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Results form 
iPic3D Simulations

More info in Lapenta et al.(2020). ApJ., 888(2), 104.

Wassily Kandinsky, Division-Unity, 1934



More info in Lapenta et al.(2020). ApJ., 888(2), 104.

How 3D reconnection really is
Mi/me=256
Bg=1/10
Grid:1200x450x300
Resolution Δx = de/2
Resolution ωceΔt = 1/30

Electron Current Density – Magnitude - Cuts Electron Current Density – Magnitude –Volume rendering 
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Horizontal (along x, Earth-Sun) Electron current
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Energy exchanges 
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Different regimes of turbulence

outflow

inflow

separatrices
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• We set arrays of 3x3x3 probes per 
computational processors. 

• This forms 27 virtual spacecrafts at a 
given (x,y) location, uniformly spread 
along z

• From this signal recorded every time 
step we can make spectrograms and 
other analysis of fluctuations in time

Virtual probes



More info in Lapenta et al.(2020). ApJ., 888(2), 104.

Spectrum of waves – virtual probes

outflowinflow
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2 THE AUTHOR

a) inflow B?1/B?2 b) outflow B?1/B?2

c) inflow E?1/E?2 d) outflow E?1/E?2

FIG. 6: Relative phase of the Fourier spectrum of the two perpendicular components of the mag-

netic field fluctuations, eB?1/ eB?2 (top, panels a, b) and of the electric field fluctuations, eE?1/ eE?2

(bottom, panels c,d). The inflow probes are shown on the left (panels a, c) and the outflow on the

right (panels b, d). The same locations and detrending are used as in Fig. 5. Each frequency is

reported with a dot in di↵erent color identified by the absolute value of the Fourier transformation

eB?1.

In the outflow, the electron cyclotron peak and its higher harmonics are completely ab-

sent. Instead, a much stronger peak is present in the lower hybrid range. Some fluctuation

spectrum is also present in the lower hybrid range for the inflow but at a much reduced

intensity. The onset of instabilities producing waves in the lower hybrid range in the outflow

of reconnection site has been identified in previous simulations [27] and in satellite observa-

tions [28]. We observe here their generation along with the development of a broad range of
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FIG. 7: Coordinate system and evolution of a right handed circularly polarized (RHCP) wave. The

two perpendicular direction are indicated. The unit vector n̂?1 is the projection of the perpen-

dicular direction on the xy plane: n̂?1 = (by,�bx, 0), where the magnetic field used as reference

is averaged over all 24 probes and time: b = hBi/hBi. The unit vector n̂?2 is normal to both b

and n̂?1: n̂?2 = b ⇥ n̂?1. For a RHCP wave the ? 1 component is ahead by 90 degrees in the

phase angle. In the inflow region the magnetic field is predominantly in the x direction and the

two perpendicular directions correspond to the two coordinate axes as shown.

V. CONTRIBUTIONS OF TURBULENCE TO MOMENTUM EXCHANGE

A key consequence of the two distinctly di↵erent regimes of fluctuation in the inflow and

outflow is the impact turbulence has on the momentum exchange as measured by the general-

ized Ohm’s law. The electromagnetic-dominated regime does not produce sizable anomalous

terms because it is not connected with fluctuations in the plasma species. Conversely, the

fluctuation regime in the outflow leads to strong anomalous e↵ects.
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Polarization of the wave
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Impact on momentum 
transfer



Observations form 
MMS

More info in Lapenta et al.(2020). ApJ., 888(2), 104.
Strong Dream (1929) — Paul Klee
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• We (Stefan Eriksson) identified 
about 200 crossings in the tail that 
display turbulent reconnection 
outflows.

• Here is one example we analysed in 
more details: 

Look from MMS



More info in Lapenta et al.(2020). ApJ., 888(2), 104.

Looking for null points within the turbulence



• Reconnection generates turbulence
• Fluctuations are present all around 
• Different regimes of fluctuations in inflow, separatrices and outflow
• Fully developed turbulence in the outflow
• Waves of different nature in the inflow and outflow
• Turbulence produces secondary reconnecting layers

• The impact of these processes is enhanced turbulent energy exchanges
• Momentum exchange is enhanced in the outflow primarily (anomalous 

transport)
• MMS data shows many turbulent outflows and within them null points can be 

detected

More info in Lapenta et al.(2020). ApJ., 888(2), 104.

Conclusions


