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Some Background on Auroral Beads

TREx RGB

Athabasca, AB, Canada

Auroral Beads are azimuthally periodic enhancements in auroral emissions
along a pre-existing arc that develop into periodic spirals/vortices followed by
auroral breakup.

They are observed prior to >90% of substorm onsets (Nishimura et al., 2016).
and are therefore a key mechanism in substorm triggering. Both eastward
and westward propagation beads are observed with eastward propagation
more common.

https://data-portal.phys.ucalgary.ca/archive/trex_rgb/

TREx RGB

Athabasca, AB, Canada

Many studies have shown an association between Pi1-2 (10-100 mHz) ULF
waves and auroral beads/substorm onset (Elphinestone et al., 1995; Smith et
al.,2020; Lessard et al., 2011; Rae et al., 2010, 2014)

Tian et al. (2022) presented Van Allen Probe (RBSP) observations showing
auroral bead emissions are due to electron acceleration via Kinetic Alfven
Waves (KAW) in the equatorial inner magnetosphere. These KAW were
accompanied by a 15 mHz Alfven wave.
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Auroral Beading and Intensification Event
Observed by the THEMIS TPAS ASI on July 25, 2016 at ~ 05:10 UT
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Time Series 05:06 — 05:24 UT FFT .Spe.Ct.ra.
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Time Series 05:06 — 05:24 UT FFT Spectra
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Time Series 05:06 — 05:24 UT FFT Spectra

1'0 Il T : T J
I
83 = 0.8 :<_i_ 10 mHZ
oy 2 |
£ o : |l 1
. b S 06 1
TPAS Intensity 807 £ i i +—— 20-23 mHz
£ =
-35°mlon, 62.5°mlat ;5 , Eoul| i E ]
> 2 i :
7 8 1
:l:_-z 6:5 & 0.2 ! : g
04 I :
0.0 Liu L AR, £ L
0.3 i i °© s b5 2FI qz(*:>m'_és)cv 35 40 45 50
1000- ’ ' ' J ' 4 40 [T ‘i""l" |= UIRSARE RARRE RAREE LARAE RERRA
N 7 1 1
L ] 1 1
&~ 500( — I : 1
S C ] sof |} i :
. ~ - E 1 1
SAS LOS Velocity > & = | i
o r . S 1 ]
Beam 6, Gate 4 2 - g s 2of i : 3
-39.8° mlon, 63.5° mlat £ -soof- . & : i
g L - 1 ]
4“) C : 10 L : _:
@ —1000 - i
—1500L . L . : . L . : - . ] 0o 5 1}0 Freienzcsy (332 35 40 45 50
L ! " T ] : .
1000—_ __ 1.0 T '="'|' |: LR R R B R S
1 1
L i ~ ' : ]
- s 7 0.8 1 I .
800 |- — T | :
: 2 i ] g 1
CVE LOS Velocity j@ - . Tof 1 ]
Beam 10, Gate 27 By SO0 ’ 2 !
006 ] [l
-39.5°mlon, 59.4° mlat 52 [ 1 Bosfl |
400 |- — 3 :
i ; !
| _ » 02 I
200~ . :
05:06 ‘ 05:72 ‘ - 05:18 ‘ I - 05:24 - \-JM A:Al 56 35 25 35 46 45 5o

TIME (hOUI’S UT) Frequency (mHz)



TPAS Intensity
-35° mlon, 62.5° mlat

SAS LOS Velocity
Beam 6, Gate 4
-39.8° mlon, 63.5° mlat

CVE LOS Velocity
Beam 10, Gate 27
-39.5° mlon, 59.4° mlat

Backscatter Velocity (m/s)

—1500

5

Line—
Veloc

Intensity (normalized units)

—1000

Time Selries 05;06 - 0|5:24| ut

—_
o

=2 o 2 2 9
0 o N o0 ©

=
N

<
[

Initial wave 5:09

PN T T O T (T

1000

500

IIIIIIII

—500

Illllllll]lllll

IlIIIIIII]IIII]IlIIIIIII

1000

800

600

) LA "IN ] O o S

400

T T T

200

IIKIIlII!IIIIlIIIII

05:08

05:12 05:18 05:24
TIME (hours UT)

Spectral Power (normalized units)

Spectral Power

SPECTRAL POWER (normalized units)

FFT Spectra
T ]

«—— 10 mHz

]

0.6

+—1 20-23 mHz

T
1
1
1
1
1
1
1
|
1
|
1
1
0.4 1
1
1
1
!

1
1
1
|
1
|
1
1
1
1
1
1
1
0.2 1
1

0.0 L

i PHEh A
15, 2 25 30 35 40 45 50
Fleq (mHz)

40 [T T T T T T T T T T T

N
=]
T
e e e e e e e e e e

[o} O B A

o] 5 1:0 25 30 35 40 45 50
Fre ency (mHz)

1
T
1
1
I |
0.8 1 i
1 1
1
1
0.6 1
1

0.4+

HIRPLOIRETT Y o s iz - e
o] 5 10 '|5 20 25 30 35 40 45 50
Frequency (mHz,



Time Series 05:06 — 05:24 UT | FFT .Spe.Ct'ra.

1.0_ : : T q T T T T T | 1.0 i J
9+ 1 1 e I
20T R Initial wave 5:09 goofl 1+ 10 mHz
= 5 1
eor b V\ ] : ]
TPAS Intensity B ool o : | «—— 20-23 mHz
= 1o Vortices appear 05:10 < '
-35° mlon, 62.5° mlat & B - PP 2 ouf i
2 11 7 g |
2 05 1 = B I ]
= L 1 1 ] : 1
0.4 Al N I
0_3_ : : i ‘ : ] O'oo s 1!0”“15 2F‘ qz;sr'nHi)o 35 40 45 50
1000 I L : :
= | | - 40T ‘i"'l' TR T E I T RG]
r | | ] 1 1
B 1 1 -} 1 : ]
% 500 1 o : I ]
S B 1 1 N 30 I : 3
H s N = 1
SAS LOS Velocity = ,f oy e Lo
Beam 6, Gate 4 e | | : gob| 4 |
5 - 1 g H ]
-39.8° mlon, 63.5° mlat £ -scof- Lo - & I i 5
S - o . offl] (W :
™ —1000 |— 1 — I
C 1 ]
C 1 1 ]
—1500L E E : | : ] S “?) Fre%ezg’ (331 35 40 45 50
L . 1
1000 : : _ 1.0 '="'|' : L3 2R 20 R EEA PASSE 02 ZAD RIS
i o : Lo
800 | : : . gos : i
. = - 7 3 !
CVE LOS Velocity 3 | o ) Soll 1 i ]
|7 5 1
Beam 10, Gate 27 [ (I 7 < E
-39.5°mlon, 59.4° mlat 52 [ o 1 Bosfl |
b : A
B 1 1 ] g o.2ff :
200 — : : — |
LI | i i A 1 0.0 Ladnesd

o
ol
)
~

05:18 6 5 10 15 20 2530 35 45 so
TIME (hOUI’S UT) Frequency (mHz)

Q
o
o7
o
o



Time Series 05:06 — 05:24 UT | FFT .Spe.Ct.ra.
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FLR Analysis
Spectral Power and Phase Profiles vs Latitude at 10 mHz and 20 mHz

Localized Power and ~180 Phase Variation Versus Latitude == FLR



Intensity Amplitude (normalized units)

FLR Analysis
Spectral Power and Phase Profiles vs Latitude at 10 mHz and 20 mHz

Localized Power and ~180 Phase Variation Versus Latitude == FLR
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Intensity Amplitude (normalized units)

FLR Analysis
Spectral Power and Phase Profiles vs Latitude at 10 mHz and 20 mHz

Localized Power and ~180 Phase Variation Versus Latitude == FLR
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FLR Analysis
Spectral Power and Phase Profiles vs Latitude at 10 mHz and 20 mHz

Localized Power and ~180 Phase Variation Versus Latitude == FLR
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FLR Analysis
Spectral Power and Phase Profiles vs Latitude at 10 mHz and 20 mHz

Localized Power and ~180 Phase Variation Versus Latitude == FLR
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Intensity Amplitude (normalized units)

FLR Analysis

Spectral Power and Phase Profiles vs Latitude at 10 mHz and 20 mHz

Localized Power and ~180 Phase Variation Versus Latitude == FLR
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RBSPA Observations

RBSP-A-RBSPICE_LEV-3-PAP_TOFXEH

RESP-A  Lev—3—PAP>Level 3 by Pitch fngle and Preasure TOFxEH>Time of Flight v= Energy of Hydrogen
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RBSPA Observations

RBSP-A-RBSPICE_LEV-3-PAP_TOFXEH
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RBSPA Observations
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Drift Resonance Drift-Bounce Resonance

Fundamental _ Second Harmonic
<+— |on Drift <— lon Drift

OE and dJ will be in phase OE and dJ will have a 90° phase difference

Q. Zong, Ann. Geophys., 2022



RBSPA Observations
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RBSPA Observations
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RBSPA Observations of a mixed polarization 22 mHz wave
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Pitch Angle Distributions

HOPE 15-21 keV Protons
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Energy Distributions Before (solid) and After (dashed) the 22 mHz Wave
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Energy Distributions Before (solid) and After (dashed) the 22 mHz Wave
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Energy Distributions Before (solid) and After (dashed) the 22 mHz Wave
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Summary

 Auroral Beads are high-m FLRs at frequencies ranging from 7-25 mHz driven by wave-particle drift
and drift-bounce mode instabilities.

O Associated with the standing Alfven FLRs are kinetic Alfven waves that accelerate the auroral
electrons producing the auroral bead emissions. ( Tian et al., GRL 2022)

[ The high-m FLRs have strong shear flow which results in the spiral bead formations and possibly a
shear flow instability which may be the trigger for auroral breakup and substorm onset.
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