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Response to Reviewer #2 

“High bandwidth measurements of auroral Langmuir waves with multiple antennas” by C.
Moser, J. LaBelle, and I. H. Cairns 

Comment: 

1. The subject of Langmuir turbulence in the auroral ionosphere has been reviewed
recently by Akbari, LaBelle and Newman (Front. Astron. Space Sci. 7, 617792, 2021)
which should be inserted in the reference. In addition, a discussion should be added to
explain the source of field-aligned electron beams that excite the auroral Langmuir waves,
and if these substorm events are the ionospheric signatures of magnetic reconnection in
the tail regions of the magnetosphere. 

Response: 



 The Akbari et al. reference was already in the paper, though mis-cited as 2020 rather
than 2021. In addition to correcting the citation, we elaborate further on this reference at
lines 22-24. We add information about what types of electron distributions are associated
with auroral Langmuir waves at lines 36-39. We further elaborate on the geomagnetic
conditions at time of launch at lines 75-77. 

 

Comment: 

2. In addition to wave-wave processes involving Langmuir and Lower Hybrid waves, the
authors should mention other nonlinear wave interaction studies in the auroral
ionosphere. For example, Bohm et al. (JGR 95, 12157, 1990) showed that the most
intense Langmuir and whistler waves measured by auroral rocket flights occur in
association with Alfven waves. The theory of auroral Langmuir-Alfven-whistler events were
studied by Chian et al. (A&A 290, L13, 1994) and Lopes and Chian (A&A 305, 669, 1996).
In particular, these theoretical papers showed the feasibility of a 3-wave process involving
the parametric decay of a Langmuir wave into a whistler wave and an Alfven
electromagnetic ion-cyclotron wave which may apply to the observation of
electromagnetic ion-cyclotron waves in a flickering aurora by Lund and LaBelle (JGR 17,
241, 1996). 

Response: 

These are excellent references and show the common occurrences of non-linear processes
in the auroral ionosphere. We’ve supplemented an existing introductory paragraph on
nonlinear Langmuir wave phenomena with these references (see lines 46-54).  

 



Comment: 

3. Although the approach of this paper is based on the concepts of linear wave dispersion
and weakly nonlinear wave-wave interactions, for the sake of completeness a discussion
should be inserted to relate these linear and weakly nonlinear wave studies to the
description of Langmuir intermittent turbulence consisted of coherent structures such as
cavitons discussed by Akbari et al. (JGR Space Phys. 118, 3576, 2013) and phase-space
vortices such as electron and ion holes discussed by Ergun et al. (Phys. Rev. Lett. 81, 826,
1998) and Schamel et al. (Phys. Plasmas 27, 062302, 2020). 

Response: 

The study by Akbari et al. is very interesting and presents observations somewhat similar
to those observed in this paper. For completeness, we have added mention of strong
turbulence phenomena in the introduction at lines 36-39. We feel it's unlikely that these
strong turbulence phenomena relate to our observations, due to the low energy densities
of the waves we observe (wave energy density to thermal energy ratio of order 10^-12).
For completeness, however, we add a paragraph discussing this topic at lines 317-319. 
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