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Abstract. Philipp etal. (1999, Paper I) investigated tidband to the central 30 pc. Preferential formation of stars with masses
emission from a mosaic of sizAa x Ad ~ 650”7 x 710" M, = M. ~ 1-5M would make conversion of matter into
centered approximately on Sgr A*R(q..iv ~ 15.8pc for radiation by star formation much more efficient and could be the
Ry, = 8.5kpc). For the~ 6 x 10* stars above the detectionprocess which powers star burst galaxies. There is an overabun-
limit (Sj ~ 100 pJy) an observedk -band luminosity func- dance of evolved stars which can be explained by a strongly
tion (KLF) has been obtained. Below the completeness liniitcreased star formation rate 108—10° yrs ago.

(Sk ~ 2000 wJy), an ever increasing fraction of stars merges

into the background continuum. In this paper we combine thk®y words: stars: luminosity function, mass function — ISM:
observedvith modelKLFs and thus obtain @ompleteKLF for  dust, extinction — Galaxy: center — Galaxy: evolution — Galaxy:
the flux density rangé x 1072 2 Si/uJy 2 2 x 10°. The stellar content — infrared: stars

overall KLF consists of four sectors obeying power laws of the
form dN (Sy)/dlogSy o Si* ™, wherey, +1 decreases from
—0.6t0—1.75. Sector corresponds to a Salpeter Initial Mas4. Introduction
Function (IMF) and represents Main Sequence (MS) stars wi'hh
M, < 1Mg, which account for- 90% of the dynamical mass
but only~ 6% of the K band flux density. Secttr represents

a recent review (Mezger et al., 1996; hereafter MDZ96) we
have compared the central region of our galaxy with active nu-

M st i1 = 1\ and e gt These strs accoufi" 1 Xl G105 o e o L beonge b e
for only ~ 6% of the dynamical mass and a similar percenf- y y ' y

age of the integrate&’-band surface brightness but represe Y starb.ursys and aC.COUT“ for10% of all §p|ral galaxies. The
~ 80% of the bolometric stellar luminosity in the mosaic. Thé;onclusmn is nearly inevitable that there is a black hole of mass

3 p U )
Mass Function (MF) of MS stars i&N/dM, oc M 23 (i.e., h 2.6 x 10 tM%_at the ceréteerf*Oér galalxyt, Clo'qgg'?ng V\gth ¢
the Salpeter IMF) fol, < 1M, anddN/dM, o M—45 for N€ compact radio source Sgr A* (Genzel etal., »andret-

more massive stars, which is similar to the Present Day MF?rﬁin(;Eis tglere&ng. Il-lot\;veve:; at” c;bs;ervarfltonsn?rgi]tr)ef t?]?t ?ctcr:e::on
the solar vicinity. Part of sectdr of the KLF, as well as sec- onto this black hole does not at present co ule more than a

T 6
torslll  andlV , representgiants and supergiants which, thoué"ﬁw hundredL, to the dust luminosity of- 4 x 10° L, of the

they account for only a small fraction of the mass, dominate t Sntral parsec, which is mainly powered by the absorption of

integratedk -band surface brightness. rad'/i:'; ?hfé?? .:;ias;\(/)enz%l;ngr;;?;.act. ity in the past? Apart
The slope of sectdt of the KLF,y; + 1 ~ —0.8 has Indicati g vity i past? Ap

been inferred from the KLF in the NGC 6522 Baade’s Windoxigrom the enigmatic source Sgr A East, there are few observa-

(BW). To make this sector join smoothly to the neighborin I10ns supporting recent violent energy releases which could be

, . ) nnected to the black hole. It rather appears that the ISM is
KLF sections we have to set the surface density of low maS\(/%vept by a bar from the Galactic Disk (GD) towards the Cen-

~ 1M) MS stars at- 56 times that in BW. . . L
( ©) ﬁ% , Where it assembles in a disk-like structure of stars and ISM

Paper | shows, in agreement with earlier observations, t
massive stars are preferentially formed in the central parsecr.e erred to as the Nuclear Bulge (NB). The bar, on the other

preliminary discussion of star formation rates suggests that Bﬂtr;]d’ IS :dep t'f'Td with tfhe;ala;tgckBulgEe (G%) WTChfeXtendS
modal star formation (introduced byiten & Mezger [1983] " \€ gaiaclic plan€ as far as~ 5.5 KpC. EPISOCiC star forma-

for the spiral arm region of the Galactic Disk) may also app ion, i.e. the more or less periodic transformation of the inward
owing ISM into stars, appears to account for most of the more

Send offprint requests t®.G. Mezger, Bonn recent activity in the Galactic Center (see also Serabyn & Mor-

Correspondence tephilipp@mpifr-bonn.mpg.de ris, 1996). Within the inner Lindblad resonance of the GD, i.e.
! In the following we refer to5’, as observed ansl, as dereddened R < 3.5kpc, star formation occurs nearly exclusively in the

flux density. NB which — as seen both in the starlight dominated near in-
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Table 1. Abbreviations used in this paper whichincreases with; +1 ~ —1.75for2 x 10 2 S /uJy 2
4.5x 104, flattenstoy; +1 ~ —1.0for4.5x 10* 2 Si. /uJy 2
abbreviations  meaning 3.6 x 103 and attains a maximum &Y, ~ 4 x 103 uJy.
BW Baade’s Window, an area of low extinction Fig. 9 of Paper | shows computed and reddelebdand flux
centered approximately at- 1°,b ~ —3.9° densities of Main Sequence (MS), giant and supergiant stars. It
GB Galactic Bulge is clear from this diagram that only giants, supergiants and MS
GC Galactic Center stars earlier than B5 are observable above the detection limit.
GD Galactic Disk MS stars later than B5 and a decreasing number of starsSfyith
IMF Initial Mass Function between the detection and completeness limits are not detected
KLF K'band Luminosity Function as individual sources but merge into the background continuum.
LF Luminosity Function In Paper | we find that, of a flux density 6% . ... ~ 752Jy
Lyc Lyman Continuum . . L et
MF Mass Function integrated over the mosaic, about half is contrlbuteq by stars
Mosaic Area of sizedar X AS ~ 650" x 710" above the detection limit and the other half is contributed by
centered approximately on Sgr A* the background continuum. We also estimate that a flux den-
MS Main Sequence sity Sgpap ~ 131Jy is contributed t&S% ;... DY Stars in
NB Nuclear Bulge Galactic Bulge and Disk.
PDMF Present Day Mass Function
SFR Star Formation Rate

3. Interrelations between mass and luminosity functions

) o ) _ The logarithmicK -band luminosity function (KLF}N (S)/
frared.(k < 5-7 um) and in the dust emission domln.ated mlddlogSk counts the number of sources within a given flux density
to far-infrared — extends. 200-300 pc in the galactic plane range in logarithmic bins. This allows a convenient graphical
and~ 30-50 pc perpendicular to it and may be adequately dgresentation of data taken over as many as 8 decades. For nu-
scribed as a massive-(4 x 10° M) disk or torus consisting of merical evaluations a linear KLEV (S') /dSL (i.e. with sources

stars and interstellar matter. The physical conditions in the NBnted in linear bins) is, however, more convenient. There ex-
— specifically the matter and radiation densities — are extrem&s the relation

In a volumelyg ~ 10~*Vgp the NB contains~ 5% of the IN(S!
total mass of stars and ISM in the GD. Similar percentages hoﬁﬂ/ =0.438; " (7@ (1)
for the stellar and dust luminosities. To further investigate it8°k dlog Sy

evolution we have begun a program to investigate the physigg); ease in making comparisons one usually normalizes ob-
state of the NB. In Paper | (Philipp et al., 1999), we deriveghyyed KLFs to an area af’. Here we discuss luminosity and

the K-band luminosity function (KLF) of the central 30 pc, mass functions relating to the mosaic and thus have to multiply
which we here analyze and interpret itin terms of star formatigRe 5pove equation b,omic ~ 4.1 x 10°7, the solid angle

history. The star formation history of the NB will be dealt withp, 4t it subtends. We thus have
in a later paper.

To keep this paper concise we have used a number of abtﬂé-(m?saic) — 0.430momaie S dN(S%)
viations whose meanings are explained in Table 1. dSk dlogSi
= ClsQl. (2)
2. Observations In Paper | we showed that a mass function (MF) — in this case

A visual extinction of typically~ 31 mag caused by dust in theth® Salpeter Initial Mass Function (IMF)

GD and NB (the GB to a first approximation is free of dust);y

prevents observations of stars in the NB at wavelengths 7 M, =AM, 3)
1.6 um. We have constructed mosaic images intheand K -

bands §1.65 and2.2 ym) of an area\a x AS ~ 650" x 7107 Wherea = —2.35, can be transformed into a model KLF given
(equivalent radiusk,, ~ 383" or 15.8 pc forR, = 8.5kpc)? by the above relation (2) witly, = —1.6, using the obser\{ed
centered approximately on Sgr A*. In Paper | (Philipp et alrelation between stellar mass and reddefiedand flux density
1999) we reported on results obtained from fdand mosaic. , ML\ 23

With a detection limitSy, ~ 100 xJy® and a completeness limit (K) ~ 1.6 ( u ) = B M, (4)

of S 2 2000 pJy, we separategt 6 x 10* sources from an uly Mo

extended unresolved background and derived a logarithmic With the stellar parameters given in Appendix A this relation
band luminosity function (KLFYIN (S})/dlogSi o Si**'  holds approximately for all Main Sequence (MS) stars.

In a similar way the luminosity function (LF), i.e. the dis-
ution function of the total stellar luminosity

2 Here we use “mosaic” and “central 30 pc” as synonymous expresy
sions.

® In the following we refer taSx as observed anflk as dereddened dN v
K-band flux densities. dL, =y L] (5)
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K band Luminosity Functions (KLF) dN(S')/dlog(S'x)
K Band Magnitude

The weaker sources form a continuum for which one has to find
e 2 P P . anappropriate model KLF. This model KLF should comply with
the following conditions:

1. It should smoothly join with the observed KLF above the
1 completeness limit.

1 2. It should be physically plausible.

3. The cumulative flux density must agree with

10°F model KLFs 1+ 11

] 2x10% pJy
AN

observed KLF :

Number of stars dN(S')/dlog(S'k)
per 1(arc sec)2 per logarithmic bin dlog(S'y)=1

S}=3x10"3 pJy
= S£(7integr ~ 752 JY7 (7)

fmi Lol Covl Lol Lol i
1 10! 10° 10° 10

10°  the K-band flux density integrated over the mosaic. The sum at
Flux Density S [uuly] the bottom of Column 6 Table 2 shows that the cumulative flux
Fig. 1. The complete mosaic KLF is shown together with the observélensity of the complete KLF actually agrees withinl % with
KLF and datapoints of the luminous part of the adjusted BW KLEhe integrated flux density.
(Tiede et al., 1995, and references therein). See also Sect. 4.3.

4.2. The model KL N7 (S} )/dlogSj based
can be constructed with on the Salpeter IMF

L, M?8 forM, < 1Mg ©)
Lo M2 forM, 2 1M

In Paper | we adopted the Salpeter IMF (see Table 2, Column 10,
sectorl ) and converted it into the KLEc Sj; % (Column 3).

The IMF describes the mass distribution of a newly formed gen-
Fation of stars; hence, the use of an IMF is physically plausible
only for stars with massed/, < 1My (or S, < 1.6 udy)
whose MS lifetimeryg = 10'°yrs is the assumed age of the

. This determines the range of validity as given in Table 2,
umn 2 for the KLF in sectdr.

= B,M": _{

which is valid for MS stars (see e.g. Lang, 1992). Relatio
showing how to compute the numerical valuésr C' and the
exponentsy or y with B; = 1.6, By = 1 andgy; = 2.8, and 4,
respectively, can be found in Appendix B. They can be used
convertK -band luminosity functions into mass and bolometri&OI
luminosity functions.

4.3. The model KL N11 (S )/dlogSj; based
on observations in Baade’s Window

A complete mosaic KLF is shown in Fig. 1 and given in Table '%he NGC 6522 Baade’s Window (BW) locatediat 1°, b ~
in analytical form. It consists of four sectors described by power-; go ig distinguished by its low extinctiond ~ 0.13 ,mag)

law approximations of the formiN () /dlogSc oc S compared todx ~ 3.5mag in the direction of the Galactic
Herey, + 1b§ncreases frgorr+1.75 to—0.6 while Sk decreases Center. The BW KLF has been the subject of a number of in-
from 2 x 10°10 3 x 107" pJy. . vestigations by Davidge et al. (1997), DePoy et al. (1993) and
The four sectors are Iabeledthroughlv_ and are listed N Tiede et al. (1995). We use the latters’ KLF, which appears to
Column 1 of Table 2. Column 2 gives their ranges of Va“dl%e complete fok, < 16.25 mag; it is given as number of stars
Power law approximationsN (Sy)/dlogSy, normalizedtoan o 5, in an area of 2.58 arcniin After conversion ofi’
area of1”, are given in Column 3 and shown in Fig. 1. Thénagnitudes into reddened (bYx ~ 0.13 mag) flux densities
corresponding linear KLF8N (Sy ) /dSy, but now referred to g/ . and normalization to an area ®f we obtain the fol-
the mosaic With2,,5¢aic ~ 4.1 x 105", are given in Column 4. Iovx}ing observed logarithmic BW KLF:
Stellar luminosity (LF) and mass functions (MF) related to the
mosaic are given in Columns 8 and 10. Column 7 delineates M = 91.155'-0:80 (8)
range of MS stellar masses to which the MFs apply. Cumulatifée2Sk sw Bw

numbers of stars and their reddened K band flux densities 858 d within the limitsmg ~ 9.75 and 16.25 mag érx 10* >

given in Columns 5 and_ 6, while cumulative stellar Iuminositie§£< sw /iy 2 2% 102. For a comparison with the mosaic KLF

and masses are given in Columns 9 and 11. one has to compensate the BW KLF for the extra reddening
towards the GC, using the relatidfi; ... = ¢~ ™Sk pw-

4.1. Conditions a complete mosaic KLF must comply with  For Ak mosaic ~ 3.5 mag andAx sw ~ 0.13 mag one obtains

i ~ 3.1 andSi e ~ 4.5 x 1072Sk gy, which, when

substituted into Eq. (8), yields

4. A complete mosaic KLF

As mentioned in Sect. 2, the 6 x 10* sources with reddened
flux densities above the detection linfif, ~ 100 :Jy account
for only about half of the flux density integrated over the mosai& LF (BW, reddened) ~ 1.77.5; 250 (9)

K,mosaic
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Table 2. Mass and luminosity functions of the central 30 pc

Sector Sk min» Skmax AN (Sk)/dlogSk dN(Sk)/dSk Neum Slim

uJy Sk in udy Sk in pJy Jy
1) (2 3 4) (5) (6)
[ 310° 1.6 89.65, °¢ 158107 S;;'°  8.410°  43.8
I 1.6  5.310° 98.45;7%%  1.7310°S;;'®* 15107 385.7
lla 1.6 5.310° 136.15;; '° 2.40107 Si72%  (7.910%)  (37)
M 5.310° 4.510* 547510 9.64107 S;72°  1.610* 206.2
IV 4510* 210°  1.6910°S; "™ 2.9810" S ™ 1.210° 1211
b 8.610° 756.8
Sector M. min, M« max dN/dL, Ly cum dN/dM, My cum
M@ L.in L@ L@ M, in M@ M@
1) @) (8) (9)[al, [b] (10) (11)[a]
I 0.06 1 9.780° L, ™" 15107 2.7310" M, *®  1.310°
I 1 34 6.8310° L7V (2.910'%) 2.7310" M72%  (3.1107)
lla 1 34 6.8310° L1 2.810%  2.7310" M7*5  8.210°
M 2 4.2107
v 221107
o7 2 3.610° 1.410%
[a] Values in brackets have not been used to compgte
[b] Cumulative luminositiet 1l , andlla have been computed by integration of the LF, Column 8, within the liBnits< 10™* — 1 L, for

sectol and1-1.3 x 10° L, for sectodl ; luminosities related to sectdis andIV have been computed by substitutifig: ~ 3000 K and
Slum from Column 6 in Eqg. (11), the contribution of evolved stars to the stellar luminosity of dectioas been neglected.

Since we have fixed the slope of the KLFat+ 1 = —0.80the lar luminosity. TheK-band surface brightness integrated over
only free parameter available to adjust the modified BW KLF tihe mosaic yields a comparable lower limit if we assume that all
the KLF in sectof (see previous section) is the surface densistars in the NB are old and evolved with an effective temperature
N, of MS stars atV/,, ~ 1 M. We obtain the best fit approxi- of ~ 3000K (see Eq. 12 below). The high Lyman continuum
mation, as givenin Table 2, Column 3, sedtor, by multiplying photon production rate derived from free-free radio emission

the above relation by (Table C1) indicates, however, that the stellar population of the
. NB contains a substantial fraction of young, massive and hot
N, (mosaic) 98.4 . - .
= =55.6 (10) stars which can ionize the surrounding gas.
N.(BW) 1.77 The predicted stellar luminosity depends on the number of

The corresponding space-averaged volume density(iy B) ~massive MS stars which are mixed with evolved stars. For a sepa-
~ 103 n,(GB). The observed KLF, shifted to the mosaic, i§ation of evolved and MS stars we can concentrate our efforts on

validinthe rang® < Sk . o.aic/1Jy < 3.6 x 103. We enlarged sectoll of the KLF which contains MS stars in the mass range
this range of validity slightly ta.6 < S /uly < 5.3 x 10° M, ~ 1-34M,. Sectoll (which contain mainly MS stars with
so that sectdl  now spans the range of stellar masses fromx < 1Mo) as well as sectotdf  andIV (which contain

to 34M,,. A star of M, ~ 8 M, has a reddene#-band flux mainly giants and supergiants) each contribute enll/10-th

density ofS}, ~ 2 x 102 pJy. Itis of interest to note that in the©f the estimated total stellar luminosity 6f3.6 x 108 L, (see
region5.3 x 103 < S /udy < 10°, where the shifted Table 2, bottom line). In the following we estimate the num-

K mosaic ber of MS stars contained in sectbr, labelling it as subgroup

BW KLF deviates from the power law approximatienS;; %, ) .
the observations by DePoy et al. (1993), reduced as above %ggl\aﬂlgt)j referring to the result as the Present Day Mass Function

shown in Fig. 1, agree well with the observed mosaic KLF.

5. Physical plausibility of the mosaic KLF 5.1. Stellar luminosity of the mosaic

gne can obtain a lower limit to the integrated luminosity of the
KLF sectord + Il with the observed KLE sectolé + enser_nble of mosaic stars by assuming thatalloftr_leseT stars have
IV, complies with conditions 1) and 3) stated in Sect.4.1’£‘..ﬁecuve temperatures aSIOWE'Sff ~ 3000K. Combmatlo.n Of.
Here we discuss condition 2), i.e. the physical plausibility gfq_s. (5.4) and (5'5)3°f MDZ96 yields for the stellar luminosity
the model KLFs, by comparing observed and predicted stQMth = 6.55 x 10°(K/Ter))

lar luminosities. The dust luminosity of the mosaiclof; ~ ( L ) 714 % 10-8 (Teg)?’ er —1 (SK>

The complete mosaic KLF, i.e. the combination of the mod

1.2 x 108 L, (Table C1) is clearly a lower limit to the stel- Lo K T Jy (11)
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Mass Function dN/dlog(M.)

and, specifically for the mosaic, we take ~ 3.2, Si, ~ 752Jy
andSk = Sj.e™ ~ 1.9 x 10* Jy, obtaining

1
S

Ly mosaic = 1.3 x 10°Lg, (12) 2
§ 10° F 4
Likewise one obtains an upper limit for the luminosity by assumx e ,

ing that all stars in the KLF sectdr are MS stars; the corre-
sponding luminosity functioiN; /d L. (Column 8 of Table 2)
yields a cumulative luminosity of (see Column 9)

per logarithmic bin dlog(M.)
)
T
L

2

L*,mosaic SJ 2.9 x 1010L® (13)

Number of stars dN(S

IIa

which we consider as a strict upper limit (actually this lumi- .
nosity equals that of the whole Galactic Disk (see e.g. MDZ96, " *° e ) e
Table 5). M./Mo

These lower and upper limits of the stellar luminosity in thﬁig. 2. Mass functions for MS stars in the mosaic discussed in this

central~ 30 pc have to beg compared to an estimated dust Igaper. The combination of the Salpeter IMF (setfowith the PDMF
minosity of Lir ~ 1.2 x 10° L, (Table C1, Column 2), which (sectodla ) has been adopted (see Table 2, Column 10).
coincides with the lower limit given by Eq. (12). To conclude,

however, that dust in the mosaic is mainly heated by cool stars

per 1(arc sec)
-
=)
T
|

would be wrong: since the dust absorption cross section in th 34Mo
NIR decreasesc A~!7 only a small fraction of the photons =" — 2 73 x 107 / Motam, (14)
emitted by stars witll.g ~ 3000 K will be intercepted by dust. Mo

M,=15M¢
The absorption by dust of radiation from hot stars is much more N

efficient. Furthermore, the presence of radio free-free emissibine integration limits are determined by the fact that only O
(quantitatively represented by, ., Table C1, Column 4; see stars with masses/, ~ 15-34 Mg have high enough effec-
also MDZ96) reveals convincingly the presence of hot and Itive temperatures to contribute substantially to the ionization.
minous stars in the mosaic outside the central parsec. Evaluation of the above Eq. (14) shows that forr —4.5 the
The upper limit of the integrated stellar luminosity otumulative mass is- 1.36 x 10* M, sufficiently close to the
Lir < 3 x 10'9Lg, is ~ 250 times higher than the value ofabove value{}Z,). The corresponding cumulative bolometric
~ 1.2 x 10® L, consistent with both the observed dust lumituminosity of all O stars ofL, ~ 2.8 x 10® L, is found in
nosity (Table C1, Column 2) and the lower limit of the stellaFable 2, Column 9, sectdla together with the luminousity
luminosity (Eq. (12)). The reason for this high luminosity, coref all stars in the mosaic oL, ~ 3.6 x 108 L, which is
tributed by medium and high mass MS stars, is the (physicaty3L:r, the dust luminosity given in Table C1.
implausible) assumption that all stars contained in settaf Fig. 2 shows the three different MFs which entered into the
the model KLF are actually still on the MS. In a more realisabove discussioW Ny /dlogM,. oc M 1-3% is the Salpeter IMF,
tic approach one has to consider and account for the short MBich is the Present Day Mass Function (PDMF) of MS stars
lifetimes of the medium and high mass stars and therefore héth M. < 1 M. Similarly, dNy/dlogM, < M85 is the
to use the Present Day Mass Function (PDMF) rather than & derived for the BW KLF adjusted for the stellar surface
IMF which describes the mass distribution of a newly born stelensity of the central 30 pc. The mass and luminosity func-
generation. HST observations (Holtzmann et al., 1993) indicditensd N1 /dM, andd Nz /dL.., given in Columns 10 and 8 of
for the central parsec a MS turnoff at stellar masses afM, Table 2, would hold if all stars in sectbr of the KLF were
which we adopt in the following discussion of the mosaic. MS stars. The much too high cumulative stellar luminosity of
~ 2.9 x 1019 L, given in Column 9 shows that this assumption
is unrealistic. To get agreement with observed luminosities we
had to make the assumption that the stellar population in sec-
Inthis section we search fora PDMF whose Lyc- and bolomettiarll  consists of MS stars with a Present Day Mass Function
luminosity are consistent with the observations. In Append(PDMF)dN11,/dM, o M *5 and evolved stars with the KLF
A, Egs. (A.1) and (A.2) we give some integral properties of - lla  shown in Fig. 3 which account for the bulk of the
young O star clusters. Substitution df ;. ~ 3.6 x 10°*s™!  observedk-band luminosity in sectoll . This PDMF yields
(Table C1, Column 6) for the actual Lyc photon production ragood agreement with the observed valliggind Ny ... Its slope
in Eq. (A.1) yields the mas§M.,.) ~ 1.1 x 10* M, for the O is also in agreement with the PDMF in the solar vicinity (see
star cluster responsible for the ionization of gas in the mosagcg. von Hoerner, 1968; Kroupa et al., 1993). We adopt for the
This mass can be used to find the slope (fér > 1 M) of following discussioniN: /dM, + dN11./dM, as the Main Se-
an appropriate PDMF. WitdN/dM, = 2.73 x 107 M2 (see quence PDMF of the central 30 pc in the sectork andll .
Table 2, Columns 9 and 10) the cumulative mass is This PDMF is shown as heavy solid line in Fig. 2.

5.2. The present day mass function (PDMF)
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Table 3. Numbers of main sequence stard (34 M), giants and supergiants contained in the mosaic

M min T™S M max TMS starson MS stars off MS red giants supergiants  stars not accounted for
Mo  ys Mo yrs [a] 8] [d] [d] [e]
1) (2 3) 4 (5) (6) (M (8) 9)
1 9.510 8 1.310 7.810 1.110 4.810 6.6 10
8 1.310 34 4.216 5.410 1.01¢ 4410

ms for Z = 0.04 from Schaerer et al. (1993). Accumulated numbers of stars have been computed from:
[a] dNIIa/dM*

[b] dN1/dM. — dNt1a/dM.; dN1/dM. o< M7 2% is supposed to be the birthrate function (IMF).

[c] dN11/dSk — dNrra/dSk (10% < Si/udy < 2 x 10%)

[d] dN11/dSk — dN11a/dSk (2 x 10* < Sic/pdy < 5.3 x 10%) +Neum it + Neum1v.

[e] dN11/dSk — dNta/dSk (1.6 S Sic/pdy < 100).

The stellar mass contained in the mosaic had been assumed K band luminosity Funetions (K1) dN()/dlos(3)

to be XM, ~ 1.2 x 108 Mg. The cumulative mass of MS - 2 & 2 2
stars (Table 2, Column 11), bottom) is slightly higher; however,;? 10° - 1 E
a somewhat flatter IMF as suggested by Scalo (1986) will ctgé ‘
crease the stellar mass contributed by sdct@ihe contribution
of N, ~ 1.7 x 10* evolved stars (Column 5 sectitir + IV ) <
to the total mass should be negligible. The main contributafss 1 [
to the stellar massx{ 90%) are MS starsi/, < 1My) which
account, however, for only 6% of the integrated K band flux
density of the mosaic. MS star®f, > 1 M) accountfor 7%
of the total mass;- 6% of the K band flux density but 80%
of the stellar luminosity of the mosaic.

10° L ) .

/dlog(
ic bin d

m’

per logarit.
—
o
T

Number of stars d.

per 1(arc sec)?
A

IR Ll L Ll Ll PR
5.3. The KLF of MS and evolved stars 107 107t 1 100 10°  10° 10  10° 10°
Flux Density S'x [uly]

Fig. 3 shows once more the complete mosaic KLF together with ) _
the KLF corresponding to the PDMF (Table 2, Column 3 seglg' 3.The complete mosaic KLF (sectdrs 1V from Fig. 1 together

. . ’ ' ““with sectodla  from Table 2, Column 3). Also shown is the difference
torlla ) which represents MS stars with/, > 1Mg. Also

4 . KLF dNr1/dlogSy — dN11a/dlog Sk (see text) which represents stars
shown is the difference KLEN1r/dlogSk — dN11a/dlogSk  \which have moved off the MS. The light dotted curve indicates the

which represents stars which have already moved off the M&.r of Ms stars, the heavy solid curve indicates the KLF of evolved
These stars clearly dominate the KLF in set¢tor Only in the  stars.

mass range arount/, ~ 1-4 Mg do we find more MS stars
than evolved ones.
In Table 3 we give the numbers of M34, > 1 M) and
evolved stars contained in the mosaic. Columns 1 through 4 give
the range of stellar masses of MS stars together with the corre-
sponding MS life times. The letters in brackets in the headintjsthe H-burning phase. Massive MS stars in the ramge~
of Columns 5 through 8 refer to footnotes which indicate how— 34 Mg are supposed to evolve through a short supergiant
the numbers of stars have been computed. Column 5 showsRfiase and to end as supernovae. Column 8 of Table 3 gives
number of stars still on the MS and Column 6 the number Bf€ number oft.4 x 10* stars which could be evolved objects
stars which have moved off the MS since stars have formedWith progenitor masses/, < 8 M. There are, however, only
the NB. Remember thatN: /d}M, is the Salpeter IMF which ~ 12% of this number counted as MS stars. A much higher rate
we adopt as an appropriate birth rate function in the NB af formation of massive stars 107-10°yrs ago (see below)
hence in sectdi  of the KLF. would be a possible explanation of these numbers. There are
MS stars with masses 1-8 1\/I® are Supposed to evolve intoalso ~ 6.6 X 106 additional stars with flux densities6 <
red giants whose reddened flux densities range 8¢m- 102 Sk pw/#Jy S 10° which appear to be neither single MS stars
to 2 x 103 uJy (Paper I, Fig.9). Column 7 of Table 3 givedor to fitinto the flux density range expected to be occupied by
4.8 x 10° as the number of stars which fall in this flux densitjRed Giants. All these numbers should, however, be considered
range. This corresponds to 6% of the MS stars in this massWith caution since the KLF of secttr is not based on star
range. Schaerer et al. (1993) have computed that the lifetime§@#Nts in the mosaic but rather has been inferred from Baade's
MS stars in the He-burning phases are about 10-20% of thdf¥gdow.
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6. Star formation and stellar population stellar remnants. Table D1 shows that for a specific bimodal
in the central 30 pc model combining spontaneous and induced star formation, i.e.
]\/—{c ~ 3 M@a wind/(wind + 7vz)spont) ~ 0.7 for a givenNLyc
the SFR is reduced by a factor of 2.25 and the lock-up rate by a
Several papers compare the KLF of the central parsecs with taetor of 6. Alternatively we can state that in the case of bimodal
KLF of Baade’s Window (see Sect. 4.3 and references therestar formation the luminosity péid, converted into stars is be-
Narayan et al. (1996), Blum et al. (1996)). Most authors agrégeen~ 10 and 40 times higher (depending a#.) than for
that the KLF of the central parsecs has an overabundanke ofstar formation according to a continual IMF (see Mezger et al.
luminous stars, which are interpreted as remnants of high st&74).
formation activity somé0” to 10% yrs ago (Genzel et al. 1994;  Our observations (Paper| Fig. 2b) show that for< 15"
Tamblyn et al. 1996). We find fafj. > 5 x 10° Jy good agree- the contribution ofi{-band luminous (i.e. resolved) stars com-
ment between the KLF derived here for the central 30 pc and thared with that of low-luminosity (i.e. unresolved) stars is more
shifted BW KLF (see Fig. 1). In BW there are no stars observélan 80% but decreases to 50% Rt~ 300”. In the con-
with flux densities corresponding & . .... > 10° uJy. This text of bimodal star formation this would mean that the ratio
can be explained, however, as a pﬁjrely statistical effect. Thaa/(¥ina + VYspont) decreases with increasing distance from
number of stars in the mosaic wit$f, > 10° uJy is ~358. the GC. Thissuggestionis supported by Genzeletal. (1996) who
The KLF in BW is based on observations in a fieldo$s’ find that in the central 24early-type stars are concentrated in
while the mosaic KLF covers a field af28’. In Sect. 4.3, the central 12 while the brightest late-type stars, which are red
Eq. (10), we show that the stellar surface density in the NBIPergiants and AGB stars, seem to avoid the centrairdi
is ~ 55.6 times higher than in BW. Hence, one expects in BY@rm a ring which peaks ak2 ~ 7". This ring extends as far
a surface density of stars withy, . > 10° uJy of only as 10 and appears to delineate the region of recent high-mass
3.610-% x 358 ~ 0.13 stars. star formation. For the intermediate- and low-brightness stars
The difference KLFs shown in Paper |, Fig. 4b compare iffgenzel et al. (1_994) find a central_ depression. It is int(_aresting
NB KLF (SgrA East minus M-0.13-0.08) with the GD KLF!0 note that a bimodal star burst with) ~ 1 Mg, yr~! lasting
(M—0.13-0.08 minus Dark Cloud). Here the overabundancef8f 5 x 10°yrs and producing mainly O stars would produce a

K-luminous stars in the central 30 pc is clearly visible. luminosity of~ 2.5 x 10'° L, equaling the stellar luminosity
of the GD. As already suggested by GM83, bimodal star for-

) o mation could explain the extremely high central luminosities of
6.2. Bimodal star formation in the NB starburst galaxies.

6.1. The overabundance of luminous stargat

In Appendix D we estimated star formation rates (SFRs) based

on the Lyc photon production rafé; . using procedures devel-g 3. K -band luminosity as tracer of stellar mass

oped by Gisten & Mezger (1983, hereafter GM83). We obtain ]

for a standard or continual Saltpeter IMF an observed SFRAJf evaluation of the KLF (Sect. 5.2) shows that low-mass stars
¥(to) ~0.9 M, yr—! for the NB and 0.2 M, yr—" for the mo- (M. < 1Mg) contribute>90% of the stellar mass but only
saic. The observed SFR is even higher than the time-averageff’e Of the integrateds’-band flux density. If the populations
SFR () =M, / (1—7)m~p ~ 0.6Mg yr—! of the NB with of low-mass stars and red giants are not well mixed/fhleand

a total stellar mass/, ~ 4 x 10° M, an instantaneous returnsurface brightness will not be proportional to the surface density
rate ofr ~ 0.3 and an assumed age of the NBrgk; ~ 1010 yr. of stellar mass. Fig. 6 of Paper | actually shows that the surface
This result appears to suggest a constant SFR over the lifetifightness of stars of medium and high luminosity stars &

of the NB - a rather unlikely situation. GM83 had obtained sinfouch more concentrat_ed than that of the low-luminosity stars.
ilar contradictory results for the GD. These authors had intro- 1N Sect. 5.3 we assigned sectdvs Il , and part of sec-
duced bimodal star formation to explain the abundance gradiéit!! (viz. thatforSy > 100 uJy)to red giants and supergiants
observed in the ISM of the GD; as a by-product the concepit were left with~6.610° stars with1.6 < Si /uJy < 100

of bimodal star formation also solved the apparent contradi¥¢hich could not be accounted for in terms of such stars (Col-
tion between time-averaged and present-day SFR. Bimodal 4" 9 Of Table 3). These stars contribetd22 Jy or~ 16% to
formation discriminates between spontaneous and induced §#&integrated mosaic flux density-0f752 Jy. Asimilar discrep-
formation. In the GD spontaneous (i.e., normal) star formatiGicy between observeli-band surface brightness and kine-
occurs in dense clouds in the interarm region with a contiffatic mass has already been noted by Maihara et al. (1978) and
ual IMF including stars of all masses. Induced star formatidt@yakawa etal. (1977), who scaled thiz4 um volume emis-
occurs when ISM flows into spiral arms and gets compressgiity in the solar vicinity with Innanen’s (1973) mass model
by density waves. In this case only stars above a critical m&$§€ -9- Fig. 1.7 in GM83). Serra et al. (1980) suggested that
M, ~1-5M,, are formed. Itis clear that in the case of bimodd€ excess NIR emission comes from M giants with progenitor
star formation for a given Lyc photon production ra¥g,. stars qf mass/, ~ 1.85—3 M§9 together Wlth an increased star
less ISM is converted into stars and an even lower fraction fgfmationrate some0® to 10° yrs ago. As discussed above (see
ISM remains permanently locked-up in low-mass MS stars ar§Ct: 9-3) such an explanation may also apply to the NB.
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Table Al. Parameters of main sequence stars

Spectral M. Test L. Niye Sk« Sk
Type Mo K Lo st udy pdy
(1) (2 (3) (4) (%) (6) (7) (8) %)
04 34 5210* 1.0510° 1.3310° 1.0210°° 1.4310° 5.810° 5.3103
06 24  4.810* 3.9410° 3.3210° 2.3810*°  4.6510* 1.910% 2.410°
o8 17  4.160* 1.0310° 8.3510* 4.9010*®  1.8310* 7.510% 1.110°
09 15 3.720* 6.3810* 5.0610* 2.1210*%  1.5910* 6.510° 8.110°
BO 13 3.2210* 3.4510* 2.8610* 4.1710*"  1.2410% 5.110° 5.810°2
B5 5.0 1.6410* 7.1410*> 6.2510*> 1.4810%% 1.8210° 7.410" 6.510"
A0 2.8 1.0810* 7.1910' 6.1510° 5.77102 2.410" 1.710t
A5 2.0 8.6210° 1.7310' 1.6010° 2.49102 1.010* 7.9
GO 11  5.920° 1.45 1.46 5.300" 2.2 2.0
K5 0.6 3.9710° 2.010°% 2.3910°! 1.7510% 7.1107!' 4.9107!
M8 0.06 2.610° 1.010°® 3.79107* 7.681072 3.1107%* 251073

AcknowledgementsThe data reductions and analyses were carrifiéible B1. Combinations of exponents
out on workstations provided by théfried Krupp von Bohlen und
Halbach Stiftunghrough a joint grant to the Max-Planck-Instititrf Eq.(3) Eq.(4) Eq.(6) Eq.(2) Eq.(2) Eq.(5)
Radioastronomie and the InstitutrfTheoretische Astrophysik, Uni- Br B2 " m+1 Vo
versity of Heidelberg. This support is gratefully acknowledged. We 35 53 16 06

benefitted much from discussions with P.L. Biermann, W.J. Duschl” ' 28 ' ’ 15
and R. Kudritzki; our special thanks go to |.S. Glass whose sugges- ' )

tions substantially improved this paper. 4.0 135
-2.85 2.3 -1.8 -0.8
_ o , 2.8 -1.65

Appendix A: mass-luminosity relations 4.0 -1.45
Parameters of a number of stars of different spectral type a#50 2.3 -250  -1.50
compiled in Table Al. For stars O4 through K5 we use the 2.8 -2.25
stellar parameters given by Mezger et al. (1974); for M8 we use 4.0 -1.85
the stellar parameters given by Lang (1992).

The K band luminositiesSk . in Column 7 of Table Al a—pB+1
have been computed with Egs. 5.4 from MDZ96 using adistange= ————— (B1)
Ry ~ 8.5kpc to the Galactic Center. The reddened flux density &
Sk = e ™® Sk in Column 8 of Table Al has been computed
for 7« ~ 3.2, which corresponds to a visual extinctioy ~ ,, — &~ Prtl (B2)
31 mag. In Column 9 we give the approximate flux densities B2
computed with Eq. (4). _ The constants are related by

The stellar luminosities of Mezger et al. (1974) in Column 4
should be compared with the approximation given in Columncs1 _ A (B3)
computed with Eq. (6). g B!

In the following we also make use of integral properties of
young OB star clusters. Mezger et al. (1974) give for stars earlier A
then BO Cy=—177 (B4)

/8232

<NLyC>

oLy 3.16 x 107 photons per s and M, (A1) with 8, = 2.3, B, = 1.6 and 3, = 2.8 or 4.0 (see Eq. (6))
andB,; = 1. Some combinations af, 3 andy used to compute
and MFs, LFs and KLFsin Table 2 are given in Table B1. Remember
(L) that the exponent of the logarithmic KLF4s+ 1.

M)

= 5.38 x 10°Lgper M, (A2)

—~

Appendix C: dust luminosity
Appendix B: how to convert mass and Lyc-photon production rate in the mosaic

into luminosity functions and vice versa L . .
y To check the stellar luminositied.{) computed in Sect.5.1 it

In Sect. 3 we gave each of the MF, LF and KLF in a gener& important to estimate the dust luminosityg and the Lyc-
algebraic form. The exponents are related by photon production ratdr . integrated over the mosaic. There is
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Table C1. IR-luminosity and Lyc-photon production rate related tdable D1. Star formation and lock-up rates in the GD, GB, and in the
central pc, the mosaic, and the nuclear bulge central 30 pc

R Lir Ref. Niye Ref. Niyc Ref. Galactic Disk  Nuclear Bulge Mosaic
arcsec  Lg st st Meyr* Mg yr—* Mg yr—t
@ @) 3 4 ®) 6) ™ v Y@y v @) Y P(lr)
1510' 3.710° [q] 6.310% B 1.910°°  [e] @ @ G @ G ®
3.8310° 1.210° [ 1.210° [d] 3.610°' [¢] contin.IMF 94 65 0.9 0.6 0.2 0.1
3.0410° 1.310° [b] 6.410°" [p] 1.910°% [ bimod. IMF 43 11 04 0.1 0.08 0.02
References: Remarks:

[a] Paper I, Table 1b (Note that in Paper | Table 1c the IR luminosify] GM83.Continual IMFrefers to Salpeter IMBimodal IMFhas the
(corr.) of (7.5 £ 3.5) 107 L) relates to the stellar luminosity. following parametersM. ~ 3Ma; ¥ (ina) /Y (spont+ina) ~ 0.7.

[b] see MDZ96, Table 6 and references therein. [b] Scaled withN (NB)/N(GD) andN (mos)/V (GD) with N(NB) and
[] Interpolated withZ1g oc R''. N(mos) given in Table C1 ani¥ (GD) ~ 2.0 1¢? given above.

[d] Interpolated withV7 . oc R*?.

[e] Correction for Lyc-Photons directly absorbed by digty. ~

3N}, (see Mezger & Pauls, 1978). from the Lyc photon production rate, one obtains a present-day

SFR (see GM83 and Table D1) @f(tg)obs ~ 0.9Mg yr—t,
which is~ 15 times higher than the predicted SFR and close to
an unpublished dust luminosifytir ~ 4.4 x 107 L, derived by the time-averaged SFR given above (Eq. D1).

Launhardtfrom COBE-DIRBE and IRAS observations butthere Asdiscussed above (see Sect. 6.2) GM83 found that bimodal
are no observations dVﬁyc (i.e. the number of Lyc-photons star formation could solve this problem. SFR and lock-up rates
directly absorbed by the interstellar gas which contribute to tfer the GD as derived by GM83 are given in Table D1, Columns 1
radio free-free emission) antiy available which would relate and 2 forM, ~ 3 M. The corresponding rates for the NB and
directly to the mosaic; the corresponding valuesin Table C1 hawe Mosaic, scaled according to their Lyc-Photon production
therefore beeninterpolated between measurements related tedkeVy .., are given in Columns 3 through 6.

centralR < 15” and to the NB R < 3 x 10%”; see MDZ96

and Paper I). Column 1 gives the radii adopted for the Ce”tﬁ%ferences

30 pc, mosaic and Nuclear Bulge (in

Blum R.D., Sellgren K., DePoy D.L., 1996, ApJ 470, 864

Davidge T., 1991, ApJ 380, 116

Davidge T., Simons D.A., Rigaut F., Doyon R., Crampton D., 1997,

. . . AJ 114, 2586
The star formation rate (SFR)(?) is the rate at which ISM ;o 005\ “Torndrup D. M., Frogel J.A., et al., 1993, AJ 105, 2121

IS trajnSf_ormed into stars. Stars with mas3és > 1M have Genzel R., Hollenbach D., Townes C.H., 1994, Rep. Prog. Physics 57,
MS lifetimes shorter than the age of the GD (assumed to be 417

Tgp ~ 10'Yyr). They evolve to giants and supergiants, l00Sgenzel R., Thatte N., Krabbe A., Kroker H., Tacconi-Garman L.E.,
part of their outer shell to the ISM and end as white dwarfs, 1996, ApJ 472, 153

neutron stars, or black holes. With ~ 0.3, the fraction of Genzel R., Eckart A., Ott T., Eisenhauer F., et al., 1997, MNRAS 291,
matter instantaneously returned to the ISM by a new generation 219

of stars, the lock-up ratél — r)u(t) is the fraction of matter Gusten R., Mezger P.G., 1983, Vistas in Astronomy 26, 159 (GM83)

ransformed in rs which i rmanentlv lock in Vv_ayakawa S., Ho K., Matsumoto T., Uyama K., 1977, A&A 58, 325
transformed N to stars ¢ . s permanently locked gp ° von Hoerner S., 1968, In: Terzian Y. (ed.) Proc. Interstellar Hydrogen.
mass starsi/* < 1 M) and in the remnants of massive stars. 101

Appendix D: star formation and lock-up rates

The average star formation rate in the NB is then

Wit)) = —

—  ~0.6Mgyr !
(1—T)TNB ®yr

Holtzmann J.A., Light R.M., Baum W.A_, et al., 1993, AJ 106, 1826
Innanen K.A., 1973, Ap&SS 22, 293

Kroupa P., Tout C.A., Gilmore G., 1993, MNRAS 262, 545

Lang K.R., 1992, Astrophysical Data: Planets and Stars. 132ff.

with M, ~ 410° M, the total stellar mass angks ~ 7ap ~ Maihara T., Oda N., Sugiyama T., Okudu H., 1978, PASJ 30, 1
zger P.G., Smith L.F., Churchwell E., 1974, A&A 32, 269

10
10 yrs the age of the NB. For a closed system and a S 3 20er P.G.. Pauls T, 1978, IAU-Symp. 84, 357

proportional to the mass of ISM availablg,oc Misyi, GUSIeN 10,000 p.G.| Duschl W.J., Zylka R., 1996, AGAR 7, 289 (MDZ96)

& Mezger (1983; in the following referred to as GM83) give &jarayan VK., Gould A., DePoy D.L., 1996, ApJ 472, 183

relation between present-day and time-averaged SFR: Philipp S., Zylka R., Mezger P.G. et al., 1999, A&A in press (Paper I)
1 Scalo J.M., 1986, Fund. Cos. Phys. 11, 1

?ﬁ(to) _ plng — 9102 (D2) Schaerer D., Charbonnel G., Maynet G., et al., 1993, A&AS 102, 339

(W) (1—p) Serabyn E., Morris M., 1996, Nat 382, 602

. . Serra G., Puget J.L., Ryter C.E., 1980, A&A 84, 220
which - with Misyy ~ 108Mg and p = Migv /(M. + g y

i Tamblyn P., Rieke G.H., Hanson M.M. et al., 1996, ApJ 456, 206
Mism) ~ 0.024 - predicts a present-day SFR(to)pred ~  Tiede G.P., Frogel J.A., Terndrup, D.M., 1995, AJ 110, 2788

610~2Mg yr—1. On the other hand, if one estimates the SFR




