Chapter 1

Introduction

1.1 Introduction

: ,‘Q { %OS, are energetic particles or
uiside-the &Iﬂ@ere discovered by V. Hess

tand the origin of cosmic

Cosmic rays, i.e.,
gamma rays originating '
in 1912, and since then
rays. The first step to a sticce ul/a glera ‘ T nism came in 1949, when
of stochastic acceleration
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ordinary charged parti ‘ aglgain’ei g9 t0 beé o;.* energetic particles in space

b theory explaining how

plasmas, although this the sxplain the energy spectrum
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of galactic cosmic rays. In'1954; Fer another acceleration mechanism

with greater efficicncy, nowcealled: i acceleration. This theory

was successful in & 'x listribution of galactic
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that first-order Fermi aeceleratlon is the n mechanism producing cosmic ray

particles. Smﬂt%a&}el{%} w E} ‘ié] ‘51 WH Q«ﬁlﬁ at shocks in space

plasmas, it canqéxlso be called shock, acceleratlon
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works o% shock acceleration have been published. Most of the theories were

s, scientists still believe

cosmic rays, correspﬁjm R

based on the diffusion approximation. The approximation allowed scientists to

solve many problems with analytic methods; however, it is an approximation that



is not always correct. Actually, there is a pitch angle transport equation that can
be used to model the shock acceleration with greater accuracy, but solving this
is much more complicated than using the diffusion approximation. In general, it
cannot be solved analytically. Recently, there were some works on shock accel-

eration solving the pitch angle transport equation by numerical methods. These

of the pitch angle transj 1 in the s of oblique, nonrelativistic

shocks for non-ultrarel ; 1 overed a peak in the spa-
tial distribution near t : : d by previous work using
the diffusion approxim med by Gieseler et al
(1999). After that, Klap lappong (M.Sc. thesis), who
used a pitch angle transpor le acce r ion at shocks and compres-
sion regions with various comp ’ prdvided evidence that the peak
arises due to the n:ignetic m‘ﬁh;’ 'l lected in the diffusion

In this work,H e wou and r@re about effects of mag-

netic mirroring on shock acceleration with varying magnetic mirroring strength

by varying uﬂ abaloftetbed M huikgnglif i hink ahcthe shock or com-

pression norma. vector We study these situatiops by simulating;the transport of
particed ol hodkSbidchrboriibd rdobd] We shrlh hrcsalich by mumer-
ically soTving both the pitch angle transport equation and a diffusion-convection
equation obtained by using the diffusion approximation. The differences between

those results should indicate how magnetic mirroring affects our situations of



interest.

1.2 Objectives

e Develop the computer programs and methodology for finding solutions

of the pitch angle transport equations and diffusion-convection equations which

are used to treat particle transport & nd compression regions.
e Study the effects %5 on particle acceleration at
shocks and compressions arious ctween magnetic field lines and

shock/compression noral v \ nparing the spatial distributions and

spectral indices obtair \ e piteh angle transport equation with those

troduction to and objectives of & rk. All unfamiliar technical terms will

and the concept of smck acceleration. In Chapter 3,

how we mode cks ‘i ressi 1%( , this chapter pro-
vides some knowl bo ﬁﬁﬂo ﬂﬂmj an explanation on
how to.deri iffusion- ltﬁi . i ? si iﬁfgjon approx-
imatioa ﬁiﬁhﬁ:ﬂﬁa lﬂﬂ::i, rﬂﬂ:j ion on how to

modify the equations to be suitable for our situations of interest. Chapter 4 will

ere are explanations on

talk about the main numerical methods and methodology that we use to find our



solutions. Chapter 5 will show our results and discussion. Chapter 6 will pro-
vide the summary of this work. Appendix A provides the relation between the
energy spectral index and momentum spectral index. Appendix B supplies some
evidence pointing out that supernova remnant shocks are the origin of galactic
cosmic rays. Appendix C shows the tables of simulation parameters. Finally,

Appendix D provides all results o

A

| yl

AuEINENINeINg
ARIANTAUUNIING 1A Y



	Chapter 1 Introduction
	1.1 Introduction.
	1.2 Objectives
	1.3 Thesis Outline


