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Science Objectives

1) What are the dominant
mechanisms for injecting plasma
into the m agnetosphere on
substorm and m agnetic storm
time scales?

2) What is the directly driven
response of the magnetosphere
to solar wind changes?

3) How and where are
magnetospheric plasmas
energized, transported, and
subsequently lost during storms
and substorms?

The IMAGE mission addresses
these cbjectives in unique ways
using imaging techniques.
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Neutral Atom Imaging
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Figure 1. HENA ENA ning

)
‘1.’ 000, {a) Image from above the Earth's north pole This

provides a fairly undistorted view of the local
time distribution of ENA emission, (High pixel fluxes along
the top edge rom an instrument artifact.) (b} Same data
as la). array of pinel values. ic) Same as (a) but pixels are
smoothed.
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Figure 2. I 16 2000 storm. This 14
hour sequence s0 the distance from Earth
and viewing perspective atly. In cach instance, the

- n stems from low alttude murroring ions that

ge in the dense low altitude exosphere

Frewre 2 A substorm injection in the beginning of the main phase. ENA images at 30-50 keV

ia) before the onset. (b at onse
closer to Earth, as shown by the

* substorm injection

and (¢) after dipolarization. Note how plasma has been hrought
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Ring Current

. -60 nT
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main phase

developed Fig.3b

”;“: negative ~ 0

early recovery

asymmetry Fig4

positive

recovery

closed ? Fig.5

s 4 ENA images in the 39-50 keV range showing the enhanced convection leading to the
main phase of the storm: (a) before main phase, and (b) at main phase enhancement with IMF
B- = —60nT.

Frowre 4 ENA images of the ring current at 39-50 keV during early recovery phase. Note the drift
of the maximum from (a) wiby

'/2\ Fie
\_) current is closad.

v 5 The ring current at 3950 keV on 16 July 16:47 UT ilate recovery ). Note that the ring



Fig. 3 -~
- 16~27 keV
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Shultz and Lanzerotti [1974] (20 keV Proton)
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T'wo images from June 10, 2000 storm of ENA
al 39 o S0 keV. assuming hvdrogen  atoms
_ Over the 45 minute period between these 1mages
tiern rotates clockwise about the Earth by about 90

"L/ Figure 3. Sequence of images from June 10, 2000 storm of \1/i Figure
ENA emission at 16 10 27 keV (assuming hydrogen). Although cmission
the spacecraft moves within its orbit over the 1.5 hours i
covered by this sequence, the viewing perspective changes
litle enough that the gradient/curvature drift of the parent ion
population can he Tollowed. Over this pe the pattern
rotates clockwise about the Earth by ~ 90°. The rectangular .
scallops along the edges of some images are smoothing - Bastille - - 3~4Re =
antifacts equal in linear dimension w2 adjacent pixels + 2000/06/10 -- 6~8Re I E—%
(roughly the size of two pixels at this energy). Peak pixels 2000/06/10 Event

contain about 1K} counts

Example of Deconvolution of HENA Image at 21.5 keV on 6/10/00

2000/06/10 Event 2
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squatorial pitch angle distributions extracted from HENA images, See text for description and
f
of imapes



0600 - 0605 UT 1030 - 1035 UT 1?1 ~
c) P Zmis
+a) &b) MM s %
¢) & d) MM IZ injection 2 =
o = 06
* radiation belt R IZIRMIL ik 8 '
1 o
o
ma 00
o g -
a2 Z
&9 200 o |35
c 2 g M0
< q00 £
Y 3 25
(ST 8
T a 20
a < o
$& gl 5
=
E -100 o
L i x
g 200 e " it T " : 3
-300 10
uT 0 8 12 18 24
2000/07/26 Event R[R.] 36 7.0 6.6 48 B
L 3 104 104 15 12.4
8.7 39 105 5.1

.(3 MLT 4.7

o

[zH] @ noo oy

240
6.83
B4
3.8

180

80
483

(TR
e

-+

oo
801
14

L
= A SZ - 2L AZL-G ASHE Z- 1 . e o o
i g2 8 8 § 85,9
™~ [ g}

2000/08/12 Event A




2000/08/12 Event 2

S il
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Deconvolution of MENA Image from Aug.

Fig. 2 Equatorial pitch angle distributions extracted from MENA images in four different energy intervals. See text for

description and interpretation of images

) '
ey

2000/05/23 Event

J

N

L i +— Lagged
20:00 20:30 21:00 | BTN Aux Fd

1924 UT

@
2
=]

L

L]

#

"t .

u =+

S| q

e oi

=2

=

L.

L]

Q

e |

2.000

ICS\,' Plate 1. i The mterplanetars magnene feld measured by WIND thy the observed ENA images | =50 kely



() 100F ' o | : ” 2000/05/23 Event 2
a) 1)
3 = F

40 : ¢
2 __.J'l_-J“‘_l_—LL\_,l-lr e e

17:00 17:300 18:0( 530

PCP(kV

jcnT sec str k¥

2000/05/23 Event 3

100
S 80F -3
T e0f E
[CI 1] = E
= o0E oo
Polar Cap Potential DE B TIRATES - - ol — o A

E lape=e time chonrn

Steady convection

i Variable convection
6

Figure L Drifl trajectones of protons s ith magnetic mement of 6 030 ke\" n T iequatenal piich angle of 207 (257 amd energs
ol 2005 3 keV at LS oo 1 et panel shos < the trecionies inthe steady PCP of 200 k8 Right panel the tragectories i th
vanable convection electrie field that 1= the POP mereases from 20 kN 1o 100 KV anthe clapse nme of & honrs The histon
Gl PO wsed e the caleulation 1= shown m the ep panel



2000/05/24 Event | guck Brir(e) | dusk BV | dusk DHELME) 1 dusk BL\d)h)

(b) 24 may 2040 UT (c) 25May 113207 (d) 26 May 0042 UT

LOG FLUX {emZ srs)!

1.0

T T
[
i i 2000/05/24 Event 2
o — ~
(]
I E
[ ]
[ 4
[ E
o i o
F 1 E
N 11 ]
20 ¥ :
o 0 N
ank i 3
—apk HoH _.J NOAA/POES PROTON PRECIPITATION o
12:00 00:00 12:00 00:00 12:00 00:00 12:00
23 Moy 24 May 24 Moy 25 Moy 25 May 28 May 26 Moy
Figure 2. The interplanetary magnetic field. Vertical solid
nes are the tmes of ENA obseryvation The vertical

ted Time s the tm .
NI IAA |I| 'l ~ it L 1 1 ksl (1} ] ni :' v‘-\. %
&
6. The dasl . & [ in-siu measurement b & £
SCI+ Pal » I : I I % 83 5
1 ! ™ eu -+ o [
[ s A 3 :
&
P
£ _sof ]
d el
oo
=100 - e
= L-SHELL
DUSKESIDE
L ®
—1a0 Plate 6. I’ 0 nr nital . Lin ditterential ener
23 May 24 Way 25 May 28 May 27 May are v. on § I ! terential enereh
— flux detected by the NOAA POES Ihe horzonta
(5 2 B
"5/' white i mark the times of observatons m Plate 3. Stron
- L ) | } can t i early o1l 1
Fioure 3. The Dy ey imes of the ENA observatior :
ted ont



| dusk | dawn

L=4.3 MLT=19.4 MLAT=40.3

2000/05/24 Event 3

L=4.5 MLT= 7.9 MLAT==-17.8

108 T T 105
(@) . (b) ﬂ
- + F o iy ]
= + i - ik +* 4
g'nh:_ g * gmu:_+ o Hon +
; * Y ; E_ex® * w
_ * »* | - LW L
POLAR / IPS I2&% PAD .3 I w5 '
3 104 = 1wtk
-Plate 3 (e)() O ML\ AS 2 s 2 f
(a) — (d) # I [ D430 v
1 L ey e e 107 S A J
0 30 0 90 120 150 180 ] L L] 90 120 180 180
PITCH ANGLF {DFG) FITCH ANGLF (DFG)
24 Moy 9.0 UT 24 Moy 11.5 UT
L=3.4 MLT=20.7 MLAT= 3&.7 L=5.3 MLT= 7.9 MLAT=-73.%
IU’F' T T T y 108 T T T
) @ . ,
P *, r ++ T+ + 1
Lo ++ L |
gml ++* & +e §105;+1—++
" | - +
* - ;k"“i -] » - +
5 I3 g -
= 10* E = 10t
@ 2 .
t E
.: k*um¥ LT
|U'J| P 1 L 1 I ‘0“ PR WP S ____I_._I_._.!_‘
. [ 30 50 %0 120 158 180 o S 60 20 170 180 18a
( 5) PITCH ANGLI (DTG} PITCH ANGLI (07G)
" 74 May 3.3 UT 75 Moy B UT

2000/05/24 Event 4

POLAR / IPS =& 4 PAD @fi%

REEH TENAZHE-BR

Fizure 4. Pich angle
vat Dk spde tor the

LOG NORMALIZED ION FLUX

0.0010

B4, and ddi dawnside tor the 2

50 100

sotburtions (AL mapped ook

4

150

PITCH ANGLE (DEG)

vho P
Lo i 1

_X0G ENA FLUX (emZsrs)”!

st obtarned by the imagimg proton spectiometer onboard 1ol

A\ Tatl
ki tor the 24 W as and more peaked on the daven sl for e 25 Aan

24 May 112000 ]

45 dc Dk

tor the 25 May

 Note that AT are micre peaked around 9% on the

LOG NORMALIZED ION FLUX

100

LOG ION FLUX (arb. units)

150

PITCH ANGLE (DEG)

Plate 5. a0 Simulated FNA mmage Tor 202660 ket hased on the HENA obeenations on 24 Moy 0615 U

th The coueatorial protan disinbanon

e smulate the EN A image Protons wath

herwn i Plate Se

Note that the disinbanon

1= asimuthally svmmetnie tor this pitch angle cc1 The davside PAD wsal i the model and ddiihe mghtsude PAD vsed m the



ENAELR

= KH -+ Sunward
«a&c - dusk K
b &d -+ dusk &/

2000/05/24 Event 5

(a)
L T “[Maseers
| (a)
“ 4
'
l -
4 L3 2
’ & &
/ i
& ! 3
=
®)
= Plated. LN images from il in €
I'Plate 3. Da 1 dients in the ens-
| i1 mark that a more diffuse
I 1 and bold. dashed lines mark that a shary
eradient was found Nee also Figure 6 For equatonal may
These comtotins
B L
&)
Figure 6, 11 i hir uatorial Irac ing 1w plasmasph radient Plate 4 The bold
yarks the sharp eradients and the thin plu arh | I radients found in the plasmasph i !
Frowm albw the north paode amnd et the lett i each hgur

Filling of loss cone
and precipitation

2000/05/24 Event 6

X x

)( seen by NOAA
x j plasmapausa
Xx location from EUV.
¥ &
(e) / »
s
/
% x
: s (a)
z x (b) Fresh isotropic
/ ):( ions.
<
A - *Fx ‘_;xx.._

X
x X%

LOS

=
)
Figure 5. 5
dilterent ENA Hux 1OS | ginve EN

More isotropic.
Due to radial
outward transpaort,
or, old population?

\lR =V Ccos R

scattering towards
loss cone for u-up.

rounded by
conservation

of 1st invariant.
Excites EMIC waves
off aquator?



GEOPHYSICAL RESEARCH LETTERS, VOL. 28, NO. 6, PAGES 1151-1154, MARCH 15, 2001

(1) Imaging Two Geomagnetic Storms in Energetic Neutral Atoms
D. G. Mitchell . K. C. Hsieh’, C. C. Curtis’, D). C. Hamilton®, H. D. Voss®,
E. C. Roelof’, P. C:son-Brandt’
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% Global IMAGE/HENA observations of the ring current:
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interaction
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Rapid decrease of the dayside fluxes (Plate 1)
— simulation by Ebihara and Ejiri [2000] (Plate 2)
— PolarCap Potential DEBMNEFE S ? (Fig. 1)

- 2000/05/24 Local time distribution of the ring current

ENA (Plate 3) / EUV (Plate 4, Fig. 6)
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— simulation (Plate &)
— Fig. 7



