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How dld llfe form and evolve on early Earth 0
Search for lzfe m the Untverse starts at

' -our-own planet s
What is the role of a host star on the orlgm and :
evolatzon of llfe on exoplanets aroand them?
How can life be detected 2 Strategles for fi ndmg o
Earth 2 0 ol - ¢ |
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Barry, Cuntz, Danchz F rance, Lmsky, Lopez

Glocer, Khazanov, Lm, van der Holst Tarduno

Argento, Attrl, Domagal—Goldman, Del Gemo, .
'-Goldblatt Gronojf Jackman, Pavlav, T homas . o

Barrlck Cltver, Cockell Floyd Mazumder, Onstott'
Phelps, Slmonyan s,
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;.-'_Ltfe of our “baby” Sun e
. .'.'Eﬁects of Superﬂares and CMEs.
on young Earth s
,-f'_jEﬁ“ects of Solar Proton Events aml '.- 
* The Prospects for ltfe e
o Work in Progress. Chemzstry and |

s Blology Experlments ; |

" ATLAST Seminar Seriés, NASA/GSFC; Mar 4, 2015



Hadean Proterozoic

T2
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“Hadean” from Hades, the Greek god of the underworld.

-
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Flux (W m? nm™)

Flux (W m™? nm™)
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& ' ; Magnettc F=10 x present
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Longltudlnal surface magnetlc field from Stokes V and I LSD proflles for a number of
hlgh-g sepctral Imes : . - . : : : :

@ solar like
@ young suns
¥ H-J hosts
m early-dM
® Sun

A TTauri
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® young suns
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Marsdn et al. 2014; Vdofto et.al.

Correlatlon between age t and rotation perlod Prot for the stars lndlcatmg that the non-’
accretlng stars follow the Skumanich law (t otz)
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0.655 +0.045

<IB > ot

@ solar like
® young suns

¥¢ H-) hosts
m carly-dM

A _logtly) e
Correlation between the average large-scale field strength derived from the ZDI
technique and age t, for the ndn-accreting"star (Vidotto et al. 2014)

-
. -
-

ATLAST Seminar Seriés; NA_SH/_GSF C, Mar 4, 2015

10



10
*
0
=,
O
Al

2009.92

Tempemturé mc"l]')s-of AF Lep (P=1 d) (Jarvmen et ‘al "2'01?5'.' NOD 4!

2 f S

- ATLAST Sem’in'ar Series,'NASA/GSF C, Mar 4, 2015 -



.
. .
-
P . - '
— .
= '
T,
- ’
(¥
» A Lo,
. -
.
[ .
v ot
. . .
“
-
. .
> o ’
. .
‘ ’
v
.
- / *
. 0
. '
. .
3 -
" U -
- e
v \ “ ‘ .
A . Tl
P ‘.
.
-
’
o’
< -
Lo
.
= > » .
. » ’
1
5= W
NS s '
. * L ) . ’
. » : *
_ - ke 4
v LA
o < b i X
. 4 .
. ? . i
»
g "
s . 4
) 4 .
. ’ ’ . g
.
sk
* L3
"% ot ’ =
"Iy »
. x%-N4 % .
‘ ’ .
" +
.
ove Ve e
v . - . -
- '
. ’ &
- ST
- S elNe ) .
- 3 -
'
S
. -
.y
»’
fomy
.
- . »
’ 3 "
«
» ’ .
3 A .
v r
P » - y
. .
. L2 ¥
(3 . Y

Airapetian et al.
2015 (& S. Hill)

- .

' : =] 2



' -'Photometry stellar brtghtness '
,changes caused by transztmg
< terrestrtal planets '

Launch 2007
; i ‘_.;'"Varlabtltty range m mmag

_‘Momtormg 1 50 000 stars at 30 min
, cadence for 4 years! ¢

------

Aml a very sarprtsmg dlscovery of
_ saperﬂares on host stars

L4

-
. -
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Flare frequency [erg'1star'1year'1]
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Most active solar type stars
(all P, N =361)
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Flare energylerg]
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a=2.2-all G dwarfs’

a=2.0 — slowly rotating G

dwarfs

250 evén,is/day at
E~5x10°*erg!
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55250 55260
Barycentric Julian Date (BJD) — 2400000 [day]

‘ A‘TLAS T Seminar Series, NASA/GSFC, Mar 4,'201-5

Vs‘,-n',-=-‘1- 91 km/s
20 km/s (nearly

'_ pole-on)

iz Varmtzons due to..
._'..spotS at 2. 54d .
-+ High chromosphemc ok
- and coronal activity
(100 x solar) = -

| [.'Flare'.-- t=0.12 day

' '“5 6 x1 04 erg

opt

15



0.001

e« AMI 15 GHz
+ Swift /PC mode

+ Swift/WT mode
0.010 0.100 1.000 10.000
Time from Trigger (d)

‘ A‘TLAS T Seminar Series, NASA/GSFC, Mar 4,'201-5
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To be a suttable parent a star must
‘= have a long life expectancy

— be lamtnous enough so. that the planet doesn t have to be too

close
o stars 0 5M (]W) wzll tldally lock

o have htgh “metdlllaty” o .
. e spectal constralnts on. abtnary SyStem L

Whlch of F G and K stars (yellow to orange) are the best parent
candtdates? | 2o

ATLAST Seminar Series, NASA/GSFC, Mar 4, 2015 Yok =17



Water should exlst m llqmd form (Kastzng et al 201 3)

< Moist’ - Maximum
Recent Venus yhouse ' Greemﬁe
7,000 / : ' i
. l Runaway Greenhouse '
6,000 <A
@ .
= A Venus :
2 M ’ ;i . \ . .

&
2 5,000+ Tau Ceti e £ :
] .
g_ Kepler 62e’ HD 40307g
@ T .

4,000 = Y ' : *.

’3 Gliese 5819
: ¢ . Gliese 667Cc & ¢
3,000+ ' é ; ; \"
‘.
‘ *
é R '1'.%5' A 1?5 il '1.'25' e 1 fmli gl 'O.%S'
Image Credit: Chester Harman ‘ Effective Stellar Flux (Sef) 4
* ‘Planets: PHL at UPR Arecibo, NASA/IPL ) )

- - . . -
- . . .
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E ﬁects of X-my/E U V/U V emzsswn from superﬂares
E ﬂects of magnetzc f elds ejected from actlve stars

MAGNETOSPHERE 01 He

IONOSPHERE

RPN 2 S O > A0S
% 5 85 6 8 58 B

Photochem/élimate
.

exmcnnr  wourninar Series, NASA/GSFC, Mar 4, 2015

Thermosphere
Particle Transmission

19

Polar Outflow

Magnetohydrodyn.



. _Superﬂares (E~1 033 ergs) from two Sun-llke stars, KI C
9766237 (21.8d) and KIC 9944137 (25. 3d) wzth Subaru' ,
: (Nogaml etal. 2014) | o
ol requency of occurrence is 1 per 5 000 years
L Eg ﬂ3BZ/871' g L=(a7tRSm,,2 2 a - sunspot area
f -fraction of flare energy in radiation T
{,‘° Asunspot =5x 10 3A disk (T he Great Sunspot of 1 94 7), _
e —6 kG . : ik
e i Eﬂm—Q 36 X 1035f(ergs)

ATLAST Seminar Series; NA_SX/_GSF C, Mar 4, 2015 20 -



Stnce Jan 14 201 5 we are searchtng for a szgnatures of
X-ray/U | 4 ﬂares from one these two Sun-like stars, KI C
994413 with SWIFT XRT and UVOT -~ . '
Because background uy lumlnoszty of t the star IS 2
orders of magnttudes lower we should see a few tlmes J
LWFevents s SRR ‘
Search is underway, stay tuned ’ i

ATLAST Seminar Series; NASH/GSF C, Mar 4, 2015 : : 2] -



C.ME Kinetic Energy [ergsj
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(g)—l 8. 7+0 7logF m( W/mz) Aamto et al 2011 .
dM/dt ( CME ) >: dM/dt (wmd) for early Sun
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. Earth lacked magnetic field for the first 0.5 Gyr! (Tarduno et al. 2104)

(a) No Core Dynamo

Dipole MomeV
(1072Am?)
K 4

s (b) Core Dynamo Karalia

Subsolar stand-off distance (R:)

10 15 20 25 30 35 40 45 50

- - c v
. -

" ATLAST Seminar Series, NASA/GSFC, Mar 4,'201-5 A . e 23



Solar
Magnetic

Flare e
Field Lines

Coronal
Mass Ejection

\{{(

Shock
“ Energetic

(’( s Protons and lons
(

»
[
C

’

SEP Kinetic Energy (ergé)

Earth

Typlcally about 10/ of CME klnet1c energy

goesinto SEPs - 0o R I AN S R
Similar to flare enefgy e s B o s s L
Expect Ground Level Enhancement events - -- - R : y

(GLES) are assoc:ated Wlth energetzcz‘CMEsemmar Serles, NASA/GSFC Mar 4, 2015 A7 AICS 24
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Large-scale
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_‘Giant spots, flare and CME event

- Most severe SW event in hlstory
-Lasted Eight days long.

- Aurorae at equatorial latitudes
Global telegraph rietwork disrupted, .

. operators suffered electric shocks .

_'Magnetometers driven off scale

. Energy in CME ~2x 107 erg 2

“ Frequency = 250 events/d 4 Gyr ago

o~ per:300 yr today! -

* What.to-expect?. -

[ J ) . 0" 0
. .

e ... o' @
. N 5

a

Ly

o= 2 X 10% erg=01E,
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GOES detected proton flux
for >1 MeV to 1 GeV

1 MeV prc

- D ITTC T
10 MeV prot
Middle Mesos & ere Stratopause

Atm‘:’g’g 100 MeV pro
O

Stratodphere

B

Particle radiation from the Sun can destroy ozone
ATLAST Seminar Series, NASA/GSFC, Mar 4, 2015 courtesy: C. Jackman



A Tree A 4 Decadal average of our data
O Tree B O IntCal98

780 - 780 800
Year ap _ Year ap

 Miyake ¢t al. 2012 | o _
-Atmospherzc lomzatwn depletes ozone : : . ffe;lzll‘ g’ 100053”205 ’f";gc 6’2{;”0"”"1"1‘35 '

20% reduction), increasing the solar ‘o Medsured in tree trunks ( Japan,
- UVB that reaches the ground. = ~“ - Europe, Russia)

o Observed in shallow sea coml
~ skeletons . - ~ '
Polar ice cores

Not a mass extmctton event ‘ :
Reduction in primary photosyntheszs in.

the oceans e . e E=2x10ergs .
_Risk of erythaema and skin cancer " . » Whatis a similar event occurs today?
Melott & Bmm 2012 AREOES |

ATLAST Seminar Series, NASA/GSF.C, Mar 4, 2015 o 28



T. he early Earth was eonttnaeusly exposed to a 5x Carrlngton-type

CMES ! (Atrapettan, Gloeer & Danchi 201 4) .
What would be thelr effects on planetary eeology and llfe? '

, - Super-Carrmgton type | Extreme 7 75AD type ,
A ‘.-E—3 X 1033 ergs E—"'8 X Event 1 = 8 x 1033 ergs
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| Pressure and Magnetlc f eld
Event 1 el Event V.7 :

-

ATLAST Seminar Series, NASA/GSEC", Mar 4, 201 5
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Dae to E U V U V emzsswn from the early Sun ( Cockell 2000)
.+ DNA damage rates were ~1 000 times greater in the

. surface. layer of the Archean ocean - Sl
b At ~30m damage woald be szmllar to the: carrent valaes

- Llfe could have emerged at the surface aﬁer 3 5 Ga
(Cnossen et al 2007) s e

ATLAST Seminar Series, NASA/GSFC, Mar 4, 2015 W 31



o hedbmindht molecide in the

A Atmosphere ~ 80-90% -

] Extremely hard to dzssocmte

e Trlple bonds: 10 eV/atom

j\// ..Re-scaled ) : 'va_--5_.___2. e-AV/atQm for 02._ i

Oct 28,2003 ..~ C 2 e

X17 solar ﬂare, : :

e ;Prebwtlc chemlstry needs
o breakN >2N:

: UV emission‘at 4 < I 00 nn
‘ NI (early Sun, M dwarfts)
L s nghtnmg discharge
. = Energetic partzeles (e, p)

32
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Loison et gl. 2015

LY

" ATLAST Seminar Series, NASA/GSFC, Man 4,2015
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Aeroplanets model contams 124 speaes mcludmg mtrogen contammg
compounds, and 1141 reactwns ( Gronoff et al. 2014; Alrapetlan et al 2015)

Species production in the Early Earth with Supercarrington events

N() (peak 45.4522 Km)
N(2D)
N(4S)

N+() (peak 45.4522 Km) ||

N2+() (peak 45.4522 Km)

Altitude in km

10
Productions in cm-3.s-1

" ATLAST Seminar Series, NASA/GSFC, Mar. 4,2015




> .."". ‘ - » . . -
Molecular Nitrogen VAT O ASEE
and Methane ' e e

Dissociation lonisation Vs,
CH; CH, CH" HCNH® AR

- ’ . C.H; HCN CH.' CNs* " Fo ) & 2 ' : | >

FRa Benzene (CgHg) G

Wy R e Other Complex Organics {100-350 Da) , o SIS

Yo inaars A PP I
AN -
» x ¢ " »
- 5 g . .
o

Negative Organic lons (20~8000 Da) SR

o .
. 1
: -
. y : . "
' P “r Woelger
Ol o IF Lt ;
» r
- .
.. d - .
R Y. V Sre o
» . : e LR
- > e dels
-
-

4 s

Y. i Tholin ¢Sagan, Khure:1977).; Waite et al. 2007)
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_ | | Challenge 48 o)
~ Early Earth was warm to support llquul oceans under .
the F atnt Young Sun (F YS paradox)

Salutwns .

. Producuon of ammoma, NH ¢ the eﬂ' czent greenhouse |
S gas, ‘due to e and.p bombardment | | ‘

-Enhanced absorpuon bands of greenhouse gasses due to |
thermal and pressure broadenlng duetoodd N

( Goldblatt et al 2009 Alrapetlan and Goldblatt in progress)

A 2 ': Astrophyszcs Colloqulum at NASA/GSFC; Feb 24, 2015



lonizing radiation

- - e v
- 5 P
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j Spark generates a eombmaaon of hlgh T e, “and -
- UV radiation = act on the gases present makmg
lons and radtcaIS' SO e

N e .
— CH3NH ——>H C=NH = HCN
- pct ity il C‘CHZS HCHO.

HO: ——>CH OH———> oo

Water soluble speetes mlgrate to the aqueous reservoir (the. o _
relative extent dependmg on the pH and. Henry ’s Law), while the -
msoluble speczes remain in the gas phase 1k -

AT%#ZMJ&“&%M&MM@SFA%W 4F38125: 2015 . FtT Nin38



Forminga protein from amino acids

-
" .
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What is the impact of high levels of ioiizing radiatioi (radidtion and paticle

* fluxes) on'the rate of evelutionary procésses and. their role in_enhancing the
survivability of or-ganisms on 'early Earth SMni/s and other Stellt'l.l’- systems.

2 Modern ngh T hroughput Sequencmg (H T S) technology in con]unetton
with btotnformattcs computattonal packages avatlable at FDA (Stmonyan
& Mazumder 2014)- AL e e :
Detect single nucleottde altemtlons in the genome and map them to the
functional elements to understand the tmpact of a mutatton dumng the
evoluttonary adaptatton process. . . T 5 B
f radmtlon is the challenge then mutattons that allow eff czent DNA
repait, wzll be selected durtng the. cycltc lrradtatton expertment ;
What are the condtttons whlch wzll encourage: htgher rates of evolutton

thereby leading us 1o tdenttfy the opttmal condttzons that support the
highest rate of evolution. .

' ATLAST Seminar Series, NASA/GSFC, Mar 4, 2015
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Genomlc (DNA) and tmnscrlptomlc (RNA) data wzll be available for
- Pseudomonas putzda stmm K T 2440 ATC C ®4 7054T ot (Bac/Gamma-

proteobacterta) - '
 Halobacterium salmarum stmm NRC—I AT C C ® 700922TM A [ CM 11 081

(A rchaea/ Ei urarchaea).’ :

Chroococczdwpszs thermalls PC C 7203 AT CC 02 7900TM (Baeterm/

Cyanobdcterm) 2 T e : -

T T I S O O T S O

[ Soil” 00| 03 | 3x3x2 | 332 | 000

ATLAST Seminar Series, NASA/GSFC, Mar 4, 2015 | ' .41



: 'Q”éStiOﬁ:. WQS_ 0)77% Sun a Prbm'ater.bf Life? o

_Answer. Yes, our f rst results provule evulence in favor of
" the early Sun’s cruczal contrzbutzon to the OFigin. of ltfe on
_-j-Earth Our team has started a multt-dtsaplmary

EEYV.ALTOTT A, lmvesttgatzon of
this complex que‘stio'n._},;. -

. e 42
ATLAST Seminar Series, NASA/GSFC; Mar 4, 2015
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| Neptune
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J WS T

Medmm resolutwn, 2 700
| NIRSpec, spectrascopy -
atmospherlc abundances —'.:
- H,0, co, CO CH4, H/He.;-’jf‘f{"_'f:
and e
a tempemture—pressure

prof le.

44
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"Hzgh-resolutlon (5—1 0) X 1 /] 000 spectroscopy
HO COZ, lowH/CH4, 03,NO HCN ‘

i “'WW

H,0

e
e
QO
o

Normalized flux

1
14.0 14.5 15.0
Wavelength [um]

" Boonman et al. 2003 OrioprL star for_mat.io'nircfgion ‘

ATLAST Seminar Series, NASA/GSFC; Mar 4, 2015
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Intelligent " . Primitive 10?’x abundant

46
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