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11..	 	 OObbjjeeccttiivveess	 	 ooff	 	 NNIIRR	 	 oobbsseerrvvaattiioonn	 	 

v 	 	 MMaassssiivvee	 	 SSttaarrss	 	 
	 	 	 	 	 	 	 	 ・WWRR,,	 	 LLBBVV,,	 	 YYHHGG,,	 	 RRSSGG,,	 	 OOBB**ˇ…....	 	 
　・ssuuppppllyy	 	 hhuuggee	 	 eenneerrggyy	 	 aanndd	 	 dduusstt	 	 ttoowwaarrdd	 	 iinntteerrsstteellllaarr	 	 ffiieelldd	 	 
　・hhaavvee	 	 ggrreeaatt	 	 iinnfflluueennccee	 	 oovveerr	 	 eevvoolluuttiioonn	 	 ooff	 	 ggaallaaxxiieess	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ((ssttaarrffoorrmmaattiioonn	 	 eeffffiicciieennccyy,,	 	 cchheemmiiccaall	 	 eevvoolluuttiioonn	 	 ,,	 	 eettccˇ…))	 	 
	 	 	 	 	 	 	 	 ・hhaavvee	 	 mmaannyy	 	 mmyysstteerriieess	 	 aabboouutt	 	 iittss	 	 lliiffee	 	 ((WWhheerree??	 	 HHooww??	 	 NNuummbbeerr??	 	 MMFF??	 	 eettccˇ…))	 	 

Objectives 



	 	 eexx;;	 	 WWRR	 	 ssttaarr	 	 
　・PPrrooggeenniittoorrss	 	 ooff	 	 SSNNss	 	 
　・nnuummbbeerr	 	 ooff	 	 oobbsseerrvveedd	 	 WWRR	 	 iiss	 	 〜1100--3300%%	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 tthhaann	 	 tthhaatt	 	 ooff	 	 ssiimmuullaattiioonn	 	 ((＠MMWW))..	 	 
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NWR(R)	
  =	
  N0,WR	
  exp{−(R	
  −	
  R0)/αWR}}	


ΣWR(<R)	
  =	
  	
  	
  	
  	
  NWR(R’)	
  2πR’dR’	
∫	
 R	


0	


ΣWR(<R)	
  ≃	
  6200	
  {1−(1+R/1.66)	
  exp(−R/1.66)}	
  
	
   	
  for	
  	
  N0,WR	
  =	
  2.87	
  kpc-­‐2,	
  	
  αWR	
  =	
  1.66	
  kpc	
  	


ΣWR(<R)	
  ≃	
  2500	
  {1−(1+R/2.24)	
  exp(−R/2.24)}	
  
	
   	
  for	
  	
  N0,WR	
  =	
  2.20	
  kpc-­‐2,	
  	
  αWR	
  =	
  2.24	
  kpc	
  	


Rosslowe	
  &	
  Crowther	
  2015	


Total	
  number	
  of	
  WR	
  within	
  Galaxy	
  …	


NNuummbbeerr  ddeennssiittyy  ooff  WWRR



RR  ::  DDiissttaannccee  ffrroomm  GGCC



hBp://pacrowther.staff.shaff.shef.ac.uk/Wrcat/	


	
  Current	
  catalogue	
  :	
  642	


RRaaddiiaall  


ddiissttrriibbuuttiioonn



DDiissttrriibbuuttiioonn  ooff  WWRR  ssttaarrss  iinn  OOuurr  GGaallaaxxyy



RR00  ::  DDiissttaannccee  ffrroomm  GGCC  ttoo  tthhee  SSuunn
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Sample spectrum of WN/WR (wide range)
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FIG. 5.ÈContinued

398 SHARA ET AL.

FIG. 5.ÈSpectra of the 18 new W-R stars. ID number, year of observation, and spectral types using the systems of Smith, Shara, & Mo†at (1996) and
Smith (1968a), respectively, are indicated.

plotted in Figure 1. Conti & Vacca (1990) noted the ten-
dency for Wolf-Rayet stars to lie below the Galactic plane ;
28 of our 31 new stars do so. This may indicate a warp in
the Galactic disk, or a peculiar dark cloud distribution.

We have used the van der Hucht et al. (1988) extinction,
absolute magnitudeÈspectral subtype, and intrinsic colorÈ
spectral subtype calibrations. The resulting Galactocentric

distances R (in kiloparsecs), heights above the Galactic
plane z (in parsecs), and heliocentric distances d (in
kiloparsecs) are listed in Table 1.

In Figure 6, we plot b[v versus v for the new and already
known W-R stars in our contiguous survey area. The 29
new W-R stars are signiÐcantly fainter and redder than the
previously known stars. The increased reddening is most
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Sample spectrum of WN/WR (optical)
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Sample spectrum of WN/WR (NIR)

 Nishimaki	
  et	
  al.	
  2006	
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v  PPrroodduuccttiioonnss  aanndd  OOuuttccoommee


／／▶22--ccoolloorr  ddiiaaggrraamm≧[[NN220077//KKss]]  vvss  [[NN118877//KKss]]∞



•  CCllaassssiiffiiccaattiioonn  ooff  SSppeecciieess  ooff  cclluusstteerr


•  DDeetteeccttiioonn  ooff  kknnoowwnn  oobbjjeeccttss


•  PPiicckkiinngg--uupp  ooff  UUnnkknnoowwnn  oobbjjeeccttss


•  EExxttiinnccttiioonn


•  ((EExxttrreemmeellyy))  RReedd  oobbjjeeccttss



／／▶KKss  mmaaggnniittuuddee  vvss  NN118877  eexxcceessss


•  CCllaassssiiffiiccaattiioonn  ooff  ssuubb--ccllaassss  ooff  WWNNss


•  EEnnvviirroonnmmeenntt  //  pphhyyssiiccaall  ccoonnddiittiioonnss  aanndd  eevvoolluuttiioonn  ooff  cclluusstteerr



SSttrroonngg  aaggaaiinnsstt  eexxttiinnccttiioonn  ::  Infrared 

SSppeeccttrruumm  ooff  mmaassssiivvee  ssttaarrss  ::  Narrow-band filter 

Objectives and method



�IImmaaggiinngg



�SSppeeccttrroossccooppyy
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Observation



TTeelleessccooppee


	
  　	
  miniTAO	
  1m	
  (the	
  University	
  of	
  Tokyo	
  Atacama	
  Observatory,	
  Chile)	
  
　　▶　5640m	
  AlWtude	
  à Paa	
  1.875um	
  

IInnssttrruummeenntt	
  
	
  　	
  ANIR	
  (Atacama	
  Near-­‐Infrared	
  Camera)	
  
　　▶　HAWAII	
  array	
  (1024	
  x	
  1024),	
  0.3”/pix	
  à	
  5’x5’	
  FOV	
  
　　▶　Ks,	
  N187(Paa,	
  HeII),	
  N207(CIV)	
  

OObbsseerrvveedd  AArreeaa	
  
　　▶　GalacWc	
  Center	
  Regions	
  (Arches,	
  Quintuplet,	
  SgrA*)	
  
　　▶　Westerlund	
  1	
  
　　▶　LMC/30Doradus	
  
　　▶　SMC/N66	
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N187 filter 
　　▶　WWaavveelleennggtthh  

 

‥�cceenntteerr  ==  11..887755  μmm,,  ��  ==  00..000088μmm


　　▶　ddeetteeccttiioonn  lliinneess

 

‥PPaa�,,  HHee  IIII  [[nn==88--66,,  nn==66--55]]


　　▶　ttaarrggeett  oobbjjeeccttss

 

‥WWNN  //  WWRRss‖LLBBVV



N207 filter 
　　▶　WWaavveelleennggtthh 

 

‥�cceenntteerr  ==  22..007744  μmm,,  ��  ==  00..004411μmm


　　▶　ddeetteeccttiioonn  lliinneess

 

‥CCIIVV  22..0077μmm


　　▶　ttaarrggeett  oobbjjeeccttss

 

‥WWCC  //  WWRRss



Ks filter 
　　▶　WWaavveelleennggtthh 

 

‥�cceenntteerr  ==  22..114499  μmm,,  ��  ==  00..332222μmm


　　▶　ssppeeccttrruumm 

 

 

‥ccoonnttiinnuuuumm≧lliinnee  ooffff  ffiilltteerr∞


　　▶　ttaarrggeett  oobbjjeeccttss

 

‥AAllll







Filter system
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WN4-8 WC9 

LBV 

YHG 

O4-O9.5 

B2-M2 (SG) 

WC4-8 

Type / sub-class 

0.13±0.01	


>0.2 

v [N207/Ks]	
  raWo	
  calculated	
  from	
  observed	
  spectra	
  by	
  NICE	


10/26	


N207/Ks ratio
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log(n207)	
  (=log[N207/Ks/0.130])	
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NN220077  eexxcceessss


NN118877  eexxcceessss



NN220077  llaacckk


NN118877  eexxcceessss



NN220077  llaacckk


NN1188  llaacckk



NN220077  eexxcceessss


NN118877  llaacckk



LBV/Ofpe/WN zone 

WN/WC zone 

WC zone 

MS zone 

Red object zone 

Extinction line 

Color-color diagram
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Mauerhan,	
  Van	
  
Dyk,	
  &	
  Morris	
  
2011	
  	
  	
  	


Shara	
  et	
  al.	
  
2011	
  	
  	
  	


LCM/SMC	


GC	


Westerlund	


13/26	


Observed Areas
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l High	
  starformaWon	
  rate	
  
l High	
  exWincWon	
  
l High	
  /	
  low	
  metallicity	
  



Quintuplet	
  
(l,	
  b)	
  =	
  (+0.16,	
  -­‐0.06)	
  
Age	
  =	
  3-­‐6Myr	
  

Arches	
  
(l,	
  b)	
  =	
  (+0.12,	
  +0.02)	
  
Age	
  =	
  2-­‐3Myr	
  
	


Sgr	
  A*	
  
(l,	
  b)	
  =	
  (-­‐0.0557,	
  -­‐0.0462)	
  
Age	
  =	
  3-­‐7Myr	


□：miniTAO/ANIR 5’x5’	


Crowther et al. 2006	


ANIR	
  FoV	
  5’x5’	


Observed Areas
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LMC


Galactic Center



Westerlund





77..	 	 CCllaassssiiffiiccaattiioonn	 	 oonn	 	 NN220077--NN118877	 	 DDiiaaggrraamm	 	 ffoorr	 	 AAKK==33mmaagg	 	 @GC	


log(normalized-­‐N207/Ks)	


lo
g(
no

rm
al
ize

d-­‐
N
18
7/
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Galactic Center Regions 
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Galactic Center Regions 

SWIMS Science WS

 Sept. 17, 2015 @ IoA, UTokyo





Color-187 excess diagram
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Tanaka	
  et	
  al.	
  in	
  prep.	


Normal	
  stars	

WN	
  stars	


ccoonnttiinnuuuumm



Mass loss ?
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Color-187 excess diagram
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Observations with SWIMS
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Observations with SWIMS
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CIV  2078    	


HeII 2189	


HeII 2166	


HeII 1875	


Pab  1281	


HeII 1864	


Paa  1875	


WC	


WN, LBV	


WN, LBV	


WN, LBV	


WN, LBV	


WN, LBV	


WN, LBV	


- / K1 / Ks    	


- / K2 / KS	


NB2167 / K2 / KS 	


NB1292 / J2 / J	


NB1875 / - / - 	


Lines	
 Target	
 NB / MB / WB	


v  Imaging	


v  Spectroscopy	


・ multi objects spectra in star cluster 	

・ with MOSU	


・ for identification of type / subclass of massive stars	


Pick-up emission objects	


Estimation of extinction	


Classification of type of stars	


v  Advantage & Merit of observation for MSC with SWIMS	


・ imaging à spectroscopy	

・ high spatial resolution : resolve crowded sources 
・ short exposure time : small atmospheric fluctuation 



	 	 
v 	 	 WWee	 	 bbuuiilltt	 	 uupp	 	 nneeww	 	 ffiilltteerr	 	 ssyysstteemm	 	 uussiinngg	 	 nnaarrrrooww	 	 &&	 	 bbrrooaadd	 	 bbaanndd	 	 ffiilltteerrss	 	 
	 	 	 	 	 	 	 	 	 	 NN118877,,	 	 NN220077,,	 	 KKss..	 	 	 	 

v  AAllmmoosstt	 	 kknnoowwnn	 	 WWRR	 	 ssttaarrss	 	 wwhhiicchh	 	 sseeeemmss	 	 ttoo	 	 bbee	 	 pprrooggeenniittoorrss	 	 ooff	 	 SSNNss	 	 aarree	 	 ccoonnffiirrmmeedd..	 	 	 	 
v 	 	 	 	 NNeeww	 	 ccaannddiiddaatteess	 	 aarree	 	 aallssoo	 	 ddeetteecctteedd..	 	 

v 	 	 TTyyppee	 	 ooff	 	 mmaassssiivvee	 	 ssttaarrss	 	 ccaann	 	 bbee	 	 ddiissttiinngguuiisshheedd	 	 bbyy	 	 ccoolloorr--ccoolloorr	 	 ddiiaaggrraamm..	 	 
	 	 	 	 	 	 	 	 	 	 [[NN220077//KKss]]	 	 vvss	 	 [[NN118877//KKss]]]]	 	 

v 	 	 WWee	 	 ccaann	 	 rreevveeaall	 	 tthhee	 	 nnaattuurree	 	 ooff	 	 mmaassssiivvee	 	 ssttaarr	 	 cclluusstteerrss	 	 bbyy	 	 oouurr	 	 rreesseeaarrcchh..	 	 
	 	 
v  TThhiiss	 	 rreesseeaarrcchh	 	 wwiillll	 	 bbee	 	 ccoonnttiinnuueedd	 	 bbyy	 	 SSWWIIMMSS	 	 aanndd	 	 mmaayy	 	 bbee	 	 tthhee	 	 LLeeggaaccyy	 	 pprrooggrraamm	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 oonn	 	 ssttaarrffoorrmmaattiioonn..	 	 

CCoonnttaacctt	 	 aaddddrreessss	 	 ::	 	 nnoorrii@@iiooaa..ss..uu--ttookkyyoo..aacc..jjpp	 	 

Summary
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