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ABSTRACT

Aims. We study in this paper the ice composition in the enveloparaténtermediate-mass class | Young Stellar Objects (YSOs)
Methods. We performed a spectroscopic survey toward five intermedizss class | YSOs located in the Southern Vela molecuwaddh
thel (2.85—4.Qum) andM (4.55-4.8um) bands at resolving poweagAA = 600-800 up to 10,000, using the Infrared Spectrometer analyAr
Camera mounted on théery Large Telescope-ANTUower mass companion objects were observed simultanemusbth bands.

_C Results. Solid H,O at 3um is detected in all sources, including the companion objecO ice at 4.67:m is detected in a few main targets
(O and one companion object. One object (LLN 19) shows littlei€®but strong gas-phase CO ro-vibrational lines in absmpihe CO ice
1 profiles are dierent from source to source. The amount of water ice and C@apped in a water-rich mantle may correlate with the flusorat
O at 12 and 25um. The abundance of #-rich CO likely correlates with that of water ice. A weak tig at 3.54um attributed to solid CEOH
b and a broad feature near 4.6 are observed toward LLN 17, but not toward the other souias derived abundances of solid gbH and

(/) OCN- are~10 + 2% and~1 + 0.2% of the HO ice abundance respectively. The@Hoptical depths do not show an increase with envelope

S

mass, nor do they show lower values for the companion obfetgpared with the main protostar. The line-of-sight CO ibaralance does
not correlate with the source bolometric luminosity.

Conclusions. Comparison of the solid CO profile toward LLN 17, which showseatremely broad CO ice feature, and that of its lower mass
companion at a few thousand AU, which exhibits a narrow prpfilgether with the detection of OCltbward LLN 17 provide direct evidences
for local thermal processing of the ice.

Key words. (Stars:) circumstellar matter — Astrochemistry — ISM: nooles

1. Introduction plex molecules. The relative chemical composition of thes i

) ) ) ) mantle is well determined after three decades of studies us-
Dust grains play an important role in the evolution of cloudfg poth ground-based and space-borne telescopes. The core
from protos_tellar coresto C|rcgmstellard|sks. Since quains mantle grain model is supported by spectropolarimetry-stud
are the main source of opacity, they control the thermal bk (e.g.,?). Solid KO, CO, and C@ abound in most lines
ance of clouds. The surfaces of cold grains act as heat sink §psight where ices are detecte?).(Sometimes, minor species
highly exothermic reactions to occur (e.g., formation @j br - 5ych as Ciy (~2%), HCOOH £2%), OCN (~0.2-1%) (e.g.,
provide sites for atoms and molecules to freeze on. Theér—eeﬁ)’ and HCO (3—-6%) are found (e.q?,; ?; ?). By contrast, the
out of molecules like CO is found to be important for regysresence of other minor constituents such as ittontrover-
lating the gas phase chemistry of other species (&, 7). sjal; its abundance relative to water ice is likely less tha0%
The frozen atoms and molecules accumulate on top of a [gg.,2; 2; 2; 2; ?). It should be emphasized that most of these
fractory core (silicates, carbonaceous compounds) amddor gt dies refer to high mass young stellar objects.
icy mantle or react with other species to synthesize more-com

Solid methanol (CHOH) is a particular case. It epitomizes

Send gprint requests toewine@strw.leidenuniv.nl the importance of molecular solids in the understandindpef t

* Based on observations collected at the European South@@s phase chemistry. The radiative association of @l HO
Observatory at La Silla and Paranal, Chile (ESO Programmé-16 iS an indficient gas-phase process that yields methanol abun-
0605) dances of~ 1079 relative to H while abundances of 18-
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107 have been found in hot cores (e.8;,?). The prevalent in Sect. 4.3. A possible correlation between the abundahce o
view is that the high abundance of gas phase methanol co8@ embedded into a water ice matrix and the IRASh®

from the release of large amounts of frozen methanol form28 um color ratio is discussed in Sect. 5. Conclusion are pro-
on grain surfaces ?; ?). Methanol ice abundance relative tovided in Sect. 6. These data complement the survey of CO and
water ice is found to vary from less than 3% w.r.t. water ice iother species for a sample ofi0 low mass YSO's by?) ob-
quiescent regions up to 30% around massive protostar#f ( tained in the same programme.

all the methanol ice is released in the gas phase, the abcadan

of methanol in the gas phase with respect toviill amount

to 3 x 107 — 3 x 107 assuming that the abundance of we .30
ter ice with respect to lis ~107° (e.g.,?). A similar situation

is found for low-mass object®) set a stringent limit of 5%

of methanol with respect to water ice for sources located

the Taurus molecular cloud, whif®® found abundant methanol -35
ice (14-25% of water ice) in 4 out &f 40 envelopes around
protostars observed with the VLT. Possible formation reatie
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solid methanol are also disputed. The formation rate ofiso § RO

methanol by hydrogenation of CO ice in the absence of enel % '4°_—RAS TR

input (i.e. hot atoms, UV or particle irradiation) measuned S L N

laboratory experiments remains controversial (€g?; ?). £ - .
The advent of 8m class telescopes equipped with large f § 48 IRAS 09017-4813 IRAS 08214158 |

mat arrays opens up the opportunity to study large samples
low and intermediate-mass sources. We present here the
observations of molecular ice features in th¢2.8—4.1um)
and M (4.5-5.1um) bands toward class | intermediate-mas 50
young stellar objects (YSOs) located in the Vela molecul
cloud complex. The spectra were obtained in the context o
large programme using thefrared Spectrometer And Array % l | | |
Camera(ISAAC) mounted at th&/ery Large Telescopa&NTU SO L
(VLT-ANTU) of the European Southern ObservatofizSO). 10n00  Sh30 9n00 8h30 8n00 7hoo
Two major absorption features are observable with grour Righ#Ascension (1950)
based telescopes, along with some weak features. The ...
strong feature is centered around 31 (~ 3300 cn') and  Fig, 1. CO (1-0) contour map of the Vela Molecular Cloud complex
is usually attributed to the stretching mode of soligtH The (?). The complex is composed of 4 clouds named A, B, C and D in
study of the solid-water profile has been used to better explthe map. The positions of the observed sources are indiemgdhe
the ice structure in the water matrix (e.8;,?; ?). The feature filled circles are the location of the 50 other embedded yatetiar
shows a broad excess absorption beyong:2avhose origin objects. Indicated as well are the locations of the Velad&dsd the
is still unclear, although scattering by the larger gramd1 H!l region 259,-4. The map is an adaptation of Fig. pf
um in radius) in the size distribution is the best candid&te (
?).
The other important feature is the solid-CO band at 4167 .
(2140 cnt), whose profile is sensitive to the shape and size %f Protostars in the Vela molecular clouds
the grains as well as the ice composition and temperature &el chose to observe 5 intermediate-mass protostars with
is therefore a diagnostic of the evolutionary state andntlaér bolometric luminositied.. ~ 100—-1000L, corresponding to
history of ices ®). As soon as the grain is warmed+d 2—-15K masses of 2—-10, (?). The characteristics of the objects are
by the luminosity of the object, CO molecules caffule into summarized in Table 1. These objects are the brightestasurc
the ice and form new bonds, changing the morphology of tiethe L- and M-band taken from the sample of Class | YSO
mixture and thus the profile at 4.6in, or they can sublime candidates in the Vela molecular cloudd,(hereafter LLN. The
back to the gas phas€;(?; ?). The mobility of CO and its location of the sources is shown in Fig. 1, together with tfat
high abundance in cold icy mantles also explain why it is a ke¢her candidates not studied in this work. Four of thesecasur
species for surface reactions leading to polyatomic médscuhave been observed 8. The Vela molecular cloud is located
such as C@Qand CHOH (?; ?; ?). in the Galactic plane, and is reachable only from obseriggor
The VLT-ISAAC observations are used to constrain thie the Southern hemisphere. It lies in an RA rang@h) which
physical and chemical conditions in the envelopes of a samplas not covered by tHafrared Space ObservatoiSO) satel-
of intermediate-mass stars. The paper is organized asv&llolite during the entire mission to avoid damage from the irdfda
We present the objects of our sample in Sect. 2 and the obsadiation from the Earth.
vations and data reduction proceduresin Sect. 3. Thesemult  The complex hosts three supernova remnants (Vela SNR,
the water ice band are described in Sect. 4.1. Evidencelidr séPuppis A and G266.2 -1.2), the latter discovered by recent X-
CH3OH is presented in Sect. 4.2. The CO-ice band is presentag satellites ?). The spectral energy distributions (SEDs) of

VMR-A
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the objects, red IRAS colors and a near-infrared slepa  sen to be late-type photometric standards. The targetsdtave
dlog(1F,)/dlog(1) > O as defined by) are characteristic of curate published photometric measurements (see Tabled2) an
YSOs. Near-infrared imaging has revealed that the chosen those values were used to estimate the flux of the main and
gets are the brightest members of their respective preltast companion objects. The companions are 3.5 to 18 times fainte
clusters ). The companion stars observed serendipitously (stha&n the main sources, which are the brightest objects in the
Sect. 3) are fainter class | objects. The entire complex weaespective proto-clusters. The absolute flux calibrasamicer-
mapped in the CAQ = 1 — 0 transition by?). The complex tain by 10%. The standard star spectra were not modeled and
is composed of at least four Giant Molecular Clouds (A, B, @erefore hydrogen absorption lines in the spectrum wete no
and D), with individual masses exceeding M., where active removed. In consequence, apparent emission features4at 3.0
star formation occurs. These dark clouds are relativelybyeaum (HI Pfe 5-10), 3.30um (HI Pfs 5-9), and 3.74m (HI Pfy
(700« 200 pc), therefore giving the possibility to study the ices-8) in the data may be spurious features from the rationyng b
in a typical galactic environment. The location of th&@ient the standard star.

objects and of their companions coincides with a maximum in
the COJ =1 — 0 integrated emission and with the highest
visual extinction. Extinction studies toward backgroutats
have shown little foreground absorption fronffdse clouds
with a maximum ofAy=3.4 (?). Assuming that the threshold
extinction for detection of the water ice feature in thisuzlas
~3.3, the amount of water ice that resides in the foreground is LLN 17b
negligible. The exact threshold value is unknown for Vel#, b
it could be much higher than 3.3)(

3. Observations and data reduction

The observations were performed using ISAAC mounted on
VLT-ANTU in Paranal, Chile, in theL (2.85-4.1um) and

M (4.5-4.8um) band in January and November 2001 under
mediocre conditions. ISAAC is a cryogenic mid-infrared§1—
um) imaging facility and grating spectrometer. The instraine
uses a Santa Barbara 10241024 pixel InSb array. The en-
trance slit of the grating spectrometer was set td Qvéhich
results in a resolving power of 600 in theband and 800 in
the M-band (low resolution mode). Since the average seeing
at Paranal in the infrared wag).6”, little flux from the ob-
ject was lost. The slit was oriented such that the main target
and a second nearby Object, when present, could be obseﬁgdz. ACC]UiSitiOﬂ image in the stellar field of LLN 17 (|RAS 08448—
simultaneously. An example of an acquisition image-aand 4343. The orier!tation of Fhe image (10241024 pixels) is North-
is shown in Fig. 2. The companion object is located betweaQquth and the pixel scale is”Jpixel and corresponds to the length of

5 and 10 from the main source. The large detector combin%?lire Zrtriosw(';;reedntiga;gjrggl?;Ssaﬁfg%ﬁzl;g ?;;hsgrzozl:'igﬁ rgg.'gct
with the 0.8’ slit allowed the entird.- andM- band to be ob- .9 ' P )

. - . . . is source IRS 17-40.
tained in one exposure each. The integration times of 30—45

min per object and by band were chosen such thaSiinera-
tio reaches 60 in the wavelength regions of good atmospheric The spectra were reduced using in-house software writ-
transmission, allowing an analysis of the profile. Any othler ten in the Interactive Data Languag®L). The data reduc-
sorption features with an optical depth of 0.05-f&an be de- tion procedure is standard for IR observations (bad pixglsna
tected as well. In complement, three sources LLN 13 (IRAf&t-fielding, etc.). The distortions of the raw spectra weoe
08375-4109),LLN 17 (IRAS 08448-4343)and LLN 19 (IRASected. In thd_-band, the wavelength calibration was obtained
08470-4321) were observed at a resolving power of 10,080m arc lamp measurements. In tMeband, because of the
(0.3” slit) in the M-band. A summary of the observations iscarcity of halogen lamp lines in this wavelength range, the
presented in Table 2. spectra were calibrated by comparing the strong atmospheri
The objects were observed with a chopping along the sdibsorption lines with high signal-to-noise ratio spectiéhe
with a throw of typically 15 together with nodding. This tech-atmosphere above Paranal measured by the ESOEte data
nique removes the majority of the sky and background noigmints in the strongest telluric absorption features shiogv t
After or before each science target, the spectrum of a stedndi@west signal-to-noise ratio and were therefore droppéis T
star was obtained with the same setting (BS 3185 of speciisaparticularly the case for the telluric gaseous methasergh
type F6ll and BS 3842 of spectral type G8II). Th&eience in tion band around 3.2am. Error bars are omitted in the flux
airmass between the target and standard star is alwaysdesptplots for clarity for theL-band spectra, but the atmospheric
than 0.015. The stars used for atmospheric correction viere ctransmission is provided for information in Fig. 3.
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Table 1. Characteristics of the sources.

o @ O (4) ©) (6) (@) 8)

Source Lnr  Lwir  Liras  Lsubmm Lol Menv Ay N,
(%) (%) (%) (%) o)  (Mo) (Mag) (pc?)
LLN 8 IRAS 08211-4158 5.3 10.5 53.3 31.0 19

LLN 13 IRAS 08375-4109 5.3 6.8 728 177 960 269 >40® gog?
LLN 17 IRAS 08448-4343 1.3 40 60.8 339 3100 6.49 ~ 408  3400Y
LLN 19 IRAS 08470-4321 4.8 203 658 9.1 1600 359 ~40@ 2400
LLN 41 IRAS 09017-4716 ... 80.7 19.3 470

LLN 20© |RAS 08476-4306 0.5 3.1 66.8 29.7 1600 2.20) 3900”
LLN 33© |RAS08576-4314 2.6 126 806 4.2 @1

LLN 39© |RAS09014-4736 1.3 5.7 711 220 &7

LLN 47©  |RAS 09094-4522 3.4 13.3 744 8.9 @1

Notes:The dots refer to values which are not available in the litesa

Column 1-4:The fractional luminosities are computed By The indices refer to the wavelength range grs (column 1), 5-12:m (column

2), 12-100um (column 3) and 0.1-1 mm (column 4) for NIR, MIR, IRAS and subnmespectivelyLsusmmare estimated bg) when the
millimeter observations do not exist.

Column 5:Bolometric luminosity.

Column 6:The envelope massebi,,) are derived from 1 mm continuum flux & for four of our sources. Envelope masses are only given
for those sources for which millimeter observations hawentearried out.

Column 7:Extinction estimated b$).

Column 8: N refers to the maximum stellar surface densities measured.

Reference®?), b?), ¢ VLT-ISAACdata analyzed b).

Table 2. Summary of the observations and infrared fluxes taken franliterature (The companion objects are located withifi 86m the
main source).

Coordinate J H K L M Standard  Resolutién
Source RA (J1950) Dec (J1950) (M&g) (MagP (MagP (Mag) (Mag} star

LLN 8 0821074 -415813 13.00 10.12 7.59 4.79 4.01 BS 3185 Low

LLN 8b 082108.1 -415744 BS 3185 Low

LLN 13 083730.8 -410929 >14.80 12.14 8.95 5.87 5.09 BS 3842 Low, Med.
LLN13b ... BS 3842 Low

LLN 17 0844 48.8 -434326 14.0 11.60 9.13 5.77 4.7 BS 3185 Low, Med.
LLN17b ... BS 3185 Low

LLN 19 084701.4 -432125 14.7 11.92 8.88 4.08 2.73 BS 3185 Low, Med.
LLN 41 0901440 -471719 >14.80 11.51 8.15 45 3.3 BS 3185 Low
LLN41b 090142.3 -471643 14.1 11.31 9.41 7.3 6.9 BS 3185 Low
LLN20° 084739.4 -430608 >14.90 12.73 10.80 7.7 6.2 Med.
LLN33° 085736.8 -431435 >16.20 14.1 11.16 7.19 5.7 Med.
LLN39° 090126.4 -473634 11.79 10.16 8.55 5.64 5.2 Med.
LLN47¢ 0909256 -452251 11.82 10.10 8.90 5.94 4.8 Med.

Notes:

@ Photometry taken from).

b Low resolutionR ~800 in theL andM band; Medium resolutioR ~10,000 in theM band only.
¢ Observed by?).

4. Observational results blackbody that fits the photometric data at 2rb and 3.8um,
_ measured by) was subtracted from thie-band spectra to ob-
4.1. Water ice tain the optical depth scale. The low signal-to-noise riatihe

ectra of the companion objects prevents detailed asabysi

The spectra of the main objects, converted into opticalhjeq e profiles, although column densities can be derived.

scale, are presented in Fig. 3, while thdvand spectra of the
companion objects are displayed in Fig. 4 in flux scale. Alloca
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Fig. 3. Optical depth profiles of the @m ice feature for the 5 objects (dotted line) compared to wated grains at dlierent radii using
laboratory spectra taken fror)(

companion objects. This feature, centered aroung®. lis at-

A broad absorption feature extending from 3600 to 26@ 3.54um is discussed in Sect. 4.2. The band shape is compa-
cm! (2.85 to 3.8um) is observed in all spectra including theable to that found in quiescent clouds, for example in the i

of sight of Elias 16 ?), a field star located behind the Taurus

tributed to the O—H stretching mode of@ ice (e.g.,?). The cloud, which traces unprocessed ices. Table 3 shows theabpti
detection of methanol-ice toward LLN 17 (IRAS 08448-4343)epths of the water band for the main and companion objects.
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Fig.4. L-band spectra of the companion objects. The water ice afi@orfeature is seen in all spectra. The spectra are dondratehe
spurious features due to a bad telluric transmission ctiorecThe dashed lines indicate the adopted continuum wsestimate the water-ice

optical depth.

The optical depths toward the companion objects are groupddwo Gaussians centered respectively at 3SPWHM=0.14
around 1.1+ 0.3, whereas a larger scatter is seen for the maim) and 3.2am (FWHM=0.44um).

objects. In. the remainder of this section, we focus our asly A few objects exhibit an additional broad and shallow ab-
on the main objects. sorption feature at 3.4@m. The optical depth of this feature is
reported in Table 3. The 3.4ifn feature is also found in higher
fpass protostar®®). The broad 3.474m feature is attributed to

sources. The identification of the carrier which gives rise an hydrate (e.g. ammonia hydra, in which other contribu-
tors such as spcarbon can be preser®t)( The optical depth of

this long wavelength wing is a long-standing problemn 7). ) . .
To compare the strength of the wing relative to the main feg!—e main feafure at 3.04m is compared to that at 3.25n in

ture, theL-band spectra in optical depth scale were normﬁg. 8. In addition, data of a selected number of other lovd- an

An extended wing to the main feature is present in all o

ized to unity at 3.0um. It appears that the spectra can be d ligh-mass protostars are included. A strong c;orrelaticmtxea
vided into two groups. The first group is composed of objec ur_1d fmogg oll;)]egt;;n e:zcg ggoqp. Thﬁ optical defpth :t 3.25
where the long-wavelength wing centered at 3udbis rela- pm s found to be ; Iarjl'h N ht|mest| a_t at 3401 for 'E[he
tively weak compared to the main feature. Three objects f 0 groups, respectively. _etlg tcorrelations SUQM N

into this group (LLN 13, LLN 17 and LLN 41). Objects in thecarner(s) ofthe exten(jed wing are strongly rela}ted 10 ez
second group show a stronger wing relative to the main featuf owever, the correlations may be fortuitous since the numbe

Two objects in our sample (LLN 8 and LLN 19) pertain to thiQ'c objects in the sample is limited.

group. The similarity in the band profile among objects withi It has long been realized that light scattering by large ice
the same group is remarkable (Fig. 7). In both groups, the gmains leads to additional extinction on the long wavelbngt
tire profile was fitted empirically with a linear combinatiorwing of the water band (e.g?). Several models of water ice
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Table 3. Ice column densities. The errors are at 8vel and are dominated by systematics.

Source T(Hzoice) Nice(HZO) Tice(HZO) Ni(:e(OCN_)a Nice(CHSOH)b
(108 cm?) (K) (10'¢ cm?) (107 cmr?)

LLN 8 IRAS 08211-4158 0.550.10 0.80+0.15 1040 <15 <1.0

LLN 8b IRAS 08211-4158b 1.2+ 0.3 17 £04 10-40

LLN 13 IRAS 08375-4109 1.4+ 0.3 22 +04 10-40 <0.5 <1.0

LLN 13b IRAS 08375-4109b 1.1+0.3 17 £04 10-40

LLN 17 IRAS 08448-4343 2.46 0.50 3.61+0.70 10-40 4.3 0.5 25+1.0
LLN 17b IRAS 08448-4343b 1.4+0.3 22 £0.2 10-40 <1.5

LLN 19 IRAS 08470-4321 0.72 0.10 1.05+ 0.2 10-40 <0.5 <1.0

LLN 41 IRAS 09017-4716 1.26 0.20 1.85+ 0.4 10-40 <15 <1.0

LLN 41b [IRAS09017-4716b 0.8+0.3 12 £04 10-40 <15

Notes:

2 The 30 upper limits are derived assuming=25 cnt* andA=1.0x 10716 cm* molec*. Upper limits derived from low resolution spectra
are higher than that from medium resolution because of thsiple contamination by CO gas phase lines.

b The 30 upper limits are derived assuming=14 cnt* andA=2.8 x 10718 cm* molec. No upper limits are given for the companion
objects because the signal-to-noise ratios are too lowawige scientifically meaningful upper limits.

Table 4. Ice abundances relative to water ice.

Source Nice(HZO) Nice(ocl\r)/ Nice(CHSOH)/ Nice(co)/
(1018 Cm_z) Nice(HZO) Nice(HZO) Nice(HZO)

(%) (%) (%)

LLN 8 0.80+0.15 <0.2 <12.5 <22
LLN 8b 1.7 +04 .
LLN 13 22 04 <0.2 <4.5 55
LLN13b 1.7 +0.4 .
LLN 17 3.61+0.70 1.7 6.9 15
LLN17b 2.2 +£0.2 <11 17
LLN 19 1.05+0.2 <0.7 <95 4
LLN 41 1.85+04 <01 <5.4 22
LLN41b 1.2 +04 <19 <15

have been developed in which part of the long-wavelendgdtB um using the band strength for pure®lice of A = 2.0 x
wing is attributed to scattering due to large grains (gmethen 1071 cm molec? at 10 K measured by):
0.2 um). Our model is similar to that previously used By
The silicate core radius is fixed at a constant value ofunl Nggjig(H20) = f
The grain core is coated with a water ice mantle whose thick-
ness is allowed to vary to match the observed spectra. To sivhere 7, is the optical depth at wavenumber(cm™) and
plify the problem, the ice is assumed to have a single temapera(cm molec?) is the integrated absorption cross section per
ture. The absorption and scattering cross sections areuteohp molecule (band strength). The temperature and column densi
using a Mie scattering theory program for coated-sphefks (ties of the ice giving the best fits are summarized in Table 3.
The optical constants provided i) for water ice and by?) Uncertainties in experimental band strengths for watearee
for the silicate core were used. The computed spectra for fauch lower than that in the determination of the continuum
tal grain radii of 0.3, 0.4 and 0.om are shown overlaid on around the water ice band. The inferred column densitigesar
the astronomical spectra in Fig. 3. The peak wavelengtheof fiom 0.8 to 3.6x 108 cm™2.
scattering cross section is red-shifted compared to th#ief
absorption cross-section and can therefore account foopar .
the long-wavelength wing. The shape of the Iong-wavelengfhz' Methanol ice
wing strongly depends on the actual grain radius. The magnly LLN 17 (IRAS 08448-4343) exhibits a strong methanol
mum radius derived from this model is 0.4—@% and the ice feature at 3.54m superimposed on the solid water absorption.
temperature is below 40 K. The analysis of the methanol feature requires the subdracti
of the extended red absorption of the water ice and of the 3.47
The column densities were estimated by integrating numam. An artificial subtraction of the water ice wing is needed
ically the laboratory spectra over the water band from 2.8 b®cause laboratory mixtures containing methanol ice do not

7, dv

5 ®
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take scattering féects into account. The red-wing continuun 2,941 aypeength i), 3.571

is composed of two gaussians whose characteristics ara gi = SR T E
in Sect. 4.1. The 3.4i¢m feature is modeled empirically by the
sum of two gaussians as welly(= 3.47um, FWHM=0.12um
andA,=3.44um, FWHM=0.48um). The remaining feature is
compared with mixed ices of # and CHOH with different
relative abundances. The peak position and the profile of 1
solid methanol bands are known to vary with the amount
water in the mixture. The presence of water shifts the peak

o
)

by e
(=] o

Optical depth
-
(4]

higher frequency and narrows the methanol band. The bes 290 r
is obtained with the mixture $#0:CH;OH=10:1. The diferent = = = 2 gaussian continuum
components of the fit and the total are shown in the upper lin 25 N I ﬁ;&?&%‘;‘imn

of Fig. 5. Possible improvement of the fit with a two phase ic — lotal

is tested. A two phase ice mantle composed of pure metha 3&00 3400 3200 3000 2800 2600
and a mixture HO:CH;OH=10:1 in the proportion 30% and Wavenumber (cm)

70% respectively improves marginally the fit (Fig. 6).

Adopting the integrated absorption d¢beient valid for 0.05
pure methanol 4= 2.8 x 10'® cm molec?, ?), the derived
column density of methanol is (256 1.0) x 10*” cm2 (30),
corresponding to a relative abundance compared to water i
of ~ 6.9 + 2%. The search toward the other objects was u i

Wavelg.lﬂtah (um)

3.333

3.571

successful with an upper limit affCH3OH)<0.02 (3r), cor- "':g. 0.05}
responding to limits on the CGJ®H ice abundances &f 1 x 2
10'" cm? or a limit on the abundance f4.5-12.5%. The € . .F
methanol ice abundances and upper limits are summarize® '} i
Table 4. The relatively high upper limits (4.5-12.5%) stet i _ : == 3.47 feature
from the lower water ice abundance in the line of sightof mo 015/~ thO:CH,OH=10:1 .
objects N(H20) < 2.3 x 10'® cm2) compared to that of LLN :
17 (N(H.0) = 3.6 x 10" cm?). 0200 . . .
The detection of solid methanol toward the intermediat 3100 3000 Wave,,f:,?,%,(cm4) 2800 2700

mass protostar LLN 17 (IRAS 08448-4343) with a relative, ) ,
abundance with respect to the water ice=06.9% and the Fig.5. The upper panel displays the water ice feature toward LLN

non-detection€ 5-10%) toward the other objects can be coml-7' The adop'ted 2 g.au55|.an continuum, the dirfeature and the
ethanol ice:water ice= 1:10 mixture are overplotted. The lower

pared with theo variable aljoundances toward high-mass pr. Qhel shows a zoom around the methanol feature. In this thiet2
stars (from<1 % up to~ 30% in RAFGL 7009S and W33 A; gaussian continuum has been subtracted.
?;?; ?; ?) as well as low mass protostars5 up to 25%,?).

Some of the large variations in the methanol ice abundance oc

cur between objects of similar mass located within the sar]g((el) line of gas-phase CO lies at the center of the CO-ice.band

cluster for low-mass star-forming regions such as Serpwres. Medium resolution spectra obtained toward three objedtsl(L

upper limits are relatively high because of the low watecizle 13, LLN 17 and LLN19) are presented in Fig. 10. CO ice is de-

EanIS density found to;va(tjr? rr:jo?t obJ.ects.hD?r:aper.Iw.rlnts@f]?Hr tqgcted in the medium , but not in the low resolution spectrum
sources are needed lo determine whether simia (Fig. 11) toward LLN 19. The cause of the discrepancy is the

ice abundance variations also hold for the Vela star-fogmén strong CO gas phase absorption lines, which render the-detec
gion. tion of the weak CO ice feature problematic.
In contrast to the water-ice profile, the FWHM of the solid-

4.3. CO ice CO feature dfers from source to source (4.6-12.2¢nThe

peak positions lie in a narrow range (2139-214tHmThe
In the M-band atmospheric window (4.5-4u8n), one can ex- FWHM seen toward LLN 13 (IRAS 08375-4109), LLN 41
pect to detect the solid CO absorption feature/anthe ro- (IRAS 09017-4716) and LLN 17b (IRAS 08448-4343b) are
vibrational band of gaseous CO. A strong feature centeredrrow (4.6-5.8 cm). A narrow width is often observed to-
around 4.67um (2141 cm?) corresponding to CO-ice is de-ward field stars and young embedded low-mass young stellar
tected in three out of the five sources, namely LLN 13 (IRA8bjects @; ?). The source IRAS 08448-4343 (LLN 17) shows
08375-4109),LLN 17 (IRAS 08448-4343)and LLN 41 (IRASne of the broadest solid CO features ever obsered12.2
09017-4716) and one of the companion objects LLN 1®&m1). We fitted the spectra using the decomposition outlined
(IRAS 08448-4343b). Their spectra are plotted in Fig. 9 fopén ?) who showed that every line-of-sight can be fitted by a lin-
circles). The gas-phase CO ro-vibrational lines can intoed ear combination of a narrow middle component (mc), a broad
error in the interpretation of the solid feature. In pafécuthe red component (rc) and a blue component (bc). The compo-
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Wavelength (um -0z~ T ]
3.448 S enath i), 3.636 C ]
T T T T '= L e e e -
[ ———- 100% H,0:CH,0H=10:1 1 a. 0.0¢ :
0.02 ------ 70% H,0:CH,OH=10:1 + 30% pure CH,OH . o r - .
[ ® 02p .
- C ]
I 3 04f ]
£ 0.00 a ot ]
g g i ]
E I 'é 0.6 - ]
S 002 - % 0.8 _
r E r LEN13
| 2 1.0 [ LEYi7 b
0.04 T LEN41
F 120 . . L R I ]
2950 2900 2850 2800 2750 2700 2.8 3.0 32 34 3.6 3.8
Wavenumber (cm™) Wavelength (um)
Fig.6. The methanol feature toward LLN 17 is fitted by a singl -0.2 : : ;
methanol mixture (CBOH:H,0=1:10) and by a 2 component mix- L
ture (70% CHOH:H,O=1:10 + 30% pure CHOH). The improve- & goF = _—==-=-- ;
ment with the 2 component mixture is marginal. 'fé. C oif
©  02F
@

nents are Lorentzian for the red component and Gaussian & 0.4
the blue and middle components. The central wavenumber ¢ & C
FWHM of each component and their interpretation are giveg 0.6
in ?). The phenomenological fits to the spectra allow an a8 :
trophysical classification of the sources while more cladsi € 0.8

fits with laboratory data help in understanding the grain maj PR 'i o L:I:IS

tle composition as well as the grain shape and size sou%= 1.0 : LEY19

by source. The best fits are found by a Simplex optimizatic 12f ‘ . ‘ .

method (e.g.?). The measurc_ement errors are s_et constant w. 2.8 3.0 3.2 3.4 3.8 3.8
wa_venumber so that an uniform weight is given to all da Wavelength (um)

points.

The optical depths and derived columns densities are Slfrﬁl 7 Normalized optical depths of the Vela sources fitted by a com-
marized in Table 5, while the abundances relative $®Hce bination of 2 Gaussians, one centered at 31_611, the qther one at
are given in Table 4. The solid CO column densities were ;25um. The upper panel shows the normalized optical dep.th for 3
tained by integrating numerically the three component® Tpel.a sources. The spectra are overplotted one on each @tiesim-

. larity between the 3 sources is so strong that it iiclilt to separate
band strength for pure CO ice was measured té\Bel.1x yhe sources in the plot. The lower panel shows the spectr@mtifer
10°*" cm molec™ at 14 K (; ?; ?). The uncertainties in the vela sources. The spectra in both panels are fitted by a lzwabi-
measuredA value are not taken into account but are small@gtion of two Gaussians.
than that introduced by the continuum subtraction. AltHoug
the band strength shows a 13% variation when CO is mixed
with other molecules and a 17% variation with increasing-terfitronger red component than a middle one. The CO-ice profile
perature ?; ?), the same value foh is adopted to compute theand optical depth is similar to that found toward the highsema
column density for the three components. The errors @a0— star GL961E 9) although the FWHM of12.2 cn1* is among
30% reflect the noise in the observed spectra and the tellUhe€ largest ever observed. The optical depths and column den
features removal. Also presented in Table 5 are the CO-ice @ffies derived from the fits with the phenomenological com-
per limits for LLN 8 (IRAS 08211-4158). Most of the CO isponents are shown in Table 5, together with complementary
located in the gas for the latter object (see Fig. 10). Thé anéata obtained fror). The total CO ice column densities using
ysis of the gas phase CO lines is presented in a separate p#fsewith laboratory data and phenomenological componests a
(Thi et al. in preparation). The column densities of the migimilar within the errors, although the individual compats
dle and red component were estimated by integrating the e&bRWw larger variations.
band individually. Again, a unique band strength of %.10'7
cm molec? is assumed. ’” ”

The line-of-sight toward LLN 13 (IRAS 08375-4100)"+ 1€ 4.62um”XCN" feature
shows a high middjeed CO ratio typical of CO ice seen towardOther weaker bands can also provide constraints on the ener-
low-mass protostars and field stars. LLN 41 (IRAS 09014getic processes in the vicinity of young protostars. Inipart
4716) is also well matched by a high midatkd CO ratio ular, the so-called XCN band near 4.6, contained in the
mixture. In contrast, LLN 17 (IRAS 08448-4343) exhibits &0 survey, has been cited as energetic processes tracer sinc
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Table 5. CO-ice band optical depth and column density derived froarptiienomenological decomposition.

Source  N& %, s NES, NES NS, NIS
(10 cm?) (10 cm?) (10Y cmr?) (107 cm?)  NE,
LLN 8 <18 <0.10
LLN 13 12.15:1.71 0.3%0.12 1.9@:0.12 0.360.12 1.1@:0.39 6.520.15 452162 1.44
LLN 17 5.37+2.22 0.250.15 0.180.15 0.320.15 0.72:0.48 0.610.19 4.042.10 0.15
LLN 17b 3.831.74 <0.51 113051 <0.51 <1.5 3.830.58 <6.39 >0.6
LLN19® < 1.8 <0.10
LLN 19¢ 0.43:0.05 0.02-0.005 0.030.005 0.0250.005 0.0%0.02 0.1@0.02 0.250.05 0.41
LLN 41 4.09:2.16 <0.15 0.480.15 0.180.15 0.140.15 1.640.18 2.2%2.04 0.72
LLN41b < 1.8 <0.10
LLN 20¢ 5.19+0.96 0.12-0.07 0.380.08 0.22:0.04 0.35:0.20 1.290.27 3.550.49 0.36
LLN 33¢ 7.85:0.81 0.21:0.05 0.940.09 0.320.03 0.61:0.14 3.2@0.31 4.040.37 0.79
LLN 39¢ 0.44+0.16 0.004-0.003 0.020.01 0.020.01 0.01%0.008 0.0680.034 0.3#0.12 0.18
LLN47¢ < 0.36 <0.06 <0.02 <0.01 <0.17 <0.07 <0.12
aThe error bars ared3level.
bLow resolution spectrum.
“Medium resolution spectrum.
dData from?).
Wavelength (um
4.60 4.65 g (51.73) 4.75
-1 F T T T T _02
N N 0.0 R
o a L
() ()
° E o r
< 1F ) E < 0.2
o b rtypical error o F .
= 3 ] = L ltypical error
o F 1 o
@) E 3 @) I
2 :_ _: 04 - o
E LLN13 (IRAS 08375-4109) [ LLN 17 (IRAS 08448-4343)
3 E 1 1 1 1 1 J 06 I 1 1 1 1 1
2200 2180 2160 2140 2120 2100 2080 2200 2180 2160 2140 2120 2100 2080
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Wavelength (um
4.60 4.65 g %.7()) 4.75
_0.2 [ '0.5 T T T T i
: o OOO ° o o ° 9 & O%) °
0.0 ? 0.0pR 890 o o0& 8 ) _OOO og% 0% 0%y
< < ! OO gér Q}o@@j}!o %T(é) R Gd? CSCPO oooo%o %VJCC)D § © J
g 02 g ¢ R S A
o} ho} L o o [e]
3 3 5F ]
= 04 = I )
o} [ o} . 0: typical error
0.6f ] o :
p LLN 41 (IRAS 09017-4814) - LLN17b (IRAS 08448-4343b)
0.8 15

2200
Wavenumber (cm™)

2180 2160 2140 2120 2100 2080

2200
Wavenumber (cm™)

2180 2160 2140 2120 2100 2080

Fig. 9. Best fit to the observed spectra using the three componertoptenological decomposition. The observed data poietplatted as
open circles. The thick line is the sum of the three companefier convolution by the profile of the ISAAC spectromefer(800)..
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its discovery toward the massive protostar W33} The fea- depolarization factor. This factor is equal tp31for spherical
ture is particularly strong toward LLN 17 (see Fig. 9), and igores and lies betweery3 and 1 for prolate spheroidal cav-
widely attributed to vibrational stretching modes of -Cgps ities (long axis along the normal to the layer and to the elec-
in molecular coatings on dust grains. The best candidatetris field). By settingL = 1/3, the classical Maxwell-Garnett
the OCN ion (e.g.,?), as first proposed by). Quantitatively, formula is recovered. The depolarization factor charéasr
adopting an integrated band strendth= (4—-10)x 107 cm the dfects of the shape of the pores but does not model the
molecule™ for OCN- (?), the feature corresponds to a columdlifferences in the chemical bonding between a compact and a
density of 4.3-11x 10 cm™. Recent laboratory work sug-porous ice. The approximation was used to study the influence
gests however th@ may be closer to 1.8 10 cm molecule®  of various porosities and the depolarization factor on the s
(?). The concentration relative to,8 using the latter value ulated spectra. The role of the depolarization factor iglistl
is ~1%. The derived column density is similar to that founty keeping all other parameters constant. The resulting-spe
around other YSOs (e.d?; ?). Upper limits are dficult to es- tra are displayed in Fig. 12. The simulations were performed
timate for the other objects because the wavelength rangenith a porosity of 0.5 (i.e. 50% of the volume is vacuum). It
the OCN feature is dominated by gas phase CO lines in emis-difficult to estimate the porosity of actual interstellar water
sion or absorption. The upper limits are given in Table 3 amck mantle, but 0.5 is most likely the highest possible value
the relative abundances in Table 4. Noteworthy, OG&Nde- The generalized Maxwell-Garnett approximation is in tlyeor
tected in the object that shows the broadest CO featureghemnalid for porosities lower thar0.3. Simulations with chang-
the most processed, but has one of the lowestH3O ratios ing the porosity from 0.2 to 0.5 does not result, however, in
in our sample. Further discussion on OCN LLN 17 is post- large diferences in the shape of the profile. On the other hand,
poned to Sect. 5.4. a small variation in the depolarization factor (e.g. fror@ t
0.5) does. In Fig. 12, it can be seen that a higher depolariza-
tion moves the peak of the absorption to shorter wavelengths
and increases the absorption at higher frequencies cothfzare
5.1. Companion objects that at lower frequencies. Thistect may jeopardize the esti-
o ) ) mate of the ice temperature in Sect. 4.1. The possible antpigu
Water ice is detected toward four companion objects. The cgbtween a low-temperature and high-temperature ice with di
umn densities are lower than those toward the primary abjedent depolarization factors is illustrated in Fig. 12e®imu-
except for LLN8b. The water ice may be located in the outgjteq shapes are very similar in the blue. The simulatiogs su
part of the extended envelope surrounding both the maircobjgest that water ice between 10 and 40 K can fit the observed
and the companion. CO ice has not been detected but the sggfiles. However, the 120 K optical constant of porous ice is
ple is too small and the upper limit too high to allow furthepot aple to mimic amorphous cold ice. Porous ice at 120 K
discussion, except for LLN 17, which is further discussed jgcks absorption in the red but extra extinction can be piedi

5. Discussion

Sect. 5.4. by scattering by large grains. It should be noted that themat
ice feature at 3m alone does not provide ficient constraints
5.2. Effect of pores on the water ice spectrum on the porosity of the ice. Laboratory spectra of water ice at

_ . _ _ various porosity are warranted to test the validity of thedede
The ice layers on interstellar dust grains may be best simgg.

lated by background deposition in the laboratory that forms

a porous ice (e.g?). A porous structure has several advan-

tages over the compact structure as a candidate for irntarste

ices. A porous ice can retain a significant amount of molecule

such as CO. Moreover, by increasing the temperature, the ad-

sorbed molecules at the surface can migrate into the bulkevhe

they are trapped, i.e., they remain in the mantle even if the |t js known that some warm water ice can be hidden in the

grain temperature exceeds the evaporation temperatuheoffiroad profile 9). Crystalline HO ice was observed in several

species. The annealing increases tliidion of molecules into |ines of sight, mostly in the ejected envelope of evolvedssta

the pores. This point is further discussed in Sect. 5.3. (??) and in the circumstellar environment of the massive YSO
The dfects on the optical constants of a water ice matriyN object (). It is known that the ice mantle on grains around

due to isolated (i.e. not connected with each other) inehssi eyolved stars is formed by condensation of water molecules

or pores can be simulated using affieetive medium theory. synthesized in the gas phas®, Whereas the water ice mantle

One of the formulations is the Maxwell-Garnett approximati of interstellar grains is likely created by grain-surfaeactions

(e.g.,? for a detailed description). The generalized Maxwell%). |n conclusion, a significant amount of high-temperature

Garnett formula with ellipsoidal pores is as follov#:( (Tice=40-60 K) ice can be hidden in highly porous ice because
 fece(l— €ee)(1 - L) + eicelL + (1 - L)eice] X of this dfec_t, mal_<ing the estimate of the water ice temperature
= T+ (1 Dewe — F(L— o)L (2) from th_e dlrect_ fit to the s_pectrum unrehable,_ although ¢her

is no direct evidence of highly porous water ice in the ISM.
whereee is the complex dielectric function of the icéjs the Further theoretical and laboratory investigations areladdo
volume fraction of the inclusion (here the vacuum) &nd the constrain the degree of porosity in ice mantles.
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Fig.12. The dfects of the depolarization factdr on the water ice Fig.13. Water ice column densiti(H,O) versus the infrared lumi-
feature at 3300 cm (~ 3.1um). The dfect of porosity for water ice nosityLiz. The error bars arec2level.

at 120 K is shown {=0 means compact ice while=0.5 means that
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5.3. Evidence for thermal processing of water and CO

ices 081 ]

cm?/mag)

N~ - 4
The sources chosen for this study were selected among @eo_sl ]

brightest class | young stellar objects found in the Velagnol = [

; o o < LLN 13
ular clouds by?). The objects posses similar characteristics bug: 4 LLN 41 ]
exhibit a large variations in water and CO ice column degsiti £ | ‘% 1

It is therefore interesting to find possible relations betwthe = | LLN 19

ice properties and the source characteristics. The sohare ¢ 0.21 LLN8 ]
acteristics of interest are the extinctidg, the infrared lumi- 0 0: 1 1 1 1 ]
nosity Lir, and colors such as — L, IRAS 12um/25 um flux 00 o1 02 03 04 0.5
ratio R(12/25) and 25um/60 um flux ratio R(2560). The ra- R(12/25)

tio R(12/25) is a good estimate of the warm dust temperature

(100 < T < 250 K), while the ratioR(25/60) is sensitive to Fig. 14. Water ice column densitil(H,O) normalized to the extinc-
cooler dust (56 T < 100 K). Finally, theK — L color allows to tion Av versus the ratidk(12/25). The error bars arefrZIeveI. The
probe hot dustT > 250). The source characteristics were ch&!TOrs on the ratioR(12/25) are~ 5-10 %. A trend is seen between
sen because they are available for all the sources in ourIeamH(Hzo)/AV andR(12/25).

5.3.1. Water ice t_he_ extinctionAy are provided in Table 62) gstimated lower
limits of 20 magnitudes for most sources in our sample. The
The water ice column densities are plotted against theridra discrepancy between the two methods is about a factor 3= In or
luminosity in the upper left panel of Fig. 13. They vary fronter to better estimatay, the full Spectral Energy Distribution
0.8 to 3.6x 10' cm™2 and do not correlate with increasinghas been modelled together with the IRAS-LRS data between 9
infrared luminosity measured between 7 and 85 and 25um of three objects (LLN 13, LLN 17 and LLN 19) us-
The extinction can be estimated from the obsezfld—K) ing the one-dimensional public radiative transfer code DYS
with Ay= (15.3+ 0.6) x E(H — K) (?). The intrinsicH — K (?) adopting a bare silicate grain model. The three objectswer
color of early B up to F stars is close to zero. Assuming thahosen because they have measured 1.3 mm fluxes. The best
the K band flux is dominated by the extincted central sourcfits to the SEDs are shown in Fig. 15 and the estim&ig@re
E(H - K) = H — K. The estimated extinction &n upper limit given in Table 6. DUSTY fails to fit the details of the silicate
since theH — K color may be lower if emission from hot cir-feature of (LLN 13, LLN 17), but provides reasonably good fit
cumstellar dust at 1500 K dominates the near-infrared conef the silicate feature for LLN 19. The absorption in 1028
tinuum. Alternatively, the optical depth at Quih (Ay=(18.5+ region of LLN 13 and LLN 17 can be caused by water ang CO
1.5)x 197, ?)), measured in the IRAS-LRS spectra, providesiae in addition to silicate absorption. The near-infrarad ¢he
lower limit on the extinction because of potential intrinsil- SED fitting method give relatively close values fay. Thus,
icate emission. Therefore, the combined use of the two methe will adopt the simpler near-infrared method in the rest of
ods brackets the actual extinction. Thdéfelient estimates of the discussion. Thel- andK-band magnitudes are included in
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Table 6. Estimation of the visual extinction by the 9um optical Fig. 16 shows the line-of-sight extinctioh, and infrared lu-

depth, the near-infrared excess and the SED fitting method. minosity L g of the nine sources.
The total column density of CO ice does not correlate with
Method the infrared nor the bolometric luminosity of the sources. |
particular two sources LLN 17 and LLN 19 show similar values
Source  ro;” "E(H -K)* "SED fitting” for Ay andLr but CO ice has only been detected toward LLN
17.

LLN 8 >8 <39

LLN13 =48 <59 60 It may be possible to constrain the dust temperature range

LLN17 =13 <46 40 tbo which tg%qo ICE abclimdance iserllsmve Eg finding r2elst|on
LLN19 22 <56 45 etween ice abundances and colors. Khel, R(12/25),

LLN41 >10 <40 andR(25/60) colors encompass dust with temperature ranging
from 50 to more than 250 K. This range of dust temperature
is well above the CO ice sublimation temperature, thus we do
not expect any correlation apart, from perhaps, a weak otie wi
Table 1. The derived extinctions usiifH — K) are between the coolest temperatuR25/60). From the two color-color di-
20 and 50, Consistent W|th the Values del’ived from the wic%grams p|0tted in F|g 16 (the upper-right and |0wer_|eﬂ]_pa
feature. els), it appears that the CO ice abundances vary with the ra-
Adopting the relatioNy=(1.6 x 10°') x Ay cm?, the de- tjo R(12/25) but not withK — L, which is expected, nor with
rived water ice abundance is (1.3-59)0°° and is lower than R(25/60), which is more surprising. Before discussing this find-
the mean value found in quiescent molecular clouds in Tauligg, it is important to test whether the CO ice abundance-is re
(7 x 10°°, ?) and Serpens (2 1 x 10°%, ?). The lower water |ated to the extinction in the line-of-sight. Water ice colu
ice abundances found toward the YSO’s in Vela may be afensities are known to vary linearly with the visual extioot
cribed to thermal processing of the dust grains by the centsgter a certain threshold value (e.8), In other words, water
object, lower average gas density, or by external radidt@n jce abundances do not change with. For the CO ice in our

surrounding YSO's?) show that variations in the gas-phasgample, the abundances do not correlate Wittas testified by
abundances in the envelopes of YSOs can be explained bs@lower-right panel of Fig. 16.

variable size of the region over which the molecules aregfinoz  pyre CO ice sublimes at20 K, while CO trapped in wa-
out; a similar situation may apply here. ter ice, often associated with the red component at 2136 ,cm
To further ascertain theffect of thermal heating, the wa-evaporates with sudden phase changes of the water matrix at
ter ice abundancéN(H,O)/Ay is plotted against the IRAS higher temperature?@). The amount of CO ice trapped with
12 pmy25 pum flux ratioR(12/25) in Fig. 14. The IRAS 12m  water should therefore show a similarly decreasing trend as
band filter is relatively narrow and therefore, the IRAS flsixayater ice with increasing value &{(12/25). The column den-
are not strongly @iected by the silicate absorption band. Theity of the red component normalized to the estimated extinc
water ice abundance clearly decreases with increasing walsh N,.(COYAy is plotted in Fig. 17.N,.(COYAy decreases
dust temperature. This is consistent with the workpfwho with increasing value ofR(12/25) . Both N(COyAy and
were the first to show that the color temperature of the dugtH,0)/A, show the same trend witR(12/25) and therefore
correlates with ice heatirigrystallization through the CQce correlate with each other (right panel of Fig. 18). This eerr
bands, which trace CQce mixed with HO ice. The heating |ation is consistent with the simultaneous sublimation afev
of the water ice mantle al >100 K should also results in and CO molecules trapped in the water matrix. It is also clear
the formation of a significant amount of heated water ice-(nanhat N(COYAy and N(H,0)/Ay do not correlate (left panel of
rower profile). However, the water ice observed in our sagircgig. 18). If R(12/25) is another way to expredé(H,O)/Ay,
is mostly in an amorphous state (see Sect. 4.1), although then Fig. 17 and Fig. 18 express the same relationship betwee
narrow feature of warm water ice may be broadened in porate CO red ice component and water ice.
ices (see Sect. 5.2). Alternatively, the inspection of RA3- Itis difficult to solely attribute the red componentto trapped
LRS spectra toward LLN 13 and LLN 17 shows that th@t2 CO molecules because of the absence in space of the 2152
photometry can be biased by water ice absorption. Indeed, #in-! feature, which is present in laboratory data of C@oH
presence of large amounts of water ice with respect to &licanixtures. However, the 2152 cthabsorption feature seen in
will decrease the rati®(12/25) and explain the trend seen inaboratory spectra of CO-water mixtures disappears when th

Fig. 14. dust is heated above80 K (?). Other d@fects may contribute
to the red component. One possibility is that part of the red
53.2 CO ice component is due to scattering by the larger grains in thiegra

size distribution similar to theffect seen for the red wing in
In this subsection, we added four objects located in the Vdlae water ice band (see Sect. 4.1 a&)dIn this scenario, the
cloud studied by?). A closer look at the source characteris€cO and water ice may located in two layers, which ensures
tics and their possible relationships with CO ice abundamee that the 2136 cm' feature does not appear even at low tem-
given in Fig. 16. In this figure, the abundance of CO ice fgrerature. The CO ice trapped in a water matrix and the pure
each object is represented by a circle whose radius is prop@0O ice in large grains may be located in two separate popu-
tional to the CO ice column density. The upper left panel ddtions in the line-of-sight. The CO red component appears t
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emission.



16 W.-F. Thi et al.: VLT-ISAAC spectroscopy of YSOs in Vela

0.5F
LLN 39 :
1000 - % 1 :
: LLN 17, 19 ] g LLN 39
[ ! 5 04F E
s < L4t : .
= I : m LLN 8
é’ L © g LLN 19 ]
= i LLN 20 ] © 0.3F XLLN 47 E
3 100 xLLN8  LLN13 g g LLN 41 ]
8 3 E ¥ 02LC LLN 13 E
3 g LLN 33 0-2¢ ® @ ]
4 I g LLN 33 ]
LLN 47 0.1 LLN 2 E
f X : LLN 17 ]
10 wwwwwwwww | | IR | | TR 0.()E PSS S I S S S AN S S SO S SN S S S NS SO S S E S S S E
10 20 30 40 50 60 20 25 30 35 40 45 50
A, K-L
0.5; 60F AR L L L Pz
] N LLN1 @LIN4L I
0.4 JLN 39 3 3 E
o ] E LLN 33 .7
: wLing o JLENTS ] ot T LN19
~ 0t JLLN 47 E (OLNL7 7 X Ng ]
8 f ] : LLN 20-~
S LLN 41 ] A 30F o .- E
S : LLN 33 ] : . LLN 39
Z 02F LLN 13 E ‘ * 5
£ LLN 2o® @ ] 208 7 « LLN 47 3
0.1 ; - ;//// E
g LLN 17 ] 10; ]
00F . o v ] OFiien., i e, e i, E
0.0 0.2 0.4 0.6 0.8 0.0 0.1 0.2 0.3 0.4 0.5
R(25/60) R(12/25)

Fig. 16. The upper left panel shows the infrared luminosity of thersesi computed using the IRAS 4 bands fluxes versus an estaftte
extinction toward the objects. The radius of the circledatgosition of each object is proportional to the observethdance of CO ice. The
upper right and lower left panels are two color-color diagsaThe infrared ratioR(12/25) andR(25/60) are ratios between the fluxeély) at
12 and 25um and between fluxes at 25 and @@ respectively. The lower right panel is a extinction veR((2/25) diagram. The dashed-line
represents a possible diving line between presence andabeeCO ice.

be a good temperature indicator. The possible relatiortsip found; although it should be emphasized that the relatiu@ab
tweenN(COYAy andR(12/25) should be tested in other stardance of methanol ice toward LLN 17 is not extremely high
forming regions. Likewise, future observations'6€0; ice (~ 6.9 % w.r.t. HO ice). The ice abundances seen toward
will allow to test the possible relation between heaté@O, LLN 17 may be attributed to its peculiar environment. LLN 17
ice and the fraction of hot over cold grains for intermediatés the most luminous YSO in our sample, it is located in the
mass YSOsSpitzerobservations of C@ice toward the low- densest stellar cluster (see Table 1) and shows signs otmole
mass protostar HH 46 have shown that most of the ices alar outflows £?). In this section, we discuss whether these
located in the coldT < 50 K) part of a circumstellar envelope particularities can explain the ice abundances.

although the inner envelope should be warm enough to explain _. . , .
the presence of a double-peaked absorption feature for@Ghe C First we discuss the ferent ways to form solid-C4OH

bending mode. The best i o the CObending mode fea- &yt IR EE S, TUE FOCTTy 2 S0Pt BRI B
ture is obtained with an ice mixture GBH:H,0:C0,=0.3:1:1

at 155 K in the laboratory of 75 K in space. This indicatesmatlon and the amount of subsequent energetic processng ar

. : currently unknown. Originally it was suggested that metitan
that the inner HO, CQ, and CHOH ices are warm. ice formed through hydrogenation of accreted C&) but re-

cent laboratory experiments suggest that this mechanisma ha
5.4. Is LLN 17 a peculiar intermediate mass YSO? very low yield (e.g.?; ?), although the results are not conclu-

sive (e.g.,?; ?). Hydrogen addition to CO at low temperature
Among the intermediate-mass YSOs observed in the Vetest likely occurs by H-tunneling since this reaction has an
Molecular Cloud, LLN 17 is the only object where large quarenergetic barrier?). The original scheme allows arfieient
tities of H,O-rich CO ice, of methanol ice and of OCNire synthesis of methanol ice in cold pre-stellar cores where CO
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T T T T T bombardment or Ly radiation (). As realized by??), current

+|_|_N 20 ] gas phase chemical networks do not include all possible high

L J temperature formation paths of methanol. As a consequence,

101 LLN17 - the amount of methanol formed in shocks in standard mod-

I $LLN 33 1 els is too low to account for the abundance in the solid phase.
LLN13 ] Another possibility to form ficiently CH;OH ice is that hot

atomic hydrogens created by dissociation gfill shocks im-

Nrc(CO)/A, (1E15 cm?/mag)

= LLN 41 . pinge onto the grain surface to react with CO to form HCO,
5 i LLN 8 1 H»CO and finally CHOH. Chemical models of shocks that in-
1 clude all formation paths of molecules at high temperatuee a
¢LLN39 1 warranted.

LLN 47 LLN 19 ] . . . .
i ° 4 The methanol ice found in LLN 17 is most likely embed-

ded into a water matrix (Sect. 4.2), indicating that watedt an
0.0 0‘1 0‘2 0‘3 0‘4 0.5 methanolice may have formed simultaneously or that methano
' ' "R(12/25) ' ' molecules have migrated. Interestingly, a collimated laipk,
jet structure composed of bright knots of line emission hesesb
Fig. 17. Red component column density normalized to the extinc- detected toward LLN 17 while neither LLN 19 nor LLN 13
tion Ay versus the ratidx(12/25). The error bars areo2level. The show sign of outflow 7). The morphology of the LLN 17 jet
errors on the ratioR(12/25) are~ 5-10 %. A clear trend is seen be'points to the presence of episodic phenomena of mass ejec-
tweenN/Ay andR(12/25). tion typically observed in protostellar jet8)( The molecular
outflow has been mapped [8) in the ?)CO 1-0 transition.
Important unknowns in the outflgehock scenario are the de-
molecule is known to be highly depleted onto grains althouginee of mixing of the processed and unprocessed grains, the
the amount of atomic H, which reacts with CO to form4CMH, precession and the periodicity of the jet phenomenon. In-sum
is also small ®). If methanol ice is formed at an earlier phasenary, detailed models are needed to determine whether shock
of star formation, probably at the pre-stellar core staghauit chemistry is a viable mechanism to synthesize large amounts
significant energetic processing afterwards apart fronptbe of gas and solid phase GBH. Likewise, correlation between
cessing by UV photons generated by cosmic-rays interactiogtflow and high methanol ice content should be further inves
with Hz and H, similar abundances should be found for mertigated.
bers of the same cluster, which is not the case for objectein t
Vela molecular cloud and in the Serpens clo@jl Likewise,
methanol ice is not present in most lines of sight in the Tauru
cloud (?). Therefore, methanol ice is probably synthesized at 15}
a later stage of stellar collapse where energetic events (UV?[ RN ]
andor warm-up in shocks created from the interaction of stel-
lar wind/outflow with the surrounding envelope) from the cen—? 20¢
tral object can provide the necessary energy to overcome the
reaction barrier. LLN 17 is the most massive YSO in our santg .
ple and, hence, the most UV luminous. It would be tempting
to attribute the CHOH ice to grain surface reactions triggeredd
by UV photons from the central object. However, if we take [ et 8 |
into account all YSOs where methanol ice has been found, it $
is also clear that the methanol ice abundance does notatarel 5 <Ng 1
solely with the UV flux from the central star and direct stel-
lar UV processing is also not dominant (e.g.7?). In addition ] A S I 0 ‘
to the UV from the central star, shocks can produce copious °  “Nuoya. (15 cmimag) © HNHOYA, (B15 omiimag)
amount of UV photons and heat the gas and d®)$tave shown
that large amounts of water ice can form in post-shock regiofi!9- 18. Total CO column densitiN(CO) and red component column
According to this scenario, the water ice mantle is formed I§gnSity Nee normalized to the extinction A versusN(HzO)/Ay in
condensation of water molecules formed in the high tempt gclgft and right panel respectively. A clear trend is seetwben
. . . )'C/AV andN(HZO)/AV
ature region of shocks, which subsequently condense yapi I(
onto the bare silicate grains in the cool post-shock redion.
theory, the water ice formed by vapor deposition at T00 K It is also interesting to relate the stellar and circumatell
should be in the crystalline form. As discussed previousiys- characteristics of LLN 17 to the presence of OCN its en-
talline water ice is rarely seen toward YSOs. One posgjbilivelope. The OCN ion is believed to be formed in a solid state
to circumvent the problem is that high water deposition rageid-base reaction between BEnd isocyanic acid (HNCO),
can result in amorphous instead of crystalline e Another efficiently mediated by thermal processirg???). The main
possibility is that crystalline ice is amorphized by cosmag difficulty in this interpretation is that isocyanic acid ice has

LLN 17|

-
o
T

LLN 17| LLN 13

Nrc(CO)/A, (1E15 cm*/mag)

LLN(8

2
T

LLN|19
#LN 2 ‘10; 1 1 1 1
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never been detected in space, although it has a relativgly hi A broad absorption feature at3.01um is detected in all
gas-phase abundance in hot cores and in shocked redpnsqources (main and companion objects). The features show an
The high abundance in shocked regions is consistent with #ad¢ended wing beyond 3.24m, which can be reproduced in
proposed outfloyshock scenario. part by scattering by grains at radius 0.4—@n% The water ice
Theoretically, HNCO ice abundance up t@% with re- feature is dominated by absorption from cold amorphous ice
spect to water ice can also be attained by grain-surface ahough the spectroscopic signature of warm water ice ean b
actions Q). Alternatively, an abundance 6f1% for OCN- masked if the ice is porous.
can be easily reached by UV-photolysis of the initial mix- Methanolice is only detected around the protostar LLN 17
ture HO/CH3OH/NH3=100:15:15 ?). Although the required (IRAS 08448-4343). The derived abundance ist1P % rel-
amount of UV-dose (fluence) exceeds the value estimatedaiive to water ice. The upper limit on the methanol abundance
dense clouds, the large amount of processed CO aryDEH toward the other sources is between 5 and 10% with respect to
ice found toward LLN 17 suggests that the UV field aroundater ice.
LLN 17 may be enhanced compared to that provided by cos- Solid CO is detected in four main objects and one compan-
mic rays induced only. The abundance of NiH the envelope ion object. The profiles show a large variety of shapes. Agiro
around LLN 17 is dificult to estimate owing to the poor signalvariation of the total CO ice column density is found. We de-
to-noise ratio of the spectrum around the ammonia featurecampose the CO ice feature into three components. The column
2.97um. However, sfficient amounts of Ngimay have existed of CO becomes significant (i.e. larger thart16m=2) only at
in the ice mantle since the 3.4im feature is relatively strong R(12/25) greater thar-0.3. The coloR(12/25) may trace the
toward LLN 17, assuming that the 3.4ih feature is caused by abundance of water ice with respect to silicate. There idewar c
ammonia hydrate. Noteworthy, the detection of OGsloften trend between the column density of pure CO ice, traced by the
concomittent with that of CEDH ice (see Table 5 &) and the middle component, and other characteristics of the Y3@s, (
references therein). Av, IRAS bands flux ratios). On the other hand, we find a pos-
Another particularity of LLN 17 is that the water ice abunsible correlation between the ratio of the flux at A& and
dance with respect to His the highest (see Fig. 18) in our25um, R(12/25), which is a measure of the warm dust temper-
sample. Methanol ice and OCNire often detected in objectsature (10& T < 250 K), and the amount of CO ice trapped in a
with high water ice abundanc@??). water rich ice mantle, traced by the red component. Likewise
Finally, the presence of water-rich CO ice in LLN 17 anée amount of CO ice trapped in a water and that of water may
its absence in the companion object LLN 17b as seen in FigG@irelate. This possible correlation is consistent with ithea
9 reinforces the idea that the processing occurs in the|wC|nthat the water ice and the CO embedded in it sublime simulta-
of the central object (i.e. with a few thousand AU). The neously.
band spectrum of LLN 17b is too low to give meaningful upper These possible correlations should be tested in other star-
limit on the amount of OCN. The diference between LLN forming regions. However, CO ice trapped in water-rich ice
17 and its companion suggests that external heatingpaty ~ cannot solely account for the large amount of CO in the red
processing by the other stars in the cluster play a minor rélemponent seen toward YSOs in Vela. Other factors such as
(see last column of Table 5). scattering by the larger grains in the size distribution jgaob-
Interestingly, the OCN and methanol abundances relativ@Ply contribute to the red component.
to water in LLN 17 are close to those found in the envelope A strong absorption feature centered at 4.62is detected
around HH 46 ?). Likewise, the water-rich CO abundancdoward LLN 17 (IRAS 08448-4343). The feature is likely
dominates over the water-poor CO and water ice is relativélpused by OCN The derived abundance relative to water is
abundant (5.% 1075). 1+ 0.2 %. This feature is not detected in any other object in

In summary, the simultaneous presence of large amounf&f sample. Together with the detection of methanol and the
water-rich CO ice, CHOH ice , and OCN ice toward LLN 17 broad CO feature, the detection of OCBluggests that the ice

and the non-detection in other objects are consistent wigh f12s been thermally ayar UV processed in LLN 17. The pro-
idea that these species are formed by a combination of UV ft$Sing generated by UV from the central object is not esent
thermal processing in the inner regions of the circumstelta  @nd perhaps shocks induced processing is at play. Furtaer th
velope. The UV radiation can be generated by the interactigfftical investigations on the possibility to form largeamts
between the outflows and envelope, by the central sourcy, o9 Methanolice together with water ice in post-shockedmesi

a combination of both mechanisms. Another possibility & thare needed. o .
CH3OH is first synthesized in the gas-phase, then condensesObservations of a larger sample of high signal-to-noise ra-

onto grains simultaneously with, in post-shocked regions. ti0 Spectra obtained with 8-10 meter class telescopes (VLT,
Gemini, Keck) and with Spitzer at longer wavelengths of pro-

tostars of varying luminosities combined with sophistcht
6. Conclusions laboratory experiments will improve our understandingtef t

nature of the ices and their role in the synthesis of complex
We have obtained - and M- band spectra of a sample ofmolecules in the interstellar medium.
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