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Effects of dust storm and atmospheric waves on Martian atmospheric escape
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From the upper atmosphere of Mars, atmospheric components are escaping into
space. Traditionally, atmospheric escape was thought to be strongly influenced by external factors
such as the solar wind and solar radiation. However, recent studies have indicated that phenomena
occurring in the lower atmosphere also have a significant impact. In this study, we analyzed
observational data from periods when dust storms and atmospheric waves occurred on Mars to
investigate their effects. As a result, we discovered that the total amount of hydrogen and oxygen
atoms in the thermosphere and exosphere of Mars undergoes periodic changes due to the strong
influence of dust storms and atmospheric waves. Additionally, we observationally demonstrated that
the density of ions in the ionosphere also fluctuates periodically. This suggests that atmospheric
escape on Mars is strongly influenced by the lower atmosphere and varies over time.



B KX C—-19, F-19—1 (kim)

1. WFEBRAE 4RO 5

KENPOTH LTWORE I RGTRHEIC L > THELEZEZZLNTEBY . KEDKK
HEAL - [AEEEN 2T 27201213, TOYIESE 2R T I Z LRV ERARTHD, ZNFE
TOREREBIN ORE G, KEEARIBIZM 95 kKB O KRR H ORI £ < fThiv, £ DJE
REIZ 72 VBN CTE T2, — . KB D ORGATHIZF A B A b — LA KKEENFE S
WEROEIR R OMIEIC LY RELS BB LZITL 2L THENR TS, LrL, KR FTEN L
EEE TCOLEWEHHZHE M THRTA2Z LT L, FOREBIIEE LA TV
WORBIRTH ST,

2. e EM
AWFTED BT, T LRECHEE O K BIREROBIIT — 2 2T L, X A R A F—AXK
KA EN S KR RS DK 7y DR ER A, IHESG X 0B LHIL L ThHh D,
T KV FRENDOWESCIER & ORIE DS K & B A E T 2 KBS O PRI R
THEEEFHRD,

3. WFFED Ik

2016 £ 9 AIZKETHRAELTEFL A M A M =LA LT, Bz ld JAXA OBE/y SEERI# 2 O
X X WK DB D K ETEERE (MRO, MEX, MAVEN, &R Curiosity) 24 % RIEFERIT —% %
v, FERKEND EEKRKICTE D~ 2 & O LB OfffT 2D 7=,

4. WF7EE R
AREHETIL, FIZLAT D 2 DO ER S S v,

(1) ¥ A FA M—LAREO EERKTOKFEN A « BRIk A OB OVE 4 8

OEZOKE EERKD BT — % 2, K2R EERRTHET HKERT HI Ly-8)
K OFEFZIE 7 (01 130.4 nm & 135.6 nm) ORZIEEEZMNT LTz, 26 DOKRKIHIIKEL S
DN DEEELLEBERE OE 1 L OFEZAUT IV B LT Y, BEMEIR O (a7 L) Bl
LTWD, ZA & [FIRFIZ K O KRR Lo TR S Lz FRRRKF O F A b & KEK R,
KE, KIERCRITEE WS Te "R T — X E LT L, FERKKOREE & EERKKOKZCEER DR
BEOEIZOWTHRE L7z, TORE, k2 EERKKOKERF-OHBER 7T OREN, FERR
TRATHIWRESCKEEE 2 U CHERT 5 2 ENRENT, B, KETHENEETS & —
BRI BB KRR CTIOKER FOEN 2 FHEINL, BERFOENI3S OO 1ICEHDb T2 &
DAL KENSKERFBHH LT, BERTOAMHLODWVIRREL 72D Z &0
IR I Tz, FT2. RO o — S—#H1 X 0 KRR ECIEREIEEI O R AR S v, K&IE
FENEE (K7 B) I L flogrs]
/E'ﬂﬁ [/“Cl/\f’:o L)Ejtlf‘\ 21:13 21]6.1 21?1 22I0.0 22]19 22]38 22‘57 22]76 22?6 23‘15 23.35
DKFE - FEFRRKIEDOE ‘
By RN E A,
T & R O JE A A
BRI, ZhEhoH
% SR HAZ WK & f
Y X9 SRR B B AR & R
L7 (K1), Zivs 0@
BN S Fox TR E
D _EEREA~DIEEN
FEREOKFR TR
P 32 JF 1~ D AE RS0V K .y - 5
Kb TWNBHZEE g - £y, f
R U7, ARSI B 1

BE 2% T 55 Nature 3 - 02
Communications ~¥g&#; i
Xi7-, (Masunaga et & \%Dq»:“@q»% B P N G o oz 4 sl ROl az

al., 2022)

" d

1.(a,b) DSEHEEICL > THASNAEKRTIAEFRS DRRZEAL, (c) Curiosity (2
Lo THRESNIAER ERBRUOIEDRMEL () KIIEENL D O HARTHE

£, (e) [E. [EDQEHEITFER. (Masunaga et al., 2022)



(2) A NA N—LBFDA A 5 JE M A B

K ZRATHE MAVEN O FEBERE A A BT — & 2 v, KEBEEE SIS 1T 5 He, 0+, 02+, C02+
A X UBEEORRE L E TR, TORE, b4 3 BEEORRIZLIZER (91 H3).
HEE (K0 6-9 B) . RONREM (9 BELE) &S K22 B MM oo o7z, BRI R
FIZE(i% MAVEN 73 HeRss 35 00 & BRED 2 B & 1T — 3 L Tz, Zhuid, Withers et al.
(201D T & - THE SN, HERBESEEO & A A4 82 MAVEN 23 EHIICE7-<Z &
IZ R THIISND Z RN 5T, REMIZENCE U IR ORFIZE(L<°> MAVEN
OWGEDRFZELIZE Y B LD b D TH D B2 LN, FREMEASHCEL X, (DO
IXHEOEBEI TR O =KL B TR Y BEEE A A 12b TE KGR
LI RREEORBENBN TS Z ERNRB I, ARUFSEARCRITEREFGE Journal of
Geophysical Research Space Physics ~$g# Xtv7-, (Hara et al., 2024)

ZE IR

1. Masunaga, K., N. Terada, N. Yoshida, Y. Nakamura, T. Kuroda, K. Yoshioka, Y. Suzuki, H. Nakagawa,
T. Kimura, F. Tsuchiya, G. Murakami, A. Yamazaki, T. Usui, and I. Yoshikawa, Alternate oscillations
of Martian hydrogen and oxygen upper atmospheres during a major dust storm, Nature

Communications, 13, 6609, 2022

2. Withers, P., Flynn, C. L., Vogt, M. F., Mayyasi, M., Mahafty, P., Benna, M., et al., Mars’s dayside
upper ionospheric composition is affected by magnetic field conditions. Journal of Geophysical

Research: Space Physics, 124(4), 3100-3109, 2019

3. Hara, T., Masunaga, K., Terada, N., Sakai,S., Osanai, T., Seki, K., et al., On the periodic variation of
the ion density in the Martian dayside ionosphere during the regional dust storm in September 2016.

Journal of Geophysical Research: Space Physics, 129, e2023JA031848., 2024



6 6 5 4

Kei Masunaga, Naoki Terada, Nao Yoshida, Yuki Nakamura, Takeshi Kuroda, Kazuo Yoshioka, Yudai 13

Suzuki, Hiromu Nakagawa, Tomoki Kimura, Fuminori Tsuchiya, Go Murakami, Atsushi Yamazaki,

Tomohiro Usui, and Ichiro Yoshikawa

Alternate oscillations of Martian hydrogen and oxygen upper atmospheres during a major dust 2022

storm

Nature Communications -
DOl

10.1038/s41467-022-34224-6

M. Persson, et al. (incl. K. Masunaga) 13

BepiColombo mission confirms stagnation region of Venus and reveals its large extend 2022

Nature Communications -
DOl

10.1038/s41467-022-35061-3

Y. J. Lee, A. Garca Muoz, A. Yamazaki, E. Qumerais, S. Mottola, S. Hellmich, T. Granzer, G. 3

Bergond, M. Roth, E. Gallego-Cano, J.-Y. Chaufray, R. Robidel, G. Murakami, K. Masunaga, and et

al.

Reflectivity of Venus’ dayside disk during the 2020 observation campaign: outcomes and future 2022

perspectives

The Planetary Science Journal -
DOl

10.3847/PSJ/ac84d1

Lin, H., J. Guo, K. Masunaga, K. Seki, C. Mazelle, D. Zhao, H. Huang, J. Zhao, and L. Liu 934

In situ observations of solar-flare-induced proton cyclotron waves upstream from Mars 2022

The Astrophysical Journal

DOl
10.3847/1538-4357/ac7d4f




Yoshida Nao Terada Naoki Nakagawa Hiromu Brain David A. Sakai Shotaro Nakamura Yuki Benna 126

Mehdi Masunaga Kei

Seasonal and Dust-Related Variations in the Dayside Thermospheric and lonospheric Compositions 2021

of Mars Observed by MAVEN/NGIMS

Journal of Geophysical Research: Planets -
DOl

10.1029/2021JE006926

Hara Takuya Masunaga Kei Terada Naoki Sakai Shotaro Osanai Taiga Seki Kanako Fowler 129

Christopher M. Hanley Kathleen Gwen McFadden James P. Curry Shannon M.

On the Periodic Variation of the lon Density in the Martian Dayside lonosphere During the 2024

Regional Dust Storm in September 2016

Journal of Geophysical Research: Space Physics

DOl
10.1029/2023JA031848

MAVEN/STATIC

2022

2022

MAVEN/STATIC

152

2022




Kei Masunaga

Mars®s atmospheric escape and its interaction with Martian moons

The 82nd Fujihara Seminar

2023

K. Masunaga, N. Terada, N. Yoshida, Y. Nakamura, T. Kuroda, H. Nakagawa, K. Yoshioka, Y. Suzuki, T. Kimura, F. Tsuchiya, G.
Murakami, A. Yamazaki, T. Usui, and I. Yoshikawa

Hisaki space telescope observations of the large oscillations of Martian hydrogen and oxygen upper atmospheres

EGU General Assembly 2023

2023

2021

2021

MAVEN/STATIC

23

2022




Kei Masunaga

Alternate oscillations of Martian hydrogen and oxygen upper atmospheres during a major dust storm: Hisaki space telescope
observations

MAVEN PSG meeting

2022

https://www.isas.jaxa.jp/topics/003307.html

University of California
Berkeley




