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1. Scope … pre-explosion life of stars

Main sequence

Pre-main
sequence

Post-main
sequence

1. Menu   2. Appetizer                3. Main Dish                4. Coffee 



A. Transient and variable stars.A. Transient and variable stars.
1.1. "Discovery of a New Hard X-Ray Transient Source in the "Discovery of a New Hard X-Ray Transient Source in the ScutumScutum

Region with Region with SuzakuSuzaku““  ……  Yamauchi, Yamauchi, EbisawaEbisawa, et al., et al.
2.2. ""SuzakuSuzaku Detection of an Intense X-Ray Flare from an A-type Star Detection of an Intense X-Ray Flare from an A-type Star““  ……

Miura, Miura, TsujimotoTsujimoto, , TsuboiTsuboi, et al., et al.
3.3. ""SuzakuSuzaku X-Ray Spectroscopy of a Peculiar Hot Star in the  Galactic X-Ray Spectroscopy of a Peculiar Hot Star in the  Galactic

Center RegionCenter Region““  ……  HyodoHyodo, , TsujimotoTsujimoto, Koyama, et al., Koyama, et al.

B. Diffuse emission in HII regions.B. Diffuse emission in HII regions.
4.4. ""SuzakuSuzaku Observation of Diffuse X-Ray Emission from the Carina Observation of Diffuse X-Ray Emission from the Carina

NebulaNebula““  ……  HamaguchiHamaguchi, , PetrePetre, Matsumoto, et al., Matsumoto, et al.
5.5. ""SuzakuSuzaku Spectroscopy Study of Hard X-Ray Emission in the Arches Spectroscopy Study of Hard X-Ray Emission in the Arches

ClusterCluster““  ……  TsujimotoTsujimoto, , HyodoHyodo, Koyama, Koyama
6.6. ""SuzakuSuzaku Spectroscopy Study of the Extended X-Ray Emission in M17 Spectroscopy Study of the Extended X-Ray Emission in M17““

……  HyodoHyodo, , TsujimotoTsujimoto, Koyama, et al., Koyama, et al.

2. Publications … 10% of sci. papers in special issues.
Appetizers

Main dish
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AppetizerAppetizer



A Galactic Plane Reg.

Suzaku/XIS

Galactic Center

Suzaku/XIS

3. Transients and Variable Stars
Yamauchi et al. Miura et al. Hyodo et al.
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4. Localization & Ground-based Follow-up
Yamauchi source Miura source Hyodo source
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e Algol-type binary
(Long-term var.)

WR star
(WC, isolated)

X-ray-active star
(Algol-type, dMe,

 RS CVn, YSO, etc)

Chandra/ACIS

Subaru/MOIRCS

XMM-Newton / EPIC (0.5-10 keV)

Okayama/HIDES (V-band)

Fit provided by S. Narusawa

Hα@6563A

Chandra/ACIS

2MASS (J, H, Ks-bands)

A very red source
(J-K > 8.2 mag)

Suzaku/XIS
Chandra/ACIS



Main DishMain Dish



1615141312111098764321 5

1. Menu   2. Appetizer                3. Main Dish                4. Coffee 

5. Extended X-ray Emission in HII Regions
--- Theory ---

SNR Bubble

model WeaverSedov

energy
input

conti-
nuous

instan-
taneous

power
source SN massive

star(s)

radius t-5/2 t-5/3

Self-similar solutions
Pioneering workPioneering work
- Dyson & de - Dyson & de VriesVries (1972) (1972)
- Weaver et al. (1977)- Weaver et al. (1977)

WindsUV Radiation

RS

FS
CD

soft diffuse X-rays

optical (forbidden lines)
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--- Early Observations ---

6. Extended X-ray Emission in HII Regions

Early claims of extended emission by Einstein & ROSATEarly claims of extended emission by Einstein & ROSAT
- Seward & - Seward & ChlebowskiChlebowski (1982) (1982)
- - ChuChu and collaborators (1990-) and collaborators (1990-)

““X-rays from X-rays from SuperbubblesSuperbubbles in the Large  in the Large MagellanicMagellanic Cloud I, II, Cloud I, II,
III, IV, V, VI, III, IV, V, VI, …”…”

Questions:Questions:
(1) (1) Are they diffuse in nature or ensemble of PS?Are they diffuse in nature or ensemble of PS?
(2) (2) What is the origin? Bubble or SNR?What is the origin? Bubble or SNR?Carina Nebula: a “brobdingnag”

Contour : X-ray counts
Gray scale : UV (3300-3900A)

Seward & Chlebowski (1982)Einstein/IPC

η Carina [LBV]

Trumpler 14 [OB assoc.]

HD93205 [O3V]

WR25 [WN?]

HD93205 [O3.5V]

30 arcmin
23 pc @ 2.6kpc
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--- Pre-Suzaku situation ---

7. Extended X-ray Emission in HII Regions

Breakthrough by ChandraBreakthrough by Chandra
- - TownsleyTownsley et al. (2003) et al. (2003)

Unambiguous diffuse detection in M17.Unambiguous diffuse detection in M17.
- - FeigelsonFeigelson+, +, GetmanGetman+, Wang+ (2007), +, Wang+ (2007), BroosBroos+ (2007),+ (2007),
TsujimotoTsujimoto+ (2007), etc.+ (2007), etc.

Better characterization of point source population in HII.Better characterization of point source population in HII.

Questions:Questions:
(1) (1) Are they diffuse in nature or ensemble of PS?Are they diffuse in nature or ensemble of PS?

…… In M17, it is diffuse. High contrast for diffuse/PS. In M17, it is diffuse. High contrast for diffuse/PS.
(2) (2) What is the origin? Bubble or SNR?What is the origin? Bubble or SNR?

…… Spectroscopy needed. Spectroscopy needed.

M17
Red : 0.5-2 keV
Blue : 2-8 keV

Chandra/ACIS Townsley+(2003)

NGC6618
[OB assoc.]

Isolated O8

soft extended
emission

5 arcmin
2.3pc@1.6kpcPovich

+(2007)

Spitzer [5.8µm]
MSX [21.3µm]
Chandra [0.5-2 keV]

Feigelson et al. (2005)

X-ray luminosity function
in Orion Nebula Cluster

Chandra/ACIS-I

Logarithmic X-ray luminosity
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M17 : XIS 1M17 : XIS 1stst AO target AO target
- Emission lines (O, - Emission lines (O, NeNe, Fe, Mg) resolved., Fe, Mg) resolved.
- Minor (<10%) contributions by unresolved PS, LHB, GRXE, CXB.- Minor (<10%) contributions by unresolved PS, LHB, GRXE, CXB.
- Better determination of (NH, - Better determination of (NH, kTkT).).
- Elemental abundance derived.- Elemental abundance derived.
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8. Suzaku/XIS Spectroscopy (1) M17

NGC6618
[OB assoc.]

Isolated O8

soft extended
emission

Hyodo+(2007)Suzaku/XIS
Suzaku/XIS BI

FI

Chandra/ACIS Townsley+(2003)
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Physical parametersPhysical parameters
- T=3.0+/-0.4 MK- T=3.0+/-0.4 MK
- L- Lxx=3.5x10=3.5x1033 33 erg/serg/s
- - MetallicityMetallicity: 0.1-0.2: 0.1-0.2  ZoZo

Spatially-resolvedSpatially-resolved
spectroscopyspectroscopy

- Difference due to N- Difference due to NHH

- Uniform T, - Uniform T, ZZmetalmetal

Hyodo+(2007)Suzaku/XIS

5 arcmin
2.3pc@1.6kpc

9. Suzaku/XIS Spectroscopy (1) M17

a

b
c
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10. Suzaku/XIS Spectroscopy (2) Carina

Carina Nebula: a “brobdingnag”
Contour : X-ray counts
Gray scale : UV (3300-3900A)

Seward & Chlebowski (1982)Einstein/IPC

30 arcmin
23 pc @ 2.6kpc

Hamaguchi+(2007)

Suzaku/XIS

η Carina [LBV]

Trumpler 14 [OB assoc.]

HD93205 [O3V]

WR25 [WN?]

HD93205 [O3.5V] South region

North region



11. Comparison M17 and Carina Nebula
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M17

Spatially uniform.

Abundance pattern similar to
young stars, inconsistent with SN

Spatially non-uniform.

Abundance pattern inconsistent
with η Carina & WR25 (ZN/ZO).

Carina Plot provided 
by Y. Ezoe

Atomic number

M
et

al
lic

ity

origin: OB winds origin: SNRs involved
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12. Suzaku Studies Extended

Extended studies are on-going.Extended studies are on-going.
- M17 by - M17 by TakenakaTakenaka et al. et al.
- Carina Nebula by - Carina Nebula by EzoeEzoe et al. et al.

DSS

M17

AO1

AO2

Carina Nebula: a “brobdingnag”
Contour : X-ray counts
Gray scale : UV (3300-3900A)

Seward & Chlebowski (1982)Einstein/IPC

30 arcmin
23 pc @ 2.6kpc

η Carina [LBV]

Trumpler 14 [OB assoc.]

HD93205 [O3V]

WR25 [WN?]

HD93205 [O3.5V]

SWG

AO1
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13. Physics of Bubbles

1.1. Plasma volume & density : V ~ 30 pcPlasma volume & density : V ~ 30 pc33; ; nnee  ~ 1 cm~ 1 cm33

2.2. Plasma mass : 1 MPlasma mass : 1 Moo ~ (10 ~ (10-6 -6 MMoo/yr) x 10/yr) x 106 6 yryr
…… Evaporated mass from ISM negligible. Evaporated mass from ISM negligible.

3.3. Energy budget : Energy budget : LLwindwind~10~103535erg/s; Lerg/s; Lxx~10~103333 erg/s erg/s
…… X-ray radiation is tiny. X-ray radiation is tiny.

4.4. Thermal equilibriumThermal equilibrium
…… Uniform T. Uniform T.
……  ttcrosscross  &&  ttrelaxrelax  << << ttsystemsystem

5.5. Magnetic field?Magnetic field?
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14. Bubble – SN connection

Core-collapse Core-collapse SNeSNe occur in bubbles by their progenitors occur in bubbles by their progenitors
(not in uniform density with cosmic abundance).(not in uniform density with cosmic abundance).

Footprints of pre-explosion environments.Footprints of pre-explosion environments.
1. SN light curves reflect 1. SN light curves reflect circumstellarcircumstellar density. density.
2. 2. SiSi absorption from a z=6.3 GRB (Kawai+ 2007) absorption from a z=6.3 GRB (Kawai+ 2007)
3. ~3000 km/s expansion of CSM from SN II (3. ~3000 km/s expansion of CSM from SN II (DopitaDopita+ 1984)+ 1984)
4. Nitrogen in SN 1987A (XIS unpublished, 4. Nitrogen in SN 1987A (XIS unpublished, HaberlHaberl+ 2006)+ 2006)

Better characterization of bubbles (n, T, Z and theirBetter characterization of bubbles (n, T, Z and their
spatial variation) important to understand progenitorsspatial variation) important to understand progenitors
& host environment of & host environment of SNeSNe (II,  (II, Ib/cIb/c) & ) & GRBsGRBs..

Suzaku/XIS

SN1987A

N VII



1.1. More bubblesMore bubbles
 WR Bubbles (Sh308, NGC6888, etc).WR Bubbles (Sh308, NGC6888, etc).
 Chemical & physical evolution of bubbles.Chemical & physical evolution of bubbles.

2.2. Calorimeter spectroscopyCalorimeter spectroscopy
 Plasma density measurement.Plasma density measurement.

3.3. Particle AccelerationParticle Acceleration
 Energy budget.Energy budget.

1612 1413111087654321 9 15
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15. New Challenges

XMM/EPIC

Chu+ (2003)

DSS

Sh308

WR6

fg star5pc@1.5kpc

XMM/EPIN-pn

Chu+(2003)

Suzaku/XIS

Simulation provided by Y. Sugawara

NeC N O

10 arcmin
12pc@4kpc

RCW49
Tsujimoto+(2007)

Chandra/ACIS

Aharonian+ (2007)

H.E.S.S. TeV emission
-- Extended (~10’)
-- Lγ=3x1034 erg/s
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16. Summary

1.1. Transient & variable starsTransient & variable stars
…… Some rare sources were serendipitously spotted Some rare sources were serendipitously spotted
　　((AlgolAlgol-type with long-term flux variation, isolated WC).-type with long-term flux variation, isolated WC).

2.2. Diffuse Emission in HII RegionsDiffuse Emission in HII Regions

 Pre-Pre-SuzakuSuzaku: spectroscopic studies urged.: spectroscopic studies urged.
 SuzakuSuzaku: spectroscopy done.: spectroscopy done.

1.1. Plasma parameters derived.Plasma parameters derived.
2.2. Chemical abundance pattern determined.Chemical abundance pattern determined.
3.3. Some hints of the origin of the emission.Some hints of the origin of the emission.




