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THE ATMOSPHERES OF THE PLANETS
By R. M. PEeTRIE

HE subject of tonight’s address is one of the astronomical prob-

lems which appeals to a large number of persons; not only to
those directly interested in scientific studies but also to everyone who
takes an interest in extra-mundane affairs. The determination of the
presence and composition of a planet’s atmosphere is a necessary pre-
requisite to an intelligent discussion and appreciation of the pos-
sibility of hie existing thereon,




Petrie 1940

EVIDENCES FOR THE EXISTENCE OF PLANETARY ATMOSPHERES

Let us first consider the facts which point to the existence of
gaseous envelopes surrounding the planets. The principal lines of
evidence are as follows:

(a) Surface appearance,

b

). ¢ (¢) Twilight and refraction effects,
Y (d) Spectroscopic evidence,
(e) Gravitational attraction.
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Protostellar-Protoplanetary Disks
Around Solar Type Star
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The IRAS Fabulous 4:
Vega Fomalhaut beta Pic and Eps Eri
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B Pictoris Debris Disk: Then and Now
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HD 69830 ---A Massive Asteroid Belt & 3 RV planets
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Kwper Belts, Asteroid Belts & Planets (?)

Kalas, Marois et al
2008,2013
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7 Years of Keck Data
Reveal Orbits of
HR8799 Planets

2009-07-31

20 au

Jason Wang /
Christian Marois




The “Annus Mirabilis” of Exoplanet Science --- 1995

Intense interest by Clinton Administration. Clinton's spin
doctor, Dick Morris, leaked Mars Rock story to a $200-an-

hour call girl.
“The Rock from Mars: A Detective Story on Two Planets” Kathy Sawyer. (2006)
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log10(Cumulative # Exoplanets)

Exoplanet Demographics

Mggnajek’leaw: Exoplanet population doubles every 2.5-3 yrs
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Initial Characterization of

Bulk Properties of Kepler Planets
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500 Hours of Spitzer Observations of
2MASS 123062928-0502285, aka TRAPPIST-1
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Th e Tra p p l St_ 1 SySte m Habitable Zone Temperatures

TRAPPIST-1
System
b C d e f g h
Orbital Perm 1.51 days 2.42 days 4.05 days 6.10 days 9.21 days 12.35 days ~20 days
b i 0.011 au 0.015 au 0.021 au 0.028 au 0.037 au 0.045 au ~0.06 AU
FIsnetRACIE 1.09%, 1.06r,, 0.77r,, 0.92r, 1.04r_, 1.13&,, 0.76r,,
Planet Mass 0.85m_ . 1.38m_, 041m_, 0.62m_, 0.68m_, 1.34... -

relative to Earth

u l‘r'[‘l‘rrr RAERARAERRANIRRANARNAE.
e e Featureless spectrum

YSVeE rules out light H2
IPRCICPIiVEE atmosphere. Possible
' dense H20-rich
atmosphere. Stay
VEREFPEPaTe tuned for JWST!
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TESS.
The Next
Transit
survey:
Finding

Targets for
JWST

Transitimg Exoplanets
NonKepler
Kepler
Predicted TESS




The Next Step..JWST




JWST Transit Spectroscopy
of Mature Planets

Trappist 1d. Barstow
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Direct Imaging & Spectroscopy of Young Planets

MIRI 11.4

NIRCam 4.6
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LRS spectrum
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LRS slit

Boccaletti et al 2015
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Filter Photometry and Spectroscopy

Mass=2 MJup. Age=2. Myr. Atmos=cf1s Dist(pc)=10

* 2-15 um filter photometry
- T Ly, = Radius & Entropy S o.1ool EHARIM L SR oA
— Composition, CO, CO,, CH,, NH, [EESSItE Al SN
* NIRSpec spectra = gravity and | ‘w w, %'
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Could JWST Detect An tart S
Orbiting Alpha Cen? N\
* Earth twin emits ~20 ply at 11.4 um detectable with

MIRI in 1 hr...Except for o Cen A & B.

* Detectable in 100 hr with super post processing
4 _

axis units: arcsec
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WEFIRST --- The
Next, Next Step
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Habitable Exoplanet Imaging Mission

The NEXt, Next’ Next Step (HabEx): 4-6 m monolith.

LUVOIR: 9-15 m segmented telescope with an
internal coronagraph in UV, visible and NIR

coronagraph or starshade for

R T
Y
Origins Space Telescope £ 15 § Bitbground
(OST): Cooled ~10 m = 2 o
. . 5 10"
telescope for imaging & =
o : . 10 5
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In closing this review, we may note with satistaction how various
branches of scientific endeavour, physics, chemistry, geology and
technology have united to shed light upon a perplexing and obscure
astronomical problem. Although certain aspects of our subject remain
unknown as yet, we may anticipate with confidence a completely
satisfactory history and description of the atmospheres of exoplanets.

R. M Petrie C. Beichman

— Dominion Astrophysical Observatory, — NASAExopfanet Science tnst.
Victoria, B.C. Pasadena, CA
April, 1940. May, 2017
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Ml Stars Favorable for HZ Earths and Super Earths

* Habitable Zone moves in for
low Luminosity M stars

* HZ Period decreases leading
to larger RV amplitude

* Probability of transit
increases as does transit
depth for given planet radius

* Lower stellar mass leads to
larger RV amplitude for given
planet mass
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Palomar Radial Velocity Instrument (PARVI)

Compact design (20x50 cm) uses single mode fiber AO feed

Highly stable cross-dispersed echelle with R~100,000 at 1-1.6 (2.3) um
Incorporates LFC for real-time calibration <0.3 m/s (line-referenced) and
eventual <0.1 m/s (self-referenced)

Goal is instrument at <1 m/s

Echelle spectrum footprint on H2RG

Echelle

Echelle grating
with 13 line/mm
and f = 450mm

Scale: 38.0000 Millimeters

Scale: 38.0000 Millimeters

Echellogram

]

H-band Laser Frequency
Comb at NIRSPEC Keck

1110 (J) : 120,751
1363 (J/H) . 108,335

1790 (H) : 88,266




The Search for Other Worlds --- A 2500 Year Quest
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There are /nf/n/te Worlds both I/ke and un//ke this world of ours...We must bel/evé
that in all worlds there are living creatures and plants and other things we see in
this world.”--- Epicurus (c. 300 B.C)
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WISE Covers The Sky

L AN Wide-field Infrared Survey Explorer
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JWST Offers Modest Contrast but High Sensitivity

100 Myr, 2 M, planet

£
—_—
O
@
w
o
£
o
)
c
o
b=
o
A=
a




All Exoplanets Planet Count
Radial Velocity

Imaging

Mass — Period Distribution

18 May 2017

.. exoplanetarchive.ipac.caltech.edu
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The Infrared Cirrus---Diffuse ISM Seen by IRAS & DRAO

Joncas, Boulanger, Dewdney 1992
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200
W(H 1) (K km s™)

#1 Cited IRAS Paper: Maps of Dust Infrared Emission for Use in Estimation of Reddening and
Cosmic Microwave Background Radiation Foregrounds. Schlegel et al 1998.
Needed for Far-IR Background and Planck B modes limits




These Are Not Simulations

Spiral features revealed in SAO 206462’s dust disk

Circumstellar disk
Central star
(masked)

Spiral arms
Size of Pluto’s orbit
to scale
7.3 billion miles
11.8 billion km
0.5 arcsec T9AU

ALMA Image of HL Tau

Subaru HiCIAO image of SAO 206462
Muto et al 2012




