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ABSTRACT

Context. We present an evolutionary disc model for the thin disc insthlar cylinder based on a continuous star formation higf8RR) and

a continuous dynamical heating (AVR) of the stellar subaions.

Aims. We determine the star formation history of the thin disc ia $blar vicinity. The self-consistent model of the vertistlicture allows
predictions of the density, age, metallicity and velociigtidbution of main sequence stars as a function of heighvalthe midplane.
Methods. The vertical distribution of the stellar subpopulatione ealculated self-consistently in dynamical equilibriuthe SFR and AVR
of the stellar subpopulations are determined by fitting #eaity distribution functions of main sequence stars.

Results. We find a vertical disc model for the thin disc including thesgand dark matter component, which is consistent with thelloc
kinematics of main sequence stars and fulfils the known caing$ on the surface densities and mass ratios. The SFRsshanaximum
10 Gyr ago declining by a factor of 10 until present time. Tledouity dispersion of the stellar subpopulations increaih age according
to a power law with index 0.375. Using the new scale heighasldeto a best fit IMF with power-law indices of 1.5 below and dddve
1.6M), which has no kink aroundMg,. Including a thick disc component results in slight vadas of the thin disc properties, but has a
negligible influence on the SFR. A variety of predictions mr@&de concerning the number density, age and metallicityildisions of stellar
subpopulations as a function efabove the galactic plane.

Conclusions. The combination of kinematic data from Hipparcos and thedfiliietimes of main sequence stars allows strong constraim
the structure and history of the local disc. A constant SARbaruled out.

Key words. Galaxy: solar neighbourhood — Galaxy: disk — Galaxy: stmect Galaxy: evolution — Galaxy: stellar content — Galaipek
matics and dynamics

1. Introduction terminations of late type dwarfs. They apply stellar eviolut

. . . .. and scale height corrections. The main result is the determi
The star formation histong F'R(t) of the Milky Way disC iS jo of enhanced star formation episodes over the lifetife o
still not very well determined. The main reason for that is ﬂ}he disc. They exclude a consta®¥ R from chemical evolu-
lack of good age e;timators with corresponding unbiaséd sig,, models. In R. & C. de la Fuente Marcos (2004) the star
lar sar_nplesl.- E_speual]y samplﬁs selected bz colour cutg ar Bormation history for open star clusters were determindubyT
magnitude |m|'§ are biased wit _r_espect FOt € age dlsll_nhut found at least five episodes of enhanced star formation in the
because there is an age-metallicity relation due to the am last 2 Gyr. Since star cluster contain only a small percentdg

enrichment of the disc. Therefore not even the famous Genegﬂl disc stars, an extrapolation to the total (smootheH)z is
Copenhagen sample of 14.000 F and G stars (Nordstroenﬁ&tpossime_’

al.[2004) with well determined stellar properties incluglin-

dividual age estimates can be used to derive the star fasmati  In recent years the Hipparcos stars with precise parallaxes
history directly by star counts. The most complete disc rhod#nd proper motions were used to determinedi#&R? with dif-
based on star counts is that of Robin et[al. (2003). They udetent methods. Hernandez et al. (2000) determined &

a series of stellar subpopulations of different ages irinlyd over the last 3 Gyr using isochrone ages. They found a sefries o
the AVR and the chemical enrichment but fixing tié&' R to  star formation episodes on top of an underlying smdaath?.

be constant. As a result, scale heights and surface densftieThis result is complementary to our model, which gives the
the stellar subpopulations are systematically smalleritmaur slow evolution of the smoothe§l/’R. In Binney et al.[(2000)

model. Rocha-Pinto et al. (2000) used chromospheric age @8d in Cignoni et al. (2006) the scale height variation ofrmai
sequence stars were not taken into account. Therefore these
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SF'R. Binney et al.[(2000) determined an age of the thin disnd in the case of a purely self-gravitating thin disc (ieer-
of 11.2 Gyr (consistent with the 12 Gyr we are using) and botérnal potential) the Poisson equation can be integrasetirg
papers found an approximately constant age distributibighv to

is fully consistent with our model. dd \ 2 o .
We present the first disc model, which determines thé@) = SWG/O p(@")dd" . 1)

SFR, the AVR and scale heights consistently. We use t erefore we model all gravitational components by a thée di
Hipparcos stars and at the faint end the Catalogue of Near 9 P y

Stars (CNS4) to construct an evolutionary disc model imlugﬁ’proxmaﬂon. We include in the total potentid) the stellar

ing the kinematic information. We select the main Sequenggmponenm, the gas componerit;, and the dark matter halo

stars and divide these into a series of volume complete sﬁgpt”bu“onq)h
samples from B to K type. In a kinematic model we derive th8(z) = ®s(2) + @4(2) + Pu(z) . 2)

vertical velocity distribution functiong(|W|) of each subsam- | order to obtain the force of a spherical halo correctly in
ple, which depends mainly on the star formation history affle thin disc approximation, we use a special approximation
the dynamical evolution of the disc described by the dynamiqsee subsectidn 2.4). Since we construct the disc in dyrdmic
heatingow (¢) (the age velocity dispersion relation AVR). Thesquilibrium, the density of the sub-components are givea as
derivedSF"R depends on the normalized velocity distributiofynction of the total potential;(®). The vertical distribution is

functions only. Therefore the model is essentially indejser given by the implicit function:(®) via direct integration
of the adopted M F'. In a final step we use the disc model to “1/2

derive the locall M F' from the volume complete subsamples B * o ol IS e
applying consistently the lifetime and the scale heighteor 2(®) = /0 do 87TG/0 p(27)dd
tions.

3)

The relative contribution of the stellar, the gaseous, and
the DM-component to the surface density (Ug4D= Zzmax)
2. Disc Model are given by the input parametegs, @, @, which have to
be iterated to fit all observational constraints. The disdeho
In this section we describe the construction of the disc rhodeas two global scaling parameters to convert the normalized
and the determination of the properties of the stellar smbsamodel to physical quantities. We fix the local stellar dgngit
ples. For the self-consistent determination of the gréwital p., = 0.039 M, pc™?, which is the best observed quantity for
potential we take into account the stellar component, tlee ghe local disc model (Jahreil? et lal. 1997). The second sralin
component and the dark matter halo. parameter is the exponential scale heightvhich fixes via the
We use a thin, self-gravitating disc composed of a sequerstg@pe correction the half-thickness of the stellar disg with
of stellar subpopulations according to tHé'R and the AVR. the mass fraction®, s, @1 the surface densities, and via the
Additionally a cold gas component and a Dark Matter halo angaximum velocity dispersiosi, the scaling of the velocity dis-
included for the gravitational forces. We take into accdimite tribution functions.
lifetimes of the stars and mass loss due to stellar evolutiba
stellar remnants stay in their ;ubp_opulquoq, Fhe_expejm 22 Stellar disc
(stellar winds, PNs, and SNs) is mixed implicitly into thesga
component. Since the lifetimes and mass loss depend on-mefake stellar component is composed by a sequence of isother-
licity, the metal enrichment with time is included. A standla mal subpopulations characterized by the IMF, the chemital e
IMF is used for the determination of the stellar mass fractiosithment[Fe/H](¢), the star formation histons F'R(7), and
of the subpopulations with age. the dynamical evolution described by the vertical velodit¢
From large sets of template functions for th&’R and persionow(t). Herer = t, — t is the time and is the age
AVR we search for the best fitting pair of input functions. Thef the subpopulation running back in time from the present
total gravitational potential and the density profile ofeage- time ¢, = 12Gyr (which is the adopted age of the disc).
bin are determined self-consistently assuming isothedisal We include mass loss due to stellar evolution and retain the
tribution functions with velocity dispersion according tlee ~ stellar-dynamical mass fractiof(t) (stars + remnants) only.
AVR. The velocity distribution functiong (|WW|) for main se- The mass lost by stellar winds, supernovae and planetary neb
guence stars are calculated by a superposition of the Gaisssillae is mixed implicitly to the gas component.
weighted by the local density contribution up to the lifetimf With the Jeans equation the vertical distribution of each
the stars. These distribution functions are simultangormin-  isothermal subpopulation is given by
pared to the observef{|1¥]) in magnitude bins along the main

—-d
sequence to judge the quality of the model. ps,i(2) = pso.j €Xp < 02(2)) , 4)
W.,j

whereps ; is actually a 'density rate’, the density per age bin,
andow ; the velocity dispersion at age. The connection to
The backbone of the disc is a self-gravitating vertical gise:  the SF'R is given by the integral over

file including the gas component in the thin disc approxiorati >
In this approximation the Poisson-Equation is one-dinmsmesi 9(t;)SFR(y) = / psj(2)dz . (5)

— 00

2.1. Self-gravitating disc
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with time 7; = t, — ¢;. The (half-)thicknes#,(¢;) of the sub- age range. The thickness,s, the normalized density profile
populations is defined by the midplane dengify; through Pms(2)/pms,0 and the velocity dispersion,,s are given by

g(t;) SFR(;) 1 _ L [TSFR(7)
peoy = L2 T ®)  hl= —/ dt 14
o th(tj) Sr 0 hp(t) a4
and can be calculated by with S, = /T SFR(r)dt (15)
0
" ps,j(2) /'Oo —®(z2) Pms(2) 1 /T SFR(T) (—‘I)(z))
hy (t; :/ dz = exp dz . 7 = — hms————> € dt 16
p( J) 0 50 0 < O_\QNJ (7) Pims.0 S A hp(t) Xp J\QN(t) (16)
T SFR -0
The total stellar density(z) and velocity dispersion,(z) are oo (z) = / a%v(t)& exp | — (2) dt x (17)
: 0 hy (1) ow ()
determined by .
t [ / SER(T) oo (‘;I’ (Z)> dt] . (18)
ps(z) = / ps,i(z)dt (8) 0o hp(t) oy (t)
0
1 ta Density profiles and thicknesses of the final model are shown
02(z) = m/ oty ipsj(2)dt (9) in Figs.[8 and® and the velocity dispersion of the main se-
S 0

guence stars are compared in the lower panel ofFig. 5 with the

ps(z) then determines the potentibl(z) via the Poisson equa-0bservations.
tion. The total stellar surface densify is connected to the  In the fitting procedure (Sedf.4.1) a pair of star formation
integrated star formatiof, by the effective stellar-dynamicalhistory and heating function is selected to derive theristd
mass fractiony.s structure of the disc. The star formation history and hegatin
function of the final model are shown in Fig. 1.
X = / ps(2)dz = gerSo (10)
_ 2.3. Gas component
with
For the gas component we use a simple model to account for
7 (11) the gravitational potential of the gas. The vertical prafil¢he
So gas component, which is used for the gravitational forcéef t
which includes luminous stars and stellar remnants. Thal 082S, iS constructed dynamically like the stellar comporieme
stellar density is given by gas distribution is mode_led py dlsfmbutlng the gas with a-co
stant rate over the velocity dispersion rargg(t) of the young
stars up to a maximum agg. By varyingt, we force the scale
height of the gas, to the observed value af, ~ 100 pc. The
with thicknessh.g for all stars. For a general shape of the dens_grface densi'Fy of the gas is related_to t_he stellar surface d
. : o . . Sity by the ratioQ,/Qs = X4/%s, which is chosen (together
sity profile hog is different tozs, the exponential scale height . . i .
. : ; . with the scale heighli.g¢ of the stars) to be consistent with the
well above the midplane. The effective exponential scaighie observed surface densit ~ 10 — 13 M 5
zs Of the stellar disc describing the exponential decline abov y B, ~ ope
the midplane is connected to the maximum velocity disparsio

o. of the subpopulations and the total surface derSity via  2.4. Dark matter halo

S():/SFRdt and geﬁzw

_ geHSO

12
2hesr (12)

Ps0

o2 13 The halo does not fulfil the thin disc approximation. For a
2G0r (13) spherical halo we get the vertical component of the force to

. . . ) lowest order from
wherez, is the exponential scale height of an isothermal com-

ponent above a disc with total surface density;. The shape d%n _ GMr z (19)
correction factoiC, is of order unity and is determined by the dz R2 R

mean exponential scale height in the range (2 — 5) . with r2 = R+ 22 and the enclosed halo makk; inside radius

The metallicity [Fe/H] affects the lifetimes, Iumlnosmeslj_ Comparing this with the one-dimensional Poisson equation

and colours of the stars and as a consequence also the MAs§ oS, ihe thin disc approximation (integrated ovenear the
of the subpopulations. In order to account for the influerfce ﬁ)ﬂdplane to lowest order for smal)

the metal enrichment we include a metal enrichniBatH](t)
(see Fig[l), which leads to a local metallicity distribatiof d®
late G dwarfs consistent with the observations (seeFly. 15, ~ ArGpoz (20)
The properties of the stars and the stellar subpopulatioms a .
determined by population synthesis calculations (see@&t W€ can use for the local halo density

The properties of main sequence stars with lifetime M

. . . R

are determined by an appropriate weighted average over the = I Rk? (21)

2s = Cpze = C,
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2.5. Stellar population synthesis
12 T T T T T . . . oy . . g
SFR For the determination of luminosities, main sequenceitifes

T ol el T and mass loss we are not interpolating directly evolutipnar

& tracks of a set of stellar masses and metallicities. In order
Né to get a complete coverage of stellar masses we use instead

E the stellar population synthesis code PEGASE (Fioc & Rocca-

=3

45 T T T T T

[Fe/H]

Volmerange 1997) to calculate mass loss and luminosities of
“pseudo” simple stellar populations (SSPs). This meant tha
the PEGASE code is used to calculate the integrated luminosi
ties and colour indices for a stellar population createdsima
gle star-burst at different time-steps. These SSPs areutbesh

£ wr st;’rvg """"" 1 to assemble a stellar population with a given star formdtien

& gg I gas e ] tory, in the sense that the star formation history is assedty

S s | a series of star-bursts. In this way we can assemble stelfar p

R i ulations for varyingSF R and metal enrichmerjfe/H]. Our

= i) e ews]  SSPs are modeled by a constant star formation rate with a du-
§ w0p e IR ration of 25 Myr, the time resolution of the disc model. THEs i

g osp & R done for a set of different metallicities and intermedisdkies
@07 o 5 o . . 0 from the chemical enrichment are modeled by linear interpol

tion.

The application of the PEGASE code is twofold. On one
hand mass loss due to stellar winds, planetary nebulae and su
pernovae determinggt), the mass fraction remaining in the
stellar component as a function of agerhis depends on the
IMF and the metal enrichment. We adopt a Scalo-like IMF
(Scald 1986) given by

dN o« M~“dM (22)
. 1.25 0.08 < M/Mg, < 1
20elGy] a=1{ 235 for 1<M/Mg <2 (23)
Fig.1. The upper panel shows ti$&' R for the model and the 3.0 2 < M/Mg, < 100

infall rate of primordial gas derived from a local chemicabe
lution model (see Sedi.4.5). The thin line is the mean val
of the SFR for comparison. The next panel gives the velocity
dispersion of the stellar subpopulations The lower panaivsh
the adopted metal enrichmefie/H](¢), which leads to a lo-
cal metallicity distribution of late G dwarfs consistenthwthe

observations (see Fig.J11).

a@d five different metallicities ([Fe/H]=-1.23, -0.68,38, 0.0,

2), which are the input parameters into the code. [Hig. 2
shows the mass loss for the different metallicities (thith fu
lines). The thin lines show the contribution from luminouatm

ter and stellar remnants for the set of input metallicitiBise
sum of both contributions for each metallicity vary by a few
percent only and are therefore not shown. The thick full line
showsg(¢), the fraction of stellar mass in the present day stel-

to be consistent with the spherical distribution. This eator- lar disc as a function of age including the chemical evolutio
responds exactly to the singular isothermal sphere. ToerefFor the oldest age-bins about 40% of the stellar mass isjyost b
we can use the thin disc approximation also for the halo by wstellar evolution. The total fraction of stellar magg = 0.644

ing the local halo density;, and the halo velocity dispersionis indicated by the horizontal line.

oy, estimated from the rotation curve by adopting an isother- In the second application we determine the main sequence
mal spherical halo. The effect of a cored halo, anisotropy alifetimes and luminosities for stellar mass bins. Here wethe
flattening, which would lead to small inconsistencies agéar PEGASE code to compute V-band luminosities of isochrones
z, is neglected here. For other halo profiles correction facton small mass bins. These are needed to estimate the mean
would be necessary introducing some inconsistency in tlee henain sequence lifetime as a function of the V-band luminos-
profile description and leading to a different local halosign ity My for the calculation of the velocity distribution functions
The latter is be more important, because the effect of the h&l(|17|) of these stars. We apply the PEGASE code to piece-
potential on the disc is stronger than the adiabatic cotitrac wise constant M F's for mass-bins witld. 1M, and for a finer

of the halo in the disc potential. grid of metallicities ([Fe/H]=-0.8, -0.68, -0.5, -0.28000.20,

We use an isothermal halo component with~ 100km/s. 0.32). In Fig.[3 we showM~, for the different mass bins as
The halo surface density, is determined in the fitting proce-a function of age. The lower panel gives the luminosity evolu
dure, because it influences not only the total surface dendibn along the main sequence for the different metallisi{t@in
significantly, but also the shapes of the velocity distiitmut lines) and the age dependence of the stars in the disc madel fo
functionsf (|1W|) of the stars. M = 0.8 M, demonstrating the significant variation over the
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Fig.2. Mass loss due to stellar evolution. The thin lines show =
the fraction of luminous mass and of remnants (upper and=
lower curve, respectively) for the set of metallicities dise

the PEGASE code. The thick lines shows the total stellar mass
fraction (luminous plus remnants) of the model taking inte a
count the age-metallicity relation.
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[Fe/H]= -0.8, -0.68, -0.5, -0.28, 0., 0.20 ——
M/M,,=0.8: model

5F sun

whole age range. The upper panels show the age dependentgu- 5 5
minosities for all mass bins. These are again not the luritinos %
evolutions of the stars but the present day properties cftéle =
lar population taking into account the age-metallicityatiin. 6.5
The vertical lines indicate the estimated mean main sequenc . ! ! ! ! !

lifetimes in the corresponding luminosity bins. The ciiieio 0 2 4 6 8 10 12
choose these lifetimes for the determination of the vejatii- age[Gyr]

tribution functionsf (|IW|) in the magnitude bins are discusse¢ig. 3. The lower panel shows the age dependence of the abso-

6

in Sect[4.4. lute luminosityMy for stars withAZ = 0.8 M, (averaged over
0.1Mg). Thin lines are the evolution for different metallic-
ities [Fe/H] = —0.8; —0.68; —0.5; —0.28; 0.0; 0.20; 0.32 and

3. Observational Data the thick lines shows the present day luminosity of the siars

Each stellar subpopulation, which is on average older tharfunction of age taking into account the age-metallicitp-re
108 yr, is in dynamical equilibrium with respect to the verticalion.

distribution. Therefore they can be used as independent sam

ples to determine the total vertical gravitational potainti z).

The velocity distribution functiong (|7 |) of the samples de- distribution functionf(|W[) of stars with lifetime larger than
pend on the age distribution of the stars. Therefore we use m&2 Gyr (see Fid.16). The number of stars in each individual age
sequence stars, wheyé|1W|) is a function of the lifetime of bin is too low to obtain reliablé (|W|).

the stars. In order to determine the vertical velocity distion For the determination of (|WW]) along the main sequence
function f(|W|) in the solar neighbourhood we need kinemawe use the Hipparcos stars with good space velocities supple
ically unbiased samples with space velocities. mented at the faint end down fdy, = 9.5 mag by stars from

For the determination of the age velocity dispersion relan updated version of the Catalogue of Nearby stars (CNS4,
tion we use the McCormick K and M dwarfs (Vyssotsky 1963)lahrei? et al._1997), i.e. also most of the CNS4 data rely on
Detected by a spectroscopic survey they are free from kirtéipparcos results. For the determination of the space i«eloc
matic bias. Altogether 516 stars show reliable distancds - ties good distances, proper motions and radial velocities a
most all from the Hipparcos Catalogue - and space veloclgquired. This was achieved in combining the Hipparcos data
components. For a subsample of about 300 stars Wilson avith radial velocities originating from an unpublished quim
Woolley (1970) estimated the Call emission intensity athhe lation of the "best” radial velocities for the nearby stawjch
and K lines in a relative scale allowing to construct sixeliff was then extended to all Hipparcos stars.
ent age bins under the assumption of a constant star foomatio The selection process is a following. The visual abso-
rate ( see Jahreil and Wielen, 1997). For each bin the Verticde magnitude of the Hipparcos stars was determined from
velocity dispersion is determined. The mean ages of the bihg visual magnitude and the trigonometric parallax given i
are rescaled from 10 Gyr to 12 Gyr for the total disc age (s#ee Hipparcos catalog. In the case of binaries resolved by
Fig.[3). All these stars are also used to determine the wglodHipparcos theMy, of the brighter component was chosen cal-
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Fig.6. The normalized velocity distribution functiong(|IV|) for the different sub-samples given in Talple 1 and for the
McCormick stars (lower right). Symbols are the data andslipresent the model.

culated from the combined magnitude and the magnitude di#-— V' < 0.1 mag instead. Now the main sequence is divided
ference measured by Hipparcos. Then we select in the HRto magnitude bind/y < 0.5,140.5,...,6+0.5,8+1.5mag.
diagram (Fig[(¥) a rough regime along the main sequence in

order to exclude most of the giants and white dwarfs. After In order to avoid a kinematic bias we restrict the distances
determination of the best fit for the mean main sequengéthe stars in each magnitude bin to be well within the com-
My ms(B — V) (thick full line) all stars in the magnitude pleteness limit of the Hipparcos catalogue determined by th
range My ., + 0.8mag were selected. Only for the brightmagnitude limitV’ ~ 7.3mag of the Hipparcos Survey. The

est magnitude bin with/y < 0.5mag we use a colour cutproperties of the resulting samples of main sequence stars
are collected in Tablg] 1. Column 1 lists the source catalogue

Column 2, 3 and 4 list the range in absolute visual magnitude,
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Fig. 4. The HR-diagram shows all Hipparcos stars (grey dots) lifetime[Gyr]

with o, /7 < .10 The selected main sequence stars are over-

plotted by larger black dots and the eight magnitude bins dré- 5 Upper panel: Velocity dispersion as a function of age
indicated by the dotted lines. for the stellar subpopulations. Full symbols are the agegso

of the McCormick K and M dwarfs. The asterisks reproduce
the age bins of Fig. 31 in Nordstrom et &l. (2004). The full
line shows the heating function AVR of the final model. Lower
the selected distance limit, and the total number of staag-av panel: The symbols show the velocity dispersion of the stars
able, respectively. Column 5 and 6 list the number of stars @ong the main sequence (magnitude bins) as a function of
moved due to poor parallaxes{/m > .15) and unknown or mean lifetime. The full line gives the result of the final mbde
poor radial velocities. Finally, in column 7 the remainingm
ber of main sequence stars with good space velocity compo-

L For the determination of the velocity distribution funct
nents is given.

f(W|) we correct for the peculiar motion of the Sun using
We = 7km/s. The resulting normalized distribution functions

Table 1. Complete samples of nearby main sequence stars '€ shown in Fid.J6 with a binning of 5 km/s i

4. Properties of the disc

source My diim N n* no RV Ntin

[pc] The disc model has some free parameters additionally to the
H?p <-0.5 200 93 7 0 86 main input functionsSFR and AVR. In all models we fix
H!p 0 200 183 21 15 141 the local stellar density tpyg = 0.039M®pc_3 from the
Hip 1 100 242 0 1 241 ST .
Hip 5 75 201 8 - 386 CNS4 and the velocny dispersion of the Dark ma_tter_halo to
Hip 3 50 352 0 4 348 On = 4oe. For each pair o F'R and AVR we determine itera-
Hip 4 30 172 2 0 170 tively the exponential scale height of the stellar digahe rela-
Hip 5 25 172 0 0 172 tive fractionsQs, Qg, Q1 Of the surface density (&t] < zmax,
Hip 6 25 170 0 2 168 Wherez.x is indirectly determined by the depth of the poten-
CNS >6.5 25 525 84 441 tial well), and the scale height of the gas component by choos

. ing a maximum 'aget,. The@-values together with, deter-
(*) n = number of stars witl /7 > .15 mine the maximum velocity dispersien of the stars and the
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surface densities of the components. A comparison with ttiee SF'R. The sequence of (|W]) along the main sequence
observational constraints for the surface densities aftatve is a direct measure of the age distribution of stars in thalloc
ity dispersions restrict the exponetial scale hwight$e270pc volume, which are converted to surface densities for catimgec
with an uncertainty of 10%. In the final iteration the metal erio the SF'R.

richment[Fe/H](t) is adapted to be consistent with the local In the final model we use the star formation history (see
metallicity distribution of G dwarfs. A list of model paratees Fig.[T)

and derived physical quantities is given in TdHle 2 togettigr

the corresponding data of other authors. SFR(t) = S a(r +1to) with (24)
(7-2 +b2>2
a =345; b=42; ty=0.01, (25)

Table 2. Disc properties: mean and present day'R (in

M@/pCQGyr) are for the thin disc; local densities for stelwhere the time- is in units of Gyr andS, = 50.5 Mq/pc? is

lar thin disc, gas, DM halo, thick disc (indices s, g, h, t; iBonnected to the stellar surface density by[Ef. 10.9A& de-

M /pc?); surface densities are below,..| = 2.3kpc or creases by a factor of 10 from the maximum to the present day
up to 0.35, 1.1kpc (iMVi /pc?); (half-)thickness of the thin value, which corresponds to an e-folding timescale of 5 Gyr.
discher and exponential scale heightare in pc; velocity dis- The present day star formation rate with 20% of the average
persions in km/s; The second column represents the thin diggue of 4.1M, /pc2Gyr is relatively low. It is confirmed by
model and the third column the values with the thick disc the 7/ F considerations (see Selct.4.7).

included. Columns 4 and 5 give some parameters from the lit- For the dynamical heating function AVR (see Fig. 5) we

erature. use a power law
. . _ ( t+to )a .
quantity thin | +thick | other sources ow(t) = 0e with (26)
disc disc ta+to
(SFR) 4.2 3.9 a = 0.375; to=0.0767, 27)
SFR, 0.84 0.79 _ _ o _
0 0.094| 0092| 0.076 0.098 wheret is the age in Gyr. The velocity dispersion of newly born
Ps0 0.039| 0.036| 0.045 0.044 stars iso, = 0.150, ando. = 24.4km/s is the maximum ve-
Pe0 0.042| 0.041| 0.02% 0.05¢ locity dispersion of the oldest stars with an age.of= 12 Gyr.
Pho 0.013| 0.012| 0.01 The power law indexx = 0.375 is in the range of the classi-
pto 0.003 cal value of 1/2 from Wieler {1977), of 0.47 (Nordstrom et al
s 32.6 303 | 34.4 2004) and the value of 1/3 derived by Binney et[al. (2000) from
;g 13.4 12;’ 6 13 proper motion measurements.
t .
Sdisc 46.0 49.3 56° 48
(< 0.35) | 43.2 42.4 413 4.2. Density profiles
(< 1.1) 72.0 715 74 71
st 416 418 The vertical density profiles of the gas and of the stars ate fla
2 270 270 tened at the galactic plane. A measure of the flattening Engiv
2 100 101 | 140 by the ratio of the thickness and the exponential scale heigh
24 745 The corresponding stellar disc scale heightis= 270 pc
e 24.4 243| 178 (from Eq.[I3 withC, = 1.18), whereas the half-thicknessg
Oh 97.5 97.1 85' is 50% larger.
o 413 For the gas, the thickness is 160 pc compared to the scale

! Robin et al[2008? Holmberg & Flynri2000? Holmberg & Flynn height of 100pc. The density profile and the surface density
50024 Kuiken & Gilmore 1991 ' is consistent with the observed HI-profile (Dickey & Lockman

(1990) taking into account about 50% of KBronfman et al.
(1988) within the large uncertainty range.

In the next subsections we discuss the main input functions Due to the gravitational potential of the disc, the local-den
SFR and AVR and other properties of the disc model inclugity of the dark matter halo is 55% larger than the DM density
ing a comparison with other work and predictions for futurgt » = 2.3kpc and 18% larger than the mean DM density.
observations. The density profiles of main sequence stars differ in shape
from the profiles of the subpopulations for a given age. The
lower panel of Fig[B shows the normalized density profiles
with lifetimes according to the samples used for the model.
For a given stellar density profile there is a series of funmcti They are steeper than the corresponding profiles of the gubpo
pairs (SF' R,AVR) to construct a dynamical equilibrium modelulations with the same age and significantly shallower than t
Strong additional constraints originate in the correlatibthe density profile using the mean age of the subpopulation. This
velocity distribution functionsf (|W|) of stars with different difference is quantified by the thicknesdgsand h.,s shown
lifetimes. This leads to restrictions for the AVR and in tdon in the lower panel of Fid.]9.

4.1. Star formation history and dynamical heating
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Fig. 7. Vertical profiles of the disc. From top to bottom: Densityig. 8. Upper panel: Normalized density profiles of the stellar
profiles of the componentgy, force, which is proportional to subpopulations as a function of age. Lower panel: Same for
the cumulative surface density; velocity dispersion ofdtedlar the main sequence stars as a function of lifetime. The set of
component; V-band luminosity weighted mean metallicity difetimes corresponds to the mean lifetimes of the subsaspl
the stellar component. used for the velocity distribution functions (see fiy. 6).

The density profiles derived by Holmberg and Flynn (2000) The effect of the scale height correction is demonstrated by
for two sub-samples of A stars (with < My < 1mag) and including theSF'R (thin line), which represents the age distri-
early F stars (witht < My < 2.5mag) are in full agree- bution of K and M dwarfs vertically integrated over the disc.
ment with the corresponding profiles with lifetimes of 0.3lanEspecially for young stars there is a significant overregmes
0.8 Gyr in our model (see Fifj] 8). TH€, force of their refer- tation in the solar neighbourhood. In order to quantify the ¢
ence model is also in good agreement with our results (see Figtion to the surface density, the lower panel of Elg. 9 show
[2). the (half-)thicknes#,,s as a function of lifetime compared to
the exponential scale height of the same populatiogs and
4.3. Age distributions t};) the thickness of the stellar subpopulation as a functiage

-
The age distributions of the stellar sub-samples of MS stars The age distributions are a strong functionzoéibove the
depend on the lifetime and on the vertical distribution..Bg plane. The middle panel of Figl 9 shows the lack of young stars
shows in the upper panel the age distribution of stars alleag in steps ofAz = 300 pc above the midplane.
man sequence. Models of the star formation history, which co
rect for the finite lifetime only and do not take into accourd t
scale height variation, determine the local age distrdmudif K
and M dwatrfs. It varies by less than a factor of two around tHene AVR can be observed only by kinematically unbiased stel-
mean value. Binney et al. (2000) and Cignoni etlal. (2006) priar subsamples with direct age determinations. The upp@lpa
pose a constant local age distribution in this sense. Tdken of Fig.[§ shows the AVR of the model compared to two data
uncertainties of isochrone ages into account, this is stersi sets. The circles are the McCormick K and M dwarfs with ages
with our model. determined from H and K line strendth 1997 and the asterisks

4 4. Kinematics of the disc
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Fig.9. The upper panel shows the normalized local age disig. 10. The normalized velocity distribution functiorf|1V|)
tributions of main sequence stars with different lifetim&se change with increasing (thick to thin lines) due to the vary-
cumulative mass fraction of all stars and & R are also plot- ing age mixture. The upper panel shows of K and M dwarfs
ted. The middle panel shows the age distribution of K and Mith lifetimes larger than the age of the disc, whereas theto
dwarfs and the cumulative stellar mass fraction with insregpanel is for late F dwarfs with lifetime 7 Gyr.
ing heightz above the plane. The lower panel shows the (half-
)thlckn_ess of the subpopulations asa fun_ctlon of /agand of 4.5. Metallicity
the main sequence stars as a function of lifetirpg. For com-
parison the exponential scaleheights, for the main sequence We constructed an analytic metal enrichment e/ H](7),
stars are included. The horizontal line is the overall thieds which reproduces the local metallicity distribution ofda®
of all starsh.g (Eq.[12) dwarfs for the disc model with the fin&lF" R and AVR. The lo-
cal metallicity distribution is determined from the Copeagkn
F and G star sample (Nordstrom et al. 2004) selecting at sta
‘ ith masse$).84 < M/Mg, < 0.90 up to the completeness
represent the F an G stars of Nordstroem et al. 2004 with gq\gnén r < 40pc. The Iower®mass limit 06.84M ., was chosen

age determinations.
Th locity di . f th b | ¢ . inorder to avoid an overrepresentation of metal poor stdrs.
e velocity dispersions of the subsamples of main se-. ' cop oo o0 (Fig] 1) is given by

quence stars with no age subdivision are determined by the
weighted mean over the lifetime with the local age distribyke/H]|(7) = [Fe/H], + 2lg[1 + pln(1+¢7)] with (28)
tion. The Iower. panel of Fid.]5 shows the excellent ag.r(_aemenh;e/H]0 — —0.7; p=0655; q=0.833 (29)

of the model with the data from the nearby stars. Additignall

the shape of the velocity distribution functiofi§17|) of the with time 7 in Gyr. The initial metallicity is [Fe/H]=-0.7 and
main sequence star samples are in good agreement with ttrepresent day metallicity is [Fe/5#0.12. Before binning the
model (Fig[®). The shape ¢f(|WW|) depends on the lifetime theoretical distribution we add an observational scattih w
and also on the height above the midplane. Fif. 10 shows=WHM=0.165 dex. The comparison of the derived local metal-
the variation above the plane for K and M dwarfs (upper pandibity distribution for late G dwarfs with the data is showrthe

and for F stars witd//yy = 4 mag and a lifetime of 7 Gyr (lower upper panel of Fig.11. The lower panels show the predicted
panel). metallicity distribution for late type stars (thick lineahd for
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= o1l i Velocity dispersion and local mass fraction of the thiclcdise
0.05 - ] . input parameter and the power law index and exponentiatscal
0 '1 _0'8 e o1 02 o oo height are best fit parameter for a seéttyah;) profile. For
04 : - : - . - comparison two alternative cooler thick disc componengs ar
0.35 - lifet.>12.0Gyr == ]  z=600pc - plotted.
03 L =9.0Gyr C— o |
& oaxs| - .
2 o2} - N . :
S ois| 1 4.6. Thick disc
T 01t . . : . .
0.05 L |_| | Since the thick disc contributes a few percent to the local de
oLu . sity only, its properties are not well determined in the latisc
-1 -08 06 04 02 0 0.2 model. Therefore we derive here as an example the density pro

. . file of an isoth I thick di tand di the ef-
Fig. 11. Upper panel: The metal enrichment law for the mod 1e ot an 1sorhermal fhick disc component and cISCuss the

i Th hi h he ob ions fth fect on the thin disc. We split the local stellar density iato
(fullline). The grey histogram shows t eo servations e . isc and a thick disc component. The local mass fraction
Copenhagen survey for late G dwarfs in the stellar mass ra

0.84 < M/M,, < 0.90. Lower panels: The metallicity distri "WHhe thick disc is determined to equal the thin disc dereity
= © = ST . Tz 1.2k indicated by K dwarf densit files (Phl t

bution for early G dwarfs (lifetime 9 Gyr; thin lines) in commp : T pe as INCicated By 1 twar densty pro |es.( eps e

ison to the late G, K and M dwarfs (lifet 19Gyr: thick al.[2005). We choose the thick disc velocity dispersion aid ¢

; : . cyulate the complete disc model including the new component.
:;T;sg in the solar neighbourhood and 600 pc above the m#ﬁe parameters of all components have to be adjusted itera-

tively, because the stellar disc profile (thin plus thiclkcllisas a
different shape now. The resultant profiles for thin diss, aad
thick disc usingr, = 41km/s andpo ¢ = 2.6 x 10~*M, /pc?
late F stars with lifetime 9 Gyr (thin lines) at the midplamela corresponding to 6.7% of the local stellar density are shiown
600 pc above the plane. Fig.[12 (thick lines). The density profile of the thick disadze
The metal enrichment [Fe/H] and tH&FR can be em- fitted by a secti(z/ah:) profile to better than 3%. The correc-
bedded in a local chemical evolution model. We proceed f@ns of the thin disc parameters due to the thick disc is ef th
the fo"owing way. We convert the metal abundance [Fe/HIfder of 1%. Only the surface denSity of thin and thick disc is
to the oxygen abundance using the correlation of [O/Fe] ahB8% larger with a corresponding reduction of the Dark matter
[Fe/H] from Reddy et al.[{1993) by the linear approximatiotse€ Tabl&R). For two alternative models with smaller vigfoc
[O/H]=0.375[Fe/H]. For the oxygen enrichment we adopt irflispersion of the thick disc the density profiles can alsotoe fi
stantaneous recycling and mixing to determine the infaé rafed very well by the sechlaw. The parameters are also given
of primordial gas. The mass loss from stellar evolution i§ Fig.[12.
taken into account. We start with a negligible initial amboh
gas. Then the oxygen yield in solar units is givenify = 4.7. Initial mass function
(Zox) + Zox,pg/Xs = 1.12 from the present day surface
densities of gas and stars, the present day oxygen abunddraethe determination of the IMF from the local luminosity
lg(Zox,p) = [O/H], = 0.045 and the mean oxygen abundanc&inction, the luminosity function is first converted to a mas
(Zox) averaged over the star formation history. The infall rafeinctiondN = f(M)dM using the transformation formulae
and the surface density of gas and stars are shown iJFig. 1of Henry & Mc Carthy (1998), corrected in Henry et al. (1999),
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and extended to bright stars according to Schmidt-Kaler in 1 I

Landolt-Bornstein[(1982). The result is shown in the lower 0.8 - Girardi «+s+er 1
panel of Fig[IB and compared to the PDMF given in Kroupa & 06| Fagelion 1
et al. [1998). The star numbers are normalized to a sphehe wit = 04 T
radius R=20 pc. In order to determine the correction faactor c % 0.2 1
verting the IMF to the local PDMF due to the finite lifetime 0 T
and the vertical thickness,,s, the main sequence lifetime is 02 ]
needed. We use the lifetimes estimated from the isochrame ev 3

lution shown in Fig[B for the different magnitude bins, wher 25

the metal enrichment and the relative weighting due to the in LgL 2

creasing number of stars with decreasing mass in the mass in& 15

terval is taken into account. These data are shown in theruppe 2 1

panel of Fig[IB with a comparison of the lifetimes deterrdine =~ o5

directly from evolutionary tracks of Girardi et al. (2004)ca oM . .

with the analytic fitting formula of Eggleton et al, (1989)mA o0 1 e
systematic variation of the lifetimes result in significaatrec- lifetime [Gyr]

tions to the correction factor and therefore the IMF. Thihis 5 : : : :

most uncertain input to the IMF determination. The coraacti e 2
factors in the solar neighbourhood (z=0 thick line) and fopp 4 Kroupa93 x|

fit

ulations above the plane are shown in the middle panel of Fig. 3t T
13.
The used Scalo IMF (Ed._22) is consistent with the ob-
served PDMF. But the kink neaiM -, seems artificial, because
itis near that mass, where the correction factor due to tfite fin
lifetime starts to apply. Therefore we determined a new IMF b
fitting power laws in two mass regimes only. The best fit is

Ig(dN/dM, ;)
[
T

dN o M—*dM with (30)
1.49 + 0.09 0.08 < M/Mg, < 1.61 1 05 0 05 1
o= for Ig(M/Mg,)

< . . o
3.95 £ 0.33 161 < M/Mg < 6.0 Fig. 13. Upper panel: Stellar mass as function of lifetime for
No = 359/Mg at M/Mg =161, the present day population. Symbols are the values usad (fro

where N, gives the normalization in the 20pc sphere. T Fig.[3), the lines are estimated values from evolution tsack
back-reaction of the corrected IMF to the disc model via the'do.IIe panel: Correction _factor (SIMF/PDMF), which must b_e
mass loss is very small and not included in the model. applied to the IMF to derive the local star counts of stardiwit

The strongest constraints on tha/ F at high masses andcorresp-ondmg Ilf_etlme relative to low mass star; withtiifee
. exceeding the disc age. Lower panel: Open circles show the

mg E(r)(la;rerr:teidi)g(ij}fhfo;hesﬁ]?:see:xzdbgumbset;g \,;I%tais Ir‘l:’DMF and the IMF of our sample from CNS4 and Hipparcos.
X : J tﬁéosses are the PDMF of Kroupa et al. (1993) and the IMF by

0.5mag are Qbservgd In a sphere with a radius of 200 pc, orrecting with the same dilution factor. The dashed lines a
sample size is a direct measure of the local surface dens]

Therefore the conversion from tHé/ F' to the mear5 F'R in t .é Scalo IMF and.PDMF used_ in the model an_d the full lines
the last few 100 Myr depends only on the lifetime of the stard'® the new best fit for the derived IMF (open circles).
That means, a higher present d&¥ R requires a shorter life-
time for the A stars or an even steefdéd F'. subpopulations. The vertical distribution of the stellabgop-

The position of the Sun is probably by about 20 pc abovgations are calculated self-consistently in dynamicalikat
the midplane (Humphreys & Larsen 1995). The local densitjum. The SFR and AVR of the stellar subpopulations are de-
of the subpopulations with small scale height are signifigantermined by fitting the velocity distribution functions ofain
smaller than the midplane density/{; < 1.5mag). We cor- sequence stars. A chemical evolution model with reasonable
rected for that implicitly, since we determined the mid@angas infall rate is included, which reproduces the local ifffe/
density of these magnitude bins for the PDMF using sphergistribution of G dwarfs.
with large radii (see Tablg 1), where the offset can be négiec  We found a vertical disc model for the thin disc including
the gas and dark matter component, which is consistent agth t
local kinematics of main sequence stars and fulfils the known
constraints on the surface densities and mass ratios. TRe SF
We presented an evolutionary disc model for the thin disc slhows a maximum 10 Gyr ago declining by a factor of 10 until
the solar cylinder based on a continuous star formatioofyist present time corresponding to an e-folding timescale of 5 Gy
(SFR) and a continuous dynamical heating (AVR) of the stell&he velocity dispersion on the upper main sequence depends

5. Summary
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on the lifetime of the stars, which is derived from the AVRr Fo
the AVR we find a power law with index of 0.375. Applying
the stellar lifetime and the new scale height correctiorthéo
PDMF results in a best fit IMF with power-law indices of 1.5
below and 4.0 above 1M ), which has no kink aroundM,.
Including a thick disc component consistently lead to gligh
variations of the thin disc properties, but a negligibleupfice
on the SFR. A variety of predictions were made concerning
the number density, age and metallicity distributions eflat
subpopulations as a function efabove the galactic plane.
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