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What is "wedge-like dispersion” / What is the problem?

[count]
100

[KeV]
30 40
10 20
10

- B
I |

Viking data, orbit 1147 (86-9- 18) H

R r’::h, g
T

i

Hur

Jl”“

0.1

—

ut 08.16 08.19 08.22 08.25 08.28 08.31 08.34 08.37

H(km) 12937 13067 13182 13281 13365 13433 13486 13524

I-LAT 56.9 57.4 58.0 58.5 59.1 59.6 60.2 60.8

MLT 1.18 1.18 1.19 1.19 11.19 1.19 11.20 11.20
11 MIT

[keV] CIusterICIS CODIF data, 2001-8-21 12LT, SiC-1

log JE
. ‘6.0
'iJTJIJ n w “fjJi.“ “'!JL '
| ) . 1 ! 65
. eas vard drlﬂm
R 2.0
9.9
L] — 40
UT 02:20 02 30 0240 0250 03:00 03:10  03:20
ZGSE 0.3 2.0 3.1

R 44 4.6 3.0

.1 [count]

| 'w i W‘m H’!m ihh H

Sub-keV trapped ions seen almost all
satellites at around L=4-6. They are wedge-
like energy-latitude dispersed as shown In
both Viking data (mid-altitude) and Cluster
data (equatorial plane). See Poster
XY0868 by Yamauchi and Lundin in this
session.

Data analyses and simulation confirmed
that they are drifting trapped ions (l.e.,
Cluster should see the same phenomena as
Viking). Past analyses raised two main
questions.

(1) Past identification of "wedge™
observed by Cluster was in-appropriate
because the resultant distribution does
not agree with the simulation or other
satellites. We need to refine the criterion.

(2) Past statistics suggests that the
source can be in the morning sector
during substorms. We need to identify
the source location from event study.



Cluster CIS/CODIF  S/C-4 New criterion and statistics
(a) 2001-8-28 (b) 2002-1-22 (c) 2002-11-20
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Cluster-CIS “wedge” observation)

Past criterion: completely isolated from > 5 keV ring current. 70 49 62 64 76 T2 82 77
= Only (a) is identified as "wedge" but not (b) or (c) ™ TF

New criterion: isolated from > 5 keV component at the wedge £ TR 1] [

location, as long as wedge is extended from sub-keV. i C
=> All of (a), (b), and (c) are identified as "wedge" < 50

New statistics shows morning peak, which is consistent with M,_OT' 0 3 6 9 12 15 18 21

the other statistics and simulation. B clear (beyond cavity) [ quiet
[ clear (inside cavity) [0 weak



Cluster 21~22 October 2001
Case Stu dy CIS/ICODIF energy flux & RAPID flux

We confirmed the morning peak, suggesting
that a substantial amount of the wedge might
be formed in the morning. Pitch-angle
distribution suggests the ionospheric source
(also consistent with morning source).
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We have several possibilities in terms of the f o
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(A) Strong electric field push ions quickly.
(B) Energetic ions precipitate and scatter
lonospheric ions into the space.

(C) Unknown local energization process.

SIC-4
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Integral flux

=> Need to find events when the wedge is

formed during substorms. We found one | 5 : : 989
case. Wedge is seen only at outbound. . -2 . . 4.74




SIC-1 10 o

S04 /

E-li180° //
2001-10-21

23 30 23'40 23'50 OOEﬁJ 00 10 00:20
SIC 110

23:40-24:00 UT

i3
=101
o+
=20
T L
; (N " 1}
X : : . 215 1.94
Y o 343 349 373 -355 -3585
i Dﬁs 127 207 245 S/ C 4Yes
D 444 449 464 473
n m l
SIC-4 10 |
5= log JE |
R 69
=t 01 65
3t 180° = 160 |
; 90° | 55 1
S mroim s
23 30 2340 2350 OOEID 00 10 00:20 |
SICC4 10 - logJE
2= 18 . 69 !
£ ;ﬁ 65 - B |
:"001 6.0 X 308 299 288 275 259
=+ 180° A5 Y 285 500 -313 -323 -337
20 Z -095 -053 -010 033 076
3:{90 5.1 D 430 426 425 4925 428
o &0

Relative spacecraft position



Observation summary time-of-flight principal

S/C-1(23:45 UT), S/C-4 (23:50 UT), and V1 =VE-VB ~VE @ 0.1 keV
S/C-3 (23:40 UT) passed through the same V2 = VE-VB << VE @ 10 keV
magnetic flux tube at 9 MLT (L=4).

0.1 keV

Wedge-like dispersion at 23:50 UT. t ¢&——— V1 ~VE
No low-energy signature at 23:40 UT.
10 keV

Butterfly-trapped distribution t+ A\t ¢— ¢— ¢— ¢— V2~ VE-VB
= Bounce inside the geomagnetic bottle.

= Difference between 23:40 UT and V1*t = V2*(t+At) or
23:50 UT in the same flux tube means (t+AY)/AL = VA/(V1-V2)
an temporal variation although

observation is made in the opposite ~VE/NB (note : VB@10 keV)
hemisphere. = (E/B)*(q*R*B/3*W*g)

VE: eastward ExB drift speed = energy ~ E [mVim]/g or

iIndependent, MLT dependent t = At*E [mV/m]/g - At

VB: westward magnetic (V|B|+curvature) o observation near equatorial plane, where
drift velocity = energy dependent E and B are the field strengths,

VE >> VB at low energy (<100 eV) and VE q is the charge,

~ VB at high energy (value depends on E- R =4 RE is the geocentric distance,

field strength). From dispersion curve, the W = 10 keV is the ion energy, and
last-coming ions are 10-20 keV. Therefore, g~1,0.9&0.7 for 90°, 40° & 0° pitch angles
VE ~ VB at 20 keV in the present case.



Dispersion ana|ysis = Cluster EFl data, 21~22 October 2001
2 5,13mem}ﬁjj -----
Pitch angle of the "wedge" is about 40~90° ' ,| [l === ]
(g=0.9~1.0) = t < (1.1*E[mV/s] - 1) * At T . Gl Ak oLk R
_g '*z:g; AAr Y R Ui |'| I i 1)
Electric field is 1~3 mV/m for half an hour & 2% & L0 L E ST O F‘
—t=0.1~2.3*At & VE=3~10km/s 3 4
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(a) 0-1Nk?r\]/_ @ 23:2530-4%TU f/ %/2} - . minute from 23:00 UT  — S/C-1 =~ S/C-3
== Nothing @ 23: , S/C-3 temporal chance o yhe other hand, we observed O%
(b) 10 keV @ 23:53 UT, S/C-1 "wedge" at 0.05-0.3 keV (20 km/s ~

<= Nothing @ 23:40 UT, S/C-3 : temporal change 50 km/s). The 0.05 keV O+ takes

(c) 0.1 keV @ 23:50 UT, S/C-1 20~30 min to travel from the

_ 4. ._dlonosphere to the Cluster location
== 10 keV @ 23:53 UT, S/C-1 : temporal or spatlalalong B in best case. From this:

Combination of (a) + (b) : it is temporal change L. N
— At <13 min = t < 30 min before 23:40 UT 1) Source fiming 15 aBoul 20759
— drift distance = VE * t < 20000 km min betore, 1.e., at 29 ' '

=> dispersion started at 7~9 MLT. (2) The combination (b)+(c) cannot
Combination of (b) + (c) : if temporal be true, i.e., the observed dispersion

= At ~ 3 min = t = 0.5~8 min before 23:50 UT  is mostly the spatial structure.

=> drift distance = VE *t = 100~5000 km

= dispersion started at 8~9 MLT. (3) O+ should not have mirror-
bounced, and this is confirmed from

nearly uni-direction pitch angle.



General context (deduced from ENA image)

ENA image indicates

(1) strong E

(2) No energetic H+ in the
late morning sector

(3) qualitative difference
between O+ and H+

. . .
HENA=H 22:59 UT DOY 294 2001 HENA=H 23:09 UT DOY 294 2001 HENA-H 23:50 UT DOY 294 2001

27-60 keV HYDROGEN

Strong E = scenario (A)
in the Table:

lons < 10 keV could have
convected to the morning
sector quickly without
forming the dispersion.

post-midnight preference
= §trong E (could be ~10™
Ne

No energetic H+ =
difficult for scenario (B)
in the Table unless
electron is important

60-119 keV HYDROGEN

H+ - O+ difference = At

least O+ wedge can be
formed local

138-264 keV OXYGEN
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Summary and conclusions
Cluster statistics (9 MLT) shows that :

(a) New identification criterion works (for Cluster).
(b) Local time distribution suggests the morning source.

(c) Pitch-angle distribution suggest ionospheric source (consistent
with morning source).

Case study from 2001-10-21 event (9 MLT) shows that

(d) The "wedge" suddenly appeared in the magnetic flux tube in which
no signature was recognized 10 minutes before.

(e) The dispersion is formed within 3 Re distance from the spacecraft
within 30 minutes before the observation.

(f) Observed oxygen ions of the "wedge" were not mirrored, i.e., they
directly came from northern ionosphere 20-30 minutes before.



