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Synopsis 
 

• Work over the last ~3 years has suggested that the tearing mode can be triggered in turbulent plasmas, at scales 
in the inertial range.  

• Tearing controls the dynamics of the eddy, setting a new eddy turn-over time, and thus changing the spectrum, 
eddy anisotropy, etc.

• Ensuing numerical simulations, and even a detailed analysis of solar wind data, seem to support these ideas.

• This work asks whether the tearing onset in the eddies can lead to a deep nonlinear reconnecting stage in those eddies.

• Answer is non-trivial because the tearing rate (and thus the eddy turn-over rate in the tearing-mediated range) 
differs from the reconnection rate.

• Significance is non-trivial: it is only in the reconnecting stage that significant energy dissipation 
can occur.  The linear and early nonlinear stages of the tearing mode dissipate negligible amounts of energy 
(reconnect negligible amounts of flux).

• It turns out that full reconnection is indeed possible, but the parameter requirements for that to happen are far 
from trivial (and essentially impossible to simulate, at least in some cases of interest).

• Details in Loureiro & Boldyrev, arXiv:1907.09610
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Dynamic Reconnection Onset  
Matching the turbulence and reconnection timescales

Loureiro & Boldyrev, PRL 2017  

Boldyrev & Loureiro, ApJ 2017 

Mallet et al., MNRAS 2017 

�cr/L ⇠ S�4/7
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• This leads to the prediction of a critical scale below which reconnection 
is faster than turbulence:

�
<latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit><latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit><latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit><latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit>

⇠
<latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit><latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit><latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit><latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit>

• At what scale does the eddy turnover time become comparable to the 
tearing mode growth time in the eddy?
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Spectrum  
Prediction of the existence of a new, sub-inertial range

• Spectrum can be computed from enforcing constant energy flux: �nlV
2
A,� = ✏

where                            is the constant rate of energy cascade over scales.✏ ⇠ V 3
A,0/L0

• We assume that when the tearing mode becomes nonlinear, it sets the timescale of the eddy:

�nl ⇠ �tear

Boldyrev & Loureiro, ApJ 2017

Mallet et al., MNRAS 2017

• Obtain:

E(k?)dk? ⇠ ✏4/5⌘�2/5k�11/5
? dk?

kcr ⇠ S4/7
L

k�11/5
?

k�11/5
?

( or                            )E(k?) ⇠ k�19/9
?
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Numerical support for tearing in MHD turbulence  
Simulations seem consistent with these predictions

Dong  et al. 2018
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Numerical support for tearing in MHD turbulence  
Simulations seem consistent with these predictions

Walker et al., 2018 

S=64000 S=16000
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Extension to the kinetic reconnection regime  
Collisionless reconnection in MHD-scale eddies
• In many realistic plasmas, collisions are so infrequent that reconnection in a MHD-scale eddy 

will trigger kinetic effects:

� � ⇢i � � ⇠ de

• This can be handled with kinetic tearing mode theory (reconnection is caused by electron 
inertia, instead of collisions).

• Different cases can be analyzed, depending on electron beta.

E(k?) / k�3
?

Loureiro & Boldyrev, ApJ ‘17. See also Mallet  et al. , JPP ’17.

or E(k?) / k�8/3
?

depending on what shape is assumed for the reconnecting magnetic field.

• Invariably, obtain spectra that scale as 
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Reconnection in the kinetic turbulence range  
Collisionless reconnection at sub-Larmor radius scales

• Can we extend these ideas to the kinetic turbulent 
range, i.e.,                      

� ⌧ max(⇢i, ⇢s)

Boldyrev & Loureiro, ApJ 2017

• Uncertain: no theory to describe the eddy aspect 
ratio, etc.

• Numerical simulations do suggest current sheet 
presence at these scales.

• Cannot estimate the critical scale for the transition 
to the reconnection range – this requires knowing 
what the eddies look like.

E(k?) / k�3
?

or E(k?) / k�8/3
?

• But can estimate the spectrum given expression for the 
tearing mode growth rate at those scales. Again, we obtain:

D. Groselj et al., PRL ’18
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Nonlinear Tearing-Mode Evolution  
Recap of how MHD tearing proceeds in the absence of turbulence

• When the (most unstable) tearing mode becomes nonlinear, it continues to grow exponentially at the linear growth 
rate (the Waelbroeck collapse)

• In the absence of background turbulence, the collapse leads to the formation of a current sheet: of the Sweet-Parker (SP) 
kind, if                        , or of the plasmoid-unstable kind, otherwise.

• If SP, the rate remains the same. If plasmoid-dominated, rate becomes                               (Uzdensky et al., ’10)

Loureiro et al. ‘05

⇠ S�1/2
cr ⇠ 0.01
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<latexit sha1_base64="srkLz0i0eivv4tPHfGVd4jRSzOs=">AAAB+nicjVC7SgNBFL0bXzG+NlraDAbBKuxKQAuLoI1lJOYBybrMTibJkJnZZWZWCWs+xcZCEVu/xM6/cfIoVBQ8cOFwzr3cw4kSzrTxvA8nt7S8srqWXy9sbG5t77jF3aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0ehi6rduqdIsltdmnNBA4IFkfUawsVLoFutn9TAjatLVTCDfu6mEbskvezOgv0kJFqiF7nu3F5NUUGkIx1p3fC8xQYaVYYTTSaGbappgMsID2rFUYkF1kM2iT9ChVXqoHys70qCZ+vUiw0LrsYjspsBmqH96U/E3r5Oa/mmQMZmkhkoyf9RPOTIxmvaAekxRYvjYEkwUs1kRGWKFibFtFf5XQvO47Htl/6pSqp4v6sjDPhzAEfhwAlW4hBo0gMAdPMATPDv3zqPz4rzOV3PO4mYPvsF5+wTt+pMe</latexit><latexit sha1_base64="srkLz0i0eivv4tPHfGVd4jRSzOs=">AAAB+nicjVC7SgNBFL0bXzG+NlraDAbBKuxKQAuLoI1lJOYBybrMTibJkJnZZWZWCWs+xcZCEVu/xM6/cfIoVBQ8cOFwzr3cw4kSzrTxvA8nt7S8srqWXy9sbG5t77jF3aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0ehi6rduqdIsltdmnNBA4IFkfUawsVLoFutn9TAjatLVTCDfu6mEbskvezOgv0kJFqiF7nu3F5NUUGkIx1p3fC8xQYaVYYTTSaGbappgMsID2rFUYkF1kM2iT9ChVXqoHys70qCZ+vUiw0LrsYjspsBmqH96U/E3r5Oa/mmQMZmkhkoyf9RPOTIxmvaAekxRYvjYEkwUs1kRGWKFibFtFf5XQvO47Htl/6pSqp4v6sjDPhzAEfhwAlW4hBo0gMAdPMATPDv3zqPz4rzOV3PO4mYPvsF5+wTt+pMe</latexit><latexit sha1_base64="srkLz0i0eivv4tPHfGVd4jRSzOs=">AAAB+nicjVC7SgNBFL0bXzG+NlraDAbBKuxKQAuLoI1lJOYBybrMTibJkJnZZWZWCWs+xcZCEVu/xM6/cfIoVBQ8cOFwzr3cw4kSzrTxvA8nt7S8srqWXy9sbG5t77jF3aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0ehi6rduqdIsltdmnNBA4IFkfUawsVLoFutn9TAjatLVTCDfu6mEbskvezOgv0kJFqiF7nu3F5NUUGkIx1p3fC8xQYaVYYTTSaGbappgMsID2rFUYkF1kM2iT9ChVXqoHys70qCZ+vUiw0LrsYjspsBmqH96U/E3r5Oa/mmQMZmkhkoyf9RPOTIxmvaAekxRYvjYEkwUs1kRGWKFibFtFf5XQvO47Htl/6pSqp4v6sjDPhzAEfhwAlW4hBo0gMAdPMATPDv3zqPz4rzOV3PO4mYPvsF5+wTt+pMe</latexit><latexit sha1_base64="srkLz0i0eivv4tPHfGVd4jRSzOs=">AAAB+nicjVC7SgNBFL0bXzG+NlraDAbBKuxKQAuLoI1lJOYBybrMTibJkJnZZWZWCWs+xcZCEVu/xM6/cfIoVBQ8cOFwzr3cw4kSzrTxvA8nt7S8srqWXy9sbG5t77jF3aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0ehi6rduqdIsltdmnNBA4IFkfUawsVLoFutn9TAjatLVTCDfu6mEbskvezOgv0kJFqiF7nu3F5NUUGkIx1p3fC8xQYaVYYTTSaGbappgMsID2rFUYkF1kM2iT9ChVXqoHys70qCZ+vUiw0LrsYjspsBmqH96U/E3r5Oa/mmQMZmkhkoyf9RPOTIxmvaAekxRYvjYEkwUs1kRGWKFibFtFf5XQvO47Htl/6pSqp4v6sjDPhzAEfhwAlW4hBo0gMAdPMATPDv3zqPz4rzOV3PO4mYPvsF5+wTt+pMe</latexit>

• Collisionless tearing is similar, except rate becomes 0.1.
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Nonlinear Tearing-Mode Evolution  
Recap of how MHD tearing proceeds in the absence of turbulence

• What we usually call reconnection is the advanced or the post-collapse stage: more precisely, it is when the rate 
changes to 0.01 in the MHD plasmoid case, or 0.1 in the collisionless case.

• Crucially, it is only in this (late nonlinear) stage that significant amounts of flux are 
reconnected, and significant (~50%) amounts of energy are dissipated/converted.
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Tearing vs. Reconnection: enter turbulence  
Tearing onset does not guarantee eddy will fully reconnect

• The X-point collapse is a global (i.e., at the scale of the eddy) nonlinear rearrangement (i.e., it’s a loss of 
equilibrium); the eddy is forced (by the nonlinearities causing the collapse) to adjust its evolution rate to the tearing 
rate.

• This means that the collapse is happening on the same timescale as the background (the eddy) is evolving.

• So, how far the collapse proceeds cannot be estimated precisely (no timescale separation).

• All we can say is that there is a finite (order 1) probability that the collapse will last long enough to transition to the 
reconnection stage proper (and an order 1 probability that it won’t)

• If it does transition to the reconnection stage, will there be time to reconnect significant 
amounts of flux (and dissipate significant amounts of energy) in the lifetime of the eddy?
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Reconnecting the flux in an eddy  
How long does it take to reconnect the flux in an eddy?

�
<latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit><latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit><latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit><latexit sha1_base64="ZfCernHrfZEIV4ikuZkU0WnIgo8=">AAAB7nicjVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0kwzJHaEM/Qg3LhRx6/e4829MHwsVBQ8EDuecy705USaFRd//8Eorq2vrG+XNytb2zu5edf+gbXVuGG8xLbXpRtRyKRRvoUDJu5nhNI0k70Tj65nfuefGCq3ucJLxMKVDJRLBKDqp05cuGtNBtRbU/TnI36QGSzQH1fd+rFmecoVMUmt7gZ9hWFCDgkk+rfRzyzPKxnTIe44qmnIbFvNzp+TEKTFJtHFPIZmrXycKmlo7SSOXTCmO7E9vJv7m9XJMLsNCqCxHrthiUZJLgprM/k5iYThDOXGEMiPcrYSNqKEMXUOV/5XQPqsHfj24Pa81rpZ1lOEIjuEUAriABtxAE1rAYAwP8ATPXuY9ei/e6yJa8pYzh/AN3tsnQSqPgA==</latexit>

⇠
<latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit><latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit><latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit><latexit sha1_base64="f+loO7vRcuMn7VCUKcDRmagGQvk=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhszPLTK8YlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXTSTfde9MqVoOrPQP4mFVig3iu/d/uaZQlXyCS1thP4KYY5NSiY5JNSN7M8pWxEB7zjqKIJt2E+O3VCjpzSJ7E2rhSSmfp1IqeJteMkcp0JxaH96U3F37xOhvF5mAuVZsgVmy+KM0lQk+nfpC8MZyjHjlBmhLuVsCE1lKFLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NmT3qP34r3OWwveYmYfvsF7+wRgSo3Y</latexit>

In MHD,

 

In collisionless plasmas, 

R ⇠ S�1/2
⇠ if S⇠ . Scr ⇡ 104

R ⇠ S�1/2
cr ⇡ 0.01 if S⇠ > Scr

<latexit sha1_base64="gQAwEGhECzpD/IH4NuMZ0E1UZvo="></latexit><latexit sha1_base64="gQAwEGhECzpD/IH4NuMZ0E1UZvo="></latexit><latexit sha1_base64="gQAwEGhECzpD/IH4NuMZ0E1UZvo="></latexit><latexit sha1_base64="gQAwEGhECzpD/IH4NuMZ0E1UZvo="></latexit>

R ⇠ 0.1
<latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit><latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit><latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit><latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit>

R
<latexit sha1_base64="C0PaxItLF7paCyyQW6dnr4F8s34=">AAAB8nicjVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsbXQLiWbZtvQbLIkb4Wy9Gd48aCIV3+NN/+N2bYHFQUHAsPMe7zJRKkUFn3/wystLa+srpXXKxubW9s71d29ttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/C4aXxb+3T03Vmh1i5OUhwkdKhELRtFJ3V5CccSozG+m/WotqPszkL9JDRZo9qvvvYFmWcIVMkmt7QZ+imFODQom+bTSyyxPKRvTIe86qmjCbZjPIk/JkVMGJNbGPYVkpn7dyGli7SSJ3GQR0f70CvE3r5thfB7mQqUZcsXmh+JMEtSk+D8ZCMMZyokjlBnhshI2ooYydC1V/ldC+6Qe+PXg+rTWuFjUUYYDOIRjCOAMGnAFTWgBAw0P8ATPHnqP3ov3Oh8teYudffgG7+0TjoiRaw==</latexit><latexit sha1_base64="C0PaxItLF7paCyyQW6dnr4F8s34=">AAAB8nicjVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsbXQLiWbZtvQbLIkb4Wy9Gd48aCIV3+NN/+N2bYHFQUHAsPMe7zJRKkUFn3/wystLa+srpXXKxubW9s71d29ttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/C4aXxb+3T03Vmh1i5OUhwkdKhELRtFJ3V5CccSozG+m/WotqPszkL9JDRZo9qvvvYFmWcIVMkmt7QZ+imFODQom+bTSyyxPKRvTIe86qmjCbZjPIk/JkVMGJNbGPYVkpn7dyGli7SSJ3GQR0f70CvE3r5thfB7mQqUZcsXmh+JMEtSk+D8ZCMMZyokjlBnhshI2ooYydC1V/ldC+6Qe+PXg+rTWuFjUUYYDOIRjCOAMGnAFTWgBAw0P8ATPHnqP3ov3Oh8teYudffgG7+0TjoiRaw==</latexit><latexit sha1_base64="C0PaxItLF7paCyyQW6dnr4F8s34=">AAAB8nicjVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsbXQLiWbZtvQbLIkb4Wy9Gd48aCIV3+NN/+N2bYHFQUHAsPMe7zJRKkUFn3/wystLa+srpXXKxubW9s71d29ttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/C4aXxb+3T03Vmh1i5OUhwkdKhELRtFJ3V5CccSozG+m/WotqPszkL9JDRZo9qvvvYFmWcIVMkmt7QZ+imFODQom+bTSyyxPKRvTIe86qmjCbZjPIk/JkVMGJNbGPYVkpn7dyGli7SSJ3GQR0f70CvE3r5thfB7mQqUZcsXmh+JMEtSk+D8ZCMMZyokjlBnhshI2ooYydC1V/ldC+6Qe+PXg+rTWuFjUUYYDOIRjCOAMGnAFTWgBAw0P8ATPHnqP3ov3Oh8teYudffgG7+0TjoiRaw==</latexit><latexit sha1_base64="C0PaxItLF7paCyyQW6dnr4F8s34=">AAAB8nicjVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsbXQLiWbZtvQbLIkb4Wy9Gd48aCIV3+NN/+N2bYHFQUHAsPMe7zJRKkUFn3/wystLa+srpXXKxubW9s71d29ttWZYbzFtNSmE1HLpVC8hQIl76SG0ySS/C4aXxb+3T03Vmh1i5OUhwkdKhELRtFJ3V5CccSozG+m/WotqPszkL9JDRZo9qvvvYFmWcIVMkmt7QZ+imFODQom+bTSyyxPKRvTIe86qmjCbZjPIk/JkVMGJNbGPYVkpn7dyGli7SSJ3GQR0f70CvE3r5thfB7mQqUZcsXmh+JMEtSk+D8ZCMMZyokjlBnhshI2ooYydC1V/ldC+6Qe+PXg+rTWuFjUUYYDOIRjCOAMGnAFTWgBAw0P8ATPHnqP3ov3Oh8teYudffgG7+0TjoiRaw==</latexit>

 � = B⇠(�)�
<latexit sha1_base64="9epqhepke/c9n61cdMdPFqA50X4=">AAACDXicjVDLSgMxFL1TX7W+Rl26CVahbsqMCLoRSt24rGAf0BmGTCbThmYeJBmxDP0BN/6KGxeKuHXvzr8xbWehouCBwMk593CT46ecSWVZH0ZpYXFpeaW8Wllb39jcMrd3OjLJBKFtkvBE9HwsKWcxbSumOO2lguLI57Trjy6mfveGCsmS+FqNU+pGeBCzkBGstOSZB04qmedwnQgwOm96zi2rFdcjVBDPrNp1awb0N6lCgZZnvjtBQrKIxopwLGXftlLl5lgoRjidVJxM0hSTER7QvqYxjqh089lvJuhQKwEKE6FPrNBM/ZrIcSTlOPL1ZITVUP70puJvXj9T4ZmbszjNFI3JfFGYcaQSNK0GBUxQovhYE0wE029FZIgFJkoXWPlfCZ3jum3V7auTaqNZ1FGGPdiHGthwCg24hBa0gcAdPMATPBv3xqPxYrzOR0tGkdmFbzDePgE4wZsA</latexit><latexit sha1_base64="9epqhepke/c9n61cdMdPFqA50X4=">AAACDXicjVDLSgMxFL1TX7W+Rl26CVahbsqMCLoRSt24rGAf0BmGTCbThmYeJBmxDP0BN/6KGxeKuHXvzr8xbWehouCBwMk593CT46ecSWVZH0ZpYXFpeaW8Wllb39jcMrd3OjLJBKFtkvBE9HwsKWcxbSumOO2lguLI57Trjy6mfveGCsmS+FqNU+pGeBCzkBGstOSZB04qmedwnQgwOm96zi2rFdcjVBDPrNp1awb0N6lCgZZnvjtBQrKIxopwLGXftlLl5lgoRjidVJxM0hSTER7QvqYxjqh089lvJuhQKwEKE6FPrNBM/ZrIcSTlOPL1ZITVUP70puJvXj9T4ZmbszjNFI3JfFGYcaQSNK0GBUxQovhYE0wE029FZIgFJkoXWPlfCZ3jum3V7auTaqNZ1FGGPdiHGthwCg24hBa0gcAdPMATPBv3xqPxYrzOR0tGkdmFbzDePgE4wZsA</latexit><latexit sha1_base64="9epqhepke/c9n61cdMdPFqA50X4=">AAACDXicjVDLSgMxFL1TX7W+Rl26CVahbsqMCLoRSt24rGAf0BmGTCbThmYeJBmxDP0BN/6KGxeKuHXvzr8xbWehouCBwMk593CT46ecSWVZH0ZpYXFpeaW8Wllb39jcMrd3OjLJBKFtkvBE9HwsKWcxbSumOO2lguLI57Trjy6mfveGCsmS+FqNU+pGeBCzkBGstOSZB04qmedwnQgwOm96zi2rFdcjVBDPrNp1awb0N6lCgZZnvjtBQrKIxopwLGXftlLl5lgoRjidVJxM0hSTER7QvqYxjqh089lvJuhQKwEKE6FPrNBM/ZrIcSTlOPL1ZITVUP70puJvXj9T4ZmbszjNFI3JfFGYcaQSNK0GBUxQovhYE0wE029FZIgFJkoXWPlfCZ3jum3V7auTaqNZ1FGGPdiHGthwCg24hBa0gcAdPMATPBv3xqPxYrzOR0tGkdmFbzDePgE4wZsA</latexit><latexit sha1_base64="9epqhepke/c9n61cdMdPFqA50X4=">AAACDXicjVDLSgMxFL1TX7W+Rl26CVahbsqMCLoRSt24rGAf0BmGTCbThmYeJBmxDP0BN/6KGxeKuHXvzr8xbWehouCBwMk593CT46ecSWVZH0ZpYXFpeaW8Wllb39jcMrd3OjLJBKFtkvBE9HwsKWcxbSumOO2lguLI57Trjy6mfveGCsmS+FqNU+pGeBCzkBGstOSZB04qmedwnQgwOm96zi2rFdcjVBDPrNp1awb0N6lCgZZnvjtBQrKIxopwLGXftlLl5lgoRjidVJxM0hSTER7QvqYxjqh089lvJuhQKwEKE6FPrNBM/ZrIcSTlOPL1ZITVUP70puJvXj9T4ZmbszjNFI3JfFGYcaQSNK0GBUxQovhYE0wE029FZIgFJkoXWPlfCZ3jum3V7auTaqNZ1FGGPdiHGthwCg24hBa0gcAdPMATPBv3xqPxYrzOR0tGkdmFbzDePgE4wZsA</latexit>

⌧rec = R�1⌧A,�
<latexit sha1_base64="CKSln6xTszXtM+HpA0L/dm5pn9A=">AAACFnicjVDLSsNAFJ34rPUVdelmsAgubElE0I1QdeOyin1AE8PNZNoOnTyYmQgl5Cvc+CtuXCjiVtz5N07aLlQUPHDhcM69M/ceP+FMKsv6MGZm5+YXFktL5eWV1bV1c2OzJeNUENokMY9FxwdJOYtoUzHFaScRFEKf07Y/PC/89i0VksXRtRol1A2hH7EeI6C05JlVR0HqZYKSHJ9gJwQ1IMCzq/wmq9r5xDzdd7h+MYDcMyt2zRoD/00qaIqGZ747QUzSkEaKcJCya1uJcjMQihFO87KTSpoAGUKfdjWNIKTSzcZn5XhXKwHuxUJXpPBY/TqRQSjlKPR1Z7G3/OkV4m9eN1W9YzdjUZIqGpHJR72UYxXjIiMcMJ2H4iNNgAimd8VkAAKI0kmW/xdC66BmWzX78rBSP5vGUULbaAftIRsdoTq6QA3URATdoQf0hJ6Ne+PReDFeJ60zxnRmC32D8fYJYnmffw==</latexit><latexit sha1_base64="CKSln6xTszXtM+HpA0L/dm5pn9A=">AAACFnicjVDLSsNAFJ34rPUVdelmsAgubElE0I1QdeOyin1AE8PNZNoOnTyYmQgl5Cvc+CtuXCjiVtz5N07aLlQUPHDhcM69M/ceP+FMKsv6MGZm5+YXFktL5eWV1bV1c2OzJeNUENokMY9FxwdJOYtoUzHFaScRFEKf07Y/PC/89i0VksXRtRol1A2hH7EeI6C05JlVR0HqZYKSHJ9gJwQ1IMCzq/wmq9r5xDzdd7h+MYDcMyt2zRoD/00qaIqGZ747QUzSkEaKcJCya1uJcjMQihFO87KTSpoAGUKfdjWNIKTSzcZn5XhXKwHuxUJXpPBY/TqRQSjlKPR1Z7G3/OkV4m9eN1W9YzdjUZIqGpHJR72UYxXjIiMcMJ2H4iNNgAimd8VkAAKI0kmW/xdC66BmWzX78rBSP5vGUULbaAftIRsdoTq6QA3URATdoQf0hJ6Ne+PReDFeJ60zxnRmC32D8fYJYnmffw==</latexit><latexit sha1_base64="CKSln6xTszXtM+HpA0L/dm5pn9A=">AAACFnicjVDLSsNAFJ34rPUVdelmsAgubElE0I1QdeOyin1AE8PNZNoOnTyYmQgl5Cvc+CtuXCjiVtz5N07aLlQUPHDhcM69M/ceP+FMKsv6MGZm5+YXFktL5eWV1bV1c2OzJeNUENokMY9FxwdJOYtoUzHFaScRFEKf07Y/PC/89i0VksXRtRol1A2hH7EeI6C05JlVR0HqZYKSHJ9gJwQ1IMCzq/wmq9r5xDzdd7h+MYDcMyt2zRoD/00qaIqGZ747QUzSkEaKcJCya1uJcjMQihFO87KTSpoAGUKfdjWNIKTSzcZn5XhXKwHuxUJXpPBY/TqRQSjlKPR1Z7G3/OkV4m9eN1W9YzdjUZIqGpHJR72UYxXjIiMcMJ2H4iNNgAimd8VkAAKI0kmW/xdC66BmWzX78rBSP5vGUULbaAftIRsdoTq6QA3URATdoQf0hJ6Ne+PReDFeJ60zxnRmC32D8fYJYnmffw==</latexit><latexit sha1_base64="CKSln6xTszXtM+HpA0L/dm5pn9A=">AAACFnicjVDLSsNAFJ34rPUVdelmsAgubElE0I1QdeOyin1AE8PNZNoOnTyYmQgl5Cvc+CtuXCjiVtz5N07aLlQUPHDhcM69M/ceP+FMKsv6MGZm5+YXFktL5eWV1bV1c2OzJeNUENokMY9FxwdJOYtoUzHFaScRFEKf07Y/PC/89i0VksXRtRol1A2hH7EeI6C05JlVR0HqZYKSHJ9gJwQ1IMCzq/wmq9r5xDzdd7h+MYDcMyt2zRoD/00qaIqGZ747QUzSkEaKcJCya1uJcjMQihFO87KTSpoAGUKfdjWNIKTSzcZn5XhXKwHuxUJXpPBY/TqRQSjlKPR1Z7G3/OkV4m9eN1W9YzdjUZIqGpHJR72UYxXjIiMcMJ2H4iNNgAimd8VkAAKI0kmW/xdC66BmWzX78rBSP5vGUULbaAftIRsdoTq6QA3URATdoQf0hJ6Ne+PReDFeJ60zxnRmC32D8fYJYnmffw==</latexit>

⌧A,� = �/vA,�
<latexit sha1_base64="bmEkBUEewZMvjwcG4YvcffUomio=">AAACEXicjVDLSsNAFJ3UV62vqEs3g0XoQmoigm6EqhuXFewDmhBuJpN26OTBzKRQQn/Bjb/ixoUibt2582+ctlmoKHjgwuGce5i5x085k8qyPozSwuLS8kp5tbK2vrG5ZW7vtGWSCUJbJOGJ6PogKWcxbSmmOO2mgkLkc9rxh1dTvzOiQrIkvlXjlLoR9GMWMgJKS55ZcxRkXn5x6HAdCmCCz3FBj0Zfdc+s2nVrBvw3qaICTc98d4KEZBGNFeEgZc+2UuXmIBQjnE4qTiZpCmQIfdrTNIaISjefXTTBB1oJcJgIPbHCM/VrIodIynHk680I1ED+9Kbib14vU+GZm7M4zRSNyfyhMONYJXhaDw6YoETxsSZABNN/xWQAAojSJVb+V0L7uG5bdfvmpNq4LOoooz20j2rIRqeoga5RE7UQQXfoAT2hZ+PeeDRejNf5askoMrvoG4y3T3RSnMU=</latexit><latexit sha1_base64="bmEkBUEewZMvjwcG4YvcffUomio=">AAACEXicjVDLSsNAFJ3UV62vqEs3g0XoQmoigm6EqhuXFewDmhBuJpN26OTBzKRQQn/Bjb/ixoUibt2582+ctlmoKHjgwuGce5i5x085k8qyPozSwuLS8kp5tbK2vrG5ZW7vtGWSCUJbJOGJ6PogKWcxbSmmOO2mgkLkc9rxh1dTvzOiQrIkvlXjlLoR9GMWMgJKS55ZcxRkXn5x6HAdCmCCz3FBj0Zfdc+s2nVrBvw3qaICTc98d4KEZBGNFeEgZc+2UuXmIBQjnE4qTiZpCmQIfdrTNIaISjefXTTBB1oJcJgIPbHCM/VrIodIynHk680I1ED+9Kbib14vU+GZm7M4zRSNyfyhMONYJXhaDw6YoETxsSZABNN/xWQAAojSJVb+V0L7uG5bdfvmpNq4LOoooz20j2rIRqeoga5RE7UQQXfoAT2hZ+PeeDRejNf5askoMrvoG4y3T3RSnMU=</latexit><latexit sha1_base64="bmEkBUEewZMvjwcG4YvcffUomio=">AAACEXicjVDLSsNAFJ3UV62vqEs3g0XoQmoigm6EqhuXFewDmhBuJpN26OTBzKRQQn/Bjb/ixoUibt2582+ctlmoKHjgwuGce5i5x085k8qyPozSwuLS8kp5tbK2vrG5ZW7vtGWSCUJbJOGJ6PogKWcxbSmmOO2mgkLkc9rxh1dTvzOiQrIkvlXjlLoR9GMWMgJKS55ZcxRkXn5x6HAdCmCCz3FBj0Zfdc+s2nVrBvw3qaICTc98d4KEZBGNFeEgZc+2UuXmIBQjnE4qTiZpCmQIfdrTNIaISjefXTTBB1oJcJgIPbHCM/VrIodIynHk680I1ED+9Kbib14vU+GZm7M4zRSNyfyhMONYJXhaDw6YoETxsSZABNN/xWQAAojSJVb+V0L7uG5bdfvmpNq4LOoooz20j2rIRqeoga5RE7UQQXfoAT2hZ+PeeDRejNf5askoMrvoG4y3T3RSnMU=</latexit><latexit sha1_base64="bmEkBUEewZMvjwcG4YvcffUomio=">AAACEXicjVDLSsNAFJ3UV62vqEs3g0XoQmoigm6EqhuXFewDmhBuJpN26OTBzKRQQn/Bjb/ixoUibt2582+ctlmoKHjgwuGce5i5x085k8qyPozSwuLS8kp5tbK2vrG5ZW7vtGWSCUJbJOGJ6PogKWcxbSmmOO2mgkLkc9rxh1dTvzOiQrIkvlXjlLoR9GMWMgJKS55ZcxRkXn5x6HAdCmCCz3FBj0Zfdc+s2nVrBvw3qaICTc98d4KEZBGNFeEgZc+2UuXmIBQjnE4qTiZpCmQIfdrTNIaISjefXTTBB1oJcJgIPbHCM/VrIodIynHk680I1ED+9Kbib14vU+GZm7M4zRSNyfyhMONYJXhaDw6YoETxsSZABNN/xWQAAojSJVb+V0L7uG5bdfvmpNq4LOoooz20j2rIRqeoga5RE7UQQXfoAT2hZ+PeeDRejNf5askoMrvoG4y3T3RSnMU=</latexit>

where

(reconnectable) flux contained in eddy.

  is the (dimensionless) reconnection rate.
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Can full eddy reconnection happen?  
Criterion for reconnection to have time to occur

�t⌧rec ⌧ 1
<latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit>

• A typical eddy at scales                    exists for a time of order 

• It has a finite probability of reaching the deep nonlinear stage, whereupon it may transition to the 
reconnection regime. 

• If 

then the reconnection time is much shorter than the eddy turnover time, and it is thus expected that full 
reconnection will occur. 

• Otherwise, reconnection is slower, and the eddy will cease to exist without significant reconnection having 
taken place.

��1
t

<latexit sha1_base64="S6iqFJYrgcSYWQD/F/eRIA/q6hw=">AAAB9HicjVDLSgNBEJyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1tA7mSRDZmbXmd5AWPIdXjwo4tWP8ebfOHkcVBQsaCiquumiokQKi77/4eWWlldW1/LrhY3Nre2d4u5e3capYbzGYhmbZgSWS6F5DQVK3kwMBxVJ3oiGV1O/MeLGiljf4jjhoYK+Fj3BAJ0UtvugFHTwLjsJJp1iKSj7M9C/SYksUO0U39vdmKWKa2QSrG0FfoJhBgYFk3xSaKeWJ8CG0OctRzUobsNsFnpCj5zSpb3YuNFIZ+rXiwyUtWMVuU0FOLA/van4m9dKsXcRZkInKXLN5o96qaQY02kDtCsMZyjHjgAzwmWlbAAGGLqeCv8roX5aDvxycHNWqlwu6siTA3JIjklAzkmFXJMqqRFG7skDeSLP3sh79F681/lqzlvc7JNv8N4+AXtukeU=</latexit><latexit sha1_base64="S6iqFJYrgcSYWQD/F/eRIA/q6hw=">AAAB9HicjVDLSgNBEJyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1tA7mSRDZmbXmd5AWPIdXjwo4tWP8ebfOHkcVBQsaCiquumiokQKi77/4eWWlldW1/LrhY3Nre2d4u5e3capYbzGYhmbZgSWS6F5DQVK3kwMBxVJ3oiGV1O/MeLGiljf4jjhoYK+Fj3BAJ0UtvugFHTwLjsJJp1iKSj7M9C/SYksUO0U39vdmKWKa2QSrG0FfoJhBgYFk3xSaKeWJ8CG0OctRzUobsNsFnpCj5zSpb3YuNFIZ+rXiwyUtWMVuU0FOLA/van4m9dKsXcRZkInKXLN5o96qaQY02kDtCsMZyjHjgAzwmWlbAAGGLqeCv8roX5aDvxycHNWqlwu6siTA3JIjklAzkmFXJMqqRFG7skDeSLP3sh79F681/lqzlvc7JNv8N4+AXtukeU=</latexit><latexit sha1_base64="S6iqFJYrgcSYWQD/F/eRIA/q6hw=">AAAB9HicjVDLSgNBEJyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1tA7mSRDZmbXmd5AWPIdXjwo4tWP8ebfOHkcVBQsaCiquumiokQKi77/4eWWlldW1/LrhY3Nre2d4u5e3capYbzGYhmbZgSWS6F5DQVK3kwMBxVJ3oiGV1O/MeLGiljf4jjhoYK+Fj3BAJ0UtvugFHTwLjsJJp1iKSj7M9C/SYksUO0U39vdmKWKa2QSrG0FfoJhBgYFk3xSaKeWJ8CG0OctRzUobsNsFnpCj5zSpb3YuNFIZ+rXiwyUtWMVuU0FOLA/van4m9dKsXcRZkInKXLN5o96qaQY02kDtCsMZyjHjgAzwmWlbAAGGLqeCv8roX5aDvxycHNWqlwu6siTA3JIjklAzkmFXJMqqRFG7skDeSLP3sh79F681/lqzlvc7JNv8N4+AXtukeU=</latexit><latexit sha1_base64="S6iqFJYrgcSYWQD/F/eRIA/q6hw=">AAAB9HicjVDLSgNBEJyNrxhfUY9eBoPgxbArgh6DXjxGMA9I1tA7mSRDZmbXmd5AWPIdXjwo4tWP8ebfOHkcVBQsaCiquumiokQKi77/4eWWlldW1/LrhY3Nre2d4u5e3capYbzGYhmbZgSWS6F5DQVK3kwMBxVJ3oiGV1O/MeLGiljf4jjhoYK+Fj3BAJ0UtvugFHTwLjsJJp1iKSj7M9C/SYksUO0U39vdmKWKa2QSrG0FfoJhBgYFk3xSaKeWJ8CG0OctRzUobsNsFnpCj5zSpb3YuNFIZ+rXiwyUtWMVuU0FOLA/van4m9dKsXcRZkInKXLN5o96qaQY02kDtCsMZyjHjgAzwmWlbAAGGLqeCv8roX5aDvxycHNWqlwu6siTA3JIjklAzkmFXJMqqRFG7skDeSLP3sh79F681/lqzlvc7JNv8N4+AXtukeU=</latexit>

• Now need to work out this condition in the MHD and in the collisionless regimes.

� ⌧ �cr
<latexit sha1_base64="WE1GZojuo+UPu+tsBL5KPBJoUZQ=">AAACAHicjVDLSsNAFL2pr1pfURcu3AwWwVVJRNBl0Y3LCvYBTQiTyaQdOpmEmYlQQjb+ihsXirj1M9z5N07bLFQUPHDhcM65zNwTZpwp7TgfVm1peWV1rb7e2Njc2t6xd/d6Ks0loV2S8lQOQqwoZ4J2NdOcDjJJcRJy2g8nVzO/f0elYqm41dOM+gkeCRYzgrWRAvvA4yYcYY9zVNGgILIM7KbbcuZAf5MmVOgE9rsXpSRPqNCEY6WGrpNpv8BSM8Jp2fByRTNMJnhEh4YKnFDlF/MDSnRslAjFqTQjNJqrXzcKnCg1TUKTTLAeq5/eTPzNG+Y6vvALJrJcU0EWD8U5RzpFszZQxCQlmk8NwUQy81dExlhiok1njf+V0DttuU7LvTlrti+rOupwCEdwAi6cQxuuoQNdIFDCAzzBs3VvPVov1usiWrOqnX34BuvtE9cUlo4=</latexit><latexit sha1_base64="WE1GZojuo+UPu+tsBL5KPBJoUZQ=">AAACAHicjVDLSsNAFL2pr1pfURcu3AwWwVVJRNBl0Y3LCvYBTQiTyaQdOpmEmYlQQjb+ihsXirj1M9z5N07bLFQUPHDhcM65zNwTZpwp7TgfVm1peWV1rb7e2Njc2t6xd/d6Ks0loV2S8lQOQqwoZ4J2NdOcDjJJcRJy2g8nVzO/f0elYqm41dOM+gkeCRYzgrWRAvvA4yYcYY9zVNGgILIM7KbbcuZAf5MmVOgE9rsXpSRPqNCEY6WGrpNpv8BSM8Jp2fByRTNMJnhEh4YKnFDlF/MDSnRslAjFqTQjNJqrXzcKnCg1TUKTTLAeq5/eTPzNG+Y6vvALJrJcU0EWD8U5RzpFszZQxCQlmk8NwUQy81dExlhiok1njf+V0DttuU7LvTlrti+rOupwCEdwAi6cQxuuoQNdIFDCAzzBs3VvPVov1usiWrOqnX34BuvtE9cUlo4=</latexit><latexit sha1_base64="WE1GZojuo+UPu+tsBL5KPBJoUZQ=">AAACAHicjVDLSsNAFL2pr1pfURcu3AwWwVVJRNBl0Y3LCvYBTQiTyaQdOpmEmYlQQjb+ihsXirj1M9z5N07bLFQUPHDhcM65zNwTZpwp7TgfVm1peWV1rb7e2Njc2t6xd/d6Ks0loV2S8lQOQqwoZ4J2NdOcDjJJcRJy2g8nVzO/f0elYqm41dOM+gkeCRYzgrWRAvvA4yYcYY9zVNGgILIM7KbbcuZAf5MmVOgE9rsXpSRPqNCEY6WGrpNpv8BSM8Jp2fByRTNMJnhEh4YKnFDlF/MDSnRslAjFqTQjNJqrXzcKnCg1TUKTTLAeq5/eTPzNG+Y6vvALJrJcU0EWD8U5RzpFszZQxCQlmk8NwUQy81dExlhiok1njf+V0DttuU7LvTlrti+rOupwCEdwAi6cQxuuoQNdIFDCAzzBs3VvPVov1usiWrOqnX34BuvtE9cUlo4=</latexit><latexit sha1_base64="WE1GZojuo+UPu+tsBL5KPBJoUZQ=">AAACAHicjVDLSsNAFL2pr1pfURcu3AwWwVVJRNBl0Y3LCvYBTQiTyaQdOpmEmYlQQjb+ihsXirj1M9z5N07bLFQUPHDhcM65zNwTZpwp7TgfVm1peWV1rb7e2Njc2t6xd/d6Ks0loV2S8lQOQqwoZ4J2NdOcDjJJcRJy2g8nVzO/f0elYqm41dOM+gkeCRYzgrWRAvvA4yYcYY9zVNGgILIM7KbbcuZAf5MmVOgE9rsXpSRPqNCEY6WGrpNpv8BSM8Jp2fByRTNMJnhEh4YKnFDlF/MDSnRslAjFqTQjNJqrXzcKnCg1TUKTTLAeq5/eTPzNG+Y6vvALJrJcU0EWD8U5RzpFszZQxCQlmk8NwUQy81dExlhiok1njf+V0DttuU7LvTlrti+rOupwCEdwAi6cQxuuoQNdIFDCAzzBs3VvPVov1usiWrOqnX34BuvtE9cUlo4=</latexit>
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Reconnection in MHD turbulence  
Criterion for reconnection to have time to occur

�cr/L ⇠ S�4/7
L

<latexit sha1_base64="fmgNtXW5MkznwEdfocDeYqXUnaE=">AAACB3icjVDLSsNAFJ3UV62vqEtBBovgxjaRQl0W3bjooqJ9QBPDZDJph04mYWYilJCdG3/FjQtF3PoL7vwbp4+FioIHLhzOOZeZe/yEUaks68MoLCwuLa8UV0tr6xubW+b2TkfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/uh84ndviZA05tdqnBA3QgNOQ4qR0pJn7jtMhwPkZVjk1SZ0JI3glde8yY5r1XrumWW7Yk0B/yZlMEfLM9+dIMZpRLjCDEnZt61EuRkSimJG8pKTSpIgPEID0teUo4hIN5vekcNDrQQwjIUeruBU/bqRoUjKceTrZITUUP70JuJvXj9V4ambUZ6kinA8eyhMGVQxnJQCAyoIVmysCcKC6r9CPEQCYaWrK/2vhM5JxbYq9mWt3Dib11EEe+AAHAEb1EEDXIAWaAMM7sADeALPxr3xaLwYr7NowZjv7IJvMN4+AUBumD4=</latexit><latexit sha1_base64="fmgNtXW5MkznwEdfocDeYqXUnaE=">AAACB3icjVDLSsNAFJ3UV62vqEtBBovgxjaRQl0W3bjooqJ9QBPDZDJph04mYWYilJCdG3/FjQtF3PoL7vwbp4+FioIHLhzOOZeZe/yEUaks68MoLCwuLa8UV0tr6xubW+b2TkfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/uh84ndviZA05tdqnBA3QgNOQ4qR0pJn7jtMhwPkZVjk1SZ0JI3glde8yY5r1XrumWW7Yk0B/yZlMEfLM9+dIMZpRLjCDEnZt61EuRkSimJG8pKTSpIgPEID0teUo4hIN5vekcNDrQQwjIUeruBU/bqRoUjKceTrZITUUP70JuJvXj9V4ambUZ6kinA8eyhMGVQxnJQCAyoIVmysCcKC6r9CPEQCYaWrK/2vhM5JxbYq9mWt3Dib11EEe+AAHAEb1EEDXIAWaAMM7sADeALPxr3xaLwYr7NowZjv7IJvMN4+AUBumD4=</latexit><latexit sha1_base64="fmgNtXW5MkznwEdfocDeYqXUnaE=">AAACB3icjVDLSsNAFJ3UV62vqEtBBovgxjaRQl0W3bjooqJ9QBPDZDJph04mYWYilJCdG3/FjQtF3PoL7vwbp4+FioIHLhzOOZeZe/yEUaks68MoLCwuLa8UV0tr6xubW+b2TkfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/uh84ndviZA05tdqnBA3QgNOQ4qR0pJn7jtMhwPkZVjk1SZ0JI3glde8yY5r1XrumWW7Yk0B/yZlMEfLM9+dIMZpRLjCDEnZt61EuRkSimJG8pKTSpIgPEID0teUo4hIN5vekcNDrQQwjIUeruBU/bqRoUjKceTrZITUUP70JuJvXj9V4ambUZ6kinA8eyhMGVQxnJQCAyoIVmysCcKC6r9CPEQCYaWrK/2vhM5JxbYq9mWt3Dib11EEe+AAHAEb1EEDXIAWaAMM7sADeALPxr3xaLwYr7NowZjv7IJvMN4+AUBumD4=</latexit><latexit sha1_base64="fmgNtXW5MkznwEdfocDeYqXUnaE=">AAACB3icjVDLSsNAFJ3UV62vqEtBBovgxjaRQl0W3bjooqJ9QBPDZDJph04mYWYilJCdG3/FjQtF3PoL7vwbp4+FioIHLhzOOZeZe/yEUaks68MoLCwuLa8UV0tr6xubW+b2TkfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/uh84ndviZA05tdqnBA3QgNOQ4qR0pJn7jtMhwPkZVjk1SZ0JI3glde8yY5r1XrumWW7Yk0B/yZlMEfLM9+dIMZpRLjCDEnZt61EuRkSimJG8pKTSpIgPEID0teUo4hIN5vekcNDrQQwjIUeruBU/bqRoUjKceTrZITUUP70JuJvXj9V4ambUZ6kinA8eyhMGVQxnJQCAyoIVmysCcKC6r9CPEQCYaWrK/2vhM5JxbYq9mWt3Dib11EEe+AAHAEb1EEDXIAWaAMM7sADeALPxr3xaLwYr7NowZjv7IJvMN4+AUBumD4=</latexit>

�t ⇠ ⌧�1
A,�(�vA,�/⌘)

�1/2

<latexit sha1_base64="RfUTwW9NmhZ1Xe+LClGy7SF+0qo=">AAACMHicjVDLSgMxFM34tr6qLt0Ei6CgdaYIuvSx0KWCrUKnDnfStIYmM0Nyp1CG+SQ3fopuFBRx61eY1i6qKHggcHLOuXmcMJHCoOs+O2PjE5NT0zOzhbn5hcWl4vJKzcSpZrzKYhnr6xAMlyLiVRQo+XWiOahQ8quwc9L3r7pcGxFHl9hLeENBOxItwQCtFBRP/TYoBQFS3whFfYQ0yI62fWmPaEJ+k+14Od0cbml31Nv1OcJWP7FbyYNiySu7A9C/SYkMcR4UH/xmzFLFI2QSjKl7boKNDDQKJnle8FPDE2AdaPO6pREobhrZ4MM53bBKk7ZibVeEdKCOTmSgjOmp0CYV4K356fXF37x6iq2DRiaiJEUesa+LWqmkGNN+e7QpNGcoe5YA08K+lbJb0MDQdlz4Xwm1Stlzy97FXunweFjHDFkj62STeGSfHJIzck6qhJE78kheyKtz7zw5b877V3TMGc6skm9wPj4BYjuohQ==</latexit><latexit sha1_base64="RfUTwW9NmhZ1Xe+LClGy7SF+0qo=">AAACMHicjVDLSgMxFM34tr6qLt0Ei6CgdaYIuvSx0KWCrUKnDnfStIYmM0Nyp1CG+SQ3fopuFBRx61eY1i6qKHggcHLOuXmcMJHCoOs+O2PjE5NT0zOzhbn5hcWl4vJKzcSpZrzKYhnr6xAMlyLiVRQo+XWiOahQ8quwc9L3r7pcGxFHl9hLeENBOxItwQCtFBRP/TYoBQFS3whFfYQ0yI62fWmPaEJ+k+14Od0cbml31Nv1OcJWP7FbyYNiySu7A9C/SYkMcR4UH/xmzFLFI2QSjKl7boKNDDQKJnle8FPDE2AdaPO6pREobhrZ4MM53bBKk7ZibVeEdKCOTmSgjOmp0CYV4K356fXF37x6iq2DRiaiJEUesa+LWqmkGNN+e7QpNGcoe5YA08K+lbJb0MDQdlz4Xwm1Stlzy97FXunweFjHDFkj62STeGSfHJIzck6qhJE78kheyKtz7zw5b877V3TMGc6skm9wPj4BYjuohQ==</latexit><latexit sha1_base64="RfUTwW9NmhZ1Xe+LClGy7SF+0qo=">AAACMHicjVDLSgMxFM34tr6qLt0Ei6CgdaYIuvSx0KWCrUKnDnfStIYmM0Nyp1CG+SQ3fopuFBRx61eY1i6qKHggcHLOuXmcMJHCoOs+O2PjE5NT0zOzhbn5hcWl4vJKzcSpZrzKYhnr6xAMlyLiVRQo+XWiOahQ8quwc9L3r7pcGxFHl9hLeENBOxItwQCtFBRP/TYoBQFS3whFfYQ0yI62fWmPaEJ+k+14Od0cbml31Nv1OcJWP7FbyYNiySu7A9C/SYkMcR4UH/xmzFLFI2QSjKl7boKNDDQKJnle8FPDE2AdaPO6pREobhrZ4MM53bBKk7ZibVeEdKCOTmSgjOmp0CYV4K356fXF37x6iq2DRiaiJEUesa+LWqmkGNN+e7QpNGcoe5YA08K+lbJb0MDQdlz4Xwm1Stlzy97FXunweFjHDFkj62STeGSfHJIzck6qhJE78kheyKtz7zw5b877V3TMGc6skm9wPj4BYjuohQ==</latexit><latexit sha1_base64="RfUTwW9NmhZ1Xe+LClGy7SF+0qo=">AAACMHicjVDLSgMxFM34tr6qLt0Ei6CgdaYIuvSx0KWCrUKnDnfStIYmM0Nyp1CG+SQ3fopuFBRx61eY1i6qKHggcHLOuXmcMJHCoOs+O2PjE5NT0zOzhbn5hcWl4vJKzcSpZrzKYhnr6xAMlyLiVRQo+XWiOahQ8quwc9L3r7pcGxFHl9hLeENBOxItwQCtFBRP/TYoBQFS3whFfYQ0yI62fWmPaEJ+k+14Od0cbml31Nv1OcJWP7FbyYNiySu7A9C/SYkMcR4UH/xmzFLFI2QSjKl7boKNDDQKJnle8FPDE2AdaPO6pREobhrZ4MM53bBKk7ZibVeEdKCOTmSgjOmp0CYV4K356fXF37x6iq2DRiaiJEUesa+LWqmkGNN+e7QpNGcoe5YA08K+lbJb0MDQdlz4Xwm1Stlzy97FXunweFjHDFkj62STeGSfHJIzck6qhJE78kheyKtz7zw5b877V3TMGc6skm9wPj4BYjuohQ==</latexit>

vA,� ⇠ "2/5⌘�1/5�3/5 with " = V 3
A,0/L

<latexit sha1_base64="FeKTowl8ioqeD18ajI2a2dl+VEc="></latexit><latexit sha1_base64="FeKTowl8ioqeD18ajI2a2dl+VEc="></latexit><latexit sha1_base64="FeKTowl8ioqeD18ajI2a2dl+VEc="></latexit><latexit sha1_base64="FeKTowl8ioqeD18ajI2a2dl+VEc="></latexit>

• Tearing becomes relevant below the scale

• The eddy turn over rate becomes the tearing mode rate

where

�cr � � � �diss where �diss ⇠ S�3/4
L L

<latexit sha1_base64="/VvfbjSJbDCZo8Qp2PXC3z9R0Ss="></latexit><latexit sha1_base64="/VvfbjSJbDCZo8Qp2PXC3z9R0Ss="></latexit><latexit sha1_base64="/VvfbjSJbDCZo8Qp2PXC3z9R0Ss="></latexit><latexit sha1_base64="/VvfbjSJbDCZo8Qp2PXC3z9R0Ss="></latexit>

SL � R�7 ⇠ S7/2
cr ⇠ 1014

<latexit sha1_base64="tUbHE49afeVM4t8Dsf4A2WFcnJQ=">AAACHHicjVDLSsNAFJ3UV62vqEs3g0VwY01qoS6Lbly4qNY+oEnDZDpJh04ezEyEEvIhbvwVNy4UceNC8G+ctF2oKHjgwplz7mXuPW7MqJCG8aEVFhaXlleKq6W19Y3NLX17pyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vg897u3hAsahTdyEhM7QH5IPYqRVJKjn7ScS8v3rQDJEUYsvc4G6VE9swQNYMtJMVfv+nF1JpjGIDVrmaOXzYoxBfyblMEcTUd/s4YRTgISSsyQEH3TiKWdIi4pZiQrWYkgMcJj5JO+oiEKiLDT6XEZPFDKEHoRVxVKOFW/TqQoEGISuKozP0L89HLxN6+fSO/UTmkYJ5KEePaRlzAoI5gnBYeUEyzZRBGEOVW7QjxCHGGp8iz9L4ROtWIaFfOqVm6czeMogj2wDw6BCeqgAS5AE7QBBnfgATyBZ+1ee9RetNdZa0Gbz+yCb9DePwHIe6Eh</latexit><latexit sha1_base64="tUbHE49afeVM4t8Dsf4A2WFcnJQ=">AAACHHicjVDLSsNAFJ3UV62vqEs3g0VwY01qoS6Lbly4qNY+oEnDZDpJh04ezEyEEvIhbvwVNy4UceNC8G+ctF2oKHjgwplz7mXuPW7MqJCG8aEVFhaXlleKq6W19Y3NLX17pyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vg897u3hAsahTdyEhM7QH5IPYqRVJKjn7ScS8v3rQDJEUYsvc4G6VE9swQNYMtJMVfv+nF1JpjGIDVrmaOXzYoxBfyblMEcTUd/s4YRTgISSsyQEH3TiKWdIi4pZiQrWYkgMcJj5JO+oiEKiLDT6XEZPFDKEHoRVxVKOFW/TqQoEGISuKozP0L89HLxN6+fSO/UTmkYJ5KEePaRlzAoI5gnBYeUEyzZRBGEOVW7QjxCHGGp8iz9L4ROtWIaFfOqVm6czeMogj2wDw6BCeqgAS5AE7QBBnfgATyBZ+1ee9RetNdZa0Gbz+yCb9DePwHIe6Eh</latexit><latexit sha1_base64="tUbHE49afeVM4t8Dsf4A2WFcnJQ=">AAACHHicjVDLSsNAFJ3UV62vqEs3g0VwY01qoS6Lbly4qNY+oEnDZDpJh04ezEyEEvIhbvwVNy4UceNC8G+ctF2oKHjgwplz7mXuPW7MqJCG8aEVFhaXlleKq6W19Y3NLX17pyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vg897u3hAsahTdyEhM7QH5IPYqRVJKjn7ScS8v3rQDJEUYsvc4G6VE9swQNYMtJMVfv+nF1JpjGIDVrmaOXzYoxBfyblMEcTUd/s4YRTgISSsyQEH3TiKWdIi4pZiQrWYkgMcJj5JO+oiEKiLDT6XEZPFDKEHoRVxVKOFW/TqQoEGISuKozP0L89HLxN6+fSO/UTmkYJ5KEePaRlzAoI5gnBYeUEyzZRBGEOVW7QjxCHGGp8iz9L4ROtWIaFfOqVm6czeMogj2wDw6BCeqgAS5AE7QBBnfgATyBZ+1ee9RetNdZa0Gbz+yCb9DePwHIe6Eh</latexit><latexit sha1_base64="tUbHE49afeVM4t8Dsf4A2WFcnJQ=">AAACHHicjVDLSsNAFJ3UV62vqEs3g0VwY01qoS6Lbly4qNY+oEnDZDpJh04ezEyEEvIhbvwVNy4UceNC8G+ctF2oKHjgwplz7mXuPW7MqJCG8aEVFhaXlleKq6W19Y3NLX17pyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vg897u3hAsahTdyEhM7QH5IPYqRVJKjn7ScS8v3rQDJEUYsvc4G6VE9swQNYMtJMVfv+nF1JpjGIDVrmaOXzYoxBfyblMEcTUd/s4YRTgISSsyQEH3TiKWdIi4pZiQrWYkgMcJj5JO+oiEKiLDT6XEZPFDKEHoRVxVKOFW/TqQoEGISuKozP0L89HLxN6+fSO/UTmkYJ5KEePaRlzAoI5gnBYeUEyzZRBGEOVW7QjxCHGGp8iz9L4ROtWIaFfOqVm6czeMogj2wDw6BCeqgAS5AE7QBBnfgATyBZ+1ee9RetNdZa0Gbz+yCb9DePwHIe6Eh</latexit>

• So: �t⌧rec ⌧ 1
<latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit>

�/L � R�5/4S�3/4
L

<latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="MCBCwfoPZ3XoWwjkUXAs64Y1yWM=">AAACCXicbZDLSsNAFIZP6q3WqtGtm8EiCGKbeEGXghsXXdRLa6GpZTKZtEMnkzAzEUroQ7jxVdy4UMQXcOfbOL0stPWHgY//nOGc8/sJZ0o7zreVW1hcWl7JrxbWiusbm/ZWsaHiVBJaJzGPZdPHinImaF0zzWkzkRRHPqf3fv9yVL9/pFKxWNzpQULbEe4KFjKCtbE69oHHTXOAK1XkdbvIi7DuEcyzm+FDdnhaORmi207V4LHBjl1yys5YaB7cKZRgqlrH/vKCmKQRFZpwrFTLdRLdzrDUjHA6LHipogkmfdylLYMCR1S1s/FRQ7RnnACFsTRPaDR2f//IcKTUIPJN52hpNVsbmf/VWqkOz9sZE0mqqSCTQWHKkY7RKCEUMEmJ5gMDmEhmdkWkhyUm2uRYMCG4syfPQ+Oo7Dpl99qBPOzALuyDC2dwAVdQgzoQeIIXeIN369l6tT4mceWsaW7b8EfW5w8p45tO</latexit><latexit sha1_base64="5ZJvSK5ro+qxT9LFRjXKacDGwp4=">AAACCXicjZDLSgMxGIX/qbdaq45u3QSLIIjtjBd0Kbhx0UW99AKdsWTSTBuauZBkhDLMQ7jxVdy4UMQXcOfbmGm7UFHwQODjnD/kz/FizqSyrA+jMDe/sLhUXC6tlFfX1s2NcktGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vdF5nrfvqJAsCm/UOKZugAch8xnBSls9c8/heriPa3XkDAbICbAaEszTq+w23T+uHWXoulfXeKixZ1bsqjUR+hsqMFOjZ747/YgkAQ0V4VjKrm3Fyk2xUIxwmpWcRNIYkxEe0K7GEAdUuunkUxna0U4f+ZHQJ1Ro4n69keJAynHg6cl8afkzy83fsm6i/FM3ZWGcKBqS6UN+wpGKUN4Q6jNBieJjDZgIpndFZIgFJkr3WPpfCa2Dqm1V7UsLirAF27ALNpzAGVxAA5pA4B4e4RlejAfjyXid1lUwZr1twjcZb58uJ5tR</latexit><latexit sha1_base64="ofh2cKov/h0tzbCjH/QJikO2Fk4=">AAACFHicjVDLSsNAFJ34rPUVdelmsAiC2CY+0GXRjYsu6qMPaGKYTCbp0MmDmYlQQj7Cjb/ixoUibl2482+ctF2oKHhg4HDOudw7x00YFdIwPrSp6ZnZufnSQnlxaXllVV9bb4s45Zi0cMxi3nWRIIxGpCWpZKSbcIJCl5GOOzgr/M4t4YLG0bUcJsQOURBRn2IkleTouxZTYQ/VGtAKAmiFSPYxYtllfpPtHdUOc3jlNBQ9UNTRK2bVGAH+TSpggqajv1tejNOQRBIzJETPNBJpZ4hLihnJy1YqSILwAAWkp2iEQiLsbPSpHG4rxYN+zNWLJBypXycyFAoxDF2VLI4WP71C/M3rpdI/sTMaJakkER4v8lMGZQyLhqBHOcGSDRVBmFN1K8R9xBGWqsfy/0po71dNo2peGJX66aSOEtgEW2AHmOAY1ME5aIIWwOAOPIAn8Kzda4/ai/Y6jk5pk5kN8A3a2yfnwZzM</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit><latexit sha1_base64="2SD6z93Icrt89NThCWfKVwsJDa4=">AAACFHicjVDLSsNAFJ3UV62vqEs3g0UQxDbRii6Lblx0UR99QBPDZDJNh04ezEyEEvIRbvwVNy4UcevCnX/jpO1CRcEDA4dzzuXeOW7MqJCG8aEVZmbn5heKi6Wl5ZXVNX19oy2ihGPSwhGLeNdFgjAakpakkpFuzAkKXEY67vAs9zu3hAsahddyFBM7QH5I+xQjqSRH37OYCnuo2oCW70MrQHKAEUsvs5t0/6hay+CV01D0UFFHL5sVYwz4NymDKZqO/m55EU4CEkrMkBA904ilnSIuKWYkK1mJIDHCQ+STnqIhCoiw0/GnMrijFA/2I65eKOFY/TqRokCIUeCqZH60+Onl4m9eL5H9EzulYZxIEuLJon7CoIxg3hD0KCdYspEiCHOqboV4gDjCUvVY+l8J7YOKaVTMi1q5fjqtowi2wDbYBSY4BnVwDpqgBTC4Aw/gCTxr99qj9qK9TqIFbTqzCb5Be/sE6QGc0A==</latexit>

)
<latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit>

• This is valid only if

• The first inequality yields
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Reconnection in collisionless turbulence  
Reconnection in fluid-scale eddies

�cr/L ⇠ (de/L)
4/9(⇢s/L)

4/9
<latexit sha1_base64="VWSEC+oeEmfbDrCjR2fsDjkark0=">AAACG3icjVDLSsNAFJ34rPUVdelmsAh10yaloO6Kblx0UcE+oIlhMpm0QyeTMDMRSsh/uPFX3LhQxJXgwr9x+kBUFDxw4XDOuczc4yeMSmVZ78bC4tLyymphrbi+sbm1be7sdmScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6Trj84nfveGCEljfqXGCXEjNOA0pBgpLXlmzWE6HCAvwyKvNqEjaQTLgUeqzaPrrF49zWHZEcPYk5+CZ5bsijUF/JuUwBwtz3x1ghinEeEKMyRl37YS5WZIKIoZyYtOKkmC8AgNSF9TjiIi3Wx6Ww4PtRLAMBZ6uIJT9etGhiIpx5GvkxFSQ/nTm4i/ef1UhSduRnmSKsLx7KEwZVDFcFIUDKggWLGxJggLqv8K8RAJhJWus/i/Ejq1im1V7Mt6qXE2r6MA9sEBKAMbHIMGuAAt0AYY3IJ78AiejDvjwXg2XmbRBWO+swe+wXj7AHphnyY=</latexit><latexit sha1_base64="VWSEC+oeEmfbDrCjR2fsDjkark0=">AAACG3icjVDLSsNAFJ34rPUVdelmsAh10yaloO6Kblx0UcE+oIlhMpm0QyeTMDMRSsh/uPFX3LhQxJXgwr9x+kBUFDxw4XDOuczc4yeMSmVZ78bC4tLyymphrbi+sbm1be7sdmScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6Trj84nfveGCEljfqXGCXEjNOA0pBgpLXlmzWE6HCAvwyKvNqEjaQTLgUeqzaPrrF49zWHZEcPYk5+CZ5bsijUF/JuUwBwtz3x1ghinEeEKMyRl37YS5WZIKIoZyYtOKkmC8AgNSF9TjiIi3Wx6Ww4PtRLAMBZ6uIJT9etGhiIpx5GvkxFSQ/nTm4i/ef1UhSduRnmSKsLx7KEwZVDFcFIUDKggWLGxJggLqv8K8RAJhJWus/i/Ejq1im1V7Mt6qXE2r6MA9sEBKAMbHIMGuAAt0AYY3IJ78AiejDvjwXg2XmbRBWO+swe+wXj7AHphnyY=</latexit><latexit sha1_base64="VWSEC+oeEmfbDrCjR2fsDjkark0=">AAACG3icjVDLSsNAFJ34rPUVdelmsAh10yaloO6Kblx0UcE+oIlhMpm0QyeTMDMRSsh/uPFX3LhQxJXgwr9x+kBUFDxw4XDOuczc4yeMSmVZ78bC4tLyymphrbi+sbm1be7sdmScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6Trj84nfveGCEljfqXGCXEjNOA0pBgpLXlmzWE6HCAvwyKvNqEjaQTLgUeqzaPrrF49zWHZEcPYk5+CZ5bsijUF/JuUwBwtz3x1ghinEeEKMyRl37YS5WZIKIoZyYtOKkmC8AgNSF9TjiIi3Wx6Ww4PtRLAMBZ6uIJT9etGhiIpx5GvkxFSQ/nTm4i/ef1UhSduRnmSKsLx7KEwZVDFcFIUDKggWLGxJggLqv8K8RAJhJWus/i/Ejq1im1V7Mt6qXE2r6MA9sEBKAMbHIMGuAAt0AYY3IJ78AiejDvjwXg2XmbRBWO+swe+wXj7AHphnyY=</latexit><latexit sha1_base64="VWSEC+oeEmfbDrCjR2fsDjkark0=">AAACG3icjVDLSsNAFJ34rPUVdelmsAh10yaloO6Kblx0UcE+oIlhMpm0QyeTMDMRSsh/uPFX3LhQxJXgwr9x+kBUFDxw4XDOuczc4yeMSmVZ78bC4tLyymphrbi+sbm1be7sdmScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6Trj84nfveGCEljfqXGCXEjNOA0pBgpLXlmzWE6HCAvwyKvNqEjaQTLgUeqzaPrrF49zWHZEcPYk5+CZ5bsijUF/JuUwBwtz3x1ghinEeEKMyRl37YS5WZIKIoZyYtOKkmC8AgNSF9TjiIi3Wx6Ww4PtRLAMBZ6uIJT9etGhiIpx5GvkxFSQ/nTm4i/ef1UhSduRnmSKsLx7KEwZVDFcFIUDKggWLGxJggLqv8K8RAJhJWus/i/Ejq1im1V7Mt6qXE2r6MA9sEBKAMbHIMGuAAt0AYY3IJ78AiejDvjwXg2XmbRBWO+swe+wXj7AHphnyY=</latexit>

• Collisionless plasma: electron inertia (not resistivity) breaks the frozen flux. Now 

• Consider first the case when the tearing onset happens above the ion kinetic scales: 

• Low beta case as an example. 

• Tearing mode onset scale is                                                       . Below that scale we have 

�cr > ⇢i, ⇢s, di
<latexit sha1_base64="xRNUUrPUmCciOXgR3BZuiyRCom4=">AAACB3icjVDLSgMxFL1TX7W+Rl0KMlgEF6XMiKArKbpxWcE+oDMMmUzahmaSIckIZejOjb/ixoUibv0Fd/6N6bQLFQUPhBzOOZebnChlVGnX/bBKC4tLyyvl1cra+sbmlr2901Yik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRpdTv3NLpKKC3+hxSoIEDTjtU4y0kUJ732cmHKMwx3Jy7suhCGmtuFQtDmloV726W8D5m1RhjmZov/uxwFlCuMYMKdXz3FQHOZKaYkYmFT9TJEV4hAakZyhHCVFBXvxj4hwaJXb6QprDtVOoXydylCg1TiKTTJAeqp/eVPzN62W6fxbklKeZJhzPFvUz5mjhTEtxYioJ1mxsCMKSmrc6eIgkwtpUV/lfCe3juufWveuTauNiXkcZ9uAAjsCDU2jAFTShBRju4AGe4Nm6tx6tF+t1Fi1Z85ld+Abr7RMP5plp</latexit><latexit sha1_base64="xRNUUrPUmCciOXgR3BZuiyRCom4=">AAACB3icjVDLSgMxFL1TX7W+Rl0KMlgEF6XMiKArKbpxWcE+oDMMmUzahmaSIckIZejOjb/ixoUibv0Fd/6N6bQLFQUPhBzOOZebnChlVGnX/bBKC4tLyyvl1cra+sbmlr2901Yik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRpdTv3NLpKKC3+hxSoIEDTjtU4y0kUJ732cmHKMwx3Jy7suhCGmtuFQtDmloV726W8D5m1RhjmZov/uxwFlCuMYMKdXz3FQHOZKaYkYmFT9TJEV4hAakZyhHCVFBXvxj4hwaJXb6QprDtVOoXydylCg1TiKTTJAeqp/eVPzN62W6fxbklKeZJhzPFvUz5mjhTEtxYioJ1mxsCMKSmrc6eIgkwtpUV/lfCe3juufWveuTauNiXkcZ9uAAjsCDU2jAFTShBRju4AGe4Nm6tx6tF+t1Fi1Z85ld+Abr7RMP5plp</latexit><latexit sha1_base64="xRNUUrPUmCciOXgR3BZuiyRCom4=">AAACB3icjVDLSgMxFL1TX7W+Rl0KMlgEF6XMiKArKbpxWcE+oDMMmUzahmaSIckIZejOjb/ixoUibv0Fd/6N6bQLFQUPhBzOOZebnChlVGnX/bBKC4tLyyvl1cra+sbmlr2901Yik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRpdTv3NLpKKC3+hxSoIEDTjtU4y0kUJ732cmHKMwx3Jy7suhCGmtuFQtDmloV726W8D5m1RhjmZov/uxwFlCuMYMKdXz3FQHOZKaYkYmFT9TJEV4hAakZyhHCVFBXvxj4hwaJXb6QprDtVOoXydylCg1TiKTTJAeqp/eVPzN62W6fxbklKeZJhzPFvUz5mjhTEtxYioJ1mxsCMKSmrc6eIgkwtpUV/lfCe3juufWveuTauNiXkcZ9uAAjsCDU2jAFTShBRju4AGe4Nm6tx6tF+t1Fi1Z85ld+Abr7RMP5plp</latexit><latexit sha1_base64="xRNUUrPUmCciOXgR3BZuiyRCom4=">AAACB3icjVDLSgMxFL1TX7W+Rl0KMlgEF6XMiKArKbpxWcE+oDMMmUzahmaSIckIZejOjb/ixoUibv0Fd/6N6bQLFQUPhBzOOZebnChlVGnX/bBKC4tLyyvl1cra+sbmlr2901Yik5i0sGBCdiOkCKOctDTVjHRTSVASMdKJRpdTv3NLpKKC3+hxSoIEDTjtU4y0kUJ732cmHKMwx3Jy7suhCGmtuFQtDmloV726W8D5m1RhjmZov/uxwFlCuMYMKdXz3FQHOZKaYkYmFT9TJEV4hAakZyhHCVFBXvxj4hwaJXb6QprDtVOoXydylCg1TiKTTJAeqp/eVPzN62W6fxbklKeZJhzPFvUz5mjhTEtxYioJ1mxsCMKSmrc6eIgkwtpUV/lfCe3juufWveuTauNiXkcZ9uAAjsCDU2jAFTShBRju4AGe4Nm6tx6tF+t1Fi1Z85ld+Abr7RMP5plp</latexit>

�t ⇠ vA,�de⇢s/�
3

<latexit sha1_base64="s+cL8uQneUhjVIyY2VlaLE8hLSc=">AAACGHicjVDLSsNAFJ34rPVVdelmsAgupE1U0GXVjcsK9gFNDDeTSTt0Jgkzk0IJ/Qw3/oobF4q47c6/cfpYqCh44MLhnHuYuSdIOVPatj+shcWl5ZXVwlpxfWNza7u0s9tUSSYJbZCEJ7IdgKKcxbShmea0nUoKIuC0FfSvJ35rQKViSXynhyn1BHRjFjEC2kh+qep2QQjwtauYwAM/vzx2uYmHMMKhT7Ere4mvqnPt/tQvlZ2KPQX+m5TRHHW/NHbDhGSCxppwUKrj2Kn2cpCaEU5HRTdTNAXShy7tGBqDoMrLp4eN8KFRQhwl0kys8VT9mshBKDUUgdkUoHvqpzcRf/M6mY4uvJzFaaZpTGYPRRnHOsGTlnDIJCWaDw0BIpn5KyY9kEC06bL4vxKaJxXHrji3Z+Xa1byOAtpHB+gIOegc1dANqqMGIugBPaEX9Go9Ws/Wm/U+W12w5pk99A3W+BMkVJ/O</latexit><latexit sha1_base64="s+cL8uQneUhjVIyY2VlaLE8hLSc=">AAACGHicjVDLSsNAFJ34rPVVdelmsAgupE1U0GXVjcsK9gFNDDeTSTt0Jgkzk0IJ/Qw3/oobF4q47c6/cfpYqCh44MLhnHuYuSdIOVPatj+shcWl5ZXVwlpxfWNza7u0s9tUSSYJbZCEJ7IdgKKcxbShmea0nUoKIuC0FfSvJ35rQKViSXynhyn1BHRjFjEC2kh+qep2QQjwtauYwAM/vzx2uYmHMMKhT7Ere4mvqnPt/tQvlZ2KPQX+m5TRHHW/NHbDhGSCxppwUKrj2Kn2cpCaEU5HRTdTNAXShy7tGBqDoMrLp4eN8KFRQhwl0kys8VT9mshBKDUUgdkUoHvqpzcRf/M6mY4uvJzFaaZpTGYPRRnHOsGTlnDIJCWaDw0BIpn5KyY9kEC06bL4vxKaJxXHrji3Z+Xa1byOAtpHB+gIOegc1dANqqMGIugBPaEX9Go9Ws/Wm/U+W12w5pk99A3W+BMkVJ/O</latexit><latexit sha1_base64="s+cL8uQneUhjVIyY2VlaLE8hLSc=">AAACGHicjVDLSsNAFJ34rPVVdelmsAgupE1U0GXVjcsK9gFNDDeTSTt0Jgkzk0IJ/Qw3/oobF4q47c6/cfpYqCh44MLhnHuYuSdIOVPatj+shcWl5ZXVwlpxfWNza7u0s9tUSSYJbZCEJ7IdgKKcxbShmea0nUoKIuC0FfSvJ35rQKViSXynhyn1BHRjFjEC2kh+qep2QQjwtauYwAM/vzx2uYmHMMKhT7Ere4mvqnPt/tQvlZ2KPQX+m5TRHHW/NHbDhGSCxppwUKrj2Kn2cpCaEU5HRTdTNAXShy7tGBqDoMrLp4eN8KFRQhwl0kys8VT9mshBKDUUgdkUoHvqpzcRf/M6mY4uvJzFaaZpTGYPRRnHOsGTlnDIJCWaDw0BIpn5KyY9kEC06bL4vxKaJxXHrji3Z+Xa1byOAtpHB+gIOegc1dANqqMGIugBPaEX9Go9Ws/Wm/U+W12w5pk99A3W+BMkVJ/O</latexit><latexit sha1_base64="s+cL8uQneUhjVIyY2VlaLE8hLSc=">AAACGHicjVDLSsNAFJ34rPVVdelmsAgupE1U0GXVjcsK9gFNDDeTSTt0Jgkzk0IJ/Qw3/oobF4q47c6/cfpYqCh44MLhnHuYuSdIOVPatj+shcWl5ZXVwlpxfWNza7u0s9tUSSYJbZCEJ7IdgKKcxbShmea0nUoKIuC0FfSvJ35rQKViSXynhyn1BHRjFjEC2kh+qep2QQjwtauYwAM/vzx2uYmHMMKhT7Ere4mvqnPt/tQvlZ2KPQX+m5TRHHW/NHbDhGSCxppwUKrj2Kn2cpCaEU5HRTdTNAXShy7tGBqDoMrLp4eN8KFRQhwl0kys8VT9mshBKDUUgdkUoHvqpzcRf/M6mY4uvJzFaaZpTGYPRRnHOsGTlnDIJCWaDw0BIpn5KyY9kEC06bL4vxKaJxXHrji3Z+Xa1byOAtpHB+gIOegc1dANqqMGIugBPaEX9Go9Ws/Wm/U+W12w5pk99A3W+BMkVJ/O</latexit>

R ⇠ 0.1
<latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit><latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit><latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit><latexit sha1_base64="BJHdMERx5Z3xgwaAMY9HCS3izXE=">AAAB/HicjVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKdtENnJmFmIoRQf8WNC0Xc+iHu/BsnbRcqCh64cDjnXu7hRCln2njeh7O0vLK6tl7ZqG5ube/sunv7HZ1kitA2SXiiehHWlDNJ24YZTnupolhEnHajyWXpd++o0iyRtyZPaSjwSLKYEWysNHBrgcBmTDAvbqaBZgJ5DX/g1v2GNwP6m9RhgdbAfQ+GCckElYZwrHXf91ITFlgZRjidVoNM0xSTCR7RvqUSC6rDYhZ+io6sMkRxouxIg2bq14sCC61zEdnNMqr+6ZXib14/M/F5WDCZZoZKMn8UZxyZBJVNoCFTlBieW4KJYjYrImOsMDG2r+r/SuicNHzb2PVpvXmxqKMCB3AIx+DDGTThClrQBgI5PMATPDv3zqPz4rzOV5ecxU0NvsF5+wTkMZRA</latexit>

�cr � � � ⇢s
<latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit><latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit><latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit><latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit>

R ⌧ de
⇢s

⌧ R9

✓
L

⇢s

◆2

<latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit><latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit><latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit><latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit>

)
<latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit>

In this case, we find:

Valid if

� � R�1/2(de⇢s)
1/2

<latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit><latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit><latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit><latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit>

�t⌧rec ⌧ 1
<latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit>

)
<latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit>
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Reconnection in collisionless turbulence  
Reconnection at fluid scales

�cr � � � ⇢s
<latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit><latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit><latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit><latexit sha1_base64="1xsmkdUWi7/+xtiBldppFe691C8=">AAACCHicjVBPS8MwHP11/pvzX9WjB4ND8DRaEfQ49OJxgtuErZQ0TbuwNC1JKoyyoxe/ihcPinj1I3jz25huPago+CDw8t778UtekHGmtON8WLWFxaXllfpqY219Y3PL3t7pqTSXhHZJylN5E2BFORO0q5nm9CaTFCcBp/1gfFH6/VsqFUvFtZ5k1EtwLFjECNZG8u39ITfhEPsFkdNhHFfXkslR6ivfbrotZwb0N2lChY5vvw/DlOQJFZpwrNTAdTLtFVhqRjidNoa5ohkmYxzTgaECJ1R5xewjU3RolBBFqTRHaDRTv04UOFFqkgQmmWA9Uj+9UvzNG+Q6OvMKJrJcU0Hmi6KcI52ishUUMkmJ5hNDMJHMvBWREZaYaNNd438l9I5brtNyr06a7fOqjjrswQEcgQun0IZL6EAXCNzBAzzBs3VvPVov1us8WrOqmV34BuvtE5tEmlU=</latexit>

R ⌧ de
⇢s

⌧ R9

✓
L

⇢s

◆2

<latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit><latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit><latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit><latexit sha1_base64="jEcGoi53TT+0lp5g4ZtlFiVGqBc=">AAACO3icjVC7SgNBFJ31bXxFLW0GgxCbsCuC2ok2FhYxGBWym2V2cjcZnH0wc1cIS/7Lxp+ws7GxUMTW3tkk4AMFDwwczjmXO/cEqRQabfvBmpicmp6ZnZsvLSwuLa+UV9cudJIpDk2eyERdBUyDFDE0UaCEq1QBiwIJl8H1ceFf3oDSIonPsZ+CF7FuLELBGRrJLzfciGGPM5k3Bq6U1A0V43nHh0Huql7i65H6GWofUFdCiNVR8vQzp0S3h9vtHb9ccWr2EPRvUiFj1P3yvdtJeBZBjFwyrVuOnaKXM4WCSxiU3ExDyvg160LL0JhFoL18ePuAbhmlQ8NEmRcjHapfJ3IWad2PApMsjtA/vUL8zWtlGO57uYjTDCHmo0VhJikmtCiSdoQCjrJvCONKmL9S3mOmEzR1l/5XwsVOzbFrztlu5fBoXMcc2SCbpEocskcOyQmpkybh5JY8kmfyYt1ZT9ar9TaKTljjmXXyDdb7BwZAr9U=</latexit>

)
<latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit>

• In this case, we find:

• Valid if

� � R�1/2(de⇢s)
1/2

<latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit><latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit><latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit><latexit sha1_base64="lN+Yro48Sc/iwBfn1rs2GFzpRlM=">AAACGnicjVDLSsNAFJ3UV62vqEs3g0WoC2tSBF0W3bisYh/QpGEymbRDJ5kwMxFKyHe48VfcuFDEnbjxb5y0XagoeGDgcM653DvHTxiVyrI+jNLC4tLySnm1sra+sbllbu90JE8FJm3MGRc9H0nCaEzaiipGeokgKPIZ6frji8Lv3hIhKY9v1CQhboSGMQ0pRkpLnmk7TIcDBJ3hEDoRUiOMWHadD7Ij+7iRw1rgEeiIEffk4SArJM+s2nVrCvg3qYI5Wp755gQcpxGJFWZIyr5tJcrNkFAUM5JXnFSSBOExGpK+pjGKiHSz6ddyeKCVAIZc6BcrOFW/TmQoknIS+TpZHC9/eoX4m9dPVXjmZjROUkViPFsUpgwqDoueYEAFwYpNNEFYUH0rxCMkEFa6zcr/Sug06rZVt69Oqs3zeR1lsAf2QQ3Y4BQ0wSVogTbA4A48gCfwbNwbj8aL8TqLloz5zC74BuP9E8fYn2w=</latexit>

�t⌧rec ⌧ 1
<latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit><latexit sha1_base64="07p9EsRSsBnrrYbG1uJdlAcGaDw=">AAACAHicjVA9SwNBEN2LXzF+RS0sbBaDYBXuRNAyaGMZwXxA7jjmNnvJkt27Y3dOCEca/4qNhSK2/gw7/42bj0JFwQcDj/dmmJkXZVIYdN0Pp7S0vLK6Vl6vbGxube9Ud/faJs014y2WylR3IzBcioS3UKDk3UxzUJHknWh0NfU7d1wbkSa3OM54oGCQiFgwQCuF1QN/AEpBiD5CHhaas4kvJfXCas2ruzPQv0mNLNAMq+9+P2W54gkyCcb0PDfDoACNgkk+qfi54RmwEQx4z9IEFDdBMXtgQo+t0qdxqm0lSGfq14kClDFjFdlOBTg0P72p+JvXyzG+CAqRZDnyhM0XxbmkmNJpGrQv7Mcox5YA08LeStkQNDC0mVX+F0L7tO65de/mrNa4XMRRJofkiJwQj5yTBrkmTdIijEzIA3kiz8698+i8OK/z1pKzmNkn3+C8fQLKr5aC</latexit>

)
<latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit><latexit sha1_base64="nkPHH+QNYwjVjrXprQ/VAxbHzUI=">AAAB8nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOZpMhszPLTK8SlnyGFw+KePVrvPk3Th4HFQULGoqqbrq7olQKi77/4RWWlldW14rrpY3Nre2d8u5e0+rMMN5gWmrTjqjlUijeQIGSt1PDaRJJ3opGl1O/dceNFVrd4jjlYUIHSsSCUXRSp3sjBkOkxuj7XrkSVP0ZyN+kAgvUe+X3bl+zLOEKmaTWdgI/xTCnBgWTfFLqZpanlI3ogHccVTThNsxnJ0/IkVP6JNbGlUIyU79O5DSxdpxErjOhOLQ/van4m9fJMD4Pc6HSDLli80VxJglqMv2f9IXhDOXYEcqMcLcSNqSGMnQplf4XQvOkGvjV4Pq0UrtYxFGEAziEYwjgDGpwBXVoAAMND/AEzx56j96L9zpvLXiLmX34Bu/tE5WAkXA=</latexit>

• The left inequality may not hold in the pristine SW: it requires                                                 which may be too 
low.

• But the solar corona should observe both of these conditions (and fall in this case of collisionless reconnection at 
fluid scales).

• The right inequality places spectacular demands on computer simulations…

�e ⌧ 2(me/mi)R�2 ⇡ 0.1
<latexit sha1_base64="q/LIohxdheIhpsOsTgKcokv4HqA=">AAACGXicjVBNS8NAEN34WetX1aOXxSLowZoUQY9FLx5VrApNDJPtVJfuJmF3I5bQv+HFv+LFgyIe9eS/cdP2oKLgg4HHezPMzItSwbVx3Q9nbHxicmq6NFOenZtfWKwsLZ/pJFMMmywRibqIQKPgMTYNNwIvUoUgI4HnUfeg8M9vUGmexKeml2Ig4SrmHc7AWCmsuH6EBkL0haD1DRnitgz5pi/BXDMQ+Un/Mt+q931IU5XcUrfmhZWqV3MHoH+TKhnhKKy8+e2EZRJjwwRo3fLc1AQ5KMOZwH7ZzzSmwLpwhS1LY5Cog3zwWZ+uW6VNO4myFRs6UL9O5CC17snIdhYn659eIf7mtTLT2QtyHqeZwZgNF3UyQU1Ci5homytkRvQsAaa4vZWya1DAjA2z/L8Qzuo1zyZ2vFNt7I/iKJFVskY2iEd2SYMckiPSJIzckQfyRJ6de+fReXFeh61jzmhmhXyD8/4J3eWfkA==</latexit><latexit sha1_base64="q/LIohxdheIhpsOsTgKcokv4HqA=">AAACGXicjVBNS8NAEN34WetX1aOXxSLowZoUQY9FLx5VrApNDJPtVJfuJmF3I5bQv+HFv+LFgyIe9eS/cdP2oKLgg4HHezPMzItSwbVx3Q9nbHxicmq6NFOenZtfWKwsLZ/pJFMMmywRibqIQKPgMTYNNwIvUoUgI4HnUfeg8M9vUGmexKeml2Ig4SrmHc7AWCmsuH6EBkL0haD1DRnitgz5pi/BXDMQ+Un/Mt+q931IU5XcUrfmhZWqV3MHoH+TKhnhKKy8+e2EZRJjwwRo3fLc1AQ5KMOZwH7ZzzSmwLpwhS1LY5Cog3zwWZ+uW6VNO4myFRs6UL9O5CC17snIdhYn659eIf7mtTLT2QtyHqeZwZgNF3UyQU1Ci5homytkRvQsAaa4vZWya1DAjA2z/L8Qzuo1zyZ2vFNt7I/iKJFVskY2iEd2SYMckiPSJIzckQfyRJ6de+fReXFeh61jzmhmhXyD8/4J3eWfkA==</latexit><latexit sha1_base64="q/LIohxdheIhpsOsTgKcokv4HqA=">AAACGXicjVBNS8NAEN34WetX1aOXxSLowZoUQY9FLx5VrApNDJPtVJfuJmF3I5bQv+HFv+LFgyIe9eS/cdP2oKLgg4HHezPMzItSwbVx3Q9nbHxicmq6NFOenZtfWKwsLZ/pJFMMmywRibqIQKPgMTYNNwIvUoUgI4HnUfeg8M9vUGmexKeml2Ig4SrmHc7AWCmsuH6EBkL0haD1DRnitgz5pi/BXDMQ+Un/Mt+q931IU5XcUrfmhZWqV3MHoH+TKhnhKKy8+e2EZRJjwwRo3fLc1AQ5KMOZwH7ZzzSmwLpwhS1LY5Cog3zwWZ+uW6VNO4myFRs6UL9O5CC17snIdhYn659eIf7mtTLT2QtyHqeZwZgNF3UyQU1Ci5homytkRvQsAaa4vZWya1DAjA2z/L8Qzuo1zyZ2vFNt7I/iKJFVskY2iEd2SYMckiPSJIzckQfyRJ6de+fReXFeh61jzmhmhXyD8/4J3eWfkA==</latexit><latexit sha1_base64="q/LIohxdheIhpsOsTgKcokv4HqA=">AAACGXicjVBNS8NAEN34WetX1aOXxSLowZoUQY9FLx5VrApNDJPtVJfuJmF3I5bQv+HFv+LFgyIe9eS/cdP2oKLgg4HHezPMzItSwbVx3Q9nbHxicmq6NFOenZtfWKwsLZ/pJFMMmywRibqIQKPgMTYNNwIvUoUgI4HnUfeg8M9vUGmexKeml2Ig4SrmHc7AWCmsuH6EBkL0haD1DRnitgz5pi/BXDMQ+Un/Mt+q931IU5XcUrfmhZWqV3MHoH+TKhnhKKy8+e2EZRJjwwRo3fLc1AQ5KMOZwH7ZzzSmwLpwhS1LY5Cog3zwWZ+uW6VNO4myFRs6UL9O5CC17snIdhYn659eIf7mtTLT2QtyHqeZwZgNF3UyQU1Ci5homytkRvQsAaa4vZWya1DAjA2z/L8Qzuo1zyZ2vFNt7I/iKJFVskY2iEd2SYMckiPSJIzckQfyRJ6de+fReXFeh61jzmhmhXyD8/4J3eWfkA==</latexit>
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Reconnection at kinetic scales in collisionless turbulence  
Inertial kinetic-Alfvén turbulence

• Now consider the case when tearing onset is at sub-ion scales.  As an example, take a plasma where                             

(so-called inertial kinetic-Alfvén turbulence).

• From Boldyrev & Loureiro, arXiv:1901.10096, we have 
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• Therefore, we find: We don’t know          for this case, so cannot 
compute the upper validity limit for this result. 

The lower bound is that                    , which is 
marginally satisfied.
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• This is interestingly consistent with Phan’s observations of 
‘electron-only’ reconnection events in the Earth’s magnetosheath: 
reports of reconnection on current sheets ~4de wide.
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Reconnection at kinetic scales in collisionless turbulence  
Consistence with observations

• Chen et al. (2019) claim that energy dissipation at kinetic scales in the 
magnetosheath is dominated by linear electron Landau damping (the 
energy dissipation rate via that channel being comparable to the energy 
cascade rate).

• Our analysis demonstrates that full reconnection in sub-ion 
scale eddies is permitted for typical magnetosheath parameters.

• Previous investigations of heating in (strong guide-field) collisionless 
reconnection (Loureiro et al. 2013; Numata & Loureiro 2015) show that 
when βe ≪ 1 linear electron Landau damping is by far the dominant 
energy dissipation channel.

Chen et al. 2019 

Numata & Loureiro 2015
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Conclusions
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1. If current understanding of MHD turbulence is correct, tearing mode has to become 
important: 

• Eddies become current sheets of progressively larger aspect ratios at small scales
• Therefore, they are progressively more unstable to the tearing mode
• Can compute the scale at which reconnection becomes important. This marks the onset of a new, sub-

inertial range whose spectrum is               or 
• These ideas can be extended to the kinetic regime. In all cases, we obtain spectra that scale as           or        

in good agreement with observations and simulations.

2. The onset of tearing does not automatically guarantee that the eddy will reconnect. 
• Fundamentally, that’s because the reconnection rate is different from the tearing rate; reconnection can only 

happen if it is faster than tearing. 
• The conditions for reconnection to happen are very demanding

• We may be significantly underestimating reconnection-driven energy dissipation/conversion in simulations
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Details in 
Loureiro & Boldyrev, arXiv:1907.09610


