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Data Set

WIND spacecraft

Langmuir waves – TNRa

Type III bursts – RAD1, RAD2b

Electron beam – 3DPc

(Magnetic field – MFId)

(Solar wind velocity – SWEe)

aBougeret et al, 1995
bBougeret et al, 1995
cLin et al, 1995
dLepping et al, 1995
eOgilvie et al, 1995

TDS data from STEREO S/Waves experiment1

1Bougeret et al, 2008

Data Set



What we see

ionospheric cut-off

• Short (sec → hrs) & very  
intense (→10-14 Wm-2Hz-1) 
radio emissions;

• Emission frequencies 
decrease rapidly (GHz → kHz);

• Emission at fundamental fp or 
at harmonic of fp;

• Often associated with solar 
flares;

• Associated with the 
propagation of electrons 
supra-thermal (c/10 → c/3);

TNR

RAD1

TNR

TNR

RAD2

Ground
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Ergun et al, 1998 (Wind)
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Figure 4. Waveform and spectrum parallel to B of an intense wave packet
observed on 2012 February 11 and an eigenmode fit. (a) Measured waveform,
(b) fitted waveform, and (c) observed (black) and fitted (red) spectra.
(A color version of this figure is available in the online journal.)

in Figures 5(b) and (c) using the five lowest order eigenmodes
(amplitudes A0 = 54, A1 = 41, A2 = 4.5, A3 = 3.9, and
A4 = 0.87). Figure 5 reproduces all the features of the observed
waveform and spectrum, providing strong evidence for trapped
Langmuir eigenmodes rather than OTSI.

For this packet we estimate Θ = 52 for Te = 1.5×105 K, ne =
6.4×106 m−3 (from the local fp), and vsw = 5.66×105 ms−1 by
assuming that the spacecraft transits the packet at r ≈ l. Again,
the collapse threshold Θ ! 230 is not satisfied. We are unable
to find a good fit of Equation (1) to the waveform because this
packet is strongly polarized in the direction of B and is double
peaked; such a waveform cannot be accounted for in terms of
the structure of collapsing wave packets in existing theory and
simulations (Newman et al. 1989; Graham et al. 2011a).

In summary, two of the most intense wave packets observed
by STEREO do not exceed the collapse threshold and the spectra
show no evidence of OTSI. Instead, the waveforms and spectra
show that these Langmuir packets are more consistent with
trapped eigenmodes of a density well.

4. DISCUSSION

We now discuss the results and conclusions of Thejappa
et al. (2012a, 2012b) and provide further specific arguments
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Figure 5. Waveform and spectrum parallel to B of an intense wave packet
observed on 2011 June 4 and an eigenmode fit. (a) Measured waveform,
(b) fitted waveform, and (c) observed (black) and fitted (red) spectra.
(A color version of this figure is available in the online journal.)

against OTSI and collapse in the solar wind. More general
arguments are the lack of observed wave packets near the arrest
scale (l ≈ 20λD and W (0) ∼ 1) despite the Time Domain
Sampler (TDS) bias, and that nucleation should be favored over
modulational instabilities for typical solar wind conditions.

4.1. Beam Speed and Wavenumber Estimates

Thejappa et al. (2012b) quoted an electron beam speed
vb/c = 0.22 at 05:54 UT 2010 September 12 obtained by M.
J. Reiner for the Radio Astronomy Explorer (RAE) density
model, further increased to 0.29 " vb/c " 0.37 in Thejappa
et al. (2012a), based on analyses of the drift of type III radiation
for a decelerating beam. Such analyses are difficult, subjective,
and depend on the actual (rather than assumed) density profile,
electron paths, beam deceleration, the time after beam arrival
locally, and on whether the radiation is fundamental or harmonic
(Dulk et al. 1984); several such analyses (M. J. Reiner 2012,
private communication) yield vb/c ≈ 0.05–0.15 at STEREO
A at the time of Figure 1’s wave packet. Moreover, Malaspina
et al. (2011) calculated the range of electron beam speeds for the
entire duration of this type III event to be vb/c = 0.05 − 0.12
based on distance traveled by electrons (assuming a Parker
spiral) divided by the time of flight. At the time the wave
packet is recorded the inferred vb/c = 0.09, well below the
values of Thejappa et al. (2012a, 2012b). The lower beam
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in Figures 5(b) and (c) using the five lowest order eigenmodes
(amplitudes A0 = 54, A1 = 41, A2 = 4.5, A3 = 3.9, and
A4 = 0.87). Figure 5 reproduces all the features of the observed
waveform and spectrum, providing strong evidence for trapped
Langmuir eigenmodes rather than OTSI.

For this packet we estimate Θ = 52 for Te = 1.5×105 K, ne =
6.4×106 m−3 (from the local fp), and vsw = 5.66×105 ms−1 by
assuming that the spacecraft transits the packet at r ≈ l. Again,
the collapse threshold Θ ! 230 is not satisfied. We are unable
to find a good fit of Equation (1) to the waveform because this
packet is strongly polarized in the direction of B and is double
peaked; such a waveform cannot be accounted for in terms of
the structure of collapsing wave packets in existing theory and
simulations (Newman et al. 1989; Graham et al. 2011a).

In summary, two of the most intense wave packets observed
by STEREO do not exceed the collapse threshold and the spectra
show no evidence of OTSI. Instead, the waveforms and spectra
show that these Langmuir packets are more consistent with
trapped eigenmodes of a density well.
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against OTSI and collapse in the solar wind. More general
arguments are the lack of observed wave packets near the arrest
scale (l ≈ 20λD and W (0) ∼ 1) despite the Time Domain
Sampler (TDS) bias, and that nucleation should be favored over
modulational instabilities for typical solar wind conditions.

4.1. Beam Speed and Wavenumber Estimates

Thejappa et al. (2012b) quoted an electron beam speed
vb/c = 0.22 at 05:54 UT 2010 September 12 obtained by M.
J. Reiner for the Radio Astronomy Explorer (RAE) density
model, further increased to 0.29 " vb/c " 0.37 in Thejappa
et al. (2012a), based on analyses of the drift of type III radiation
for a decelerating beam. Such analyses are difficult, subjective,
and depend on the actual (rather than assumed) density profile,
electron paths, beam deceleration, the time after beam arrival
locally, and on whether the radiation is fundamental or harmonic
(Dulk et al. 1984); several such analyses (M. J. Reiner 2012,
private communication) yield vb/c ≈ 0.05–0.15 at STEREO
A at the time of Figure 1’s wave packet. Moreover, Malaspina
et al. (2011) calculated the range of electron beam speeds for the
entire duration of this type III event to be vb/c = 0.05 − 0.12
based on distance traveled by electrons (assuming a Parker
spiral) divided by the time of flight. At the time the wave
packet is recorded the inferred vb/c = 0.09, well below the
values of Thejappa et al. (2012a, 2012b). The lower beam
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LW in Spectral Domain
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TNR & TDS limitations
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in Figures 5(b) and (c) using the five lowest order eigenmodes
(amplitudes A0 = 54, A1 = 41, A2 = 4.5, A3 = 3.9, and
A4 = 0.87). Figure 5 reproduces all the features of the observed
waveform and spectrum, providing strong evidence for trapped
Langmuir eigenmodes rather than OTSI.

For this packet we estimate Θ = 52 for Te = 1.5×105 K, ne =
6.4×106 m−3 (from the local fp), and vsw = 5.66×105 ms−1 by
assuming that the spacecraft transits the packet at r ≈ l. Again,
the collapse threshold Θ ! 230 is not satisfied. We are unable
to find a good fit of Equation (1) to the waveform because this
packet is strongly polarized in the direction of B and is double
peaked; such a waveform cannot be accounted for in terms of
the structure of collapsing wave packets in existing theory and
simulations (Newman et al. 1989; Graham et al. 2011a).

In summary, two of the most intense wave packets observed
by STEREO do not exceed the collapse threshold and the spectra
show no evidence of OTSI. Instead, the waveforms and spectra
show that these Langmuir packets are more consistent with
trapped eigenmodes of a density well.

4. DISCUSSION

We now discuss the results and conclusions of Thejappa
et al. (2012a, 2012b) and provide further specific arguments
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against OTSI and collapse in the solar wind. More general
arguments are the lack of observed wave packets near the arrest
scale (l ≈ 20λD and W (0) ∼ 1) despite the Time Domain
Sampler (TDS) bias, and that nucleation should be favored over
modulational instabilities for typical solar wind conditions.

4.1. Beam Speed and Wavenumber Estimates

Thejappa et al. (2012b) quoted an electron beam speed
vb/c = 0.22 at 05:54 UT 2010 September 12 obtained by M.
J. Reiner for the Radio Astronomy Explorer (RAE) density
model, further increased to 0.29 " vb/c " 0.37 in Thejappa
et al. (2012a), based on analyses of the drift of type III radiation
for a decelerating beam. Such analyses are difficult, subjective,
and depend on the actual (rather than assumed) density profile,
electron paths, beam deceleration, the time after beam arrival
locally, and on whether the radiation is fundamental or harmonic
(Dulk et al. 1984); several such analyses (M. J. Reiner 2012,
private communication) yield vb/c ≈ 0.05–0.15 at STEREO
A at the time of Figure 1’s wave packet. Moreover, Malaspina
et al. (2011) calculated the range of electron beam speeds for the
entire duration of this type III event to be vb/c = 0.05 − 0.12
based on distance traveled by electrons (assuming a Parker
spiral) divided by the time of flight. At the time the wave
packet is recorded the inferred vb/c = 0.09, well below the
values of Thejappa et al. (2012a, 2012b). The lower beam
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LW Distribution in 
Temporal Domain?

1) How many LW packets in 1 second we have?   
 λ = 0.1, 1, 5, or 10?

2) What is distribution of LW amplitudes? 
Normal, Pearson or power-law?

  
GOALS:

1) to estimate number of LW packets per second (λ)   
 

2) to find distribution of LW amplitudes? 
  



Numerical Simulations

0
time 
[s]84

Sim
ula

ted
 

LW
 

pa
ck

ets

0

1 TNR point 1 TNR point



LW packet

0 0.2 0.4 0.6 0.8 1 1.2
ï15

ï10

ï5

0

5

10

15

Time [s]

E 
[m

V
/m

]

6t6t6t
Ein

6t
Ein

6t
Ein

6t
Ein

6t
Ein

6t
Ein

E(t) =
N�

i=1

Eie
�(t�t0i)

2/2�t2i cos (2�fpit + ⇥i)

Input distributions:
1) amplitudes
2) starting time
3) duration
4) frequency
5) phase



LW amplitude distribution

STEREO data
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Simulation Procedure
36 periods of 30 min of input data

4 s integration time + wavelet-like trans. 
(the same as at WIND/TNR)

From simulated data => LW power => fit 
with Pearson distributions

Calculate          => medians 36 �1, �2 �1, �24
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Langmuir Waves Distribution

LW, spectral domain
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Langmuir Waves Distribution
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Simulations & Observations
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Conclusions From the Simulations

1 The shape of the input distributions is rather Pearson I or
normal than a power law;

2 The average of parameter λ (number of Langmuir wave
packets in 1 s) over 30 min is comprised between 0.1 and 1;

3 The input Langmuir wave packet amplitudes are about
5 × 10−3V m−1.

Conclusions


