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Space missions and their legacy

Stellar Astrophysics Revolution triggered by space missions

Conceptual image of the TESS mission - Credits: MIT

Legacy Legacy

“Yesterday” “Today” “Tomorrow”

Kepler TESS (+), BRITE PLATO

Millions of objects and light 
curves, Terabytes of data Stellar (Astro)physics
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PLATO Complementary Science 

Scientific programmes distinct 
from the Core Science 

Unique database of variable 
phenomena

Objectives

Guest Observer (GO) 
programme (call and selection 

by ESA) 
GO is assigned 8% of the 

science data (10th of 
thousands objects)

How

Make sure community is ready 
for optimal GO proposal 

submission

Task

website: fys.kuleuven.be/ster/Projects/plato-cs/home
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PLATO-CS: Science componentPLATO-CS:	scientific	content

11/29/17 3PLATO	Science	Working	Team	Meeting,	ESA,	5	December	2017

Core	Science:	
asteroseismology of	K7-F5	

stars

Figure	courtesy	of	Dr.	P.	Pàpics

Stellar	SciencePLATO	welcomes	Extragalactic	Science	

11

SNe	explosions 
in	distant	galaxies	
to	understand	
progenitor	shock-
breakout	physics	 
 
Monitoring	cores	
of	1000s	of	brigt	
AGN	(mag<18) 
to	understand 
SMBH	accretion	& 
variability,	with	  
%	to	ppt	precision 																							Olling	et	al.	(2015)  

Figure	courtesy	of	Dr.	Samaya	Nissanke	(NL)	

Extragalactic	Science Transient	Universe

Figure	courtesy	of	Dr.	Samaya Nissanke

Olling et	al.	(2015)

SNe explosions	in	distant	
galaxies:	progenitor	shock-

breakout	physics.

Monitoring	cores	of	1000s	
AGNs	to	understand	SMBH	

accretion	&	variability

&

Mapping	and	understanding	
of	accretion	physics	near	YSO;	

WD,	BH	&	NS	binaries
(monitoring	in	fast	cadence	

asap	after	transient)	

Kimura	et	al.	(2016)
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Asteroseismology of solar-
like pulsators

Core Science

Extragalactic 
Science

SNe explosions in distant 
galaxies: progenitor shock-

breakout physics 
Monitoring cores of 1000s 
AGNs to understand SMBH 

accretion & variability

Transient 
Universe

Mapping and understanding 
of accretion physics near 

YSOs 

White dwarfs, black holes, 
and neutron stars: monitoring 

in fast cadence asap after 
transient

Extragalactic ScienceStellar Science Transient phenomena
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PLATO-CS: on-board & L1 data simulations

PlatoSim 
(http://ivs-kuleuven.github.io/

PlatoSim3/ ) ✚ Stellar Variability = Instrument/pipeline capabilities

Variable phenomena (PLATO-CS)

More variable 
phenomena will be 

included

Release of reference 
simulation data set

Soon

Flares

Binaries

Pulsators
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PlatoSim: PLATO CCD Image Simulator

• Realistic star field 

• Jitter 

• Thermo-elastic drift 
• Position dependent PSF 

• Cosmics 
• Sky background 

• Variable sources 
• Transmission degradation 

• Kinematic aberration 
• Optical distortion 

• Photon noise 
• Blooming

• Charge diffusion 
• CTI  
• CCD half dependent gain 
• Geometrical vignetting 
• Spatial PRNU noise 
• Angle dependent QE 
• Polarization 
• Particle contamination 
• Brighter-Fatter effect 
• Dark signal 
• Readout noise 
• Open shutter smearing

Generates time-series of CCD images 
Including realistic instrumental noise 
More and more effects are included - hard to put them on one slide in a decent font

35000 exposures - Normal Cam

http://ivs-kuleuven.github.io/PlatoSim3/
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Stellar Variability in PlatoSim
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Binary

Pulsator

Separation

Contamination seen as a pulsator in a binary

Realistic instrumental noise 
Astrophysical signal as input

Time series
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TESSting the PLATO-CS model

Transiting Exoplanet Survey Satellite  (TESS)

2-year nominal mission, nearly full sky 

27 - 360 days long time-series of data 

4 cameras covering instantly a 24 x 96 sky sector 

26 sectors (13 per Hemisphere) with 30 min (long-) and 1 min 
(short-) cadence 

Pixel size of 21 arcsec, similar to PLATO

2.25-year mission extension (including ecliptic!!!) 
Change of cadence: 10 min (long-) and 2 min (short-) cadence 

Observing strategy is being discussed

Conceptual image of the TESS mission - Credits: MIT

TESS Legacy for PLATO-CS

TESS Asteroseismology Science Consortium (TASC) 
Coordinated Activities

Data Reduction/
Processing

Stellar Variability 
Classification 

Ground-Based 
Follow-Up

Guest Investigator 
Proposals
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TESS Photometry Pipeline
To be submitted summer 2019

Aperture Photometry (based on Lund+ 2015, Handberg & Lund 2017)

Sum image Significant flux Clustering + Watershed Extracted Clusters Final masks

Clustering and watershed using 
info of the known targets in the 
image 

PSF & Difference Imaging 
photometry also implemented 
but are currently not used

TESS FFI data reduction: an SPB star
Signal within
the aperture mask

After (simple) 
background subtraction

Normalised light curve

TESS FFI data reduction: an SPB star
Signal within
the aperture mask

After (simple) 
background subtraction

Normalised light curve

TESS FFI data reduction: an SPB star
Signal within
the aperture mask

After (simple) 
background subtraction

Normalised light curve

Signal with the 
aperture mask

Background 
subtracted

Normalised light 
curve

To be submitted: 2019

Data Reduction/
Processing
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T’DA Photometry Pipeline: Bright Stars

Bloody Bright Stars

For the brightest stars (Tmag < 2), the bleed-columns can 
cause serious problems with the pixel-level calibrations.

But do not fear! We are able to reconstruct the flux!
- And yes, Procyon is oscillating!

Smear calibration problems

alpha Cen

Halo photometry is able to reconstruct the light 
curve, even in cases where all the flux has not been 
captured.

Weight each pixel to minimize scatter in light curve 
(White et al. 2017)

Halo photometry is able to reconstruct the light 
curve, even in cases where all the flux has not been 
captured.

Weight each pixel to minimize scatter in light curve 
(White et al. 2017)

Halo Photometry

To be submitted: 2019

Data Reduction/
Processing
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ABSTRACT

Context. Your text here.
Aims. Your text here.
Methods. Your text here.
Results. Your text here.
Conclusions. Your text here.

Key words. key words

1. Introduction

2. Classification features

Table 1 serves the purpose of listing light-curve based classi-
fication features that are used by the individual algorithms to
sort stars into the respective groups. The features in question are
mostly used in the top “Level I” classification depicted in Fig. 1
by the blue box. Extra features coming from external sources and
used for a more detailed “Level II” classification are listed in Ta-
ble 2. Graphical representation of the “Level II” classification is
depicted by the grey box in Fig. 1.

2.1. FliPer

The global amount of power contained in a star power spectrum
is related with its pulsating nature. While classical pulsators such
as �-Doradus show high amplitude peaks in their PSD, solar-like
pulsators have much lower amplitudes in the oscillation modes
(see Bugnet et al., in prep, for examples). By using only ampli-
tudes of stellar signals, and without needing any detailed analy-
sis of the spectrum, it is then possible to distinguish between the
di↵erent types of pulsators. This is done by using the FliPer fea-
tures (Bugnet et al. 2018), that are measures of mean power con-
tained in di↵erent frequency ranges in power density spectra. For
this classification we consider four di↵erent FliPer values (Fp,0.7,

Fp,7, Fp,20, and Fp,50). They corresponds to the averaged amount
of power calculated from resp. f =0.7, 7, 20 and 50 µHz:

Fp, f = PSD[ f ! fmax] � Pn (1)

where Pn = PSD[250???! fmax] is the photon noise com-
puted by considering the averaged power at high frequencies.

2.2. GBGC

Additional features for GBGC were derived using a combina-
tion domain-based feature extractor softaware packages. These
are, (1)astrobase (Bhatti et al. 2018), (2) feATURE eXTRAC-
TOR FOR tIME (feets) (Cabral et al. 2018) and (3) upsilon
(Kim & Bailer-Jones 2016) and they are Python 3.x compati-
ble. verb is a refurbished package based on Feature Analysis
for Time Series (FATS) by Nun et al. (2015). In addition to code
refactoring such as adding “missing" dependencies during in-
stallation and improving feature extractors, feets runs on both
python 2.7.x and 3.x versions. Derived features are traditional
stellar variability indicators and a detailed description of these
features are found in Richards et al. (2011), Nun et al. (2015)
and Kim & Bailer-Jones (2016) and references in there. Engi-
neered features can be categorised into two, namely; primary
and secondary. The former are those that evaluate the periodic
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Time frame 2020 - 2025 
Full sky survey of ~7x106 stars  
Twin (2.5m) telescopes and (optical + NIR) instruments in 
the South and North 
Multi-epoch observations: Nepochs between 1 and 180

       Juna Kollmeier, Carnegie Observatories                                                                                                                     

Kollmeier et al. (2017, arXiv: 1711.03234)
website: https://www.sdss.org/future/

Ground-based follow-up activities

Courtesy: Mark Seibert

Milky Way Mapper (MWM): Stellar Astrophysics 
Black Hole Mapper (BHM): Quasars and X-ray 
sources 
Local Volume Mapper (LVM): Integral-field 
spectroscopy of MW and its galactic neighbours

SDSS-V: Pioneering Panoptic Spectroscopy

Ground-based 
follow-up

all data that are publicly available + 
literature parameters 
information: existing but not immediately 
accessible data 
link to the entry in the TESS Input 
Catalogue (TIC)

The Catalogue
WGs and consortium-wide coordination of 
observing programmes 
small-class telescopes: time-resolved observations 
of bright stars 
large facilities: faint stars and big samples in large 
programmes

Coordinated Activities
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scales. Pushing IFS to the all-sky regime is even more daunting than all-sky MOS, as evidenced
by the fact that the largest contiguous (optical) IFS maps of the sky cover only 0.001% of it. SDSS-
V’s third central goal is to bring IFS to a regime of mapping an appreciable portion (>3000 deg2,
⇠8%) of the sky with optical data-cubes.

SDSS-V will enable high-quality, near-IR and optical MOS observations of over 6⇥106 ob-
jects across the entire sky, with homogeneous multi-epoch spectroscopy for about one million of
them, and it will carry out ultra-wide-field IFS mapping across more than 3000 deg2 of the sky.
These advances can only be achieved with a suitable combination of hardware and survey strat-
egy. They require wide-field telescopes and the possibility to re-acquire new spectroscopic targets
rapidly (e.g., every 15 minutes), with a focus on bright sources for MOS and on emission lines for
IFS. SDSS-V will meet these requirements by building on the infrastructure, instrumentation, sur-
vey operational expertise, and collaboration heritage of the Sloan Digital Sky Surveys I-IV (SDSS;
York et al. 2000; Eisenstein et al. 2011; Blanton et al. 2017), as well as constructing new hardware
based on proven technology (Figure 1).

This extensive survey infrastructure will enable the first panoptic spectroscopic survey, com-
prising three primary survey programs (Section 2). The Milky Way Mapper (MWM; Section 2.1)
will provide a) a global spectroscopic map of the MW, using near-IR MOS concentrated at low
Galactic latitudes; b) a multi-epoch stellar astrophysics survey, focused on interesting targets of
Gaia and TESS; and c) a multi-epoch survey of young, massive stars throughout the Galaxy. The
Black Hole Mapper (BHM; Section 2.2) will focus on long-term, time-domain studies of AGN,
including direct measurement of black hole masses and changing-look quasars, and on the optical
characterization of eROSITA X-ray sources. The Local Volume Mapper (LVM; Section 2.3) will
provide the first integral field spectral map, spanning the full optical window, of the bulk of the
MW disk, the Magellanic Clouds, the Andromeda Galaxy, and other galaxies in the Local Volume.
Table 1 presents the basic survey parameters of the three Mappers.

Program Science Targets NObjects and/or
Sky Area

Primary Spectral
Range and Hardware Primary Science Goals

Milky Way
Mapper
(MWM)

Stars across the
Milky Way

>6M stars; all-
sky

IR; APOGEE
(R ⇠ 22,000) with
fiber-positioning system

Understanding the for-
mation of the Milky Way
and the physics of its
stars

Black Hole
Mapper
(BHM)

Primarily
supermassive
black holes

>400,000
sources; all-sky

Optical; e.g., BOSS
(R ⇠ 2000) with
fiber-positioning system

Probing black hole
growth and mapping the
X-ray sky

Local Volume
Mapper
(LVM)

ISM & stellar
populations in
the MW, Local
Group, and
nearby galaxies

>25M contigu-
ous spectra over
3,000 deg2

Optical; new integral
field spectrographs
covering 3600-10000Å
at R ⇠ 4000

Exploring galaxy for-
mation and regulation
by star formation; feed-
back, enrichment, &
ISM physics

Table 1: A summary of the SDSS-V Mapper programs: Milky Way Mapper, Black Hole Mapper, and Local Volume
Mapper.

In Section 3 we describe the survey implementation, while the upcoming preparatory devel-

SDSS-V: Milky Way Mapper
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spectroscopy through the entire Galactic plane, SDSS-V will also significantly expand the spectro-
scopic census of young stars in the MW, characterizing their masses, ages, multiplicity, etc., thus
painting a global picture of the “recent Galaxy.”

Fig. 3.— Evolution of SDSS in-plane Galactic target density: Midplane target surface density of the recent
APOGEE DR14 catalog (left) and MWM’s Galactic Genesis Survey (GGS; right). The maps show a face-on schematic
of the Milky Way (credit: NASA/JPL-Caltech/R. Hurt) beneath target density contours. The Sun is located 8 kpc from
the center of the Galaxy, at (X ,Y = �8.0,0.0). Light gray contours show areas with observed/anticipated stars at
surface densities <10 per (100 pc)2; colored contours follow the colorbar. These contours only contain stars within
500 pc of the midplane, summing to 1.5⇥ 105 in APOGEE DR14 and 3.6⇥ 106 stars in GGS. For APOGEE, we
show stars with distances reported in the APOGEE DR14 Distance Value Added Catalog, which represent ⇠95% of
all main survey targets. We note that ongoing APOGEE-2 observations will fill in the fourth quadrant of the Galaxy.
Distance distributions for SDSS-V targets were calculated using a mock GGS observation of the Galaxia model of the
MW (Sharma et al. 2011) and a 3D extinction map (Bovy et al. 2016).

MWM will take advantage of several factors to produce this remarkable data set: Gaia pho-
tometry and astrometry, the all-sky coverage of SDSS-V, the rapid target allocation enabled by the
robotic fiber positioner (Section 3.1), the APOGEE spectrographs’ IR wavelength coverage and
resolution, the large FOV of the APO and LCO telescopes (Section 3.1), and novel spectral analy-
sis techniques. GGS’s rapid, wide-angle survey mode is enabled by its focus on bright (H < 11),
yet intrinsically luminous (and thus distant) sources. These include variable star distance indica-
tors such as Cepheids and Mira variables (cataloged by, e.g., VVV; Minniti et al. 2010), which
fall within GGS’s magnitude limits even when in the disk beyond the bulge. GGS’s immediate
product will be a Galactic census of stellar orbits, ages, and detailed abundances as a function of
three-dimensional position across the entire Milky Way disk and bulge. GGS will collect spectra

APOGEE DR14/DR15 MWM SDSS-V

For discussion: is there way 
for us to join SDSS-V as 

PLATO Consortium?

We seem to be in need of 
spectroscopy now in addition to 
follow-up 
We can still influence target 
selection 
We will have access to all the 
data —> helps PIC, calibration 
stars sample?
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PlatoSim: Performance example
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• Simple configuration: 

- 5 nearby stars, overlapping 
PSFs 

• For 1 telescope and 1 quarter: 

- 315’241 exposures, long 
cadence 

- Computing time: 40 min 

- Output file size: 3.6 GB 

• For all telescopes: 

- Simultaneously launch all 
simulations on computer cluster


