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ARSTRACT

Despite cecent progeess, both the eacliest stages of in
dividual protestellar cellapse and the onigin of the glokal
giellar initial mass function (IMF] are poorly understood.
Since pre-slellar condensations sl young prodosiacs have
Tha % 30 K and emit the bulk of their luminasity in the
B0-300 pem band, a large Far-infraced and submillimetec
space telescope such as FIRST {to be launched by ESA
in 2007) iz needed o make further advances in this area.
[n paccicuelar, FIRST will provide a woigue praha of che
energy budget and temperature structuce of prefproto-
stellar condenzations. Wikth an angular resobition at B5-
300 pm comparable to, or better than. the lacgest ground-
based millimeter cadiotelescopes, the two imaging instr-
menls of FIRST [i.e., PACE and SPIRE) will make pos-
zible deep, unbiased surveys for such condenzations in all
e nearky (d 1 kpe] meolecular clowd compleses of the
Galaxy. These surveys are aleeady considered among ihe
teapr scienbific priorities of Lhe SPIRE and PACS core ob
serving programmes, They will provide, for the first time,
the mass and luminecsity functions of complete samples
of cold pre-stellar condensations, comprising thousands
of objects down 1o substellar massez. This should greatly
help mprove our wnderstanding of the Tragmentation ori-
gin of the IMF, Io addition, follow-up spectroscopy at hugh
regolition with the HIFI heterodyne inasteument [(and at
medium resolution with the TACS and SPIRE spectrom-
eters] will give quantitative consteaints on the dypamical
and chemical staces of the most nteresting condensations
identificd in the photometoic surveys,

Key words: Molecular clouds - Stars: formation - Staes:
mass distribution — Sadellites: FIRST

1. INTRODUCTION

Although the formation of 1selated low-mass stars 1z now
peasonably well understond in outling (eg. Larson 1969,
Shu, Adams, Lizano 1987, Mouschoviaz 19910, the wvery
first stages of the process, which bracket in time the onset
of local protostellar collapse within melecular clouds, still
peTnain pocty known, especially in scar-forming clustaes.
These cacly stages are of cousial indcoest sinee they can

differentiate between collapse models and, to some extent
al least, they must govern the origin of stellar masses.

l.]. BACKGHROUKD

Chwalicatively, low-mazs star formation is thought to be-
gin witle the fragmentation of a molecular clowd into a
number of gravitaiionally-bound condenzations which arc
mitially supported against gravily by a combination of
thermal, magnetic, andl tucbulent pressuces (eg. Shi ot
al. 1947]. These pre-stellar fragmenis form and evalve as
a resplt of a still poorly wnderstiood  mechanism, involy-
ing ambipolar diffusion [c.g. Mouschovias 19910, the dis-
sipation of torlnlence (g, Nakano 1993), and/or an out-
side impulse [c.g. Bonnell ot al. 1997). At some point, a
pee-stellar condensation becomes gravitationally unstable
and quickly collapses Lo form s [possibly multiple) ac
ceeting protostar, which iself eventually eveolves into a
pre-oain sequence [FM3] star and 2 main sequence star
[e.g. Stahler & Walter 1993]. A large number of pre-stellac
coresfeondensations have been ohaerved, both in meolec-
ular line tracers of dense gas such as WHa, C5, N=Ht,
HOOF (e Henzon & Myers 198%, Myerz 199Y9), and in
the: [subs]rmillimeter dost continuam (e Ward-Thompson
et al. 1994, 1909, André, Ward-Thempsen, Motie 1906
— s Figs. | 1o 3], Many examples of accreting proto-
stars have alse been observed, which aee divided o twe
broad classes. Class 0 sources are young stellar objocts
[¥30s) characterized by very high catios of submillime-
ter to belometeie luminosiy and overall speciral enceegy
distributions [SEDs) resambling 15-30 K blackbodies {see
Figs. 4 Lo f). Since their measueed envelope masses ex-
aeed their estimated central stellar masses (Mo, == ML),
Class 0 objects are excellent candidates for being voung
i~ 10" yr] protostars ai the beginning of the main ac-
cretion phase (Andre, Ward-Thompson, & Barsony 1993,
20000, They deive powerful jet-like ouiflows [e.g. Bachller
1994 — =zee Fig. 5] and exhibit spectroscopic signatures
of gravitational collapse (v.g. Mardones 1 al. 1997]. By
conteast, Class [ objects are near-1H zoueces with rising
SED: from X ~ 2 pm to A ~ &0 gm (Lada 1987}, and
el weaker subanillimeter continmum emission and oot-
fows 1lian Class O soucces (g, Anded & Montmerls 1994

AMO4, Bootemps et al. 1996). They are interpreted as
covore evolvisd prodestacs approaching the end of the main
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accretion phase (typical age ~ 10% yr), and surrounded
by both a disk and a residoal circumsztellar envelope of
substellar mass,
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Fiqure 2. uat conbinnum imege of L1544 af 1.0 mm faken al
e TRAM 20 telescope i the ose-the- Ty seanning snode [ from
Ward-Thempaon, Motke, & André 1895] Effective angular rea.
clution: 12" baae cantour and condaur slep: 3 mlyfSeam.

Prior te the main accretion phase, Lheary (e, Larson
1469} predicts the existence of a third type of protostars,
namely ‘isothermal protostars’, which have never been un-
ambiguously observed up to now. Indoed, when collapse 12
mitiated in & non-soogndiee pee-stellar condsansation [wich a
finite denzity at its center], the collapsing gas is expected
te remain roughly isothermal until a central density of
ngp, ~ 0710 e =2 is reached {see Masunaga, Miyama,
£ Inulsuka 1996, Bate 1998, Masunaga & Tnncsuka 2006].
Thiz “runaway"” isothermal collapse phase ends witl the
formation of an opaque, hydeostatic protostellar object
in the center [c.g. Larson 1969, Boss & Yorke 1995, Bate
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Fegpuie 8, Spectral cnergy deatribntion of the sterfess core LG4
i Tourua (from Ward-Thompson & Audrd 1999, 300, The
Tuminasity dedected from this object [Lig ~ 06 Lg o the - T
diarpeter FEQFPHOT beant) & consdatent with purely erternaf
heatrng frome the lecal rmteratellar radiabion fiefd. The aer pho-
tometric tands of the SPIAE aud PACY tualruments en FIRST
wre shewn, aleng with thefr catiseted (1o, Thr) senaitivitics.

[898). Numerical simulations in fact prediet the sucoessive
formations of dwo hydrostatic olijects, before and after the
dissoctation of melecular hydeogen respectively [Larson
18G9, First prodestallar coees, or hydrostatic protostel-
lar objectz before the dissociation of molecular hydrogen,
have been ceforred o as 'Class —[' objectz by Boss &
Yorke (1093]). A number of candidate “sothecmal protos
starz” and “Class —1" objects have been identified, in the
forom of very dense starless condensations only seen at sub-
millimeter wavelengths (e.g. Mezger ot al. 1992, Mobbe
al. 1998, Williams et al. 1990, Qnishi ot al. 198, Wiese-
meyer o1 al. 1908%, but their drue pature remains wcer-
tain. In fact, the isothermal collapse phase s expected Lo
b vanashingly shiort if the idealized scenario advocated by
Shu et al. [1987), which uses singular sothermal spheres
as initial conditions, s appeoximately correct. In practize,
it is possible that twe distinet collapse regimes ocour in
nature: dynamical protostellar core formation, with & sig-
nificant runaway collapse phaze, in che case of induced
(multiple] star forrmation (e.g. Henciksen el al. 1997, and
(uasi-static core formation, with virtwally no such phase,
in the case of sclf-iniliated, ‘isoladed’ star formation (e.g.
Shu ec al. V9AT].

Detaled knowledge of the pre-collapse phase and fiest
collapze stages [including the izothermal stage and the
Class 0 early accretion stage) is of key importance for a
good understanding of phenomena occurring later on, dur-
mg the PMS phaze [corresponding Lo Class TT and Class T11
objects - of. Lada 1987 and AMB4). For instance, it is dur-
ing Uhe early stages of collapse that close binary fmultiple
syatems must form (e.g. Bonnell 1994), with consegquences
for e subssgquent evalution of protoplanetary disks.
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Figure {. I30PHOT maps at 30 pm and 179 gpm of the cold
Claaa & ehject TRAM 04191 recently discovered ab [L3 nem near
the Cless [ osowrce TRAS 04190 o Tawrws [see Fig. 3 ond
AMBrE)l. The FWHM beama of 130 and FIRET are indicafed.
Nate Heot the engular resolifeon of LRQFPFOT 4 barely auff-
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with the TRAM 3¢ m feleacope snd the MPIR bolemeter ar-
ray fn the on-the-fly deal-beam sconning mode Jrom AME
19en), Efective anguler reaalutian; 12 base contaur and con-
tour alep: 20 mdyDSeam. The coltfmated COVE=-1) bipalor ffow
emanating from FRAM 041591 is superpoged [dashed contaurs .

1.2, NEED FORt A LARGE SUBMM SPACE TELESCOFRE

So far, the chscovational study of the carliost stages of pro-
tostellar collapse has been seriously hindered by two main
factors: the associated timescales are shoet {2 10% yr) and
the corresponding SEDs peak around & ~ 100-300 g
[zee Figs. 3 &k 6), 1.2., in the primary wavelength range of
FIRST which has been inaccessible with good resolution
and seositivity up to now, While IRAS, [50, and ground-
based infrared studies have provided a fairly complete cen-
sus of evolved protostars and pre-main sequence olijects
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Fegure 6, Spectrel energy diatributian of the Cless § protostar
TRAM Q418 (o AMENN, This obfect g et d = 140 po end
R .Ir.f“g == .15 |I..-E.I Tapg == 18 Fi:.. and ."rf"., = .5 .I'H-: |rFI'i
i [-dfepieter aperture), The air photoneetric bands of SPIRE
i FACE on FIRET are shonn, aloag with theer correaponding
(i, thr) aensitivities. The solid curve is a gregbody dust spec-
traat wleied fiEa the SEI longeard of 20 pm, while e diesfend
curve ahows the model SED comprted by Hoss 8 Yorke [1995)
for @ aingle *firat protesfellar core” aeen along ifs rolotional
wris. FIRST sz sdewily suited for defecting and chanecierizing
all such cold profostars to Me, oo ~ G0F-0.1 My, and o ~ 1 kpe
en e Calnry,

(i.., Class 1, Class I, and Class [ near-1R sources) in
nearby clouds (e.g. Wilking 4 al. 1939, Bontemips, this vol-
urme], ne such census exists yet for (Class 0] young accret-
ing protostars, isetliermal collapsing protostars, and cald
pre-collapse condensations. Oaly about thirty Class O pro-
tastars are known to date [André et al. 2000}, which all are
relatively massive (A 2 0.5-1 Mz) and were discoversd
either zerendipitously [e.g. Chini et al. 1997) or through
their powerful oucflows (see Bachiller |1;E|ﬁ;'l. With present
ground-based (subj-millimeter telescopes, systemadic sur-
veys for pre-collapse condensations and cold protostacs are
possible only down o =~ 0.1 Mg i nearby [ ~ 150 po)
clouds zuch as the g Ophivchi cloud [cf. Motte, André, &
Meri 1998). Even in the Tawrus molecolar cloud complex
{c.g. Hartmann, this volume), whers stars are koown o
form in relative izolation, the anpular resclution of 150
around ~ 100-200 gm was bacely sufficent 1o probe the
emigsion Trom individueal pre-stellar cores and protostars
[soe: Fig, 1 and Fig. 4). Furthermore, the recent millime-
ter dizcoveries of the Class 0 object IRAM 0419141522 in
the vicimity of e Class 1 source TRAS (19141523 [An-
dré, Motte, & Bacmann 1990 - AMBAD - zec Figs. 4 to
4] and of the cold protostellar condensation MO 2T [On-
ighi, Mizune, & Fukui 1990} cleacly show that the cur-
rent census of protastars in Tavrus is incomplete and that
there may exizt a significant, as vot unknown, population
aof ookl protostars with e 2 001 Ly in this cloud. These



examples emphasize the nesd for deep, unbiased surveys
of molecular clouds in the submillimeter band [(zce also
Ristorcelli b al. 1998).

FIRST, the 25 m 'Far Iofraked and Submillimeter
Telescope’ te be launched by ESA in 2007 [2ee Filbratt
000, will cover the 80-TOD gm wavelength range with
good to moderate angular resolution aed will be ideally
auited do studying the earlicst stages of star formation, It
will b eqquipped with a Photoconductor Areay Cameara
and Spectrometer (PACS - e.g. Poglitsch 1993) providing
dual-band photometry at L0 pm (o 759 gm) and 170 um
in fields of view of ~ 1" x 1.3 and ~ 2" = J pespoctively, a
Specteal and Photometric Imaging REceiver [(SPIRE - g,
Geraffin o4 al, 1998) able to perform simulaneaus broad-
band photometey at 250 gm, 330 pm, and 500 gm in 47 =
&, and a Heterodyne Instrument (HIFT - a.g. Whyborn
19497} providing high-resolution spectroscopy (Ae ~ 0,03-
M km 8~} between ~ 250 ym and ~ G253 gm at least.

2, WIDE-FIELD SURVEYS OF MoLECULAR CLOUDS

One of the two top prioeities of the PACS and SPIRE zci-
cotific programomes on FIRST is Lo carry oul deep wide-
field imaging surveys of nearby molecular clouds at B0
180 pm and 250-300 pren, cespectively. These surveys shoald
tretendouzly improve our knowledge of the fiest phases of
protostellar collapese, on both individual (§ 2.1) and global
(& 2.2% zcales in the Galaxy.

2.1. FORMATION OF INDIVIDUAL PROTOSTARS

Unbiaesesd subomallimeter continuwm surveys with SPIRE
and PACS will detect large, complete semples of poung
prreborsfars andd pre-collopse condengsetions, down to muech
smaller masses (M = 003 M) than is possible from
the ground. This will provide, for the first time, reliable
statistical estimates for the ffelemes of e sothermal,
Claze -1, and Class 0 protostellar phases in a variety of
star-forming regions, and for the whole spectrom of stellar
masses, Color-color diagrams based on combined SPIRE
and PACS photometry in zix bands around X ~ 200 pm,
1.2, around the peak of the SEDs {see, g, Figs. 3 and
61, will help solve one of the difficulties, namely distio-
guishing between the varions types of objects. One indeed
capeots shight changes in the shape of the SED [close o
its peak) and a progressive increase of the bolometric tem-
perature, Thw, 35 & source evalves foom an isethermal con-
densation [either pre-collapse or already collapsing - see
Fig- 3], to o ‘Class —1° first protostellar core (see Boss &
Yorke 1995 and dashed curve in Fig. 6}, to an accoocling
Class 0 object (see Fig. T taken from Masunaga & In-
wtauka 2000). Follow-up spectroscopic cbservations with
FIRST [see § 4) and millimeter mtecferometars such as
the planned Atacama Lacge Millimeter Accay (ALMA -
e.g. Woolten 20007 will idendily those condenzations that
are collapsing.

Second, coordinated surveys with SPIRE and PACS on
FIRST will yield wecurale bodomelric heotinosities (down
to low values Z 0001 Lg) for cold protostellar sources,
tharks bo & good sampling of the SEDs with six photomet-
ric bands between - T4 perncanad ~ B00 gom {ses, <., Figs. 3
and ). The much better angular resolotion of FIRST
(% 7 at 30 gm with PACS) comparsd to IRAS or T30
in the fac-IB will be sufficient to separate the main indi-
vidual members of nearky (o £ 900 pe) embedded clusters
{which all have stellar surface densitics < 2000 stars po=2,
excepl the Trapesivm). For che fiest time, the energy out-
put of many individual protostars will thus be measurable
in Lhe key 80-400 g range (see Figa. 3 and 6). Thiz is
of crucial importance as the bolometoie luminosily s a
fundamental variable of [proto)stellar astrophysics used
i all evelutionary diagrams proposed to date for embed-
ded Y505, such as the Mopo—Laor diagram [c.g. AMSY,
Saracena eb al. 199G} and the Lyg-Tiy diagram (Myers et
al. 1508).
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Third, uzing combined SPIRE and PACS images to
construct T5-500 gm SED maps for at least the nearest
{spatially reaclved) sources, it will be possible to derive the
thermal structure of both protostellar envelopes and pre-
stellar condenzations feores (see also § 4 below). Thiz will
allow us Lo Jdetermine the extent to which the envelopes
of the youngest accreting [Class 0] protostars are already
anternally heated, and whether pre-collapse elond cores -
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Froure 3. Hadial sntensity profile of the starleas core L1544 at
1.5 moen (from Werd- Thompaon, Motte, & Asdrd TRER). For
camparisan, the daifed curve shows o simelabed profile for a
maoddel singutar iothermol sphere with p o r™? | nosmelised so
ax te metch dhe phaerved profile af r > 2500 AL the beam pro-
Sfite ia ahorn s @ deshed curve. Swch a 1.9 mm profile, Igpical
of pre-gtedler corea, faplecs that these have ot inner deraily
gradients (f their dual lemperstare and emianvity) properties
are spatialty asiform. Witk FIUST, 8 weildd fe poasible fa oheck
ks assiemption and fo deripe aceurale radial femperature pro-
fites across nearby pre-stellar cores.

presumably axternally beated — are wothermal or colder
in their inner regions (see, c.g., Falgarone & Puget 1983
and Fig. 7). Coupled with complementary ground-baszed
observations in the submillimeter contimam, the sofumn
denaity atructure of the same sources will also be mea-
surable with unprecedented accuracy. Promising cesulis
have boen obained in this acea usiog JOMT/IRAM E00-
L300 pm emission maps and ISOCAM mid-IR absorption
maps [e.g Ward-Thompson ot al. 1994, 1999, Apdrg o
al. 1998, Bacmanno et al. 2000 - see Fig. 8). However, the
only way to reach unambiguous concluzions is o constrain
the temperaduce and the colump-density gradient simul-
tapeously theough multi-band imagiog from the Rayleigh-
Jeans part of 1l ernission spectrum up Lo and beyond the
peak of the SED.

Corpariacn betwsaen the atructure of pre-stellar condensza-
tions and that of the eonvelopes surrounding the youngesl
protostara will give insight into the indtial conditions of tn-
deeidua] profostellar collapse, These inbial conditions hold
the key to understanding early protosiellar evolution and,
in parkicular, determins the history of cthe mass accretion
rate at the Clazz 0 and Class [ stages [e.g. Foster & Cheva-
lier 1993, Henriksen, Andeé, & Bontemps 1997},

2.2, ORIGIN OF THE STELLAR INITIAL MASs FUNCTION

O oa mote global level, wide-field submillimeter imaging
of both active and quicscent regions with FIRST will also
allow us Lo better understand che origin of stellar maszes

and the nature of the fragmentation process s omolec
wlar clouda, for which we still have no satisfactory the-
ory (o.g. Elmegreen 2000]. Indeed, sensitive submillimetar
dust cmission maps have the cemarkable property that
they can probe cloud structure, pre-collapse condensa-
tions, collapsingfaccreting protostacs, and post-collapse
cicumatellar envelopes/disks, simulteneousfy (of. Motte,
Andeé, & Meri 1998). Thus, they make it possible to study
the genetic iink befween clouds, pre-skellar condeonsations,
and gouwng stars, In particolar, the large-scals surveys en-
vigaged with SPIRE (see § 3 below] will allow us to derive
the mass spectrum Tor the complete popilation of pre-
stellar condenzations in each mapped clowd. At the same
Lime, combining the FIRST images wich existing neae-IK
and med-1R data (see E. Lada, this valurme, Mordh ec al.
10g6, and Olofeson, this volume] will give us access to the
Y50 Lolometri: luminosicy Tunpctions in che same clowds
[e.g. Wilking et al. 1989, Bontemps et al. 1999, 2000], This
will constrain the mass specteum of protostars and Y50,
I owill Lherefore be possible wo mlobe the mess spectram of
pre-caliapse condensations fa the mass spectrem af yowng
stars on a clond to clowd basis, which will provide insight
inte the origin of the IMI and its possible regional varia-
Lians.

The above approach has aleeady been used success-
fully with recent grouwnd-based dust contineum surveys of
nearby clowds around 1 mm. In partioular, Motte, An-
dré, & Meri [1998) aobtained a ~ 480 arcmin® mosaic of
the p Crph main clowd (o 2= 150 pe)] st 1.3 oo with the
MFPIR bolometer array on the IRAM 30 m telescope. A
tedal of 100 compact “condensations” with characteriatic
angular scales of ~ 15 = 307 {i.e., ~ 2500-53000 AL} can
be identified in their mosaic. These amall-zscale condensa-
bions consist of 39 starless fragments [undetected by I50-
CAM in the mid-IR - of. Bootemps et al. 1999, 2000] and
41 circumstellar envelopes/disks around embedded Y5
{detected at IR and/for radie continuam wavelengths — of,
Lecus et al. 19%91). Comparison of the masses derived from
il 1.3 g combinunm with Jeans o virial masses from
melecular-line data suggests that most of the starless frag-
ments are gravitationally bound [with My /M £ (4=
.53] and will form stars in the near futucs, The mass Jis-
tribution of these 59 compact pre-stellar condensations,
complete down to ~ 0.1 Mg, is remarkable in that it mim-
ica the shape of the stellar IMI [zee Figo 9). It follows
approgimately ANSAM e ML helow ~A5Mg, but
gteepena to & Salpeter-like power law, AN/AM oo M=31,
above ~00My. In particular, it iz very similar in shape
to the Y80 mass spectrum cecently determined down Lo
201 Mg for the Class 11 sources of the p Oph cluster
from ISCHCAM 7 pm and 15 pm obscovadions [see Bonp-
temps 2000, this valume).

By contrast, recall that the typical ANSAM o M-V
climp mass apectra found by large-scale melecular line
studies [e.g. Kramer 4 al. 1998]) are much shallower than
both the stellar IMF and the pre-stellar mass specteum of



Fig. % abowve ~ (0,3 Mz, The differcnce presumakbly acises
beecanse, wp to now, line stndies have been primearily san-
sitive to transient unbound structures [cf, Kramer 1 al,
1998] which are not immediately related fo star forma-
tion. O the other hand, subrmalfimeter dust surveys can
defect the dtrect progenibors of individual stars,
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Figure 8. Moas spectrum of the 59 pre-stellor fropments ez-
trizcted from the p Oph 7.8 mm cantinieum mosaic of Makte
ef gl [1993), The shope of teis pre-sfoller mass apectriom 4
remarkably similar to the péecewire powerlaw field star [WF
Taoled curve ) advuecabed by Krowpa of o, (19980, Mote the break
al ~e DLE-0.5 My, 1.6, o mass cemporable ta the typrcal Seans
madd in the dense ONF cores af Loren of af. [19580].

Two other studies have found pre-scellar mass spectra

consistent with the IMF, Using the OVROD mterferometer
al F mm to mosaic the inner 3.5° = 5.3 region of the Ser-
penes cloud core, Tests & Sargent (1995] detected 32 star-
less condensations above ~ 0.5 M. and measured their
tass spectotn 1o be ANSAM o M=# e eloas o the
Salpeter IMF.
Yery cecently, Motte et al. (2000, in prep.) used SCUBA
in the scan-map mode on JOMT to image a 30 = 17
ficld at 330 pm around the NGO 2068 apd NGC 2071
etibedded clusters in Orion B (zee Fig. 10]. Their image
reveals a total of ~ 55 compact starless condensations
whose mass spectrum 15 again reminizcent of the IMF be-
tween ~ 0.6 Mz and ~ 10 Mz, although the dust contin-
uum analysis 1z complicated by line contamination from
cutflow features in the vicinity of the [minows protostar
NG 2071-1R.

These recent ground-based (sub)millimeter continuum
results o the mass spectriom of pre-stellar condensations
in protoclusters are very encouraging because they sup-
port the view according to which he lotemaess end of
the IMF iz af least partly determined by turbulent frog-
mentalion at the pre-sfellar stage of star formation [sce
also Larson 1999 and Elmegreen, this volume), I s nev-
ettheless clear that present studiez are limited by zmall-
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Fagure 6. S0UBA 850 pow duet conbituum moexie of the
NGO2E8 /2071 protoclusters an Orion B. A fofal of ~ &5
cartpact starless condenaations fof. orossea] are detected abouve
o 06 My (WHolte, André, Ward- Thompsen, & Kark, in prep. .

number statistics and restricled to nearby (d £ 450 pe)
star-forming clouds due o insufficient sensitivity, Surveys
wiltly FIRST can probe much deeper into the mass distei-
butions of pre-stellar condensations and young protostaes
than ground-based [zublmillimeter observations (see § 3).
Furthermore, the mass woncertainties will be much reduced
since coordinated SPIRE and PACS observations betwesi
w @0 prn and ~ 500 i will strongly constrain the tem-
perature and emissivity of the dust, as well as the naturs
of the objects (sce § 2.1 above].

3. FEARIBILITY AND Unigresess of FIRST SurvyEYs

The poteobial sites of star Tormation in the Calaxy are
known from large-zcale OO observations [e.g. Dame et al,
1967, Dame 1999, Pukwr 2000). Thers are about 2 lacge
melecular complexes within 1 kpe of the Sun, the clos-
est and most famous of which are the p Ophiuchi, Tau-
rus, Chamaeleon, Corona Australis, Scrpens, Persous, and
Orion dark clonds. These giant complexes harbor several
compact embedded clusters which contain large, home-



genecus samples of ¥YS50s and protostars, aod thus pro-
vidle ileal laboratories for star formation studies (e, Zin-
necker, MoCaughoean, & Wilking 1923]. Since the details
of the atar formation process appear to vary from cloud to
clowd apd to depend on envirowmental factors, it is crocial
to study a large number of these regions in order to build a
complels ohsarvational and Lheoretical pictwee, Tn particu-
lae, the typical Jeans mass iz likely to differ from region to
regicn, wWhich may lead to a break in the mass specteum of
pre-stellar condenzations at different characteristic masses
[zee Fig. 9]. It would also be highly desicable to map both
active clusters and queescend regions, in order o shed Light
ab the processes that initiate or inhikit star formaticn in
malecular clonds,

Bascd on current cstimates of the local star formation rate
[~ 7.0 Mg po? (e~ ! per unit area of the Galactic disk,
implying a value ~ 01.0F Moyr=! in an area of o < 1 kpe
arciend the Sun - e McKee & Williams 1997, Mezger
1994), the atove-mentioned regions should hackor 2 500
voung low-mass protostars (of, Mezger 1904), 1.2, an order
of magnitude more at least than those already identified
from the ground [see § 1.2 above],

It would probably be too time-consumiog to deeply
survey all the Gianl Molecolar Clowds [GMCs) of the
Cralaxy with FIRST, but imaging only embedded clusters
at o < 1 kpe with PALCE [ie., a total field area of less
than ~ 3 deg” - of. Zinnccker ot al, 1993), as well as most
known active regions plus a comparable area of guiescent
ficlds within nearby GMOCs with SPIRE [1.c., a total arca
of =~ Bl degz at d < | kpe), seetns petfectly feasible.
Assumming conservative detector-array performances, ane
should need only ~ 4 days to survey 1 deg? with PACS
down to the Geyroy sensitivity of ~ 15 mJy required o
detect proto-brown dwarfs of temperature .o = 104
and mass Mppape = 0.03 M, at the distance 4 = 450 pe of
the nearcst GMC in Orion. With its wider {47 « &) field
of view, SPIRE can casily cover the whele ~ 30 deg® eox-
tent of Orion A & B, but will likely be limited by cirrus
confusion noise (e.g Gautier ¢ al. 1992); a complele sur-
vey down to oy, ~ 13 mly {~ half the eztimated cirrus
neise} could be done in ~ 2 davs and wonld be sensitive to
~ 0.1 Mz, 10 K protostars at the 3o level, In ddal, abaut
I month of FIRST/SPIRE time should be aufficient to im-
age ~ 300 deg? in nearby cloud complexes o the cirros
confugion limit at 250 gm.

For this type of melecalar cloud surveys, FIRST should
be ~ 2-% orders of magnitude faster than SCUBA at
Bo0 pm or SOFTA at 1O0-200 g, and somewhat faster
than ALMA at 1.3 mm. Furthermoree, it 5 imporiant to
stress that ALMA and FIRST will be highly complemen-
tary: while the former will give access to the small-scale
structure and kinematics of protastellar condensations,
the latter will provide unique information about luminosi-
ties and tempetatures, as well as on the medium- to lacge-
scale structure [which cannot casily be cetrieved with an
interfercaneter such as ALMA).

4. FoLLow-up DETAILED SPECTROSCOPIC STURIES

The various spectromeders on boand FIRST will provide
very useful tools to better characterize the physics of the
mest mberesking probostacs awd pre-stellar condensations
found in the photometric surveys.

The SPIRE Fourier Transform Spectrometer [FTS), with
itz lacge ficld of view [2.5° = 2.5°) and low spectral reso-
lutien (20 52 & = A/AXZE 1000), will permit imaging of
the complete shape of the dust conbinuwm spectoum from
s BO0 by o~ GY0 am within and around most condensa-
tions. Variations of the SED ower this wavelength cange
will give fundamental information on likely changes of
dust graon emissiviey and for temperature actoss pre- and
proto-stellar sources. It will also be possible to explooe the
ling content of the brightest condenzations and to measure
the intensitics of the various atomic (e.g. CI) or molecular
(Hz0, 0} lines expected to dominate the cooling of the
gas in collapsing protostellar envelopes and outBow shocks
(e.g Ceocarclll, Hollenbach, & Ticlens 1996, Saraceno el
al. 1989

Follow-up HIF] measurements af high spectral resolution
(R ~ 10P-107) will constrain the associated velocity fields
(e, inflow, rotation, and outflow) and chemical evolo-
tionary stades [cf. van Dishoock 1997), The high speciral
resclution of HIFT coupled with the good angular reso-
lution of FIRST will help disentangle the contrbutions
from the different velocity components. The water lines
Falling in the HIFT range [c.g. HaO{335-30z) af 273 g,
Hal202-1414) at 303 pm, and HaO35:-44,) at 483 pm)
are particularly promising since they should probe the
phyzical conditions in the inner ~ 100 AU region of pro-
tostellar envelopes where the water abundance should be
greatly enhanced [Ceocarclll ot al. 1996). Observations
with the ISO-LWS have confirmed that water 18 abundant
{[Ha0]f[H2] ~ 2 107*) in the inner parts of protostellar
envelopes [e.g. Ceccarelli ot al. 1999}, The wader lines will
be easily resolved with the 2 0.1 ke 377 welocity resolu-
tion of HIFL, providing valuable diagnostics of the mass
accretion eate, Moo, close e condrad objoct (Coccarelln o4
al. 1996, 1997). This is in contrast to millimeter lines (of
.., H=C0, 8, HOO* ) which are mainly ssnsitive to the
outer parts (r ~ 0L01 pe) of dense cores and envelopes
[c.g. Myers 1999), Combining FIRST and ALMA, it will
thus be possible to study the kinematics of gravitational
collapse in & guandibative way and on & roufing basia.

&, CONCLUSIONS

The far-1H/submm s probably the most appropriate wave-
length range for studying the earliest stages of atar for-
mation. Large-scale, multi-color surveys of nearby miolec-
plar clowds at & ~ TH-500 g with the PACS and SPIRE
imaging instruments on FIRST will revolutionize our un-
deeatanding of both the pre-collapse and collapse phases
of star formation [see & 2 and § 3). In partioular, they
ghould allow ws:



# to obiain a complete census of pre-sicllar condensa-
tions, isothermal collapsing protostars, and young accret-
ing protostars in active star-forming egions, setimg dicect
consteaintz on the lifetimes of the various phases;

# Lo measure the associated temperatiuce istri bations
and luminceity functions;

# Lo relate the mass spectrom of pre-stellar condensa-
tionz to the mass specirum of voung stars, thereby giving
insight into Lhe Tragmentation process and the origin of

the IMT.
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