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ABSTRACT

Context. In a previous work, three bright mid-infrarddio sources were discovered in the nuclear region otst®EfAGN galaxy
NGC1365.

Aims. The present study aims at confirming that these sources @eednyoung and massive “embedded” clusters, and at deriving
their physical parameters, such as extinction, age and.mass

Methods. Using ISAAC and VISIR at the VLT we obtained maps and low rasoh spectra in the near- and mid-infrared. The
resulting datasets are first interpreted by comparing tisermhtions with images and spectra of the close-by younsfeniR136

in the Large Magellanic Cloud and then by using model préafist for both the nebular emission lines and the spectraiggne
distribution of the sources.

Results. We produce maps of the region containing the three sourdhe R, J, Ks, L' bands and at 12 and perform their accurate
relative positioning. We also provide spectra in the rarig8s2.4um, 3.3-4.Qum, 8.1-9.3um and 10.4-13.2m. The spectral energy
distribution of the three sources rises with wavelengthigsian lines from ionised hydrogen and molecular hydrogendatected,
as well as PAH emission. Conspicuous [Nell]12m line is also present, while neither the [Arlll] 8&8n nor the [SIV] 10.4/m lines
are detected. This provides a stringent constraint on theohthe sources: we argue that they are relatively evolvemhgalusters
(6-8 Myr). Owing to their ionising photon emission rates ags, they must be extremely massive clusters (of the ofd€r &/,).
Their mid-infrared spectral energy distribution suggehbts presence of two components: (1) an optically thin corepgrwith a
continuum comparable to that of R136, and (2) an opticaligkttomponent which might be related to subsequent or onggoi
episodes of star formation. We anticipate that these ssam@egood candidates for evolving according to a bi-modatddynamical
regime, in which matter is trapped at the centre of a compathaassive cluster and generates further star formation.

Key words. ISM: dust, extinction, ISM: HIl regions, Galaxies: star sfiers, Galaxies: individual: NGC1365, Infrared: galaxies

1. Introduction little extinction. We prefer to use the generic term YMC ih al
cases, and specify, whenever needed, whether the YMClis stil

Starburst regions in close-by galaxies were first resolved i dust embedded (embedded YMC) or naked (UV-bright YMC).

population of star clusters in the early nineties, thanksht The youngest YMCs discovered so far may be younger
high angular resolution of the Hubble Space Telescope. TH&@n 1 Myr, and show up as heavily dust-embedded HIl regions.
first galaxy-target, NGC1275 (Holtzman et al. 1992), showdexamples of such extragalactic embedded YMCs known to date
a population of young and massive compact clusters. Sodi¢ still scarce: some were found and discussed in the Aagenn
after, similar objects were encountered in a wide variety §alaxies NGC40389 (Mirabel et al. 1998; Gilbert et al. 2000),
environments, such as dwarf galaxies (O’Connell bt al. [199A Henize 2-10 [(Kobulnicky & Johnsbn 1€99), in NGC5253
Hunter et al_1994; O’'Connell et/al. 1995; Leitherer éf ap@9 (Gorianetal.| 2001), in SBS 0335-052 (Plante & Sauvage
Gorjian [1995), interacting galaxies (Whitmore et al. 1992:002), in 11IZw40 (Beck et al. 2002), in NGC1365 and NGC1808

Conti & Vaccd 1994, Shaya etal. 1994; Whitmore & Schweizd&alliano et al.| 2005!_Galliano & Alloin_2008), in NGC7582
1995; [Meurér| 1995) and circumnuclear star-forming ring®Vold & Gallianoi2005).

(Benedict et al. 1993; Barth et|al. 1995; Bower & Wilson 1995; As proposed in_Johnson (2004), parallel evolutionary se-
Maoz et al. 1996). Their possible parental link with claskémd quences can be imagined for the formation of massive stars an
well-studied globular clusters was proposed and, in sub=#q for the formation of massive clusters. Both types of objstast
studies, these young massive clusters (abbreviated YM&s) bs HIl regions deeply embedded in a dust cocoon. In the case
came increasingly referred to as objects likely to evolv® inof a massive star, this stage is identified as ultra compdaeH|
globular clusters after a few Gyrs. Their masses are gréear gion (UCHII region) and in the case of a YMC as ultra dense Hll
10° Mo, with radii smaller than 5pc and ages below 100 Myregion (UDHII region)[(Kobulnicky & Johnsan 1999). They are
In the literature, the term super star cluster (SSC) is ads0- both inconspicuous in the visible and near-infrared (NiR)ile
ciated with YMCs which are bright in the visible, hencdfsu bright in the mid-infrared (MIR) and far-infrared (FIR). &h
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are also intense sources of thermal radio continuum as well aTenorio-Tagle et al.| (2007). Finally, the conclusions ared-p
line emission from ionised gas. The embedding material -evespectives of our work are highlighted in SEL. 7.

tually dissipates i and they become detectable as UV-bright

sources. The extent to which this parallel is sustainabiteanes

an open question: similarities andigrences along the two se-2- The NIR/MIR dataset

quences are worth investigating and might bring clues ath@ut gjng the ESO infrared facilities, we obtained new images
conditions for star formation in galaxies, and in particiiéa the 4t the central region of NGC1365, as well as spectra of the
formation of massive star clusters and globular clusters. - three MIRradio sources unveiled by Galliano et &l. (2005). With

We present in this paper the first step of a thorough analgaac, the NIR spectro-imager at VI/UT1, we have collected
sis and modelling of embedded YMCs in nearby spiral galay-(1.2,m¥l, Ks (2.2um), L’ (3.8um) and M (4.5um)3 images
ies. The three YMCs we are interested in here are locatgdan angular resolution of the order of 0.6”, and low resofut
in the starburst circumnuclear region of the Seyfert2 galaxyng sit spectra of the three MJRadio sources, in the K and L
NGC1365 (distance 18.6 Mpc, hence 1" corresponds to 90 pgindg. Notice that throughout this paper, we retain the source
Galliano et al. [(2005) discovered these sources in the MR apomenclature as In Galliano et al. (2005): the embeddedssur
demonstrated that they coincide with bright thermal ceetien 5.6 referred to as M4, M5 and M6. For one of the sources (M6),
radio sources detected by Sandqvist et al. (1995). Theydiave \ye also obtained a spectrum in the N band (arounaif with
been recently detected in the CO molecule_by Sakamoto et-p\IMM|2, the MIR spectro-imager of the 3.6m telescope at La
(2007). These authors infer a mass of molecular materidlef tsjjja: despite its rather low/8 ratio in the continuum, a promi-
order of 16M in the central 2kpc diameter region, which inment [Nell] line could be detected. This encouraged us te per
cludes the three YMCs under discussion. ~ form additional observations with VISIR at V}TT3, provid-

In iGalliano et al.[(2005), their ages were grossly estimat@gy an image in the narrow [Nell] filter at 12.8f, together
from their radio spectral indexes and found to be of a few ( QJith low resolution spectra in the;8n, 11um and 12:m bands
Myrs. Accordingly, their masses were estimated to be of the @
der of 16 M. _ _ In addition, we use in our analysis a WFPC2 R band image

These clusters are located at the inner Linblad resonanggieved from the HST archive, the ATCA centimetre maps by
(ILR) in their host galaxy, and also within around 1kpc frorfEgrbes & Norris [(1998) and Hy Morganti ef &l. (1999), as well
its active galactic nucleus (AGN). Their environment has g the centimetre measurements of Sandqvisi ét al. |(1995). W

slightly above solar metallicity, as expected from the obse 3|50 consider the TIMMI2 10,4m, 11.9um and 12.9m images
metallicity gradient in the disc of NGC1365 discussed by e.greviously obtained by Galliano etl&l. (2005).

Dors & Copetti (2005).
The questions to be addressed in the current paper remain ) )
basic ones. What are the spectral characteristics of sucisM 2.1. Data collection and reduction

Are NIR andor MIR data sifficient to get a trustable insight ona| gata were acquired and reduced using standard techsique
the properties of embedded YMCs? Do we miss a substaniigk ;5 briefly recall the main steps below:

part of the phenomenon by observing only in the NIR? Which gaac images The images (J, Ks, L' and M bands)
physical parameters can be safely derived for these objgiets \yere obtained using the Aladin detector, with pixel scales o
ther in a direct way or through acomparlson.wnh models? 0.148" per pixel in the J and Ks bands and 0.071” per pixel
The paper is structured as follows: the first part is devotgdlihe | and M bands. The on-source integration times forthe
to the presentation and discussion of the data, while suleseq ks | and M bands were respectively of 90 sec, 300 sec, 300 sec
sections deal Wlth_the phy5|ca.l interpretation of the sesrtn  450sec. A standard nodding technique was applied for the J
Sec[ 2.1, we describe the acquisition and reduction of ttesd  5nd Ks observations, while chopping and nodding were used
which consists of NIRMIR images and spectra, all collected afor the ' and M observations. All images were reduced with
the ESQVLT using the instruments ISAAC and VISIR. We firstihe gcL1PSE package. The photometric calibration of the im-
discuss the images and perform the relative registratioh@f 5qes relied on observations of a standard star. The pre@sio
maps at dierent wavelengths (S€C. P.2). We then describe apfotometric measurements is of the order of 10%. The acthieve
discuss the spectra (SBc.]2.3), which display intense aelnets  5nqyar resolutions are 0.56” in J, 0.44” in Ks, 0.39” in L'can

and NIRMIR rising continua. In Se¢. 2.4, we discuss the uncefy 38~ in M. The M band image has a lowlratio though and
tainties on the quantities measured from the images andthiem s ot used in the following.

spectra. ISAAC spectra: The low resolution long slit mode was used

In Sec[B, we perform a comparison of the data for the thrge collect Ks and L’ band spectra of the sources M4, M5 and
YMCs in NGC1365 with comparable data obtained for R135. Spectral resolutions were respectivelyg4%0 and 360 for

in the LMC, one of the nearest known YMC. To do so, Wghe Ks and L' bands. Two positions of the 1” width slit al-

use WFI and IRAC images, an ISO SWS spectrum and a Wigfved to obtain the three spectra: one slit atR48 (PA pos-
field ISO CVF spectrum of R136. In Ség. 4, we derive basic Paive from North to East) passed through the AGN and M4,
rameters for the YMCs based upon their emission lines, viaysjle another slit at PA145.F passed through M5 and M.
comparison with predictions from a library of photo-iortisa  The sjits were precisely positioned following the measteets
models generated with the codeOUDY. In Sec[5, we analyse i, [Galliano et al.[(2005), and by performing blindfgets refer-

the NIRMIR infrared emission of the sources, both their spegnced on the AGN. Standard data reduction procedures were ap
tral energy distribution (SED) and their line emission,fpem-

ing a more complex modelling with the dusty stellar popolati * P074.B-0166; October 29-30, 2004
evolution codeGRASIL. Then, in Se€l6, we attempt to position 2 P072.B-0397; December 01-02, 2003

our results in the light of the theoretical evolution of vemas- 2 P074.B-0166; October 23-24, 2004

sive clusters, considering the bi-modal hydrodynamictsmiu # P074.A-9016; December 01, 2004

for re-inserted matter, as proposed by Silich étlal. (200i¢) a 5 P076.B-0374(A); November 18 & 20, 2005
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plied, usingECLIPSE andIRAF. In the Ks band, self-chopping
effects prevent assessing precisely the continuum levedaitn
they do not &ect the measurement of emission line fluxes. Th
spectra were extracted through slit windows of 1.4" alorg th
slits. Night-sky lines were used for the wavelength catibra

TIMMI2 spectrum : With TIMMI2, an N band spectrum
was obtained for M6, using the 1@n low resolution grism
(7.5um to 13.9um) with spectral resolution R160. The pixel
scale is 0.45". The slit, 1.2” wide and at PA0°, was blindly
positioned on the target using the AGN as a reference. The sta
dard nodding and chopping technique allowed &icient re-
moval of the background emission. The on-source exposuee ti
was about 4000 sec. Subsequent data processing consisés in
addition of chopping and nodding pairs, followed by a shifid-
add procedure to sum the two negative and one positive spect
generated by the chopping-nodding technique.

VISIR image: VISIR allowed to collect an image of
NGC1365 through the narrow [Nell] 12:.8n filter (FWHM of
0.2um). The standard chopping and nodding technique enabl
to remove the MIR background. The data reduction consists i
shifting and stacking the individual frames (each corresiing
to a chopping position). The achieved angular resoluti@s.

To optimise the detection of extended features, the imagdilva
tered using thewr_filter routine of thelR/1 software package
developed by Murtagh & Starck (1999).

VISIR spectra: We chose for the VISIR spectra the same
two slit positions as for the ISAAC spectra. We observed |
three settings with centred wavelengths at/8rf 9.8um and
12.2um , in a low resolution model{AA of the order of 200).
Exposure times were respectively 655 sec, 510sec and 516
for the three settings. Doing so, we achieve the followingcsp
tral coverage: from 8.Am to 9.3um, and from 10.4m to
13.0um, with a good overlap around Lin. Observing pro-
cedures and data reduction techniques are similar to these d
scribed for the TIMMI2 spectra. The absolute calibratiorief ' ' ; ' '
12.2um centred spectrum was assessed through the calibratec
VISIR 12.8um narrow band image. The Qué centred spec- ] q
trum was then scaled, through its overlap with the l22cen- j
tred spectrum. For the spectrum centred atu@b5, we retain
the original flux calibration. Therefore, there is some unce
tainty between the relative fluxes of the 8.1-@m8 and the 10.4-
13um segments of the spectrum. The precision on the absolute |
calibration of the 10.4 to 13m segment is of the order of 20%,
comparable to that of the VISIR image and better than that of |
the 8.1-9.3:im segment. The calibration uncertainty for the lat-
ter spectral segment is mostly due to possible varyingosiies,
and might reach 40%.

Igig. 1. Three colour image of the central region of NGC1365.
The WFPC2 R band image is blue, the ISAAC Ks band image is
%r(%len, and the ISAAC L' band image is red. North is up and East
i510 the left. The dimensions of the image, 280 "correspond

to 2.25 kpx2.7 kpc for a distance of 18.6 Mpc

-.1!." '
-~

2.2. Analysis of the images and registration F|g4 Comparison between the VISIR n_arrow band mll-

. ) . ter image (left) and the 3.5cm map (right) by Morganti et al.
Fig.[1 displays a three colour image (@8, 2.2um and 3.&«m)  (1999) for a 10 14 "region including the AGN (bottom source
of the central region of NGC1365. The northern dust lane agn, the left image), the three embedded YMCs and the/bHR

pears in green (2/2m), while the three sources of interest showing. North is up, East is to the left. The ticks along the atis
up in red. Fig[R provides a summary overview of the imagtrawn with 0.5 intervals.

ing data. The large image presents the centralxX3D™ of

NGC1365 through the HST F606W filter (referred to as an R im-

age since it is close to the standard R band filter). This inmge

the pipeline-reduced H3WFPC2 archive image. The location3 cm ATCA image from Forbes & Norfis (1998). On these closer
of the bright type 2 AGN/(Lindblad 1999) is at relative coerdiviews, three pairs of concentric circles pinpoint the posi of
nates (0”; 0"). The square to the North of the AGN outlines thigl4, M5 and M6, and the aperture sizes used for the flux density
region where the three bright MJRdio sources, M4, M5 and measurements presented in Seci. 2.4.

M6, are found. The series of small image®ees closer views of The morphology of the nuclear region of NGC1365 varies
this region at wavelengths: Qun (WFPC2), 2.2em (ISAAC), with wavelength. Hence, the relative registration of inmgé
3.8um (ISAAC) and 12.&im (VISIR), as well as a reprint of the different wavelengths has to be performed with care. In the fol-
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(Forbes & Norris 1998)

arcsec

[Nell]l 12.8um

Fig.2. The embedded clusters in NGC1365. The large image showstteg BO 30" observed with HS/WFPC?2 in the
F606W filter (0.6um). The highlighted square shows the region where the thm#gedded young massive star clusters M4,
M5 and M6 are located. The small images detail this regionvatviiavelengths: 0.6m (HST/WFPC2), 2.2um (VLT/ISAAC),
3.8um (VLT/ISAAC), 12.8um (VLT/VISIR) and 3 cmi(Forbes & Norris 1908, ATCA, reproduced frdmit work). For clarity,
the J (1.2«tm) image mentioned in the text is not displayed here. Its Emgasolution is rather low and adding it would not bring
any pertinent information. The locations of M4, M5 and M6 given by the centres of the concentric circles on the smalbes.
They correspond to the locations of the 128 sources. Sources labelled C1, C2 and C3 as well as the getiaetic nucleus
(labelled AGN) are used for the registration (see $ect. 2.2)

lowing, we do not provide absolute source positions buterathof highest extinction. We do not use the AGN itself to registe
derive relative registrations. For image orientations anel these images, as a shift between its visible and infrareld-pea
sizes, we use the values attached to the image headers. &n th@ositions may occur. On the other hand, on the L' and N band
J and Ks band images, enough sources are detected in the figlaiges, only the AGN and the sources M4, M5 and M6 have a
of view to allow good relative positioning. For this, we ubet S/N ratio suficient to perform positional measurements. In this
sources labelled C1, C2 and C3 in Fiyj. 2 which lie outside gonease, the AGN must be used for registration and we make it co-
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Fig. 3. Details of the diferent images illustrating, for C1, C2 and C3 the quality & thgistration, and for M4, M5 and M6, the
morphological changes that these sourcdBeswith wavelength. Each raw shows the images of a given soatr¢he various
observed wavelengths. The wavelengths are from left td:righd, Ks, L' and 12.&m. The sources are from top to bottom: C1,
C2, C3 (see Fidl2), AGN, M4, M5, M6. The first four raws il the quality of the registration. The last three raws ligghthe
morphological changes of the embedded YMCs with wavelerigth X and Y scales for each image represent the same cotaslina
as on Fig[R, where (0”; 0") coincides with the AGN location.

12.8um
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K band spectrum of M5 and M6 (slit 2)
L

L band spectrum of M5 and M6 (slit 2)

N band spectrum of M5 and M6 (slit 2)

Fig.5. Frames (a, b, cfrom left to right: R, Ks and 12.8m images of the embedded clusters region. North is up and€&tasthe
left. The slit drawings show the positions of slit 1 (throubk nucleus and M4) and slit 2 (through M5 and M6). Along this sl
the thin and short ticks mark a scale in arcsec, while théthit long ticks mark the position where the spectra are decbiThe
references are the nucleus for slit 1, and M5 for sliEfames (d & e): ISAAC spectra through slit 2 after reduction and before
extraction. The wavelength increases from left to righttHa Ks spectrum, the two brightest lines are &d Bry. This image
shows that, due to self-chopping, it igftiult to assess the actual continuum level. In L, the brigie to the right is Be. Since,

no extra emission is detected along the slit —apart fromwtloectusters— self chopping is inexisteRtame (f) VISIR spectra, from
left to right separated by grey bands: gr setting (8.1-9.&m), 9.8um setting (10.4-12.4m), 12.2 um setting (11.3-13.0m).
The bright emission line on the right is [Nell].

incide with its location on the Ks band image (Fig. 3). On thiollowing, we call “location” of M4, M5 or M6 the projected po
grounds of modelling, this is an acceptable assumption Bs osition of their corresponding 12:8n peak, which are provided
a minor dfset, if any, is to be expected for the AGN positiorin table[1. They correspond to projected distances to the AGN
between the Ks and N bands (Granato &t al. 1997). 640 pc, 920 pc and 760 pc for M4, M5 and M6 respectively.
Under such a registration, F[d. 3 ascertains that the positi In the R and Ks bands, no conspicuous emission is detected
of the reference sources C1, C2 and C3 agree within better tled the exact location of M4. Notice that M4 is located close
+0.1” on the R, J and Ks band images. At longer wavelengths, but not coincident with, the apex of a cone-shaped struc-
as discussed above, one must rely on the location of the AGNe appearing on the R band image, roughly extended aleng th
and, assuming thatfisets of the nuclear peak projected posiNorth-East direction. This structure is also bright in theahd.
tions in the Ks, L' and 12.8m bands are small compared tdEmission in the Ks band is detected between the location of M4
the image resolutions, the global precision on the registra and the peak in the J band mentioned above. It may be a mixture
of all maps is better than0.1". Estimate of the precision in theof emission from M4 and from the “cone”. The source M4 is
relative positioning does matter since, as shown on thethoée clearly detected in the L' band as well as at 1208
tom rows of Fig[B, the positions of the peaks correspondingt The source M5 is detected in the R, J, Ks and L’ bands and
M4, M5 and M6 appear to move slightly with wavelength. In that 12.8:m.
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Table 1. Measurements derived from the spectra.

M4 M5 M6
value value value
low high low high low high
position with respect to AGN [arcsec]
Aa [arcsec] 0.31 0.51 2.70 2.90 4.70 4.90
AS [arcsec]  7.02 7.22 9.76 9.96 6.80 7.00
flux densities [mJy]

R <0.10 0.13 0.19 <0.05

J <1.21 0.79 1.88 <1.01

Ks <1.18 0.62 1.47 0.31 1.29

L 0.28 3.80 0.69 3.87 1.81 7.16

10.4um 0.57 3.94 41.33 62.90 37.18 57.01

11.9um 20.10 47.26 78.76 130.16 109.15 169.90

12.9um 91.97 169.03 208.83 341.28 379.61 575.43

12.8um 77.24 128.32 183.10 287.64 264.64 421.92

6cm 2.38 2.98 1.12 1.72 2.45 3.05

20cm 3.04 3.64 2.44 3.04 2.24 2.84
line fluxes [10™° erg st cn¥]

Pa 23.18 34.76 64.64 96.96 60.43 90.65

Bré 1.23 1.84 3.40 5.10 3.48 5.22

H, 1-0S(3) 0.71 1.07 0.96 1.44 1.29 1.94
H, 1-0S(2) 0.36 0.54 0.37 0.56 0.44 0.66

Hel 0.86 1.29 1.85 2.77 2.44 3.67
H, 1-0S(1) 1.06 1.59 1.02 1.53 1.13 1.70
Bry 271 4.06 5.87 8.81 6.84 10.26

H,1-0S(0) 0.38 057 043 064 052  0.78
H,2-1S(1) 027 040 031 047 031 046
H,1-0Q(1) 0.40 060 074 110 127 191
H,1-0Q(2) 0.33 050 044 066 052  0.78
H,1-0Q(3) 0.37 055 052 078 058  0.87

Pfs 38.70 58.06 3576 53.64 59.23 88.85

Bra 16.66 24.98 19.82 29.74 31.50 47.24

[Arll] <12 <11 <12

[SIV] <6 <5 <5

[Nell] 110 170 440 660 570 850
aspectral indexefv oc v

asem -0.49 -0.29 -0.87 -0.67 -0.54 -0.34

a§8°m -0.29 -0.09 -0.66 -0.46 -0.03 0.17

6¢cm

a spectral indexes from Sandayvist et al. (1995). An uncestan+0.1 is added.

The source M6 is detected in the Ks, L' bands, as well aslaave precise radio counterparts: then, M6 appears to Hglglig
12.8um. Possible counterparts to M6 are detected, slighfsed shifted to the South-West with respect to the radio emisgisn
to the South, in the R bandffset by 0.2") and J band fiset by each of the two independent radio maps shows tfigeb—in its
0.17). comparison with the MIR image—, one is led to conclude that th

. . . ofgset is real, but remains to be understood.
Regarding the 3 cm image, we only have access to the printe

figures byl Forbes & Norilis (1998) and Morganti et al. (1999), The sources M4 and M6 appear to be located on the dust
therefore no precise measurement can be performed[TFiglade, in projection. The fact that, in the R band, M4 is not de-
presents the filtered 12.8n image with cuts highlighting the ex- tected and M6 is very weak suggests that they lie inside tse du
tended emission and compares this image to the 3.5cm magasye. The source M5 lies on the edge of the dust lane, and con-
Morganti et al.[(1999). The similarity of the two maps islétig, Sistently appears less extincted, showing a bright copatéein
not only for the main peaked sources, but also for the exgtndde R band. Halos of emission are detected around M4, M5 and
emission and in particular for the western feature elorsyate M6, bothin the L' band and at 12:8n.
the North-East direction. The sources M4, M5 and M6 appear |, - cjusion, the relative positioning of the visible ai |
to be dls_trlbuted In a we_II d_eﬂned star-for_mmg_rlng,_ dedites] . images has been achieved at a precision of 0.1"and is adopted
through its MIRradio emission. The AGN itself is neither radio ; :

; ; At in the following analysis.
bright, nor clearly isolated on the radio image, and henoact
be used for registration purposes. The two independent maps  Let us make some cautionary remarks in the case of M4: the
Forbes & Norris|(1998) and Morganti et al. (1999) are in gootbmparisons between its maps indicate that aperture flux mea
agreement. Both indicate that the three radio sources t&enosurements should be unreliable in the R, J and Ks bands, where
made precisely coincident with the three MIR sources siaultno clear counterparts are found and as it lies in the vicofign
neously. In Figl R, M6 is chosen as the reference: M4 and M5 deband emitting cone and of a J to Ks band emitting region. We
slightly shifted to the North-East with respect to the ragiap. believe that, at these wavelengths (R, J and Ks bands)uapert
In Fig.[4, we display an alternative solution in which M4 an8 M flux measurements for M4 are upper limits.
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Fig. 6. From top to bottom, Ks, L' and N band spectra of M4. Fig. 7. From top to bottom, Ks, L' and N band spectra of M5.

of M6 it is a proper estimate. At longer wavelengths, suchdss
The source M5 is well defined at all wavelengths. A neighare irrelevant.
bouring weak source to the North (seen on the R band image)
may contribute some flux to its aperture flux measurements in )
the J and Ks bands. Yet, M5 probably remains the dominant: Analysis of the spectra
source in the Ks band. In the upper part of Fig.]5, we provide drawings of the slitsdus
The source M6 is clearly detected at all wavelengths except the spectroscopy in the Ks and L’ bands, superimposed on
in the R band. At this wavelength, a weak source is detectﬁ'ﬁiages in the R and Ks bands and on the 12ndmage. Along
~0.2" to the South of the location of M6 (See Hig. 2 and Elg. 3}he slits, thin ticks are drawn every arcsec, while longet an
We cannot firmly exclude that it is an unrelated source, foege thicker ticks highlight the positions at which emissiorelispec-
its flux has been included in computing the R band flux uppgt have been recorded. References used for the positiofing
limit of M6. the spectra along the slits are the AGN for slit 1 and M6 fdr sli
These remarks of course apply to continuum measureme?td6 is a good reference since its position is well defined and
from the spectra that we are about to discuss, since theg-codoes not shift significantly with wavelength abovert.
spond to a 1%1.4" aperture. This leads to the following con-  For M4, the emission line spectrum position (given by the
clusion, to be kept in mind when interpreting the NIR spectr#hick tick mark on the slit drawing) coincides with the eniigs
in the case of M4, the Ks band continuum is an upper limit, ipeak on the 12.8m image; it is located 0.1-0.2" to the South of
the case of M5 it may be slightly overestimated, and in the caan emission knot in the Ks band (but has itself no clear counte
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Fig. 9. Position-Velocity (kr line) diagram for M4 along slit 1
(PA=-2.8). The X-axis represents the velocity, the X-0 value
being set at the emission peak. The Y-axis represents tlialspa
direction, top corresponding to the North. The Y-O coorténa
corresponds to the emission peak, also marked by a thick tick
along the drawing of slit 1 in Fi.]15. At any position, the inst
mental broadening is dominant (660 km)s

bump-like feature on the 88 spectrum of M6 might be a sig-
nature of the 8.am PAH, although it looks a bit broad. Even
though the [Nell]12.8&m line is bright, we do not detect any
[Arlll]8.9 um or [SIV]10.5um line emission, which is a puz-
zling and interesting result. The 124ih PAH feature, expected

to show up as a broad feature, is also absent. For the three
sources, the continuum spectral distribution is flat orhdligris-

ing with wavelength in the Ks band and neatly rising in the L
and N bands. The presence of the@7silicate absorption band

is inferred in M4, M5 and M6, from the simultaneous fall and
rise of the 8.1-9.3m and 10.4-13.0m continua respectively
matching the blue and red wings of the silicate absorptian fe
ture. For the continuum in the Ks band, one must bear in mind
the remarks given at the end of the previous section. Between
3um and 3.3:im , the transmission of the atmosphere is poor:

part in Ks); it is also located 0.2 " to the East of the apex @f ththis part of the spectrum is noisier and we think that the tnce

cone-shaped structure seen in the R band image.
The emission line spectrum at the position of M5 correerror on the continuum value. We are tempted to believe that

sponds to well defined emission knots on the three images Rly the segment of the spectrum red-wards of @u3is reli-

Ks and 12.&:m).

tainty on the atmospheric correction induces a supplementa

able. In the N band, the spectral calibration for the red side

The emission line spectrum at the position of M6 correhe spectrum has been performed through scaling to the VISIR
sponds to an emission knot both on the }#8and Ks images, narrow band 12.8m image and taking advantage of the overlap-
butis 0.1-0.2 " to the North of an emission knot in the R imag@ing region between 1dm and 12um. This procedure resulted

The 2D raw spectra obtained through slit 2 in the Ks and i applying scaling factors to the spectra. Such a correctam-
bands with ISAAC, and in the N band with VISIR, are displayedot be applied to the blue side of the N band spectrum, since no
at the bottom of Figl]5. The brightest emission lines ideadifi overlapping spectrum is available. Therefore, the redataling
on the figure are #and Bty in the Ks band, Br in the L' band between the 8.1-9,/4n segment and the 10.4-48 segment of
and [Nell] in the N band.

The extracted spectra are displayed in Fig$.16, 7[and 8 for On the spectra, an interesting feature is the extensioneof th
M4, M5 and M6 respectively. The following set of emissioriine emission along the slit direction (see the Ks band spett

lines is detected: (a) nebular lines,Brs, Hel, Bry, Pis, Pfy ,
Bra, [Nell] 12.8um, (b) molecular lines from KHand (c) PAH
emission. We detect PAH signatures ati8and 11.3im. The

the spectrum may be uncertain by a factor up to 2.

in Fig.[3) for the brightest lines. For M4, and in spite of eheat
low spectral resolution, we can even detect a velocity gratdn
the Ry line. The position-velocity diagram for the M4&Remis-
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1000.00E tended; in the case of M4, a velocity gradient over a few arcse

i ' ' ' ' ' ' is detected, suggesting the presence of an outflow.
100.00 ¢ M M E

10.00F M 4 2.4. Measurements and related uncertainties

N Table[1 displays the full set of measurements performed for

i the three sources M4, M5 and M6. The flux density measure-

0.0 3 ments were made through apertures of 0.6 " radius, repregent

oo1 ; ] . . . . . . ] in Fig.[2 by the small inner circles, and centred on the sopece

o 2 4 A s 0 12 1a sitions as determined on the VISIR 1248 image. Fluxes were
wavelength [um] measured on the following images: the HB/FPC2 R band im-

age, the ISAAC J, Ks, L' band images, the TIMMI2 1Qu#,

1000.00 : - ' ' ' ' 11.9um and 12.9m images |[(Galliano et al. 2005), and the
wris y/"'di

1.00¢

flux density [mJy]

VISIR 12.8um image. In_Galliano et all (2005), we suspected

: the 12.9um flux densities to be overestimated by a factor 2. The

10,00 l+ . TIMMI2 N band spectrum allows a direct measurement of the
"

100.00

E 11.9um/12.9um flux ratio (independent of the flux calibration),

3 and shows that our suspicion was founded indeed. Therefore,

] the 12.9um fluxes for NGC1365 quoted in Galliano ef al. (2005)

o.10g 3 must be decreased by a factor 2.

ooil . . . . . . ] Around each aperture, a “background” level was estimated
0 2 4 8 8 0 12 14 by computing the median pixel value in an annulus with radii

wavelength [um] 0.6” and 1.2” around the aperture centre. The large and outer
circles on Fig[R represent the outer borders of such arivli.
1000.00¢ ' ' ' ' ' ' cannot be certain that this “background” aldteats the source
~, ] within the small aperture, as its origin and its locationhan-

1.00

flux density [mJy]

100.00
E spect to the source are unknown. Therefore, in a conseevativ
10.00¢ E approach we provide two flux density measurements for the
i ] sources M4, M5 and M6: one after “background” subtraction
100 \L 3 and one without “background” subtraction. The two figures fo
o0k each flux represent the measurement uncertainty resufting f
] E an ambiguity in the interpretation. To this uncertainty vekd a
0.01 : ; : : ; ; guadratically the uncertainty due to the photometric catibn.
Ot velength fam) M The calibration uncertainties used for th&elient bands are as
follows, R: 10%, J: 10%, Ks: 20%, L: 20%, 104n: 20%,
Fig. 10.NIR/MIR SEDs of the embedded clusters M4, M5 and1.9um: 20%, 12.9:m: 20% and 12.@m: 20%. Whenever at
M6 in NGC1365 (red points with error bars or upper limits)a given wavelength no counterpart s clearly identified efg-
over-plotted on the Ks, L' and N band spectra (black contingition of the MIR source, then we consider the high value ef th
ous line). The NIR measurements are from this article, wthie error bar as an upper limit. In tadfé 1, the low and high values
MIR points are froni Galliano et all_(2005). For M4, since ngiven for each measurement correspond to the lower and upper
direct Ks band counterpart is observed on the image, theophdtmits for the given measurement due to the uncertaintiéaele
metric point is given as an upper limit. This apparent ini®ns above.

tency denotes the fact that we do not formally associate the K Table[l also provides the flux measurements for the emis-
band continuum to the cluster emission (see text). sion lines identified in the spectra of M4, M5 and M6. In the

case of M6, we have additional measurements for lines in the
N band. Finally, we recall in this table the radio measureisien
published by _Sandayvist etlal. (1995). Figl 10 displays, Far t
S o - three embedded YMCs, their SED together with their combined
sion line is displayed in Fig.]9. Between positions -1” &,  spectrum, covering in total a range from @ré to 13um. Let
a velocity diference of the order of 100-200 krmtss measured. ys briefly discuss the comparison between SEDs and spectra.
ThIS k|nemat|ca| feature W|” be dISCUSSEd e|seWheI‘e.¢rEﬂ[Ee The SED points ShOW ﬂux density Values that we be"eve cor-
of M5 and M6, we also detect extended nebular emission (S@&pond directly to the sources of interest. However, inesom
Fig.[9), but no velocity gradient. cases they may correspond to upper limits because of source
Spectral analysis in the radio domain would also be of gregénfusion. On the contrary, the spectra contafieaive signal
interest. The radio measurements by Sandayvist et al. (18855) from the source and its surrounding. This distinction istipar
cate that the spectral indexes in the three sources flattériwi ularly relevant in the case of M4. That is why on Hig] 10, for
creasing wavelength, suggesting optically thick radiossion. M4 the Ks band spectrum is shown as an upper limit. For the
Unfortunately, such measurements are delicate from anémagurces M5 and M6, the Ks band continuum corresponds to the
with complex brightness distribution and have not beenatgik upper part of the error bar on the flux measurement, because
byMorganti et al.[(1999), hence cannot be double checked. this value corresponds to the measurement performed vtithou
In summary, the collected spectra exhibit bright nebul8background” subtraction. The L' band data points and the N
and molecular emission lines at the location of the f#dio band data points of Galliano et al. (2005) are in excellentag
sources M4, M5 and M6: this reinforces the idea that thesgent with the spectra. The TIMMI2 10u.4n flux density for M4
sources are embedded YMCs. The line emission is spatially é&not reported on this figure, since there was no detectidh®n

flux density [mJy]
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TIMMI2 image and the, then quoted, upper limit of 5mJy may By
have been underestimated. — 10712} .
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Fig. 11. Extinction curve used in this paper. This curve haé’E
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Fig. 15.Predicted line fluxes for the model described in §ed. 4.2.
From top to bottom: By, Bra, [Arlll], [SIV] and [Nell]. The X-
The fact that the MIRadio sources M4, M5 and M6 in axis displays the age in Myr and the Y-axis provides the line, fl
NGC1365 exhibit nebular lines strongly supports an intetgr at the distance of NGC1365, corresponding to $M&cluster
tion in terms of embedded YMCs still hosting a fair fractidn o
ionising stars, hence younger than 10 Myr.
Let us start the analysis by comparing the available data for
the YMCs in NGC1365 with similar information (images and.ocal Group: 30 Doradus in the LMC, at a distance of 50 kpc.
spectra) on R136, a young cluster in the LMC. Basic pararset&136 has an age in the range 1-3Myr and a stellar mass of
for these clusters will be derived in subsequent sections. 5x10*"M,, (Boulanger & Rubi 2006).
R136 is one of the nearest example of a young massive Even though R136 is not properly speaking an embed-
cluster. It lies in the most luminous star forming regionlet ded cluster, it is an interesting object for comparing witle t
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3'=CVF fov

Fig. 12.ESO 2.2m WH/Spitzer IRAC view of R136 in the Large Magellanic Cloud. Theldiof view is 10x10. North is up and
East is to the left. This region (145pt45pc) would project onto a field of 1.&1.6 " at the distance of NGC1365. Blue codes the
WFI Ha image, green the WFI V image and red the IRAC @0 Spitzer image. The’Zcale corresponds to the aperture size of
the CVF spectrum aperture and the arrow shows the locatitredf4 x20” ISO SWS spectrum aperture.

MIR/radio emitting sources of NGC1365. A three colour map of Of the many spectra available for R136, let us consider: (i)
R136is displayed in Fi§. 12, built as a composite of two aretti the 1ISO SWS spectrum of a 1420” region in the North-East
images obtained with the Wide Field Imager (WFI) at the 2.2MIR emitting lobe (shown by an arrow on Fig.112) and (ii) the
telescope on La Silla (ESO) and one archived image collect&D CVF spectrum of the’S3’ region around the central clus-
with IRAC on board the Spitzer space telescope (NASA). Gregsr, covering the wavelength range from 2 toubé (taken from
codes the WFI V-band image (tracer of the stellar componerf)g. 3 of [Boulanger & Rubio 2006).

blue codes the WFI W image (tracer of the ionised gas) and ; ranr
) Notice that an aperture of’83 in the LMC translates
red codes the IRAC 8m image (tracer of dust). The resolu—b0 0.5"<0.5" at the distance of NGC1365. This allows a di-

tion of the WF| images has been degraded to 3.2”, which is t St comparison between the CVF spectrum of R136 and the
resolution of the IRAC 8.pm image. The composite field sizé|g ) /ISR spectra of the embedded YMCs in NGC13665.
IS 10X10’8Wh'9h corresponds at the distance of the LMC 191, /3 jichiavs the SWS and CVF spectra of R136 projected at
145><J.45p - This field projects into a region of 1.61.6 at distance of NGC1365, as well as the spectrum of NA365

the distance of NGC1365. This image shows that, even if R1 is comparison shows that M6 is, intrinsically, almost e

(,\j/lolgs ng_t (gual.n‘y aslc;‘irlr)bgdﬂgd(;’ clus.tt(ra](, itis a tb”gtht sﬂomr_f::e ders of magnitude brighter than R136 and that, given thd-avai
radiation. would it 1€ behind or within an extinctionna, it - ., o data, the two sources exhibit at first order a rather-simi

would indeed be identified as an “embedded” cluster. This sug - ;

" “ s r spectrum. A remarkable fiierence, though, is the fact that
gests that the MIRemlttlpg_dust ofaso-palleq emb?dd <l in the 8-13um wavelength range, three bright emission lines
ter may not be necessarily in direct relation with the “e et} are detected on the SWS spectrum of R136 ([Arlll] at;818

ness” of the cluster, as assumed in the typical cocoon-i&e v .
T ; ' SIV] at 10.5um and [Nell] at 12.8m) while only the [Nell
of an embedded cluster. As highlighted on this colour imag 2.8Lm line ilslobserV([ed in]the casaétof)M& Thiﬁe%{rence[ hoI(}s

the three components are spatially separated: one cariycle%e in the case of M4 and M5. Owing to its low spectral reso-

identify the Hx emitting gas, spatially correlated with but OIiS1ution the R136 CVF spectrum does not show any of the narrow

tinct from the MIR dust component, and the stellar clustasft : -
The wide dust shell (bubble) pushed by the cluster is promjneforbldden lines but only broad features such as the PAH bands

while the Hv emission shows up as a thin layer at its inner rim.  We provide in Fig['IB, a comparison of the WFPC2 R and
the [Nell]12.8um images of M5 with the WFI b and the IRAC
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NGC1365/M5 WFPC2 R R136, WFI Ha (projected)
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Fig. 14. Map comparison between NGC136% (left column) and R136 projected at the distance of NGG1l3the R136 WFI
Ha image and IRAC &m image, after projection at the distance of NGC1365, haes lobegraded to the seeing and pixel size of
the NGC1368VI5 WFPC2 R image and the VISIR 12uéh image respectively.

8.0um images of R136 projected at the distance of NGC1365, NGC1365. This important ffierence is discussed in S&¢. 4
with same seeing and same pixel size as the M5 images. For Higl explained through an ag#ext, the clusters in NGC1365
comparison we have chosen M5 since, among the three YMI@sing older than R136. A detailed comparison of the SEDs of
in NGC1365, it is the one with the brightest visible counteiR136 and of the YMCs in NGC1365 is performed and included
part, hence the closest to the evolutionary stage of R136. @rSec[b.

the left side of Fig[CI4, the images of M5 are displayed, while

on the right side, the corresponding degraded images of R136

are shown. Notice that the bulk of the u® emission in R136 R :

looks elongated, while its counterpart in M5 is unresolvigte 4. Derivation of the YMC basic parameters
same occurs with the VISIble image: at the resolution of HSIF, this section, we attempt to derive parameters for the YMCs
the degraded R136 looks slightly more extended than M5. ThigsC1365, such as extinction, age and mass, using their emis-
comparison suggests that, in terms of intrinsic properti®s sjon line flux measurements. We make the gross assumption tha
YMCs in NGC1365 are slightly smaller than R136 while they uniform foreground emission isfacting in a similar way all

are about two orders of magnitude brighter: they definitely dthe emitting componentsin the cluster. This is obvious|gwer-
serve to be called “compact”. Another piece of evidence mmgimplification, but it leads to first-order interesting chrsions
from the HST image, where M5 remains unresolved, at a resghile avoiding to use model-fitting with too many free parame

lution of 0.11", which corresponds to about 10 pc. The faet thters. We shall turn to a more realistic modelling in the nexc:s
the sizes of the YMCs in NGC1365 are comparable to, or evgpn.

less than, that of R136, which is 100 times fainter, suppbes
idea that star cluster sizes do not depend on mass (Llarsdi. 200

This simple and direct data comparison between tHel: EXtinction
MIR/radio sources in NGC1365 and R136 adds support to th@st |et us use the Brand B line measurements to derive
interpretation of the NGC1365 sources in terms of compagle extinction towards the YMCs. We know already that they
YMCs. are located in a region of large extinction, in the vicinify or

An additional striking diference between the two sources iwithin the prominent East-West dust lane to the North of the
the absence of the [Arlll] and [SIV] line emission in the YMCSAGN (Fig.[2). In the following discussion, we use the extiont
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Fig. 16. For each cluster, and for the extinction derived in $ed. this, figure gives the ratios between observed and modelled
[Arlll], [SIV] and [Nell] lines after correcting for the ektction correction and normalising the modelled/Buxes to the observed
ones. The ratio is set to one when the modelled flux is insidetior bar, or below the upper limit, which is the case fol[hand
[SIV]. The total stellar mass (taking into account evolatioy dfects) is also plotted for each possible age.

curve derived wittGRASIL (Silva et al| 1998) for Galactic dust.in wavelength, so we can use the directly measurg8#3 ratio
This curve is shown in the NIRIIR range in Fig[1lL. to check the conditions in the gas, and the validity of asagmi

A direct estimate of the extinction towards the embedddge case-B line ratios. For the embedded clusters M4, MS and
cluster nebular gas can be retrieved from the/Bre line ra- M6, the measured ratios are respectively 0.053, 0.053 &%@0.
tio, assuming optically thin conditions for the nebular gaslf. N 9ood agreement with the theoretical value 0.0545 meetion
This ratio depends only mildly on the gas density. MoreovetP0ve.
considering that the temperature of HIl regions tends tstelu Consequently, the case-B assumption looks adequate and we
around T = 10*K (Osterbrock 1989), the predicted line ratio otan confidently derive the extinction towards the embedtlesd ¢
Pa (1.87um) to Brs (1.94um) is 0.0545. The dierential redden- ter nebular gas using the theoreticalyBra flux ratio of 0.35
ing between R and B# is small, the two lines being quite close(Osterbrock 1989). For M4, M5 and M6, we obtain NIR extinc-
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tions of Ay=13.5, 3.2 and 8.5, respectively.We use these values function of age. Whenever the modelled flux falls inside the
to de-redden the NIR line fluxes. observational error-bar or is lower than the detection uppe
limit, then the ratio is set to unity,
— for each age, the corresponding stellar mass is also plotted
4.2. Age and mass (right Y-axis).
Together with By and By, we can use the measurements of . . .
the MIR fine structure lines [Arll[]8.9m, [SIV]10.4um and 1N model can be considered to “fit” the data if all three
[Nell] 12.8um in order to derive the cluster parameteré.""t'os are equal to one. This is absolutely not p035|ble.rbefo
Predicting the intensities of the fine structure lines isermom-  © Myr, where we would expect intense [Arlll] and [SIV] lines,
ionisatidine order of magnitude brighter than allowed by the upper lim
potentials are larger (respectively 27.6eV, 34.8eV an@&\), Lt;ﬂmeasured on the spectra of the three YMCs. A reason_able
which implies that not only the H ionising luminosity, QH, stu _1t_can be obtained only for ages greater than 6 Myr. Notice
be taken into account, but also that the shape of the ioniging that in the case of M5, there remains a small discrepancy, by a
tinuum must be known or assumed. Moreover, the fluxes in thd&&tor wo, for the [Nell] flux, which, given the largeftBrences
lines depend on the ionisation factor, closely linked togee Nvolved and the first-order matches performed, is leftasid
ometry of the source while we do not have much handle on it. '" Fig-[14, we plot the Starburst99 spectra of an instanta-
Finally, the line fluxes depend on the element abundanaesrati"€0Usly formed Salpeter star cluster at ages 4, 5, 6 and 7 Myr,
given the location of the YMCs in their host galaxy, a set déso @1d compare them with the ionisation energy of [Nell], [Arll
abundances looks adequate even though a slight over atnmdé‘r?"d [SIV]. This figure shows , between 5 and 6 Myr, a huge drop
(up to a factor two) could be expected. of luminosity (of about two orders of magnitude) for the con-

What is remarkable on the spectra of the three sources, Nuum in the region of the ionisation energies for [Arlliic
M5 and M6, is that while the [Nell] line is conspicuous, oniiSIV]- On the contrary, the continuum around the ionisaton
upper limits can be measured for the [Arlll] and [SIV] lines€9Y for [Nell] only sufers a modest decrease. This shows that
the [Nell}[SIV] line ratios are greater than 20, 100 and 140 fdf€ virtual absence of [Arll]] and [Nell] lines after 6 Myr tue
M4, M5 and M6 respectively, and the [Nefrlll] line ratios tothe apsence ofhgrd enough contlnuuqurthesg ion sgeci
are larger than 10, 50 and 60. Such ratios are impossible to re_TN€ firm conclusion to be drawn from Fig.]16 is a strong
produce with very young stellar populations, for which time| €vidence for the YMCs in NGC1365 to be older than 6 Myr.
ratio [Nell/[SIV] is usually found to be lower than unity (seeBeC"?‘USG ofthe |mpqrtantfa(_j|ngfmred by stellar clusterg along
the SWS spectrum of R136 and for instance the spectrum B first Myrs of their evolution, the fact that they are risially
NGC5253 in [ Martin-Hernandez et al. 2005). So, a substantp!d also implies that they are very massive. Let us consluer t
difference in the line ratios is unveiled, by one to two orders 88€ Of 7 Myrs: the computed stellar masses in this case for M4,

magnitudes. M5 and M6 are th_en_ respectively 1.6,1.5 and 210’ M, for a
In order to examine this fference, we use theLouDy 1Mo lower mass limit of the IMF. o _
emission line libraries computed by Panuzzo étlal. (FHes) We show in Fig[ 1B the stellar mass function in M4 with

branching intaGRASIL (Silva et al[ 1998). In these libraries, thedh€se parameters (age of 7 Myrs and mass ot 106M,). The
ionisation factor is varied by changing the gas density died tMOSt massive stars in the clusters, 20-25Mdre a few several
gas filling factor/ Panuzzo etlal. (2003) demonstrate th#tmi 10* in number, while low mass stars are expected to be present
ent geometries with a similar final ionisation factor wilbpiuce Py millions. _ _ _ N
very similar line fluxes. We compute theBBre, [Arlll], [SIV] Con5|derat|pn of aline fqu I|brary with lower filling factsr
and [Nell] line fluxes for a “cluster model” at ages betweemd a Shows that, while the [Arlll] line flux is notféected, the [SIV]
10 Myr with an "instantaneous” star formation history. Asnme lin€ flux may increase by a factor up to 10. This remains com-
tioned above, we adopt solar abundances and we notice tha@@iible with the data as long as the clusters are only aboytrl M
no way an overabundance by a factor two could account for tAller than the age derived for a filling factor of 20Hence, a
very large observed fierences in line ratios. safe range for the age of the YMCs is 6-8 Myr. We exclude the
Since the [ArllIJ[Nell] line ratios observed in M4, M5 and clugters to be older than 8 Myr since if it was the case, thesems
M6 are very smali, we use the libraries predicting the smafierived would be of the orderc_)f?r.nquorthe only stellar com-
est values for this ratio: filling factor of 1® and density of Ponentand become incompatible with the CO measurements by
10%cm3. The evolution with age of the un-extincted line fluxesSakamoto et all (2007). . _
at the distance of NGC1365, are displayed in Fig. 15, foral tot This is consistent with the detection of the CO absorption
mass of stars of B0. At first order, these line fluxes show,lines at 2.3im in the spectra of M4, M5 and M6, since this CO
for reasonable values, little dependence on the amountpfrya feature only appears after 6 Myr (Leitherer et al. 1999).
agreement with the ionisation-bound situation. In principle, one could also use the ratio Hel 2.06/Bry to
In Fig.[I8, we present a comparison between the mode”ggr!ve_ information about the hardness of the ionising cotm
line fluxes and the observed ones. The procedure for buildiffiation, hence the age of the stellar population (Doyai/et

this figure for the three YMCs in NGC1365 was the following:1992). However, Shields (1993) and Lumsden &t al. (2003 hav

i ) demonstrated that the use of this ratio is not trustworthy.
— the extincted modelled line fluxes are computed, for each

YMC, with the related extinction value derived above, N o
— the extincted modelled line fluxes are then normalised, By3. lonising photon emission rate

changing the cluster mass, so that the modellgdiBe flux Using the NIR extinctions derived above, we can compute the

equals the observed Bflux, . .

: ; . -reddened hydrogen line fluxes, and get a direct handleeon t

— the line ratios between observed and modelled Ilne_flux% ising photon emission rates of the YMCs. For an ionigatio
are then computed for each age and plotted (left Y-axis) 8p8und situation, justified for an embedded cluster, all tdmasi

6 httpy/web.pd.astro jpanuzzghii/index.html ing photons { < 912A) emitted by the stars are absorbed. The
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number of H ionising photons is then directly proportiomatie foreground extinction, is of the order of only 20%, hence lsma
flux in any specific recombination line. From Osterbrock (298 with respect to the uncertainty due to the uncertaintieberage

P ot and the IMF shape.
QIH'] = —& x =, Whereag/a}, ~ 2.96 1) We hence conclude that the clusters are 6-8 Myr old, with
R VHa masses of the order 1, and ionising photon emission rates
The Bry de-reddened fluxes of M4, M5 and M6 being reef several 187 s™1.
spectively in the ranges [8.2-12.3], [7.6-11.5] and [12076] All these elements concur to the stunning result that thesthr
x10 1 erg stcm?, this leads to ionising photon emission ratemIR/radio sources in NGC1365 are among the most massive
in the ranges [3.4-5.1], [3.2-4.8] and [5.7-8:6]0°%s . clusters observed so far. Surprisingly for their relagivéd-

Let us check now whether the ionising photon emissioranced” age, their MIR emission indicates that they have not
rates derived from the Brde-reddened fluxes of M4, M5 andswept away all of their surrounding material yet. Usuallyse
M6 are consistent with the observed radio data in the ceters are believed to remove very quickly the material in \whic
timetre range, given the ages just derived for M4, M5 anéley formed, within a few million years. The peculiar case of
M6. The measurements reported in Teble 1 and performed thgse YMCs opens the question of whether their extreme mass
Sandgvist et al.| (1995) indicate negative indexes revgalis and their location close to the dust lane of their host gafday
expected for young clusters of the derived ages, the preseacrole in the fact that, at 7 Myrs, they still contain impottan
of a non-thermal component. The measurements also show #abunts of gas.
the indexes become increasingly positive with increasinges
length @Zoo" > o5cm). This is the signature of optically thick
radio emission. Indeed, it is known that UDHII regions can b&. Fitting the YMC NIR/MIR SEDs
optically thick even at 6cm_(Kobulnicky & Johnson 1999). In
Sandgvist et all (1995), even though the 2 cm fluxes are nehgiv
explicitly, one can extrapolate their values using the 6am fl
and the 6cni2cm spectral indexes (given in their Table 2). The ——
2cm flux is interesting, since it is both optically thin ankieliy I
to be free from a non-thermal contribution. Under this agsum
tion, the measured radio fluxes provide independent estsudt
the ionising photon emission rates of the clusters. FromeTab
2 from|Sandgvist et al. (1995), we get the following 2 cm fluxes
for M4, M5 and M6: 1.75mJy, 0.61mJy, 1.70 mJy respectively.
The corresponding figures for the ionising photon emissites
are 2.0x10”?s%, 7.0x10° s and 1.9x10°?s™. These values
are slightly lower than, but in reasonable agreement witise¢h
derived from the de-reddened emission lines.

[SIV] (34.8eV)
[Arlll] (27.8eV)
Hel (24.6eV)
[Nel] (21.6eV)

HI (13.6eV)
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4.4. Final remarks about the derived YMC parameters

Uy,

Along this procedure, the derivation of the cluster masstaed r 1 1 1 1 1 ]
derivation of the ionising photon emission rate do depenthen co 22 24 26 28 30 3z 34
validity of the assumption of a foreground uniform extiocti log (wavelength [A])
Conversely, the age derivation is quite robust and relissres
tially on the disappearance of some emission lines relsitiee  Fig. 17.Starburst99 model spectra for an instantaneously formed
others. The factor to be matched is huge, one to two ordersS#lpeter cluster at ages 4, 5, 6 and 7 Myr. The vertical lihews
magnitude, and can in no way be understood in terms of mehe firstionisation potentials for H, [Nell], He, [Arlll] ah[SIV].
surement uncertainties.
Would there be a possibility to explain the observed line
ratios, maintaining a very small age (around 1 Myr)? Indeed, _ ) ) -
instead of the Salpeter IMF which we consider, we might in- !N this section, we discuss the fitting of the MMRR SED of
voke an ad-hoc fancy IMF with a low upper céitgat about the YMCs. We later add the constraints from their emissioe li
23M,), but such a value is not justified. In addition, the obsP€Ctrum.
served negative spectral indexes of the radio emission fhem
YMCs constitute an independent argument favouring ad\lncg ;- analysis of the NIR/MIR SEDs through comparison with
ages, since the non-thermal component of the centimetre-emi  p;35
sion traces the presence of supernovae, which only occer aft
3-4Myr. Therefore, we retain our age determinations asigrov First, we examine in Fig. 19 a comparison of the SEDs of M4,
ing the most sensible interpretation. M5 and M6 with the ISO CVF spectrum of R136, scaled to
For the quoted age range for the clusters (6-8 Myr), the cdhe distance of NGC1365, normalised at 1215 and subject
responding stellar masses for the three clusters are iratiger to some foreground extinction: we use a set of foreground ex-
[0.6-3.]x10'M,. These masses are derived from the unextinctéidctions in the range Av0 to Av=40.
Bry fluxes and a Salpeter IMF with a lower boundary at4M  One sees that in the 8#8n window, the three NGC1365
This masses must be multiplied by 2.5 if the lower boundary 8MCs are brighter than R136 by factors between 2 and 10. This
the IMF is decreased to 0.1 Myr. factor cannot be just explained by a calibration error fer 8
The uncertainty on the estimate of the deredenned line lurBizm range (See Sec. 2.4) since, in the worst case, we evaluated
nosities , which we recall is performed under the assumptfona flux uncertainty by a factor 2 for this region of the spectrum
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Fig. 20. Comparison of the observed spectra of M4, M5 and M6 (blackih¢oscaled ISO CVF spectrum of R136 (brown) and to
the predicted spectra of the 2-component model describdgbitext. For the modelled spectra, the colour coding isalieviing:
purple is the total spectrum (properly scaled for companisith the source spectra); red is the total spectrum of theoodar cloud
component (the optically thick one) component; blue is thectrum of the dust (essentially very small grains, VSG)ssionh of
the cirrus component (the optically thin one) and greenasstrectrum of the[stellagas] component of the cirrus component

Even though a full N-band spectrum would be mandatory to deith respect to the neutral case (Li & Draine 2001; Draine & Li
cisively settle this dference, let us put forward the possibility2007).
that the high 8-&m continuum is due to the presence in the

YMCs of a bright 8.6um PAH feature. In the usual PAH tem- Aot the 10 13m ;

; - ‘ - part of the SED, its slope can be rea-
plates (as used in GRASIL, Silva et al. 1998), the }arirfea- gqnaply matched by a foreground extincted version of thesR13
ture is much brighter than the guén feature. However, the gyactrym. In particular the 16n-13um VISIR spectra are well
8.6um feature can be significantly boosted for a high degr?gproduced for M5 and M6 (including the 1181 PAH feature).

of ionisation of the PAH molecules. Indeed, for ionised PAH$0r M4 the resemblance is not so obvious. but the M4 SED is
the ratio of cross sectionggs/o127 is enhanced by a factor 7-831s0 noisier. '
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M4, 7Myr, Av=13.5

M4: age me=4.8Myr, Mcirrus=8.4e+06Msol, Mmc=1.9e+06Msol

M5: age mc=R2.1Myr, Mcirrus=7.1e+06Msol, Mmc=1.4e+06Msol
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Fig. 18. Mass function for M4, given the age and mass derived °

in Sec[4.D. ° °
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Fig.21. Quality of the 9 predicted observables for the 2-
component model for M4, M5 and M6 (see SEL. 5). The ob-
served uncertainty is shown with the grey stripeolty, and
obsmax represent the lower and upper limits of the error bar, then
the value on the Y-axis iS10d-0bSnin)/(0bSmax-0bSmin), Where
mod is the predicted value. For the observables for which we
only measure an upper limit, then a value(is given to the
corresponding point if the mode led value is lower than tinist|
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Fig.19. Comparison between the observed spectra of Rsc [pc]

NGC1363M4, M5 and M6 to the ISO CVF spectra of

R136 siffering from distinct foreground extinctions, from AQ  Fig. 22. Threshold mechanical luminosity for two heating ef-

to Av=40. The CVF spectra are normalised to the VISIR spectfiziency (reproduction of Fig. 4,b of Winsch efial. 2007)eTh

at 12.5um. horizontal line shows that, according to our estimatesthiee
MIR/radio clusters of NGC1365 lie in the bimodal regime re-
gion.
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In summary, the SED of M5 resembles that of R136, el&ilva et al. (1998). Notice that thdtect of such an extinction
cept in the &m-9um region where ionised PAH, boosting thecannot be compared in a straightforward manner to ffeztof
8.6um feature, could be an explanation. Therefore, M5 couttle simple foreground extinction shown in Hig] 19 at the begi
be seen as a scaled-up version of R136, from the SED pointnirig of this section, and estimated by comparing the YMC SED
view. However, the emission line ratios discussed earlearty to the R136 spectrum.
show that M5 cannot have the same age as R136, but is at aFollowing this modelling, the NIR 3-4m slope and the MIR
more advanced stage 6-8 Myrs. This is not a contradiction Is®epe between 10m and 13m are both steep as a result of the
cause the SED matching is not an age estimator. The key issudission of the “molecular cloud” component and an impdrtan
is to understand how M5, at 7 Myrs, could have retained sorhamp on the SED in the 448n range is predicted. This is con-
dust component? sistent with the observed rise of the SED in the@¥range, in

What is the conclusion of the comparison with R136 for M#14 and M6.
and M67? A very distinctive feature observed in M4 and M6 is In conclusion, the NIRMIR modelled SEDs in Fid._20 pro-
their steep continuum rise betweepnr and 4um , in contrary to  vide qualitative matches for the observed SEDs in M4 and M6.
the spectrum of R136. This type of feature is reminiscenhef tin the case of M5, the slope of the continuum in the NIR 3-
emission from an optically thick dust component and suggestum range is overestimated in the model and the presence of a
its presence in the YMCs. Therefore, we investigate hezeaftmolecular cloud” component does not seem to be mandatory.

such a possibility, using a more complex modelling tool. Going one step further, let us investigate the possibitit t
the “molecular cloud” component represents a second stella
5.2. Modelling of the NIR/MIR SEDs generation (hence younger), still deeply embedded in drast.

this purpose, we perform fits of the two-component model pre-

Let us compare the SEDs we have in hand for the three YM@&tions using the following observational constrainke Bry,
to the SED prediction of a cluster including two componefa}: Bra, [Arlll], [SIV] and [Nell] fluxes, and the R, Ks, L' and
an optically thick component, which we will call the “molecu 12.5um flux densities. The age of the cirrus component is set
lar cloud” component, with stellar massyM[which we would to 7 Myr (derived earlier from the analysis of the line rajios
assume to be associated with the “youngest” stellar pdpualatand the optical thickness of the “molecular cloud” compdnen
in the cluster, in case the star formation would not have leen to the values given above and derived from the silicate redwi
stantaneous] and (b) an optically thin component, which lle wslope. The free parameters in the fits are the age and mass M
call the “cirrus” component, with a stellar mass;Ms [which of the “molecular cloud” component (the age is forced to be
we assume to be associated with the gas and with the “oldest'6 Myr), the mass Mys of the “cirrus” component and the
stellar population in the cluster]. foreground extinction. Given the observational uncetiagand

We useGRASIL (Silva et al. 1998) to model the SED clus-because the centre of the error-bar does not necessarigsesyi
ter. In a broad frameworkGRASIL is designed to model the the most probable value of the observabl&gient solutions can
spectro-photometric evolution of dusty galaxies, inchgda de- be found. Yet, the results are globally identical. The duadf
tailed treatment of the radiative transfer through dustal be the fit for one solution is shown graphically in Fig.]21, and in
used to simulate the evolution of the properties and emissitact, Fig.[20 show this same solution. For each observaiée, t
of a stellar population with the two components as describetor-bar has been scaled to the range [0-1]: the valueseof th
above: (a) the “molecular cloud component” for which thestamodelled observables are given on this same scale. A doeinsi
are still located at the centre of their parent moleculandland the grey zone means that the modelled observable fallsinisél
for which a large optical thickness is expected, and (b) tie “ error-bar.
rus component” in which both the stars and the dusty gas show The solutions shown in Fig. 21 are good for M4 and M6,
an extended distribution, and for which the optical thicdsiess and marginally acceptable for M5. Indeed, Higl 20 was alead
globally low. showing that the two-component model predicts a steep @fope

Fig. [20 illustrates how such a two-component model cahe 3-4um range which is observed for M4 and M6, but not for
match the global features of the observed SEDs of the thigé. For the fits presented in Fig. 121, the age of the “molecu-
YMC:s. This figure displays the observed SEDs for M4, M5 anldr component”, the stellar mass of the “cirrus” componert a
M6 (in black). For each source, the R136 spectrum scaledtbé stellar mass of the “molecular cloud” component are-indi
around 2um is superimposed (in brown). As well, theffédrent cated above each plot. For M4, the stellar mass in the “médecu
components of the model are superimposed and shown underatmponent” is four time lower than in the “cirrus” component
following colour code: in green is the joint stellar emissind On the contrary, it is almost two times greater in the case of
continuum emission from the HIl region arising from the “cirM6. Indeed, in Figl_20 the relative importance of the “molacu
rus” component, in blue is the dust emission from the “cifrusomponent” (red) to the “cirrus component” (green and bisie)
component, in red is the net emission from the thick “molecwaiearly greater in M6 than in M4.
lar cloud” component (dust and stellar emission, but egsgnt The two-component model presented here, even though sim-
dominated by the dust) and in purple the total emission. Hye kplifying a complex real situation and at the same time inirav
parameter for the modelled “molecular cloud” componentss ia large number of parameters, allows an interesting qtiaéita
optical depth. For each YMC, this optical depth has been chmatch to the observables. This is true to a good extent for M4
sen in order to fit the slope in the red wing of the silicatedeat and M6. Notice that the two-component model predicts a bump
around 1Qum, observed in the YMC, and has been derived aftef the SED in the 4-@m range, diering from the R136-type
full treatment of the radiation transfer. The extinctiotues Av  SED. The SED of M5, on the contrary, looks more like that of
which are required to reproduce the observed silicate feadd R136, and does not require the presence of a thick “molecular
wing slopes are very large: respectively 100, 70 and 130for cloud” component. This might be related to the fact that M5
M5 and M6. Indeed, for the modelled “molecular cloud” comis seen lying slightly outside the dust lane, while M4 and M6
ponent, dust is simultaneously the source of emission and exoject right in the dust lane. Indeed, the fact that theganesof
tinction. For details about the radiative transfeiGRASIL, see the surrounding interstellar medium is certainly higheyusrd
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M4 and M6 than around M5, may havé&ected their evolution One candidate for such a bi-modal gas behaviour has been

and hence their intrinsic properties, and in peculiar thbility identified in M82 by Silich et al.| (2007), using observations

to remove the material from which they formed initially. from|Smith et al.[(2006). The observed parameters of theéarlus
called M82-A1, imply such a bi-modal hydrodynamic solution
The adopted model leads to a much reduced rate of mass deposi-

5.3. Conclusions on the YMCs parameters tion in the interstellar matter, and a much reduced wind iteam
Let us summarise the conclusions reached after the sueees¥flocity, compared to the adiabatic wind model.
steps of the data analysis. The three clusters NGC13884, M5 and M6 are also ex-

First, we have found that the three YMCs in NGC1365 aiellent candidates for displaying such a bi-modal behaviou
compact clusters. This is a solid conclusion, coming froni-a ¢"€Y are both very massive and compact, hence the gas density
rect comparison with the cluster R136 in the LMC. In their central regions is high. Also, the fact that with ajea

Second, the age estimates of the YMCs come from three fnMY" té]gsetcluster:s havbe ?ﬁll_re’\tﬂa}ged an important a;nc:éxnt "
dependent channels: gas and dust, as shown by their MIR emission, suggests tha

@ e NIR emission e ratos, i ntense (e anSS TS DECTaT s o etinens Pl e s
?hnec?f;zcet?glii Eﬁglrlllr?gg ([S%VI\]/I)'/IPseS, can be understoodyoifl SED modelling of M4 and M6 — the two YMCs which project

i o . onto the galaxy dust lane — could trace on-going star forming
" (b) Ithelr tratc)jl(t)' indexes are steep, SUQ?GS.“”? that th“e N@Vents, which recalls a prediction from the bi-modal model.
ermal contribution (supernovae remnants) is larger Nevertheless, in the case of M6, we find that,M> Mgirus.

thermal contribution (HIl region): although it is not pdsi&i 10 g g incompatible with the idea that, for M8, the “molesul

Extracttha tptrr?CIsF V?Iue of thtebclui;er ?r?e frgm its radiown@le -5 nonent” traces an ongoing star formation involving dhly
now that the clusters must be olderthan 5 Myrs, . material re-inserted by the “first” generation stars. Thghbr
() the detection of the CO absorption lines atBin their  yressure of the dust lane gas in which these two clusters seem

spectra tells us that the YMCs are older than 6 Myrs. to be embedded could also have increased fligigncy of the
Therefore, we find the YMC ages to be around 7 Myrs. Thigcycling of the matter into new generations of stars.
again is a fairly solid conclusion. In order to investigate quantitatively whether the Iytlio

Third, given their ages and their ionising photon emissiagnitting clusters in NGC1365 are viable candidates forshis-
rates (hence stellar luminosities), the stellar massd®ofMCs  cjal regime, we have used the results publishéd in Wiinsah et
are found to be of the order of 1M, implying a mass of the (2007). Simple analytic formulae are provided in order & ifea
initial molecular material from which they have been fornedéd ¢|ysteris undergoing such a bi-modal hydrodynamic saito
at least several ¥8,. The molecular mass deduced from CGk t only drives a stationary wind. Fig. 4 [n Wansch et al0(®)
observations by Sakamoto et al. (2007), of the order 8ML)  displays the threshold mechanical luminosity as a funaifdhe
is indeed consistent with the figure we have obtained. star cluster radius, that separates single stationary sohdion

Fourth, we find that, after 6 to 8 Myr of evolution, still impor from bi-modal solutions. The threshold is shown to depend on
tant amounts of gaseoidsisty material, traced by the raf\dR  the heating fliciency (parametey in their work). This parame-
emission and nebular lines, are found within or in the vigiof  ter represents thefficiency of the thermalization of the gas.
the star cluster. Since star clusters usually sweep awaygas®  To estimate the mechanical luminosity of the clusters, we
on a much shorter time scale, our observations present darasgse the Starburst99 models (Leitherer ét al. 1999): for peSad
trapping of material in star clusters, at very high massesian 10’M, model, with solar metallicity, for an age range be-
a dense environment. This gas trapping can lead to pecubar enween 5 and 9 Myr, the range of mechanical luminosities is
lution of the star clusters by allowing subsequent star &dfom 10413 to 1027 erg s 1. The radii of the cluster stellar component
events to happen. are lower than 10 pc. This radius is directly measured for M5,

In the following, we discuss, in the framework of the thecand assumed for M4 and M6, where no clear visible counterpart
retical model by Tenorio-Tagle and co-workers, how suchsa gig detected. In the radius vs. luminosity diagrarn of Wiirescél.
trapping can be explained. (2007), reproduced in Fi§. P2, the clusters clearly fallia bi-

modal solution region.
The picture drawn here of the three bright Mi&dio sources
6. Gas trapping in the extremely massive clusters in  seems coherent. In the massive reservoir of matter suriogind
NGC1365 the nucleus of NGC1365, and shown by the prominent dust lane,
very massive and compact clusters have formed. The hydrody-
Theoretical pieces of work by the group of Silich anghamics of the gas inside these clusters (re-insertetandused
Tenorio-Tagle [(Tenorio-Tagle et'al. 2007; Wunsch et al020 for star formation) is susceptible to follow the bi-modating-
Silich et al.[ 2007) analyse in details the hydrodynamicshef t dynamic solution described above. This leads to a much fiiss e
matter re-inserted in young clusters by stellar winds ameesu cient removal of the gas, which stagnates in the inner regidn
novae ejecta. They show that in the case of massive and compag clusters, while it is ejected in the outer regions witthueed
clusters, the re-inserted material is exposed to strongtieel velocities, compared to common adiabatic cluster outflds
cooling in the central parts of the clusters, because of tjjle h could be traced by the velocity gradient shown in Fig. 9, bet w

density of the gas in these regions. This strondlgcts the dy- |eave this analysis for a future publication.
namics of the gas and can lead to a bi-modal hydrodynamic so-

lution: (i)) the matter injected inside a certain radiudezhlthe

stagnation radiusis accumulated and eventually becomes gravy conclusion

tationally unstable leading to further star formation iy}, out-

side thestagnation radius, the re-inserted material flows out ofLet us summarise the main conclusions we have reached along
the cluster, building up a stationary wind (Winsch et aD?0 this work.
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The three MIRradio sources in the circumnuclear star formmorganti, R., Tsvetanov, Z. I., Gallimore, J., & Allen, M. G999, A&AS, 137,
ing ring in NGC1365 have been found to be very compact and457 , , ,
very bright embedded clusters. Under the simple assumptian Murtagh, F. & Starck, J.-L. 1999, American Astronomical BtecMeeting, 194,
foreground extinction, their MIR emission line spectrumi® o .connell, R. W., Gallagher, I, J. S., & Hunter, D. A. 1994pJ, 433, 65
towards ages of about 7 Myrs. Such an age is also consistnt v Connell, R. W., Gallagher, 1ll, J. S., Hunter, D. A., & Ceyl, W. N. 1995,
other age indicators like the slope of their radio centimetnis- ApJ, 446, L1+
sion or the occurrence of thir NIR spectrum of the CO absorﬁsterbrock, D. E. 1989, Astrophysics of gaseous nebulaeaatide galac-

. . L o tic nuclei (Research supported by the University of Catfifay John Simon
tion feature. Given their ionising photon emission rate age, Guggenheim Memorial Foundation, University of Minnesata,al. Mill

these YMCs are found to be extremely massive objects, with ayajiey, CA, University Science Books, 1989, 422 p.)
mass of at least YM,. They are the most massive star clusPanuzzo, P., Bressan, A., Granato, G. L., Silva, L., & Danks@003, A&A,

ters ever found so far. They must have formed from molecular409, 99

7 i fi i ; ; Plante, S.. & Sauvage, M. 2002, AJ, 124, 1995
clouds pf several 1M, This figure is consistent with t_he pres Sakamoto. K.. Ho, P. T P., Mao, R.-., Matsushita, S.. & PACE. 2007, ApJ,
ence within the NGC1365 central 2 kpc diameter region, whetegg, 755

they are found, of large amounts of molecular gas, of therordgndqyist, A., Joersaeter, S., & Lindblad, P. O. 1995, A&95,7585
of 10°M,, as derived from the CO molecule emission. Shaya, E. J., Dowling, D. M., Currie, D. G., Faber, S. M., & GicE. J. 1994,
The remarkable output of our analysis of the data is the fagtAJ: 107, 1675

that such embedded YMCs have retained an important amo fﬂfr']dss J‘Tghéﬁg_sf%ﬁ’g’élgél,\%ﬁoz_mﬁén C. 200D A 669, 952

of gas and dust, in spite of their relatively advanced agejradt  siva, L., Granato, G. L., Bressan, A., & Danese, L. 1998, /&89, 103
7 Myrs. This a quite puzzling and interesting fact, which rbay Smith, L. J., Westmoquette, M. S., Gallagher, J. S., et 62MNRAS, 370,

related to the extreme mass of these three YMCS. Indeed, som&l3

; i ; Tenorio-Tagle, G., Wiinsch, R., Silich, S., & Palous, D20ApJ, 658, 1196
theoretical works have analysed the fate of re |nJected|gasWhitmore, B. C. & Schweizer, F. 1995, AJ, 109, 960

very massive clusters and found Fhat the gas may be trappied Wﬂitmore, B. C., Schweizer, F., Leitherer, C., Borne, K., &frt, C. 1993, AJ,
even lead to secondary star forming events. The thregddib 106, 1354

clusters in NGC1365 are good candidates to test the predgcti Wold, M. & Galliano, E. 2006, MNRAS, 369, L47

of such models. Winsch, R., Silich, S., Palous, J., & Tenorio-Tagle, @20A&A, 471, 579
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