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A method for determining the abundance ratio of the α-elements (O, Mg, Si, Ca, Ti) with respect

to Fe (collectively parameterized as �[ α/Fe]�) from medium-resolution ( R = 2000) spectra is

explored. Results of a comparison with the ELODIE spectral library and from a noise injection

experiment suggest that an accuracy in [α/Fe] of about 0.1 dex for spectra with S=N � 20/1 is

achievable. This technique is used to estimate [α/Fe] for a total of 39,167 spectrophotometric

and telluric calibration stars from the most recent public release of the Sloan Digital Sky Survey,

in order to study the α-abundance patterns in stars of the Galactic halo. Local space velocities

(U; V; W ) and orbital parameters (such as Zmax, Rapo, Rperi, Vφ , and eccentricity) are calculated

for this sample, and a total of 7590 potential halo stars are selected by applying cuts of Vφ �

80 km s�1, Zmax � 1 kpc, and [Fe/H] � �1.0. The sample is further divided into two groups: a

dissipative component (or inner halo) with stars having 40 � Vφ � 80 km s�1 and Rapo < 16 kpc

and an accreted component (or outer halo) with stars having Vφ < 40 km s�1 and Rapo � 16 kpc.

Preliminary results for the comparison of the α abundance of these two samples are presented as

a �rst step toward understanding the assembly history of the halos of the Galaxy.
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Figure 1: Comparison of [α/Fe] from our estimates (Fit) with those from the literature (Lit). The red crosses
in the bottom left panel are our determinations.

1. Introduction

A recent study by Carollo et al. (2007) [1] has con�rmed that t he halo of the Milky Way is
clearly divisible into at least two components � and inner an d an outer halo. They show that the
outer halo population exhibits a net retrograde rotation between �40 and �70 km s �1 (a more recent
analysis puts this velocity at �85 km s �1) and a peak in its metallicity distribution at [Fe/H] = �
2.2, while the inner halo population consists of stars on net prograde orbits (between 0 and 50 km
s�1) with the metallicity peak at [FE/H] = �1.6. They suggest tha t the outer halo formed through
the assembly of smaller subsystems. If that is the case, the outer halo stars may possess different
chemical signatures (e.g., low [α /Fe]) than the inner halo stars (e.g., high [α /Fe]) due to the lower
star formation rate in the progenitors of the outer halo.

In this study, after developing a method for estimating [α /Fe] (the mean of [O/Fe], [Mg/Fe],
[Si/Fe], [Ca/Fe], and [Ti/Fe]), we determine [α /Fe] for the sample of Carollo et al. ([1], Carollo
et al., in prep). With the derived [α /Fe], which is often used as an indicator of tracing the star
formation and chemical enrichment history of the Galaxy and its known satellite galaxies (e.g.,
[2]), we compare the α-abundance patterns between the inner and the outer halo.

2. Determination and Validation of [α/Fe]

In order to estimate [α /Fe] in an ef�cient manner for a large number of stars, we have generated
a grid of synthetic spectra, using the Kurucz NEWODF models [3] and the TURBOSPECTRUM
synthesis code [4]. The grid spans 4000 K � Teff � 8000 K in steps of 250 K, 1.0 � log g � 5.0 in
steps of 0.2 dex, �3:0 � [Fe=H] � 0.2 in steps of 0.2 dex, and �0:1 � [α=Fe] � 0.6 dex, in steps
of 0.1 dex. We determine [α /Fe] using reduced χ2 values obtained from matches of the observed
spectra to this grid.

We have compared our [α /Fe] determination with that of 414 stars in the ELODIE spectral
library [5] as a validation test. Figure 1 shows the results of the comparison. A Gaussian �t to
the residuals between our values and those from the literature indicate that there is little systematic
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Figure 2: [α/Fe] as a function of [Fe/H] for 17450 stars.

offset, and further indicates a very small scatter (standard deviation of 0.04 dex). No trends in the
estimated α-abundance as a function of [Fe/H] are noted for stars with [Fe/H] < �0:5 in the �gure.

We also have checked how the S=N of a spectrum impacts our determination of the α-abundance,
using a set of noise-added high-resolution calibration stars discussed in detail by [6]. From this ex-
periment, we have obtained Gaussian means of �0.022, �0.016, �0.010, �0.006, and �0.005 and
standard deviations of 0.092, 0.075, 0.057, 0.047, and 0.041 for S=N = 15/1, 20/1, 30/1, 40/1, and
50/1, respectively, from the residuals between spectra before and after noise injection. These re-
sults indicate that no signi�cant offsets, and only a small s tandard deviation (< 0.1 dex) are found
down to S=N � 15=1. However, in our analysis of the α-abundance patterns we only consider stars
with S=N � 20.

3. Sample Selection and its Kinematic Parameters

Our program stars are the spectrophotometric and reddening standards from Data Release 6 of
the Sloan Digital Sky Survey [7]. A detailed description on the selection of the sample stars and
computation of the kinematic and orbital parameters of the sample can be found in [1]. Among
the 39,167 calibration stars with U; V; W , Rapo, Rperi, Vφ , Zmax, e (eccentricity) calculated, about
20,000 stars with well-measured parameters in the range Teff = 5000 � 7000 K have been selected.
Since we only consider stars with S=N � 20, this yields 17,450 stars. Figure 2 plots [α /Fe] as a
function of [Fe/H] for those stars.

To study the α-abundance patterns for stars in the Galactic halo, we impose three additional
selection criteria: (1) Vφ � 80 km s�1, which is more than 2 σ (2 � 39 km s�1) away from the typi-
cal thick-disk velocity ellipsoid centered on Vφ = 180 km s�1 [8], (2) [Fe/H] � �1.0, and (3) Zmax �

1 kpc. Applying these conditions to the total sample of 17,450 stars allows us to assemble 7580
stars with a high probability of halo membership. Following a scheme similar to [9], we further
divide the halo sample into two sub-samples, and inner halo (or dissipative component) consisting
of stars with Vφ � 40 km s�1 and Rapo < 16 kpc, and an outer halo (or accreted component) com-
posed of stars with Vφ < 40 km s�1 and Rapo � 16 kpc, Even though it is understood that some
overlap of these components surely exists after such a division, the cuts at 40 km s�1 and 16 kpc
provides an adequate number of stars for both groups.
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