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TRAPPIST-1 system

Dist: 12.14 £ 0.12pc

Mass: 0.089 = 0.006M,,, Earth
Type: M8V
Tesrs 2511% 37K
Age: 7.6x 2.2Gyr “habitable”??
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The nature of the TRAPPIST-1 exoplanets (Grimm et al. 2018)
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The nature of the TRAPPIST-1 exoplanets (Grimm et al. 2018)
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The nature of the TRAPPIST-1 exoplanets (Grimm et al. 2018)
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Transmission Spectroscopy
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Transmission Spectroscopy
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Transmission Spectroscopy
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Transmission Spectroscopy
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Atmospheric reconnaissance of the habitable-zone

Earth-sized planets orbiting TRAPPIST-1 (de Wit et al. 2018)
Spectroscopy with HST / WFC3 - G141 grism
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Purpose of the study

To derive transmission spectrum in wider wavelength range to
restrict the major component of the atmosphere

- TRAPPIST-1g H, rich (H,0)
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Observation

Observed by Dr. Akihiko Fukui et al. on Sep 1%, 2017
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Data Analysis (GMOS-N) - Photometry

Field of View
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Data Analysis (MOIRCS) - Spectroscopy
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Data analysis (MOIRCS) - Spectroscopy

Integrate with respect to
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Data Analysis (MOIRCS) - Spectroscopy
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Reduction
Aperture photometry
Wavelength Calibration
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Data Analysis — Model Fitting

Transit model Trend model

—\_J —

Calculating the likelihood of the data
given each model

Parameter estimation
with Markov Chain Monte Carlo method
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Data Analysis - Transit Model

(PyTransit by Parviainen)

Parameters
> Center time Tc
Radius ratio R,/ Rs

Semimajor axis a / Rs
Impact parameter b

()

Limb Darkening
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(LDTK by Parviainen)
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Data Analysis — Trend Model (Gaussian Process)
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Result (GMOS-N) - Photometry

GP+transit model(GMOS-rband)
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Result (MOIRCS) - Spectroscopy

GP+transit model(1750-1800nm)
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Result — Transmission Spectra

Transmission Spectra of TRAPPIST-1g
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Result — Transmission Spectra

Transmission Spectra of TRAPPIST-1g
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Result — Transmission Spectra

Transmission Spectra of TRAPPIST-1g
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* We got the relatively transmission
spectrum of TRAPPIST-1g atmosphere, and it was
consistent with the results using HST.

* The estimated errors were bigger than predicted.
(Probably because of the observational setting.)

* |t was the observational result of TRAPPIST-1g
transit in r-band from ground based telescope.
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The Effect of Inhomogeneous Stellar Surface

Transit Light Source Effect (Rackham et al. 2018)

Pre-transit Stellar Disk is the
Assumed Light Source

Spectral Difference due to
Different Spot/Faculae
Contributions Contaminates
Transit Spectrum

Observed Transit Spectrum

Wavelength (um)

| } is the Chord
Defined by the Planet’s Projection
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Existence of dark spots
20% at optical (Rackham et al. 2018)
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Possible Observation with Subaru / SWIMS (from S20B?)

SWIMS allows

Instrument

MOIRCS - zJ500 grism
MOIRCS - HK500 grism
SWIMS - zJ grism

SWIMS - HK grism
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spectroscopy.
Wavelength[um] Resolution
09-1.78 ~460
1.3-2.3 ~ 530
09-14 ~ 700 - 1200
1.4-25 ~ 600 - 1000
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Future study

« Ground-based transit spectroscopy of
using Subaru / SWIMS must be possible, to detect

primordial atmospheres around Super-Earth sized
planets.

* Wider-wavelength range transmission spectroscopy is
Important to constrain
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