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What do astronomers
measure?
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Data cube

[ 2 )
National Astronomical
X

Observatory of Japan

Western & Science



Image
f £(8,0, 2, t)dtd]

u-band J g-band [ i-band [N z-band
. I — — — : S
i I
~ 80— .
9 f
o0 /1
2
E 40
8
=20
0 Al 1
200 300 400 500 600 700 800 900 1000 1100
Wavelength(nm)
o0 [ u ] v ] b |H-beta]om ] y |RedContiuum]H-aiphal s 1 |
- 80 \
|
2 80
=
£ 40
8
_ . = 20
National Astronomical o LJ \ i
Observatory ofJapan KOS, Inc. 300 400 500 500 700 2 1100nm

Wavelength{nm)

Western & Science



Spectrum
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Time series photometry
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Capturing the light
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Measurements (and
uncertainties!) from data
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Measurements are
compiled into Catalogues

N DECLINATION  CONSTELLATION

DESIGNATION ASC!NSIO

NGC 1952
NGC 7089
NGC 5272
NGC 6121
NGC 5904
NGC 6405
NGC 6475
NGC 6523
NGC 6333
NGC 6254
NGC 6705
NGC6218
NGC 6205
NGC 6402
NGC 70
NGC 6611
NGC 6618
NGC 6613
NGC 6273
NGC 6514
NGC 6531
NGC 6656
NGC 6454
NGC 6503
1C4725

NGC 6694
NGC 6853
NGC 6626
NGC 6913

Sh3sm
21h33m
13ha2m
16h24m
15h19m
17haom
17h54m
18h04m
17h19m
16hS7m
18hS1m
16h47m
16042
17h38m
21h30m
18h19m
18h21m
18h20m
17h03m
18h03m
18n0Sm
18h36m
17057m
18017m
18h
18h45m

Ohdim

22°01 Taueus
049’
28723
2631

Sagittarius
Opm

Scutum
Ophiuchus
Hercules
Ophiuchus

g
Scutum

Vulpeculs

Cawn:_"ﬂus
Andromeda

MESSIER
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NGC 1960
NGC 2099
NGC 1922
NGC 7092

NGC 2287
NGC 1976
NGC 1982
NGC 2632

CATALOG

necke 4

1h34m
2b42m
6h09m
Shiem
shs2m
Sh2sm
21h32m
12h22m
6Gha6m
5h3sm
5h36m
8h40m

Andromeda
Trianguium

Cygnus
5605 Ursa Major
2044 Canis Major

Orion

Orion
Cancer

Pla

TYPE

Globular cluster
bular cluster
Globular cluster

ulae cluster
en chuster

Globular cluster
cluster

Ope'\ cluster

Globelar cluster
Tuster
Globular cluster
Galaxy
Golsxy
Galaxy
Open cluster
Open duster
Open cluster
Open cluster
Open duster

Dmmls- star

Open clustes
Nebula

Nebula
Open cluster

1nova remnant

retary nebuls

MESSIEI

MAGNITUDE SIZE e o o Asausnm DECLINATION ~ CONSTELLATION TYPE
80 The Pleiades = T Tainus Open duster
63 NGC 2437 Puppis Open duster
59 1® NGC 2422 Puppis Open duster
54 36 NGC 2548 Bhl4m Hydra Open duster
57 23 NGC 447 12h30m Virgo axy
2 25' NGC 7ho3m Monoceros Opén dluster
7 NGC 5194 13h 4 Canes Venatici Galaxy
NGC 7654 23h24m 61735 Cassiopela Open cluster
NGC 5024 810 Coma Berenices Globular ¢
18h: ¥ Sagittarius Globular chuster
19h40m Sagittarius Globular duster
Ly Globular chster
yra Pl nebula 88 14°by 1
Virgo Galaxy 96
Virgo Galaxy 96
Vicgo Galaxy &8
Virgo Galaxy 96 6by55
Ophiuchus Globular cluster 67 15
Canes atich Galaxy 86 10'by 6°
Coma Berenices Galaxy 85 93'by 54’
Leo Galaxy 84 Bby15
2 NGC 3627 Leo Galaxy 90 &by28
5 NGC 2692 Cancer n cluster 60 30
NGC 4590 12h40m Hydra Globular cluster. 76 1
NGC 6637 18h31m Sagittarius 74 98
80 5 NGC 6681 18h43m 78 ]
73 8 by 5.7 M7 NGC 6838 19h Sagitta 80 72
69 1 NGC 6981 2 Aquarius Globular claster 92 66
66 7 NGC 6994 20nS9m Aquarius Open duster 28
69 ” NGC628 1h37m Prsces Galaxy 102'by95
34 178'by 63 NGC 6864 20n06m Sagittarius Globutar chuster 6F
82 8by6 NGC 650 1ha2m Parseus Planetary nebula 10 276y 18
57 73'by 45 NGC 1068 2ha3m Cetus Galaxy 89 7by6
52 35 NGC 2068 Sha7m Orion Neb 80 8bys
5.1 28 NGC 1904 sh2sm Lepus Globular cluster 77 96
60 2 NGC 6093 16h17m Scorpius Globular cluster 73 10
56 Ihsem Ursa Major Galaxy 69 21y 10
64 2y ghsem Ursa Major Galaxy 84 Yby4'
46 13h37m Galaxy 75 by 10
90196 08 12h25m Galaxy 5
45 38 12h25m Galaxy 7.1'by 5.2
37 12h26m Virgo. 75'by 5.5
12h31m Virgo y 7
12h32m Coma Bex Golaxy Zhyd'
12h36 Virgo Galoxy ]
12037 Virgo. (ml.w 95by4s
NGC 4548 12h35m Coma Berenices G SA4 bydd
NGC 6341 1787m Hercule Globatar chmor 65 14
M93 NGC 2447 Thasm Puppis 62 2
M94 NGC 4736 12h51m Canes Venatici a2 7by3
M9 NGC 3353 10K44m Leo 97 by3.3'
M6 NGC 3368 10h47m Leo 92 by
Mo7 NGC 3587 11h15m Uesa Major 99 34ty 33
M8 NGC 4192 12h14m Coma Berenices 10.1 95'by32
Mg NGC 4254 om Coma Berenices 95 S4'by4s
M100 NGC Am 12h23m Coma Berenices 93 Ty 6
Mi01 14103m Ursa Major 79 22
Mi02 15h07m Draco. 100 5.2by23
M103 NGC h3zm C 74 ¢
Mios NGC 4 12hdom 80 Ihyd
M10S NGC 337" 10h4sm 0 93 2
Mios NGC 4258 12h19m Canes Venatici Galaxy 83 196y &
M107 NGC 6171 16h33m Ophitichus Globular chuster 78 13
NGC 3556 11h12m Ursa Major Galaxy gyt

NGC 3992
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Ursa Major
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Astro-data can differ from
other big data
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Performance level Database DTUs Storage included Storage limit
Standard $0-52 10-50 250GB 250 GB
Standard $3 100 250 GB 178 new
Standard $4  new 200 250 GB 18 new
Standard 56 new 400 250 GB 178 new
Standard S7  new 300 250 GB 178 new
Standard 9 new 1600 250 GB 178 new
Standard 12 new 3000 250 GB 118 new
Premium P1 125 500 GB 1TB new
Premium P2 250 500 GB 1TB new
Premium P4 500 500 GB 178 new
Premium P6 1000 500 GB 178 new
Premium P11-P15 1750 -4000 4TB 478

Premium RS PRS1 125 500 GB 178 new
Premium RS PRS2 250 500 GB 1T new
Premium RS PRS4 500 500 GB 1TB new
Premium RS PRS6 1000 500 GB 1TB new

B. Campbell/NRAO

Doesn'’t always fit
Into a database
model




Astro-data Is very often

public!

Canadian Astronomy Data Centre

CADC Home
Search
Advanced Search

Select a collection... and enter target:

All MAST Observations . Search &b

About Collections... Show Examples... Random Search

Telescope Data Products Advanced Data Products Service! |m User Manuelelo | Lesve Feedback | About This Site
m Home Page
Gemini MegaPipe MAST: Barbara A. Mikulski Archive for Space Telescopes

The MAST Portal lets you search multiple Currently available data collections:
collections of astronomical datasets all in one

place. Use this tool to find astronomical data,

publications, and images. + MAST Observations: Millions of observations from Hubble, Kepler, G.

IUE, FUSE, and more.

Community « Virtual Observatory: Search thousands of astronomical data archives
Ql.li ck Start: around the world for images, spectra, and catalogs.

JCMT

.

» Hubble Source Catalog: A master catalog with a hundred million
1. Select a collection and enter a new measurements of objects in Hubble images.
search target OR upload an existing list

Western® Science




Data(base) practices are
till evolving

DerivedObservation SimpleObservation Telescope Instrument

s name : String name : String [targettata
geoloeationX [0..1] : Double | [keywords [0..%] : String

Algorithm | [geoLocationt [0..1] ; Double

1..% [member —ama St | |geolLocationz [0..11: Double EED
" FSUING | evwords [0.%] ¢ String

Observation

[Tauget

instrument

=

algorithm
collection : String o l/|\
observationiD : String telescope Envirol
metaRelease [0..1] : Date ST
[ metareadGroups [0..4] : URI L A o
sequencelumber [0..1] : Integer erviranmen E‘Evamyn ol
type [0..1] ; String
intent (0.1 : ObservationintentType [EE2 (ko] By
wavelengthTau
targetPosition | 0..1 requirements ambientTemp |
target J/ 0.1 9 9 b1 photometric (0.
pmpusa@o | Target TargetPosition Requirements —
Proposal name : String coordinates : Point flag: Status
[[targetio (0.17: URI coordsys 1 String
propesalD : String Type [0.1] equinox [0..1] : Double
pi [0..1] : String redshift [0..1] : Double
project [0..1] : String standard [0..1] : Boolean
title [0..1] : String keywords [0..%] : String i oCatalopal
op keywords [0.4] : String | [moving [0..1] : Boolean =

GObservable .
wcd : String (o=
T stronomical Data Query Language
DataQuality background [0..1] : Double
planes | 0.+ = backgroundstdde [0..1] : Double CustomA
. ﬁbser\dable flag : Guality fluxDensityLimit [0..1] : Double
ctype : String
1 magLimit [0..1] : Double B X
Plane I 5.1]: Doubla | ounds [0..1] : Sarr
quality o1 = dimension [0..1]: L
productiD : String =
creatoriD [0.1]: URI metrics 0.1

metaRelease [0.1] : Date custom .
metaReadGroups [0..#] : URI S E LE * F RD M
ataRelease [0..1]: Date c I ga Ia
dataReadGroups [0..%] : URI

ataProductType [0..1] : DataProductType

calibrationLevel [2..1] ; caliorationLevel position| 0.1 onergy| 0.1 time |01 JD I N tvc h 02
Position Energy Time
o mrive L Fmanee™ =gl | ON 1=CONTAINS (POINT('ICRS’,gaia.ra, gaia.dec)
d 0..1]: Di 20 imension [Q..1] : Long d 0..1] 5 Le —
ox imension [0..11  Dimensian dmenton (8,11 Larg imension [0..11 : Long .Ig . ; g . ;

resolution [0..1]
[resnlutmnﬁuunds [0..1] : Interval| | [|F@sclingPowerBounds [0 1] : nterval [fresolutionBounds [0.1]

et o3 e |[oeEon 0 Sy (| 0 CIRCLE('ICRS’, tycho2.ra, tycho2.dec, 2/3600))

e transition [0..1]: EnergyTransition
restwaw [0..1] : Double

provenance| 0.1 g 4

Provenance

name : String

reference [0..1] : URI

wersion [0..1] : String

project [0..1] : String

producer [0..1] : String
runiD [0..1] : String

CADC, SDSS, cnesuvsqastroide.github.io/
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Meta-databases: SIMBAD,
NED, etc

Redshift (z)
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Gaia: a billion stars, many

database columns

+ EUROPEAN SPACE AGENCY ' ABOUT ESAC O

gaia archive

SEARCH E3rpeyplss

Query Results

VISUALIZATION HELP DOCUMENTATION VOSPACE

SHARE

No job id 15106068212600 | Nojobid J| 15196071984770 [| 15196074632380

source_id ra ra_error dec

deg Angle[mas] deg
2546072968304691968 0.5271777071400097 0.27278427310703035 0.41535057190235136
2546040704510370048 0.4911628851374193 0.2382708857034956 0.12837466328757102
2738198537765777408 0.11565791797735782 0.23747169329006432 0.2052477603294132
2738204035323915776 0.16704561381422398 0.43824925844280166 0.31498691978219995
2738232691345712128 0.5466978466145066 0.38681685929929066 0.4733144398154645
2738296875336978816 0.13727152173086424 0.4528895651263447 0.7210157991245448

ESA, M. Richmond

Western & Science

EHPAC

GAIA: EXPLORING THE MULTI-DIMENSIONAL MILKY WAY
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Gala mission: numbers

« 2x10° objects in Milky Way & beyond, first distance for 99.9%
« About 1% of Milky Way stars

* Faintest stars: 10°x human eye detection limit

 Positional accuracy: 24 parcsec = 0.11 nanoradian

* Nearest stars: distances measured to 0.001%

« Stars near Galactic Centre (30k It-yr): distances to 20%

* 400+ people in Gaia Data Processing and Analysis

Consortium

https://www.esa.int/Science Exploration/Space Science/Gaia/Gaia factsheet
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https://www.esa.int/Science_Exploration/Space_Science/Gaia/Gaia_factsheet

Digital telescopes: CHIME
& CHORD (Canada)

phys.org o :
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Euclid mission (ESA)

« 1.2-m diameter visible/near-infrared telescope designed
for surveys; imaging and spectroscopy

* launched July 2023, first public data 2025

Western & Science



Rubin/Legacy Survey of
Space & Tlme (hlle)

Under
construction in
Chile, operations
to begin 2025

Will survey entire
southern sky
once/week over
10 years

Western® Science
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Nancy Grace Roman
Space Telescope (NASA)

Smlthoma Ob fAd md (M31) '

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

Visible and
Infrared imaging
surveys and
coronagraph

Launch 202?

Western & Science
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SKA Observatory (S. Africa,
Australla NZ)

300 PB/year,
operations begin 2027

B Daily raw data generated by the

Square Kilometer Arrary: g
)
- .': . = = ~ J,: -. o
milliol B p XV, S
SKAO, NAOJ = BE.EEEEE | r 4
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CASTOR (CSA)

D ,I.\

* 1-m diameter visible/ultraviolet telescope with large field of
view; imaging and spectroscopy

« CSA-led with Japan, India, US: funding advocacy in progress

Western & Science @PBarmby




Putting It all together:

CanDIAPL
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Gala science: what did
Gala miIss?
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Boubert & Everall et al 2020, MNRAS, 497, 4246-426 DOI 10.1093/mnras/staa2305
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https://dx.doi.org/10.1093/mnras/staa2305

Gala science: nearby galaxy
rotation
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van der Marel et al 2019 ApJ 872 24 DOI 10.3847/1538-4357/ab001b
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https://dx.doi.org/10.3847/1538-4357/ab001b

Gala science: classifying
nearby galaxy contents

Expected Gala classification
based on SIMBAD classification
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To learn more..

Astronomical observations: a quide for allied
researchers

Data in observational astronomy
Gala archive
casca.ca/lrp2020 & US counterpart Astro2020

Boubert & Everall 2020, ESA
l\'llnvlhm' (:f' obser
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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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