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K epler Mission

~discovery of
. ccircumbinary
. planetst
~_ planets that
~ orbit around two
~ stars.

; They have 2 suns!

Kepler35 illustration by Lynette Cook
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Astronomers said Wednesday that &4
ane companion planet. Lee Holz has
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Kepler F111ds More Planets Orbiting Two Stars

“We estimate

that there In the “Star Wars” mowies, Luke Skywalker's home planet, Tatecine,
. are at least i ¥ : ;
> millions in orbits two suns, giving it two sunsets and two sunrises every day. In
: our galaxy, Septemnber, scientists discovered the first planet in cur galaxy that
GARY ROBBINS - but there
e i i o could be orkits two stars; now they have discoveraed two more and suggest that
at orbit two s : many more i : : :
o e fouad iy N6 B  than that.” there are probakbly millions of these so-called circumbinary planats in
2080 tronome the Milky Way.
the h:lvl' :
e . “W found two mors, and that
St wbrerlau .‘".J‘,:IN\I. Related immediately tells us, wow, this wasn't
More Observatory Columns a fluke,” said William Welsh, an
S : B s, astronormer at San Diego State

distant orbiting " e T St ML Y S St



 Asof today, a total of 17
- circumbinary planets have
- been detected.

- Two are multiplanet
- systems, e.g. Kepled7
- has 3 planets orbiting its
 binary star.

Kepler45 copyright' Mark Garlick



Kepler47 illustration and animation
credit: Tim Pyle / NASA / Caltech JPL
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Motivation
Four NnNRecent o Maj

1) Exoplanets

2) Extremophiles

3) RapidOrigin of Life on Earth

4) Icy Moons of the outer Solar Systen



The History of Planets

A For most of human history, we knew of 5 plane
M,V,M,J, S

A By 1610 there were 6he Eartlh
ABy 1930 there were 9

ABy 1995 therewere I0f i r st fiex op
discovered (Michel Mayor & Didier Queloz)

A As of 2024 July 25, there are 5690 confirmed
exoplanets!
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N A S AKepler Mission
(2009-2013) Is responsible for
discovering 2773 exoplanets

+ 1982 additionatandidate

planets

(probably planets, but
evidence to be sure)



Keplerhas found
+ 361 candidate planets in thabitable zone (HZ)
+ 23 have R < 1.2R; a these are potentially Eartike

Habitable Zonethe region around a star such that
rocky planet could have liquid water on its surface

Liquid water Is a requirement for life as we know |




Current estimates put the occurrence rate of
Earth-size planets (0.5-1.4 R,) in the HZ at

~ 22% for G & K-stars  and
~ 50% for M stars!

And in general, there are probably more
planets than stars In the galaxy!

over ~100 billion planets in the Milky Way



Importantdiscovery in 2016: a HZ planet orbiting
Proxima CentauH thenearesstar system to the Sun!




Part 2: Extremophiles

NLovers of extreme cCcO

A Terrestrial life can survive in places we did
not think possible.

A In particular, the archaea microbes can
t hrive 1 n nhostil e e
requireit. Their proteins, etc., functioonly
In these extreme conditions.



Some extreme environments:

A Heat:pyrolobusfumarii thrives at 96113 C;
record holder:

. N T 4 ;
B 2. L T

Mgl T .

— prt S

A Pressurebarophilic organisms can survive at
the bottom of the ocean (~11,000 m) at
~1000 bar©987atmor 100 M Pa)

A Salt: halophilesthrive at 8 x the salinity of
ocean water (e.g. the Dead Sea)



Acid: picrophilusoshimaehrive at pH ~0.5 and

survive at 0.0; disintegrate If the pH reaches 5!
(Helicobacter pylorilive in stomach acid; ulcers)

Alkali: bacillusalcalophilusthrives at pH > ~10

Dryness(drought):.deinococcusadioduranscan
survive being vacuurdried for over 6 weeks



Some archaea and bacteria can derive energy fi
Inorganic moleculeg:.g. by reducing iron or sulfur)
completely independent of sunlight

In closed, isolated caves.

N Ro-e &t dithaauwotrgpheycan live on water
and pure rock (basalt) 2.8 km underground

Athe vast ndeep Dbi osj
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http://upload.wikimedia.org/wikipedia/commons/9/9d/Snottite.jpg

Hydrothermal vent ecosystem

Certainthermophilic bacteriandarchaeacan
derive energy from inorganic molecules (e.g. iro
sulfate),completely independent of sunlight
[no photosynthesis needed].

These microbes form the basis of the hydrotherm
vent food chain.

Note: Larger organisms (likeompeii worms #;J-
shrimp, clams, etc.) do require oxygen, !
derived from photosynthesis.




Hydrothermal Vents
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Dive & DISCOVER

2. The seawater continues to seep far below this
pioint in the ocean crust. Energy radiating up from
molten rock deep beneath the ocean floor raizes
the water s temperature to around 350-400°C. As
the water heats up, it reacts with the rocks in the
ocean crust. These chemical reactions change the
water in the following way:

Al oxygen is removed.
It becomes acidic.

It picks up dissalved metals, including iron, copper
and zine.

It picks up hydrogen sulfide,

1

Click on the word 5_Mumh-e rs for more info



Extreme Adaptations

ardigradesan survive temperatures
as low as200 C (328 F);

as high as 150 C (~300 F). 7\ 4 e

- can be repeatedly frozen & thawe
- tolerate extreme changes in salin

MY

- resistant to Xray radiation
(hundreds of times more than what is
lethal to humans & most other organis

- extreme vacuum conditions,
like the vacuum of space!




Deinococcusadioduranscan withstand
extremelyhigh doses of radiation: 3000 X
more than a lethal dose to a human!!!




A Deinococcusadioduranscan repair hundreds of

doublestrand breaks In its

A How it can tolerate so muc

DNA!

N radiation is not fully

understood; nowhere on Earth has this much
radiation. It is probably a bgroduct of drought

resistance.

D. radioduranscould
withstand the harsh

radiation on Mars angil ™ s et

Europa.




Al n sphré@ Bt ate, |
withstand incredible conditions. %

For exampleBacillus subtiliscan survive:

freezedrying (over and over...)

20 min hydrogen peroxide bath (enough to
bleach your hair or peel off your skin!)

30 min of heat sterilization at 8& [185 F]

25



ABacteri a

were revived after being dormant for ~ 40
million years!



FIive ASurveyoro spacec
Moon prior to the Apollo missions.

The camera from one of
these was retrieved by

the Apollo 12 astronauts.




Bacteria endured the hostile space environment
[vacuum, extreme cold (20 K), & intense radiatic
with no nutrients, no water, and no energy sourc

for 2.5 years!




water boils

LIFE ON EARTH

at 30 ft underwater — 120
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Rare fossils of cyanobactenaayhave beerN
dating to 3.5 billion years ago.

Thi s I s controversi al é

Note: Because of plate tectonics and erosienyfew sedimentary rocks exist
older than this.







Solid evidence for life on Earth 3Gyr ago
comes from fossil 1 z

Stromatolitesare bacterial mounds built up layer
upon layer. Living stromatolites still exist
today (though rare).

T o "
'l




Living stromatolites at Shark Bay, Australia
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STROMATOLITES

SR
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CYANOBACTERIA
COCCOIDAL, ELLIPSOIDAL, AND FILAMENTOUS

Figure 7.1 Cyanobacteria come in a variety of shapes and sizes and are often
surrounded by or embedded in secreted layers of sticky mucilage.

from J.
William
Schopf
Cradle of
Life (1999)




The Carbon Isotope SignaturN
Of Life

Along with the usual’C and radioactiveC,
there is a stable isotopéC.

In biological systems, there Is a slight preferenc
for 1°C overl3C (becauseé<Cis lighter).

This results in &C/ 1°C ratio in biological

chemistry that differs from nehiological
Nemistry (by about 25 parts per thousand).



from J.
William
Schopf




