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Impact of Stellar Superflares| |
on Planetary Habitability
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Impact of Stellar Superflares |
on Planetary Habitability

Table 1. Basic parameters of target planets and their host stars, including their projected flare energy

Planet Host star
Exoplanet name Radius Size class Mass Spectra  Teg  Radius  Prot  Aspotp/(2TRe) Flare energy [erg]
[REarth] [Mgartn]) | Type  [K] [Ro] [day] Annual | Spot Maximum

GJ 699 b 1.37 super-Earth-size 3.23 M4V 3278  0.18  140.0 0.0003 6.26E+31 1.15E+32 ey
) Kepler-283 ¢ 1.82 super-Earth-size 4.59 K5 4141  0.64 18.2 0.0021 4.93E+32 2.13E+433 B

Kepler-1634 b 3.19 Neptune-size 7.7 G7 5637  0.82 19.8 0.0066 1.65E+33 1.18E+34 B

Proxima Cen b 1.07 Earth-size 1.27 Mb5.5V 3050 0.14 82.6 0.0040 9.7E+32 5.55E+33

Ross-128 b 1.10 Earth-size 1.40 M4 3192 0.20 121.0 0.0002 4.72E+31 7.72E+31

TRAPPIST-1 b 1.09 Earth-size 0.86 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+32

TRAPPIST-1 ¢ 1.06 Earth-size 1.38 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+-32 .

TRAPPIST-1 d 0.77 Earth-size 0.41 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+32

TRAPPIST-1 e 0.92 Earth-size 0.64 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+32

TRAPPIST-1 f 1.05 Earth-size 0.67 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+32

TRAPPIST-1 g 1.13 Earth-size 1.34 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+32

TRAPPIST-1 h 0.76 Earth-size 0.36 M8 2550  0.12 3.3 0.0012 2.70E+32 9.09E+32

Sol d (Earth) 1.00 Earth-size 1.00 G2V 5778 1.00 25.0 0.0030 7.20E+32 3.64E+33

Sol e (Mars) 0.53 Mars-size 0.11 G2V 5778 1.00 25.0 0.0030 7.2E+32 3.64E433

9 r—— ——————
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Habitable Planets located in Goldilocks Zone
Determined by Kopparapu et al. 2013
And their Estimated Radiation from the Host star
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GJ 699
Barnard’s Star
Spectra: M4V
Distance: 5.96 LY (1.83 pc)
Teff: 3278 K
Rsun: 0.18
Prot 140
Aspot: 0.0003
' Annual Flare 6.26E+31
Spot Max. 1.15E+32

GJ 699 Db
| | Barnard’s Star b
Rearth 1.37
Mearth 3.23
Semi Major Axis 0.4AU




Kepler-283

Spectra: K5

Distance: 1527 LY (468pc)
Teff: 4141 K

Rsun: 0.64

Prot 18.2

Aspot: 0.0021

Annual Flare 4.93E+32
Spot Max. 2.13E+33

Kepler-283 ¢

Rearth 1.82

Mearth 4.59

Semi Major Axis 0.34AU




Kepler-1634

Spectra: G7

Distance: 2013 LY (654pc)
Teff: 5637 K

Rsun: 0.82

Prot 19.8

Aspot: 0.0066

Annual Flare 1.65E+33
Spot Max. 1.18E+34

Kepler-1634 b

Rearth 3.19

Mearth 7.77

Semi Major Axis 0.34AU

Earth B




Proxima Centauri

Spectra: M5.5V

Distance: 4.22 LY (1.295pc)
Teft: 3050 K

Rsun: 0.14

Prot 82.6

Aspot: 0.004

Annual Flare 9.7E+32

Spot Max. 5.55E+33

Proxima Centauri b

Rearth 1.07

Mearth 1.27

Semi Major Axis 0.0485AL




Ross-128
Spectra: M4
Distance: 11.03 LY (3.38pc)
Teff: 3192 K
Rsun: 0.20
Prot 121
Aspot: 0.0002
- Annual Flare 4.72E+31
Spot Max. 7.72E+31

%

Ross-128 b

Rearth 1.10

Mearth 1.40

Semi Major Axis 0.0496AU
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TRAPPIST-1
Spectra: M8
Distance: 39.46 LY (12.10 pc)
Teff: 2550 K
Rsun: 0.12
Prot 3.3
Aspot: 0.0012
Annual Flare 2.7 E+32
& .' i Spot Max. 9.09 E+32

TRAPPIST-1b, ¢, d, e, f, g,




GJ 163
Spectra: M3.5
Distance: 49.30 LY (15.11pc)
Teff: 3500 K
Rsun: 0.399
Prot ?
Aspot: ?
Annual Flare
Sonot Max. 9

GJ 163 ¢

Rearth 1.70
Mearth 7.59
Semi Major Axis 0.124 AU
Q:\\\\\ Il|'| |
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Tau Cet

Spectra: G8.5V

Distance: 11.90 LY (3.65 pc)
Teft: 5344 K

Rsun: 0.79

Prot ?

Aspot: ?

Annual Flare

- -

Tau Cet e

Rearth 1.43

Mearth 3.94

Semi Major Axis 0.538 AU




TRAPPIST-1 e

NASA-JPL vs EXOKyoto

Orbital period 6.10 days

Distance to Star 0.0282 AU

Blackbody Temp. 229.22 K (albedo 0.3)
Planet Radius (.92 Rearth

Planet Mass 0.64 Mearth

Planet Density 4.83 g/cm3 (.88 pearth
Planet Gravity 093¢
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Spectra at Earth
Composition of XUV/EUV 7.51 x10?¢ (J m2s1A-7)
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Proxima Centauri
Spectra: M5.5V

Teff: 3050 K

Rsun: 0.14

Prot 82.6

Aspot: 0.004

Annual Flare 9.7E+32
Spot Max. 5.55E+33

Proxima Centauri b

Rearth 1.07

Mearth 1.27

Semi Major Axis 0.0485AL

Outer B
~deonow Line
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= Proxima Centauri b COLEEEERLENE T = v
X (BEE+ZL7) #* 1.33x107 (J n3)

ASTBE /L,
HIDED S DIEENRT Z v I X ICHA
Ailrapetian et al2017

M(/n g sl )~1.6 x10¢ FXUV (erg/cm? s).
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TRAPPIST-1

Spectra: M8

Teft: 2550 K

Rsun: 0.12

Prot 3.3

Aspot: 0.0012

Annual Flare 2.7 E+32
Spot Max. 9.09 E+32

TRAPPIST-1b, ¢, d, e, f, g,
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«wu TRAPPIST- 6 COEBBRAMZ 5 v 2 X (&
 B+ILF) i 1LI3XI0 (Jm?)

A tmospheric escape rate is proportion to
XUV flux

Airapetian et al.2017
M(/n g sl )~1.6 x10¢ FXUV (erg/cm? s).
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2XE D DRZBUER by XUV

« XUVAHIER(XUVe)IZLEER L TIEFIC K E LK E
(>50 XU Ve)

* GJ 1061 ¢ (146 XUVe) (TESS Camera 3 (&Seime1 — too low)),
GJ 682 b (116 XUVe), TRAPPIST-1d (94 XU Ve),

* Proxima Centauri b (74 XUVe), GJ 1061 d (66 XU Ve)
(TESS(&Seimei — too low)Camera 3), TRAPPIST-Ie(54
XUVe)

o XUVAHEERICEEER L TR E WLWERE(>10 XU Ve)

» TRAPPIST-I f (31 XUVe) Wolf 1061 ¢ (22 XUVe),
TRAPPIST-I g(21 XUVe),

* Tau Cet e (16 XUVe) (TESS&Seime1 Oct 3), GJ 180 c(16
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GJ 1061
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M5.5V
Mv 15.17
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Evaluation of Young Sun — Earth & M

lonizing Radiation in the Martian Atmosphere during Young Sun

L

e (55 ] ‘ﬂ;éﬁ-‘ Yosuke A. Yamashiki,Hiroyuki, Maehara, Yuta Notsu, Tatsuhiro Sato, Vladimir Airapetian, Shota Notsu, Ryusuke Kuroki, Keiya Murashima, Hiroaki Sato, Kosuke Namekata, Takanori Sasaki,
Ve 12 Bh

Thomas B. Scott, Daisaku Nogami, & Kazunari Shibata

BACKGROUND:
Estimation of CME release angle

Observed / Estimated Flare

Hypothetical CME Zone

Quantification of estimated dose

[Three types of atmospheric composition |

Planetary Magnetic Field

Energy spectra
GLE43,Carrington

INTRODUCTION:

The enhanced magnetic activity of the young sun was an important in the atmospheric evolution and dynamics of the early solar system.
Lower solar luminosity associated provided planets a cooler atmospheric and surface environment on the early Earth and Martian surfaces
and required production of potent greenhouse gasses in their atmospheres. Within these environments, the dose of ionizing radiation from
solar energetic particles (SEPs) from the young Sun could have played an important role in the early phases of planetary habitability. Here, we
present a theoretical model of the exposure of the early Mars to high fluence and hard spectra SEPs from the young sun by evaluating the
possible magnitude and frequency of solar flares by using possible star spot area, derived from their rotational period. We evaluated annual
and maximum flare energy in different cases of sunspot areas for 3 %, 5 % and 10 % of their surfaces. The maximum dose at the Martian top
of the atmosphere reaches 5.86 x103 Gy (2.65 x102 Sv) at the time when the sunspot area is ~10 % of the solar surface.

Flare Energy = 1.24e+33 . -

Flare Energy = 8.27e+33
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Estimation of flight route
doses during GLE y
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Yosuke A. Yamashiki, Moe Fujita, Tatsuhiko Sato, Hiroyuki Maehara, Yuta Notsu, Kazunari Shibata
(2020). Cost estimation for alternative aviation plans against potential radiation exposure

associated with solar proton events for the airline industry. Evolutionary and Institutional
Economics Review.

https://doi.org/10.1007 /s40844-020-00163-4
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Estimation of flight route doses during GLE

* Four-dimensional
(Three-dimensional
spatial and one
temporal dimension)
dose rate data for 5
different GLE
(GLE60, 69-72) were
prepared using
WASAVIES.

* Figure 1 shows the

R e a s o T

IR IR I T YT R TI ORIy P T

temporal and spatial
changes in dose for
the flight route of
Sydney to Rio de
Janeiro (SYD-GIG)
before, during, and
after the occurrence
of GLE 69.

Moe Fujita, Tatsuhiko Sato, Yosuke A. Yamashiki. Probabilistic Risk Assessment of Solar Particle Events
Considering the Cost of Counter Measures to Reduce the Aviation Exposure Dose. Under review, submitted

to Scientific Reports (under review)
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Probability of past GLE

 EII: Event-integrated intensity

* PEI: Peak-event intensity

* The probability of the occurrence of SPE having a
certain EII of sg; per year, Pzy(Sgr), is assumed to
follow the power-law function of sz, as written by:

Pei (s )= 104enlog10(s,,)+BEm}

EIl

* where Ag; and Bg are the fitting parameters
obtained from the scatter plot shown in Fig. 1.

3
| 4
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3
&

* The annual probability that the maximum flight
route dose exceeds the threshold dose, Dy, for a
certain flight route 7estimated from /" GLE can be

calculated by Pgy; (SEH,-Dmre /D; j), where s ;1s the
Ell value for /" GLE and J;;is the maximum SEP \ 2 LogulsP
dose for a flight route 7during /" GLE

Moe Fujita, Tatsuhiko Sato, Yosuke A. Yamashiki. Probabilistic Risk Assessment of Solar Particle
Events Considering the Cost of Counter Measures to Reduce the Aviation Exposure Dose. Under

review, submitted to Scientific Reports (under review)
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