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Appendix A
n(p) vs. j(E) and v vs. 7p

A.1 n(p) vs. j(E)

d j(E), introduced in Chap-

ter 2, are equivalent. Ree Qrtxcle number/(volume -

(A1)
where N is the nu s \y.dand z are the spatial coordinates, p
is the momentum/nucleo artic " anc he solid angle. If we multiply
equation (A.1) by dE/d Eis ] i o0 ETE) /nucleon of particles. We

obtain -
(A.2)

Referring t@ the relat

B = pc + m?2ct, (A.3)

v Ev kel TR TTEE (T TEr T pem—

of light, by dlfferentlatlng equatiow (A.3), it beg&x‘nes

ama\mmym'mma 14 N

Then we can find dEotal/dp,

dEtotal _ pc2

dp Eiotal
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ymuc?
ymc?

= (A.5)

where ~ is the Lorentz factor of a particle and v is the particle speed. From the

relation

dFE is equal to d Eyoal- H 1ce .

into equation (A.2),

(A7)

s the particle flux in terms

of energy. As discussed 12,78 his 38 4 erefore n(p) is the same as

Recalling tha l |
Etot.al =V ‘C} + P, (A.8)

where B ﬂtutﬁl&%ﬂ Vbacidh Gl achebagisic mie e can

approx1mﬁ slfiaepmg the first twd terms in theshinomial expansion) that

aNT) 3t M@ﬂ eIaE

ttl
otal m2c4

~ ’ A.
2m (A.9)

Since mc? is the particle rest energy, the particle kinetic energy is E =~ p?/2m.
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From the relation describing the cosmic ray spectrum,
J(E)x E7™ (A.10)
together with E oc p?, we get

~H (A.11)

(A.12)

Then E is proportional top. relativistic limit, v should be

equal to 7e.

(7
T

»
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Appendix B

Origin of GCR: Supernova
Shocks

%}porting that galactic cosmic rays
=

Kknopn, ongoiny Menomena in the galaxy that

Here are some relevant
are accelerated at superno
1. Supernovae are

can provide the ener uallv replenish the energy of

GCR.
_ hock (e.g., as observed by the
Hubble Space Telescope )i ' / \

S ck acceleration of electrons

2. Supernova

(as evidence by radio obse 7' AEGE symelite o ‘adiation).
4. The primary (JCR mdances are similar to solar system abundances.
[More precisely, when ce r galactic | ongthe inferred “cosmic ray

source” elemental abtin ot abundance. |

mple of maﬂr in the galaxy, i.e., the
interstellar m ﬁ54 .56 bllhon s ago. Therefore, the similarity of
cosmic ray soéi‘aulﬂ yl) &lan ’] ﬂm 1ndlcate an origin
in the

iﬁm A0 UMDANLIAY o o

system abundances by a factor of three for elements with a high first ionization

5. The solarmstem provide

potential (greater than about 8 eV). This is most easily explained by a “cool”

source at a temperature of about 10° K (so that k7" ~ 8 eV). [Note: there are
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alternative interpretations of the correlation with the first ionization potential -
however, all proposed models agree on acceleration by supernova shocks.]
7. Recent observations of primary GCR that decay only by electron cap-

ture indicate a time of at least 10* years between nucleosynthesis and acceleration.

Several of these observations are inconsistent with direct acceleration dur-

ﬂuEJ’J‘YIEWﬁWEJ’]ﬂ‘i
‘QW']Mﬂ‘ifNNﬁTJﬂEI']&IEI



Appendix C

Simulation Parameters

Q-Par Ob Q-Perp

Imn(THETAup) ' ) po1 1 4
!”‘5
'mn(THETAdown) d “6_:’.)4’ 3.87 15.11
_:é"
THETAup (radian) | 0.009999667 | 0785398163 | 1.325817664
THETAdown (radian) ™ | 00399786871 318242051 | 1504711361
i
THETAup (degree) 7 0.572938698 45 75.96375652
THETAdown (degree) ﬂ © | 2290610042 | 75.52970589 | 8621361035
E - - E e
BDOVERBU / P oo 2.83 3.673
[ [ L’i -
vsw_up(kays) (normal%i%e ﬁiﬁe)_ I Y 541.458 544.271
vsw_down(km/s) (normaf—rinc‘ en ﬁpmei ::‘_:‘4127.981 141.458 144.271
7
BETASW up  (normal-incidgnce frame) | 0.001795099 |  0.0018067 | 0.001816087
e e

BETASW down (normal-incidenchiirarfie) 10.000460406 ! 0.000472007 | 0.000481394
vsw_up(km/s)  (de Hoffmann-Teller fitine) ~ | 5380078984 | 7657372471 | 2244.086822
vsw_down(kmy/s) (d¢ H8ffmann-Teller frame) | 138.0913407 | %566:1082177 | 2184.703618
BETASW up  (d¢ Hoffmann-Teller frame) | 0.001795188 | 0:00255506 | 0.007487917
BETASW down (de Hoffmann-Teller frame) | 0.000460774 | 0001888952 | 0.007289771

Table €. 1==Simulation-parameters forvarious'fiéid angles
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Appendix D
All Results

Appendix D provides all results obtained by solving the pitch-angle trans-

equation with a shooting method, consiSting e spatial distribution of par-

ticles ((j)u vs. 2/Ay) og(p)), spectral index ()

spectral index as a fun( ion width (7 vs. b/)\y), upstream-density

—
e ¥ |
The spatial ? ».o s 1 8D.1. The distributions

yielded by the pitch- ) $\\\ onvection equations are plot-

ted on the same graphs gompa _‘_ ' - 5f the particle spectrum are

a function of position (&

VS. Z//\”).

shown in §D.2 (only for “angle .,'- ). Spectral indices for every case

of interest are summarized i pectral index is plotted as a

- q__m.; 6 the upstream-density

Y
A fo_m)itch-angle transport are

function of compres
decay rate and aniso@py 0

plotted as functions of QO&IOH The deca te and anisotropy are used to check

oui resills bﬂo%aﬁg’}% %‘W %Wi@l’]:ﬂ %&ed dezay ribe aud

anisotropy far m)wnstream shown,in Appendlx C.
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Figure D.3: (j), vs. A guasi-perpe lar e ssion region with /A =

0.2, v/Urn=25
9; 0:5 J ; ST
% ‘o ) 1
A AT T TS
U " Ldotted fine: j, from OC | :

QRN B

Figure D 4: (j)u vs. z/ A of a quasi-perpendicular compression region with b/ =
0.2, U/U1n=50
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Figure D 8: (j),. vs. z/\| of a quasi-perpendicular compression region with b/A; =
1 0 ’U/ Ul,,—50
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Figure D.9: (j), vs. ssion region with b/\ =
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Figure D.10: (j), vs. z/\| of a quasi-perpendicular compression region with
b//\" = 2.0, ’U/Uln=50
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Figure D.12: (j), vs. z/\ of an oblique shock, v/U;,=50
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Figure D.14: (j), vs. z/)A of an oblique compression region with b/\; = 0.2,
'U/ U1n=50
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Figure D.16: (j), vs. z/)\; of an oblique compression region with b/Ay = 0.5,
’U/ U1n=50
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Figure D.18: (4), vs. /) of an oblique compression region with b/ = 1.0,
U/U1n=50
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Figure D.22: (j), vs. z/\| of a quasi-parallel shock, v/U;,=50
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Figure D 24: (5), vs. z/\ of a quasi-parallel compression region with b/Aj = 0.2,
v / U, 1n—50
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Figure D.28: (j), vs. z/\ of a quasi-parallel compression region with b/ = 1.0,
v / U ln=50
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Figure D 30: (7)u vs. z/\ of a quasi-parallel compression region with b/ = 2.0,
v / U, 1n=50
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D.2  log(j)1 vs. log(p)
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0.0F
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Figure D.31: log(j):

shock obtained by the
pitch-angle transport e

log<j>,

12‘.:..14 1.8 2.0

eyl “Nj 113
Figure D.32: 1 uvs l:gq;o of a quasi-perpendicular compressnon region with

b/A\ =0.2 obtamed by the pitch-afigle transport=equation
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Figure D.33: log(j) ;
b/A\; = 0.5 obtained bygfhe i

|
—
.

z} log<j>,
|
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Figure D.34: log(j); vs. log(p) of a quasi-perpendicular compression region with
b/A) = 1.0 obtained by the pitch-angle transport equation
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Figure 5.36: log(j)1 vs. log(p) of an oblique shock obtained by the pitch-angle

transport equation
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Figure D.38: log(j); vs. log(p) of an oblique compression region with b/A; = 0.5

obtained by the pitch-angle transport equation
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Figure D.40: log(j): vs. log(p) of an oblique compression region with b/A; = 2.0
obtained by the pitch-angle transport equation
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Figure D.42: log(j); vs. log(p) of a quasi-parallel compression region with b/ =
0.2 obtained by the pitch-angle transport equation
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D.3 Spectral Index Summary

125

Summary Chart Q-Perp(Ob2) Ob
eq-0.3 eq+0.3 | eq-0.3 | eq+03 | eq03
gamma_p -0.25 0.35 1.39 1.99 1.61
S I £ B0Z P
ok P i &
shock |gam_dc25 o ————
gamma_f50) 179 |i19931 | 2039
gam_dcS0 : —
gamma_p 1.47 7 1. 233 1.75
amma 29 /1.814|#1:809 ) 1,305 42719204270 92.043 | 2.040
0.2 |gam_dc25
poT o XGRS e I
gam_dc50 |--—-———
gamma_p Y 69 -1 1.80
S ETERRY oY o - e
R0 3 s S
05 |gam dc2s |- ” ST
gam_dc50 E— Ry e
gamma p | 3.04 364, | 74 1.95
1.0 |gam dc25 |- et R b e
T W %
|gam__dc50 Y ———
gamma_p — — - — — - - 2.18
20 |gam dc25 - - |——
gam_dc50 e

LeIN

I NGNS

Q-Par
eq+0.3
221
0408 1182.042;

2.55

Table D.1: Sp&tral indices from our simulation with various m&gnetic field con-

SRR I NN INYIAY
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from solving the pitéh-angle sport sequation \;"solid line) and diffusion-
convection equation (D PineT 5 '\ \ \

2.0
Figure D.47: Spectral index, v, of particles with an energy corresponding with

v/Uy, = 50 ﬂsm}(}pmw i th compression re-
gion) in the h essién regions, obtained

from solving the pitch-angle trans?ort equation (PA solid hne and diffusion-

°°“”“#W’1N?f’i‘mnm Ny \ &)
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Figure D.48: SPGCtr ' i;\\\:’k"' ‘m nergy corresponding with
v/U;, = 25 versus wi o sion (8 \ width compression region)
in the cases of obli ained from solving the

g l‘ ) p - &\\\ *
pitch-angle transport e t l . i di us10n-convectlon equation
(DC; dotted line).

olid line: 7. fro,
ﬂu ) écgelf ﬁiw_!
0. R 1.0 1.5
b/Ay

i mmmmm@ 8 i v

in the cases of oblique shock/compression regions, obtained from solving the
pitch-angle transport equation (PA; solid line) and diffusion-convection equation
(DC; dotted line).
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pitch-angle transport equation (PA; solid line) and diffusion-convection equation
(DC; dotted line).



129
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Figure D.57: In(j), vs. z/\| of a quasi-perpendicular compression region with
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Figure D.61: In(j), vs. z/A; of a quasi-perpendicular compression region with
b/)\" = 2.0, 'U/U1n=50
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