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Abstract

tisimg a phypaiced sode! based o Adonse-Carla simudztion of the casic ray indiced m*;_cmfe.

We saleulaly commic woy induwcsd loufrafian in the erroiphent, The resully fOJ arg-ter

changes i e ionization et galoctic costhie roue are presented The fonization effec! af
SRR Solar grargetic pacdish UgRER i ol iiscpmred.

1. INTROTHTICT I

{nsmic raye form the muin sowrce ot the atmospherie 1'<mi-.callic>u in t!-u: Lrigpogplhors a._mi fwer
siratosplere, eantrbuling significenlly also oo Lhe iopization L_rf' E!I.EJ]CI:' :}t!'rm:iphcnc ]a].-c_rs.
Whon enfering the Earth's almasphone, wery energoiie gusmic Tays tnitivle & maclgome-
clegtromupneticanuon  eweade i Ghe  atmogphere. ALl tws ﬁ:rlm.ngl epgrmdury
parliclestradiation jontaes e ambiznl air, leading for wisential phnsical and chemical changcs
in Lk atmosphare.

Two muin componenis we impertanl for coesmiz ey indnced inni'.c_nliun ﬂl’r‘ _len vy
atmasphere: (1) Ligh enecpy galacte cosmic rays thial ures dlwans present i tl}-: vieinily of the
Earth ang ars subject of the salar medulation wod (2) apordic snla_r BOSTIG L1y of luy.rm-
coprgy hul very high momentary tlug, e elfect of helh compenents 14 quantitatively sludicd

here,

. MUMERICAL MCHIET

A full pliysicsd model Las boen recentiy develnped o caloulate cosmic ray induced jonjzakion

in the wmospliere, aldng inlo account all he related prucesses (Laoskin 2t &l., 2004; Usaskin
and Kovalisoy, 2006 The medsl % based an the Munl.‘c-[.f?:lu CDI{&%EKA loal, whizh
simulates Rl development of an eleetromugnetis-muan-nucleonis euscede in the abmispliela,
wilh thz FLUK & packnge vssd for luw encrgy interactions, The direct onizetium by orimary
cosmic rays i expligitfy teken into aceoonl. The model i spplicalzls _lhe entirs anﬂoﬁphe;e,_
fenm the ground up to the stratoaphers, A cemparison o [ragmentany |l_|rect IMGASUFEMIEE u{
the imlization in the almosplicre sonfinms the validily of the model in the wl-!nlu rangs of
peopraphical laliludes and altitudes. We provide u dutailed tabpiluied Lontzalmm yield Buzhon,
which, togzther with 2 detailed recipe, allows one 10 compute ewsily the crsmic ray indueed
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nnization far g:-ivc_u Tacurion, allilude and Lhe spectrum of cosmic s, [Tis provides 5 new
foa] ftw a quantitative sludy of the space wenther inlluence upe the Harth's environment.

A GALACTIC COSMIC RAYS

The ioséation doe r» galactic cusmis Lays is always present in die wmosphere. Howesver, due
lss the 5-::|]a.fln1|+dulm1|:un, it changes with the 11-year salar cycle. TJzing the mndel results nim:i z
reconstroctiod 0l #he past sular modulalion we calcudate the tetngnral variabilily of the cosmis

TEY En!lucnd foinzation for the last 50 yewrs and, with lower eesolofion, for the last four
GEltiLries, .

4. SOLAR COSMLC RAYS

S-:u]af— COSTIC Tys, 1e, cneraelic partiches weeclorawedl in the salar corong and mierplanctary
mzdilg, appenr ducing sporadiz salar chergetic particls events associnted with sular Harcs
amlfar u:nmniul mags gjzelions, During such events, the Mox of charmed particles of lower
BIeTER M2y incredzc Iy orders of rwemitade. There are some studiss showeing 2 siacislival
e luling belwssn sueh evenls and ahnuspheric propertics, Athongh & quanbilative modeling of
sn._u_;h a rclalinm was sgill risging. [Ters we present (uAttitalive regults to cusspate e possihle
clleul u_f snlm_' COSTILE Fays 0 e ioBienHon of the Ircpospliere-sratos pivere for sevcedl sular
gncrgetw paLticle events, canaing fiom severe to modsrats, 1t js shown that & severe et may
tndeed enhavce he cozmic fuy mdread ionizption W mitdle and high latimdes down to e
rr-::upnsphr:ru, ot nederate evenls produse no addidonal ionization in the moposphere, svou i
!.m-l_ur rERIONS. The global effegt of fricderatc-lo-slrong solar energotic parbicls events in Lhe
Jarbi e 1 Ling.

3, COREC LU EIDM S

The atmcspherte fonization dus to cosmic ravs i guantitatively sfiodicd. It is shown that the
-;Efe-.;[ af 50lar prodon et i stgnificant only for ligh-Tatin de mrines And can be neglected
m middle und low latitndes, Cosmmic ey induced jenizavion dug ro galictic wsimic 1avs i the
i factor of iotzation and it varies with U 11-year solar activity eyele. In addition, Lhe
long-term treid in e fondation is evabusted in the prasl. :
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