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Abstract 
We use the Venus Express ASPERA-4/IMA data to 
characterize the ion escape rate through the Venusian 
magnetotail and its dependence on the upstream 
conditions of the solar wind. We find a clear 
dependence of the escape rate on the solar wind 
dynamic pressure that is consistent with previous 
results of the escape rate measurements at Venus. By 
binning the measured data into several groups of 
different upstream condition ranges, we formulate the 
escape rate as a function of upstream parameters.  

1. Introduction 
The Venusian ionosphere interacts directly with the 
incoming solar wind and creates an induced 
magnetosphere. Even though the Venusian 
atmosphere is capable of balancing the solar wind 
dynamic pressure, energy is still transferred from the 
solar wind to the atmospheric particles. This energy 
is enough to power escape of atmospheric particles. 
A main escape channel for the atmospheric ions is 
the induced magnetotail, where the escape rate is (3-
6) ·1024 s-1 under the typical condition [4]. However, 
several studies indicate that the escape rate is 
dependent on upstream conditions, such as dynamic 
pressure [3], extreme ultraviolet (EUV) flux [5] and 
the solar cycle [6, 7]. As the solar wind and solar 
EUV was stronger in the earlier history of the solar 
system [1, 9], an empirical model of the escape rate 
as a function of the upstream conditions is needed in 
order to properly extrapolate the escape rates 
backwards in time. The extrapolation is important to 
understand the effect of the solar-wind driven 
atmospheric erosion on the evolution of the Venusian 
atmosphere. In addition, by comparing the 
atmospheric escape rates with similar studies made 
for Mars [8] and Earth [10], we can investigate the 
effects on the atmospheric escape rates from different 
characteristics of the planets, such as gravity, an 
intrinsic magnetic field, and atmospheric content. 

2. Data 
We use all available data measured during 2006-2014 
by the Ion Mass Analyser (IMA), part of the 
ASPERA-4 instrument package [2] on board the 
Venus Express mission [11]. The 8.5 years of 
operation, providing more than 3000 orbits, enables 
us to formulate a statistically-confident empirical 
formulation. The IMA instrument provides 
measurements of ion fluxes in the energy range 0.01-
36 keV/q, with a 90x360˚ field-of-view, every 192 s. 
The mass-separation capability of IMA allows us to 
confidently determine the flux of heavy ions. 

3. Method 
We created average distribution functions of O+ in 
the Venusian magnetotail [7]. The average 
distributions were then used to calculate the total flux 
and total escape rate of O+ through the Venusian 
magnetotail for different upstream parameter ranges 
(e.g. solar wind dynamic pressure and EUV flux). 
We then find empirical functions to the escape rates 
with respect to the upstream conditions. The 
upstream plasma parameters are derived from the 
Venus Express mission itself using the inbound and 
outbound orbit paths just outside of the Venusian 
bow shock. 

4. Preliminary results 
We find a significant escape rate dependence on solar 
wind dynamic pressure. A higher solar wind dynamic 
pressure gives a higher escape rate through the 
Venusian magnetotail. This is in agreement with 
previous studies, where the increase in dynamic 
pressure during space weather events was shown to 
increase the escape rate by a factor 1.9 [3]. When the 
solar wind dynamic pressure is higher, there is more 
energy in the solar wind that can potentially transfer 
to the Venusian atmospheric particles. This allows 
for a larger acceleration of the atmospheric particles, 
pushing more particles above the escape velocity of 
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~10 km/s and the total escape rate increases. We will 
represent the dependence empirically with an 
analytical form. The different upstream parameters 
will be used in the empirical expression. 

Acknowledgements 
The Swedish contribution to the ASPERA-4 
experiment on board Venus Express was supported 
by the Swedish National Space Agency (SNSA). We 
acknowledge the European Space Agency (ESA) for 
supporting the successful Venus Express mission. M. 
Persson acknowledges support of her graduate 
studies from SNSA (Dnr: 129/14). ASPERA-4/IMA 
and MAG data used in this study are publicly 
available via the ESA Planetary Science Archive at 
https://www.cosmos.esa.int/web/psa/venus-express. 

References 
[1] Airapetian, V. S. and Usmanov, A. V. Reconstructing 
the solar wind from its early history to current epoch, The 
Astrophysical Journal Letters, Vol. 817(2), L24, 2016. doi: 
10.3847/2041-8205/817/2/L24 

[2] Barabash, S., J.-A. Sauvaud, H. Gunell, H. Andersson, 
A. Grigoriev, K. Brinkefeldt, et al.: The analyser of space 
plasmas and energetic atoms (ASPERA-4) for the Venus 
Express mission. Planetary and Space Science, 55:1772–
1792, 2007. doi: 10.1016/j.pss.2007.01.014 

[3] Edberg, N. J. T., H. Nilsson, Y. Futaana, G. Stenberg, 
M. Lester, S. W. H. Cowley, et al.: Atmospheric erosion of 
Venus during stormy space weather. Journal of 
Geophysical Research: Space Physics, 116(A9), 2011. 
A09308. doi: 10.1029/2011JA016749 

[4] Futaana, Y., G. Stenberg Wieser, S. Barabash, and J. G. 
Luhmann.: Solar wind interaction and impact on the Venus 
atmosphere. Space Science Reviews, 212(3):1453–1509, 
2017. doi: 10.1007/s11214-017-0362-8 

[5] Kollmann, P., P. Brandt, G. A. Collinson, et al.: 
Properties of planetward ion flows in Venus’ magnetotail. 
Icarus, 274:73–82, 2016. doi: 10.1016/j.icarus.2016.02.053 

[6] Masunaga, K., Y. Futaana, M. Persson, S. Barabash, T. 
Zhang, Z. Rong, and A. Fedorov.: Effects of the solar wind 
and the solar EUV flux on O+ escape rates from Venus. 
Icarus, 321:379 – 387, 2019. doi: 
10.1016/j.icarus.2018.11.017 

[7] Persson, M., Y. Futaana, A. Fedorov, H. Nilsson, M. 
Hamrin, and S. Barabash.: H+/O+ escape rate ratio in the 
Venus magnetotail and its dependence on the solar cycle. 
Geophysical Research Letters, 45(20):10,805–10,811, 2018. 
doi: 10.1029/2018GL079454 

[8] Ramstad, R., S. Barabash, Y. Futaana, H. Nilsson, X.-D. 
Wang, and M. Holmström.: The Martian atmospheric ion 
escape rate dependence on solar wind and solar EUV 
conditions: 1. seven years of Mars Express observations. 
Journal of Geophysical Research: Planets, 120:1298–1309, 
2015. doi: 10.1002/2015JE004816 

[9] Ribas, I., E. F. Guinan, M. Güdel, and M. Audard. 
Evolution of the solar activity over time and effects on 
planetary atmospheres. i. high-energy irradiances (1-
1700 å). The Astrophysical Journal, 622(1):680, 2005. doi: 
10.1086/427977 

[10] Schillings, A., H. Nilsson, R. Slapak, P. Wintoft, M. 
Yamauchi, M. Wik, I. Dandouras, and C. M. Carr. O+ 
escape during the extreme space weather event of 4–10 
september 2017. Space Weather, 0(0), 2018. doi: 
10.5194/angeo-35-1341-2017  

[11] Svedhem, H., D. V. Titov, D. McCoy, J.-P. Lebreton, 
S. Barabash, J.-L. Bertaux, P. Drossart, V. Formisano, et al. 
Venus express - the first European mission to Venus. 
Planetary and Space Sci- ence, 55:1636–1652, 2007. doi: 
10.1016/j.pss.2007.01.013 


