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Focus of searches:
brightest and closest stars

PLATO -2025




Transiting Planets: first detections of
planetary atmospheres

Secondary Eclipse
See planet thermal radiation
disappear and reappear

Primary Eclipse

What can be learned:

- Chemical composition

- Relative chemical abundancies

- / - Upper-atmosphereic T-P profiles
Exoplanet Transi Evnt.  ——> "2170 - Clouds/hazes




Low resolution Differential spectroscopy from groung

absolute from HST

. WASP-43b

Center of the FoV: RA=10:19:38.45; DEC=-09:48:01.50
Position angle = 35.635 deg.
Target: WASP-43

\ /Compl

Tsiaras et al, 2015
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Exoplanet Atmospheres

High spectral resolution



Getting rid of the atmosphere:

The planet moves at different speed than the star

Carbon Monoxide
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Habitable earths: life tracers

black: Earth atmosphere
red: exo-planet atmosphere

Need HR to
disentangle from

Earth spectrum

Transmission

Need ELT to
collect enough

photons
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CO in dayside spectra of hot Jupiters
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CRIRES@VLT Upgrade (20135) >
6x larger wavelength coverage
CO, H20, CH4, NH3, H3+,.....

VLT ESPRESSO (Optical 2 TiO, VO, FeH...

Now also with Keck!
Lockwood et al. 2014

for the ELTs
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CO in dayside spectrum of tau Bootis b
(CRIRES@VLT)

(Brogi et al. Nature 2012 — see also Rodler et al. 2012)

First detection of non-transiting
planet-> inclination, mass
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Transmission spectroscopy in the_ Visible
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Transmission spectroscopy in the visible
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Transmission spectroscopy in the visible
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Transmission spectroscopy in the visible
MASCARAR -1 transit

L (%

Fio/Fau

\V&I'\'l'll’ll"_’,lll \\]

7
(

19

Casasagyas et al,
2018

I in/ F out

0-C [%]

6550 6555 656( 6565 6570 6575

Wavelength [A]




1€S

Detection Balmer seri

Preliminary results
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High-resolution with infrared spectrographs

Access to further molecular species
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Ultra Hot Jupiters T = 2000K
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Already here: ESPRESSO @ VLT
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» Reflected light and albedos measures Martins, 2018
» Visible range species Tio, VO, FeH

« Know techniques: More planets, smaller planets



The Future: H

ES



Atmospheric characterization via High-Res
Spec (FOV, +AO0) 2025-2030

LIV

GIANT EUROPEAN THIRTY
MAGELLAN XTREMELY LARGE METER
TELESCOPE

TELESCOPE




The HIgh-RESolution Spectrograph for ELT
HIRES

Consortium of 12 Countries (Italian PI) to build a high
spectral resolution spectrograph:

« R=100,000
« Spectral range 0.36-2.5 micron
« CODEX + SIMPLE Concept

SCIENCE CASES

- Exo-planet atmospheres and signatures of life

- Planetary debris on the surface of white dwarfs

- Protoplanetary and proto-stellar disks

- Galactic archaeology to the Local Group and beyond

- Evolution of galaxies

- Stellar and AGN

- Chemical signatures during the epoch of re-ionization
- Fundamental physics



Exoplanet Atmospheres with ELTSs

This science case involves two separate techniques:

a) Transmission spectroscopy

b) Direct detection of the planet’s reflected light.

The TRLs defined for instruments such as HIRES enable both
simultaneously, but it must be distinguished here than only the

former relies on the need of an AO system.

Both cases involve high-resolution spectrographs (R>100,000) in
the visible and near-IR




What about biomarkers®



ES Phase A just finished. During this time

Proxima-b Trappist-1b, c,d, e, 1, § ..

EPIC 208164267 2017-02-23 14:40:59



Exoplanet Atmospheres : transmission
spectroscopy

M dwarf Trappist 1Db & c:

* 1.3-1.7 um H,0 band at an SNR of 6 in two transits
* 0.9-1.1 um H,0 band in 4 transits

* CO,in 4 transits.

 molecular oxygen detected in 25 transits.

For these planets, the transit duration is less than 1
hour.

TRAPPIST-1 System

Illustration




Exoplanet Atmospheres : transmission vs direct
light

Probability of transits of Earth - Sun 0.5%

Probability of transit of Earth — M star 1-2%

« We will only be able to explore in transmission 1/200 of
the closest Sun-Earth twins

« We will only be able to explore in transmission 1/50 of the
closest Earth-like planets around Mstars

* Probabilities and distances = photons

Transmission spectroscopy probes the (upper)
atmosphere of the planet

Reflected light from telluric planets probes

down to the surface, including surface features
(biomarkers)




Exoplanet Atmospheres: Reflected light

HIRES: AO+IFU

Simulated reflected light cross-correlation

signal of the direct surroundings of
Proxima, showing Proxima b at 48 mas in 7

nights, at the 6 sigma level

Proxima b [4 Nights HIRES]

}

Not clear if possible in
the optical
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Near-IR might require
EAO
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What about SONG %

Will TESS provide targets?



CONS

In total 3.2M targets will be observed by TESS, of which 214,000

are observed at 2-minute cadence.

But, SONG is a 1-meter telescope
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Figure 14. Orbital distance versus planet radii. This plot updates a widely shared figure created by Z. Berta-Thompson, to
now include our new simulation results. Kepler planet candidates from Thompson et al. (2018) are shown in blue, our simulated
2-minute cadence detections in orange, and planets detected using other telescopes in black. The size of the circle is proportional
to the transit depth. A subset of nearby planets are marked. Data was extracted from the Exoplanet Archive (

2013). Three planets in our simulation orbit stars closer than the nearest known transiting planet system HD 219134.

0
+—
Q
=
i
Q.
Y—
(o]
S
Q
Q
=
3
=

12
TESS magnitude

Figure 8. Brightness of the planet host stars in the TESS
bandpass magnitude. The median brightness of stars with
planets found in 2-minute cadence data was 10.4, with a
maximum range of 3.5-15.3. For planets found only in FFI
data, the median brightness was 11.3, and a maximum range
of 6.1-16.4.

Barclay et al, 2018



CONS

V<7 . B0 stars meaning 25 Northern Hemisphere
V<8 100 targets for SONG

I
Spectral type ! 1200 mEm FFls
% 1065 BN 2-min
Tess magnitude !! =
S 800
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Figure 8. Brightness of the planet host stars in the TESS
bandpass magnitude. The median brightness of stars with
planets found in 2-minute cadence data was 10.4, with a
maximum range of 3.5-15.3. For planets found only in FFI

data, the median brightness was 11.3, and a maximum range
Barclay et al, 2018 of 6.1-16.4.




Best Test: real data, TESS Sector 1 alerts
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PROS SONG and TESS

1) Sampling capability (network) USP planets
&) Availability and Flexibility

Proposal: Approved ToO program ready to jump to opportunities
on the same day they are alerted/published.

SONG TESS Program:

- Recons Spectroscopy TESSSONG? Upload to TFOP!

- RV follow-up V=7/8 (Mia’s talk)

-  RM/Tomography some candidates V=7/8%? (Maria’s talk)
- Atmospheric Characterization 5/6



Pilot studies? Data in hand
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Figure 14. Orbital distance versus planet radii. This plot updates a widely shared figure created by Z. Berta-Thompson, to
now include our new simulation results. Kepler planet candidates from Thompson et al. (2018) are shown in blue, our simulated
2-minute cadence detections in orange, and planets detected using other telescopes in black. The size of the circle is proportional
to the transit depth. A subset of nearby planets are marked. Data was extracted from the Exoplanet Archive (Akeson et al.
2013). Three planets in our simulation orbit stars closer than the nearest known transiting planet system HD 219134.




Tangential stuff...



A red/near-IR spectrograph for GTC

We will be proposing a 0.8-1.7 nm high-resolution
spectrograph (R>70,000) for the 10-m GTC

Science cases:
1) Exploration volume-limited sample of stars
&) Atmospheres of exoplanets

Design is very preliminary (O) at the moment but will move
forward in the coming months

We welcome input, institutional collaborations and
enthusiastic colleagues to join




Meet your neighbor: MUSCATRZ @ TCS

1.6-m telescope Open to collaboration projects and
4 channel simultaneous imager g, r, 1, z simultaneous observations

2019: equipped with diffusers
300 nights/year

rmsimin: 0.00057 rmsimin: 0.00050

Designs of MuSCA

rmsimin: 0.00060 rmsimin: 0.00076
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