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1. Pulesting Aurora, 2

Pitch angle scattering by wave-particle interactions

Pulsating aurora

* Monitoring all ingredients:

injection, density irregularities,
wave-particle interaction, auroral
precipitation
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Arase/ERG

Orbit:
-Apogee:
-Perigee:

-Orbital period:

-Inclination
-Spin period:

Particles:

Fields/waves:

Radiation belts Plasmasphere
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Ion (w/ mass discrimination): 10 eV/q - 180 keV/q (3D distribution function)

Electrons: ~100 eV - ~ 5 MeV (3D distribution function)
Electric fields: DC - 10 MHz
Magnetic fields: DC - 100 kHz

(DC-256 Hz: waveform, -64 kHz: wave burst)

WPIA (direct measurements of phase between electrons/ions and waves) has been operated.

Data & Analysis tool:

Data are available at ERG Science Center (https://ergsc.isee.nagoya-u.ac.jp/index.shtml.ja)
SPEDAS/PYSPEDAS are available for the Arase data and ERG-ground based data (ASI, magnetometer,
high-speed camera data etc).



Example of observations by Arase
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The Arase satellite can sometimes observe electrons inside loss cone (~100 eV - 90 keV), and discuss
how much electrons actually precipitate into the thermosphere through the pitch angle scattering.



Example of observations by Arase

Arase: PWE
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Arase observes 3-D distribution function every 8 sec (spin periodz_ and found the deformation
of the distribution function of electrons through chorus wave-particle interactions.



Spacecraft Orbits
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4 (Moderate) Conjunctions from Jul. 10 to Jul. 21
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5 Conjunctions from Aug. 25 to Sep
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Spacecraft Orbits

—AS[T T T[T T T[T T A [T T T T[T I T T[T
L - : _
L / / ]
—'10_ 7 __
- / 1
S ER ]
-5 poe -
[ i
g [ -
— B | | /| ]
z 0 L : | \.. .
R L | \ 4
o b ]
5 i oo : - S
o i ~ - 4
oy \ il b § i
B \ 3 4
ok CL -
N \ : ]
3 \ i ]
] T AV A A T AT SR NS FETEE
15 10 5 0 -5 =10 =15
XGSM [RE]
Spocecraft Orbits
_15 LILELELE AL T T 10 T 117 T T 17T T 171 |_
L s ]
L / Va :
=10 -
- / i
- / -ERG i & 5 7
N = IS
3 » 4 CL
@ o P ]
s 0 } [ '/. i
3 n N i
2 " THM
L A / ]
\ -
ST ~ P ]
- \ - |- i
SRR ]
1 : : ]
0'- \ N i
3 \ ]
15000 v o v v bv vy w by RN L]
15 10 5 0 -5 -10 =15
XGSM [RE]

T T T T T T T

~

15

/IIII
/ s

T T T

MO
CL3

THB
THC
THD
THE
MM1
ERG

Lo ]
Ciobd :
L \ N .
C ~ ]
L ~ m
=150 e oo N e by g by g L Ly
15 10 ) 0 -5 =10 =15
XGSM [RE]
e e @ 6 0 © 0 0O O 0 0 O ®
00 02 04 06 08 10 12 14 16 18 20 22 24 UT
20230828 2000-2200 UT
15 _I LELELEN IR R LB LI I T 1T LI MO
3 / Y -1 CL3
L / 1 HB
10 7 ] THC
B / 1 THD
L/ J THE
- / A 4 mm
sple THM = =
C ! L:
S 1% L ]
ot C./ - ! i 0y
1 H /‘\_ v
B - - ]
| - i i
-5 -_\ \ FR ] i
SR ]
C N X
—1of-nd e .
B AN N\i ]
C ~ ]
L ~ ]
=150 e v o I e by g sy L Ly
15 10 5 0 -5 -10 =15
XGSM [RE]
e e 8 6 0 0 6 O O © 0 O ®
00 02 04 06 08 10 12 14 16 18 20 22 24 UT

Spacecraft Orbits

_15 T TrT T T T 7T T T T TTrTrT L TTT I_

e : . M

L / i ]

pre -10f- ! —

pre L / ) i

pre r , e < ]

\erz v02 -5 : {/ 7 - \Dﬁ/g%: _:

—_ B | / -:n’}\ -?‘2/‘0 ]

g SN — (.ER ST .

= - .

T THM:

. L P N i 1

Footprint:  spo

Lo : ]

3 \ —n .

US-Canada o[- 5 St

F L ]

C \ 5 ]

SeCtor ] T AT PRI B A A RN 1 L]
15 10 5 0 -5 =10 =15

XGSM [RE]
Spacecraft Orbits

pre _15 T T T1 !/I LI ! T T T LB ! T T 17T ! T T 7T I-

pre L ]

pre 10- / /s _

pre = B / ‘ __

pre S THM 1

\pre 02 5[ / ! LA z % i

pre v - 7 - R A

- oA ]

% | / j&s\ % ]

ot (Pt

PR ERG = |

L A / : ]

. I N e .

. C HEN - |- : 1

Footprint: | AN :

. 10 —

Russia F ]

L \i m

Sector 15-I L1 1 \I 11 1 111 1 11 1 1 1 11 1 | 111 I-
15 10 5 0 -5 -10 -15

XGSM [RE]

20230901 0800—-1000 UT

15

T T T T TT T [T T 71T

[ /l L) MO
- / y - 4 CL3
- / {ﬁL 1 1HB
10 < THC
e A )
C / " 1 1D
L/ / ] THE
L \ 4 MMm1
A THM 1%
- Yy 1
E [ I A R ]
: ]
N o o 3 i
B iy ERG T
C AN ]
TN i
N .
L \ \ J
C ~ ]
L ~ .
=150 e v o I v e by g by g L Ly
15 10 5 0 =5 =10 =15
XGSM [RE]
L] L] L] L) o o <] o o o L] L] L]
00 02 04 06 08B 10 12 14 16 18 20 22 24 UT
20230904 2000-2200 UT
15 -l LI !/l Trr ! T T T A T T 1T TTrT 1T l T T 1T MO
3 / Y 4 CL3
L / 1 HB
10 ] THC
L / ] THD
L/ ; J THE
L f -4 MM1
S5 ff 7 Tl ljl Ve ERG
= - i — i%i .
- - (== ]
é 0 B | - "\’ |
N - B ]
5[ 1 LERG-pANAS
-10f -
N \ N i
L N ]
L ~ ]
_15 11 1 1 L1 1 1 L1 1™ B ] | T | 11 1 1
15 10 5 0 -5 -10 -15
Xesu [Rel
- L] L] L] o o =] o 2] o L] L) L
00 02 04 06 08 10 12 14 16 18 20 22 24 UT

lpre v02

pre
pre

pre
pre
pre
pre
pre
mpre v0



5 Conjunctions from Aug. 25 to Sep. 8

Spacecraft Footprints and Ground—Based Instruments 20230825 0800-1000 UT
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>3 Conjunctions from Oct. 13
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_15 T rT TTr 1T T T T.& TTrTrT T T T TTT I_
7 ;
L P ]
L / Vs i
—10_ 7 o
- / i
/ ~
= - | / m | i
&, B | s },\Qi{ 1
z 0 B ; | : \. K : " i
> - | ! / i :
L : \i | T ]
to - 1THM ]
Y e
F CL3
N \ ~ ‘ ]
1500 v o v v bv vy w by N RN
15 10 5 0 -5 =10 =15
XGSM [RE]
Spacecraft Orbits
_15 TTr 1T T T 1T T T T TT1rrr LI B TTT Ih
P
L e ]
L ! 7 _
—10 .
- / ]
/ ~
_5: I 7 = 8 :
R L ERG) ]
S o<
B ¥, § ]
o RN /3,%»”;” ]
sFroely M
AT ¥~ THM ]
o a o]
10: . 3 : : ]
B \; AN ]
15-| EFETE AYEN NI i ! |\|~1 111 ||r|i L1 |-
15 10 5 0 -5 -10 -15
XGSM [RE]

20231013 0800—1000 UT

15T T 77 TT T [T T 71T

[ /I T MO
- / - - 4 CL3
E ]

10 ] THe
L / 1 THD
L/ 1 THE
- / J mm1

5l y ERG
- 1

2 b - THM ]

= ok = =Ptz Cl

= [ | PV ES T——o . Lo

8 L a?\— — —]

N N % i -
A )
LoV i

_'I O -_ ...... } R ]
L \ \ J
L ~ ]
L ~ 4
=150 e v o N g e by g by g L Ly
15 10 5 0 =5 =10 =15
XGSM [RE]
L] L] L] L) o o <] o o o L] L] L]
00 02 04 06 08 10 12 14 16 18 20 22 24 UT
20231016 2000-2200 UT
15‘| LI /l LELEL T T Ta TTrTT TTroTrT TTrTT Mo
- / s < 4 CL3
10- / 1 B
I~ THC
-/ / CL 2 ] ™D
L/ J THE
- / 1 MMt
5 / ERG
E -

- | THM

&, ! o Ve Yop— .

) (Pp—=FF—]

S B
: ‘\ \ H 4 :
L\ \ i ]

_10-_ Y i
B \ N i
N N :
B ~ : i i
—15 11 1 1 Y I T 11 1°1 T | L1 1 1 I 11 1 1
15 10 5 0 -5 -10 -15
Xosu [Re)
- L] * L] o o Q =] o o L) L] *
00 02 04 06 08 10 12 14 16 18 20 22 24 UT

Spacecraft Orbits

re _15 TTrTT T T 1T T T T TTrTrT T IIII_
gre r // ]
v R :
e SN :
gre - / ~ 7T ~ _
lpre v02 -5 7
! N ]
¢ o U ]
— ok | 'd AT~
E IR N o ]
. F N ERG %Z:"” :
Footprint: S S ITVE
P L 7 THM
US-Canada - :
X N ] g1
SeCtor 15_||||\\|n|| AN S B A ||r|<_’|IT:?JT—
15 10 5 0 -5 =10 =15
XGSM [RE]
Spacecraft Orbits
pre _15 T TTr 1T Il/l.tr TTrorT TTrTrT IIII_
pre r - ]
pre -10} ,/ . -
pre S i ]
w2 A R e :
— 3 3 1
‘n—:'m :ll | F’, .f\ 59\1 :
: O — VAR §
= r! ' AR
Footprint: |\ i* e TV
. . CooN _'
Scandinavia™f " ) ]
- \ i
Or SyoWa 15-I 11 1 \I 11 1 11 1 -1 11 1 1 i i i 111 I-
15 10 5 0 -5 -10 -15
sector Yoo (R

20231020 0800—-1000 UT

15T 777 T T T[T T 1T

[ /l LI Mo
- / y < 4 CL3
F ] e
1015 1 e
B / 1 THD
L/ J THE
- / 4 MMt
Y RS CL ERG
E ;
= b - L THMZ
= O | C.‘ ~ .§°‘:H i
r\5|g Fl 8»—-7\7’ - =
-5 '__" _______ iy ER G § 7
SN ]
T N J
JRTY N ’
B \ \ i
L N .
| ~ p
=150 e o Iy e b e by ggy L1 L
15 10 5 0 =5 =10 =15
XGSM [RE]
L] L] . L] o o [+] o o o L] L] .
00 02 04 06 08 10 12 14 16 18 20 22 24 UT
20231023 2200-2400 UT
15 ‘l LI /I L ) T T Ta T TTrTT T T MO
- / y - 4 CL3
r / 1 1HB
10 - THe
L / ] THD
L/ 1 THE
- / J Mm1
5l ; ERG
- i
= | HM ]
o I T~ ER -
= oL == B
H [ [ == — -
8 [ [ g .
™ L ' C;él. - i
-5 F b I ]
Y ]
S CL ]
L \ i i
- |
N \ N i
N N ]
L ~ .
_15 11 1 1 Ll 1 1 11 11 B ] L1 1 1 11 1 1
15 10 5 0 -5 -10 -15
Xosm [Rel
- L] L] L] o Q =] o 2] o L] L] L
00 02 04 06 08 10 12 14 16 18 20 22 24 UT

pre
pre

pre
pre
pre

pre
lpre v02

lpre v02



>3 Conjunctions from Oct. 13
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Discussion points

* Conjunction events include L< 10
* |s it possible to extend SROI region toward inner magnetosphere ?
* Interest from ground-based community ?
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