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Context

Exploit code-to-data analysis (SPACIOUS) for the PVPs: 
•Star Clusters: detection, dynamics, and stellar variability. 
•The Bottom of the Main Sequence. 

Limitations:  
•Very tight schedule 
•SPACIOUS deployments: 

•Scorpio/capricorn 
•Aquarius 
•Google Cloud 
•Sagittarius

high CPU/memory
main hub
high Flexibility
approved data partner
3 nodes, 32 vCPU, 110 Gb

Both related to challenge 2: clustering

The Gaia DR3 Selection Function: related to Challenge 4: Gaia enhanced products



Star Clusters: detection, dynamics, and stellar variability

Goal: to characterise the star cluster population in Gaia DR4 
          focusing on improvements wrt DR3 and new science opportunities 

Description of tasks (show improvement on): 
•Detection of new clusters 
•Cluster membership determination 
•Cluster internal kinematics 
•Cluster population kinematics 
•Signs of stellar variability in XP epoch spectra 

Big Data



Star Clusters: detection, dynamics, and stellar variability

Detection of new clusters 
Explore how improved DR4 astrometry pushes the cluster detection threshold 

•Task on SPACIOUS: clustering in 5D astrometry 
1. Tile the sky, e.g., HEALPix 
2. Clustering algorithm: DBSCAN, HDBSCAN, etc. Memory cost O(n2) 
3. Merge tiles + borders 

3.1. Data partition borders 

HEADSS  
[Clarke, Hambly, Mann 2023]
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The Bottom of the Main Sequence (TBS)

Goal: to characterise the very faint end of the Main Sequence (Gaia detectability limits) 

Description of tasks (selected): 
•Generation of the TBS catalogue based on astrophysical properties 
•Estimation of that catalogue’s selection function 
• Identification of stars in TBS as members of known stellar groupings



The Bottom of the Main Sequence (TBS)

Goal: to characterise the very faint end of the Main Sequence (Gaia detectability limits) 

Description of tasks (selected): 
• Identification of stars in TBS as members of known stellar groupings 
•Tasks on SPACIOUS: 

1. Membership probabilities (BANYAN Sigma, [Gagné&Faherty2018]) 
2. Each star classified in one of 8125 moving groups or associations (within 500 pc) 

2.1. Based on position, proper motions, distance posteriors, and uncertainties (+ RV) 
2.2. 6D multivariate Gaussian (Galactic 6D space)



Goal: to characterise the very faint end of the Main Sequence (Gaia detectability limits) 

Description of tasks (selected): 
•Estimation of that catalogue’s selection function 
•Tasks on SPACIOUS 

1. Everything

The Gaia catalogue selection function



What is a selection function?
S = P( source enters the catalogue | position, magnitude, colour, … )
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True population Catalogue

SELECTION

detection 


on board priorities 


publication cuts



The Gaia catalogue selection function

Goal: to characterise the Gaia source catalogue selection function and completeness 
Based on the Gaia DR3 selection function [Castro-Ginard+,in prep.] 

Lower resolution version for Gaia DR4’s PVP 

Anchoring data:
•GOST predictions of the number of scans 
•Data-taking gaps 
•Astrometric matched transits

Estimated quantities (MCMC):
•Effective number of scans 
•Detection probability



The Gaia catalogue selection function

Run in SPACIOUS@GCloud



The Gaia catalogue selection function

Run in SPACIOUS@GCloud

Very high availability and stability



The Gaia catalogue selection function

Run in SPACIOUS@GCloud

Very high availability and stability

Checkpointing



The Gaia catalogue selection function

Run in SPACIOUS@GCloud

Very high availability and stability

Checkpointing

Run “dominated” by long tasks



The Gaia catalogue selection function

Importance to have the joint model (enabled by SPACIOUS resources)



The Gaia catalogue selection function

DR3
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DR3



The Gaia catalogue selection function

DR3



The Gaia catalogue selection function

Performance on SPACIOUS

Goal: to benchmark against traditional HPC cluster 
Test:  

• take 60 bins (different stellar densities: bulge, inner disc, anticentre, mid-lattitude b, Galactic poles) 
•Distribute over 16 parallel tasks 

•HPC: 16 cores in python multiprocessing 
•SPACIOUS: 8 pods, 2 cores/pots = 16 concurrent python tasks 

Bottom line:  
SPACIOUS completed the same 60 pixels in 11.9 hours, against HPC 22.9 hours 
SPACIOUS run individual pixels about x2.26 faster



The Gaia catalogue selection function

Performance on SPACIOUS
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The Gaia catalogue selection function

Performance on SPACIOUS

What is being compared?

HPC SPACIOUS

Data loading

Selection function 
on sky bin

Selection function 
on sky bin

x2.26

~1 min

~110 sec~2 Gb



The Gaia catalogue selection function

Performance on SPACIOUS


