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Talking Points
ÅLocal Examples of Solar/Stellar X-UV Radiation & 

Wind Impacts on Planetary Atmospheres

ÅñSun in Timeò program ïsolar-type stars with 
different ages & X-UV Irradiance of the early Sun

ÅñLiving with a Red Dwarfò Program

ÅNuclear / Magnetic Evolution of dK & dM-stars

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

ÅSome Astrobiological Consequences

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

ÅConclusions



I. Local Examples of Stellar XUV 

Radiation & Wind Impacts on 

Planetary Atmospheres



The Magnetically Active Sun





II. The ñSun in Timeòis a comprehensive 

multi-frequency program to study the magnetic 

evolution of the Sun through solar proxies. 

(Start: 1988)



The òSun in Timeóis a comprehensive multi -

frequency program to study the magnetic 

evolution of  the Sun through stellar proxies.

The main features of  the stellar sample are:
ÅSingle nearby main sequence G0 -5 stars

ÅKnown rotation periods

ÅWell -determined temperatures, luminosities and 
metallicities & distances

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

ÅRecently extended to include more common dK ðdM stars 
with deep outer convection zones (Focus of  this talk)

We 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, NUV, 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

(O2, O3, CO2, H2O)



Age vs. X -ray Luminosity (log L x) Age vs. Rotational Period

Spin -Down of  Sun and Decrease in Activity 

with Age as Observed from Solar Analogs

Loss of Angular momentum over time takes place via magnetic winds for 

stars with convective zones and dynamos (i.e. spectral types G,K,M stars)



P(rot) 2 -4 d; 10% spots   ~8 d; 2- 5% spots   ~14d; ~1% spots      ~25d ; 0.2% spots

< 300 Myr                    ~ 650 Myr                        ~ 2 Gyr                           4 - 5 Gyr

Lx ~ 5-10 E+29 erg/s       ~ 5-10 E+28                    ~ 1E+28                        ~ 1E+27

Age, Rotation, Spot coverage and Coronal X-ray Emission



"Sun in Time" Relative X-ray to Optical Irradiances
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From Guinan et al. 2003; Ribas et al.2006



The Young Sun: A Summary of  properties

X-Ray, Extreme 

Ultraviolet: 300-

1000 times present 

values

Visible 

Wavelengths: 

70% present 

values

Far Ultraviolet, 

Ultraviolet: 5 -80 

times present values

Solar Wind: 500-

1,000 times present 

values                      

(Wood et al. 2002)

Flares: more frequent and energetic (~2-5 per day)

minitial ~1.02 m
¼

Etotal;1033-1035 ergs (Present value: ;1032 ergs)
Image courtesy: SOHO (ESA & NASA)





A Planet with a weak or non-existent magnetic field will suffer 

the evaporation and possible loss of its atmosphere by 

ñsputteringò processes associated with XUV radiation & winds.



Fig. 3 Illustration of picked up planetary 

ions, 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 ïAtmospheric Escape and Evolution of 

Terrestrial Planets and Satellites

during



The polar aurora fountain sprays ions - oxygen, 
helium, and hydrogen - from Earth's upper 
ionosphere into deep space. The loss is tiny 
compared to the immense volume of air in our 
atmosphere, but is significant in terms of what 
drives space weather around our world. 
(NASA)    

Auroral Displays on Earth viewed

by the NASA UVI Polar Mission before

and during a large CME event

Even now a strong solar CME can 

cause an loss of gas from the Earthôs 

ionosphere



Messenger 

at mercury

Evidence of Sputtered Sodium gas blown off Mercury by

Solar winds and X-UV radiation from the present Sun



Comparison of the neutral sodium observed during the 2nd and 3rd Mercury flybys to models. The color scale for the 3rd flyby 
has been stretched to show the distribution of sodium more clearly. As in previous flybys, the distinct north and south 
enhancements in the emission that result from material being sputtered from the surface at high latitudes on the dayside 
are seen. 



A computer simulation of the evaporating extra-solar planet 

HD 209458b

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

The graphic shows the 9 measurements of 
lyman alpha flux during the transit of the 
planet (blue squares).
The green line is the simulation. 

Vidal-Madjar et al. 2003



Effects of young Sunôs Activity on 

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. Mariner 10 images the barren Mercury

Magellan Radar Mosaic of Venus

Venus: Investigate evolution of the Venusô 

atmosphere -D/H abundance indicates past 

oceans- but all lost from Sun. Maybe the young 

Sunôs enhanced activity played a major role? 

It did! :  H20 ­ H + H + O (all lost quickly). 

Result - Within the first ~½ Gyr, Venus lost all 

of its water inventory



THE YOUNG SUN WAS NOT KIND TO ITS 
NEAREST PLANET- MERCURY:

The Erosion and Sublimation Effects of the 

Young Active Sun on Mercuryõs Surface

Lammer, H., Tehrany, M.G., 

Hanslameier, A. & Kolb, C.

Astrobiology Institute

Graz, Austria

E.F. Guinan & I. Ribas

Villanova University

U. de Barcelona



Thereõs Something About Mercury

ÅVariation of mean 

density with 

diameter of the 

terrestrial planets 

(as well as the 

Moon). Note that 

Mercury has a much 

higher mean density 

than expected given 

its size.



Earth and Mercury 

drawn to the same 

scale -Illustrating 

the relatively large 

core of  Mercury

Earth and 

Mercury drawn 

to actual scale -

Illustrating the 

difference in 

size 

Image credit: Walter Myers

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



One possible explanation is that Mercuryõs lighter 

mantle/crust was eroded away by the strong (<1,000 

times present values) winds and the early Sunõs 

higher extreme ultraviolet fluxes

Image credit: SOHO (ESA & NASA)



¶Photochemistry/photoionization Effects 

ïVenus has a slow rotation period (Prot = 

243 days) and a very weak magnetic 

dynamo. 

ïVenus is thus not protected from the 

Sunôs plasma by planetary magnetic field.

¶Investigate evolution of the Venusô 

atmosphere (D/H indicates that oceans once 

were present on early Venus)

ïMaybe the young Sunôs enhanced 

activity played a major role?                         

e.g.                      

Some Consequences of the Young Sunõs 

Enhanced Activity and XUV Flares II: Venus

Venus
¶No water or 

oxygen
¶Thick 100 bar 

atmosphere of 

mostly (97%) CO2

¶d= 0.71 AU

2 FUV
H O OH+H½½½­







Lyman aïFUV ïUV

emissions produce 

photochemical 

reactions:

CO2­ CO+O

H2O ­ 2H+O

CH4­ C+4H

NH3­ N+3H

H2O ­ OH+H

etcé

X-Ray, EUV, and Lyman a

emissions heat, expand, and

photoionize the exosphereé

Enhanced Solar wind:

500-1000 times 

present values

éAllowing the enhanced 

Solar wind to carry away 

more atmospheric 

particles, thus causing 

atmospheric erosion

Effects of the young Sun on the Earth



Some Consequences of the Young Sunõs 

Enhanced Activity and XUV Flares III: Earth

Å A Young active Sun may have played a major role in the evolution of 

the Earthôs atmosphere and possibly the origin and evolution of life.

Å Problems under Study:

ïDestruction of methane (CH4) by the early Sunôs strong FUV 

radiation

ïFormation of ozone (O3)

ïPhotochemical reactions leading to the formation of 

organic molecules                Ą

ïH2CO  (formaldehyde) Ą
ÅElement/building block of 

Ribose, a key ingredient of life

ïMany other problems

Itõs ALIVE!



The Secret to the success of life on Earth - A Strong Magnetic Field

& Magnetosphere that shielded the early Earth from the young 

Active Sunôs massive winds and strong flares, & CME Events

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


Loss of Water on Mars





Evidence 

for Water 

on Mars



Mars prior to 3.5 Billion Years Ago

¼A liquid iron core produced a magnetic field strong enough to protect the 

young Martian atmosphere and surface water from the punishing effects of the 

young Sunôs intense solar wind



Mars after 3.5 Billion Years Ago
¼years ago, Marsô core solidified, shutting down the Martian magnetic dynamo. 

Roughly 3.5 Billion 

¼Without a magnetic field, the outer Martian atmosphere was subjected to the 

ionizing effects and strong winds of the young sun, and began to erode.

¼At this time, water disassociates into 2H+O, where the lighter Hydrogen is lost to 

the space while the heavier Oxygen combines with iron on its surface

Michael  J. Dulude



With Scott Engle, John

Bochanski, Stella Kafka

& Villanova Undergrads



www.astronomy.villanova.edu/liv

ingwithareddwarf/opener.htm



The original ñLiving With a Red Dwarfò Program logo



Some Basics of dM-stars
ÅMass  ~  (dM8) 0.07 > M < (dM0) 0.6 M

½

ÅEffective Temperatures < 3700 K

ÅLuminosity < 0.05 L
½

ÅLifetimes > 1012 yr

Å~75 % of all stars in Galaxy 

ÅDeep outer convection zones ïfully convective for 
dM4 and later

ÅStarting to be studied for Planets (super-Earths)

ÅResults of the SDSS Latest Data Release (DR7.1)
ï340 million photometric objects

» Over 30 million M dwarfs observed with SDSS!

ï1.4 million spectra (see Bochanski 2008)
ï50,000 M dwarfs



Physical properties of dM0 -dM8 

stars compared to the Sun. 



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




