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Gaia 151 B B 5 [E 6

e 1990 £ EH Hog 12 T Remer I HE%, Lindegren FA Perryman fE/5F 1993 &
RYET CGaiaTnH, ZJ5 Perryman % A7E 2001 S8R T HH R R 242 S5 T R 254K

o o

* £ 2000 £, Gaia T B % HE AR BRMMK BZSSRES . FHT 2006 FFHENLE

b=
* Gaia DEF 2013 £ 12 ARG, ZI+EMERE 2014 FESEFEFREXHNT
B305 5 ERIMFIEITHEL

- TE AT 5 £, —HE 2024 5, FAHEMITE 2027 £27.

- %1, Gaia #E } GAIA (Global Astrometric Interferometer for Astrophysics), {8
K TERERETE R RHFEMEEMGR (5 Remer JIEXM) MIEFHUE, H
SA M ARMENER .

P4
@ﬁxﬁﬁ
R or vas

D)
3/39



Gaia BRI S BHR

Gaia IEZRZFHRRRAR, KB TRENEKEK, HESTHAENEFENEKX.
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Gaia AR 0B/ Y E

Gaia DER=&aAHmM:
o B EHEELR (payload module, PLM) (@)
s AR & tEH (mechanical service module, M-SVM)
o B FRR&EtEH (electrical service module, E-SVM)

AE A Gaia DEMSHRREE

@) AREEAREE

(b) BEMHTEER: KFFE. BinE. NENEFEHAG

(0 REER, TEE—LEFERHETEE, HlW: Bate

JT. PSTALIE S T FNA A T AR R B T

(d) #HFIRS

(e) #B#=FE (phased-array) K&k

(F) FTRFFHIEPRIRAE S, 5 KPERER iR
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Gaia RIENERE

Gaia i —ME T ERENE (scanning space astrometry). Gaia DEAZ B H%E
I‘“E%’, 1)1']5 Hir@ T ETEmAIRET R, XXM 2R KBTS MR P A =
(ALong-scan) fj—# i E. MAUESREMLLE . (NEHERXTRIENELY (£F) URE
FTHEGEBTBINERFERK LR (JLARE) X, BEXENEL BEKE
(AGIS) 1R EIRLH Gaia RIFNEER.

EAMT=106.5°, BiLFAEMS KRR =45
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Gaia 3tF# &4

Gaia Bix$E 2k 1.45m x 0.50 m, EFEA 35 m. BB SERSSEAHR: 1=
(M1-M3 #1 M1'-M3') =R {EEEET5E (three-mirror anastigmatic telescopes,
TMA) , EMMNEFEELHEAESSE (MAFIME), EEAANEEEHEE, BFALLLE

7/39



Gaia }% &% [2]

@ [FE1 Theoptical instrument of Gaia, comprising two telescopes (mirrors M1-M6 and M'1-M6), with a common focal
! plane, on a ring-shaped optical bench of ~3.5 m diameter. M4/M'4 is the beam combiner situated at the exit pupil.
FEES 1 L0S 1 and LOS 2 are the ines of sight for the two optical systems. image credit: EADS Astrium.)

8/39




£¥m
1. UBRISTIA S JKATIEREE (wave-front sensing, WFS) FiEZ YT (basic angle monitoring, BAM)
2. RiFWES (sky mapper, SM)
3. RIKMUEZES (astrometric field, AF)
4, [EHWMENNFRLG, HHEH (blue photometer, BP) FNLIH (red photometer, RP)
5. RmEEE LY (radial-velocity spectrometer, RVS)

SW I1l @ [« l51 6] [ 8 9 [10] (1) [‘Zl 13 (14 [15] [16) [17] Qo
=l T

lﬂlSﬂlﬂﬂ “AF1 ° = '!

i ___ 4-phaseparallelregister |
Yyl (one phase on 12 TDI lines operated
separately as blocking gate (TDIn gate))
i
. 000 (1
Zalit
2l £ stiten- < i
Al ] B i | St
itch
0;2"‘ @) E| inACand2inAl) ‘
2
B H tasiaeas i

&
)12 : &
. p—
m H
E g
) 3 =
g :
097 m umn isolatjon
Star transit CCD pixel Buried Channel (
€ n charge transport channel
§ A2 33 thin column (Buried Channel)
1 o

= - e e ---1-
10 B . X X '
along-scan X _-,9,::‘, . Al-Nve . BP-ype . Rf-4pe \ 4500 TDI lines in AL: 45.00mm length g
A J, Charge injection structure Parallel summing well
o I\
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Gaia BiO0%4% (Windows Class, WC) [3]

Table 1. Specification of the downlinked window ge ¥ by onboard esti d G magnitude and CCD serip.
Strip G<l3 13<G<16 | 16<G
WCO: 40x6 (2x2) PSF __WCI: 20x3 (4x4) PSF
M ]
WCO: 18x6 (1x2) PSF WO 12x1 (1x12) LSF wC2 6xl__(_l_3<12) LSF
AF1
WCO: 18x12 (1x1) PSF WCI: 18x1 (1x12) LSF WC2: 12x1 (1x12) LSF

SERESRRRARRARRRES

AF2-9

Notes. In cach case the window class (WC) is given followed by the ber of samples in the AL and AC directions, the number of pixels in the
AL and AC directions that have been binned 10 produce each sample (in brackets), and whether the resulting observation corresponds 1o the LSF
or PSF. The solid black lines indicate the geometry of each sample and their arrangement to form the window; the faint dashed lines indicate the
pixels that have been binned 10 produce cach sample. A b of on-chip and numerical (software) binning is applied to optimise onboard
performance and telemetry budget.

ﬁﬁk% 10/39
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DEZRGHF0ER

Gaia DEF 2013412 H19 H09:12:19.6 (UTC) k5, AT 26 R&ERZ|L2 &,
BER N A TSR AR IIE, AR RSGHEE TIE, BthE—L/)\aE:

o {LEFHEHSE 3B BRI REXT AMLE

o iEIHHEBEE (micro-propulsion thrusters) HREERBEERE

« Micro-clanks 1% : DEMBEEREFFHERT (AE8sH—NR), BESEESMUIL

ZE/Y, RERERE ZIRBIIFEE

Lo, EEMEMERNE TR = R

« KIRITE, SEAFREFNEH EMAE T

* SRBFRPAF0ERIT R A 2Bt

s EXBEERPETH
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Gaia MMEITHEX

7 \
path of spin axis
over 4 days 1

Ecliptic
(path of Sun)

| a
7 7
i I ecliptic | | \ / |
; path of
path of viewing dlrecllons spm axis
zy

over 4 days

FERE (scanning law) AT TFFI75 #2454 -
vsiné = Ao VS2 — cos2v + Ag cos Esino
Q:wz—i@Sing’sinv—l}cosf (1)

S =|wxz|Ag! = 4.220745

CRPEY
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Gaia $BAIBFE 16
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Gaia it RITHBI X MELRERE

IFREFEHPMIR, UMENERRE oo KIEAEELHIERERIIER.
3F 3 < G < 20.7mag BIRIE,

ool pas] = c(V = I)\/—1.631 +680.766212.00 + 32.73222, . "
' 2
zx(G) = max [100-4<x—15>, 1004C=19) | (V= 1) = 0.986 + (1 — 0.986)(V = I).

HittRANESH (PEHT) HHEEA

00 =0.7430,
g« = 0.78704
os =0.6990,
oy =0.5260,
Oue. = 0.5560,
ous = 0.4960,
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Gaia REMERESHSGHRR

Table 1. Numerical factor to be applied to the sky fard erroes of Egs. (4) and (7) for the five astrometric parameters as a
function of ecliptic latitude 8, including the effect of lhc vanation of the end-of-mission number of transits over the sky.

|sin g3l Buwia I'] B I'] Neww  a § o Mo s

0.025 0.0 29 61 1026 0756 1180 0725 0542
0.075 29 57 61 1021 0757 LISO 0722 0542
0.125 57 8.6 62 1002 0751 1169 0710 0537
0.175 8.6 1.5 62 0993 0752 1167 0703 0539
0.225 1.5 145 63 0973 0751 1158 0689 0538
0.275 14.5 17.5 65 0952 0742 1143 0673 0533
0.325 17.5 20.5 66 0934 0740 1136 0662 0533
0.375 20.5 236 68 0901 0730 1119 0640 0525
0425 236 26.7 71 0861 0718 1098 0614 0515
0475 267 300 75 0819 0705 1072 0584 0506
0.525 30.0 i34 80 0765 0691 1043 0548 0493
0.575 334 369 87 0701 0673 1009 0500 0477
0.625 36.9 40.5 98 0631 0650 0970 0541 0461
0.675 405 444 122 0535 0621 0922 0381 0437
0.725 444 486 144 0469 0607 0850 0327 0423
0.775 48.6 53.1 106 0554 0636 0808 0386 0443
0.825 53.1 582 93 0603 0654 0779 0422 0456
0.875 582 642 85 0641 0669 0755 0447 0467
0.925 64.2 718 80 0668 0680 0731 0466 0473
0.975 71.8 €00 75 0688 0706 0713 0481 0490

Sky-average 0.0 %€0.0 81 0787 0699 1000 0556 0496

Notes. The quantity N, in Col. 4 d the end-of-missi ber of focal plane passages for AF, BP. and RP (both fields of view combined;
recall that Gaia DR1 s based on 14 months of data, comresponding oa average to 16 ficld-of-view transits). For RVS. the number of focal plane
transits is a factor 4/7 = 0.57 smaller (Sect. 3.3.7). The transit sumbers in Col. 4 are based on an assumed 6% dead time (data Joss). For the
faintest objects (G 2 20 mag of Gyys 2 14 mag), the actual losses are langer (Sect. 5.3.1).

CFEES
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Gaia F9W IR R

source i observed at time

Global parameters Syt ‘

Astrometric model

proper direction 1

rame
rotator

Astrometric

CCD observation time 1y
ndinate

pixel coordinates (k. 1) AC pixel coo
| !
Optics/detector Instrument response. Image parameter
model parameters estimation
model estimated CCD sample data N abserved CCD sample data Ny

* RKBRRERLXEKSZZR (BCRS)
e Gaia faiy&#% (Centre-of-Mass

Reference System, CoMRS) ,ig4 C %I o

32 ¢ 8 — =

* Gaia 5% % (Scanning Reference = = ¢ [} [] leeel,
System, SRS) ,iE# S L L el NS
Cx={fetfe), z=(frxfo) y=zxx S :
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XisMEER

£ BCRS 1, RIRRFIZBEEIRARE, WHEMAFEA

u;(t) = <ri +(tp - tep) (Pi,ua*i +q;isi + ri/Jri) - (DibG(t)/Au> (5)
Hrh
—sina; —sind;cosa; C€osd; COS a;
C’ [pi q; r,-] =| cosa; —sind;sine; cosd;sina; (6)
0 cos 0; sin §;

BEREMNESEICA s (B i 60 010 Howis poi, FHBRIZMEEERH RVS ), £5
S A g (WPPNSHy), SMBEBHRIC AR (FHFK), M7TE COMRS HR RIS 1| A

u;(t) =u(sig|th) (7)
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DEETER

SRS (S=| x y z|) KT COMRS (C=| X Y Z |) miTUA—ETEN

KR
Axx Axy sz xX xY x'Z
A=| Ay A,y Ay, [=SC=|yX yY yZ (8)
Azx Azy Azz ZX 7ZY ZZ
AT I F B Y ST 3SR R AE
q={9x9y. 92 qu} (9)
ME—XRE v EH N RIRR G 2 BRI A
{S0,0} =q ' {C'v,0} q (10)

DERASSHEMERAA B HEGHRET

£
«w{ > %mm> (11)

n=f—M+1

EESHIEH a.
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2RIy R R

U ERLMARELRAERY R CCD RFR AR p BIR

RASWALER (n.0) ZEMXE, 53 . X
EX-PS i
+ G CCD MR ILITHAE % ________ | B
+ CCD A TEAME g P ﬁ -
| RFRE, AHEEAARE m
s EEMAL T2 o2
Nfng (1 1) = Mg + 70 Mirfng, Ly (%) + STngkm } -

Cpng (1) = 0, () + T2 Mgy (5 |

Hep, n ACCD H/S, g ARIVES, f AMIHES, Li(x) h Legendre BN . XL

SHIEH c.
HERHIIYNE AXBFES, 5 CCDRRE IR HIKEREN
M=E(Ng)=p+aL(k —x)

P4
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KiFENELBFEKHE AGIS = strometric lobal terative olution

E R
: _ (RA) wpr (RAO) wie
m;ns,a,csg Q= 2eaL (oAL) 2 +(chT)? + 2lleAC (oA (A0
R}M(s,a,¢,g) = npng (it | €) =1 (81 ] 5.2, 9)
RIAC(S’ ac, g) = évfng (,Ul’ ] | C) by { (tl | S,a, g)

E#AFE (Normal equation) 2

OR; 9R;
5 Ry
; ox ox’ ; ox

fREERES AR, HKER (SACSAC..G)

* S EREH, RENESE s T2
c A DERTEH, ETSH « FEKE
« CIEREER, RESH c B2
- GC2FEH, £FSH g BRI

P4
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JdR
X =— Z _IRI (STEf’ al"@f, Cref’gref) M/vl

(14)

(15)
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Gaia 8 [5]
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Gaia RIKSEZE

Gaia-CRF B EMMAME £, FHEERES|ICRS k.
Bl Gaia FEEAKRBIE 55MEE% (ICRF3. AlWISE %) 2 XIGNIERH , HIMEREINTFE
FHUBBRTTRERISRIT R NIER, f07E DR2[6]
(i) astrometric_matched_observations > 8
(i) cw» < 1mas
(iii) |o/snl <5
(iv) (,u(,{*/SHD,*)2 -+ (/15/5”5)2 <25
(v) |sinb| > 0.1
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Gaia-CRF2

2: 55 HEMA BB ERELIFRFHERS

CREES

NANJING UNIVERSITY

% in bin

QSOs per deg’

G (mag)

13 14 15 16 17 18 19 20 21
G (mag)
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Gaia-CRF2 YBEITZR S

% in bin
()
1

(3

% in bin
n
1

(&)

Ghikd
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Gaia-CRF2 it 5B FIEFH R R

0.4 0.4
— wx+02 ’ —wx+02 [

03

0.2

Spin [mas yr~!]
o
Spin [mas yr 1]

1.2 13 14 1.5 1.6 17 18 19 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Effective wavenumber v [im~'] G magnitude

SRSERGFEHENBE.
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Gaia-CRF2 (Yl £ &5

Counts

Ghikd

NANJING UNIVERSITY

30,000
1
25,000 - G<2t
20,000
15,000 G<195
18
10,000
G<185
5,000 - /
0 — - - -
-3 -2 -1 0 1
Parallax (mas)

3: MEFTHEM: 29 pas

% in bin
[N
h

sources




Gaia-CRF2 BY{iiE & %i: Gaia-CRF2 vs. ICRF3

%
lOi
{

10’

p (mas)

107"

0.001 0.01 0.1 1 10 100
Opos,max ICRF (mas)

Opos.max (Mas)

p (mas)

0.01 0.1 1
Opos,max Gaia (mas)
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REBHAFESHBUERE

102
10‘%
a ‘0_1‘; o
10'2:;
(104 FmrEpnyy, SUSVEEVERS, S P e LY | S I
0.01 0.1 1 10 100 1 2 3 4 5 6 7 8 9 10
Normalised separation (X) Normalised separation (X) ) /2
2 2
Aax = (aGaia — AICRF) €088, A8 = 8Gaia — Sicrr,  p = (Aaf + AS?) (16)
Aax AS
Xll = 5 > H X5 = 5 > (1 7)
\/"a*, Gaia T %, ICRF 95, Gaia T 95, ICRF
1d L B O, Gaia 05, Gaia CGaia + Oux, ICRF 05, ICRF CICRF
X2 o [ b, o X(S ] a lclE ok, b ax, s (1 8)
Canl X5

hikF

NANJING UNIVERSITY

2 2 2 2
\/(%*, Gaia T o ICRF ) (‘75, Gaia T 95, ICRF )
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Norbert Zacharias: Astrometric surveys in the Gaia era[7]

astrometric research not fully
covered by Gaia

(1) very bright stars (G <= 3.x), until near final Gaia DR, likely after 2020

Table 3. Current and future, deep, wide-field surveys

survey first survey telescope bandpass camera  field R mag
(2) faint objects (G >= 20.7) = main open area name light begin aperture size of view range
Mpx  sq.deg
(3) other than optical bandpass (like near-IR) S—— -
SDSS 1998 2000 25m 120
(4) complex motion or variable centroid objects, i.e. “time domain Skymapper 2008 2014 1.3 m 268
astronomy” require observations at multiple, specific epochs or long E‘;’;?IT’\RRS %m” 2009 18m ")[‘m
. . . JFHT 2003 3.6 m 340
time-line observations: DECam 2012 2013 40m 520
(a) orbital motions of natural satellites (USNO + Paris Observatory) ZTF 2017 2018 1.2m 576
LSST 2020 2022 84m 3000
(b) asteroid mass determination (close encounters)
| Vista 2009 2010 41m near-IR 67 0.6 ‘
(c) many double and multiple star sy d P 18, planets Note: Li for ZTF. The saturation limit is approxi-

(d) some AGN, extragalactic reference frame objects (variability induced
center motion)

2017 Apr 24 IAU S 330, Nie, astrom surveys 2
“The era of traditional, ground-based, wide-field astrometry with the goal to provide
accurate reference stars has come to an end. Future ground-based astrometry will fill
in some gaps (very bright stars, observations needed at many or specific epochs) and
mainly will go fainter than the Gaia limit, like the PanSTARRS and the upcoming LSST
surveys.”

CREEES
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Erik Hog AY9i%18

* Gaia ERWIARBERE
G =20mag &b, BITHHEH0.175mas/yr, 7£ 2016 EAIBREHELH 0.247 mas
MR EFERE S 1£ 2026 £ 1.76 mas, 7 2036 4 3.5mas, 7 2066 F£ A
8.8 mas,

* ARRXEHFAEHER
g (UERMEERREMARFENBEGRAMHITILE ST
NMERERE: RZE—2ROEFAD=50m WXFEIEE, THEKEKHAA=560nm, N

0 =1.22x % ~ 2.8 mas, (19)

ESEMFEMHE 0.10 = 0.28 mas.
« EE—RMGaia XMUMENZTEXGNEDE, 7 Gaia ELRM 20 FREH.
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The astrometric foundation of astrophysics

Top science
from a new Gaia-like mission vs. a single Gaia:

e e 0o 0 o o

Imaging of radio/optical sources etc.:
Positions 50 years from now >20 times smaller errors

Dynamics of Dark Matter etc. from stellar proper motions:

Tangential velocities with 10 times smaller errors

in 30 times larger volume
Stellar distances in >3 times larger volume
Exoplanets: Periods up to 40 years, vs. Gaia P<10 yrs
Quasars solely by zero motions: 100 times cleaner sample
Solar system: orbits, asteroid masses...

y and phot y with 0.”1

Astrometric binaries. Common proper motion pairs. Etc. etc.

Figure 1. The proposed focal plane assembly. The filter photometry is required to enable correct chromatic

corrections of the astrometric observations at every field crossing. The 3 filter bands shown here may well

be

augmented to 4 bands if wanted. Observations of bright stars to 3rd mag are obtained by way of special gates on

the CCDs, see Gaia (2011:2).

5 Gaia EFEHARE Z A ETF:

Figure 2. A long-lasting astrometric foundation of astrophysics will be obtained by a new Gaia-like mission launched
20 years after the first. For example, in 2066, 50 years from now, the positions from the two missions will have 20
times smaller errors than from Gaia alone. With 10 times smaller errors on proper motions and tangential velocities, the
volume covered with a certain accuracy for a given type of stellar tracer becomes 30 times larger, and even more than
that because the long-term proper motions are less affected by motion in binarics. The possibility to perform astrometry
with all sensors covering 400 nm to NIR belongs in this list thus penetrating obscured regions as molecular clouds and
the Galactic centre.

© AR A MAERESPEE BP/RP UL, REASPE (£ G =15maght, 140mas

vs 2650 mas)
© BRR T ZmIEE NI

iR F
'
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GaiaNIR = Gaia Near-InfraRed[11]

{E2i% Gaia 1 GaiaNIR i+ XI&EMM 5 £, [EE 20 £,
GaiaNIR Focal Plane

L EFEE N 25 pas et

1800 1800 1500 1500 1100 1100 800 800

2
g+ %, \/252 +252 &
Oppgr = P— ~ 1.77pasyr™",
N G (20)
2 2
O5¢ T 9% V252 + 252 »
Ous = = ~ 1.77pasyr
IN — lg 20

Gaia Gaia + GaiaNIR

i — Ge12
i — Ge14 o
: - Ge16 S,L?:’f;' Astrometric Field (AF)
H + Colour Field (CF)
Ga18 Full Spectrum
H{ — G20
— Ge21 Fig. 4 Proposed focal plane array and filter bands used in the GaiaNIR CDF study (see page 203 in

https://sci.esa.int/s/8365kZA). The array consists of 60 NIR detectors, arranged in 7 across-scan rows and
9 along-scan strips (out of which 8 are for the astrometric/photometric field, divided into 4 photometric
fields (i.c. 4 different cut-off wavelengths each starting from ~ 400 nm). The new array is less than half
the size of Gaia's

epoch

Fig.3 Degradation of the astrometric accuracy of the individual sources in the Gaia catalogue (left pane)
and of the common solution using 10 years of Gaia and 10 years of GaiaNIR data (right pane) depending
on the G magnitude and time from the reference epoch (J2017 for the Gaia catalogue and a mean epoch
of Gaia and GaiaNIR taken here as J2027). Note the very different vertical scales
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Overview

What makes Theia uniqee?

Main observaticsal targets

Payload

Spacecrat

Launcher and operaticas

Data policy

" Consortium

Estimated cost

Dark Matter, Exoplanets, Neutron stars and Bisary Black Holes.

© To discover the nature of dark matter;

o To find nearby habitable Earths;

© To probe Nature's densest envircaments.

o Spacecraft at L2 foe 4.5 years;

 Optical telescope (350nm-1000nm);

 Micro-arcsecond astrometry, sub-percent photoenetry:

« Point and stare strategy. to enable relative (differential) astrometry;

o Built oa Gaia's *sbsolute” reference frame.

o Uktra-high-precision astrometry, oaly reachable from space:
from 10 gas (dark matmer) down to 0,15 s (exoplasets);

 Dedicated payload design to achieve the required astrometric precision;

« Unpeecedented seasitivity to DM tarets. enabling particle physics tests;

 True masses and oebital architectare of habitable-zone terrestrial plasets,
and complete osbital characterization of planctary systems;

® Measurements of orbits and distances to probe the inierioes of neutron stars
and the struceure of black bole accretion dises.

o dwarf spheroatals & whra-faint dwaef galaxies, hyper-velocity stars;

o nearby A, F, G, K. M stellar systems;

 Beutron stars in X-ray bisaries;

 Milky Way disc + open observatory targets.

« Korsch on-axis TMA telescope with controlled optical aberratices;

o Primary mirror: D = 0.8m diameser;

o Loag focal leagth, / = 32m;

o FoV ~0.5 deg. with 4 10 6 reference stars with magnitude R < 108 mag

o Focal plane with 24 CCD detectors (~402 Mpixels, 350nms.1000nm);

 Nyquist sampling of the poiat.speead- functioa;

 Metrology calibration of the focal plane array: relative positions of pixels
at the mscropixel Jevel using Young's interferometsic fringes;

o Interferometric monitoeing of the selescope: picometer level determination;
of the telescope peometry using laser interferometric hexapods.

 Spacecraft dry mass with margin: 1063 kg. Total lawnch Mass: 1325 kg;

« Attitude Control Systems: synergistic system with hydrazine, reaction
wheels and cold-gas thrusters. RPE: 20 mas rms in a fow minsses (10);

 Thermal Control Systens: active thermal control of telescope;
dedicaned radiatoe for the payload:

o Telecommand, Telemetry snd Communication: Ka-band, ~95 GByles of
science data per day. High Gais Antenna and 3Sm staticas.

 Ariane 6.02. Lissajous orbit at L2 Launch in 2029;

® Noainal mission: 4 yrs + 6 months transit, outgassing & commissioning;

© MOC 2t ESOC, SOC at ESAC.

o Instrument Science Data Conlers 8 comsartium meanber SUACs;

|« Short proprictary period and 2 data releases.

> 80 participants froem 22 countries;
UK. France, Germany, ltaly, Spain, Switzerland, Poland, Portugal,
Sweden, The Netherlands, Hungary, Greece, Denmark. Austria, Finkand,
USA., Brazil, China, Canadi, India. Isracl, Japan, |
536 ME for the spacecraft and telescope, including launcher (70),
ground segmeat (85), project (53) and payload costribetion (56). 34/39
© 51.3 M€ foe the payload states oaly)
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Theia 15 B 83 B #5

X nearest stars for exo-planets

HVS5  hyper-velocity stars

UMi  dSph galaxies

c EBRIMTER S
50 targetsx 0.8 h/obs x 50 obs

O subhalo & mini-halo search

X X-ray binaries: distances

+  X-ray binaries: orbital proper motions

c BIZHZEER:
6 targets x 1000 h
- SRERHFEBIIK
5 targets x 1000 h/yr x 4 yr
* SR|LRIIEE: 91N
gFhmE,

Program Used Mission Nbofobjects Benchmark target EoM precision 18 FoVs x 400 h/ FoV
time (h) fraction per field R mag (and range) (at ref. mag.)

Dark Matter 17000 0.69 102-10° 20 (14-22) 10 as

& compact objects

Nearby Earths 3500 0.14 <20 5(1-18) 0.15 pas

& follow-up

Open observatory 4000 0.17 10-10° 6(1-22) 1.0 pas

Overall requi 24 500 1.00 10'-10° 6(1-22) 0.15-10 gras

iK%
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“... significantly improved models and estimation techniques in conjunction with
sufficient data accumulation will lead quite naturally to the construction of a new and
self-contained celestial reference frame. As before, this reference frame will be a
human artifact reflecting the latest level of knowledge at the time of its coming into
being.”

——Walter & Sovers (2000) [15]
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Milligan, C. Panem, V. Poinsignon, D. Pourbaix, S. Randich, G. Sarri, P. Sartoretti, H. I.
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