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Gaila Measures Absolute Parallaxes

Stellar parallax: Measuring the distance of stars

Earth’s position in June
e _

Earth's | Parallax angle [p Distant
orbit = ‘fixed’ stars

’ .. o December
i . view
Earth’s position in December

Source: University of Virginia

spin . star #1
axis

star #2

Parallax 1s directed along a great-circle from the star to the Sun. Generally, the observed angle
depends on both parallaxes but for some measurements 1t depends on the parallax of #1, but
1s independent of the parallax of #2. This allows absolute values to be disentangled.



Gaia DR11n 2016

NGC 4449 M3 M53 NGC 4153
51 NGC 5466 NGC 5053 Leo i Galaxies

Open clusters

/ / M101
Globular clusters

IION Stars o

2
Ursa Minor
oSph NS NGC 5634
NGC6229  M13 '
NGC 2403 Oraco dSph M2 Mo
: i NGC 2419
NGC 5897 NGC 5694
NGC 188 M2 NGC 3109 NGC 2420

X NGC 1851
SMC
M30 47 Tue .
NGC 362
NGC 1261
IC 1613
Fomax
NGC 55 p-
NGC 300



Gala DR31n 2020/22

1.8 Billion stars




Science Cases

Voyage 2050

Final recommendations from

1. Addi ng NIR astrometry and Photometry to Probe the the Voyage 2050 Senior Committee

clgnamica Yy imPortant hidden regions of the Galaxg giving

up to ] billion stars. Going c:lee]:)er could give 50+ billion
stars (725% and the most detailed map of the Galaxg)

2 Combining GaiaNIR with up to 25 billion common stars from
Gaia with a 20 yr time gap would give much better PM’s

3. Rese’tting the Gaia oPtical RF and catalogue. ExPansion of
the oPtical RF to the NIR is super imPortant

https://linl<.springer.com/artic!e/lO.1OO7/510686~021~O¢7705~Z
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https://link.springer.com/article/10.1007/s10686-021-09705-z

Science Cases

Voyage 2050

Final recommendations from
the Voyage 2050 Senior Committee

ht’tps://linl<.slpringer.Com/articl@/lo.1007/510686~O7_1~O%7705~z

b hton Aispersion s[:)ectra for most of the stars

a5 Aclclinga radial VClOCit9 spectrograph could give vast
‘ numbers of RV’s. A lack of RVs is one of the biggest
observational issue in Galactic astronom9 but would

increase the costs and data rate signiﬁcant|9

A cleep RV survey ot a billion objects (ata< cost)

s e T AR AR e Tt


https://link.springer.com/article/10.1007/s10686-021-09705-z

Ranoearcsec iir "PNVs s

For Gaia DR5 after ~10 years (assuming GaiaNIR has the same accuracy)

2050

Positions

12.8=0.80+ and 11.2=0.70x uas An earlier launch will increase the PM uncertainty

P ti ¢

o Euclid, Roman, e e

The combined uncertainty with AT=20+5+5 is aﬂCl JASM I N E

1/2 5
| & to o Provxcle NIR stars
000 —
e AT | Second Epoch
When using a joint solution we get the weighted mean of all three measures. A ZO year gaP GalaNIR ]O\ljl‘ (205(»
0,0 is also independent as positions are independent in their respective catalogues
, : \ 12 L
D = (%0 1; S g 0 )
2025
0, » = 0.59 pas yr-1
= 0.52 - /
Ot o 2020 A factor of 21 times better for PM’s
First Epoch Gaia 10yr .
. J compareci to Gaia DR4 and a factor of
(2020)
2015 8 times better than Gaia DR5 giving

nano-arcsec PMs 1Cor common stars

i\ i e e e G - e T e e S T T T ) ey s AR ey WA~ s — S w?




Early Gaia-GaiaNIR Joint PM Catalogues

For Gaia DR5 after ~10 years (assuming GaiaNIR has the same accuracy)

Positions
12.8=0.80+ and 11.2=0.70x uas but scaled to 2.5 years

Ref. Epoch 2046.25 79

Proper motions

4.64=0.290+ and 4.0=0.250+ uas but scaled to 2.5 years EUCI lCl) f{C)rnaﬂJ 2045
The combined uncertainty with AT=20+5+1.25 is =3 ﬂCl JASMINLE

)1/2

4

= & o, Provicle NIR stars
z AT |

When using a joint solution we get the weighted mean of all three measures

O-,uO Second EPoch

The firstaccurate Gaia-GaiaNIR Joint GaiaNIR 2_,59;* (Ref

solution Ewoulci use Oy and data up to EPOCIq 2046.25)
T T . -
o = 0.—2 41 6_2 + 0.—2 L _ 208/ L Oy = 1.06 pas yr-1
U u0 Uy U Joint Ref Epogg ;gr1a205curate release

o, = 0.93 pas yr-!
2025

Two earlg FPM catalogues

Ref Epoch 2020

A1 lgnoring commissioning time the first crude
: : of up to 2.5 billion sources
First EPOCh Gala I0yr P 0 (=6 month) Gaia-GaiaNIR cataiogue would
(2020) could be released after 6 use Oy and data up t0 2045.5

2015

months and Z o years of 6, + = 2.09 pas yr-!

, ] .
oPeration T S WL

s T T YT TS T T T S o o o TR T e
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Catalogue Ageiﬂg

e e i Rae sham e S

101'§
S
s The Positional uncertainty of the catalogue will clegracle :
due to PM errors ~ rec]uiringa new mission to correct 2
: ] — G=14.0 G =18.0
G=15.0 - G =19.0
the catalogue. =k T |
10 1900 1QIZO 19l40 19I60 19I80 ZOIOO 2020 20I40 20I60 ZOISO 21I00 21I20 2140 :
* Without GaiaNIR astronomy will be held back after 20 o e ‘
Joint Gala-GalaNIR
968 I's 101 - . (Cposn + Opos) ' Oy = (%_02 T Gaczu'a N GagiaNlR)_Uz f‘
N ” N 2035 "
8  stronv saencecase is fo expand the Gaia RF to the g 100 \/
s
NIR increasing its clensitg in obscured regions for use in 3 mls/
future observational astronomg 3 \?
< 1072 i — c=140 G =18.0 |
] G =15.0 - G =19.0
G =16.0 - G = 20.0
| — G=17.0
1073

Degradation of the astrometric unccrtaintg of the individual sources in the Gaia catalogue (toP Pane)

AR

1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100 2120 2140

Epoch

and of the common solution usinglO years of Gaia and 10 years of GaiaNIR data (bottom Pane)
ST i el S — e




Gaia DR3: Sky distribution of the 1.6 million Gaia-CRF3 sources.

AGNs per deg?




“Without question, the major stumbling block '
to constructing a believable dynamical model
of the Milky Way, the only galaxy where we
can hope to observe the full stellar inventory,

is the presence of dust. We need an infrared
version of Gaia to extend significantly beyond
where we are today.”

e e

v B e e i S

;
"( University of Sydney, The Sydney Institute for Astronomy (SIfA)

| 5Hunstead Lectures 2022: "Our Galaxy in the era of Gaia” by James Binney -
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The big sclience questions!

% Sy ; Gaia GaiaNIR
* A new mission can measure the hlclclen stars (Hubble Visible) (Hubble NIR)

. not seen bg Gaia! | . e e

| * NIR science cases lie in the Galactic Plane

(Bulge/bar/cli:éc) and star ?orming regions

] * Connections to ear|9 universe cosmologgl

g

| * Detter PM uncertainty wi | allow, for c

| * PMs of galactic streams can Probe halo DM structure;

* PMs in clusters can Probc their halo DM;

Long Periocl binaries and exoplanets (solar o

system ana ogues)

+ GaiaNIR wil map the Galaxg and answer big

> . - -
i i, A o Sl R S R e e e s e




~ GaiaNIR is based on a off-axis £=35m Korsch ’CCICSCOPC as Is Gaia,
 butdiffers in:

GaiaNIRSmall

—

he mirror surfaces are simple COnICS

+ FEach entrance Pul:)il is at a flat Folcﬂing mirror in front of the
Primarg

e s AT T A A T T PP O S S Ty TR R Ty VI e 8

b
Figure 5-34: GaiaNIR optical surfaces and the light path |
Lo

S L IR i s 3 o i ka5 s i g e G N i

o The oPtical Path of the telesco[:)e IS composecl of:

A i

) Primarg mirror

s 4x Flat mirrors: -
I Al the entiance PuPil L cleﬁning the BA)
2 I:olcing mirror (after the exit PuPil) b

;

] Seconclarg mirror

< Tertiarg mirror

5. At the exit Pupil (cle~s]:>in mirror)

o TR T T T e . o A e W T E T : . . e AN - T "‘""’*"‘"“"—-"’j

Figure 6-2: Gaia-NIR Spacecraft main elements




GaiaNIRl_arge
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Fig 2.1: Pa ation of the //l[ the etric instrument in [l/ /lu_«//h
D N / ! 11/ obscuration u/mz, 1/ perpe 1 l l n H is set by the

s e .~ Drawing not to scale

Mission Resolution

Gaia (Amic=700nm) |0.12°
with D=1.45m

GaiaNIRwedium 0.24”
(Azf=1550nm) with D=1.7m Two Improvements
BA « double the width of flat BA mlrrors

* a segmented primary mirror

GaiaNIRLarge 0.11”
(Amia=1550nm) with D=3.5m

Folding Mirror

Primary Mirror (MI)]
Tertiary Mirror (M3)}—\ /

Rotating error

,_

*
*
*
0
*
y 3

The resolution andparallax errors
are inversely proportional to the | =
length of the primary mirror Dmax |

A Dmax = 3.5m ¥

Design
O-’IU X Gaia NIRSma” |Secondary Mirror (M2)|

Figure 5-34: GaiaNIR optical surfaces and the light path



We will propose GaiaNlRLarge

* A Primar9 mirror of 3.5 m may mean a larger taurus than for Gaia T

. Falcon Heavy 5./ m

» Gaiahastwol45m primary mirrors sides bg side so not much smaller . Souyuz Fregat-MT 3.8 m

Gaia had a launc

deployed) of ap

When stowed for launch, Gaia was much sma”er,

measuring 4 4 meters tall and 5.8 meters In diameter

h diameter (with the sunshield

Droximatelg 10 meters

Aim for launch on Ariane 6

Soguz f:regat~55 5.875m
Ariane 6 5.4 m

SPaceX's Starship om

2 configurations

riane A62 (2 boosters) = 5.0t GTO
500t lift-off mass

800t thrust at lift-off

ual launch system
SMEZYCERNEEVEN Ariane A64 (4 boosters) = 10.5t GTO
Upper stage “ULPM” 900t lift-off ik
30t LOX-LH2 1500t thrust at lift-off

Common booster with Vega-C first stage
35 per year

|“(--esa Vega-C | N



§LmAPDs amplify (avalanche gain of >100x )and measure signals in photon
, Py & > .

Detector Statier

ltalian owned Leonardo UK have small APDs with high Frequencg readout

starved environments and are Peﬁcect for faint astronomical aPPlications

GHz readout devices are Possible for TDI operation but we onlg need kHz

| For Wavelength cutotf we choose 800-2500nm to avoid thermal noise

|

4
$
{
i

5
!
u
i

B
i
3
!
¢

' Studies of the detectors are now ongoing in the UK

s e I S

The SAPHIRA is a 320%256 pixel linear-mode
avalanche photodiode array capable of ‘noiseless’
readouts via an upstream signal multiplication of
several hundred.
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| eonardo Detectors

Leonarclo make a range omc ciigerent Actectors

GalaNIR rec]uires o hig

but we require a detec

Update of LmAPDs for low background flux applications

5 Frec]uencg readout whic
or of about A 1021 Pixe

connected in sequence and use image stacking in software.

Dimensions

512x512/24pm

1024x1024/15um

2048x2048/15um

Status

Detectors provided to consortium
partners for evaluation and
system development.

First science grade devices under
assessment

Prototype arrays manufactured

Collaborator

ESO, Max Planck and NCR

NASA APRA ROSES, University of Hawai'i

ESA

Current
Planned
Uses

Wavefront sensing for extreme
Adaptive Optics (AO)
Over 2000 frames per second.

Extreme low dark current applications

Earth Observation

1S onlg Possible with the Saphira tgpe
s (18 x 24-um) so theg need to be

R DR

P 7 e
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o~

Leonardo Module Concept

Dlgltal readout can be xmplemented a”owmg ep) !:)9 CO~ addmg data in software or harclware

'\f; 1 Detector with 9 LmAPD sub-detectors
= 3072x3072 pixels
18 x 24 um

.I‘
%

¥ .'\ .‘ o\

T Ty T N £ S S T e TR Ty <O, Mg Pt L S Kb :

2 . N A L iy § A SR A . OIPTR A

| Quantum Efficiency and wavelength
e uantum Ciencg and wave Cﬂg ra nge LmAPD array LmAPD array LmAPD array
: 1k x 1k 1k x 1k 1k x 1k

. 4 *

AR coating Frame stacking

Briglﬁt stars migl’wt be handled

in S/W to avoid saturation?

LmAPD array LmAPD array LmAPD array

1k x 1k 1k x 1k 1k x 1k

7.6 cmAC

No need for over-range block?

P-n junction
Multiplication region For GaiaNIR with 18 micron Pixels is read

N+ contact

every 1 8lms loro2 5 Hiz) and with 5072 LmAPD array LmAPD array LmAPD array
, = 1k x 1k 1k x 1k 1k x 1k
total TDI stages the combined time is 556 s

AP SEERVIRIN SIS SR

0.8 — 2.5 um —internal QE — 80-85%
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The Focal Plane & Filters

g < TP, -

Gaia Focal Plane . GaiaNIR Focal Plane 2
A< —— > Iél 800-2300nm 800-| I50-|400-I800-2300nmI:I - 800-1400-1800-2300nm I890-2020nm> '
A :
| . g
J = 7 _ r ; Q 7
3 > i
Els 3 > | 3 <
; : g g
: | _ § Jd = O O : - |
J. Q . Radial-Velocity ) 2 E} :
- = ¥ Spectrometer ﬁé & ¢
= L CCDs 3 o :
- — 2 s‘
W J. Star motion in 10 s o =
Sky Mapper Astrometric Field N 57 em AL 3
CCDs CD: . : 47 cmAL t
- awomery  getemen AN L o
» Linear Mode APDs are the most promising detector for GaiaNIR H LR o™ &
. Coo!ing strategy must be passive (T90K) |
s - Max wavelength - 2500 nm, blue stars (<800nm) are more cha“enging 48 0. 18 dispersion 12 BV dolectors
, , , A modul t I —
*  No SMs - track motion of stars instead to determine the FoV 3 e’;%t::;ﬁgx‘;a:‘gs;s:n'zg mf LELE e W/A‘W :
*  Filter Photometrg on astrometric field ]39 depositing filter material on detectors FoV/=0.72°x0. 72° oo [y | | ‘, ' | | m‘?
: , , , g | 11—
s Lowresolution spectra on a dedicated field for as’tro]:)hgslcal Parameters = °r i | |
Z I ’ ‘ I |
' 572 g i |
* AnRVS SPectrograph s a great oPPor’tunltg‘ N (' | |
[ I |
| N |
G A e 0= T 25
= e SN 0 TS & Al pum]

Example from VVV
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End Of Mission Uncertaint

11/2

|l
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pdet 1s the detection probability in a single transit;
o¢ angular uncertainty AL from one CCD transit [rad];
Ocal accuracy of astrometric or photometric calibration [rad];

N; is the number of instruments and m is a safety factor of 20%.

L) . ; : :
= o = Total integration time on object per sourcels]
s
NeA
s S = Integration time per CCDs]
W
where

w is the scan speed [rad S_l];

A¢ is the angular pixel size along scan [rad] and;

N¢ is the number of pixels per CCD in the scan direction [e—].

L = effective mission length (i.e. excluding dead time);

Q) = 1.2 deg® = detector solid angle per instrument

O — 1 .47(sz'n f ) = Sky averaged parallax factor

T PR

Flux (photons / m2 /s / nm)

i NiTpdet (G)

10000

(Ug " Ogal)

Spectra of the stars

8000

6000 1

4000 ~

2000 1

M\‘~.

1500
Wavelength (nm)

ukB1lV G = 12
ukA5Ill G = 12
ukG2v G = 12
ukMovV G = 12
ukK5Ill G = 12
ukM5slll G = 12
ukM10Ill G = 12

2500
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Detector Comparison (10-Yrs)

, Parallax error for ukM5Ill [§ = 45.0° ] , Parallax error for ukM5IIl [ = 51.5°] . Parallax error for ukM5IIl [ = 51.5° ]
104 5 104 5 104 5

861 uas

0.6 mas

=
o
w
=
o
w
1
=
o
w
1

299 uas

1 70 uas /
102 E

: pd

100 T T T T T T T T 100 T T T T T T T T 100 T T T T T T T T
6 8 10 12 14 16 18 20 22 24 6 8 10 12 14 16 18 20 22 24 6 8 10 12 14 16 18 20 22 24
G-Magnitude G-Magnitude G-Magnitude

Gaia Focal Plane

11.6|lmas
88 uas

102 E

Parallax error o, [uas]

Parallax error o, [uas]
= =
o o

= N

Parallax error o, [uas]

=
o
[y
1
=
o
[y
1

GaiaNIR Focal Plane

GaiaNIRwmedium Optics e GaiaNIRLarge Optics !
O :

| 2 r r Ny [ NH
I
Frl | ]
Pl

Radial-Velocity

Spectrometer

CCDs
— ¥
N

Star motion in 10 s o
Astrometry & lj Jl

Filter-Photometry

N

Nrvs

[

S(10)) ANM0I0N] AN|E
$(1.)0) 420NN | Py

LowRes-Spectroscopy

HighRes-Spectrometry (RVS)

mmio

Sky Mapper Astrometric Field Astrometry
CCDs CCDs

o
zzzzzzzzzzzzzzz

» Identical runs for M511] cool, luminous red glant giving a comParison between Gaia CCDs and GaiaNIR APD’s

4 s DO — 2

s  APDs shows a linear (Io@ increase in error with magnitucle comparecl with an exPoncntial increase in CCPs

I e T T A - W T " o O m‘j




Proper motion error g, [uas yr=']

ibindbaath

Combined Gaia 10Yr and Gaia 10yr
103 5 103 5
] ukB1V
ukAS5lIl -
ukG2V g
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ukMOVv =
ukM5lIl S
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Combined EoM PMs

G-Magnitude

GaiaNIRwmedium Optics

Combined Gaia 10Yr and GaiaNIRyegium 10yr

103 5
] =—— ukBlV
] ukAS5lIl —
ukG2v l;
3 —— ukKslil o 10°
] ukMOV 3
1 —— ukMmslil 5
—— ukM1o0IIl S )
1
it :
o
©
£
o 10°4
o ]
2
o
1 I 1 1 1 1 1 10_1
8 10 12 14 16 18 20 22 24
G-Magnitude
2 2 1/2
(GposN 5 O‘posG)
U/J() =

AT

GaiaNIRLarge Optics

Combined Gaia 10Yr and GaiaNIR;ge 10yr

] —— ukB1V

{ —— ukKslil

{ — ukmsiii

ukAS5III
ukG2v

ukMOV

ukM10lll

.
.
)
0
L y
.
4
[ ] /
L)
o
/
b
7
V4
) /
P
o,

8 10 12 14 16 18 20 22
G-Magnitude

5 5 5 —1/2
O <6ﬂ0 1 O 17 T )

'i'he combined EoM proper motion uncertainty estimates for a series of reference stars for Gaia (left), GaiaNIRwedium (centre) and GaiaNIR\arge

¥
|

(right). Note that the corresponding dotted curves show the corresponding results from the individual missions without joint solutions.

At least an order of magnitude improvement from combined solutions!
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GaiaNIRyedium 10yr GaiaNIR | 5rge 10yr
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Relative proper motion improvement
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Gaia 10yr GaiaNIRmedium 10yr GaiaNIRLarge 10yr

0-0 | 1 1 I‘ 0-0 1 | | N 0-0 ] ] 1 |
~——— Gaia G pang = 10.0 yrs ——— Gaia G pang = 10.0 yrs —— Gaia G pang = 10.0 yrs
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What will GaiaNIR Observe?

s Star count ratio between GaiaNIR and Gaia gives 5 times more

stars for a H-band limit of 20th mag and 6 times more stars for a
K-band limit of 20th mag

s 9590 l2Hto b billion stars for H or K-band cut-off’s

- A K-band cutoff with 15 Hillion stars makes more sense!

- tfFwe go2 magnitucles deeper than Gaia this would 9ield up to
95 billion stars or 50+ billion stars when crowcling IS

accountecl 1Cor

o The star count ratio estimates are currentlg being uPclated but

the galactic centre may have up to 10 million stars/degz

GajaNIR 1s not simplg an increment on Gaia but will create an

astrometric revolution in itself through it’s main science cases!
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GaiaNIR Summary e

For GaiaNIR APDs we get better astrometric performance for several reasons

= Broacler wavelength range more than compensates For longer observing Wavelength

= He mentecl MIrrors would double the resolution and co”ect more ho’tons but atacost
g P

- A massive imProvemcnt in uncertainty at the faint end withoutjoint solutionsj i.e. for all stars

The combinations of these im

lncluclinga SPectrograPh cou

| ower T’CBCI noise anci IOWCY’ backgrounci noise are game Changers gOf’ astrometrg!

brovements results in a new mission that can outpemcorm Gaia!

d gi\/e a &eep RV survey for a billion objects?
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