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Talking Points

A Local Examples of Solar/Stellar X-UV Radiation &
Wind Impacts on Planetary Atmospheres

AidSun i n Ti meabartye siagswihm

different ages & X-UV Irradiance of the early Sun
AAdLiving with a Red Dwarf
A Nuclear / Magnetic Evolution of dK & dM-stars

A Magnetic Dynamo-Driven X-UV Radiation &
Flares of red dwarf stars

A Some Astrobiological Consequences

A Highlight: The dM star + planet systems - GJ 581
Planetary System- large Earth-size planets in the
Habitable Zone? And transiting planet in GJ 436

A Conclusions
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|. Local Examples of Stellar XUV
Radiation & Wind Impacts on
Planetary Atmospheres
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Il. The ASSwin Timen is @ compeebensive
multi-frequency program to study the magnetic
evolution of the Sun through solar proxies.
(Start: 1988)




The o Sun | nisd@compebensive multi -
frequency program to study the magnetic
evolution of the Sun through stellar proxies.

The main features of the stellar sample are:
A Single nearby main sequence GO | -5 stars

A Known rotation periods

A Well-determined temperatures, luminosities and
metallicities & distances

A Age estimates from membership in clusters, moving groups,
period -rotation relation and/or evolutionary model fits

A Recently extended to include more common dK 0 dM stars
with deep outer convection zones (Focus of this talk)

—3 \\e use these stars as laboratories to study the
solar dynamo by varying only one parameter:

rotation



Observational Data

Multi -frequency program with observations in the X -ray,
EUV, FUV, NUYV, optical, IR and radio domains.

Focused on the high -energy irradiance study (X -ray and UV). Most of
the observations have been acquired from space satellites to
overcome atmospheric absorption over last 20 years.

Why high energy?

Several studies (Canuto et al. 1982, 1983; Luhmann & Bauer 1992;
Ayres 1997) suggest that the strong X -ray and UV radiations of the
young Sun could have had a major influence on the developing

paleoatmospheres of the planets > photoionization and
photochemical reactions

(O3, 03, CO,, H,0)



Log Ly

Spin-Down of Sun and Decrease In Activity
with Age as Observed from Solar Analogs

LogL, vs. Age
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Age vs. Rotational Period

Loss of Angular momentum over time takes place via magnetic.winds for
stars with convective zones and dynameos (i.e. spectral types G,K,M stars)
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DUR SUN THROUGHOUT THE AGES

Age, Rotation, Spot coverage and Coronal X-ray Emission
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log flux (ergs/sec/cm?)

"Sun in Time" Relative X-ray to Optical Irradiances

From Guinan et al. 2003: Ribas et al.2006
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The Youngy Sun: eyyob fopopadiedes

Far Ultraviolet,
Ultraviolet: 5-80
es present value:

Solar Wind: 500-
- 1.000 times presen

X-Ray, Extreme
Ultraviolet: 300- /
1000 times present ;
values |

Visible - values
Waveleng et al. 2002
/0% pres

values

fand energetic (~5 per day)
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Image courtesy: SOHO (ESA & NASA)



THE EFFECTS OF THE ACTIVE
YOUNG SUN ON PLANETS



A Planet with a weak or non-existent magnetic field will suffer
the evaporation and possible loss of its atmosphere by
Asputteringod processes associ

See Griessmeier et al. 2004 A&A,
425, 753




Picked up ions by the
interplanetary magnetic field

@ Interplanetary magnetic field
« frozen » in the solar wind

Solar radiation; EUV-UV-IR
Solar Wind: H*, O%, H,2*, C*,e...

Energetic solar particles: =

H*, He**, O™*,C%.e... i
+Tonization of the neutral corona by photon, l""etg,':;;’; l‘:»i:‘zf
charge exchange and electronic impact Ock

*Ionospheric outflows

Fig. 3 lllustration of picked up planetary
lons, directed backwards to a planetary
atmosphere, which is not protected by a
strong magnetic field. These ions can act
together with solar wind particles as sputter
agents (courtesy of F. Leblanc)

From Lammer et al. 2008 , Space Sci. Rev T Atmospheric Escape and Evolution of
Terrestrial Planets and Satellites



Auroral Displays on Earth viewed
by the NASA UVI Polar Mission before
and during a large CME event

UVI/Polar
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Even now a strong solar CME can
cause an | oss of ga
lonosphere

The polar aurora fountain sprays ionsxygen,
helium, and hydrogerfrom Earth's upper
lonosphere into deep space. The loss is tiny
compared to the immense volume of air in ol
atmosphere, but is significant in terms of whg
drives space weather around our world.
(NASA)



Messenger
al'mercury

Evidence of Sputtered Sodium gas blown off Mercury by
Solar winds and X-UV radiation from the present Sun




Sodium Emission in Mercury’s Tail
Third Flyby Second Flyby
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Comparison of the neutral sodium observed during théahd 39 Mercury flybys to models. The color scale for ttEflgby
has been stretched to show the distribution of sodium more clearly. As in previous flybys, the distinct north and sout

enhancements in the emission that result from material being sputtered from the surface at high latitudes on the day
are seen.



A computer simulation of the evaporating exdar planet
HD 209458b Vidal-Madjar et al. 2003

Stor—Exoplonet seen from above

Star seen from the Edarth Spectrum
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lyman alpha flux during the transit of the _ Velocity {km/sec)

The rightbottom panel shows the absorption
spectrum due to the evaporating hydrogen
when the planet is passing in front of its star.

planet (blue squares).
The green line is the simulation.



Effect s

of young Sun

Mercury & Venus

Mercury: Given the closeness of Mercury to
the Sun (0.39 AU), the radiation and winds of
the young, active Sun ravaged the planet,
completely eliminating its atmosphere and
possibly even eroding away a significant
fraction of its mantle. This resulted in a
planet with a disproportionately large iron

core, relative to its overall size.

Venus:l nvestigate

atmosphere -D/H abundance indicates past
oceans- but all lost from Sun. Maybe the young

Sundés enhanced

ltdid! : H,0- H+H + O (all lost quickly).

Mariner 10 images the barren Mercury

evolution of the Ven

activity o

Result - Within the first ~%2 Gyr, Venus lost alll

of its water inventory

Magellan Radar Mosaic of Venus



THE YOUNG SUN WAS NOT KIND-TO [T

NEAREST PLANEMERCURY:

The Erosion and Sublimation Effects of the
Young Acti ve Sun on M

Lammer, H., Tehrany, M.G.,
Hanslameler, A. & Kolb, C.

Astrobiology Institute
Graz, Austria
E.F. Guinan & |. Ribas
Villanova University
U. de Barcelona



Thereodos Somet hi ng
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(as well-as the
Moon). Note that
Mercury has a much Mars
higher mean density | ..
than expected given ¥ Moon

th

In
ih

Mzan Oensity [gfhzm®)

Ju

. . 5 . . . . . |
I tS S I Z e ' 2000 000 Fiululul =lululu] 11000 13000 15000

Dizrneter [FM]




Earth and
Mercury drawn
to actual scale -
lllustrating the

difference In
size

Inner Core
Outer Core

Earth and Mercury
drawn to the same
scale -lllustrating
the relatively large 5

core of Mercury

Core
Mantle/Crust

Earth Mercury

Image credits: Walter Myers (top); Calvin J. Hamilton (botton



One possible explanation 1 s
mantle/crust was eroded away by the strong (<1,000
ti mes present valwues) winds
higher extreme ultraviolet fluxes

Mercury
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Ton Pickup (Sputtering) A I
Exarnple: AR AL ol :

Eroded and/or ionized material

Image credit: SOHO (ESA & NASA)



S0 me

Consequences of

Enhanced Activity and XUV Flares Il: Venus

Venus
TINo water or
oxygen
Thick 100 bar

atmosphere of
mostly (97%) CO,

fd=0.71 AU

11 Photochemistry/photoionization Effects
I Venus has a slow rotation period (P, =
243 days) and a very weak magnetic
dynamo.
I Venus is thus not protected from the
Sundés plasma by pl a
fl nvestigate evolutio
atmosphere (D/H indicates that oceans once
were present on early Venus)
iMaybe the young Sut
activity played a major role?
€.0. H,0%3% OH+H
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ARTICLE IN PRESS

Available online at www.sciencedirect.com

Pl—
BGIENGE@DIREGT" amtaanwd

Space Science

www.elsevier.com/locate/pss

Planetary and Space Science I (HH) 11810

Atmospheric and water loss from early Venus

Yu.N. Kulikov®*, H. Lammer®, H.I.M. Lichtenegger®, N. Terada®%, I. Ribas®, C. Kolb®,
D. Langmayr®, R. Lundin®, E.F. Guinan', S. Barabash®, H.K. Biernat”
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X-Ray, EUV, and Lymam
Lymana i FUV 1 UV emissions heat, expand, and
emissions produce phot oi onize the ex

photochemical Al l owing t
reactions: Solar wind to carry away
CO,- CO+0 more atmospheric
H,O- 2H+O particles, thus causing
atmospheric erosion
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Enhanced Solar wind:
500-1000 times
present values

Effects of the young Sun on the Earth
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Enhanced Activity and XUV Flares llI: Earth
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The Secret to the success of life on Earth - A Strong Magnetic Field
& Magnetosphere that shielded the early Earth from the young
+Active *Synb6sg massive wimds rand stro



http://en.wikipedia.org/wiki/File:Magnetosphere_rendition.jpg




’ Avallable online at www.sclencedlrect.com ’
@ SCIENTCE @Dl..ﬂ"’ ICARUS

PRESS Tcarus 165 (2003) 9-25

www.clsevier com/locate/icarus

Loss of water from Mars:
Implications for the oxidation of the soil

H. Lammer,** H.LM. Lichtenegger.” C. Kolb.*® I. Ribas.*¢ E.F. Guinan.® R. Abart.®
and S.J. Bauerf







magnetosheath

I\/Iars prior to 3;3 Billion Years Ago

2 _magnetopause

trapping neufral sheet
region

2 Aliguid iron core produclg a*magneticfleld strong enough to protect
youngsMartian atmosphere and™surface waterfrom the punishing effects
young 3WUnos Antense s ol



Mars after 3.5 Billion Years Ago

Yayears ago, Marso core solidified,
Roughly 3.5 Billion

Y, Without a magnetic field, the outer Martian atmosphere was subjected to the
lonizing effects and strong winds of the young sun, and began to erode.

Y4 At this time, water disassociates into 2H+O, where the lighter Hydrogen is lost
the space while the heavier Oxygen combines with iron on its surface
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Example: H,0 —STs IH+0 ‘
Eroded and/or ionized material




LIVING WITH A RED DWARF:

ON THE SUITABILITY OF RED DWARF STARS FOR SUPPORTING LIFE ON HOSTED PLANETS

~ With Scott Engle, John
Bochanski, Stella Kafka
& Villanova Undergrads



THE “LIVING WITH A
RED DWARF” PRC

www.astronomy.villanova.edu/liv
ingwithareddwarf/opener.htm






Some Basics of dMstars

A Mass ~ (dM8) 0.07 > M < (dM0) 0.6 M.,
A Effective Temperatures < 3700 K

A Luminosity < 0.05 L,

A Lifetimes > 1012 yr

A ~75 % of all stars in Galaxy

A Deep outer convection zones i fully convective for
dM4 and later

A Starting to be studied for Planets (super-Earths)

A Results of the SDSS Latest Data Release (DR7.1)
I 340 million photometric objects
» Over 30 million M dwarfs observed with SDSS!

I 1.4 million spectra (see Bochanski 2008)
I 50,000 M dwarfs



Sun dMO dM5 dM8

T, = 5780 K = 3850 K = 3240 K = ~2640 K
Mass = 1 Mg = 0.47¢ = 0.21¢ = ~0.100
Radius = 1 Re = 0.62¢ = 0.32¢ = ~0.130
Lumin. = 1 Le = 0.0630 = 0.0089 = ~0.0008g

Physical properties of dMO -dM8
stars compared to the Sun.



Stellar Distribution Within 10 pc
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M-stars comprise ~75% of nearby stars






