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FwHMOOOOOOOOOOoDOOoOooooooboooooo

AE/E =2.355 x op/P = 2.355 x \/(o0n/N)2 + (05/P)? (2.8)

DDI:IDU]QVEIDDDDEI NDDDDDDDDDDDU%DDDDDDDDDDDDDDDD
gboobobooboboobooboboobobooboboobooboboobobo
gocecboboouopoooboooooono a%DDDDDDDDDDDDDDDDDDDD
DDDI:IDDDDDDDDDDDDDDDDU?\,:NDDDDDDDDDDDDDQ.B.Q
gbooboboooboobobooboboobobooboboboboobobo
gobodbooboboobooobooboboobbodbbtowdoon

_EF

0% =NF ”

(2.9)
O000O0FOO00O00000000000Xe0000O0000000000 ~0.170Si
0000 CChOO00 ~0.10000

0000000000000000000000000000000000000000
0 (28)0 (29)000

F
AEVE::2B55xap/P::2355M4£g. (2.10)

0000000000000 0000000000000000000000000000
0000 (AE/Ex E-Y2) 0000000000

Xe (w=215eV; F=0.17)0 Si (w=3.65¢V; F=0.1) 000000000000
ooo

1
AF/E =14 ——  f
/ % FlkeV] or Xe

1
AFE/E = 4. ——— for Si.
/ 5% FlkeV] or Si

00000000000000000000000000000MO000000000 GISO
SISO00000 XeOOOOOOOOOOOO0SiO000 CCDOOOOGISO0000O0
0000000 ~4%@15kV (0000 11 %, 0000)0~7.7% @ 6 keV (5.7 %)0
SISODDDD ~5%@1.5keV (3.7%), ~2% Q@6keV (1.8 %) 000 ‘0000000
00000000000000000000000000000000000000000
00000

4Tanaka, Inoue and Holt 1994, PASJ, 46, L37
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Grating’®

Chandra 0 0 0 HETG (High Energy Transmission Grating) 0 0 0 0O 0 O O Grating (0 O
00)0000000000000000000000000O0HETGOOO0ODO gratingd
HEG (High Energy Gratings) 0 MEG (Medium Energy Gratings) 0000000 (900
000)0000000000 (period) pO0~ 2000 A, ~4000 ADDODO0D0 A0
do0poodoo ANOOO0QOOo0Oo0bOOoO0bOooobooooan

psinff = mA (m = 1,2,3,,,,) (2.11)

0000000000000 00000O00O0O0O00 ROODODODOUOO (DOBODODoODO)O
000000000 000o00o0 %o

goodbiddm=1000000000000000000000Oy0DOO0DOO0O
00 y=Rsinp00000((2.11)000

Py

A== 2.12
& (212)
p Ay

AN =—=. 2.1
=g 212

googoooog
AN = Ay/y. (2.14)

00o000o00o0o0O0o0oO0oO0oO0O0O0O0O0O00O0 (DODOODO)0D00O0O0DOOODOOOO
O00D000AMN=pAy/RO0O0 (00O00D0)00000000O0O0O0OODOOgrating
000000000000O000U00 (booboooooUo)ooooo

000000000 (DDO000O000000)0 gratingDO00O0OOO0OOOOOODO
oboobobobOobobO0oboybOobO0OD0D00OD0Ograting 0DO0OOD0OODOODO
0000000000000 "0

°0 0 0 07”Chandra Proposer’s Observatory Guide”, http://cxc.harvard.edu/proposer/POG /html O 0
goobooo

‘00000”0007’ 0000000000000000000000000O0DD000000D00000
gobod

"00000 XO0000ooooooooooooooooo!
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Ay00000000000000000000000000 A0000OAy =~ RAGD
D000AAN~pADOD0D00D0000000D00000000 grating0 0000000
00000000000000000000000000000000000

Chandra HETGO OO OO0 p~ 20004, 60 = 1”700 0 OAX = 2000 x 7/ (3600 x 180) ~
0.01A 00O (Proposers’ Observatory Guide 0 00 00 00 0.012 A(FWHM))O

goboobooobod

googboobooooboooboooboboobooobooboobobooboobooon
00 (0000000000000 0000000)00DoO0oUODooUooOOoUooooOoo
(Eres) DO0O00O0O0O0OO NOODOOOUOOOODODODOOODOOODODODOOODODOO
0000000000000 7000000 (22)0000000 CUOODOOOOOOOO
000 ~Croo0oodoo00o0000O000O00DO00DO00D00~kETronooo
0000000ON~CT/KT=C/k00000000000000000O0ODO0ODOO
oooooO0 (FWHM)OO

AE ~ 2.355V/ NkT ~ 2.355VkT2C.

00000000 AP (0000000000 O)O000OOO00OO0OOO0ODOODOOObOO
XRSOOOT ~65 mKOC~ 018 pJ/KOODOODOOOOOO ~15eVO0OO0OOO

DDDDDDDDD{E’.DDDDDDDDDDx"
DDDDCCD,grg&ing,DDDDDDDD"‘Q_DDDDDDDDDAE/EDDDDAE
D000000F0000@ 000 KOOOAY ~6kVO000000000000

I.\ R Optical axis

I psin B=mA(m=1,2,3,,,)
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oboobooooobobbooboobdb gratingOO0DOO0OO0OO0OO0OODOODODODOODO
gboboboboboobooboobooooooo

100.0 F z
= 10.0F KRS 3
A £ 7
= r ]
% L ]
Lo 1.0 3 E
i HEG ]
C.1F -
E L ]

0.1 1.0 10.0

Energy (kev)

goobooobbooobboobobbooobbuoooobbo
http://suzaku.gsfc.nasa.gov/Images/astroe/performance/spectro_enres.gif 0 0 0

XRSOOOOOOODOOD X0OOOOOOOOODOO0OO0OOXISO Chandrad OO CCD, LEG/MEG/HEG OO
Chandra 0 00 gratingD RGSO XMM OO 0O gratingd
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XO0O0OOO0O0OO

3.1 JUubobogooooobogd

gboobobooobooobooboobobuoooboboobobooobooobobg
gbobobboboboboboboboboboob

3.1.1 000000

1 pc~3x10"® cm

00 e¢~3x 10 cm/s

10 = 3.15x 10" ~ 7 x 107sec

000000000 1Astronomical Unit (AU) & 500 light-seconds

XO0OOooooooooooo Xoooooooooooooooooooooo (Doo
000000 ~00000000) 0000000000000 000000ODODODO0O0DOO
0000000 00DO0000O”barycentric correction” 000000000 XOOOO
000000000 (D000000)0b000000000000OBarycentric correction
gbobobobobob ~s000000000

XO0Oooooooooooooo

12.4
E [keV] ~ ——
AA]
0124keVO XOOOOO 1ADDDODODOOOOO

21
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XOoOooooooooooooo

1eV =11604 K ~ 10* K
00000000000 M1keVOOOODOODODOODOOOO 100000 0

00000000000 1eVa1.6x10"2erg
0000000 k=138x10716 erg/K
0000D0-0000000 o =1.03 x 10** erg/s/cm? /keV*

O00D0p4600000000DOOOOO0DOODOOOOODOO2keVOOODODOOOOO
ool 10kmO0O00D0O00O0O LOO

L =47 (10km)? o (2keV)* = 2 x 10% erg/s.
0000000 Eddington 00 (3.6) 00000000000 000O000

I 1/4 A\ L4 R —1/2
T=(—"") =~80eV = .
(47raR2> ¢ <M@) (5000km>

ROSATODODOOODOOO ~50~100eV OODO0OOO “Super-soft Sources” 00 0000
0000000000000 0000oO0000 (Co)ooUoOoOoUoUooOoUoOoOo
goooooo

3.1.2 0000000
00/o0000o0

mec® =511 keVet-e- 00 0000000000000 0O0O0O0OOOOOOS511 keV O
0000 (annihilation line) 00 0000000000000 OO(QOOO)O

0401
— Total

0.35
~-Narrow line

0.30 ——-Broad line
—---QrthoPs

0.25 -----Power law

« SPI 2004 public data

0.20

0.15

107 photons/s/cm’/keV

480 490 500 510 520 530 ‘
E (keV)
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Kndodlseder et al. 2006, A&A, 445, 579 0 0 0

goooboooo

511keVO0OOOO0ODOOOOOOODOOODOO
me 2 = hv = he/\

000N =h/mec.0000000124keVA/511 keV ~ 0.024A0

googd

mp02 ~ my,c? ~ 940 MeV ~ 1 GeV

gooooo

0000000000
he = 1973 eV A ~ 2000 eV A

boboooooooooooooooooooooooobooooobobonDo

gooobgo

goboboobooboooboobdgdrboobobboobon rpOOobbO0obOOon0Od

oooooooooooa
e? 9
— = MeC
7o

gobodobooobuooboooboobooobooboboooba

e2 e he 1 2000 eV A 3% 10-5 A
rnN=—ms=m——-8 — .
0 mec?  hemec? 137 511 keV

000000 rg=2.818x107° A,
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gboboboobog or
gobooboooboboobooboboobooboon

8
or = gm"g = 6.65 x 10" cm?.

00000015 x10%em™2000000 NyOOOOODOOOOOOOOOOOOOO
0000000000 (Thomson thick; Compton thick)O

googd

gbobooboobuooboodgrpbogobboobbobboobbobbooboabg

goo

'1)2 2

mEE:g
mevrg = h

o000 00000

h?

Mme €2’

rg~05A000000000000000000 AO000DOD0DDOODOOOOOOO

oooond

rp =

h* _ hc he _ 2000 eVA

N A 137~ 0.5 A.
Me €2 Mmec? e2 511 keV

O00000000000000000 (hydrogenic-ion) 000000000 O0O0OODO
oo ZOoOoooooooooo zeO OO eODOOO ZeDOOOOOoODOO
00000000000 1/Z0000(@O0000OOOOOO0OOOOOOOoOD)

goboooogooo
O0000000000000000 (binding energy) O O

1 e 1e? mee?
Ezf 2—7:—77:— ° .
e T s T T 2rg 212

0000000000000 0000000000000O0O0O00 (D000 w>0)000

oboobooooboobdboeevoobobooooooboboboobooooo

goo )
et o2 [ e2 11 k 1\?
meet  mec <e > :5 eV () 136 [eV].

252 2 \he 2 137
0000000000124 [keV A]/13.6eV =911 A00000000
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Hydrogenic-ion 0O OO0 0000

0000000000000
o 1 €2
=5,
0000000000 Z00000000000000000000 (hydrogenic-ion) O O
rg0 1/Z000 (00D0D0)00000 00000 ZeOOOODODDODDOOOOOO
Z 0 hydrogenic-ion 0000 000000000000 Z?2000000013.6 Z2 VO
00 XO0O0O000000000 (Z=26)0KOOO00D0D0D0DO000Fe260 KOO
000000000136 [eV] x 26 x 26 ~ 9.2 keVD

gobooooobooon

0000000000000 0O000O00 MKSAODOO (DoOoooOoooO)oooooo
0000000000000 00000 GaussOOOOOOOODO (DODOOOOOOOO
0000)0000oooooooooooooooo

0000000 BO [gauss] 0000000000000 e [erg/em® 00

€ [erg/cm3) = 8%7 (B [gauss])? (3.1)

0000000000MKSAODODOOOOODO pe =4 x 1077 [kgm- C2=N/A%] 00
000000000000

€ [J/m?] = 2;0 (B [Wh/m])?.

1 [Wb/m| = 10* [gauss]0 [Wb/m|=[N/(Am)|0000000000000000000
0oooooO

0000000000

000000000000000000000000

2 B
me— = 22 (3.2)
T C

0000000000000 0000000000D0000000 w=v/r=eB/mc00
g0o000O00O00OO00U0UUU00 (oDo0oO0o0OO0O0OO)DDODDODODODODODODODODODOOO
ogd E.00

__ heB  he

= 2B.
MeC  2MeC

E



26 CHAPTER 3. XOODOOOOOO

0000he/(2mec) 00000000009.3x 1072 erg/gauss 00000000 XOO
00000000000000000

B

E.=11.6 keV —5——
v 1012 [Gauss]

(3.3)

000XO0O0000000D000000 102 Gauss0 000000000000 OOOO
0000000oO0o00oo00oo (33)0b0U0oo0o0oooUoooUooOoooo

o H““"\H
L

=
=
k]
g1 l\,ﬁ
a8
o Pulse-Height Spectrem \*
ool
. m - 'b'
(-}
& i
B —— kg, M R
g » - et ||-_H|_- ¥ Iy ||| i
=
A —_———
- 9
A e
- My
PR
— ‘{'ﬂ i

Ratio to the Crab spectmm

m||1_ z 5 ] m R
X-my Energy (Kev)

0000000000 X0331+35000 285 keVOOOOOOODOODOO (Makishima et
al. 1990, ApJ, 365, L59)0]

0000000000000000000 B~10°GO00000000O00DO0O0
000000b0oboooDoooodo~01eV10pmOOOODOODOODOOODODODOODOO
00000000000 (seed photons) 0000000000 O0OOOOOOODOOOODO
0000000 (inverse compton) 0 00 00XOOOOOD0OOOOO0OO0OODOOOOOOO
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3.1.3 0000 /XOoooooooo
0000 (Crabnebula) 0 XOOOOOO

000000000000000O00O00O0ODO0ODOO0OOODO (power-law) DOODDOOO
0000000000 o0oooo0obDO0o0oooo0 Xoooooooooooaoo
00 O ”standard candle” D0 00000000 (calibration) 0000000

1 keV =~ 100 keV O O O O O photon spectrum O O

f(E) ~ 10 (E/1keV)~*! [photons/s/cm?/keV].

photons/s/cm?/keV 0 00 000XOO00000000000000000OODOM1
kevOOOOO 100 emDOO0O00O ~100000000000DOODOO

Crab unit

goobobboooooboobooobbboooobobooooooboboooooboog
“Crabunit” 00 00XOOOOOOOOOOOOOOOODOOOOOODOOOOOOOO
OLMC X-30 2-10keVOOOO XOOOOO~10mCrab 00 ~40mCrab 00000 O
gooo

XeJ ArO0OOOOOODOOOOODO2-10keVOOOOOOODOOOOXOOODO
oooboobooobooooooobobobuoboboobDooooboobUo2-10kevVOO
O001Crab00O00O0D0OOOO0COODOO photon spectrum D0 O0000O0O0O0OOO
goo

10
/ 10E"*' BdE = 13.9 keV/s/cm? =~ 2 x 1078 erg/s/cm?
2

ooooomoooobooob Xgooooooooxooooooooooo2-10
keVOODODODOOOOOOOOOOO erg/s/em?00000000000000

Opacity

gbooobooobooboboboobob l1g0boobobbo0obooobobonbg
000 «0[em?/g0X000000000000000 opacitydsky 000000000
k000000000 ((OO0OO0O000O0) 000000000 ODOOOO

or _ or c? _ 6.65x 102°cm? x (3 x 10'%m/s)

2
m, ~ ~ 0.4 [cm® 3.4
m,  1GeV 109 x 1.6 x 10~ %erg [em”/¢] (3.4)

RT =~

goobooboob

~ 1 Hydogen atom/cm?
O0000O00000DDOODODOO0OO0OO0 d000000 (hydrogen column density)
0000~ 3x 10* (d/kpc) cm™2
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gbobobobobobobobo

O0000000000000B=3paussd] (3.1)00000000O0O0ODO ~ 3.6 x 10713 erg
em 3 ~ 0.2 eVO
000000 (Cosmic Microwave Background) 000000000 ~ 0.3 eV/cm3 (p.46
oooooo)oo 000000000000000000 0
UdodooooooooooboiO= leV/Cm3DDDDDDDDDDDDDDDDD
00000000 20

goboobooobooon

2G$:2.95km%3km
c
0000000000000 0000000O00000O0 0000000000 0O000O0b
O0mOO0O00O00 MOOOOOOOOOOOOOOOOOOOOooaO
1 5 mM

Ezimv -G —

oooboboboboobboboobobodr—o00od0d Ex>00b0b00OnDOonooE=00
gboboobodgbdr-boobobboobooboboboooboobooboobgd
00000000000000000000 2G M/

O0000000o0o00oO0o0LD (OoooO0o0oDoO0o0boOOoO0)DoOooOoOoOooO
googd

gobooobooooboog 3o

obooooooooboboboboobooXgoooooboboooooooooo
gooobooogbobooobooobogboobooboobooobobooobooo
oooobooooXboooooboooooboooboobooooobobooobooo
gbobobobob

000o00O0o00oo0o0o0oO0 (CooooooO0b0)DUoOOooUoOoOOOoooo
gbooboobooobobooboooooobooboboobobobobooooobo
gobodbooboboobboobboobuoobboobuoobobon

000000000000 000000000000000000000000000000000000
0000000000000 00000000000000000000000O00O000000O00000
ooooooooboo (0 46)D0000O0O0O0ODOO0DOO0OOO0O0 (DO0O0OO0oO0OOo0)0o0o0o
gbooooboboooboboobobooboboboboboboboobuobobobobobobooboboobobo
0oo0oooOoooooooooo (4.60)0

0000000000 X000 (Galactic Ridge X-ray Emission) 00 000000000000000
gbobobobobobooboooooboboboboo
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00000000 (Eddington Luminosity)

OO0 MOOOOOOOOOOOOOOOOOOOOOoOoOOoOOoOoooooooooo
goooooooooooocoooooo noQO0OO0O0O0O OO OO OO OO0 e
gooooooobooo

Lg o0 GMm

4rr2 e 2

goo

drecGM 4dncGM
Lg = = .
o/m K

x00000000000000000.4 [em?/g) (Bq. 34)0000000000000

(3.5)

Lg

27 c¢d 2GMg M 27 x 2.95km M s [ M
0.4[cm?/g] ¢* Mg 0.4cm?/g Mg x Mg erg/s. (3.6)

dddddoooddddooooooooooooooooooooooon Xgoad
DDDDDDDDDDDD|:|DDElDEl|:|DDDDDDDDDDDDD104Oerg/SDDDD
Ultra-luminous X-ray Sources (ULXs; Chapter ??) 0000000000000 00CO0O0O
ooooooooboooog »>100M 000 ooobobooooobooooDo
0000 (~20Me) O0OOODO0OOOOOOOODOOOOOOO (L>5Lg)0000O0O0O
ogoooooo

XOOOOODOOO (extinction) 00O

000000 G, N,0,Ne, Mg, e 000 0000000X0OO0OOO0O0OO0O0OOO0O
00000000000000000000 (Ng)000000300000000000
0000 (extinction) 00O (reddening) 00 00000000000000000000
extinction, reddening 0 00 0000000000000000000

Ny /Ay =1.9 x 10> cm™2 mag™! (3.7)
Ny /Ay =56 x 10" cm™2 mag™! (3.8)
Ng/E(J —K)= Ng/(A; — Ag) = 1.1 x 10> cm™2 mag™* (3.9)

0 (3.7) 0 (3.9) O Allen’s Astrophyscal Quantities 0 00 O (3.8) O O Vuong et al. 2003,
A&A, 408,581 0000 (3.8)0 (3.9) 000

Ny /Ag =1.1 x 102 em™2 mag ™. (3.10)

V—-J—-KOOOODOOOOOOooooboooobooooboooooobooboooo
0000000000000000000000000 40

00000 X0000000000000000000000Oon
4[I[IDDNH/AKDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
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0000 (extinction) 000000 (optical depth) 00O

ooooooo A 0ooo0oooooooooooogrOoDOOOOOOO0OOOOO
oooooooog f,mO000000000C0000000 f,,m, 00000

fo=foe

my = —2.5log f, + C,mg = —2.5log fo + C

gooad
A=mg—mp =2.5log(fp/fa) =257 loge =109 7 ~ 7. (3.11)

U00O0extinction O O0OO0O0O0ODO0OO0OO0OOODOODOO0DOOOODOODOOOOODO
gob1o0o000b00oan

XOO KOooooooooo

0 (31000 (3.11) 000K ODOOO7~1000000Ng~11x102ecm20000X
000000000000000000000000000000 (0000)01.5keV O
000 ~9x 10708 em?0000Ny ~ 1.1 x 102 em?2 0000 7~100000000
KODOOODDOO1.5keVO XOOOOOODOOOODODOO0O0OD0DO0O00OD0O0OO00OO
000000000000000000000000000X0000000000000
0ooo0oo000000

1000.

TTITTT T TTTTT] T T T TT7

900.

:‘|'| 1 |‘|' T r'-|H TTTT T T
3

I A A A |
#

I A

T

100.

0.1 1.0 10.

PHOTON ENERGY (keV)
Morrison and McCammon, 1983, ApJ, 270, 1190 00
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O00000l~2°0000000000000000000000 ~ 6 x 10%2em—20
KOOODOOOOOO 15keVO XOOOOOOODOODOOOOoOoOooooooooooOooO
0XO0000O0O00000O0ooooooooooooooo o

gboboboboboboobooboooooooooooon

00 MOOO 000000000 MOODOOOOOODOOODOOOOO0OO0O0OOOOO00OO0
00000000000000 LOO
GM M

L~ . 3.12
. (3.12)

e NOODOOODO

M M ro\~!
L~2x10% ( ) .
X< 107 erg/s (1.4 M@> (1018 g s_1> 10 km

000000 (Low Mass X-ray Binaries) D00 00 (¢ 1Me) 0000000000
000000000000000000000~10%gs™ 000000000000
O0000000000ScoX-1000000000O00 (Low Mass X-ray Binaries)
0XO0oOOOooOooooooo

e JDOIDDODOOO
00000000000 000000000000000000000000000
000000 r,0000000000000000000000000 —GM/r;,0
0000000000%00000000000000 00000000000
00000000000 »,0000000000000000000000000
0000 GM/ry — 3v° = 3GM/ry,. 0000000000 /ry, = GM/r2, 000
00 0000000000 MOOOOOOOOO00D0000000000

[ LGMM

2 Tin
000 00000000000000 r, 00 00000000@OOOOOOO0

0000 1~28°00000000 (~3x107" erg/s/cm® 2-10keV]) 0 XO0OODOODOOOODODO
AGNOOOOOUO Ebisawa et al. 2001, Science, 293, 16330000

‘00000000000000000000000000000000000000000

"M000000000000 1/2000000000000000000000000000000 (k=
1,2,,,N)0O0O0O

c‘?xk '

0O000(K)0D0O0O0000000000V 000000000 A00000000000000000
00000000000000000000V=-GM/r00000000000000000000000
000 3GM/rO

N
(K = 5(> o V)
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o0ooooooo)boo0oooooo0oooooooobooOr,, 00000000
gbooboboobooboobobooboobobooboboboboo

0000000000000000000r, =3r,=6GM/c20000

00000 NewtonianU DO OO O ODOODOOOOOOOODODOOOOOOODOO
obobooboobboobooboobooooonoon

L =0.05TMc?

0000000000000 (Dooo0O0oU0ooooO0o)0DooooboooOoOo
gobooboobooboobobboobbobbooboobobobobooba
bobooboobooooooooooooooooooobobobobOon ~04.

gooboooo
00000000 5sK0000000000D0000000O00O0 ~1/500000

M M roo\!
L~3x10% ( ) .
X 107 erg/s <M@> (1018 g s_1> 5000 km

22000000000~ 50~ 100eV 000000 “Super-soft Sources” O O Ed-
dington 00 (~103¥ erg/s) 000000000 00000D00D0O00O0O0OOOO
00dd0ooDooOoOoo0oooooooosSSsSso0oooooooodoooaon
ododooooooooooooooa

gobooboooobooo

e JO0UID0UIDOUODUODODUODODUDODUDLDO =14Mg.

0 00 Chandrasekhar limit 0 0 0 0 Chandrasekhar 0 0198300 OO OOOOO0O
O00Chandrad0 00000 Chandrasekhar D 0O Q00O QO0O0O

e J00DDOO ~ 1M

e JO0ODOONO =~ 6000 km

gboboobooboobooobooboooboobooog

e NUUDOOOOOODDOODLOODLOODLDOODLUOODLDODDOObLOODOO

good
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gobobobooooon

e 000000 ~ 1.4M,
00000 (Type I DO 00O progenitor) 0000 000OOOO Chandrasekhar
limitDO0OODOODO

e JODOOOO =10 km

e J00UUD =~3M, (ODODODDOOULOOOUOOULODOOUOOODODODO)

e NUUDOOOOOODLDOODLOODLOODLDOODLUOODLDODLDDOObLOODLOO
good

T 1

= | 5 ) 15 20
M/ Mg Rikm)

0000 (O; Hamada and Salpeter 1961,ApJ, 134, 683) O
0000 (O; Baym and Pethick ARAA 1979, 415)000-0000

goboogbobooobooonoo
e 00D =~000D000ODDOONO =3Mg

e J00UODODODODOO stellar black holed O O ~ 14M; (GRS1915+4105)

e 1000000D0DDDDOOO00O00:(3.740.2) x 105[Ry/(8 kpc)]? M (Ghez et
al. 2005, ApJ, 620, 744)

00000000000000000000 (stellar blackhole) 00000 0: ~
40Ms? (Fryer 1999, 522, 413) 000000000000

“Stellar blackhole” (~ 10My) 0 O O O O O ”supermassive blackhole” (> 10°M) O
O0000000000000000000 (Intermediate-mass blackhole)d (100 — 1000
Me)ODOODOOOOOOO
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— Ultra-luminous X-ray Sources (ULXs) DO OO OO020060 000000000
ooooon

gbobobobobobobobo

gobooboooobooboooobooboon
2GM/c?  2GMy/c2 M 3 km M M
R = — ~ 10pusec—-.
C Cc M@ 3 X 105km/s M@ M@

RXTEOODOOO wseceOODOOOOODOOODOOODOOOOOOOOOODOOOO
O000OUDODOO0O0O0OORXTEOOOOO HzO0OOOOO (Quasi Periodic Oscillation;
QPO)00O0C0ODOOD0O ODOOOODOUUOOODOOOODUOULODOOODODOODOO XOOO
gooooOoOoOoOoOoOOoOOOOOO00000D0D0O00O0DO0OOOOODOODDOODOOO
0000~ 10Mg O stellar blackhole 0 0 00 > 105M O supermassive blackhole 0 0 00 [
00000000000~ 108M,0000000000000000 AGNODODDOOOO
0000000 ~10000000000 (OO0 XMMOOOOOOOO)OOOODOOO
0oo0doooopoooooOoOooooopooood

At

goboobooooboobooo

oo mMobobobooooooooobodoobobobobooboboobooooogoooo
goo

2GM/c* 30 km(M/10Mg) . 1(M/10Mg) 5 % 10-11 arcsec (M/10Mg)
d  10kpc(d/10 kpe) (d/10 kpe) (d/10 kpc)

oddoodooooooobooobooooooooooooboooooooooooooa
go0o0ooO0OOoOoOODODOODOOOOOME7TOOODODODOd =~ 18 Mpe (v=0.00437 km/s,
H=T72 km/s/Mpc), M =~ 3 x 10° M, (Macchetto et al. 1997, ApJ, 489, 579) 000000
o000 ~3 parcsec 00O nQ 10°000000000 1000000000000
00 10°000000000000

00000 d~20m0 XOOOODDOMAN~1ADXOODODOOOOODOOODDOOO
OO0~ MNd=1A/20m~5x10""2 ~ 1y arcsec0 0000 (000000007 XOO
000000 oooM87O00D00000 AGNOODOOOODODODOOoOOoooooaoog
goooooooood

gobooooooo
ooobooooboobobobboognD RsOUDbUbOULbOUObOUODObDOnO pO

00/00000000000
M\ 2
~ 2 x 10 <> g/s.

T ArR3/3
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gboboboobobob 3gbooouoouoooooooooobobooobooboobo
000000000000“007000 (00)0200000000% 108M, 0000
gooooooooooooooooooo!bo0o0ooo0ooooooooooooo
oon

3.2 XUOOOOO

Xobooooo Xooooooboooboooooooboobooboobooooobooooo
oo0ooODO0O00OXooooo FIrsooooooobooooooooooooooooo
008000000000 000000000000000000000000000000
oooo TIMEDDODOUODOUOD XOyoouooooo PlbOObDoobooooooooo
OOXOyoOooOooooooOooOooooooooooooogrpI O Pulse-Invariant O
0000000000000 00000000000000O0OPHA (Pulse-Height Analyzer)
gobodboobobuoobooobbuooboobbooboobbooo

0000000000000 D00000000000D00000D0000000D /000
0000000000000 0000000000000000000Nooooooooon
000000000000 (Point Spread Function; PSF) 0 0000000000000
00000000000000 (Guest Observer) 0000000000 O000O0OOO
00o00o0oooo o

8Flexible Image Trasportat System. X DO ODOD0DO0O000000000000 FITSOOOOODOO ASCA
000000000000 FITSOO0O00O00O0O0O0O NASA/GSFC ASCA Guest Observer Facility O O
000000000000000000ASCAODOOO FITSOOODOOODODDODOOO XOOOoOooooo
O0000oO0oO0o0oooooOoooooon

‘0000000000000000000000”pipe-line processing” 0000000000000 OO
000000000000 000000000000000000 (dataanalysis) 0000000000000
000000000700 (datareduction)” 0000000000000 0O0OOO0ODOODOODOOO pipe-line
processing 00 0000000000000 OOO0O0OOO0OO0ODOODOOOOOOOOOOUOOOD (OO
oo0o00o00ooOoooOooUoooOoooOoooooon)o
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goooboooboo X,yooooobooooboobooboooooboooooboPkl
ooooboobooboobooobooboooooTIMEODOODDOODDODOOD
gbooooooboboogobboboooooboboooboobobooobobbooon
gbooooboboooobobooobobobobbobooooboboooboooobooboo
ooo

3.3 4Uud

PSFOOOOOOOO (Chandra0 000 )00000000O00O0OOOOOOOOOOO
oo0oO0oOoOoOoOoOoOoOPSFOOOOOOOOOOODOOOOOODOOODDODO (ODO)
OpPSFOOOOODOOOOOODOOOOOODDOO

OO0 OINTEGRAL, Swift 0 0 “coded mask” 000000 OO deconvolution 0 000
goooor’ooor’oOo0o0o0oooooooooOo0ooooooooooOoooo
ooood

RXTEDO GROOODOOO OSSE OO Onon-imaging instrument 0000000000
googoroor’ooooooo0oooooooooOo0oooooobooooOoooo

oooooootog
000000000000 @@ Y000000000000000000000

o H Pl e o oo p oD oooooooooDOoooooOoOO0ODOn

sposure map”’ D00 00000 (ent) O exposure

UopnoobooooooDooess

"OBSE 0 34- 3.0 508 8- 511 kel L6 Zanmihilation fountain?- (0 .00 056080000
D0QOO00P00 (000000 PRt El 0) 0000 INTEGRAL/SPIOOOjo0DO0OO

OO0 dgUgpectral i mage response
response l (Poi ng Spread Functi on)

spectral light curve i mage
file file file

spectral timng i mge
anal sys anal sys anal sys

[Papers(i f successful)!

Guest (bservers
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map(s) 00 000000000000 0D00000000000000 (ent/s)D0000O
OO0 Oexposure map 100 0000000000000000000O0 (sem?) 00000
OOexposure 000 00000cents/s/em? 0000000000000000000O0
ooooboooooobooobooooooobooooooboobooooobooOoooDbooooon
oooooo

X0O0OOooOoooOoooOoooOooO0oooo0oo0oo0o0ooooooooooooooog
00000000000000000000000000000000000000000
0000000000000000000D0000Osoft, medium, har0 30000000
00000000 Red, Green, Blue0 OO ODOO0O0O0O0O0O0DO0OO0OOODOODOOOOO
00o0ooooooooo o

34 U0OOOOOOOOOOOOO

000 ROODOOOOOOOODOODOODOOO R/cOOO0DOOXOODOOODOOOODODO
oo0o0o0o00o0O0O0O0000(3.1.3)0000000000000000000oDooo
gooooooooooooooooobooooboooobobobboOoooboooooo
0 count/s counts per sec 000 cps 0000000000 20

DDI]DDDDDDDDDDDDDDDDDDDDDDDDDDDD(rootmeansquire;RMS)
goopoopoooooooooooooooooooobooooog (RMSSpectrumDD
fractional variance 0 0 0 00O )0

udsQD”rgb”DDDDDDDDDDDDDDDDDDDDIDLD”tV”DDDDDDDDDDDDDD

PO0000000000000000000O0 XO0OOO epsd0000000000000O0O0O0OOO
gboooboobooobooboboboobobooboobob epsbobboboboboobOoOoDOoO
0 O 0 O http://heasarc.gsfc.nasa.gov/Tools/w3pimms.html
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RMS

o A ) A
2 5 10 20

Energy (keV)
0000000000 MCG-6-3-15 0 RMS spectrum 00 0 O Miniutti et al. 2006 PASJ

goboadg

gboooobooobooboobobooboobooboooboobbooboobooban
0000000000000 0O00(DO000)0000D0O0DOO0O0O0 (folding) D0 OXO
gobooobooooooo

3.5 UOOooobooon

DD|:||:|DDD|:|DDDD|:|DDDD”phO‘Gon/S/cm2/keV”DDDDDDDDDDDDDD
0000000000 counts/s/channel” 00 0000000000000 O00OOOOOO
oo Xoboboooobooobooobbooobboobobooobboooobo
gogoobtbooobbtoooooob bbb oboooub oo
gobogoboooboboooobooobobooooboooboooobooobooboobooboboooon

0000000o00O0o00oooo(@UoooO0ooUoUL)0booooooUooo
gobogboobooooboooboboooboobooboooboobooboobooon
gobobodobtooobobooobbooobbooobooo Xgoobooooobdga
googdn

00000000000000000000000Ocounts/s/channeldphoton/s/cm? /keV
000000000000000000000000erg/s/cm?/keV O O erg?/s/cm? /keV
guogoooooobbbooodooad



Chapter 4

XO0O0Ooooao

4.1 00000 (optical depth)

cooobO-000000CO0O0O0CO0O0DO e "OOOOOOOODOOOOODOOL
[em|0 000000 Ny [em™2J0000 p[g/em® 00000
7 = afem™!] L[em] = k[cm?/g] plg/cm?] Liem] = Nyem™?] o [cm?]. (4.1)
a0 0000 (absorption coefficient)0x 00 0 00O OO (mass absorption coefficient; opac-
ity Doy O0O0O0OO0O0O0O0O0O0O0O0OO (cross section)d
oooOO0O0OD0OmMOoO0O00000000000000000000000000 70
OoooobeTOOOOoonoooOOObOOO0OO0O0Or=100000

o0
/ e Tdr =1,
0

(1) = / Te Tdr = 1.
0

r>10000000000000(CO00O0O00DO00OOO0OO0OOOOO0)OT<1
0000000000000 (o000 ooo0ooUooO)Dobooooooooooo
gbobobobdl—-e"=70

Oo0o0o0oO0oboOooooobioobobdr=al=1000

= (4.2)

1

a
000000000 (mean free path) DO (4.1)0 (4.2) 000
L
T (4.3)

T =

39
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4.2 0000 (radiative transfer)

0000 (radiative transfer) OO,

d ;4 (4.4)
dry,
0000, (specific intensity; brightness), S, (source function) 0000000007, (O
0000 [optical depth)) D00 0000000000000 OODOOOOOOOOOOOOO
0000000 ,00000000000000000000O000000O0 (scattering)
oooooosgo/ooooooooooobooooboobooo
000000000 S, 000 (00)0erg/s/cm?/Hz/str 00000000
O000000Source function 0 000000000000 OOOOOOO B(T) O
goooo:
2 %

B,(T) = 2 ghv/kT _ |

[ergs/s/cm? /Hz/str] (4.5)
00000000000 Db000O0bObOo0DO0Db0O0b0O0O0n factor 20000000
goooooooboo

0((44)0000000000000O0OOO:
“I>S000dI/dr<000I0000I<SO0OO0dI/Jdr>000I000000000
I0D-0000 SO00000O0OOOOU0OOOr-s000OO0DO (ODOODO)OOOIOS
gooooo”

S, =B,00000 (thermal emission)d I, = B, 00000 (blackbody emission) O
gbbobobobobobooboobooboobooooooooooo

S,000 (r00000)0000((44) 0000000000

L(r) = Sy(1—e ™) + I, (0)e" (4.6)

000007000 (0000)0000000 L(0)000000000000000
0000 I(r)000000000000000 (46)0007>1(000000)000
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oooooooooboa
II/(T):SV' (47)

00000 (0000)0007T0000000000000LL(r)=8B,(I0000000
00000000000000000000000000000000000000000
00000000

r<1(000000)00000 (4.6)00

I,(r)=S,7+ L,(0)(1—7). (4.8)

0000000000000000000000000000000000000000
0000000000000
000000000000000000-00000000000000000000
00000000000000000000000000000000000000000
000
0 (47)0(4.8)0000000008,=RB,(T) 0000000000 I(r)<B,.00
0000000000000000000000000

4.3 UOO0OOOOO

4.3.1 0000 (QDOOOOOOO)oOO

(41)0000000 Ljem|000000COOOO0OO0OO0O0 7, 00000000 0OODODOO
ob rgogooooooobooooboooooooooonbo

Tg = as[cm_l] L{cm]

O00000O0e, 000000000 (absorption coefficient for scattering) 0 00 00O
00 (scattering coefficient) 0 0 0 O

00000000000000 (0000000)0 NOODODOOOOOoooooo
00 (r,<1) 00N = 7,0

00000oooooo (s>1) 00000000 7, =10000000000000
O00000000o0O0o00UooloooUol=1/as~L/7s0000000000000
oooooooooo m,rm,,,ry00000NDOOODOODDOOOOODO

—

R=7ri+7r3+,,+ry.

NOOODOODOOOOOOD (DoooOo0o0ooUoUooboooOoOoOoO)o*ooooo

= \RPR) = VAP + (2)+, (rd2) + 20 - 73) + 201 - 73),

= V(IiAP) + (5B +,, (& [?) = VNI
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= VNl (4.9)

NDDDDDDDDDDDDDDDDDDDDDDDDL%P:\/NZDTSZL/ZDDDD
N:TEDDDDDDDDDDDDDDDDDD ., 00000o0o0ooooooogno N
RN

N ~ max(7s,72). (4.10)

4.3.2 0OUO0O0OO0OOOOOO

000000000000000000000 XO0O00O0O0O00000000000o0o
0000000000000000000000000000CONDODDDOOOODO
00000000000000000000(000000)0000000000
00 L[em] 000000000000000000000000000 a, [em™})00
0000 e, [em™})00000000000000000O0O0ODODOO0O0OOOOOOO0
0000000000000000000 7,=Lag07=La, 0000
000000000!0000000”000700000000000

1
- Qg + Qg

ooobooooooo/oboooobob0bbobb bbb gbD 1—-e0dngoo

absorption probability:e
travel by scattering probability:1-¢
the distance "I"

phot on /

gener at ed!

L[ cn
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0000000 NOOOOUOODOUOODDO0OUO0ODOON=1/e0(49) 0000000
oooNODOOOOOODOODOOOOOOODD OO

rovmoy i L fete |
€ (g + Qg Qg+ Oy

= (aa(aa—i—as))_l/Z. (4.11)
00 OO O ”effective optical thickness” O 7* = L/I*0000000
7 = L (0a(aq + as))'/?
=V Ta(Ta + Ts)- (412)

Tr<10000D0007effectively thin” 000000000000 DOO0OO0DOOOOO
00000007 >100000"7effectively thick” OO0O0O000D0OO0O0OOOODOOO
gooobgo

4.4 0000 (blackbody radiation)

Alem)

IS 10 021052 106
[ s [ s T T [ 5T A T v

v(Hz)

108 108 10%0 10'2 10%4 1076 1018 1020 1022

B, (ergsec—! cm=2 Hz~ ' ster- ')

QT TT T TTT T [ TT T[T TT 7T

T L T e i |

1
108°K

107°K
108°K

1

1

1

1!

=)

oo boobobonbo bbb

1| =

108~ 010N NelaE qoldEo1e. 1018 1020451022

v(Hz)

[5G 0 5 0 A 6

0
104 108
B,

105 10¢ 102 ' 102 10+ 106 108 10°1° 102

Afem)

0%

Q
2
s

08

0%

<

=)
B
8

018

oo

)

)

By lerg sec—! cm~2 Hz~ 1 ster

O0o0Db0000b0DbO0O00b0O0DOURybicki and Lightman “Radiative Processes in
Astrophysics” 000 0B,(T)/0T >00000(0000000000O0O0ODO)00O0OOO
O0T7TO0000D0O0OOOO0000ODODODOODO
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4.4.1 0O00O0OODO

000000 45)000000000000000OO0U0OO0O0OOO0X0O0O0O0O0O0O (OO
000000000000000000)0D00000000000O0O0O0000 (photon
flutx) DO 0OOO0O0O0O000000O00O00000 45)0 E=O0000000O0OOO0O

Bg(T) 2 E?

= 2
E K22 E/KT _ [photons/s/cm* /Hz/str]

2 E?

= 132 JE/RT 1 [photons/s/ cm? /keV /str].

XO0O0O0O0OODOODDOO0OO [photons/s/keV/em?] 00 0O000Hz 00 keV-! 000
000000 ADOO0DDOODDOOODDOOO

00000000000000000d000000000000000 nR200000
0000 #R?/d?000000000

Be(T) <7TR>2 —3.15 x 103! <7TR)2 M [photons/s/cmz/keV]. (4.13)

E d d eE/kT 1

o000 Xooooooooooooooooobooooo Troooo
0000000 413)000000000000 R/AOOOODOOOODOOOOOOOO
000000000 4.13)0000000000 R/AODDODODOOO

ROOUOUOOODOOOOD (bOOODODOO)DdODOOODOOODODODODDODOO
000000000 X0O0oooooooooooooooooooooooog (eg.,
Ebisuzaki, Sugimoto and Hanawa 1984, PASJ, 36, 551)0

0dddJd0O0000000000RUO0O0O0OD0O0O00O00OODODUOUOUODLODLODDODODODOD
goddoddoooooooudouooboooooooooooobooooooao
000000000 3000000000000 00O0O0000O0O0O0 (e.g., Ebisawa et
al. 1993, ApJ, 403, 684; 4.4.60 00 )0

4.4.2 0JO0OOO0OO
gbobobobobobo
045 00000000000007007”000000000000 By\(Th)oOoOOooOO

B,(T) dv = —By(T) d),
c=M0 dv/v=—d\/A000

2hc? /N5
exp(he/AkT) — 1

B\(T) = [erg/s/cm? /A /str]. (4.14)
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(450 y000000O0DOCOOOOOOOOOOOODOOOOODOOOOOOOODOOO
U Ve 00O

Wman = 2.82 kT. (4.15)

oboboooooooooooobooobobobosboboobooobooooooonoo
000(4.14)0 A000000000O0000O0O0O000O000OOO00bOOOO0OOO

00 Amag OO
Aomas = 0.201 1€ (4.16)
max — . kT' .
Amaz Vmaz = 0.57c¢ £ 0000000000 (0000D)000000000000
0000000 (00D00)000000000000000000000000000

goboobooobobooobooon
hw < kTOOOOM5) 000

W2kT
B,(T)~ ~

. (4.17)
goooooo Rayleigh—JeanSDDDDhDDDDDDDDDTDDDDDDDDDD1|]
hvy>ETO00000
B 2h° i
ST 7 2T, (4.18)
O00 WienOOOO
000000 Rayleigh-Jeans 0000000000 O0XOODODOOODOOOOODOOO
000000 WienOOOOOOOOODOOOOOOOOOOODO 2-10keVOXOODOO
00 ~2keVOOOOOOOOO~1keVOOXOOO (2—10keV)D Rayleigh-Jeans
00000000o0000000o0oU0o0Oo0UOo00LODO (Doboo)oooooo

44.3 OUO0O0O0O0OODOOOOOOOOOOOO0

4 oo
=" B,(T)dv
¢ Jo

_87rk4T4/°° 3 de
0

~ h3¢e3 er —1
ooooo T—;(MathematicaDDDD!)DDDD

u=aT*

00000000 47/c 00000 m2/AETO000000000000000 8m2/E 00000
O00000000000000 AT 00000000000000000000
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8 5k54
a= ﬁ =756 x 1071 [erg cm ™3 deg 2.
=1.37 x 10" [erg em™3 keV™1].
gobodoboooboobbooboo FOODDO

FE/ICOS@dQ

/2 9]
= 277/ {/ B,,(T)dl/} cos 0 sin 6 df
0 0
= w/ B,(T)dv = S u= 1= 06T (4.19)
) 1"7
2m°k* -5 -2 -4 -1
U:W:Sﬁ?xlo [erg cm™“ deg™" 87 ]

=1.03 x 10** [erg em 2 keV~* s71].
doooooobo-000dooog p220000

444 0O0000O0DOOO0
gobooboobbon0O0O0D00O

4 oo
n=— [ B,(T)/hvdv
¢ Jo
STk3T3 /OO x?
= dx.
h3e3  Jo er—1

Joo 2 dr =2.4040000

ET\?
n = 60.4 <> =C T3,
he

C = 20.3 [photons cm ™ deg3]?

= 3.17 x 10*? [photons cm ™3 keV ~3].
00041600000

na 0.5\

max*

Doobo0o0 Mme 0000000000 DO0O00O0DO0bObObODODODObOobObObOOD
gbooobgo

000000000000 2725KO000000000000 4.17 x 10"3erg/ecm® ~ 0.26 eV /cm®.
000000000000 2725 K000000000 ~ 410 photons/cm?®.
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4.4.5 30000

goooboboboboobooobobobooboboobobobooboobobo
gboobog3gbooooboobuoobobuoboboobooooboaosboanogd
gboooboboboobobooboobboobooboboooob soobooboobo
googd

0000 (effective temperature)

O0oo0o0doo0ooo0ooo0oooo0oo0ooo0oooo0 FO0O0O0OO0O0OO0 Teyy
0

4
00000000000000000000 ROODODOO0OO L=4rR?FOOOOOO
0doododdd,0000oooooon fDDDDDf:L/47Td2DDDDD

d 2

0000d/ROODODOCOO0OOO0O0OODOODOUODOO0OOODOOOODOOOOODOODOOO
00000d4/RODOODOOO0O0O0O0O00O0O000DO00O0T ;00000000
000000000000 (00000000000 O0) o000 UUoooOD fo0OO
d/RO0D0O0O00O0O0O00O0O00O0O0O0UO0O0ODO0O0OOOUOO(DooO)O

000 (color temperature)

oooobooboooobobooooboooboboooobooobobbooooDobooo
000000 (T.w) DOOO0O00O0O0O0O0O0O000DO0OOODOODO (boOoOoOOoOooOoO
0000000000)booooo

oobooboobo0o Xogoooooooooooooooooooboobooo
ooboboboboboboboboboboo

0000 (brightness temperature)
0000000 (00000 )00D0 0O specifici intensity 1, 00000000
I, = B,(Ty)

boboboboboonpx,moooooboboboooboboooobooboobooboobooo
O00000DO00MIRayleigh-Jeans 000 000000000000 DOOO0ODOOO
oboboboboboXgobooobooooboobooboo

0070o0000000000o0oo0o (0ooUo)DoooooooOoooUo
00000 (section 44)07 > 7, 000000000000 0O0O0O0OOOOOODOOOO
000 (000000000 Tk, OOOOOO
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4.4.6 OUOO0OO0OOOOOOOOOOOO

0000000000000000X000O000000000 (x1keV)ODOOOOOO
000000000000 000000000000 (inverse Compton scattering) O O 0O
000000400000000000000000000000D00D00000O00O0O0
O00000000000000000000 (disterted)D00000000O0O0O0O0OO
0oo00oo0o0oo00o00oo0ooOo00oo0o0oo0ooO0(Cooooooooo
0000000000 o0) 0000000 oO00oOoO0o0oOO0O00oOo0nDD (Tww) oo
00 (Teyp) DODOOO0ODOO

000000000007 /Tefr O hardening factor 00 0000000000000
O0oo00ooO0o0o0oooOooooo0oO(oooooOooooooO0)400190000

ooooooooooooooooOoOoCbooOoOoOooooooooooOOOoboOoOoOoo
000000000000 0X00O00000o0 (=2-10keV) OO OOOOODOOOOO
0000000000 T, 0000000000 T,.rp 000 diluted blackbody”

Terr\*
I, = T By (Te0r) (4.20)
col

000000 00hardening factor 000000000000000000 (4190000
0000000000000000000 F=0T),000(0000000)00000
ooo
000000000000000000(=0000000)00000000 Ohardening
factord T, /T;y 00000000000000000 ROODOODOO T,,,000000
00000 L« R°T;,000000000000000000000d00000000
00000000 fox RTy,/d’0 f00000T,;;00000 ROODODODOOOODO
003006GM/200000000000000000MO0O000000000O

C2df1/2
6G 17,
Oo000Ty, 000000 XOOOOOOOOOOOOOoDoOooooooooooooao
00000000000000000000000 T,y00000Tss0 Teo/Teps ~ 1.70
oooooooooooooon

Tcol 2 02 d f1/2
M < 4.99
“’(J;ﬁf> 6G T2 (4.22)

col

guooboboobbobooooobbooobbobbooobbbooooobbobog
0000000000000000D0000000 (T.w=Tef) 00000000000

XO0O0O00O0DO0OO0O0O0O0OO000000000000000000000M 0000000000000
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(4.20)0 (421)00000000000 (T./Typ)?~3000000000000000
000000000000000000 °0

0.1 ke 1keV 5 keV

2 kev 20 kev 4 S Mt

|
1 “"\

T whole disk spectra a=01
L local disk spectra 17

log Ne (photons s™! m2)

log (Spectral Luminosity ) [erg s 'z 1]

log hrg (kev) s

25
Photon frequency X—log (hv/me?)

00 (Ebisuzaki 1987, PASJ, 39, 28700 ):0 000000000000 0OOOOOOO
OU00000000000000 (0DD)0D0D0 2-20keV O OO O 0O”diluted blackbody” O
(Tus/Teo)By(T,) 00000000 (0000)0000000 T, 000000000
0000 (Shimura and Takahara 1995, ApJ, 445, 780 0 0 ):0 000000000000
gooooooooooooobbbooogdoooooooooooooon
000000000 oooooooooooooooo
000000 f = T/Tesp = 1.70 000 diluted blackbody” 0 00000000000
ogooooooooooooooooa

S00000MO0000000000000000000000000000 X00000o0ooooooo
00000000000000000000 (Mitsuda et al. 1984, PASJ, 36, 741; Makishima et al. 1986,
ApJ,308,635) 00000MO00000000000000000000O00O000000000 (000
0000000000000)00000000000 (White, Stella and Parmar 1988, ApJ, 324, 363)0 [
00000000000000000000000000000000000000000000000000
00 ~3Rs 0000000 (00000000000)0000000 (Ebisawa et al. 1993, ApJ, 403, 684;
1994, PASJ, 46, 375)0 000000000000 T./Tess ~1.7000000000000000000
(Shimura and Takahara 1995, ApJ, 445, 780) 0000 0000000000000 00000000000
0000000000000000000000000000000000000000 X00000000O
0000 (eg., David et al. 2005, ApJ, 621, 372)0 00000 00000000000000000000
0000000000000000000000000000000000000000000000 (eg.,
Gierlifiski, Maciotek-Nied#wiecki and Ebisawa 2001, MNRAS, 325, 1253; Li-Xin et al. 2005, ApJS, 157,
L335; Davis et al. 2006, ApJ, 647, 525; )000 0000000000 a=000 a~ 1000000000
0000000000000000000000000000 (000000000000000)0 3RsO0
~05Rs 0000000000
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4.5 0000 (bremsstrahlung)

0000000000000 0O (bOo00)0Do0oO00DOO0O0ODOO00OOO0BoDoDO
000000000000 0000000000oUoO0O (bremsstrabhlung) 000000 -
coooooobooo-oD0oooooobooOobOOOOObOOOOOOOOOoO0OoOoOoOoOooo
ocoooooooODOODODOOOOOOOO0O0O0O0O0O0O000O0000O00O0O0DODOOO
cooooooooo

0000000000000 00000000 (thermal bremsstrahlung) 000000
0000000000 000000000000000000000000 keVODOO
O0o0o0oO0o0o0o0o0o0o0o0Oo0o0oO0oooOUO00DOO0O0 (oooD)ooooO
coooooooooobooo

4200000000000CCCOO0OO0O0ODOOOOOOOOOOOOOOOOCOO
coooooooooOoOoOoOOOOOO0OOODOOOObObOOOOOOOOOOOOOOO0
0000000000000 0oooO0oOOo0oOoO0oOo0oO0o0D Xooooooooo (o
000) 0000000000000 0000000O0U0O0UO0O0OO keVOOOOOO
000000000000 XO0O00OO00O000o0o00o0o0o0000o00 (B00; Cataclysmic
Variables) 10 0 0000000000000 O0OO0O00O0O0O0O0OOOOOOO0OOOO
0000 (@COo0oo0o0b0o0)0o0o000 Xoooooooooooooooooooo
ooooobooXoooooooooooobooooooooooobooooobooooo
0000000 (00o0obo0o0oOo0ooo0oDO)oo0ooo

b1 0000000000000000
gbobobobobooboooooooobooooooooooon

S= 2 (ExB) (4.23)

C
2
000000000000000000000000000000 |E||B|,|E/%|B20000
000000000 ferg/em®| 00000000000000000000000 [erg/s/cm?]
00000000000000000000000000000000000000000
0000000000000000000 [erg/s/cm?] O

aw c 9
_— 4.24
dtdA 4w *) ( )
goobooooooooooooooooooobooooooo [erg/cmz]D
aw c [
2L = E(t)? 4.2
dA 47r/_oo (8)"dt (4.25)

0000000 (non-thermal bremsstrahlung) 00000000 XOOODOOODOOODODOODOOOO
0 (0 U DO 00O Yamasaki et al. 1997, ApJ, 481, 821)0
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Blw) = - / " Bt (4.26)
w) = 27[_ . e .

gbobobobobobooboo

/ h E(t)%dt = 27 / h |E(w)|?dw, (4.27)
D0O0E@OO000DOD
B(-w) = % / Z E(t)e“tdt — B (1) (4.28)
000000042500
> = c/ooo B (w) 2w (4.29)

000000000000000000000000000000000000000 [erg/cm?/Hz]

ud -
mzc]]@(wﬂ2 (4.30)
gooon
O00000000000000000 AwOOOODOOO0DO0DO0TOOOO0Aw=1/TO
gooobtbooobobtoobbuoooboooobboooobboobbooouboba
000000000000 (0000000000000 ; section 3.1.2)00000000
ggobobboodoobooobtbooobboooooobbooobbboooubba

0000 (0OU00oO0o0oooOoUoooo;0o0o0)O

00 2:0000000 (electric dipole radiation)

0000000000000 00b0000d=),¢r; 0000000000000 DOOO0
00000000000000000000n000 ROODOODDOOOOO 70

|d|sin 6
AR’

n x (n x d)
R

Erad = ) |Erad| =

(4.31)
90 dOooDooooan nl]DDDDDDDDRybickiandLightmanDDDDDDDDDD
00000000000000O0000000dOob0 000000 o0O0o0ooooooon
0000000000 (Dooo)o

"00000 R?000000000000000000 RT'0O0D0D0D0OD0ODOD0OODOOOOOOO
00D Rybicki & Lightman 0000000000000 00O0O0O00OO0OO00OOO
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Rybicki & Lightman “Radiative and Processs in Astrophysics”, chapter 30 00O
(4.24)0(4.31) 00000 dQ=dA/R?000000000000000000000O
0000000000 [erg/s/str] 00

ap_ @
dQ  4re3

sin? 6. (4.32)

00000000 (fsin?6dQ = 2 [fsin®dd = )00 00000000000000
lerg/s| 0 O
2d?
P="
3c3
0000000000000000000000000000000000000000
(431000

(4.33)

mm:fEQLZZJ&Mt (4.34)
gooooooboooooo
d@p:l/mammﬁ (4.35)
27 J_
goooooo
d(t) = / " dw)etdu, (4.36)

d(t) = — /OO w?d(w)e ™ duw (4.37)
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0000 (4.34)00

E(w — Sl;g 21 // fzwt zwtdtd /
c T
sinf [ -, ,
=~ ap w?d(w')6 (W' — w)t) dt
sin 6
= ~ R 2d(u)) (4.38)

(4.30)0 (4.38)000(4.33) 0000000 d) =dA/R200000000000000
00000000000000000000000 [erg/Hz/str] OO

aw 1

m c3 4‘d( )’ Sln29. (439)

0000000000000 000000O00000D0OO0UOO0O [erg/Hz] OO

dw 81

= etldw)P. (4.40)

gobodgbooo

00000000000 (0D —e)U000000 (00 —Ze)OOODDOOO (DOUDOOO
00000 HynOODOOOD0O0O0OU0D (COO00)0D0ODO0O0DUDOOOODO0bOOOOO((4.40)
gobooooog

gooboobogoo VDDDDDa:—eVD(4.37)DDDDDDDDDDDD

R 1 [ .
2 iwt
d = —— d(t dt
wd(w) o | (t)e
= % o etdt. (4.41)

0000000000000 0O0O0O000000O000O0Or=b/VO0000000 —7<
t<7U000000000000000 wr>»10000exponential OO OOODOODOO
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0000000000000000000000 %0 000wr < 100000 exponential
000 10000000000000000 mdv/dt=Zcosfe?/R2O00000

0022
e/ ecosﬁdt

27 —_
wid(w) = or mR?

—00

Zed w/2
= ¢ / cos 6df
2vbrm J_ /o

ZS
- 2 (4.42)

vbrm’
DDD(4.40)DDDDDDD 0000000 oogooooooooog

00000000000 ferg/HZ 0 (b0000000)

dW(b) 8725
dw  3rc3m2u2h2

(b < v/w) (4.43)

~0 (b> v/w).

(443)00b— 0,y —-00000000000000OO0OObvOO0O0OOOOOOOOO

00000
0000 ne[em™], 00000 n; [em™3]000000000000000 00000

0000000000000000000000000000000 [erg/s/cm?3/Hz) 00
ooooobooooooooooooooooooboosd b+ OODODOOOO
DDDDDDDDDD2T{'l)dbU7’Le[S_l]DDDDDDDDDD

aw(o)  dW (b)
TodVdl — nenZQwv/ » bdb

b 2 6
mazx 8Z
~ neni27rv/ 7ebdb

bmin

3redm2o2b?

bmin

16¢€8 b
ineniZ2 In < max)

-~ 3c3m2v bmin

_ 16meb 2V@§1 bimaz
B 3\/§c3m2vneniz ES n<bmm>

_ 167eb
©3v3c3m2u
8450000000 0000000000 ~700000000 Ale/TDDDDDDDDDDDDD
ood0oooooooooboooooooooa (DDDDDDDDDDDDDDDDDDDDDDDDDD

0000)0

neniZ2gsr(v,w). (4.44)
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DDDDgff(v,w):?ln(bmm/bmm)DD”Gaun‘c factor” 0000 ° 000000000
0000000000000 00000000000 ~1000000000000
(4.44)000 [erg/s/Hz/em?| 0000000000000 000000O0O0OOOOO
Jodooooo0odnn00000000O0O0 VOOOOODDOODOOOOOODOOOO
00000000000 nenVOOOOOUOnen;V O Emission Measure D OO OO0 OO

[em 3]0

go-0b000boobobooboobbooboobooobobooboooDoo

0000000000000 00O0000O000ODO0000OO0 (DUoDO)0Dooooooo
00o000o000000000o000000000O000O000O0b00O00O000O0BO
0000 (Coulomb collision; Coulomb drag) 00 000000000000 O0OOOOO
D0 (00000000D000000)0 000 Prrems0000 Pyey 000 [erg/s/cm?]0
Prrems 10 (4.44)00000000000000 (0000000 Gaunt factor 0000 0
00)0000000 w=3me?/h0000

:87TneniZ266v<gff). (4.45)
3v3c3mh
0ogd PdngDDDDDIODDDDDDDDDDD meO000 ZoeOOOOODOOOOO
gooog (DD RQDDDDDDDDD)DDDD mO000 Z1e0O0OO0O000O0 0O
o000 v=ve, 0000000000 0OOO0O00OOOOOOOOOOOOOOO

Pbrems

do  Z}Z3e* 1
dQ  4m2ut sint(0/2)

(4.46)

O0000mig=mymo/(m1+mo)00 00000000000 OO0 10 (with my, Z1e)
Oomoo 20 (Witth,de)DDDDDDDD uwidod0o0ooooooooooo 2000
pgoddoodootdoddbde=od000000000o00doodoouood «wdo
000000000 z000 60000000000 O00000 AvOOOOOODODOOO
dododOo 100000000000 Avooooo

m2

Av = Au. (4.47)

mi + ma

V3/m00000000000000DOO
10K atz “High Energy Astrophysics” Section 2.2 000
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good
Auy, = u(cosh — 1) = —2usin?(0/2)

goboob1l1obooboobbooboobbooboobooooboobooonoo
goboobooboobobooboboobob0 ebObbODbDObODOODODOOD

OOomngv [1/s] 0000
d
v) = 2 /danQU Au
dt m1 + mso

™Mo do
=< — Au df)
mi + mg n2v/ ds) v

T d
= _exﬂhTTanQUQW/O £2usin2(0/2) sin 0do

Z2Z24 ™ iné
= ey 22C 22/ e (4.48)

mimi2v?  Jo sin®(6/2)
0000000000000 00000 (x00)000000O (yz00)000O0OOOODO
000000 0sing/sin?(0/2) 000000 4lnsin(d/2)000000=00000000
oooo0oooobOoooooobOoooDg, 000000 bOooOooDooboobOon
0000000000000000 »"'0000000000000000Ap 00000

21Z262/>\D

Omin = ———— 4.49
m12u2/2 ( )

00000000000 00000000000000000000000000000
Omin < 100000000 (4.48) 00

d(v) A Z3 Z3e*ny
W S —GXW 11’1(2/677”“) = —€x

O000WmAODOODOOOOOOO (Coulmb logarithm) 00000000

ArZ3 Z3e*ny

o A (4.50)

m12U2)\D
Z122€2.
O0000000ooooO0OmAOOO0OO0 =10000000

O000000000000PF,,0000000000000000000O000000
oboobooon

A=

Pdrag = Ne—; 9

0000 450)0000000000-0000000000O0O00Z; =1,Z =1,n9 =
Zn;,mip=m/2000000

1
(mv2> = NeMUD. (4.51)

8retZnen;
Pirag = % InA. (4.52)
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000 (4.45)0 (4.52)0000

2

Pyrems  Z{g) (v)Ze

= -] —. 4.53
Pdrag 3\/3111)\ c he ( )

e2/he0000000 1/13700/c < 10000 Pyrems < Pargy 0000000000

00000 (thermal bremsstrahlung)

(444000000000 v000000OOOOOOOOOOODOOOOOOOOOOO
000000000000000000000000000000O0O00000 (Maxwell
O00)00000 (power-law) 00000000000 O0O0COOOOODOOOOOOOOO
do0odo0bO0oDoOO0oOO00bO0DoOODO00 ~krooooooooobooooooo
00000 power-law O O OO

00000 TO MaxwellDOOOODOOOOOOO0vOov+doO00O0OOODO dP

oo
mu?
P~ 0 —_
d vexp< 2kT>dU
000000000 444)000000000000w,, 00000 »vO0O0O0O0OOO
DDDhV:%mvfmnDDDDDDDDDD O0v<vy, OOOOOOO0 wODOOOO
0o0o00)o

dW(vw) 2 2
dW (T, w) fvojn avdid, v eXP (‘%JT) dv

dVdtdw ﬁ?%ﬂexp(_nw2>dv

2kT

o7 2% exp(—2?)dz = \/7/40000000 (2kT/m)*2\/x/400000 [ vexp(—muv?/2kT)dv
0000000000007 zexp(—2?)de = fexp(—a?)00000000 3(2kT/m) exp(—hv/kT)0
O0000000000000 (Gaunt factor 00 00000000000)07Y2exp(—hv/kT)
0000

D000000000000000000 [erg/s/cm®/Hz) 0O

dW 2reb [ 2r \ /2
If = _ T-1/2 72 /KT 5
v dVdtdv  3mc3 <3km) Tenti€ grs(T,v)

= 6.8 x 107377 Y2 2%, n,e7"/* G, (T, v) [CGS unit). (4.54)

0D000gsy(T,»)D0000000000000000 Gaunt factor 00000000000
D0000XOOOO00 KT~ 0000000000000 g#(T,v) = (hv/kT)~%400
0000000000000000000000000000000000000 XO0000
0000000 [erg/s/cm?/keV]OOE % exp(—E/kT)00 000000 [photon/s/cm?/keV]
O0E Mexp(-E/kT)0000D00OO
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black=Thermal bremsstrahlung 7 keV, red=g~ 14 g7&/7ke

Photons/cm? s keV
_107°107%1077107%107°107*107%0.01 0.1 1 10 1001000 10*

E | I | I

0~? 0.01 0.1 1 10
Energy [keV]

black=Thermal bremsstrahlung 7 keV, red=£~%* ¢ &/7%

0.1

keV/cm? s keV

1077 107 107 10™* 107 0.01

. . . .
0.01 0.1 1 10
Energy [keV]

black=Thermal bremsstrahlung 7 keV, red=£%® e &7+

keV (keV/cm? s keV)

. . .
107% 0.01 0.1 1 10
Energy [keV]

TkeVOOOOOOOOOOO (O;xspecd brems000)007keV O cut-off 0 00
00000 powerlaw 000 (0; x EPexp(—F/TkeV)) 000000000000 00
0000000000000 00(CO0D)WwWF,00000p0O00O0O0OOL1.4,04,-0.60
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000
(454)0 000000000000 7T0000000000000000000000
0000000000000 [erg/s/cm® 0000

dTdy = 6.8 x 107383TY2 220, n,5 4 +(T k CGS unit
v 9grf n

=14 x 1077 TY2 20,054 4(T) [CGS unit].

000000000000 Gaunt factor 00 gss(T)~1.2,000000000000000
00D0000000Y ,nenzZ?~1402000 '0000000000000 [erg/s/cm?]
000000000000000000000000000000

/ elfdv = 2.4 x 10727T2p2 [CGS unit). (4.55)

XO0ooooooooooooo

gbooboboooboboooboboboooboboobobooobooboobobo
gobooooooobo Xopooooooooo

e NUUOOODLODOODLODOOOO

e J0JODDOOOO OO RSCvnODODO active binaryD OO OOOODODOOODOO
gboobooooon

e NUUDOOOOOODOOODDOODLOODLDOODLUOODLOODbOODDbDOODLOn
gboboobooboobobooboo

e JOUODUODODODODODODODODODODODOD

e NUUDOOODOOODOODOODLDDLOOODLDOODLOODLDODLDDOODLOODOO
gobooboooobon

00000 (free-free absorption)

00000 (bo0o0oo0oo0o0o0ooO0o0ooOo00O)boooUoooO(oooo
0000000000000 00) 000000000 (free-free absorption) D 0 OO OO
0000 free-free absorption I 0D 00000000 O0XODOOOODOODODODOODOO
XO0O0O (~0.1keVx= 10keV) OO OODOODDOOODOOOOO LOOOD KOOOODDOOOO
000000000 (Dboooo)oooo

17ombeck, “Handbook of Space and Astrophysics” 0 0 O
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XOOOODOO0O free-free absorption 10 000000000 O00O04.2000000
00000000 source function S, [erg/s/cm?/Hz/str) 000 00000000000
ooo ‘

S, =

Qy

000040000 Jerg/s/cm3/Hz/str]0a, [em 000000 (4.1000)00000
ooooooooo s, 00000000 B,(TYUoooooo

(4.56)

(4.57)

00000000000000000000000000000000000000000
0 /000 @s4)0d/o0o0oo

ff £
v A7

000000000 free-free absorption 0 00 00 af [em™] 00

5_6 1/2 3 -
o e (3tm) P TV2 72 eIV g (T, v)

v 8mhy3 1
¢z exp(hv/kT)—1

40 or \'/? ~1/2 72 -3 —hv/kT =
= She (3km> T neniv” °(1—e )G (T,v)
= 3.7 x 108[em® s 73 K2 T[K] Y2 Z%nc[em™3]n;[em™>|v[Hz] ~3(1 — e*h”/kT)gff(T, v).

(4.58)

00000 10000 K~1evV O HIOOODOOOOOOOODODODOOOODOOOODODO

000000000~ 1eVa1pum~I10H00000000 (v 108 Hz )OO
Rayleigh-Jeans O 0 (hv < KT) 00 000000000000

4¢8 or \ /2 _ o
ozfjf =3 (3km> T3272n .m0 2gff(T, v)
= 0.018[K*? 572 em®] T[K]|"*2Z%n.[cm3|n;[cm3|v[Hz] 2§ (T, v). (4.59)

00000 »200000000000000HUI000000O0O00O0O00000
0000000000000000000000000 Y000000000000000
000000000000 00000 42000000)00000O0DOOOOOOOOO

2http:/ /www.shokabo.co.jp/sp_e/optical /labo/opt_cont /brems-sp.htm 0 0 O
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00000 —-0.100000000000 Gaunt factor 000000000 (XOOODOO

-0400000000)0
Orion0000000000 BOT ~8000K, 000 L~ 0.6 pcdn, ~ 2000 cm™300

00000000000 (4.59)000O0rion 000 free-free absorption 00000000
000000000000000 (Z%nen; ~ 1.4n2,g;4(T,v) ~1000)0

T —3/2 n 2 1% -2
If = offL =025 ( c ) < )
v T 8000 K 2000 ecm—3/ \103 MHz

000000000000000000 (~102MHzOO0OO 00O Rayleigh-Jeans( ~ 10*
MHzOOOOOOOOOOODO transition region) 0000000

500 4
300 4

5 2
F, ~v

RrEEs

(Jansky)
-
S
S
1

transition
|—

F,

region

il

obooXOoboboboobobooboboobooboo kevOooogoo

4e5h2 [ 21\ /2
oz{jf _ ¢ (3;) (k:T)fl/2 Z%nen; (hu)f3 (1-— e_h”/kT)gff(T, v)

3mc
= 7.7 x 1078 [keV7/2 cm®] x
(KT [keV]) ™% Z%n [em=3|nilem ™3] (hv [keV]) ™2 (1 — e /K1) g, 4(T, v). (4.60)

kT ~hv ~keVOOOOo ~1078p200000000000000X000000
O free-free absorption 00 000 O00OO0OOOOO

O00000000000000 (Sunyaev-Zel’dovich effect)

197000 UHURUOOOOOOO0O OO Coma, Virgo, Perseus 0000000000 X0O
O000000000D00O00O0Sunyaev and Zeldovich (1972) 00000000 XO0OOO

0000000000000 00000Shu O”The Physics of Astrophysics” Volume 1, Problem 4-3 0
0o
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gobogbooboboooboobooboobobooobooooboooboobooobooo
oboboboboboobooooobooooboooooooooooDooDooDooDooDoo
Rayleigh-Jeans 00 0000000000000 0OO(0O00OO;00000NO000000O
oboboboboboobobooo

0.5
Tr
55

54’

QF T T T — =
v 58

| clustee of galasies 52’

51

02'50'

.
“’}’“““”‘"““5’ 14112 8 4 10 56 52 48

O O Sunyaev and Zeldovich 1972, Comments, Astrophys, Space Phys. 4, 173 00000000000
0000000000000 00000 Rayleigh-Jeans 0000000000000 OUBonamente et al.
2006, ApJ, 647,25 000 Chandra 000 Abell 18350 X O OO OOOOOOOOOOOOOOOOOOO
ooad

Silk and White 1978, ApJ, 226, L1030 0000000000000 0O0O0O0OOOO
goooxXoobooooooooooooobooooobboobooboooobooo
ggoboobobooobooboooobobboooobobooboboooboobo
oooboooooon

00000000000000000000000000000 »,7.0000000
0 (00000000000000000000)0 ROODODOOOOOO APOOOOOO
0000d0000XO00000000000 A=R/dOX000000 f, x L,/d>0
0000000XOO0OO0DO000O000000 7.,00000000000000000000
00000000000000000000000000000000000000000
0000000000nRT, xndA9T, 00000 (000 nd00D0000)00000
XOOOO (4.54) 000 L, oc R¥T. /*n2 exp(—hv/KT.) o (dAO)3Ts /*n2 exp(—hw /KT,
0000 f, o P<D2AGBT Y2 exp(—hw/kT.)0 f,,nd, T, 00 0000000000000
000d0000000000000000000000000000(@O0000000
000000000 nd00000XO0O0OO00O00O000000 n2d00000000
0ooooo)

gobooooogobobboooboobooboboboooboobooobooboboobooo
Xgooooooooooboooobooboobooooboouoboooobooooo
oooooboooooooboooooobo0oooooooobbooooboooooooo X
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000d0doooooooooooooooooooooooooooooooooooooon
00000000000000000000000000 (00000 Birkinshaw, Hughes
and Arnaud 1991, ApJ, 379, 466; Inagaki, Suginohara and Suto 1995, PASJ, 47, 411)0 0
000000 ChandraOOODODOOO0DOOOOODODOOHST key projet0 0000000
odooobooooooooooboooooooon (~77.6kms*1Mpcfl;Bonamente
et al. 2006, ApJ, 647, 25)0

46 000000O00O0ODODOOOOOO (Inverse Compton) OO

0000000000000 00O00000DO000ooooUooOoOO (Inverse Compton)

gooobo Xoooooooooooboobooooooboooboooooooboo

gboboboboboobobooboooooobooooobooooooooooon
XOooooooooooooooooooooooooooo

e Thermal Comptonization
0000000000 (00 =EkTe)00000000000 (00000 = Expp)
0000000000000000000000E,.;s < E<kTeOO0O000O00O
00000000 power-law0O 00 (DO0OO0O0O0O0OODOODOOOOOOOOODO)DO
E > kTe OO exponential 000000000000 DODO low state“000000
U000 XOOOOOOOOO thermal Comptonization 0000000000

e 100D OODODOONO non-thermal Comptonization
00o0d00d0oo0do0Do0o0odooooooooooooo Xoooooo
00o00odooooodobOOooOdbobooooooooooooobooooog
0000000000000 oooo0ooooooooooooooooog
oooooo
Blazar'® 0 0000000000000 O0O0O0O0O0O00O0OOOOOOOOOOOOO
0000000 (0000 X0oOoo)oooooooUooooooooooooooo
0000000000000 000D0O0 (DD00000)0“Synchrotron Self Compton
(SSC)ooOo’ooOo0oooO0oo
0do00d0ododooodbO0ooooooooooooooOooOoboooooog
0000d000oo0oodooo Xodoooooooooooooooooooo

“OOUO0O0O0O00D0O0ODhigh state, lowstate D0 0000000000000 0000O000 (bimodal
states) 00 00O

5McGraw-Hill, Dictionary of Astronomy 00 OO O: “A type of quasar whose light exhibits strong
optical polarization and large variability.” Oxford, Dictionary of Astronomy OO OO O: “A class of
extragalactic, violently objects that includes BL Lacertae objects and optically violently variable (OVV)
quasars, from which the name is contracted. They are thought to be the high-speed jet of plasma and
radiaion from an active galactic nucleus viewed nearly end-on. The OVV quasars have broad emission
lines in their spectra, but otherwise show all the characteristics of BL Lac objects.”
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O000ododMevVxTeVvOUOUOUOOoooooooooOOOoOooooooobooo
obooboooooooooooog

4.6.1 UO0U0O0OO0O:0000000O0OOOOCOOOOOOOODbDObOD
o000000ooooooOoooooooooo

000000 (Thomson scattering)

000 (00O0000)0000000O0000U0000O0O00 (oo UUO)0ooo
googboobooooboooboooboobboobobooobooobooboobooon
gbooboobooobooboboooooboobobooobooboboboooboboo
EIDDDDDDDDDDDDDDDDDDDDUT:%’W%(rODDDDDDD)D

0000000 (Compton scattering)

ooobooXtoooooooooo Xooooooooooooooooo Xooooo
0XOOOOOOOXO000o0oo00XO0O0o0o0o000 Ax=X(l-coesh)ODODODODO
Ooooooooog (eo XDDDDD)D)\C:h/mc%O.02426;1DD)\CDDDDDDD
goboooobooooboobooooboobooooboboobboooobooXxXbooooooooo
goboobooobboobooobboobuoobbobobooboobbod

gbboobooobbobbooboobuoobooboobboobooboobad
gboobobooboboobobooboboooboboobooboooboobobo
gboboboob-bobobobooboboboooooD Xgoboboboboooboobooooo
gobooboogobooo

00000000 (inverse Compton effect)

gobogboobboobooboobbooboobooobooboobbonobg
gbooboboobobooboboooboboboobobooboboobobo
guoobbboooobobooobbooobobooooboboobooooobobog
gbooboboobobooboboobobobobobooooboboooboomMobog
gbobodgoodgabod

4.6.2 ODU00O0OO0OODOOOOOOODOO

0000000000000 o00oO0o000U00oOooOO0o0DUUooOoOOo0O (Doooo
00000 Maxwellian; 570 ) 0000000000000 0CO0O0OOOOOOOOOOO
gboobobooooboooboboobobobobooobooboboboobobo
0000000000000 (O 4.54)0
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000000000 FOOCOCOOOOODOOO0O0OO0O0O0ON(E), 00000 EOO
00o0o0o0oov»0O0OO0OOOOODOOOO Fiv, B)ODOOOODODOOOOOODOOOO
gbobobooboooooooon

F(v) = / epn(E) F(v, E). (4.61)
000000000000 0000000 N(E)dEODOOO
fﬁo:/dEN@yﬂ%Ey (4.62)

0000000000n(E)~exp(—E/kT)000000 EDDOODOOOOOOOO
000 w=FEDO0O0000000 F(r, E)OOv000000000000000000
0000000000000000

Fo for hv < F,
F(v, B) ~ { 0 for hv > F, (4.63)

0000000 (000000000F/O01//EOOOODOOOO; O 4.44)00000(4.61)
0o

(e e}

F(v) ~ Fo /E:h d®p exp(—E/kT)

~ ]:0/ VE exp(—E/kT) dE
E=hv

~ Foexp(—hv/kT), (4.64)

000000000000000000000 (~kT)exponential 1 000000000
000000o00oooooo 5o

0000000000000 000000000000000O00D0o0oooooo
0000 Y00OO0O00D0D00000000000E =mc>»y 0000000000000
0000000000000 00oooO

N(E)dE x 7P dy (4.65)

gbooboobobooobobooooboobooboooboboobobooobobo
0000000000000000000000000 E=mc>y0000000000
googd

¥gooooD0o00s700000000F 00 1/VEOOODOOOOOOOOOOO00000 (O 4.54)0F
000000000000f° Vre *de = Vae "+ YT erfe(y/a), erfe(z) = 1 —erf(z), erf(z) = %foz et
0000 Mathematica 00O 0000000000000

y=1/y/1—-(v/e)2>1; 0000000 “00007 (relativistic) 0 0 00
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1. 00000000000000000 (=hv.)04200000

2. 000 ,00000000000000 FwE)=2S/v,) 0000000000
0o

00000000000000000000000000000000000000000
0000000000000000(QO000000NH0
0000 (4.61)00

F(v)= /S(y/yc)’y_p dry

000000000rx420000000000+~00 v/, 00000 (0000000
0oooond

goood

::/504%ﬁ5Mzum (:>_1d<1)
— /S(Z//Z/c) (%)*p/%rl/? y—P/2+1/2 <:> _ld <:>

_u—%{/suy%)<z>ﬁfd<2). (4.66)

(465)000000000000C0O000O0ODOO0OCODOOOOOOOODODOODOO O
oooooooo»00000O0DOOCCOOO0O00OO0OoOooOooOnO power-lawd AP
goboobobooobobooboboobobooboboobobobooobobo
OO000O000000 power-law OO OOOO0OOODO

s=1—— (4.67)
000000000000000000

4.6.3 UU0OO0OOOOOO

0000000000000 b000b0bOO00oO0bObOoO0obDbOOoooobobOoOobDbOo0on

(Laromor frequency) O O
eB

2Tmec

v (4.68)
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00000 me>y000000000000000000O000O0O0O0O00O00 80

B 3y2eB sin o (4.69)

ve 2mmec
a000000000OO0DOO0OCOOU0O(DDOOD)DUDOO0DOO0OOOUDOOODOOOOO
O00000000000000000 [erg/s]O00

4
Psynchzga—TC/BQ"YQUB- (470)
0000 000000000D0DOUgD0OO0O0O0O0O00000 Y¥YOB?2/87z0000000
or0000000000000000O000OOO00O0OO0OOOO0OOOO

4.6.4 ODU0U0O0OO0OODOOOOOOOOOOOOLOOOOOOODOOO

O0000D0000000000 mé?y000000000000000000O0O000
000000000029, 0000000000 BOOOOOOOO E.000O0ODOO
000000000000000000000 E,00000000000000000
hie/2me = 9.3 x 10721 erg/gauss, v ~ 2 x 107(E./10 TeV) O OO OO

3v%eB
2mme

B
=1.7x (2 x 107(E./10 TeV))2 (hnG) 1ImG x 9.3 x 107! [erg/gauss]

2
=6.3x107° Ee b [erg]
10 TeV ImG

E. \’/ B
~4k . 4.71
ev(lOTeV) (1mG) (4.71)

0 00 OKoyama et al. (1995), Nature, 378, 255, “Evidence for shock acceleration of high-
energy electrons in the supernova remnant SN1006” OO0 00000000

Koyama et al. (1995) 0 0ASCAOOODOOOOOOOOOSNIooO6O O ODOOOOOO
O0000000000000 (=power-law0000000000)0000000O00O0OO
00000O00bO00oO000oO0ooOooooDooooooe-10,p,GOXOOODOOOO
~20keVOOODOODODOOOODOOOOOOODOODO200 TeVvOOOOOOODOOOOO
0000000000 (cosmicray) 10 0000000000000 ODOOOOOOOO
0000000000000 00000D0000000ASCAO SN1oosOdooOoonOodad
(00OOO00DU00O0O0)0D00O0ODOOO0DODO0DUO0ObOODDOOOO

000 (00)0000000000Katz0OO0ODOD000OOShu, Rybicki & Lightman O 0 O (4.69) O

1/20 v, 000000
YR 0O Gauss 00000000 B?/870 Jerg/em®| 00000000000000000

h
E, = 0.29 x h, ~ 0.29h =0.29 x 672 B——
2mce
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4.6.5 “Equipartition” condition

0000000000000000000000000000000000 S [erg/s/cm?]
0000000 Ny [em™] 000000 (4.70)000

S NO’yQUB.

00000000000000 U, xNyy, 00000000000 Ug~B2000000
000000U=U.+Ugd 000000000000000 (469)00 v B~Y200
000000000

S o« NoyyB? ]\70733/2 x UeU;M.

ooboboooovugboobooboovU. 0 Upb0bO0bO0ObObOOObOOOOoOOoDOD
OO00o0000O0o0oOoOo0OoO sogoooooogood

S o (U — Up)U*

oS 1. 14

a0, < 1Us
EIDDDUB:%UDUe:%UDDDDDSDDDDDDDDDDDDDDDDDDDDD
O00Up=U, 000000000000 O00O00O00O00O00O00O00OO0O0O00OA0
goooooooooooooooooooooooooooooooon

goddododooooooooboooobooooooobobooooooooboooooob

DDDDDDDDDDDDDDDDDDDDDD(equipartition)DDDDDDD oo0d
0000000000000 0000000000equipartition 000000000000
goao

(—7Up + 3U) = 0.

4.6.6 UUOOOOOO

000000000000000»000000000000000000/000000
D00 v00008=v/c,y=(1-4%)"/’000000000000000000000

ooobobeDODODODODODODODOO
v =vy(1 - Bcosh). (4.72)

00000000 <m.200000000000000000000000000 (O
0000)00000000000o00ooUoo00oo0/J/ooo0ooooooooag
00000000000000000¢O000000000000000000 Y/ 00

V' =1y + Bcost). (4.73)
000 ~7/200000000000000000
V'~ 52 (4.74)

0000000000000000000000000000000000000 4200
goo
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4.6.7 000000 (Inverse Compton) 00

00000 mc>y000000000000000000D0D0DODOOOO0O0O0000000
00 [erg/s]:

4
Pcompt = 50T0ﬂ2’72Uph (475)

00000, 000000000000

(470)0 (4.75) 00000000000 (0000000 U,)O0D00 (0000000
Up)000000000000000000000000000000000000000
0000000000000000000000000000000000000000
ooo

Psynch UB

- B 4.76
P, compt Uph ( )

D00000000000000000~ 3uCGauss000000
Up ~ (3x107%)2/(87) ~ 3.6 x 10713 [erg/cm®] ~ 0.22 [eV /em?]. (4.77)

000000000000 0000 (p46000)0U,,~0.26eVO000000000O0O0O
gboobobooboboobobooooboboobobooboboobobooobobo
gbooboboobobooboobuooooboboobobooboboobonboo
googd

4.6.8 0OUO0O0O0O RXJ 1713.7-3946 U [

000000D0D00000000 (~100TeV)00O0O0O0D0DO0DO0OODOOODODODOOOOO
0000000000000000000000000000 RXJ 1713.7-3946 (Aharonian
et al. A&A 2006, 449, 223 and references therein) D00 0000000000000
000000000000000000 XO00000OO0oo0Oooooooooooooo
0000000000000000TeVOOOOO0ODOO0O0OO00O0XO00O TeVOOODOOO
0000000000000000 (00D)000000000000000000000
goo

XO0OO0000TeVOO0OO0O0O0000000000000000000000000000000 x°00
000 (pp—7 =) 00000000000
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n - B=7pG

e -

s P B =9uG
o \ASCA --B=11.G
2 10" / A

2 "\_ EGRET

w \ 5

. \ -

z 10 / SYnc.hrf)tron A

o /" Radiation \' ICRadiation . /\{LE.S.

Yl

’ 0|

V

Iy . v
Fd 3 Sy \
|

# 4 : J AT
S ATCA 1 e —
y

R R Y BN B Y I ‘f:";f:;.’."‘fF’?’?’S?‘Fmﬁ’”P@‘.(':.
10° 10° 10" 10 100 16 10" 10 10" 10"
17h15m 17h10m E“ergy (ev)

00 ASCAOUODOO (1-5keV)0 HESSO OO TeVUOOOOOODOOUOOOODOOOODOOOOO X
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(ATCA)D
X0O (ASCA)D0ODO0O0 (HESS)UOOoUOoOOooOooUoooOooUooooouoooooooooooooo
0000000 p = 20 exponential cut-off energy=100 TeVO O OO0 D O00D00 (D000 vf(v)OODOO
0000 EF(E)0000)0

O0oo0oooooooooooooooon

1. 000 cut-off energy = 100 TeV O 0 O O mc?y ~100 TeVO OOy ~2x 1080000
27KOODO000000000000000000000000O0~ 287 000
00 (041500000000000000~ 2.7 x2.8/11604 = 7 x 107* eVO O
(4.74)000000000000000D0DOD00000000O0O0 2000000
000007x1074x (2x10%)2~30TeVOOOOTeVOOOOOODODODOOO
0000o0oooooooooooo

2. XO0OO0OOOoOoOO 471)ooooi1o0 TevoOOO ~10pGOOOOOOOODO
00000000000 00D0D0OD0O00~4keVOOOOOASCADODDODOD XOO
0 (1-10 keV) OO O OO power-law DDASCAOOOOOOOOOOOOOOOO
gboboobooboobbooboobooon

3. 000 (4.65) 000000 power-law 00 0o E-PO0000p =20(4.67) 000000
00000000000000000000000000000000 (2-1)/2=05
(000 [erg/s/ecm?/keV] 00000000 £ 00000000000000
D0000000vf(v)0000 ([erg/s/em?)00000000000000000
xE% (0D0D00000)0

4. vf(»)0OUOOOOODODODOOOO (DODODOO0)0D00O0O0O0DO0DOOOOOOOOO
gboooooooboobobobooooooboobobobobobooooooo
ooooooon

/ EZ%d(log E) =0.434 / Ez%d(lnE) =0.434 / EdN [erg/s/cm?].
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ggooboooooooobboboobooooobboboooobooboooobooooboboogog
00000000 (ICRadiation) 000000000000 0OOOM.76) 000000
oooobDoooooDobboOoouobbooB~3uGaussOgoooooooooo
0000000000000 000000000000000O00OOOoOD (DoO
000000O0O000o00oo0oo0oIcCOoUDoOoUoOD)Dooooooooon
ocooopoobooOoOooboOooooooooOoooDoOooobDboIcooooo
O0B~9%GOOOODOOODO
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Juooouyn

0000000000000000000000X0000000000000000 100
TeVOOOOOOODOOOOOOO0OO0OOO0D0000000000000000000000
0000 (cosmicrays) 0000 (000)0000000000

5.1 JUooon

(0O0ODO0O00oOO000OO0O0OO0O0DOO0O0ODO00DOO00DOOOOOOoOOoOO
00000000)000000000000000000000O0O0000 (cosmic ray)
000 (000o0000-000-00000)D0D000000000O0O0O0D0ooOOoooo
googbooboooobooobobooboooobooboooboooboobooboobooo
00000000000000000000000 ~1 eV/ecm30

5.1.1 0O00O0OO0ODOOO0Oogn

00000000000000000000000000000000000000000
0000000000000~ 5x10%evO “Knee”d ~3x 10 eV O “Ankle” 000
000000000000000 KneeOOOODOODOODOODO E27"000000000
00 E330000000Kneed Ankle 00O OD00O000O0O00O00O0OOOO

5.1.2 000000

000 (00O0O0)00000000OD0O00O0OD00000DU0D0D00D000D0DYOOOOOO

oooooo
v2 evB
my— = —.

— == (5.1)
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0000000000v~c¢0000000000000 mye®?=E0000000000
0o

myve  mryc?
r= ~

E EQmec hc

Be =~ Be Be B he 2muc?

_ E \locev 1uGY 1 1 2keVA
10GeV B ) 1uG 9.3 x 10~2terg/G 2 x 511keV

E 1uG
~ 13
~ 3 x 10" cm <10GeV> ( 5 > (5.2)

goobobobooooboboboooboboooobbbooooobboooooobog
goo

0000 (B~01G)00000010GeVOODD000O0D0000 ~3x10%cmO0
000000 (~6x108em)000000000000<10GeVOOD0OO0000D0OOO
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0000 (GeV) O”Cut-off Rigidity (COR)” 000 20

00000 he/2mec =93 x 107 erg/gauss 0000 0p.26 00000
00000000000000000000000000000COROD0ON00N00N0N000O00N0
000000000000000000000000000
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=)
Y

Fluxes of Cosmic Rays

=}
)

Flux {m® sr s GeV)™'

4 — (1 particle per m*=second)

o

L"‘a Knee
% (1 particle per m*—year)
"]

%,

=13 Y
e

—16
10

=19
10

\

Ankle T

(1 particle per km*=year) i
)

e R
107 10”
Energy (eV)

-22
10

=25
10

=28
10

T RIS EERTTT EERTTT IR T IERTTT ERTT EERTTTS RERTTT: BRI e |

107 10" 10" 10 10" 10™ 10" 10" 10" 108 10™®

000000D00000000000000000000000000000000 E~*0000000
OO00O0000ODDOO0O00000000000O Anchordoqui et al. 2003, Int. J. Mod. Phys. A18, 2229000
000000000000FE > 10V 0 “super-GZK” cosmic ray 0000010000000 1km?’010
000000 100000

00000000 ~3uG,0000000000000000000000000000
O000~1pe(=3x108em)00000B~10pGOO0D0D000000O0O0O0E 3 10'¢
eV (0O KneeDOOOD)OOOOODODOOODODO0OO0DDOO0ODODOODOOOOOOO
0000000000000 0000000Kneed0OOO0D0O00D0DO0O00D0O0O00OO
oDooooooonog

gogilo200000000000000b00b000o0obooooboooboooboooDo
(~100pc) 000000000000 E > 10" eVvOOOOODODDODOOOOOOOOO
gobooboooobooobobooboobooboooooobboooooboobooonog
gobodboooboobooooboobooobuooboon
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5.1.3 0UU00OO0OOOO0O0OO0OObODbOOOd

00000000 ~100pe, 100 ~20kpc0000000000000000 ~1eV/cm?
gobodobooobooboooooaboo

E. =7 x (20kpc)? x 100pc x 1eV/cm® ~ 5 x 10° erg. (5.3)

000000000000000000000000000 ~10"000000000
000000000~ 10'000000000000000000000D0O0000000
0000000000000005 x 10% erg/107 year ~ 10* erg/s0 000000000
000000000000000000000000

000000000000000000000000000000000000000
000000000 ~10 erg0 000000000000 DDODODO 3000000000
00000000000010% erg /30 year ~ 10*2 erg/s0 0000 10 %0 000000
00000000000000010%00000000000000010% erg/s000
000000000000000000

5.1.4 000O4O4Uooooog
0000000000 ~10%evO00000027KOOOOOOOOOOOOOOOOO

p+y—=p+mp+y—n+at (5.4)

000000000000000000000000+0-t00000000000 134.9630
MeV, 139.563 MeV O OO OOO00000000 ~102eVOOOOO0Oy > 10%°/107 ~
10" 0000 0000000 27KOODODOO0OO0O0OD0DOD0OO (00000000000
~103eV)000000D0DOOOOODODO 0000000100 MeVOOOOOODODODO
0000000000~ 140MeVO 7% 70000000000

0000000000000000000~1072cm? 0000000000000
0~410em™3 (p46 00)000000000000(107% x 410)~! ~ 2.4 x 10%cm ~ 8
MpcO0OOOO~8MpcODODODOOOOOD »10°%evO00000((4) 0000000
00000000000000000000O0~8MpcOOODOOOOODOODOOOOO
000000000000000000000 ~10%ev00000000O0O00DOOOO
00000 Greisen Zatsepin Khuzmin 00O 00 (GZKOOOOO)OOOO

O0O0O0AGASAOFly'sEye0 0000000000~ 10°evO000000 (Ultra-
High-Energy Cosmic Ray; UHECR) 000000000000~ 100g00000000O
0100kmO000000000000D000O0O0~3%x10%ev00000000 ~ 10%
00000000000000000000000000000000000 UHECRO
O0ODOUHECROOOOOOOOOOOOOOODOOOODOO0OO000O0O0000000
0o 30

3000000000000 00000000000000000 UHECROOOOOGZKOODDOOOOO
0000 EUSO (Extreme Universe Space Observatory) 000 000000000000
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oooooooboda,hRc0b0ooobooobooobboooon

h 5
E, = \/% ~ 10% oV (5.5)

goooobooboooboobooboobooobooboboboobooboobOobooon
gobobobobobooboooooboooobooooooooooooboooboooboooDooo
00000000000 000OUO0O00000LO0oUDOoUOUDOOOOOOo(moOoUonO
0O8Oooog!)

5.2 Fermil

0000000000007 Fermi00” 00000040 ~10®%evO000000O0OO
00000000

00 VODO000D0O00000 (00000)000000 E0000”"000070
0000000000000000000000000000 AE/EQO (V/e)200000
(O 5.10; second-order Fermi accerelation)0 0 0 0000000000000 0O00O0OO
0000000000000 0000000000000000000000000000
AE/ED (V/e)ODOOODO (O 5.9; first-order Fermi accerelation)0 0000000000
00000000000000000000000000000000000000000
00000000000 (0000000000VO0000)0000 10% ~101%ev O
0000000000000 0000000000000000000000000000

Section 4.6.800 000000 00000 RXJ1713.7-39460 XO0OOOODDOOODO
00000000000000000000000000000000000 «xE~200
00000000000000000000 FermiO0OO0DOD0DO0O0000O0O0OO0OODOO
00000000 (0 5.17)0

5.2.1 Lorentz Transformation

Consider two systems, one of which is moving at the constant velocity u relative to the
other.
The following “four vectors” follow the Lorentz transformation:

dt
ct cdd—T c c E/c
T dx or U U
ot = L ur="m= & =y | PrEmey | Y= P
Y dr T Uy Uy Dy
z % Uy Uz Dbz

Fermi 0000000000000 0000D0000O0D0O000ODOOO00O0OOO000O0
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where v = (1 —u?/c?)~1/2 and my is the rest-mass. “Lengh” of the four vectors is Lorentz
invariant. They are respectively the following:

—(ct)? + (2 +y° + 2%,
V(= +u?) = =,
—E?/ 4 p* = mEyA (=2 +u?) = —micl.
Lorentz transformation can be written as

/ 14
o'* = AF, 2V,

where A*, is the 4 x 4 transformation matrix. In the case that the relative movement is
in the z-direction,p A*, may be written as follows:

Yy =By 00
=By v 00
B
Ay 0 0 10
0 0 0 1

5.2.2 FermiOUOOOOOODO

Let’s consider head-on collision of a light particle with the mass m traveling fast with the
velocity v and an infinitely heavy cloud with the mass M moving slowly with the velocity
V (v >V and M > m). The mass and the cloud collide elastically (but the cloud does
not change velocity). In this case, the center of momentum frame is that of the cloud.

Let’s put the energy and momentum of the particle in the rest-frame E and p. Lorentz
transformation of E and p to the frame of the cloud gives,

VE
E’=7<E+Vp),p'=v<p+c2>,
where v = (1 —

Since we consider elastic collision, in the frame of the cloud, El/)efore = E:zftar’ and
the momentum only changes the sign. Therefore, Lorentz transformation back to the

2
\272)71/2_

rest-frame gives,
E// — /_}/ (E/ + Vp/)

=7<7(E+Vp)+V7<p+‘if>>

V2E
:72<E+2Vp+ =2 )
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where we used ¢p/E = v/c.
Namely, if we put the energy gain of the particle AF,

AE = 22EY (V + ”) . (5.6)
c\c ¢
For the tail-on collision, we put —V instead of V', then the energy gain will be negative:
Vv Vv
AE = —2y*E~ (” - ) . (5.7)
c\c ¢

Probability of the head-on collision is 1 ((V +v)/v) and that of the tail-on collision is

% ((v—V)/v). Consequently, the mean energy gain per collision is

sn-3 () aret (L) (oo (-1
S5 () () 0o (D) () -9
{0002 )

v\ 2
= 4y°FE <> : (5.8)
c
In the equation (5.6), since V << v = ¢,
AFE 1% v
PP MLIPOP M (5.9)

E c2 c
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This is the case of the first-order Fermi acceleration when only head-on collision is taken
into account. When we consider both head-on and tail-on collision, from equation (5.8),

% 4 <V>2. (5.10)

c

This is the case of the second-order Fermi acceleration.

5.2.3 FermiOUOOOOOODOODOODOOO

Let’s consider the case that a particle is confined between two walls (i.e., magnetic mirrors)
being apart by the distance [, and one of the wall is approaching with the velocity V.
Namely,
V=-——1: 5.11
o (5.11)
The first Fermi acceleration takes place by the head-on collision of the particle by the
(&

approaching wall. The number of collision per second is 5;. Hence, from equations (5.9)

and (5.11), LB , L
Ve

Edt = “c2 ldt’
or equivalently,

dnE)  dnl
T dt

Namely, the confined particle accelerates as the two magnetic mirrors are approaching.

The same mechanism happens when charged particles go back and forth between the

upstream and downstream sides of a collision-less shock in the supernova remnants.

In equation (5.9), a relativistic particle (v &~ ¢) with the energy E gains the additional
energy AFE from a single, elastic head-on collision with the massive “wall” moving at the
velocity V. In the case of shock wave, i.e., the particle goes from the up-stream to the
down-stream then back to the up-stream, V' may be taken as the discontinuity of the flow
velocity on either side Au = u; — us.

In general case (i.e., not head-on), this equation has to be averaged over the angle.
Note, the number of collision per unit area is proportional to cos#, and additionally the
momentum transfer is proportional to cosf. Consequently,

<AE>_2V27rf07r/281n9(30529d0_4V (5.12)
E ¢ 27 fO”/Z sinfcosfdd 3¢ '
If we define 3 as the fractional energy gain before and after the collision,
Ay —
B=14- 212 (5.13)
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Next, let’s consider the probability that the particle goes from the up-stream to the
down-stream, then back to the up-stream again. In the up-stream, the cosmic ray particles
have nearly the light velocity ¢, and direction of the motion is random. If we take the
particle number density Np, the number of particles which cross the unit surface area per
second is proportional to cos, thus

27 fOW/Q sinfcos0df  Nic

N = .
1e o foﬂ sin 6d6 4

On the other hand, in the down-stream, the particles are swept away by the flow
and the uo Ny particles will go away to the downward. Therefore, the probability of the

particles going to down-stream and coming back to the up-stream is
%N 1C — ugNQ
P=—F—
ZNIC

where we may assume N1 = Ny (i.e., cosmic rays do not know the presence of shock front),

4
P=1--2 (5.14)
C

From equations (5.13) and (5.14), using the fact u; < ¢ and uy < ¢,

4dup — 4
i~ -7y pay 212 (5.15)
3 c
therefore,
In P 3us
= — =1 5.16
lnﬂ UL — U ’ ( )

where we used u; = 4usg, which is derived from the strong shock condition p» = 4p; and
the mass conservations says piu; = paus.

After the k collision, E = Ep3* and N = NyP*, where N is the number of particles
having at least energy F. Eliminating k,

InpP
N E \ ms
«%_<E) ’
dN _qylnpP
- E Inp .
dE

Using (5.16), in the case of shock acceleration, the particle energy spectrum is approxi-

mated with
dN
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6.1 O0O0O0O (photoelectric absorption)

6.1.1 0O0OO0OOO0OOOO

Cross Sections of neutral atoms

1017
T

1018
T

cn?
10"
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1020
T

sl PR PR U hV
0.01 0.1 1 10

keV

00000000000000000000D0U000 (D0O0O00O0O0)ONASA/GSFCOOOOOOO heasoft
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Figure 16.22. Time histories of the best-fit parameters to the soft component of the X-ray
spectrum of LMC X-3 obtained by the Japanese Ginga satellite. (a) The bolometric
luminosity of the sources; (b) the inferred temperature at the inner radius of the
acccretion disc; (c) the inferred inner radius, r;, of the accretion disc. i is the inclination
angle of the plane of the orbit to the plane of the sky. (From H. Inoue (1992). Proc.
Texas/ESO-CERN Symposium on Relativistic astrophysics, cosmology and fundamental
particles, eds J.D. Barrow, L. Mestel and P.A. Thomas, pp. 86-103. New York: New
York Academy of Sciences.)
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Index

absorption coefficient, 39 Eddington luminosity, 29

accretion disk, 95 effective optical depth, 43

Accretion Disk Corona, 93 effective temperature, 47

annihilation line, 22 Finstein O O, 6

ASCA, 6 emission measure, 55

Auger electron, 10 equipartition condition, 68
equivalent width, 93

barycentric correction, 21 escape, 10

blackbody emission, 40 extinction, 29

blackbody radiation, 43

Blazar, 63 Fano factor, 17

Bohr radius, 24 fluorescence, 94

bremsstrahlung, 50 fluorescent light, 10
brightness, 40 free-free absorption, 59

brightness temperature, 47 FWHM (Full-Width at Half Maximum), 16

Gaunt factor, 55

GIS, 12

grazing angle, 8

Greisen Zatsepin Khuzmin cutoff, 76

Cataclysmic Variables, 50
Chandrasekhar limit, 32
collimator, 7

color temperature, 47

column density, 27 hydrogen column-density, 85
Compton thick, 24 hydrogenic-ion, 24

cosmic abundance, 85

Cosmic Microwave Background, 28 inverse Compton scattering, 438
Cosmic rays, 73 inverse compton scattering, 63

cosmic-rays, 67
Coulomb collision, 55
Coulomb drag, 55
critical angle, 8, 15
cross section, 39
cut-off ridigity, 74
cyclotron frequency, 25 mass absorption coefficient, 39

Kirchhoff’s law, 60

Laromor frequency, 66
Lorentz transformation, 68
low mass X-ray binaries, 31
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mean free path, 39 virial theorem, 31
microcalorimeter, 6 viscous parameter, 98

modulation collimator, 5
warm absorber, 88

opacity, 27, 39 Wien O OO, 45
optical depth, 39, 40 Wolter Typel, 7
period, 18 XO0Oooooooooooo, e
photoelectric absorption, 84 XRS, 13
photoelectron, 10
photoionization, 84, 90 ood, 67
ooogd, 85

Planck energy, 77

Point Spread Function; PSF, 35 oooooo, 28

power-law, 27 Oooo, 39
proportional conter, 11 ooooo, 39
pulse-height, 10, 16 00,8

Quasi Periodc Oscillation ; QPO, 34 noood, 93
radiative transfer, 40 E E g D5’094
Rayleigh-Jeans 0 0 00, 45 ’
redenning, 29 Oo0ooog, 40
resonance absorption line, 93 oooo, 9’5
RMS spectrum, 37 oooo, 84
Roche lobe, 31 oooooag, 23
Rowland circle, 18 ooooon : 7

_ ) 0O000o0O00oo, 48
scattering coefficient, 41

Sco X-1, 5 ooo0oooOooooo, 25
SIS, 12 Ooo00o0oooo, 25
specific intensity, 40 oooag, 41
Sunyaev-Zel’dovich effect, 61

synchrotron radiation, 63 gooodd, 39
Synchrotron Self Compton, 63 00000 (QPO), 34

oooooo, 31
thermal bremsstrahlung, 50

Thomson thick, 24 ooodd,s8s
goooag, 29
Uhuru OO, 5 ggooooo, 8

Ultra-High-Energy Cosmic Ray; UHECR, 76 000000000, 5
ULXs, 29 ooooo-o0oooooaa, 22, 46
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