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Gala: Design Considerations

e Astrometry (V < 20):
— completeness to 20 mag (on-board detection) = 10° stars
— accuracy: 10-25 parcsec at 15 mag
— scanning satellite, two viewing directions
= global accuracy, with optimal use of observing time
— principles: global astrometric reduction

* Photometry (V < 20):
— astrophysical diagnostics (low-dispersion photometry) + chromaticity

 Radial velocity (V < 16-17):
— application:
 third component of space motion, perspective acceleration
» dynamics, population studies, binaries
» spectra: chemistry, rotation
— principles: slitless spectroscopy using Ca triplet (847—874 nm)
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Sky Mapper
CCDs
Total field:

- active area: 0.75 deg?
-CCDs: 14+62+14+12
- 4500 x 1966 pixels (TDI)

- pixel size =
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10 um x 30 pm
=59 mas x 177 mas

Precisiones de Gaia

Focal plane

Astrometric Field CCDs

Sky mapper:

- detects all objects to 20 mag
- rejects cosmic-ray events
- FoV discrimination

Astrometry:
- total detection noise: ~6 e-

Gaia: la Galaxia en un Petabyte
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Radial-Velocity
Spectrometer
CCDs

—
Star motion in 10 s

Photometry:

- spectro-photometer
- blue and red CCDs

Spectroscopy:

- high-resolution spectra
- red CCDs
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Astrometric requirements

The end-of-mission parallax standard errors (averaged over the sky)

for unreddened B1V, G2V, and M6V stars shall be:

B1V G2V M6V
V<10 <7 pas <7 pas <7 pas
V=15 < 25 pas < 24 uas <12 pas
V=20 < 300 pas < 300 pas < 100 pas

The end-of mission systematic parallax errors for unreddened B1V,
G2V, and M6V stars shall be lower than 1 pas
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m Integration over 9 AF CCDs - 40 s

m 1D (AL) astrometry Single transit
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Gaia Astrometric Accuracy Tool (courtesy J. de Bruijne, ESA)
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For sky-averaged position and proper-motion errors, o, and o, the
following relations can be used, based on scanning-law simulations:

o = 0.743 -
o,  =0.787-
s = 0.699 -

o, =0.526 - 0w
O g = 0.556 - ow
Ou5 = 0496 - ow

where the asterisk denotes true arcs on the sky (o,- = o, - cos J, etc.)

The following table summarises Gaia’s performance as function of G:

G<13 | G=13 | G=14 | G=15| G=16 | G=17 | G=18 | G=19 | G=20 G=21
o, [nas] 522 | 654 1017 | 16.04 | 2556 | 41.35 | 68.56 | 117.92 | 214.20 | 413.28
c_[nas] 7.02 | 8811368 | 21.58 | 34.41 | 55.65 | 92.28 | 158.70 | 288.28 | 556.24
o, [nas yr'] 369 | 463 | 7.20| 11.35| 18.10 | 29.27 | 4854 | 83.48 | 151.64 | 292.58

Gaia Astrometric Accuracy Tool (courtesy J. de Bruijne, ESA)
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—Model — GAAT Fig. by Jos de Bruijne
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Table 5. Distances for which the relative parallax emor 15 ~10%: d. 15 the value of this distance for zero interstellar extinction and o, 15 the value for an
average Galactic plane interstellar extinction of 0.7 mag kpe . V(do) and V(d,p.) are the corresponding apparent V' magnitudes. Parallax accuracies are

o
i)

UNIVERSITAT DE BARCELONA

from Table 8.4 m ESA (2000)

SP My dofpc) Vido) dape(pc) Vidans) 5P My dolpc) Vido) dapa(pe) Vidaba)
B1V —32 20000 13.2 T000 15.7 GEIII 0.8 2000 15.6 4400 17.1
AV 0.65 8500 15.2 4500 16.2 K3 0.3 10 000 153 4300 17.1
A3V 1.5 7000 15.7 3800 17.1 MOII —-04 13000 15.2 5500 17.2
A5V 1.95 6300 16.0 3500 173 M7IOI 03 17000 159 6300 181
F2V 36 4500 16.7 2700 178

F&V 4.0 4000 17.0 2500 181 B0 Ib —6.1 33000 115 o500 154
G2V 47 3500 17.2 2200 182

E3V 6.65 2400 184 1700 19.1 WD 8.0 1500 139 1200 19.2
MOV 88 1500 19.7 1200 200

MEV 135 500 218 430 221
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Astrometric
field

Red & blue
photometer
detectors

Sky mapper
@—— BAM & WFS

M4/M’4
/ beam combiner

RVS
detectors

vamwmwmwmmy
e . v

Blue photometer:

So-gEy Photometer + X @ 2

prisms
Red photometer:

640—-1000 nm _
RVS grating
and afocal

field corrector
M5 & M6

fold mirrors
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normalized response to energy

G magnitude (white light)
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.—’) Precisiones de Gaia
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CCD P10
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Blue photometer

spectral dispersion

Red photometer

n
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Q
5 100 RP spectrum of M dwarf (V=17.3)
s Red box: data sent to ground

. White contour: sky-background level

Colour coding: signal intensity
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T ¢ Av log g [M/H] [a/Fe]
G<16 <5% 0.05-0.2 0.2-0.3 0.2-0.4 0.2
G=18 5-15% 0.05-0.3 0.2-05 0.5-0.7 ?

m Ranges in errors reflect the influence of the spectral type, metallicity

o -

[ | T
-0.010 —0.005 0.000 0.005
feh residual log(Teff) residual

dwarfs, G =15, T< 7000 K, [Fe/H] > -2 C. Bailer-Jones, GAIA-C8 TN-MPIA-CB.J-043
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Espectroscopia
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Field of view RVS spectrograph CCD detectors

HD 115604 (F3 III) S/N-130

RVS spectra of F3 giant (V=16 mag)
| - | | S/N =7 (single measurement)
1l | S/N = 130 (summed over mission)

8500

8550

8600

8650

8700 (k)

Figures courtesy David Katz
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Spectroscopic requirements

The following end-of-mission radial velocity performance

shall be met:
Performance
Stellar type V (mag) (km s°)
B1V 7.0 1
G2V 13.0 1
K1llIMP 13.9 1
B1V 12.0 15
G2V 16.5 15
K11lIMP 17.0 15

The maximum instrumental systematic radial-velocity error
after calibration shall be smaller than 300 m s-'
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consolidated information is lacking
3. Offset non-uniformity

residual errors or calibration errors not included
(preliminary indications yield errors < 3 e-
astrometric degradations < 1%)

Current estimations include a 20% margin
IS it enough ? threshold needed ?

PLM CDR (March 2010) and s/c CDR (Summer 2010)
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