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Abstract. A near- and mid-infrared study of the star formation complex G9.62+0.19 is preserted. It includes
photometrically calibrated imagesthrough wide-band JH K and narrow-band Br°, H, and 12.5 1 m “Tters. These
were taken at Las Campanas, La Silla and OAN-San Pedro M%rtir. We found evidence of two embedded young
clusters of O-B5 stars asscaiated with the radio components B and C, one compact and one ultracompact HI |
region. The data suggestthe presenceof a third, more dispersed cluster of more luminous infrared stars at the
southern edge of the cloud complex. A large fraction of the stars members of ead cluster exhibit signi cant
infrared excess.We conrm the detection of a very red near- and mid-infrared sourceimmersed in the molecular
hot core (component F). An H», shocked gasknot, probably an obscuredHerbig-Haro object, wasfound assaiated
to the blue-shifted lobe of the high-velocity molecular out®o w in this core. The properties of the individual sources

are discussedin detail.
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1. Intro duction

Located at a distance of 5.7 kpc (Hofner et al. 1994),
G9.62+0.19 is a massiwe star forming region character-
ized by the presenceof a number of ultracompact (UC)
HII regions (named D-I by Garay et al. 1993 and Testi
et al. 2000),H,0, OH, CH30H (methanol) and NH3(4,4)
(ammonia) maser sourcesin a molecular core which was
mapped in the NH; C'®0O (1-0) and CH3CN (6-5) lines
by Cesaroni et al. (1994) and Hofner et al. (1996), re-
spectively. Inside this core,betweenthe UC HlIs D and E,
a so-calledhot molecular core (HMC) source(componert
F) is located. This object is believed to be a precursor of
an UC HII region (Cesaroni et al. 1994) and is thought
to be responsible for driving a molecular out°ow (Hofner
et al. 2001). The presenceof an embedded young mas-
sive star within the HMC is supported by the detection

Send  o®print Persi, e-mail:
persi@rm.iasf.cnr.it

? Partly based on obsenations collected at the European
Southern Observatory, La Silla, at the Las Campanas
Observatory, Chile and at the Observatorio Astronfmico

Nacional, San Pedro M%rtir, Mexico

requests  to: P.

of a faint radio continuum emissionat the position of the
core (Testi et al. 2000) and of a 2.2t m source probably
assaiated with it (Testi et al. 1998).

Just outside the molecular core,to the and W and NW,
three compact, more ewolved, HI | regions(A, B and C) are
preseri. Componert A is the largest (32°9 and western-
most. Its extensionand low surfacetemperature indicate
that it is the oldestin the complex. Componert B, located
closeto the edgeof the core, is a smaller (15°9 cometary-
shaped HII region (Kurtz et al. 1994) which is also de-
tected in the near-infrared (Testi et al. 1998). Componert
C, some20°further north, is classi ed asan ultracompact
HII region (Garay et al. 1993).

Previous studiesindicate that seweral very young mas-
sive stellar objects at di®erert ewlutionary stages are
presert in G9.62+0.19. To explain this, a simple ewlu-
tionary model has been proposedby Testi et al. (1998)
in which the obsened properties of the individual compo-
nents of the complext into a well establishedewolution-
ary sequence.

This paper presens an infrared study of G9.62+0.19
basedon seb-arcsecresolution near and mid-IR images.



2 P.Persi et al.:

J = %o H
- -
.‘ - 'y.' -

-
- .
¥ .= - - - "
- . 4
- ® T S
. - : l-.,’

t . : .. i <537

[ L e -2 |

- e is

10"

G9.62+0.19

Fig. 1. CampanasJ, H, K, and SPM 12.5! m imagesof G9.62+0.19. North is the top and eastto the left

In Sect.2the obsenations are described, while in Sect.3
an analysis of the young stellar population basedon the
JHK imagesis presented. Finally in Section4 we discuss
the infrared sourcesassaiated with the seweral compact
and ultra-compact HI | regions

2. Observations
2.1. Nea-infrared images

Two setsof J, H, and K -band images were taken. One
with the NICMOS3 array camera attached to the 2.5m
Dupont telescope of Las Campanas Obsenatory (Chile)

on 21 May 1997.In eadh band, "v e partially overlapping
frames were taken, covering a total area of 178°£ 1780
certered approximately at the HMC position. The image
scalewas0.35%pix, and the meanPSF wasapproximately
0.8°9 (FWHM). The integration times were 120 s in K,
300sin H and 380sin J. The imageswere photometri-

cally calibrated observingthe standard starsin useat Las
Campanasat similar airmass. Stellar photometry was de-
rived usingthe DAOPHOT (Stetson 1987) padkagewithin

the IRAF ervironment with an aperture of 2°° In the cen-
tral overlapping area of size 8°E 89°where the signal to
noiseratio is higher, 292 sourceswere detectedin K, 227
in H and 136in J with sensitivity limits (3%) of 17.5at K,
18,8at H, and 19.8at J. The averagephotometric errors

in all colors are 0.06 for sourcesat least 1.5 magnitudes
brighter than these limits and up to 0.2 for the faintest
sources.In order to ched our calibration we compared,
for the sourcesin common, DENIS (Epchtein et al. 1999)
photometry with ours. Theseagreewithin the quoted er-
rors. The JHK imagestogether with the 12.5! m image
described in Sect. 2.2 are presenied in Fig. 1. The table
with positions and photometry of all measuredsourcesis
available electronically from the authors upon request.

A more extended region was also obsened using the
ESO-NTT 3.6 m telescoe and the Sofl near-infrared
multi-mo de instrument in August and Septenber 2000.
Imageswere obtained through J, H, and K¢ broad band
“Tters and through three narrow-band “Tters certered on
the H2(1{0) S(1) and Br® linesat 2.122* m and 2.165' m,
respectively. The cortinuum level was de ned by obtain-
ing an image at 2.193 m. Following standard data reduc-
tion, the narrow-band imageswere aligned, PSF-matched
and continuum subtracted using the ISIS padkage (Alard
2000). The average seeingwas » 0.6°°for the JHK s and
the integration time was 15 m. for eac Tter. Although
the images were very deep (Ks < 195, H < 205 and
J < 215), the conditions did not allow for good qual-
ity photometric calibrations. For this reason, the Las
Campanas photometry was chosenfor the present anal-
ysis. During the narrow band obsenations, the average



P.Persi et al.: G9.62+0.19

72005/‘\20\\ [ T ‘ T T T ‘ ‘ T T ‘ [T T ‘
© K +.Hy
(@) O
S —20°31'30" 1 - = - .
O L ® L [ ] | ® i
@\ L L L _
@ o ® o
o — o°
—20°31'40" |- o o
TR B i 4 I B, § K . g
18"06™15%0 14%5 18"08™15%0 14%5 18"06™15%0 14%5 18"06™15%0 14%5
a(dZOOO) a(JZOOQ) a(dQOOO) a(JZOOO)

Fig. 2. NTT J, H, K5, and contin uum-subtracted H, images of the area containing the UC HI I regions D, E, C and the HMC
(F). In ead panel the contour plot of the 3.6cm radio continuum emissionfrom Testi et al. (2000) is overlaid.
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Fig. 3. Continuum-subtracted Br°® Sofl image of the G9.62+0.19 region. The contour plot shows the 2 cm radio continuum

emissionfrom Testi et al. (2000).

seeingwas » 1.5°? The integration times were 20 m. for
Br° and 40 m. for H.

Accurate astrometry was performed using the position
of a set of 20 bright near-IR stars from the DENIS survey
in commonwith our images.The measuredstandard devi-
ation of our positions (relative to DENIS) was0?6 in both,
right ascensionand declination. Allowing for the quoted
DENIS position errors, we estimate the accuracy of our
coordinates to be better than 1%

Sofl broad-band and contin uum-subtracted H, images
of the area cortaining the UC HII regionsD, E, C and
the HMC (F) are shown in Fig. 2. Molecular hydrogen
emissionis detected only in the "eld shawn. Fig. 3 shaws
the corntinuum-subtracted Br° image and a comparison
with the radio-continuum emission(Testi et al. 2000).
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Fig. 4. Contour map at 12.5 m of G9.62+0.19 where the radio
HI1 region B and the HMC F are labelled.

2.2. Mid-IR image

The image at 125 tm (¢, = 1.2t m) certered on the
HMC was taken on 13 Septenber 2000, with CID, a mid
infrared camera(Salas et al. 2002) attachedto the 2.12m
telescope of the Obsenatorio Astronfmico Nacional at
San Pedro M%rtir, B.C, Mexico. CID is equipped with
a Rockwell 128£ 128 pixel Si:As blocked impurity band
(BIB) detector array. The "eld of view of the array is
70°9£ 70 with an e®ective scaleof 0.55°9pix. Sky and
telescope emission is removed using the standard chop-
nod technique. The image was calibrated using the mid-
infrared SanPedro M&rtir standard star system(Salas et
al. 2002).With our adopted on-sourceintegration time we
derived a 1-%noise of 13.6 mJy/pix.

The mid infrared image is characterized by the pres-
ence of di®use emission extending NW-SE (Fig. 1), and
a faint point-lik e source. We derived a °ux density at
12.5 tm of 24.331.79 Jy with an aperture of 10 for
the extended source.This value is in agreemen with the
MSX °ux of 318 1.8 Jy in the band C (12.1' m; Egan et
al. 1999) taken with a larger aperture. As determined by
the ISO SW spectrum (Peeters et al. 2002) of this source,
the detected °ux in these pass-bandsis dominated by a
strong [Nell] (12.81t m) line emissionwith a weak under-
lying cortinuum.

For the point-lik e sourcewe measureda °ux of 0.58 0.3
Jy with a 3% aperture. The astrometric calibration of
this image is ditcult due to the lack of nearby refer-
ence objects. Its position was, nevertheless, determined
by measuringthe separation betweenthe faint point-lik e
object and the certroid of the mid-IR extended emission
from componert B as given by the MSX satellite cat-
alogue (Egan et al. 1999: ®y0= 18'06M13.%; *»000=
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Fig. 5. Jj H vsH | K diagram of 136 sourcesdetected in
G9.62+0.19. The continuous line marks the loci of the main
sequencestars (MS) from Koornneef (1983). The two parallel
dashed lines represert the standard reddening vectors for late
and early-type stars. The crossindicates the mean photometric
error

i 20t31%5%. This o®setposition is +0.74S in right ascen-
sion and +5.3%in declination with a 1-2°°accuracy due
to the uncertainty in determining the certroid of the ex-
tended sourceon our images.The result con rms that the
new 12.5 * m unresoled sourceis the mid-IR courterpart
of the radio HMC (seeFig. 4).

3. Discussion
3.1. The youngstella population

The Jj H vsH j K diagram of the 136 sourcesdetected
in all three Tters is illustrated in Fig. 5. Considering the
mean photometric errors illustrated by a crossin Fig. 5,
we found that the location of most sourcesis consistert
with normal reddened stars with values of Ay between
10 and 25, depending on the spectral type. Nevertheless,
20% of the sourceswerefound to shaw signi cant infrared
excess.The positions and photometry of these 27 sources
are listed in Table 1.

In addition, nearly a hundred sourcesmeasuredin the
H and K bands were fainter than our detection limit in
J due to their very red colors. In order to determine the
nature of thesesources,we analyzedthe K vsH j K plot
of all sources(left panel of Fig. 6). Distinction was made
betweensourcesmeasuredin JHK with and without sig-
ni cant near-infrared excessand those measuredonly in
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Fig. 6. Left panel: K vs H j K diagram of the sourcesfound in G9.62+0.19. The contin uous line is the loci of the main sequence
stars at d = 5.7 kpc, while the dashedline is the reddening vector corresponding to AV = 20. Right panel: Position of the same
sources.The origin is at ®s00 = 18"06™ 14.0°; #2000 =-20*31%40% Filled squaresare sourceswith signicant JHK IR excessand

open squaresare sourceswithout IR excessedrom their JHK

colors. Crossesare sourceswith H K colors but not detected in

J. Di®erent colors are used for sourceslocated in certain regions. SeeSect.3.1.

HK. There seemsto be a clear correlation pattern be-
tweenthe spatial position of the stars with their position
in the K vsH j K diagram. To illustrate this, the right
panel of Fig. 6 shows the position in the sky of all sources.

Di®erert colors were usedfor stars with infrared excesses

immersedin the extendedHI | region G9.62+0.19B (red),

in the UC HII region G9.62+0.19C (magerta) and for

seweral luminous scattered stars (blue) with JH K colors
characteristic of reddened(Ay ' 6 15) photospheres,
though a few showed IR-excess(green). The last group is
comprised of (mostly) very K -bright stars located to the

south of G9.62+0.19B. Most of these are located on the

upper part of the K vs H j K diagram implying that

(at the distance of 5.7 kpc) they are O-BO stars. Again,

most of them show large infrared excess.The menbers of
this surprising group of young massiwe stars are lessred-
denedthan those immersedin the radio HII regionsand,
although still with circumstellar dust ernvelopes,they seem
to be more massiwe and lessyoung than those closerto the

hot molecular core.

We identify most of the other sources(in black) with
foreground stars, although statistically we expect nearly
all the sourceswith Hj K , 2to beyoung stellar objects
also ass@iated with G9.62+0.19.

The infrared morphology and structure of the complex
is bestseenin the "color-coded" JH K mosaicof our study
areacertered on G9.62+0.19 and covering 89£ 89 square
arcsecshown in Fig. 7. It is striking that the fraction of
very red objects, both di®useand point-lik e, that have
beendiscussedbeforeis solarge. The most extended and
very red di®useemissionnear the certer of the image is
asseiated with the HII region B and, aswill be discussed
in Sect.3.2.1,is dominated by the Br® line.

From the analysis of the color-color and color-
magnitude plots (Figs. 5 and 6), we were able to iden-
tify at least 95 sources(27 with JHK excessesand 68
with H j K > 2 and undetected in J) assaiated with
the star forming region, most probably forming seweral
clusters, some still deeply embedded in the cloud while
at least another cluster is emergingout of it. This is also
con rmed by the analysis of the obsened K -magnitude
distribution. In Fig. 8, we comparethe K -magnitude dis-
tribution of the 95 sourcesidenti ed as being assaiated
with the cloud (dashedline) with that of sourcesclassi ed
as eld stars (the rest; thick cortinuous line). Both his-
tograms were normalized at bin K = 16:5 by multiplying
the number of IR-excessstars by 2.0 in order to show the
di®erencesn shape more clearly. For illustration, the dis-
tribution of (mostly “eld) stars counted from the 2MASS
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Fig. 7. Color-coded image of G9.62+0.19 made from J (blue), H (green), and K (red) mosaicscovering 89°% 89° North is to

the top, eastto the left.

survey in a neighboring region outside the molecular cloud
and normalized to the sameareais also shown (thin con-
tinuousline). The latter has beenextrapolated to fainter
magnitudes and shifted horizontally in order to accourt
for Ax = 2:6, corresponding to Ay = 23, the obscuration
causedby the molecularcloud. It is clearthat the distribu-

tion of the IR-excessstars di®erssigni cantly from that of
the, mostly, eld stars. There is a signi cant excessn the
number of stars assaiated with G9.62+0.19 at K < 16,
with two or three peaks, the most conspicuouswith K

between 14.5 and 15.5, another with K = 13 14 and
alsowith K = 10:5; 125. From the analysisof Fig. 6, we
assaiate the latter with a cluster of more massiwe (O-B0)

stars, some still with circumstellar dust envelopes, with

average extinction of Ay ' 5 15, implying that these
have already disperseda fraction of the dust and gasand
whoseUV radiation cortribute to the ionization of the HI|

regions.

The less luminous IR-excess sources located within
the boundariesof the radio HI I regionsG9.62+0.19B and
G9.62+0.19C appear to form two clusters. The one asso-
ciated with componert B is more highly reddenedwith a
meanAy = 23 with Mk and intrinsic H j K colors con-
sistert with spectral typesB1 { B4. The stars assaiated
with the more compact componernt C seemto be more

luminous and still more deeply embedded, with a mean
Ay > 25.

With the presen data, it is impossibleto determine
unambiguously further properties of the embedded clus-
ters but, giventhe high number of massiwe stars with near-
IR excess,it is very probable that star formation in this
complex started lessthan 10° yearsago.

The position of the 27 sourceswith IR-excessof Table 1
are marked as white crosseson the K -band image pre-
serted in Fig. 9. The position of the compact and ultra-
compactHlls (B,C,D,E, opencircles), of the hot molecular
core (F black cross)and where the the extended mid-IR
source peaks (diamond, taken from the MSX catalogue)
are alsoindicated in the “gure. It isimportant to note that
practically all the members of this very young embedded
stellar population are located to the west and south-west
of the methyl cyanid (CH3CN) peak emission(Hofner et
al. 1996) which probes the high density molecular gas.
Clearly, this tells usthat star formation beganat the south
and western edge of the molecular cloud and, as will be
discussedlater, is now active in the densestcore to the
NE.
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Table 1. Position and photometry of the sourcesin G9.62+0.19 with near-IR excess.

Source ®(2000) 1(2000) J H K

h m s £ 00 mag. mag. mag.
1 180611.61 2031595 18.60(.12) 17.25(.12) 15.20(.06)
2 1806 12.12 -203121.2 18.67(.20) 16.46(.12) 13.90
3 1806 12.15 -203212.0 19.11(.20) 15.07(.06) 12.00
4 180612.33 -203149.7 17.77(.07) 18.00(.21) 15.43(.07)
5 180612.84 -203112.1 17.98(.09) 17.29(.25) 14.14
6 1806 12.92 -203211.2 17.53(.08) 14.20(.11) 11.82
7 180612.99 -203112.3 19.25(.13) 18.92(.19) 16.08(.16)
8 180613.19 -203149.8 19.46(.26) 17.84(.09) 14.60
9 1806 13.38 -203204.2 13.82 12.44 10.84
10 180613.50 -203140.6 19.03(.22) 17.95(.19) 16.18(.16)
11 1806 13.59 -203133.9 18.70(.17) 17.66(.14) 15.95(.12)
12 1806 13.99 -203133.3 18.49(.12) 17.42(.20) 15.65(.09)
13 180614.03 -203141.3 18.22(.14) 16.83(.10) 15.06(.14)
14 1806 14.07 -203135.4 18.54(.13) 17.41(.09) 15.54(.14)
15 1806 14.08 -203142.4 1875(.15) 17.59(.11) 15.16(.15)
16 180614.13 -203132.3 18.71(.16) 16.89(.08) 15.07(.09)
17 1806 14.15 -203125.2 19.59(.14) 17.82(.16) 14.41(.13)
18 1806 14.21 -203120.9 19.35(.14) 16.97(.07) 14.83(.17)
19 1806 14.33 -203150.1 18.92(.21) 17.80(.14) 15.55(.15)
20 1806 14.34 -203154.1 19.61(.32) 18.48(.20) 16.65(.12)
21 1806 14.40 -203208.9 19.09(.18) 15.44(.09) 11.50
22 1806 14.48 -203148.6 17.59(.07) 16.23 14.72(.10)
23 18061459 -203153.4 19.35(.24) 18.62(.24) 16.12(.16)
24 1806 1459 -203148.4 19.46(.31) 17.51(.13) 15.17(.14)
25 1806 15.31 -203127.2 1857(.11) 17.33(11) 15.79(.18)
26 1806 15.62 -203207.5 19.32(.26) 17.20(.12) 14.78
27 1806 16.92 -203122.5 19.09(.16) 18.77(.17) 17.00(.16)

3.2. Radiocomponentsoutsidethe densecore
3.2.1.G9.62+0.19B

The VLA mapsat 1.3 cm (Cesaroni et al. 1994) and at
6 cm (Garay et al. 1993) show that this is a cometary-
shaped HII region with an angular diameter of approxi-
mately 15-20°and which is ionized by the UV radiation
from at least one O6-O7.5 star. The sizesof the emission
regionsat 2.2' m and 12.5! m are similar (» 22°°) (see
Fig. 1). The latter is dominated by the [Nell] 12.8' m
line as derived from the ISO SWS spectrum (Peeters et
al. 2002) and the former is dominated by Br°® emission
as seenin Fig. 3. The Br° image displays a morphology
very similar to the radio continuum map, with a cometary
shape, and a peak which is essetially coincidernt with the
radio continuum one. Due to the interferometric nature
of the radio continuum obsenations, the sensitivity to ex-
tended structures is a function of both the details of the
source structure and the (u;v) coverageduring obsena-
tions. For this reasonit is a dangerous(and probably un-
reliable) exerciseto derive an extinction map basedon the
ratio betweenthe Br° and radio continuum images.The
similar morphology between the two maps suggeststhat
there are no steep extinction gradients acrossthe region,
and, most probably, the UCHI | regionis on the obsener's
side of the molecular cloud.

Sevwral near-IR sourcesare found immersed in this
nebulosity. Two sourceswith near-IR excess,reported in
Table 1 (#13 and #15), are very closeto the radio peak
(seeFig. 9) while 14 other IR-excessobjects are located
within the boundariesof the nebulosity (seeFig. 9). With
one exception, all these sourcesoccupy a well-de ned re-
gionin the K vsH j K diagram (Fig. 6), suggestingspec-
tral typesin the range BO-B8 and extinctions in the range
Ay = 13 25, depending on the strength of their in-
frared excessOne source,located at ®;p00=18"06"13.96’;
+5000=-20%31%4.6%0 lessthan 2°° away from the mid-IR
peak as measuredby MSX is the reddest and brightest
(K = 1369, H i K = 3:25 and undetected at J) in
the vicinity. The colors and IR luminosity indicate that
it is an O-type star more deeply embedded in the cloud
(Ay > 25). This young stellar object appears point-lik e
on our imagesand most probably is the single most im-
portant contributor of ionizing energyto G9.62+0.19B as
it alone can accoun for the required UV photons.

Thus, the presenceof an embeddedyoung stellar clus-
ter in G9.62+0.19B is established.As is commonin these
recertly born massiwe clusters, the most massiwe O-type
star is located near its certer and is surrounded by more
than a dozen less massiwe stars of spectral types earlier
than B2-B3, most of them shawing signi cant IR-excess.
This implies a very short age.
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3.2.2.G9.62+0.19C

A very red nebulosity is assaiated with this radio UC HI |1
region which appears cometary with a size of about 4 {
5% (Garay et al. 1993;seeFigs. 2 and 3).

In cortrast to componert B discussedabove, our Br®
map only shaws a faint nebular emissioncoincidernt with
the tail of the cometary UCHII region. This suggestthat
a strong extinction gradiert is presen in the region, and
that the head of the cometary UCHII region is still em-
beddedwithin the molecular cloud. Given also the lack of
molecular hydrogen emission (Fig. 2), the nebular emis-
sion detected in the near infrared broad-band TTters is
most probably due to very red cortinuum emission, pos-
sibly due to the cloud material heated by the cluster of
bright massiwe YSOs (seebelow).

Eight near-IR sourcesin our survey appear to be im-
mersedin a di®usenear-IR nebulosity asshown in Fig. 10.
At its easternedgelies the peak emissionof the radio com-
ponert C. The list of thesesourceswith their position and
photometry is givenin Table 2.

Three point-lik e near-IR objects lie to the NW, outside
of the lowest 3.6 cm emissionmapped by the VLA (Testi
et al. 2000), though they are probably immersed in the
extendel lower brightnesscontinuum emission,thus unde-
tected by the VLA around the UC HII region (cf. Kurtz
& Franco 2002). The brightest of them (at K ), sourcecl,
shows marginal or no 2.2 * m excessemissionand occupies
the locus of an O6-7 star obscuredby Ay ' 15 25in the
Hj KvsJj HandK vsH j K diagrams. Although
this object is located some 10 (0.27 pc) away from the
peak radio-continuum emission, this star probably plays
an important role in the ionization of the gas.

Two other sources,c3, c4, shav JHK colors revealing
signi cant near-IR excessesFrom their position in the
K vs H j K plot and allowing for their K -band excess
emission, their spectral types range from O9 to B3 and
Ay ' 20 25. Sourcesch, c6, c7 are too faint at J to
be detected. From their HK magnitudes, we infer that
they also are massiwe O-type very young stars reddened
by more than Ay = 25. Sourcec7 desenes particular at-
tention. It is the reddest(H | K = 4:98 0:40) member
of this compact cluster. It is located within 1% of the
radio peak and almost at the geometrical certer of the
UC HII region. It occupiesan extreme position on the K
vsH j K diagram revealing a high luminosity and strong
excesemissionat , > 21 m, apart from large obscuration
(Ay > 28), similar to IR sourceassaiated with compo-
nent F, the densesthot molecular core (seesection 3.3.4).
The fainter sourcec8is even closerto the radio peakbut is
too faint to be detected even at H. None of these sources
was bright enoughat 12.5t m to appear above the noise
on our mid-IR image.
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Fig. 8. Comparison of the K-magnitude distribution of the IR-

excesssourcesidenti ed as young stars including those with

H i K > 2 (dashedline), of stars without signi cant IR-excess
(thic k contin uousline) and of "eld stars in a neighboring region
(thin continuous line). SeeSection 3.1.

3.3. Radiocomponentsinsidethe densecore
3.3.1.G9.62+0.19D

This is smaller cometary UC HII region with an angular
size of - 2°9and excited by a B0.5 ZAMS star (Hofner
et al. 1996; Testi et al. 2000). H,0, OH and CH3OH
masers are found in this region (Hofner & Churchwell,
1996; Forster & Caswell 1989;Norris et al. 1993). We de-
tected a faint sourcewith K = 16:448 0:12 at a distance
+1.5%in R.A. and +0.7%in Dec. from the radio peak. At
presen, we cannot con rm the identi cation of the near-
IR sourceswith the UC HIlI.

3.3.2.G9.62+0.19E

Componert E is located at the edgeof the molecular cloud
core obsened in C*0. It hasbeeninterpreted by Hofner
et al. (1996) to be a young massiwe star surrounded by
a very small UC HII region (recertly classi ed as hyper-
compact HII region by Kurtz & Franco 2002) within a
dusty envelope. OH, and H,O masershave also beenre-
ported in the vicinity (Forster & Caswell 1999). No near
or mid infrared source has been found assaiated with

UC HII E. A star without near-IR excessis located ap-
proximately 1.4°N of the radio peak and its JHK colors
suggestthat it may be "eld star; this NIR sourcewasasso-
ciated to the radio componert by Testi et al. (1998), how-
ever, our higher angular resolution obsenations and im-
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Fig. 9. K-band image of the certral region of G9.62+0.19 (89°F 89%9, indicating the position of the UC HII regions (open
circles), the hot core (black cross) and of the sourceswith IR excessegwhite cross). The diamond indicate the peak position of

the extended mid-IR source.North is to the top, eastto the left.

Table 2. Positions and photometry of the sourcesassaiated with the UC HII region G9.62+0.19 C.

Source ®(2000) 1(2000) J H K Remarks
h m s E mag. mag. mag.
cl 1806 13.72 -203122.8 15.89 13.38 11.57 no IR excess
c2 1806 14.01 -2031225 18.36(.08) 16.23 14.71(.11) no IR excess
c3 1806 14.15 -203125.2 19.59(.14) 17.82(.16) 14.41(.13) neb.
c4 18061422 -203120.6 19.35(.14) 16.97(.07) 14.83(.17)
c5 1806 14.24 -203124.8 17.51(.11) 14.41(.13) neb.
c6 1806 14.29 -203123.1 18.67(.22) 14.81(.14)
c7 1806 14.34 -203125.0 19.27(.38) 14.29(.13) UC HII-C
c8 1806 14.42 -203127.4 15.57(.13)

proved astrometric accuracy suggestthat the two sources
are not physically related.

3.3.3.G9.62+0.19G, H, |

Testi et al (2000) found within the dense core
of G9.62+0.19, three new weak radio sources de-
tected at 2, and 3.6 cm named G, H and |.
Very close to the radio peaks H and G, we de-
tected two near-IR sources at: ®,000=18"06"15.0%;
+000=20%31935,7%° (K=15.74,J-H=1.36, H-K=1.26) and
®2000=18"06"14.8F; 15000=20%3137.0°° (K=15.24§ 0.14,
J-H=1.44, H-K=0.84), respectively. Most probably these
are not assaiated to the star forming region, as their ob-
sened JHK colorsimply that theseare "eld stars. No IR
emissionhas beendetected towards componert 1.

3.3.4.G9.62+0.19F (Hot Molecula Cae, HMC)

This small hot and dense molecular clump detected
through the thermal line emissionof CH3OH and NH3 and
alsoin the 7 mm thermal cortinuum (Cesaroni et al. 1994,
Hofner et al. 1994,1996), is alsothe site of seweral molec-
ular masers.It is the site of recert formation of a massiwe
(system of) massiwe star(s), which is believed to be at a
very early stageof its live. Testi et al. (2000) detected a
compactfaint certimeter radio contin uum sourcenear the
certer of the HMC. Its radio emissionis consistert with
thermal emissionfrom ionized gas,coming from of a strong
ionized stellar wind or from of a hyper-compact HI | region.
Surprisingly (becauseof the extremely high obscuration
expected) a near-IR sourcehad beenfound at this posi-
tion by Testi etal. (1998). Interestingly enough,Hofner et
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Fig. 10. Sofl Ks image of the UC HI I region C with the identi-
“cations of the near-IR sources.The coordinates are the epoch
2000.

14%

18"06™14%

al. (2001) reported the detection of a CH3OH high velocity
bipolar out°ow certered very closeto the radio and near-
IR source. This out°ow is apparertly seenalmost pole-
on, which would explain the lower-than expected- line-of
sight obscuration towards the certral star asthe dust has
beenpartially clearedby the escapingmaterial (Hofner et
al. 2001).

The presert higher resolution near-IR obsenations
con rm the existenceof suc red object, with a very red
color (K = 1341andH j K = 5:28 0:2 and fainter in J
than our detection limit). Its location in the K vsH j K
diagram is extreme:it is the object with the largestH j K
color index in our sample,implying a very large K -band
excessand obscuration Ay > 28 as well as a high lumi-
nosity.

This source was also detected on our 12.5! m image
(seeFig. 2). Its measuredposition is ®,0p=18"06"14.7;
+5000=-20%31%38% |essthan 2%to the NW of the nominal
position of the HMC. We believe that this is the same
point-lik e sourceobsened at 10 and 18 * m by De Buizer
et al. (2000) and which, lacking a good astrometric refer-
ence,they identi ed with componert D. Their reported 10
and 18 ' m °uxes are totally consisteri with the 12.51 m
°ux reported in this work.

Combining the near and mid-IR obsenations, we de-
rived the spectral energy distribution (SED) preseried
in Fig. 11. The short wavelength °ux rises very steeply
with the K °ux density probably enhanced. This could
be causedby line circumstellar emissionin the K band.
This may be the certral sourceof the molecular out°ow
seenpole-on, although its integrated infrared luminosity
is» 10° L~ (for d = 5:7 kpc), well below that required to
provide the medanical energyto drive the molecular °ow
(Hofner et al. 2001) but closeto that neededto explain
the obsened thermal radio cortinuum (Testi et al. 2000).
It is also possiblethat more than one YSOs is embedded
in the HMC, which would explain why the mid-IR and

G9.62+0.19
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Fig. 11. Spectral energydistribution of the component F. Data
sourcesare: lled squaresfrom this work, open squaresfrom
De Buizer et al. (2000), and circle from Hofner et al. (1996).

the ammonia emissionseemto arise from slightly di®er-
ert positions.

Finally, a very peculiar extended and double-peaked
bright K -band sourceis located at ®,000=18"06"14.4;
+5000=-20%31%34% |ts shape is elongated (» 3% in the E-
W direction and the integrated °ux at 2.2'm is 2 mJy
and undetected at H (< 0:06 mJy). This sourceis the
only one detected on our H, image shown in Fig. 2, while
absent in Br°, implying shocked gas emission. Naturally,
this nebulousobject is interpreted as a reddenedHerbig-
Haro object assaiated with the high-velocity molecular
out°ow. Consistert with this interpretation, the HCO*
map by Hofner et al. (2001) shaws at this position, an
elongation of the blue-shifted emission.

4. Conclusions

We have imaged at high sensitivity and sub-arcsecreso-
lution in the near-and mid-IR the complex star forming
region G9.62+0.19. From the analysis of theseimageswe
reached the following conclusions:

1) In an areaof size 8PE 89 °certered on the so-called
Hot Molecular Cloud (HMC), approximately 33% of the
292 sourcesdetected on the K images, shaved near-IR
excesseqFig. 5) or H-K, 2.0 (Fig. 6). These have been
identied as young stellar objects belonging to the star
formation region. Most of thesesourcesare located outside
the densecore obsened in C'80 by Hofner et al. (1996)
and lie within the boundaries of the radio HII region B
(Fig. 7). Analysis of the color-magnitude diagram (Fig. 6),
and the K -magnitude distribution (Fig. 8) indicate that
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the young stellar population is dominated by B2-B3 stars
reddenedby Ay = 18 25.

2) Another small cluster of at least 8 young embedded
(Ay » 25) stars is assa@iated with the UC HII region
C (Fig. 10) located outside and to the north of the dense
core.In particular, the radio peakis coincidert with avery
red source (H-K=4.9) immersed in a di®use nebulosity
obsenedat 2.2* m. From their position in the K vsHj K
diagram, we found that the most luminous sourcesappear
be O-type stars.

3) A more dispersedcluster of bright IR-excessis lo-
cated to the south of the main complex. These appear to
be OB stars lessobscuredthan most of the stars in the
embeddedclusters.

4) Two sourceswere detected at 12.5 1 m. One is ex-
tended and coincideswith the HII region B. The second
is a fainter, point-lik e, object within the densemolecular
coreF (Figs. 1, and 4) which is also detectedin the near-
IR. It shows a steepinfrared energydistribution (Fig. 11),
with H j K = 5:2. The derived IR luminosity indicates
the presenceof a very young embedded star of spectral
type B3.

At presen, it is uncertain what is the required luminos-
ity of the energysourceto drive the high-velocity molecu-
lar out°ow assaiated with the HMC (Hofner et al. 2001).
Thus, we cannot be certain that this unresolved infrared
sourceis indeed the energy provider for the °ow.

4) In the other two UC HII regionsin the densecore,
componerts D and E, no infrared sourceshave beenfound
assiated with the radio peaks.

The sewral componerts of the G9.62+0.19 complex
appearto be at di®eren ewlutionary stagesof their early
ewlution and the presern infrared obsenations support
this view.
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