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Ground vs. space, not a fair comparison?

*Direct imaging of high contrast objects:
* Huge contrast ratio:
= Earth-like exoplanet: 107 (10um) & 10'° (vis.)
* High angular resolution
 Small inner working angle
* High dynamic range
* \Wavefront quality

i
'n
&
g
5
=
O
R
o
-
o
2
QL
=




Ground vs. space, not a fair comparison?

Before

*Direct imaging of high contrast objects:
* Huge contrast ratio: —>» SPACE
= Earth-like exoplanet: 107 (10um) & 10'0 (vis.)
* High angular resolution —» OK :
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Ground vs. space, not a fair comparison?

Today

*Direct imaging of high contrast objects:
* Huge contrast ratio: = OK
= Earth-like exoplanet: 107 (10um) & 10'0 (vis.)

. ngh angular resolution = OK
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JWST/ MIRI

* Mid-InfraRed Instrument (5-27um)
* FQPM Coronagraph. @ | |.4pm

* /D = 0.36”

* FOV = |5”

MIRI Allocation
4QPM

MIRIM FO‘.' 15 5;”“

4QPM

Imager 11.4pum
4QPM

10.65pm

Lyot Mask
Low Resolution 23um
Spectrometer

Medium Resolution
Spectrometer




VLT/SPHERE

* Extreme adaptive optics (XAQO)
* FQPM Coronagraphs @ |.6um
* A/D = 40 mas

* FOV = 5.5”

Chauvin et al. 2005




E-ELT/EPICS

* Vis-NIR imager and spectrograph
* Extreme adaptive optics (XAQO)
e Coronagraphs (0.95-1.65um)

* A/D = 8 mas

e FOV = 0.4”
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Performance comparison around
young MS K-M stars

Most abundant stellar type
Planetary systems not well known

® Planet formation/migration similar to Sun-like stars!?
Currently a hot topic
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Why young main sequence stars?

“Main sequence”
® Thick disks have disappeared
® Planetary systems mostly formed
“Young”
® Planets are still warm and luminous == easier
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Evolutionary models

Hot start
Baraffe et al. 2003

Core accretion
Fortney et al. 2008
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Simulations




Simulations

|.Age, distance and magnitude




Simulations

|.Age, distance and magnitude

2. Coro. profile = contrast




Simulations

|.Age, distance and magnitude

2. Coro. profile = contrast

3. = Companion magnitude




Simulations

Pleiades
°

|.Age, distance and magnitude

Tuc/Hor

MIRI MOV, 10pc, 12 Myr, Ih

2. Coro. profile = contrast

3. = Companion magnitude

SPHERE spectral band —0.5 MJup
I MIRI 1st spectral band ===1MJup

MIRI 2nd spectral band

MIRI 3rd spectral band

" 6 MJup
=='7 MJup
—8 MJup
===9 MJup

Absolute Magnitude

4. Evol. model = mass
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Simulations & assumptions

MIRI MIRI MOV, 10pc, 12 Myr, |h

® Reference subtraction
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Simulations & assumptions

MIRI SPHERE GOV, 24pc, 12 Myr, 1h

10

® Reference subtraction

107

_ 1

SPHERE b

107

® Reference subtraction
® Ref subtraction + SDI



Simulations & assumptions

MlRl EPICS MOV, 10pc, 12 MYr, |h

® Reference subtraction

SPHERE

® Reference subtraction
® Ref subtraction + SDI

EPICS
® Ref subtraction + SDI + Pol.




Sample and sensitivity for MIRI

0.2” 0.5” 1.0” 2.0”

Dist | Age Sp v a M a M a M a M
(pc) | (Myr) | type AU |[Mjup| AU |Mjup| AU Mjup| AU | Mjup
12 |MlVe | 88 | 2 050 5 |030| 10 | 0.16 25 | 0.10
210 | 8 | M3Ve 122 4 | 040| 11 025 21 019 53 | 0.16
nass 210 s s 152 4 03 1 02 21 o1 5 on
236 12 | M4 |122 | 5 | 050 12 030 24 021 59 | 0.20
CD-571054 | 263 | 12 | M0/ 100 5 | 0.80| 13 | 050 26 025 66 | 0.23

V10050ri | 267 | 12 |MO5V| 101 | 5 | 0.80 13 | 050 27 025 67 | 0.23
WA 12 320 8 MiVe 129 6 080 16 045 32 026 80  0.25
crososms 314 12 wwve 127 s 0% 1o os2 3 oz 7 0z
WA 7 380 8 | M2ve 117 8 090 19 | 052 38 | 030 95 | 0.28
GJ4020A | 240 50 | MO 102 5 | 200 | 12 |1.10 24 | 0.60 60 | 0.50

GJ 9809 249 | 5 10.9 5 200 1 110 | 25 | 0.60 | 6 0.50

0 MO 2 2
Crue w75 30 wove 115 7 170 19 0ss 37 oss 94 050




Comparison with NIRCam

MIRI better than NIRCam for planets <|.5” (~40AU)
Only MIRI can access planets <0.8” (~20AU)

MIRl vs NIRCam at 1 arcsec MIRl vs NIRCam at 2 arcsec
Y I T T TP T T T T L T LR, T - R Wy B e T s S e TS~ e N e T et
© : MIRI (I1.4pm) - O : MIRI (l1.4wn)
1.0F A : NIRCam (4.6um) AA 1.0 A : NIRCam (4.6um) |



MIRI vs SPHERE

Most M stars too faint for SPHERE’s AO
SPHERE competitive with MIRI <0.5”

0.2” 2”

10° - - 10°

(O SPHERE 1.6 um (ADI) O SPHERE 1.6 um (ADI)
- | Ll sPHERE16um(sD) || . | O SPHERE 1.6 um (SDI)
| A EPICS 0.95-1.65um (SDI) |l ; | 7 MR 1.4 um (ADD)




MIRI vs SPHERE vs EPICS

Most M stars too faint for EPICS’s AO too
EPICS always more sensitive

EPICS FOV = MIRI IWA
0.2” 2

10° : : 10° : - - -
(O SPHERE 1.6 um (ADI) O SPHERE 1.6 um (ADI) :
- | L] SPHERE16umeDY) ¢ | []SPHERE1.6um(sSD) ({




Ground-based L band coronagraphy?
Why?
* Strehl much better
* Background still OK

* IWFS => Fainter stars
* L oss of angular resolution = phase mask coro.
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Conclusions
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Conclusions

- Today, ground-based facilities are competitive
- Dedicated space-based coronagraphs must focus on
aspects that cannot be done from ground
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