visualization 
Clustering 
N-point statistics 
Dealing with censored and truncated data 
Transient and Outlier Detection 
Density Estimation 
Matched Filtering 
Source Extraction 
 (Fast) Cross-Matching 
Data/Image  Compression  
Model Comparison  
Forecasts using Fisher matrices 
MCMC Methods and alternatives (for parameter estimation)    
Nested Sampling Techniques 
Cosmic Ray and other artefact removal from images  
Time-Series and Time-frequency analysis  
Looking for periodicities 



In the context of astronomy, ML is used to: 

• Describe complicated relationships 

• identify data clusters and data outliers 

• reduce scatter by using complex or subtle signals 

• generate simulated data 

• classify objects 

• address sparse data 

• explore datasets to understand the physical underpinnings

Applications of Machine Learning to 
astronomy



Photometric Redshifts 

Credit : Markus Rau



Credit : Markus Rau



Snapshot of problems in photoz involving ML

~400 papers on photo-z 
in title on arXiv!



Removal of cosmic rays/satellite trails from images 

SD et al (arXiv:1601.07182)



Parameters estimation/Regression 

MCMC methods used to calculate  
68%, 90%,  etc credible intervals 

on various parameters  
using Bayesian regression techniques. 

Workhorse software used for MCMC 
in Astronomy is emcee 

http://dfm.io/emcee/current/ 
(2423 citations, including outside astro) 

Exploring alternatives to MCMC, such as  
Variational Inference for parameter  

estimation  
                  Jain, Srijith, SD, arXiv:1803.6473 

  Nested sampling techniques for calculating 
Bayesian evidence



Two-point (n-point) correlation functions

ξ (r) is called two-point correlation function

Eisenstein et al (2005)SDSS



Model Comparison 

Shalini Ganguly, SD  
arXiv:1706.01202



Searching for periodicities in noisy unevenly sampled 
data. 

 Lomb-Scargle periodogram

D. Liu, SD (1604.06758)



Contribution of astrophysicists to Statistics 

Extension of  Gaussian mixture model to incorporate  
errors -> “Extreme Deconvolution’’ 



Incorrect use of statistics in Astronomy

arXiv:1712.03549



Training/educational/collaborative resources in statistics 
for astrophysicists

Credit : Eric Feigelson opening lecture  at Penn State astrostatistics school



astroml.org



Lot of synergy between Machine Learning, data 
mining, advanced statistical tools  and Astrophysics  

Contact me or Srijith for more details. 

Compilation of interesting astrostatistics/
astroinformatics papers in goo.gl/4FY9qg

Conclusions

Thank you for your attention!!! 


