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PECO overview

� 1.4m diameter off-axis telescope
� 0.4 – 1.0 micron spectral coverage / R~20

PECO is one of the “probe-class” (<$1B) NASA-funded Advanced 
Mission Concept Studies.

High contrast coronagraphic 
imaging of the immediate 
environment of nearby stars.

Characterization of planets and 
dust in habitable zone



Optimal use of photons from 
0.4 to 1.0 micron, for both 
wavefront control and science

- Common detector for WFS 
and science
- Dichroics
- EMCCDs
- PIAA coronagraph
- CLOWFS

Dichroics for science (R~15) 
and wavefront control / 
coronagraphy

Full angular resolution



PECO conceptual layout (LMC)



Utilizes lossless beam apodization with aspheric optics
(mirrors or lenses) to concentrate starlight is single diffraction
peak (no Airy rings).

- high contrast
- Nearly 100% throughput
- IWA ~2 l/d
- 100% search area
- no loss in angular resol.
- achromatic (with mirrors)

More info on : 
www.naoj.org/PIAA/ Guyon, Pluzhnik, Vanderbei, Traub, Martinache ... 2003-2006

Use of highly efficient PIAA coronagraph equivalent to x2 
gain in telescope diameter

http://www.naoj.org/PIAA/
http://www.naoj.org/PIAA/




Lab results with PIAA coronagraph + FPAO
with 32x32 MEMs DM

See also results obtained at JPL HCIT & Princeton
So far, these results are obtained at <1 Hz: making FPAO run at ~kHz

is challenging (detector, algorithms)



Next important step is 
to test PIAA 
coronagraph in High 
Contrast Imaging 
Testbed @ NASA JPL

New refractive PIAA 
optics which are being 
polished for this 1e-10 
polychromatic contrast 
test (Funding: NASA 
Ames)



Science is steep function of telescope diameter
PECO design could be applied to larger telescope size

PIAA Coronagraph allows imaging of Earths/SuperEarths 
with probe-scale mission



PECO one day image in 0.4-0.5 micron 
band of an Earth/Sun system analog at 
4.5 pc  

Illustrates:
- very high SNR detection of exozodi
- risk of confusion with exozodi
- risk of confusion with other planets
“Earths” are at limit of PECO
super-Earths are significantly easier
- High contrast needs to be maintained 
at 1e-10 

A “difficult” PECO target



PECO’s goal is to image and characterize nearby exoplanetary 
systems (Planets + dust) down to Earth/”SuperEarth” mass

•deep survey: 
50 targets (~2/3 of observing time)
•large survey: 
+150 targets (~1/3 of observing time)

Spectral characterization at R~20

-> Planets orbits, colors and map
of exozodi cloud
-> understand planetary systems
architecture & habitability



What can we learn about exoplanets 
with PECO and other missions ?

Radial Velocity, Astrometry PECO

Orbit
Mass

Brightness
Spectra
Variability
Exozodiacal dust

Constraints on planet size, internal structure
Atmosphere composition, temperature
Planetary system dynamics, history & evolution



Technical challenges
Coronagraph -> Manufacturing, Wavefront control

Pointing stability/calibration

Telescope wavefront stability

vibration isolation & good thermal design

drift-away orbit

Detectors

~zero readout noise visible CCD are now available
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9.5 PIAA optics sets made so far:
1 refractive PIAA system, diamond turned plastic  [NAOJ]
2 reflective PIAA systems, Nickel-plated diamond turned Al (1 design x2) [Axsys]
6 refractive PIAA systems, diamond turned CaF2 (3 designs x2) [Axsys]
+ 1 reflective PIAA system, Zerodur, currently in manufacturing [Tinsley]





Subaru lab experiment
co-funded by Subaru/NAOJ & JPL





4 mm pupil size





Lab results with PIAA coronagraph + FPAO

Step 1: phase diversity -> DM correction



0.4 mas pointing 
accuracy

0.13 mas pointing 
knowledge



Guyon, Matsuo, Angel, 2008 - to be submitted
Can also be applied to phase mask type coronagraphs (Matsuo & Guyon, in preparation)



Why a central dark spot?

(1) Signal amplification
(2) Accurate reference












