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ABSTRACT

Context. In the course of a mid-infrared imaging campaign of closextiyve galaxies, we discovered the mid-infrared countéspa
of bright compact radio sources in the central star-fornégjon of NGC1808.
Aims. We aim at confirming that these sources are deeply embeddedgystar clusters and at deriving some of their intrinsic

properties.

Methods. To complement the mid-infrared data, we have collected afsetar-infrared data with ISAAC at the VLT: J, Ks, and L'
images, as well as low-resolution, long-slit spectra foe¢hof the sources.

Results. Surprisingly, the new images unveil a near-infrared caynatet for only one of the mid-infrargdhdio sources, namely M8 in
the L' band. All the other sources are so deeply embeddedtbatemission does not pop out above an extendédsdi near-infrared
emission. The near-infrared spectra of the sources lokk,akith intense, ionised hydrogen lines. This supportsrterpretation of
these sources in terms of embedded young clusters. We @stinetions and ionising photon production rates for twthef clusters.

Key words. ISM: dust, extinction, ISM: HIl regions, Galaxies: star sflers, Galaxies: individual: NGC1808, Infrared: galaxies

1. Introduction NGC1808 is located at a distance of 10.9Mpc
(Koribalski et al. | 1996), which corresponds to a scale of

Star clusters appear to be the most frequent mode of star f88-pc per arcsec. Its redshift is 0.003319 (Koribalski et al.

mation in galaxies. Therefore, the understanding of stastel 2004). The central region (inner 750pc) of this galaxy is

formation and evolution is necessary for studying theatglbp- undergoing an intense episode of star formation, discussed

ulations in galaxies in general. Young clusters in statbemgi- e.g. Tacconi-Garman etial. (1996, 2005).

ronments have been extensively studied since the begimfing

the nineties, thanks to the high angular resolution of thbbit

space telescope (HST). Yet, the very early stages of their e€. Observations

lution are still poorly known, as they are expected to form ip . .
dense dusty environments, hence tauhigh extinction. As it With ISAAC at VLT/UT1, we collected NIR images and spec-
tra of the circumnuclear MIR sources discovered in NGC1808

is only recently that high angular resolution instrumentshie .
near and micniared (MR, IR) have become avaabiyor G121 £L81 2009, e sdopt hereaferhe source nomenc:
a small sample of embedded young clusters is known. (1.2umfl, Ks (2.2um) and L’ (3.8zmf2. The image angular res-

In a previous studyl (Galliano etlal. 2005) we discoveresiution is around 0.6”. We also obtained low resolution long
bright MIR sources within the central starburst of NGC1808]it spectra for two slit positions. For one slit positiorags-
associated with already known radio sources. We suggesied ing through sources M6 and M8), we obtained@2spectrum
these sources were young embedded star clusters. The fpreges-2.4um) and a 4m spectrum (3.1-4,4m). For the other
research note aims at complementing the MIR dataset with nely position (across the nucleus M1 and source M3), we could
NIR data for these sources. We present NIR images of the cemly obtain a 2:m spectrum. The spectral resolutions arelRB0
tral starburst, as well as NIR long slit spectra of three & thand 360 for the 2m and 4um spectra respectively. The slits
detected MIRadio sources. The spectra show intense nebulgere positioned performingfisets referenced on the nucleus
emission lines and therefore bring strong support to ampnée M1, according to the measurements_in_Galliano et al. (2005).
tation of the sources in terms of young embedded clustessaFrThe data reduction was performed using BG& IPSE dedicated
the spectral measurements, some basic parameters such as ex
tinction and ionising photon emission rate are derived far t ! P074.B-0166; October 29-30, 2004
embedded clusters. 2 P072.B-0397; December 01-02, 2003
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Fig. 1. The central 18%18"region of NGC1808 (1253 pc). The axis units are arcsec. The nucleus (source MIsisigned at
coordinates (0”; 0). North is up and East is to the left. ThERMources are labelled aslin Galliano etlal. (2005) on theMI2/

map. Zooms towards the two regions delimited by the squ&egiéns A and B) are displayed in Fig. 2. The long rectanglatife
the spectroscopic slits: small ticks are spaced by 1", whitg thick ticks highlight the positions at which line eni@s has been

recorded.
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Fig. 2. Zooms towards regions A and B of the NGC1808 central statblihese regions are defined in Hig. 1. The axis units are
arcsec, North is up and East is to the left. Regarding thegivings, see the caption of Fig. 1.

routines andRAF. The spectra were extracted through slit wining images are displayed in F[g. 1, in order of increasingavav
dows of 1.4 along the slit. In addition to these data, we wse iength:

this research note an archive, pipe-line reduced, WFPC2 nar , i i

row filter F658N (655nm-661nm) image of the starburst, as™ the narrow filter WFPC2 images (0.661), which, at the

well as the TIMMI2 10.4, 11.9 and 12:8n images presented
in|Galliano et al.[(2005).

3. Results
3.1. Images

Figure[1 shows the central starburst in NGC1808 (48B3,
corresponding to 1 kpcl kpc) at six diferent wavelengths from
visible to radio: 0.6im, 1.2um, 2.2um, 3.8um, 12.9um and
3.6cm. The bulk of the emission consists of an Q0 " emit-
ting region roughly aligned along PA35. In the maps shown
in Fig.[d, the coordinates (0”; 0") correspond to the brighte
source M1. The nature of this source has not yet been clanified
the literature. Itis suggested to be a mixture of star foromand

a low luminosity or fading active galactic nucle

redshift of NGC1808 traces theaHemission, and is hence
a good tracer of un-embedded star formation in the region,

— the J (1.2um) and Ks (2.2tm) images which trace the pho-
tospheric emission of stars, less subject to extinction tha
the visible,

— the L' band image (3.8m) which can highlight hot dust, and
hence globally traces star forming activity and AGN acyivit

— the 12.9um image which traces warm dust emission and
[Nell] line emission. As for the L' band emission, the im-
age pinpoints star forming regions and the AGN,

— the 3.6 cm image which corresponds to the free-free emis-
sion from HIl regions, to the diuse synchrotron emission
produced by electrons escaping SN remnants and being ac-
celeration by galactic magnetic fields, and to the likelyemi
sion from recent SN explosions.

The maps on Fid.]1 bring new details about the extended star

12001;/ Jiménez-Bailon et dl. 2005). This source is usedHer forming region. Through its bl emission (WFPC2 image), the
relative registration of the ffierent maps, assuming that the luregion looks extremely patchy, likely the result of a cormulés-

minosity peak coincides at all studied wavelengths. Thieviol

tribution of star formation “nests” and of molecyldwsty clouds
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Fig. 3. ISAAC spectra of the MIRadio sources M1, M3, M6 and M8 in the central region of NGCA.8he slit positions, as well
as the source positions along the slits are shown i FFig. BPland
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Table 1. Measurements for the clusters M1, M3, M6 and M8 in NCG1808

M1 M3 M6 M8

positions with respect to M1 [arcsec]

A« [arcsec] 0 -1.990.1 5.820.1 2.7%0.1
A¢ [arcsec] 0 -3.760.1 -5.250.1 -5.5%0.1

flux densities [mJy]
value value value value
low high low high low high low high

R 2.2 3.1 0 0.2 0 0.2 0 0.2
J 11. 20. 0 12 0 13 0 17
Ks 22. 39. 0 2.0 0 2.2 0 2.9
L 17. 38. 0 2.8 0 34 04 48
10.4um 180. 280. 0 12. 0 11 6.4 23
11.9um 400. 670. 11. 50. 10. 76 18. 99
12.9um 700. 1100. 25. 90. 29. 110. 95. 220

line fluxes [10%°erg st cm2]

*Pay 150+ 30. 49+ 10. 9.9+ 2.0 24+ 5.
*Bro <4, <1.4 3.9-0.8 2.8:0.6
H, 1-0S(3) <12. <1.2 <1.6 <1.6
H> 1-0S(2) <10. <0.6 0.8-0.2 1.:0.3
Hel <5. 1.3t 0.3 2.1+ 05 2.2 05
H, 1-0S(1) 581.2 0.9 0.2 1.2:0.3 1.3:0.3
Bry 9.6+ 1.9 2.6t 0.6 5411 4.2 0.9
H, 1-0S(0) <2. <0.5 0.6-0.2 0.8-0.2
H, 2-1S(1) <2. <0.5 0.6 0.2 <6.5
H> 1-0Q(2) <5.5 1.6:0.2 1.404 1.5: 0.3
H, 1-0Q(3) <5.5 1.2:0.3 1.6:0.2 1.:0.3
PAH+Pfs - - 84+ 17. 100z 20.
Pfy - - 3.2+ 0.7 5.4+1.1
Bra - - 20+ 4. 25+ 5.

radio data (Collison et al. 1994)

afem -0.61 -0.28 - -0.57
3.6cm [mJy] 8.96 0.93 0.58 0.76

* These flux values and their associated uncertainties mustkee with caution since the atmospheric features aregirothis region of the
spectrum.

producing a heavy extinction. It is interesting to note the s Figure[2 dfers zooms on two regions of interest (regions A
ral arm-like structure of the F658N emission, particuladyhe and B) both containing MIRadio sources. In region A, M8 is
South of the nucleus. The J and Ks images do not add mutdtected in L' only, while M6 is not even detected in L'. None
information to this picture, except for an enhanced cobfias of these sources show up in the NIR. Regarding region B, there
some sources which look faint inn the R image. They do nistno detection either in Ks or L. Strikingly, on the Ks mabpet
unveil any new source, with respect to the R map. location of M3 even corresponds to a dark area in thiusié

. - . . o emission.
In the L' band, the region exhibits a brightflise emission, . Conversely, we note that the K knots detected by

pos_sibly the signature of a large amount of dust heated by "Tacconi-Garman et al. (1996), and which are interpreteceas b
vr?rlous star forming nests. Several compact sources ammea;lng embedded young stellar clusters too, are not detectéigeon
this map. '

12.9um map.

The following two images (12,8m and 3.6 cm) show deeply  Hence, there are two types of embedded clusters in
embedded sources which do not appear on either the R, J,NGC1808: one bright in the MIR, bright in the radio and faint
or L' maps. This remark is important, showing that embeddea the NIR, and the other bright in the NIR and faint in the MIR
star forming activity in starbursts can be hidden evenan4 and the radio. This dichotomy can simply be explained if we
As already pointed out in_Galliano etl/al. (2005), the cotieta consider that MIRadio clusters are at an earlier evolution stage
between the 12.8m map and the 3.6 cm map is excellent. than the sole K clusters: at a few million years of age, thetels
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For M1, the continuum shown on Figl 3 is, at the achieved
angular resolution, associated to the emission line solitoee
emission lines are un-ambiguously detected and measurable
Par, H2 1-0S(1) and By. The Hel 2.05&m is only tentatively
detected and its flux cannot be measured because of the pres-
ence of artificial features on this part of the spectrum. Deep
2.3um CO absorption bands are detected, tracing the presence of
red super giants. The equivalent width ofyBs 4.5A. This can
be compared to Starburst99 predictions (Leithererlet 8919
but we must keep in mind that part of the continuum, even in
K, may arise from hot dust associated to the AGN. Hence, the
measured value of the equivalent width ofyBs a lower limit.

By comparing with Fig. 89 and 90 of Leitherer et al. (1999), we
deduce that (1) in the instantaneous star formation cash,au
equivalent width implies that the cluster is younger thanyi;M
(2) in the continuous star formation case, there is no age con
straint, since we ignore the AGNu2n continuum share. In con-
clusion, the K M1 spectrum does not clarify the nature of the
source.

In the following, we focus on the three circumnuclear
sources M3, M6 and M8. Their spectra look quite similar in
shape and are typical HIl region spectra. Emission linemfro
atomic (P&, Brs and Bry) and molecular hydrogen show up.

Bry M8 and M6

R In M6 and M8, for which we have an additional L' spectrum,
-400 -200 0 200 400 we detect the hydrogen lines¥and B as well as the PAH
velocity [km/s] band at 3.3m. This strongly supports an interpretation of the

MIR/radio sources in terms of heavily embedded clusters as al-

Fig. 4. Position-velocity diagram for Bralong the slit which ready suggested in Galliano et al. (2005). In addition, speft-
contains the two embedded clusters M6 and M8. The X-axi& fix an upper limit of 10 Myrs to the cluster ages, otherwise
shows the wavelength expressed in relative radial veldoity nebular gas emission would be seen (Leithereriet al. 199@). T

kms and the Y-axis gives the relative angular position in ar¢ontinuum shown on the spectra of M3, M6 and M8 is not asso-
sec. ciated with the sources of emission lines. This continuuty on

shows the dfuse emission of the starbursting region. While the
continuum emission is extended, the emission lines areamly
served at the location of the MIR sources along the slit. ldenc

are still deeply embedded in their formation material, Wh&a 1he cO absorption bands seen on the spectrum continua are not
mixture of ionised gas (source of the radio emission andlaebu, ssqciated to the embedded clusters.

emission lines) and dust (source of the MIR continuum). A th Fig.[ displays a 2-D spectrum for the-Bline along the
stage, the stars are so heavily embedded that they do natrap 6—M% direct?onyThe line e?nission extends%ver seve?aémc
even on the K maps. This locally embedding material is eve?{E 250 pc) and éxhibits 2 complex velocity Structure. SuOGes-
tually expelled, but the clusters still reside within theclgrale . p P f f ionised piex L Thi ty babl » SUgy
dusty star formation region, hencefar some extinction. At this tive of an outflow of ionised material. This probably witness
stage, the clusters appear as K extincted sources, with R0 e expelling of the locally embedding material suggested i
or radio counter parts. This interpretation is further sanpgd by ect3.1.

Tacconi-Garman et al. (2005): not only is the PAH-to-coumdim

ratio at the K knot positions low, but also it is high at the ra3 3 n1easurements

dio/MIR knot positions (See Fig. 4b in_Tacconi-Garman et al.

2005). This could mean that much of the PAiHst around the K Table[1 provides a summary of the measurements performed
knots is photoionised, hence weakening the8i3PAH feature, on the data and gives the radio measuremerits of Collison et al
has been photodissociated or has simply been blown awalg wk1.994). The following procedure has been followed for the flu
this has not yet happened in the Mi&dio knots. density measurements and the uncertainty estimates. Tae re
tive positions of the three sources with respect to M1 arertak
as those in the TIMMI2 12.8m image. They are given in the
table. At these positions, we measure the flux densitieslénsi
We have obtained NIR spectra of three embedded clusters @an@.6” radius aperture. The background is estimated by com-
the nucleus: Zm and 4um spectra for M6 and M8, and only puting the median within an annulus with radii 0.6” and 1.2".
one 2um spectrum for M1 and M3. The projected slit positionSince, for these data, the background i&dlilt to interpret, we

are drawn in the images in F{g. 1 and Hi@j. 2. On these drawingsnsider two values of the flux density for each source, otle wi
small ticks mark each arcsec, while the long and thick tickskm and one without background subtraction, this is what we call
the positions at which line emission has been recorded. We tlee measurement error. We then compute an error defined as the
tect emission lines for M1 (the nucleus), M3, M6 and M8, anduadratic sum of the measurement error and the photomatric ¢
we even detect line emission in the region between M6 and Nt ation uncertainty. The following flux calibration untainties
devoid of any conspicuous MIR or radio source. The spectra aire considered: 10% for the R, J and Ks images and 20% for
tained for M1, M3, M6 and M8 are shown in F[gd. 3. the L' and MIR images. The two values presented in téble 1

3.2. Spectra
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correspond to the final lower and upper limits of each measure- The fact that the MIRadio sources do not show up in the
ment. When no clear identification of the source in the consid NIR images demonstrates that such embedded clusters must
ered aperture is possible (for example, for the data in thé R, be searched for primarily in the MIR or at radio wavelengths.
and Ks band), we did not consider the lower limit defined above- A complex velocity structure in the ionised gas is observed
but only the upper limit. For the line fluxes, we consider a 20% around sources M6 and M8, suggesting the presence of clus-

uncertainty, dominated by the calibration. Neverthel&ssthe ter winds.

lines on the blue side of thew2n spectrum (Pa Bré and H2 1-  — For two sources, M6 and M8, the extinction towards the neb-
0S(3)), the uncertainty may be greater than this value secal ular gas has been estimated, with values c£20.2 in M6

the strong atmospheric features present in this wavelaagthe and Ax=15 in M8.

and the values given must be taken with caution. — The extinction-corrected Brfluxes for M6 and M8 imply

ionising photon emission rates of respectively 916°'s*

) and 10.x%10°1s 1,
4. Cluster derived parameters

A more complete analysis of the deeply embedded clus-
parameters, in particular the derivation of their age an
ss, requires some knowledge of their MIR spectral feature

alliano et al. 2008) and it is left for a subsequent ana|ysf-

r spectral MIR data will have been collected.

In this section, we discuss some intrinsic parameters of t
sources which can be derived from the NIR emission lines. T
procedure has been applied on M6 and M8, for which both ti
2 um spectra (By flux) and 4um spectra (B flux) are available. .
Under the assumption of simple foreground extinction, we de
rive the extinction tOW&['dS the |_|ne emission gas, and then-Cc  acknowledgements. We thank the daytime and nighttime supportisé Cerro
pute the un-extincted line luminosities. This in turn alfpan Paranal Observatory, who made these observations pasasilll¢he anonymous
estimation of the ionising photon emission rate. referee for the quick reply. EG thanks the ESO fellowshipgpan and the PCI

We have deduced the extinction from theyMBra ratio. Pregram of ONMMCT (DTI/CNPq grant number 383078-2).
This ratio has a low dependency on temperature and density.
Assuming reasonable values for the tempersature and dengiferences
of HIl regions, T = 10°K and No = 10*cm3 (Osterbrock
1989), we obtain figures of Av10.2 and 15.0, for M6 and Collison, P. M., Saikia, D. J., Pedlar, A., Axon, D. J., & Ung&. W. 1994,

' X A ‘ L MNRAS, 268, 203

M8 res%ecuvelly' -I:QIS. leads to un_ethqgtEd yBlf|UX?ZS .Of Galliano, E., Alloin, D., Pantin, E., et al. 2008, A&A, sulited, 1, 1
8.9x10~ergs-cm < in M6, and 9.%10°ergs~cm“ in  Galliano, E., Alloin, D., Pantin, E., Lagage, P. O., & Mare®,2005, A&A, 438,
M8. 803

For an embedded young star cluster, the ionisation-boundéegnez-Bailon, E., Santos-Lle6, M., Dahlem, M., edl05, A&A, 442, 861
case is very likely: the HIl region is optically thick in thginan Koribalski, B., Dettmar, R.-J., Mebold, U., & WielebinsIR. 1996, A&A, 315,
continuum and all the stellar ionising photons are absarbgginaiski, 6. s., Staveley-Smith, L., Kilborn, V. A., et41004, AJ, 128, 16
Then, the number of hydrogen ionising photoas<( 912A) is  Krabbe, A., Boker, T., & Maiolino, R. 2001, ApJ, 557, 626

directly proportional to the flux in any specific recombiati Leitherer, C., Schaerer, D., Goldader, J. D., et al. 1999523, 3
Osterbrock, D. E. 1989, Astrophysics of gaseous nebulaeaatide galac-

line . ! ASEOL ; ;
: 1 tic nuclei (Research supported by the University of Cafifay John Simon
From Osterbrock (1989)’ Guggenheim Memorial Foundation, University of Minnesatg,al. Mill
o L Valley, CA, University Science Books, 1989, 422 p.)
+1_ YB Ha eff Tacconi-Garman, L. E., Sternberg, A., & Eckart, A. 1996, Al2, 918
= —X ~ 1 ! ) ) » A ) ) )
Q[H ] oo hvy ’ WhereaB/aH" 2.96 (1) Tacconi-Garman, L. E., Sturm, E., Lehnert, M., et al. 2008AA432, 91

Ha a

In case B, we getj,/Lg,= 103.6. The ionising photon emission
rates of the two embedded clusters can then be derived and are
found to be around 9:610°s! and 10.X10°'s™, in M6 and

M8 respectively. This corresponds to about 1000 O6 starsch e
cluster.

The way we have treated extinction in the above computa-
tion is a crude one. This is undoubtly a first order estimatiekwvh
calls for a future, more realistic approach, once addiliciata
constraints will become available. Yet, the interpretatid the
MIR/radio sources in terms of embedded young clusters is con-
firmed and, in addition, an upper limit on the cluster agesis o
tained at 10 Myrs.

5. Conclusions

The main conclusions are:

— None of the MIRradio sources unveiled hy Galliano et al.
(2005) can be detected in the J, Ks and even L' band images,
except for M8 in the L’ band.

— For three of the sources, namely M3, M6 and M8, we have
collected NIR spectra: they display intense nebular eonissi
lines, confirming that the sources are young embedded clus-
ters.
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