Finding the missed debris disks of
the HST archive

An insight of the ALICE project
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Planet formation:
Main questions

» How frequent are they?
» How diverse are they?
» What are they made of? | & g
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Debris disks:
Remnants of planet formation
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Debris disks:
Remnants of planet formation
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Scattered light imaging:
Indirect studies of planets

Constraints on the disk composition Signposts of planets

] Lagrange et al. 2010
Debes et al. 2008 Perrin et al. 2014

»  Albedo of the dust grains Brightness asymmetries
»  Color Disk offsets

Polarized fraction of the dust




The ALICE project

Archival Legacy Investigations of Circumstellar Environments

» Pl: Remi Soummer

» Goal:
Re-analyze the NICMOS coronagraphic archive with new
post-processing algorithms

» Motivation:
» Improve the detection limits on previous analyses
» Detect circumstellar material missed by older methods
NICMOS data from 1998

First Images of Exoplanets:
HR 8799 Solar System

Marois et al, 2008, Science Magazine 057
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Lafreniere et al. 2009 Soummer et al. 201 1|



Postprocessing Method
The KLIP algorithm

Soummer, Pueyo & Larkin 2012 Principal components of the library

Karhunen-Loeve
decomposition
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Experience from the program
Contrast gain

» Mean gain over raw coronagraphic PSF: ~100x at 1”
» Mean gain over classical PSF subtraction: ~20x at 1”

NIC2—-CORON Era I F160W, Median over 388 images
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The NICMOS archive
The ideal database PSF library

» ~5600 images Very large PSF libraries
» All spectral types are present No chromatic artifacts
» Stable instrument in space Reproducible PSF variations




The NICMOS archive
The ideal science content

» 405 targets in the archive

» Mainly nearby star surveys for disks and planets
» ~ 180 stars searched for planets
» ~ 110 stars searched for debris disks

» ~ 40 stars searched for protoplanetary disks
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ALICE results
Improved reduction of known disks

Schneider et al. 1999 Augereau et al. 1999 Debes et al. 2008 Schneider et al. 2006




ALICE results
Disks newly imaged In scattered light
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ALICE results
Disks newly imaged In scattered light
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ALICE results
Resolved debris disks overview

Debris disks resolved in scattered light (2016)

To date:

» 31 disks resolved in scattered light
» 32% from the ALICE project
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ALICE results
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ALICE results
Where are the M dwarf disks?

Debris disks resolved in scattered light (2016) ) I R excess detection rates "

® New disks (ALICE) » ~24% for A stars
® Others

» ~20% for F, G, K stars
» ~5% for M dwarfs

» Below the detection limits?
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» Less frequent?
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ALICE results
Disks photometry

1||
TWA 25, F160W E J

HD 35650, F160W

TWA 25 f_scat:
Spectral

type: MO.5
Distance: 54 pc
Age: 13 Myr
Association: TWA
SB: 28 pJy/as?
HD 35650 f_scat:
Spectral

type: K6
Distance: 18 pcC
Age: ~80 Myr

- Association:
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ALICE results

Disks comparative study

® Thermal emmission + scattered light °
. HD 61005 HD 3229
® Scattered light AI} Mic

® New disks
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» Caveat: inconsistent dataset (different filters, different metrics)




Take-home messages &
Prospects

» ALICE status
» Archive reprocessing complete 4H e _
» 12 debris disks newly imaged L OSSR S A A
» Detection of 3 disks around low-mass stars

C@_-mﬂ

Keck NIRC2 archive
Number of im?ges per year and mask sizet ) } P ro S pe ct S

» Follow up and modeling of the disks
» Comparative study of debris disks
» Analysis of the Keck archive

2002 2004 2006 2008 2010 2012 2014
Year




That’s It!




That’s It!




The one-slide summary
(including already known objects)

» Quasars / galaxies: 3 | m; ®
..‘..}.H ~ Ps1

» Young stellar objects: 2 O

» Protoplanetary disks : 25 =

» Debris disks: 18
Solid point sources: ~100




Prospects

Ground-base telescope archives

NACO L’-band library—-based PCA RDI vs ADI

—RDI (430 s on source, 25 min on-sky)
—Lyot-ADI (730 s on-source, 50 min on sky)

| Credit:
D. Mawet
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Keck NIRC2 archive

Number of images per year and mask size
Classical PSF subtraction ADI + advanced post-processing
[ coronalS0 [J corona400 I:I: coronal(000

[0 corona200 [ corona600 [Iicoronal500
5000 [0 corona300 [ corona800 I:I: corona2000

Lafreniére et al. 2007

Number of images

2002 2004 2006 2008 2010 2012 2014
Year

~xI10 ~ x5



7233, Smith, 1999
Disks (dusty MS stars)

IDD / 12 MS targets

7227, Schneider, 1999
Planets (nearby M dwarfs)

7226, Becklin, 1999
Planets (nearby MS stars)

10849, Metchev, 2007
Disks (MS solar type, Spitzer excess)

| DD/ 14 MS targets

10540, Weinberger, 2006
Disks (young nearby, IR excess)

IDD / 10 MS targets

10527, Hines, 2006
Disks (MS solar type, Spitzer excess)

7897, Clampin, 1999
Disks (MS stars, IRAS excess)

IDD /20 MS targets

10176, Song, 2005
Planets (young nearby stars)

10177, Schneider, 2005
Disks (YSO and MS stars)

4 DD /21 MS targets 10487, Ardila, 2006 7 DD / 27 MS targets
Disks (beta Pic MG)

0 DD / 7 MS targets




Backup slides
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http://cds.u-strasbg.fr/cgi-bin/Dic-Simbad?RX

