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Space radiation sources in our own solar system.

Space weather in the jovian system.

A component of space weather from the Jovian system.

Space weather in other planets of other solar systems.
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Abbreviation
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comment
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Effects

Less
than 280

arbitrary
division in
photobiology

cuts-off at
1.5 Gyr BP

280 - 320

arbitrary
division in
photobiology

dissociate
O,

20 - 40

320 - 400

arbitrary
division in
photobiology

induces a
decrease in
photosynthesis
of
cyanobacteria

reaches the
Earth’s surface




C.S. Cockell, Planetary and Space Sci. 48 (2000) 203-214.
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Time (Ga)
C.S. Cockell, Planetary and Space Sci. 48 (2000) 203-214.




C.S. Cockell, Planetary and Space Sci. 48 (2000) 203-214.




The arch shown 1s
associated with coronal
mass ejections (CMEs)
that are associated with
magnetic field lines in

coronal holes.

Observed 1in the extreme
UV light of a singly 1onize
atom of He (HE II)
at 30.4 nm. This event took
place on 24 July 1999.
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Cealactic and extragalactic
COSMIC ravs
(Neutrinos)

Solar X-rays

’/"

Induced
CIMISsIons

Solar lare neutrons
and y-rays

Belts of
trapped particles

Solar Nare electrons,
protons, and heavy ion




Launched in August of
2001 to capture samples
from the Sun.

The samples of solar
wind particles, collected
on ultra-pure wafers of
gold, sapphire, silicon
and diamond, were
returned for analysis.




Cealactic and extragalactic
COSMIC ravs
(Neutrinos)

Solar X-rays
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Induced
CIMISsIons

Solar lare neutrons
and y-rays

Belts of
trapped particles

Solar Mare electrons,
wrotons, and heavy jor
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The Jovian Family
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The icy surface of Europa




eccentric orbit

of Europa
(a ‘tidal effect’)




Metallic Core Ice Covering

Rocky Interior Liquid Ocean Under Ice




radiation from
Jupiter’'s
magnetosphere

oxidants
surface

radiation danger gk

too dark

ocean: reservoir of
endogenous and exogenous
substances

sunshine

comets

~0.1 degrees Celsius
per meter
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0 degrees Celsius
(a few kilometers down)
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Horvath et al, 1997
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Where is the ‘S-belt’ region of highest
concet(gtion of non-ice elements?
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Number of Atoms

2 3 4 5 6 7 8 9 10 11 12+

H; G c-C;H Cs CsH - CH CH;CN CH,CH CH,CsN? HGN CeHs

AIF CH 1-C;H CH 1-H,C, CH,CHCN HCOOCH; CH;CH,CN (CH,),CO HC,N
AIC1 C,0 CN C.Si CH, CH;G;H  CH,COOH? (CH,),0 NH.CH,;COOH? PAHs
G C:S G0 FCH, CH.CN HCN CH CH;CH;OH Ca™?
CH CH, S c-C;H, CH,NC  HCOCH; H,C, HC,N

CH* HCN CH, Ses=t CHOH NHCH; HOCH,CHO CH

CN HCO  CH,D% €> CH,SH

Cco HCO* HCCN  HGN HC,NH*

Cco* HCS* HCNH* HCNC  HC,CHO ETHANE
CP HOC* HNCO  HCOOH NH,CHO ™ I
CSi H,0 HNCS H,CHN GCsN g £ oA
HC1 H,S HOCO* H.,C0 FORMIC-
KQ HNC H,CO H,NCN ACID
NH HNO H,CN HNC,

NO ‘MgCN H.CS SiH, NITRILE
NS MgNC  H,0* H,COH*

NaCl N.H* NH,

OH N,O SiCs

PN NaCN CH,

SO ocs

so* SO,

SiN ¢-SiC;

Sio CO:

SiS NH;

CS H;* ACETYLENE

HF H,D*




New
absorption
features

(Lm)

Candidate
elements

H,0,

C, Hs SH
C—__mercaptan

(CN),
cyanogen




External:

lons may be implanted from the

Jovian plasma, or alternatively the
source Is

Internal:

Sulphur may be due to cryovolcanism,
or we can ask:

Could the sulphur be
biogenic?




One way to decide on the
sulphur source 1s to land on the
icy surface of Europa.

The lander will have a set of 4
miniprobes (350 gm each).




Expected penetration 1n ice 1S
72.5 cm.

Mass constraint for the
microprobes 1.7 kg.




MS i1s the right tool. The
image shows a light one built
for the Bep1-Colombo 2012
mission to Mercury, although

the lander was later cancelled.

When  living organisms
process sulfur they tend to
fractionate 1sotopes differently
from geological processes.
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Canyon Diablo Meteorite (CDM) is one of the most

famous meteorites, a troilite (FeS)_., found |n a crater

'1* ._r |. h g™

north of Phoenix, Arizona.

CDM coincides with the
average terrestrial ratio of
the isotopes 32S and 34S.




Unite H with S atoms from dissolved sulfate of seawater to form
hydrogen sulfide:

4H> + H-SOs+—» H:S + 4H:0 + 39 kilocalories

The H2S then combines with Fe in sediments to form grains of pyrite.

Iron sulfide, FeS:




The biogenic uptake of S is by sulfate reduction of
Inorganic sulfate to sulfide.

Sulfide eventually reacts with serine to yield the amino
acid cysteine.

Isotopic discrimination Is minor.




Organic substrate

2 lactate + SO;~ — 2 acetate + 2 H,O
+ 2CO, + S*~.

A form of anaerobic respiration.

Large scale reduction of biogenic sulfate to sufide.
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Basins off California

Pescadero Basin | : ;
JGulf of California
Carmen Basin |

Spencer Gulf (Australia)

-

Black Sea

Baltic Sea (Kiel Bay)

4

Bl insoluble sulfide (mostly pyrite)
. EZ dissolved sulfide (pore waters)
dissolved sulfide (sea water)

Lithified analog: Kupferschiefer (Permian)

{}coextstmg sea water sulfate




Dissolved sulfate on
evaporation forms SULFATE-

I REDUCING
sulfate minerals oo OB
depleted of 32S by

— Q
20 per mil. \”\“‘0009’ *

KA

The H,S given off

by the bacteria Is s
enriched in 32S by Difference
20 per mil.

BIOGENIC
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Terrestrial
From measurements Sulfate

in basins off — €>‘ coexisting with
California: p— seawater
Insoluble sulfide,
mostly pyrite

Meteoritic

— Lunar
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Outer edge of : as 14 times Earth's
high-power radio mass, perhaps a
broadcasting - .I | “super Earth” made

of rock.
O
O

1 S Q |
the first sun
||ke sttlr?—o_uﬂd . " 3 — m— —— - ‘o*
. to have a planet, A O

O Gliese 436, a red dwarf
O star, has a Neptune-mass
o planet, as little as 21

HD 70642 has a gas
giant in a six-year,

times Earth’'s mass.
Q' reughly circular

55 Cancri has four orbit—the closet
counterpart to

anets, ond that weighs :

- g‘, little as 14 Earths o Jupiter yet found.
a potential “super Earth.”
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Are tﬂere Biosignatures in the
o | oBxoplanets? -




The Terrestrial Planet Finder (TPF) will
consist of space telescopes.

Darwin will use three space
telescopes (3 m in diameter) and a
fourth spacecraft to serve as
communications hub.

TPF and Darwin will go beyond the three
previous technigues for exoplanet
hunting: wobbling stars, transits and
microlensing (when a dark mass passes
in front of a background star, the light
from the star can be significantly
magnified).
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Give us In the short term an independent

origin of life on Europa, Mars, Titan, or
Enceladus and the doors to progress will
open.













Brain evolution may offer hints of the probability that a human
level of intelligence may arise in an independent evolutionary
line provided the space weather conditions are favorable.

The SETI project is an observational tool currently available
to bioastronomers for searching for this aspect of evolution.

The component of space weather generated by the Jovian
magnetosphere is of interest for the understanding of potential
biosignatures on Europa.

The close integration of space weather research with
astrobiology is at its preliminary stage.




