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1. Introduction
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1. Introduction

Proxima Centauri (PC): Mb.5V KEH S5 &HITLY
B2 ($94.25%F)

Proxima Centauri b (PCb): fREEEEERIC K > TH
BINLRARET, \EYTILY—YHNICELE

Table 1. Adopted stellar and planetary characteristics of the Proxima

system.
Parameter Value Source
M, (My) 0.123 This work
R, (Ro) 0.141  Anglada-Escude¢ et al. (2016) ESO (https://www.eso.org/public/images/eso1629¢/)
L, (Lo) 0.00155 Anglada-Escudé et al. (2016)
T (K) 3050 Anglada-Escudé et al. (2016)
Age (Gyr) 4.8 Bazot et al. (2016)
M, sini (Mg) 1.27 Anglada-Escudé et al. (2016)
a (AU) 0.0485  Anglada-Escudé et al. (2016)
€max 0.35 Anglada-Escudé et al. (2016)
Sp (Se) 0.65 Anglada-Escudé et al. (2016)

Ribas+, 2016



1. Introduction

» Kislyakova et al., 2014: Kepler-11& 1 D Dsuper-Earthic DWT, HDIFRRIEGRZ
DSMC (Direct Simulation Monte Carlo)E7 /L TstE (I 5 Dsuper-EarthidzkZ& P volatile
OAOF%#FH->TWS I ENRBRINTWS)
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2. Simulation setup

BATS-R-US multi-species MHD model
(Ma+, 2004, 201 3)

1A H*, O, Oy, COL*
PR 45 R, < X< 15 R,
30R, <Y,Z<30R,

SE 100 kmDEEEE F CTself-consistent|c5tE T
L5 ENTES
« Photoioniztion, charge exchange,
dissociative recombination (Table 1) %= Z&E

PSO (PCb-Star-Orbital) FE{ZER % {EF3

Table 1
Chemical Reactions and Associated Rates

Chemical Reaction Rate Coefficient®

Primary Photolysis and Particle Impact” in s~

CO, + hv — CO3 + e~ 555 x 107
O+ hv— OF + e 2.08 x 107
Ton-neutral Chemistry in cm® s ™'
CO; + 0 — 05 + CO 1.64 x 1071
CO; + 0 — Ot + CO, 9.60 x 10!
O* 4 CO, — 03 + CO 1.1 x 1077 (800/T,)"
H" + O — O + H° 5.08 x 10°1°

Electron Recombination Chemistry in cm® s~

O +e —0 + O 7.38 x 107% (1200/T,)°°
COj + e —CO+ 0 3.10 x 1077 (300/T,)°”

Notes. Reaction rates are adopted from Schunk & Nagy (2009).

? Electron impact ionization is neglected in the calculation, H" density is from
the stellar wind, and the neutral hydrogen is neglected.

® The photoionization frequencies are rescaled to PCb values, using the EUV
estimate from Ribas et al. (2016), the latter being around 33 times that received
by the Earth.

“ Rate coefficient from Fox & Sung (2001).
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2. Simulation setup
350 ¢t
« AR FEDOHURKET )L(solar maximumiks) 200 |
(Ma+, 2013)Z=EICcT 5 £
(M < 1.27 Mg = R~ 1.1 Rg, Hocp, — 0.85 Hyenue) ™
< 200 |
\J
[CO2] = 1.1 X 10'3 exp( —(z — z,)/4.7 ) cm3 |
[0] = 2.2 X 109 exp( —(z — zo)/14.5 ) cm-3 T Rt
where zo = T00km, at P = 1 bar Density [om-3]
RS Z7O7 71
- [B2J&: Garraffo et al., 2016 Table 2
Case ] den ~ 25 X -|O4 nPa The Stellar Wind Input l?arqmeters at PCb (Ggrraffo et al. 2016) for Two Case
Case 2 Pd oo~ 5 X '|O3 NnPa Studies in the PSO Coordinate System
IMF (& A Ngw (cm ™) Tow (K) Vew? (km s~ 1) IMF (nT)
Cl 21400 8.42 x 10° (—833, 150, 0) 0, 0, —227)
. %E@ﬁﬁﬂi% ]/3 ME (ME : i’lﬂﬁﬁ@ﬂi*@?%_x C2 2460 9.53 x 10 (—1080, 150, 0) (0, 0, —997)
>/ |\ )a i‘lﬂff_k t |§-| D IJ':'_—I % Note. Case 1 (C1) corresponds to the maximum Pgyy,, and P, over one orbital

N /5% ELE '_IEEE T\ﬁ*\/‘] 720 O nT ( Pmag _ 2 X -I O 4 n Pa) period of PCb. Case 2 (C2) corresponds to minimum Pgy, and Py, but with the

maximum Pp,,,.

* The y-component of the velocity arises primarily from the orbital motion
of PCb.



3. Simulation
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3. Simulation results

A A DS
Table 3
N Ton Escape Rates in s~
¢ JERHLDIBE DILEIF 1027 s 2R — — —
2 2
° Eﬂ{t@i%é L: LiCaSe (1: cj: 2 _C;\L%\/\ PCb with 1 bar Surface Pressure
Case 1 (High Pyyp): O*DRHIFH40%ICET  crunm 18x 107 24x10° 33 x10° 24 x 107
~%. 0,6C0, s ofEic i SR CEEY O Y
- 3 X 4 X .8 X .8 X
Case 2 (Low Pyyp): O D3 (595 % [C{ETF C2-M 59 x 102 87x10° 53 x10° 2.0 x 10%
_jj—v OZ+)¢COZ+®7@69\ (’i/J\é LY PCb with 93 bar Surface Pressure®

SR Y A MN—ILEIZICK > T, ODMHEIE  crunmes 37 x107  41x10* 14x 102 37 x 107
mHElE s

s Notes.
= 3 =PPAN
* j(m):T:?b@Ci l?_ar@b%— H * Unmagnetized Case 1.
O+ Li ﬁ*\/‘] Zﬁill' LL— i%ﬂl] b Magnetized Case 1.
+ + ~ NERANS Scale height, Hpcy, 1s still equal to 0.85 Hyenuys.
2 > TR :

—ODJH ICRERHA TCORIEAKE) IFEN
FEXEZE S Z 730
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3. Simulation results " @] Fi=
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4. Discussion

o SEIKRDITRHEDS & TREHT HCOKKDE (Proxima Centauri®D FE#nld4.8 Gyr)

Case 1(#1t &3EML1L), Case 2 (3R L) —> 260-500 mbar/Gyr
Case 2(f1t) — 40 mbar/Gyr
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