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Abstract. The 7 and 1m observations of the Galaxy ob-numbers of high luminosity and low luminosity YSOs that we
tained by the ISOGAL program offer an unique possibility thave found compare well with the expectations.
investigate and separate the different populations of stars in the
Galactic Plane, in particular to study the population of low flukey words: stars: formation — ISM: Hi regions — Galaxy:
density YSOs which could not be detected with IRAS. structure — infrared: stars

Considering the results obtained by ISOCAM in nearby star
forming regions and in other test fields in the Galactic Plane, as
well as theoretical indications, we establish criteria of generhl Introduction
validity that can be used to select YSOs from the much lar . . .
population of Post Main Sequence (Post-MS) stars presentir?ﬁ#eo (the acronym for Young Stellar Object) is a term widely

ISOGAL fields. The selection is based primarily on the positia sed in the literature to indicate a star in the earliest phases of its

of the sources in the [15] - [7]-[15] diagram, which invoIve?eVOIUt'on’When itis still intimately connected with the material

only ISOGAL data and allows to select objects with IR excede which it originated. The. key characten;ﬂc .Of a YSO of
as possible YSOs using the survey data alone interest for the present work is that the star is still surrounded

The criteria are applied to five ISOGAL fields centered %ﬁ;acdlrj.ity _?r_lr\]/ei:]oepe_ qg?:';:vrgcg:db?gr:;.t? e.ts.tsltlﬁgrlalzs '?ﬁ'on’
| ~ +45° and b~ 0°, covering a total area of 0.504 dedhe seuring it 1 VISIDIE range, emits it » (US

total number of point sources detected in both filters above t%téongly modifying the input stellar spectrum and producing an

confidence limits of [7k 9.5and [15k 8 are 386. The ISOGAL Obssggglfnls ixa?veesfﬁasses from a fraction of a solar mass to
results are compared with radio observations in ordertoidentifx hundr dy lar m nd con ntlv the luminositi
high luminosity YSOs out of the larger population of lowe € hundred solar masses, and consequently the IUMINOSILES

luminosity ones. We find 3 high luminosity YSOs plus 3 dif“fusglIII vary by more than six orders of magnitude. However, the

sources which are associated with HIl regions and 35 lowafronym used remains the same, even though it will refer to

luminosity YSOs. For low flux densities we find a Consister$-tnt|rely different classes of stars according to the stellar mass

- . 0r luminosity.
number of sources (73) detected only ap®which, according . . . .
to the colour upper limit, are classified as candidate YSOs. Forinstance, for YSOs associated with luminous early type

The validity of the adopted criteria for selecting possibig'S (€arlier than B3), the gas-dust envelope surrounding the

) . - tar will emit both in the radio continuum, due to the free-free
YSOs in the ISOGAL fields are also supported by two mdepeﬁ— ission of the ionized gas (HIl region), and in the Middle and

dentresults: 1) the sources classified as YSOs and the candidat . . o

YSOs are often associated with diffuse nebulosities visible%g]r HFTI(N”R and '.:er’] respecth[y), duel 0 tTe dlljstgnlt]/ler |nz|de

15um, landmarks of recent star forming activity, and 2) thte.e reglon orint € surrounding moecular cioud. vany de-

tailed multi-frequency studies of very bright HIl regions have

amply exploited this field of research (for a review paper see

. ) _ _ _ e.g. Churchwell 1991) and models have been developed (espe-

Send offprint requests 1. Felli (mfeli@arcetri.astro.i cially for the earliest spectral types) that can explain the Spec-
This is paper no. 8 in a refereed journal based on data from the, Energy Distribution (SED) from the radio to the FIR and

ISOGAL project - . .
** Based on observations with ISO, an ESA project with instrume tse observed spatial morphology of the emission at different

funded by ESA Member States (especially the Pl countries: Fran gquencies (see e.g. Scoville & Kwan 1976, Rowan-Robinson

Germany, the Netherlands and the United Kingdom) and with the p&.QBO’ Churchwell et al. 1990, Ivéz& Elitzur[1997, Faison et

ticipation of ISAS and NASA al.[T998, Miroshnichenko et al._1999). _ o
*** Table 4 is only available in electronic form at the CDS via anony- FOr later spectral types (later than B3) the radio emission

mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb(@¥ the stellar supply of Lyman continuum photons) decreases
strasbg.fr/Abstract.html sharply and only the IR and sub-mm emission may be observ-
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Table 1.Mean FIR to 5 GHz flux density ratio of HIl regions (Felli etinto luminosities, but, on the average, ISOGAL observations

al.[2000) should be able to detect either (few) intrinsically luminous but
very far YSOs or (many) lower luminosity YSOs close to the
Mpm  (LogFrir - LOgSsGH: ) o Sun. Indeed, ISOGAL observations also avoided nearby low-
12 1.86 0.52 mass star forming regions. They should thus be able to reveal
25 2.62 0.53 solar mass YSOs at 1-2 kpc or intermediate mass YSOs up to
60 3.70 0.51 the Galactic Centre.
100 4.05 0.57

2. The [15] magnitude versus [7]-[15] colour diagram

and the colours of YSOs
able. In the range of luminosities betweeti0 and 18 L, the

YSOs are better known as Herbig Ae/Be stars and the IR exc& shall now explore the location of different types of objects
will come from a disk, an envelope or a combination of the twid € [15] - [7]-{15] diagram to see how YSOs can be separated
(see e.g. Berrilli et al. 1992, Hillenbrand et/al. 1092, Pezzuto'&¢M other types of stars (cf. Fig. 1).
al.[1997).

The YSOs of even lower luminosity, of the order of one sol@.1. High luminosity YSOs

luminosity, are called the T Tauri stars. In the widely adopte

d . .
classification of YSO spectra the earliest phases are called Cfa8Y €t al- [2000) have examined a sample of 263 Hll regions
0 and Class | and have considerable IR emission (Ardral. from the Galactic Plane survey of Becker et al. (1994) which

1993: Lada & Wilking 1984: Lada 1999 and Nafta 1999 fof'€"® detected both in the radio with the VLA and in the FIR
recer;t review papers). ' with IRAS. The mean ratios of the FIR to the 5 GHz flux density

Finally, YSOs of even lower luminosity and with masses ih®3(Fr1r/Fs G 1), averaged over the entire sample, are given
the brown dwarf range have recently been observed in the MIRTPIELL for the four IRAS bands.

(Olofsson et al. 1999). _ A power IaV\_/ extrapc_;latic.)n of these values at 7 and.f&b
The interesting aspect of YSOs is that, even though tA¥€S the following relations:
spread of luminosities is very large, the SED of the eXCeBRg(F yym/F5 cr.) = 1.35+ 0.5 (1)

emission in the IR (and the MIR colours) are rather similar.

This comes from the fact that the MIR emission is producé!‘d

by the same me_chf_;lnism, i.e. re-radiation at lower temperatgir((fg(Fw“m/F5 Gi:) =2.0£05 )

of the stellar emission absorbed by the dust. Consequently the

colour will little depend on the luminosity, but on the overall These relations should hold for the stars with the earliest

optical depth in the dust envelope (Ive# Elitzur[1997). This spectral types (earlier than BO) which are the brightest and most

common characteristic of YSOs will be the basic tool which weasily detectable at 5 GHz with the VLA and with IRAS. For

will use to separate YSOs from the much larger population t&ter spectral types we expect the ratios to be greater, since the

Post-MS stars in the Galactic Plane, which also have someifRizing flux and consequently the radio emission decreases

excess due to dustin a circumstellar envelope produced by miggddly with spectral type, while the IR emission should be less

loss, but with slightly different colour. affected. We also remark that these relations hold only for the
The main goal of the present work is to establish genegmlutionary phase of a luminous YSO in which a well devel-

criteria that will allow us to identify YSOs in the ISOCAM ob-0ped Hll region is present. For even earlier phases, if the radio

servations of the Galactic Plane carried out during the ISOGA&mMission is strongly self absorbed and/or the input luminosity

program. ISOGAL observed scattered regions in the Galact@mes from accretion, the ratio can change in a way that is

Plane at 7 and 1pm (Perault et al 1996, Omont et al. 2000)difficult to predict.

The criteria are derived from existing ISOCAM observations The conversion from flux densities (in mJy) to magnitudes

as well as from theoretical indications and are tested on fif@ the LW2 and LW3 filters (Blommaeit 1998) are:

Galactic fields at kb +45°, observed during the ISOGAL pro- _ 4 1 —0.4[7

gram in the two broad band filters LW2 (5.5-&%) and LW3 Firjom/m.Jy = 9.03 10 107047 @)

(12-18um). Fi5 ym/mJy = 1.98 10* 1070415 (4)
To avoid saturation effects, the ISOGAL fields were de-

signed to exclude strong IRAS sources. As a result of this lim¢here [7] and [15] are the magnitudes at 7 anqufibrespec-

itation, usually no IRAS source withF,,,, > 6 Jy should be tively. The [7]-[15] colour is given by:

present in the ISOGAL fields observed with broad band filter; .
The net result of this observational constraint is that we am — (18] = 1.65 — (LogFy — LogF5)/04 ®)
bound to explore sources with relatively low flux densities, not With the use of the two previous relations (Egs. (1)-(2)) it
accessible by IRAS, namely from thel0 mJy limit of the ISO- becomes [7]-[15] = 3.3 1.

GAL data at 15:m to the upper limit quoted above. Because of If we use relation (2) for 1om at face value we obtain

the unknown distance this limitation does not translate directlye correspondence between MIR and radio flux densities for
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Table 2. 5 GHz and 15:m flux densities of Hll regions derived from  Similarly, using the SED of the four classes of YSOs we

Eq.(2) can see that Class 0 objects (the least evolved) have [7]{15]
10, Class | [7]-[15]~ 3, Class Il [7]-[15]~2.2 and Class llI
Fis/mJy [15] Rgeu-/mly [7]-[15] < 1 (André et al[1993; Lada & Wilking 1984; Lada
12.5 8.00 0.125 1999). These are the more evolved, with little IR excess and,
100 5.74 1.0 consequently, we do not consider them as YSOs.
250 4.75 25
1000 3.24 10.0

2.4. Models of dusty envelopes around young stars

An alternative and independent way to estimate the expected
HIl regions, shown in Tablg]2, which clearly illustrates thaﬁolour of YSOs is to use the results of SED modelling presented

ISOGAL observations go much deeper than radio observatididhe literature.

in detecting YSOs associated with HIl regions. In fact, in the Faison etall(1998) recently modelled the SED of dusty HIl

survey mode the VLA sensitivity is 2.5 mJy. regions. From the published fits to the observations we have
That this is the appropriate range of colours for Hil regiorf€rived the flux densities at 7 and A for the envelopes sur-

is also confirmed in the ISOGAL field at (I,b) = (-0.27, -0.03jounding two stars of different spectral types: an O5.5 (F

discussed by Schuller et dl, (2000). Out of amuch larger popuf840 K) and a BO (Iy; = 33400K). In both cases the [7]-

tion of AGBs, there are 10—20 sources which could correspoﬁé] colours are S|m|Ie_1r and-1.8. Variations around this value

to radio HIl regions. All are clearly displaced from the rest i€ expected depending on the parameters of the dust envelope

the [15] - [7]-[15] diagram, with colours [7]-[15] larger than 2(temperature at the inner and outer parts of the envelope, density
and with [15]< 4. profile, inner and outer radius, etc) and the varying extinction

along the line of sight.
) o In order to construct a consistent set of colours and magni-
2.2. Intermediate luminosity YSOs tudes expected for a wide range of YSO luminosities, we used

Hillenbrand et al.[(1992) have examined a large sample of H&¢ DQST\E code (lvezt & Elitzur[1997) to solve for the SED
big Ae/Be stars and classified them into three groups. For Gratfperging from a spherical dusty envelope around a young stel-
I the IR excess is interpreted as coming from a disk and the SEh source. Faison et al. (1998) and Miroshnichenko, bvézi

for A > 2 umis \Fy ~ A~%/3, which translates into [7]-[15] = Elizur (1997) showed that the infrared part of the SED of high
1.37. Group Il has a higher IR excess and is best interpretecPfél intermediate luminosity YSOs is well represented by a cen-
young, intermediate-mass stars or star/disk systems surroun@@gZAMS stellar source surrounded by a spherical envelope
by gas and dust which is not confined to a disk. From the ofith a shallow density profile and an overall optical depth in
served SED the [7]-[15] colour is estimated to be-®.4. Fi- therange £ 7y <100. Using the stellar parameters.(IT. )
nally, Group Il stars do not have IR excess and have very Id{®m Schmidt-Kaler((1981), a 1.5 index power law density pro-
MIR flux densities. They could be young, intermediate-maéi¢ for the dusty envelope and an overall optical depth at V
stars which lack disks and which may be the higher mass and®9ing from 1 to 100, we computed the emerging spectra for
gous of disk-less T Tauri stars. For these stars [7]-[15] is low@gntral stars with spectral type in the range from GO to O6.
than 0.9. Note that the Hillenbrand et aI. (1992) classificatidi'€ [7] and [15] magnitudes were then obtained convolving the

is not consistent with the widely adopted classification for logmputed spectra with the LW2 and LW3 band profiles, after
mass YSO SEDs. scaling the computed spectrum to have the correct total lumi-

nosity at a fiducial distance. In all cases the colours are in the
. range 1.5[7]-[15]<1.8. However, note that adding external
2.3. Low luminosity YSOs extinction from cold (i.e. non emitting in the mid-infrared) dust

Selected nearby star forming regions far from the Galactic Pla#€nd the line of sight (either in the YSO's parental cloud or in
(inChamaleon, Ophiucus, Serpens, Corona Australis) have bihplane of the Galaxy) will move the colours to higher values.
observed with ISOCAM in the same two filters (LW2 and LW3)

by Olofsson et al.[(1996), Nordh et al. (1998), Bontemps g5 | ate type Post MS stars

al. (1998) and Olofsson et al. (1999). These fields are less

crowded by evolved stars, more rich in low luminosity YSOW) order to establish the region of the [15] - [7]-[15] diagram
and field stars suffer lower line-of-sight extinction than typicdiopulated by late type Post-MS stars with IR excess (AGBs and
ISOGAL fields. In all cases they find a clear dichotomy in thong period Mira Variables) we refer to ISOGAL fields observed
[15] - [7]-[15] diagram between sources with and without IR eyl the Galactic Bulge in two windows of low extinction (the
cess. The former (YSOs) have [7]-[15] between 1 and 2, whiraade’s Windows, Glass et al. 1999) and in the intermediate
the latter have [7]-[15] around 0. To discriminate between tigalactic Bulge (Omont et al. 1999a). These fields have a low
two types of sources they use values of [7]-[15] between 0.5

and 0.9, independent of the magnitude. In RCrA the derived DUSTY is available on the www

luminosities imply masses in the range of brown dwarfs.  at: http://www.pa.uky.ede/moshe/dusty
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5 s B A magnitudes ([15K 5.5) the separation between Mira Variables

OH/IR stars | 1 and OH/IR stars from HIl regions, Ae/Be Group Il and Class |

- 300 4+ YSOs s taken as the vertical line at [7]-[15] = 1.8 (see Schuller

L e | etal[2000).

s i | This dividing line is quite different (and more conservative)

S than that adopted by Olofsson et al. (1999) for the RCrA field

y ([7]-[15] = 0.5) or Nordh et al.[{1998) for nearby star forming

i o 1 regions ([7]-[15] = 0.9). Had we used their criteria the number

i #1000 -~ ofpossible YSOs in our fields would have been almost an order

. ~ Ae/BeGrowp L~ 4 of magnitude greater and comparable to that of evolved stars.

L / Class 1 /,// 1 Clearly, their criteria are applicable only in fields where the

/ Class 11 e | density of evolved stars is much smaller than that of YSOs and
' the extinction along the line of sight is very low.

The intrinsic colours and 1m magnitudes may be altered

[15]

g ~
L AGB ¢ . Ae/Be Ggm@ 1 B

® // g w20 | Dbyinterstellar extinction. The arrow in the lower right in Fip. 1
r | o 7 indicates the shift for A= 20, assuming the very uncertain re-
F // 1 lations A; = 0.028 A, and A5 = 0.015 A, found by Jiang et
L 44000 1 al. (2000) inthe ISOGAL field at (I,b) = (-18.63+00.35). The ef-
10 i’ N B fect of extinction may be important and has then to be taken into
-1 ° t (7] - [15] ° 3 4 account before attempting any separation into different classes

of objects as illustrated in the heavily extincted ISOGAL field
Fig. 1. The [15] - [7]-[15] diagram. The short-dashed line gives the prat (I,b) = (-0.27, -0.03) (Schuller et al. 2000), where the entire
posed separation between YSOs (to the right) and evolved stars (toAl®B sequence seems shifted to the right.
left). The. IocaFion of diﬁergpt types of quects is indicated. The long- |n Fig [T the colour and [15] magnitude of a black-body with
df‘Sh%d 't'rt‘ﬁ 9(;‘_’9: the p}?i'lt('on('” ggg@d'?%alin c;f ""_tﬁ%ma‘:k'b‘:dy luminosity of 10 L, at a distance of 1 kpc and with temperatures
placead al e distance O pc (o a pC) wi empera uresf K 4 Ki h f : M ith
300, 400, 500, 600, 700, 800, 900, 1000, 2000, 4000 K marked by crl]rrngnR:geo)?CeSt: hg\?é)[?]l.?lsf,],o(\)/vn or comparison. MS stars wit
cles. The arrow in the lower right indicates the displacement forA The dot-dashed line in F@ 1 limits the region of confidence
in"the [15] - [15]-[7] diagram (the upper left) resulting from

20. The dot-dashed line defines the region of confidence imposed by
the conditions [7k 9.5 and [15]< 8 magnitudes. L A > )

the limits [7] < 9.5 and [15]< 8 magnitudes, which will be
discussed in Appendix A.

amount of galactic interstellar matter along the line of sight (Av It is obvious that the suggested separation between YSOs
~ 2 for the Baade’s Windows and Av up to 7 for the intermediafd ate type stars is rather artificial. Contamination of the two
Galactic Bulge) and hence a low expected presence of YS@&as in which we have divided the [15] - [7]-[15] diagram from
but, at the same time, are richly populated by Post-MS starsObjects of the other type is expected due to several indepen-
The sources observed by ISOCAM in the two filters are glEnt causes: 1) errors in the observed magnitudes (which will
evolved stars and are located in a sligthly inclined strip of tt€ discussed in the next section), 2) unknown correction for
[15] - [7]-[15] diagram which represents a sequence of incregtinction; this effect will be particularly important since the
ing 15um dust emission: the mean [7]-[15] colour4s0.2 at Population of evolved stars in the Galactic Plane is much larger
[15] = 9 and increases to 1.4 at [15] = 5. The region with high&#an that of the YSOs, and 3) intrinsic spread of the colours.
magnitudes ([15}> 6) is populated by late type M-stars on thdn fact, the colour is a sensible function of YSO evolutionary
AGB, the region with lower magnitudes ([15] 6) by Mira Status, of the geometry of observations for disks inclined with
variables. For even lower magnitudes ([53.5) association réspect to the line of sight, and of chemical differences. How-
of ISOGAL sources with OH/IR stars has been found (Schullg¥er, the adopted separation should be sufficient, especially on

et al[2000, Ortiz et al. 2000). large samples, to provide a first list of possible YSOs, to be
further confirmed by additional observations in other bands or

. . spectroscopy.
2.6. .A schematic separation of sources An estimate of the contamination from evolved stars using
in the [15]-{7]-[15] diagram the above criteria can be obtained using the ISOGAL results to-

From all the indications presented in the previous sections thard the Baade’s Windows (Glass ef al. 1999). The total number

position of different types of stars in the [15] - [7]-[15] diagran®f objects detected at both 7 and 4% above our confidence

is summarized in Figl1. levels in the two Baade’s window fields is 224, no extended
For the separation between AGBs and intermediate lunM!R sources are detected in these fields. Out of the 224 sources

nosity YSOs (Class Il and Ae/Be of Group I) we have adoptdd would be selected as YSOs using our colour criteria, none

an inclined line, from (mag, col) = (0.4, 9) to (mag, col) = (1.89f which with [15] < 5. All the 11 sources but one are very

5.5) to take into account the inclined strip of AGBs. For lowe#l0se to the separating line. Under the extreme assumption that
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the two Baade’s Window fields do not contaany YSO, the Table 3.Parameters of ISOGAL fields
maximun contamination using our selection criteriais$s%.
The contamination will be very strong close to the separatifig!d Name Orbit-Frame dl db ra. dec Filter
line but will be increasingly less important farther to the rightA-7 +44.99+00.73 48300172 0.10 0.15 19.18 11.05 LW2
of the separating line. A-15 +44.99+00.73 72101803 0.10 0.15 19.18 11.05 LW3
Finally we note that Class 0 YSOs (Aridet al[ 1998) will B-7 +44.99+00.35 48300274 0.18 0.17 19.21 10.88 LW2

not be detected in our survey because they are too heavily Bxl5 +44.99+00.35 13901157 0.18 0.17 19.21 10.88 LW3
tinguished to be observed at 7 or 1 C-7 +44.99-00.21 48300173 0.18 0.30 19.24 10.62 LW2

C-15 +44.99-00.21 13900956 0.18 0.30 19.24 10.62 LWS3
D-7 +45.23-00.32 48300175 0.14 0.13 19.25 10.78 LW2
3. The ISOGAL observations D-15 +45.24-00.30 13901159 0.13 0.15 19.25 10.80 LW3
E-7 +44.95-00.75 48300276 0.10 0.15 19.27 10.33 LW2
The complex data reduction procedure used to produce the ISr5 +44.95.00.75 72101804 0.10 0.15 19.27 10.33 LW3
GAL images from the ISO observations with ISOCAM are de-

scribed in RBrault et al.[(1996) and Omont et al. (1999a) for the
most recent procedures (see also Glass ét al.| 1999 and Omont
et al[1999D).
Point sources are extracted from the ISOGAL images wittffandidate UC-Hll regions, while the other 15 are most probably
specific program written by C. Alard at IAP. This program firseackground extragalactic non-thermal sources.
re_samp|es the image onafiner grid, then determines an ana|ytic0bservati0n5 atother radio Wavelengths and resolutions will
expression of the point Spread function (PSF) by ana|yzing tﬂﬁo be used when available. In particular, we shall make exten-
brightest sources in each image. Then it finds sources by méiye use of the 1.4 GHz NRAO VLA Sky Survey (NVSS - Con-
mizing the correlation with the PSF. Once detected, sources @@ et alC1998). The NVSS used the most compact VLA con-
extracted by means of least square PSF fit. The method stfgtdration (D array) with a flux density limit of 2.5 mJy/beam
with the brightest sources, removes them, and follows iterativdly 0-5 mJy/beam rms) and an angular resolution-of5”.
to the fainter ones. This is a powerful method, even in crowded The flux density limitin NVSS and TFT are both2.5 mJy
fields, since it is able to extract overlapping sources correctifld correspond to [15} 4.75 (see Tabl&]2). Consequently,
However, at this stage an extended source cannot be extract@@re should be many YSOs in the ISOGAL fields which do not
After the elimination of the false replication sources due féave a radio counterpart and, conversely, any radio-identified
memory effects of the receivers (see e.g. Omont ét al. 199b4! region should have a bright MIR counterpart.
appendix B]_)’ the two lists of point sources (7 anqum The basic tools that will be used to |dent|fy the YSOs from
are then cross-correlated to provide a single list that contath§ much larger population of stellar objects present in the 1ISO-
sources detected in the two filters and sources detected onl{piL fields will be:
one filter. This list is saved in the ISOGAL archive. The list
are then edited for non perfectly matching edges of the fields
in the two filters, eliminating sources detected only in one filter
because they are outside the observed field in the other filter.
Sources too close to the border of the fields are also eliminated.

For point MIR sources we shall select YSOs on the basis
of their position in the [15] - [7]-[15] diagram and, for the
brightest ones, on the correspondence with thermal radio
sources. In this context it must be noted, as will be made
clear in the analysis of individual fields, that only a subset
of the ISOGAL sources are detected in both filters. A large
4. The ISOGAL fields at | = +45° number of sources are detected an7 only, with a smaller
fraction at 15:m only. This is an effect due to the intrin-
sically different SEDs of the sources. The following dis-
cussion will concentrate primarily on the sources detected
in the two filters. Those detected only atm will not be
considered in our analysis because most probably they are
evolved stars. We shall retain in the analysis those detected
only at 15um when the lower limit to the colour brings them
into the region of the YSOs.

For the extended sources in the ISOGAL fields we shall
rely on a morphological comparison with available radio
interferometric observations.

The choice of the ISOGAL fieldg &= +45° for a first analysis
of the YSO content is motivated by the desire to find a region
representative of a typical situation in the plane: i.e. not over-
crowded by evolved stars, not too strongly extincted and not
centered on a well known star forming region. Moreover, this
region had been expressly observed in the radio with the VLA
at 3.6 and 6 cm by Testi et al. (1999, hereafter TFT) in order to
have comparison radio observations. 2
A total of 34 discrete radio sources were detected by TFT,
13 of which clustered in five separate extended complexes. The
5 complexes were all multiple or single extended thermal Hll
regions. For each of these complexes a bright IRAS counter- The parameters of each of the five ISOGAL fields are given
part could be found and the IRAS colours satisfy the Woaod Table[33, where a conventional short name (A-7 to E-7 and
& Churchwell (1989; WC89) criteria for HIl regions. No IRASA-15 to E-15) has been introduced for simplicity. The other
counterpart could be identified for any of the remaining 21 radamlumns contain: 2) the galactic coordinates of the centre of each
sources. According to the radio spectral index six of these digld 3) Orbit-frame: the first three digits are the ISO orbit and
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the last five the number of the frame, 4) and 5) the approxim:
extension (half-length and half-width) of the field in (I,b), 6) an:
7) J2000 right ascension (in hours) and declination (in degre
of the field centre, and 8) the filter used.

A graphical view of the five observed fields in galactic cc
ordinates is given in Fifl 2, where the grey scale images are :
15um ISOGAL observations, the grey contours represent t L
radio sources from the NVSS and the crosses the positions fr
TFT. It is clear that several bright and extended radio sourc
(most of them HIl regions) are just outside the edge of the IS

GAL fields (for example between fields B and C). This resul o gt :

from avoiding IRAS sources withjg ,,,, > 6 Jy. S G o s =
The full contours are from the CO{D) survey of the Galac- i \

tic Plane (Dame et al._1987). The CO{(Q) data indicate that | L"'i'

our fields are not coincident with a peak in the CO emission a 3
that field A is in a region totally devoid of noticeable CO emis I !
sion. Consequently, given the small molecular column densi
the extinction should be moderate and the expected abunde —0.5
of YSOs not particularly high. L

4.1. Evaluation of accuracy of the ISOGAL observations

The general characteristics and quality of the ISOGAL da
have been discussed in various fields, especially through e e ST o
peated independent observations of the same regi@rayP 45,5 45 44
et al[1996, Omont et al. 1999a, Glass et al. 1999, Omont et
1999h, Ganesh et al. in preparation, Ojha et al. in preparation,.
Among the observations of the fields at +45°, the LW2 and Fig. 2. The five ISOGAL fields at 1&xm (grey scale). The grey contours
LW3 observations of fields C and D which are partly overlapepresentthe radio sources fromthe NVSS and the crosses the positions
ping also offer this possibility (see Appendix A). However, thisf the radio sources from TFT. The full contours are from the GaL
overlapping area is relatively small and a large part of it is at tB&rvey of the Galactic Plane (Dame etlal. 1987), the dashed contour
edge of one of the rasters, where the data are of inferior qualf§ @rea observed by TFT.

because near such edges a sky position is observed only once,

instead of twice. 4.2. Description of the individual fields

The results of all these discussions are rather consistent.

A good degree of completeness and reliability is generally Fig.[3 we show the colour-magnitude and magnitude distri-
achieved fof7] < 9.5 and for[15] < 8. butions for each of the five fields. In the plots we also include

The photometric accuracy is estimated from repeated obsgqurces with [7}> 9.5 and [15]> 8, although we will not con-
vations and retrieval of artificially added sources. The typicgider them in the discussion.
rms is~0.2-0.3 mag. This increases for the weakest sources The two right columns give the distribution of sources as
and in edge regions such as a part of the overlapping area2dgnction of the [7] and [15] magnitudes. The solid line gives
fields C and D. Systema’[ic biasesdd.1-0.2 mag are still pos- the sources detected at both Wavelengths, the short dashed line
sible because, in particular, of the difficulty of the correction dhose detected only at 7 or 1n, respectively.
transient effects. Biases can reach 0.3-0.5 magnitude in partic-The left column give the [15] magnitude versus [7]-[15]
ular fields where defects of data processing are not yet correcé#pur. The crosses represent the sources detected at both wave-
(Schuller et al2000). lengths, the right arrows those detected only atitband rep-

We conclude that the confidence limits 47& = 9.5 and resent lower limits to the true colour (i.e. the point should be
[15] = 8.The sensitivity limits of the ISOGAL observations arénoved to the right) assuming [7] = 9 magnitudes. In Table 4 we
nearly one magnitude greater, but the confidence at such faigit for all fields (with no overlap) the sources that satisfy our
magnitudes is lower. The photometric errors can reach 0.3—g@pfidence criteria, i.e. [A 9.5 and [15]< 8, as well as those
magnitude even for sources one magnitude brighter than fitected only at 16m and with lower limit to the colour to the
confidence limit. They can be greater close to the edges of fight of the dashed line. Table 4 contains name of the sBurce
fields and for sources close to the confidence limit or faintery
they can even be of the order of 1 magnitude for faint SOUrceSy
close to the edges (see also Appendix A.).

| (deqg)

Following the standard format agreed with CDS the name is
GAL-PJhhmmss.s+ddmmss, where P stands for Provisory, J for
equinox J2000, hhmmss.s hours, minutes and seconds of right ascen-
sion, ddmmss degrees, minutes and seconds of declination
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44.99-00.21 — LW3

I ' I
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o
o
o
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10°20'00" - -

N N 1 N N N L N 1 N N N N N
h m S h m S h m S
19715700 19714700 19713700 £ 6. Field C (44.99-00.21). Caption
o (2000) as in Fig[%.

7 and 15:m magnitudes and an identification code: 1) “YSO'This is consistent with the location of Field A in a direction of
for those detected at 7 and A& and with colour to the right of very low CO column density, as indicated in Fiy. 2.
the dashed line, 2) “cYSO” (candidate YSO) for those detected
only at 15,um and with lower limit to the colour to the right 0f4'2'2_ Field B (44.99+00.35)
the dashed line.
In Fig.[3 we show the 1am image of Field B, with the YSOs
4.2.1. Field A (44.99+00.73) overlayed.

Comments:
In Fig.[4 we show the 1am image with only the YSOs marked
with a cross.

Comments:

1. The number of sources detected in both filters above the
confidence limits is 112.
2. The sources detected only at/dfh are a considerable frac-

1. The number of sources detected in both filters above the tion of the total detected at 36n.

2. Inthis field the percentage of sources detected onlyapi5 ~ PJ191246.3+104551) coincides with a NVSS source which
is the smallest of the five fields considered. has a flux density of 4.3 mJy and is unresolved with a res-

3. There are 7 YSOs, none of which with [15]5. olution of ~ 45”. This source also coincides with the ®

4. There are 2 cYSOs. B maser reported by Testi et gl. (1997). The coincidence with

5. There is no TFT radio source (but the overlap with the area the NVSS source confirms the correctness of the previous
6. There are no extended structures which may mimic diffuse indregion. However, we do notfind any radio counterpartin

extended HIl regions. TFT. One possible explanation for this non detection by TFT
7. The YSOs tend to be located in areas with stronger diffuse IS thatthe source is optically thin and slightly extended, mak-
15,m emission. ing it too faint for the 3—6' resolution of TFT. Alternatively,
8. The area covered is 0.058 square degrees. it could be a non-thermal jet of the type found associated

with the H,O maser in W3(OH) (Reid et dl. 1995).
In summary, all the indications (no radio source, no YSOs More sensitive VLA observations are needed to settle this
with [15] < 5, small percentage of sources detected only at point.
15um, no extended structures) point out that this field is con#. There are 8 cYSOs.
pletely devoid of bright YSOs associated with HIl regions an&. There are 4 thermal sources from TFT: 2,3,8 and 9. None
is populated by a small number of lower flux density YSOs. of these has an ISOGAL counterpart. This is surprizing in
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view of the discussion of Se€l. 4. Source 9 has also been Comments:

detected in the NVSS with a flux density of 3.3 mJy. Source

9 coincides with a weak “hole” in the background surfacé-

brightness distribution at 1&m. The possible speculation

is that source 9 is a very young source with extreme visual

extinction, similarly to IRAS23385+6053 (Molinari et al.
1998).

6. The YSOs tend to be associated preferentially with diffusé

features or small nebulosities in the A image.

7. The area covered by this field is 0.117 square degrees. 3.

In summary, this field has one high flux density YSO iden-
tified from the radio correspondence (1.4 GHz only), its colour
and the presence of an,B maser, and 8 YSOs of lower flux
density.

4.2.3. Field C (44.99-00.21)

In Fig.[6 we show the 1am image of Field C, with the YSOs
overlayed. 4
Comments:

The number of sources detected in both filters above the
confidence limitsis 37, considering only the region not over-
lapping with Field C. As in the previous field centered on
the Galactic Plane, the number of sources detected only at
7 um is overhelming.

The number of sources detected only atirbis comparable

to that of those detected at both wavelengths.

There are 4 YSOs: two are rather weak and two are
very bright, with [15] = 2.5 and 3.1. The brightest YSO
(ISOGAL-PJ191538.8+104109) is surrounded by extended
MIR emission. It coincides with the thermal extended radio
source 34 of TFT (see Fig. A6 of TFT) and has a NVSS
counterpart. It is the best example of YSO identified with
an Hll region in our fields. The other bright YSO is point-
like and close (though not exactly coincident with) a faint
(4.5 mJy) NVSS source; this radio source is not detected by
TFT.

. There are 8 cYSOs plus one in the region overlapping with

Field C.

1. The number of sources detected in both filters above tle The area covered is 0.070 square degrees.

confidence limits is 153.
2. The number of sources detected only gt.iiis comparable
to that of sources detected at the two wavelengths.

In summary, this field contains a canonical example of an

HIl region, two high luminosity YSOs, one of which in the Hill

3. There are 6 YSOs, none of which with [15]5, nor witha  "€9i0n, two lower flux density YSOs and 8 cYSOs.

radio continuum counterpartin the NVSS or in TFT. One of

the YSOs (ISOGAL-PJ191528.4+104012) is in the region2.5. Field E (44.95-00.75)

of overlap with Field D butitis not classified as a YSO in that

field. However, the colour for this source is very uncertaifft Fi9{8 we show the 1pm image of Field E, with the YSOs
due toits weakness (7] = 8.9 and [15] = 7.9 magnitude). TvYerlayed.

of the YSOs are embedded within a diffuse region gtttb

Comments:

partly visible in the lower corner, which is also detected in e number of sources detected in both filters above the

the radio continuum as an extended source by the NVSS and
is mostly outside the area observed with ISO (se€[Fig. 2).,

. There are 34 cYSOs.

[S20F

also present in the NVSS.

. In TFT there are 3 sources (20,21 and 25), all non-thermal.
None of these has an ISOGAL counterpart. Source 25 is

confidence limits is 40.

Even though this field is centered at b = -0.78s distri-
bution of sources as a function of [7] and [15] magnitudes
is more similar to those in the Galactic Plane than in its
counterpart at b = +0.73i.e. a large abundance of sources
detected only at Zm and similar numbers of sources de-

6. There are 15 NVSS sourcesinthe field, none of which shows tected only at 1%m and at both wavelengths. We note that

coincidences with ISOGAL sources, except for the extended

in this direction the CO emission is stronger than towards

radio source at the south edge of the image (see alsQFig. 2)iaiq A (see FidD).

which is only partly covered in the ISOGAL image.

image.
8. The area covered is 0.203 square degrees.

In summary, even though this field is centered on the Galab-

3. The overlap with TFT is very small (see Hi@. 2) and there is
7. Also in this case the YSOs tend to be associated preferen- P y ( 1. 2)

tially with diffuse features or small nebulositiesinthed 4

no thermal source.

There are 12 YSOs, none of which with [18]5. None

of these has a corresponding NVSS source. Almost all are
surrounded by a diffuse nebulosity.

There are 21 cYSOs.

tic Plane, there is only one extended Hll region at the edge 6f There are 7 NVSS sources in the field. One is located close

the field, no bright YSO and a large number of low flux density
YSOs and cYSOs.

4.2.4. Field D (45.23-00.32)

In Fig.[2 we show the 15m image of Field D, with the YSOs
overlayed.

to the top right corner, where a diffuse nebulosity is partly
visible. Inthe central part of the 1Bn image there is a bright
diffuse nebula, which corresponds to an extended source in
the NVSS image (see Fig. 2). Five of the YSOs are located
in close connection with this extended nebula. The source
seems to be an extended HlIl region around a young stellar
cluster.
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Table 5. YSOs in tte | = +45’ fields
A B C D* E Total so L
L C S et -
Extended at 15m 20 | P
with radio emission - - 1 1 1 3 |
High luminosityYso - 1 - % - 3 L Y¥SOs
Low luminosity YSO 7 8 6 2 12 35 F b -
Candidate YSO 2 8 34 8 21 73 15 - B
Total 9 17 41 13 34 114 i P ’
* Only the part of Field D not overlapping with Field C is considered,
> One of the high luminosity point sources is within the extended P
source. 10+ P
7. The area covered is 0.058 square degrees.
In summary, there is an extended MIR-radio Hll region, 12 °r ]
YSOs and 21 cYSOs.
4.3. dentified YSOs ol 1. v I
2 4 6 8
The number of possible identified YSOs are summarized in [15]

Table[3. . L . . _Fig. 9. Histogram of YSOs and cYSOs as a function of the [15] mag-
The most secure identifications are the 3 high luminosify qe.

point-like sources associated with radio continuum emission.
There are 3 extended sources associated with diffuse radio emis-

sion and classified as HIl regions. There are 35 possible lovg{g small diameter sources in the same area): (11 + 12 + 30),
luminosity point-like YSOs (without radio emission). Theymay13 + 15 + 16 + 17 + 31), (34), (18 + 33) and (32), and 6 iso-
suffer some contamination at the higher [15] magnitudes apled small diameter thermal sources: 2, 3, 8, 9, 19 and 22. Of
close to the separating line. Of the 35 only 7 are in this situge five HIl complexes, only (34) is within the area covered by
tion, while the rest are sufficiently far from the separating lingsOGAL. Of the small diameter ones, 19 and 22 are outside the
to make contamination much less probable. The total numigea covered by ISOGAL. We do not have an explanation for
of objects detected at both bands above the stated confideeSack of an ISOGAL counterpart to the thermal radio sources
levels in the five ISOGAL fields is 386, thus the maximum COI’Q, 3,8 and 9, apart from invoking extreme|y h|gh visual extinc-
tamination from reddened evolved stars is at most 19 objectgdns of the type discussed by Molinari et &l. (1998). In order to
we use the 5% contamination derived for the Baade's Wind@¥nfirm this hypothesis submillimeter continuum observations

fields. Follow-up near infrared and sub-millimiter observationgd molecular observations in high density tracers are required.
are required to ascertain the nature of every single object in this

sample. There are 73 candidate YSOs (detected onlyat.5
by far the larger number. However, the weakest cYSOs nedDiscussion
to be validated since residual artefacts, such as false replica-
tion sources due to remanence effects (Glass &t al. 1999),%?1(-,i Expected number of YSOs
possible. Given the much greater sensitivity of ISOGAL with respect to
The histogram of YSOs and cYSOs as a function of the [LBRAS it is interesting to compare the expected number of YSOs
magnitude, shown in Fifl 9, indicates that: 1) the number iof the ISOGAL fields with the observed one in order to have
identified YSOs decreases at brighter magnitudes, as expecéedindependent check on the validity of the adopted selection
2) for 6 < [15] < 7.5 the two distributions have comparableriteria.
values, 3) the cYSOs distribution has a large peak for sources Dealing with such a large range of luminosities, the first
close tothe limiting magnitude, due to the loss atmof sources step is to find out the limiting distance at which a YSO can
with [7]-[15]>1.5. It is clear that the classification of thes®e detected with the ISOGAL sensitivity, as a function of its
sources is the most uncertain. luminosity. For this it is important to know if the 7 and b
The number of HIl regions identified by TFT is larger thafluxes scale linearly with the YSO luminosity.
that found by ISOGAL. This is because the TFT survey covers For two close-by star forming regions (RCrA and Chama-
uniformly the region centered b= + 45° and many of the radio leon scaled to the distance of RCrA, equal to 129 pc) Olofsson
identified HIl regions lie outside the boundary of the ISOGALet al. (1999) find that the i/Zm flux density of identified YSOs
fields, which were chosen to avoid bright IRAS sources. In pageales linearly with luminosity for the range of luminosities of
ticular, TFT identify five HIl complexes (i.e. including extendedheir samples, i.e. for -2 LogL/L, < 1.5. The relation is:
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Fig. 10. Luminosity versus 7:m flux density (at 129 pc) relation for *
YSOs. The thick line gives the relation of Olofsson etlal. (1999). The~
dotted line is the extrapolation to higher luminosities. The two filledS>  +
diamonds correspond to the model calculations by Faison gt all(1998). |
The open circles connected by solid lines are our calculationsusing 0 . |, . 1. 1y eyt
the DUSTY code (see text for details). -60 -40 -20 O 20 40 60

1

bfyig. 11. Surface density of IRAS sources on the inner Galactic Plane,
defined agl| < 70° and|b] < 0.9°, satisfying the WC89 colour
criteria. Upper panel: surface density as a function of galactic latitude;

distance/kpc  0.129 1.0 5.0 100 200 250 lower panel: surface density as a function of galactic longitude.
LogLLo) -149 029 169 229 289 3.08

Table 6. Lower luminosity versus distance for YSOs detectable
ISOGAL at 7um

From Tabld 6 we see that YSOs associated with early type
LogL/Le = LogF;/Jy + 0.34 (6) stars with luminosities greater than*t0L, should be de-
tectable throughout the Galaxy (for Av = 0), while YSOs as-
In order to extrapolate this relation to higher luminositiesociated with stars of lower luminosities can be observed only
we checked it against the predictions of the models describedimto increasingly smaller distances.
Sect2.1. In Fid. .10 we reported as a dotted line the extrapolation WC89 find that there are 1708 IRAS sources in the Galactic
of relation[®, the thick line corresponds to the range of fluxédane that satisfy the colours criteria of UC HIl regions. They
and luminosities used by Olofsson etlal. (11999). The open circkdso state that IRAS should detect at i all 09.5 ZAMS
connected by solid lines are the DUSTY model results (scalstirs and hotter anywhere in the Galaxy. They estimate that
to the appropriate integrated flux at 129 pc) for central stars: GBeir sample is dominated by the high-luminosity stars, with
F5, FO, A5, A0, B5, B0, and O6. The three lines correspond $ome nearby lower luminosity ones. To make the statementmore
three different values of the overall optical depth of the envelopeantitative, we shall use as a representative mean luminosity
(rv=1, 10, and 100). The two filled diamonds represent twaf the stars of the WC89 sample Log(L4)=4.5. In Fig[11 we
model results from Faison et &l. (1998). show the surface density distribution of IRAS sources satisfying
The fact that RCrA and Chamaleon star forming regiortee WC89 colour criteria in the inner Galactic Plane, defined
suffer little extinction makes the comparison between observast |/| < 70° and|b| < 0.9°. The latitude distribution clearly
and model flux densities possible. Given our purpose of findisgows a strong concentration of sources toward the plane (see
the approximate flux of a YSO for a given distance and luminoalso WC89), while the longitude distribution is approximately
ity, the agreement within 0.5 dex is adequate. In the followirftat for I < |45°|, then falls in the outer Galaxy. We can see
we shall assume that the logarithm of therd flux densities from Fig[I1 that for our fields d=45° andb < |0.9°|, we can
scale linearly with the logarithm of the luminosity according tassume an average surface density-df sources per square
EqlB over the entire range of luminosities. In TdHle 6 we giviegree (see also TFT).
the lower luminosity that a YSO must have in order to be de- The increased sensitivity of ISOGAL with respect to IRAS
tected at um as a function of its distance, obviously under theill not increase the number of detected high luminosity stars,
assumption of negligible line-of-sight extinction. since both can detect them throughout the Galaxy. Considering
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that the area covered by all the 5 ISOGAL fields is 0.504 squatate YSOs. However, the numerous weakest cYSOs needs to
degrees (without overlap) and that we detect 3 high luminostg validated since residual artefacts, such as false replication
YSOs, the density is-6.0 sources per square degree, slightlsources due to remanence effects, are possible.
higher than what derived from IRAS. Given the small numbers, The validity of the adopted criteria for selecting YSOs out
this difference is probably not significant, nevertheless, we nattthe ISOGAL observations are confirmed by four independent
that the IRAS PSC is highly incomplete on the Galactic plamesults: 1) the sources classified as YSOs and candidate YSOs
(see also White et al._1991), in fact only one of our 3 higare often associated with diffuse nebulosities visible gtrh5
luminosity YSOs is classified as an IRAS-WC89 source (tland/or diffuse radio sources, which indicates abundance of dif-
one coincident with TFT source 34). fuse gas and star forming activity, 2) all the bright YSOs have
The comparison between expected and observed densitidse¥n found to be closely related to radio continuum emission, as
sources becomes more difficult for the lower luminosity YSOexpected, 3) one of the YSOs is associated with a water maser,
In this case we need to know the luminosity function of YSOsand 4) the numbers of high luminosity and low luminosity YSOs
Comebn & Torra (1996) give the following luminosity function that we found compare well with the expectations.
for UCHII regions with luminosities greater than“10: However, while the given list is a good starting point to
19 search for low flux density YSOs in the Galactic Plane, it is
n(L)dL oc L™7dL @) clear that further broad band and spectroscopic observations

The integrated total number of sources will vary as'f. are required to confirm present identifications.

We do not know if the luminosity function can be extrapo'ateﬁécknowledgementsWe thank C. Alard and S. Ganesh for their con-

to lower luminosities. If it remains tha} steep, for luminositiegipytion to data processing, and G. Simon for the preparation of the
two order of magnitude smaller thanOL ., where ISOGAL  gbservations.

is still able to detect a YSO throughout the Galaxy, we should
have a surface density of approximately 250 sources per squ
degree. The total number of low luminosity YSOs and cYSQ
is 108, which gives an observed density~0f200 per square
degree, slightly lower than but well within the expected rangéhe LW2 and LW3 observations of fields C and D overlap in
However, the interstellar extinction at large distances may Be-~0.01 sq.deg. area and offer the possibility to compare the
not negligible and will reduce the number of sources above tresults of two independent sets of observations, as well as to
detection limit. Moreover, YSOs are well known to be prefevaluate the accuracy of the ISOGAL data. We will limit the
erentially concentrated within dense molecular clouds, and tfigcussion to the area common to the four observational datasets
ISOGAL field at/=45° is in a region of low CO column density. (C-7, C-15, D-7 and D-15). It is seen from Table 3 that it is a
narrow strip,~0.26 long along the b axis and0.06" wide
along the | axis. Since the raster step along the | axis fs 90
(~half-frame), there is a large fraction of this strip which is in
We used the 7 and 18 observations of five ISOGAL fields the 90’ “edge strip” of one of the observations and has thus
centered at & +45° and b~ 0°, obtained during the ISOGAL been observed half as long than regular ISOGAL observations:
program, to search for low flux density YSOs which could net80% at 15:m and~40% at 7um. Most of the ISOGAL data
be detected with IRAS. from the inner part of the rasters is expected to have a much
In order to separate the small number of YSOs from thegher quality. In the total overlap area there are 72 sources in
much larger population of Post-MS stars we used primarily thige C catalog (65 in C-7 and 26 in C-15) and 41 sources in the
position of the sources in the [15] - [7]-[15] diagram, whiclD catalog (35 in D-7 and 16 in D-15).
involves only ISOGAL data and allows to select objects with There are 36 sources inthe overlapping part of C and D fields
MIR excess as possible YSOs using the survey data alone. Tt can be associated withifi @orresponding to 1 pixel in the
criteria adopted are based on the results obtained in nearby staginal ISOCAM images). The two datasets show a mean posi-
forming regions and galactic fields observed with ISOCAM, @®onal offset of< 0.5” and a standard deviation 6fL.5’, which
well as theoretical indications. shows that the astrometry is consistent in the two independent
The ISOGAL results were compared with radio observalatasets.
tions in order to identify high luminosity YSOs out of the larger  Of the 36 common sources, 33 are common to the C-7 and

'f)endix A: evaluation of errors
the ISOGAL observations in the C-D overlapping region

6. Conclusions

population of lower luminosity YSOs. D-7 datasets, 10 of these are also common to the C-15 and D-15
There are 386 point-like sources detected in both filters thadtasets (i.e. are detected in all four independent observations),
satisfy the confidence conditions [£]9.5 and [15]< 8. 3 of the 33 are detected in the C-15 but not in the D-15 observa-

We found 3 high luminosity YSOs, 3 diffuse HIl regiongions, all of these have [15]>8.2. Of the 3 remaining sources
and 35 lower luminosity YSOs. The concentration is highdris detected at C-15 and D-7 (with [310.2 and [15]:=8.7)
towards the Galactic Equator and regions of higher CO surfeaed two are detected at C-15 and D-15 but notin C-7 or D-7. We
brightness. can see that the four common sources observed at C-15 but not

We also found 73 sources detected only apfitbwhich, at D-15 are fainter than 8.2, similarly the only common source
according to the colour upper limit, can be classified as candetected at D-7 but not at C-7 is very faint.
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E ] (right); bottom panels: D-7 (left) and D-15 (right). Shaded histograms
=08 T correspond to common sources in the C and D datasets (36 total), thick
5 6 “ 8 open histograms correspond to C-only (36 total) or D-only (5 total)
[15] sources. The vertical dotted lines represent the adopted confidence
C

limits in the two bands.
Fig. A.1. Difference between the observed magnitudes in the C-7 and

D-7 observations (top panel) and the C-15 and D-15 (bottom pangl; e\ remain present in the catalog files, mainly near the
as a function of the C-7 and C-15 magnitudes, respectively. Sour%%s

detected in all four datasets are shown as filled circles. The dotted Imeaget of the Images? where there is no overlap betwee.n _several
show the average difference. individual ISOCAM images. So they should not be statistically
significant.

With the exception of this source, we see that most of the

In Fig.A&]T, for the 33 sources common to the C-7 and pSspurces detected only at C or only at D are fainter than [7]=9.5
and the 12 sources common to the C-15 and D-15 observaticﬂ{g? [15]=8.0. . . . '
we show the difference in the magnitudes measured in the ¢ W& conclude from this comparison that, as in other fields,
and D datasets as a function of the C magnitude. The 10 souftigsconfidence limits are [7] = 9.5 and [15] = 8. Thus, we only

common to all four datasets are shown as filled circles. TRaNsider sources brighter than these limits in the discussion.

dotted lines show the average magnitude difference, which/}¢¢ also conclude that the photometric errors, especially in the

~—0.2 in both cases (the D magnitudes appear fainter at both§#€ ZOnes, can reach 0.5 magnitude even for sources one mag-
and [15]). The cause of this effect is still under investigation, tude brighter than the confidence limit, and can be up to 0.8
may be due to differences on the adopted point spread functi@fgnitude for faint sources.

for the two fields. As expected the scatter in the magnitude

difference gets larger for fainter sources. References
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