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1. Introduction

2. A plume case

Unlike Earth, Mars lacks a global, intrinsic dipole magnetic field.
The ionized particles in the Martian ionosphere are exposed to the
solar wind (SW) and can escape into interplanetary space directly.
Both observations and simulations found that there are two main
channels for ion escape: tail-ward escape and plume-like escape
along the upstream solar wind electric field ESW (Fang et al., 2008;
Dubinin et al., 2011; Dong et al., 2015).

• Both Tianwen-1 and MAVEN observed plumes in the sheath and SW

• Tianwen-1 observed higher energy oxygen plumes than MAVEN

• The theoretical energies and observed plume energies are consistent
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5. Plume backward tracing – identify source regions 

4. Averaged B/BIMF & E/EIMF 3-D maps3. Statistical results

• The theoretical plume energy and observed plume

energy are linear correlated

• The solar wind electric field acceleration is the main

energization mechanism

൯𝑊𝑡ℎ𝑒𝑜𝑟𝑦= 𝑞𝑖 𝐸𝑆𝑊 (𝑍𝑀𝑆𝐸_𝑝𝑙𝑢𝑚𝑒 − 0.5 𝑅𝑀

• Plumes are observed in +E hemisphere in the MSE frame

(MSE frame: XMSE: Mars to the Sun, ZMSE: along the 

upstream ESW, YMSE: complete the right-hand coordinates)

• Tianwen-1 observed plume events at higher altitudes (>~3 

RM, the apoapsis of MAVEN)
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• Tianwen-1 MINPA instrument has ability to measure the Martian oxygen plume
escape at higher altitudes than the MAVEN spacecraft.

• Using in-situ measurements, we find that plume energy can be quantified by the
ESW and ZMSE – motional electric field acceleration mechanism.

• Based on a B & E empirical data model and the backward tracing method, we find
plume ions mostly originate from 30-60°MSE latitude regions on the dayside.
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In this study, we use China’s first
Mars mission, Tianwen-1, to measure
oxygen ion plumes and quantify their
energization and source region
locations with the MAVEN spacecraft.
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Motivations
• How do they gain energy? (energization)
• Where are they from? (source region)

Plume
(pickup oxygen ions)

MARS

• Plume ions mainly originate from the dayside
30-60°MSE latitude regions
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Governing equations:

𝑊 = 𝐸 ∙ 𝒅Ԧ𝑠 (Energy gain)
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𝑑𝑡2
= 𝑞 𝑬𝑺𝑾/sheath + 𝒗 × 𝑩 (Trajectory)
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