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Abstract. We present new imaging data on the ultracompaetll 1989, hereafter WC89). Hollenbach et al. (1994) published
H 11 region G45.45+0.06 at near- and mid-infrared wavelengttes hypothesis about UCHs being photo-evaporating circum-
High-resolution data were taken in tii& and K’ bands using stellar disks. This model also supplied an explanation for the
ESO's adaptive optics system ADONIS. The resulting imag&mgevity of the ultracompact phase (See also Yorke & Welz
with a generic resolution of’@ for the first time allow the 1996). Even circumstellar disks and/or globules around lower
resolution of the object into several single point-like sourcesmass stars that are being photo-evaporated by nearby massive
Additionally, we present images obtained in the mid-infrarestars (“proplyds”, see, e.g., Churchwell et al. 1987; O’Dell &
at 3.5, 10, and 12m. A Bry image was obtained to serve asVen 1994; McCullough et al. 1995) may appear as UGH
a measure for the extinction towards this region. We derive thesti et al. (1997) and Molinari et al. (1998) suggest an evolu-
physical properties of the point sources and show that sotimnary model for UCH1s, where the radio emission might be
of them are young, massive stars. By combining our data wihppressed during very early phases of massive star formation
earlier VLA maps, we measure the extinction towards the regidne to infall of surrounding dust. Recent observational stud-
and discuss the history of the object. Finally, we conclude thas suggest that for most of the models examples can be found
G45.45+0.06 is ayoung OB cluster similar to the KL/BN Regiowhich fit their implications (see Howard et al. 1994, Persi et al.
in Orion and that sequential star formation is the reason for #8997, Watson et al. 1998, Stecklum et al. 1998).
present morphology. While observations in the near-infrared are common and
needed because UGk are deeply embedded in large amounts
Key words: methods: observational —1iHregions — stars: for- of dust, itis also mandatory to use as high a spatial resolution as
mation — stars: early-type possible. This not only enables us to detect weak point sources
against the extended nebular emission, but also is necessary
for a precise identification of such sources with counterparts at
different wavelengths. Now that adaptive optics systems have
become widely available, it is worthwhile to make a new attempt

Ultracompact H1 regions (UCHiIs) have long been known toin this direction. This paper is intended to be the first in a series
be the postmark of the formation of massive stars. They d&publications of high-resolution observations of UGkl The
luminous, compact sources of infrared (IR) and radio contifources in this series where selected as bright sources from the
uum radiation caused by embedded stars ofNM,, (Hen- WCB89 sample with suitable (< 13 mag) optical stars close
ning 1990, Churchwell 1991). The strong ultraviolet radiation ¢¢ < 30”) to them to serve as wavefront sensor for the adaptive
such stars produces dense, photo-ionized nebulae which ar@HICS system.

visible at optical wavelengths (Wood & Churchwell 1989). Van In addition, we are able to use this example to show that
Buren et al. (1990) suggested the so called bow-shock mok#tH11s do not necessarily form around a single young massive
for UCH11s of cometary shape, where the appearance is &i@r, but may also accompany the formation of a whole cluster of
plained by motion through the ambient matter. This model al§gch stars. Indeed, we are able to compare G45.45+0.06 to the
provides a containment mechanism for the ionized region RPstwellknown OB cluster in our vicinity, the Orion Trapezium

account for the so called “lifetime problem” (Wood & Churchand the KL/BN region (named after Kleinmann & Low 1967
and Becklin & Neugebauer 1967).

Send offprint requests t¥. Feldt (e-mail: mfeldt@astro.uni-jena.de)  In 1971, Wynn-Williams et al. made the first 6 and 11 cm
* Based on observations collected at the European Southern Obg@lerture synthesis maps of the G45.5+0.1 complex using the
vatory, La Silla, Chile. Prop. 1D:55.C-0647 Cambridge One Mile Telescope. They, and later Matthews et al.

** Based on observations collected at the DSAZ astronomical centi®77), found G45.45+0.06 to be part of a cluster of thrae H
on Calar Alto, Spain '

1. Introduction
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regions. The other two members of the cluster are G45.48+0rh8lti-wavelength comparison between the morphological struc-
and G45.47+0.¢5 Throughout the paper we will refer to thetures in the different images starting with our NIR images and
ultracompact Hi region G45.45+0.06 itself as G45, while otheending with VLA data taken at cm wavelengths, we speculate
regions are denoted separately by their galactic coordinates. @beut the history of the object and the possibility of triggered

cluster members all share a similar radial velocity of approxdtar formation.

mately 58 kms! (Matthews et al. 1977). We adopt a distance

of 6.6 kpc for G45, which was determined by Churchwell

al. (1990) after the Brand rotation curve (Brand 1986, Bra
& Blitz 1993) from NH; measurements. Note that distance eg-1. Adaptive optics imaging

timates for this source differ considerably in the literature but . , . :
we consider direct line measurements and the Brand rotat@f> Was observed in August 1995. ESO's adaptive optics sys-

curve the most reliable method for determining the distand8MADONIS (Beuzitetal. 1994) was used at the 3.6 m telescope

All authors resolve the near/far ambiguity to the near solutiofl! L@ Silla/Chile to obtain high-resolution images in fiieand
ands. InK’, a mosaic of two frames was made that resulted

The projected distances between the three regions range uf)‘/w ! S ) X
approximately 3 minutes of arc or 5.8 pc. Baud (1976) report&y@ total integration time of 400s in the image centre.

the discovery of a CO cloud coincident with the complexin both Puring the observations, the seeing wd$ the high-
position and velocity. order adaptive optics correction improved the full-width half-

G45 itself was classified as a cometary UGHy WC89, maximum (FWHM) of the point spread function (PSF) t&0

after 6cm VLA observations. From the measured radio fluX'® intégration time for thé/ image was 300s. All frames
they determined the region to be ionized by a zero-age-maYH@re subject to standard bad-pixel removal, flat fielding, and
rk-frame subtraction processes before being combined in the

sequence (ZAMS) star of spectral type O7.5. According to theﬂ"f]‘

the IRAS fluxes suggest either an O4 star as the ionization 50J1%§U|ting images. For better identification of the point sources,

or a cluster with an 05.5 star as the brightest member. TRA' Of thek” image was deconvolved with the point source
g N o Wi :

cometary appearance was attributed to motion through am'Bﬁat,?d at position (IQkO’I_)husmg 200 |te|raF|ons |°f a ;hghtl%/

ent material. This motion provides at the same time a possifi@dified maximum-likelihood deconvolution algorithm. The

containment mechanism to explain the longevity of the ultrrodification concerns the last step of each iteration, where the
compact phase found for i regions. However, Wilner et al re-convolution is done with a narrower Gaussian instead of the

(1996) (hereafter W96) showed that the cometary structureQiginal point-spread-function as described in Lucy (1974). This

G45 is only a part of a larger shell structure, visible on theriFsuIts in a better resolution of close point sources. Photomet-

3.6 cm VLA map. The shell structure was also observed at 6 &Jf c@libration for the NIR images was obtained by calibrating
by Garay et al. (1993). W96 also have detected clumps in ﬁl;@ fluxes in the images using separate images of the UKIRT
surrounding cloud, traced by HOQL-0) emission. They spec-Standard Y 4338.

ulate about the expansion of G45 having provided the trigger

for the more recent star formation in G45.47+0.05. Since @J2. MIR imaging

their clumps contain sufficient masg0(— 100 M) to form

massive stars, they speculate about the whole region bein X
an early stage of the formation of an OB star cluster. Moon en using SpectroCam-10 (Hayward et al. 1993) at the 200-

et al. (1995) used 1.3 mm continuum observations to determl h Hale Telescope of the Palomar Observﬁoﬂ;he filter
the total mass of G45 to E®00 M. effective wavelength was 11 with AX = 1 um. A5 frame

In this paper we present the result of our infrared ima nosaic was combined into the image, the average on-source

ing campaign of G45. This campaign included high-resoluti fine at ea'ch p?xel Is .20.3' The gtaLyr served as a standard
adaptive optics imaging in the near-infrared (NIR; and kK"~ 1°F flux calibration. This image will be referred to as the i

“ - " : : : : i in the discussion. The second image was taken using
band) as well “conventional” NIR imaging (By and imaging Image in the )
in the thermal infrared (MIRL- and N-band). The very high MANIAC (B dker et al. 1997) at ESO’s 2.2 m telescope on La

resolution of the AO images reveals 15 compact sources insﬁjga/Ch"e' (Ijv'AAF If‘c’s N —t_)re;]nd filtelr_was usgd W.imce”te’" —

G45. The wide wavelength range of our observations shows tﬁgt5f3m arf1 h _f 5 pum. h e tota mtegrgnor;t!me S#m.s up
all the sources detected are deeply embedded, some of the m135s or t € frames that Were comoine !nto the image.
visible eveninthe NIR. In Sect. 2, we briefly describe our obsé:r)- otometric calibration was obtained by observing the standard

5 L
vations and the follow-up data reduction techniques used, Wfﬁf@rs7 Aqu, o Ser, andj” Gru. This will be our 1Qum or N
the results are presented in Sect. 3. In the discussion (Sect'.'ﬂige'h_ dMIR btained in the-band _
we argue that the point sources are deeply embedded, yound™ ! image was obtained in the-band Qcenter =

massive stars. This is also verified by using the Bnage as 3. /érg A :I (i'gézm)' The ndew I\;I]IRiCam:_rlaRgg-MllRC
an additional estimator for the extinction towards G45. From(g0 erto etal. ) was used at the 1.5m telescope

% Observations and data reduction

ee mid-infrared images were obtained. The first one was

2 Observations at the Palomar Observatory were made as part of a
! The nomenclature of the sources is based on their galactic cootintinuing collaborative agreement between the California Institute of
nates which may differ by-0.01° in the literature. Technology, Cornell University, and the Jet Propulsion Laboratory.
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Table 1. Summary of observations

Date A Tel./Instr. FOV PSF Ref. Star Limiting
FWHM Mag.
1992 Aug 11.7:m 200" Hale 162 11 alyr (0.00) 9.3
(AX = 1pm) /SpectroCam10
1995 Aug  2.1um (K’) ESO 3.6 mM/ADONIS 128 0/4¢ Y4338 (5.42) 18.4
1995 Aug  1.64m (H) ESO 3.6 m/ADONIS 128 0'5¢ Y4338 (5.68) 20.0
1997 Jul 10.%m (N) ESO 2.2 m/MANIAC 28 1'3 vAqu (0.78) 10.7
1997 Jul  2.16Gm (Bry) CA2.2m/MAGIC 1640 1'1 GL748 (6.30) 14.6
1997 Oct 3.5m (L) TIRGO 1.5m/TC-MIRC 704 2’5 HD203856 (6.84) 14.5

# Field of view for single frames

b With brightness given in magnitudes for the observed wavelength

¢ Derived from background noise for point sources with given PSF

4 Seeing was’10 during the observations, the resolution is improved by the adaptive optics correction

on Gornergrat/Switzerland. The total integration time for this 6‘4545‘+00§K S —
image was 600 s. Photometric calibration was achieved by ob- 15 ]
serving the standard star HD203856. This image will be referred ]

to as 3.§um or L image. ur 1

12 ]

2.3. Narrow band imaging 2 10’ --.

The Bry image was taken using BLUE-MAGIC (Herbst et aI§ Sé a ]
1993) at the 2.2 m telescope on Calar Alto/Spain which belor@s " - z‘ ]
to the German-Spanish Astronomical Centre. One image was 6~

taken using the Br (A = 2.166 um, AX = 0.022 um), another : .
one with the adjacent continuum filtek (= 2.22 um, AX = i ]
0.0221:m). The total integration time for each of these images 2f ]
was 900 s. Photometric calibration was achieved by using the | ]
standard star GL748. Its magnitudes at the wavelengths of the °F L E
continuum and the Br filter were derived by interpolating its b
known spectral energy distribution, assuming a featureless spec- Moz 10 ,ch SECONés 2 0 2
trum. After subtraction of the continuum, it turned out that the = REF-POSITION: RA. 19'1175070 DEC +11°03'503 (1950)
residual total fluxes in the stellar PSFs in the image were belew. 1. K’ image of G45.

the sky sigma level, so no further corrections were applied.

2.4. The astrometric reference frame being smoothed to the same resolution before the procedure.

hen drawi lusi h ¢ in obi As the Bry image contains the same stars asAHemage (be-
When drawing conclusions on the nature of a certain o I8¢t Be continuum subtraction, of course), we were able to check

great deal of the information IS taken from the comparison glg 6 astrometric frames against each other. It turned out that
its structural appearances at different wavelengths. Apart frgm, javiations between them were belot® 0This indicates
other issues like the different beam sizes for each observati%t all larger offsets are indeed real. The method of optimiz-
itis crucial to establish a common astrometric reference frarm% cross-correlation was also applied to tie therhimage to

for all Images. T,h's IS eSPeC'_a”y difficult when or/19 tres tohe reference frame. Before optimizing the cross-correlation be-
mattch images of (2 resolution like our deconvolveli” image e he images, a mask was applied that blanked everything
and the 6¢cm VLA maps from WC89. We adopted a tV\’O'\"’aé(xcept the ionization front. The reference frames of the 12 and

stratefgy to bllj.'lljd our rell‘_erre] nce _fr%rlne_: F::;E’, Fhe position O_f t@Sum images were chosen to make the MIR point-source at
waveiront calibrator which Is visible In t image at posi- position (+3',+10'5) appear at identical positions in all MIR

tion (+14',+17") (see Figl1l) was taken from the digitized sky, ages.
survey. The image was then calibrated using the known scale
of 50 milliseconds of arc per pixel. This tied the NIR reference

frame to the digitized sky survey. Secondly, the astrometry fr5. Photometry

the Bry image taken with MAGIC was obtained by optimizingopotometry of the point sources detected in the AO images
the cross-correlation with the 6 cm VLA image, the latter ong, 4 performed in an aperture dff)diameter because of the
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G45.45+0.06 H 3. Results
T T b

16 ] In this section we will present the images resulting from our
1 multi-wavelength campaign and the basic parameters that were
r ] derived from them. Conclusions drawn from these parameters
12F B and comments on specific features visible in the images can be
E 1 found in in the next section.

The resultingK’-band image is shown in Figl 1. All figures
use the star at (Q0”) as positional reference. The wavefront
1 calibrator is visible at position (+14+11"). G45 itself is at and
: west of the image centre. The brightest source belonging to G45
] is the strong one at position (43,+6) which looks elongated
in east-west direction because it actually consists of three close

10 -

ARC SECONDS
©
T
L]
|

2F 4 point sources. North of this triple source several unresolved
f 1 sources are grouped along an arc opening to the south, much
or . E like pearls on the chain of a necklace. In Elg. 3, it turns out that
A S S N A part of this arc coincides with the ionization front. Several point
Moz 10 /ch SSCON“DS 2 0 2 sources are also visible above the chain, one of these is espe-
REF. POSITION: RA.19"11"59770 DEC +11°03'50:3 (1950) cially interesting: The one at position (+3-10'5) appears as
Fig. 2. H image of G45. a very strong mid-infrared source in the corresponding images.

Immediately east of that one at position {(+#10'8) is a source

with an extended structure attached to it. Another source of this
crowdedness of the field. Due to the non-Gaussian shape ofkiral can be seen to the southeast at positiof (+&'8). A pre-
AO-corrected PSF, an aperture correction of 0.95mag’in liminary reduced colour version of this image can be found in
and 1.23 mag ir{ was applied to account for flux outside theStecklum et al. (1995).
aperture. This correction was determined using sources at theFig.[2 shows theff-band image which is of quite similar
reference position as well asandb (in H, a is not visible). structure. Albeit it shows only the southwestern portion of the
Background subtraction was achieved by subtracting the medgfband image, the same structure of pearl-chain, strong source
value of six sky measurements around the corresponding sourew, and positional reference is visible.
using the same aperture to account for the varying background.Fig.[3 shows the deconvolved version of thé-band im-
The3o detection limit in theK'-image ismy: = 17.5mag, in age. Only the portion common to both tl#€- and H-band
the H-image it ismy = 18.5mag, both derived from the skyimages was deconvolved. The point sources are now clearly vis-
noise. Photometric accuracy is generally better thari mag. ible and have been denoted by letters for identification. From
Photometry of the MIR images was done using an apertuhe superimposed VLA map by WC89 it becomes clear, that the
of 47 (275 at 3.5um) diameter. Background subtraction washain-like structure also follows the ionization front. The strong
achieved in the same way asif and H. The accuracy of the source below the arc of the chain is now clearly resolved into
photometric measurements in these images amounts to appthree single sources labellétb 7.
imately 7% of the flux level or 0.1 magnitudes at most. The total The result of our By imaging can be found in Figl 4. It
source flux was determined in these images as well as iR theshows an overview map of the region, taken from the continuum
image by applying an aperture of’A@liameter. narrow-band image at 2.22n. Superimposed are the contours
of the continuum subtracted line emission. Since the image was
taken with “conventional” NIR imaging, the resolution is much
lower than in theX” and H images. However, due to the larger
All images presented as results from our imaging campaifjald of view we gain valuable information on the overall struc-
were subject to filtering with the multi-scale maximum entropyure of G45. It can be seen that the whole ionized region has a
method described by Pantin & Starck (1995). This method usgtaucture like a horseshoe opening to the southeast with an ex-
a wavelet decomposition to detect and remove the noise from structure pointing north from G45. Taking the weak 3.6 cm
an image. The<’ band image was also subject to this kind aémission in the southeastern corner into account, the horseshoe
filtering before the deconvolution was applied. However, all thivmpletes itself to a shell-like structure with a diameter of ap-
filtering was done solely for illustrative purposes. All photomeproximately 40. The 4@ diameter corresponds to a linear size
ric and mathematical operations described throughout the papfet.3 pc.
were performed on the “raw” data, before filtering or deconvo- The results of our MIR imaging can be seenin Elg. 5.[Hig. 5a
lution. It should be stressed that all features discussed in the tsixdws the 3..xm image, Fig-bb the 10m image and part c the
can be found in the raw data. Therefore, we are certain notll®um image. The contour lines represent the 6 cm VLA map
describe any filtering artifacts whatsoever! obtained by WCB89, the crosses denote the point sources found

in the near-infrared images. Two point sources can be seen in

2.6. A word on image filtering
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G45.45+0.06 K’ + 6¢cm Contours
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L ] Fig.3. Deconvolved K’ image
L 1 of G45.45+0.06. The image from
C_1 Il l Il Il Il Il l Il Il Il Il l Il Il Il Il l Il Il Il Il l Il Il Il Il l L Il Il i Flgm was SUbjeCt tO 200 iterations
8 6 4 2 0 2 of a damped Richardson-Lucy de-
ARC SECONDS convolution. The contours represent
REF. POSITION: R.A. 19h11m59§70 DEC +11°03'50"3 (1950) a6cm VLA image from WCB89.

all images, a strong one at position (+810'5) (This will be lower curve represents only the soukeel, measured in an/®
referred to adMIR1) and another one at position (%8+4'8) diameter aperture iK’, 2’75 in L and 4’ at 10um. This curve
(MIR2). shows, that souro@rz1is contributing up to 10% of the total flux
Table[2 compiles the results of the photometric and posif G45 (includingviri!) at infrared wavelengths. In a new VLA
tional measurements of the point-like sources visible infhe map of the source taken at 1.3 cm by Hofner et al. (1998), this
band image. Brightnesses were measured whenever possibioiirce also stands out as a single point source and contributes a
K’ andH. The astrometric positions were determinedsihby  significant portion of the total radio flux. However, as the VLA
centering an aperture of @.8iameter on the star and computingbservation was pointed at G45.47+0.05, G45 lies only at the
the mean of all pixels weighted on their brightness (an analogim of the primary beam where the signal-to-noise ratio is not
to the conventional “centre of mass”). The identification lettesfficient to measure the flux contribution from the point source
(IDs) of the sources are the same as in [Hig. 3. Sources insige reliably.
the VLA map are denoted by characters frato o, other point
sources in our images by roman numbers. 4. Discussion
Fig[8 shows the spectral energy distribution of G45. The
upper line is the integrated flux of the whole region. Our cot? this section, we try to derive the nature of G45 from the mea-
tributions to this curve (marked by the triangle symbols) wegdired properties. From the colour information, we determine
measured in an aperture ofdiameter. This explains the stephe spectral types of the point sources and argue that G45 is a
between our data and the IRAS data, which were measured fyster of young, massive stars. To be able to do this, we first
much larger aperture. The steep rise in the NIR is followed b)}@ve tc_) measure the extinction towa_rds these sources. This in-
decline longwards of 100m and the typical flat radio plateauformation is extracted from a comparison between ourdata
with a spectral index of 0.1 longwards of 1cm. The latter @ Well as the 6 cm and 3.6 cm VLA data by WC89 and W96.

one is caused by free-free emission from the ionized gas. The G0ing further, we speculate on the cause of the ionization
and the possible scenarios of the star formation sequence in the
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Table 2. Point sources in G45
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G45.45+0.06 Bry
T 0 el A

45L I T ] P ] &
ID* K’(mag) H (mag) R.A.(1950) DEC. (1950)
a 13.6 2 19"1200:24 +1T0357/0 20b I
b 14.2 15.6 191200111 +11°0358'2 i
c 13.8 159 19115998 +11°0358'6 -
d 14.2 - 19115392 +11°0359'6 8 15 ]
e 13.8 15.7 19115993 +11°0358'6 6 I
f 139 155  1911"5993 +1r0357'6 §§ |
g 13.7 153  1911™59:89 +110358'4 @ ]
h 13.8 15.2 19115982 +11°0358/0 < r
i 13.2 14.7 1911m5¢78 +110357'7
k 13.2 15.3 19115975 +110357/4 151 g
| - - 19'11"59:98 +110356/2 i
m = - 19115695 +11°0356/3 f
n = - 19'11"58:92  +11°0356!3 0L e & ‘ J
o 141 - 181270000 +110355'3 T
I 12.3 11.9 19115870 +110350'3 ARC SECONDS
1] _c _ 1911™5855 +11°0350’8 REF. POSITION: RA.19"11M59570 DEC +11°03'50"'3 (1950)
i 16.6 - 19]11m5$65 +110352'6 Fig.4. Bry image of G45. The superimposed contours denote
vV 16.3 - 191175967 +110354/4 the continuum-subtracted line emission with contour levels set at
v 158 177 1811m5968 +1T0359'8 |9 1 (5 05,1,2,4,8,16,32,64] x 0.24mdyD”. The gray
Vi 17.6 17.3 1911759:68  +1T70359'8 scale image is the corresponding continuum image (222 Negative
MIR1 14.5 - 1911"5G:9  +11°0401" contours are dotted, they indicate artifacts from imperfect alignment

® Source labelling is the same as in [Eil. 3, except for soumee,
which is explained in the text.

> Not all point sources are detected in H.
¢ Photometry not possible in un-deconvolved image.

during continuum subtraction.

which is shown as contours in Fig. 7b. At the location of G45,
the fraction of flux that is missing generally is of the order of
50%, i.e. we see only half of the flux we should in the 6 cm map.
This means that by predicting theBflux from this map alone

leads to a serious underestimation and thus the comparison to

f:luster. In the end, we will draw a p_araIIeI to the Onon. Trapedre measured flux also underestimates the extinction. On the
ium and KL/BN regions by comparing part's of G45 with thesSther hand, we can not use the 3.6 cm map to predict the Br
regions. Although the Orion region is not in the UQtphase emission, because the resolution of this map is too low and we

any more and the emission measure is two orders of magnitydle, 4 15 average the extinction over too large an area. As

lower there (Felli et al. 1993), we can still compare the denﬁ;?e Bry image shows that most of the emission comes from a

cluster of stars at G45's gou.thern edge W_'th the Trapezium CIl<'/§'ry small area, the measured extinction would again be largely
terand the larger part of it with the KL region. Perhapa may underestimated by using the 3.6 cm map alone. To get out of this
even be an analogue to the BN object. dilemma, we tried to correct the 6 cm map for the missing flux
by using the now known fraction of missing flux derived above.
The resulting corrected 6 cm map is then used to predict the
~ flux and thereby determine the extinction in a way outlined

To derive the extinction towards the embedded sources in GI éWatson et al. (1998): First, we convolve the corrected 6 cm

we use the 6 cm map to determine the emission measure and} lésge to match the resolution of our-Bimage. Then we use

the expected Bremission. By comparing th.|s prediction to th(?he familiar expressions to determine the brightness temperature
actually measured Biflux, we get the extinction towards G45 a at each point of the corrected 6 cm map (all units are cgs):
the line’s wavelength. This extinction is assumed to be constarit

S,10729¢2

throughout theK” band. Several difficulties arise during this,
process: The 6 cm VLA map was obtained in the A configuratiod — 22k,
ofthe VLA. This means, the largest visible structures in the m D

’ . .g. Rohlfs 1990).
can be of order 0across (WC89). From Figl 4, as well as frorg g. ~onts )

.. In this formula, €2, is the solid angle of the synthesized
the 3.6 cm map from W96 we learn however, that weak emss&gam anc% is the flux density in mJpeant !, both after the
extends over a much larger area. Thus, we have 1o accountcé?rrlvolutionbto the new resolution! The quantityenotes the

possible losses of fluxinthe 6 cm map. Thisis done by predictiggeeol of light: is the Boltzmann constant andthe frequency
the 6 cm flux from the 3.6 cm flux assuming a spectral ind which the data were taken. We combine this with
of 0.1. By comparing this to the real 6 cm map, smoothed to '

the same resolution, we get a map of fraction of missing fluX, = T.(1 —e™7) (2)

4.1. The extinction towards G45

1)
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and The factor of 0.9 represents the assumption that only 90%

135 91 of the nebula consists of Hydrogen, the rest of Helium. For
=211 x 107735y~ 2 EMa(v, T) ) eff ... : It -

By, which comprises the transition coefficients and the level
(Mezger & Henderson 1967), populations via a temperature dependency, Hummer & Storey
. . (1987) give

where T is the optical depth,. the electron temperature,
the observed frequencyy M the emission measure, aada eff _ s o 1o-11p—1.06 (6)
correction factor of order 1 (Mezger & Henderson 1967). TheBr ¢
combination gives the emission measure as The solid anglé2g, is now the pixel size of the Brimage.

15 91 T, The emission measure computed from the corrected radio
EM =4.72a" "1, "°v"" In <T — Tb) . (4)  flux has its maximum at 217107 pc.cm~6 with a mean value

e

_ o of 3.0x10” pccm~¢, assuming the Brbeam of 2.&10~ ! sr
Once we have determined the emission measure, we ¢&ipe uniformly filled with 10 K gas.

calculate the measured Bflux after Osterbrock (1989) tobe:  The result of the whole procedure can be seen in[Fig. 7.
Fig[4a shows the measurediBmage with the continuum emis-

OBy
eff ~EM (5) sion already subtracted. Some remnants of bright stars can be

aBr'y A

SBH = O.QhZ/Br7
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A A I resolution of our AO images reveals for the first time that G45
contains more than a dozen single compact sources.

X 4.2.1. Sources inside the VLA map
W In the deconvolved<’ image shown in Fi§]3, we labelled 15

point sources inside the VLA map, which is superimposed as
contours in the figure, with letters fromto o. Table 2 gives the

AThisWork | results of the photometric measurements of these sources.
& Fromm Mooney et ., (1995) To confirm the presumed stellar nature of these point
1024 o e e 56 - sources, we looked at their locations in a colour-magnitude di-

agram. Such a diagram is shown in [Elg. 8. For comparison, a

zero-age main sequence (ZAMS) as itwould appear at a distance

A of 6.6 kpc is also shown. The grey shaded area denotes the track
a 10° for reddening by interstellar dust grains after Rieke & Lebofsky

1040 e i
109 10t

PR | PR
100 10° 10

A [um] (1985). It is clearly visible that the reddening track allows the
Fig. 6. Spectral energy distribution of G45. The upper line is the int§OUrces to be ZAMS stars of spectral types O to B. To perform a
grated flux from the whole UCHII region, the lower one is sowigar ~ further check on the nature of these unresolved sources, we used
alone. The dashed line denotes an obvious gap in the SED wherdl®measured’-extinction values from Fifl 7c to de-redden the
observations have been made up to now. detected point sources. Combining these extinction values with
the reddening vector from Rieke & Lebofsky (1985) results in
the locations marked with primed letters in the diagram. Some
remarks have to be made concerning this result:

seen which are due to imperfect alignment of the line- and th#St, most of the the de-reddened sources are still not on the
continuum image during subtraction. Fily. 7b gives the prediéAMS. Several reasons might be responsible for this result.
tion as computed fromthe 6 cmimage. The ratio of the predicted

and the measured Bflux yields the extinction towards the neb- The By emission probablv does not arise at the exact loca

ulain Bry. We assume the resulting value to be constant over the tions 0;7 the stellarpso rce)s/ but rather from the surroundin

K’-band and consequently use it/@$ extinction. Also shown ! sou ut r . urrounding
nebula. Thus, additional extinction from circumstellar dust

in this part of the figure are the contours denoting the missing .
6 cm-flux, which show that at the location of G45 the missing ren;ggétliiid to more reddening than deduced from the Br

flux fraction is about 50% with little variation across the region . .
Infrared excess emission, presumably from surrounding ma-

of interest. Fid.l7c shows the resulting extinction map superim- . . i .

posed as con?(;]ljrs onthe deconvolWé%image. The eth)inct?on terial might proylde for a shift from the ZAMS. .

was calculated only in areas where both the flux in the 6 cm map Contrary to radio photons, thelﬁlphotons are SUb.leCt tq

and in the Btyimage was above 1.5 times the corresponding sky scat'genng caused by dust _parﬂclgs. Th|s_mechan|sm might

sigma level. In Fid.J7c, this means that outside the contours we provide more By phgtons in the line of sight thgn WOUId.

do not have any information on the extinction, not that there have b_een detected n the absence of dust, again the extinc-
tion will be underestimated by the Bmeasurement (De

is none! The resulting mean value of the extinction is 2.5 mag ) .
with a peak value of 3.6 mag. From the map in Eig. 7citbecomes Pree et al. 1994). To reduce this error in the future, polar-

clear that theK”’ extinction towards most of the detected point 'Zgé'iznnmﬁﬁ? \an':l Saxe rtﬁ[hbe Ob:?'piﬁd’ tfhtﬁse Cr?rl pnrowde
sources has a value of about 2.5 mag. The extinction values atadditionatinformation on the scattering o &frhotons.
the positions of the point sources are used to de-redden their

colours and thus to determine their spectral types in the n&loonq the error bars are relatively large. The main error con-
section. tributions come from the uncertainty of the predicted and the

measured By flux. We assume a flux error af25% in the
4.2. Point sources corrected 6 cm flux and thus almost the same in the predicted

Brv flux. Together with the high noise in the Bimage from

In 1989, Wood & Churchwell wrote in their fundamental PaP&fie continuum subtraction and calibration uncertainties, we get

on UCHI1 regions: “Multiple ionizing stars are clearly produc-an extinction uncertainty o£0.44 mag. In total, we note that

ing the UCH region complexes we have seen, and it is POSS e-reddening the sources confirms their nature as high-mass
ble that close binaries or clusters of young stars are respons S stars with the restriction that additional sources of ex-

for ionizing |nd(|j\{|dual UCfHéIkregpns as V;’e"a: If the Trapekzj— inction may exist that are not measured by the Brethod and
ium were at a distance of 5kpc, its angular diameter wou t uncertainties are fairly large.

only 1.8, comparable to the size of many UGHregions.”
Now it turns out that this was indeed a prophetic remark. The
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4.2.2. Other point sources positional shifts between wavelengths can be caused by sur-
rounding dust or even a disk (see, e.g. Feldt et al. 1998 on Cha

, Stecklum et al. 1997 on GGD 27 or Close et al. 1997 on
AL Tau). This object clearlpotcoincides with any NIR source.

Fig[d shows still more distinct sources, the two most in-

Two even more interesting sources are revealed by taking a |
at the MIR images in Fi@]5: All show the strong point sourc
miR1 at position (+3,+10'5). No trace of this source is found

in the H image. Its spectral energy distribution is shown as trtlgresting ones being the two mentioned before with the ex-

lower line in Fig[6. We believe that this source is one of ﬂ}%nded features attached to them at the position&, ¢44Y'8)

é%lénmgeSt within the G45 complex; This issue is d|scussed6|lrr1]d (+6',+9/8) north of the chain-like arc. The extensions might

. L ... bedueto outflow phenomena, but for a save identification, high-
Another, weaker point sourceng2) is visible at position resolution narrow-band images {2—1 (S1)) which trace the
/ , ) . T
E)+3’, 8r’n+4 8)|' Fﬁ? tthti sul%erlrr::jposed railt?mncc;nt';:)iurs mrlgi 5§$10cked molecular gas are needed. A first criterion in this direc-
eco 'destc gz;\h a di € I? ﬁlrlﬁ ?[03 ono h'?t sglé cg) S tion would be the non-detection in our narrow band NIR images,
coincident with a radio peak, while it appears shifted by which is the case at least for the object(+#08). At the other

the west at 3..xm. Additionally, there are 4 NIR point source . . ; )
. . . jocaﬂon, the resolution of the Brand its accompanying con-
grouped along the northeastern side of this formation at a dis-

tance of approximatelylwhich corresponds to 6600 AU. Such
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CINARAR AR (G5.97-1.17 is at 4900 AU projected distance from Her 36), the
[ ] larger distance towards the observer can be compensated and we
101 7 can expect comparable beam brightness temperatures for the ra-
i 1 dio peak in G45 and for G5.97+1.17. Of course, this requires
12+ - similar properties of the two systems, like density and size of
% L = ol ] the evaporating structure. Actually, the brightness temperature
E 14F :gﬁz% ] of the peak north of sourceis 2300 K and that of the source
PR 1 south ofl, m, andn is 3500 K, while that of G5.97+1.17 is only
16h b 1500 K. Assuming the required similar properties of the evap-
orating structures, soureehas to be of slightly earlier spectral
I | type than Her 36 (Stecklum et al. 1998 follow Woolf 1961 in
18- 7 their assumption that Her 36 is of spectral type O7) to the ad-
i 1 ditional Lyman continuum flux for the higher measured beam
20 (B T brightness temperature. We do not have any information about

PRI B PR I S
05 00 05 ml-g] m1-5 20 25 30 the extinction towards, but its non-detection il renders such
oM [mage] a spectral type improbable. Sourdes:, n, ando might easily

Fig. 8. Colour-magnitude diagram of the identified point sources. Throvide enough photon flux to ionize a region of high density
error bars with unprimed letters denote the sources inside the VLA mg@s and thus be responsible for the radio pé@cuthwest of
of G45, the shaded area indicates the possible reddening tracks (afiein. Note that this object also appears as a thermal infrared
Rieke & Lebofsky 1985), crossing the region of the point sources. TBgyrce in the MIR images. In conclusion, we can not determine
solid line connecting the stars is the zero-age main sequence (ZAMS)\#ather the radio peaks are ionized by the surrounding stars or
adistance of 6.6 kpc (From Straizys 1995). The error bars with prim ernally or both, but all three possibilities clearly exist.

letters denote the positions of the point sources after de-reddening. eFrom the colour-maanitude diagram. we onlv have iden-
K’-extinction used for this process is shown in Elg. 7C, the reddenin 9 9 ’ y

vector is the same as denoted by the border of the grey shaded aré _ed massive stgrs. We can estimate the range 9f th? ZAMS
we can cover with our method from the detection limit of

myg = 17.5mag andnyg = 18.5mag. Assuming a mean ex-
tinuum image does not permit to decide where the extendéftion of 2.5 magink” and thus 4.0 mag iff for our assumed
emission in these images originates. reddening values, we would be able to detect and identify the
entire range of O and B stars down to around B8. A glance at
Fig.[8 confirms that our latest identified objeécis of spectral
type around B1. The fact that we do not see intermediate mass

As described in the preceding sections, most of the descritfé@rs is striking, but does not exclude the presence of lower mass
point sources seem to be of stellar nature and thus to be youdi§, Present inside G45. Assuming coevality, such stars would
massive stars. Their young age is genera”y indicated by mfeCOUI’SQ be in an earlier stage of their development and thus
strong reddening or sometimes by attached extended featupégbably not appear on the ZAMS. When we estimateAfie
Additional point sources can be seen in the VLA map shown faminosity of pre-main sequence (PMS) stars from 0.4 to 2.5
Fig.[d. The radio peaks are usually not coincident with NIR golar masses at the age of 1Myr from D’Antona & Mazzitelli
MIR sources. Testi et al. (1997) have proposed an evolution&hp94) using the polynomial fit method from Meyer (1996), we
sequence to explain that very young massive stars may no€gect a maximum apparent magnitudenog. = 15.5 for a
visible at radio wavelengths, because their radio continuumA#!S star of 2.5 M,. This estimate takes into account only the
too much self-absorbed. Molinari et al. (1998) give the highterstellar extinction and reddening towards G45 from Neckel
mass infall rates at early stages of the massive star’s life a& &lare (1980). If such a star is located inside the VLA map
guenching mechanism for the radio emission. region with its mean extinction of 2.5mag i’, we are not
However, the radio peaks are generally located close to N@Rle to detect it.
sources, which might indicate that they trace dense clumps of However, we do have some candidate objects that possibly
material which is ionized by the surrounding (young, massivegpresent stars in an earlier evolutionary stage than the ZAMS.
stars. They might even be identified as proplyd-like objects ihhe first one is objeatir1, which is by far the most luminous
side G45. Such disks around low-mass stars that are being iR source. From Fig.J6 we learn that it contributes 10% of
ized by nearby massive stars (see, e.g. McCullough et al. 19945's infrared flux alone. It does not have a radio counterpart
for an overview on the phenomenon) often exhibit some fe@n the 6 cm map, but it is clearly visible in the new VLA map
tures of UCHiIs themselves (see, e.g. Stecklum et al. 1998 &ken at 1.3cm by Hofner et al. (1998). Also the two sources
G5.97-1.17). While the detection of G5.97-1.17 would not havéth the attached extended features might belong to the category
been possible at the distance of G45 within the WC89 saff-pre-ZAMS stars. As these sources at presentare only detected
ple due to sensitivity constraints, a brighter proplyd might weill our high-resolutionk’-band image, their final identification
be detected. Given the shorter projected distances inside G4®/be the task of future studies of this region.
only 1300 AU between soureeand its neighbouring radio peak

4.2.3. Ayoung cluster?
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In general, none of the NIR sources show up in the mid- which is now being ionized by an external source. If this was
infrared images. From the sensitivities and resolutions of these indeed the case, we should see the part of the cloud’s rim
images given in Tabl€l1, this is what one would expect: ionized that is facing the ionization source. This scenario is
Our brightest detected sourck, can be expected to be of very well matched by the horseshoe appearance of the ion-
mr=11.8 mag andny=12.0 mag. For this estimate, we used ized structure. A similar structure is found for NGC 3660
the intrinsic colour indexes for an O5 star from Straizys (1995) (Nurnberger priv. comm.or in M16 (Pound 1998, Hester
and the reddening vector from Rieke & Lebofsky (1985). Al- et al. 1996). Indeed, this would also indicate that G45 itself
though the source should show up in fidand image, thelarge  at the horseshoe’s centre is closest to the source of ioniza-
PSF-FWHM of this image prohibits the identification of single tion and therefore star formation is triggered in there first.
sources in this crowded field. Fig. 5 shows that MIR emission is Another hint towards the cloud hypothesis is that thgd0
highest close to the NIR point sources, whether this comes from emission, which traces warm dust, follows the ionization
the unresolved point sources themselves or from concentrationsfront almost exactly. In Fi]5b, it can be seen that the broad-
of warm dust cannot be decided from the data. band N image even traces a part of the larger shell structure.

Overall, G45 seems to consist of the bright NIR sources As the same morphology also shows up in the Bre, this
close to a radio and MIR source at the southern edge, the chainresults in a constant appearance of the source over more than
of identified O- and B-stars along the radio ionization front and 4 magnitudes of wavelengths, which makes foreground ex-
a couple of sources in an earlier phase of their evolution to the tinction an unlikely cause for its shape. Unfortunately, no
north. The linear distances fit that of massive star formation sites bright source is visible close to G45 which could externally
in our vicinity. From our biased sampling of the mass range it provide for its ionization. Therefore, we have to rule out this
seems not unlikely that the initial mass function of this cluster explanation as well.
extends towards lower mass stars which we are unable to identify

at present. Now that we have rejected the possibilities that a non-
associated source is responsible for the ionization and thus for
4.3. The nebula the formation of G45, we have to take a closer look at the internal

) ) o energy budget. Later on we will draw a sketch of the formation
In this section, we will discuss the large scale morphologit G45 which does not require any external influence. Even the
cal properties of the ionization nebula of G45. The Iarge—scq}ﬁge shell provides a radio flux of only 3.7 Jy at 3.6cm ac-
structure of G45 is best visible in Fig. 4. Here, they®mis-  cording to W96. Using Kurtz, Churchwell, and Wood’s (1994)
sion comes from a shell-like structure with an additional argstjmate of the necessary rate of Lyman UV photons to provide
stretching to the north. The ultracompactitiegion G45 itself the jonization for this flux, we get a rate 06491 s~1. Accord-
forms only the small, central part of this structure. This requg to model calculations by Panagia (1973), this rate can be
is absolutely consistent with the findings of Garay et al. (1998)ovided by a single O6 star. Even at our adopted distance of
and W96, whose VLA image exhibits the same structure. 456 kpc and the corrected radio flux of 7.4 Jy, the required flux
G45 is only a part of the shell-like structure, a closer look at ifsf 149-5 g-1 ionizing photons per second can be provided by a
environment becomes necessary. _ ~single star of spectral type O5.5 ZAMS. In the absence of errors
From the spherical shape and the large size of the ionizggher than those of our photometry, our determination of spec-
area, one might be tempted to conclude that GA5 was not {hg types from the colour indices plotted in Fig. 8 yields that
primary cause for its ionization. Several possible sources of #§,rcek should easily be able to provide the ionizing Lyman
large scale ionization provided by an external source can §ig; alone. Consequently, the energy budget of the shell struc-
thought of: ture does not require any ionizing source other than the stars we
already see.
1. A supernova explosion at the centre of the shell. The ex-
panding shock front might have triggered the formation 9{4 The role of dust in UCHSs
stars where it hit dense material. The shell-like structure as™
well as the arrangement of the newly formed stars in chaiA# these estimates were made in the absence of significant ab-
could well be explained by such a phenomenon (See, esgrption of UV photons by dust. However, the MIR maps do
Gaensler et al. 1998 on G296.8-00.3, their source is coshow that at 1@m the extended emission follows very well
parable to G45 in distance, size and shape and Kotheghet ionization as seen in the radio map (see[Fig. 5). Especially
al. 1998 on G182.4+04.3). On the other hand, neither X-réye 12um image, which does not contain the Nédine proves
emission nor any other signpost of a supernova remnanthat this is due to warm dust as noted above. Of course this is
found close to G45 which rules out the supernova hypoth&hat one would expect, as the UV photons that ionize the gas
sis. also tend to heat up the dust grains - if a sufficient number of
2. W96 describe the cloud core associated with G45.47+08%ch grains exist. At 3.bm, the correlation between radio and
as clumpy and fragmented from their HEQ@-0) measure- MIR emission is less obvious. The differences in the distribu-
ments. A fragmenting process on a larger scale might haien of the emission between the three MIR maps might well
led to the development of a molecular cloud, the outside bé explained by temperature effects. Additionally, these images
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prove that the distribution of hot dusts also appears clumpy and Of course a UV extinction of( g9,m =~ 18 would mean

irregular with a concentration along the ionization front. that almost no UV photons are available for ionization, but as
To estimate the amount of UV absorption, we first determirvee have detected at least 15 stars inside G45 and may assume
the dust mass from our measured.d2 flux by using that they are all (not only the identified eight) able to deliver suf-
2 9 ficient ionizing flux, each of them only has to supply ionization
Fyd C hv 1 . 1 . . . .
My=—— {e KT — 1} — (7) in 4z ofthe volume. Assuming spherical geometries, this results
Zhv kv in a reduction of the radius of the spheres ionized by individual
and the gas density by using components and thus the extinction suffered by photons while
1 travelling through these spheres 1%3% to Ao.o9um ~ 7.3.
N.=1+/EM o (8) After Aannestad (1989), this means that still more than 99%
T

of all UV photons are absorbed before they can provide suffi-
Eq.(8) uses the mean emission measAt® = 3 x cientionization. Thus, even our 15 stars (if they all are hot stars

107 pccnmband assumes G45's shape as a half sphere with like the identified eight) cannot provide sufficient UV flux to
dius R = 32000 AU to determine the average gas density. Thenize the region. We note, that 15 O5 stars would provide a
factor2 represents the conversion to the mean radius of the h@lfal luminosity of 313 10* L. This is much more than the
sphere. This results in an electron density ofx11@* cm=3, 144x104 Lo measured by WC89 from IRAS data which trans-
which is assumed to be equal to the gas density. Here, we lzge to 66<10* L at our distance of 6.6 kpc. Thus, some of
F, = 27.7Jy from our 12um image inside an aperture of’11 the stars have to be of later spectral types, diminishing the UV
diameterd = 6600 pc,v = 25.6 THz as source dependent conphoton flux even further. To get out of this dilemma, which un-
stants is interpolated from Ossenkopf & Henning (1994) talerlines the importance of dust inside this kind of regions, we
be roughly2.4 x 10> m?kg~! for 11.7um and the determined have to speculate about the distribution of dust inside the H
gas density of .2 x 10* cm?. k is the Boltzmann constantthe  region. Although our MIR images cannot resolve it, the clumpy
speed of light and. the Planck constant. For a temperature efppearance of the MIR emission is visible in [Elg. 5. Varying
100 K we derive a dust mass of 0.02MTwo remarks have to optical depths inside G45 could thus provide enough free paths
be made concerning this result: Firstly, the above formula der the ionizing photons to escape and ionize the surrounding
sumes that the emission is optically thin - which should be tigas.
case at 12m if any UV photons get through the dust to provide  We note that the result derived above also means, that our
ionization - which is obviously the case. However, the IRAfheasured By extinction largely is due to foreground dust. The
spectra show that this wavelength is still inside a broad absogutditional internal extinction of A ~ 0.4 mag towards the cen-
tion feature (see below), thus the derived mass is more a lowerof the cluster shifts our stars in Aig. 8 even more towards the
limit than an actual determination. Secondly, the restutingly ZAMS. However, we do not know, which stars are embedded
depends on the dust temperature, therefore even this lower linttv deeply, therefore we do not correct for this additional ex-
is a very crude estimate. Using this estimate together with tinction in Fig[8. The interstellar extinction towards G45 should

only amount to A¢ jnterstetiar =~ 0.7 mag according to Neckel
K = KK Paust L ©) g Kiare (1980) and Mathis (1990) while we have measured
whererk is again taken from Ossenkopf & Henning (1994).8 mag towards the ionized region. from the comparison to
this time for 2.15um, pg..: is the total mass of dust dividedAx ~ 0.4 maginsideG45, we can derive that the major frac-
by the volume of the assumed half-sphere, dnthe length tion of (cold, i.e. invisible in the MIR) dust is situated between
of the line of sight through the absorbing matter (i.e. in thiss and the source. A similar scenario is assumed for the Orion
case equal ta?), we determine & optical depth ofrx, = Trapezium Cluster, where the O stars are thought to have have
0.35 or Ax ~ 0.4mag. This converts into a UV extinction ofcleared a bubble in the surrounding dust (Felli et al. 1993).
Ao.09um ~ 18 mag after Mathis (1990). This result is checked ~Unfortunately, the three MIR images are of significantly dif-

against Ryter’s (1996) ferent quality in terms of resolution and sensitivity. This renders
311N (H) guantitative statements on the dust temperature or optical depths
Ag = : 0.107, (10) of possible silicate features very difficult and thus we will not try

4.93 x 10tem-2mag-* to make one. The IRAS LRS spectrum of the source does show

where the last factor represents the conversion fiagnto Ax  a pronounced absorption feature between 8 and 2, %ut its
after Mathis (1990). Using the gas density from above as Hgentre wavelength is close to Lin, untypical for a (pure) sili-
drogen density and converting it to a column density by mutate feature. As this feature comprises almost our eMiband
tiplying with the radius of our half-sphere, we also determirigter, we decided it would be of little use to compare the Lin¥y

Ak =~ 0.4mag. We note, that the latter method assumes a gasage and theV-band image to derive an optical depth. Also
to-dust-ratio of 100, while our mass estimates from above usitige wavelength base is very short between L@nsnd 11.7:m,

the dust temperature of 100K delivers a gas mass of 2,3 Mespecially as 11.4m still is within the absorption feature. Addi-
(also assuming a pure Hydrogen gas) and thus a gas-to-dust-tiéiaally, it has to be marked, that the large IRAS beam probably
111. This good agreement may serve as further justification forasured the total of G45.45+0.06. Thus, without further infor-
the crude estimate we introduced in the guess of the temperature.
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mation on the SED in this part of the spectrum, we will refraithese objects need to undergo further examinations to determine
from statements on temperature and optical depth. their nature.

The apparent distances between the single point sources
range from 04 to about 2. At the adopted distance of 6.6 kpc,
this implies projected physical distances of around 2600 AU to
One of the original goals of our investigations was to identif¥3000 AU. This distance range fits very well that of the central
and classify the ionizing source of G45. However, during thgart of the Orion nebula around the Trapezium region, another
previous sections it has become clear that this is a very diffint that G45 may be a young twin of that region in the making.
cult task. On the one hand, it is not immediately obvious if G45 The surroundings of G45 which include the Ua@sl
is internally ionized at all, on the other hand we did not finG45.48+0.13 and G45.47+0.05 appear clumpy and fragmented
the strong point source that coincides in position at all the obn a larger scale (W96). The latter authors also speculate on
served wavelengths like e.g. Watson et al. (1998) claim to havigigered formation of UCHiis which had its origin at G45,
identified in G29.96-0.02. because it is the most evolved UGHN the region.

In the previous section we ruled out the possibilities of ex- Drawing the parallel to the Orion region, we would identify
ternal ionization for reasons of the energy budget, which dog starso, I, m, andn as our Trapezium cluster where it all
not require any ionizing flux other than that from the stars istarted. The necklace along the ionization front with its extended
side G45 (except for the dust problem), and because no tragasssion of NIR and MIR light would then be an analogue
of possible ionizing sources like supernovae or clusters of @Bthe KL region, with several young massive stars embedded
stars can be found in reasonable vicinity to G45. in the local concentrations of hot dust. While in Orion not all

We will now try to draw a complete while still coarsely simembedded point sources have been identified as self-luminous
plified picture of “G45 - The Orion nebula’s younger brother’YSOs (Genzel & Stutzki 1989), all our sources that could be
For an extensive review on the Orion regions see e.g. Genzeldgntified turned out to be young massive stars.

Stutzki 1989 and Felli et al. 1993. These most probably have been formed as a consequence

The stars labelled, [, m, andn are situated close to a radioof the ionization and shock front passing through these clumps.
point source as well as to a clump visible in the mid-infraredlorth of that front, sourceir1 might even be an analogue of
Although the flux fromi, m, andn can not be measured due tahe BN object, although its nature is much more uncertain up to
their small separation in the un-deconvolved image, they belomgw than that of BN. On the large scale, the younger USH
to the brightest sources in the field. Therefore and for reasaisdistances around 57 pc might then be counterparts for the
explained below, we believe that star formation in G45 had itsher OB associations in the Orion region which are located
origin here. Massive stellar winds and the expanding ionizatiab comparable distances from the Trapezium and KL/BN. In
front swept through the ambient matter and formed the struct@eion, the other OB associations are believed to be older than
we see today. the Trapezium cluster while G45 itself is believed to be the

The morphology of the radio shell can be explained hyldest and most evolved UCGHin the Region (W96 on G45
means of density gradients in the molecular material. The exad Genzel & Stutzki 1989 on Orion). W96 speculate on G45
pansion towards the southeast happened faster and did notleeging triggered star formation in the other U@kl nearby -
ate visible star formation sites. In contrast, the ionization froatscenario which has been introduced by Elmegreen & Lada
seems to have hit dense clumps of material to the north, crga977).
ing the cometary structure of G45 and triggering sequential star This parallel is another strong evidence that the formation of
formation in dense and/or already collapsing molecular clomnsassive stars usually happens in clusters and leads to induced
cores. The result of this procedure is now visible as the chainstér formation in its vicinity. With the new techniques of high
ZAMS-stars grouped along the ionization front. Unfortunatelyesolution imaging, it is now possible to enlarge the sample of
there are no high-resolution maps at wavelengths that trace ttiese massive star formation sites towards more distant objects.
distribution of cold dust to confirm our hypothesis. The 1.3 m®@ur example of G45 proved that this enlargement includes the
map of Mooney et al. (1995) shows an almost spherically symfetection of objects in an earlier phase of their evolution than
metric distribution around the position of G45 at a resolution die Orion region. More examples of the benefits of these high-
12", This resolution is of course too low do detect any detailesolution imaging techniques applied to massive star formation
on scales that are visible in our NIR images and the VLA mapstes will be added in the near future.

North of the ionization front as visible in Figl. 3, we detect
several sources that show characteristics of stars in an evolution- )
ary phase earlier than the ZAMS. The most obvious of thesedsConclusions

sourcemir1 which exhibits very strong MIR emission and projn this paper, we presented new observational data on G45, cov-
vides approximately 10% of the infrared luminosity of G4%ying the near- and mid-infrared wavelengths. Onistiand H

The spectral index of this object with = %ﬁ;)) ~ 4.5 band images taken with the adaptive optics system ADONIS,

between 2.2 and 12m would qualify this object for Lada classwe detected several point sources eight of which could be iden-
| following Wilking et al. 1989. At least two more objects withtified as O and B stars from colour-magnitude measurements.

extended features are visible north of the front in Eig. 1. All ofhis identification was only made possible by the extraordi-

4.5. The nature and history of G45



772 M. Feldt et al.: The ultracompactiHregion G45.45+0.06

nary resolution of 04 provided by the adaptive optics. Thes&enzel R., Stutzki J., 1989, ARA&A 27, 41

identifications were checked against measurements of the idayward T. L., Miles J. W., Houck J. R., Gull G. E., Schoenwald J.
tinction towards G45. The extinction was calculated from the 1993, Proc. SPIE, 1946, 334

comparison of our measured Bflux and the prediction for Henning Th., 1990, Fundamentals of Cosmic Physics 14, 321

Br emission from 6 cm VLA maps. Additional extinction wad€"bst T-M., Beckwith S.V.W,, Birk Ch., etal., 1993, In: Proc. SPIE
found from a determination of the dust mass inside G45 frolq'le 1946, "Infrared Detectors and Instrumentation”, p 605

. . . . L. ster J. J., Scowen P. A., Sankrit, R, et al., 1996, AJ 111, 2349
our MIR images. The derived high optical depths inside the rggs,or P Peterson S. Cesaroni R.. 1998 ApJ, submitted

gion pose a significant problem for ionization by UV photonggjienbach D., Johnstone D., Lizano S., Shu F., 1994, ApJ 428, 654
if the matter is distributed homogeneously inside G45. On odbward E.M., Pipher J.L., Forrest W. J. 1994, ApJ 425, 707
mid-infrared images, we detected two more sources which obMummer D.G., Storey P.J., 1987, MNRAS 224, 801

ously represent young stellar objects. By combining these dat&inmann D.E., Low F.J., 1967, ApJL 149, L1

we argued that G45 is a young cluster of O- and B-stars simitégthes R., Furst E., Reich W., 1998, A&A 331, 661

to those being formed in the Orion regions in size but obyfurtz S., Churchwell E., Wood, D.O.S, 1994, ApJS 91, 659

ously younger and still in the formation process. Additionally;ucy --B- 1974, AJ, 79, 745

we argued on the history of star formation on the basis of this J. S., 1990, ARA&A 28, 37

. . . tthews H.E., Goss W.M., Winnberg A., Habing H.J., 1977, A&A
apparent age gradient from south (readily formed massive stars 61 261

to north (chain of stars along the ionization front and, furth‘RﬁcCullough P.R., Fugate R. Q., Christou J. C., et al., 1995, ApJ 438,
north, several objects either heavily reddened or with extended 394

features). These findings confirm earlier speculations by WC88yer M.R., 1996, Ph.D. Thesis, University of Massachusetts,
on UCHI1s being young OB clusters, as well as of W96 on Amherst

sequential star formation in the area triggered by G45. For tMezger P.G., Henderson A.P., 1967, ApJ 147, 471

first time, we have brought up direct evidence that one form ¥plinari S., Brand J., Cesaroni R., Palla F., Palumbo G.G.C., 1998,
UCH1Is is a cluster of massive stars. Our images suggest thatA&A, in press

: : : Mooney T., Sievers A., Mezger P.G., et al., 1995, A&A 299, 869
sequential star formation does take place in these clusters. Neckel Th.. Klare G.. 1980, AGAS 42, 251
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