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Interdisciplinary
science

development

70 researchers over 25
Countries



















Generalized
Linear Models:

Logistic
regression 

Modelling Star Formation activity as a
function of molecular fraction and

metallicity in primordial haloes
simulations





Generalized Linear Models

Seyfert prevalance as function of
environment and galaxy

morphology



Generalized Linear
Models: Negative

Binomial Regression
Globular Cluster Counts as function of

galaxy properties
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Galaxy Deblending via Deep
Learning





 

Supernova Cosmology 
 photometric data



 

Resource allocation
for extragalactic

Transients

Feature extraction of unevenly, noisy,

incomplete multivariate time-series

Online learning

Scalable uncertainty quantification

Domain-specific knapsack constraints,

e.g. telescope time allocation, cosmology

informed loss function 

Challenges:



 

 ~ 3,000 cosmological useful SNe

 ~ 100,000 cosmological useful SNe

Supernova
Cosmology 

 photometric data



 

Window of Opportunity for Labelling

Evolving Samples - We must make query

decisions before we can observe the full

LC

Multiple Instruments

Evolving Costs - Observing costs for a

given object changes as it evolves.

Challenges:

 

Active Learning



OUTLINE

Generalized Linear Models
Statistical Learning
Discovering stellar clusters



Star
Clusters

The cluster members share common

properties, like age, distance from the

Sun, and velocity, span ages from ~

1Myr to > 10 Gyrs. 

Laboratories for Stellar
Evolution Models!

Figure  from Star Clusters Across Cosmic Time

M.R. Krumholz, C. F. McKee, J. Bland-Hawthorn

Annual Review of Astronomy and Astrophysics 2019 57:1, 227-303 



A needle in
a haystack
There are still associations hidden in

plain sight

Ferreira, et. al. MNRAS, 2019, 483,  4 p. 5508





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



ASTRO-AWARE STATISTICAL LEARNING 

 

SPICY - 120,000
YSOs discovered in

the Galaxy 

Domain knowledge regularization -

statistical clusters vs Astronomical

ones

Heteroscesdastic uncertainties with

known variance, covariance

Selection effects, missing not at

random 

Challlenges: 



ASTROMETRIC PROPERTIES OF
THE STELLAR  GROUPS 

Hierarchical
Bayesian Models 

Heteroscedastic measurement errors,

outliers, non-normality, etc. 

Principled statistics still needed



117,224 PNG
stamps 

251GB album  built via

PostgreSQL

 

Potential testbed for computer

vision, texture analysis, novelty

detection, feature extration, etc. 



 

Spatial distribution of
YSO groups

Good tracers of star forming
regions and galactic structure

Spur
?

Independent
probe of spiral
arms structure 



Spiral arms are not smooth,
continuous features. 

 
 This substructure appears associated

with
much of the star formation in the

arm.

NGC 5236 (Larsen & Richtler 1999)





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


