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The Herschel Space Observatory is well suited to address several important questions in atal planet formation, as

is evident from its first year of operation. This paper fosuse observations of water, a key molecule in the physics and
chemistry of star-formation. In the WISH Key Program, a coefyensive set of water lines is being obtained with the
HIFI and PACS instruments toward a large sample of well-ati@rized protostars, covering a wide range of luminasitie
and evolutionary stages. Lines ot@8, CO and their isotopologues, as well as chemically relasehlides, [O I] and [C

1] are observed. Together, the data determine the abuedainwater in cold and warm gas, reveal the entire CO ladder
up to 4000 K above ground, elucidate the physical processgronsible for the warm gas (passive heating, UV or X-
ray-heating, shocks), quantify the main cooling agentd,@nbe dynamical processes associated with forming stals a
planets.

(© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction to four orders of magnitude, to10~*, and this variation
makes water such an excellent diagnostic of energetic phe-
Water is a key molecule in the formation of stars and plaftlomena. These processes have been previously inferred by
etary systems, both as a cornerstone molecule in the ox3combination of SWAS and ISO data (e.g., Boonman et al.
gen chemistry and as a diagnostic of the physical structu#€03). SWAS was able to spectrally resolve thgoHL; o—
of young stellar objects (YSOs). It is thus important to foldo: transition at 557 GHz (Bergin et al. 2003, Franklin et al.
low the abundance and excitation of water from the earliedf08), but in a much larger beam and at a lower sensitivity
stages of the collapsing cloud to the end stages of plan#tan what is currently possible with the Heterodyne Instru-
forming disks (see e.g., reviews by Cernicharo & Crovisighent for the Far-Infrared oHerschel. These factors make
2005 and Melnick 2009). The Herschel Key Program “Wait possible to detect water in a larger number of protostars a
ter in star-forming regions with Herschel” (WISH; van Distudy €volutionary stage, as well as detecting higher-edcite
et al. 2011) uses high spectral and spatial resolution Hifnes and the rare isotopologug*®.
and PACS observations of water through all evolutionary
stages of star formation to follow the “water trail” and to, .
use water as a probe of physical and dynamical proces&s Observational strategy

taking pl_ace. The Heterodyne Instrument for the Far-Infrared (HIFI; de
Previous dataghave gu_ggested that the abundance of W\ et al. 2010) is used as the instrument of choice for

teris very low, 10°-10"%, in the cold quiescent parts of the 5 <o ing water. Because of its high spectral resolutiah an

molecular envelope, where the bulk of water is in the formggjsivity, it is possible to resolve the line profiles dawa

of ice on dust grains. As the temperature increases CIO%)%rlocity resolution ok 0.1 km s'!. Depending on the type

to the protostar, all water is expected to evaporate. and tBPobject, up to ten KO and isotopologue transitions are

abundaillce t04|ncrease by several orders_ of magn'tUde’tHPgeted with HIFI, the transitions having upper-levelrene

to ~107-10"" with respect to H. Water is also frozen ;g of 50 — 500 K above the ground-state. For the faintest

out onto dust grains in shocks, but sputtering of the gralgbjects (pre-stellar cores and protoplanetary disks)irthe

mantles effec_tively relegses all water into the gas pha%@gration time is long enough (up to 10 hours or more) that
At the same time, atomic oxygen may be pushed into W8 rms of~ 1 mK is achieved in the kD 13910, and &;—

ter through neutral-neutral reactions in the warm post‘;tshoo00 ground state lines, thus representing the longest single-

gas. Both processes lead to a jump in the abundance by Jifnting integrations done with HIFI. The bulk of the obser-

* Herschel is an ESA space observatory with science instruments prvations are carried out as single-pointing observationis wi
vided by European-led Principal Investigator consortid aith important %eam'SIZes ranging f_rom 12t 1834 GHz to 39 Q.t 557
participation from NASA. GHz. H}®O and H"O lines are targeted to constrain the op-

** Corresponding author: e-mail: ewine@strw.leidenuniv.nl tical depth of emission lines across the entire mass spactru
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and in protostellar outflows. Highi-CO and isotopologue 15— 77—

lines are also targeted up #=10-9 (£, = 300 K). | B68 ]
HIFI observations are complemented by data from the Ere—stellar‘ core

Photodetector Array Camera and Spectrometer (PACS; Boigit

et al. 2010). PACS has a resolving power of only 1500-4000 " N1333—14A

and does not generally resolve the line profiles. Howewer, it
5x5 array receiver with 9/4pixels provides spatial infor-
mation. Full spectral scans are carried out for a small num- 1+
ber of low- and high-mass YSOs, whereas line scans of a
specific sub-set of lines are done for the entire mass spec- 2
trum of sources. The lines targeted include higgO lines, -~
£
B

- protostar

OH, [O I] at 63 and 145:m, and, of course, higher excited

H»O lines (up toEy,, ~ 1000 K). Fully sampled line maps

are obtained for three protostellar outflows in the 178%

H2O line (212—101). 0.5
WISH targets about 80 sources, most of them in the

embedded phase of star formation. The luminosity of the

YSOs ranges from< 1 L to > 10° L, covering low-

, intermediate- and high-mass star formation. A few pre-

stellar cores and protoplanetary disks are included in the DM Tau

sample to probe the different evolutionary stages from the .

pre-collapse stage of the cloud to the phase when the enve- 0 disk

lope has been dispersed and only a young star with a disk is

left. The full source list and associated line list can benfibu [Hy0 1,0—1p4
L1 PR

in van Dishoeck et al. (2011). :
-40 -20 O 20 40
3 Results Velocity (km/s)

Fig.1 Evolution of the HO 1,0—101 line at 557 GHz for the
Figure 1 shows the evolution of theB 1;0—1y; line at 557 pre-stellar core B68, the low-mass embedded YSO NGC1333-
GHz from the pre-stellar core B68 (Caselli et al. 2010), tt(RAS4A and the protoplanetary disk DM Tau. The red dashe lin
the low-mass embedded source NGC1333-IRAS4A (Krigndicates the systemic velocity, and the inset shows thiatiee
tensen et al. 2010) ending with the protoplanetary disk DJetection of HO in a disk. Wat(.er emission is only bright in the
Tau (Bergin et al. 2010). This temporal evolutionary seZMPedded phase of star formation.
guence highlights that during the quiescent phases of star

formation, the water abundance is very low. The embegon+off) each. No emission is detected in B68 but interest-
ded stage of star formation, however, shows very broad aﬂ@y' the L1544 spectrum shows a tentatasor ption fea-
complex line profiles consisting of many dynamical comyre against the submillimeter continuum at velocitiestghe
ponents. An example is emission from the low-mass sourgg CO 1-0 line is seen in emission. The B68 limit down to
NGC1333-IRAS4A, which shows a broad underlying comz 0 mK rms in 0.6 km s! bins is more than an order of
ponent centered at the source velocity with an inverse Rragnitude lower than the previous upper limit obtained by
Cygni profile on top indicative of large-scale in-fall. Irsétsll SWAS for this cloud (Bergin & Snell 2002) as well as most
again most of the water is frozen out onto grains. preHerschel model predictions. The®upper limit corre-
The mass-evolutionary track is very different from theponds to am—H,O column density< 2.5 x 10'3 cm—2
temporal track. Comparing typical low-, intermediate, angind a mean line-of-sight abundanced .3x 102, If the wa-
high-mass YSOs (Fig. 2) shows that absolute intensity gbider absorption in L1544 is confirmed by deeper integrations
the profiles are remarkably similar. They are all broad, congurrently planned within WISH, it provides a very powerful
plex and consist of multiple components, clearly indiogtintool to determine the water abundance profile along the line
that the water emission is primarily generated in shocks. bf sight.
the following, the initial results from each sub-program of
WISH are summarized. 32 Low-mass YSOs

The embedded low-mass sources are often dominated by
outflows (see, e.g., Arce et al. 2007 for a recent review).
Caselli et al. (2010) present early results for the two coré$;°O emission is detected towards all sources, both Class
L1544 and B68, with the B68-H,0 119 — 11 spectrum 0 and the more evolved Class | (Fig. 3; Kristensen et al.
included in Fig. 1. These spectra toeld hr integration in prep.). These results constitute the first detection &f co

3.1 Pre-stellar cores

(© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org



Astron. Nachr. / AN (2006) 791

R T T T
| W3—IRS5 m
L High—mass ;
L x 0.1 J A
sl Q>< !

rN7129 1 WV
r Intermediate—mass 1

LU

Fig.4 Cartoons showing the different physical components of
a protostar on scales of a few thousand AU. (Left) The molecu-
lar envelope heated by the accretion luminosity of the steto
(Center) Outflow cavity walls heated by UV photons from the-pr

[ N1333-14A ] tostar. (Right) Shell shocks running along the outflow gewialls
0.5 [ Low—mass 7] and molecular jet with internal working surfaces (R. Visg®iv.
i comm.).

et al. in prep.). This upper limit is significantly lower than
expected if all of the water ice on grains evaporates in the
r Ha0 g~ 144 l inner envelope.

PRSI S S T SR N S T | -

_SO . 0 o0 The next step consists of detailed 2D modeling for each
elocity (km/s)
protostar. Such a model has already been developed and
Fig.2  Evolution of the HO 2,1, line at 988 GHz for the tested for the low-mass protostar HH46 (van Kempen et al.
high-mass YSO W3-IRS5, the intermediate-mass YSO NGC712901, visser et al. in prep.). The model consists of three sep
LF;“:& Sgg;gﬁi'f‘;’(‘;‘g'::)fi%i%%?;&:iigﬁf:ﬁf ;—:(‘)‘Zg“(i\‘;veHnﬁrérate physical components: the molecular envelope heated
25 km s and medium-broad (FWHM5-10 km s 1) compo- bﬁ/ the ?Iccretmr_] Ium|ﬂosnydofrt]hekprotlostar,hUV—he_atmg Icl)f
nents in all sources irrespective of luminosity, as wellragise the ou_t ow CaVIt)‘/ walls and shoc S along the cavity walls
P-Cygni profile on top of the broad line in NGC1333-IRAS4A. (seg Flg. 4). The ‘passively-heated’ model uses the DUSTY
radiative transfer code to compute the temperature streictu
through the envelope for a given power-law density struc-
H-O in a Class | object as well as the detection of colture, and assumes that the gas temperature is equal to the
H380 in a low-mass protostar. The line profiles appear tdust temperature. The UV model adds a photon-heated gas
be unique to each source, with very few common trait$ayer along the outflow cavity walls, either using a paraiet]
The main characteristic of all detected®l lines, includ- temperature grid based on the PDR models of Kaufman et
ing the HO isotopologue lines, is the width of the lineal. (1999) or by computing the gas temperature explicitly
profiles. It is typically> 20 km s™!, but may go up to in a 2D code such as presented by Bruderer et al. (2010).
> 50 km s™!. The profiles show many dynamical com-The line emission from the combined passively heated and
ponents, including inverse P-Cygni-type profiles, emissigphoton-heated models is then computed using the radiative
from molecular “bullets” at high velocities, and deep abtransfer code LIME (Brinch & Hogerheijde 2010). Shocks
sorptions going below the continuum level. Th&B tran-  are added using the model results from Kaufman & Neufeld
sition is also self-absorbed, indicating that the envelispe (1996). With this model it is possible to reproduce the CO
optically thick even in H®O. ladder fromJ=2-1 up toJ=40-39 with only two free pa-
The bulk of HO emission arises in shocks associatechmeters: the UV luminosity from the source and the shock
with the molecular outflows (Kristensen et al. 2010), andelocity, as shown in Fig. 5. The passively heated envelope
the water abundance is found to increase with velocity up teproduces the low- lines (<6), the UV-heated layer the
H,O/CO abundance ratios ef 1. The only clear signature intermediate/ lines (J/ ~10-20), and the shocks the high-
of the envelope is the deep absorption by gas-phase wateritines (J > 20). Although there is some degeneracy in the
the outer, cold envelope, where the abundance is conafraimeodels resulting in uncertainties in the inferred values of
to ~ 10~8. The lack of any envelope emission signature, ithese two parameters, the conclusion that both components
particular the absence of excited¥ emission, is used to are needed is robust. Work is currently underway to do the
constrain the inner envelope abundancetd0—° (Visser same for HO.

Www.an-journal.org (© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig.3 HIFI spectra of a selection of low-mass Class 0 and | sourcései HO 1,0—10: transition at 557 GHz. The spectra have been
scaled to a peak intensity of 0.8 K. The lower right panel shtve detection of the 310 1,0—10; transition towards the embedded
class 0 source NGC1333-IRAS4B. All spectra are continuubtracted and the red dashed line indicates the sourceityeloc
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similar to that of the low-mass YSO NGC 1333 IRAS4A,
showing both a broad component (FWHM25 km s1)

due to shocks along the outflow cavity as well as a medium-
broad component (FWHM6 km s~!) associated with smal}-
scale shocks in the inner dense envelope. Quantitative anal
ysis of all the HO and isotopologue lines observed for this
object result in an outer envelope abundakge of order

~ 1077, an order of magnitude higher than for the low-
and high-mass YSOs. Alternatively, both the higicO and
H>O lines seen with HIFI and PACS can be analyzed in a

LAY .
+ Passive
’ )

single slab model with a temperature-ofl000 K and den-

sity ~ 107 — 108 cm~3, representative of a shock in the
40 inner dense envelope (Fich et al. 2010). This leads to a typ-
d ical H,O/CO abundance ratio of 0.2—0.5.

10—19 I

Fig.5 CO ladder for the embedded low-mass protostar HH46.

The ladder is decomposed into three components arisingtfiem Cn

passively heated envelope, UV heating of the outflow cavilsy 3.4 High-mass YSOs
and shell shocks running along the cavity walls. The wawgten

ranges of the three instruments on-bol@tschel are shown. Figure 2 includes the excitgd-H, 0 line for the high-mass

YSO W3 IRS5 (Chavarria et al. 2010). The profile reveals
the same broad and medium-broad components as seen for
their low- and intermediate-mass counterparts. In additio

to self-absorption and absorption of the cold enveloperaghi
Observations of various water lines toward NGC 7129 FRR8® continuum, absorptions due to foreground clouds lying
(430 L, 1260 pc) are presented in Fich et al. (2010) analong the line of sight are seen at various velocities. |a par
Johnstone et al. (2010) and one of the excjtedd,O lines ticular, the highS/N absorption data of the ground-state
detected with HIFI is included in Fig. 2. The line profile isp—H>O line show cold clouds surrounding the protostellar

3.3 Intermediate-mass YSOs

(© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Www.an-journal.org
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temperature chemistry. The totab@ cooling amounts to
23% of the total far-IR energy released in shocks estimated
from the ISO-LWS data (Giannini et al. 2001).

The PACS spectra contained in Figure 6 are spectrally
unresolved. HIFI spectra of 40 and CO at the B1 posi-
tion in the blue outflow lobe (see Fig. 6) have been pre-
sented and analyzed by Lefloch et al. (2010) as part of the
CHESS key program, showing that thg® abundance in-
creases with shock velocity. They propose that this reflects
the two mechanisms for producing&: ice evaporation at
the lower velocities and high temperature chemistry at the

g
T

higher velocities where the O ++and OH + H reactions

0 : become significant. The presence of Nfdnother grain sur-
face product) in only the lower velocity gas is consistent
with this picture (Codella et al. 2010), but other explana-
tions are not excluded.

50 0 -50 800 i e
RA Offset (orcsec) velocity (km s-!)

Fig.6 Map of the L1157 outflow in the D 2;2—1o; transition
at 179.5,m obtained with PACS (left). Three representative spec-

tra are shown to the right from the red outflow lobe (R), theseu 3.6 Radiation diagnostics
position (mm) and the blue outflow lobe (B1). The lines aresunr

solved. An early surprise from alHerschel-HIFI key programs is

the detection of widespread,@* absorption in a variety

of galactic sources including diffuse clouds, the envetope
envelope at nearby velocities, revealing the detailedcstruof massive YSOs and outflows (see, e.g., Gerin et al. 2010).
ture of the protostellar environment (Marseille et al. 2010H,0+ and OH' lines are even seen in emission in SPIRE-
Broad line profiles due to outflows associated with the higheTs spectra of the AGN Mkr231 (van der Werf et al. 2010).
mass protostars are commonly seen, testifying to the im- wjthin WISH, several hydride molecules have been tar-
portance of shocks. Moreover, the presence of blue-shiftggted explicitly as diagnostics of the presence of UV radia-
absorption suggests expansion of the outer envelope ratfigh and/or X-rays deep inside the envelope from which the
than infall. radiation cannot be observed directly due to the large ex-

The different physical components composing the highinction. PreHerschel models had predicted the importance

mass protostellar environment can be disentangled to fitgtspecies like OFt, H,OT, SHT and CHF in probing this
order with simple models, as demonstrated by initial peradation (e.g., Stauber et al. 2004, 2005, 2007). Subs¢que
formance verification data on DR21 (OH) (van der Tak ahodels have also highligted the importance of the 2D ge-
al. 2010). Using a slab model and assumingogp ratio ometry and UV-illuminated cavity walls in producing these
of 3, the broad component due to the outflow is found tepecies (Bruderer et al. 2010). Deep HIFI integrations on
have an HO abundance of a few10~5. Water is much two high-mass YSOs reveal indeed most of these molecules,
less abundant in the foreground cloud whereH,O has an a confirmation of the model results. CH, NH, ©Hand
abundance oft x 10~°. The outer envelope abundance i$1,0" are detected toward both W3 IRS5 and AFGL 2591
even lower, a fewx 10~ 10. (Benz et al. 2010; Bruderer et al. 2010). In addition*SH
and H;O* are seen toward W3 and GHtoward AFGL
2591. Only SH and NH are not detected.#D*, OH' and
SH* are new molecules, with OHand SH™ only recently
Figure 6 shows the Herschel-PACS image ofCHin the detected for the first time in ground-based APEX observa-
179um line toward the Stage 0 source L1157 obtained dutions by Wyrowski et al. (2010) and Menten et al. (2011),
ing the science demonstration phaseHefschel (Nisini et respectively.
al. 2010). The map clearly reveals where the shocks inter- The observed range in line profiles and excitation con-
act with the molecular cloud, lighting up the water emissoditions (absorption versus emission) immediately indisat
along the outflow. The KD emission is spatially correlatedthat the species originate in different parts of the YSO en-
with that of pure rotational lines of Hobserved witlSpitzer ~ vironment. The OH/H,O" abundance ratio of 1 for the
(Neufeld et al. 2009), and corresponds well with the peakdue-shifted gas seen in absorption in both sources ireicat
of other shock-produced molecules such as SiO and NHbw density and high UV fields (Gerin et al. 2010), as ex-
along the outflow. In contrast with these speciesQhk also  pected along the cavity walls at large distances from the
strong at the source position itself. The analysis of th®H source. Low densities<( 10* cm~3) and a low molecular
179 m emission, combined with existing Odin and SWASraction (i.e., a H/H ratio of a few %) are needed to prevent
data, shows that water originates in warm compact shockeldO™ from reacting rapidly with H to form H;O™.
clumps of a few arcsec in size, where the water abundance is The CH, CH™ and ;O™ emission lines must arise clofler
of the order ofl0~4, i.e., close to that expected from high-to the protostar, at densities 10° cm=2 (Bruderer et al.

3.5 Outflows

Www.an-journal.org (© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2010). Their abundances are roughly consistent with the Zibhance our understanding of water in the galactic interste

photochemical models, in which high temperature chentar medium and solar system, and provide a true legacy for
istry and high UV fluxes boost their abundances along ttidecades to come. Eventually, they will allow the determina-
outflow walls (Bruderer et al. 2009, 2010). The UV fieldion of the formation and destruction of water from the most

is enhanced by at least four orders of magnitude comparéiffuse gas to planet-forming disks, and eventually comets
with the general interstellar radiation field in these regio and planets in our own Solar system.

Because the kD ground state line occurs close to that cknowledgements. This paper is presented on behalf of the entire
of p—H,0, observations of both species are available f ISH team and is made possible thanks to the HIFI guaranteed

_a large sagnple of hlgh-mas_s protostars W'thm_ WISH. U?l'me program. HIFI has been designed and built by a consoriu
ing also HFO data, Wyrowski et al. (2010) provide columny,jistes and university departments from across EurGpeada
densities for both species for all components along 10 ling&q the US under the leadership of SRON Netherlands Iresfitut

of sight. O™ is always in absorption, even when®  Space Research, Groningen, The Netherlands with majariisent
is seen in emission. Overall,.@*/H,O ratios range from tions from Germany, France and the US. Consortium members ar
0.01 to> 1, with the lower values found in the dense proto€anada: CSA, U.Waterloo; France: CESR, LAB, LERMA, IRAM;
stellar envelopes and the larger values in diffuse foregriouGermany: KOSMA, MPIfR, MPS; Ireland, NUI Maynooth; Italy:

clouds and outflows, as expected from the above mention&a!, IFSI-INAF, Arcetri-INAF; Netherlands: SRON, TUD; Paihdll
models. CAMK, CBK; Spain: Observatorio Astronomico Nacional (IGN)

Centro de Astrobiolog ia (CSIC-INTA); Sweden: Chalmers -Uni
versity of Technology - MC2, RSS & GARD, Onsala Space Ob-
3.7 Disks servatory, Swedish National Space Board, Stockholm Usiityer
. . ) . Stockholm Observatory; Switzerland: ETH Zirich, FHNW;AIS
Deep integrations on the DM Tau disk show a tentative de-ajtech, JPL, NHSC. We thank many funding agencies for finan-

tection of theo—H,O line with a peak temperature of;5=2. Bial support, in particular the Netherland OrganizationSaien-

mK and a width of 5.6 km's! (Bergin et al. 2010). Whether tific Research (NWO) and the Netherlands Research School for
detected or not, the inferred column density is a factor @fstronomy (NOVA).

20-130 weaker than predicted by a simple model in which

gaseous water is produced by photodesorption of icy grai
in the UV illuminated regions of the disk (Dominik et aI.EéSeferences

2005). The most plausible implication of this lack of watehjxawa, ., Herbst, E., Roberts, H., & Caselli, P. 2005, AB20,
vapor is that more than 95-99% of the water ice is locked 330

up in coagulated grains that are so large that they are mate, H.G., Shepherd, D., Gueth, F. et al. 2007, Protostads a
cycled back up to the higher disk layers but remain settled PlanetsV, 245

in the midplane. Benz, A. O., et al. 2010, A&A, 521, L35
Bergin, E.A., Hogerheijde, M.R., Brinch, C. et al. 2010, A&A
521,133
4 Conclusions Bergin, E.A., Kaufman, M.J., Melnick, G.J. et al. 2003, Ap82,
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The initial results of the WISH program show that water anger9in. E-A., & Snell, R. L. 2002, ApJL, 581, L105

related species can indeed be used as physical and che%ﬁﬁzgzna(fg'\g;’ Doty, S.D., van Dishoeck, E.F. et al. 2003,

cal probes of star-forming regions. Water shows large abugr ., ¢ & Hogerheijde, M.R. 2010, A&A, 523, A25
dance variations between cold and warm gas, with abu@ruderler, ’S., Benz, A. O Doty, S. D van Dis:hoeck, E.F, &

dances of gaseous water in pre-stellar cores and disks evengourke, T. L. 2009, ApJ, 700, 872

lower than most préderschel predictions. In contrast, shogk®ruderer, S., et al. 2010, A&A, 521, L44

are seen brightly in broad water emission lines, obscurifyyuderer, S., Benz, A. O., Stauber, P., & Doty, S. D. 2010) Ap
any narrower emission from quiescent hot cores, even in 720, 1432 .

isotopologue lines. lons and hydrides involved in the wdzaselli. P., Keto, E., Pagani, L. etal. 2010, A&A, 521, L29
ter chemistry schemes are surprisingly easy to detect angmicnaro: J, & Crovisier, J. 2005, Space Science Reyieif
are four)d to be widely distribu_ted throu_ghout the interst_ebhavama, L., etal. 2010, A&A, 521, L37

lar medium. The CO ladder, with detections of lines as highoqella, C., et al. 2010, A&A, 518, L112

as J=44-43, forms a powerful tool to unravel the physivan Dishoeck, E.F., Kristensen, L.E., Benz, A.O. et al. 2PISP,
cal components of the protostellar envelope. Observations 123, 138

of all major coolants allow the total far-infrared cooling t Dominik, C., Ceccarelli, C., Hollenbach, D., & Kaufman, M5,
be quantified. So far, water has not yet been found to be the APJL, 635, L85

major coolant in any of these regions. Fich, M., etal. 2010, A&A, 518, L86
. vsis aflerschel d il ire th Franklin, J., Snell, R.L., Kaufman, M.J. et al. 2008, Ap}4 6015
Quantitative analysis dfferschel data will require the Gy ‘M- et al. 2010, ARA. 518, L110

further development of multidimensional models of protogijannini, T., Nisini, B., & Lorenzetti. D. 2001, ApJ, 555, 40
stellar envelopes, outflows and disks. Together with the rée Graauw, T., Helmich, F.P., Phillips, T.G. et al. 2010, A&AS,
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