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Abstract. ISOPHOT Serendipity Survey (ISOSS) observét. Introduction

tions at 17Qum reveal cold dust clouds in the nearby star form- - . )
ing region Chamaeleon. The distribution of the ISOSS/IRA c ISOPHOT Serendipity Survey (ISOSS) is the first large
cale survey in the 200m band. It has mapped a substan-

basedT'(I170/I100) colour temperature have been studied iﬁ]all fraction of the sky with 3 wide strip scans while ISO

a nearby low-mass star forming regidfi(1;7¢/1 sepa- . . :

y : g rege (J70/1100) S€P was slewing between pointed observatians (Lemke et al|1996;
rates the obscured and intercloud regions as seen from a ¢ I n et al 1996- Kessler et al 1096). Besides detecting large
parison to optical extinction data. The interstellar medium 'r? ﬁ1bers of. oir:t ;ources whicﬁ iﬁ mo'st cases at hi herg ala?c-
Chamaeleon-Musca appears to be cold with dust colour tel P ! gherg

eratures of 16.3 K for intercloud regions. anet 14.5 K for ic latitudes are galaxies (Stickel et al. 1998a,b), a lot of ISOSS
gbscured cloudé The cold clouds agcoun,t for_3 %' of the arglew measurements show extended FIR sources such as inter-
1SOSS found 9 ;/ery cold cores with colour temperatures %éllarclouds and cloud coresinthe nearest star forming regions.
. o 0o , 0 a large extent, these galactic sources have not yet been ob-
low asTause S 125K in an 1P x 8° sized region. All C*0 rved %eyond the IRAéJ 1Q0n limit. The sample \)//ve may
cores of the Chamaeleon main clouds which were crossedﬁ% ) . ' )
ain analysing the complete ISOSS database is much larger
ISOSS slews were also detected. Of these 11 (73 %) are géuan any o%/thegpreviouspFIR air-born (see leg. Keene 198%

with Tyt < 15K, 6 (40%) are associated with very col
cores.dTﬁe very cold (cores) have high gas column dyensitisgb'mm range ground-based (seeeg. Launhardt et al. 1937), or

_ . balloon (see eg. Ristorcelli et al. 1998) measurements.
N(Hs) > 102! cm~2, and 7 out of 9 have low gas kinetic®® > .
ter(11p2e)ratures as indicated By, (C1*0) ~ 8K. Thegphysical For sources larger than the beamsized’ for ISOSS), the

parameters of the very cold cores agree with the results of radl; gasured intensity directly reflects the 1iffl surface bright-

tive transfer calculations of a spherical model cloud heated froﬁﬁizg::g ;’Sﬁf;'c‘:‘:;r;g? gﬁ‘ggg?nuonnd ;urgsnsggefllgst rl})een geter-
outside by one third of the the solar neighbourhood ISRF intesn'rface brightness is a‘ measure of a combination of ’colmr]% den-
sity. A check of the photometric calibration of ISOSS again:ml.J '9 : u inatl u

ISOPHOT AOT PHT22 maps a“ncd DIRBE interpolated zgﬁigﬁstirgf c()a rﬁf:tzjarl(la (:I"t:’:lke gligr]\gilr?ecor?pngiigtb?fh:gZ%Stsz;rr:ae
values showed an agreemen Yo and£20 %, respectively. relatively well k?lownyone o.ther FIR Was/elpe)n this sufficient for
We expect to discover in total more than 100 very cold cores R anvelyw ' 9

an estimation of the dust temperature. The best data set for a
the Galaxy by ISOSS.

comparison with ISOSS is the IRAS Sky Survey Atlas (ISSA,

Key words: ISM: clouds —I1SM: dust, extinction — ISM: individ- Wheekl)ck etal, 19943] at 1hQ0“ A pombllrIatlpn caln prlowd:e d
ual objects: Chamaeleon clouds — ISM: molecules — infrare}f:]\éecrildpggﬂeésist at characterize galactic molecular clouds
ISM: continuum — surveys Model calculations for diffuse clouds predict silicate dust
grain temperatures down4e15 K (Draine & Lee 1984). Anal-
ysis of COBE data has proved the presence of a widespread
Send offprint requests ta.V. Toth 15K cold dust component in addition to the overall 17.5K cir-

* Based on observations with ISO, an ESA project with instrumeqlﬁS component in the Milky Way (Lagache et al. 1998). Due to

funded by ESA Member States (especially the Pl countries: Fran&eOBE,S low resolution, a spatial distinction between the two

Germany, the Netherlands and the United Kingdom) and with the P&Bmponents could not be given. It is however expected that dust
ticipation of ISAS and NASA. Members of the Consortium on thg P 9 ) P

ISOPHOT Serendipity Survey (CISS) are MPIA Heidelberg, ESA IS8 diffuse clouds is slightly colder than dust of the surrounding
SOC Villafranca, AIP Potsdam, IPAC Pasadena, Imperial College LdRerstellar medium (ISM), due to the attenuation of the inter-
don. stellar radiation field (ISRF). In regions totally shielded from
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Fig.1. ali7o — Ioo correlation plot for the Chamaeleon-Musca region. Surface brightnesses have been read out ffon2@ 2860SS

slewmap and the ISSA maps at the slew sample positions. The linear correlatidiziine 2.46 x I1qo is a least-squares fit for the whole

field (continuous line). It has been used to differentiate between cold and warm regions. Data poifitswith MJy sr~above or below the

line belong to cold or warm regions respectively, and are plotted in different colours (blue: warm, red: cold). The resulting 3 regimes have been
fitted individually, using the ordinary least-squares (OLS) bisector method (dashed lines). The slopes of these lines correspond to dust colour
temperatures of 13.9K, 16.3K and 19.3K (see $edt. B.The distribution of the material in the Chamaeleon-Musca using the 3 temperature
classes defined by Flgl. 1 a. The cold regions are the Chamaeleon main clouds Cha |, Cha Il, Cha Ill. The warm regions on the other hand belong
predominantly to the warm near-galactic plane region. Two compact warm sources are seen in Cha | (see text).

UV radiation, e.g. in dense cores, the ISM might cool dowonly in terms of ISOSS sky coverage, which is between 20 %

to = 10K (Kri ; 89).and 30 % for the three Chamaeleon main clouds (even higher in

Reliable measurements of dust temperatures below 13K #re central parts) and between 10 % and 15 % in the intercloud

very rare so far (see eg 981). Withan ISOSS/ IRA&dium.

comparison, we can determine dust temperatures down to This paper locates the regions of lowest FIR colour temper-

~ 11 K. Below this, 10Qum emission becomes too weak (for atures in Chamaeleon-Musca. We compare our FIR results with

typical 170um-brightness of 10 M.Jy sr—!) to be detected by available CO observations and show that the detected cold FIR

IRAS, and only upper limits for the temperature can be giverobjects can be identified with dense molecular clouds, and that
We have started the FIR analysis of cold clouds and clotlte cores with lowest colour temperatures are cold in terms of

cores in Chamaeleon. The Chamaeleon as a test region was ghg-temperature too.

sen for three reasons: (i) because previous molecular line studies

revealed dense molecular clouds with and without star form-Opservations and data analysis

tion, (ii) because its ISRF is typical for the solar neighbourhood o

(i.e. notenhanced localy by massive star formation activity), (ify1- The ISOPHOT Serendipity Survey

because itis only 150 pc awayL(Knude_&_I:lag_J.QbB). Atthis\ye nave analysed ISOSS data of a°R®0 field
distance, atypical 1 pc sized molecular cloud and a 0.2 pc sizgd chamaeleon-Musca (see Fify.1). I1SOSS is a far-
molecular cloud core have apparent angular diameters ‘of 2¢rared survey at 170m, using the ISOPHOT C200
and 3 respectively, thus can be resolved by ISSA and ISO$@tector [(Lemke_el_al_19|96) on board the ISO satellite
observa?ions. . (Kessler et al. 1996). ISOSS recorded the sky brightness during
Previous C®0 and ISOPHOT FIR observations of the Chaghe slewing of the telescope between two pointed observations.
cloud (Haikala et al. 1998) revealed cold cores with angulghe 200 camera is 2 x 2 pixel array with a3’ x 3’ field
diameters between' 4nd 10, typical 150um surface bright- of view, It was used in conjunction with the 050 broad band
nesses of 10 MJy st~ ! and colour temperatures between 13 ifjter, which has an effective wavelength of 176. The fastest

and 16K. All of these cores should be comfortably brightgpad-out rate (1/8 sec) was chosen to achieve a dynamical range
at 170um than the confusion limited detection threshold qft 5 \yy sr—1 < 7,40 < 500 MJy sr—!. Long slews (exceeding

2MJy st~ found for the Chamaeleon region (see below). The 20) are calibrated using actual detector responsivities, derived
completeness of our search for very cold cores is thus restricigg a measurement of the on-board Fine Calibration Source
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(FCS) preceding the recording of sky surface brightness. For tlesulted from our comparison of ISSA data with the zodiacal
remaining slews, default detector responsivities are used. Sléighkt subtracted DIRBE data of the Chamaeleon-Musca region.
were excluded where one or more detector pixel(s) showed €ney are in accordance with the ISSA - DIRBE transformation
roneously very high values (“hot pixel”). More details on théound byl Wheelock et al. (1994), who however performed an
measuring mode can be found.in Bogun et al. (1996). all-sky comparison of the two data sets.

Approximately 15 % of the sky is covered with an angular
reg,olutlon (F.W.HM) pf% 2. The in-slew and CrO.SS'SIGV\.' reso Investigating the large scale structurese have used the whole
lutions are similar, since the 1/8 sec on-the-fly integration ti

ds t -l ling int | of at C feld of 20° x 20° covering Musca and Chamaeleon to find
corresponds 1o an in-siew sampiing interval of at maximim 4,5 5 cteristic FIR colours of the galactic background and of the
The positional accuracy was determined by comparing po

. : . o . [ouds. About 15 % of this large field ard 25 % of the actuall
tions of point sources with positions of corresponding IRA

h I I I lews. 64 % of th
sources. An agreement of generally better thamds found }_%%amae eon clouds are covered by ISOSS slews. 64 % of them

: ccounting for 90 % of the covered area) are calibrated with
(Stickel e.t al. 2000). The raw_(ERD Igvel) ISOSS data were f al detector responsivities. A composite ISOSS slew map of
duced using a batch processing routine based on the ISOP

. , > ‘ region has been produced and has been smoothed tb the 5
Interactive AnalysB(Gabrlel et al. 1997) software package. angular resolution of the ISSA maps.

The photometric accuracy has been checked in three To access the differences in temperature on large spatial

Watyz: F'r?t’ ISOSS resglts Atg;1¥epreTe2n2 conllpar_ed with degl ales, we have read out 17 and 10Qum intensities at the
cated raster maps (mode ), showing an EXCelow sample positions from the FIR maps. Their scatter plot

lent agreement in surface brightness in the Chamaeleon| (@ée Figldl a) shows distinct fingers, representing the different

gion. The18 x 18 [0’ sized 10Qum, 150um and 20Qum o : N T,

: perature regimes. Straight lines have been fitted individually
n|1aps of L_elz_Etlnen etdgflf. (2000) I;N et,-re CoTr?argﬂ_F(;Zthbe Isg%oﬂ]ese fingers, using the ordinary least-squares (OLS) bisector
siewmap. The rms dilierence between the ased fathod (see ed. Isobe et al. 1990). The slopes of these lines

';_erp(_)lai%do/lﬂ_i:rrp Tr:ensn); VaILt')e.S ha:nd the Isoigw'k?;ens'ﬁave been converted to colour temperature in the same way as
I€s 1S o within the surface brightness range st the I170/ 1109 ratios in the temperature map.

150MJysr . The gain and the reproducibility uncertainties in Variation of dust colour temperature was plotted from back-

the PHT22 absolute photometry itself are 20 % and 6 % respa%und corrected 170m and 10Qum intensities. The bright-
tively (Klaas et al. 1998). . ness of the assumed uniform background NRG sr—! at
A second check has been made by comparing ISOSS W um and 8\LJy sr—! at 100um) was derived from Figl1 a.

DIRBE data. We have created interpolated DIRBE {Li#0in-
- The ISOSS slew map and the ISSA 108 maps have been
tensities from the 100m, 140um and 24Qum bands, assum- combined to a colour temperature map by assuming modified

. rc . >
ing a modified black body spectrufp(T’) = const- v°B,(T') ~ pack hody radiatio, o 12 B, (T;) over the whole field, and

over the whole FIR range. An agreement between ISOSS lying colour corrections for the specific ISOPHOT and IRAS

Lo o 0 . )
DIRdBE.;?!ibra:'?r? V\fggnS?éO % has been f?uﬂd' Ft;nally,tth? rd andpasses. This way we get an overview of the spatial colour
producibiiity ot the measurements has been tested, Pﬁperature distribution of the large grain dust component.

evaluating the slew crossing points in several regions. The root
mean square of the relative brightness deviation at crossing
points is< 15 % (slightly dependent on the brightness level).Searching for cold coreshe slews are searched individually for
sources of high'y7 / I ratio as shown in Fig]2. The ISOSS
slews are smoothed td ® match the IRAS resolution. Doing
so, a two-dimentional gaussian smoothing function is centred
Two main approachesvere used investigating ISOSS data of an the position of the detector centre, thus reducing the data
particular region: (1) Building up a map from all measuremengtream to 1 data point per sample (ramp). Corresponding IRAS
along all slews inside the boundaries of the given field, or (2POum intensities are extracted from the ISSA maps using a
analysing all individual slews one by one. In our Chamaeledinear interpolation algorithm. Intensity peaks along the ISOSS
study, the large scale structures have been investigated usingtBws are located by searching for local maxima in the second
mapping method (1), the small scale features have been expldgtetivative of 17y as a function of sky position. All peaks ex-
analysing each slew individually (2) (see Hotzel et al. 2000).ceeding 21L.Jy sr~! (= 30) over the background are selected as
Both methods make use of the ISSA maps at i@ In 1SOSS detections. The cross-slew size of a source can not be
order to achieve absolutely calibrated brightnesses, the 1S@(ived unless it has been crossed by two or more slews. The
maps were rescaled to agree with the DIRBE calibratign: =  in-slew size of the source is defined from the, profile alone,
0.7-I,, 1554 (100 um)-+1.5 MJy sr—*. The actual scaling law was and is assumed to be the same at 160 For each source, a
straight line is fitted to thé, 7o versuslo, data points, apply-
ing the OLS bisector algorithm. If the variation of background

1 - :
The ISOPHOT data presented in this paper was reduced USIngl:)i ensity is small and the source is optically thin in the FIR,

hich is a joint devel t by the ESA Astrophysics Divisi . . )
WhIG1 1S 8 JomE development By 1he Sroprysics LmIsion a?fbe fitted line slope reflects the ratio of background corrected

the ISOPHOT Consortium. The ISOPHOT Consortium is led by t o . .
Max-Planck-Institute for Astronomy, Heidelberg. Intensities. We denote this quantity edour paramete(CP).

2.2. Data analysis
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The colour temperature of the source is derived from CP, as- (a)

suming modified black body radiation withf emissivity law, 120F 2 T

I, x 1?B,(Ty), and — again — that the source is optically thin. - Object A Object B Object C

As before, colour corrections for the ISOPHOT and IRAS band~ 100 c

passes are applied. 8 gof
> c
=

Error estimate: The uncertainty of the surface brightness vaE;

ues of individual ISOSS slews is around 20%. The accuracy

of the absolute calibration of the IRAS 10 values is the

same as the DIRBE 1Q0m to which it was scaled. Accord- Ot . . . .

ing to/Hauser et al. (1998) the uncertainty of the DIRBE gain 356.7 3666 3766 3865

at 100um is 13.5%. The derived slopes have an uncertainty of Arcmin along slew

1% to 19% due to statistical errors. Accordingly we estimate

that the total errors of the slopes in Elg 1, and the CP values are (b)

359% to 50%, and thus our 170/100 colour temperatures derived '

from the scatter plot slopes and CP values have uncertainties of 100 £

1.5K to 2K. 0 :

5 %

=
3. Results ~ 80¢ E
3.1. Dust colour temperature = 70? 3
We can differentiate between regions with different tempera- gk Slope=8.5 => Tyg = 11.7K 4
tures by their appearance in the ISOSS/IRAS scatter plo{{Fig. 1) 16 18 20 22
i.e. by the distance of the corresponding data points to the | 100 (MJy/sr)

general correlation line. Data points wifkl,g > 5 MJysr—!

above or below this line, (i.e. outside the strip defined by thég. 2. aThe IRAS 10Qum and ISOSS 170m intensities along a
foreground/background galactic emission) belong to regiosisw crossing Chal. The ISOSS data are smoothed to match the IRAS
with colder or warmer dust respectively. Individual linefits téesolution. The IRAS 100m intensities are scaled by a factor of 5
groups of these outlier points gave slopes of 1.6, 2.6 and 4agg a cpnstant is added. Thre_e sources were detected. Peak ‘B’ in the
corresponding to dust colour temperatures of 19.3K, 16.3Riddle is due to VCC no. 4 in Tabld B Ii7o vs. [100 plot made

and 13.9K respectively. The lack of a continuous temperatLW h data points towards peak.B - The slope was derived, using th?
. o . . rdinary least-squares (OLS) bisector method. The slope of this line is
range in the strong FIR emission regime is remarkable.

. o r%?erred to as CP (colour parameter) which corresponds to dust colour
Igo > 20MJysr—! or I ;7o > 50 MJy sr~! there is no indica- ( P ) P

. . temperature.
tion for colour temperatures in between 16.3 K and 19.3 K. This

is an effect of the geometry of the field: Physically separated
regions of warm and cold dust are seldom projected onto each Cold dust< 15 K appears over the whole Cha | cloud (DCld
other. The bright, compact sources with warm dust discussed B87.2-15.6), and for the most part of Cha Il (DCld 303.0—
low are too small to influence this global picture (seeHig. 14.3) and Cha Ill (DCld 303.0-17.1). The dust of the latter
The cold regions are the Chamaeleon main clouds Cha I, Gleuds is not quite as cold as in Cha I. While this could be
Il, Challl. They are projected on the somewhat warmer galacto artefact of a higher galactic background, the cold source
background. However, fof,7o > 50 MJysr~! the cold Cha- search (Sedf.3.2) shows a similar trend, an indication that
maeleon clouds are dominating the FIR emission. The regidhs subtle temperature differences are real. Cold dust is as
with warm dust T(I170/1100) > 19K) on the other hand be- well found in G298-13, ¢ = 11"35",§ = —75°10) G295-
long predominantly to the near-galactic plane regiph< 9°). 17 (o = 10"21™,§ = —77°30), (Boulanger et al. 1998), and
Here the line of sight penetrates deeply into the galactic plameG295-13 ( = 10"54™, § = —74°00), the Musca filament,
causing intensitied; oo > 20 MJysr—! and a dominance of the latter one outside the region of Hig. 3. Altogether, about 3 %
the emission from regions with warm dust over the galactdf the area measured shows colour temperatures below 15K.
foreground. If the Chamaeleon clouds were projected onto the An 11’ x 7’ sized warm source is seen in Cha | North
galactic plane, Fig1 a would look different. at o = 11"09™45°, § = —76°36, with mean brightnesses of
The colour temperature map of the centraf £18°, cov- Io0 = 101 MJysr—! and ;7o = 164 MJysr—!. The ob-
ering the main clouds Cha I, Cha Il and Cha lll, is shown ifect is extended perpendicularly to the CO outflow lobes de-
Fig.[3. The whole map shows temperatures below 17 K exceéptted by Mattila et al. (1989). It is associated with with an
for some small warm sources in Cha | (see below). Extenddd: > 15 mag opaque spot_(Jones et al. 1985) and with the
warmer regions are found only in the north east of the largpeight nebula CED 112 (Cederblad 1946) Another prominent
20° x 20° field (see Fig.[11), i.e. close to the galactic plane. warm source, atv = 11"08”00°,§ = —77°42, is associated
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Declination(2000.0)

14"00™ 13"00™ 12"00™ 11h00™ 10"00™
Right Ascension(2000.0)

Fig. 3. Dust colour temperature map of the central part of the investigated field, derived from an ISO®®@ &&v image and the 1Q0m

ISSA maps. A FIR background/foreground of RDJy sr— and 8MJy sr~! respectively was subtracted according to Fig. . 1. The slews are
represented by 15vide stripes, their colors show the colour temperature variation (see bar on top). Overlayed are the contolfC@ the
(J=1-0) lineintensity at 1.& km s~ and 3.5 km s~ from the survey dm(.mg&. Dust colder than 14 K is found only inside the
1.0K kms~! contour, i.e. is associated with molecular clouds. The small white ellipses indicate the positions of the very cold cdred (Sect. 3.2).
They are all associated with dense molecular g3 @ line intensities> 3.5K kms™1).

with IRAS 11072-7727 also cited as Chamaeleon Infrared Natesigned to findold sources. The distribution has a median of

ula (Cha IRN) (see_Schwartz & Heinze 1983). CP = 3.8 and a prominent tail up to CE 9 corresponding
to dust temperatures of 14.5K and 11.6 K, 86 % of the findings
3.2. Cold FIR sources have colour parameters in the range< CP < 6, and 7%

of the 376 ISOSS sources have CP7. We excluded all the
We located 376 ISOSS peaks to be called hered8&SS CP > 7 ISOSS sources which were associated by cosmics or
sources and derived their CP colour parameter in the regidaulty readouts. Also the source position was refined for these
RA=[10"30™, 13"30™] Dec=[-82°, —75°] with the following very cold ones merging ISOSS sources which were multiple

criteria: detections of the same object. The ISOSS sources witke GP

(i) I170(peak) > 2 MJysr~! (i.e. > 3x rms noise), have not been checked by eye systematically, but only in indi-
(i) 0 < slope< 20 and vidual regions of interest (e.g. all the'® cores discussed in
(iii) o(slopg/slope< 0.2 (i.e. a reliable bisector slope). Sect(4).

The size and colour distributions of these 376 ISOSS sources The CP < 4 ISOSS sources show a random distribution,
are shown in Fid.4. The sizes of the ones withXSR are similar - while the colder ones cluster at the main clouds Chal, Chall and
to our angular resolution, indicating that most of these objed@ha Ill. There were 28 very cold ISOSS source with SF.
have alinear size af 0.1 pc. The colour parameter has an asynsearching for the coldest objects of Chamaeleon we required
metric distribution. This is partly a result of the method beinghat I;7o(peak)/CP > 1MJysr—! to ensure that the ISOSS
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source was detected in 1@0n as well and thus CP reflects ¢ 80;
a colour temperature. This way we located 6, 2, 1 very coldgg 60}
objects inside the Cha I, Cha II, Cha Ill molecular clouds re-2 403_
spectively. For reasons discussed below, we call these very coﬁﬁ }
objectsvery cold core{VCCs). The parameters of the VCCs 2 20:
are listed in Tablgl1, where the columns are: (1) Core number, OE
for easier identification throughout this paper, (2) ISOSS name, 0 5 10 15
(3-4) equatorial coordinates, (5—-7) major and minor diameters FWHM (arcmin)

and position angle (PA) of the fitted ellipses, (8) colour parame-

ter where the “c” index stands for “confirmed”, (9-10) galacti¢, 100f
coordinates, (11) optical assouatldm_(I:Ia.LtLe;LeLaL_llQSG) 80F
of the nine VCCs are double CP 6 detections, i.e. merged 8 60f
pairs of cold ISOSS sources. The criteria of merging were théat 40¢
the ISOSS sources are closer tl34rappearing as crossings ofS o
the same IRAS intensity peak. To be classified as a VCC they gF
should have an averaged CP largerthan 7. One of the VCCswith 5 10 15
“confirmed” CP valueisISOSS 1116Z648i.e.ourVCCno. 7, Colour parameter
which was crossed by two slews both showing aﬁ:l? source

here These  palr ae consdereto have a confimer coff L Ul 0% ¢ el masry (0 ane ot paamer
parameter, which we indicate with a * lndex in column (8)FWHM histogram of CP> 7 sources is overlaid with dashed line and

The CP values of these cores marked W'th "are more re“a@ﬁaded The CP distribution has a median of CP =3.6 and a prominent

than the rest of the list. tail up to CP=9, corresponding to dust temperatures of 14.8K and
The shape of the cores was determined from thepdii0 11 g k.

profiles and eyeball checks of the 10 ISSA maps. These
bias effected the values in columns (5—7) mostly for the sing
detection VCCs: no. 2, no. 6, no. 9. Fify. 5 shows the positio 0 MJY/SR 256 MJY/SR
of the very cold objects of Cha I, overlaid on an ISOSS @i#0
slew composite map.

4. Discussion
4.1. Cold dust in molecular clouds

We zoomed to the Chamaeleon part of the[Big. 1 b for a detail &
view on the coldest regions and present the colour temperat‘cj
distribution as derived from the background subtradiegland
I intensities.

The average intercloud dust colour temperatuco
T(I170/I100) in Chamaeleon is 16K (Fidgsl1,3), in be- IS0S5 lﬁa?—r?’
tween the 17.5K of galactic cirrus and the 15K cold du: L
component derived by Lagache et al. (1998, based on DIRI _7g°pq = ﬂ’—”F_ ’—cg—qt — —_=.__
I540, I140, I100). The dust of around and below 14 K is strictly | .
concentrated inside the well known molecular clouds and is r b m n he
found in the diffuse intercloud medium. The average intraclot 11720 10 oo 10750
temperature of Cha |, Cha Il and Cha lll of 14 K is close to the Right Ascension(2000.0)
DIRBE based values of 14.2 K-14.9K (Boulanger et al. 1998)ig.5. 1ISOSS 17Qm slew composit map of Cha |, smoothed to the

Fig[3 can be used to locate molecular clouds since tlwer 5 IRAS resolution. The intensities are showed fof ¥hde

regions which show colour temperaturgs15K are located stripes along slews. Intensities for many interslew positions were in-
inside the large CO clouds mggn and are #&ypolated. We note that the actual coverage is about 3 times less than

SOCIated with'3CO (J=1-0) line intensities> 1 Kkms™? suggested by this smoothed image. Contours are dradn@t 50,
, see also contour lines in our Eig. 3). Fu?s 100, 125MJysr~'. Overlaid are the positions of the very cold

thermore, all the cold regions are opaque on the Digitized Swes as given in Tablg 1.

Survey, with an average extinction dfy; ~ 2 mag which is

characteristic for molecular clouds. based onJ band star counts. We have found that the linear
We have investigated the functional relationship betweelependence betweety, and I,y holds for extinction values

179 and the visual extinction, using the extinction maps afp to 7 mag, i.el;7¢ is an excellent tracer of dust column

\Cambesy et al. (1997) and_C_a.LrEtB;L(l9_9_9|b) which are density as seen in Figl 7.

Declinatio

—77°30'
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Table 1. Positions and FIR parameters of the very cold cores in ChamaélBéris the position angle of the major axis, measured anti-clockwise
from north through east, “c” marks the CP values based on more than 1 slew measurement.

Core Name R.A.(2000) Dec.(2000) Maj. Min. PA CP l b Opt. Ass.
No. (arcmin) (deg) (deg) (deg)
1) (2) ) (4) Q) (6) 7 (® %) (10) (11)
1 ISOSS J10495-7705 109"30° —77°0500" 10 5 150 8.9c 296.162 —15.843 DCld 296.215.8
2 ISOSS J10549-7711 10 54 55 —77 11 00 7 7 0 86 296.488 —15.793 DCld296.515.7
3 ISOSS J11035-7759 11 03 30 —77 59 00 7 7 0 7.1c 297.283 —16.312
4 ISOSS J11037-7748 11 03 45 —77 48 30 10 6 45 7.8c 297.219-16.148 DCld 297.416.1
5 ISOSS J11045-7738 11 04 30 —77 3800 6 6 0 84 299.488 —15.471
6 ISOSS J11102-7648 11 10 15 —76 48 00 15 8 0 7.3c 297.132-15.082 DCld297.215.1
7 ISOSS J12500-7655 12 50 00 —76 55 00 8 8 0 9.4c 302.848 —14.045 DCld 302.914.1
8 ISOSS J12560-7913 12 56 00 —79 13 00 8 8 0 7.1 303.341 -16.621
9 ISOSS J12592-7712 12 59 15 —77 1200 8 5 90 7.5c 303.378 —14.335 DCld 303.514.4
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Right Ascension(2000.0)
Fig. 7. Av(Ay) vs. 17 correlation plot for the Chal region. It shows
Fig.6. The visual extinction in Cha I. The map is based on Nifhat the NIR starcount baseth (A;) andI;7o are linearly related in
starcounts and was first shown by Caggy et al. (1997). Contours a wide range(mag < Ay (A;) < 7mag), demonstrating how well
are drawn atdy = 2, 4, 6, 8 mag. The overlaid ellipses are our, -, traces the “classical” dust.
VCCs (white) and the €0 cores of Haikala et al. (1998) (green) and
Mizuno et al. (1999) (blue).

As 170 measures a single dust component, we have cor-

A vivid confirmation of this finding is the remarkable sim+elated it with the quantity..1q(100 um) in order to remove
ilarity of the morphology of Cha | inf;79 and Ay (see Figd.b contributions from other grain components to the &0 sky
and®). brightnessl . 1q(100 pm) = 1.67- (1199 — 5150 ) Was introduced

Boulanger et al. (1998) found in the Chamaeleon maby |Boulanger et al. (1998) based on_Laureijs et al. (1991). It
clouds a linear correlation betwedn,, and blue starcount quantifies the excess df (100 um) over I,,(60 um) and was
basedAv, which, however, holds fody, < 2 mag only. The meant to trace the pure cold dust 406 emission on the ba-
better correspondence 6f;, with Ay, as compared td,(g is sis of the IRAS bands. For this purpose, we have extracted
a result of two effects: (i) 17@m emission comes from the60um ISSA intensities at the same slew positions used already
large grain population only, which is also responsible for ttfer the 1o vs. I;99 comparison (and scaled similar as before:
optical extinction, whereas at 10@n smaller grains may still Igop = 0.8 - I, 1554 (60 um) + 1.2 MJy st~ 1).
contribute. (ii) In high density regions the effective shielding of The scatter plot (Fif18) reveals a linear correlation between
the ISRF leads to colder dust, which is seen better at the londigiy and I.,1q(100 um). The 30MJy sr—! offset at thel;o-
wavelength. axis is due to the large scale galactic background. The scatter
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Fig.8. I170 VS. Icoia (100 pm) correlation plot for the Chamaeleonrig. 9. Contourmap of AOT PHT22 200m measurements on the
region. It shows that the two quantities are linearly related, proving thehamaeleon | south region. Map centre is RA(2000¥-61T 19°
Ic1a(100 um) can be used to trace cold dust. The slope of the fittg§bc(2000)=-77°51'12", north is towards the upper left corner.
line corresponds to the 13.1 K temperature of the cold dust compongft contours are from 404Jysr~' to 120 MJysr—' in step of
in the Chamaeleon clouds. 10 MJysr~*. VCCs no. 3 and no. 4 (see Taljle 2) are marked with
ellipses. Both of them are coinciding with peaks of the gédinten-
sity distribution. We note that these are the only cold objects of the field
is driven by the temperature variations inside the Chamaelegfy both were detected by ISOSS as VCCs|See Lehtinen et al. (2000)
clouds due to different degrees of attenuation of the ISRF (efg}. details on the PHT22 measurement and calibration.
see the VCCs). There is no indication that either of the two
quantities is affected by other than the classical dust grain com-
ponent. This finding justifies the widely used way of locatinthese cores indicate an absence of warm dust contribution, as it
cold regions by their IRAS based 1@n excess. This is par- is shown in Figl ZID. The excess surface brightnesses associated
ticularly important, as the area filling factor of cold clouds iwith the cores are significantly different but the dust tempera-
usually low — in the investigated field only 3 %. Therefore onires of the two cores are boiB.7 £+ .5 K. This PHT22 based
needs the resolution of IRAS to detect this kind of objects. dusttemperature value is similar to the ISOSS results, within the
The slope of the fitted correlation line can be convertathcertainty limits. It confirms the classification of these cores
to dust colour temperature as in Hig.1. We have fouras cold sources. The position and extent of these VCCs are
Taust = 13.1 K, which is slightly colder than the 14 K derivedapproved, as well as the fact that they are colder than their sur-
in Sect[B. The small difference may come from different caliounding. The difference in the PHT22 and ISOSS based tem-
bration procedures bf Boulanger et al. (1998), affecting the cqeerature estimates may rise both from the methods deriving the
version factors entering the definition ff,14 (100 um). If the temperature, and the difference in the ways of eliminating the
difference is a trace of af;oq contamination by other grain FIR background.
components, this effect would in principle also apply to the The positions of the VCCs have been compared with visual
temperatures of the VCCs (Séct]4.2). But as the VCCs are esgtinction and C®0 data (see Fifl]6). Théy map resolves the
visible in the ISSA 6Qum maps, the correction is negligible. internal structure of the cloud, as the near-infrared star count
method can trace the visual extinction up to 11 mag. All but
one of the VCCs are associated with high extinction peaks
(Av > 4 mag, see also Tablé 2). Additionally, all the VCCs
Two of the very cold cores (VCCs) are included inthe ISOPHQ inside theW (13CO) = 3.5 Kkms~! contour of the'3CO
P22 maps of Lehtinen et al. (2000). See their paper for details(@x1—0) line intensity (see Fifll3 and Mizuno et al. 1998), and
the measurement and calibration. The VCCs no. 3 and no. 4 associated withV (C!80) > 1Kkms~! C!¥0 line intensity
both seen on thei® x 18 (I’ sized 10(um 150um and 20um peaks. Hence, our VCCs are indeed opaque, high column den-
maps (see Fif]9). The background FIR radiation was subtracsitg molecular cloud cores. We may assume their line of sight
using the average brightness of pixels surrounding the ellipdiameters is<0.2pc just as their mean half power diameter is
shaped cloud cores. The FIR spectral energy distributions(sée Tablé€ll and the distance), and that half of the observed

4.2. Very cold cores
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Table 2. Physical parameters of the very cold corebased orB starcountd (Toriseva & Mattila_1985)

better indicator of gas temperatures in dense cores. An ammo-
‘ ‘ | nia survey of the VCCs would thus be necessary to confirm the

Core No. Name Ay AP™ Ty Te(C'®0) 7(C'®0) Nco(Ha)
(mag) (mag) (K) (K) (0*! em™?)
1) 2 3) 4) (5) () @) (8)
1 ISOSS 10495-7705 20 3.0° 116 - - -
2 ISOSS 10549-7711 4.8 6.1 11.7 6.3 0.60 5.2
3 ISOSS 11035-7759 5.0 7.8 123 6.4 0.96 11
4 ISOSS 11037-7748 8.0 10.3 120 7.3 0.78 12
5 ISOSS 11045-7738 6.8 9.2 11.8 6.2 0.98 16
6 ISOSS 11102-7648 4.7 6.5 122 - <0.1 (7.6)
7 ISOSS 12500-7655 4.0 5.6 115 7.3 0.71 8.3
8 ISOSS 12560-7912 3.0 4.4 123 7.0 0.37 3.0
9 ISOSS 12592-7712 8.1 10.4 12.1 8.6 0.31 8.4
251 Core no. 4 4 (Cambeésy et al. 1997; Cambsy 1999b), (5) dust colour tem-
r . 1 perature, derived from column 8 of Table 1, errordjiare 1 -
20 T=13.7K 4 2K (6) C'®0 excitation temperature, (7) optical depth dfO
: 1 (atline centre), (8) ki column density, derived from €€O.
15+ 7 Seven of the nine VCCs have been found cold with
B 1 T (C'™0) = 7.4 K + 1.2 K. However,T,, (C'*0O) can pro-
10 - 1 vide only a first order estimate of the kinetic temperature, since
50 1 C'0 is expected to be sub-thermal in dense cores; it

Ro

5 a 1 low gas kinetic temperatures.

2\ 10 Coreno. 3 7 A general correlation is not expected between gas tempera-
=3 8i T=13.7K 1 tureand colourtemperature of large dust grains. The heating and
g r 1 cooling mechanisms are different. Gas — dust interactions play
£ 6fF - adominant role in the thermal balance only at high densities,
= 1 and gas — dust encounters are most frequent between molecules
5 4; 4 and the more abundant smaller dust grains. Both gas and dust
§ oL 1 might, however, cool down below 15K already at moderately
‘% 0; | high densities ofi(H) ~ 10*cm~* when the incident flux is

: : low (Kriigel & Walmsley 1984). We claim that this is the case in
100 150 200 the dense parts of the Chamaeleon clouds, where the shielding
Wavelength [um] from the outside radiation field is effective and the star forming
Fig. 10. Spectral energy distribution of VCCs no. 3 and no. 4 is shownegions do not form massive stars. The radiation from the low
based on ISOPHOT PHT22 images ini@®, 100um, 150um and mass stars heats the ISM only in their vicinity.
200um . An emissivity proportional to? was assumed for the fitted The very cold cores have very low gas temperatures as itis
greybody. seen from molecular line measurements (Table 2). To compare

with the calculations of Kiigel & Walmsley (1984) we assume

C!'®0 column density towards the VCCs is actually by th#atthe meanintensity of the ISRFimpinging atthe Chamaeleon

VCCs itself. The VCC gas densities would then be aroundcCs is one third of the mean ISRF in the solar neighbourhood
n(Hz) ~ 10%cm3. i.e.2.67 x 10~2ergen2s~! (Metzger 1990), and that the UV

The distribution of dense gas is shown best biadiation of hot stars and Hil regions is effectively shielded
Mizuno et al. (1999), who presented full coverage mapping oby the ISM into which the VCCs are embedded. Thus we as-
servations of the three Chamaeleon main clouds. We have ®igne a soft radiation field/t = 3000 K) with low incident
timated the physical parameters of the gas associated with flg of F ~ 10~ 2ergenm ?s!. For such a radiation field, a
VCCs from their!3CO and G80 spectra by Mizuno (1999), grain size distributiom(a) o a~*° (Mathis et al. 1977), and a
using the measurements nearest to the VCC centres andg&as-density of the ordei0* cm~? [Kriigel & Walmsley (1984)
suming LTE, thermalised CO, terrestrial isotopic ratios, arfi@lculated gas and dust temperatures:afK and~ 12K re-
N(Hs) =2 x 10°N(*3CO). spectively which are in the range we found for our VCCs. Hence,

The dust and gas parameters are compared in Tableng, regard our method for finding very cold FIR sources as an
where the columns are: (1) Running number as in Table effective way to locate the coldest cloud cores in terms of gas
(2) 1ISOSS name, (3-4) average and peak visual extinctignperature, too.
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4.3. Completeness and reliability of the cold source search — The comparison of 170m emission with optical extinc-
tion has shown a linear correlation upAg ~ 7 mag. This
qualifiesI; 7o as a good tracer of dust column density.

— We have found.1q (100 um) (Boulanger et al. 1998) well

correlated withl; 7o, which finally proves the assumption

The C'30 survey of Mizuno et al. (1999) fully covers the three
Chamaeleon main clouds with an angular resolution’Y iwh-
ilar to ours. We have therefore used their list of 23Q cores to
investigate the completeness of our method to locate cold cloud .
cores: 15 of the 23 cores have been crossed by ISOSS slewsthat combined IRAS 6{im and 10Qm bands can be used

.. to locate clouds with cold dust.
All these 15 cores have been detected. 11 (73 %) are cold with -
Thuet < 15 K, 6 (40 %) are associated with VCCs. We have developed a method for finding very cold cores,

The characteristics of the'@0 cores differ in the three and located 9 VCCs. Comparison of our VCCs with earlier

clouds. We therefore compare the gas and dust properties in thenear infrared and CO surveys has proven that these objects

) are indeed highly opaque molecular cloud cores.
most densely covered Chamaeleon | region, where all §0C — The VCCs hag\}/e);\ig?] gas column densities and low CO ex-
cores have been crossed by ISOSS slews: T®Cores no. 1, citation temperatured, (C'30) ~ 8 K
2 ?Qd 4have been identified as VCCsno. 1, 2and 6, respectively. o phisical parametgs of the very cold cores agree with
(CFi O():ore no. 5 contains the two separated VCCs no. 3 and 4 the results of radiative transfer calculations for a spherical
g s . . model cloud heated from outside by one third of the ISRF
While the four G20 cores of Chamaeleon | associated with at the solar neiahbourhood
VCCs have colour temperatures 13K (Table[2) and ¢0 9 '

core no. 6 is associated with sources/pf; ~ 145K, C'*0 The sample we will obtain analysing the complete ISOSS

core no. 3 had .y, ~ 20K (warm sources are not indicatetyatanase 15 % of the sky) is much larger than any of the pre-

in the Figs.b anﬁ]G)_. This core, which contains much warmgg, s F|R samples. The very cold core search will be extended to

dust than all othgrs, is seen towards a peak in surface deng%zéfgiant molecular cloud complexes in Orion, Taurus, Cepheus,

young stellar objects. Cygnus and Ophiuchus. Extrapolating the results of our Cha-
maeleon survey, we expect to detect more than a hundred very

4.4, Two sources of Cha | with warm dust cold cloud cores in the Milky Way. A series of follow-up mea-
surements in cm, mm and sub-mm wavelengths has been started

In this paper we have not intended to test the capabilities ii, ger to derive the physical properties of the gas in the very
the ISOSS/IRAS analysis studying the dust in warm regiong, 4 cores.

The two warm sources seen in Cha | are both heated internally

by embedded young stella.r objects. CED 112is at the southgr nowledgementWe acknowledge the valuable comments by the
edge of a group of pre-main-sequence stars (North et all 1996), .o

with mid-infrared excess _(Persi et al. 2000). The bipolar neb- The 1IsSOPHOT project and Post-operation Phase was funded by the
ula Cha IRN was classified by Ageorges et al. (1996) as a fregsutsches Zentruniif Luft- und Raumfahrt (DLR, former DARA),
falling cloud molecular core with bipolar outflow cavities anthe Max-Planck-Gesellschaft, the Danish, British and Spanish Space
embedded young star-disk system. Cohen & Schwartz (1984gdencies and several European and American institutes.

using KAO FIR measurements with effective FWHM beam- Members of the Consortium on the ISOPHOT Serendipity Survey
sizes of about 45derived 65 K as the temperature of the colde$§§1SS) are MPIA Heidelberg, ESA ISO SOC Villafranca, AIP Pots-
dust component seen there. The fluxes of these warm spots@f8. [PAC Pasadena, Imperial College, London. .
mainly caused by point sources. The colour temperatures de- L.V. Toth acknowledges an MPI research fellow grant. This re-

. . earch was partly supported by the OTKA grants F-022566 and T-
rived from our 5 angular resolution ISOSS/IRAS data (24 l€24027 and the JSPS-HAS Cooperative Science program No. 18. The

and 19K respectively) are due to a mixture of radiation of Clfiork of K.L. and K.M. has been supported by the Academy of Finland

cumstellar and interstellgr dust seen in the peam.with vario[H§OLIgh grant No. 1011055.

temperatures. The physics of large dust particles in heated en-Thjs research has made use of the Digitized Sky Survey, produced
vironment can be studied by ISOSS at regions where exterggihe Space Telescope Science Institute, NASA's Astrophysics Data
heating is dominant, i.e. the heating source can be separadgstem Abstract Service, the Simbad Database, operated at CDS, Stras-
with our resolution. bourg, France, and the NASA/IPAC Extragalactic Database (NED),
which is operated by the Jet Propulsion Laboratory, California Insti-
tute of Technology, under contract to the National Aeronautics and
Space Administration.

The combined ISOSS 170m and IRAS 10Q:m data sets are a K.L.and K.M. thank Carlos Gabriel (ISO Data Centre, Villafranca)
useful tool to characterize cold dust in galactic molecular cloulf& providing them with the IDL runtime version of PIA.

and to find cloud cores with very low FIR colour temperatures.

The main findings of our investigation in the test region Ch?ieferences

maeleon are as follows:

5. Conclusion and outlook
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