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ABSTRACT

Aims. The nucleus of the nearby barred spiral M83 is undergoingyareus burst of star formation. The morphology of this regio
is very complex, with numerous bright young star clusteesy\prominent and patchy dust, and possibly a double nucleissour
goal to determine the properties of these young stellar jadipas, and to discuss the source of excitation respom$dslthe PAH
emission generally observed in star-forming regions.

Methods. The nucleus of M83 was observed in various narrow-band diitethe mid-infrared with VISIR at the VLT. The resulting
PAH map is compared to [Ng emission originating from the I regions and to molecular hydrogen emission to address the ex
citation mechanism responsible for the PAH emission. Feurtiore, low-resolution N- and medium-resolution Q-banecsmscopy
was obtained for the brightest mid-infrared source. Thedtsster and the surrounding ISM are analysed by compatiagelative
strengths of the fine-structure lines with the results frdratpionization models.

Results. The PAH emission shows two components, one associated héthright star-forming knots, and another morédie
component. The latter seems to be related to a dustlane aecthidsion is detected from the same regions as well. Tifiesdi PAH
emission probably comes from lower excitation PDR-likeioaeg, where the PAH molecules are excited by soft UV and eptical
photons. There are no signs in our data for PAH destructi@m yeung star clusters. In the images a source with a remigrkidh
F(PAHYF([Nem]) ratio is identified. This source shows significant PAH andtthuum emission, but no detection in the [Nenap.

A satisfying explanation for the observed properties of #ource in the optical and mid-infrared has not been four@mRhe fine-
structure lines in the spectrum we find that the stellar patph dominating the mid-infrared radiation at the brigititpeak has an
age in the range 1.5 — 3.3 Myr or 6 — 7 Myr, and that the surraumtsM is of relatively low densitys 10° cn3.

Conclusions. Our ground-based, high spatial resolution imaging datavghat PAH emission can probably be used as a star forma-
tion rate indicator. However, the aperture must be choseuarately, small enough to avoid significant contributiofislisfuse PAH
emission.Quantitative studies of large scale PAH emidsawe to take into account that more than half of the PAH flusgaiated
with more evolved B, A or even later type stars.

Key words. galaxies: individual (M83) — galaxies: starburst, starstéus — ISM: HIl regions — ISM: hi region — ISM: PDR —
ISM: PAH emission — infrared: ISM

1. Introduction region is d@ected by patchy and often large column densities of

. . opscuring dust, hiding part of the starburst ring from viewwgd
At 4.5 Mpc, M83 (NGC 5236) is the nearest large barred Sp'r'E‘Emplicating detailed understanding of the morphologyen-g
(Cepheid distance, Thim et al, 2003). M83 lives in the Hydig | "Relative to the nucleus as determined in the optibal, t
group ofr?alames and defeﬁ HI |_mallg_e%_shqw e\adenhceaiqr U48bst prominent source in the mid-infrared and radio, which ¢
arms in the outer parts of the spiral, indicating that theadps ds to th © acti ion of star formation. fises
interacting with a close neighbour NGC 5253 (Park et al, 200respon > 10 e MOSt active region of star formaton, is

; By ~4.4to the west £100 pc in projection at a distance of 4.5
Huchtmeier & Bohnenstengel, 1981). Both NGC 5253 and t nc: at this distance”Lcorresponds to 22.5 pc), at the edge of

nucleus of M83 undergo an equally vigorous burst of starﬁ}rmthe starburst ring (Telesco. 1988: Gallais et al. 1991. &gl t
tion (Calzetti et al, 1997, 1999; Tremonti et al, 2001), bote work). urst fing ( ' ' ! ' '
Ehe Iag t cIoBse pr? Siggg bgtvlvde enlitréespe;]'_[n\_/o ga?ig)élg)s Is1- %mfsyr 2 The presence of massive amounts of dust hide part of the ac-
van den Bergh, ; Caldwe illips, ,itis uradle . o= X . X

: : - tion from view in the optical and even in the near-infrare&™H
whether these starbursts are directly triggered by theaot®n. ig]aages show that apaFr)t from a circular window of relativeiy|
MB; ?:g::ﬁg%gﬁgggpﬁgi (cgr;hr:ilsi*»e(})toa[l)clgrgll{nlzcilrt: : g?é'glnegts ;xtinction, a large fraction of the nuclear region is codeby

: ’ o ifietD " Tayers of dust impenetrable by the optical radiation (Fign1
1998, Thatte et al, 2.000)' Harris et al (2001) identi Ostar grris et al 20015). For this rea¥50n obgervations at Iorggmgav
Clu.St'Ier from '_;Sg |maﬁes. AS Is frequent';ly opservgd :n tlﬂarr%_i(’engths are,crucial to study the most embedded sources
spirals, most of these hotspots seem to be oriented along a Ci i o "
cumnuclear ring, which is probably close to the Inner Lirabl Until recently only space-based facilities were available

Resonance (Elmegreen et al, 1998). However, the whole auclfP" observations in the mid-infrared. The data of the Irdcar
Space Observatory 1ISO, and more recently of the SpitzereSpac

Send gprint requests toPaul van der Werf Telescope, gave and still give the field of research on star fo
* Based on observations collected at the European South&@tion in starburst galaxies an enormous impulse. Howéver,

Observatory, Paranal, Chile, under programme no.75.B40%277.C- data of these space telescopes do not providlecEnt spatial

0367(A), and 077.B-0528(A) resolution to study the properties of individual extragéitastel-




lar populations. These small spatial scales can only bdvwedo Table 1. Overview observations
using ground-based mid-infrared instruments mounted myela : :
telescopes, of which the first ones have only become avaitabl | VISIR imaging

the general scientific community several years ago. Filter Acentr Al Tint Date
In this paper we present high spatial resolution mid-irgicar (um) (um) (min)

imaging and spectroscopy of the nuclear starburst of M83, ob

tained with the VLT Imager and Spectrometer for mid InfraredSIV‘2 ﬁg g'ég 13 ﬁpr 92006
; - . . pr 9 2006

(VISIR, Lagage et al, 2004) at ESO’s VLT. Images in severalpapo o 11,88 0.37 18 Apr 9 2006

narrow-band filters are used to study the spatial distrsuof ey 12.81 0.21 18 Apr 9 2006

the PAH and [Nei] emission in detail. Although PAH emission Nell.2  13.04 0.22 18 Apr 9 2006

is generally observed to be strong in star-forming regiahs,

source of excitation is poorly understood. Usually the apso [ VISIR spectroscopy |
tion of UV photons is thought to be the dominant process, bupectral  Acentr R Tint Date

the detection of significant PAH emission from UV-poor nebu-setting ~ m) (min)

lae (Uchida et al, 1998; Li & Draine, 2002) indicates that éow

energy optical photons can excite the PAH molecules as welkR Ni 8.8 300-390 35  Jun 162005 & Apr8 2006
With the detailed comparison of the PAH emission and emissio R N 9.8 305-360 35  Jun 162005 & Apr 82006

1
from Hu regions ([Nai]) the amount of PAH emission directly ::E Hl E'i %?g B gég gg jaz ig gggg
associated with star formation and the remaining mofiusk MRQ! 187 1800 29 Apr 8 2006

emission can be quantified. Furthermore, fine-structusslote-
tected in the N- and Q-band spectra are analysed to deter

nﬁri'?:‘fN FONI integral field spectroscopy |

properties of the stellar populations. Band Aot R T Date
In Section 2 a description of the observations and data re- (um) (min)
duction can be found. The resulting images and spectra are pr
sented in Section 3. Section 4 discusses the spatial distib  K-band  2.18 4000 10 Mar 234 2005

of the PAH and [Ne1] emission. Spectral features from the N- _ _
and Q-band spectra are analysed in Section 5. Finally, the co ":LR N: low-resulotion N-band spectroscopy; MR Q: medium-
clusions can be found in Section 6. resolution Q-band spectroscopy.

2. Observations and data reduction . . . .
Line maps were created by continuum-subtracting the im-

2.1. VISIR narrow-band imaging ages in the PAH and [N{ filters. The continuum at 11.25
. . . m (for the PAH map) and 12.81m (for [Nen]) was estimated

In the night of April 9 2006 the starbursting nucleus of MSgy making a linear interpolation between two flanking contin

was observed with VISIR at the VLT. Images were obtained ifym filters. For the PAH map the SI2 and PAH22 continuum

five narrow-band filters; the SN2, PAH2.2, and Nell2 filters  fjjters were used, for the [Ng image the PAH22 and [Ne]_2

to measure the continuum emission, the PAH2 filter, which Cofjiters. The resulting images and the PARRZontinuum map can

tains the PAH feature at 11.2Bn, and the [Ny filter, which e found in Fig. 1.

covers the [Ne] fine-structure line at 12.8km (see Table 1 aperyyres for photometry were defined around peaks in the
for an overview of the observations; the wavelength ranges c Neu] image (sources 1 — 7; see Table 2 and Fig. 3 for posi-

ered by the imaging filters are indicated in the spectrum $hoj{y,s"and radii). Additionally, two apertures were placetbaa-

in Fig. 2). The total on-source integration time was 18 masut i, of significant continuum emission (sources 8 and 9 Tw
in each filter. With the intermediate field pixel scale 61l@7, |5 1qer apertures were defined at regions difidie PAH emission
the 256x 256 pixels detector gives a field of view of'Ex (54 rces 10 - 11). Photometry was done by adding all flux withi
32’5. Chopping and nodding was applied with a throw of 2 ¢ anertures and subtracting a locafuse background (addi-
remove the strong background radiation. Additionally,@d@m 51t the local background already corrected for), whi@s

jiter offset< 1”was given to the telescope between nod cycleseagred in the relatively empty region northeast of thgHari
to correct for array artefacts. Before and after the scieace .oniral source at source 1 (the black circle in Fig. 3).

get observations the standard stars HD91056 and HD991 &7 wer
observed for flux calibration (Cohen et al, 1999).

IRAF! routines and customized IDL scripts were used fa?.2. VISIR low-resolution spectroscopy
data reduction. Subtracting the chopping and nodding peirs . o .
moves most of the sky and telescope background. The regultfP" the brightest mid-infrared peak (source 1), low-re8ofuN-
images were shifted and co-added. Any residual global bad@nd Spectroscopy was obtained in'@®slit in June 2005 and
ground was removed by subtracting a constant value, whish waPril 2006 . Four overlapping spectral settings were reegiito
measured in several ‘object-free’ portions of the imagesalote COVver the full N-band (see Table 1). The total on-sourcegirte
flux calibration was obtained by normalizing the standaed stlion time was 35 minutes for each spectroscopic settingil&im
images to VISIR narrow-band fluxes. This calibration is uncet© the imaging setup, chopping and nodding was applied on the
tain by at least 20% based on the dispersion derived from i With @ 12’chop throw to correct for background emission.

standard stars observed before and after the science abseRArY-type stars (B7 —B9.5) and a KO giant were observed be-
tions. fore and after the science target observations for flux calib

tion (HIP108085, HIP109268, HIP113963, and HIP60965, from
! Image Reduction and Analysis Facility (NOAO, National @pti the Hipparcos Catalogue, Perryman et al, 1997, and HD123139
Astronomy Observatories) Cohen et al, 1999).
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Fig. 1. Mid-infrared images of the nucleus of M83, all based on nafband observations obtained with VISIR. The upper two faskow the
continuum-subtracted PAH emission at 11.2B. Upper left:the PAH emission is shown after rebinning the image onto a {jrid, interpolating
the pixel values in steps of 10 of the pixel size. The contours correspond to 1.0, 1.7,228d 10723 erg s* cm? arcsec? (in all images the
lowest contours corresponds to-above the background)pper right:is the same image as the upper left, but the technique ofigddjttering

is applied with a kernel of 5 pixels to remove the high frequenoise (Lorenz et al, 1993). The contours in this imageespond to 0.8, 1.3,
1.7,and 2.2 1013 erg s cm arcsec?. The bottom row showkeft: the continuum at 11.88m (the PAH22 filter, the other continuum images
show similar morphology), andght: the continuum-subtracted [N¢image. Both images are rebinned in the same way as the ugipé?AH

map. The contours correspond to 21.7, 55.8, 93.0, and 12dyCanesed in the continuum map and to 2.2, 3.2, 4.8, 6.0, and- 20 erg s*
cm2 arcsec? in the [Nen] image. In all images North is up and East is left. The x- arakgs are in arcsec and (0,0) corresponds}6)£(13 37

00.538,-29 51 54.81). The optical nucleus is located\at46)=(+5’7,+0’85), left of the brightest mid-infrared peak in the imagesveh here.

Medium-resolution spectroscopy around ther[Semission tracing skylines. Finally, the spectrum was extracted irf @11
line at 18.71um was obtained for the same source as well. Thaperture and is shown in Fig 2. Both from the agreement in the
total on-source integration time was 22 minutes. The setap wwavelength ranges where the spectral settings overlapeifor
identical to that applied for the N-band spectroscopy, girngp ample, the 11.4 and the 12u4h spectral setting overlap between
and nodding along the slit with a 1Zhopper throw. The KO 11.37 — 12.4&m) and from the consistency of the settings that
giant HD123139 was observed directly before the science okere observed twice (the 8.8 and 9.8 settings), we conchate t
servation for flux calibration. the flux calibration is more accurate than 15% for the N-band

The first steps in the data reduction were identical to thoSBECIroscopy observations. The accuracy of the flux caidra
described for the imaging setup. Additionally, the spdatea- 10 the Q-band spectrum is 20%.
vature was corrected using the prescription for the distoras
given in the VISIR manual. Wavelength calibration was doye b
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Fig. 2. Left: Low-resolution N-band spectrum of the brightest mid-inéd source in the nucleus of M83 (source 1). The dashed akkands
indicate the wavelength range covered by the narrow-bamagiing filters. The names of the imaging filters are indicagedell. Right: Medium-
resolution Q-band spectroscopy covering the range betd8eh— 18.8:m of the same source. The feature at 18.gf#results from an array
artefact.

Fine-structure line fluxes were measured using 15A®
gaussian distribution was fitted to the continuum-subgghct
emission lines. The line fluxes were determined by integeati
over these gaussian fits. The flux of the broad PAH feature was
estimated by subtracting a linear interpolation of the tantm
at 10.77 and 11.88m (which are the identical wavelengths used
for the creation of the PAH image). The remaining flux from the
continuum-subtracted PAH feature was determined by iategr
ing over the same wavelength range as the PAH2 imaging filter
(central wavelengthk 11.25um,A1 = 0.57 um; line fluxes are
listed in the last row of Table 2).

2.3. SINFONI data

To discuss the excitation mechanism of the observed PAH
emission, the PAH map is compared with, H-0 S(1) ro-
vibrational line emission (2.1218m) in the near-infrared. In
March 2005 the nucleus of M83 was observed in the K-band
with the Spectrograph for INtegral Field Observations ie th
Near Infrared (SINFONI, Eisenhauer et al, 2003; Bonnet gt al
2004) at the VLT. At the largest spatial scale 628 per pixel

the field of view is 8x 8", which is not big enough to cover
the whole nuclear region of M83 in one pointing. A mosaic wasg-3. The positions and sizes of the apertures for photometry aman
constructed by combining three pointings, for each of wiigh g€ in the PAH2 filter (continuum plus PAH emission). Apestut — 9
total on-source integration time was 10 minutes. TheH S(1) porrespond to the compact knots identified in the filNend continuum

. . ges. Positions 10 and 11 correspond to regionsfifs emission.
line map was constructed by collapsing the datacube over iﬁ% black aperture indicates where the local backgroundwessured.

line width and subtracting a linear interpolation of the ton The white cross indicates the location of the optical nuleu

1 The 1SO Spectral Analysis Package is a joint developmentiby t ) ] )
LWS and SWS Instrument Teams and Data Centers. Contributstg  uum at 2.1187 and 2.12§2Zm. More detailed information on
tutes are CESR, IAS, IPAC, MPE, RAL and SRON. this data set will be presented in Vermaas et al (in preparati



Fig.4. Emission in the [Ne] filter ((Nen] lines emission plus continuum) overlayed in white contoan a HST F656N image (Hemission
plus continuum). The contours correspond to 1.7, 3.2, &% and 19.12 10713 erg s* cmr? arcsec?. Astrometric calibration of the mid-infrared
images is done by matching the position of the brightest patikthat of the brightest peak in the Spitzen® IRAC image Inserted:a blow-up
of the region around the brightest mid-infrared peak (seurt Note how the [Ne] emission follows the ring-like distribution observed imet
F656N image.

3. Results brightest mid-infrared peak, source 1, corresponds to ab@um

of bright optical sources, oriented in a ring-like struethis
The images of the nucleus of M83 show a complex structug@parent ring can also be th&ext of patchy foreground ex-
(Fig. 1). In all filters the images are dominated by a veryhijig tinction). Southeast of source 1, a region of relatively lex
extended central peak (source 1; see Fig. 3). Emission ctethe tinction with hundreds of bright optical sources is founthis
to this peak extends”2o the north (source 2), together form-area we find two mid-infrared sources corresponding to brigh
ing the central structure shaped like a quaver symbol (Bightluster complexes (sources 7 and 9). Furthermore, two megio
note). West of the central structure, an elongated, thirveri of diffuse emission are identified (sources 10 and 11), which are
filament of difuse emission can be found, which connects semost likely related to patches of dust seen in the opticas. dilea
eral relatively bright knots (sources 3 — 9). These souroes f northwest of the brightest peak is dominated by a very premiin
the extension of the semi-circular starburst annulus ifledtin ~ dust lane, with a handful of highly reddened sources seatter
the near-infrared (Gallais et al, 1991). Low surface bmgss around it. Some of our mid-infrared sources clearly coroesp
emission is observed in the PAH map east-southeast from tbeseveral of these individual optical sources (sourcesb8in
central bright peak (sources 10 and 11). The jiNand con- others do not have an optical counterpart detected and seem t
tinuum images only show marginal emission at these locatiome deeply buried in the dust (sources 4 and 6).
As already noted sixteen years ago by Gallais et al (199%) iti The N-band spectrum of the brightest mid-infrared peak
remarkable how much the observed structure changes betwerows the characteristic features of a star-forming regime-
the optical, near-infrared, mid-infrared and radio. Notyois  structure lines originating from the i region are observed;
the mid-infrared peak displaced to the west-b4.4’from the strong [Nei] emission and a clear detection of the [A¥line as
optical nucleus (indicated with a cross in Fig. 3), theredsig- well, both ionized by massive stars in the newly formed dizs-c
nificant mid-infrared emission detected from the locatibthe ter. Tracing regions further out from the stellar populative
optical nucleus. The [Ng] emission shows no signs of the pressee PAH emission and thermal dust continuum from the photon-
ence of a significant population of massive O and B stars, ordgminated region (PDR).
some difuse PAH emission can be found. The average PAH sur-

face brightness in sources 10 and 11 is2@4- 10 13 erg s _ o
cm2 arcsecz. 4. Diffuse versus compact PAH emission

In Fig. 4 we compare the structure observed in the mi€Gomparison of the PAH and the [Ngmaps shows that the PAH
infrared with an optical image by overlaying a VISIR [NMegm- emission traces the Hregions, which are apparent as peaks in
age in contours on an HST image in the F656N filter (F656tke [Nen] map (see Figs. 1 and 5). The central bright peak as
covers the k4 recombination line; see also Fig. 1 in Harris et alvell as the hotspots in the arc-like filament are prominent in
(2001) for a HST color composite). This image shows that thmth images. On smaller scales the PAH emission also follows



Table 2. Line fluxes

Pos RA DEC! Aperture lD—iST FPAH F[Nell] PAH/[NEII]
(J2000) (J2000) radius (1B ergstcm? (10 ergstcm?)
[ Compact knofs |
1 133700.562 -295155.47 14 2427/21/23181917 13.61’2;2) 22.6+ 4.0 0.60+ 0.26
2 133700.536 -295153.44 Q2 97 6.7%% 11.3+ 2.1 0.59+ 0.31
3 133700.401 -295150.17 714 7 7'4%8 129+ 2.4 0.57+0.28
4 133700.309 -29515251 7Bl 1.8f8:i 3.0+0.6 0.60+ 0.32
5 133700.223 -295151.53 88 1'4t8:‘71 1.2+ 0.2 1.18+ 0.39
6 133700.346 -295154.77 '®1 .. 2.0’:8:g 2.2+ 0.3 0.89+ 0.31
7 133700.435 -295159.66 Bl 1311/1516/9/22 2.Of8:7 2.0+04 0.98+ 0.42
8 133700.122 -295151.13 7”88 4 1.0%{%1 0.0+0.1 >9.78
9 133700.377 -295158.24 106 §10/9/6/11/12/14 5.5%¢ 2.6+0.7 2.09+ 0.84
[ Diffuse emission |
10 133700.911 -295155.21 790 4142 21.0%2 53+ 15 3.96+ 1.30
11 133700.713 -295158.29 790 3436/32/39/3337/... 18.01'3:2 10.1+1.9 1.78+ 0.47
.../38/40/2928/31/26
[ Line fluxes from spectroscdpy |
1 13 37 00.562 -29 51 55.47 "’ 96 F[Arlll] =0.6+0.1 FPAH =46+1.1 F[Nell] =85+1.3 F[5|||] =15.1+ 3.0

T Astrometric calibration was done by matching the brighpestk in our images with the brightest peak in then8 IRAC image of the
nucleus of M83.

2 The locations of sources 1 — 7 are the peaks in then]Nt@age. Sources 8 and 9 are (relatively) compact continueaksg, and
positions 10 and 11 correspond to region dfuie emission. The fluxes are corrected for a local backgréantditional to the global
background already corrected for in the reduction proc&3 difuse background as measured in an aperture in the empty region
northwest of position 1 is subtracted from the flux measunatiése apertures (see black circle in Fig. 3).

3 From Table 3 in Harris et al (2001). All other ID numbers am@nfr Table 2 in that same paper.

4 Line fluxes in 102 erg s* cm?; in an aperture of’19 with a slit width of @ 75.

the morphology seen in the [Ni¢ map; both show a ring-like This is clear from visual inspection of the line maps in Fig. 1
structure in the heart of the central bright peak. So it iscleas well. Another strong indication for the presence of aifiign
that at least part of the PAH emission is directly couplech t cant component of low surface brightness PAH emission comes
regions in which young stellar populations live. from comparison of our data with the mid-infrared ISO data-pr

In addition to the regions of compact PAH emission, a segsented by Vogler et al (2005). In the ISO spectrum of the nuscle
ond component of more fluse PAH emission can be identifiedof M83, which covers the central’& 6”, the equivalent width
(sources 10 and 11). These sources of PAH emission do not d&W) of the 11.25%m PAH feature is 0.5am. Both from the N-
relate with regions of ionized gas emission, but they seecato band spectrum and from the narrow-band imaging we measure
incide with a patchy veil of dust in the HST images (see Fig. 49n EW(PAH) of 0.19um. This diference shows that a compo-
From these locations some weakffdse mid-infrared contin- nent of low surface brightness exists in the central region,
uum emission is detected as well (Fig. 1). which VISIR is not sensitive enough to detect, or which was re

To determine which fraction of the PAH and [Neemis- moved by the relatively small chopper throw or by the global
sion is difuse and what fraction originates from compact, brighbackground correction (the background for the 1ISO spectrum
star-forming knots, we compare the combined flux measuredw@s measured 7.5 ~ &om the nucleus). Similar low surface
sources 1 — 9 with the total flux measured in all apertures terightness PAH emission was found before in the comparion o
gether. Of the total [Ne] flux, 79% originates from the com- space-based and ground-based spectra of super star €lunster
pact knots 1 — 9, and 21% comes from sources 10 and 11.the Antennae galaxies (NGC 403839 Snijders et al, 2006).
the case of PAH emission, only 51% of the total flux originates This resultis consistent with the results of Pérez-Gtazét
from sources 1 — 9 combined, the other half of the total fluxl (2006), who evaluate various mid-infrared star formatiate
is diffuse. From Fig. 3 it is clear that, although most emissigi$FR) indicators. They find that the 2#n continuum correlates
is covered by the eleven apertures, som@ude emission ex- tightly with the Hx emission absorbed by dust. This indicates
ists in the areas between the apertures. This component-of that all 24um emission originates from the proximity of star-
fuse emission in the nuclear region is estimated by adding fggming regions and that it is a good measure for the SFR. For
the pixels outside of the apertures with a flux density lathan the 8 um flux, they find a similar correlation with extinction-
30 above the background. This lowers the fraction of the totabrrected K, but with a very large scatter of the individual data
flux measured in the compact knots 1 — 9 to 60% forfiNend points around the correlationz(60%). The 8«m Spitzer IRAC
26% for PAH. The [Nai] is with 60 — 80% of the total emis- filter covers a portion of the spectrum with some very strong
sion coming from sources 1 — 9 significantly more concenttat®AH features (the 7.8 and 8:8n features). The large scatter
in the compact star-forming regions than the PAH emissifn, around the relation between theut and Hr luminosity likely
which only 26 — 51% is directly associated with the kegions. arises from significant élierences in the relative contribution of



SINFONI H2 VISIR PAH VISIR [Nell]

Fig.5. A comparison ofleft: near-infrared H2 1-0 S(1) emission (2.12%@n) measured with the integral field spectrograph SINFONddle:
11.25um PAH emission, andght: 12.81um [Nen] fine-structure line emisson. The contours correspond td BAission at 0.9 and 1.710°%2
erg s cm2 arcsec?. Note how the PAH eission traces the distribution in the fiNemission much closer, than the EHmission does.

PAH emission in the individual apertures. This is anothersg The difuse PAH emission must be excitedtdiently than

indication that PAH features cannot exclusively be corectthe PAH emission in the compact knots discussed above. It is

with massive, young stars. usually assumed that absorption of UV photons is the dontinan
excitation mechanism responsible for creating the broatl PA

If we focus on the compact star-forming knots defined bigatures (Allamandola et al, 1985; Draine & Li, 2001), which
peaks in the [Na] map, sources 1 — 7, our data shows no eviS & good explanation for_the compact sources. If UV photons
dence for PAH destruction. Unfortunately, from our data we-c Would have been responsible for théfdse component as well,
not derive any information on the radiation hardness fos¢he[Nen] emission would have been detected at these locations.
sources. Under the first order assumption that the radiatonldis is not the case. Comparison of the PAH emission with a
a younger, brighter ki region is harder than that of an oldermap of near-infrared molecular hydrogen emission {HD S(1)
fainter one, we expect the ratio of the PAH 11,28 flux over ro-vibrational line at 2.121@m; Fig. 5), shows that every loca-
the [Nex] emission line flux, F(PAH »s)/F([Nemn]), to drop with ~ tion of diffuse PAH emission hasj—br_ms_smn assou_ated _V\_/lth
increasing F([Ne]) in case of significant PAH destruction. Thelt. However, various sources of;Hemission can be identified
measured F(PAH »s)/F([Nen]) ratio is consistent with being that do not have a PAH counterpart. A p035|b_le explanation is
constant at a value of 0.770.32 (see Table 2 and Fig. 6). Sincéhe fact that ro-vibrational ilines can be excited both ther-
we do not detect [&] fine-structure line emission even in themally and via fluorescence after absorption of a UV photon. In
brightest peak, it is plausible that most star clusters erih- the complex nucleus of M83 we expect both mechanism to be
clear region are relatively evolved, with ages5 Myr (whichis  important, with varying contributions, sensitively depérg on
consistent with the ages derived by Harris et al, 2001, why orthe characteristics of the local environment. The coersteof
find a handful of sources out of a sample of 45 younger th&o different excitation mechanism for the molecular hydrogen
5 Myr). Lebouteiller et al (2007) show that PAH destructien iiS probably responsible for the variation in the relativeesgth
only significant when the radiation is hard enough to prodaicedf Hz compared to PAH as well. For example, the brightest peak
[Swv]/[Nen] ratio larger than 1, which only occurs for populain the H image, which can be found at the location of the opti-
tions younger than 5 Myr (Fig. 9 in SKW07). So, the absence 6@l nucleus, stands out much more in therhip than the PAH
PAH destruction is consistent with more evolved stellarglap €mission from this position. Part of this;Hemission is likely
tions dominating the radiation field. Our result also implfeat €xcited thermally in the shocked gas associated with supex n
PAH emission as a SFR indicator behaveedéntly than for remnants in this region (Turner & Ho, 1994, and Vermaas et al,
instance hydrogen recombination lines, which trace onlyn@® ain preparation). Fluorescenttémission and PAH emission both
B stars. Measured in small apertures around somewhat evolf&@ce UV-illuminated molecular clouds, but the brightnefthe
clusters, the PAH emission is approximate|y proportionahe Hz lineis a strong func_tlon of denS|ty; therefore PAH emission
ionizing photon flux. HOwever, integrated over large apersu IS & cleaner tracer of this process
or even whole galaxies PAH emission is not only sensitive to In general it is remarkable how the structure observed in the
recent star formation, but has significant contributiomirex- [Nen] map is traced much better by the PAH emission than by
citation by B, A and probably even later type stars. Attengtts H,. This suggests that indeed thermal excitation is an importa
a quantitative interpretation of the global PAH emissios tm mechanism for the production of the,H-0 S(1) line through-
take this into account. out the nucleus of M83. Leaving aside the detailed variation
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Fig. 6. In this diagram the strength of the PAH flux F(PAkE) relative to the [Ner] flux F([Nen]) is plotted versus F([Ng]). The black symbols
correspond to the compact knots, sources 1 — 9, and the gtieg tegions of dfuse emission, sources 10 and 11. The compact knots defirfesl in t
[Nen] map, sources 1 — 7, all have a very similar F(BAH)/F([Neu]) ratio. The compact sources defined from continuum pealldfanditfuse
sources have much stronger PAH emission relative to theif@feission. Source 8 clearly stands out with a very large HRAs)/F([Nem]) ratio.

relative strength, the correlation of theffdise emission in the excitation mechanism for the observed PAH emission (Tilen
PAH and H maps, suggests that the PAH molecules are excit2d05).

by less energetic photons (e.g. soft UV and optical photons)

PDRs. This is consistent with the findings of Uchida et al @99

Li & Draine (2002) on the detection of significant PAH emissio 5. Properties of the star-forming regions

in UV-poor nebulae. They conclude that PAH features can be ex

cited by nearby stars with a radiation temperature as coblas |© derive various properties of the ionizing stellar popioias
— 3000K. we use the results of Snijders et al (2007, SKWO07 hereafter).

that paper the evolution of the near- and mid-infrared spéct
energy distributions (SEDs) of young, embedded star disiste
This leads to the general picture that the kgions are most modeled. The stellar populations plus their surroundirlg E8e

tightly wrapped around the newly formed star clusters. At fumodeled by combining synthesized SEDs from the stellar pop-
ther distances from the star cluster or in low-excitatioviem- ulation codeStarburst 99 v5.1Leitherer et al, 1999; Vazquez
ments not directly related to recent massive star formattall, & Leitherer, 2005) with the photoionization codappings Il
the PAH molecules are excited by less energetic UV and opfPopita et al, 2000, 2002; Groves, Dopita & Sutherland, 3004
cal photons (soft enough not to destroy the molecules). Frorhe age evolution of a one million ystar cluster, formed in an
the spatial distribution of the Hemission, for example aroundinstantaneous burst with a Salpeter IMF between 0.1 and 100
source 3, it is clear that the,Hs excited even further out from Mg, is modeled for various values of metallicity, ionized gas
the region of active star formation, deeper into the PDR than density and of the characteristic ionization parametehefdur-
PAHSs. This agrees with observations of the Orion Bar (Figh 1 rounding dusty nebula. The SEDs are evaluated from 0 — 6 Myr,
Allers et al, 2005; Van der Werf et al, 1996; Tielens et al,399 for metallicities of 0.4, 1 and 2Z The ionized gas density is var-
where PAH emission (the 3;8n feature) is observed closer toied from 1@ to 10° cm3. The ionization parameter q is defined
the young stars than the,H-0 S(1) emission. Besides beingas q= Qiyc/47R%nion, With Q¢ the hydrogen ionizing photon
excited by UV photons, thermal excitation can be an impdrtafiux, R the distance between the radiating source and the inne
mechanism for the Klines as well. We expect the contributionboundary of the surrounding cloud, ang, the gas density. The
of thermal excitation to the total line emission to be sigumifit ionization parameter ranges from- 20’ cm s to 8- 10° cm
in some of the regions in the nucleus of M83, for example in trest. It relates to the commonly used dimensionless ionization
optical nucleus (source 10). At this location the émission is parameter U through & 1.1- g/c, where the factor 1.1 takes
very bright, possibly due to the presence of shocked gasthearthe helium abundance into account (for a more detailed gescr
optical nucleus. However, for PAH molecules the redistiilu  tion and examples of the resulting model SEDs, see SKWO07).
of energy over the various modes of the molecule after a-colli Although we examine line ratios involving twoftirent el-
sion is very fast, so that thermal excitation is not an imaoirt ements, we do not expect abundance ratios to play a majqr role



because all mid-infrared fine-structure lines under stughglare low to intermediate extinction in this region (values foufiod
generated byr—elements (neon, argon and sulphur). Alifeli- Ay vary from 0.1 — 1.0 Harris et al, 2001).
ences in the line ratio behavior with metallicity origindtem

other processes. 52 Source 8

The unresolved source 8 is remarkable, since it is a soursig-of
nificant PAH and continuum emission, but there is no fiNaend
In the N-band spectrum of the brightest mid-infrared peaio H, emission detected (Figs. 1 and 5). Inspection of Fig. 4
(source 1) two fine-structure lines are detected; strospows that source 8 does have optical emission in the F656W
[Nemn]1281,m and weaker, but clear [An]g og,m €mission as well. filter associated with it. To estimate thexHlux, we used the
Since these emission lines havdfelient ionization potentials data listed in Table 2 in Harris et al (2001). The continuum at
(27.63 eV for [Arm] and 21.56 eV for [Nai]), the line ratio 6561 A was estimated by making a linear interpolation betwee
[Ar m]/[Nen] can be used as a thermometer, measuring the #fie F547M and F814W filters. Using the EW{HIisted in the
fective temperature of the incoming radiation field. In Fighe table, the kb flux could be determined (4:2.0- %2 erg s cm 2,
measured [Ari]/[Neu] emission line ratio is compared with thethis value is corrected for an extinction,Af 0.87). The upper
values predicted by the models (SKW07). When the most mdisait on the [Nen] emission measured in our data is 710 ~1°
sive stars evolve fb the main-sequence, the cluster’s radiatioarg s* cm 2, thus the ratio of [Na]/Ha < 0.02. The SKW07
field softens, causing the model curves to drop. With the appemodels predict [Na]/Ha < 0.02 for several dierent cases in
ance of the first Wolf-Rayet (W-R) stars at 2 — 3 Myr (dependinipe model grid. All these models have ages between 4 — 6 Myr
on metallicity), the radiation field hardens, resulting mwupturn  and values for the ionization parameter1.6- 108 cm s. The
in the predicted ratio value. After the last W-R star disappd lack of [Nen] emission in our data can thus be explained by a
from the stellar population at 5 — 6 Myr, not many energetioph not too luminous, young star cluster. This is consistentwie
tons remain and the ratio drops to zero. In case of solar or subodest mass estimate of 480° M, based on optical images
solar metallicity, the observed line ratio can only be eiqd (note that this is one of the two mass estimates given, thansec
by a star cluster in the age range of 5 — 6 Myr. For twice soaass is much large¥10° M, Harris et al, 2001).
lar metallicity, the modeled line ratio value drops muchtéas However, this leaves the unusually high PAREe o] ratio of
during the initial 2 Myr than those for thegZand 0.4Z case. source 8 (see Table 2 and Fig. 6) unexplained. With a value at
High metallicity stars have softer FUV spectra than low rhetaleast 5 — 15 times larger than the PANeu] ratio measured
licity stars of similar mass due to line-blanketing withivetstel- for the other compact knots, source 8 is extraordinarily- e
lar atmospheres. This explains thffset towards lower values cient in producing PAH emission. From HST data Harris et al
in the [Arm]/[Ne] ratio with increasing metallicity as well as (2001) mark this object as an interesting source as welll&Vhi
the steeper drop in the ratio in the first 2 Myr. So for.2the the EW(Hy) suggests an age ef6 Myr, the colors indicate a
observed ratio value matches two possible age ranges: 135 —r8uch higher photometric agey2 Myr. A deeply embedded, ul-
Myr or 6 — 7 Myr. The upper limit of the [8/] fine-structure tradense Hi region could possibly produce the mid-infrared ob-
line at 10.51um (30 upper limit: Fsiy; < 4.9- 10 erg st servations. At high densities, the dust competes mfiigiently
cm2) does not help to narrow down the age range or any of tiéth the gas for photons, resulting in a suppression of the-fin
other properties like ionization parameter or ionized gasgity.  structure line emission and a boost of the dust continuum and
Constraints on the metallicity in M83 do not help to break theAH emission (see Fig.9 in Dopita et al. , 2006). Howeves thi
age dichotomy either, since Z is determined to be higher thdoes not agree with the low value for the extinction found by
solar, 1.5 — 2Z (Zaritsky et al, 1994; Kobulnicky et al, 1999;Harris et al (2001).
Bresolin & Kennicutt, 2002). Another possibility is that this source is a low density re-
Both age ranges found here agree with the age estimaflestion nebula, ionized by a more evolved stellar poputatid
listed in Harris et al (2001) for the optical sources that ben which all O stars have evolvedfahe main sequence, leaving
associated with our source 1. They find two young sourcehl, wB stars as the hottest stats T Myr). Such a star cluster would
ages of 3.0 and 3.5 Myr (their sources 23 and 21), and a handfubduce UV photons hard enough to heat the dust and excite
of sources with ages ranging from 5.1 — 5.9 Myr. Our spectruthe PAH molecules, but too soft to produce very strong fine-
most probably has significant contributions from both papulstructure and recombination lines. Galactic examples chsu
tions. nebulae are NGC 2023 and NGC 7023, which are illuminated
Combining the [Nei]1281,m line with the [Sm]ig71,m fine- by a B1.5 and a B2 Cepheid variable respectively. Btoh nebula
structure line measured in the Q-band spectrum gives us-an €ww strong PAH emission (Sellgren et al, 1985). In a low den-
timate of the ionized gas density. Since the excitationmitts sity reflection nebula, the dominant mechanism excitingHbe
of the [Smi] and [Nen] emission lines are very similar (23.34 eVlines is fluorescence, dividing the total energy ia émission
and 21.56 eV respectively), thei§/[Ne] ratio is relatively in- over a large number of possible ro-vibrational lines (Steng
sensitive to the hardness of the radiation. ThHeedénces in the & Dalgarno, 1989). The flux in the 1-0 S(1) line is then much
critical densities of these two lines (6.10° cm™ for [Nen] and  less than when these low energetic states are thermalizeghin
1.0- 10* cm3 for [Sm]), makes this ratio very sensitive to thedensity gas, which would explain the absence of significant H
ISM density in the 16— 1 cm™3 range (Fig. 8). Comparison 1-0 S(1) emission observed here. However, the value mehsure
of the curves predicted for [iG]/[Neu] by the models with the for the EW(Hx) contradicts a cluster with an age much higher
value measured in the spectrum, and taking into accounihe ghan 6 Myr.
and metallicity constraints, we conclude that the denditthe We conclude that the emission measured at position 8 can
ISM is relatively low, £ 103 cm3, not easily be understood by a single stellar populationr&he
There is no clear sign of silicate absorption between 9 — 10afe most probably contributions of multiple populationdd#
umin the N-band spectrum, indicating that this sourcfess ferent ages, either closely separated within a small vol(the
little extinction. The measurements from HST images in@icasource size in the mid-infrared datadsl8 pc), or more plausi-

5.1. The central star formation complex
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Fig. 7. Evolution of the emission line ratio [An]gegm/[Nen]12s,.m With cluster age. The left panels show the curves fer .47, the middle
panels Z= Z, and the right panels Z 2Z,. The upper row shows the case of low ionization parameter2 - 10’ cm s, the lower row that
of high ionization parameteq = 8 - 10° cm s*. Curves of diferent line style represent results of models witfiedtent densities, ranging from
1% e to 10 cm3. Line ratio values can be found tabulated at www.ifa. hawdif ’kewleyMappingglRdiagnostics. The ratio value measured
from the spectrum of the central mid-infrared source in theleus of M83 is overplotted in all panels (horizontal sdiiat), the magnitude of the
error is indicated by the dashed region.

ble caused by line-of-sighttects. One of these would be youngnolecules can not only be excited by UV photons, but by less
enough to produce the observed ldmission, the other more energetic photons (soft UV and even optical) as well. Our re-
evolved and more massive population would be responsible Bults imply that PAH emission measured in large apertures is
the optical continuum and the PAH emission. less sensitive to recent star formation than for exampleo

the 24um continuum. In the central region of M83 49% — 74%

of the total PAH emission is probably excited by more evolved
6. Conclusions B, A or even later type stars, and the contribution dfudie PAH
emission likely grows with increasing aperture radius ds#g of
PAH emission integrated over large apertures or whole gedax
$five to take this into account.

From the observed features in the N- and Q-band spectra, we
nclude that the brightest mid-infrared sourcfexs little ex-
fiction. The stellar population responsible for this nmdrared
emission has an age in the range of 1.5 — 3.3 Myr or 6 — 7 My,
assuming a metallicity of 2Z Close inspection of HST images
of this region shows that a handful of clusters is identifiethie
optical, so the spectral energy distribution most probaliges
from a combination of several stellar populations. The dgia$

he ionized gas surrounding the stellar populations idively
ow, < 10°cm3.

In this paper we present mid-infrared narrow-band imagimg) a
spectroscopy of the starbursting nucleus of M83. From a
of five narrow-band filters in the N-band a 11.2& PAH and
a [Nen] map were constructed. Detailed comparison of the 8
two maps shows that the PAH emission has two componen
one correlated with regions of active star formation appbas
peaks in the [Na] emission, the other originating from lower-
excitation regions, probably related to a thin and patchijofe
dustidentified in HST images. The fraction of emission ovég+
ing from compact star-forming knots relative the total esiua
from the nucleus of M83 again shows that the [jlemission
is more concentrated in the knots than the PAH emission (6
80% of the [Nai1] emission originates from the star-forming re-

gions versus 26 — 51% of the PAH total emission). This agreg&nowledgementswe thank the Paranal Observing Team for their support.
with the conclusions of Li & Draine (2002), who stated baseglrthermore, we are very grateful to Jan Willem Pel for hieléiss €forts over
on the detection of PAH emission in UV-poor nebulae, that PAHe last decade in building VISIR and supporting its users.
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Fig.8. Same as Fig. 7, but now for the emission line ratia]$s 73.m/[Nen1281m.
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