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Study on effects of the intrinsic magnetic field strength on planetary
atmospheres and space environments based on comparisons of terrestrial planets
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Based on improvement and development of original numerical models through
comparison with observations, we investigated the effects of intrinsic magnetic field strength on
two important aspects (atmospheric escape and inner magnetosphere formation) to understand planetary

atmospheres and space environments. The main results iInclude: The magnetic storms tend to intensify
when the intrinsic magnetic field is about 2/3 of the present Earth value. The effect of the
intrinsic magnetic field strength on the atmospheric ion escape rate depends on the ratio of the
solar wind dynamic pressure to the magnetic pressure of the planetary intrinsic magnetic field at
high latitudes. The escape rate increases when the former is large, but decreases significantly when
the latter is dominant. The planetary dipole magnetic field whose magnetic pressure is stronger
than the solar wind dynamic pressure enables Earth/Venus-size planets to retain their atmospheres
even under strong stellar XUV radiation.
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magnetosphere-ionosphere coupled model

2023

2023

Properties of ionospheric low-altitude ion upflows during CIR- and CME- driven magnetic storms based on the EISCAT
observations

2023

2023

Japan®s Activities for the EISCAT_3D Project

2023

2023




2023

2023

Characteristics of plasma supply and energization in the inner magnetosphere: Arase long-term observations

2023

2023

Shotaro Sakai

Enhanced ion escape rate during IMF rotation under weak intrinsic magnetic field conditions on a Mars-like planet

Asia Oceania Geosciences Society 20th Annual Meeting

2023

Energy input to the ionosphere and ELF waves during geomagnetic storm events in the cusp

GEM workshop 2023

2023




Naoki Terada

Thermosphere-exosphere DSMC (full particle) model

International workshop on space weather and climate at Mars with a focus on Martian aurora 2023

2023

Ryoya Sakata

Effects of an intrinsic magnetic field on ion escape from Mars based on multispecies and multifluid MHD simulations

International workshop on space weather and climate at Mars with a focus on Martian aurora 2023

2023

Yuki Nakamura

Simulation of SEP-induced diffuse auroral emissions and photochemistry on Mars

International workshop on space weather and climate at Mars with a focus on Martian aurora 2023

2023

Takuya Hara

On periodic variations of the ion density in the Martian ionosphere during the dust storm in September 2016

MUAN/MAVEN PSG Joint Meeting

2023




Wenyi Sun

Comprehensive comparison study of two global multi-species MHD models of Mars

MUAN/MAVEN PSG Joint Meeting

2023

EISCAT_3D and Japan®s Activities

The 14th Symposium on Polar Science

2023

Generation of field-aligned currents during substorm expansion: The latest updates

The 15th international conference on substorms (1CS-15)

2023

Tetsuya Yoshida

Duration of a hydrogen-rich reduced environment on early Earth estimated by hydrodynamic escape simulations

The Biennial European Astrobiology Conference (BEACON)

2023




Ryoya Sakata

Effects of an intrinsic magnetic field on ion escape from Mars based on newly developed multifluid MHD model simulations

URSI GASS 2023 Meeting

2023

Kanako Seki

Effects of Solar Wind Variations on the Martian lonosphere and lon Escape From Mars: lon Species Dependence Based on MAVEN
Observations

URSI GASS 2023 Meeting

2023

Effects of the dynamics of cold plasma on the excitation of internally driven ULF waves by ring current ions based on the
magnetosphere-ionosphere coupled model

URSI GASS 2023 Meeting

2023

Characteristics of plasma transport and energization in the inner magnetosphere: Long-term observations by Arase/MEP-i

URSI GASS 2023 Meeting

2023




Shotaro Sakai

Effects of intrinsic and interplanetary magnetic fields on atmospheric escape from a Mars-like planet

2023 International Conference of Deep Space Sciences

2023

Development of a photochemical model for the impacts of solar energetic particles on prebiotic chemistry on early Mars

154

2023

Comparison study of two global multispecies MHD models of Mars

154

2023

Effects of stellar XUV spectra on atmospheric escape from a Mars-like planet orbiting inactive low-mass stars

154

2023




Strong bulk plasma acceleration in the Martian magnetosheath under low Alfven Mach number solar wind

154

2023

(BBELF)

154

2023

154

2023

Excitation of internally driven ULF waves of a weakly magnetized planet based on the magnetosphere- ionosphere coupled model

154

2023




154

2023

154

2023

Characteristics of energetic ions contributing to the storm-time ring current: Long-term observations by Arase/MEP-i

154

2023

Properties of ionospheric low-altitude ion upflows during CIR- and CME- driven magnetic storms based on the EISCAT
observations

154

2023




IMAGE ENA imaging: Charge-exchange interactions between Earth’ s exosphere (Geocorona) and magnetospheric >10 keV ions in
the inner magnetosphere

ISSI Meeting on “ The Earth’ s Exosphere and Its Response to Space Weather”

2023

Global drift kinetic simulations of internally driven ULF waves in the internally driven ULF waves in the Earth’ s inner
magnetosphere

AAPPS-DPP 2023 7th Asia-Pacific Conference on Plasma Physics

2023

Taishin Okiyama

Effects of magnetic field structure on the Martian diffuse aurora based on Monte Carlo simulations and MAVEN observations

2023

2023

Yuki Nakamura

Impacts of Solar Energetic Particles on the Atmospheric Composition on Present-day Mars

AGU Fall Meeting 2023

2023




Ryoya Sakata

Effects of an intrinsic magnetic field on ion escape from ancient Mars based on MAESTRO global MHD simulations

AGU Fall Meeting 2023

2023

Wenyi Sun

Comprehensive Comparison of Two Global Multi-species MHD Models of Mars

AGU Fall Meeting 2023

2023

David A. Brain

Which star-planet combinations lead to atmospheric retention?

AGU Fall Meeting 2023

2023

Kanako Seki

Molecular ions in the magnetospheres and their supply mechanisms: Comparison between Earth and Mars

AGU Fall Meeting 2023

2023




Taishin Okiyama

Study of variation mechanisms of the Martian diffuse aurora based on Monte Carlo simulations and MAVEN observations

AGU Fall Meeting 2023

2023

Takuya Hara

On the periodic variation of the ion density in the Martian dayside ionosphere during the regional dust storm

AGU Fall Meeting 2023

2023

Observation and modeling of storm-time cusp ion outflows

AGU Fall Meeting 2023

2023

Effects of the dynamics of cold plasma on the excitation of internally driven ULF waves by ring current ions based on the
magnetosphere-ionosphere coupled model

AGU Fall Meeting 2023

2023




Characteristics of Energetic lons Contributing to the Storm-time Ring Current: Long-term Arase/MEP-i Observations

AGU Fall Meeting 2023

2023

2024

25

2024

DSMC

25

2024




Simulation study of carbon and nitrogen ion escape at Mars

25

2024

Effects of the XUV spectra on ion escape from a Mars-like planet orbiting inactive low-mass stars

25

2024

Kanako Seki

From MACH to RHAPS: Retention of Habitable Atmospheres in Planetary Systems

25

2024

Taishin Okiyama

Study of variation mechanisms of the Martian diffuse aurora based on Monte Carlo simulations and MAVEN observations

25

2024




ISEE

2024

(BBELF)

ISEE FACTORS

2024

Yuki Nakamura

Numerical prediction of the effects of solar energetic particle precipitation on the Martian atmospheric chemical
composition

European Geosciences Union General Assembly 2022

2022

Variations in vertical C0/C02 profiles in the Martian mesosphere and lower thermosphere measured by ExoMars TGO/NOMAD:
Implications of variations in eddy diffusion coefficient

2022

2022




MAVEN/STATIC

2022

2022

2022

2022

Simulations of ion escape at ancient Mars based on a new multifluid MHD model with the cubed sphere

2022

2022

Study of atmospheric ion escape from exoplanet TOI-700 d based on global multi-species MHD simulations

2022

2022




Kanako Seki

Plasmasphere formation around terrestrial exoplanets: Possible evidence of the exoplanetary intrinsic magnetic field and
atmosphere

2022

2022

Akifumi Nakayama

Survival of Terrestrial N2-02 Atmospheres in Violent XUV Environments by Efficient Atomic Line Radiative Cooling

Japanese Geoscience Union Meeting 2022

2022

Tatsuya Yoshida

Hydrodynamic escape of H2-H20 atmospheres on terrestrial planets orbiting pre-main sequence M dwarfs

Japanese Geoscience Union Meeting 2022

2022

Akira Kurosu

Effects of dust storms on ion density variation in the Martian ionosphere based on long-term MAVEN/STATIC observations

Japanese Geoscience Union Meeting 2022

2022




Yuki Nakamura

Numerical prediction of changes in atmospheric chemical composition by precipitation of solar energetic particles at Mars

7th Workshop Mars Atmosphere modeling and observations

2022

Nao Yoshida

Variations in Vertical C0/C02 Profiles in the Martian Mesosphere and Lower Thermosphere Measured by ExoMars TGO/NOMAD:
Implications of Variations in Eddy Diffusion Coefficient

7th Workshop Mars Atmosphere modeling and observations

2022

Yuki Nakamura

Modeling of diffuse auroral emission on Mars: Contribution of MeV protons

44th COSPAR Scientific Assembly

2022

Ryoya Sakata

Multispecies MHD Study of lon Escape at Ancient Mars: Effects of an Intrinsic Magnetic Field and Solar XUV Radiation

Summer workshop on Martian aeronomy and atmosphere 2022

2022




Taishin Okiyama

Study of variation mechanisms of the Martian diffuse aurora

Summer workshop on Martian aeronomy and atmosphere 2022

2022

Hina Bando

Simultaneous Remote and In-situ Observations of Irregularities in the Martian lonosphere: Origins of Diffuse Echoes on
lonograms

Summer workshop on Martian aeronomy and atmosphere 2022

2022

Hina Bando

Simultaneous Remote and In-situ Observations of Irregularities in the Martian lonosphere: Origins of Diffuse Echoes on
lonograms

Asia Oceania Geosciences Society 19th Annual Meeting

2022

2022

2022




MHD : XUV

2022

2022

Study of plasmasphere formation at terrestrial exoplanets around M-Dwarf stars and its detectability

152

2022

MAVEN/STATIC

152

2022

Simultaneous observations of ionospheric irregularities at Mars by Mars Express MARSIS topside sounder and MAVEN

152

2022




152

2022

152

2022

Effects of planetary intrinsic magnetic fields on the atmospheric ion escape from exoplanet TOI-700 d

152

2022

Multifluid MHD simulation of the effects of a dipole field on ion escape at ancient Mars

152

2022




Birthplace of energetic ions around the Phobos® orbit at midnight: Implications for future MSA observations onboard MMX

152

2022

Effects of dust storms on ion density variation in the Martian ionosphere based on long-term MAVEN/STATIC observations

AGU Fall Meeting 2022

2022

Study of Atmospheric lon Escape from Exoplanet TOI-700 d

AGU Fall Meeting 2022

2022

Plasmasphere formation at terrestrial rocky exoplanets around M-Dwarf stars and its detectability: Possible evidence for the
intrinsic magnetic field and thick atmosphere

AGU Fall Meeting 2022

2022




Akifumi Nakayama

Survival of Terrestrial N2-02 Atmosphere in Violent XUV Environments through Efficient Atomic Line Radiative Cooling

Forming and Exploring Habitable Worlds

2022

Variation of the atmospheric chemical composition induced by solar energetic particles on Mars

24

2023

Study of variation mechanisms of the Martian diffuse aurora based on Monte Carlo simulations and MAVEN observations

24

2023

Impact of global dust storm event on the CO VMR in the Martian mesosphere and lower thermosphere measured by TGO/NOMAD

24

2023




Mars Express MAVEN

24

2023

MAVEN

24

2023

MAVEN

24

2023

Study of variation mechanisms of the Martian diffuse aurora based on Monte Carlo simulations and MAVEN observations

24

2023




Study of atmospheric ion escape from exoplanet TOI-700 d

24

2023

24

2023

DSMC

24

2023

Effects of an intrinsic magnetic field on ion escape from Mars based on newly developed multifluid MHD model simulations

24

2023




Yuki Nakamura

Variation of the atmospheric chemical composition on Mars induced by solar energetic particles

International conference on new insights into Mars achieved by remote-sensing observation, numerical simulation, and
laboratory experiment of trace gases

2023

On the relationship between energy input to the ionosphere and the ion outflow flux under different solar zenith angles

2022

2022

On the relationship between energy input to the ionosphere and the ion outflow flux under different solar zenith angles

2022

On the Relationship between Energy Input to the Earth’ s Polar lonosphere and the lon Outflow Flux under Different Solar
Zenith Angles

AGU Fall Meeting 2022

2022




Excitation of two types of storm-time Pc5 ULF waves based on the magnetosphere-ionosphere coupled model

2022

2022

Excitation of two types of storm-time Pc5 waves based on the magnetosphere-ionosphere coupled model

3rd URSI AT-AP-RASC

2022

Excitation of two types of storm-time Pc5 ULF waves by ring current ions based on the magnetosphere-ionosphere coupled model

Geospace Environment Modeling Workshop

2022

Control of the dynamics of cold particles on the excitation of ULF waves based on the magnetosphere-ionosphere coupled model

17 ERG

2022




Control of the dynamics of cold particles on the excitation of ULF waves based on the magnetosphere-ionosphere coupled model

152

2022

Effects of the dynamics of cold plasma on the excitation of internally driven ULF waves by ring current ions based on the
magnetosphere-ionosphere coupled model

18 ERG

2023

Japan®s Activities for the EISCAT_3D Project

2022

2022

Possible common program (CP) modes for EISCAT_3D

20th EISCAT International symposium

2022




EISCAT_3D and Japan’ s Activities

152

2022

Region 1

2022

2022

Three-dimensional Closure of Field-aligned Currents in the Polar lonosphere

Asia Oceania Geosciences Society (AOGS)

2022

Generation mechanism of Region 1 field-aligned current

The 15the Asia-Pacific Physics Conference

2022




Mutual coupling between magnetosphere and low-latitude ionosphere during magnetic storms and substorms

16th International Symposium on Equatorial Aeronomy (ISEA)

2022

Generation mechanism of Region 1 field-aligned current

Association of Asia Pacific Physical Societies-Division of Plasma Physics (AAPPS-DPP)

2022

Region 1 field-aligned current and energy transfer from solar wind to polar ionosphere

152

2022

Characteristics of oxygen ion supply and energization in the inner magnetosphere during magnetic storms: Arase observations

2022

2022




Global Characteristics of Cold Protons Around Midnight in the Magnetotail: MMS/HPCA observations

152

2022

Properties of molecular ions in the ring current and their supply mechanism from the low-altitude ionosphere

VEGU 2021

2021

Effects of the magnetic field configuration in the ionosphere on solar energetic electron precipitation into the Martian
upper atmosphere observed by MAVEN

2021

2021

2021

2021




Dependences of ion escape from Mars on the intrinsic magnetic field strength under CME-like solar conditions at 3.5 Ga

2021

2021

Study of atmospheric ion escape from exoplanet TOI-700 d

2021

2021

lon escape mechanism from a Mars-like planet under weak intrinsic magnetic field conditions: Dependence of IMF clock angle

2021

2021

David Brain

Magnetic Fields, Atmospheres, and the Connection to Habitability (MACH) ?? Using Team Science to determine how magnetic
fields influence habitability

2021

2021




ULF

2021

2021

Relative Contribution of ULF Waves and Whistler-mode Chorus to the Radiation Belt Variation during the May 2017 Storm

2021

2021

Study of the excitation mechanism of internally driven ULF waves by the drift-bounce resonance with ring current ions based
on the Magnetosphere-lonosphere coupled model

2021

2021

CIR- and CME-driven magnetic storm effects on ion upflows in the low-altitude polar ionosphere

2021

2021




Impacts of solar energetic particles at Mars: Global diffuse aurora and atmospheric chemistry

2021

2021

Modeling diffuse auroral emissions at Mars: Contribution of precipitating protons and mirror effects of crustal fields

2021

2021

Variation of C0/C02 profile in the Martian middle atmosphere observed by TGO/NOMAD

2021

2021

2021

2021




DSMC simulations of slow hydrodynamic escape from Earth-like and Mars-like planets

2021

2021

2021

2021

Effects of the IMF direction on atmospheric escape from a Mars-like planet under weak intrinsic magnetic field conditions

Workshop on Influence of a Global Magnetic Field on lon and Atmospheric Loss and Planetary Habitability

2021

Reporter Review: Earth’ s Ring Current

Joint Scientific Assembly IAGA-IASPEI 2021

2021




2021

2021

Influences of solar energetic particles on the Martian ozone

2021

2021

2021

2021

DSMC and MHD simulations of atmospheric escape from a terrestrial planet

5th Asia-Pacific Conference on Plasma Physics (AAPPS-DPP2021)

2021




Martian explorations: Science background and open questions

JAXA/ISAS Planetary Exploration Workshop 20217A

2021

Sources, Transport, and Energization of Magnetospheric Plasma

JAXA/ISAS Planetary Exploration Workshop 20217A

2021

A new global multifluid MHD model with the cubed sphere focusing on Martian ionosphere and magnetosphere

150

2021

On plasmasphere formation around terrestrial exoplanets: Possible evidence of exoplanetary intrinsic magnetic field and
atmosphere

150

2021




Effects of CIR- and CME-driven magnetic storm on ion upflows in the low-altitude polar ionosphere

150

2021

Second harmonic poloidal ULF : RBSP-B
150

2021

Two types of storm-time Pc5 ULF waves excited in the Magnetosphere-lonosphere coupled model

150

2021

150

2021




Numerical prediction of changes in atmospheric compositions during SEP events at Mars

150
2021
TGO/NOMAD C0/C02
150
2021
150
2021
150

2021




Preferential energization of lower-charge-state heavier ions in the near-Earth magnetotail

150

2021

Modeling of SEP-induced auroral emission: Global diffuse aurora on Mars and polar-glow aurora on Earth

The 12th Symposium on Polar Science

2021

Impact of the CME-like IMF rotation on ion escape mechanisms from a Mars-like planet under weak intrinsic magnetic field
conditions

AGU Fall Meeting 2021

2021

lon escape from ancient Mars during CME-like events: Dependence on the planetary intrinsic magnetic field and the solar
conditions

AGU Fall Meeting 2021

2021




Plasmasphere formation around terrestrial exoplanets: Possible evidence of the exoplanetary intrinsic magnetic field and
atmosphere

AGU Fall Meeting 2021

2021

Dave A Brain

Progress on Understanding the Influence of Planetary Magnetic Fields on Atmospheric Escape Rates

AGU Fall Meeting 2021

2021

Excitation of two types of storm-time Pc5 ULF waves based on the magnetosphere-ionosphere coupled model

AGU Fall Meeting 2021

2021

A statistical study of the solar wind dependence of multi-harmonic toroidal ULF waves observed by the Arase satellite

AGU Fall Meeting 2021

2021




Modeling of SEP induced auroral emission: Contribution of MeV protons

AGU Fall Meeting 2021

2021

Observational study on preferential energization of lower-charge-state heavier ions in the near-Earth magnetotail

AGU Fall Meeting 2021

2021

Enhanced ion escape rate during the CME-like IMF rotation under weak intrinsic magnetic field conditions on a Mars-like
planet

23

2022

Roles of an intrinsic magnetic field and solar conditions in ion escape at Mars and its implications for habitability

23

2022




Study of atmospheric ion escape from exoplanet TOI-700 d

23

2022

Impacts of solar energetic particles on planetary atmospheres: Auroral emissions and changes in atmospheric chemical
composition

23

2022

23

2022

MAVEN/STATIC

23

2022




XUV

23

2022

2021

2022

Study of ion loss mechanisms from ancient Mars with a focus on effects of the global intrinsic magnetic field

JpGU-AGU Joint Meeting 2020

2020

Study of Molecular lon Contribution to the Polar Plume from Mars Based on MAVEN Observations

JpGU-AGU Joint Meeting 2020

2020




Study of proton escape from Mars based on MAVEN observations

JpGU-AGU Joint Meeting 2020

2020

On possibility of visualization of Martian space environment with diffuse aurora: Relations between magnetic field structure
and solar energetic electron penetration into the upper atmosphere observed by MAVEN

JpGU-AGU Joint Meeting 2020

2020

Observational study on mass and charge dependence of plasma energization in the inner magnetosphere and near-Earth
magnetotail

JpGU-AGU Joint Meeting 2020

2020

A warm layer in the nightside mesosphere of Mars

JpGU-AGU Joint Meeting 2020

2020




Seasonal variation of neutral and ion compositions in the Martian upper atmosphere observed by MAVEN/NGIMS

JpGU-AGU Joint Meeting 2020

2020

Seasonal variation of dayside ionospheric compositions coupled with neutral upper atmosphere on Mars

148

2020

Effects of the IMF direction on atmospheric escape from Mars under weak intrinsic magnetic field conditions

148

2020

Dependence of ion escape from Mars on ancient solar XUV and solar wind conditions

148

2020




Statistical properties of solar energetic electron penetration into the Martian upper atmosphere observed by MAVEN

148

2020

Study of proton escape from Mars based on MAVEN observations

148

2020

Molecular lon Contribution to the Polar Plume from Mars and its Dependence on Solar Wind Parameters

148

2020

Day-night variation of 02/C02 in Mars lower thermosphere

148

2020




MAVEN/IUVS observation of the Martian ozone layer during solar energetic particle events

148

2020

Observational study on preferential energization of low-charge-state heavy ions in the near-Earth magnetotail

148

2020

Effects of an intrinsic magnetic field on ion escape under different solar XUV and solar wind conditions

American Geophysical Union Fall Meeting 2020

2020

Statistical properties of solar energetic electron penetration into the Martian upper atmosphere observed by MAVEN: Effects
of the magnetic field structure in the ionosphere

American Geophysical Union Fall Meeting 2020

2020




Molecular lon Contribution to the Polar Plume from Mars: Effects of Solar Wind Parameters and Crustal Magnetic Fields

American Geophysical Union Fall Meeting 2020

2020

Day-night variation of 02/C02 in Mars lower thermosphere

American Geophysical Union Fall Meeting 2020

2020

Seasonal variation of dayside ionospheric compositions coupled with neutral upper atmosphere on Mars

American Geophysical Union Fall Meeting 2020

2020

Observations of mass- and charge-dependent ion energization in the near-Earth magnetotail

American Geophysical Union Fall Meeting 2020

2020




Characteristics of CME- and CIR-driven ion upflows in the polar ionosphere

43rd COSPAR Scientific Assembly (COSPAR2021)

2021

Effects of an intrinsic magnetic field on atmospheric escape from a Mars-like planet

22

2021

Effects of solar XUV and solar wind conditions on ion escape from ancient Mars

22

2021

Study of formation mechanisms of the molecular ion polar plume and its contribution to the ion escape from Mars

22

2021




On Plasma Transport and Energization in the Magnetospheres of Magnetized Planets

22

2021

Nightside wave perturbations in the Martian thermosphere

22

2021

Seasonal and dust related variations of dayside ionospheric compositions coupled with neutral upper atmosphere on Mars

22

2021
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