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II. High energy phenomena
2. Supernova remnants (SNR)
3. Neutron stars and blackholes
4. Active Galactic Nuclei(AGN)
5. Cluster of galaxies and Cosmology




II-2 :Supernova remnants (SNR)




Supernova Remnants (SNR)

(1) Evolution of main sequence stars

M < 0.5 Msolar H-> He
M < 3 Msolar H> He 2 C/O--————————mmmmmeee - White dwarf
3 Msolar < M < 8 Msolar C 2> O = Ne > Mg
TyISN e Scatter all mass
8 Msolar < M < 3 O Msolar S1 =2 Fe/Ni
Ty II SN -~ Neutron stars

3 OMsolar < M =mmmm e Black holes



(2) Evolution of Supernovae

Gravitational € of collapsed star --> Neutrino (99%)
--> Kinetic E (1 %)

Shock wave enhances density, reduces speed
Kinetic € ---> Thermal €

Sweep-up surrounding gas --> Shell

High density --> X-rays (o< T!? n?)

Effective cooling by X-rays when T ~ 10° K
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Cas-A (1680 AD)

Visible X-rays

« > 7
10 light year > x 107K

Photograph courtesy NASA/ESA/Hubble Heritage Team



Record of Supernovae

Year(AD) Constellation Name of objects
185 Centaurus G314.4-2.3
386 Sagittarius G11.2-0.3
1006 Lupus SN1006
1054 Taurus Crab Nebula
1181 Cassiopela 3C58
1572 Cassiopeila Tycho
1604 Ophiuchus Kepler
1680 Cassiopela Cas A
1987 LMC 1987A




Expanding Ring
SN 1 987A observed by Hubble

Anglo-Austrian Observatory

Betfore

Visible

Half year later Ginga discovered X-rays from
--> Projenitor hit by shock wave

X-ray image by Chandra
Jan. 2000
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Multi—-waveband observations

X-ray observation by Suzaku

Left: Tycho SNR with Suzaku Right:
Slow Fast

0.5 - 12.0 keV band I '
0.15”/year AN, 0.45”/year
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Tycho SNR

Discovered by Tycho Brahe in 1572 | Tycho SNR with Suzaku

0.5 - 12.0 keV band Image
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Expanding shell at 2000-3000km/s

Tycho SNR

AV, ~ 3000 km/s

Radial expansion

Furuzawa,2009:ApJ...693L..61F
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107

-+ ey
L+ a4 g o
-5

Ou

iy - "

I I | ] F e

i
+y

£+

Hin - out

H-

i + f
_ —|—+++ ++++++ -I-‘k

I I I I
26 6.2 6.4 6.6

Furuzawa et al.



Tycho SNR

Expanding shell at 2000-3000km/s
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Tycho SNR

Multi-waveband observations
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Infrared 1mages by Akari

N\ Sky \

: N 140um -
Right: \ -~ B |
Warm Dust | ——

(NIOOK) | o e ~ AR

Left:

Clod Dust
(~20K)

10

'| L

FLux (Jy)

0.1

0.01 L 4 ' S——
10 1000
Ishihara et al.2010:A&A..521L..611 Wavelength (um)



Multi—-waveband observations

Schematic View of the shell region
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SN1006(1006)
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(3) Products of Super novae

Hot plasmas --> Hot Inter-Stellar Medium(HISM)
Nuclear synthesis --> Pollution of ISM

--> material for the next generation stars

--> Contraction of B --> Acceleration of e

Acceleration of high energy particles=> Cosmic rays

--> Supply of Energy and abundance to [SM

Dense core (Neutron stars, Black holes)



I1-3 : Neutron stars and blackholes




1. X-ray binaries

(1) Mass Accretion from Companion Stars

Figure 12. Artist’s conception of Cyg X-1. lustration of L. Cohen.

(Copyright )Scientific American



I1-4 : Active Galactic Nuclei(AGN)




Active galactic nuclel (AGN)

10!

Bright nucleus > total radiation of stars

Emission lines instead of absorption lines
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Sec. 1.3 M 87 A classification scheme for galaxies 13
Optical images

of galaxies Eliptical

galaxies

Fig. 1.2. Examples of galaxy types. Left to right, top: M87 (E0), NCC 147 (dwarf E5); centre,
M31 (Sb), NGC1365 (SBb-note the prominent bar); bottom, NGC2997 (Sc) and NGC4321
[M100] (Sc). The photographs are from the Anglo Australian Telescope apart from NGC147 and
M3 1 which are from the Hale Observatories.

Hubble Space Telescope



Mass estimation of nuclei

Blue shift <-- Approaching

Nuclear gas motion
v2/r = GM/r?
v=500km/s,
Radius: r=18pc
M > 10° Msolar

Red shift <-- Reseeding



ctive galactic nuclei
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X-rays from AGN

i —— Strong
TE ; \m\ X-ray
Y Comp. | ﬁ"’%z%‘ ] Source
Sol Fe-K —
2rp TR st 1 | Bright || Illuminated
A S WY SU2S 2T+ -4 | Nucleus | | Acc. disk
.; I s PR T R R A L s P N R B T

Fe-K
Line

T i—i

James N, Reeves et al, 2007, Publ. Astron. Soc.Japan, 59, 301



Fabian et al, 1989, Mon. Not. R. astr. Soc, 238, 729

Doppler Effect

Relativistic Orbital Velocity
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How small the inner most radius could be?
How large red shift could be?

Rin could be as small as 3Rg
If BH is rotating, Rin could be < 3Rg
then red shift could be larger

ESA

NON-SPINNING SPINNING

Observed Fnergy (keV)

Continuum level Red shift to 5keV is sure--> but
affects the red shift Rotating Kerr BH is not clear yet



Structure of the BH vicinity

Determined by Suzaku

NON-SPINNING SPINNING

Gravitational

Red Shift

s 6 1 3
X-ray energy(kev)y  Broader at Edge-on =——>



Galactic Center Region

(Galactic Plane

Chandra X-ray Image of GC



Hot Plasma
X-ray Spectrum

of the Galactic Center @
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6.7 keV
Line mapping

6.4 keV
0., 359000, | 359700, . Line Mapping
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Galactic Center Region

Molecular Cloud Galactic Plane
Sgr B2

Radio Arc
SRR '

N

Galactic
Center

Chandra X-ray Image of GC



Bright X-ray Source at Galactic Center?
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Murakami, H et al, 2003, Astron. Nachr, 324, 125



X-ray Front approaching
to molecular clouds

K. Koyama

Koyama et al., 2008, Publ. Astron. Soc. Japan, 60, 201



11-5 : Cluster of galaxies

and Cosmology
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Ezawa et al.,1997, ApJ...490L..33E

Abundance
Distribution

Concentration at cores
Nucleus-synthesis
Ty Ia” Ty II SNR
Scatter of galactic gases
Galactic wind.,
Ram pressure

AwH7  (kT~3.8as)

H-
08Ry e B et =0.7 7]
E beu:-tal__'ﬂ'a _
E‘ - - lsmntni_:-"_{]'g
o 0.4 -
[ 4]
o
2 -
o .
U T SN [ R S _
= 0.2 ;_:_E’-—T ]
R I
D.U’ M | —— | - a1 i ! ]
0 10 20 30 40 arceny
| P T BT BT R S
0.00 0.25 0.50 0.75 1.00 1.25
Radius (g~ Mo )
Zercovs clster (BT~T7&T)
F g ¥ T T - ——— 7 " T
0.5 === ﬁmem=0134
— ™ P =0.9
=z 0.4
=] L
‘ﬂl L
o 0.3
b4 C
ﬂ -
L [
e 0.2
= [
A
= [
0.17
Q_ﬂ' e L, 1 L.
- 0 20 40 60
l L ! . ol
0.0 0.5 1.0 1.5



Galaxies(stars) 10''x10° M

Intra-cluster gas

Mass of C. G.

solar

_..Tﬂ ' -r G‘.g;l]il.! Egg ugs.u:?s.dﬂb T (a)
s tER IR E) | ——>
— -
T 1000
@ C
-~
— L
e | » Rich Clusters
a2 Grou ?)H a 1
- o g -
- a,, SCOM En = 1!
100 = ! . L. .
l__._ g =084 200 {ﬁaewn} B}
- = 1. = 0. W: D [ -]
= 5:', - 1].&1&0 3%0232 %Lf: gal) —I—-—-}(fl c
— P
T 1w r 4
7]
~
f — )
o « Rich Clusters
a Groups -
o og, LCDM %ﬂ = &45;
» o, LCOM (0 = 0.45
100 = i I ER -
1 10
kT (keV)

Lubin et al. 1996, ApJ...460...10

Mgas (MG))

Mgas (MG)

1015 = Sf D| T ll(lill 11 L IIII] L] T 1] L3

- SCDM (1 = 1 3

C » — a) 3

- h =05 )-

10% —=2 3

C e

101 L .

[ —— )

101 3 » Rich Clusters 73

F — 4 Groups ]

s o SCD ]

10’: r ! Illlll 1 1 llllllt 1 L 1t 1atr

1015 E T 1 LB illT L} T rrTKYr T T 'I"l_'l_l'l_

LCDM (Q = 0.45) (b)i

Eh = 0.6 — ]

1084 L . —

1013 & = -

—— ]

1012 ]

3 s gich Clusters 3

€ a Groups 3

- a LCDM ]
101t Lol Lot el I 1 LAiks -

IOIS IOIQ 1013 loll

M (M)



Lecture Plan
September 30, 9:00-10:15

I. Basic processes in High energy astronomy
I-1: Why X-ray astronomy?
I-2: Emission mechanisms
I-3: Energy sources
I1. High energy phenomena
II-1: Stellar X-ray emission

September 30, 10:45-12:00

I1-2: Supernova remnants (SNR)

II-3: Neutron stars and blackholes

II-4: Active Galactic Nuclei

II-5: Cluster of galaxies and Cosmology
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X-ray Telescope

X-ray missions in 215t Century
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