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Introduction:  Ionospheric photoelectron meas-

urements have been used in different ways at a variety 
of planetary objects (e.g. Earth, Moon, Mars, Venus, 
Jovian moons, etc. [1]) to investigate plasma processes 
and atmospheric escape. These electron populations 
are produced via photoionization of neutral atoms and 
molecules in a planetary atmosphere by solar EUV and 
X-ray radiation [2]. 

Early observations in Earth's ionosphere led to de-
tection of suprathermal electron peaks [3] predomi-
nantly produced by ionization of Oxygen (O+) and 
Nitrogen (N2

+) by solar HeII 30.4 nm and FeIX, X at 
17.1 nm [4]. At Venus, recent observations of elec-
trons associated with CO2/O photoionization at 20-
30eV have been analyzed based on case studies from 
Venus Express (VEX) measurements [5], in addition 
to the context provided by more than a decade of Pio-
neer Venus Orbiter (PVO) measurements [6].  

Cui et al. [1] reported consistency between resulted 
suprathermal electron intensities from a multistream 
kinetic model and observations made by the Electron 
Spectrometer (ELS) on the Analyser of Space Plasmas 
and Energetic Atoms (ASPERA-4) instrument package 
based signatures of O+(4S0, 2P0, and 2D0) production 
by solar HeII 30.4 nm photons. They investigated an 
entry of VEX into the Venus ionosphere on 18 May 
2008. But no comprehensive statistical study of iono-
spheric photoelectrons has yet been conducted for the 
Venus ionosphere. Such a study could reveal the vari-
ability and response of the ionospehre at various alti-
tudes for different external conditions. 

Results:  We use ELS on ASPERA-4 to investi-
gate the variability of the ionosphere with changing 
external conditions. We use the presence of photoelec-
trons in the observations as a diagnostic tool to deter-
mine when the spacecraft was magnetically connected 
to the ionosphere, and correlate the location of iono-
spheric electron detections with solar wind pressure 
and the orientation of the interplanetary magnetic field. 
This analysis allows us to determine how the iono-
sphere responds to the solar wind.  

The solar wind interaction at Venus is different 
during solar minimum and solar maximum conditions 
[7]. During solar maximum the ionosphere provides 
the obstacle to the solar wind, and the embedded Inter-
planetary Magnetic Field (IMF) drapes around the 
conducting obstacle and is carried around and past the 

planet by the deflected plasma flow. During solar 
minimum the ionosphere is not capable of providing 
sufficient thermal pressure to exclude the solar wind, 
and magnetic field lines thread the ionosphere down to 
the exobase or beyond [8]. 

 

Figure 1 - ELS electron spectrum (1 Jan 2008) 
and an example of photoelectrons (3:36:00 - 
3:36:12 UT) 

 
The use of superthermal electrons to better under-

stand each of these areas has been demonstrated at 
Mars by the MGS Electron Reflectometer (ER) and by 
the MEX ASPERA-3 ELS experiment [9], but these 
techniques have not yet been exploited at Venus. Fig-
ure 1 shows a sample timeseries electron energy spec-
trogram from ELS, with evidence for photoelectrons at 
20-30 eV throughout much of the period. An electron 
energy spectrum from a single time in the interval is 
shown next, with clear evidence for a photoelectron 
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peak. We identify the presence or absence of these 
peaks in VEX observations as the basis for our study. 

VEX orbital coverage limits the low altitude iono-
sphere observations to a region near the terminator, 
which is sampled every orbit. We present the results of 
our analysis of VEX data showing how the vertical 
extent of the ionosphere varies with solar wind drivers. 
We compare our results obtained from VEX to previ-
ous analyses of the ionosphere using PVO observa-
tions. Finally, we compare the results of our analysis to 
results obtained using a similar methodology at Mars. 
Our comparative work highlights differences in solar 
cycle and method at Venus, and differences in plane-
tary size at Mars. 
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