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M.W., M31, M32, M33,  
dE:3, dSph:30, dIrr:8, dIrr/dSph:5

Gas-poor, pressure-supported dSphs 
tend to cluster around massive 
galaxies (except for Tucana & Cetus).

Gas-rich, rotating systems (dIrrs) 
are more evenly distributed 
throughout the Local Group.
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dSph : M     < 10  M   ,   M  > -149
⦿ Bdyn

Draco
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Name Mv[mag] D[kpc] μ0V Main Pop SFH

Sgr
Fornax
Leo I

-13.4
-13.0
-11.9

24
138
250

25.4
23.4
22.4

inter-age Extended SF

Sculptor
Leo II

-10.7
-9.6

79
204

23.7
24.0

old
inter-age

distinct-pop
Extended SF

Carina -9.3 105 25.5 inter-age Episodic SF

Sextans
UMi

Draco

-9.5
-8.9
-8.8

87
66
82

26.2
25.5
25.3

old Simple SF ?

CVn I / UMa I
Her / Boo

Leo IV / CVn II
UMa II / Coma

-7.9 / -6.8
-6.0 / -5.9
-5.1 / -4.8
-3.8 / -3.7

220 / 94
140 / 60
160 / 150
30 / 44

28.2 / -
- / 28.3

- / -
- / -

old Simple SF ?

Carina dSph Center

(Monelli et al. 2003)

Fornax dSph Center

(Battaglia et al. 2006)
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• 少なくともSNe Iaが始まる
頃まで星形成が続いた

• 銀河系のdiskよりも星形成
率が低かった

• 過去のbuilding blockと現存
するdSphが異なる

•

(Venn et al. 2004)
(Ikuta & Arimoto 2002)

Are dSphs the building blocks of our Galaxy ?

systematically lower than M.W. 

dSphで星形成が
数Gyr続いた
可能性を示唆

[α/Fe] timescale：
SFH / IMF / / 

SNe Ia / mixing ... ? 
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Band : 
  V (250s/50s)
  Ic (1175s/150s)

Seeing : 
  0.6 ~ 1.5 arcsec

Detection limit (90%): 
   V = 23.8,  Ic = 24.0

Photometry :
  IRAF/Daophot ...

>1.2 arcsec

<1.2 arcsec

: Control Field

(from DSS)

A Subaru/S-Cam study of the Sextans dSph 
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R<1kpcRA: 10h12m40.42s 
Dec: -1d35m24s   (J2000)
P.A. = 54°.87
b/a = 0.7682

Detected stars: 46981
D=92.5kpc
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RHB : metal-rich / young

BHB : metal-poor / old

8



Age=7.9, 8.9, 10, 11.2, 12.6, 14.1Gyr

7.9Gyr
14.1Gyr

7.9Gyr14.1Gyr

Z=0.0001

ΔVMSTO-HB
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Age Gradient in the Sextans dSph

[α/Fe]=0.02
Padova Isochrone

3Gyr

(Helmi+2006)
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7.9-8.9Gyr 8.9-10Gyr 10-11.2Gyr

11.2-12.6Gyr 12.6-14.1Gyr

7.9-10Gyr:
concentrated,
disk like ?

11.2-14.1Gyr:
extended
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1. HBとMSTOの等級差から，銀河中心から外側へ平均年齢に
3Gyr以上の違いが存在する

2.  中心では10-11Gyr程度の若い星も存在するのに対し，
外側ほど13-14Gyrの古い星が多い傾向がある

3.  RHB星は銀河中心に集中し，BHB星は広がった分布を持ち、
その分布の違いは年齢の違いに起因する可能性が高い

Sextans dSphでは，最初の星形成以降，
中心部では少なくとも30億年以上星形成が続き，

外側ほど早く星形成が終了した

The result of the Sextans dSph
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矮小銀河の中心のα元素の組成比が、銀河系haloに比べて低い　　　　　　　　
                                                                                ：
　　　　dSphがbuilding blockではない可能性を示唆していた 

本研究：Sextans dSphの中心では星形成が続いた

dSphはbuilding blockになり得た存在
halo形成が比較的短期間に行われた可能性も

(e.g. Shetrone et al. 2001; Ikuta & Arimoto 2002;  Venn et al. 2004 )

The present-day dSphs

                                               ：SNe Iaが爆発してFeが増え始める
前に，銀河系に捕まった．

The fossil building blocks

                                           ：中心部では星形成が数Gyr続き，
SNe IaによってFeが増加．現在は，かつてのbuilding block (=銀
河系halo)とは異なる恒星種族が観測される．

Are dSphs the building blocks of our Galaxy ?
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Fig. 1.—Left panel: Ursa Major CMD including all 172 stars within the 200 arcmin2 area included in the detection, without a statistical subtraction of foreground
stars. Middle p anel: Field-subtracted CMD of UMa. The probable red giant branch of UMa is outlined. Right panel: Color-magnitude diagram of the Sextans
dSph ( , kpc) without any field star subtraction. This CMD includes all stars within Sextans’ half-light radius and was created solely with SDSSm p 26.2 d p 86V

data. The stellar locus of Sextans, empirically measured with the SDSS data, is overplotted. All three CMDs and the field subtraction were created solely with
SDSS data.

Fig. 2.—Field-subtracted color-magnitude diagram of Ursa Major. The stel-
lar locus of Sextans stars, empirically measured with SDSS data and projected
to 100 kpc, is overplotted. Typical color errors as a function of magnitude are
shown at the right.

this discovery are publicly available in Data Release 2 of the
SDSS (Abazajian et al. 2004).
Figure 1 shows color-magnitude diagrams (CMDs) created

solely with SDSS data of the Ursa Major dSph (both before and
after a statistical subtraction of field stars; left and middle panels,
respectively) and the Sextans dSph (right panel). Sextans is an
old and metal-poor ([Fe/H] p !2.1 ! 0.3; Lee et al. 2003)
Milky Way dSph at a distance of 86 kpc. There are a total of
172 stars in the 200 arcmin2 detection area plotted in the left
panel, but only 50 remain after field subtraction. To perform the

statistical subtraction, we first divided the field and source CMDs
into discrete color-magnitude bins, each bin containing the same
number of stars in the field CMD. The color-magnitude (CM)
bins are large enough that the density of field stars can vary
substantially within a bin. We thus subtract the appropriate (area-
normalized) number of stars from each CM bin in the source
CMD by (1) drawing a location from the density distribution of
field stars within that bin and (2) removing the source star closest
in color and magnitude to that location. Red giant branch stars
are outlined in the middle panel, and the overdensity at r ∼

, , is a probable horizontal branch. We20.5 !0.1 ! g! r ! 0.5
overplot the stellar locus of the Sextans dSph empirically derived
from SDSS data on its own CMD.
A visual comparison of the Sextans and UMa CMDs shows

that they are strikingly similar, including the details of their
horizontal branch morphologies. The UMa dSph CMD has
roughly an order of magnitude fewer stars than the Sextans
CMD and thus must have a much lower surface brightness if
it truly is an analogous object. This is remarkable given that
Sextans is the lowest surface brightness Milky Way dwarf
known, having p 26.2 mag arcsec!2 (Mateo 1998), andmV

that the lowest surface brightness dwarf currently known has
p 26.8 mag arcsec!2 (Zucker et al. 2004). We overplot themV

stellar locus of the Sextans dwarf projected to 100 kpc on Ursa
Major’s CMD in Figure 2, to illustrate the similarity of their
stellar populations. This similarity suggests that UMa stars have
an [Fe/H] that is similar to that of Sextans stars.

2.2. Isaac Newton Telescope Data

To confirm the Ursa Major dwarf as a Sextans-like Milky
Way companion, we obtained follow-up imaging with the
2.5 m wide-field camera on the Isaac Newton Telescope (INT)
on 2005 March 6–8. Figure 3 shows a CMD in Harris B and
Sloan r of stars in a field around the center of UMa′ ′23 # 12
from a total of 5600 s of exposure time in B and 4800 s in r.
The DAOPHOT II/ALLSTAR package (Stetson 1994) was
used to obtain the photometry of the resolved stars. Sources
with CHI ! 2 and !0.4 ! SHARP ! 0.4 are included in Fig-
ure 3. The magnitudes were calibrated by comparison to SDSS

2005年以降 : UMa I, CVn I, Boo I, UMa II, Her, Coma, 
                   CVn II, Leo IV, Boo II,  Andies X-XVII, Leo T,  

newly discovered dSphs

(Moore et al. 1999)

非常に暗く(Mv >-6)，星も少ない
(UMa I;  Willman et al. 2005)

Stellar population ?
Spatial distribution ?
How small they are ?
(cf. extended GC)
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Distance :  ~ 96.8kpc
metallicity : <[Fe/H]> ~ -2.0 
age : ~ 13Gyr
size : rh ~ 300pc

A Subaru/S-Cam study of the Ursa Major I dSph 
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Name Mv[mag] D[kpc] μ0V Main Pop SFH

Sgr
Fornax
Leo I

-13.4
-13.0
-11.9

24
138
250

25.4
23.4
22.4

inter-age Extended SF

Sculptor
Leo II

-10.7
-9.6

79
204

23.7
24.0

old
inter-age

distinct-pop
Extended SF

Carina -9.3 105 25.5 inter-age Episodic SF

Sextans
UMi

Draco

-9.5
-8.9
-8.8

87
66
82

26.2
25.5
25.3

old Simple SF ?

CVn I / UMa I
Her / Boo

Leo IV / CVn II
UMa II / Coma

-7.9 / -6.8
-6.0 / -5.9
-5.1 / -4.8
-3.8 / -3.7

220 / 94
140 / 60
160 / 150
30 / 44

28.2 / -
- / 28.3

- / -
- / -

old Simple SF ?

SFH

long

short

Pop

multiple

single

Massive

less massive
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ここまでのまとめ
1.Sextans dSphでは，最初の星形成以降，中心部では少なくとも30億
年以上星形成が続き，外側ほど早く星形成が終了した．  

2.一方，最近発見された，より暗い銀河のUrsa Major I dSphは非常
に古く，低金属量な単一種族で構成されている． 

3.両者の違いや， FornaxやSculptor等もっと明るい銀河の星形成史
を考慮すると， 明るいdSphほど星形成が長く続いた可能性がある．

何が矮小銀河の星形成を決めているのか？
　　初期条件／親銀河との距離／過去の軌道／ガスの流出入...
より暗い矮小銀河の恒星種族はどうなっているのか？ 
どこまで暗い銀河が存在？　球状星団との関係は？

現在の状態
(distance, velocity dispersion, M/L,,,)

SFH (age, metallicity abundance,,,)

個々の矮小銀河を比較
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seeing: V=1.0”,  i’=0.4”

Ursa Minor dSph (~66kpc)
1 FoV (exp: V~1100s/i’~2400s)
point sources all sources

all

BHB

19



Cetus dSph (~780kpc)
1 FoV (exp: V~1800s/i’~2400s)

all

RHB
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今後のよてい
1. 今あるデータ(UMi, Draco, Cetus, AndX,,,,)の解析．

2. 来年春の観測が晴れる(Draco, CVnI, CVnII, Boo, LeoT, LeoIV)．
3. 各銀河の色-等級図(全域の)星形成史を得る．

4. 各銀河の特徴(親銀河からの距離，明るさ,,,)と星形成史を比較．
5. 分光観測を提案(速度分散，M/L等の情報を得る)．
6. 何が主に銀河の星形成史に関与しているか，関係付ける．
7. まとめる．
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