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Need for ground based follow-up
CoRoOT space mission

Ground based support of CoRoT
* Contribution to the follow-up observations

Observations of the CoRoT target fields
about 1 year ahead of CoRoT

Contribution to additional science programme



Need for ground based follow-up

Up to 12000 masks for objects

Angular resolution of CoRoT: 2.3 “/pixel

!

Broadening of stellar PSF due to prisms

l

FLASE POSITIVE ALARMS

l

GROUND BASED FOLOW-UP






Large telescopes ESO (2009-2015)




Outline

» Exoplanetary group (started 2015)
 OES spectrograph and results
« PLATOSpec

e Summary



Astronomical Institute Ondrejov

* Institute of Czech Academy of Sciences

* Largest astronomical institute in CZ

* Headquarters about 30 kms south of Prague
* A few departments located in Prague

* Operates 2-m twin telescope of Tautenburg
* About 120 science staff

* Variable stars, solar physics, galaxies,
relativistic astrophysics

* Space missions: Solar orbiter
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Central Bohemia region — Ladlv kraj
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Group and collaborations

* Astronomical Institute Ondrejov
P. Kabath (head), T. Klocova, M. Skarka,
M. Blazek (PhD), J. Subjak (PhD),
M. Spokova (PhD), J. Dvorakova (BSc),
D. Dupkala (BSc)

NW.ES0.0r ° Co||ab0rati0ns
DLR Berlin

ESO
Universidad de Chile and Univ. Valparaiso

Thueringer Landessternwarte Tautenburg
IAC
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Perek 2-m telescope




Perek 2-m telescope &

e 2-m telescope —
Zeiss opened in 196

e Twin of TLS 2-m

* Operates in Coude

p o .'”";I 3

e Equipped with slit

spectrograph and
with an Echelle

spectrograph (OES)



Astronomicky

Ondrejov observing stats 2015 &
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Observing time (hrs.)
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Statistics during the year

100% = Sun position is under -12°
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Echelle spectrograph OES

o 2k x 2k detector cooled by liquid nitrogen
* \Wavelength coverage — 370-850 approx.

« R=44000

* RV accuracy down to 10 m/s w. lodine cell

* Limiting magnitude 13 (12,5 mag SNR 7 1.5hrs
exposure)

 |odine cell from Tautenburg

» Coude light path with 6 mirrors (light loss)
» 2019 upgrade to fiber fed spectrograph
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From Koubsky et al. 2005



OES echelle grating
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Wavelength solution OES

1870 lines in 56 orders, RM5=0.002 A
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Residuals
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From Kabath et al in prep 2018



OES Spectrum
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OES stability (”ightly)ﬁ”

May-June 2018, 5 nights, RMS5=111 m/s
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RVs below 100 m/s From Kabath et al in prep 2018



v, [km/s]

OES Stability (long)

Full time span, 15 nights, RMS5=300 m/s
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From Kabath et al in prep 2018



40.0

K2 candidates

HD 99458: Relative velocity
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K2 candidates

0.2 0.4 0.6
Orbital phase

From Kabath et al in prep 2018
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RV (m/s)

OES & lodine cell
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OES in numbers

e OES can measure RVs well below 100 m/s for
bright stars

e OES can measure RVs down to 10 m/s with
lodine cell

« BUT 8 hrs. exposure can have an accuracy of
about 20 m/s — 5 mag star!!l

* Long term stability below 100 m/s

* We can perform initial screening (physical
parameters)

* We can safely remove background binaries



Observing Program

Cooperation with Tautenburg (2-m Alfred
Jensch telescope) — A. Hatzes, E. Guenther

Monitoring of K2 canidates

Monitoring of A stars with planetary candidates
Monitoring programs of BD objects

TESS follow-up

Planetary atmospheres of bright planets

Summary: ldeal for RV follow-up of bright stars
with planets to reject false positives



Observing program
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»
Q!'T WAIT FOR TESS!




Exo-candidates (TCMT)
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Transmission spectroscopy
high spectral resolution

Towards

Exoplanet Transit Event =— Eartl

Image: ESA



Atmospheres with small telescopes

Wyttenbach et al.: Detection of sodium in the atmosphere of HD 189733b with HARPS

i
|
E
b _ : :
HHE -1.0f i 1
Tigihin i : i
- | |
i 1 |
= 0.5 : :
o 0.0
o -0.5 : :
5870.0 5880.0 5890.0 5900.0 5910.0

A [A]



Atmospheres with 2m telescopes
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« FEROS transmission spectroscopy of Wasp-18 system

« RMS of binned region around NaD,0.0017!
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Kabath & Zak et al., 2018 in prep
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» \Wyttenbach detected contrast of .‘04 for HD18933VDb




=

A ASTRONOMICKY

-

b
. s AV CR
S AV CR

Atmospheres with large telescope

Flux

MsSC stuc
HAWKI ©

ent M. Blazek wrote a pipeline for
ata reduction — data crunching of

ESO archives for occultations (plenty of data
available)

Seeing



Outlook OES

* RV follow-up of K2, Kepler — DFG/GACR 2017
with Tautenburg

« TESS follow-up

* Long term monitoring program BDs

o Stellar flares with Tautenburg

* Cooperation with amateur astronomers

 Exo-atmospheres tests

e Courses for students — summer/autumn school
» Looking forward at PLATO






Plato Space mission

Credit: Thales Alenia Space




PLATOSpec Consortium

« Astronomical Institute of Czech Academy of Sciences (Pl: Petr Kabath)
e Thuringer Landessternwarte Tautenburg

 Universidad Catdlica de Chile

Current status:
« ESO STC recommended PLATOSpec for implementation
e Councils of the institutes approved the project

 Funding proposals underway!
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La Silla, Chile - 1,52m dalekohled




PLATOSPec motivation &

Stellar parameters
Initial screening of candidates
Rejection of false positives

Characterization of hot Jupiters

RV measurements
-5-10 m/s
- for stars 4-11 mag

- SNR 30-40 in max. 1 hrs (est.)
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From Rauer et al. 2012



False positives

Eclipsing binaries

Triple systems

Background eclipsing binaries
Background eclipsing BD/WD

False positives estimates Santerne et al. 2012 — around 40%
for close-in giant planets Kepler candidates (from observing)

Santerne et al. 2013 evaluates global false positive
probability to about 11% for Kepler candidates



PLATO follow-up

Numbers from S. Udry

- mV<11 stars, with average level of activity, assuming 15 min x 15-20 obs. per
star

- 1-2m-class telescopes: 10m/s ; giant planets on short/medium orbits 1750 stars :
~900 nights = ~50 nights/year x 6 years x 3 telescopes

- 4m-class telescopes: 1 m/s ; giant planets on long orbits, super-earths on
short/medium orbits

1400 stars : ~700 nights = ~40 nights/year x 6 years x 3 telescopes

- 8m-class telescopes: 10cm/s ; super-earths on long orbits, earths on
short/medium orbits, earths on long orbits around brightest stars (mV < 10)

550 stars : ~240 nights = ~40 nights/year x 6 years x 1 telescope

- ELT: earths on long orbits around faintest stars (mV~11)
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PLATOSpec spectrograph

Table 1: Main paramateres of the spectrograph

Echelle spectrograph Parameter value
Wavelength coverage 360-660 nm
Spectral resolution 70k

Thermal stabil 0.1deg

RV accuracy /s

Calibration ThAr+lodine cell



fcam = 513mm fcol = 1280mm echelle 41.59 lines/mm Blazed Angle 76 deg
X disp 340 lines/mm delta 47 pix. Incident Angle = 23.3
R = 68450 m_min = 68 m_max = 129 lambda_min = 360 nm, lambda_max = 680 nm
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PLATOSPec documentation produced by L. Vanzi



Astronomicky
ustav

B I} s
AV CR

PLATOSpec timeline

able 1 EAR

PHASE 01 02 03 Q401 02 03 0401 02 Q3 0401 02 03 0401 02 03 0401 Q2 03 04
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MegotiaonwESO{ | % x{ | | |
Instrument design i xx L 1 1 |
Funding proposals ] I R D
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Dbsening phase




Ground based support for space
missions

» PLATOSpec will contribute to PLATO
candidates follow-up

* We will work on Initial screening
* \We could characterize hot Jupiters

* We will have all the time = long term monitoring
possible! — cold Jupiters?

« PLATOSpec can contribute to ARIEL too!



Summary

OES is a great facility for ground based support of
exoplanetary space missions at bad observing sites!

PLATOSpec will be a great facility for ground based
support of exoplanetary space missions, namely
PLATO and ARIEL!

2m class telescopes can be used also for
characterization of atmospheres!

Importance of 2m class telescopes for exoplanetary
missions!
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Summer schools

Moderm Instruments, their Science Casae, and Practical Data Aedwcticn
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Workshop PLATOSpec

* Autumn 2018 in Ondrejov 2.5 days workshop
on ground based follow-up

e 29-30 October, dates FIXED now!




ERASMUS+

» Strategic partnership of IAC, Al SAV, UK
Bratislava, MU Brno led by Al of Czech
Academy of Sciences (ES, SK, CZ2)

* Short exchanges for experienced visitors
* Long term exchanges for students (mainly Phd)
* 2 summer schools — mainly archival data

- 1st school at Slovakia 18 — 27 June 2019!

WEB: www.erasmus.asu.cas.cz



Thank you for your attention
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