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Abstract Most Galactic metal-poor stars exhibit enhanceébundances (e.g.
[Mg/Fe] ~ +0.4) according to previous studies of stellar chemical conmpmss.
However, a handful of metal-poor stars with large deficieaén Mg (e.g. [Mg/Fe]

~ —0.2) show severe departures from thisenhancement trend. The sub-solar
[Mg/Fe] ratios of these anomalous stars indicate that tlesggss different chemical
enrichment histories than the majority of Galactic metadbipstars. In previous work,
we presented a method to select Mg-poor metal-poor starslbw-resolution SDSS
spectra based on a spectral matching technique. In this,@pinilar method is ap-
plied to low-resolution R ~ 1800) LAMOST spectra. Stellar [Mg/Fe] abundances
are determined by using stellar parameters delivered by AMOST Data Release

2 catalog. From a sample oef 60 000 stars with atmospheric parameters in the range
Tex = [5500, 6500] K and [Fe/H] =+2.4,+4-0.5], we select 15 candidate Mg-poor
metal-poor stars.
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1 INTRODUCTION

The unique abundance patterns of thelements (O, Mg, Si, Ca and Ti) exhibited by the Galactic
halo and disk reveal an important role that environmentpiayGalactic chemical evolution. Most
observed metal-poor stars typically exhibit enhanced Mgaent abundance [Mg/Fe} +0.4
(Edvardsson et al. 1993; McWilliam 1997). The enhanced féjfatios observed in metal-poor
stars are due to the time delay between Type Il and la supaeramcording to the scenario given by
Tinsley (1979). The lifetimes of Type la supernova (SN laygamitors are much longer than those
of Type Il supernova (SN II) progenitors. From the resultmxglosions of high-mass<(8M) and
short-lived stars, SNe |l contributed the main chemicalerials that enriched-elements in the
interstellar medium (ISM) at the early stage of the Galaxe §enerations of stars born out of this
polluted ISM thus show enhancement of Mg with respect to Fe.

However, some Mg-poor stars have been confirmed with [Mgi&@&js that are quite different
from the enhancement trends of metal-poor stars. The existef Mg-poor stars was first claimed
by Carney et al. (1997), based on high-resolution spectoseduch Mg-poor stars were discovered



1276 Q.-F. Xing et al.

by a number of later studies (King 1997; Preston & Sneden 2080 of these abnormal stars
possess [Mg/Fe] below the solar ratio in a low metallicitpga, suggesting that a considerable
scatter in the Mg abundance may exist in this metallicitygearHence, several studies have been
trying to investigate stars in the solar neighborhood thatoaitliers in terms of [Mg/Fe]. Stephens
& Boesgaard (2002) proposed that stars associated withutiee lsalo are Mg-poor, while Fulbright
(2002) suggested such stars may have anomalous kinemagierties. Nissen & Schuster (2010)
suggested these Mg-poor stars are probably accreted frarf dpheroidal (dSph) galaxies since
similar Mg-deficient phenomena have been found in presantd@ph galaxies (Tolstoy et al. 2009).
Aoki et al. (2014) proposed that first-generation very meesstars would lead to metal-poor stars
that form with low [Mg/Fe]. The abundance patterns of seikrmwn extremely Mg-poor stars
were reanalyzed by comparing with SN la models (lvans et@32 The comparison indicated
that a simple combination of the yields of SN Il and SN la caudd explain the overall abundance
patterns of these anomalous stars. Although the originesfegtMg-poor stars is still not understood,
their unique abundance patterns suggest that they posfessrt nucleosynthesis histories than the
majority of Galactic metal-poor stars.

Since only a small sample of Mg-poor stars has been identifiexigh high-resolution spec-
troscopy, more such stars should be found and studied tcadagétter understanding of their origin.
However, it is not feasible to obtain high-resolution stefipectra of large samples within the Milky
Way to search for Mg-poor stars. Surveys with low-resoluspectra give us the chance to increase
the sample size of such stars. In a previous work, we presenteethod to select Mg-poor metal-
poor stars from low-resolution SDSS spectra based on argpewtching technique (Xing & Zhao
2014). In this paper, we use a similar method to select Mg-gtar's from the data provided by
the Large Sky Area Multi-Object Fiber Spectroscopic Tedgmc(LAMOST,; also known as the Guo
Shou Jing Telescope) and report our discovery of 15 carelidgtpoor stars from LAMOST Data
Release 2 (DR2).

2 THE DATA
2.1 LAMOST DR2 Data

The LAMOST general survey is a spectroscopic survey thaateggular observations in September
2012. LAMOST is a quasi-meridian reflecting Schmidt telgee(Cui et al. 2012) with an effective
aperture of 4 m. The telescope is equipped with 16 spectpbgraach of which is connected to 250
fibers for acquiring low-resolution{ ~ 1800) spectra over the wavelength range 3700-9000
The LAMOST regular survey (Zhao et al. 2006, 2012; Liu et &19) finished the second year
observation goals in June 2014 and obtained more than omitiellar spectra. These spectra,
together with 800 000 stellar spectra observed during tle¢ girvey, have been released as BR2
of the LAMOST survey.

The raw data were reduced by the standard LAMOST pipelin® @tual. 2012), including a
combination of the blue (3700—59@0) and red (5700—900&)) arms of the spectra, flat-fielding,
wavelength calibration and sky background subtractiore tandard pipeline estimates the radial
velocity (RV) based on cross-correlation with the ELODIEG(pal library (Moultaka et al. 2004).
The Université de Lyon Spectroscopic analysis softwarkey@8$) is used in the pipeline to esti-
mate stellar parameters (including effective temperaflisg surface gravitylog g, and metallicity,
[Fe/H]) for high quality AFGK-type spectra (Wu et al. 201This software package is able to de-
termine effective temperature, surface gravity and mieiigilto precisions of 110 K, 0.19 dex and
0.11 dex (Gao et al. 2015) respectively. The UlySS estimaitesmospheric parameters fer 2.2
million stars are released as part of DR2.

1 hitp://dr2.lamost.org
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Fig.1 In the upper panel, the observed spectrum is shown as a lteckhe red line is the fitted
continuum over the wavelength range of 5000-580@olor online). The bottom panel shows the
observed continuum-normalized spectrum.

2.2 Data Preprocessing

As LAMOST spectra are stored in vacuum wavelengths, we fiestsform the wavelength scale
of the observed spectra to an air-based scale. The conwdrsim vacuum to air wavelengths is
performed following the IAU standard given by Morton (1991he observed spectra are then shifted
to the rest frame based on the RV provided by the LAMOST stathpipeline.

In order to determine [Mg/Fe] of the LAMOST stellar spectnge extract observed spectra
over the wavelength range of 5000-520ffom the entire spectra. This wavelength range contains
Mg 1b lines, which are fairly good features for determination af Ebundance from low-resolution
spectra. The spectra over the selected wavelength rangfeearét to a polynomial for obtaining the
pseudo-continuum.

Figure 1 shows an example of continuum determination folLthRIOST stellar spectra. The
upper panel shows a fitted local continuum for an observecdtspa over the wavelength range of
5000-530@. The normalized observed spectrum is shown in the bottamelpa

3 SELECTION OF CANDIDATE MG-POOR STARS

The candidate Mg-poor stars are selected based on [Mg/Felndi@ed from the low-resolution
spectra. We determine [Mg/Fe] by comparing the given oleskspectrum to a set of synthetic
spectra at fixed stellar atmospheric parametérg,(log ¢ and [Fe/H]), and various [Mg/Fe] with
—0.5< [Mg/Fe] < +0.8 in steps of 0.1 dex. The [Mg/Fe] corresponding to the mimn y? is then
adopted as the measured [Mg/Fe] for the given observedrspect

3.1 Template Spectra

The NEWODF ATLAS9 model atmospheres (Castelli & Kurucz 208& used to generate syn-
thetic spectra for the spectral matching process. Theseisiade computed under the assumption
of no overshooting and local thermodynamic equilibrium E)TThe grids of atmospheric mod-
els with a-enhancementsd{fFe] = +0.4) and nom-enhancementsd{fFe] = 0.0) are provided by
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Castelli’'s websité. We choose to use the-enhanced models to generate synthetic spectra with
[Mg/Fe] > +0.4. The nom-enhanced models are adopted for generating synthetid¢rap&ith
[Mg/Fe] < +0.4. Therefore, we use linear interpolation of the logarithneath atmospheric vari-
able to generate two model atmospheregfihanced and nam-enhanced model atmospheres) for
a given combination of ¢, log ¢ and [Fe/H]. Note that [Mg/Fe] of the majority of our syntleeti
spectra are not consistent with/fFe] ratios of the model atmospheres that are used to gertheah.
Hence, we performed some comparisons between synthetitagenerated with-enhanced and
non a-enhanced model atmospheres with the same atmospherimgtara and chemical abun-
dances. The results showed that the variatiomdF¢] ratios for model atmospheres only results
in a minimal difference in the flux of the synthetic spectraatsolving powe? = 1800. Thus,
the differences ind/Fe] between model atmospheres and generated synthetitaspal not raise
spurious detections of Mg-poor stars in our research.

After obtaining the desired stellar model atmospheres, seethe SPECTRUM spectral syn-
thesis package (Gray & Corbally 1994) to generate a set ahsyin spectra covering-0.5 <
[Mg/Fe] < +0.8, in steps of 0.1 dex, at the giveff, log g and [Fe/H]). Considering that mi-
croturbulence has a minimal effect on spectral featureswiresolution spectra, a microturbulence
of 2 km s is adopted for each synthetic spectrum. All synthetic specinge from 5000 to
5300A with a resolving power of? = 1800. SPECTRUM carries out this computation under the
assumptions of LTE, along with the solar elemental abunelaiftom Grevesse & Sauval (1998).
Kurucz line lists are employed by SPECTRUM for synthesizing template spectra

3.2 Chemical Abundance Analysis

For a given observed spectrum, we use stellar atmospherdmegters [.¢, log g and [Fe/H]) de-
livered by the LAMOST DR2 catalog to generate the full set yithetic spectra covering0.5

< [Mg/Fe] < +0.8, in steps of 0.1 dex. A?-minimization scheme is performed by computing the
difference between the observed and synthetic spectrum pheprocessing step, the observed spec-
trum has been shifted to a zero-velocity rest frame using &¢érthined by the LAMOST standard
pipeline. Since wavelength offset has a directimpact omtieiracy of the?, we seek to reduce the
uncertainties in the calculation gf due to errors in the measured RV. The LAMOST DR2 catalog
provides uncertainty in the measured RV for each spectrums Twe computg? for a sequence
of radial velocity shifts based on the given uncertainty addpt they? at the minimum of the ar-
ray as the best? value for the corresponding synthetic spectrum. Then wetfinchest-matching
synthetic spectrum by minimizing? between the target flux and the synthetic flux. The [Mg/Fe] of
the best-matching synthetic spectrum is adopted for therobd target. This is the [Mg/Fe] ratio
determined by using the usugt minimization method.

In order to improve the accuracy of the measured [Mg/Fe], &épm an additional calculation
based on the above data. The minimyfis determined by fitting a third order polynomial to
the distribution ofy? versus [Mg/Fe]. We adopt the [Mg/Fe] corresponding to theimium y? as
the best-fit value for the observed target. The [Mg/Fe] matieasured by this additional approach
are more accurate than those from the ugidahinimization technique. Hence, we choose the latter
measured [Mg/Fe] as the final result. However, there are s@as®s where no minimug? is found.

In such cases, we adopt the former measurements.

Figure 2 provides an example of determining [Mg/Fe] for aegigtar with atmospheric param-
eters (s, log g, [Fe/H]) = (6000, 4.0, —1.45). The filled circles show the etved spectrum; the
black lines are the set of synthetic spectra correspondingdt5 < [Mg/Fe] < +0.2 in steps of
0.1 dex; the red-dashed line is the synthetic spectrum getewith the final adopted [Mg/Fe] =
—0.39.

2 http://mwwuser.oats.inaf.it/castelli/grids.html
3 hitp://kurucz.harvard.edu
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Fig.2 An example of determining [Mg/Fe] for a given star with atiplesric parameterd{s, log g,
[Fe/H]) = (6000, 4.0,—-1.45). The filled circles show the observed spectrum. Thekbdiaes are the
set of synthetic spectra corresponding0.5 < [Mg/Fe] < +0.2 in steps of 0.1 dex. The red-dashed
line is the synthetic spectrum generated with the final astbfi¥lg/Fe] =—0.39.

4 APPLICATION AND RESULTS

We extractedv 60 000 high quality (S/N> 50) stellar spectra with atmospheric parameters in the
range of T,z = [5500, 6500] K and [Fe/H] ={2.4, +0.5] from the catalog of LAMOST DR2
AFGK-type stars. Then, these spectra were shifted to a \waawity rest frame and normalized
following the procedures described in Section 2.2. Theig{] ratios were determined from the
normalized observed spectra by using g&iminimization method. The distribution of the [Mg/Fe]
ratios versus [Fe/H] is shown in Figure 3 for all of the sangibers. We focus on finding Mg-poor
([Mg/Fe] < 0.0) and metal-poor ([Fe/Hk —0.75) stars in this research. Although candidate Mg-
poor metal-poor stars can be directly selected from the Eabgsed on the adopted [Mg/Fe], we
seek to eliminate spurious detections of Mg-poor stars lgcking effects of errors i,z and

log g on determination of [Mg/Fe]. The [Mg/Fe] of the Mg-poor migp@or candidates were recal-
culated by varyindl.g¢ andlog g based on the uncertainties provided by the LAMOST pipeline.
If the [Mg/Fe] remain below the solar value in this procebs, target would be considered as the
final Mg-poor metal-poor candidate. As shown in Figure 3, 1&§-pbor star candidates (red filled
squares) are selected from our sample. The atmospherimptaes and abundances of these can-
didates are summarized in Table 1. They all possess sub{stdé-e] ratios in a low metallicity
range, suggesting large scatters of [Mg/Fe] may exist is théetallicity regime. In Figure 3, we
compare our results to the [Mg/Fe] ratios of stars in nearBghdgalaxies (Koch & McWilliam
2008; Starkenburg et al. 2013; Letarte et al. 2010; Aoki e2@09; Shetrone et al. 2001). Most of
these metal-poor dSph stars exhibit sub-solar values fgrf] that are similar to those of our Mg-
poor metal-poor star candidates. They may share a commdaretion for their abnormal [Mg/Fe]
and our Mg-poor metal-poor star candidates may have otigiifaom dSph systems associated with
the Milky Way (MW). We also note that these values of [Mg/Fegm to be underestimated by about
0.1 dex compared to the result from high-resolution spsctpic analysis (Venn et al. 2004) near
solar metallicity. This offset may be caused by errors inaspheric parameters. As we have con-
sidered effects of errors in atmospheric parameters ootgaieof Mg-poor metal-poor candidates,
this offset will not result in spurious detections of Mg-poeetal-poor stars.
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Fig.3 The abundance ratio [Mg/Fe] as a function of [Fe/H]. The adatés are shown as red filled
squares and other stars in our sample are represented kyfibétcircles. Stars within nearby dSph
galaxies (Koch & McWilliam 2008; Starkenburg et al. 2013tdnte et al. 2010; Aoki et al. 2009;
Shetrone et al. 2001) are shown as green filled triangles.

Table1l Candidates of Mg-poor Stars

ID Tog log g [Fe/H] RV (kms™1) [Mg/Fe]
LAMOST J0049+0405 6121 4.09 —1.44 —127.54 -0.10
LAMOST J1139+5653 6353 3.84 —1.00 —6.23 —0.50
LAMOST J0709+4239 5981 3.97 —1.65 139.77 -0.19
LAMOST J1924+-4145 6000 4.00 —1.45 —324.81 —0.39
LAMOST J2313+1702 6240 4.06 —-1.28 —196.03 -0.18
LAMOST J2239+1150 6040 4.02 —-1.18 —250.29 —-0.24
LAMOST J2324-0330 6024 4.06 -1.11 —136.81 —-0.13
LAMOST J01170133 5976 4.02 —-1.35 —177.14 —0.08
LAMOST J0420-0356 5920 3.92 -1.73 10.46 —-0.17
LAMOST J0956+1020 5724 3.91 —0.95 55.31 —0.27
LAMOST J1045+0518 6123 4.04 —-1.78 136.05 —-0.50
LAMOST J1054-1942 5912 3.83 —2.13 —44.19 —-0.11
LAMOST J1132+-2036 6036 3.85 —1.34 91.55 —-0.13
LAMOST J0229+0314 5994 4.07 —-1.01 —119.56 —-0.17
LAMOST J0922+-3100 5809 4.08 —0.86 —56.05 —-0.10
5 SUMMARY

We have presented a method for selecting Mg-poor metal-giaos from the LAMOST survey by

fitting the Mg 1 lines from low-resolution & ~ 1800) stellar spectra. From a high quality sam-
ple, 15 candidate Mg-poor metal-poor stars were selectsélcban the determined [Mg/Fe]. Their
abnormal [Mg/Fe] ratios indicated that they may have a diffié chemical enrichment history than
other Galactic metal-poor stars. The typical explanat@mrdw [Mg/Fe] ratios is that the Mg-poor

stars originate from environments that were deficient ingivasstars like satellite dSph galaxies
associated with the MW. As similar Mg-poor stars have beendan present-day MW dSph galax-
ies (Shetrone et al. 2001; Sbordone et al. 2007; McWilliaml .2013), the Galactic Mg-poor stars
may be signatures of accretion of dSph galaxies. Discovariel studies of such type of stars will
improve our understanding of the assembly history of the Niki¢ number of presently known Mg-
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poor stars remains small. Hence we will apply our selecti@thod to much larger stellar samples
from LAMOST and SDSS (Xing & Zhao 2014) in further work in orde increase the sample size.
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