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2 Plasma waves versus Radio waves

a Plasma waves : what do we observed and
understand ?

a Radio waves : what do we observed and
understand ?

Q « Extra » science : Dust measurements

Q On the difficulty of measuring the DC/LF
electric component of plasma waves

a RPW : a brief description
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Plasma waves versus radio waves ~RFW
Debye Screening
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e Ap~1m @ 10Rs



|'o@vda;ggiyeLESIWha1' if the charge +Q moves at a speed v ?

RPW

v must be compared to both V,y,; ~ \/kgT/m; and

Vthe ~ \/kBT/me

If v < Vi < Vipe then both electrons and ions have time « to
participate » to the screening of +Q

If Vipi < v < Vipe then only the electrons have time « to
participate » to the screening of +Q

If Vini < Vine < v then there is no screening of +Q

Timescale for screening ?

Let's put suddenly a charge +Q in a plasma at equilibrium
The electrons, which move faster, will need a time t to travel a
distance 4p at the most probable speed V.

T~ (80’"6)1/2 _1 e F, =9ymin S.I. units

p
neZ W, + F,~20kHz @ 1 AU
w, = 2mF, is the angular . F, ~ 60 kHz @ 0.3 AU
plasma frequency + F,~0.5MHz @ 10 Rs .



‘OfBvatoire  LES
'@ e Electron Density and Temperature from +“RPW
Quasi-Thermal Noise Spectroscopy
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Antenna geometry and size matter

= e passing closer than Ay — F < Fp — thermal plateau
= e passing further than Ay — Langmuir waves @ F < F

Power o (Fp/F)3

In practice L/4p = 1 is needed : satisfied at
perihelion and in dense SW

RPW should measure n, & T, with accuracies
respectively of a few % and 10 %
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= Waves with F < Fp; < Fp, are « seen » by both
ions and electrons. They are screened and do not

propagate

= Waves with Fp; < F < Fp, are not « seen » by
ions but are still screened by the electrons

= Waves with Fp; < Fp, < F are not seen by the

plasma and propagate freely

S JELLECHTH
i

Alantic
Choaan \'1

~ %wa

L Plasma
Waves

Radio
Waves

Fp<5MHZ

S
-
=S
=

-
S
-
S~
~

Fp<5MHZ

1 2 3 4 5 6
11 6
x 10



S

de Paris

vawire Lesis In practice it is more complicated

RPW

There is a Magnetic Field Magnetic in the Solar Wind
which imposes new time and length scales (gyro-radii and

-frequencies)

= Full zoo of waves (see a good Plasma Physics textbooks)

EM character  oscillating species conditions dispersion relation
5 = 2_ 2 o722
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M
ions

k L B, (nearly) w? = Q2 + k%?
E - éﬂ — w’ = “chcj}_l + 'w'i_g]_l

— l‘O ——..2 kQ“Q
BD =10 W =Wy + K¢
- k? w?
- ») n — - . P
kLB Ei|By —=1--2
w w?
27.2 e
= - — — C”l\ - 1 - ui w Wy
kL By E, LBy—5 = e
electrons w? w? w? — wd
ek w? fu?
},-.Hég (right circ. pol.) — = 1— i :
electromagnetic w* 1- (wc,»’wj
212 32 [ 92
Ll B (eftcire. pol) o = 1 — ——p/ ™
AHBD p = - —
w* 1+ (we/w)
BD —_
.|| B 2 2 2
ions ‘I"HBD w” =k Uy
;. w? , U2+ {i
1 — =
0 L 9 Cg + 1'%‘

name
plasma oscillation (or Langmuir wave)

upper hybrid oscillation

ion acoustic wave

electrostatic ion cyclotron wave
lower hybrid oscillation

light wave

O wave

X wave

R wave (whistler mode)

L wave

none

Alfvén wave

magnetosonic wave
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In-situ Plasma waves : i

what do we observed and
understand ?

Waves are believed to both heat & accelerate the Solar Wind

Helios + Ulysses

SWOOPS

Speed [km s']

Density

—2.03

CU.T”(’(K r

0.3 10" 4
Distance [AU]

Stverak, PhD thesis 8
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. T . 1 YPW
Turbulent heating/dissipation in the Solar Wind
Kinetic Alven Waves ? Whistler Waves ?
Coherent structures ? Other ?
Turbulent energy cascade from large to small scales
oB?2 :
y = Alfvén waves RPW range for magnetic
+compressive fluctuations f'UCTUGTiOHS
_.A__
N
S é ? KAW
9 :
8‘ ener
injectge)é Full range
for electric
?
l LIH’\IHf[} ~ 1 L'Lf)r' ~ 1 kipe ~ 1
L kp | '

In SWat 0.3-1 AU : (Af ~1-30 Hz) (Af ~ 100-1500 Hz)
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Evidences for Kinetic Alven Waves turbulence ?

10't ' ' g — 1 Cluster
- 5E2 : E
""‘T"\--a_‘_mwavelet _
102 g : -+ Phase speed is ~Alfven speed
B2 spers .
i FFT : :  Dispersion at short wavelength is
R P ’ : [ like Kinetic Alfvén Wave
2 102 « Strong evidence/consistency with
* electric KAW turbulence
— magnetic (FGM data)
(22 samples / sec)
10'4 : I . . = =
} <—inertial subrange —pie KAW? Evidence for a turbulent dissipation
y . : = at the proton gyroscale?
'g‘ 1010%0 ~ plhase speed |
£ 10001 B dispersion like KAW) ' What above kp,~1?
!}l;. 100 1 s A Va I |
i ﬁg : : Cascade up to the electron scale?
Q s - = i H i
5 0.81 ey ' 3
9% 061 o
XE 0.4 1 Bale et al., PRL, 2005
S B4 - : (also Sahraoui et al., PRL, 2009)
0.001 0.010 0.100 1.000 10.000

kp;
10
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Caveats RPW

-2.8

On Cluster electric measurements
not easy because of S/C charging _30

=31

Spin tone in the raw E data

due to :

* jllumination variations on the
probes ~341

= wake effects -3%

hhmm
2002 Feb 19 o038 0040

_3_2 4

SC4_Polt1234L

-3.34

Spin tone needs L ‘ -
to be filtered ™ ™

electric
107*1  field Ey

11



"'@V&E&%‘ELES'A Evidences for a Cascade well above :l'he RP\W
proton scales up to the electron typical
scales (gyroscale and above ?)

A first case study Cluster Another similar study (several cases)
ULLLL LR R R L LA LLL IR L R LLL) BRI LLL B L 103 ML L R L B R
102 e SCM . Lot e SCM )
' waveform data | L spectral data |
10°+ FGM - — 2
g 10 -
i -
10721 . e, 10°F .
T 5
> 107 - o 107°F i
v a;
c ‘A —4
1078} ) - = 1077 ]
\ -3.82 o,
8 \\ | 107°F \ ]
1078} RN N ' |
i .’ L"-,I_u?’ lD_B n ]:{;.L -
_10 B SCM noise flcor f Nf \\--. I ETIT | L v s aapl PR TTIT! PEEEEETIT IRt | P RTETT
10 Co T e pe Ae 107 107™* 107 107 107" 10° 10!
_ -1
0.01 0.10 1.00 10.00 100.00 k=2nf/V [km™]
frequency (Hz)
Sahraoui et al., PRL, 2009 Alexandrova et al., PRL, 2009

= Exponential decrease or power law ?
= Observational limitations : noise floor both for dE2 and dB2
12
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Alexandrova et al., ApJ 2012

staff—sc
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| *cluster/staff—sa
¢ staff-sa noise
W 4
P L x PR R R A | L L L ¥y

——— 10°
Vikm/s) e [300,700] 0
1072} B(nT) € [2,20] 107
Ti/Te € [05=5] —
_ g ¢ [0.1,10] s
N ~i ' -
;E 107 ~ 8, ¢ [0.1,20] 4 ni 1072
& > —
E 1070 1 g 107
& =
107} : 107
staff noise ~ - 8
1070 el el i 10°
1 10 100 0.01
frequency, f (Hz)
FAST WIND
trace of magnetic field spectral matrix
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Even with the
same search coil ¥Fr, -

sensitivity as on ;"’ -
Cluster, RPW will 3
make important 2.
improvements
10"
10?0‘5 1x10° 1x10* 10° 10% 10"

frequency [Hz1

0.10
k, (km™)

A fonction of the ion thermal
pressure

Similar to the behaviour in
the « far » dissipation range
in usual fluid turbulence

E(k) x k3e~ckla 2

13
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@ Coherent waves are also observed
(Lacombe et al., 2014)

for e.g Whistler waves

2001-02-19T17:00:00Z / 2001-02-19T20:30:00Z
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= Polarized fluctuations => spectra with bumps (10% of data)
= Non-polarized fluctuations => permanent (or background) turbulence (90% of data,

Alexandrova et al. 2012, 2013)

dxy (degree)

RPW

RIGHT-HANDED * |

17.4 17.6

= Permanent turbulence + sporadic polarized fluctuations => "intermediate” spectral

shape (breaks, small bumps, ...)

14
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Core, halo, & strahl
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quasi parallel direction
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STRAHL
N HALO
I CORE
+ data eVDF

Slow solar wind

‘RPW

Can these Whistler
waves explain the
radial evolution of

electron VDFs ?

Helios, Cluster, Ulysses

Data set : ~ 240,000 samples

—B- CORE -©-HALO 'O STRAHL % H+S

from 0.3 to 4 AU

O—8—8—8—8—&8—8—8 Stverak et al., JGR, 2009

Maksimovic et al., 2005

During expansion,

...... ke _"'_':‘$ strahl is transformed
-~ into halo by wave-

e @ (P particle interactions ?
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O And even solitary structures .. %REW
For e.g. Alexandrova et al. 2006, JGR

Wavelet analysis of CLUSTER SCM waveforms

"‘E fg Ma netosheath I Solar wind
~ l M ﬁ l -
5 -fz W\ W'f W*Wl i'wl"‘] ‘M’f hhl fL il 'Nﬁ m Hr‘*

_ I

; -400 ~200 . o

— <00 —a 00 o) Zo0



@ “iPresence of time-localized events in the %{REW
vicinity of Alfvén Ion Cyclotron wave

Alfvén lon
Cyclotron wave
Alexandrova
A o 10 c/mp,- et al.
fo 04 f, 2006, JGR
In plasma frame:
0 T e (s) ‘ e BO V ~ [0: 03] VA
§Bn___), 6Bmf——-), 8BIf-.-) ] C1
2 Bt A v
' =z o] e )
& o g y s C3. .04/
Full characterization with the 4
CLUSTER S/C of localized Alvén d, ~ 500km

Vortices : role for the dissipation ?

d_]_ ~ 106/&)131;
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Radio waves :

what do we observed and
understand ?

RPW

18
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Solar Radio Bursts S

radio burst
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Solar Type ITI radio emissions Fve)y 24

100 KhZ J\/\

300 Khz @ B = 5 \; -V
A
-
SN Electrostatic

Langmuir waves
— radio emission

1 MhZ

F, (kHz) o< \/N, (cm?)

vV

. oc 1/R? (au)

S Foc—
R

1 MHz
F 300 kHz

100 KHz /

time
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1000

Type III & Type II RPW
y solar radio bursts

Win

:
g
Type II : Shock | |
accelerated |
electrons
100
é’« _
g Type IIT : flare "

accelerated
electrons

24/12 25/00 25/12 26/00 26/12
Time (UT) Hours from 1998-08-24/12:00:00

22
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measurements will be available on SO

In-situ Type IIT and IT

Wind 3D Plasma
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" RPW improvements for in-
situ waves measurements

d RPW will measure both
Langmuir waves and density
fluctuations (from S/C pot.

fluctuations, biased antennas)
DC E field and cross-shock
potential

O RPW will measure

simultaneously 2-axis E + 1 axis

B up to 500 kHz — mode
conversion

0 Onboard statistics of LW
power
Distribution of LW power more

Pearson like than Normal ?
(Vidojevic et al., 2010)

015

STEREO B: Jan. 25, 2007. 17:14:25.248 UT V
20 21:“ Measured —
_ 10_ waveform.
E 0
= -10F
20
= ¥ = 6”
20 Eﬁib'r Reproduced” 3 0.04%
. waveform: 3
_ 10F S
E :j;_ — 0.02%
= -10f
20 — — — SERCIC M —— T
) -‘:D S‘D _ E‘C 100
msec)  Epgun et al, 2008
0.35 T T T T T
WIND -
\
0251 Pearson \\ normal
type |
ol yp
Prob.

1 A 1 L
-1 =10 9 -8

Log10(PSD(E2))
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Impact of fast dust
particle produces
free electrons and
ions

Fast dust
particle

Spacecraft

Interplanetary Dust

Charge separation
and/or recollection
produces an electric field
detected by the electric
antenna

Electric antenna

| © AV

mVolts Ex

Released charge

200F

TRPW

Q ~ 0. 7m0y

Induced voltage pulse on

S/C of capacitance ¢: 0V ~ —Q/O

0 1970-01-01/00:00:00.000
T T T T

T Y

TERRE RN NN

Temporal domain

120

25



I'.@"da‘etp‘a’-'feLES'ADiscover'y of a large flux of nanodust

RPW

on Stereo Meyer-Vernet et al., 2012

2007:01:31/02:16:25
T

\\Dust impacts
10| P> ]

- — -

Plasma QT noise "“‘"*»,.,(M+

-16 1
10 70 700
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Power spectrum
o o o
£ ’ ]r\) Q
~,
] ™
1

Released charge Q ~ 0.7'7711'”21!3'48

a grain of mass
10¢ greater
@ 20 km/s

—A nanoparticle
@ 300 km/s

Picked-up by the
-VXB field
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Lo
L Lh

[
W
(=)
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—15

-10 -5 0 5 10 15
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On the difficulty of

measuring the DC/LF

electric component of
plasma waves

RPW

27
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- Basics for measuring DC/LF E Field *REW

(2

L2

>‘ E|=|D,-D, | /L,

T /‘/ Photoelectrons

~_JphaNph Vph corrected for @
Secondary electrons

UV

N

? \ x\(from impact of external energetic electrons
l T SW electrons
Protons : leaNe Vthe corrected for @
IpacNp Vp
Negligible at ® determined by Ip + le + Iph =0,

Oth order actually le =-Iph (depending mostly on Ne)
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Salem et al., 2001 TRPW

1075 x _ |1 P\~ ed/knTpm
Jphﬂ R~ Hﬁ Jph - Jphﬂ ( + kHTph) € ’

Jo=eN,w, ® varies with Ne |
. We want to

Je: el (1+ :D:
o measure ~mV/m |
“ x T

o ]

Spacecraft Potential ¢ (Volts)
WIND average potential (Volts)
Ch
]

- 2 N —_i
L . ; e . ot
0 20 40 60 80 100 1 100
Electron density N, (em™) 29
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We need to bias the antennas

2 I | T
of == -
unbiased antennas
2= -
] 10 eV ‘f]D!'r'l'l'-i
— - 1eV, 10 cm _
% -4
_5 k biased antennas
Bl _
_Bg _
-10 T [P R R R -
0 5 10 15 20
“"rpn::l::-c-‘.-[’“’(;|

Figure 2.4 The simulated voltage-current curve of
the antenna for two different plasma regimes. The
potential  variations of Dbiased antenna are
significantly less for different plasma parameters than
for unbiased antenna.

RPW
le + Iph +Ibias=0

courtesy C. Cully
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O1=D" 1+ 5=
ODe= " |
E
3 2 @2
f @1 =D 2then D2 — D1 = 52E Typically
For that we need : f®"=d.~0to 10 Volts
- Equal illumination for 1 & 2 E ~ few to few 100s of mV/m

- Symmetry with respect to the S/C
- Biasing the probes
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DO.=D"1: 0T
ODe="7? .
—_— . E
SPr=E . Leff Left
| / \ .

f D1 = ®then®2 — D1 = 5k Typlca”y
For that we need : f®1=®.~0to 10 Volts

- Equal illumination for 1 & 2 N
- Symmetry with respect to the S/C E ~Tew to few 100s of mvim

- Biasing the probes

—

Leff can only be determined by simulation
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3 2 (I)Z

The problem is that there is a S/C in addition to
the RPW antennas !!
Need to simulate the effect of the S/C
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Exploring the Sun-Earth connection

Antennas

RPW : a (very)
brief description
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(256 FFT points)
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Time Averaged Spectral Matrix (ASM)
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ce cc cc cc E,E, .. before computations of the BPs
) ' @ (i.e. wave parameters)
Mono-k 2FP1set1: Power spectrum of the magnetic field (B)
assumption 2P1set2: Power spectrum of the electric field (E)
P ' M JGR, 1972) 5P1set3: Wave normal vector (from B)
=ans, = { BFP1set4: Wave ellipticity estimator (from B)
(Samson & Olson, GJRA, 1980) { EP1 set5: Wave planarity estimator (from B)
BP1set6: X (radial)-component of the Poynting vector
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S BP2 set 1:
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Phase velocity estimator

Autocorrelations
Normalized cross correlations
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