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1. 研究目的 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広がった電離領域の電離源は？
   大規模星形成領域の構成要素は？
   広域WR星探索サーベイ 

eta Carinae領域において…



  近赤外狭帯域フィルターを用いたWR星の探索 
　　→CIV輝線（2.07μm）に注目 
　　→CIV / Ks 比がWC型で大きな値になる！（特に早期型） 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5. miniTAO/ANIRによる観測~特徴1：フィルターシステム

Wavelength [um]

Ks-band

F ∝λ-4

1.99 2.31

N207 band

2.07

→   CIV/Ks ~ 0.13 →   CIV/Ks > 0.2 

Wavelength [um]

miniTAO/ANIR Workshop #5 2012.3.14 @ IoA



WN4-8 WC9 

LBV 

YHG 

O4-O9.5 

B2-M2 (SG) 

WC4-8 

Type / sub-class 

0.13±0.01

>0.2 

◆様々な種類の大質量星のスペクトルからCIV / Ksを計算．

5. miniTAO/ANIRによる観測~特徴1：フィルターシステム
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old

young

年齢
（時間変化）　

大質量星周辺

cf : 150M◎ ＠R136
    : SN1987A

6. LMC/30 Dor観測の例 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A : R136 region 
B : near R136  
C : field 
D : near SN1987A 

A

D

C

B

Crowther et al. 2011

6. LMC/30 Dor観測の例 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6. LMC/30 Dor観測の例 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Region ID WR#   Type   CIV/Ks Ks [mag] 

SgrA* 3398 WR101fa WC5-6d 0.174  12.37
SgrA* 2340 new   WC7-8 0.168  7.24  
SgrA* 5626 new   WC7-8 0.202  10.98 
SgrA* 5751 new   WC5-6 0.261  12.13
SgrA* 6259 new?? WC7-8 0.173  13.54
Quintuplet 3560 WR102g WC8   0.190  11.40
Quintuplet 2589 WR102h WC9 ?? 0.151  11.28
Quintuplet 4086 WR102j WC<8 0.167  11.40
Quintuplet 5472 new   WC7-8 0.142  6.74 
Quintuplet 4536 new   WC7-8 0.152  7.02 
Quintuplet 3511 new   WC7-8 0.146  11.34
Quintuplet 646 new   WC7-8 0.168  12.80
Quintuplet 1460 new?? WC5-6 0.275  13.68
Quintuplet 3888 new?? WC7-8 0.189  13.82
Arches 5895 new   WC7-8 0.179  8.48 
Arches 5127 new?? WC7-8 0.183  13.48
Arches 923 new?? WC7-8 0.194  13.61
Arches 4867 new?? WC7-8 0.188  13.87
Arches 342    ??  0.462  13.19

Region  BAT99/new   Type   CIV/Ks  Ks [mag]  

A   101+102   WC5+WN6  0.160  10.83  
A   115    WC5   0.327  12.58  
A   121    WC4   0.304  13.14  
A   new?   WC7-8  0.162  9.83  
D   69    WC4   0.332  13.18  
D   70    WC4   0.218  12.36  
D   new?   WC7-8  0.187  12.47  
E   125    WC5   0.243  12.80  
E   127    WC5 ??  0.125  13.20 
I   new?   WC6   0.179   8.36 

1. Identification of WC stars candidates 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Ks<14 mag     
new:  CIV/Ks>0.20    
new?:  CIV/KS<0.20

Ks<13 mag 
new:  CIV/KS>0.15    
new??:  Ks>13 mag

GC clusters

LMC/30Dor



5. miniTAO/ANIRによる観測~特徴1：フィルターシステム
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◆N187 / Ks @ GC



2. About eta Carinae 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HST image of ηCar

Brooks et al. 2005 

Distance  
Luminosity  
Mass  
Mass Loss  
Main Ejecta 

Yamaguchi et al. (2003) 

CO(3-2) 345GHz 40’x40’ 



Keyhole 

大質量星星クラスター                                   

ηCar                                   
□ : ANIR FOV 
(4’x4’)

UV?

MS?[OIII] (AKARI/FIS-FTS)
[OIII] 88 mm luminosity 

1.4×10-5 W/m2/sr ,   
R = 1 arcmin,  2.3 kpc 

2×1036 erg/s = 560 Lo 

WR25 supply enough energy ? 
W = 4x10-3 sr 
2x106 Lo stellar luminosity with 100 % efficiency ? 
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3. [OIII] emission around eta Carinae 



The Astrophysical Journal Supplement Series, 194:9 (11pp), 2011 May Feigelson et al.

(a) (b)

Figure 1. Spatially complete sample of 3220 probable Carina members selected from the CCCP X-ray survey. (a) X-ray source distribution. The CCCP field of view
is outlined by the polygon. The boundaries of the large-scale stellar enhancements A, B, C (Section 3.3) are marked by the contours. The dashed rectangle demarcates
the central 62′ × 65′ field shown in panel (b). (b) Contour map of the X-ray source surface density smoothed with a σ = 30′′ Gaussian. Twenty clusters above the
third contour and three large-scale enhancements are marked. The contours are in linear units of surface density from 1 to 8 units of surface density.

from unclustered sources. In the analysis below, we choose
these parameters subjectively. Therefore, the cluster lists and
memberships provided here cannot be considered to be unique
or validated to some statistical level of significance. There is no
assurance that these clusters are physically real or fully represent
the spatial structure of the Carina X-ray source population.
However, the method does have several advantages: no prior
assumptions were made on the number, locations, or shapes
of clusters; the entire data set is treated in a uniform fashion;
and the astronomical results can be clearly visualized and
tabulated. Schmeja (2011) has compared several methods for
finding simulated star clusters under realistic conditions and
reports that binned star counts (a simple method similar to kernel
density estimation) perform comparably or better than nearest
neighbor, Voronoi tessellation, and pruned minimal spanning
tree methods. We note that a mathematical result known as the
“No Free Lunch Theorem” states that there is no general way
to establish that one clustering solution is better than another in
a multivariate unsupervised classification problem (Wolpert &
Macready 1997).

The kernel density estimation was performed with the pro-
gram bkde2D (two-dimensional binned kernel density estima-
tor) in the KernSmooth package of the R statistical programming
environment. R is the largest public-domain statistical comput-
ing package;13 see, for example, Crawley (2007) regarding its
use. The data were transformed from astronomical (α, δ) co-
ordinates to projected angular distances prior to smoothing to
avoid a ∼3% distortion in the metric due to the spherical geom-
etry across the CCCP mosaic. The smoothed maps were then
transformed back to right ascension and declination units for
convenient display. Other analyses and displays were made us-
ing IDL14 and ds9.15

13 http://www.r-project.org
14 http://www.ittvis.com/idl
15 http://hea-www.harvard.edu/RD/ds9/

3. CLUSTERED STRUCTURES IN CARINA

3.1. Principal X-ray-selected Star Clusters

As outlined in the previous section, we cannot consider the
full CCCP sample of 14,368 X-ray sources in the Carina region
for two reasons: a fraction of the sources are foreground or
background contaminants, and the survey has inhomogeneous
sensitivity due to characteristics of the Chandra telescope and
the survey design. Both of these effects are greatly reduced in
the spatially complete sample of 3220 probable Carina members
above a photon flux limit described above.

Figure 1 shows the distribution of this spatially complete
Carina member sample. Panel (a) shows the individual star po-
sitions, while panel (b) shows the smoothed source surface den-
sity using a normal kernel with standard deviation σ = 30′′.
Assuming a distance of 2.3 kpc to the Carina Nebula, this
corresponds to a Gaussian kernel with σ $ 0.3 pc or full
width at half-maximum (FWHM) = 0.8 pc. We select the den-
sity threshold for cluster identification to be the third contour
(0.003 in the normalized convolution of the kernel with the data)
in this surface density map. The 20 surface density peaks above
this threshold are labeled in the figure and listed in Table 1 as
the principal X-ray-selected clusters in the region. We adopt
the nomenclature “CCCP-Cl” for “Chandra CCCP Cluster” to
identify these clusters (Column 1). The cluster positions
(Columns 2 and 3) represent the surface density peaks; due to
non-spherical distributions, these may not correspond to mean
or median positions of the member stars. When a larger σ = 40′′

kernel is used, the Tr 16 substructure becomes less distinct, and
when a smaller σ = 20′′ is used, some of the small groups
(Section 3.2) begin to emerge.

While the spatially complete sample (3220 bright probable
Carina members) allows a spatially unbiased identification of
rich clusters, we use the full sample (10,728 probable Carina
members) to estimate properties of each cluster because the
CCCP survey sensitivity variations are generally small on

3

X-ray source surface density
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ID :   N   Av   Opt/IR cluster 
  3 :   32   3   Trumpler 16 
  4 :   10   2   Tru mpler 16 
  6 : 100   2   Trumpler 16 
  9 :   55   5   Trumpler 16 
10 :   84   3   Trumpler 16 
11 :   71   3   Trumpler 16 
12 : 169   4   Trumpler 16 
14 :   41 10   Spitzer G 

Feigelson et al. 2011

4. X-ray observation around eta Carinae 



  miniTAO/近赤外線カメラ（ANIR） 

  観測波長（フィルター） 
 N207(CIV) , Ks,  N187(Paα) 

  領域 
 eta Carinae : 6領域 

  観測方法 
 上記３バンドによる撮像 
 9 dithering x 3 set 

        （シフト量 = +/-15”） 

  露出時間 
 N207  :   40 sec 
 Ks    :     5 sec 
 N187  : 160 sec 

  その他 
　　標準星、sky不要  

7. miniTAO/ANIRによる観測 (eta Carinae) 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□ : ANIR FOV (4’x4’)

6 regions 
A (10h45m12s, -59d40m00s) 
B (10h44m44s, -59d39m20s) 
C (10h44m16s, -59d39m30s) 
D (10h45m13s, -59d43m30s) 
E (10h44m45s, -59d43m00s) 
F (10h44m18s, -59d43m15s) 

7. miniTAO/ANIRによる観測 (eta Carinae) 

2 hours / region 



 ある観測日についてのVisibility（時刻 vs 天体高度）の図を貼る。 
ex) http://catserver.ing.iac.es/staralt/index.php 

※miniTAOの位置は、 
　(Long, Lat, Alt) = (-67.74, -22.97, 5640)  
　[deg, deg, m] 
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7. miniTAO/ANIRによる観測 (eta Carinae) 

eta Carinae

2012.6.1 @ mini-TAO 
(-66.74E, -22.97S, Alt.=5640m)



8. まとめ ~eta Carina領域観測のねらい 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広がった電離領域の電離源は？
   embedded WR star？ 
   other components？

  大規模星形成領域の構成要素は？
   WN型／WC型の比は？ 
   各々の型でのサブクラスの分布は？ 
   WR星以外の大質量星は？

   広域WR星探索サーベイ 
   サーベイ領域の拡大
   ピックアップ天体の
   他観測とのextinctionn値の比較
  大質量星クラスターの年齢の他観測との比較

eta Carinae領域において…


