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PSF Subtraction Techniques
Quasi-static aberrations

t ~ exposure time
Image subtraction  

w. ti<<t2

t2

ti
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PSF Subtraction Techniques
Angular Differential Imaging

"Let the sky rotate"

Marois et al. 2006

Median 

Image subtraction  
w. median of ti

PSF 
library

Individual Image
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PSF Subtraction Techniques
Angular Differential Imaging

Lafrenière et al. 2007 
Soummer et al. 2012 
Amara & Quanz 2012

Linear Comb.

PSF 
library

Advanced Algorithms
Image subtraction  
ADI + LOCI / PCA

Individual Image
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PSF Subtraction Techniques
State-of-the-art: 2x10-7 at 1'' 

Vigan et al. 2015

Sirius A:
No 6 MJup planet 

beyond 1 AU
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VLT-SPHERE



Exoplanet gallery
HR 8799 b, c, d, e beta Pic b

HR 95086 b 51 Eri b HIP 65426

Keck VLT

VLT VLTGemini

Marois et al. 2008, 2010 Lagrange et al. 2010

Rameau et al. 2013 Macintosh et al. 2015 Chauvin et al. 2017



Imaging techniques for HST

Basic differential Imaging

1''

"A minus B"

Telescope Roll Image 
Reference star Image

Lowrance et al. 2005
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Imaging techniques for HST

Planet Surveys

Self-calibrating programs

HR8799 RE-Discoveries

Lafrenière et al. 2009 
Soummer et al. 2011

1998 HST data

200 PSFs (23 survey stars)



Reference PSF libraries
Multi-Reference stars Differential Imaging

Using the Whole Archive: 
A lifetime of temporal variations
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11The ALICE Program
Archival Legacy Investigations of Circumstellar Environments
PI: R. Soummer

Other

Planet
Survey

Disk
Survey

Choquet et al. 2014

MRDI libraries:

~800 PSFs
IR

Vis.Vis.

Apply on the whole NICMOS archive



12ALICE Contrast limits

NICMOS (Lowrance+2005)
VLT-NACO (Chauvin+2015)
NICMOS+MRDI (Choquet+ in prep)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

10-6

10-5

10-4

10-3

Separation (arcsec)

5σ
co
nt
ra
st
lim
it

Median / Best Contrast Limits

x18 x7

x37



13The ALICE Program

Raw Processed



https://archive.stsci.edu/prepds/alice/
Hagan et al. 2018

ALICE Data are Public!
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HR 8799's planets New planet / BD candidates

ALICE Point Source Detections

Follow-up campaign  
@ Keck
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First Images in scattered light

New Debris Disks

Soummer et al. 2014 
Choquet et al. 2016 
Choquet et al. 2017 
Choquet et al. 2018
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ALICE Debris Disks Detections

‣ HD191089:  
also imaged at 18µm

‣ HD202917:  
unpublished ACS image (Krist 2007, Lyot conf.) 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Debris disk Discoveries in Scattered-light

ALICE
(11)

Ground-Based
detections

(10)

HST
detections

(31)

Choquet et al. 2018

HST rules!
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Disk characterization

2.''

90. AU

N

EHD 104860, F110W

Choquet et al. 2018

Constraints on the dynamics

ω ~10% : excludes H2O ice grains and grains < 1µm
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19Debris Disks in Scattered-Light
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HST-STIS visible-light programs
near-IR + visible color ... across spectral types

C21 (Perrin): 4 targets, 15 orbits 
C25 (Choquet): 9 targets, 39 orbits



HD-191089

Log10 scale
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C21: Blown-out Particles Halo
STIS - visible-lightNICMOS 

near-IR
NICMOS 
near-IR

Esposito et al. in prep,   Ren et al in prep,    Perrin et al. in prep
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First C25 Data in June!

13 disks across spectral types



Conclusion & Prospects
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https://archive.stsci.edu/prepds/alice/

ALICE
No archive yet! 
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