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Outline
 Plasma waves versus Radio waves
 Plasma waves : what do we observed and 

understand ?
 Radio waves : what do we observed and 

understand ?
 « Extra » science : Dust measurements
 On the difficulty of measuring the DC/LF 

electric component of plasma waves
 RPW : a brief description
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𝝀𝝀𝑫𝑫 =
𝜺𝜺𝟎𝟎𝒌𝒌𝑩𝑩𝑻𝑻
𝒏𝒏𝒆𝒆𝟐𝟐

𝟏𝟏/𝟐𝟐

λD

𝜱𝜱 𝒓𝒓 =
𝑸𝑸

𝟒𝟒𝟒𝟒𝜺𝜺𝟎𝟎𝒓𝒓
𝒆𝒆−𝒓𝒓 𝟐𝟐/𝝀𝝀𝑫𝑫

+Q

Plasma waves versus radio waves
Debye Screening

𝝀𝝀𝑫𝑫 ≈ 𝟔𝟔𝟔𝟔 𝑻𝑻/𝒏𝒏 in S.I. units
• λD ≈ 10 m @ 1 AU
• λD ≈ 5 m @ 0.3 AU
• λD ≈ 1 m @ 10 Rs
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What if the charge +Q moves at a speed 𝒗𝒗 ?

• 𝒗𝒗 must be compared to both 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 ≈ 𝒌𝒌𝑩𝑩𝑻𝑻/𝒎𝒎𝒊𝒊 and               
𝑽𝑽𝒕𝒕𝒕𝒕𝒆𝒆 ≈ 𝒌𝒌𝑩𝑩𝑻𝑻/𝒎𝒎𝒆𝒆

• If 𝒗𝒗 < 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 < 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 then both electrons and ions have time « to 
participate » to the screening of +Q

• If 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 < 𝒗𝒗 < 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 then only the electrons have time « to 
participate » to the screening of +Q

• If 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 < 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕 < 𝒗𝒗 then there is no screening of +Q

𝝉𝝉 ≈
𝜺𝜺𝟎𝟎𝒎𝒎𝒆𝒆

𝒏𝒏𝒆𝒆𝟐𝟐
𝟏𝟏/𝟐𝟐

≡
𝟏𝟏
𝝎𝝎𝒑𝒑

Timescale for screening ?
• Let’s put suddenly a charge +Q in a plasma at equilibrium
• The electrons, which move faster, will need a time 𝝉𝝉 to travel a 

distance 𝝀𝝀𝑫𝑫 at the most probable speed 𝑽𝑽𝒕𝒕𝒕𝒕𝒕𝒕

• 𝑭𝑭𝒑𝒑 = 𝟗𝟗 𝒏𝒏 in S.I. units
• 𝑭𝑭𝒑𝒑 ≈ 𝟐𝟐𝟐𝟐 𝐤𝐤𝐤𝐤𝐤𝐤 @ 1 AU
• 𝑭𝑭𝒑𝒑 ≈ 𝟔𝟔𝟔𝟔 𝐤𝐤𝐤𝐤𝐤𝐤 @ 0.3 AU
• 𝑭𝑭𝒑𝒑 ≈ 𝟎𝟎.𝟓𝟓 𝐌𝐌𝐌𝐌𝐌𝐌 @ 10 Rs

𝝎𝝎𝒑𝒑 = 𝟐𝟐𝟐𝟐𝑭𝑭𝒑𝒑 is the angular
plasma frequency

4



Electron Density and Temperature from
Quasi-Thermal Noise Spectroscopy

2 Maxwellians:

cold : nc, Tc
hot : nh, Th

Antenna geometry and size matter
 e- passing closer than λD → F < FP → thermal plateau
 e- passing further than λD → Langmuir waves @ F < FP

Power ∝ 𝐹𝐹𝑃𝑃/𝐹𝐹 3

 In practice 𝑳𝑳/𝝀𝝀𝑫𝑫 ≥ 𝟏𝟏 is needed : satisfied at 
perihelion and in dense SW

 RPW should measure ne & Te with accuracies 
respectively of a few % and 10 % 5



 Waves with 𝑭𝑭 < 𝑭𝑭𝑷𝑷𝑷𝑷 < 𝑭𝑭𝑷𝑷𝒆𝒆 are « seen » by both
ions and electrons. They are screened and do not 
propagate

 Waves with 𝑭𝑭𝑷𝑷𝑷𝑷 < 𝑭𝑭 < 𝑭𝑭𝑷𝑷𝑷𝑷 are not « seen » by 
ions but are still screened by the electrons

 Waves with 𝑭𝑭𝑷𝑷𝑷𝑷 < 𝑭𝑭𝑷𝑷𝑷𝑷 < 𝑭𝑭 are not seen by the 
plasma and propagate freely

Plasma 
Waves

Radio 
Waves

By the way …

𝑭𝑭𝑷𝑷 ≈ 𝟓𝟓𝐌𝐌𝐌𝐌𝐌𝐌

𝑭𝑭𝑷𝑷 < 𝟓𝟓 𝐌𝐌𝐌𝐌𝐌𝐌

𝑭𝑭𝑷𝑷 < 𝟓𝟓 𝐌𝐌𝐌𝐌𝐌𝐌
6
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In practice it is more complicated …
 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)



In-situ Plasma waves :
what do we observed and 

understand ?
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𝑟𝑟−4/3

Stverak, PhD thesis

Waves are believed to both heat & accelerate the Solar Wind



RPW range for magnetic
fluctuations

Full range 
for electric

Turbulent heating/dissipation in the Solar Wind
Kinetic Alvèn Waves ? Whistler Waves ?

Coherent structures ? Other ? 

δB2

δE2

Turbulent energy cascade from large to small scales

kρ

po
we

r
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Evidences for Kinetic Alven Waves turbulence ?

δE 2

δB 2
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On Cluster electric measurements
not easy because of S/C charging

Spin tone in the raw E data
due to :
 illumination variations on the 

probes
 wake effects

Spin tone needs
to be filtered

Caveats



Evidences for a Cascade well above the 
proton scales up to the electron typical 

scales (gyroscale and above ?)

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

Even with the 
same search coil
sensitivity as on 
Cluster, RPW will
make important 
improvements

 A fonction of the ion thermal 
pressure 

 Similar to the behaviour in 
the « far » dissipation range 
in usual fluid turbulence 
𝑬𝑬(𝒌𝒌) ∝ 𝒌𝒌𝟑𝟑𝒆𝒆−𝒄𝒄𝒄𝒄𝒍𝒍𝒅𝒅 ?
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SW2

SW1

 Polarized fluctuations => spectra with bumps (10% of data)
 Non-polarized fluctuations => permanent (or background) turbulence (90% of data, 
Alexandrova et al. 2012, 2013)
 Permanent turbulence + sporadic polarized fluctuations => “intermediate” spectral 
shape (breaks, small bumps, …)  

Coherent waves are also observed
for e.g Whistler waves (Lacombe et al., 2014)



Maksimovic et al., 2005

Can these Whistler 
waves explain the 
radial evolution of 
electron VDFs ?
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Wavelet analysis of CLUSTER SCM waveforms 

And even solitary structures …
For e.g. Alexandrova et al. 2006, JGR



Presence of time-localized events in the 
vicinity of Alfvén Ion Cyclotron wave

Full characterization with the 4 
CLUSTER S/C of localized Alvèn
Vortices : role for the dissipation ?

Alexandrova
et al. 

2006, JGR



Radio waves :
what do we observed and 

understand ?
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Solar Radio Bursts



300 KhZ

300 KHz

100 KhZ

100 KHz 

Solar Type III radio emissions

1 MHz

1 MhZ

time
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Electrostatic
Langmuir waves
→ radio emission



Combined RHESSI / NRH / 
Phoenix/Dam/WIND-WAVES observations

Metric to 
hectometric 
emissions 
first !



Type III & Type II
solar radio bursts

Type II : Shock
accelerated
electrons

Type III : flare
accelerated
electrons
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Adapted from [Ergun et al., 1998]

Adapted from [Lin et al. 1981]

Swaves

In-situ Type III and II 
measurements will be available on SO



RPW improvements for in-
situ waves measurements

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

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

potential

 RPW will measure 
simultaneously 2-axis E + 1 axis 

B up to 500 kHz → mode 
conversion

Ergun et al, 2008

 Onboard statistics of LW 
power

Distribution of LW power more 
Pearson like than Normal ? 
(Vidojevic et al., 2010)

Prob.

Log10(PSD(E2))

WIND
Pearson 

type I
normal



Interplanetary Dust

Temporal domain

Spectral domain 25



Discovery of a large flux of nanodust
on Stereo Meyer-Vernet et al., 2012

Picked-up by the 
-VXB field



On the difficulty of 
measuring the DC/LF 
electric component of 

plasma waves
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Basics for measuring DC/LF E Field

Protons :
Ip∝Np Vp

Negligible at
0th order

Photoelectrons
Iph∝Nph Vph corrected for Φ

SW electrons
Ie∝Ne Vthe corrected for Φ

Φ

Φ determined by Ip + Ie + Iph = 0,
actually Ie = - Iph (depending mostly on Ne)

Secondary electrons
(from impact of external energetic electrons

UV

Φ1 Φ2

L12 |E| = | Φ2 – Φ1 | / L12



Salem et al., 2001

Φ varies with Ne !!
We want to 

measure ~mV/m !!
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courtesy C. Cully

Ie + Iph +Ibias= 0We need to bias the antennas



δΦΕ = ? 

Φ2

Φ1 = Φ * 1 + δΦE

If Φ *1 = Φ 2 then Φ2 − Φ1 = δΦE

For that we need :
- Equal illumination for 1 & 2
- Symmetry with respect to the S/C
- Biasing the probes

1

3 2

E

Typically
If Φ *1 = Φ 2 ~ 0 to 10 Volts
E ~ few to few 100s of mV/m 



δΦΕ = ? 

Φ2

Φ1 = Φ * 1 + δΦE

Leff can only be determined by simulation

1

3 2

E
δΦΕ = E . Leff Leff

If Φ *1 = Φ 2 then Φ2 − Φ1 = δΦE

For that we need :
- Equal illumination for 1 & 2
- Symmetry with respect to the S/C
- Biasing the probes

Typically
If Φ *1 = Φ 2 ~ 0 to 10 Volts
E ~ few to few 100s of mV/m 



δΦΕ = ? 

Φ2

Φ1 = Φ * 1 + δΦE

1

3 2

E
δΦΕ = E . Leff

Leff

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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RPW : a (very) 
brief description

Antennas
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5 kbps

→ shock & 
in-situ Type 
III detection
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