
ASTROSTATS TIPS OF
THE DAY
Rafael S.de Souza 

Shanghai Astronomical Observatory
Chair: The Cosmostatistics Initiative

 



不识庐⼭真⾯⽬

只缘⾝在此⼭中





120,000 new YSOs 

The SPICY catalog is the largest homogeneous
sample of YSO candidates available to date 

for the inner regions of the Milky Way



 

Spatial distribution of
YSO groups

Good tracers of star forming
regions and galactic structure

Spur
?

Independent
probe of spiral
arms structure 







Missing data - Imputation techiques 

Measurement Errors - Hierarchical Bayesian  

High-dimensionality - Principal Component Analysis 

Non-linear maps - Regression Tree models, etc. 

Non-Gaussianity - Generalized Linear Models

Some common data issues
and possible approaches 



Missing data  

Missing Pattern

Data is correlated -> Find a joint
distribution



Traditional approaches
relying upon finding a joint
distribution and sampling

missing data from it. 

Hard to find for high-
dimensional cases, Multivariate

assumption may not hold.  



ASTROMETRIC PROPERTIES OF
THE STELLAR  GROUPS 

Hierarchical
Bayesian Models 

Heteroscedastic measurement errors,

outliers, non-normality, etc. 

Principled statistics still needed



Multiple Imputation via Gaussian Copulas
Sklar’s Theorem:  Let F be a p-dimensional joint distribution function with marginals F1, . . . , Fp.
Then there exists a copula C with uniform marginals such that F(x1,...,xp) = C(F1(x1),...,Fp(xp)) ()

Ann. Appl. Stat. 1(1): 265-283 (June 2007).
 DOI: 10.1214/07-AOAS107



Domain Specific Languages for
Bayesian Analysis 

JAGS
Stan
Edward
TensorFlow Probability
Greta, ....



JAGS (Just Another
Gibbs Sample)

language

Enables to create Hierarchical
Bayesian Models for general

regression purposed quite fast.  





120,000 new YSOs 

The SPICY catalog is the largest homogeneous
sample of YSO candidates available to date 

for the inner regions of the Milky Way







NSCs are the densest known star clusters in the Universe. With
apparent magnitudes between -14 and -10 mag in the infrared,
they are on average 40 times brighter than globular clusters,

although their effective radii are not larger than 2 to 5 parsecs.

Logistic Regression



Logistic Regression
again





Logistic Bayesian
Additive Regression Trees 



M82

M81

3077

HI maps



J-PLUS
PHOTOMETRY

For 7.2K point sources plus 73
confirmed GCs



Copula Imputation for missing data

Uncertainty aware PCA

Search for GC twins via Propensity
Score matching

General Statistical
pipeline



Quick reminder



Uncertainty Aware Principal
Components Analysis





640 GC candidates

310 bona fide (i.e. low proper

motion)



Spatial distribution of
640 candidates
310 bonafide

The largest list of GCs around
the triplet to date. The next
step is to expand the search,

and get spectra.  



Sit down before fact as a little
child, be prepared to give up
every preconceived notion, follow
humbly wherever and to
whatever abysses nature leads...

Thomas Huxley
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