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Introduction
ÕThe stellar halo of the Milky Way Galaxy is the 

oldest system that can be studied in great detail 
for its formation history. 

ÕWe are conducting a survey of kinematics and 
chemical abundances of metal- poor stars 
comprising the outer part of the Milky Way halo.

ÕOur study is motivated by the recent discovery 
that the outer part of the MW stellar halo shows 
net retro- grade rotation and is systematically 
metal- poor compared to the inner halo (Carollo et 
al. 2007), suggesting the different formation 
mechanisms for the inner and the outer halo.   
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Motivation
ÕIn order to obtain further insights about the 

formation mechanisms of the outer Galactic halo,  
we utilize both kinematics and chemical 
abundance data for the metal- poor stars in the 
solar neighborhood. 

ÕWe examine whether the chemical abundances of 
the local stars with characteristic kinematics of 
the outer and/or accreted halo populations are 
systematically different from those of the stars in 
the inner halo     
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ÕInner halo

ÕV ῞20km/s

ÕFlattened

Õ[Fe/H]῞- 1.6

ÕOuter halo

ÕV ῞- 50km/s

ÕSpherical

Õ[Fe/H]῞- 2.2

ÕResults of SDSS- II
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Subaru/HDS observation 
ÕObservation  (PI. Aoki, W, Feb. 2003):  
ÕHigh- Dispersion Spectrograph (HDS) /Subaru (8.2m) telescope

Õ 30 metal- poor stars 
with Zmax>5kpc
ÕIncluding stars with high 

retro/pro - grade rotation
ÕR 35000 

ÕAbundance analysis
ÕA software in which 

KuruczNEWODF models 
are built in.  (Aoki et al. 
2005)
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EW measurement

ÕCross calibration 
with Stephens & 
Boesgaard (2002) 
for 3 stars 

Good agreement
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Estimation of Teff, log g, vturb

ÕEffective temparature(Teff ) was determined so 
that a trend in abundances with excitation 
potential of Fe I lines is minimized 

ÕLogarithmic surface gravity (log g) was 
determined so that abundances based on Fe I 
and Fe II lines are consistent within 0.02 dex

ÕMicro- turbulent velocities (vturb) were 
determined so that a trend in Fe I abundances 
with equivalent widths is minimized
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Estimation of Teff
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e.g. BD+01 3070

Comparison of Teff

in this work with Teff

based on V- K color 

Excitation potential vs
abundance



Abundance scatter due to the 
errors in the stellar parameters 
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e.g. HD 85773

Typical scatter in 

uncertainties in the 
Teff, logg, vturb :

0.02- 0.1 dex



Zmax vs V
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Halo stars observed in 
this work

Halo stars with 
available abundances from 
literature 
(Fulbright  2000, Ivanset al. 
2003, McWilliamet al. 1995, 
Nissen& Schuster 1997, 
Ryan et al. 1996,  Stephens 
& Boesgaard2002)



Mg, Si, Ca abundance ratios
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stars [Fe/H]<- 1.5 , Zmax>5.0kpc
Number of samples 

Zmax<5kpc:  

15- 38

Zmax>5kpc, V <- 50 km/s: 

9- 19

Zmax>5kpc, V >150 km/s:

3- 4
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ÕSamples with Zmax>5kpc and V <- 50 km/s 

ratios

ÕSamples with Zmax>5kpc and V >150km/s
(extreme progrademotion) also show 



Mg abundance for a moving group 
candidate  

The moving group 
candidate 
reported in e.g. 
Helmi et al. (1999), 
Chiba & Beers 
(2000)
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Angular momentum space



Discussion

ÕSamples with Zmax> 5kpc and V <- 50 km/s show 
- elements) 

compared to the samples with Zmax<5kpc .

Õ3- 4 halo stars with fast prograderotation (Zmax>5kpc 
and V >150km/s) show also lower abundance ratios

ÕOur preliminary results suggest that the stars  

on average. 

Õ

system with lower star formation efficiency, such as 
low- mass dwarf satellites, accreted to the MW halo 
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ÕOur results are based on a small sample. Further 
observations especially targeted at the outer halo 
population are necessary for more quantitative 
analysis. 

ÕObservations of more sample stars with 
Subaru/HDS are scheduled in this summer 
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