
C h a p t e r  I  
I n t r o d u c t i o n

A solar flare is an explosion on the surface of the รนท, which often re
leases particles known as “cosmic rays.” Cosmic rays are energetic particles mov
ing in interplanetary, interstellar, or intergalactic space. Most cosmic rays are 
charged particles, which consist of charge atom ic nuclei (ระ 98%) and electrons 
and positrons (ระ 2%). The 1 nuclei are hydrogen, helium , and heavier nuclei 
(Sim pson 1983). Cosmic ray particles have a wide range of energies, from 106 to 
1021 eV, the la tte r being far higher than  the highest energies available from m an
m ade accelerators (1012 eV). The m ajority  of low-energv ( 103- 10s eV) cosmic ray 
particles are accelerated near the surface of the รนท. Cosmic rays have im portan t 
effects on the E arth , such as disrupting radio com m unications, causing electric 
power failures and causing radiation warnings on transoceanic airplane flights. 
M uch of the interest in solar cosmic rays regards the study of solar flares, the 
m echanism  of acceleration and cosmic ray propagation using a transpo rt equa
tion. In particu lar, recently there have been substantial technical im provem ents 
in the m ethod for sim ulating the transport of cosmic ray particles through the 
in terp lanetary  m edium.

This work examines cosmic rays from solar flare events, which are called 
“solar cosmic rays.” Most of the d ata  are used to analyze the intensity  and 
anisotropy of energetic electrons and protons coming from the รนท. Samples of 
d a ta  are from the ISE E -3 / IC E  spacecraft (see Figure 1.1).
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ISEÎÏ-3 SPACECRAFT

3D RADIO MAPPING ANTENNA LENGTH (TIP TO TIP)
AXIAL: 14 METERSRADIAL: 92 METERS

SEARCH SHORT ELECTRIC COIL ANTENNA

TOTAL ร 1C WEIGHT: 479 kg
EXPERIMENTS: 104 kg HYDRAZINE: 89 kg

DIMENSIONS (MAIN BODY)
DIAMETER: 1.77 METERS HEIGHT: 1.58 METERS

MAGNETOMETER

THRUSTER PODS

Figure 1.1: The 1SEE-3/ICE  spacecraft.
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T h e  O b j e c t i v e s  o f  T h i s  T h e s i s
1. To analyze the characteristics of dense pulses of particles released from 

the รนท.
2. To analyze the effects of drifts and diffusion which influence the trans

port of particles.
3. To sim ulate the transport of particles released from the  รนท and ana

lyze the  duration  of particles released from impulsive and gradual flares.

P r o c e d u r e  a n d  O u t l i n e  o f  T h i s  W o r k
In this work, the author analyzes the characteristics of dense pulses of 

particles released from the รนท. The author uses the basis of the Fokker-Planck 
equation for the transport of solar cosmic rays, as will be described in chapter 2. 
The transpo rt of solar cosmic rays from the รนท to the spacecraft is sim ulated 
com putationally  is described in chapter 3. The results of a com parison between 
such sim ulations and approxim ate theoretical are described in chapter 4. The 
effects of drifts and diffusion, which influence the transport of these particles 
are discussed in chapter 5. The results of fitting gradual and im pulsive flares 
are discussed in chapter 6. Finally in the last chapter will be discussion and 
conclusions. The procedures in preparing this thesis were:

1. To study  the research th a t is involved.
2. To study the transport of particles released from the รนท.
3. To perforin com putational sim ulations.
4. To study the effects of drifts and diffusion on this transport.
5. To study  an impulsive flare and a gradual flare.
6. To conclude and write the thesis.
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T h e  U s e f u l n e s s  o f  T h i s  W o r k
In this research the author should analyze the d a ta  from a spacecraft to 

com pare w ith  accurate simulations, so this research can address how to in terp ret 
the d a ta  on cosmic rays from spacecraft and how to use the d a ta  from sim ulations. 
This research will make the reader understand the solar flare events b etter. This 
research will also provide the direction for others to improve the techniques in 
the com putational simulation.
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