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PP Between Switchbacks

Switchbacks
- localized reversals of radial B
- Perhaps the most unexpected
large-scale solar wind feature

<55Rs?

In this talk, | will do something
extremely controversial with
regard to switchbacks:

k)

2
—— Magnitude — R — T N N nt ez .
107 10~ 10~
- Aot o i Ml i Bt DI Eh YiFv~ ‘r..-;"l
(a)

i:' 60 1 B ﬂ \
c "WWW"'“\J I'VW f v -
- 07 A Uad L W i e
S
D _60

A l VI MWM A Mn'mllMW~ po—, A . psts - W

(b) 400
o 75
£ MR LA >
x 50 w‘w./vVV\A/\Nv‘ VAR A WMM',\Y W
Q
= 2

v \ J
Y Ay J
W\ML\X;MMMMVW_ 200
bl e e e s e GRS e R e T G
P T iim B e aEm e ¥ ewer o 7 e UR

00:00 00:50 01:40 02:30 03:20 04:10 05:00 05:50 06:40
time MM:SS starting from 2018-11-06 11:41:09

Fig. 3. Switchback example. a MAG magnetic field data, b Proton velocity, ¢ Trace Spectrogram from the SCM waveform, d Proton density, e
Proton temperature. Leading and trailing edges, respectively, are located between the first and second pairs of vertical lines.
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PP Between Switchbacks

Switchbacks
- localized reversals of radial B
- Perhaps the most unexpected

large-scale solar wind feature
<55Rs?

In this talk, | will do something
extremely controversial with
regard to switchbacks:

| will not talk about them!
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Fig. 3. Switchback example. a MAG magnetic field data, b Proton velocity, ¢ Trace Spectrogram from the SCM waveform, d Proton density, e

Proton temperature. Leading and trailing edges, respectively, are located between the first and second pairs of vertical lines.
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<P The Quiescent Solar Wind

Quiescent wind regions show:
- ~10x lower turbulent amplitudes (Dudok de Wit+ 2020)
- Lower-frequency turbulent break point (Dudok de Wit+ 2020)

, 0. '||H[ L 'Hl“]lr..” - |1
- Magnetic field closely aligned with the Parker Spiral (Malaspina+ 2020) ey T b h J h
- Stronger / narrower electron strahl (e- that escape the corona) e ———

Quiescent wind regions contain:

- The solar wind least evolved from
coronal conditions

- Intense plasma wave activity near
electron cyclotron frequency (fce)

UTC 07:40:00 07:50:00 08:00:00 08:10:00 08:20:00
Rs 36.78 36.79 36.80 36.81 36.83
2018-11-07

Malaspina+ 2020
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Malaspina+ 2020
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Intense plasma wave activity near
electron cyclotron frequency (fce)

- Common in quiescent field regions
- long-lasting (min to hours)

- only appear < 55Rs

- Electrostatic (to SCM limit)

- Peaks < fce

o> Near-fce Waves in the Quiescent Near-Sun Solar Wind
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What drives these waves?
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<P Burst Mode Observations

For burst interval:
A~ 1.8 m
Pe~ 98 m

fee ~ 4,200 Hz
foe / fce ~ 52

~3.5s @ 150 kS/s
burst capture

-7.0
-7.8
10000 £ e el
________________________ IS 95
o
! '8'» -10.3
1000 E -11.2
é . L Lol -12.0
150 & s %IT\,\AW___M.NW_____
= 1005_ T —é FGM
0 MWWN\N"W (s/c coord.)
1| N
= — — [T NS e ST
% 1'88 E ‘:l E SPC
€ 1505 2 Vx, Wy, Vz
-égg = R T 2 (s/c frame)
-300 E i 11 , P E
900 -
800 = I Z QTNe-
@ 700E T 2 Density
5 600 \—"""\ N A —
500 E- =
400 E : : 11 | | =
-100 -50 0 50 100
Seconds from 2020-06-06/12:09:54.590
15 . . . . Burst
10 time
£ 9 .
S 0 series
= 15 data
0.0 0.5 1.0 1.5 2.0 25 3.0

Seconds from 2020-06-06/12:09:54.590

2 wave power
Gy o

10

-7.8

f/fce
log, ,((V/m)*/Hz)

—
o
w

-11.2

e e ek L -12.0

0.5 1.0 1.5 2.0 2.5 3.0
Seconds after 2020-06-06/12:09:54.590

10° 10® 107
(V/m)*/Hz

L Bl FO R L | | d .
'j" -7.8
1
P N
: = D 87|
e — 12 osf
= o0
e Q
3 1103 8
ﬁ : 11.2
DO e | —— . | 120
05 10 15 20 25 30 10°® 107
Seconds after 2020-06-06/12:09:54.590 (V/m)*/Hz

-87F

-O5¢F A

@ NLASP

Three wave types

e- Bernstein waves (ECH)
Non-integer near-fce harmonics
f> fce
(only prior obs. in solar wind w/

s/c Barium release or at shocks)

Type B
Near-fce very narrow band
df ~ 130 Hz
df / f ~ 3%

Type C
Near-fce/2 narrow band
df ~ 360 Hz
df /f~12%

What wave modes are types B and C?
How do they interact with solar wind e-?




<P Burst Mode Observations

FIELODS
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s\» Burst Mode Observations - Wave Vector (Y5
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f / fce (plasma frame) Ikl (1/m)
EET O oaaa. BT e Type B Wave character:
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Te ~35 eV
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(-“ i-.\ 'B V1 = Wreal / K siN(Bk,B) Possible if strong strahl current offsets
x l ! 1 - ?
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e Source Region? & LASP

What if high amplitude e- Bernstein (Type A) region is a source region?

Source region ~cylindrical
for Doppler shifts to be consistent
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o< Conclusions (04

[1] The quiescent solar wind may give us our best look at
Identified three wave modes near fce the properties of the solar wind close to the corona.
for near-Sun quiescent solar wind:
[2] The quiescent solar wind has lots of interesting physics!
. e- Bernstein (ECH) waves - plasma waves, turbulence

. Extremely narrowband, near fce (df/f ~3%) - current sheets, energetic particles

- Doppler analysis:
- f ~fce, |k| ~ 0.15 (1/m), B ~ 70° [3] Focused here on near-fce waves

- Interact with cold plasma

- Resonant energies in cold e- core , | |
- possibly related to strahl-driven e- core drift

- Anomalous cyclotron possible
- Polarization Analysis

- E 1L B (approximately)
- Right-hand elliptically polarized

[4] Open questions:
- What mode are Type B, Type C waves?
- What instability drives them?

Type C: Moderately narrowband, near fce /2 (df/f ~ 12%) - How do they evolve solar wind e- distributions?
- Doppler analysis: - Are the e- Bernstein waves independent?
- k opposes k - or a consequence of the near-fce waves?
- f ~fce, |k| ~ 0.08 (1/m), Bk ~ 85°
- Resonant energies in cold e- core [5] Publications:
- Polarization Analysis Statistical analysis of near-fce waves:
- E L B (approximately) Malaspina+ 2020 Apd doi: https://doi.org/10.3847/1538-4365/ab4c3b

- Left-hand elliptically polarized
Burst analysis of near-fce waves.

All three: Source regions at broadband bursts (?) Malaspina+ 2021 A&A (under review)
ina+

- Type A strongest
- Type B, C k ‘radiate’ from source regions (?)

- Elongated source regions (?) [6] Pursuing new lines of inquiry

- (bicoherence + secondary cold plasma instabilities)


https://doi.org/10.3847/1538-4365/ab4c3b
https://doi.org/10.3847/1538-4365/ab4c3b

