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Abstract We report on the first investigation into kinematics and omospheric ac-
tivity of M dwarfs from the Guo Shou Jing Telescope (alsoexhlhe Large Sky Area
Multi-Object Fiber Spectroscopic Telescope — LAMOST) degkease one (DR1).
The sample comprises 71 304 M dwarfs. Their fundamentahpeters such as spec-
tral types, radial velocities, important molecular bandiéges and magnetic activities
are measured. Their distances are determined by a spexirogzarallax relation.
Space motion{(, V', W) and Galactocentric cylindrical coordinates, ¢, Z) for the
M dwarfs are also computed. We examine velocity disperssoa function of height
from the Galactic plane and find that all three componentsetdoity dispersion in-
crease with height as measured with respect to the Galdatie pThe investigation
into chromospheric activities along the height from theggat plane confirms that M
dwarfs closer to the Galactic plane are more likely to bevactiVe take a pure kine-
matical approach to select thin disk stars and thick disis $tam our sample, then to
investigate the differences in properties between theegtwpulations. Our analysis
is in excellent agreement with previous studies and leadddeiter understanding of
the structure of the Galactic disk.

Key words: stars: kinematics — stars: magnetic fields — stars: low-magsvn
dwarfs — stars: fundamental parameters

1 INTRODUCTION

Kinematic studies of M dwarfs can reveal the origin and adé$ dwarfs and thus provide insights
into the evolution of the Galaxy. Many studies have investd kinematics of low-mass stars based
on hundreds of spectral samples and derived the velocipedi®ns inJ/, V andW (Wielen 1977;
Ratnatunga & Upgren 1997; Vyssotsky 1956; Reid et al. 19%4d Rt al. 2002; Bochanski et al.
2005). Bochanski et al. (Bochanski et al. 2007) enlargedameple size te-7 000 M dwarfs by us-
ing data from the Sloan Digital Sky Survey (SDSS) (York e2800) and investigated the difference
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in velocity dispersions between the thin disk and the thisk.dMagnetic activity is another notable
feature of M dwarfs. In recent years, many studies have exadnthis feature (Gizis et al. 2002;
West et al. 2004; West et al. 2008; West et al. 2011). Theskestindicated that magnetic activity
varies with the spectral type and the age of M dwarfs. Howedher mechanism behind magnetic
field production remains an unsolved problem.

Recently, with the advent of the large sky survey abilitylsf Guo Shou Jing Telescope (also
named the Large Sky Area Multi-Object Fiber Spectroscogiedcope — LAMOST) (Cui et al.
2012; Zhao et al. 2012), there are many more stars availablnflysis than ever before, allowing
for a detailed examination of the local Galactic disk withgk spectral samples. LAMOST, also
known as Wang-Su Reflecting Schmidt Telescope, is a new tiy@le field telescope with a large
aperture, which can acquire several tens of thousands ofragger night. The data set contained
in LAMOST data release one (DR1), including spectra fromphet survey and spectra from the
first year of the regular spectroscopic survey, has alreaéy Ipublished. In LAMOST DR1, there
are 113741 M-type stellar spectra, of which 58 360 spec&dram the pilot survey and 55381
are from the regular survey. With these M dwarfs, we invedéghe kinematics and chromospheric
activity of M dwarfs. We measure fundamental parametersidticg spectral type, radial velocity,
the equivalent width of the & emission line and important molecular band indices fronsghetra.
Combined with proper motions from PPMXL (Roeser et al. 20t&jial velocities and distances,
we compute space motions of M dwarfs to examine observedhdisons of kinematic quantities.
We also compute the activity fraction of M dwarfs as a functidthe height from the Galactic plane
and try to examine the link between the activity and age.

The paper is organized as follows. In Section 2, we deschibspectra observed by LAMOST
and selection of the sample of M dwarfs. Section 3 describeslérivation of parameters includ-
ing spectral types, radial velocities, distances and spaat@ns. Our results are summarized and
discussed in Section 4.

2 DATA AND SAMPLE SELECTION

The resolution of LAMOST spectra 8 = 1800 over a wavelength coveragedf90 — 9100 A.The
two arms of each spectrograph cover the entire wavelengtieraith 2004 of overlap. The wave-
length coverage of the blue end3690 — 5900 A while that of the red end 5700 — 9100 A. The raw
data have been reduced with the LAMOST 2D and 1D pipelinetjdting bias subtraction, cosmic-
ray removal, spectral trace and extraction, flat-fieldingy&ength calibration, sky subtraction and
classification. The LAMOST 1D pipeline approximately cléiss observed spectra by using chi-
square fitting (Luo et al. 2012). We select out the spectrssiflad as M type using the 1D pipeline
and visually inspect them by using the Hammer spectral tyfacility (Covey et al. 2007). After
excluding spectroscopic binaries and bad spectra throisglahinspection, 113741 M-type spectra
remain. However, in this spectral set there are spectratleaibserved repeatedly. For spectra from
the same star, we keep the one with the highest signal to ratieg S/N) and exclude the rest. After
excluding spectra observed repeatedly, 102 153 specttafare

In the M dwarf catalog of the LAMOST pilot survey, it is estited that M giant contamination
is less than 4% by colof — H (Yi et al. 2014). In order to get a cleaner M dwarf sample, w&ena
a more detailed investigation on M giant identification fréfrdwarfs. Compared to M dwarfs, M
giants are redder in color. It is also known that M giants bitldifferent spectral morphology near
TiO and CaH bandheads. We plot spectral indices CaH2 +CaBiBstgriO5 in Figure 1. There is
an obvious gap along the red line, and points above the ligatrbe giants (Zhong et al. in prep). We
also examine thd — H and.J — K colors of the points above the gap using theff K, magnitudes,
which are derived by cross-matching our sample with the-imdeared 2MASS catalog (Skrutskie
et al. 2006). It turns out that about 60% of the points aboeeréd line meet — H > 0.8 and
J — K5 > 1 (Bessell & Brett 1988). This indicates that the CaH vs TiO&atien is rather effective



862 Z.-P.Yietal.

CaH2+CaH3

0.2}

0 0.2 0.4 0.6 0.8 1
TiO5

Fig.1 CaH vs. TiO5in LAMOST M-type stellar spectra.

in distinguishing M giants from M dwarfs. The stars meetimghbcriteria are selected as M giant
candidates and there are 2298 of them. We exclude thesecgiagitiates, leaving 99 855 objects in
our final sample.

3 PARAMETER MEASUREMENTS

Spectral types of M dwarfs in our sample are derived usingnibdified Hammer code (Yi et al.
2014) and are then confirmed by visual inspection. Radialoigds of M dwarfs have been measured
by the cross correlation method. We also measure the magwdivity traced by the H emission
line, a number of prominent molecular band indices, and tetahsensitive parametér These
measurement methods were described in Yi et al. (2014).

Distances to the M dwarfs in our sample are determined bygusiectroscopic parallax. The
distance equation is:

my —]Vf)\ = 510gd— 5—A)\,

whered is the distancep, is the apparent magnitude in a certain filtef, is the absolute magnitude
of the same filter and needs to be measured before the distamgaitation, andl, is the extinction
of the same filter.

We computel/ ; of M dwarfs usingM ;-spectral type relations derived by Hawley et al. (2002).
The relations that we adopted are listed below:

Mj; =6.46+0.26 SPT, 0 <SPT <3,
My =834, SPT =4,
My=573+0.74SPT, 5<SPT <7,
My=2883+029SPT, 8§ <SPT <9,

where SPT i$) — 9 corresponding to the spectral types M0O—M9 ahid 2MASS magnitude.

We estimate the reddening effect of our stars/imagnitude. Stars are divided into the GAC
group (~1/3 of the sample) and the notGAC groupd/3 of the sample) (GAC means the stars are in
the direction of the Galactic anticenter with low galactititude, while notGAC means the stars are
not in the direction of the Galactic anticenter with highatagtic latitude). For the notGAC group,
we compute the extinction for the total column along the lirfiesight using the extinction maps
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of Schlegel et al. (1998), with the updated coefficients fidchlafly & Finkbeiner (2011). For the
GAC group, we compute the extinction using the three dinmradiextinction map of the Galactic
anticenter (Chen et al. 2014). We estimate the distance stadur sample and get a maximum
distance of 800 pc (for an MO star with apparent magnitade= 18, the absolute magnitude is
adopted to beVl, = 8.7). For the notGAC group, the average extinction/iis 0.025 mag, while
for the GAC group, the average extinction at the distance6ffg is 0.09 mag io/. Actually, about
90% of our stars are closer than 400 pc, thus for each groapetid average extinction should be
smaller than the corresponding extinction value that wévddrabove. Therefore, we neglect the
reddening corrections when computing the distance to starsr sample.

We match our sample with the PPMXL catalog to obtain the praopetions. To reduce the
systematic shift from zero in the PPMXL survey, Carlin et(@013) derived new corrections to
the proper motions using 110000 QSOs and galaxies. We use the polynomial relationrsimo
their table 2 to correct the proper motions of our sample. Kiaing radial velocities, distances
and proper motions, we calculate the heliocentric spacéom®{l/, V', W) for each star in our
sample according to the frame of Johnson & Soderblom (198 velocities are in a right-handed
coordinate system, with positivé toward the Galactic center, positiVein the direction of Galactic
rotation and positivél” toward the north Galactic pole. The velocities are coriebftesolar motion
(10, 5, 7 km s') (Dehnen & Binney 1998) with respect to the local standardest. In order to
describe the position of a star in the Galaxy, we transforne@umatorial coordinate system to a
Galactic coordinate system, ), and then transform it to the Galactocentric cylindricabdinate
system R, 0, Z). The coordinate transformation is performed with thedwihg equations:

R = /(dcosb)? + Ro(Re — 2dcosbceosl),

0 — ta 71( dcosbsinl )
= 1 s

Re — dcosbcosl
Z =Zg +dsinb,

whered is the distance of a star from the Sun, a@ndndb are Galactic longitude and latitude,
respectivelyR andZ, are the positions of the Sun.

To produce a reliable sample, the following criteria areduseselect the spectra from the sam-
ple. First, high S/IN 2MASS photometry is selected, by chogsitars with their Qfl flag equal to
AAA, which corresponds to S/N10. Second, the proper motions with error larger tham@yr—!
are excluded. Last, an S/N cut (S0) is applied to the sample, leaving the final sample used in
the analysis being composed of 71 304 M dwarfs.

Velocity errors of inferred space motions have a strong déeece on radial velocities, proper
motions and distances. Our mean proper motion error isidstyr —* and mean radial velocity error
is ~12km s~!. These two uncertainties affect the inferred space velacinponents in a complex
way and this effect will increase with an increase in theatise to stars. At a distance of 500 pc, a
radial velocity error of 1Zm s~! and a proper motion error of#has yr—! correspond to a velocity
error of~ 15 km s~'. Although the individual velocity may be less reliable besathe precision
of current proper motions is relatively low, the statisti@aalysis of the large sample is still of great
significance.

4 RESULTS

Here we investigate kinematics and chromospheric actofityl dwarfs in the local Galaxy using
our sample derived from LAMOST DR1. The distances to M dwarfthis sample are less than
900 pc from the solar system. There are few stars later thamNtte sample, and the distances to
these stars are less than 200 pc. The histogram in Figurensghe distribution of vertical distances
for M dwarfs from the plane of the Galaxy. Positive valuegespond to distances above the plane,
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Fig.2 The distribution of vertical distances for M dwarfs, binr@akry 100 pc. The solid histogram
is the total distribution, while the remaining three histogs represent the distance distribution for
three spectral subtype bins as described in the legend.
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Fig.3 Histograms of velocities for70 000 M dwarfs from LAMOST.

while negative values correspond to distances below theeplahe absolute vertical distances of
~90% of stars are within 300 pc.

4.1 Kinematics

Figure 3 shows histograms of the velocities in our sample fiean and dispersiorl(), (),
(W), o(U), o(V), o(W)) of each velocity component are shown as well. The compdiiertvers
a larger range than componentsand W. Each component can be approximately fitted with a
Gaussian curve. The dispersions of velocities are in googeagent with dispersions of M dwarfs
at Galactic height$z| < 500 pc in Bochanski et al. (2007). This figure also shows thatetlzee
more negative velocities fdr, which indicates that most M dwarfs have slow rotation spe@&tis
conclusion is similar to the results given in previous stsdiBochanski et al. 2007; Allende Prieto
2010).

We further examine the variation of the velocity dispersiavith plane height. The sample is
binned in 100 pc increments of vertical distance from thea®#t plane. Figure 4 shows the velocity
dispersion (left panels) and velocity average (right psnef U, V' and W, from top to bottom
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Fig.4 Velocity dispersionlgft) and velocity averageright) as a function of absolute vertical dis-
tance from the Galactic plane in 100 pc wide bins. The numbtawor above each data point in
the middle panels indicates the number of stars in that bin.

respectively. The number of stars in each distance bin edéalon the middle panel of each column.
The left three panels show an apparent increase in the dispesfUU, V' andW with the increase
in absolute vertical distance from the plane. The right fmselkeow that{U) increases towards its
positive direction{V') increases towards its negative direction with Galactighieand(1V) is in a
narrow range and does not show a monotonic change. Thougletiezal trends agree well with the
trends of the thin disk shown in Bochanski et al. (2007),¢hgr disagreement ifi/). A possible
reason is that the value ¢f’) is relatively small in a narrow range neakf s~! and it may be
sensitive to systematic errors in the proper motions.

4.2 Chromospheric Activity

The Hx emission line is produced by collisional excitation in theamospheres of M dwarfs, and
it is the strongest indicator of magnetic activity in layg@¢ stars (West et al. 2004). The activ-
ity strength is often measured by the ratio of the luminosityH« to the bolometric luminosity
(Luo/Lve) (Hawley et al. 1996). Here we do not measure the activigrgith but use the ddemis-
sion line as a rough indicator that can reveal whether a stactive. Using the magnetic activity
criteria described in Yi et al. (2014), we investigate thegmetic activity fraction of stars in our
sample as a function of spectral type. The criteria judgeuatstbe active if there exists an obvious
Ha emission line in its spectrum (see the detailed descriifdhe magnetic activity criteria in Yi
et al. 2014). Using the criteria, 5649 of the stars in our darape Hv active while 35952 are H
inactive. The activity fractions of MOMS5 are listed in Table 1, which indicates that later-subtype
M dwarfs have a higher activity fraction. The activity fresct of M6—M9 was not provided here
because the number of late-type M dwarfs is too small to predureasonable activity fraction.



866 Z.-P.Yietal.

Table 1 Ha Activity Fraction for Each Subtype

SPT Active Inactive Activity fraction (%)

MO 745 16432 4.34
M1 1108 10744 9.35
M2 1342 6036 18.19
M3 1386 2257 38.05
M4 890 457 66.07
M5 178 26 87.25
M2 M3
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Fig.5 Ha activity fractions as a function of absolute vertical diste from the Galactic plane for
M2-M5. The dotted line in each panel plots the general agtivaction level, which corresponds to
values shown in Table 1.

As the activity fraction is highly dependent on the locatidithe stars in the Galaxy (West et al.
2008), we examine the activity correlation with Galactiégihe. Figure 5 shows H activity frac-
tions for M2—Mb5 as a function of absolute vertical distance from the Galatane. Spectral types
earlier than M2 and later than M5 were not included due to auffitient sample of active stars. As
shown in Figure 5, the magnetic activity fraction decreagi#s the Galactic plane height, which is
in agreement with the age-activity relationship in pregistudies (West et al. 2008, 2011). This in-
dicates that M dwarfs closer to the Galactic plane are mhedylto be active stars. Together with the
theory that the stellar chromospheric activity levels Wwédlcome weaker over time (Soderblom et al.
1991), we can infer that the M dwarfs closer to the Galact@mplare younger, which is consistent
with the current model of the Galaxy.

4.3 Differencesbetween the Thin and Thick Disks

It has been revealed that the Galactic disk contains a tBlnatid a thick disk, and these two stellar
populations have different kinematic properties and diffé mean metallicities. The thick disk stars
move in a scale height of 800 pc (Reylé & Robin 2001) to 1300Gien 1997), while the thin disk
has a scale height of 100 pc to 300 pc (Gilmore & Reid 1983; Rebal. 1996). An investigation of
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Fig.6 TheT D/ D relative probabilities. Dashed lines indic&t® /D = 10 (upper) andT'D/D =
0.1 (lower). The points above the lin€D/D = 10 correspond to thick disk stars, while points
below the linel’D/D = 0.1 correspond to thin disk stars.

the densities of the stellar populations in the solar nedghbod gives a thick disk fraction of 2%—
15% (Gilmore & Reid 1983; Chen 1997; Chen et al. 2001; Soubétaal. 2003), and the value is
around 6% given by Robin et al. (1996) and Buser et al. (198&)ording to these previous results,
our sample should include a portion of thick disk stars. €fme, we select thick disk stars and thin
disk stars from our sample to examine differences in praggebetween these two populations.

We take a pure kinematical approach to separate our starg tie method of Bensby et al.
(2003). This technique computes the probability of statsrigng to a population by taking into
account their space motion, together with the observedidraof stars for the population in the
solar neighborhood. Applying this method to our sample, weve 56 243 stars belonging to the
thin disk and 4096 stars belonging to the thick disk.

Figure 6 shows the relative probability distribution ofthlé stars in our sample. Stars with rela-
tive probabilitiesT’ D/ D > 10 are selected as thick disk stars, while stars with relatrebgbilities
TD/D < 0.1 are selected as thin disk stars. The stars with relativeghitites between 0.1 and 10
are not selected into any group to minimize the mutual comation.

4.3.1 Metallicity

We try to investigate the difference in metallicity betwekick disk stars and thin disk stars through
certain molecular band indices which are sensitive to tietsd It is known that indices of CaH2,
CaH3 and TiO5 are relevant to metallicity and have been usedughly discriminate subdwarfs
from stars with solar metallicity (Reid et al. 1995). We pthe ratio (CaH2 +CaH3)/TiO5 as a
function of spectral type, as shown in Figure 7. Howevenélae no significant ratio differences
between the thin and thick disks, a similar result to what &las shown in Bochanski et al. (2007).
This implies that the ratio of (CaH2+CaH3)/TiO5 may not beoadjproxy of metallicity. We thus
examine the metallicity indicataf instead. We compute following the latest definition described
in Lépine et al. (2013).
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Fig.8 Metal-sensitive parametérvs. spectral type for the thin diskgen squares) and thick disk
(stars) populations. A highet indicates a higher metallicity (Lépine et al. 2003).

Figure 8 shows the difference nbetween thin disk stars and thick disk stars at a given sgectr
type.c of the thick disk population is smaller than that of the thiskdbopulation at a given spectral
type, which indicates that the thick disk has lower metajlithan the thin disk. This result offers
evidence that mean metallicity of the thick disk is lowerrtliaat of the thin disk, as suggested in
previous studies (Bensby et al. 2003; Reid & Majewski 1998b@&@ & Beers 2000).

4.3.2 Chromospheric activity

To study the difference in H activity between the thin disk and thick disk populations,sempute
their corresponding activity fraction. TheaHactivity fraction as a function of spectral type for the
thin and thick disk populations is shown in Figure 9. Accagiio the previous result that magnetic
activity in M dwarfs decreases with age (West et al. 2008p@upation composed of older M dwarfs
should possess a lower activity fraction. Just as we exgettehis figure activity fractions of the
thick disk are smaller than those of the thin disk. This redamonstrates that the thick disk is an
older system.
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5 CONCLUSIONS

Using 71 304 spectra of M dwarfs from LAMOST DR1 together witiotometry from the 2MASS
catalog and proper motions from the PPMXL catalog, we haveptded the space motions and
the Galactocentric cylindrical coordinates for these M d&iaWe have examined the kinematic
properties and chromospheric activities of this sample Félocity dispersion of the stars in our
sample is (38, 25, 24 kn18) for (U, V, W). Our investigation indicates that the velocity dispensio
of (U, V, W) increases with the absolute vertical distance from thaeel®ur examination on the
chromospheric activities of stars shows that the magnetigity fraction decreases with height
from the Galactic plane, which indicates M dwarfs closerhite Galactic plane are more active.
Finally, thin disk stars and thick disk stars are selecteéxamine differences in the properties
between the thin disk population and the thick disk popatatiThe activity fraction of the thin
disk at a given spectral type is higher than that of the thisk,dvhile the metallicity investigation
confirms that the thin disk possesses higher metallicity the thick disk. During the metallicity
investigation of the two populations, we find that the méat&yl indicator( is more effective than the
ratio of (CaH2+CaH3)/TiO5 in identifying differences in tabicity between the two populations.
The investigation demonstrates that the selected thintaokl disk populations are distinct in terms
of their chromospheric activities and metallicity. To sum using the data from LAMOST DR1, we
get some conclusions that are consistent with previousestuhd provide a better understanding
of the structure of the Galactic disk. However, there argdauncertainties in proper motions and
distances which impair the ability to conduct a deeper exgpilon of M dwarf kinematics. A more
thorough investigation on M dwarf kinematics requires mereurate proper motions and distances
which may be provided by th@aia mission (Lindegren & Perryman 1996).
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