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Gaia is transformational — the first 3-D galaxy
precision distances and motions for 1 billion stars
ESA’s premier astrophysics mission of the decade

Launch:

| Work started: 1990
Project approved: 2000
Project end: 2023
Total cost: 960M€
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Why?



Taking the census of the Milky Way Galaxy

There 1s an elephant in the astrophysics room:
all distances depend on very few, inaccurate, stellar parallaxes

Thanks to Ian for the elephant




Taking the census of the Milky Way Galaxy

Recall that parallax provides distance

Six months
from now




Taking the census of the Milky Way Galaxy

Precision Cosmology with Gaia
Precision calibration from parallaxes of 4400 local Cepheids

(only one currently) galaxy clusters
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Gaia real-time science Alerts
Find 10000 nearby supernovae within Cepheid overlap regime




Taking the census of the Milky Way Galaxy

What will Gaia see as stars move?

Apparent motion of a star seen from Earth

Parallax - due to motion of Earth

“Proper” motion - due to star's orbit in Milky Way

Wobbles caused by planets around the star

Gaia accuracy 1s better
Gaia precision 1s the same as locating
a 10p coin on the Moon —_
b
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Combined motion - as seen by Gala




Taking the census of the Milky Way Galaxy
What will Gaia see as stars move?

| Apparent motion of a star seen from Earth . These arc real Hippﬂl’CD‘S

) measures
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Parallax - due to motion of Earth
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“Proper” motion - due to star's orbit in Milky Way

Wobbles caused by planets around the star

M\g Gaia accuracy is better
H 8 (Gaia precision is the same as locating

a 10p coin on the Moon —_
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Combined motion - a5 seen by Gala
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How



A pan-European_project










Silicon carbide - the hardest material in space




Payload and Telescope
Two primary mirrors,imaged by a
common camera Ssts[igﬁQngle-Monitoring (BAM)
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Focal Plane

fe heart of Gaia is the largest camera array yet built, sending us a video of the sky for 5
he imaging data will be processed in Cambridge.
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Sky Mapper Astrometric Field
Total field: CCDs CCDs
. 0.75 dogo Sky mapper:
- active area: 0.75 de .
J - detects all objects to G=20 Pho %%}?fgf_y-
-CCDs: 14+ 62+ 14 + 12 ph%omgne red CCDs
- 4 mag SPEHORRon
- rejects cosmic-ray events SPr&YTeDs

- 4500 x 1966 pixels (TDI)
- pixel size = 10 ym x 30 um
=50 masx177

- field-of-view discrimination

Astrometry:



Payload
and Telescope




Gaia CCD’s

ASTRIUM




The whole focal plane is |04cm wide and 42 cm high. The production took more than a year.



Launch
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on 26 Aug.

Assembled at Astrium, Toulouse, France
Arrived at ESA's spaceport in Kourou, French Guiana

; //bl int/gaia/
See blog at http://blogs.esa.int/gali
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Spacecraft

Spacecraft Adapter = Lal_] ncher- Soyu Z_F regat
* Orbit: L2

04.110-m Fairing

Fregat Upper Stage

Interstage

- 3" Stage

2™ [(Core) Stage

_, 1” Stage Strap-on
Boosters

#46,2 m







‘ Gaia's arrival at Kourou
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| Testing Gaia's camera |3




Orbit. Satellite attitude

- large Lissajous orbit around L2 . - three axis stabilized
- duration of transfer to L2 one month - 6 hour spin period
- - 1.5 million km from Earth . - - 63 day spin axis precession -

- eclipse free - - 45 degree solar aspect angle

Ground stations
- Cebreros (Spain)
35 mantenna

- New Norcia (Australia)
35 mantenna

! * z-Fregat from French Guiana
inch mass 2100 kg
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ion operations from ESOC
ce operations from ESAC




Operations
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What Gaia is seeing?

Image from Gaia showing sources detected
E@qH source is given a window, which follows it across the
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NGC 1818

OGLE-IV 150s .
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Gaia vs Digital Sky







data every day




Science



Use spectra to measure the elemental
composition of the stars |
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Taking the census of the Milky Way Galaxy

1000 mitkon obyects
10 kpc measured to I = 20 20 kpc
>20 globular clusters Hornzon for proper motons
Many thousands of Cepheids and RR Lyrae accurate to 1 km/s

Dark matter in disc measuraed

* trom distances/mobions of K giants
Mass of galaxy from : 30 openclusters I

rotation curve at 15 kpc Sun within 500 pc

-
L
Horizon for detaction of _ .
Jupiter mass.planets’ (200 pc) i ‘\
. " .
Dynamics of disc _
l//// o spiral arms, and bulge
Proper motions in LMC/SMC | — \\ ! _
individually to 2-3 km/s Horizon for distances ~
" accurate to 1.0 per cent T
| General relativistic light-bending determined 1o 1 part in 10° 1 microarcsec'yr = 300 km/'s at z = 0.03

dwrect connection to inertial)

i
10 pas = 10% distances at 10 kpc 10 pas/yr = 1 km/sec at 20 k.~ }
-




Taking the census of the Milky Way Galaxy
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Light Bending in Solar System

The sky from L2 in 'ecliptic’ coordinates at JD2455562.5 = 2011-Jan—-01
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Killer Asteroids

PLUS: 1 million galaxies; 500,000 quasars; 250,000 asteroids;
15,000 extra-solar planets; 200,000 white dwarfs and more....






alerts 1-2 days later




Re=3"
r=16.45

DEC - (45.5394 deqg) [arcsec]

-1.5 -1.0 -0.5 0.0
RA - (200.2596 deqg) [arcsec]




First Gaia SN!

Identification of the
first Gaia SN as SN la at z=0.03!

Best fit model:
= SN a, 248 days, z=0.03+0.01
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Gaia has exciting potential
\ for you to take part!
L d | \ Contributing to real science

W,ea@(Bfect to find 3 new supernovae every day, novae and other kinds of cataclysmic variables at a

Gaia will see them all. But we will need lots of help to follow them up and classify them.
We might find new kinds of objects and new physics.



gaia.ac.uk

Morgan Fraser Heather Campbell
Sergey Koposov Gerry Gilmore
Nadia Blagorodnova Simon Hodgkin
Nic Walton Lukasz Wyrzykowski
Anna Hourihane ...many more

Floor Van Leeuwen

Gaia

DPAC

ing & Analysis Con

Plus many colleagues world-wide
(e.g Las Cumbres Observatory Global Telescope
| Faulkes Telescope Project)



