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[Klimushkin+, 2021]

Brief background

*Ultralow frequency (ULF) waves in Pc4 (45—-150 s) and Pc5 (150-600 s) bands are
eigenoscillations of terrestrial magnetic field-lines responsible for large-scale energy
transfer throughout the magnetosphere
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‘Toroidal and poloidal waves are Alfvén waves excited by external and internal sources,
respectively

*Compressional waves along field-lines occur in ULF range as well, but rarely

*ULF wave-particle interactions are of a special interest



What is this study about?

Statistical analysis of ULF waves observation in the magnetosphere
by Arase satellite in 2017-2020 [Rubtsov+, 2023a,b, JGR]

Details:

Spatial distribution of occurrence rate and wave frequency of toroidal, poloidal
and compressional waves during disturbed and quiet geomagnetic conditions

*Searching for separate clusters of ULF waves according to its average
polarization that might be connected to a particular energy source

*Polarization change in time or space. Future direction in ULF wave study



Spatial distributions

*3 observations of all MLTs in L = 4-10 of the magnetosphere in 2017-2020
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Spatial distributions

Latitudinal distributions:

*Higher harmonics of toroidal waves
*Odd and even harmonics of poloidal waves
*All the compressional waves near equator
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Polarization features
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Single cluster without separate groups of toroidal/poloidal waves
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Polarization features

[Kozlov+, 2024]

Polarization change during single spacecraft pass: space or time effect?
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Polarization features
Polarization change during single spacecraft pass: space or time effect?

Theories support both scenario, but statistical study is necessary to confirm
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Polarization features
Polarization change during single spacecraft pass: space or time effect?

Theories support both scenario, but statistical study is necessary to confirm
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Polarization features
Polarization change during single spacecraft pass: space or time effect?

Theories support both scenario, but statistical study is necessary to confirm
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Polarization features
Polarization change during single spacecraft pass: space or time effect?

Theories support both scenario, but statistical study is necessary to confirm
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Conclusions

‘Toroidal, poloidal and compressional waves have clear difference
in spatial distributions

‘No separate clusters on polarization diagram
‘Mixed transverse polarization is the most common
Polarization change in time and/or space is proposed as a reason

*Wave-particle interactions are affected by the polarization
change due to the azimuthal electric field
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Thanks for your attention!
Contact: avrubtsov@iszf.irk.ru
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SME and SYM-H distribution in 2017-2020
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NSW-GDP model verification

9 — 12
7 A4
. o8
8 ] . 7
A
. 74
7 | . g // / ,’r 9
/’ e 2 rl
6 A //
o ] PR “:"/e . L
T 5- R
E 1’ . / ..'// : —6
. 4 - VIR 0% ;< iE AT
/ L
- 1 , P /.: i . / X ’ .
3 _ /l /7 : : .;';({- * : i
1 1’ /s /e 1'/:- )’ :
1.7 - A -3
24, y 8,
1, FO L
14 ARy
. N = 3503 .
b / //
0 — T T - T T T 0
0 1 2 3 4 5 6 7 8 9
Lpp(ne)

s3uISS0ID JO “wnp

max(SIVl E)[—18,—1]7 nT

March 2017—March 2019

N = 3147

1000 2000 3000 4000
max(AE)[_1g1, n'T

144

108

72

36

SIUSAD JO "WN



Wave selection

*Peaks in spectra

‘Large enough amplitude for at least 5 periods

(a) (c) e

2 A 20 4

D‘é‘l [ 1
Z 0_% T 01
N el 4

27 201

2 0o -2 -4 (d)

8 ==
(b) 20 ==
6 - 'Em O—-
Bl -20 -
o
= .24 T T
g o=
> . (e) ool =
)—
[
24 5

,O—
e -20

T T T T T T T T T

|

T T T T T

L
[ ]

2 0 -2 -4 -

Xsms Re lLJT 15 49

17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00
65 62 57

1. ©

~

Agp(br), nT

Agp(bs), nT S

App(by). nT =

0 5 101520 25

f, mHz

05nT

--10.5nT

A -[o5nT

— T T T T T
21:00 22:00 23:00 00:00 01:00

17



Arase observations coverage in 2017-2020
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Interplanetary magnetic field

‘Perpendicular or parallel By/Bx to the magnetopause affects ULF waves?
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Toroidal waves summary
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Compressional waves sumnrary.,. ©

sz. km/s

Night
MLT € [21,3] hrs

(d) Dawn
MLT € [3,9] hrs

(€) Dusk
MLT € [15,21] hrs

90 90 90

8 4 60

10 30
12

14 22

16 20
18 -90
Occurrence rate Occurrence rate
0.00 0.02 004 0.06 0.08 0.00 0.04 0.08 0.12 0.16
# of events (9) # of events (h)
800 20 2000 T ‘ 68 180 16
1 1
700 ] [ ] I
15 1500 + I 51 = 135 12
600 - ] Fo Jo3) "y
= ] ' [ | P 2 o
500 - 10 i 1000+ g ! 34 = 90 8 o
= ] 1 ] g
v IS =
400 1 1 @ »
5 500 1|7 I a5 4
300 ] ]
200 . i . 1 0 e 1 0 0
-20  -10 0 10 20 -200 -150 -100 -50 0 50
IMF Bz, nT SYM-H, nT




Average wave frequency on L-MLT diagram
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