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In our journey to understand exoplanetary atmo-
spheres, we studied two vastly different worlds: GJ 486b,
a terrestrial exoplanet, and WASP-33b, an ultra-hot
Jupiter. These studies represent key milestones in char-
acterizing exoplanet atmospheres under diverse environ-
mental conditions and highlight the power of cutting-
edge spectroscopy in advancing the field.

The first study, ” High-Resolution Transmission Spec-
troscopy of the Terrestrial Exoplanet GJ 486b”, repre-
sents one of the first attempts to push high-resolution
spectroscopy to its limits by studying a small, relatively
cool terrestrial planet [1]. GJ 486b is a rocky exoplanet
orbiting an M3.5 dwarf star 26 light-years away, with an
equilibrium temperature of about 700 K [2]. Using IRD
on Subaru, IGRINS on Gemini-South, and SPIRou on
CFHT, we searched for molecular absorption features—
such as HyO, CO5, CO, NH3, and HCN—in its trans-
mission spectrum to reveal its atmospheric composition,
thermal structure, and evolutionary history. This study
offers clues about atmospheric escape, photochemistry,
and surface-atmosphere interactions. Although no signif-
icant detections were made, the findings suggest that GJ
486D likely lacks a thick Hy /He-dominated atmosphere or
pure water vapour, possibly due to atmospheric escape
driven by its proximity to the host star. Another pos-
sibility is that clouds or hazes may obscure the spectral
features of a secondary atmosphere. Our findings high-
light the need for further observations, particularly at
shorter wavelengths, to confirm the presence of an atmo-
sphere. Instruments like MODHIS on the Thirty Meter
Telescope (TMT) will provide unparalleled sensitivity in
the future, enabling detailed studies of rocky planets like
GJ 486b.

The second study, ” A Spectroscopic Thermometer: In-
dividual Vibrational Band Spectroscopy with the Example
of OH in the Atmosphere of WASP-33b”, introduces a
novel method to investigate Non-Local Thermal Equilib-
rium (NLTE) effects using individual vibrational bands
of molecular emission lines [3]. Focusing on WASP-33b, a
tidally locked ultra-hot Jupiter with a dayside tempera-
ture exceeding 3,000 K [4], we performed a simulation of
low-resolution JWST/NIRSpec observations to demon-
strate its capability to isolate specific vibrational bands.
We showed that it is possible to retrieve their population
distributions and determine the vibrational temperature
distribution, which would deviate from the Boltzmann
distribution if NLTE effects are present. We then applied
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the same principle to high-resolution spectra of WASP-
33b’s dayside obtained using IRD/Subaru. As a result,
we revealed a clear detection of OH bands, with a popu-
lation distribution consistent with the effective temper-
ature of WASP-33b’s atmosphere without NLTE effect.
This technique, which serves as a spectroscopic ”ther-
mometer,” opens a new avenue for probing the energy
distribution and excitation states of molecules in extreme
environments. Future applications of this method could
uncover critical insights into the thermal structures and
chemical compositions of other exoplanet atmospheres,
particularly those of ultra-hot Jupiters where thermal
dissociation and ionization processes dominate.

Together, these two studies showcase the versatility of
high-resolution spectroscopy, from probing tenuous at-
mospheres of rocky exoplanets like GJ 486b to unveiling
intricate molecular and thermal details in the extreme
conditions of WASP-33b. These results emphasize the
importance of advancing observational techniques and
theoretical frameworks as we prepare for next-generation
instruments on Subaru telescope and facilities like JWST
and TMT. By bridging the gap between small rocky
worlds and massive gas giants, we are paving the way
for a deeper understanding of the diversity and complex-
ity of exoplanetary atmospheres.
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Multi-Planet Architectures and the Edges of the Radius Valley
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Summary

In FY2023, our research activities focused on exoplanet
detection, characterization, and analysis across multiple
systems. The work can be broadly categorized into sev-
eral key areas:

Notable Discoveries

A major highlight was the discovery of a resonant sex-
tuplet of sub-Neptunes orbiting HD 110067 [1]. We also
identified additional companions in known planetary sys-
tems, including two low-mass planets around GJ 367 [2]
and two sub-Neptunes around the M dwarf TOI-1470 [3].
Additionally, we discovered a sub-Neptune transiting the
young field star HD 18599 [4].

Characterization of Individual Systems

Several studies focused on detailed characterization of
specific planetary systems:

e TOI-2266 b: A super-Earth at the edge of the M
dwarf radius valley [5]

e TOI-544 b: A potential water-world inside the ra-
dius valley [6]

e TOI-519 b: A close-in giant planet around a metal-
rich mid-M dwarf [7]

e TOI-1416: A system with a super-Earth planet with
a 1.07 d period [8]

e TOI-733 b: A planet in the small-planet radius val-
ley [9]

Multi-Planet Systems

We conducted several studies of multi-planet systems,
including:

e Planetary companions orbiting GJ 724 and GJ 3988
[10]

e TOI-1130: A hot Jupiter in resonance with an inner
low-mass planet [11]

e Two sub-Neptunes around TOI-1442 and TOI-2445
[12]
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Observational Techniques

We advanced our observational capabilities through:

e Application of Gaussian Processes and Nested Sam-
pling to Kepler data [13]

e Simultaneous multicolor transit photometry of hot
Jupiters [14]

e HST Far-ultraviolet transit observations of Neptune
progenitors [15]
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