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observations of arc-associated E-field
results on the aurora & return current
E-field characteristics within / above the acceleration region

Scale sizes of E-fields, Ne-gradients, and FACs
Characteristics of U* & U" -potentials
Location of U & S-potentials wrt PS-boundaries

Evolution of U*-potential & N_- hole
Widening of downward FAC sheet
Potential- & FAC change as PSBL thins

Approach
Results from events
Correlation E — j,, in downward FACs
results for downward FACs
comparisons




oW
i% KTH g

VETENSKAP
, OCH KONST &%

Mot Rocket observations in the auroral ionosphere
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b based on rocket & radar observations

E, + J, [2ZpA Eo= (ZpF/ ZpA) EF +
m Birkeland (2P ZpA-ZyFIZpR) EF
current arc

E,-conf Ex (amb) Ey (amb) E pol

Arc category
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Inverted-V’s of km-scales
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Figure provided by Manfred Boehm




600 km-1760 km
Statistical study of intense E-fields
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Occurrence rate of E-fields > 100 mV/m

Peak occurrence during winter solstice & 00 MLT

Figure provided by Tomas Karlsson




In the presence of strong BB waves, In the absence
EMIC waves or waves near the LHF of all these waves

Occurrence (%)

Probabilities of detecting energized
O* ions in the N-hemisphere

After Hamrin et al., (2002)
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Freja E-field
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» Quasi-static, diverging electric fields & U* /S -potentials

» Up-going accelerated field-aligned electrons

 Fast electron solitary waves, electron holes, DL'’s *

* lon heating L B, energetic conics, "pressure cooker”
 Downward accelerated protons

« Small-scale N.-cavities and E-region N.-holes

» Strong wave activity (BBELF, VLF saucer source region)

Marklund et al, GRL94, » Current-voltage relation ?
AG95, JGR97,

Black Filatment




Black Aurora, the optical signature

Black sheets between multiple
auroral curtains

At diffuse & discrete aurora boundary




Bt 800 km-13600 km
Statistical Study of Parallel Electric Field

Vika ng orbits 306-1653

Upward E,

dominates

Alfitude
[k}

Downward E;
dominates
below 5000 km

1 |
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e Evidence for quasi-static potential
drops below Viking

Estimates of A®, using 3 different methods

1. A®, =]E, -ds
2. from Electron Loss Cones
3. from upward ion beam energy

AD, (1) —————

W=032+0780T
R*2 =085

'

[Es]
& 1

Max lon Beam Energy [keV]

_ACI)l =|E, - ds (2)

Altitude, km

BE(keV)/LC®

8,157

Block et al, 90

343

343

1169

1169

1169

1169

1169

1169

11,788
11,865
9,192
9,151
8,496
8,451
8,410

8,361

0.15/41
0.25/33
0.28/32
0.15/41
0.755/36
0.37/55
0.73/21
0.37/29
0.97/18
0.52/22
0.52/58
0.28/37
0.91/32
0.57/36
0.91/32
0.57/37
0.85/21
0.52/25
0.85/21




Fluctuating, filamentary
U-shaped potentials

v

Questions / Implications of LFEFF’s

« spatial or temporal origin or both?

« E-field can be ”ac” for ions ( t;°">>1s) & "dc” for electrons (t;° << 1 s)
« for E,P¢ < EAC ions & electrons can be accelerated in the same direction




Classification of acceleration regions

From Auroral Plasma Physics Book, ISSI
1 0 1 11w

2007
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From altitude range & emission characterlstlcs |t should be possmle
- to distinguish between Inverted-V and Alfvénic aurora !




Statistical results on the
scale sizes of monopolar
& bipolar E-field events

 E-fields & associated
 N.-gradients and
 FACs

Number of events
peak at 4.5 km for
all three parameters

monopolar

E-fields |

E‘l;—l—l—\‘—|"

P H™
s VATV 10
S(E) (km)
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5 10 15 km
N_ /AN,
monopolar N
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5 10 15 km
FACs -
monopolar

10
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Scale sizes of arcs & arc-associated E-fields

N Maggs and
ﬁ?}?;] Karlsson and
Vel Marklgnd [1996], Knudsen et al
1 sclale s:.lze of [2001],
H diverging arc width
|\ E-fields
| |
|
i \
| \
‘ 1
" ___-‘ﬁ_-_.__
15 20 - 257 km
Cluster
--N.e!__A‘Ne .
FAC""""" e e i m e m it m e mamim i emem it mmm
E This study,
proton gyro radii
Borovsky
[1993],
review of

N | theories



Characteristics of U* & U- -potentials

E, extends from the acceleration

region up to and beyond 5 R, U" -potentials

peak E, ~1V/m

('% AD ~ 10 KV
AR width  ~3-10 km
' altitude =~ 0.5-2 Rp

U* -pot
peak E, ~1-2V/m
AD ~ 3 kV

width  ~1-10 km
altitude ~0.2-0.6 R,

@€ plackarc
~,aurora ¢




2. High-Altitude Auroral E-fields: Cluster

U*-and s *- -potentials identified in Cluster data

Magnetosphere
EM >SS EJ

Downward current region Upward current region Alfvénic region

\,/ %| \/' %13 L4

_ : 3 jL/_ Jy
J// J// _ ’ E, | @ A -

U -potential st -potential U -potential S -potential

EJ
lonosphere
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Similar time scale for growth of
U* -potential & E-region N, hole

0s 400 s 200 s

Black auror

Marklund et al., Nature 2001;
Marklund et al 2004; 2005
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St Widening of downward FAC sheet
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Cluster event 2001 -01-14

 Downward FAC[\ T+100s ] Return current simulation
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U- and S-potentials & Auroral Boundaries

/,_ 60
- - ;__ T
W T
PC EJ_
M Polar Cap | L
U-potenﬁgls sz /g-potentials
Occur at particle boundaries \E_
within the PS, where plasma, Occur at the polar cap boundary
—~___ | where plasma, dense enough

dense enough to support
connecting FACs, exists on both
sides of the boundary

Model by Marklund et al, 2004
Confirmed by Johansson et al, 2006

to support connecting FACs, exists
on one side only

PSBL - Plasma Sheet
Boundary Laver

DG — Density Gradient




ﬁﬁ'&. 2. High-altitude auroral E-fields: Cluster

Potential- & FAC evolution as PSBL thins

Clusters/ic1 t=t, Clusters/ic2 t=t,+ 16 min

Plasma Sheet

Plasma Sheet

E_E

EF

relative / B, thin

dense plasma
plasma

— “

FAC and

closure

currents FAC and
closure currents
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Approach

1 AD =—]E, -ds

L] A(I)" from characteristic energy of :

» upward ions in upward FAC region
» upward electrons in downward FAC

K=AD, | AD,

k=0 coupling
O0<k<1 partly coupling
k=1 decoupling

lonosphere




Example: Cluster event 2003-05-03 upward FAC

spacecraft 1
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Example: Cluster event 2003-05-03 upward FAC
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3. lonospheric coupling of auroral E- Fields &
Potentials: Results from initial Cluster event list

Decoupling dominates for small-scale E-fields & potentials !

Event 2001 2001 2002 2002 2002 2003 2003 2003
date 01-14 02-14 04-27 05-19 11-25 02-28 05-01 05-03
MLT 03:30 00:20 20:00 20:00 05:30 00:00 20:00 23:30
Hem NH SH SH SH NH SH SH SH
Potential U U S S U S u@as@ |U
FAC down down down down down down up up
up/down
E-field 0.35 1.5 1.7 0.45 0.03 0.07 0.82 0.05-0.1
peak (V/m)
Scale (km) | 15 8 (2) 1.52,4) |2() 16(1) [47(1) |3.0(1,23) |10(2,4)
1.0 (3) 3.2 (4) 5(1)
s/c 1,2,3 1,2,3,4 2,3,4 1,2,3,4 1 1 1,2,3,4 1,2,4
No data
?
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g;;:;:_&g E- j, correlation in downward FACs (Karlsson et al, 2007)

E-field adjusts to
N, & X, cavities
-~ no acceleration,

A®, = 0: coupling

Magnetosph

lonosphere

--»‘-»-»-»-» == - E

Cluster model comparlson scenario




3. lonospheric Coupling of Auroral E-fields & Potentials
FAST results for downward FACs (Hwang et al, 2006)

Sheetlike structures Curved structures

enargy flux
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.' 3. lonospheric coupling of auroral E-Fields & Potentials
" DE-1 (High) & 2 (Low) comparisons (Weimer et al, 85)

Scale-size dependent model for upward FACs | M5 &

Jy=-aV, linear -V relation, applicable to upward FACs

Ao = 2 70 (Sp /2)112 E, /| E,= (1+(A/A)2)" . onosphere

MVEI_EM = 165 Kmans& i WAVELENGTH 2\‘05_:0 ﬁ?a‘&‘,‘ Km

1000 100 10 IW
1 OI LI L-I | I 1 ‘ IIII L 1 1 | K 1 - _ H_t‘-‘- 1 E -
) “'\‘\ 1/hg = 61078 ! ] E E : \-\g E
E2 3 Ko = 3841072 m! A ';};.,
— e N - E Y
E ! E1 °\ ’
1 N < E K2 : \'
-~ AY o e . _"o H . .
UN . ® -\. w E, Ke + Kg E ...\ o
(»} H —
B Es K2 S - Ko = 7.5:105 m! 1} iy .
E g Wi - coupling i decouplin
coupling: decoupling ] ]
|f?§° \\ 'o _- "’E’\o
: \ L
0-01 - [ -} l ] | Icl)l 1 | T | I'Ié)'I oo ol o

I/WAVELENGTH AT FIELD LINE BASE, Km' I/WAVELENGTH AT FIELD LINE BASE, Kri'!



E.rc = Eamb * Epois COrrelation & anticorrelation arcs, arc classification

km-scale inv-V’s, div E & return current Charact, wave heating of ions

average E, vs altitude, LFE-fluctuations, A®,, & A®, estimates

Scale sizes of E-fields, Ne-gradients, and FACs peak at 4.5 km
Characteristics of U* & U- -potentials

S / U- potentials located at sharp / soft PS-boundaries
Evolution of U* -potential & N_- hole closely linked

Widening of downward FAC sheet

Potential- & FAC change as PSBL becomes thinner

Approach to study the coupling: calculate k=AD,/ AD,
events: decoupling k=1
Correlation E — j, in downward FACs coupling k=0
for downward FACs partly coupling 0<k<1
coupling A> A




