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Milky Way Local Group

10 kpc

Building blocks of the 
Milky Way(?)



Formation and Evolution of Galaxies
Mini-halos
~106 M☉

Main Sequence
Stars

NGC2440 : 
from HST
Crab nebula : 
from Subaru

Red Giant
Stars

Supernovae

Supernova Remnant

Planetary Nebulae
White Dwarfs

Proto Stars

Molecular Clouds

First Stars
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HST Observations of Carina dSph

Photometric data kindly provided by Giuseppe Bono

red: field stars
blue: Carina dSph
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Color-Magnitude Digram (CMD) of Carina dSph
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Photometric data kindly provided by Giuseppe Bono

red: field stars: 61745 stars
blue: Carina dSph: 38992 stars
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Lemasle et al. (2012):32
Koch et al. (2008):10

Shetrone et al. (2003):5

Abundances can be 
measured in stars at the 
tip of red giant branch!

47 measurements for Mg



Star Formation History of Carina

Superposition of isochrones
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~300 stellar evolutionary tracks with 
[Fe/H]=-1.49 (average metallicity of Carina)

10 Gyr isochrone:
Evolution from zero-age  main sequence 
to  tip of red giant branch
0.300 - 0.900 M⦿ in 0.002 M⦿ steps
0.900 - 0.9134 M⦿ in 0.0002 M⦿ steps

Isochrone fitting helps to:
estimate distance to galaxies
compare abundances and ages with observations

Result I



Star Formation History Explored Using 
SAGA (Stellar Abundances for Galactic 

Archaeology) Database

We are here!!
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SAGA Database (Stellar Abundances for Galactic Archaeology)

Suda et al. (2008, PASJ, 60, 1159-1171) 
http://saga.sci.hokudai.ac.jp
http://www.astro.keele.ac.uk/saga

DATA SAMPLE at Dec, 2008

Papers: 125 (covering since 2000)
Stars: 2804 (1472,重複を除く)
Data
[X/Fe]: 16,302
[X/H]: 19,323
logε: 19,323

Collection of observed data
Taken from the literature on the abundance 
analyses of stars
Papers including stars with [Fe/H]<-2.5 
and some metal-rich disk stars

Compilation of stellar parameters, 
derived abundance data, etc.
Data Registration System

Use of compiled data
Search and Plot

DATA SAMPLE as of Aug., 2015
Papers: 241 (covering 2000-2011)
Stars: 9269 (4491 unique stars)
Data:

[X/H]: 84,134
V band mag.: 2,039
Position data.: 1,522

[Fe/H]=-2.5

  Suda et al. (2011, MN, 60, 1159-1171)
  Yamada et al (2013, MN, 436, 1362-1380)
   科研費基盤(A) “宇宙黎明期の恒星の研究と宇宙開闢史の解明” (2003~2005)
   科研費基盤(S) “宇宙黎明期の恒星の研究と宇宙開闢史の解明” (2006~2011)
   科研費若手(B) “宇宙開闢史解読のためのデータベースの構築” (2007~2008)
   科研費基盤(S)  “宇宙初代星誕生から銀河系形成期における恒星進化と物質循環” (2011~2016)
   研究成果公開促進費  “銀河考古学のための金属欠乏星データベース” (2014~2014
   研究成果公開促進費  “銀河考古学のための金属欠乏星データベース” (2015~2017)

http://sagadatabase.jp

http://sagadatabase.jp
http://sagadatabase.jp


Screen Snapshot of SAGA Database

Data search and plot

News and Information

How to search the data

Links to the data of papers and objects



Specify X and Y 
axis

Additional criteria Range

Data Search and PLot



Links to quick 
preview files in 
HTML format

Choose to plot 
this object

Atmospheric parameters 
adopted for each object and 

reference

Retrieved values and 
available data. Choose one 
datum if two or more data 

are available.

SAGA search result



Link to 
numerical data

Download
data and script to 
reproduce figure

Settings for 
figure

Link to quick preview 
of each object

Automatically generated clickable map

Control the list

Graph plot

Mouse over pop up



Link to SIMBAD

Link to ADS

Link to quick preview for this reference

Stellar atmosphere parameters

Abundance data

Links to quick preview for this object 

Abundance distribution of this object

Quick preview of data

and information on photometry, 
observing log, and binarity



Astronomical Herald, to be published this month



SAGA Database Extension to Stars in dSph

DATA SAMPLE at Dec, 2008

Papers: 125 (covering since 2000)
Stars: 2804 (1472,重複を除く)
Data
[X/Fe]: 16,302
[X/H]: 19,323
logε: 19,323
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2112 Bootes
CVn I

Carina
Coma Ber

Draco
Fornax

Hercules
Leo I

Leo II
Leo IV

Sagittarius
Sculptor

Segue I
Sextans
UMa II

Ursa Minor

Data registered(as of Aug. 2015）
# of papers: 57 (1998-2013)
# of objects: 5925(5785)
# of data:

[X/H]: 18,992
V mag.: 3,916
Position: 2,422

241

9269(4491)

84134
2039
1522

Galactic 
stars

cf) ~3,500 stars for Galactic stars

~20 dwarf spheroidal galaxies



Distance Distribution of dSph (M=0.8 M⦿)

Distance is a function of V, log g, Teff, and M.
stellar mass is assumed to be constant (0.8M⦿).

Distance can be estimated photometrically.
Isochrone fitting on the CMD.

typical radius of dSph~1 kpc
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Leo II
Sagittarius

Sculptor
Sextans

Ursa Major II
Ursa Minor

log d � 1
2

log M � 1
2

log g

Carina

surface gravity ⇔ luminosity

Result II



Comparisons on the CMD

reasonable agreement with 0.8M⦿ evolutionary tracks.
consistent between model and observation on the CMD

problems in the estimates of distance or log g?
1 dex difference in log g still gives insignificant change of 
derived abundances.

Star formation history can be derived from the 
mass distribution by fixed distances and log g.
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Star Formation History in dSph at Const. Distance 

Mass (lifetime) distribution at fixed distances.
Distances at set at constant so that the maximum lifetime is 14 Gyr.

correction factor for
stellar mass: 10.3

3.81 7.54

16.7 6.74 9.69

log M � 2 log d + log g

Result III



SFH of dSph (Comparisons on the CMD)

inconsistent with simple stellar population for Draco and Sculptor

質量補正値: 32.8
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Canes Venatici: 174 Leo I: 812

 0.0

 0.5

 1.0

 1.5

 2.0

 2.5

 3.0

 3.5

 4.0
350040004500500055006000

lo
g 

g 
[c

gs
]

Teff [K]

Ursa Minor: 232
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Sculptor: 393

Comparisons on CMD at Const. Mass and Distance

corrected log g with constant mass and distance
not valid for galaxies with complex SFH (CVn, Leo I, Leo II).
Is corrected values of log g consistent with isochrone fitting?

log g � 2 log d� log M

Result IV



Summary
• Star formation history (SFH) of dwarf spheroidal galaxies 
(dSph) are explored using the Color-Magnitude Diagram.
• comparisons of isochrones with photometric data.

• There is a problem in distance estimate in the SAGA database 
for dSph.
• Data with fixed mass and surface gravity (luminosity) gives a 
large scatter in the distance within the same galaxies.

• SFHs derived from spectroscopic RGB data are inconsistent 
with those with those from photometric CMD data.
• surface gravity is underestimated in most of galaxies.
• SFHs should be checked again with the corrected surface 
gravity.


