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1. Whistler mode chorus and hiss 
 
The Time History of Events and Macroscale Interactions during Substorms (THEMIS)-D spacecraft 
crossed an active equatorial source region of whistler mode chorus rising tones on 23 October 2008. We 
analyzed the chorus rising tones in terms of spectral and polarization characteristics, with special 
emphasis on wave normal angles. The latter exhibited large variations from quasi-parallel to oblique, 
even within single bursts, but seemed to follow a definite pattern, which enabled an unambiguous 
classification into five different groups. We also discussed the frequently observed splitting of chorus 
bursts into a lower and an upper band around one half of the local electron cyclotron frequency. At 
chorus frequencies close to the gap, we found significantly lowered wave planarities and a tendency of 
wave normal angles to approach the Gendrin angle. 

 
 
(a, c) Magnetic power spectral density and (b, d) polar angle of the Poynting vector for two THEMIS-D 
wave burst snapshots from 23 October 2008. The local electron cyclotron frequency fce as well as 0.5 fce 
and 0.1 fce are indicated by solid, dash-dotted, and dash-dot-dot-dot lines. 
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2. Equatorial noise 
 
We reported results of a systematic analysis of whistler-mode equatorial noise (EN) emissions which are 
also known as fast magnetosonic waves. EN occurs in the vicinity of the geomagnetic equator at 
frequencies between the local proton cyclotron frequency and the lower hybrid frequency. Our analysis 
was based on the data collected by the Spatio-Temporal Analysis of Field Fluctuations–Spectrum 
Analyzer (STAFF-SA) instruments on board the four Cluster spacecraft. The analyzed data set covered 
the period from January 2001 to December 2010. We developed selection criteria for the visual 
identification of these emissions, and we compiled a list of more than 2000 identified events. The 
evolution of the Cluster orbit enabled us to investigate a large range of McIlwain’s parameter from 
about L∼1.1 to L∼10. We demonstrated that EN can occur at almost all analyzed L shells. However, the 
occurrence rate was very low (<6%) at L shells below L=2.5 and above L=8.5. EN mostly occurred 
between L=3 and L=5.5, and within 7◦ of the geomagnetic equator, reaching 40% occurrence rate. This 
rate further increased to more than 60% under geomagnetically disturbed conditions. Analysis of 
occurrence rates as a function of magnetic local time (MLT) showed strong variations outside of the 



plasmasphere (with a peak around 15 MLT), while the occurrence rate inside the plasmasphere was 
almost independent on MLT. This is consistent with the hypothesis that EN is generated in the afternoon 
sector of the plasmapause region and propagates both inward and outward. 
 
 

 
Occurrence rates of equatorial noise and their estimated standard deviations in the bins 0.5 L × 2°𝜆M  
(c, e) and 0.5 L × 2 h MLT (d, f), respectively. 
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3. Wave emissions observed by the low-altitude satellite DEMETER 
 

We presented an analysis of ULF (0–20 Hz) waves observed by the low-altitude satellite Detection of 
Electro-Magnetic Emissions Transmitted from Earthquake Regions (DEMETER) during the magnetic 
storm of November 2004. Since these ULF waves were measured by both electric and magnetic 
antennas, we were able to identify them as electromagnetic ion cyclotron (EMIC) waves. This is the first 
time that they were observed for such extensive time periods and at such high frequencies. The analysis 
of wave propagation pointed to the possible source region placed in the inner magnetosphere (L~2–3). 
Observed wave frequencies indicated that waves were generated much farther from the Earth 
compared to the satellite orbit. Exceptionally high frequencies of about 10 Hz were explained by the 
source region placed in the deep inner magnetosphere at L ~2.5. We hypothesized that these waves 
were generated below the local helium gyrofrequency and propagated over a large range of wave 
normal angles to reach low altitudes at L~1.11.  
 
 
 

 
 
ULF spectrograms of the three electric components up to 15 Hz. The data are recorded on 10 November 
2004 between 22:48:06 and 23:21:44 UT. The parameters below are the universal time (UT), the 
magnetic local time (MLT), the geomagnetic latitude and longitude, and McIlwain parameter (L). The 
vertical white lines indicate data gaps due to calibration. The solid, dashed, and dash-dotted white lines 
indicate equatorial O+, He+, and H+ cyclotron frequencies traced from the satellite position. 
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4. Electromagnetic manifestation of lightning activity 
 
Both unipolar and bipolar magnetic or electric field pulses were observed during preparatory stages of a 
lightning flash. We introduced a new simple analytical model to describe both kinds of pulses. We 
showed how the polarity overshoot depended on the parameters of the model, including the 
propagation velocity of the current pulse, the step length, and the injected current waveshape. We 
observed that the expression for the radiation part of the magnetic field decomposed into two time-
shifted terms with opposite polarities. The model well corresponded not only to observations of the 
bipolar preliminary breakdown pulses at time scales of tens of microseconds but also to both unipolar 
and bipolar dart-stepped leader pulses at submicrosecond time scales. 
 

 
 

(c) Example of a sequence composed from bipolar pulses. (d) Example of a sequence of bipolar pulses 
preceding the first negative cloud-to-ground lightning discharge. Detailed examples of individual pulses 
are shown in the insets. 
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5. Solar wind and magnetospheric boundaries 
 
We presented results of a statistical study of the distribution of mirror and Alfvén‐ion cyclotron (AIC) 
waves in the magnetosheath together with plasma parameters important for the stability of ULF waves, 
specifically ion temperature anisotropy and ion beta. 

 
Distribution of observed wave types in the anisotropy‐β∥ space. Red dots indicate intervals with 
identified mirror modes, green dots with AIC waves, and black dots the remaining intervals in the 
statistical data set. Overplotted are the instability thresholds for mirror and ion cyclotron instabilities. 
 
Magnetosheath crossings registered by Cluster spacecraft over the course of 2 years served as a basis 
for the statistics. For each observation we used bow shock, magnetopause, and magnetosheath flow 
models to identify the relative position of the spacecraft with respect to magnetosheath boundaries and 



local properties of the upstream shock crossing. A strong dependence of both plasma parameters and 
mirror/AIC wave occurrence on upstream ΘBn and MA was identified. We analyzed a joint dependence of 
the same parameters on ΘBn and fractional distance between shock and magnetopause, zenith angle, 
and length of the flow line. Finally, the occurrence of mirror and AIC modes was compared against the 
respective instability thresholds. We noted that AIC waves occurred nearly exclusively under mirror 
stable conditions. This was interpreted in terms of different characters of nonlinear saturation of the 
two modes. 
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6. Statistics of Langmuir wave amplitudes observed inside Saturn’s foreshock by the Cassini spacecraft 
 
We presented the first systematic study of Langmuir wave amplitudes in Saturn’s foreshock using 
the Cassini Radio and Plasma Wave Science/Wideband Receiver measurements. We analyzed all 
foreshock crossings from June 2004 to December 2009 using an automatic method to identify Langmuir 
waves. Using this method, almost 3 × 105 waveform intervals of typical duration of about a minute were 
selected. For each selected waveform interval, the position of the satellite inside the foreshock was 
calculated using an adaptive bow shock model, which was parametrized by the observed magnetic field 
and plasma data. We determined the wave amplitudes for all waveform intervals, and we found that the 
probability density function amplitudes follow a lognormal distribution with a power law tail. A 
nonlinear fit for this tail gave us a power law exponent of −1.37 ± 0.01. The distribution of amplitudes as 
a function of the depth in the foreshock showed the onset of the waves near the upstream boundary 
with its maximum slightly shifted inside the foreshock (∼1 RS). The amplitudes then fell off with 
increasing depth in the downstream region. Our results were in agreement with previous observations 
and roughly followed the generally accepted stochastic growth theory mechanism for the foreshock 
region, with an exception at the highest observed amplitudes. The estimated energy density ratio W for 
largest amplitudes did not exceed 10−2, suggesting that modulational instability was not relevant for a 



large majority of waves. The decay instability can be important for the stronger electrostatic waves in 
Saturn’s foreshock, as was previously reported for multiple solar system planets. 
 

 
 
Number of waveform intervals in equidistant bins 0.1 log(mV/m) × 1 RS as a function of the logarithm of 
the wave amplitude and (a, c) the depth (DIFF) inside the foreshock and (b, d) the distance from the 
tangent point along the magnetic field tangent line (DIST). The vertical dashed black line shows the 
upstream boundary of the bow shock (DIFF = 0). Median of the wave amplitude over foreshock 
coordinates is plotted by the black line with a 1 RS step for positions with more than 100 points. 
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