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Introduction:  Venus does not possess a 

significant global dipole magnetic field and 
subsequently the solar wind interacts with the 
electrically conducting gravitationally bound 
ionosphere to produce an induced magnetosphere that 
acts to slow down and deflect the solar wind flow 
about the planetary obstacle. The structure and 
relatively small scale size of the resulting induced 
magnetosphere (compared to magnetized planets such 
as Earth) mean that waves produced in the foreshock (a 
region magnetically connected to and just upstream of 
the bow shock) [1,2,3] are able to propagate 
planetward through the shock and sheath regions 
[4,5,6] to reach the upper Venusian ionosphere. Such 
waves may then facilitate the deposition of solar wind 
energy into the upper ionosphere via wave-particle 
interactions – a process that has long been cited as a 
possible mechanism to explain observed elevated 
electron temperatures in the Venusian ionosphere [8, 9, 
10]. Understanding the mechanisms and conditions 
under which these large amplitude waves form, and 
their effectiveness at depositing energy into the upper 
ionosphere, is crucial for understanding ionospheric 
structure, dynamics and loss to space at Venus. These 
topics ultimately inform us about long term evolution 
of the Venusian atmosphere. 

We report here Pioneer Venus Orbiter (PVO) 
observations of low frequency, large amplitude 
magnetosonic waves (MS) generated upstream of the 
shock, which are observed to propagate planetward 
into the upper ionosphere. The corresponding upper 
ionospheric density structure is highly disturbed during 
this event, as compared to “quiet time” conditions 
when ionopause-like structures are present. These 
observations suggest that the MS waves interact with 
the planetary ions, and comparison to similar events 
observed at Mars by the Mars Atmosphere and 
Volatile EvolutioN (MAVEN) mission [11] suggest 
that ion heating also occurs. Such events may drive 
substantial ion escape to space, however, the lack of 
full ion distribution observations from PVO mean that 
these effects cannot be conclusively determined. 

Additionally, we show that ionospheric plasma 
conditions during the PVO event may be suitable to 
facilitate the heating of planetary electrons via the 
“magnetic pumping” mechanism. The low frequency 
MS waves are expected to produce anisotropic 

suprathermal electron distributions as the waves 
propagate into the upper ionosphere, via conservation 
of the first magnetic moment. Such distributions can 
become unstable to the generation of whistler mode 
waves, which are observed in the 100 Hz channel of 
the PVO electric field detector (OEFD). Under certain 
conditions, which we demonstrate likely exist here, 
these whistler waves can act back on the anisotropic 
suprathermal electron population via efficient pitch 
angle scattering. Such scattering breaks the 
reversibility of the low frequency MS waves, leading 
to heating of the suprathermal electron population over 
several MS wave periods [12, 13]. Such a process 
would provide a possible mechanism to explain 
coincident observations of whistler waves and elevated 
electron temperatures at Venus [8, 9 10]. 

This electron heating mechanism has recently been 
observed active in the upper Martian ionosphere [14] 
by MAVEN, however, the lack of full electron 
distribution function measurements (not) made by 
PVO prevent a conclusive identification of this process 
at Venus.  

If active at Venus, the heating of ionospheric 
electrons via low frequency magnetosonic waves and 
the magnetic pumping process may be common to 
unmagnetized bodies exposed to the supersonic solar 
wind flow in general. 
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