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ABSTRACT

Aims. Ultra compact HIl (UCHII) regions are indicators of high-ssastar formation sites and are distributed mainly in theGed
plane. They exhibit a broad band spectrum with significanission between near-IR and radio wavelengths. We intend/astigate
the possible contribution of the forthcoming ESA Plancksiua to the science of UCHII regions by evaluating the paksilof
detecting UCHlIIs that are bright in the radio regime.

Methods. We performed new 7 mm observations of a sample of UCHII regjidime observations were designed to acquire high-
frequency radio spectra. For each source in our samplerabefifee radio spectrum has been modeled. Along with fanéRsure-
ments, our spectra allow us to estimate the flux densitieseoburces in the millimeter and sub-millimeter bands. Wesewlated
and summed the ionized-gas (free-free radio emission) ast(thermal emission) contributions in the afore mentibwavelength
ranges. The possibility of Planck detecting the selectedcss can be assessed by comparing the estimated flux deneithe ex-
pected sensitivity in each Planck channel. To obtain as@akstimation of the noise produced by the Galactic emisshe Planck
sky model software package was used.

Results. For each target source, from our new 7 mm data and other radasunements from the literature, important physical
parameters such as electron density and their spatialbdistm, source geometry and emission measure were dekiVeadonclude
that, in the case of the present sample, located close todlect& center, Planck will have a very low detection ratecontrast,
assuming that our sample is representative of the whole U€glon population, we derive a very high probability otelgting this
kind of source with Planck if located instead close to thécenter. From the analysis of the ionized-gas propertiessuggest that
the selected sample could also be contaminated by othes kin@alactic objects.

Key words. H Il region — Radio continuum: ISM — Stars: formation — ISMstiLextinction — Stars: circumstellar matter

1. Introduction ing UCHIIs among the brightest IR sources in the Galaxy. The
. radiation fields of the massive hot stars inside UCHIIs (O&csp
The Planck mission of the European Space Agency (ES@)|type) ionize the circumstellar material. The signatofion-
will operate over a wide range of frequencies, from 30 to 9GQtion is the typical free-free flux-density distributian radio
GHz (from 1 cm to about 30am). The frequency coverage,yayelengths$, o v*). Therefore, we expect the Galactic popu-

of the Planck channels was selected to correspond to the ggion of UCHIIs to be a strong foreground contaminationrseu
called cosmic microwave background (CMB) window, wherg, ihe Planck experiment.

temperature fluctuations due to Galactic emission are naihim

Although Planck was designed for cosmological studies, its AS Part of the preparation of a Planck pre-launch catalog, we
multi-frequency nearly-full-sky maps will have a profouina- started an observing program to measure the 7 mm flux density

pact on fundamental physics as well as Galactic and extiagal®f Samples of Galactic sources with the 32 m INAF-IRA Noto
tic astrophysics and several Galactic projects are indestaded Radiotelescope. In a previous paper (Umanaletal. 2008a), we
in its core program (sée The Planck Collaboration (2005)lésr published the our flux density measurements of planetary-neb
tails about the scientific case for the Planck mission). lae (PNe).

In the science of compact Galactic objects, Planck will be In this paper, we present new 7 mm single-dish observations
sensitive to the millimeter emission from dusty envelopés €f UCHIIs. Main goal was to obtain reliable estimates of the
young and old stars and to the thermal radio emission from tfiex densities expected in Planck channels by building and-mo
ionized gas surrounding many classes of stellar objects. eling the spectral energy distribution (SED) of our targ&tse

HII regions of size about 0.1 pc, emission measure high@pserving frequency (43 GHz) is within the cosmic microwave
than 10 pc cnt®, electron density higher than 4@m3, and background (CMB) window and represents one of the channels
ionized mass of around 1®M,, are classified as ultra compacpf the forthcoming Planck mission. Therefore, in this fregay
HIl regions (UCHIIs) and are sites of high-mass star fororati band, we obtain a direct measurement of the expected flux den-
In these regions, newly born stars are still embedded im tfzei  Sity with minimal frequency extrapolation.
tal molecular clouds. The ambient dust thermally reraditte As added value, the present work provides a sizeable dataset
entire luminosity of the central star in the infrared (IR)aka of 7 mm measurements of UCHII regions. These data provide
strong constraints on the observed SEDs in the spectramregi
Send offprint requeststo: P. Leto e-mailpaolo.leto@oact.inaf.it Where free-free emission dominates.
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Table 1. Observations.

MSX6C Name R.A.(J2000) Dec. (J2000) S; o7 | MSX6C Name R.A.(J2000) Dec. (J2000) S; o7
[hms] L [mdy]  [mJy] [hms] L [mJy]  [mJy]

17.2231+ 03952  182046.13 -1345214 595 90| 292113-0.0690 18445336 —032028.1 150 50
16.9440- 00736 1821560 -141328 770 160| 299564-00174  184604.07 -023916.6 3320 300
184608-0.0034  182436.34 -125100.0 330 70| 305345+00209  184659.38 -020720.7 1070 100
187104+ 00001 18250415 -123740.1 270 70| 302340-0.1392 18470040 -022747.9 250 60
183029- 03910 1825425  -131020 1260  210| 308667+0.1141 18471571 -014705.4 560 110
187084-0.1263 18253145 -1241185 240 60| 314134+03092 18473435 -011240.2 700 120
107403+ 02799 18260133 -113508.4 160 40| 306877-0.0729  184736.01 -020144.4 880 140
188330-0.3004 18262364 -123935.9 280 60| 30720600826  184741.79 —020018.6 570 130
218732+ 00076 1831024  -094933 560  100| 310702+0.0498  184751.74 -013800.4 220 60
213853-0.2537  183103.90 -102240.7 215 50| 312803+0.0615  184811.89 -012626.0 310 60
227253- 00106  183241.91 -090440.8 195 50| 306671-0.3316  184829.24 —020957.0 205 50
239548+ 0.1494 1834253  -075450 1170 160| 312430-0.1108 1848451  -013313 660 110
245076-0.2227 1836469  -073538 630  100| 321514+01317 1849327  -0038 04 680 100
255196+ 0.2156 18370520 -062932.5 360 90| 313948- 02585 18493328 -012907.5 380 90
252666-0.1584  183757.97 -065325.9 220 50| 324727+02041 18495256 —001853.1 220 50
253977- 01406 183808.2  -064557 2540 170 327977+0.1903  185030.86 -000152.7 3800 300
253820-0.1813 18381515 -064753.8 2730  300| 322718-02260 18510237 -004119.9 280 70
260905- 00578 183907.2  -0606 44 165 50| 338104-01869 1853424  +004148 400 80
266085- 02122  184037.47 -054315.4 165 50| 354672+0.1381  185534.11 +0219157 350 60
27.4938+0.1893  184049.2  -044506 500 60| 355736+0.0678  185600.96 +022259.2 300 60
27.9777+00780  184206.41 -042214.5 220 70| 355789-0.0304  185622.56 +022032.7 540 90
282461+ 00134  184249.66 0409457 185 50| 385497+0.1636 190107.6  +050423 165 40
282007- 00494  184258.12 -041355.7 980  160| 388750+0.3088  190112.49 +052548.1 390 60
286096+ 00170 1843289  -035018 420 90| 398821-0.3457 190524.11 +060131.4 300 60
286520+ 00271  184331.40 -034740.6 300 70| 417410+0097Z2 1907155  +07 5242 310 40
282875-0.3639 18441509 -041751.3 585 120

T Reported as a multi source in the 6 cm catalog but associatedhe same MSX source. The 7 mm observations were carrigayquointing
at the MSX coordinates.

The SED modeling in the radio-millimeter spectral range is To minimize the source-structurdfect on the flux den-
a crucial step for the study of the physics of ionized envefopsity measurements, we selected only sources compact enough
around UCHII regions. The 7 mm measurements presenteddn be considered point-like at the resolution of the Noto
this paper provide the possibility of constraining parasnet Radiotelescope at 7 mm (HPBW abouj &nd rejected those
such as the electron density and the radial profile, the soutacated in high-confusion regions. In our sample, we inetlid
geometry, and the emission measure. single sources of 6 cm angular sige20” and sources that, al-
though mapped as multiple at 6 cm, showed separatioh@”
and were associated with only one infrared counterparalfyin
] from the resulting sample we selected only sources with inte
2. Sample selection grated flux densities higher than 100 mJy at 6 cm and deddinati

gher than-15°. In the conservative hypothesis of an optically

hi
Our sample was selected from the catalogl of Giveonlet ﬂlin nebula at 6 cm, a cutfbat both 100 mJy and > —15°
(2005a), where a cross-correlation between the MidcoyaesS g arantees 7 mm detectability and observability with théoNo

Experiment (_MSXGC) catalpg (Eganefal. 20032\ and the Mul adiotelescope. The expected 7 mm flux density is a lowet limi
A"ag/ Galactic Plane Imaging Survey (MAGPIS) (White €t aly, the case of an optically thick nebula at 6 cm. All the above
2005) was performed. MAGPIS was carried out at 6 cm and|ection criteria reduced our sample to a total of 51 UCHIIs
povered Galaoc'uc regions with longitude 3501 < 42° a_nd Iat-_ The names and positions of the selected targets are reported
itude|b| < 0.4°. A comparison of the two catalogs (radl(_) and N cols. 1,2, and 3and 6, 7, and 8 of Table 1. When observing
Cmultiple sources associated with the same infrared copatgr

with highly-reliable infrared counterparts. Only 228 of /6&r- we pointed the telescope at the MSX coordinates.

gets were detected in the new MAGPIS at 20 cm (Helfand|et
2006).

All sources with both 6 and 20 cm data have red MSX cok pservations
ors and flat or inverted spectral indices, as is typical ofrttzd
radio sources. The average spectral index between 20 and 6Tdm observations reported in this paper were carried ouif-at d
is equal to 0.28. Giveon etlal. (2005a) classified these ssurferent epochs between January 2007 and July 2008, using the
as compact Hll regions on the basis of their radio and inffar82 m Radiotelescope in Noto (Italy). The telescope has aveact
properties. For most sources, this was their first clas§ifica surface system that accounts for the gravitational defoomaf
Starting from this subsample of 228, we first inspected al thhe primary mirror, providing high quality observationshagh
corresponding MAGPIS 6 cm images. frequencies (sele Orfei etlal. (2002, 2004) for details ofabe
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tive surface system mounted on the Noto radiotelescope. Th

7 mm receiver used in our observations is a cooled supetheter 1000
dyne receiver of typical zenith system temperatdigs about i
100 K. The observations were performed with a 400 MHz instan-
taneous band centered on the sky frequergy= 42950 MHz,

the beam size being®. The gain ranges from 0.04 to 0.08X, _ 1ooe
depending on the air mass as a function of the elevation.&ur t i
gets were observed using the On The Fly (OTF) scan technique;
which consists of driving the beam of the telescope across th
sources in the RA direction. The typical scan duration was ap 10
proximately 20 s, which is short enough to remain close to the F q]

-- Hot Dust Cold Dust — — — —

T,=120 K
p.=1

T.=30 K
p.=2

Jy

white-noise regime of the radiometer. The scan length was 3
corresponding to about three telescope beams. To achieada g

signal-to-noise ratio, each source was observed seveied tifor "o T ‘1‘0‘00
a total integration time of 30 minutes. Multiple OTF scanseve A [pm]

then added together.

~ Daily gain curves were obtained and the flux scale fixed usig, 1. SED template of the dust contribution. The data collected
ing NGC 7027 as a primary calibrator and 3C286 and DR21 gsm the far-IR to the mm range have been normalized to 1000
secondary calibrators. The adopted flux density for NGC 703y at 10qum. The squares represent the mean values of the nor-
is 5.07 Jy. This value was obtained by correcting that replirt  malized measurements and standard deviations are alsmshow
Ott et al. (1994) for the observed evolution of the specttat fl Two dust components are evident: the hot component detesmin
density in NGC 7027 (Zijlstra et al. 2008). the contribution at shorter wavelengths (dotted line),levitie

_ All measurements were corrected for atmospheric extingold component dominates in the submillimeter spectragean
tion. The correction factor was calculated by performingr@es  (dashed-line).

of tipping scans at elevations betweerf 20d 80, covering a
range of sed) from 1.01 to 3. Tipping scans were performed
several times (once per hour) during each observing run. The

opacity correction was applied to each flux measurement af%%urces were also observed at 1.3 mm at the IRTF on Mauna

interpolating the results of contiguous tipping scans. Sk Kea (Chini et all 1986a,b), at the SEST (Launhardt & Henning

opacity measurement averaged over all of the observin@sess 1997), and with the MAMBO bolometer array installed on the

was about @4. The opacity fluctuation ranges from about 79 . C ;
(measured during observing sessions with very stable shgico ﬁQAr':/l 30m Raorl]lotelescop(, (Motte et/al, _2|()OS3). Tofsurgmarlze,

tions) to about 30% (observing sessions characterized bgevo/'€ N2V €nough measurements to compile SEDs for 34 sources
weather) in our sample. From the SEDs, we derive an SED template by

The telescope pointing was checked before each observPOgrrT:\I)z'rg%iTge téggtw;lgl?;ﬂg?rl:gi\/lil?dﬁasd gaEtg Sto 1000 Jy and

session by measuring its accuracy for a large sample ofipgint i ,
calibrators: SiO maser sources and bright sources at 7 men. Th The SED template obtained can be modeled by using two
estimated pointing accuracy is about’10 dust components atfiiérent temperatures. We assume that each
Taking into account the telescope pointing accuracy, the &f the two dust components emits as a blackbody modified by
ror in the flux density of the primary gain calibrator, thecggin the frequency-dependentdust opacity. This gbes: ¥B,(Ta),
the opacity measurements, and the gain-curve error, waaeti WhereB,(Tad) is the Planck function for a dust temperature of
the overall calibration accuracy to be around 10-15%. T4 and wheres is the emissivity index. The indeg strongly
We detected all targets with a-Zonfidence threshold, with d8Pends on the mineralogical composition of the grains and o
a detection rate of 100%. The results of these observatiens {1€ir physical shapes. Following the results in Chini & el

reported in TablEIL, where the measured 7 mm flux densgigs ( (1986) about modeling dust emission from UCHIl regions, we
are listed with their errors (Cols. 4, 5 and 9, 10). find that for the cold dust component a good fit is achieved for a

dust temperature of 30 K and an emissivity ingex 2. The hot
component has been fitted for a dust temperature of 120 K and
4. The SEDs by assuming thg® = 1 (Falndez et al. 2004).

In Fig.[, we show the averaged data and overplot their best-
fit solution. The deviation of the point ag#n could be related to
To determine the dust contribution for our sample of UCHAIs, the contribution of either a very hot dust component or thést
firstly searched both the literature and online catalogséain  component, whereas the deviation of the two measurements at
the range from &m to about 1 mm, where the dust contribul-2 a_nd 1.3 mm can be explained as evidence of an ionized gas
tion is relevant. As a consequence of the selection critbtgx ~ contribution.
data (Egan et al. 2003) are available for all of the 51 sources For 17 sources, we do not have enough measurements at
of the sample. We found IRAS data (Helou & Walker 1988) foi > 100um to compile their individual SEDs. To estimate their
45 sources, Scuba data for 12 sources atif0and for 16 at SED contribution from cold dust, we assume that all sounges i
850 um (Williams et all 2004; Wu et al. 2005; Thompson €t abur sample have the same dust properties. Our SED template is
2006), and Calthech Submillimeter Observatory (CSO) data ftherefore a good assessment of their emission curves {Fagdl
4 sources at 35@m (Hunter et all 2000; _Motte etlal. 2003).we can obtain an individual SED for each of them by just scal-
For 8 sources, we found measurements at 1.2 mm carried imgf the template to their MSX 2dm measurement. In the SED
with the IRAM 30 m Radiotelescope (Altenfiet al. |11994; template, the flux density at 2im is found to be a factor of 0.04
Beuther et al. 2002) and SIMBA_(Falndez etial. 2004). Teof its value at 10Qum.

4.1. The dust contribution
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Table 2. Sources parameters.

MSX6C Name @ EM MSX6C Name @ EM MSX6C Name @ EM
%10’ [pc cnT®] x10’ [pc cnr) %10’ [pc cnT®]
17.2231+ 0.3952 0.54 > 312 26.0905- 0.0578 011 011 310702+ 0.0498 034 Q19
16.9440- 0.0736 023 617 26.6085- 0.2122 -0.09 026 312803+ 0.0615 001 021
18.4608- 0.0034 002 339 27.4938+ 0.1893 031 003 30.6671- 0.3316 013 477
18.7104+ 0.0001 0.45 > 1280 279777+ 0.0780 027 011 31.2430- 0.1108 016 112
18.3029- 0.3910 -0.13 011 282461+ 0.0134 024 Q10 321514+ 0.1317 -0.14 Q006
18.7084- 0.1263 -0.03 376 28.2007- 0.0494 0.58 > 221 31.3948- 0.2585 053 013
197403+ 0.2799 007 003 286096+ 0.0170 021 325 324727+ 0.2041 034 312
18.8330- 0.3004 041 050 286520+ 0.0271 009 061 327977+ 0.1903 0.31 > 341
218732+ 0.0076 -0.03 Q013 28.2875- 0.3639 -0.06 189 32.2718- 0.2260 -0.15 025
21.3853- 0.2537" 0.32 > 249 29.2113- 0.0690 008 Q73 33.8104- 0.1869 032 Q03
22.7253-0.0106 028 Q07 29.9564- 0.0174 009 300 354672+ 0.1381 004 Q76
239548+ 0.1494 -0.10 Q12 30.5345+ 0.0209 008 124 355736+ 0.0678 019 026
245076- 0.2222 0.35 > 0.76 30.2340- 0.1392 -0.15 316 355789~ 0.0304 0.62 > 8.96
255196+ 0.2156 Q04 029 30.8667+ 0.1141 034 538 385497+ 0.1636 003 Q03
25.2666—- 0.1584 -0.09 1071 314134+ 0.3092 -0.13 056 388750+ 0.3088 008 225
25.3977- 0.1406 Q00 060 30.6877- 0.0729 006 172 39.8821- 0.3457 -0.07 175
25.3820-0.1813 029 080 30.7206- 0.0826 011 376 417410+ 0.0972 -0.09 Q008

¥ For these sources the simulated radio spectra indicatéhéaimission is optically thick up to 7 mm, the derivEM has to be considered as
a lower limit.

4.2. The ionized-gas contribution ameter (equal to2rey): 0.1 pc and 0.05 pc. The free-free model
. " L spectrum was calculated forftrent values of the ratiGm/rext,
We estimate the contribution from ionized gas to the SEDB®f ti,4 index of the power law that describes the ionized-gatiadpa
selected sources by combining our 7 mm measurements with Eﬂ@lribution, and the corresponding average electronityens
flux densities at 6 cm in Giveon etlal. (2005a) and those at 20 cm The distance to the source was treated as a free parameter in

the observations at the lower frequency being availabledeh btaining the best-fit SED to both the observations and simul

source in our sample from the new MAGPIS catalog reported ﬁan. The source angular size derived from the assumedrline
Giveon et al.|(2005b).

.. diameter and distance needs to be comparable to the angelar s

In the present work, we need to assess the contributigp,asired at 6 criy (Giveon el al. 20054a).

from free-free emission i_n an angular element of size com- The new 7 mm measurements allow us to characterize well

Eg:amistg tshoeurlzlg'éo vﬁﬁdl?rgillnggpr?egsgwn(?hPe?rWG agr?])"talj_ttﬁe free—f_ree radio spectrum of each source in our sample. Th

20 cm high-resolution observations, we use as an estimat Stance-independent parameters are, in fact, univodafiped.
! P values ofy andrin/rex for the two sizes do not show any

of their 6 cm and 20 cm flux densities the sum of the Ny iicant direrence, as shown in Figl 2. Using our model we
tegrated fluxes of each peak. Literature data at radio wa und that the index’ covers wide range of model solutions,

flf‘rgégf-nsﬁ]g r(t\(/avrlrgzaer: '?I Clrgi\g'voe_r\?vgésdoe?c;:eit;g;%_1§erng:5 any sources being reproduced well by assuming homogeneous
1994- G%hri ot 4l 1‘9;9,:’_ Fov el al 1b95: V\/'a(ls!h,or ol 100 ectron-density radial distribution, while others havstribu-
Marti'n-Hernandez'et ‘ai “2!003"Lonq.more“ ei 2l 2,0073' : ons that are highly inhomogeneous. In all cases, the gggme

o ' < = - f most of the sources could be described by the natitrex

The spectral index between 6 i (Giveon etial. 2005a) anghe |6\, 0 2. The derived electron densityis on the order of 10
7 mm (this paper) was calculated for each source. The val 3

obtained are reported in Tall¢ 2. The free-free emissiom fro
the ionized gas was derived by modeling all the availabldnrad[he
measurements for every source.

As described by Hoare etlal. (1991), a typical UCHII regio
can be modeled using spherical symmetry. The source can
modeled as a central cavity surrounded by a shell of ionized g
the newly born high-mass star being located inside the yavjt,, _ 53X 10°S, [ 6

. X g % = pccm . (1)
center. The source geometry is characterized by the linear 62
ameter and the ratio of the internal to external radji/€ext)-
The shell of ionized material is located in the inner regién do derive the mean emission measure from our 7 mm measure-
the dust cloud responsible for the infrared emission. Is¢ihih- ments, we assume that the source angular size at 7 mm equals
ple spherical-geometry model, the spatial density streaifithe the angular size at 6 cm measured by Giveon et al. (2005a). The
ionized gas is described by the power lagr) o r=7. derivedEM is reported in Tablg]2. For sources with simulated

Adopting the model software developed by Umana &t alpectra that are optically thick up to 7 mm, the deri&d is
(2008b), the free-free radio spectrum was simulated foh eagonsidered to be a lower limit.
source by assuming a fixed value of the source linear diameter Note that the spectral index between 6 cm and 7 mm by it-
In the following, we consider two cases of the source lingar dself is not able to characterize the emission at 7 mm. In many

Following|Terzian & Dickey|(1973), it is possible to derive
mean emission measuie\() if the observed radio optically
thin flux density &7, in mJy) and the corresponding source an-
a[l)Jéar size ¢, in arcsec) are known,
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Fig.2. Comparison between the derived model parameters for X
the two analyzed source diameters (0.1 pc and 0.05 Lysf). N
panel: index of the power law that describes the density gradient 0.01 0.10 1.00 10.00  100.00
inside the sourceight panel: ratio of internal to external source EM/10" [pe em™] (7 mm obs.)
radii.

Fig. 3. Comparison of the Emission Measure deduced from the
simulation with those calculated from the 7 mm measurements

cases, sources with positive spectral index are charaetebly Arrows refer to those sources optically thick ut to 7 mm.
optically thin emission at 7 mm.

Our modeling also allows us to estimate the emission mea-
sure. In Fig[B, the emission measure obtained from the nfivdefributions. In Fig[4, four of the derived SEDs are shown as an
is plotted as a function of theM calculated from Eq]1. example; the shaded area represents the spectral rangedove

The model used to simulate the radio emission from UCHRY the Planck satellite. The dust contribution was obtaibgd
regions assumes the highly simplified hypothesis of spakgi= ~ extrapolating the modified-blackbody fit of the cold dust gam
ometry, whereas radio images at high angular resolutiow shgent (dashed lines in Figl 4), while the free-free contitutvas
that these sources are characterized by various morpleslogibtained by modeling the data points as described in Bekt. 4.
(Wood & Churchwell[ 1989a; Kurtz etal. 1994; De Pree ét agnd extending the derived synthetic spectra to the sulpneitér
2005), i.e., shell-like, bipolar, cometary, irregulardaspheri- range (dotted line in Fig. 4).
cal. In spite of the possible fierence between the real and the FollowinglUmana et all (2006), the expected total sensjtivi
modeled source geometry, the clear correlation betweevethe is assumed to be the sum in quadrature of all the sources of con
ues ofEM deduced from the model and those calculated frofdsion noise, namely (i) the nominal instrumental Planck-se
the observations indicates that our model parameters alfow ~ Sitivity per resolution element, (i) the extragalactaréground
reproduce well the overall properties of the targets. confusion noise (Tidolatti et al! 1998), (iii) the CMB anisotropy

Our calculations exhibit a large spreadi (Fig.[3). HII  (Bennett et al. 2003a), and (iv) the Galactic-foregrounufge
regions characterized ByM > 10’ pc cnt® are defined as ultra SIon noise.
compact. Sources witEM values at the edges of the range do  As pointed out by Wood & Churchwell (1989b), the Galactic
not show any significant ffierence in their dust emission com-distribution of candidate massive-star formation sitesia@nly
pared to the other sources of the sample. No relation was égnfined to the Galactic plane, and our sample consists éhdee
served between infrared colors aBdll. This physical param- of UCHIIs located in the Galactic plane, where we also expect
eter is also randomly distributed as a function of the Galacthe Galactic emission to be the major source of confusiosenoi

longitude. in all Planck channels because of the emission of the dust and
The infrared colors of the selected sample follow a typic&las located in the Galactic disk. i
trend for UCHII regions, while in the radio-millimeter rege The Galactic noise reported by Umana etlal. (2006) was de-

not all sources have typical UCHII characteristics, asthated rived for regions of the sky outside of the Galactic planeyéa

by their EM values. Our study in the radio range demonstraté@e we cannot use this value for UCHII regions. For a real-

that a sample of UCHIIs selected only on the basis of their ifstic estimation of the noise related to the Galactic eroissi

frared colors may be contaminated by other classes of Galag¥e simulate the sky emission in the range between 30 and 900

sources. Planetary nebulae or high-mass evolved starsl cdaHz with the Planck sky model (PSM) software package (ver-

have infrared colors similar to those of UCHII, bufférention- sion 1.6.3). PSM is a set of programs and ancillary data eevel

ized gas properties. oped by the Planck ESA Working Group 2 that can simulate
the sky emission at Planck frequencies and angular resoluti
and reproduces the thermal free-free, synchrotron, anduke

5. Estimated detectability with Planck components, i.e., thermal dust and spinning dliEhe free-free

. . . componentis modeled following Dickinson et al. (2003) mel t
Planck is equipped with a Low Frequency Instrument (LFI}, 0 atia| structure estimated from the dust-extinctionextedH,

erating at 30, 44, and 70 GHz and a High Frequency Instrumelilission. The synchrotron component is calculated by assum
(HFI) operating at 100, 143, 217, 353, 545, and 857 GHz. Tlc?g a perfect power-law with étierent values of the spectral in-
evaluate the fraction of UCHIIs in our sample that is deteleta ye, in giferent sky directions, as derived from the 408 MHz
with Planck, we need to compare the modeled flux densities @fagjam et 4f, 1982) and WMAP 23 GHz (Bennett ét al. 2003b)
the sources with the expected sensitivity in each obsenati 1,505 The thermal emission from interstellar dust is assess

band. f ; : : e -

ollowing|Finkbeiner et al/(1999). The prediction of theatin
We derive the modeled flux densities at each Planck channel 9 ) ) P 9

from the source SEDs by calculating the dust and gas emission See Delabrouille et all_(2009) ahd Leach ét/al. (2008) fotiegp

as described in Secfs. #.1 dnd|4.2 and then summing both ciioms and capabilities of the PSM package.
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Fig. 4. Examples of the source SEDsffdrent symbols refer to Fig.5. Expected Galactic emission fluctuation fby < 0.5° at
different components. Diamonds: hot dust component; squariferent values of Galactic longitude for the two Planck instru
cold dust component; triangles: ionized gas. The dust compio ments.

is deduced from the template SED, the free-free emissioheof t

ionized gas derived from its model. The spectral range ealer
by Planck is represented by the shaded area. in our sample are located in the first and fourth quadrants and

because of the high Galactic emission fluctuation a veryIsmal
fraction of them should be detected by Planck.

grain emission is obtained by multiplying the column deasit However, UCHIIs have been detected in any Galactic direc-
of the cold neutral medium (Schlegel etlal. 1998) with thesemition (Wood & Churchwell 1989b). Therefore, assuming that ou
sivities calculated using the spinning dust model devaldpe sample is representative of the entire class of UCHIIs, we ca
Draine & Lazarian((1998). also calculate the detectability of those located in théoregf

For the two Planck channels of lower frequency (30 and 4ke Galactic anticenter. Figuré 6 shows how UCHIlIs in the di-
GHz), the Galactic emission is dominated by the free-frem-co rection of the anticenter should be easily seen by Planck.
ponent, whereas for the third channel (70 GHz) the freednek Unfortunately, the high-mass star-formation rate is eiguc
the thermal dust components are comparable; for the otlaerchto strongly decrease far away from the center of the Galaxy.
nels the emission of the thermal dust dominates. The othisr eniBronfman et al.|(2000) reported that the OB star-formatitess
sion mechanisms provide negligible large-scale contidst in the anticenter direction reduced to about 10% those thatec

To obtain an idea of the trend of the Galactic emission fluga directions close to the center of the Galaxy. The expected
tuations as a function of the Galactic longitude, the steshdaincreased Planck capability to detect UCHIIs in the antieen
deviation of the Galactic emission for each PSM channel mdpection has to be compared with the decreasing star forma-
was calculated in boxes of sizex®, (6, is the Planck beam at tion rate. The true expected number of detectable UCHIIst mus
the considered frequency), centered on Galactic latitiden@ be weighted by the radial distribution of star formation fire t
spaced every4n longitude. We selected the size of the region iGalaxy.
which the standard deviation of the Galactic emission wdmto  The UCHII sample analyzed in this paper represents only a
calculated as a compromise between the necessity both & hswbsample of the 228 UCHII regions reported by Giveon et al.
a large number of pixels in the region and to remain well iasid2005a), which are distributed in a region of the Galactskdi
the plane of the Galaxy. We show the RMS of the Galactic emigat cover about 52of Galactic longitude. Taking into account
sion for each channel map affi#irent values of Galactic longi- the estimation of Bronfman etlal. (2000), the expected UEHII
tude for the two Planck instruments in Hig. 5. The Galactitcsem that Planck could detect for a similar range of Galactic leng
sion fluctuation strongly depends on the longitude. Thedinst tudes in the anticenter direction could be tens. Note that th
fourth Galactic quadrants (center) are characterized bidni Planck channels that have the higher capability of detgctin
noise with respect to the second and third quadrants (an¢ige UCHIIs are the channels at the lower wavelengths (Elg. 6),
as an obvious consequence of the larger amount of dust in titeere the dust emission contribution is dominant. However,
direction of the center of the Galaxy. the sample selected by Giveon et al. (2005a) has a bias teward

The correctness of the PSM predictions was tested by cosources above the threshold detectability at the radio wave
paring them to the observed all-sky WMAP temperature map flengths. Therefore, it is reasonable to expect that thenaitin
Stokes | at 41 GHz (Q band). The WMAP data were retrievedported here is only a lower limit to the true number of UCHII
from the NASA Legacy Archive for Microwave Backgroundregions detectable by the Planck satellite, as there mayaog m
Data Analysis (LAMBDA), while a sky temperature map at thsources with very low radio emission levels, for actual gefs
same frequency and angular resolution was constructed wits, but with detectable IR dust emission. We emphasizétitsa
PSM. We found very good agreement between them, allowingnclusion is supported by many detections of UCHIIs in the r
us to use our results on the Galactic emission fluctuatioh wigion of the Galactic anticenter obtained with the balloopex
confidence. iment Archeops at mm and sub-mm wavelengths (Deserf et al.

In Fig.[g, we show the percentage of objects from our sam2608).
that could be detected above thetBreshold for each channelof  In many cases UCHIIs have been observed on the borders of
the instruments onboard Planck. Unfortunately, all the UEH larger and fainter Hll regions. In higher wavelength chadsirthe
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direction of the Galactic anticenter, where the Galactiéssion
fluctuation is significantly lower.

Therefore, even though designed for cosmological studies,
Planck should also contribute to the UCHII science. The rich
source database provided by Planck will allow follow-upexbs
vations aimed at the investigating morphological detaith fu-
ture instruments working in the same spectral region, sgch a
ALMA,

The source parameter emission measures were derived both
directly from the 7 mm measurements and, independently fro
a model of the ionized-gas continuum emission. The deifildd
values for each sources are clearly correlated, suppottiag
goodness of the model fit. The analysis of this parameteslead
. us to conclude that our sample could be contaminated by other
300 1000 10000 types of Galactic sources, although all of the selectecktaman

A [pm] be classified as UCHII regions because of their infraredrsolo
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Fig.6. Expected Planck capability of detecting the sample @fknowledgements. Based on observations with the Noto Radiotelescope op-

UCHII analyzed hereDashed line: true source Galactic posi- erated by INAF-Istituto di Radioastronomia. This work haib partially sup-

; Fha : orted by ASI through contract Planck LFI Activity of Phasg. Hhe authors

Flon' Dot daShed line: _results forthe same pOPU|atlon but locate cknowledge the use of the Planck Sky Model, developed byCtiraponent

in the anticenter region. Separation Working Group (WG2) of the Planck Collaboratigve thank the
referee for higher constructive criticism which enabled us to improve ffaper.

Planck beam may be large enough to detect emission from these
associated normal HIl regions. Considering their contitly References

the Planck capability to detect UCHIIs here reported cowd b
an underestimate. Altenhaf, W.J., Thum, C., & Wendker, H.J., 1994, A&A, 281, 161

P . Bennett, C.L., Halpern, M., Hinshaw, G., Jarosik, N., Kogt, Limon, M.,
We conclude that we expect the Planck mission to provide aNyiever, S.S., Page, L., Spergel, D. N., Tucker, G.S.. and aflitbors 20034,

important contribution to studies of UCHIIs, as it will pride ApJS, 148, 1
the scientific community with measurements in a still laygel Bennett, C.L., Hill, R. S., Hinshaw, G., Nolta, M.R., OdegjaN., Page, L.,
unexplored spectral region. Spergel, D.N., Weiland, J.L., Wright, E.L., Halpern, M.,dafi coauthors
2003b, ApJS, 148, 97
Beuther, H., Schilke, P., Menten, K.M., Motte, F., Sridmra.K., & Wyrowski,
F., 2002, ApJ, 566, 945
Bronfman, L., Casassus, S., May, J., Nyman, L.-A., 2000, A&B8, 521
. ini, R., Kreysa, E., Mezger, P.G., & Gemund, H.-P., 198624, 154, L8
We ha?"e p_resented 7 mm (43 GHZ). Observa.tlons of a Samgt#ni, R., Kreysa, E., Mezger, P.G., & Gemund, H.-P., 1986®A, 157, L1
of radio-bright ultra-compact HIl regions carried out withe  chini, R. & Krigel, E., 1986, A&A, 167, 315
INAF-IRA Noto Radiotelescope. The results of this surveg-pr Delabrouille, J. et al. 2009, in preparation
vide a sizeable database of new millimeter measuremerits thegert, F.-X., Macias-Perez, J.F., Mayet, F., Giardino R@nault, C., Aumont,

allow us to characterize the high-frequency free-free riomt iélBiTi“' A., Bernard, J.-Ph., Ponthieu, N., & Tristram, BI008, AZA,

tion from the ionized-gas components of the §elected t8rg84e pree, C.G., Wilner, D.J., Deblasio, J., Mercer, A.J., &BA..E., 2005, ApJ,
The free-free spectrum of each source were derived by nrageli 624, L101

all the available radio and millimeter observations andrtee Dickinson, C., Davies, R.D., & Davis, R.J., 2003, MNRAS, 3369

7 mm data. Draine, B.T., Lazarian, A., 1998, ApJ, 508, 157

s n, M.P., Price, S.D., Kraemer, K.E., Mizuno, D.R., Ca&y., Wright, C.O.,
We. l.Jsed our 7. mm measurements along Wlt.h infrared aﬁagngelke, C.W., Cohen, M., & Gugliotti, M.G., 2003, VizieR dine Data
sub-millimeter data to compile SEDs from the radio to thélRar - catalog, originally published in: Air Force Research LabcHhical Rep.
and to estimate the expected flux densities in the specgi@ine  AFRL-VS-TR-2003-1589
between the cm and the sub-mm ranges. Fa(ndez, S., Bronfman, L., Garay, G., Chini, R., & NymanAL,May, J., 2004,

The study of properties of Galactic UCHIIs is one OLeAiAL‘%Gél?n?qe RA. Claussen, M.J., & Viba, F.J., 1995 A53, 308

the secondary science objectives of the P_Ianck core prograffipeiner, D.P., Davis, M., & Schiegel, D.J., 1999, ApJ45267
(The Planck Collaboratmln_ 2005) therefore, it appears tmb_e Gehrz, R.D., Hayward, T.L., Houck, J.R., Miles, J.W., Hjgilhg, R.M., Jones,
portant to test the capability of Planck to detect UCHII cets. T.J., Woodward, C.E., Prentice, R., Forrest, W.J., Liben&t, & Solomon,
We, thus, estimated the fluctuation of the Galactic emisa®n __ S~ 1995, ApJ, 439, 417

a function of the Galactic longitude by using the Planck Skg(:xggﬂ’ 8 Egg:g’ s':" :g:ggﬂg' B'j"iwmi' E‘t"égggj’ igg' i’gg

Model software package. In this paper, we note that we reppHsiam, C.G.T., Salter, C.J., S, H., & Wilson, W.E., 1982, ARAS, 47, 1
for the first time a quantitative estimation of the emissiometili- Helfand, D.J., Becker, R.H., White, R.L., Fallon, A., & TlettS., 2006, AJ, 131,
ation of the Galactic disk as seen by Planck. As expected, the?525

Galactic emission fluctuation is higher near the center ef thi€lou: G. & Walker, D.W., 1988, IRAS Catalogs and Atlases [Bmptory
Galaxy. When comparing the modeled radid-mm flux den- Supplement, NASA RP-1190, vol 1
y. p g Hoare, M.G., Roche, P.F., Glencross, W.M., 1991, MNRAS, 581

sities to the expected total sensitivity of the Planck ﬁmewe Hunter, T.R., Churchwell, E., Watson, C., Cox, P., Benf@d]., & Roelfsema,
evaluate that few sources are likely to be detected by Planck P.R., 2000, AJ, 119, 2711
the direction of the Galactic center, where the sources of dff"z S., Churchwell, E., & Wood, D.O.S., 1994, ApJS, 91965

._Launhardt, R. & Henning, T., 1997, A&A, 326, 329
sample are located. If we assume that the sample analyZeel mﬁach’ S.M., Cardoso, J.-F.. Baccigalupi. C., Barreir. F3etoule, M., Bobin,

present paper is representative of the whole Galactic Upbfit J., Bonaldi, A., Delabrouille, J., de Zotti, G., Dickinsdd, and 20 coauthors
ulation, we infer a higher rate of detectability by Plancklie 2008, A&A, 491, 597

6. Summary



8

P. Leto et al.: 7 mm continuum observations of ultra comptktegions

Longmore, S.N., Burton, M.G., Barnes, P.J., Wong, T., Ayr€eR., & Ott, J.,

2007, MNRAS, 379, 535

Martin-Hernandez, N.L., Van Der Hulst, J.M., & Tielens, AGM., 2003,

A&A, 407, 957

Motte, F., Schilke, P., & Lis, D.C., 2003, ApJ, 582, 277
Orfei, A., Morsiani, M., Zacchiroli, G., Maccaferri, G., Ba, J., Fiocchi, F.,

2002, Proceedings of the 6th European VLBI Network Sympuosil8

Orfei, A., Morsiani, M., Zacchiroli, G., Maccaferri, G., Ba, J., Fiocchi, F.,

2004, SPIE, 5495, 116

Ott, M., Witzel, A., Quirrenbach, A., Krichbaum, T.P., Stike, K.J., Schalinski,

C.J., & Hummel, C.A., 1994, A&A, 284, 3310

Schlegel, D.J., Finkbeiner, D.P., Davis, M., 1998, ApJ,, %5

Terzian, Y., Dickey, J., 1973, AJ, 78, 875

The Planck Collaboration 2005, ESA-SCI (2005), arXivagth0604069
Thompson, M.A., Hatchell, J., Walsh, A.J., MacDonald, G.&.Millar, T.J.,

2006, A&A, 453, 1003

Toffolatti, L., Argueso Gomez, F., de Zotti, G., Mazzei, P., eesthini, A.,

Danese, L., & Burigana, C., 1998, MNRAS, 297, 117

Umana, G., Burigana, C., & Trigilio, C., 2006, MSAIS, 9, 279
Umana, G., Leto, P., Trigilio, C., Buemi, C.S., Manzitto, Foscano, S., Dolei,

S., & Cerrigone, L., 2008a, A&A, 482, 2, 529

Umana, G., Trigilio, C., Cerrigone, L., Buemi, C.S., & Le®,2008b, MNRAS,

Walsh, A.J., Burton, M.G., Hyland, A.R., & Robinson, G., 898INRAS, 301,

White, R.L., Becker, R.H., & Helfand, D.J., 2005, AJ, 130658

Williams, S.J., Fuller, G.A., & Sridharan, T.K., 2004, A&A17, 115

Wink, J.E., Altenh&, W.J., & Mezger, P.G., 1982, A&A, 108, 227

Wood, D.O.S., Churchwell, E., & Salter, C.J., 1988a, Aph,&D4

Wood, D.O.S., Handa, T., Fukui, Y., Churchwell, E., Sofue, & Iwata, T.,

1988b, ApJ, 326, 884

Wood, D.O.S. & Churchwell, E., 1989a, ApJS, 69, 831

Wood, D.O.S., Churchwell, E., 1989b, ApJ, 340, 265

Wu, Y., Zhu, M., Wei, Y., Xu, D., Zhang, Q., & Fiege, J.D., 2Q0%J, 628, L57
Zijlstra, A.A., van Hoof, P.A.M., & Pearly, R.A., 2008, Ap881, 1296


http://arxiv.org/abs/astro-ph/0604069

