
1 1 1 

Huishan Fu�
(符慧⼭)�

Beihang University�
huishanf@gmail.com 

Co-authors: Mingjie Zhao, Yue Yu, Zhe Wang �



Dipolarization front

Runov+, 2009GRL Fu+, 2012GRL Nakamura+, 2002GRL 

Fu+, 2020, Sci. China Earth Sci. 



Electron acceleration at DF 
Classical theory: 

Fu+, 2011GRL 

Fu+, 2019APJL 

  Betatron acceleration 
  Conservation of 1st adiabatic invariant 

  B increase à Flux increase 
  B decrease à Flux decrease 



Novel observation by MMS 
DF event 

  B increase à Flux decrease 
  B decrease à Flux increase 

Challenge the 
classical theory of 
betatron mechanism 



Novel observation by MMS 

  B increase à Flux decrease 
  B decrease à Flux increase 

  f < fLH 

  Linear polarization 

  Compressibility  

Magnetosonic wave 



New theory
Magnetic bottle 
  Time-varying belly 
  Steady neck  

  B increase à Large loss cone à 
Flux decrease 

  B decrease à Small loss cone à 
Flux increase 

Loss cone:  

Size: L=2-3 RE   



Confirmation by four MMS



Implication
Why energetic electrons only appear in half the DF events?  

Implication: 
  DF events with energetic electrons  à  fat DFB 
  DF events without energetic electrons à  slim DFB 

Fu+, 2012JGR 

Fu+, 2012JGR;  Runov+, 2013JGR 



Conclusions
1.   Electron fluxes increase at B-minimum but decrease at B-maximum   

2.   This challenges the classical theory and thus requires new explanation  

3.   Our new theory includes a magnetic bottle with time-varying belly 


