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Abstract. Sub-arcsec images at 3.8 and 1l1.2n of the has a complex structure in the near-IR, with at least four very
cometary HIl region NGC 6334 F are presented. Only the Hiéd components all within a circle of'4n diameter.

region is detected at 3,8m, while three distinct small diameter The NHy(1,1) gas shows two distinct spatial components

sources and a diffuse extended emission are found at/ih.2 aligned in the NE-SW direction and placed on both sides of the

The brightest of the small diameter sources (called MIR 2) Sl region (Jackson et al. 1988). Their velocities are separated

coincident with the HIl region. MIR 2 is resolved and shows more than 3 km's! and the velocity pattern was interpreted
cometary shape similar to that observed in the radio continu Jackson et al. (1988) as evidence for a molecular disk in ke-

Th's suggests_ that warm dust and ionized gas are well mi grian rotation around a massive star (presumably IRS-I 1, the
in the HIl region. The diffuse extended emission is observ

izing star of the Hll region). However, observations of CO(2-
in the region where the highest density molecular gas and g gion) (

. . G’oy Bachiller & Cernicharo (1990) showed a well collimated
central region of the molecular outflow are located. No emig;

: . ; h-velocity CO bipolar outflow (with terminal velocity of 70
sion at either wavelength is detected from IRS-I 2, the proposlgra B P ( Y

It i ) f the binol lecul i s 1) exactly in the same direction. This was in evident con-
alternative powering source ot the bipolar molecutar outow.y st with the expected direction of the toroid (i.e. perpendicular

) o ) to the outflow axis) and led Bachiller & Cernicharo (1990) to re-
Key words: ISM: HII regions — ISM: individual objects: jnterpret the NH(1,1) observations as the low velocity part of
NGC 6334 F — ISM: jets and outflows —infrared: stars the bipolar outflow (see also De Pree et al. 1995). Subsequently,
the bipolar outflow interpretation was further confirmed by the
detection of NH(3,3) maser emission at the two heads of the CO
lobes (Kraemer & Jackson 1995) and of shockederhission
1. Introduction at the same position (Persi et al. 1996).

NGC 6334 F (following the radio nomenclature of Rimrez According to Bachiller & Cernicharo (1990) the bipolar out-
et al. 1982) is an ultra compact (UC) HII region totally obflow and the ionization of the Hll region originate from the same
scured optically and detected at radio wavelengths (lgadez  Star, namely that associated with IRS-I 1. Alternatively, De Pree
et al. 1982). It is located near the northern end of a chain &ffal. (1995), proposed that IRS-I 1 coincided with the early type
star forming complexes detected in the FIR, at the position &8 that provides the UV photons ionizing the Hll region, and
component | (roman one, following the FIR nomenclature #ata second source (IRS-I 2), ® the northwest and detected
McBreen et al. 1979). In the radio continuum it has a cometaay20 and 3Qum by Harvey & Gatley (1983), could be the stellar
morphology (Rodiguez et al. 1982; De Pree et al. 1995, Carrgburce at the origin of the bipolar outflow. In fact, the outflow
et al. 1997) with a steep brightness gradient toward the noréixis seems to pass slightly to the NW of the sharp ionization
west, i.e. in the direction facing a high density molecular clodfgont. The hypothesis of two distinct early type stars was further
detected in HGN (Bachiller & Cernicharo 1990), Nk{1,1) reinforced by the detection of a weak unresolved 7 mm source
(Jackson et al. 1988), and N3,3) (Kraemer & Jackson 1995).just beyond the edge of the cometary ultracompact HIl region
The UC HIl region must be excited by a massive star as dedud@dfich is by far the strongest source at 7 mm with a flux den-
from the luminosity of the mid-IR source (IRS-I 1) associatesity of almost 3 Jy compared to a flux density ofZ6mJy for
with it (Harvey & Gatley 1983) and the number of UV photonghe weak unresolved component), roughtysduth of IRS-I 2
required to ionize the nebulosity (Réduez et al. 1982). Persi(Carral et al. 1997). The spectral index of the weak unresolved
et al. (1996) have shown with J, H and K images that IRS-17Amm source (actually a lower limit, since the source is not de-
tected at longer wavelengths) indicates that the emission must
Send offprint requests 1®. Persi, (persi@saturn.ias.rm.cnr.it) come from heated dust surrounding a protostar, suggesting the
* Based on observations obtained at CFHT and UKIRT on Maogdiesence ahead of the blister of a protostar in an even earlier
Kea. evolutionary phase with respect to the UC HIl region. However,
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S P T T IRS-I 1 taken with an aperture of Sby Becklin & Neugebauer

0 (1974).

. " The narrow—band image at 11;2n (A)X = 0.44um) was

. - _| obtained with the mid—IR camera CAMIRAS developed at
ot . .:“: the Service d’Astrophysique at Saclay (Lagage et al. 1992),
| " . equipped with a 192128 Si:Ga/DVR detector array, and

. " mounted at CFHT( Canadian-French-Hawaii Telescope). We
05" = —| used a scale of 0.31pix and the measured point-spread func-

. 1 = | tionwas of~ 1”. The observations were made in chopping and
- = " 4 nodding mode in order to subtract the sky and the telescope
= " emissions. The standard star#\ql andn Sgr were observed
SR | - . ' -} at approximately the same air mass to calibrate the image of

. - el " NGC 6334 F. The astrometry of the 11.2n image was made

. 1 comparing it with the K image with similar spatial resolution
J LA . | " K| obtained by Persi et al. (1996). Figs. 1 and 2 show/thband
[ o S and the 11.2um images of NGC 6334 F.

ERUGE SZHQH_ (1950 3150 Given the low sensitivity of thé’-band image, only IRS-1 1

. ) ) ) was observed, though with a "cometary” shape (Fig. 1), while

Fig. 1. L'-band image of NGC 6334 F. The areaimaged is $99.7  the 11.2,:m image (Fig. 2) this source (here named MIR 2)

square arcsec. The cross indicates the position of IRS-I 2. and other two point-like sources (all found in the near—IR by
Tapia et al. 1996) as well as diffuse emission extending west of

. IRS-I 1 were detected. The estimated flux density at L2
no near IR source was detected at the position of IRS-12 (Pegsi o jiffuse emission is. 14 Jy

et al. 1996). The near IR source # 48 (Tapia et al. 1996) located In Table 1 we report the positions and the flux densities at

within 17 of the 7 mm clump most probably is a foregroun(h_z pm of the detected sources. The flux density of MIR 2
highly reddened B4-A2 star, unrelated to the 7 mm clump. (IRS-1 1) is relative to an aperture of 1Gn radius.
An H,0 maser is presentin this star forming complex. The -, o rqer o study in detail the morphology of this source we
accurate position of Forster & Caswell (1989) (see also nglg, o anpjied to the 11.,2m image, the Lucy-Richardson spatial
in the cap'uqn to Fig. 1 of Carral et al. 1997) assouat'e. it W'%hhancement algorithm developed by Richardson (1972) and
IRS-1 1, while no HO maser is reported from the position 0i_ucy (1974). This treatment is based on a good spatial sampling
IRS-12. ) ) o of the point-spread-function and the high signal-to-noise ratio
In order to identify the driving source of the molecular outst the raw data. Both requirements are satisfied for our image.
flow and to study in more detail the circumstellar material SWriih this algorithm, we can obtain a resolution-0f0.4”. The
rounding IRS-1 1, we have obtained high spatial resolution thets ,iqur map of the deconvolved 11.2n image of NGC 6334 F
malimages of NGC 6334 F in th-band (3.8um) and at 11.2 5 yenorted in Fig. 3. MIR 2 (IRS-1 1) appears to be resolved with
pm . Our observations show that IRS-1 1 has an extended Strug; offective FWHM size of1.2” (2090 AU, ~ 3 10 cm at d

ture at 11.2m with a blister morphology similar to that seen- 1 74 Kpc) and contains approximately 80% of the total flux
in the radio. We find two additional small diameter sources aP&)orted in Table 1.

an extended diffuse emission at the position of the molecular Finally, the images of Figs. 1 and 2 do not show any mid—IR

cloud at 11.2um, but we do not detect any small diameter midsqce at the position of IRS-I 2 (indicated with a cross in the
IR source at the position of IRS-1 2 or of the 7 mm unresolv%ures)_ The upper limits for a point source are 0.08 and 1.2 Jy
clump. (10) at 3.8 and 11.2um, respectively. Although the sensitivity

at 11.2um is high (~25 mJy/arcsed, the rather large value of
the upper limit is due to the fact that IRS-1 2 is located within
the diffuse emission (see Fig. 2).

The L’-band and 11.2um direct images of NGC 6334 F were

obtained with UKIRT and CFHT on Mauna Kea on Februarg Discussion

and July 1996, respectively. '

For the L’-band IRCAM3 mounted on UKIRT was usedMost of the discussion reported here relates to the analysis of
equipped with a 256256 InSb array and with a scale of 0.23he 11.2m image, given its higher sensitivity and spatial res-
"[pix. The observation was made at dawn with no secondanytion.
mirror chopping. To achieve rapid sky subtraction, the telescope All the mid-IR sources reported in Fig. 2 have been de-
was nodded with an amplitude ef 20" after each 6.5 sec tected in the near—IR by Tapia et al. (1996), and their identi-
integration, achieving a total on-source integration time of 46ation is given in Table 1, column 5. MIR 1 is immersed in
sec. No standard stars were observed to calibrate the imageh@diffuse emission extending in the direction of the molecular
rough calibration was obtained using th'eband photometry of cloud-bipolar outflow. A second point-like source, not reported

lec. (1950

2. Observations and data reduction
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Table 1. Positions and flux densities of the small diameter 12

‘ Fig. 4. Infrared flux distribution of IRS-I 1 (upper panel), and IRS-
sources observed in NGC 6334 F

| 2 (lower panel). References for the observed flux densities are: J, H
and K, Tapia et al. (1996); L and M, Persi& Ferrari-Toniolo (1982);
Source «(1950)  §(1950) Flux Id. Ref. from 8.7 to 30 um, Harvey & Gatley (1983) and this work; 42-134

h ms o' ” Jy) pm, Loughran et al. (1986); 40pm, Gezari (1982); 1 mm, Cheung et
WRL TS Ssa0se 2302 A a B USTOLICamaela (58 Ran oem DePreects (100
MIR2 171732.3 -354405.5 79(6.3) IRS-11,#46 a,b

MIR3 1717336 -3544051 18(02) IRS-3 #41 a b & anaga(197e).
References: a) Tapia et al. (1996), b) Harvey & Gatley (1983).

K-bandimage of Persietal. (1996). Combining the 2.2and 11.2
pm flux densities we derive for this source a spectral index n =
dLog (v F,)/dLogr =- 2.2, typical of very young stellar objects,

in Table 1 and identified with the near-IR source #68 (Tapiawith an IR luminosity of a BO ZAMS stars. In fact, itSH K

al. 1996) and St 11 (Strow et al. 1989), has been detected witbdtors show very strong excess ati2 (Tapia et al. 1996).

the cloud at the limit of the diffuse emission. We have obtained the integrated flux distribution of MIR 2

The source MIR 3 coincides with IRS-1 3 of Harvey & Gatley(IRS-I 1) combining observations from the near-IR to the radio
(1983), and appears sligthly extended, as is also observed ingbetinuum taken from the literature as well as those presented
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E Y l . | ! | By : | 4 Fig.5. The integrated NHi (1,1) main hy-

; MaaS  AAS S e A5 perfine line emission detected by Jackson et

Fra ! 33 %a 31 30 al. (1988) is superposed on the 1J:#h im-
R.A (1950 age

in this work (Fig. 4, upper panel). This continuum flux density Assuming that the ionizing star in NGC 6334 F is an 08
distribution is very similar to those of UC Hll regions studied b AMS (L <8 10" L, Harvey & Gatley 1983), we have derived
Wood & Churchwell (1989), in which thermal emission froma dust temperature T~ 105 K at a distance of 3 16 cm from
dust heated by a central star accounts for nearly all the radiatibe central star applying the model of Churchwell et al. (1990).
atwavelengths less thavil mm. A color temperature of T[11.2- This temperature is in agreement with the color temperature
20] ~130 K has been derived from our observed 142 flux  derived by the IR spectral points.

density and the 2Qum flux density of Harvey & Gatley (1983). MIR 2 (IRS-I 1) coincides with IRAS 17175-3544, whose

In addition, Fig. 4 shows that the 7 mm and 2 cm emission &gjor.corrected flux density at Jan is 115 Jy. This value is
due to optically thin free-free emission from the ionized 9a$,sistent with that observed at 142y, including the con-

surrounding IRS-I 1. This free-free emission could contribuig, tion of all the three sources (MIR 1,2,3 ) and the diffuse
also to the nebulosity observed at 2:21 by Persi et al. (1996) ¢mission.

as can be seen extrapolating the 7 mm flux density to;2m2 . -
with a law of the type S o v, The flux distribution has The 11.2um diffuse emission extends towards the dense

been compared with model “H” of dusty HIl regions develope%ore Of the molecular cloud, as C"?af'y shovyn by the overlay
by Natta & Panagia (1976) (dashed line in Fig. 4). This moddlf the integrated thermal Ni{(1,1) line emission (Jackson et
computed for a uniform spherical nebula composed of gas ,d1988 ) with the 11.2m emission of Fig. 5, and _COUId be'
two types of grains and with a central empty cavity surroundifiin€r due to externally heated dust, or to polycyclic aromatic
an early type star, fits quite well the flux distribution in the neafydrocarbons emission (PAH's). Infact, spectrophotometric ob-

mid—IR and radio region of the spectrum. The discrepancy witfrvations of the Hil region/neutral interface in M17 obtained
the far-IR, 400m and 1 mm spectral points may be due tgvith ISOCAM by Cesarsky et al. (1996), indicate that the ex-

the fact that these observations have been obtained with a m ed emi§si0n is dgmin_ated by PAH'S. A similar interpretation
larger beam compared with the other observations. has bgeq given by Minchin et all. (1992) to e>§pla|n the extended
IR emission in the CepB-S155 interface region.

As far as IRS-1 2, using our quoted upper limits (for a point

The morphology of MIR 2 is best seen in the deconvolvesburce), the 20 and 30m flux densities taken from the contour
map shown in Fig. 3. An arcuate or cometary apparencenmaps of Harvey & Gatley (1983) and the 7 mm flux density of
present, with two knots of emission. The brightest peak is coi@arral et al. (1997), assuming they arise from the same object,
cident with IRS1E, the reddest near IR-source of IRS-1 1 (Perge have derived the flux density distribution shown in Fig. 4,
etal. 1996). This source appears resolved with asize10'  lower pannel. Considering that at a level of 1.2 Jy we do not
cm (see Sect. 2), similar to that observed in the radio continuatetect any source at 11,2n coincident with the 7 mm clump
by Rodiiguez et al. (1982) £ 6 10' cm). Comparing the 11.2 reported by Carral et al. (1997), itis improbable that this clump,
pm image with the radio continuum map at 2 cm obtained withconfirmed, has a hot internal stellar source heating it from the
similar resolution by De Pree et al. (1995), we conclude that threside. In fact, emission from hot dust around an early type star
warm dust in NGC 6334 F is either inside or at the outer boung.g. an 09.5 with luminosity 3 10* L, following Harvey &
ary of the ionization front, as also observed in the cometa@atley 1983), with temperature in the range 200—1000 K should
UC HIl region G29.96-0.02 (Ball et al. 1996). A second kndte easly detectable at 11;2n unless the extintion has a very
of emission is present approximately dast and 1.3north of highvalue, A, > 110-140. Without further observations of this
IRS1E. clump at millimeter and submillimeter wavelengths, little can



1028 P. Persi et al.: Thermal dust imaging of the cometaryéfjion NGC 6334 F

be said about its nature. There is also the possibility that tAglausible explanation for the emission comes from PAHs in

20 and and 3Qum flux densities of IRS-I 2 (Harvey & Gatley the molecular cloud.

1983) might be contamined by the extended diffuse emission 5) Because of this diffuse emission we cannot confirm the

observed at 11.2:m and associated with the molecular cloudpresence of the very cold (presumably unresolved) object IRS-
With respect to the model presented by Testi et al. (19983 that has been suggested as the driving source of the bipolar

to put the different objects found in the star forming complesutflow. We can only exclude that the 7 mm clump is heated

G9.62+0.19 into a consistent evolutionary sequence, MIRbE an internal early type star unless the extinction is so high

(IRS-11) is clearly the one in a more evolved phase. The ionizé8ly > 110-140) to inhibit detection at 11.2m of the hot

gas is clearly detectable in the radio continuum, the cluster@fst envelope surrounding the early type star. High resolution

early type stars embedded in the HIl region can be seen in th@ges at longer wavelengths (2@n or submillimeter) as well

near-IR and the warm dust emission can be seen at longer wa&a better definition of the bipolar outflow center are needed to

lengths. The HO maser is located in between IRS1E and ttestablish which is the energy source of the bipolar outflow.

sharp ionization front. This phase is comparable to component

B in G9.62+0.19 or even earlier, given the presence of 4@ H References

maser and the compactness of the Hll region. MIR 3 seems to

be in an earlier stage in which the hot dust emission aroufgchiller, R., Cemicharo, J. 1990, A&A 239, 276

the early type star is well detectable in the near and middle-IRa!l: R, Meixner, M.M., Keto, E., Arens, J.F., Jernigan, J.G. 1996, AJ

: . . , 7112, 1645
he radi ntinuum emission from ible HII regi '
ibsu;tJi[IIiO?geotei:?[aLIem:nose"c rsosbgbl ?orsil?zlsbssgretion eeffqeg sec'(”n’ E.E, Neugebauer, G. 1974, Il regions and the
! P y P Galactic Centre 8th ESLAB Symposium, ed A.F.M.Moorwood

in these early stages. This phase is not dissimilar to component

) o (ESRO),p.39
F in G9.62+0.19 or even earlier given the lack oftimaser. cara), p,, Kurtz, S.E., Rofijuez, L.F., De Pree C., Hofner P. 1997,
Finally, IRS-1 2, not detected in the present observations or in apj 486, L103
the near-IR but possibly only at 7 mm and (if not confused) @lsarsky, D., Lequeux, J., Abergel, A., Perault, M., Palazzi, E., Mad-
longer IR wavelengths, could represent an even earlier stage,den, S., Tran, D. 1996, A&A 315, L309
in which only the cold dust emission is detectable and no eafireung, L.H., Frogel, J.A., Gezari, D.Y., Hauser, M.G. 1978, ApJ 226,
type star has been formed yet inside the clump. It would be of L149 _
extreme interest to know if molecular outflow can be producéghurchwell, E., Wolfire, M.G., Wood, D.O.S. 1990, ApJ 354, 247
in such early phases, but to confirm the association of IRS-P# 22‘976'2(2:66" Rotguez, L.F., Dickel, H.R., Goss W.M. 1995, ApJ
with the molecular outflow (and its true nature), higher reso- '

th the molecular outflow (and its true nature), higher resp. "o ool 51 1089, AgA 213, 339
lution observations at 20 - 3@m as well as improved VLA

b i tthe 7 | dod Gezari, D.Y. 1982, ApJ 259, L29
observations orthe /mm ciump are needed. Harvey, P.M., Gatley, I. 1983, ApJ 269, 613

Jackson, J.M., Ho, P.T.P., Haschick, A.D. 1988, ApJ 333, L73
_ Kraemer, K.E., Jackson, J.M. 1995, ApJ 439, L9.
4. Conclusions Lagage, P.O., Jouan, R., Masse, P., Mestreau, P., Tarrius, A. 1992 in 42d

. . . . L ESO ConfProgress in telescope and InstrumeatsM.H.Hulrich
From the analysis of the high spatial resolution mid infrared (ESO),p.601

images of the cometary Hll region NGC 6334 F we can mak@ughran, L., McBreen, B., Fazio, G.G., Rengarajan, T.N., Maxson,

the following conclusions: G.H., Serio, S., Sciortino, S., Ray, T.P. 1986, ApJ 303, 629
1) Three mid—IR sources and an extended diffuse emissibngy, L.B. 1974, AJ 79, 745
are present in the 11.2m image. McBreen, B., Fazio, G.G., Stier, M., Wright, E.L. 1979, ApJ 232,183

2) The source MIR 2 (|RS-| 1) coincident with the HII re_Minchin, N.R.,Ward-Thompson, D., White, G.J. 1992, A&A 265,733

gion, is resolved with a size of approximately 3-646m. The Natta.A. Panagia, N. 1976, A&A 50, 191
flux distribution of this source (Fig. 4) indicates that the 1l'§ers!, P Ferra”-Ton'OIO’.M' 1982, A&A 112,292 .
SRR . ersi, P., Roth, M., Tapia, M., Marenzi, A.R., Felli, M., Testi, L.,
pm emission is due to a C|rcum§tgllar dust @t.FF 105-130 . Ferrari-Toniolo, M. 1996, A&A 307, 591
K. Its morphology and size are similar to the diffuse emissiqgchardson, W.H. 1972, J.0pt.Soc.Am. 62, 55
observed at 2.2:m and in the radio continuum. This suggestRodiguez, L.F., Cart, J., Moran, J.M. 1982, ApJ 255, 103
that the dust and gas are well mixed inside the HIl region or jusfetson, P.B. 1987, PASP 99, 101
at the edge of the ionization front. Straw, S.M., Hyland, A.R., McGregor, P.J. 1989, ApJS 69, 99
3) The source MIR 3 located east of the Hll region is iderfapia, M., Persi, P., Roth, M. 1996, A&A 316, 102
tified with the source IRS-I 3 of Harvey & Gatley (1983) andesth L., Felli, M., Persi, P., Roth, M. 1998, A&A 329, 233
shows a spectral indten = - 2.2, typical of very young stellar We0d. D-O.S., Churchwell, E. 1989, ApJS 69, 831
objects. Lack of radio continuum emission places this source in
an earlier evolutionary stage with respect to MIR 2 (IRS-1 1).
4) A very diffuse 11.2um emission is observed in the dens-
est part of the molecular cloud (Figs. 2 and 5) west of the HIl
region, where the CO bipolar molecular outflow is also located.
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