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Absorption efficiencies of light-harvesting complexes in photosynthetic

organisms exposed to the photoenvironment of exoplanets

Y. Komatsu™, M. Umemura, M. Shoji, M. Kayanuma and Y. Shigeta

* vegetation has a unique
spectral feature

—how about planets
orbiting F, G, K, M stars?

ourple bacteria absorb longer wavelength radiation than plants = M stars |

purple bacteria antenna complex photosynthetic pigment

we investigated the light absorption < guantum chemistry calculations
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* stars: bands contribute to the efficiencies just
around (—heavy metals in stars).
3¢ M stars: Qy bands contribute highly to the efficiencies.
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Quiescent and Flaring Lyman-a Radiation of Host
Stars and Effects on Exoplanet Atmospheres

Jeffrey L. Linsky', Kevin France?, Yamila Miguel®, Sarah Rugheimer?, and Lisa Kaltenegger®

LJILA, University of Colorado and NIST, Boulder, CO 80309-0440.
2CASA, University of Colorado, Boulder, CO 80309-0593.
3 Observatoire de la Cote d’Azur, Nice, France
4Hravard-Smithsonian Center for Astrophysics, Cambridge, MA
5Department of Astronomy, Cornell University, Cornell, NY

GO G5 KO K2 K5 MO M3

=
o

] T T T T T T T T 10.000 ' ‘&%”éfl
|| Lya line 1 -
; SEI0, e
2e-17 [ |0 ] ool €& e ]
- .
3 > 0\5%\
§ 1.5e-17 1 2 0.100 S\q\;\ J
3 . Ee)
(5] o %
> 1
g 2 oo
o |- -
S fe-17 J I 0.010
S
=3
2 L oo
2 0.001 §
5e-18 q
t t t t t
1.000 ¢ n E
okt : ) A . =
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 L
Wavelength (A)
0.100 E
L 150 Intrinsic Lyor| %
= L 4
GI667C /5] = 0010 [
40
z
g 0.001 ¢ E
3 = GJ832/10 ¥
& =< w <100 1 | |
S 7, 30 &= . . . . .
£ o -
2E £ Ll 10" 10 100 100 10° 10* 10°
3 B i £ 5 F(NUV) at 1 AU (ergcm™s™)
Ex 4 z 5 GI832/10
£ = s
3 = = 4T T T T
= 50 E|  P(Rotation) [Circles: Exoplanet host stars |3
GI876 /2 5 T E| %03 doys ]
£ s F|lo3-10days ]
S F| £10-25 doys 1
o 3[ XP>25 days |
GIRT6 3 E +P unknown « 'S ¥ E
5 f ]
5 T 1
T F 1
e f o
" 0 x Z:* —:
=200 0 200 -200 0 200 [ ]
Ly Velocity (kms ') Lyo: Velocity (kms ') s 1
Ly ]
£ E
2 F
= T
o

I I
7000 6000 5000 4000 3000
Stellor Effective Temperature (K)




Pressure (bars)

T T T
q 1e-07
Solar Metallicity Observed GJ 436 flux —
1e-06 | 10x Lya flux -
100 x Lya flux.....
1000 x Lya flux

1e-07

1e-06

1e-05 1 1e-05
0.0001 H,O 1 __ 0.0001
®
S
0.001 4 £ 0001
@
5
0.01 4 2 0.01
o
a

0.1

CH,

| Observed GJ 436 flux —

1000 x Lya flux:

L 100 b So!ar Metgllicity

. . . . . n . .
1e-08 1e-06 0.0001 0.01 1 1e-14  1e-12  1e-10 1e-08 1e-06 0.0001 0.01 1
Volume Mixing ratio Volume Mixing ratio

I I I
1e-14  1e-12  1e-10




STAREVOL

SOCIETE FRANGAISE
D'ASTRONOMIE &
D'ASTROPHYSIQUE

mass range 0.5 -2 Mg,
4 metallicity values
impact of rotation-induced mixing

rotation

3.8 3.7
log T (K)

v’ About 2000 exoplanets discovered within different
configurations

v’ Thanks to increase of precision of modern techniques size and
mass of detected planets have dramatically decreased

v’ Earth like planets => habitability?
o First step : habitable zone (HZ) and continuously habitable
zone (CHZ)

v We aim at:

o highlighting the impact of stellar parameters on HZ and CHZ
o add more constraints on HZ and CHZ location

o link HZ location to stellar activity evolution

v’ Habitable zone (Kopparapu et al. 2013,2014):

L/L 05 1-D radiative-
° S =_Ir convective climate
T F,. model

eff
Seff =S, +al +bT} +cT’+dl} T,=T, 5780

R, = runaway greenhouse, net positive feedback of
greenhouse effect

R.ut = maximum greenhouse, Rayleigh scattering due to
CO, reduce greenhouse effect

v’ Stellar structure evolution grid: Amard et al. (in prep.)




- S v’ Systematic study of HZ and CHZ
s Gallet et al. (in prep.) 1 Mg, 2. stondors, 1
2=0.014

i o grid available
2=0.0255 B
o online tool scheduled

Distance (AU)
Distance (AU)

v/ Strong effect of mass and metallicity
o limits
o shapes

i v'NO rotation effect on HZL and CHZL
Age (Myr) : ‘;’ge ) 100 1000 10000

P / o o o o 9
Metallicity and mass effect CHZL and activity effecta o =—* HZL minimum when stellar activity at its
t\ng B lowest

i 2o rotation ‘J ] o Impact on planetary formation?

* [Charbonnel et al. (in prep.)

- Need to include

o star-planet tidal interaction (dissipation
processes)

o magnetic interaction/protection
o ..

[Fe/H] =

rotation
L 1 L L L 1
4.2 4

log Teff (K)

3.8
log Teff (K)

Table 1. Size of the HZ as a function of stellar mass.

AHZ 05Ms 1Mo 15Ms 2Mg
AHZ,ean (AU) 0.27 0.86 2.05 3.25
AHZ,, (AU) 0.2 0.65 1.2 1.85
AHZ,,,x (AU) 1.39 3.46 5.9 6.63
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Habitability of Exoplanets:

What can we learn in the next 10 years 7

— Julien de Wit —

Pathways 2015 — July 2015

A EAPS

Earth, Atmospheric and Planetary Sciences




MassSpec’s potential

[ Stars too brightifor JWS
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mini-Neptune with EChO
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What Can the Habitable Zone Gallery Do for You?

Dawn M. Gelino® & Stephen R. Kane?

'NASA Exoplanet Science Institute, Caltech; 2San Francisco State University

<~ Includes up to 3 images for ea
Planets exterior to the HZ, 2) Planets in the HZ, 3)
Planets interior to the HZ

< The light and
conservative and
et al. 2013, ApJ, 765, 131

< The Gallery and Movies pages are searchable!!
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< Shows real-time predicted change in temp (well
mixed model) and separation from star which is
particularly useful for eccentric orbits

< Includes circumbinary planet movies!

Why Create the HZG?

» To provide an interactive method and table to visualize the orbits and Habitable Zones (HZs) and sort

Click on planet l .m Click on table

name to bring up
Gallery images

header to sort by
that parameter
Planst Plday) o W) ba°(0) 4N T () Te' () T 00 Te' 00

for planets which spend substantial time within the HZ Memb  ws0 om ms 00 00 om0 w0 em
» To provide tools, graphics, and movies which can be easily imported into presentations to facilitate e B N ey R e
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This site is dedicated to tracking the orbits of exoplanets in relation to their Habitable Zones. o1virh 42 0120 1050 00 00 1505 1268 13%  n2
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Planets with orbits entirely within the Habitable Zone: 57 [?]

ch system scaled for 1)

Updatsd-201505110:21:10:50 HOT < Sortable table of parameters for each planet including:
< % of time spent in conservative HZ and optimistic HZ

< temperatures for 2 different atmosphere models at 2
different locations: well mixed & hot dayside for

green regions represent the
HZ as given by Kopparapu

the lanetary offocive tampecure o e wel-méced model
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"The Earth is the only world known so far to harbor life. There is nowhere else, at least in
the near future, to which our species could migrate. Visit, yes. Settle, not yet. Like it or not,
for the moment the Earth is where we make our stand.” - Carl Sagan

Use Cases

 Using figures for talks/grants/papers

» Characterization of exoplanets and their moons

» Easy determination of and orbit visualization for known planets spend substantial time in their HZs
+ Planetary environment studies

» Target selection, visual aids in a variety of contexts, and general demographic investigations

* See Kane & Gelino 2012, PASP, 124, 323 for more details

http://www.hzgallery.org

periastron and apastron locations
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Effective Stellar Flux Relative to Earth

< Dependence on the effective stellar flux received by

the planet on stellar mass. Green = planets which
spend > 50% of their orbital phase within the HZ.
Red and blue = planets interior and exterior to the
HZ respectively. The dashed crosshairs show the
location of Earth.

Other summary plots on the site include animated
yearly depictions of the planet mass and orbital
eccentricity versus the orbital period of exoplanets
which enter their HZs.




