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How do you make a planet?

 Composition measurements
help test formation theories
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Spectroscopy of Exoplanets

Flux

Wavelength



Spectroscopy of Exoplanets

Flux

Line contrasts
driven by gas
abundance and
slope of P-T profile

Wavelength



Spectroscopy of Exoplanets

Want to know: 1) vertical thermal structure
2) composition ([M/H])

Wavelength



Low-Resolution Spectroscopy

1) Measure eclipse depth
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Low-Resolution Spectroscopyv

1) Measure eclipse depth
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Low-Resolution Spectroscopyv
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Low-Resolution Spectroscopyv

3) Eclipse Depth or Brightness Temperature Spectrum
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Low-Resolution Spectroscopy
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High Resolution Spectroscopy
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1) Take
spectra over
time and
detrend
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High Resolution Spectroscopy
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High Resolution Spectroscopy
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High-Resolution Spectroscopy
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High-Resolution Spectroscopy

Flux ?
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High-Resolution Spectroscopy
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High-Resolution Spectroscopy
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High-Resolution Spectroscopy

Sensitive to
individual line
shapes
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A Choice: Ground- or Space-based
spectroscopy?

* Space:
* No tellurics
 Low spectral resolution
* Yes continuum (temperature)

* Ground
* Tellurics ®
* High spectral resolution
* No continuum (no temperature?)

* Intuition: space good for P-T profile/climate, ground good for
composition?



HIGH- AND LOW-
RESOLUTION
SPECTROSCOPY HAVE
COMPLEMENTARY
INFORMATION - DO THEM
BOTH!
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Gemini South/IGRINS (new)
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Test Case: WASP-77A b confirms intuition
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Test Case: WASP-77A b confirms intuition
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Test Case: WASP-77A b confirms intuition
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Reduced uncertainty in P-T profile reduces

uncertainty in gas abundances
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Reduced uncertainty in P-T profile reduces

uncertainty in gas abundances
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The Future: Measuring Climate
from the ground e R
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* Low resolution data is used
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The Future: Measuring Climate
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* Low resolution data is used
to measure global
climate/temperature maps
through e.g., phase curves
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The Future: Measuring Climate

from the ground

* Low resolution data is used
to measure global
climate/temperature maps
through e.g., phase curves
and eclipse mapping

* High resolution data are
sensitive to winds/jets

« Jets and thermal structure
are linked — measuring one

will help constrain the other
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The Future: accessing cooler

planets with ELTs

* Ground-based telescopes are
doing great for HJs and UHJs,
but for cooler planets JWST
will have an advantage

+ ELTs will have ~10X IGRINS
CCF SNR capabilities

IGRINS IGRINS
@McDonald @DCT
IGRINS @ Gemini 11 million 9.9 million
29 million
GIANO
33
SPIRou
iSHELL 273 million CRIRES /
8.8 million CRIRES+
8.2 million
NIRSPEC upgrade NIRSPEC GMTNIRS
24 million 9.5 million 321 million observable

2MASS PSC stars

Single Exposure Spectral Grasp

IGRINS 1.45-2.5pm

iSHELL 1.1-5.3pm

NIRSPEC 0.95-5.1pm

GIANO 0.5-2.5pum

CRIRES 1-5.3pm

CRIRES+ 1-5.3pm

GMTNIRS 1.1-5.3um

SPIRou 0.98-2.4um
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The Future: accessing cooler

p I a n etS With E LTS . Sgectral Resolving Power

R \,0‘5@:6000 60000 30506 f,p(’gg @QQQ
* Ground-based telescopes are 2500 1——— R I T T
doing great for HJs and UHJs, Spertarths. |5 {224 1o i1 9 i
but for cooler planets JWST oo A k
will have an advantage < A i
« ELTs will have ~10X IGRINS . b e i
CCF SNR capabilities 2 A
» This will allow it to access 5 I T N A L
cooler planets that are slower %' BT N A A LR
and fainter > ] . :-'.!':'.':..':. ' :
. . et Yl Ll :
» Once online ELTs will probably =~ . +.* = IRt B
drive composition constraints i N N N R N R
like IGRINS is currently e 20 e 00 w0
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SUMMARY

* Ground- and space-based data hold
- complementary information

« Each can alleviate the shortcomings of the
e other while combining their strengths

STRONGER TOGETHER

Did you just take both pills?

* Currently ground-based data is driving
composition constraints for transiting hot giant
planets (N=2;) )

* Once online, ELTs will do the same for cooler
planets as well
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WASP-18 b Gemini South/IGRINS:

Gemini South/IGRINS (new) Brogi+ 2023 NIRISS SOSS: Coulombe+ 2023

Detection Significance (o) 566 Detection of WASP-18 b at SNR=5.9
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WASP-18 b

 [IM/H] measured both with
IGRINS and NIRISS SOSS

* Both instruments could only
place upper limits on C/O
broadly consistent with host
star

« UHJ — unique challenges for
high or low resolution

C/O
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IGRINS and SOSS have complementary
strengths and weaknesses

« SOSS has good grasp of |
W18's temperature...

e ...but probes deep
atmosphere where spectral
features are weak (e.g., e

1073

100

10" 3

I I I I I
2,000 2,500 3,000 3,500 4,000
Temperature (K)
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IGRINS and SOSS have complementary
strengths and weaknesses

106
 |GRINS has access to E Fiducial ;

Individual line cores at high !
altitudes... :
e ...but struggles to break j
degeneracies with P-T DAY
profile (e.g., poorly Clom05
constrained dilution factor 1 — tarmo=o.0

C/0=0.5
Ret. 95%
.Y, Conf.

A A P N T T

and heat redistribution)

T [K]/1000
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Gas info from IGRINS + PT info from
SOSS = increased inference power

[M/H]=0.71"33 C/0<0.77

IGRINS
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Gas info from IGRINS + PT info from
SOSS = increased inference power

[M/H]=0.71"33 C/0<0.77
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Gas info from IGRINS + PT info from
SOSS = increased inference power

[M/H] =0.71'03 C/0<0.77

[M/H] =-0.1"012 C/O = 0.2370:0¢

N J:_ IGRINS
1 . IGRINS + SOSS

I A
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