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Atmospheric escape induced by magnetic reconnection in the dayside ionosphere of ar
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The ionospheres of unmagnetized planets such as Venus and Mar directly interact with the solar wind. At an unmagnetize
planet, magnetic reconnection can occur in the dayside ionosphere, induced magnetotail, and regions around crustal magne
fields. We have studied magnetic reconnection caused by the rotation of the interplanetary magnetic field (IMF) in the iono-
spheres of Venus and Mars by performing local numerical simulations.

At Venus and Mars, some satellites have observed Hall magnetic fields [Eastwood et al., 2008; Halekas et al., 2009], plasmoic
and flux ropes [Zhang et al., 2012; Eastwood et al., 2012] generated by magnetic reconnection, but the effects of the magnet
reconnection on the atmospheric escape and the structure of their ionospheres have been unclear. Dreher et al. [1995] sugge:
that the ejections of ionospheric plasma clouds [Brace et al., 1982] can be caused by magnetic reconnection in the dayside ion
sphere based on the result of Pioneer Venus Orbiter observation, which showed a correlation between the rotation of IMF and tt
cloud ejections [Ong et al., 1991]. However, performing a linear analysis and an MHD simulation, Dreher et al. [1995] estimated
only the linear growth time of magnetic reconnection at the Venus ionopause, so its nonlinear stage and the resultant loss rate
ionosphereric ions have yet to be investigated.

In this study, using 2-D multi-species MHD simulations, the spatiotemporal evolutions of magnetic reconnection in the iono-
spheres of Venus and Mars are examined and the loss rates of the ionosphereric ions are also estimated.

In the case of Venus ionosphere, our simulation result shows that plasmoid instability [Loureiro et al., 2007] occurs in a Sweet:
Parker (SP) current sheet above 240 km altitude where Lundquist number excéedadlBonsequently many plasmoids are
generated. In the nonlinear stage, some monster plasmoids [Loureiro et al., 2012], which are larger in size than the initial currer
sheet thickness, are generated through plasomoid coalescences. These monster plasmoids are as large as the giant ropes obs
by Venus Express [Zhang et al., 2012], and it is suggested that the giant flux ropes can be generated by the plasmoid instability

As a result of the acceleration due to the reconnection, ionospheric plasma is ejected to the outside of the current sheets wi
a local Alfven velocity. According to our simulation results, the loss rate at the Venus ionopause is @dqat 10 This value
is smaller than that estimated by Pioneer Venus Orbiter observatiorl (#7s~'][Brace et al., 1982], 410?°[s~!][Lammer et
al., 2006] ), but is of the same order as that estimated from Venus Express observat#a6?(2[3~'] [Fedorov et al., 2011],
4.9¢10** [s~!] [Masunaga et al., 2013])

The magnetic reconnection in the dayside ionosphere of Mars has been also studied. The estimated Lundquist number
the Mars ionosphere exceeds’Jdbove 200km altitude and it is expected that plasmoid instability can occur also in the Mars
ionosphere. In the presentation, the loss rate for the case of the Mars ionosphere will be reported.
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