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Outline

e Picture of ¢ in the Hall system
e o in the magnetotail diffusion region

e o in other contexts

o Magnetopause reconnection
o Electron-scale magnetic peak
o Electron phase space hole

e Errors
e Scalar potential
e Summary
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Magnetotail EDR



= 200F
SE -200
& ZA00w
~ 5.0x10°
¢ zagndd
o S +
< Z1ENIGE — =
~ §§E Current — '
-~ 88
1 -0.2E
- ‘ ]
1500 E ;
o3 'ME.WWM
509 :
£ ggE «  Hall E-Fieldj
> e ——
E =9 e |
seconds 40 00 20
2017 Jul 11 2233 2234 2534

Time (UT)

Paro
Perp

Para
Perp

X

Y
Ez

m m

-0.50

0.00

0.50
o N
—MMS— = 1.00
trajectory —— ==

150


http://science.sciencemag.org/content/early/2018/11/14/science.aat2998

MMS3 BRST L2 HALL

EHaII
Hall System
e E balanced largely by JxB/ne
o E_, weak at edges of IDR
e Jsupports +B,,
o -J, ase-flow into X-line,
o  +J, as e-jetinto tail
exhaust
N B
e 0>0 (o <0)in outer (inner) 5 Hal
diffusion region
e ~1x10* excess electrons i J
4 Hall
€q/eVE
€o/eV{JxB)

02 04 06 08 10
Time (UT)

secondS8 00
2017 Jul 12233 2234



(o)

—MMS——

—trajectary——

A/N ~ 1%

050

1.00

150

MM Ol Lo AL,

02 04 06 08 10

secondS8 00
2017 Jul 12233 2234

Time (UT)

Ey
-VixB
~VexB
JxB/ne

Hall

Ni
Ne

M Hall

A Hall

€q/eVE
€o/eV{JxB)



MMS1

MMS2 10+ .
MMS3
MMS4 —~
_‘E‘ 5
CSE t ol
ncounter ok P
-5
10 5 0 -5
REGION | o il
e E & B among spacecraft 10 o
diverge -> enter IDR 5
([ ] o > O ,..«_‘E‘ ot® .
3
REGION I1 !
e Current peaks in EDR =10 =
e o becomes negative gt oY
REGION III 10 o
e E & B among spacecraft 5
converge -> exit IDR - £ 5
“oood ®
[ J Q > 0 Jd =5 ‘
-10
& opaodt T : ; = 7 Tt
E —ex107%F . . . . -
-9x107°E

secondS8 00 02 04 06 08 10
2017 Jul 12233 2234 8



N [km]

q)l—
=
[

Q
a

200

100

-100

-200

0
-26-5
-4e-5
-6e-5

T T TEREE T T T T T T T T T T T T T T T T RF T T FT T3
"Jl | &
'a'l
!
b,

il

IIJ;LIIII_LIJI

IllIIIIIIlllIJ
T 1T

‘H,

lIllllIIIlIIIIlllI||II|

IIII|I]llllIlIlIIIIIll

PR

- — Virtual MMS-1 E
— — Virtual MMS-2 (and 4) =
- — Virtual MMS-3 ]
C x Linear graldient | (b) ]
-2000 -1000 0 1000 2000

L [km]

p/e [cm?®]
> 4e-5

2e-5



https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018JA025713

Q

In Other Contexts
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MP Encounter

Khotyaintsev, et al., 2015
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Magnetic Peak

Stawarz, et al., GRL 2018
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General Error Formula
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Variance of V<E, V xE, -dB/dt: gradient approximated as average of unique s/c-to-s/c differences
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= 0.008 s / by 8.




a la Curlometer Technique
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Scalar Potential



V-E > |[VxE| =-|0B/dt| = 07
E = -VVSC % |
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Magnetopause
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Summary

Charge density profiles are consistent with the Hall B, E, and J signatures

Net negative charge is embedded in regions of net positive charge
o EDR within IDR

A/N: Percent charge imbalance suggests plasma remains quasi-neutral
o Tail: 1% Magnetic Peak: 0.25%
o  MP: 1x10°3% Electron Hole: 4%

o is typically 1-2 orders of magnitude greater than the error threshold

Propose V-E / |V xE + dB/dt| as an error estimate
o V-E (VxE)is the sum (difference) of large (small) numbers
o VxE and odB/adt are uncorrelated and on different scales

9B/ot € V-E would imply E = -VV

o  Works better at the magnetopause o4
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Hall System
(Symmetric Reconnection)
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lon Diffusion Region
E+vxB#0

30



Electron Diffusion Region
E+vxB#0
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Asymmetric Reconnection
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Event 2

Asymmetric Reconnection
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Hall System

e E balanced by JxB/ne
o  E, strong throughout IDR

e Jsupports +B,,
o  Electrons flow into (out
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MP Encounter
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e E and B fields among spacecraft
diverge -> enter IDR
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Event 3

Electron-Scale Magnetic Peak
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Stawarz,

etal., GRL 2018
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Comparison to Simulations
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https://arxiv.org/abs/1710.04555

Errors:
ple=¢g/e V.E=n.-n_



General Error Formula
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Error & Quality Estimates:
V xE = -0B/ot
E=-VV



General Error Formula
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Quality Estimates

As for V-B = 0 with curlomter

Two possible quality estimates:
o Eg.,=-VV
o VxE=-dB_. /ot

-dB/dt is scaled by factors of
(200,200,100) for the
(x,y,z)-components

o Low-pass filtered f =1Hz

-VV is scaled by a factor of 50
for the (x,y,z)-components
o  Noisier than 2015-12-06
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Conclusions

e i is typically one order of magnitude greater than the error threshold
Charge density profiles are consistent with the Hall B, E, and J signatures
Net negative charge is embedded in regions of net positive charge

o EDR within IDR

e 1/N: Percent charge imbalance
o MP: 1x103% Magnetic Peak: 0.25%
o Tail: 1% Electron Hole: 4%

e Positive charge observed within

O  Electron-scale magnetic peak

O  Electron phase space holes

e Quality Considerations

o VxE and odB/dt are uncorrelated and on different scales
m  Despite errors being roughly equal
m  E could have smaller natural scale lengths

o VYV and E could be consistent



