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Magnetic reconnection is a ubiquitous collisionless plasma process that converts 
electromagnetic energy to heating and accelerating ions and electrons. Understanding how 
charged particles are heated during magnetic reconnection is essential for explaining the 
energy release in the Universe's most powerful energy sources and magnetized plasma 
devices such as tokamaks. In particular, large-scale magnetic field-aligned electric fields, a 
characteristic feature of magnetic reconnection, are thought to play an important role in 
electron heating. However, the exact role, nature, and importance of such parallel electric 
fields in electron heating remains debated.  

We use data from the Magnetospheric Multiscale (MMS) mission to study electron 
heating by parallel electric fields during magnetic reconnection in the Earth’s magnetotail. 
We show that the parallel electric fields scale with the inflow Alfvén and thermal speeds to 
maintain macroscopic quasi-neutrality in the plasma. In addition, we find that the work done 
by the parallel electric fields on the electrons can reach up to ten times the electrons’ initial 
temperature. Our results demonstrate that parallel electric fields play a major role in electron 
heating and the ion-to-electron energy partition during magnetic reconnection.  


