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Abstract:

Although we will never get the same level of details for exoplanets as we do for Solai
exoplanets revealed by exoplanet hunting missions, e.g. Kepler and TESS, provide thou:
and evolution pathways as well as theories of how their climate is shaped by their el
atmospheric characterization, short-period exoplanets with dayside blasted with s
best-characterized exoplanets to this day. Due to their synchronous rotation, they exhib]
observation can be difficult to interpret without a full understanding of their 3D-nes
observational techniqgues along with new space-based (e.g. JWST) and ground-based ob:
now allows us to reveal the inhomogeneous nature of these exoplanets and provide a
atmosphere, or lack thereof. In this talk, I will present what we have learned from obse
ranging from scorching hot exoplanets and how these observational techniques are now
to investigate their habitability.
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The Solar System in Context
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The Solar System in Context
o

While bulk properties are useful to
uncover physical mechanisms that

govern the evolution of planets,
they are highly degenerate

The Solar System

Sized to Scale

—

[
=
L
2]
4]
O
£
—
]
=
S
(- 18

But we can break these degeneracies
by characterizing their atmospheres
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MAPPING ALIEN WORLDS

Transit Spectroscopy of Transiting Exoplanets

Ingress ECI'pse Egress

Primary Transit
starlight

Crescent

Illustration from Cowan (2014) Illustration from Barstow & Heng (2020)

Lisa Dang - UWaterloo | lisa.dang@uwaterloo.ca Perimeter Cosmology Seminar - Apr 21, 2026

Pirsa: 26040084 Page 5/40




& Chrome File Edit View History Bookmarks Profles Tab Window Help @ Now:PlinviteSe.. @ Bl B {0 = & Tue Apr21 11:07 AM

MAPPING ALIEN WORLDS

Transit Light Source Effect

Mlustration from Rackham et al. 2023
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MAPPING ALIEN WORLDS

Thermal Emission of Exoplanets

Secondary Eclipse

-

Crescent cooler side warmer side

Transit

Illustration from Cowan (2014) Illustration from Barstow & Heng (2020)
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MAPPING ALIEN WORLDS

Thermal Emission of Exoplanets

First Thermal Emission Detection of a Hot Jupiter with
broadband Spitzer photometry (Charbonneau et al. 2005)
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Illustration from Cowan (2014) Illustration from Barstow & Heng (2020)
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MAPPING ALIEN WORLDS

Thermal Emission of Exoplanets

Eclipse 1

Crescent e
Transit

Time from Center of Eclipse [days]

Illustration from Cowan (2014) Eclipse Spectroscopy of HD 189733b with
JWST MIRI/LRS Inglis et al. (2024)
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MAPPING ALIEN WORLDS

Road Map: Big & Hot to then Cooler
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Starting with Hot Jupiters
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Breaking the Formation Pathways Degeneracy

|  TIDAL MIGRATION?

Hot Jupiter

IN SITU FORMATION?
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The chemical
composition of
exoplanet
atmospheres reflects
the environment that
sees the assembly of
planet
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Important 3Dness for Short-Period Planets

Large day-night temperature
differences

Tidally Locked
Permanent
Dayside and Nightside
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VERY HOT
Up to 4000K!

From Wardenier + 2023
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MAPPING ALIEN WORLDS

Resolving the 3D-ness with Phase Curves
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MAPPING ALIEN WORLDS

Inferring Dynamics with Phase Curves
EAST = the direction the planet is rotating into o0 ’_ ) (_ d . .
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Prediction from General Circulation Model (GCM)
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(Heng & Showman 2015)
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Constraining Atmospheric Dynamics

& Typical hot Jupiter

Eastward
winds

Phase curve
peaks before
eclipse

Secondary
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Westward Hotspot Offset on CoRoT-2b

Dang et al. 2018, Nature Astronomy
4.5 micron Spitzer phase curve of CoRoI-2b CoRoT-2b Thermal Map
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CoRoT-2b: Too Young to Follow the Trend ?

Dang et al. 2018, Illustration from Barstow 2018

4 Typical hot Jupiter b CoRoT-2b
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CoRoT-2b: Too Young to Follow the Trend ?

Dang et al. 2018, Ilustration from Barstow 2018

a

Typical hot Jupiter
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Phase curve
peaks before
eclipse

Predominantly
westward winds
(Rauscher et
Kempton 2014)

Eastern
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Eastern hemisphere
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Roman+2021)
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Aurora: High resolution spectroscopy can help!

e High resolution spectroscopy can resolve winds as a
function of phase to determine whether winds are

flowing eastward to westward Aurora Kesseli,

Caltech/IPAC
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Rotational bro.odenmg can Adapted from CoRoT-2b
place constraints on whether Barstow 2018
the planet is synchronously

rotating
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Dayside Emission of WASP-77Ab with

IR High Resolution Spectroscopy Gemini/IGRINS - Line et al. 2021
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HRS to resolve individual
spectral lines

Find the planet signal over
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Animation by Lennart van Sluijs Chdnge in doppler Shiﬂ'

Wavelength
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Thermal Emission with IGRINS/Gemini-S
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Execution Status: Dates Taken:
20230502 20230629 after cyber attack at
[\ [@]]:{[e]e]

Resolving the Multidimensional Nature of CoRoT-2b’s

B5-202 A Grli 1 g Westward Hotspot Offset
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High Res Spectra of CoRoT—Zb with Gemini/IGRINS

Shu, Dang, Darveau-Bernier, Kesseli, et al. (accepted)

Eclipse - .
Eastern P (Wskeain

CoRoT-2b's thermal Dayside Dayside
emission detected Transit
from the ground!
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“Kp - Vsys map” nvironment Canada

High-Res 101

If you see
e a blob that is contained
e stands out from the background
e At the location you expect from
what you know about the orbit
of the planet
You've got a detection (CO & H20)!
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Searching For Molecules on CoRoT-2b

Shu, Dang, Darveau-Bernier, Kesseli, et al. (accepted)

e |GRINS simultaneous H and K spectra with spectral resolufion R~45,000 covering
pre-eclipse phases 0.34 - 0.45 (Pl: Dang)

MOLOGY SEMINAR

Planetary

-50 =25 0 25
Vrad (km s71)

Cross-correlation with the STARSHIPS pipeline
Detected planet thermal emission at 4.8 sigmal
Detections of H,O and CO, marginal defections of HCN, OH!
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Line Broadening with CRIRES+: Asynchronous rotation?

Kesseli, et al. (in review)

L 4.4 km/s for synchronous rotation CRIRES+ data
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More COROT-2b observations with CRIRES+! |
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Hi all,

Just wanted to share the news that our proposal was approved for two half nights of CRIRES+ le not
GS-2023A-Q-111  Da observations! We got really positive feedback from the peer review process, which is great. We are [0
scheduled for designated visitor mode so someone from ESO will be taking the observations for us.
| am not sure about the dates yet and will start working on the phase 2 soon and let you know
details when | have them.

Execution Status:

Thanks for all your work in making this proposal compelling!
-Aurora
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Resolving the Multidimensional Nature of CoRoT-2b’s
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Line Broadening with CRIRES+: Asynchronous rotation?

Kesseli, et al. (in review

Higher Resolution R~100k-120k JRES+ data
Good for measuring
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Non-Continuous Phase Curves with High-Res Spectroscopy?

| | oL of atmospherlc
characterlzqtlon of ¢ yiants via thermal
emission detected from s'rate of-the-art
ground-based observatories now...
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Lava Worlds: Early Earth Analog

LAVA WORLDS

PERIMETER COSMOLOGY SEMINAR
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Figure adapted from Cloutier 2624
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