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The Earth’s Magnetic Shield 



Cluster observations on 2001-10-01. 

Lobe:   Te   ~ 0.10 keV 
 

Inflow:  Te ~ 0.10 keV,  Te|| ~ 1 keV 
 

Exhaust:  Te ~ Te|| ~  10keV = 100 Te 

Bi-directional Beams Flat-top 

 

L.-J. Chen, et al JGR (2008), POP (2009) 

Egedal, et al. JGR (2010) 

 

Spacecraft Observations of Reconnection 



Hwang et al., JGR 2013, 

Cluster, August 18, 2002 

Another Cluster Event 



Wind Spacecraft Observations in 

Distant Magnetotail, 60RE 

• Measurements within the ion 

   diffusion region reveal: 

   Strong anisotropy in fe 
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Two-Fluid vs Kinetic Simulations 
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Particle In Cell (PIC) simulation,    



Wind Spacecraft Observations in 

Distant Magnetotail, 60RE 

• Measurements within the ion 

   diffusion region reveal: 

   Strong anisotropy in fe 
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Electrons in an Expanding Flux Tube  
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Electrons in an Expanding Flux Tube  

 J. Egedal et al., JGR (2009) 

Trapped: 

Passing: 

Vlasov: 



Formal Derivation using an “Ordering”  
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Ordering:  

The drift kinetic equation:  

Boundary conditions:  
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||  ~ 1 kV 
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Wind Spacecraft Observations in 

Distant Magnetotail, 60RE 



Field Structure at Full Mass Ratio (P. Pritchett) 
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Upshot: New Fluid Closure (EoS) 
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 A. Le et al., PRL (2009) 

Smooth transition from 

Boltzmann to double adiabatic 

(Chew, Goldberger, FE… Low) 

scaling  
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Eliminate ||  



Confirmed in Kinetic Simulations 

p|| / p 

EoS previously confirmed in 2D simulations, 

now also in 3D simulations. 



New EoS Implemented  

in Two-Fluid Code 
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Out of plane current Ohia et al., PRL, 2012 



Model for islands? 

Conserved quantities: 

Area, flux, density: 



Model for islands? 

Conserved quantities: 

Area, flux, density: 

Generalize: 

B-constant, change n: 

In 2D = 0: 

Integrates to CGL! 
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EoS for Anti-Parallel Reconnection? 

The electrons are magnetized in the inflow region: 

x/de 

z/de 

z/de 

Pitch angle diffusion is 

controlled by: 

Depends on Bg and mi/me 



Where does Guide-Field 

Reconnection Begin?  
 

Kinetic simulation results at mi /me = 400,  [A Le et al., PRL 2013]   

 

 



 

Kinetic simulation results at mi /me = 1836,  [A Le et al., PRL 2013]   

 

 

Where does Guide-Field 

Reconnection Begin?  



Regimes of the Electron Diffusion Region 
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Scaling Law for Electron Heating   

× × × 

/0 
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e =  
  plasma pressure     

magnetic pressure 

Use EoS to get scaling laws:  
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The magnetic tension is balanced by pressure anisotropy:  

Additional current term:  

Magnetotail:                0.003 



Simulation with e ~ 0.003  



Spacecraft Distributions Reproduced 

 J. Egedal et al., Nature Physics (2012) 



|| confines electrons, allowing 

sustained energization by E  

Flat-top 
Heated by  vd ·E ,  
  

Trapped region with 

pitch angle scattering 



Generation of Super-Thermals 

log10 ( # of 

electrons with 

energies above 
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log10[ f (E) ] 



Generation of Super-Thermals 

log10 ( # of 

electrons with 

energies above 

1.7mc2)  

New electrons Lost electrons 

Steady state:  

log10[ f (E) ] 



• Examples of Magnetic Reconnection 
 

• Model for Electron Pressure Anisotropy 
 

• Fixing the Fluid Equations  (The Equations of State) 
 

• Regimes of Reconnection 
 

• Opportunities with TREX 
 

• Conclusions 

 

Outline 



Role of Collisions: 

Full electron transit must be completed without collisions: 

 

 

 

or 

   

     

 

𝜏𝑒 >  
𝑑𝑖

0.1𝑣𝐴
      ⟺        𝜈𝑒/ 𝜔𝑐𝑒  <   0.1  

𝑚𝑒

𝑚𝑖
  

S  > 104 𝐿
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Reconnection setup in CRX 

Insert holding field coils  

MPDX (just delivered) 



Key new hardware 

• Helmholtz Coils 
• 2 × 80 turns, CW, 800A  

      B ~ 0.025T 
 

 

• TF coil 
• 96 turns, 

• CW, 800A,  B= 0.015 T @ R=1m 

• Pulsed, 13kA  B = 0.25 T @ R=1m 
 

 

• Poloidal field coils 
• 2 × 20 turns, pulsed, 5kA 

  B ~ 0.04T 
 

 

• Reconnection drive coils 
• 2 × 1 turns, 5kV, 10kA 

MPDX with TREX  

hardware 



Asymmetric reconnection in TREX 

• Simple configuration 

using the HH-coils 

plus two internal coils 

 

• This will be the first 

configuration to be 

implemented 

Low  plasma 

High  plasma 



Symmetric Inflow Configuration 

Collisional VPIC simulation 

TREX, poloidal magnetic fields 



Role of Collisions, Moderate Guide-

field Reconnection  

• Continuous operation  

     of magnetic coils 
 

• Plasma pulsed at 1Hz 
 

• Bg = 20 mT at 1m 



Strong Guide-field Reconnection  

• Pulsed operation  

     of magnetic coils 
 

• 3 min between pulses 
 

• Bg = 0.25T  at 1m 

log(L/ρs) 

ρs = (2miTe)
1/2/eB  

 

    = “ion sound Larmor Radius” 



 

 

• TREX provides huge flexibility 

in available configurations, and 

the insert will allow for fast turn-

around.  
 

• Reconnection in an 

unprecedented range of plasma 

parameters to be explored 

 

• Thanks to Cary and the MPDX 

team for a good start on TREX! 

 

Conclusion 
 

• The construction of the new  Terrestrial Reconnnection EXperiment 

is well under way 
 

• TREX is highly leveraged against earlier NSF investments through 

the use of the MPDX-vessel and plasma production 

 


