
HSCサーベイによる銀河考古学 
岡本桜子 (KIAA) 

HSC meeting (Sept 28, 2012 @ NAOJ)  

(Belokurov+2008) 
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²  Search new Galactic faint satellites 

²  Search new stellar streams at the outer halo 

²  Search new distant faint galaxies in the Local Group 

²  Study the properties of known streams, dSphs and dIrrs 

²  Probe 3D structure of Galactic outer halo 

Galactic Archaeology with HSC wide survey 

Wide survey:  1,400 deg2, griz ~ 26mag 

Complete sample of visible MW satellites 

SFH of the faintest galaxy 

Internal/External effects on SF in low-mass halo 

Distribution and Lumpiness of DM (sub)-halo 

Verification of LCDM in the MW scale 





CVn I (223kpc, MV=-7.9)	


CVn II (159kpc, MV=-5.3)	
Her (141kpc, MV=-5.7)	


Boo I (64kpc, MV=-5.9)	


Leo IV (157kpc, MV=-5.0)	
 Leo T (420kpc, MV=-7.7)	


UMi (74kpc, MV=-8.5)	
Draco (84kpc, MV=-8.7)	


(Okamoto+2008; 2012) 

Stellar populations of UFDs 



CVn I (220kpc, MV=-7.8)	


Boo I (66kpc, MV=-6.0)	


CVn II (159kpc, MV=-4.9)	
 Leo T (420kpc, MV=-7.0)	


Leo IV (157kpc, MV=-4.9)	


Her (141kpc, MV=-6.0)	
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R1/2=165pc	

(SO+2008; 2012; 2012 in prep.) 

Spatial distributions of UFDs 



²  SF was suppressed in low-mass halos? 
  Reionization (e.g.  Gnedin+2000) 
  SNe feedback and tidal effects  
  (e.g.  Larson+1974) 

²  Fewer low-mass halos ? 
  WDM etc. (e.g. Zentner+2003) 
  Cusp or Core (Penarrubia+2010)   

(Moore+1999) 

(Koposov+2008) 

Incompleteness of detection    
   MV>-5 ?  R>280 kpc ? 

UFDs 

UFDs x 4 

SNe+ 
photoionization 

Tidal effect 
+photoionization 

Missing satellite problem 



Missing dwarf galaxies? 

(Tollerud+2008)	


Nsat=400-600? 



Mock galaxy catalogues :   

   stellar populations (IMF * theoretical isochrones) + spatial distribution (Rh) + distance 

+ observational conditions (photometric error,  completeness, etc) 

+ foreground / background contaminations  
 

Mock CMDs and spatial distributions of a galaxy (MV, Rh, D) 
to be seen in the HSC wide survey catalogue 

S-cam  
blank field data 

What can we see in HSC catalogue? 

MV=-2, Old @ 80kpc MV=-3, Old @ 80kpc MV=-4, Old @ 250kpc MV=-5, Old @ 250kpc 

MV=-4, Young/Old  
                    @ 400kpc 

MV=-5, Young/Old  
                   @ 400kpc 

MV=-6, Young/Old  
                   @ 1000kpc 

MV=-8, Young/Old  
                   @ 1600kpc 



Searching new objects 



Searching new objects 



Searching new objects 



Searching new objects 
HSC wide survey can detect : 
    D<250kpc,  MV~-2.5, 
    250kpc<D<1600kpc, MV~-6 
Stellar pop, structural properties 

MV=-3.0,  D=80kpc,  Rh=50pc 

MV=-6.0,  D=1000kpc,  Rh=200pc 

Next step : 
    Matched filter for diffuse objects  
      (D, pop, phot-error, completeness) 
    S/N = observed-field/control-field 



Contaminants in the CMD 

blank field (34’x27’) 

stream 
MS stars 

Stream at 80kpc 
MV=-3.5,  
mu=32.3mag/arcsec2 

Simulated foreground stars (34’x27’) 

Color : distance Color : log(g) 

disk MS stars 

Background  
galaxies 

²  Galactic foreground stars (dwarf MS, WD,,,) @ g-i > 0.4 

²  Background distant galaxies @ g > 24.5 



Known nearby objects in the HSC footprint 

Pal3, 
Sgr stream, Orphan stream, Virgo OD,  Pisces OD, 
Leo IV, V,  Pisces I, II,  Sextans B,  IC1613, 
2 Irr, 1S, (< 12Mpc) 

GC -  
Streams -  

dSph/dIrr in LG -  
Ex-LG galaxy -  



BHB stars in Galactic halo  

(Sirko+2004) 

BHB 

Bootes dSph (Okamoto+2012) 
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(Vickers+2012) 

BHB QSO 

MS A-type 

WD 

BHB 

²  z-based photometric BHB sample 
     77% pure, 51% complete 
    (c.f. u-based : 74% pure, 57 complete) 

²  g<24 => D<400kpc (Mg,BHB~0.6)  
   => 3D mapping of Galactic outer halo 

Bootes dSph (Okamoto+2012) 
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BHB stars in Galactic halo  



Stellar streams 

Gaps in the trailing stream of Pal5 
   ~ 900-5000 sub-halos inside 30 kpc?  

(Carlberg+2012) 

Pal5 

M5 

Pal5 (Carlberg+2012) 

Sgr stream (courtesy of  M. Smith) 



Stellar streams 

Pal5 

M5 

Pal5 (Carlberg+2012) 

Sgr stream (courtesy of  M. Smith) 

Sgr dSph (Correnti+2010) 
²  Complex populations 

²  Distance determination  
         <= BHB, RR Lyrae?, PFS?,  

²  Heavy contaminants for the detection  
of unknown objects 



²  Search unknown Galactic faint satellites 

²  Search unknown stellar streams at the outer halo 

²  Search unknown distant faint galaxies in the Local Group 

²  Study the properties of known streams, dSphs and dIrrs 

²  Probe 3D structure of Galactic outer halo by using blue HB stars 

Galactic Archaeology with HSC wide survey 

Wide survey:  1,400 deg2, griz ~ 26mag 

Complete sample of visible MW satellites 

SFH of the faintest galaxy 

Internal/External effects on SF in low-mass halo 

Distribution and Lumpiness of DM (sub)-halo 

Verification of LCDM in the MW scale 





Known nearby objects in the HSC footprint 

KKH86 (Ir, B=17mag, D=2.61Mpc, Rmajor=0.7’) 
UGC8055 (Ir, B=16mag, D=6.8Mpc, Rmajor=0.9’) 
NGC4600 (S, B=14mag, D=7.35Mpc, Rmajor=1.2’) 
 


