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Exoplanet Atmospheres Seen through High-resolution Spectroscopy

NUGROHO, Stevanus K.!?

1: Astrobiology Center, 2: National Astronomical Observatory of Japan

With a day-side temperature of ~ 3300 K, WASP-33b
is one of the hottest planets known to date. Due to this
extreme temperature, the emission signature of atomic
and molecular species such as Fe, TiO and OH have been
detected in the day-side atmosphere of the planet [1, 2,
3]. Here, we followed up our previous detection of OH
on its day-side post-eclipse using IRD/Subaru [3] by ob-
serving the planet pre- and post-eclipse for 4 additional
half nights. Using these IRD datasets, we were able to
confirm the emission of OH (9.10), Fe (10.40), Ti (5.80)
and Si (7.60), and find evidence of HyO (~ 40). Interest-
ingly, while Fe and Si are seen pre- and post-eclipse, the
signal of OH, Ti, and HyO can only be found post-eclipse
indicating a non-uniform distribution across the day-side
(see Fig 1). This suggests that atmospheric processes, as
well as potential changes in the T-P profile, vary signifi-
cantly across the planet’s dayside. The weak signal from
H50 suggests that it is dissociated in the upper atmo-
sphere into OH, consistent with theoretical predictions.
Additionally, from the cross-correlation maps, the signal
of OH is the strongest just after the secondary eclipse
and gets weaker further along the orbit. We hypothesise
that the OH signals are coming from a local region near
the morning terminator where the HoO that formed on
the cooler night side is brought by the strong winds to
the day side where it becomes dissociated to OH.

Next, using data taken by ESPRESSO at the VLT dur-
ing the transit across multiple epochs, we characterised
the atmosphere of WASP-121b. WASP-121b is a Jupiter-
sized planet orbiting extremely close to its F-type host
star leading to a hot atmosphere with an equilibrium
temperature of 2300 K. As a result, we detected Fe, Mg,
Cr, V, Ti, Na, and Ca at high significance (> 110) [4].
Thanks to the strong signals, we were able to constrain
their relative chemical abundance and found them to be
consistent with the stellar values. Interestingly, the con-
strained relative chemical abundances and temperature-
pressure profile are consistent across multiple observa-
tions using different observation modes and instruments.
This result suggests that the atmosphere is stable and
that the preprocessing we developed to process the model
as we process the data works well [5].

Lastly, we searched for chemical species in the at-
mosphere of GJ 486b, a terrestrial exoplanet orbiting
an M3.5 star, during the transit using IRD/Subaru,
IGRINS/Gemini South, and SPIRou/CFHT. We found
no robust atmospheric signal and could not rule out a
high mean molecular weight secondary atmosphere or
cloudy Hy/He-dominated atmosphere due to the limita-
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Figure 1: The significance maps of chemical species pre-
and post-eclipse phases calculated using likelihood map-
ping as a function of orbital velocity (Kp) and systemic
velocity (vsys). The signal is expected to appear around
a Kp ~ 224 km/s and vgys =~ -3 km/s.

tion of the data quality. However, we were able to rule
out a clear Hy/He-dominated atmosphere or pure water-
vapour atmosphere scenario [6].

We show that the existing facilities are sensitive to the
non-homogenous properties as well as the chemistry of
the close-in gas giant atmospheres. It is an important
step toward understanding the diversity of exoplanet at-
mospheres. For the atmosphere of smaller and colder ex-
oplanets, however, a much bigger telescope such as TMT
is required to characterise their atmospheres unambigu-
ously.
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Planetary Harvest: Reaping Insights Through Diverse Methods
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Summary

In FY2022, we presented discoveries and analyses of ex-
oplanet systems using TESS, K2, Spitzer, HARPS, and
other data. Several works validated new exoplanets in-
cluding Jovians, sub-Neptunes, and smaller worlds, while
others characterized multiplanet architectures. Methods
included radial velocities, transmission spectroscopy, and
transit timing variations. Key results comprise spin-orbit
misalignment measures for hot Jupiters; water absorp-
tion hints in sub-Neptunes; refined system profiles; and
formation/evolution assessments. Some works followed
up TESS candidates, others reanalyzed Kepler systems,
collectively advancing exoplanet knowledge. The diver-
sity of planets studied shows how large samples can en-
able detailed modeling and theory tests on composition,
migration, photoevaporation, and property dependence
on stellar hosts.
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Astrobiology Center Symposium 2022

Current Understanding of " Habitability” and Future Prospects for Detecting

Biosignatures

HEF : 2022 412 H 12 H (H)
L ENRXBEEXF Y N AB LT Zoom 1281351 7)) v KB

1H28H (&)
[ [ wwx [ eE et ]

9:00 HA 655 ABC Opening remark

9:10 | Ravi Kumar Kopparapu NASA The Search for Habitable and Inhabited Worlds in our Galaxy

o Olivier Guyon Univ. of Arizona / The Path to Direct Imaging and Spectroscopy of habitable Planets with

NAOJ / ABC upcoming large ground-based Telescopes

11:10 v
WREERY E— e vy v 72 5 0RERBERE OB

11:30 e # ] JREREE Observation of planetary surface environment including remote sensing
for coastal environment

12:30 BARTE
ROABREOEMBEE IR I EREED Y E— ey v

13:40 7 Rl ABC Remote sensing of photosynthetic responses leading to the search for life
on exoplanets

14:40 T S . A % BB U 2\ IR AR DG E R O FHET I B 7 3 1%
Roles of far-red light in regulation of photosynthesis

15:40 v

16:00 Nicolas Cowan McGill University The Habitability of Terrestrial Planets Orbiting Red Dwarf Stars

17:00 S s ABC Closing remark
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10:00 HR 555 Opening remark

iR i 7 D LN K P BB I B 1 B ULER AR R AT

Microbiological Analysis of the Earth’s Oldest Subsurface Hydrosphere

TS N E R D AL RE L AL

Ecology and evolution of subseafloor microbial communities

KEAEA RV b 2BIERI VYT I NI T T OEIEIEIZ DWW T O/

11:00 | B AET Project Study of the light-harvesting strategies in cyanobacteria, which triggered the great

10:20 A K Project

10:40 BY RE Project

oxidation event.

FHEEITSE T B 7 4 7 — FiEREER S 2 BB OES  BRILKERS (VHP) B

11:20 PSS TN Project
Acquisition of fundamental technology to reduce forward contamination in space ex-
ploration: Vaporized hydrogen peroxide (VHP) sterilization

11:40 Lunch break
ERYIOEEREZHB U ZBDMI A 0~ NS T 7« —EESTICEBEEZEI VR
74 b DT

13:00 | XA BT Project
Direct detection of organic matter from carbonaceous chondrites using pyrolysis gas

chromatography mass spectrometry

At D BA LB AAT D ) R — L D FEHERK & BEREREE

Reconstruction and functional verification of pre-LUCA ribosome
ROV B WTERES S FOI= Y SNSRI SO EHRS A ZOENIZE R 5

13:20 e B Project

13:40 P N- 1 Project ok
How did fidelity and size of genetic alphabet affect activity of the molecule in primor-
dial life?

14:00 Break
HEATERIA AL & 2 RSN MRS O E T b E ¥ IV FA~DE

14:10 KB T Project Radiative transfer calculations of UV photons with circular polarization and its in-

fluence on chiral molecules

ARSI L 2GRS 7D ¥ 7V T+ OFBUET %

Chirality of organic molecules by ultraviolet circularly polarized light irradiation
IVEB LUV T 3 WE BRI T ORI 72T X B F TV T O

14:50 EAN KE Project Clarification of chiral molecules via experimental molecular emission spectroscopy in

14:30 JNBR BEA Project

millimeter and submillimeter frequency ranges

15:10 Break
RO R KA RS VS 72 397 7 Al KA SR B s oD M JU B AT SR
15:30 HREE R Project Proof-of-principle Experiment of an Extremely Large Space Telescope Concept for

Direct Imaging of Exoplanet Surface

NAFY T X F ¥ —PEEHE LU ZILEE 6 IR v+ 25 7 A~ 2 7 O RS
Development of broadband coronagraphic phase masks to search for biosignatures
RABEBILT —2RF %MD

Data Science and Exoplanets

15:30 K E s Project

16:10 T Al Satellite
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09:30 B %1 Project
Phosphorus as a key to the origin of life II: Interdisciplinary and comprehensive study
on processing phosphorus from the universe to building blocks of life
BAAED T OB IREEA A — Y ¥ 7 TH D YK 2O Ak 43 O IR
09:50 CalllE Project Investigations on the origins of organic compounds in meteorites by high-resolution
imaging mass spectrometry
KEEATIZR SN B EEAR AL b & 2 OFBEER 2 SHREES 2 K2 Lk
10:10 =N & Project Shock melt in Martian meteorites and its reproduction experiment: Implications for
the Martian soil compositions
10:50 Break
KEBEGBIIZIT 727 a7 E ARG —BEKEES KEROEA»SDT Tu—F
10:50 g Satellite Analog rock studies for the detection of life on Mars: An approach from archaean
rocks with hypersaline groundwater
AYGET 7Yy b7 x—L - F— b oA 8T A baoNa A0 Y —FEROFEBRIZ T -
11:20 iy Ah— Satellite | ff§#F5
Preparatory research of astrobiology experiment on Lunar Orbital Platform Gateway
11:50 B BT Project EARNR RS Y — D ER R L T BIEICBT 5 RER
Experiments for high-accuracy sensitivity calibration of near-infrared imaging sensors
12:10 Closing remark
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