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e 2 AMMHHODOKYCHBIX Teneckora (106,5°)
* | obuwas pokarbHaa naockocTb (CCD)
* [locTosHHOE CcKaHMpO-
BaHMe (BpalleHue +
+ npeueccus)
* (DoKaAbHasA MAOCKOCTb

(CCD) B pexmme B3H
* AHanorms ¢ KA Hipparcos




XapaKTepUCTUKM

* [eaeckon: 3-3epKaAbHbIV HELIEHTPAABHbIN

* [ AaBHOE 3epkano: |.45x0.5 M

* DOKYyCHOE pacCTosHME: 35 M

* KoopanHaThl Apkux 38e3A [0-25 Has

* [Inkcens: 10x30 MkmM=59x1 /77 mas

0 pas = /6000 nkc), ~100 CCD=1 Gpx
a CCD: 150* (cp.), 36000* (Max=20m)

* [lamaTb Ha 6opTy | Tb

* Macca KA: 2.| ToHHbI

* TenroBas ctabmabHOCTb: ~30 YK

| 1 "=







CkaHmnpoBaHue Heba

spin/Sun angle 45°
scan rate 60 "/s
period 6.0 h
precession 63.12 d
basic angle 106.5 °

Consecutive
great circles

Line of sight 2



CkaHmnpoBaHue Heba

- Astrol FOVY

longitude®coz[latitude) [deg]

9 - Astrol FOV
« Spin avis « Spin avis
45
3 "~
3 )
i T T T ya— T T T % T
£ 435 % 80 45 y 45 30 135 Z 135 0
z k
46
longitudecoz(latitude) [deg] longitude”coz[latitude) [deg]
o Astrol FOV ~a— fAstrol FOV
« Spin azis « Spin axis
Lo} "~
-4 -
v v
2 3
v v
b 3 1 0

longitude“coz(latitude) [deg]




Number of focal-plane observations

Reference = 80
Number of astrometric transits over 5 years in ecliptic coordinates




Number of focal-plane observations

Reference = 80
Number of astrometric transits over 5 years in galactic coordinates
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Gaia: telescope

2 SIC primary mirrors at 106.5° | | Basic angle
Aperture:1.45 m x 0.5 m Rotation axis (6 hours) monitoring system
Focal length: 35 m A
FOVH 167 x 0.7 M1 4 " Los2 SiC toroidal
g) o structure
e (optical bench)
/f'
—— - i
i | S—
i _LE S
. ,7. - R
z M3
—— M2
M5 , Sl
M'3 A
—— M4/M'4

(combiners)
M6

. | |06 CCDs, | Gpixel, TDI
Figure courtesy EADS-Astrium
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SM1
SM2

AF1

MdokaAbHas NAOCKOCTb

AF2
AF3
AF4
AF5
AF6
AF7
AF8
AF9

5
:

o o
(u4] '
'\_,ﬁ_.' . m—
Vo I~
'I) | |

RVS1
RVE2
RVS3

.

n (AL)

C (AC)

|



nt == Focal-Plane Assembly (FPA)

(WFS):
Basic-Angle Monitor
(BAM): Sro- 1) 121 3] (@) (5 (6 [ (8 © (op v pa (13 (4] [15) (6] '7]  Row:
Sky Mapper (SM): BAM SM1 SM2 ‘AFI° ° “AF2-9 ' B R RVS
* Two strips of 7 | 7]
CCDs, each strip
dedicated to one (6]
telescope only
* Unbiased object — 5]
detection to 20 mag 7
from continuous 95m "
stream of full-frame
CCD images
3]
' [2)
(1]
v :

< 10m >
_ 4 Slriransit CCD91-72
o w
3 e
| .t
2 © 3
£ 3
" 8 AF-type 8P-type RP-type
along-scan 4500 O y P
CCD lines

Jos de Bruijne
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Wave-Front Sensor
(WFS):

Focal-Plane Assembly (FPA)

Basic-Angle Monitor
(BAM):

Sky Mapper (SM):

Astro Field 1 (AF1):

» Object confirmation
(cosmic-ray rejection)

+ Densities up to
750,000 objects deg™

Srp

O5m

14

WFS
BAM

SM1 SMm2

2

(3]

4] [

(6]

AF2-9 -

(71 (€ @ (o ] P2

['3) 4] [15]) (6] [17)

WFS

RP RVS

(L LE L L DR LE

-ﬂﬂﬂﬂﬂ“ 5

1 T AFLT) AR AISJ Jm

= ”.-
= H ”'-

m-m

1 AP & Ars An_{nn,{m, L2~

frdedefe

Ffiet-

3 S

.

n

o

SCrogs-ec

along-$G

n

i0m
CCD91-72
w
| o
E
o 3
F 3
0
-
PR S
CCD lines
psde B s

v

Row:

(7]

(6]

) 151

(4]
(3]
2]

(1]
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Wave-Front Sensor
(WFS):

Focal-Plane Assembly (FPA)

Basic-Angle Monitor
(BAM):

Sky Mapper (SM):

Astro Field 1 (AF1):

Astro Field (AF):

» ~1 deg’ FoV per
telescope

* Measure star transit
times: precise time
stamping on board
using Rubidium atomic
clock and location
centroiding on ground
to 1/1000%* of pixel

*» ~23,000 stars in AF
on average (~350
stars in one CCD)

Srp

O5m

2

Bl @] B 6 [ @

AF2-9

@ 0] m] g 13 ['4]

RP

.

n

o

SCrogs-ec

o lransit . CCD91-72
»
along-scan 4500
CCD lines
o UE

1966
CCD columns

i0m

[15) [16] [17)

RVS

v

Row:

(7]

(6]

) 151

[4]
3]
' [2)

(1]
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waverromsenser | FOCAl-Plane Assembly (FPA)

(WFS):

Basic-Angle Monitor

(BAM): Sro- 1] 2] [3] (&) (5] [6] [7] (8] (8 (0] (] g [13 (4] [15) (6] 7] pow:
Sky Mapper (SM): BAM SM1SM2 AFI' °  “AF2-9 ° 8P RP RVS
Astro Field 1 (AF1): .
_j e i s s A A U
Astro Field (AF):
i . 6
Blue Photometer J l - o = l]
N =ff mffnd o
il sed | ars_ o ars s ar7_ : : 5]
* Low-resolution 95m 4]
spectro-photometry (R - 99y
S| ey s
+ ~320 - 680 nm ﬂ i e i o == .
e Spectlum over ~45 ey ﬂ arL 2 m‘4‘"'4“. m4m_4m = . l2]
pixels
» Astrophysical X mj |u1_ mj An_xl are_1 ‘"—""‘J ar_tf arn_if a2 (1]
parameters 4 : I :

* Astrometric
chromaticity correction

< 10m >
o ransit CCD91-72
5 w
31 c
{} -
2 © 3
3
" 8 AF-type 8P-type RP-ype
along-scan 4500 O y P
CCD linas

U U D
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Wave-Front Sensor
(WFS):

Focal-Plane Assembly (FPA)

Basic-Angle Monitor
(BAM):

Sky Mapper (SM):

Astro Field 1 (AF1):

Astro Field (AF):

Blue Photometer
(BP):

Red Photometer
(RP):

*» Low-resolution
spectro-photometry (R
~ 60-90)

* ~640 - 1000 Nnm

* Spectrum over ~45
pixels

» Astrophysical
parameters

+ Astrometric
chromaticity correction

Sro

05m

12

1'4

WFS

2

(3]

SM1 SM2 "AF1

4 Bl 6

€ @ oy Mmpa (e 4] [15]) (6] [17)
WS |

AF2-9 - BP RP RVS

'lll_ AF2 78 ALY MRS

fofef-f -

. m‘ | m- ==

ary_dl arz ol ara el ars

i -

et

e

:1‘.:1: -

Im_ An_sl AH_II ars_

I Y

.

oan

o

Ocross

o lransit CCD91-T2
3t >
O
2
»
pong-scan 4500
CCD lines

Us U

i0m

.

CCD columns

Row:

(7]

(6]

) 8]

(4]

(3]

2]

(1]
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waverromsenser | FOCaAl-Plane Assembly (FPA)

(WFS):

Basic-Angle Monitor

(BAM): Sro 1] 2] 3 (&) (5] (6] (7] (8] @) (o) ] g 3 (4] [15) (6] 7] pow:
Sky Mapper (SM): BAM SM1SM2 ‘AFI° ° “AF2-9 ° 8P ”P RVS
Astro Field 1 (AF1): .
g

Astro Field (AF):
Blue Photometer ﬂ l6]
(BP): |

s ﬂ; E)
Red Photometer -
(RP): 05m ﬁ [4]
Radial-Velocity |
Spectrograph (RVS): ﬂ [3]
» High-resolution, et ::' ' [2)
integral-field |
spectrograph - ..ul (1)
(R ~ 11,500) v i

*» 847 - 874 nm

» Objects down to - 1.0m »
17 mag _ 4 Slriransit CCD91-72
- w
» Radial velocities from 3 ﬁ =
Calcium triplet 3 § —§
3 o
v »
along-scan 4500 8 AF-type . SP-type l RP4ype
CCD lines

»
U U B E



Astrometric

Red & blue field
hotometer
“detectors Sky mapper
—BAM & WFS

RVS
detectors

R YT ALY
A\ T4

M4/M’4
/ beam combiner

VA w
-3\

Photometer —/ S
prisms 4
RVS grating —/
and afocal /
field corrector
M5 & M6

fold mirrors



CiMs1o
A
/N CIM506

C1M3are
‘ C1M539
. = 3

12 pixels
2.1 arczec

330 to 680 nm
32 plxels - 1.9 arcsec

H
i« »
'

C1M71e

CINT747

650 to 1000 nm
34 pixels - 2.0 arcsec



normaled pkel msponses

0 100 200 300 400 500 600 700 800 900 1000
pixel coordinate

10 pixels
1.8 arcsec

847 to 874 nm - 1035 pixels - 61 arcsec



£-esa

Wave-Front Sensor
(WFS):

» Shack-Hartmann
type

» Wavefront at two
distinct positions

» Together with 5-axis
M2 mirror mechanism
for initial telescope
refocussing

Focal-Plane Assembly (FPA)

F. Lucchi
Asiago, 2€

Sror 1) 2] B3] @) (5 (€] [ (8 @) (o] ] pa (3 4 15] [6] 7] pow:

BAM SM1 SM2 "AFl

'

(7]

(6]

was| an f arnsf s (5]

wi o na lm. : [4]

(3]

2]

(1]

- i0m
¢ Slar lrans cCCD91-72

v

WIross-scan
1966 ‘

CCD columns
&
=1
by
kt
-
8
x
o
=
o

along-scan 4500
CCD lines




AaTunK BOAHOBOrO dpoHTa (WFS)

Ll laka-l apT™maHa

Tited Plane
Wavelront

e
\’/’S\

Hartmann spots
on CCD detector




g-esa

waverrotsemser | FOCal-Plane Assembly (FPA)
(WES):
Basic-Angle Monitor
(BAM): Sro- 1) 2] 3] (&) (59 (6] [ (8 @) (10 M g [ 4] 113 6] 7] Row:
WFS
s Youngs-typn leser BAM SM1 SM2 ‘AFI' °  “AF2-9 ° RP RVS
interferometer . ' {
m_.lm,.l - m
*» Measures temporal
variation of angle
between both lines of e (6]
sight
» One redundant unit . “U“"-“ . [5]
05m An.{m.{ [4]
u\,{m.{ 3
3 - m4 on,ll ars m,llm,l'm ) [2)
=
<

-
-

(1]

i0m

L
L 4

o Stariransit  CCD91-72

03

OCross-oco

1966
CCD columns

along-scan 4500
CCD lines
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CCD m AMHaAMMYECKMM AManas3oH

Single
Output

ampiifier  AMICAO CTPOK:
1a 4500 — Bca maTpuua

prescan

pixals TDI renTbl
2900 — Ne [2
2048 — Ne ||
1024 — Ne [0
512 — Ne9
256 — Ne 8
128 — Ne 7/
' 64 — Ne 6
32 — Neb5
|6 — Ne 4
8 — Ne 3
4 — Neo 2
2

TDI12 gate TDI11 gate TDI10 gate TDI9..1 gates

N S

\

4-phase parallel reglister
(one phase on 12 TDI lines operated

separcztely as blocking gate [ 1L1n gate))

-—

Stitch-
boundaries

(9 st teh blocks
In AC anc 2 Ir AL)

dth

Simplified pixal structura
and dimensions

| |
Column isolation
Supplementary Buried Channel (SBC)
Main charge transport chasnel
within column (Buried Channel)

1966 columns In AC: SE.9Emm wi

Read-out (serial) register (1982 pixels, 2 phases)

1
——
postscan
N\ 4500 TDI lines in AL: 45.00mm length )

; .
Charge injection structure Parallel summing wall
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[ leHTpbl cBSA3M

Manapra

Hbto-Hopkus
ApreHTmHa
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LLeHpr| CBA3N

Gaia is far away (1.5 mlHlon km) }; I e R

J .',s ¥ 1 . AT (L” j
Available on-board power IS umlted *"r' S
> c §~$?E—:'A\ ‘;' -,:: ‘: ;,.".?-.
) _'::; ?:_ #;" - f,-l., |. e
Gaia’s data rate is high (10 Mbps}\ 2T S S
- h’("I "‘_',Té_ R " ; 3 -
Gaia therefore requi 5-m antennae @/ N AR

1. Cebreros G e~
2. New Norcia - T L~
3. Malargue —

The nominal station is Cebreros (~8 hours per day, 100% of the time)
The support station is New Norcia (~8 hours per day, 20% of the time)
The Malargle station will be available late 2012 (use for Gaia TBD)
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Ground stations
« Cebreros
« New Norcia

Transfer to L2
- about 1 month long
» eclipse free

Soyuz-Fregat launch from French Guiana
« ~2000 kg launch mass



|4 aHBaps 2014 .
(Gala BbllwAQ

Ha opouTy

BOKpYr L2



6 dpespand 2014 .
KaAnnbposouHoe
(POKYCMPOBOYHOE)
306paxKeHme.
CkonaeHme

NGCI818 8 LMC

3kcno3smumsa 2,85 ¢
212"x2 12"

(<1% FOV)




[IpobAembl
C



ObreaeHeHMe

A€ (BOAAHOM ) OCeA Ha 3epKarax TeaeckonoB Gala
HacbiuleHe napom, BepoSTHO, MPOM3OLIAO BO BPEMS]
MPEAMOAETHOWM MOAFOTOBKM (Kypy)

KA HarpeBaan — pa3sopaumBasm Kk CoaHLy (3 pa3a)
ObAepAeHEeHME YMEHBIIMAOCH, HO HE AO KOHLIA
OcTaTouHoe BAmnsHME — ~20% CHMXKEHKME MOTOKA



PaccesHHbIN CBeT

B Gala obHapy»xeH 130bITOUHbIM pacCesHHbIM CBET.

[ IpyimHb:

* MaeuHbIM NYTb

* [Ipob6oM MpOTHUBOCOAHEUYHOIO 3KpPaHa
MMKPOMETEOPUTAMM

* BOAOKHa Ha Kpato MPOTUMBOCOAHEUYHOTO 3KPaHa



- PacceaHve HUTAMM Ha kpalo sKpaHa




PaccesHHbIN CBeT

BAanaHme:

 Ha 3Be3abl chabee | /M — [8M

* Ha poTomeTpuio n cnekTpbl (RVS) —
MOCTapaloTCA CKOMMNEHCMPOBATL MPOrPaMMHO



~ VroA Mexay TeAeckonamu

* VI3mMeHseTcs ropaspo DOAbLLE, YEM OXMAAAOCH

* VI3mepeHus —
KaAable 23 C

* [lepearnn —
+[000 pas

* 3aAHUN —
+200 uas

* [lepuoapl 6 4, 24 v,
3aBKcC. oT CoAHLa

e +30 uas npu
nepecey. MAOCK.
[[anakTmKIM 01!
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XapaktepncTukm DRI

AaHHble 3a |4 mecaues: noab 2014 — ceHTabpb 2015
(B MOMeHT nybamkaumm — ceHT.20 1 6 — 26 MmecsLes)

3Be3A — | 142 679 /769

Tycho-Gaia (TGAS)  — 2 057 050
— Hipparcos — 93 635
— Tycho-2 (6e3 Hipp.)  — | 963 415

HoBbix ctouHmMkos  — | 140 622 /19
[ lepemeHHble

C KpVBbIMM BAECKA — 3194 (Ceph. 1 RR Lyr)



CoaepxaHme DRI

 AASA BCEX 3BE3A!

— KOOPAMHATHI a, O
— 3Be3AHaAs BEAMUMHA G

o Ana TGAS:
— KOOpAMHATHI a, O
— CODOCTBEHHbIE ABMXXEHMSU
— [lapannakceol T
— 3BE3AHAS BEAUYMHA G



| ouyHoCcTb DRI

o« A TGAS:
— KOOPAMHATHI QL O ~0,3 mas
— MapaAAaKchbl Tt ~0,3 mas (+ 0,3 mas Syst.err)
— CODBCTBEHHbIE ABMXEHMS W ~ | mas/yr
o« Ana HGAS:
— CODCTBEHHbIE ABVXKEHMS U ~0,06 mas/yr

* AAS BCEX (OCTAAbHbBIX) 3BE3A;
— KOOpAMHATbI Q. O ~ 10 mas
— 3Be3aHasA BeAndnHa G ~0,03™ (ana 5<m<20.7)



Log N —log S

‘ Gaia DR1
le7- ,
| T Tycho-2 (Excl. Hip)
11 i
1e6. Hipparcos subset

Number

16 18
Mean G [maq]



3Be3A (1 GAS) Ha KB.YTAMUHYTY




HR-aArarpamma (Gaia + 2MASS)

—a.0 LI B I L S RN BN NN B B BB
0.0
3.0 -
;-é:- -
6.0
9.0
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(Fal S
G A



amma (T GAS + Tycho-2)

0.0

R0 = 0w, €20

®20< 1, </ .

[ 7 @< e < 1 ]

- 100 €+« 150 B -
@150 <+« 200 . '

[ @ =200 7
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[ lapaAAakchl

Gaia DRI

[zem] (<0)0THor

(Faia H-vear mission
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orpewHocTb G-PoTOMETpUM
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orpewHocTb G-POoTOMETPUM

=0.5{Nccd ~ 100

log10(error)
R

'
(%)

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2-
mag



CucTtemMaTmyeckoe 3aHMKeHme 7

JT

Gaia

ArXiV:
1609.05390
CpaBHeHue
co 158
3aTMEHHbIMU
ONBOVHbLIMU

n3 (Stassun,
Torres 2016)

~7 —0.25+0.05 mas

25

20

15

Number

10

| |

|

Mear = -0.269 4/- 0.051 mas

-1 0 1

Parallax Difference (Gaia - EB) [mas]




Parzllax Difference (Gaia - EB) [mas]

=R narallax 'masl

Parallax DiTerence (Gaia FR) [mas)]

- CuctemMaTmyeckoe 3aHMKeHne T

V maag

e o *® e
0 m * ... ¢ ‘é —."._'-__-—,
O hr .
iy ¥,
. . ,
5 = .0 -
K
- o
-z - —
T
1 | 1
1 ¢ g 10 12 11

FR Parallax [rnas]



DR2, DR3 ...



RoHeu, akcnepnmeHTa Gala

* Yepes 5,5 AeT nocAe npuaéTta B L2
(= 5 AeT nocAe HauaAa OCHOBHOWM MPOrpamMMbl
HaOAIOAEH M)
(Gala BOMAET B TEHb 3EMAM



Cheayiolme peAn3bl
DR2: 4-11 kBapTan 2017

— 5 aCTpPOMETPUYUECKMX MAPAMETPOB AAS OAMHOUHBIX 3BE3A

— BP/RP-¢doTomeTpus, olmbkm

— cpeaHee Vr AAs APKMX 3BE3A

DR3:2018()

— OpbUTbI ABOMHBIX C 2 Mec. < P < /5% BpeMeHn HabAIoA.

— KAaccudUMKaLmMs 3BE3A M MX MapaMeTpbl

— cpeaHee Vi AAs HeMEPEMEHHbIX U KXOPOLLMX» KAACCOB 3BE3A

DR4: 2019

— KAACCMUKALMA MEPEMEHHbBIX 3BE3A

— obbekTbl COAHEUHOM CUCTEMDI

— KpaTHble 3Be3Abl

Final DR: 2022 (+3 roaa nocae koHua K2)
— MOAHbIE ACTPO-, POTO- M VI-KaTaroru

— BCE MePEMEHHbIE 1 KPATHbIE 3BE3ADI

— KAaccudmKaumsa + napamMeTpbl

— 3K30MAAHETHI

— 3MOXM U TPaAH3UTbI AAS BCEX MCTOYHMKOB

— BCe Ha3eMHble HabAIAEHNS 13 MporpaMmbl conpoBoxaeHus Gala



Cnacunbo
3a



