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MICADO Seience Themes

Structure of distant galaxies Proto-planetary discs

® Dynamics of dense stellar systems Eﬁ

e Growth of Black Holes, small to intermediate mass L il
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® Super-massive black holes in galaxies and the centre
of the Milky Way, imaging & spectroscopy | g i

gs of galaxies

e Formation and evolution of galaxies in the early

universe, imaging and spectroscopy

e Star formation history of galaxies through resolved
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stellar populations, accurate photometry

e Galactic Archaeology, stellar spectroscopy
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A number of features in the J- and H-band are suitable
for abundance measurements from spectra of red giants/
supergiants (e.g. Larsen et al. 2008; Davies et al. 2010).
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Dissecting the Most Distant Galaxies
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>90-95% dark matter
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Need accurate prOper motions & line of sight velocities of a large sample
of stars to investigate the properties of Dark Matter.

« _  Dynamics
Mass distribution
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iffraction limited FWHM ~ A/D
%mee/w &sﬁ%fm B

HST, WFC3, 0.13arcsec pixels ’ JWST, NIRCAM, 0.03arcsec pixels MICADO, ELT, 0.0015arcsec pixels
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10x10 pixels, red diameter, 3.2pixels

2.3x2.3 pixels, red diameter, 2.5pixels blue diameter 1.6pixels

200x200 pixels, red dot, diameter, 12pixels

Average accuracy of measuring a position of a star with a properly sampled PSF is 0.1 — 0.01 pixel




Systemic PMs Internal PMs

2 2
Dananies /A@ A ol - (v

T i = ¥ 5 7 T T T ™ T v D 5 T
E——— SCulptOFdSph 2 T war a) // 1 -ses} b) )
36'00.0" : '4 Ay | 4 : -k - aip // | Ll / ]
- 0 . L '  - g_mu ! / V / 1 -sam} ;—'k&’ .
e " ; A:v\.\_\.;‘ Co B -. o -33.06 - / J 1 al * N ’_i—. / -4
3 33.88 / / sansl ]
SOH;nvét-al."ZOTA? : -(: e -. » o - L J| 5 SR WY S/ — al — I T e .
e T > ommoo.ocs ' R.A. [deg] | R.A. [deg]
Absolute proper motions Internal proper motions
* How the entire system moves * How stars move within the system
* Easier to measure * difficult to measure
* Large number of stars help * sig(PM)[km/s] < velocity dispersion
* sig(absolute) = sig(single)/{N

Massari et al. 2018




Dunanics /@@Jf%/ /erm

Draco dSph

Dec (J2000)

06'00.0"-
18
.. X 3 . . Sl .

' SR, & o 2 ACS/WFC
+58°00'00.0"{ ; 5 00 . 200 x 200 arcsec |
2.0 :

Ed
48'00.0"- o

. ¥, L

. ..

. -«

+57°42'00.0" : Sl
] " 30x30arcmin |-
| Sohn et al. 2017
" " 3000s  21m00.00s  3000s  20m00.00s  30.00s  19m00.00s17h18mM30.00s
RA (J2000)

err(u,) [mas/yr]

err(u, cosé) [mas/yr]

Uncertainties Gaia+HST
Uncertainties from Gaia

PRNETEN SR SR

| L B

e L by bl

: .

- . o

i oo .

o S .

: . ° ..o. . . . R . 0.: e .

- - -t -%- —.*f"‘f‘”‘.?"?"”?wt.‘:-!.i T T 5
19 20 21

G

Massari et al. 2020




Dianics / Lo stller sustens: Daces %%y

oR=11.0*%tkm/s 0T=9.9 *53km/s

0los=9.0+1.1 km/s

Orag [km/s]

Otan [km/s] Olos [km/s]
v
I/ /"// \
0.6 1 yL /8 0.6
|
‘\
0.4\ 0.4 \‘
|
021\ \ 0.2 “
\\ |
009\ 0.0 |
- |\ | ‘|
-0.21 0.2
044 || TR -0.4| «
\y' ‘.\ 1
\ \
0611y |\ 064 !
Vl \I 4“
I‘ \‘ \ |
08{1211 ! 0.8 ‘
\‘ |
.29 | |
-1 T - T T 7 T T -1 T T T T T T T -1 T T T T T T T
6.2 8.7 11.2 13.7 16.2 18.7 21.2 23.7 6.2 8.7 11.2 13.7 16.2 18.7 21.2 23.7 6.2 8.7 11.2 13.7 16.2 18.7 21.2 23.7
Vmaxlkm/s]

Vmaxlkm/s] Vmaxlkm/s]

Massari et al. 2020




Fm@ Black folos wsm@meJ

:I T T LI "]I T T T 1T "]I T T T 17T "ll T T UL IUII T
LMC
l M32 |
A I
N5102
10°F ® || 3
: N5206 ®§ N439‘]5 ]
- I Fornax : ! 4
E® ; wCen UMi l . ‘ ‘
< b Ne3ss | i |
o0 - ] 1
S ¢ M54 " |
N205 ]
\
|
102 N6397 )
| 1o vl 13 vl 1o vl 1ol 1 :
103 102 10! 100 10!

D (MPC) Greene, Strader & Ho 2020




Fw@ Black Holes: Oneg Ce

S s /
» .
Likely Location of

-
Black Hol
- " PR
. ‘. "

e

0.1 Light-year
.

Héberle et al. 2024 Nature




MICADO SCAO: @Cm/@m

MICADO Lyot coronagraphs:
30 mas to 100 mas: 10-4-10-5
100 mas to 1000 mas: 10

> 1000 mas : 10-7-10-8

MICADO SAM:
3 mas to 25 mas: 10-3-10-4 ratio

MICADO Apodized Pupil (vAPP):

25 mas to 100 mas: ~10-5 ratio

MICADO long-slit:
Atmospheric characterization
>200 mas ? For 10-5-106

Flux ratio to host star
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Solar sytem planets at 30 pc

Transits (reflected light)

Radial velocity (reflected light)

Direct imaging (emmited light at 1.6 pm)
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First AO instruments on 8-10m Tel. +
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Mostly warm Jupiter around young stars
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Simulation example: getting closer and fainter

MICADO (1hr), part of the full FoV

SPHERE (2hr in K2, Zurlo et al. 2016)

2 HR8799 model
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-2 MICADO : 1 hour observation. Turbulence
averaged over 30s (120 images). No NCPA, K band
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