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The Cyclotron Maser Instability: Wave-plasma instability introduced at Earth

§' amplifies freely propagating waves at
wce

| W = | k”’UH f-fce

Quasi perpendicular to B Wu et al. (1979)

Requires: 1
* Depleted magnetized plasma fce/fpe<<1

* Inversion of population for electrons of few keV = diagnostic of auroral acceleration

Magnetic

T e 2 main distribution types:

Lamy et al. (2018)

Saturn Kilometric Radiation:
radio auroral emission generated by the CMI

Cassini’s in situ radio and electron in a single source (2008-291)

Fundamental mechanism in plasma physics: wave-plasma instability Vo vl

Connected to Saturn auroral acceleration regions Loss cone => oblique emissions f> fce Shell => perpendicular emissions f<fce
E- loss by collision with atmosphere Generated by monoenergetic accelerations

Comparative planetology (Jupiter, Earth, Uranus, Neptune,...) Main source at Jupiter (Louarn+ 2017) Source at Earth & Saturn

Previous works

SKR source crossed by Cassini on

Jovian radio source crossed by Juno
2008-291

Source identified with f<fce

a) Distribution function

2021-02-21T18:42:46 Same generatlon meChan|Sm (CMI)

During a solar compression
Also located in upward FAC and connected to
UV aurora
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Upward field aligned current (FAC)

RPWS
Frequency (kHz)

Different source of free energy:

Distribution function
Log(s®. km~)

Unstable distribution: 6-12 keV shell

| Mt Far from Saturn (r ~5 RS) =>
mrrmvwm theoretical loss cone(5~10°) close to
angular resolution (5°)

102 h — DGH distribution CO”et et al (MN
. = e e Here both shell and enlarged loss cone

Mostly loss cone (Alfvenic acceleration)

Shell In 18% source associated with LC
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a) 2008-10-17T708:49:41 b) 2008-10-17T08:52:45 c) 2008-10-17T08:52:59

M t h d & R I t e ez Z2e Yic = 4.4E-04 yspey = 1.1E-02
0.3 : : _ ] , | e
e O S e S u S o029 . 9 \ i
. . . . . . \ 4 ... » -... , o. - . ....

Frequency (kHz)
Z antenna
(V2.Hz™1)

Spectral density

0.1 A

0.0 T I...-. T T T T ..I. T

\ " H H ‘ }‘ I‘ M W\‘ } | ||||"i|| : llll l| |I . [ . = =

'ﬁ o wi* (8 et o ldentify regions where no instrumental shadowing and pitch angles > 420081017 108.5301 2008101 7T0853.07 oot o ss
L e i '| H it L | R 170° are sampled (83 measurements) |, Y= 3OE0 vy 222603 Yie =4 6E-04 e BOE 04 ey = 12602
| “l III | Hlll Il| IIIll’II lll1 lHll’l II Ii II [I H | I }\I“I I | “‘ | 1‘ : : ._' .' : :’ . / - : RS
| llh IIII‘ 1L I“'T'IIWHII | }IH(‘I‘ ,”I" | III"| “ n {l{h

A RN | B 1R .« |dentify by eye empty loss cone (6 measurements) 102| M .
R * Compute the CMI growth rate using Collet et al. (2023)’s method I Ty \ | W

il 03 —02 —0.1 00 01 02 03 —02 —0.1 00 01 02 -03 -0.2 -01 0.0 01 02
| \‘M‘ I i - v||/c v||/c _vylc
1R e o) TR 20 -10-5 -1 0 1 5 10 20 -10-5 -1 0 1 5 10
i I

ST
HW: J\ ‘ Hl H’” ! ‘\,H\ : I e Ey (keV) E (keV)

—20 10 5 -1 0 1 5 10
‘ l \ ’ I l Hl E" (kEV)
| LI

IH’| I|II|(|III1‘I III|I |II ‘L |IIJ:I|II| IH|HHI \I | il

H”"MI Depletion Depletion YL Yehetl | Erc Egpen | Awpe  Awgpey | Beaming

u | I\‘\I‘ ||||i H'lﬁ\“'l J|||||);”|| Ml’ﬂ'f "|ﬂ+'|'|"mu W K(q‘nwi: Ihm ||||||1 [l ,‘ ' Illl:l:l ”” \ \ :' : \ :”I |||\|I Time Aperture (i25°) Factor (X10_4) (X10_3) (keV) (kGV) (%) (%) angle LC (O)
2008-10-17

e 08.19:11 6.7 6 2.1 15 | L6 16 | 03 03 85

1 2008-10-17

i \v/ Unstable 0.3-8 keV loss cones seen on 6 occasions st . - ! !
gl

=
o
o

)
o
o
o

=
o
o

2008-10-17

Associated with unstable 0.3-8 keV shell on 4 out of 6 cases 08:52:50 115 ? 1 89 45 | 1T 7
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LC seen simultaneously with unstable shell
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