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ABSTRACT

As seen in recent observations by the Advanced Composition Explorer (ACE),
the intensity of solar energetic particles (SEPs) exhibits sudden, large changes known as
dropouts. These have been explained in terms of turbulence or a flux tube structure in
the solar wind. Computer simulations of a random-phase model of magnetic turbulence
have indicated a spatial association between dropout features and local trapping bound-
aries (LTBs) defined for a two-dimensional (2D) + slab model of turbulence. Previous
observations have shown that dropout features are not strongly associated with sharp
magnetic field changes, as might be expected in the flux tube model. Random-phase
turbulence models do not properly treat sharp changes in the magnetic field, such as
current sheets, and thus cannot be tested in this way. Here we explore the properties of|
a more realistic two-dimensional magnetohydrodynamic (2D MHD) turbulence model, in
which current sheets develop and the current and magnetic field have characteristic non-
Gaussian statistical properties. For this model, computer simulations indicate that sharp
particle gradients should frequently be associated with LTBs, sometimes with strong 2D
magnetic fluctuations, and infrequently with current sheets. Thus the 2D MHD + slab
model of turbulent fluctuations includes some realistic features of the flux tube view.

Besides simulations in Cartesian geometry, we also perform simulations of]
particle transport using a 2D MHD + slab model in spherical geometry, including particle
focusing. We have discovered collimation of beams of charged particles toward a high
(low) potential for a positive (negative) charge. In the solar wind, this should occur only
for relativistic particles. For future work, we will investigate whether this effect can be

applied to help understand the highest energy SEPs.

KEY WORDS : SOLAR ENERGETIC PARTICLES / MAGNETIC TURBULENCE
TRAPPING BOUNDARIES / COLLIMATION

103 pages.




Fac. of Grad. Studies., Mahidol Univ. Thesis / v

‘lJ’E]‘]JL“U@ﬂﬁﬁﬂLLﬁZﬂﬁﬂﬂlﬁ]?ﬁﬂl@\iﬂﬂﬂ?ﬂWéjﬂﬂuﬁ;\ifﬂTﬂﬂTl\‘]’GWﬁﬂg
TRAPPING BOUNDARIES AND DROPOUTS OF SOLAR ENERGETIC
PARTICLES

99N WAINTIAA 4938556 SCPY/D
Us.a. Wdnd)

AuznssuMInTamIneiinus: 1w3a 3 TWla, Ph.D. (PHYSICS), lufa odu, Ph.D.

(PHYSICS), 51103 Teanduns, Ph.D. (PHYSICS)

U 1
UNANYD
o [ a a o <
MIAHANIFUNADYNIANGINUFIINANDINAIR188 U IMAEANUFAON TNAFUIDNNABITOT
A v ' 3 ' s =& A vy y ' A
wumandsunasanuduveseyninednsiaisiteniasetie dawsoesuelddrennuiluilunie
' o a ° A ° ' T3 o '
Tassafaneldndluaugsoz 1inmsdiassdronouiiames lasuuuirasulaguuesauumimaniuiliu wy
A ' o o @ a = t a ) @ o
ANWNYIToITEHINENBazYeIaTotieiuazveuvanmsnnluusnaladifeedsi oy msunuuiiass
R Aa ' & A ' N 1A A ] v o
auuimanilu iy aeadia + uuuuHY NMIFUNANFINIINTINATEYIeM lTaNuRgITeIMT RN
= A o o Vg A 9 ' | ° '
maasunlasndunauvesauvuimannnunuUUIIassnedns iedanuuuiiasulaguue
g . ' 9 4 Ao o v g 4 a 4 o
auuimanuuuiuihu liamunsalimsnldsulasndunduvesauuuimannansanavu lunuusiaos
' v & = ' ] Y, ad 2 Yo wa ° ~ Y a A
urunszua auiuda luanseldmaasy1dlunsdisl luamilinlddsreania veawwusiaesnlndifeeninuase
-4 ' \ a o aa 4 a ' g .
mMniueduuuinesgnanamansFusimanluaesia - Fanunsanaudunszuaiuld udunszuanay
3 e e aay 1 g 7 a 3 v ~ P ) o v v o
mumanitauianeada lduruumdidou mssuiudiensuiuees laglsuuuiiasai lduaaslfisiu
' N ~ P o ) a Y ] S y '
Nuusnainuasetenezinnuveurwamsnnluusnalndifesdle ismuasetevnuanuiuiiuves
g Aad a ' o ' a v o o
FuNuvanuuuaealanususna vaz linvasediomsuudunszualunsnalndifesdy daiy
o 2y a o ¥ o mlyy
uuuiaeslmiildswanuaswewwannmsdunavesyuued Inssadaneldnd 13d0
Y
uenvnmssiasslusasiaiianinudl luauibsidaldiinissassmsvudevesoyninlu

V@ Ay o s a ] aa ' A aw 5
ﬁmmmmaﬂﬁ“lémmmmm’q‘wﬂwamﬁmwmmwaﬂﬂluﬁmm + LL‘]J‘]JLLWL!GluLiGIJWﬂmﬁlWﬂﬂWNﬂauéﬁwzilu

'
A a o

o v Y ta v & o = s o o w
ﬂi%U’JuﬂﬁI‘V\'ﬂﬁ"UfJ\iﬂHﬂWﬂﬂ’Jﬂ !iWﬂuWUﬂiWﬂgﬂWimi’JﬂJﬂULﬂuaWJENE]‘lgﬂWﬂﬂJ’]Ji% ’VITJiL’JELlﬁﬂEJQQ (") AnTu

a
v

Ed
aymnlszquan (av) luaugsozlsingmsalfivgimatueymandsaiugunnmniu lusuinasnising

@

7 v a o a' o a
annsalszgnd ldlsingmssitlesunenamsdunaeymiaiilszdundnugeganaiseing

103 ¥iih






