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A Planet Finder Instrument for the VLT
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Science objectives

Ernplan et REsear:h

High contrast imaging ——  planetary masses

Large sample: statistics, variety of classes, evolutionary trends

Complete accessible mass / period - diagram

Characterization of  planet atmospheres

(clouds, dust content, methane, water absorption, effective temperature, radius,
dust polarization)
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Spectro-Polarimetric

L s Targets

» Classes: several hundreds objects

Young nearby stars (5-50 Myr) (detection down to 0.5 M)
Young active F-K stars (0.1 — 1 Gyr)

Late type stars

Known planetary systems (from other techniques)

Closest stars (< 6 pc)

» Selection of individual targets

® Known (proto) - planetary disks: physics, evolution, dynamics

® Variety of high contrast targets: YSO gas environment, evolved stars, Solar
System objects
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+ i Operation strategy

- Survey all accessible stars
- Follow-up observations for planet characterization

-> A few hundred nights required over several years

Ralf Siebenmorgen Monastir, 3-7"" May 2010



Spectro-Polarimetric
High-contrast
Exoplanet REsearch

De-rotator HWP2

Focus 1

HWP1

Polar Cal
Focus 2

Focus 4
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High-contrast InStru ment mOdeS

Exoplanet REsearch

Science
Modes
mociule
Dual Band | maging (DEBEI )
1 RDI S )
Long slit spect roscopy
Classical imaging
Dual Polarization imaging (DF1 )
1 FS | maging spectroscopy in ¥ to J
YWery accurate relative polarimet ry
Z1 MPOL
Classical imaging
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COND 5MJup 10My

e volJi| " [u4us| H2| H3 ' ' K1 K2 3
IRDIS/DBI+IFS .~ 4[| [1l| - f\
Y-J band with IFS
DUGI |m(19|n9 in H Astromeftric accuracy: 0.5 - 2 mas
(depending on SNR)
Multiplex advantage
for field and spectral

range
false alarm reduction,
operation, calibration
early classification
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e at the platform

Fore optics
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Hanfai . Whe High-contrast Cous i ns

Saoft Exoplanet REsearch

GPI at Gemini South
Macintosh et al.

T A0 system
. CAL system
B |FS system

HICIAO + SCEXAO

at Subaru
Tamura et al. & Guyon et al
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ot e The future

Exoplanet REsearch
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Data Flow system

®

Customers: Long-term Scheile > OEISa?wrdvliar:g n

Obsefving Programmes Qbservation Blocks

Ambient data
Conflguraliol
olatus

® User Support Group

® Data Flow
Operations Group Program

® Paranal Science Handling
Operations \ I

o 1 I )
La Silla Science Science

Operatlons Technical QU&“W — Amhive

Pro |

® ESO Community S Control R— .
~— Fipeline i/ @
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Instrument Pipelines

" Process raw and calibration Coverage of VLT instruments
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Pipeline

Fundamentals

»ESO pipeline run full automatic
» Implemented in ANSI C
> Architecture based on Calibration Plan

» Each calibration step needs a “Recipe”

Ralf Siebenmorgen Monastir, 3-7"" May 2010



Instrument Pipeline Software Structure

Pipeline Recipe
(Executable)

A 4

Common Pipeline Library Plugins

A 4

Consortium
Deliverable

Data Reduction Library Function

A4

: Consortium
i Deliverable

Common Pipeline Library

'ESO

d )
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Pipeline Integration
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E Pipeline

Spectro-Polarimetric

. High-contrast Execute 1

Exoplanet REsearch

EsoRex: command line tool
1. Edit the sof-file (set of frames)

File find prectra.sof;

fool.fits IFS_FLAT_FIELD RAW
foo2.fits IFS_FLAT_FIELD RAW
foo3.fits IFS_FLAT _FIELD RAW

det flat.fits SPH IFS MASTER DTECTOR_FLAT
dark frame.fits SPH IFS MASTER DARK

2. Call esorex

esorex sph_i1fs spectra positions \
-—1fs.spectra_positions.dither tolerance=0.01 find spectra.sof

Ralf Siebenmorgen Monastir, 3-7" May 2010



Pipeline

Execute 2

GASGANO: data organisation and executing recip_\es

© X (©) sAOImage ds9 oo

! File Selected files Tools Help File Edit View Frame Zoom Scale Color Region Analysis Help
@ @ % Default grouping - expand Find entry: | File master_flat.fits
Ohject
File CLASSIFICATION TPL.ID Value
1 Displaying €0 files Unfilte... wes
[Eid Unknown Program . Physical % v
I@Enknuwn Ejnsler:anun NELASSED e - %
master_dark.fits \
Bl master flassie UNCLASSIFIED Frame 1 Zoom 0.220 Angle 0.000
Bl raw _dark_| Bisplay... UNCLASSIFIED file edit view frame zoom scale color region help
B raw_dark_| To Recipe L UNCLASSIFIED = + to fit zoom 1/8 zoom 1/4 zoom 1£2 zoom 1 zoom 2 zoom 4 zoom &
Ed raw _dark_ UMNCLASSIFIED
Bl raw _dark_| Report UNCLASSIFIED
B2 raw _dark_ - UNCLASSIFIED
Bl raw_dark_| O UNCLASSIFIED
B raw_dark_| COPY-.. UNCLASSIFIED
Edraw dark | Tar.. UMNCLASSIFIED
= Run...
mraster—rrat. fits <unknown orig names> UN(
Extension: |HEADER |w HFind in header: = find H:
4
Keywaord
SIMPLE T
BITPIX -32
MAXIS 3
MAXIS1 2048
MAKIS2 2048
MAKIS3 1
EXTEMD T
SPH.PC.INTERFOL ALCORITHM SPH_INTERFOL_ALC_LI
SPH.PCIMAGE. WX 2048
SPH.PCIMAGE. MY 2048
SPH PC PEOD TYPE SPH PC MASTER FRAM
T W S TR e T T O e e T D TS T e S D R T RS O BT

A (bin) DREHWorkshop2@le/ firefox.phg
ole@linux-kihh:~/workspace/SPHERE/Docs/Presentation= svn add DRHWorkshop2@la/Spher
A (bind DRHWorkshop2@le/SphereLogolongAndBig25sf.png
ole@linux-kihh:~/workspace/5FHERE/Docs/Presentation> cd

ole@linux-kihh:~= gasgano

|| ole : gasgano
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ES

Common Pipeline Libra

Data types: images, tables, matrices, strings, lists, ...
Basic operators: arithmetic, statistic, file conversion
Data access methods: FITS

Keywords: handling and management

Standards: interfaces, recipes

Dynamic loading: recipes, modules.
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High-contrast Data red UCtion

Exnplan et REsearch

Main developers:

Ole Moeller-Nilsson

o Data formats Alexey Pavlov

o Recipes Markus Feldt
o NGC detector
a Instrument Control Software interface

a AlT support

Ralf Siebenmorgen Monastir, 3-7"" May 2010
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High-contrast ArChiteCtu re

Exoplanet REsearch

Esorex / Gasgano

l

= | =] %
Recipes O
FS/IRDIS/ ZIMPOL | fests O,.@
Y
¥ 04
=] : K
Sphere Common I:l
Library (API)
Test Data

S x

CPL E

i Simulation Code

= | = |

- GSL CFITSIO
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Spectro-Polarimetric

High-contrast EXternaIs

Ernplan et REsearch

* Libraries:
GSL

WCS
CFITSIO

* ESO tools:
Esorex
Gasgano

Distribution as single package
NO OTHER DEPENDENCIES

Ralf Siebenmorgen Monastir, 3-7"" May 2010
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g Exnplanzt REsearch Data Formats

* . rd Spectro-Polarimetric
.Haﬂfﬁg ! '

All products will be FITS
Currently some ASCII files

Depending on the recipe and execution mode
formats may be complex

Ralf Siebenmorgen Monastir, 3-7"" May 2010
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_Har.m' ik :' High-contrast Data cubes

Saft Exoplanet REsearch

1 FITS =4 Images + 1 Table of n- extensions

Image
. %
Badpixel map %y
“%
. @
Weight map .,
(/5@
RMS Error
Table

Ralf Siebenmorgen Monastir, 3-7"" May 2010
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Table contains information to interpret planes

8

EXPTIME  |[NREADOUTS FILTER ID)

13 ‘
1.3 \
1.3 \
2.6 \
2.6 \
2.6 \
2.6 \
5.2 \

\

Plane
s /

|

/
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O O NO D WN P

Always the same Depends gn recipe and “logic”
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IFS Recipes

sph_ifs_master_dark
sph_ifs_master_detector_flat
sph_ifs_spectra_positions
sph_ifs_instrument_flat
sph_ifs_wave calib
sph_ifs_science_dr
sph_ifs_astrometry
sph_ifs_atmospheric
sph_ifs_flux_calibration

19

Ralf Siebenmorgen

sph_ifs_standard_photometry
sph_ifs_sky cal

sph_ifs_psf reference
sph_ifs_ron

sph_ifs_gain

sph_ifs_cal background
sph_ifs_distortion_map
sph_ifs_detector_persistence
sph_ifs_sky flat
sph_ifs_dithering_effects

Monastir, 3-7"" May 2010
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Spectro-Polarimetric
High-contrast
Ernplannt REsearch

ZIMPOL Recipes

sph_ sz master blas

bias.py

dark.py

Intensity _flat.py
polarization_flat.py

modem.py

sph_zpl _aoc_offset
sph_zpl aoc_crosstalk
sph_zpl zimpol crosstalk

19

Ralf Siebenmorgen

sph_zpl _instrument_crosstalk
sph_zpl_instrument_offset

sph_zpl _instrument_zeropoint_a
ngle

sph_zpl distortion_map
sph_zpl astrometry
sph_zpl photometry
sph_zpl _science_int
sph_zpl _science_pol
sph_zpl science p2
science_p2.py
science_p3.py

Monastir, 3-7"" May 2010
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g Ha e IRDIS Recipes

sph_ird_master_dark

sph_ird_psf _reference

sph_ird_instrument_flat sph_ird_pol zpa eff
sph_ird_science_dbi sph_ird_tel pol offset
sph_ird_science _imaging sph_ird_ron
sph_ird_science_spectroscopy sph_ird_gain
sph_ird_wave_calib sph_ird_distortion_map
sph_ird_science_dpi sph_ird_detector_persistence
sph_ird_astrometry sph_ird_spectra_resolution
sph_ird_star _centre sph_ird_ins_pol
sph_ird_atmospheric sph_ird_ins_pol_eff
sph_ird_flux_calib sph_ird_ins_pol_xtalk
sph_ird_ins_throughput (sph_ird_da_moods)
sph_ird_sky bg sph_ird_da_sandromeda
sph_ird_tff 2 7
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sl F LiwEs sph_ird_master_dark

‘ [Sort FramesHombine Set

|’ {Insertto outputﬁ

User params
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User params

aster dar

|

Sort Frames

Master flat,BB lamp -

Master flat,
Blue lamp

Ralf Siebenmorgen

DIT B
1

sph ifs

master detector flat

Exp RO
13 1
26 1
286 2

with same mean
count

S

Perform linear fit}

Combine sets }
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File Edit Frane Zoon Scale Color Region HCS HAnalysis Help
File sph_ifs_spectra_positions_0,3,2
Yalue 0,981496
About 60k pixels mi
Physical X 1025, 500 Y 1059, 500 O u p ' Xe S l S
Inage X 1025500 Y 1059,.500 3 d 3 . d
Franel ZJoon 4,000 Ang 0,000 I e nT I l e
File Edit Frane Zoon Scale Color Region HCS

align wes in out center none M y Wy

Averaging ~1 pixel /
spectrum
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High-contrast Running a reCipe

Exnplan et REsearch

Methods provided:

* Esorex

e Gasgano

* New data organizer by ESO
* Python

Additional Methods:
®* C program
* Your own pipeline infrastructure...

Ralf Siebenmorgen Monastir, 3-7"" May 2010
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Distance from sta

Planet Formation
and Evolution

Pipeline development fo

Exo-Planets

Orbit architecture,
Low-mass planets

Characterization of
Exoplanet atmospheres
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