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MICADO Science Themes
• Dynamics of dense stellar systems 


• Growth of Black Holes, small to intermediate mass


• Super-massive black holes in galaxies and  the centre 

of the Milky Way, imaging & spectroscopy


• Formation and evolution of galaxies in the early 

universe, imaging and spectroscopy


• Star formation history of galaxies through resolved 

stellar populations, accurate photometry


• Galactic Archaeology, stellar spectroscopy


• Planets and planet formation, HCI


• The solar system.



The Power of Resolution…

HST @ 1.6 µm, 140 mas≈

HST@500nm, JWST @ 1.6 µm, ELT @ 10µm, 50mas≈

ELT @ 1.6 µm, 10mas≈

M49

Deep et al. 2011
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JWST ELT



Resolving giant elliptical galaxies in nearby clusters

10 galaxies

3 galaxies, 11 more to come



Virgo cluster…

Anand et al. 2024a



Virgo cluster…

Anand et al. 2024a



Virgo cluster…

Anand et al. 2024a

Virgo distance:  Mpc16.17 ± 0.25(stat) ± 0.47(sys)



Anand et al. 2024b

Fornax cluster…HST@800nm (70mas)

JWST@1µm (30mas)
ELT@1µm (5.4mas)

NGC1404

Hoyt et al. 2021

34 orbits 2.7hrsS/N>5
~22.7hrs

S/N>5



Anand et al. 2024b 

Fornax cluster…



Anand et al. 2024b 

Fornax cluster…



Anand et al. 2024b private communication, Gangandeep Anand 

Fornax cluster…



Anand et al. 2024b Deep et al. 2011 

Fornax cluster…



Larsen et al. 2018 

Globular clusters…

G280 in M31

HST/ACS/F814W, 17 x17 

Fuentes-Carrera et al. 2008 

′￼′￼ ′￼′￼



Different types of galaxies can be resolved



~5Mpc

NGC253 - the nearest starburst galaxy, 3.7Mpc

Star clusters & galaxies…



Slide from Natascha Förster Schreiber



Dwarf galaxies in the Local Group

Bullock	&	Boylan-Kolchin	2017

…few	stars,	lots	of	dark	matter…

>90-95% dark matter



Need accurate proper motions & line of sight velocities of a large sample 
of stars to investigate the properties of Dark Matter.

Without proper motions: 
mass-  degeneracyβ



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

The Power of Resolution

0.
3a

rc
se

c

0.3arcsec

HST, WFC3, 0.13arcsec pixels

2.3x2.3 pixels, red diameter, 2.5pixels

H JWST, NIRCAM, 0.03arcsec pixels

10x10 pixels, red diameter, 3.2pixels

                       blue diameter 1.6pixels

0.
3a

rc
se

c

0.3arcsec

H, I

0.3arcsec

0.
3a

rc
se

c

MICADO, ELT, 0.0015arcsec pixels

200x200 pixels, red dot, diameter, 12pixels

H

FWHM ≈ λ/DDiffraction limited



Dynamics of dense stellar systems σPM =
σ2

pos1 + σ2
pos2

Δt

Massari et al. 2018

Sohn et al. 2017



Dynamics of dense stellar systems

Massari et al. 2020

Sohn et al. 2017 30 x 30 arcmin

ACS/WFC

200 x 200 arcsec



Dynamics of dense stellar systems: Draco dSph galaxy

Massari et al. 2020



Wright et al. 2014, SPIE

Greene, Strader & Ho 2020

Finding Black holes in small systems



Finding Black Holes: Omega Cen

Häberle et al. 2024 Nature
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SPHERE median contrastMICADO Lyots

MICADO SAM

MICADO vAPP

MICADO SCAO: exo-planets

MICADO Lyot coronagraphs:

30 mas to 100 mas: 10-4-10-5

100 mas to 1000 mas: 10-6

> 1000 mas : 10-7-10-8


MICADO long-slit:

Atmospheric characterization 

>200 mas ? For 10-5-10-6


MICADO SAM:

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


MICADO Apodized Pupil (vAPP):

25 mas to 100 mas: ~10-5 ratio 

Slide adapted from Pierre Baudoz

First AO instruments on 8-10m Tel. + 
SPHERE, GPI, SCExAO:


Mostly warm Jupiter around young stars


Mass estimate from theoretical models

We need to fill this discovery 
space to reach RV planets 

Langlois et al. 2021



SPHERE (2hr in K2, Zurlo et al. 2016)
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MIRI/JWST. Boccaletti et al. 2024

F1065C F1550C F2100W

Simulation example: getting closer and fainter
MICADO (1hr), part of the full FoV

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

HR8799 model

Slide adapted from Pierre Baudoz

JWST@10 mμ

VLT@2.2 mμ
ELT@2.2 mμ
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The End


