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Calculating the EDR Aspect Ratio
• The electron diffusion region is loosely defined as where the  

electrons decouple from the magnetic field (broken frozen-in flux 
condition)

• In a quasi-steady state regime, reconnection occurs in two domains, 
the Central EDR, where reconnection occurs, accelerates electrons 
into extended jets (sometimes referred to as outer EDR) [2]

• The dynamics of the outer EDR are not well understood and it’s 
unclear if it’s diamagnetic drift or represents real bulk motion [8]

• We consider the limited case of the inner EDR to calculate the 
aspect ratio. 

• At ~22:34 UT on July 11, 2017 MMS encountered a symmetric 
reconnection event in the Earth’s magnetotail with a weak guide 
field (small BM0/BL0) [3]. 

• MMS3 was the only spacecraft to cross the reconnection current 
sheet, providing the best measurements of the electron diffusion 
region around the reconnection X-line [1]

• EDR aspect ratio calculated with MMS-derived LMN magnetic
field spatial gradients is found to be consistent with published 
aspect ratios for the July 11 event. 

• 𝜕𝐵𝑁/𝜕𝐿 term is below the nominal 0.1 nT field limit of the FGM 
instrument [4], but the actual uncertainty has been found to be 
substantially smaller [6]

• The aspect ratio derived from simulation 
data found to be consistent with normalized 
rate from Nakamura 2018

• For the July 11 event, the EDR aspect ratio is very 
close to the normalized reconnection rate. 
Additional work is needed to understand the 
accuracy of this technique. 

• We need to analyze more events using this 
technique to understand what parameters control 
the EDR aspect ratio and whether it is always close 
to the normalized reconnection rate. 

• Applying the technique to different virtual 
trajectories through the July 11 PIC simulation to 
determine how close to the X-line the spacecraft 
needs to cross

• Applying the technique to PIC simulations with 
different initial parameters to determine what 
current sheet asymmetry or guide field causes the 
calculation to break down.

• Magnetic reconnection is a process which 
converts electromagnetic energy to kinetic 
particle energy through changes in magnetic field 
topology. 

• The rate of energy conversion is known as the 
reconnection rate and is generally determined by 
comparing energy of the plasma within the inflow 
and outflow regions.

• The EDR aspect ratio calculated as the ratio of the 
∆N and ∆L magnetic field gradient scale lengths 
at/near the X-point. 

• Magnetic field gradient was reconstructed using the 
spatial interpolation method in [7] with LMN 
coordinates determined using maximum variance 
analysis of the electron bulk velocity (MVA-Ve) as 
found in [6]

• The dimensionality of the EDR is indicated by the 
𝜕𝐵𝑁/𝜕𝐿 and 𝜕𝐵𝐿/𝜕𝑁 terms of the (∇B)2 matrix in 
LMN coordinates. The aspect ratio R is then 
calculated as the ratio 

𝑅 ~ (𝜕𝐵𝐿/𝜕𝑁)/(𝜕𝐵𝑁/𝜕𝐿)

• In theory, this method should only work when the 
spacecraft trajectory passes through the 
reconnection X-line and the current sheet is exactly 
symmetric, eliminating off-axis terms of ∇B and 
leaving just the 𝜕𝐵𝑁/𝜕𝐿 and 𝜕𝐵𝐿/𝜕𝑁 terms

• Decoupling of ion and electron dynamics within 
the diffusion region enables fast reconnection 
with a normalized rate of order 0.1

PIC simulation of the July 11 event showing the 
inner and outer EDRs (Nakamura, 2018)
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• 𝜕𝐵𝑁/𝜕𝐿 and 𝜕𝐵𝐿/𝜕𝑁 terms and EDR aspect 
ratio calculated along an MMS1 virtual 
trajectory with a particle-in-cell simulation 
of the July 11, 2017 reconnection event 
done by Nakamura, et al. [1]


