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SEICA: Second-generation Exoplanet
Imaging with Coronagraphic AO

MEXRER (GRERKE)




Direct Imaging

e Self-luminous planets around young systems
- Only 10 planets (candidates) reported.
- Contrast: <10° => self-luminous planets

- Angular separation : > 0”.5

HR8799 (A-type) B Pictoris (A-type) GJ504 (G-type)
(Marois et al. 2010) (Lagrange et al. 2010) (Kuzuhara et al. 2013)
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Yamamoto, Matsuo, et al. 2013
Yamamoto, Matsuo, in Prep.
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Gemini/GPI, VLT/SPHERE,
Subaru/SCExAQ, Palomar/P1640
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* B Pictorisd % EIR12,

* Inner Working Angle (IWA)
- F 1A (VLT/NACO): 0”.4
FE21 4t (GPI): 07.2

m

VLT/NACO D & {& GPID T 7—ALS A MEE
Bocaletti et al. 2013 (http://www.gemini.edu/node/12113)
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(300052 FAO0) (600%FAO0) Skemer et al. 2012
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Contrast

Limitation factors at IWA

(e.g., Guyon 2005; Fusco et al. 2006)
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Temporal error
+C, +C . +C

fitting temp noise

T ...

chrom

Phase when WF sensing
Residual Wavefront (WF)

: VT:
Wind velocity :V ie—>!

Primary Mirror

P Left: T~10msec. Right: T~1msec
Phase when WF corregtion :

T: Time difference between sensing and correction

V: wind velocity "



Limitation factors at IWA

(e.g., Guyon 2005; Fusco et al. 2006)
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Wavefront Sensors

OC

* Type of sensor:
- Slope sensor: SHWFS, Modulation-pyramid
- Phase sensor: Non-modulation Pyramid,
Zernike ...

LBT EXAOGDHR8799
(Skemer et al. 2012)

m Sensor Type Sampling rate

Palomar/3000 SHWEFS 2kHz

LBT/PISCES Pyramid with 2-6A/D modulation.  1kHz
- Slope sensor (<2-6 A/D)
- Phase sensor (>2-6 A/D)

Gemini/GPI SHWEFS 2.5kHz
VLT/ SPHERE SHWEFS 1.2kHz
Subaru/SCExAO Non-modulated Pyramid 1.7 kHz



Slope sensor vs. Phase sensor

* Slope sensor Low-order wavefront
Low sensitivity to low-order wavefront error Slope senso,”
> 10
=>» large IWA = |
= Phase sensor
G |
Q J
v |
* Phase sensor | L

- Small IWA but low dynamic range
=» NEED another sensor

Spatial frequency
(Verinaud 2004)

i k7] Dynamic Sensitivity to Low
range order Wavefront

Slope SHWEFS, Mod- >> A\
sensor pyramid
Phase Non-mod-pyramid  ~ 1A O A

sensor (Ragazzoni+1999)
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Contrast

Limitation factors at IWA

(e.g., Guyon 2005; Fusco et al. 2006)
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Kyoto High Contrast Imager

Difficult
. ol \
First gen. AO (e.g., AO188) = ® “Kyoto AQ (Goal)
(- \
- frame rate: 1kHz e >
- min. correction scale: 50 cm L;L x 4 Technical
56 3 e ‘
Kyoto AO §8 2 %
; 5 1 ®b 3
- frame rate: 5kHz E 0 Easy
- min. correction scale:5cm & & | 100
=» Contrast: 10°at 1.5A/D Minimum correction scale (cm)
. 7
(for GPI: 107 at 3A/D) a: Subaru/A0188 (NAOJ), b: VLT/SPHERE(ESO)

c: Subaru/SCExAO (Arizona Univ.)
d: Palomar/PALM-3000 (Caltech)
e: Gemini/GPI (Stanford Univ.)



Conceptual design

Telescope

=~ Low-order

—-— Coronagraph

AO

Temperature fluctuation: <50mk
Vibration controlled

Sensor

=
High-order —

AO

WF measurement
on science detector

---------------------------------------------------------------------------------------------------------------------------

MKIDs in future !
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