Multiple islands and acceleration in a
turbulent environment



Test particle acceleration by turbulent reconnection Ambrosiano et al, Phys. Fluids, 1988
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Profileration of Xpoints in MHD:
spatial picture and space-time evolution

e Asmall region of a 16Kx16K Fourier spectral simulation with threefold
oversampling of Kolmogorov scale, analyzed on 32Kx32K grid; Rm = 50000, total of
5649 X-points at peak time
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Plasmoid scaling properties in MHD

Number of Xpoints/flux tubes
— Vs Rm (at peak dissipation)

Can be understood in terms of

basic cascade physics
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3D MHD/test particles with strong B,:  distributions at short times <crossing time of Lc

150

150 r
protons |
i 0—7_ - i oL i
B -150 =75 i ?Vo] 75 150 h -150 =15 0 ;)VD] 75 15(
: : - - perp plane
Trajectories and current structures B, direction
100 T ;.!: T 107 .
50+ - —5: -
1000 .|. T —1():‘. ) ‘,‘J l".,r-'k‘\.‘lel. ,‘ R
-100 =50 . E)v : 50 100 -10 -5 . Pv : 5 10
electrons o o

Dmitruk et al, 2004



Test particles in RMHD
coronal loop model

e MHD data from driven (weakly) 3D spectral

method simulation

e Multibox model — maintains possibility of

Dalena, Rappazzo,
Matthaeus 2013

resonant pitch angle scattering at all times
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RMHD-multibox: two stage acceleration

trtA
o 10 0% 107 407 1 10 & speed v/iv, 5 speed v/v,
O Eew i
109 Box1 _ High Energy _ P18 001 1.5 29 45 59 74 88 1} 16 84 172 250 328 407 485
L Box2  High Energy | 0 -\
8| Box3 il _r o 2
L] — = 2| L A‘% LY
4_ o, 1 A At = é V5
104 A 1 8|
107} T il h 2
Box 1 Box 2| Box 3 ot o
i | - - By
1002 \3 \4 |5 |E \7 : . o Qeﬂf\“ %' o pgﬂ—
10 10 10 10 10 10 10 = < L)

t/'cg

5.0 r T T 1.0

BOX1 BOX3
40 4108 06
3.0 41 086
5 04
20 1 04-
1.0 o2g j
0'Ol F!%' c'ol' |00 """"" Lk A ok
-1.0 -0.5 0.0 05 1.0 -1.0 -05 0.0 05 10 -1.0 -05 0.0 05 1.0
[+ o o
Stage !: small gyroradii Stage 2: larger gyroradii  Later: betatron +
> Direct parallel acc. = Perp. Betatron acc. strong scattering

pitch angle distributions: dark=highest energy
light = all

»| Power Spectrum of (v* E)
10" -Power Spectrum of (v - E),q, n
I Power Spectrum of (v - E)_,

1078 g @E UNW .

A oa sl “ PR | " o eaaal " i P |
10 1™ 10~ 1 10
w/Q,

Large resonant contribution:
Not parallel wavenumbers!



RMHD multibox

P

Stage 1 — parallel acceleration dominates, highly associated with current sheets

Stage 2, larger gyroradii, perpendicular acceleration dominates;
resonant (as in betatron);
associated with electric field inhomogenities,
and therefore more loosely with current structures



Discussion points

When are these “the same” and when ate they different?
— Reconnection
— Particle acceleration
— Dissipation

Is the 2D reconnection paradigm viable?

Topology become pretty fuzzy when there are so many small islands

How are reconnection rates defined in 3D?

3D effect: two stage acceleration

Is particle acceleration closely related to dissipation when collisions are weak?

Implications for LES/SGS ?
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