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What do astronomers 

measure?

𝑓𝜆(𝜃, 𝜑, 𝜆, 𝑡)
Brightness,  
as a function of 

Sky location
Wavelength or 
frequency of light

time



Data cube

න𝑓𝜆 𝜃, 𝜑, 𝜆, 𝑡 𝑑𝑡

National Astronomical 
Observatory of Japan



Image
න𝑓𝜆 𝜃, 𝜑, 𝜆, 𝑡 𝑑𝑡𝑑𝜆

KOS, Inc.
National Astronomical 
Observatory of Japan



Spectrum

න𝑓𝜆 𝜃, 𝜑, 𝜆, 𝑡 𝑑𝑡𝑑Ω

NAOJ
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Time series photometry

න𝑓𝜆 𝜃, 𝜑, 𝜆, 𝑡 𝑑𝜆𝑑Ω

Swinburne Astronomy OnlinePieringer et al 2019



Capturing the light

ESO

M. Laskowski via Flickr 
EAO



Measurements (and 

uncertainties!) from data

Location, structure, 
luminosity 

Motion, composition, 
physical conditions



Measurements are 

compiled into catalogues
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Astro-data can differ from 

other big data

Noisy

Incomplete/truncated

Doesn’t always fit 

into a database 

model
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Astro-data is very often 

public!



Data(base) practices are 

still evolving
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Meta-databases: SIMBAD, 

NED, etc
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Gaia: a billion stars, many 

database columns

ESA, M. Richmond



Gaia mission: numbers

• 2x109 objects in Milky Way & beyond, first distance for 99.9%

• About 1% of Milky Way stars

• Faintest stars: 10-6x human eye detection limit

• Positional accuracy: 24 μarcsec  = 0.11 nanoradian

• Nearest stars: distances measured to 0.001% 

• Stars near Galactic Centre (30k lt-yr): distances to 20% 

• 400+ people in Gaia Data Processing and Analysis 

Consortium  

https://www.esa.int/Science_Exploration/Space_Science/Gaia/Gaia_factsheet

https://www.esa.int/Science_Exploration/Space_Science/Gaia/Gaia_factsheet


Digital telescopes: CHIME 

& CHORD (Canada)

phys.org

13 Tb/sec



Euclid mission (ESA)

• 1.2-m diameter visible/near-infrared telescope designed 

for surveys; imaging and spectroscopy

• launched July 2023, first public data 2025
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Rubin/Legacy Survey of 

Space & Time (Chile)

Under 
construction in 
Chile, operations 
to begin 2025

Will survey entire 
southern sky 
once/week over 
10 years
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Nancy Grace Roman 

Space Telescope (NASA)

Hubble-sized 
telescope,  but 
with 100x larger 
field of view

Visible and 
infrared imaging 
surveys and 
coronagraph

Launch 202?
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SKA Observatory (S. Africa, 

Australia, NZ)

SKAO, NAOJ
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operations begin 2027



CASTOR (CSA)

• 1-m diameter visible/ultraviolet telescope with large field of 

view; imaging and spectroscopy

• CSA-led with Japan, India, US: funding advocacy in progress
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Putting it all together: 

CanDIAPL

@PBarmby

M
az

am
as

ci
en

ce
.c

o
m



Gaia science: what did 

Gaia miss?

@PBarmby

Boubert & Everall et al 2020, MNRAS, 497, 4246–426 DOI 10.1093/mnras/staa2305

https://dx.doi.org/10.1093/mnras/staa2305


Gaia science: nearby galaxy 

rotation

@PBarmby

van der Marel et al 2019 ApJ 872 24 DOI 10.3847/1538-4357/ab001b

https://dx.doi.org/10.3847/1538-4357/ab001b


@PBarmby

Gaia science: classifying 

nearby galaxy contents 

Hales & Barmby 2023 MNRAS, submitted



To learn more..

• Astronomical observations: a guide for allied 

researchers

• Data in observational astronomy

• Gaia archive

• casca.ca/lrp2020 & US counterpart Astro2020
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https://arxiv.org/abs/1812.07963
https://arxiv.org/abs/1812.07963
https://doi.org/10.1007/978-3-031-29937-7_2
https://gea.esac.esa.int/archive/
https://casca.ca/lrp2020
https://www.nationalacademies.org/our-work/decadal-survey-on-astronomy-and-astrophysics-2020-astro2020
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