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MAGNETIC RECONNECTION: A FUNDAMENTAL

PROCESS
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Magnetic reconnection induces topology change of the
magnetic field and energy release



MAGNETIC RECONNECTION: A MULTI-SCALE PROCESS
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MAGNETIC RECONNECTION: A MULTI-SCALE PROCESS

ergy conversion
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Dynamics and structure of the EDR are largely unknown
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AN UBIQUITOUS PROCESS
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AN UBIQUITOUS PROCESS
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MAGNETOPAUSE RECONNECTION
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MAGNETOSPHERIC MULTISCALE (MMS) MISSION IS DESIGNED
TO STUDY MAGNETIC RECONNECTION IN THE NEAR-EARTH

SPACE

MMS missien targets these locations

Sun

Blue - Solar Wind Field Lines
Green - Closed Field Lines
Red - Open Field Lines



MAGNETOSPHERIC MULTISCALE (MMS) MISSION IS DESIGNED
TO STUDY MAGNETIC RECONNECTION IN THE NEAR-EARTH

SPACE
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Cluster resolution: 250 ms. MMS resolution: 30 ms (electrons) and
150 ms (protons)



LOOKING FOR AN ELECTRON DIFFUSION REGION

ENCOUNTER

MMS Location for 2017-01-27 12:00:00 UTC
Spacecraft separation ~ 7 km ~ 3 d,
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MAGNETOPAUSE’S LOCAL COORDINATE SYSTEM
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MAGNETIC RECONNECTION EVENT
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ELECTRON DIFFUSION REGION SIGNATURES
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Data from MMS2 Adapted from Shay et al.; GRL(2016)



ELECTRON DIFFUSION REGION SIGNATURES
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ELECTRON DIFFUSION REGION SIGNATURES
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ELECTRON DIFFUSION REGION SIGNATURES
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ELECTRON DIFFUSION REGION SIGNATURES
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DIFFERENCES AMONG SPACECRAFT OBSERVATIONS

ARE RECORDED DURING THE EDR ENCOUNTER

MisT [ aifis? absd bS] (a)

12:05:42.0 5 1

2:05:43.0 5 12:05:44.0 5
2017-01-27 UTC



DIFFERENCES AMONG SPACECRAFT OBSERVATIONS ARE
RECORDED DURING THE EDR ENCOUNTER: ELECTRON

DISTRIBUTION FUNCTIONS
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DIFFERENCES AMONG SPACECRAFT OBSERVATIONS ARE
RECORDED DURING THE EDR ENCOUNTER: ELECTRON

DISTRIBUTION FUNCTIONS
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EDR is a complex and structured region
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EDR TURBULENCE IS OBSERVED ALSO IN
SIMULATIONS

5 =5
Z/deo

z/d
Jara-Almonte et al., PoP, 2014
02 4681 02 46 810
N(d;) N(dy)
Price et al., GRL, 2016



EDR TURBULENCE IS OBSERVED ALSO IN

SIMULATIONS
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EDR TURBULENCE IS OBSERVED ALSO IN

SIMULATIONS
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PIC code

We need a high resolution, low noise code to
model the EDR



THE VLASOV-DARWIN CODE

(
Zio :
Oifa+ (Vo V) fo+ ™ (E4+vyxB)-Vy fa=0

Vi =Y Zana EL=-V¢
V2B = 32’V x j

{V2Er — B2 ZZ”"‘” = B¢ [ -V ZZ(vavM

+ ? u—: (naEr + (Va)a % B)

V0=V Er Er =E;r — VO

\V-B=0



THE INITIAL CONDITION REPRODUCES MMS DATA
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LOOKING FOR THE EQUILIBRIUM
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FIRST RESULTS: 2D MAGNETIC RECONNECTION

SIMULATIONS
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SIMULATION PARAMETERS

Run FG_3/03

L 10
I,=51, 50
Bonsp 0.1
B 0.1
B 0.01
Nmsp 1
Temsp = Temsh 1
Timsp = Timsh 1
amp 0.001
€ 0.1
Nprow 128
Npool 64
N, 2043
N, 1024
L. 120 27
L, 60 21
L 0.37
dy 0.37
Ap,e/de = Vg e/ 0.05
Now 51
Nuy 51
N, 71
Vi e,maa 5
Vy,e,maz 5
Vz e;maz 5
dit 0.1
m;/me 100




