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The galactic cosmic rays are the main source of ionizatioth@énEarth stratosphere and tro-
posphere. They play an important role in various processased to atmospheric physics and
chemistry. Sporadically solar energetic particles enbahne ion production, specifically over po-
lar caps. At recent was observed an apparent effect on mamstituents and aerosols over polar
region during major solar proton events, specifically dyitime major event of 20 January 2005.
Solar cycle 23 provided several strong ground level enhraeogs. The Bastille day event on 14
July 2000 is among the strongest events of the cycle. In th& presented here we apply a full
Monte Carlo 3-D model for cosmic ray induced ionization id@rto compute the ion production
during the Bastille day event. The model is based on atmaogptescade simulation with COR-
SIKA code using FLUKA and QGSJET Il hadron generators. Thepooduction rate during
the event is considered as a superposition of cosmic raysgalactic and solar origin. The time
evolution of ion production is computed considering theatssn of solar proton spectra through-
out the event, apparent source position and anisotropyiorheroduction rate is computed as a
function of the altitude above the sea level at several itigiclit-offs, namely 1 GV, 2 GV and 3
GV. The ionization effect is also estimated.
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1. Introduction

The main source of ionization in the troposphere and stratosphere of ttiiegE@ the galactic
cosmic rays (GCRY)[1] 2] 3]. They enter in the atmosphere and prddigee amount of sec-
ondaries. Their intensity is modulated by the solar wind. It follows the 11-gekr cycle and
responds to transient phenomena such as Forbush decrg¢asesrjdy frong eruptive solar pro-
cesses as solar flares and coronal mass ejections (CMES) are gutcghlar energetic particles
(SEPs) (se€[]q] 6] and references therein), which is eventuallycastesated to energies enough
to initiate an atmospheric cascade, known as ground level enhancemésis) (G hey signifi-
cantly increase the ion production in the atmosphere, specifically in poianseff,[B,[P[IP[J1].

2. Model, ion production rate and ionization effect during GLE 59

The computations in this work are based on a model similgf {o [12]. The detaéegiven

elsewhere[[19, 14, 15].

whereAE is the deposited energy in an atmospheric lafér h is the air overburden (air mass)
above a given altitude in the atmosphere expressegién? subsequently converted to altitude
a.s.l.,Di(E) is the differential cosmic ray spectrum for a given nuclei of primary gi,the atmo-
spheric density irg.cn 3, A, is the geomagnetic latitud&, is the initial energy of the incoming
primary nuclei on the top of the atmosphefeis the geometry factor - a solid angle &g, = 35
eV is the energy necessary for creation of an ion pair in air.

July 2000 was period of intense solar activity, producing three X-classsfland two halo
CMEs. The GLE 59 was related to the Bastille day X5.8/3B sdi@are and associated full halo
CME, started at 10:03 UT, reached peak at 10:24 UT and ended atl:utlrz@]. The GLE onset
began between 10:30 and 10:35 UT at several stations. The strorigeéstitases were observed
at South Pole 58.3 % and SANAE 54.4 %. In this study we consider SEPsapad anisotropy
according to reconstructions from neutron monitor dfth [17]. The iodymtion rate during the
GLE 59 is a superpose of the contribution of GCRs and SEPs. For the G&Rism we assume
the force field approximatior J1§, 11P,]20]. The computations are fulfilleebalistic conditions,
namely assuming a summer atmospheric prdfile [A1] 22, 23]. The computetbiduction rate is
presented in Fig.1la fd®. < 1 GV cut-off, accordingly Fig.1b foR. < 2 GV.

The derived ion production rate allow us to estimate the expected ionizatiect &ff inte-
gration of ion production rate over the eveht][24]. The ionization effegresented in Fig.2 for
regions withR. <1 GV, R; < 2 GV andR. < 3 GV rigidity cut-offs.

It was recently shown that the ion production and the correspondinggitimizeffect during
major GLEs considerably vary throughout the ev¢nf [25, 26]. This ésatuvariation of spectral
(SEP spectrum soften during the event) and angular characteristicgittheangle distribution
broaden out). The anisotropy of SEPs considerably reflects on thetogof ionization effect
in a given geographic region. Since the Bastille day event isotropizeéweddfast, this effect is

p(h)dEdQ (2.1)
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Figure 1: lon production rate during the Bastille day GLE on 14 July 2000.
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Figure 2: Maximal ionization effect during the Bastille day GLE on 14 July®@aR. < 1 GV, R;
<2GVandR. <3GV

not as important compared to other evefifd [y, 25]. The ion production igmakix the sub-polar
and polar regions of Southern hemisphere, while it is minimal near to the anvtiasd direction.

As example we compute the ionization effect in the troposphere at altitudeoaf 4B km
above the sea level throughout the event (Fig.3). The maximal effezéiomm effect at this altitude
is observed isz 20 % in the region of 30W - 30° E in the Northern hemisphere. It diminish to
lees then 10 % in anti-sunward direction in the Southern hemisphere.

3. Conclusion

In this study we presented computation of ion production rate and comésypionization
effect due to CRs of galactic and solar origin during the Bastille day GLBEtewe 14 July 2000.
It was shown that the ion production is maximal in the sub-polar and poléwn®g It rapidly
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Figure 3: lonization effect in the troposphere relative to average dG&€® during GLE 59.

diminish at regions with higher rigidity cut-offs, because of the falling SE#®8p. The estimated
ionization effect is important for recent studies related to impact of CR$roaspheric chemistry
and physics as well as space weather and space climh{e [{0] 27, 28].
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