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MMS observations of the Electron Diffusion Region: laminar EDR

[Egedal et al., PRL, 2019]

[Torbert et al., Science,  
2018]
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Is the 2D description enough to understand magnetic 
reconnection? 

What is the role of waves and instabilities in shaping the 
EDR structure and the overall reconnection process? 

[Daughton et al., Nature, 2011]

[Chen et al., PRL, 2020]
[Khotyaintsev et al., PRL, 2019]



2D PIC simulation [Le et al., PRL, 2013] mi/me = 1836
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Inter-spacecraft separation  

 

⇠ 20 km
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This EDR is characterised by significant magnetic field fluctuations and large, non-constant 
differences between observations at different spacecraft 
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EDR reported by: [Zhou et al., ApJ, 2018]
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Mean scale associated to the gradients

We observe large, non-constant differences between observations at different spacecraft in a region  
of electron-scale gradients
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Mean scale associated to the gradients

The strong electron-scale gradients observed in situ are present also in the simulation data

30 mV/m
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Mean scale associated to the gradients

A good agreement between the in situ observations and the 2D PIC simulation data  
is obtained with a complex trajectory
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Electromagnetic fluctuations with  and long wavelength are observed  
in the center of the current sheet 
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[Daughton, Phys. Plasmas, 2003]
[Yoon et al., Phys. Plasmas, 2002]

The fluctuations propagate in the out-of-plane 
direction 
Current sheet kink modes              3D dynamics  

[Shinoara et al., PRL, 2001]



In conclusion, we report MMS observations of a disturbed EDR crossing in the Earth's magnetotail 
 

We observe fluctuations of the electric, magnetic 
and velocity fields which are not included in 
steady state 2D reconnection. 

The observations can be explained by 
electromagnetic fluctuations inducing the kinking 
of the current sheet in the out-of-
reconnection-plane direction.  

These results suggest that it is needed to take 
into account the three-dimensionality of the 
system to understand the reconnection process.  

[Cozzani et al., submitted to PRL, ArXiv: 2103.12527]

Thank you for your attention! 

Contact: giuliac@irfu.se
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<latexit sha1_base64="/LargJKurp2lLU8/DZk+5CXXpe0=">AAAB9HicdVDLSgMxFM3UVx1fVZdugkVwNWTs6OhCLIrgsoJ9QDuUTJq2oZmHSaZQhn6HGxdKcetvuHcj/o2ZVkFFDwQO59zLPTl+zJlUCL0bubn5hcWl/LK5srq2vlHY3KrJKBGEVknEI9HwsaSchbSqmOK0EQuKA5/Tuj+4yPz6kArJovBGjWLqBbgXsi4jWGnJawVY9UWQXo6habYLRWQh1zm0EUSW45TskpuRIw0X2haaonj2Yp7Gkzez0i68tjoRSQIaKsKxlE0bxcpLsVCMcDo2W4mkMSYD3KNNTUMcUOml09BjuKeVDuxGQr9Qwan6fSPFgZSjwNeTWUj528vEv7xmorrHXsrCOFE0JLND3YRDFcGsAdhhghLFR5pgIpjOCkkfC0yU7ikr4eun8H9SO7Bsxzq5RsXyOZghD3bALtgHNnBBGVyBCqgCAm7BHXgAj8bQuDcmxtNsNGd87myDHzCePwBrS5Tl</latexit>

F

<latexit sha1_base64="Mx7/qffc/7DgdftD5D9HK2FN6k0=">AAAB8nicdVDLSsNAFJ3UV42vqks3g0VwFZI29LEQi4K4rGBbIQ1lMp22QyeTMDMRSuhnuHGhSLf+h3s34t84aRVU9MCFwzn3cs+9QcyoVLb9buSWlldW1/Lr5sbm1vZOYXevLaNEYNLCEYvETYAkYZSTlqKKkZtYEBQGjHSC8Xnmd26JkDTi12oSEz9EQ04HFCOlJa8bIjUSYXoxNXuFom3Z5XrJqUDbcmpu2XE1KTvViluFjmXPUTx9MU/i2ZvZ7BVeu/0IJyHhCjMkpefYsfJTJBTFjEzNbiJJjPAYDYmnKUchkX46jzyFR1rpw0EkdHEF5+r3iRSFUk7CQHdmEeVvLxP/8rxEDWp+SnmcKMLxYtEgYVBFMLsf9qkgWLGJJggLqrNCPEICYaW/lD3h61L4P2mXLMe16ld2sXEGFsiDA3AIjoEDqqABLkETtAAGEbgDD+DRUMa98WTMFq0543NmH/yA8fwB1SSUpA==</latexit>
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