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Observations of Ti/Te in Magnetosphere

𝑇௜ 𝑇௘⁄ ൌ 5 ~ 10

Hot ions in Earth’s magnetotail are believed to 
be generated during magnetic reconnection

(cf. Baumjohann+ JGR 1989; Eastwood+ PRL 2013; 
Phan+ GRL 2013)
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Ti & Te Heating in PIC simulation

cf. Simulation study of plasma heating: Wu+ PRL 2013; Shay+ PoP 2014; Haggerty+ GRL 2015 



How can we understand the preferential ion heating?
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Adiabatic  Nonadiabatic

Slow Shock, Turbulence… Ohmic/Joule Heating 

Distinguish adiabatic heating and 
non‐adiabatic heating

If adiabatic heating,  𝑃𝑉ఊ ൌ 𝑐𝑜𝑛𝑠𝑡

V is the volume of flux tube



Evolution of Magnetic Flux Tube



Time History & T-V Relation
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Adiabatic process after B-flux tube merging/re-connection
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Ti/Te during B-flux merging stage
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Thermodynamics of Reconnection
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Nonadiabatic heating during B-flux merging
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(e.g. Coppi+ 1966; Hoh 1966; Galeev & Zeleny 1976) 
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(e.g., Coroniti 1985) 
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initial temperature dependence
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Guide Magnetic Field Effect
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weak compressibility
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Thermodynamics of Reconnection



Summary

 Energy Partition of Ion & Electron during Magnetic 
Reconnection

 Two distinct heating stages:
 Effective Ohmic/Joule Heating

 Adiabatic Compression (for anti-parallel reconnection)

 Ion heating is less effective with increasing BG field
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