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Abstract The Andromeda galaxy was observed by the Guoshoujing Tapestor-
merly named the Large Sky Area Multi-Object Fiber Spectopsc Telescope —
LAMOST), during the 2009 commissioning phase. Due to thesabs of standard
stars for flux calibration, we use the photometric data of ritBrimediate bands in
the Beijing-Arizona-Taipei-Connecticut (BATC) surveydalibrate the spectra. In to-
tal, 59 spectra located in the bulge and disk of the galaxyohtained. Kinematic
and stellar population properties of the stellar conteatdmrived with these spectra.
We obtain the global velocity field and calculate correspogdotation velocities out
to about 7 kpc along the major axis. These rotation velociéasurements comple-
ment those of the gas content, such as theahid CO. The radial velocity dispersion
shows that the stars in the bulge are more dynamically tHeantathe disk is more
rotationally-supported. The age distribution shows thathulge was formed about
12 Gyr ago, the disk is relatively younger and the ages of segiens along the spi-
ral arms can reach as young as about 1 Gyr. These young §teflatations have a
relatively richer abundance and larger reddening. Theadlvaverage metallicity of
the galaxy approximates the solar metallicity and a verykwadaindance gradient is

gained. The reddening map gives a picture of a dust-freesbauhgl a distinct dusty
ring in the disk.

Key words. methods: data analysis — techniques: spectroscopic — igalardi-
vidual (M31) — galaxies: stellar content

1 INTRODUCTION

Nearby galaxies are good probes for investigating the katenand dynamical properties, stel-
lar populations and formation and evolution histories afgent-day galaxies in the local universe.
Detailed analyses can be performed with respect to the jdilgle spiral arms, dust, H regions and
so on with high resolution imaging and high quality speatopsy of objects other than individual
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stars in the Milky Way. Therefore, large samples of nearbgodes, covering different morpholog-
ical types, luminosities, star formation rates and othepprties, were handpicked in a variety of
photometric and spectroscopic surveys from radio (Israed& der Hulst 1983; Helfer et al. 2003;
Walter et al. 2008), ultraviolet (Gil de Paz et al. 2007) jogdt(Kennicutt 1992; Rosales-Ortega et al.
2010) toinfrared (Kennicutt et al. 2003) wavebands in otdstudy the chemical abundance, stellar
population, stellar formation rate, gas content, intéliestenedium and other physical properties of
galaxies.

Most of the spectroscopic observations about nearby gedavere focused on the bright galactic
cores (Heckman 1980; Ho et al. 1995) and large tegions (Neugebauer et al. 1976; van Zee et al.
1998), whose spectra were obtained mainly by aperture @-$tith spectrographs. A few large-
aperture spectroscopic observations of nearby galaxiek,as Gallagher et al. (1989) and Kennicutt
(1992), were taken in order to gain the integrated spectdacampare their integrated features
with those of distant galaxies. Recently, integrated fiplelcsroscopy techniques have played a very
important role in spatially resolved spectroscopic measgnts of nearby galaxies with high spatial
resolutions and relatively large field of views (Bacon eR8l01; Rosales-Ortega et al. 2010).

The Andromeda galaxy (M31 or NGC 224), as the largest andeseapiral galaxy (SA(s)b)
in the Local Group, has a major diameter of about’18td distance of about 784 kpc (Stanek &
Garnavich 1998). The systemic velocity is about —300 krh, gshe inclination is about 78and
the position angle of the major axis is abouf 3&ottesman & Davies 1970). These characteristic
parameters will be adopted throughout the following stufiths paper. Due to its great apparent
scale length, distinct components (e.g., bulge, diskaspims and halo) and a considerable number
of resolvable sources and substructures, such as singée star clusters, H regions, dust lanes
and gas ingredients, it can be explored by imaging and sppy to understand its distance,
stellar population, age, chemical abundance distribstitidal interaction, galactic formation and
dynamical evolution (van den Bergh 1969; Blair et al. 1988inBs & Burton 1984; Choi et al.
2002; Ibata et al. 2005; Chapman et al. 2008).

Due to its large optical size (optical radiiks; = 1.59°), M31 is chosen to be one of the testing
targets during the commissioning of the Guoshoujing Telps{LAMOST) survey whose field of
view (FOV) is about 5 degrees (Wang et al. 1996; Su et al. 1888;2009). The LAMOST, lo-
cated at the Xinglong Station of National Astronomical Qlaatories of China, is a quasi-meridian
reflecting Schmidt telescope with a clear aperture of 4 m afatal length of 20 m. Special and
unigue designs make this telescope possess both larger@p@nd large FOV. Four thousand fibers
deployed on the focal plane of a 1.75 m diameter can simudtasig obtain the spectra of 4000 ce-
lestial objects. Individual point sources, normal and lnonis red galaxies, planetary nebulae (PNe)
and associated candidates as well as low red-shift quagesslacted as the observed objects in two
M31 testing fields which are centered close to the opticalauscof M31 and in the northeastern
halo, respectively.

Although the LAMOST is undergoing the commissioning phase many aspects, such as the
telescope observing conditions (e.g., dome seeing), fibgtipning, instruments and data process-
ing software, have not achieved perfect status, some prelimresults were published with the
commissioning data observed in the winter of 2009 (quaddriio et al. 2010, Wu et al. 2010a,b
and planetary nebulae of Yuan et al. 2010). At present, ti@ipg of fibers cannot be directed so
accurately, but they lie not far away from their preassigpesitions in the sky. For studying the
galactic surface, the accuracy of pointing is not so imptrtecause the fibers still point to the
places of interest. Observing conditions like seeing atémportant at all for the extended galaxy.
We will make use of the spectra near the core and inner diskérobthe M31 testing fields to study
the distributions of the radial velocity, velocity dispiers, age, metallicity and reddening. In view
of the absence of appropriate standard stars, the photicrobgervations of 15 intermediate-band
filters in the BATC survey (Fan et al. 1996) are used to fluxbcate the LAMOST spectra.
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There are substantial published studies about the kinesmatid stellar population properties of
M31, which can be used to compare with our results. Both tlwrakatomic hydrogen (i obser-
vation by the Half-Mile telescope with an angular resolotaf 1.5-2.2 and a velocity resolution
of 39 km s! (Emerson 1976) and a molecufCO(J = 1 — 0)-line survey with a high angular
resolution of 23 and a velocity resolution of 2.6 knt$ (Nieten et al. 2006) mapped the radial ve-
locity field of the Andromeda galaxy. A large velocity gradlierotational characteristics and much
lower gas density near the center than the outer gas ringpvesented in these two measurements.
A slit spectrum covering the wavelength range from 4818 5302A at the point-like nucleus of
M31 was obtained by Morton & Thuan (1973). Comparing the spet with those of G and K
stars, they obtained the total line of sight velocity disgan of aboutl 20 + 30 km s~1. Whitmore
(1980) also observed the spectrum of the nucleus and prbtigenuclear velocity dispersion of
about 181 km s'. Meanwhile, dispersion measurements in some literature wemmarized by
him, giving an average velocity dispersion of about 164 krh s

Multi-band photometric data from ultraviolet to infrareddaimages with resolved stars from
the Hubble Space Telescope were used to derive the age, metsdlicity and reddening of glob-
ular clusters in M31 by either stellar population synthesisolor magnitude diagrams (Fan et al.
2008; Ma et al. 2009; Perina et al. 2010). Spectroscopic afasaveral hundred globular clusters
extending from the galactic center out to rBvealed that more metal-rich clusters have a centrally
concentrated distribution with high rotation amplitudes$jch are consistent with the bulge popu-
lation (Perrett et al. 2002). These globular clusters prigganoramic views of different parameters
and provide extremely good constraints on the structuradtion and evolution of this spiral galaxy.
Large samples of planetary nebulae, supernova remnants andgions were also observed to ob-
tain the chemical abundance and reddening features at¢r@sghole galaxy (Kumar 1979; Blair
et al. 1982; Jacoby & Ciardullo 1999; Galarza et al. 1999hRi@t al. 1999).

This paper is organized as follows. In Section 2, the telgssprelevant facilities and observa-
tions are described. In Section 3, we present the detailed-éduction including the data processing
of the LAMOST spectra and flux-calibrating these spectragifie photometric observations of 15
intermediate bands in the BATC survey. Results of the kirtenaad stellar population parameters
derived by the synthesis model and discussions on theldisiins of these parameters are given in
Section 4. Finally, conclusions are summarized in Section 5

2 TELESCOPES AND OBSERVATIONS

The LAMOST is the largest optical reflecting Schmidt telggein China with a clear aperture of
4m and a wide FOV of 5(Wang et al. 1996; Su & Cui 2003). Its architecture is corgatisf a
reflecting Schmidt corrector (\) at the north end, a spherical primary mirror{£at the south end
and a focal plane with diameter of 1.75m lying betweeg &d Mg (20 m away from the primary
mirror). Light from celestial objects is reflected byaMnto the telescope enclosure, reflected again
by Mg and finally converged at the focal planeslMas a coelostat and corrector, consists of 24
hexagonal plane submirrors giving the size of 54240 n?. It is exposed to air but has a wind
screen preventing wind buffeting. This alt-azimuth mongttorrector together with the focal plane
can track the celestial objects within the sky area-6° < § < 90° for 1.5 h during their crossing
of the meridian. M has 37 spherical submirrors making the size of 6.605 n? and its enclosure
is ventilated to maintain good dome seeing. Active optigagosed of a system of segmented mirror
active optics and thin deformable mirror active optics isieged by the force actuators set on each
submirror and two wave front sensors (Su & Cui 2004).

At the focal plane of the telescope, there are 4000 fibersatigdistributed to 16 spectrographs.
Each fiber, with a diameter of 33is directed toward an entrance slit, where a dichroic féfgits
the incident light beam into blue (3700-590and red (5700-9008) channels. Low and median
resolution spectrographs are or will be equipped and in thieent phase only the low resolution
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spectrographs have come into service. Full and half sizefitefyield spectral resolutions of 1000
and 2000. All the fibers are controlled in parallel by two roistepping motors in individual do-
mains (within a circle of 30 mm diameter, corresponding t6"34Xing et al. 1998). The separation
between two adjacent units is designed to be 20 mm which essoat there is no blind spot on the
convex focal surface. The minimal separation of two obd#levabjects is 5% in order to avoid the
collision of fibers.

During the early commissioning phase, nine fields were psegddo be observed in the winter of
2009, which is the best observational season in the Xing&tagon (Yuan et al. 2010). Two fields
related to M31 were included in the test plan: one was ceditenex = 11°.155,§ = 40°.679,
close to the optical galactic center & 10°.685,5 = 41°.269) and the other was located in the
northeastern outskirt of the Andromeda halo, centerad en18°.142, § = 45°.338. Different sorts
of objects were selected as targets including low redshésgrs, normal and luminous red galaxies,
standard stars, PNe and PN candidates and sources comfaerbgithe stars from the Two Micron
All Sky Survey. Nearly 5% of the fibers were assigned to getsthespectra. Observations were
carried out on 2009 October 19 and December 15 (see detdilsdret al. 2010). Bright and faint
sources are observed respectively with three exposur@s@&ch) and two exposures (1800s each).
Arc spectra from a mercury vapor and neon lamp and flat fiettha & tungsten lamp and the offset
sky were also obtained during observation. Given the gdatki® paper and the spectral quality,
only the field centered near the nucleus is analyzed in theWolg sections.

Since there is no available spectroscopic standard starifiedd of interest, we intend to flux-
calibrate all the spectra by the photometric data of 15 mésliate bands in the BATC survey. The
survey is based on a 60/90 cm Schmidt telescope also mouintieel dinglong Station (Fan et al.
1996). A 20482048 charge-coupled device (CCD) with pixel size of’liginstalled at the focal
plane (focal ratio: f/3), generating a FOV of '5&8. A set of 15 intermediate-band filters with
bandwidths of 200-308 covers the wavelength range from 300@ 10 000A. They are specifi-
cally designed to exclude the bright and variable night skission lines. Four Oke-Gunn standard
stars are used for flux calibration during the photometmghts (Yan et al. 2000; Zhou et al. 2001).
In the BATC survey project, dozens of nearby galaxies inclgdhe Andromeda galaxy have been
observed. Observations centered on the galactic nucleM8bfbegan in 1995 and all the normal
and photometric observations for 15 filters are now comglete

3 DATA REDUCTION
3.1 Normal Data Processing for the LAMOST

The original blue and red CCD frames are separately redugebebbasic two-dimensional data
processing pipeline (Luo et al. 2004). In the beginning, Cli&ses are subtracted from the raw
frames, including arc lamp, flat and target cases. Eachmspéeme includes 250 spectra and each
spectrum covers about 16 pixels in the spatial directiortaBee of the high signal to noise ratio
(S/N), flat flames are used to trace the fiber spectra. The @udilters are determined by centroids
and a proper aperture is selected to extract the flux alonglipeersion direction for each fiber.
Then, the extracted one-dimensional target spectra areated for various variations (e.g., relative
throughputs of fibers, fiber transmissions and spectrogreggonses) by the the lamp and sky flat
fields. Wavelength calibrations are performed with the ledélhe arc lamp and sky emission lines
which enforce the calibration accuracy. All sky spectra @mbined to construct a “super sky,”
which is interpolated to remove the sky light from the spedifiarget spectra. Due to the absence
of appropriate standard stars in the M31 field, we can onlyrg&ble blue and red spectra with
wavelength calibrations and sky subtractions but withawt @alibration.

Cosmic rays are removed via replacing the relevant pixelesby interpolations. The red spec-
trum has considerably strong atmospheric absorptionfioesO, and H,O around 6308, 69004,
72004, 76004, 8200A and 94003, but the blue spectrum does not. We select several spekctra 0
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Fig.1 Blue and red spectra of a bright star in its original form (g, The same blue spectra after
removing the cosmic rays and the same red spectrum aftevnegiie cosmic rays and correcting
the atmospheric absorption lines (c, d).

relatively bright stars that have few intrinsic absorpfioes in their red wavelength region and use
them to construct a normalized spectrum of the atmosphiesiaration. All observed red spectra are
corrected by this normalized spectrum. Figure 1 displagsékults of removing cosmic rays for the
blue spectrum of a bright star and removing cosmic rays aneciing atmospheric absorption lines
for the red spectrum of the same star. Finally, spectra témdifit exposures are combined to reduce
noises.

3.2 Flux Calibration by the BATC Photometric Data

Photometric CCD images from the BATC survey are reduced byesstandard procedures includ-
ing bias subtraction, flat-fielding and astrometry. Framfedifferent exposures for each band are
combined to increase the S/N and delete the cosmic rays, Akoes with relatively large sky
backgrounds or short exposures are eliminated. Standansi@bserved during photometric nights
are used to obtain the instrumental zeropoints and atmaspdinctions, which can convert the
CCD counts to the out-of-atmosphere fluxes.

Since the M31 sky field has been observed by the BATC surveygush intermediate band
filters, for the LAMOST fibers near the galactic core and hirijbk, we can flux-calibrate the spectra
of these fibers very well with the spectral energy distrimosi (SEDs) in 15 discrete wavelengths,
ranging from 300@ to 10000A. First, we map all the objects in the LAMOST input catalog to
the BATC images and calculate the calibrated fluxes in the fiperture of 3.3. Actually, the
astrometry of photometric images has errors, seeing dondiffects the flux distributions and the
fiber-positioning is not so accurate, so we count the fluxes diiameter of 6 pixels in the BATC
images and then scale them to the fiber size of .3Scond, we convolve the LAMOST spectra
with the BATC filter transmission curves to obtain the instental fluxes. Both the blue and red
spectra and convolutions with the filter transmissions i@ $ame star as shown in Figure 1 are
displayed in Figures 2(a) and 2(c). The blue spectrum is @oed with six filter transmissions
(green dash dotted curves) ranging from 4300 60753 and the red one is convolved with eight
filter transmissions ranging from 57860 9190A. Flux ratios between the convolved instrumental
fluxes and calibrated fluxes, as shown in the filled circlesigufes 2(b) and 2(d), are computed
to derive the instrumental responses. Due to the complexitystrumental responses near both of
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Fig.2 (a) Blue spectrum of the same star as shown in Figure 1 ancdhdions with the BATC
filter transmissions as plotted in green dash-dotted cufives green filled circles are the convolved
instrumental fluxes. (b) Flux ratios between the LAMOST rimstental fluxes and the BATC cali-
brated fluxes. Green filled circles are the ratios of six bamksthe curve in blue is the interpolated
instrumental response. (c) and (d) present the same ceriterthe red spectrum except for convo-
lutions with eight bands. (e) Flux-calibrated and combigpdctrum in solid curves derived by the

BATC photometric data in green circles. Flux in this panehis0~'" erg s cm2 A~ fiber '

1

the two ends of the spectra, we interpolate the calibratedifiiseveral intermediate wavelengths
among the bands in these areas, then get the correspondieg fluthe original spectra at the
same positions and calculate their ratios. The continumstsimental responses are obtained by the
piecewise quadratic interpolation using all the discreig fatios, which are plotted as curves in
those two panels. These response curves are applied to flarxata the original spectra. Finally,
the red and blue calibrated spectra are spliced into a sapgletrum as shown in Figure 2(e).



Kinematics and Stellar Population Properties of M31 1099

H2751 %
o
39 IHIZz:ﬁI S

H2js "RE0 Hag
€

051 12930 )
Byl |2855© |”28§%\2’%2

E 0 N z
. »IHI§51I |H|55g§© Hggz@ H50268 5

g s 20
Ok X ) 27

27/
N 7 Y
H H3130 KH3129 H3128 K3)27
|5%55n 5 |r.|;z5329\\:312l 3127
. 4 S
z N ="
P H i w5227 %
3 H@%@M%m ||ssgzz@\w\\|§gz HER
; AN %
3329 N I
13529 H5528 'Hggﬁ H3Z26.

N 3 :
H5428 IHI3$27/ MBS
A

Fig. 3 True color map of M31 combined with three intermediate banages whose effective wave-
lengths are 4550, 6075 and 8082Circles marked by their temporary IDs as presented inélabl
are the usable spectra observed by the LAMOST. The dashedrmrthe clipped elliptical enclosure
of Andromeda’s disk. The radius of the major axis is abou®’L.the position angle of the major axis

is 38 and the disk inclination angle is 78Two perpendicular dashed lines are the optical major and
minor axis. Filled circles are the positions, whose pr@dalistances away from the major axis are
within 1 kpc (~4.4'). These positions are chosen to investigate the radiallwitibns of calculated
properties, as will be shown in Sect. 4.

There are 4000 fibers which observed 4000 different objecasROV of 5 as mentioned pre-
viously. Due to the FOV of the BATC survey being abofif host of the fibers lie out of the BATC
sky field. In addition, some of the remaining spectra comenfpwint sources such as the foreground
stars and planetary nebulae, not from the galaxy itselfalfinexcluding the spectra with low S/Ns
and bad flux calibrations, we obtain a total of 59 usable spadtrelatively high quality which are
located in our M31 region of interest. Figure 3 shows thetimss of those 59 fibers on the true
color map of the Andromeda galaxy which is combined with¢HBATC intermediate band images
(effective wavelengths of 4550, 6075 and 8@str the blue, green and red channels, respectively).
Most of the spectra originated from the bulge and bright disk a couple of them are related to the
dust lane and spiral arms. For the next analyses of this pagesmooth the spectra in the whole
wavelength range by averaging the fluxes every five dataptinimprove the S/Ns.
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4 RESULTSAND DISCUSSION
4.1 ParametersDerived by STARLIGHT

A stellar population synthesis code, STARLIGHT (Cid Fembesiet al. 2005), is employed to obtain
the physical properties of the M31 spectra. STARLIGHT cdess that a complex stellar population,
for example a galaxy, should be a linear combination of a Esinople stellar populations (SSPs).
Optimal match of the observed spectrum with the theoretidehspectra is executed by subtly
designed algorithms to obtain a sequence of parametersggagand metallicity). During the match,
an appropriate extinction, a velocity shift and a velocitgpeérsion by Gaussian convolution are
added to the model spectrum and so the program also outgutadfal velocity, velocity dispersion
and reddening value. The SSP spectral base we adopt comethig@volutionary synthesis model
of Bruzual & Charlot (2003) in the high resolution versiohelSSPs in the base are the same as
those of Cid Fernandes et al. (2005), which are generatédtgtinitial mass function of Chabrier
(2003). This base is composed of 45 SSPs encompassing 1betye=en 1 Myr and 13 Gyr and
three metallicities¥ = 0.2, 1 and 2.%/). The galactic reddening law of Cardelli et al. (1989) with
Ry =3.1is used as the dust extinction model.

Before being fitted by STARLIGHT, all spectra are correctgdhie Galactic extinction of 0.206
in Ay taken from the reddening map of Schlegel et al. (1998). Maggdhey are sampled into
integer wavelengths with a step size ok Iwhich is strongly recommended by Cid Fernandes et al.
(2005).

Figure 4 illustrates the fitting result for an individual spem lying in the bulge of M31¢ =
10°.614, 6 = 41°.249). The observed spectrum is fitted very well by the syntheticleh spectrum.
The plot in the upper right corner of Figure 4 displays spctetails near the Qatriplet absorption
lines (8498, 8542 and 86633 which are partly dependent on the stellar atmospheriarpaters
(Zhou 1991). Such considerable absorption lines, theifilpsoand the continuum itself can ensure
the reliable estimation of the radial velocity, velocitypéersion, metallicity and other parameters.
In STARLIGHT, mass weightsy{) of different SSPs can be gained to better understand th's sta
formation and chemical abundance evolution historiesnFtioe histogram in Figure 4, we can
understand that at that galactic position, about 82% ofdtad tnass comes from stellar populations
older than 11 Gyr and all the mass was formed 5 Gyr ago. In iaddithe average age of about
11 Gyr and small reddening values of 0.06 mag denote thaltdhgs to the typical old bulge stellar
population.

Different parameters for 59 spectra, including the radédbwity, velocity dispersion, age, metal-
licity and extinction, are listed in Table 1. Column (1) igttemporary object ID in the LAMOST
catalog, Cols. (2) and (3) are the No. of spectrographs ardsfibespectively, Cols. (4) and (5) give
the equatorial coordinates in degrees, Col. (6) is the belfitric radial velocity, Col. (7) is the intrin-
sic velocity dispersion, Col. (8) is the mass-weighted &y#, (9) is the mass-weighted metallicity,
Col. (10) is the intrinsic extinction4y,) and column (11) is the corresponding reddening value in
E(B — V) with Ry of 3.1. All the radial velocities throughout this paper aoawerted to the he-
liocentric frame. The velocity dispersions are also cde@do true intrinsic stellar dispersions in
consideration of the resolution of the base spectlfa E3VHM) and that of the LAMOST spectra
(R = 1250 as analyzed by Huo et al. (2010)). Correspondingly, thedimeensional maps of these
parameters on the galactic surface are displayed in Figure 5

4.2 Parameter Uncertainties

For the estimations of the physical parameters, there asgaesources of error. The accuracy of the
wavelength calibration has an effect on the determinatfdheradial velocity. In the wavelength

range of the red spectra, there are a considerable numbigihdfsky emission lines such as OH and
O lines. We use about 30 sky lines which are relatively strandlended and uniformly scattered to
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Table 1 Parameters Derived by STARLIGHT for All Available Spectra

ID Sp  Fb R.A. Dec. Vo Ay E(B-V)
(J2000) (J2000) Kms~') (kms7!) (mag) (mag)

1) @ 3 (@) 5) (6) () ©) (10) 11)
G2632 15 112 11.1439590 41.5581530 -118.7 138.7 2.8 0.023571 0 0.23
G2833 15 107 11.1560830 41.4527510  -174.2 115.3 51 0.027384 0 027
G2932 15 109 11.2027500 41.3821370 -230.6 160.3 9.0 0.020075 0 0.24
H2527 15 176 10.9848750 41.6368900  -148.4 83.7 4.4 0010876 0. 0.24
H2630 15 187 10.9302500 41.5745280 -163.1 100.2 7.5 0.013539 0 0.13
H2631 15 182 11.0471460 41.5730550  -110.2 147.2 6.5 0011945 0  0.15
H2729 15 197 10.7964160 41.5069730  -221.3 126.2 3.7 0.020476 0  0.24
H2730 15 188 10.9070840 41.5091100 -151.4 81.6 12.0 0.014038 O 0.12
H2731 15 192 10.9564340 41.4850010  -125.3 106.3 11.4  0.01%124 0.08
H2732 15 119 11.1020000 41.5070000 -133.8 112.3 3.9 0.017175 0 0.24
H2828 15 191 10.6569170 41.4298060  —297.6 94.0 1.5 0.030201 1. 0.33
H2829 15 190 10.7554790 41.4385410 -209.8 113.0 9.9 0.014374 0 0.24
H2830 15 196 10.8590000 41.4316670  -139.6 117.0 10.2  0.01%037 0.12
H2831 15 178 10.9375620 41.4541400  -118.1 116.5 11.0  0.017029 0.09
H2832 15 193 11.0400210 41.4533040  -163.3 113.5 54  0.020259 0 0.19
H2927 15 235 10.5920000 41.3670000 -323.3 117.5 5.9 0.017097 0 0.31
H2928 15 199 10.7381060 41.3550000  —225.4 155.9 11.3  0.019512 0.04
H2929 15 200 10.8105000 41.3667910 -208.5 148.1 10.8  0.018e27 0.09
H2930 15 194 10.9051040 41.3773060  -184.9 114.6 6.6 0017733 0 0.11
H2931 15 198 11.0090000 41.3810000 -235.6 67.7 5.7 0.019566 O. 0.21
H2932 15 104 11.1153130 41.3744870  -231.7 130.6 7.5 0.024856 0 0.18
H3027 15 239 10.5480000 41.2950000 -324.9 100.7 10.7  0.013416 0.37
H3028 15 195 10.6620420 41.3154980  —267.0 135.5 10.7  0.01%B36 0.12
H3029 15 183 10.7542290 41.3119870 -229.1 173.9 12.5  0.02@005 0.02
H3030 15 180 10.8570410 41.3190840  -215.6 149.9 11.0  0.02@012 0.04
H3031 15 184 10.9408330 41.3214150  -256.4 108.8 8.4 0017336 0 0.12
H3032 15 185 11.0455840 41.3035850  -277.7 137.5 43 003788 0 0.19
H3127 3 148 10.5100000 41.2410000  —349.9 75.8 8.3 0.0127 3 1.3 0.43
H3128 3 138 10.6135830 41.2485280 -353.9 158.4 12.2 0.016816 O 0.05
H3129 4 44 10.7070000 41.2492490  —245.7 183.4 11.4  0.020000 0. 0.00
H3130 4 31 10.8205830 41.2541390 -331.8 175.0 13.0 0.018513 0. 0.04
H3131 4 46 10.9049590 41.2526400  —287.8 121.6 10.9 0.021025 0. 0.08
H3132 4 26  11.0004160 41.2598320 —241.6 97.8 8.7 0.0295 0.48 0.16
H3226 3 149 10.3630000 41.1620000  —404.6 30.5 7.9 0.0194 6 1.2 0.41
H3227 3 144  10.4569170 41.1893350 -416.1 68.0 4.9 0.0067 7 1.2 041
H3228 3 133 10.5695620 41.1857360  -412.5 102.0 10.1 0.015333 0  0.11
H3229 4 33 10.6612080 41.1882780 -382.2 116.2 109 0.017220 O. 0.06
H3230 4 42 10.7680000 41.1810000  -345.6 159.0 8.2 0.0257 7 0.2 0.09
H3231 4 43  10.8459170 41.1807210 -319.2 210.7 18 0.0418 3 0.6 0.20
H3326 3 137 10.4208340 41.1153340  -440.2 64.0 7.0 0.0167 5 0.9 0.31
H3327 3 147 10.5171670 41.1106110  -463.6 72.8 6.5 0.0154 5 0.6 0.21
H3328 4 30 10.6124160 41.1228070  -405.8 134.3 7.9 0.0188 8 0.3 0.12
H3329 4 38 10.7301250 41.1288870 -360.4 127.1 4.9 0.0391 1 0.5 0.16
H3330 4 32 10.7950000 41.1260000  -331.2 148.3 9.1 0.0286 9 0.6 0.22
H3331 4 48 10.9155840 41.1487240  -297.1 166.9 3.1 00199 3 0.5 0.17
H3426 3 128 10.3660000 41.0510000 —454.2 35.1 6.8 0.0129 2 1.1 0.36
H3427 3 134 10.4735410 41.0551680  -469.3 42.0 8.0 0.0161 8 0.4 0.15
H3428 4 34  10.5656660 41.0612790 —455.8 100.5 8.8 0.0233 2 0.5 0.17
H3429 4 47 10.6568750 41.0478060  -413.9 89.8 7.9 0.0271 0.77 0.25
H3430 4 28  10.7703750 41.0627520 -310.4 139.0 0.9 0.0450 3 0.9 0.30
H3431 4 40 10.8630000 41.0590000  -347.7 102.1 2.4 0.0382 3 0.7 0.23
H3526 3 132 10.3185000 40.9838910 —452.7 132.2 2.0 0.014761 0. 0.20

H3527 4 6  10.4367500 40.9819450  -459.3 95.2 81 0.0196 0.61 .20 0
H3528 4 25 10.5094170 40.9934730 —407.0 123.8 6.8 0.0280 1 0.8 0.26
H3529 4 24 10.6300000 40.9990000  -393.3 79.5 7.0 0.0178 0.99 0.32
H3625 3 150 10.2920000  40.9240000 —470.6 58.6 5.1 0.0154 6 0.9 0.31
H3626 3 140 10.3882910 40.9301380  -481.8 81.5 7.8 0.0238 7 0.8 0.28
H3627 4 23 10.4777500 40.9358600 —435.5 103.1 3.2 0.0328 6 0.7 0.25
H3726 3 160 10.3305630 40.8724020  -505.1 75.1 1.6 0.0143 9 1.1 0.38
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Fig.4 Fitting results calculated by STARLIGHT when a spectrunselto the M31 center is con-
sidered. The thin black curve is the observed spectrum anthibtk red one is the model spectrum
(color online). Both of them are normalized by the flux at 6Z0Metailed observed and model
spectra around the Qatriplet are plotted in the upper right corner. A set of phgsiparameter
values of the radial velocityl{y), velocity dispersion¥(3), age, metallicity £) and reddening value
(E(B—V)) are shown in the middle of this figure. The histogram in blagsents the mass weights
of different SSPs, revealing the star formation historgéldthmicz-axis). Note that age and metal-
licity are the mass-weighted values of all SSP model spectra

analyze the accuracy of the wavelength calibration for ¢despectra. This gives accuracies of about
6km s~ ', 4km s~ 'and 9km s~ *for the No. 3, 4 and 15 spectrographs, respectively. Duestéetly
sky lines in the blue spectra, we crudely estimate the acgwhthe wavelength calibration using
the Q line (5577,&), which gives an accuracy of less tharkth s~ 'for those three spectrographs.
The accuracy measurements are similar to that of Huo et@L0j2who gave a global accuracy of
about 8km s~ .

For our flux calibration method, most of the uncertaintiesustt come from the photometric
uncertainties in the BATC 15 intermediate bands. Due to #epdexposures of these bands, the
average photometric errors of all the objects are small@n thh0O5mag and can reach as low as
0.02mag. Such precise photometry makes us believe thatthedlibrations for all the spectra are
accurate enough to get the reliable age, metallicity andewithg value by fitting the continuum
with the synthesis model. From the galactic center to therawgions, the spectral S/N gradually
degrades, which might cause large uncertainties in pasametspecially the velocity dispersion in
the outer regions. Smoothing the spectra broadens therapl@uts which might cause the velocity
dispersion to be overestimated. As a whole, from the siriarlatof Cid Fernandes et al. (2005),
for the spectra with S/N = 10, the uncertainties of veloddigpersion, age in logarithmd, and
metallicity in logarithm are about 8%6m s™*, 12.4km s~ !, 0.14dex, 0.05mag and 0.13dex, re-
spectively. In this study, the S/Ns are larger than 10 fortrobshe spectra, so we consider those
above uncertainties as the upper uncertainty limits ofwlffitting results.
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4.3 Velocity Field and Rotation Curve

In Figure 5(a), the radial velocity ranging from —50f s ' to —110km s~ ! is approximately sym-
metric, relative to both the major and minor axes. The awvevatpcity is about —304m s~ ', which

is close to the systemic velocity of about —30@ s~ *and in very good agreement with the fitted
systemic velocity of —304.5m s~ 'in the HI measurements of Chemin et al. (2009), although our
position distribution of the spectra slightly deviatesnfregymmetry relative to the rotation center.
These velocities present a rotational velocity field of ttedl@ content of M31. They just comple-
ment those of the gas content such asadd CO, which is scarce near the core and in the inner disk
of the galaxy.

According to the velocity field and combining other velogitgasurements, we can deduce the
rotation curve of the galaxy, which can be used to consti@ngalactic potential and the mass
distribution and make it possible to detect non-circuldoeiy components caused by either the
radial expansion or the asymmetries due to the disk warp.

Figure 6 shows the rotation velocity as a function of theahdistance from the galactic nu-
cleus. The distances and rotation velocities are calaliiateler the assumption of a pure projected
circular rotation with our selected dynamical parametasrsavered previously (distance: 784 kpc,
disk inclination: 78 and position angle: 38. In the figure, we only display the velocities of those
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Fig.5 Two-dimensional distributions of different parametersivl by STARLIGHT. From (a)
to (e), they are the radial velocity, velocity dispersiogeametallicity and intrinsic reddening in
E(B — V). The crossing symbol in each panel is the optical centef1(.685 and=41.269).

In the first panel, two perpendicular dashed lines are thigapnhajor and minor axes. The outer
arcs are the clipped elliptical enclosure of Andromedask diere again, we adopt the length of the
major axis to be about 1.89the disk inclination angle to be 7&nd the position angle of the major
axis to be 38. Contours are drawn in equally spaced levels within theaislgange as shown in
the colored bars.
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Fig.6 Rotation velocity {.) along the major axis as a function of the radial distancenftbe
center of the Andromeda galaxy. The pluses are the veledilieng the north major axis and the
triangles are those along the opposite direction. The diaahd long-dashed lines are the north
following (NF) and south preceding (SP) rotation curvespeetively, which were determined by
the neutral hydrogen observations of Gottesman & DavieZQ)L9The dotted line is the rotation
curve derived by Rubin & Ford (1970). The filled circles wittiag bars connected with solid lines
are the average rotation velocities in table 2 of Hallidagle{2006). The dash-dotted lines come
from the measurements of Chemin et al. (2009).

positions within 1 kpc away from the major axis as denotedIdficircles in Figure 3. The veloci-
ties along the north direction of the major axis are denogett@ssings and those along the opposite
direction are plotted as triangles. We do not find any disamep of the rotation velocity in these two
sides, indicating that the stellar content of this galaxytationally symmetric within about 7 kpc.

We compare our rotation velocities with the published iotaturves, which were derived by
H1 21-cm observations of Gottesman & Davies (1970) and Cheinal. €2009), emission lines
(Ha and [N11]) of Rubin & Ford (1970) and planetary nebulae of Hallidayk{2006). Our circular
velocities are close to other measurements around 5 kpdloftwgas and stellar contents. However,
in the inner range, unlike the curve of Chemin et al. (200%),elocity seems to decrease, which
may be due to the rotational difference of those two contierttse galaxy. As a whole, our rotation
velocities approximate those of Halliday et al. (2006).

4.4 Velocity Dispersion

In Figure 5(b), larger dispersions are concentrated at éh&ctic center, indicating that the bulge
shows more dynamic thermal properties. In the east of thexgalhere a spiral arm is located as
shown in the colored map of Figure 3, some of the velocityalisipns become a little larger, which
may be caused by the perturbations of density waves. Thalgebrage velocity dispersion is about
114km s~ 'and the dispersion close to the nucleus is aboutk83 . If we take the effective
radius of the Andromeda bulge as 282 (Baggett et al. 1998), the average velocity dispersion
of the bulge is about 158m s~ ', which generates the ratio of the dispersions between thye bu
and nucleus of about 0.84. This ratio is very close to that.88 @erived by Whitmore (1980). In
addition, the velocity dispersion of the nucleus bulge fi@richet (1978) and Whitmore (1980) is
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Fig. 7 Radial distribution of the velocity dispersions along thajon axis. The filled triangles with
error bars are their average values within an interval ofclfkpm 0.0 to 7.0kpc. The errors are
calculated as standard deviations.

about 15Gm s~ '. Global average dispersions from Halliday et al. (2006) lstiedrett et al. (2006)
are about 10&m s~ . All these measurements present a good consistency of iihetyalispersion
with our results.

Figure 7 presents the radial distribution of the velocitgpdirsion along the major axis. The
radial distances of all positions adopted here and in theafesur paper are corrected with the
characteristic parameters of the galaxy as previously ioreed. \We can see that the dispersion
becomes smaller when it goes further away from the cente.vEhiation tendency is consistent
with the results of Halliday et al. (2006) and Merrett et 20Q6) in their study of PNe. Since the
distance extends for 4 kpc further, the dispersion seemedorhe stable around 16 s~ .

4.5 Age, Metallicity and Extinction

In Figure 5(c), we can see that the bulge is older and yourtgiaispopulations are likely to be
located on the disk and near the spiral arms, which can berowdiby the narrow band observations
of emission lines. The average age is about 7.3 Gyr and thefatfee bulge is about 11.5Gyr,
showing it is the oldest component of the galaxy. The stgtgyulations close to the spiral arms
can reach as young as about 1 Gyr. Such young componentkedyetdi be associated with theiH
regions where a number of young massive stars are being born.

The abundance map in Figure 5(d) shows that the spiral arifeirast are richer than other
parts of the galaxy. The global average metallicity is alib0®, the same as the solar abundance.
For all spectra possible from the spiral arms and near thedgjions, their mean metallicity is about
0.032, which is richer than the solar metallicity. We coike metallicity inZ into [Fe/H] with
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Fig.8 Radial distribution of the metallicity in [Fe/H] along theajor axis. The solid line shows the
linearly fitted metallicity gradient.

the solar chemical composition of Grevesse & Sauval (198#)ough the scatter in this sample is
substantial, the radial [Fe/H] distribution along the niaggis as presented in Figure 8 gives a small
metallicity gradient of —0.014 dex kp¢.

Blair et al. (1982) determined both the nitrogen and oxygemndances for 11 H regions
by the empirical method. They derived the oxygen abundaradient of about —0.44 dex which
was scaled to the photometric radius of R25 where the sulfegatness of the galaxy becomes
25 mag arcsec. Considering R25 of about 1.5@nd the distance of about 784 kpc, the gradient of
—0.44 dex in Blair et al. (1982) is equal to —0.02 dex khavhich is somewhat larger than our result.
The mean oxygen abundance of those 1l itegions is about 8.81 in log(O/H)+12. This gives the
metallicity Z of about 0.016 which is a little lower than the average mieiglof 0.02 in our work.
Globular clusters were collected to give the metallicitstdbution by Barmby et al. (2000) and Fan
et al. (2008), who showed a bimodal profile with peaks of [fe/H1.4 (Z = 0.0007) and [Fe/H]=
—0.6 (Z = 0.004) for the poor and rich groups, respectively. These globcilasters as the fossils
during the evolution of the galaxy show much lower abundarican those of the galactic bulge and
disk stellar populations that we measure.

The reddening distribution in Figure 5(e) shows that thgéus clear of dust, but large extinc-
tions tend to lie in the dust lane and the spiral arms, whicdums the form of a dusty ring. The
average reddening is about 0.20A{B — V). Kumar (1979) measured the reddening values of
22 Hii regions and presented the meé&n of about 1.31 (0.42 i’ (B — V')), which is much larger
than the average of our measurements but closer to those spttal arms and H regions. Both
Barmby et al. (2000) and Fan et al. (2008) determined theer@idd values of globular clusters in
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M31 using the correlations between optical and infraredrsohnd metallicity as well as by defin-
ing various “reddening free” parameters. They gave the meddening values of about 0.22 and
0.28, respectively, close to our results. They also repdttat the reddening is larger in the north-
west of the galaxy than on the other side, which can also beisdbe reddening map as shown in
Figure 5(e).

4.6 Star Formation History

We divide all the spectra into three different componengs, the bulge, disk and spiral arms. Five
spectra in total are located in the bulge and ten spectra lilka spiral arms where much younger
and more metal-rich stellar populations are present. Téteofethe spectra are considered to reside
in the disk. For a specified spectrum, the mass fractions BE$8th different ages are provided by
STARLIGHT during the fitting of the spectrum with a linear cbmation of the SSP models. These
mass fractions of different ages give the stellar evolutistory. We plot the average mass fraction
of the SSPs with the same age for each component in Figure & dfithe stellar mass in the bulge
was formed as early as about 10 Gyr and no more star formagi®odcurred recently in this region.
The disk seems to be more continuous in forming new genasatibstars in its history and most of
the disk’s stellar mass was formed about 5 Gyr ago. Conssr&iom stellar ages in the bulge and
disk can be used to test models of M31’s formation, such asttiy of Hammer et al. (2010).

The spiral arms not only contain similar stellar populasianith intermediate and old ages as the
disk, but also have considerable young stellar populafiemsed about 1 Gyr ago. Since the spiral
arms are the places where material density is perturbedgethsity waves of the spiral structures,
there are a great number of young massive stars being born.
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Fig.9 Average mass fractions of the SSPs with the same ages fdirgedifferent components of
the galaxy. The red solid lines are the mass fractions fobthge, the green dashed ones are those
for the disk and the blue dash-dotted ones are those for tred apms (color online). The abscissa
is logarithmic.
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5 CONCLUSIONS

The LAMOST is a fiber-fed spectroscopic telescope with botarge field of view and a large
aperture, which can simultaneously obtain 4000 fiber spebuiring the 2009 commissioning phase,
two M31 fields were observed: one is centered near the galawye and the other is located in the
halo. Since the data processing pipelines for the LAMOSEnke] data have not achieved perfect
status and no suitable standard stars are found for fluxratitin, we use the photometric data
of 15 intermediate bands in the BATC survey, which also obs#iM31, to flux-calibrate all the
spectra in the field focused on the M31 center. As a resultetaee 59 usable spectra in total. We
use these spectra to study the kinematic properties ardrgtepulations of this galaxy. By using
STARLIGHT, we obtain the radial velocities, velocity disp®ns, ages, metallicities and reddening
values of all those 59 spectra. The distributions of thesamaters are presented and comparisons
with other measurements are also performed. The main csinolsiare summarized below:

(1) The radial velocity ranges from —5@& s~ 'to —110km s~ ', extending to the distance of about
7 kpc along the major axis. The average velocity is about 304", very close to the sys-
temic velocity of 300km s~ *. Rotation velocities of the spectra are calculated and eoeth
with other rotation curves derived by the observations efdtomic hydrogen, ionized hydrogen
regions and planetary nebulae.

(2) The average velocity dispersion is about kils . The dispersions close to the nucleus and in
the bulge within R = 282/2are 183%m s~ 'and 153%m s~ ', respectively, which yield the ratio
of about 0.84 between the bulge and nucleus. This ratio appedes that of 0.83 derived by
Whitmore (1980). The radial dispersion distribution shakst the dispersion becomes smaller
as it moves away from the center and the bulge shows more dgtiaenmal properties than the
disk.

(3) The average age is about 7.3 Gyr and the bulge was fornmd a.5 Gyr ago. Some places
close to the spiral arm regions can be as young as about 1 Ggrsfiral arms and the areas
close to Hi regions are both the youngest and richest in abundance.

(4) The average abundangeof the stellar content is about 0.02, the same as the solalioiy.

A smalll radial gradient of about —0.014 dex kgdis gained. This metallicity gradient of the
stellar content is somewhat lower than those of the gas obintéhe paper of Blair et al. (1982)
who determined the abundances of 14 kegions.

(5) The reddening map shows that the nucleus and bulge is @lehust and a distinct dust ring
surrounds the galactic center. The mean reddening is atint 8(B — V') which approximates
the average reddening value of the M31 globular clusters.

(6) The star formation history demonstrates that the budigk and spiral arms were formed in
different stages of the evolution history. Most of the stelnass of those three components
were formed 10, 5 and 1 Gyr ago respectively.
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