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The Big-Bang Nucleosynthesis 
Reaction rates Primordial Abundances



Common sources of uncertainties in 
Nuclear Astrophysics

❑

❑

❑
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Uncertainty quantification for
Nuclear Astrophysics via 
Bayesian Hierarchical Models







A worldwide endeavour aimed to foster 
interdisciplinary collaborations around 

Astronomy. 



Team Science Learning





A worldwide task force 

Biostatistics

Astrophysics

Machine learning

Cosmology

Statistics

Over 60 researchers from 15 
countries

Management model utilizes concepts of  
startups and meta-studies of 
interdisciplinary  teams. 

Projects, and the structure of the venue, 
are designed to optimize the contribution 
of each participant  

See e.g. Am J Prev Med. 2008, 35, S96-115. The ecology of team science 
understanding contextual influences on transdisciplinary collaboration 

https://www.ncbi.nlm.nih.gov/pubmed/18619410#


https://cosmostatistics-initiative.org

https://cosmostatistics-initiative.org


CRP#4: Clermont-Ferrand, 
France 2017



CRP#5: Chania, Greece 2018







A&A, 624, A126, 17, 2019 

Now you see me: COIN extends the open cluster 
census in the solar neighborhood with Gaia DR2 



 Astro-aware statistical learning

Fast density-aware partitioning of the sky 
via a k-d tree in the spatial domain of 
Galactic coordinates.

Only meaningful cases are further 
scrutinized, i.e. low variance in 
proper motion.

Recommender system



 Astro-aware statistical learning

Bootstrap for measurement 
uncertainty 

Iterative K-means in 
the space of proper 
motions.  

Sanity check against  a random 
field via minimum spanning trees

Independent 
expert validation



COIN-Gaia 1



COIN extends the open cluster census in 
the solar neighborhood with Gaia DR2

We reported the 
discovery of 45 new 
stellar clusters 

An increment of at least 20% of the 
previously known OC population in 
this volume of the Milky Way. 



Potential follow-up project-
GAIA DR3 + LAMOST: 

Full sky search with Gaia DR3 and  
cross-match the newly discovered 
with LAMOST-LEGUE  and related 
spectroscopic surveys to produce 
the largest OC catalog of OC 
properties. 

An increment of at least 20% of the 
previously known OC population in this 
volume of the Milky Way. 



Ridges in the Dark Energy Survey for cosmic 
voids/trough identification

Cosmic voids/troughs play an important role in our attempt to model the 
large-scale structure of the Universe.  They are probes to  alternative 
cosmologies, and dark energy equation of state. 

Extension of the  subspace-constrained mean shift algorithm applied  to 2D 
weak-lensing density maps from the DES DR1 arXiv:2005.08583.



Deep Learning for Galaxy Deblending

From COIN Residence Program  #5, MNRAS, 491, 2481 (2020)



Spatially aware techniques 
to better exploit spatial 
information



Input Data Voronoi Bayesian Voronoi 
Multivariate Our work

The proposed Bayesian approach enables the recovery of areas with bad 
pixels, and an increased power to detect structures in data sets subject to 
substantial noise and/or sparsity of sampling.





Photometry
+

Spectra

Spectroscopy    vs    Photometry
(high-resolution)            (low-resolution)

Photometry
only

Learn from here

Apply it here





Active Learning
Optimal classification, minimum training



AL for Supernova Classification
Diagnostic  plots

Active Learning

Current strategy

Passive Learning



We perform an automated search for young stellar objects (YSOs) using the public 
IRAC catalogs from Spitzer legacy surveys (GLIMPSE I/II, 3D, Vela-Carina, Cygnus X, 
and SMOG). They are  augmented by near-infrared (NIR) catalogs from 2MASS, 
UKIDSS, and VVV. 

We identify ~150,000  YSOs candidates. 
More than twice  the previously known objects.

CYMES - Candidate YSOs with Mid-IR 
Excess from Spitzer





We request three nights for observations with the P200/DBSP to 
spectroscopically classify a sample of candidate young stellar objects 
(YSOs).  

Some  potential collaboration with  SHAO to use local facilities?



The TOLIMAN space telescope is a low-cost, agile mission concept 
dedicated to astrometric detection of exoplanets in the near-solar 
environment, and particularly targeting the Alpha Cen system.



CRP#7?



❏ COIN was constructed under the lemma people come first. 

❏ The scientific project emerges from a shared group interest. 

❏ They are a product of the interaction between a unique group 

of people, whose materialisation is only possible in an 

environment which profoundly respects  the diversity of their 

scientific backgrounds, gender, career stages and nationalities.




