Space (and Ground Based) Exoplanet Missions

Greg Laughlin UCSC
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25-year Timeline of 55 Cancri RV Observations
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A 14d + 44d + 260d + 5200d fit to the 2+ decades of RV data for 55 Cancri
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Timeline of Exoplanet Detections
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Planetary Phase [Days|
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High Gain
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Trackers




® Jovian system
Uranian system

Jovian Satellite System

In situ formation or migration?



GJ 687b -- The least extraordinary planet found to date.

Radial Velocity (b)

Green points - APF, Blue Points - Keck
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*M3 V primary (Nearest star north of +60 dec)



Spitzer
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Planetary Density [g/cm?® ]
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Planets are ordered on the x-axis by the equilibrium temperature, Teq,

computed with the assumption that they are A=0 blackbodies that re-radiate 1/2

g;:;sthrznfgll planetary surface. _Measured secondary eclipse depths (in Teq — (R* T*)/((Q(L)l/g(] _ 62)1/8)
ging from Kepler’s optical bandpass to 8um) are expressed as

ratios of the observed eclipse depth in the band relative to the expected

depth in the band under the assumption that the planet is a uniformly re-

radiating A=0 blackbody.



The central

Central Limit
Theorem

limit theorem states

that a sufficiently large number of
iterates of independent random
variables, each with a well-defined
expected value and well defined
will be approximately
normally distributed.
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Spitzer is subject to serious systematic error.

Definitive results will come from JWST.



Exoplanet News
from the AAS

meeting
(New York Times)

“The discovery of a planet, not much
larger than Jupiter, outside the solar
system was reported yesterday by a
Swarthmore College scientist at an
American Astronomical Society
meeting.”

“The object is a dark companion of a
dim star some 36,000,000,000,000
miles away. It is called Barnard’s star”

Another Solar System Is Found
‘36 Trillion Miles From the Sun

Lm'mc discovery of a planet, nol
uch larger - Jupiter, out:
side the solar system was re
ported yesterday by a Swarth
more College scientist. at ar
American Astronomical Soclety
meeting,

The object is a dark com-
panion of a dim star some 36,
000,000,000,000 miles away. It
is called Barnard's Star.

Named Barnard's Star by its
discoverer, Dr. Peter van de
Kamp who directs Swarth-
more's Sprout Observatory in

ported his discovery at the so-
clety’s meeting at the Univer-
sity of Arizona in Tucson.

The finding was called “ex-
citing” by Dr, Kenneth Franklin
of the American Museum-Hay-
den Planetarium, He noted, how.
ever, that Barnard's Star B
probably does not bear life as
earth knows it because the new

planet is too large and too cold,
According !;seDr. van de

Kamp’s report, the new planet
occuples an orbit four times

Pennsylvania, the new planet is farther from Its parent star

the third such body discovered
outside the solar system but the
;li]ost nearly planet-sized one of

This means that there are
now three identified “solar sys-
tems" besides the one inhabited
by earth. One, consisting of at
least one planet and a sun
named 61 Cygni, was discov-

|ered in 1943, Another, named|from the

Lalande 21185, was found in
1660. The planets in those two
systems, however, are on the
borderline between planetary
bodies and stars, both having
ymasses of about one one-hun-
dredth that of the sun,
Bamard's Star is much
smaller, only one seven-hun-
dredth the sun’s mass, It is

than the distance between earth
and the sun. Also, the lumin-
osity of Barnard's Star is only
about forty-five ‘hundred-thou-
sandths that of the sun's.

This means, Dr. Franklin sald
that the new planet receives
less than three hundred-thou-
sandths 88 much energy over a
square foot as the earth gets
sun,

Despite its proximity to earth,
Barnard's Star is mvgible with-
out a telescope because it is so
dim. Likewise, the new planet
is also Invisible—even with a
telescope. Dr van de Kamp dis-
covered it through analyzing
the wobbles its parent star
makes, in its movements across
the heavens.

one and & half times the mass
of Jupiter, or nearly 500 times
as massive as the earth, ac-
cording to Dr. van de Kamp.

The Swarthmore scientist re-

Those wobbles are created by
the gravitational attraction be-
tween Barnard's Star and its
planet, which orbits its sun
once every twenty-four years.

So slight are the perturba-
tions in Bamard's Star's tra-
jectory, however, that they
could be detected only through

& painstaking study of thou-

sands of photographs of the
star over a period of nearly 50
years,

| The new finding adds sup-

port to the conviction of astron-

|omers that a great many solar

systems exist, some of them
possibly supporting life.

“The finding was called ‘exciting’ by
Dr. Kenneth Franklin of the American
Museum-Hayden Planetarium. He
noted, however, that Barnard’s Star b
probably does not bear life as Earth
knows it because the new planet is too
large and too cold.”

“The new finding adds support to the
conviction of astronomers that a great
many solar systems exist, some of them

possibly supporting life.”



A Planetary System Orbiting Barnard’s Star?

TimesSelect Archive

FREE PREVIEW

Another Solar System Is Found 36 Trillion Miles From the Sun

New York Times, April 19, 1963

DISPLAYING FIRST PARAGRAPH - The discovery of a planet, not
much larger than Jupiter, outside the solar system was reported yesterday

by a Swarthmore College scientist at an American Astronomical Society meeting.

*Please Note: Articles in The Archive

from 1851-1880 will open in PDF format.
Adobe Acrobat
More information|
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Fic. 3. Barnard’s star: Apparent orbits of the two perturbations
with circular orbits, and P =26 years and P =12 years.
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Fic. 3. Barnard’s star: Apparent orbits of the two perturbations
with circular orbits, and P=26 years and P=12 years.
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Radial Velocity [m/s]
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MAY BE THOUSANDS
OFLIVABLE WORLDS

Astronomer Advances Theory,
but Says Mars Is Only One
Known to Humans,

OTHERS CANNOT BE SEEN

1931

By Sow Pock Blaen Segtente 10, 1010

2007

36 Light-Years From Here, New Hope for an Earth-Like
Planet

European astronomers sasd Monday that they had found what mighe -

b the best ¢ fsdate for & Goldilocks planet yet: a lussp of something

shout 9.6 8 g as the Earth, circling #ts star st the right
distanoe for liguid water to exist on its surface — and thus, perhaps,

o host life, a5 we narrowly imagine it

~201 |




2014 (Kepler 168f)
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TQSS Transiting Exoplanet Survey Satellite

_ Science
NLS-II LV Observatory Iinstrument
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+ High Earth-Orbit (HEO) * Orbital LEOStar-2 * Four Wide Field-of-View CCD Cameras
« 2:'1 Resonance with . |n5trument'in'the'|00p « 24°x 24°Field-of-View
Moon’s Orbit attitude control « Spacecraft interfaces well defined

Project Overview

* Transiting exoplanet discovery mission
« 2 year all sky survey
« |dentifies best targets for follow-up characterization

* Deep Space Network (DSN) utilization '
» Category Il, Class C ;
* LRD: August 2017

* Pl Cost Cap: $228.3 M (RY9)
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HAECKEL’S EVOLUTION OF MAN, PLATE XV,
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