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Abstract. We implement a Monte Carlo radiative transfer method, that uses a large number of monochromatic luminosity
packets to represent the radiation transported through a system. These packets are injected into the system and interact stochas-
tically with it. We test our code against various benchmark calculations and determine the number of packets required to obtain
accurate results underfiirent circumstances. We then use this method to study cores that are directly exposed to the interstel-
lar radiation field (non-embedded cores). Our code predicts temperature and intensity profiles inside these cores which are in
good agreement with previous studies usinedent radiative transfer methods.

We also explore a large number of models of cores that are embedded in the centre of a molecular cloud. We study cores
with different density profiles embedded in molecular clouds with various optical extinctions and we calculate temperature
profiles, SEDs and intensity profiles. Our study indicates that the temperature profiles in embedded cores are less steep than
those in non-embedded cores. Deeply embedded cores (ambient cloud with visual extinction larger than 15-25) are almost
isothermal at around 7-8 K. The temperature inside cores surrounded by an ambient cloud of even moderate #jickrigss (

is less than 12 K, which is lower than previous studies have assumed. Thus, previous mass calculations of embedded cores
(for example in thep Ophiuchi protocluster), based on mm continuum observations, may underestimate core masses by up to a
factor of 2.

Our study shows that the best wavelength region to observe embedded cores is between 40Qmnad/B6Ee the core is quite

distinct from the background. We also predict that very sensitive observatidag MJy srt) at 170-20Qum can be used to

estimate how deeply a core is embedded in its parent molecular cloud. The upddersahelmission (ESA, 2007) will, in

principle, be able to detect these features and test our models.
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1. Introduction Ward-Thompson et al. 1994, 2002; Kirk 2002). These conden-

I , sations are referred to gsestellarcores.
The initial stages of star formation are not very well under-

stood. The general view is that molecular cloud cores with sizes !Solated prestellar cores have been observed inside molec-
~0.1 pc and masses of a fev,, collapse to form stars, eitherular clouds (e.g. L1544; Ward—Thompsop et al. 1999). These
in isolation or in clusters. Various observations have been £97€s are considered to be precursors of isolated low mass star
sociated with dferent stages of this scenario (see Andtal. formation. Isolated prestellar cores have exteht x 104_AU
2000).Class Oobjects correspond to the first stage in the evol@d masses8-35M, (André et al. 2000). They are notin gen-
tion of a protostar, where a central luminosity source has bedg! Spherically symmetric and they appear to have flat central
formed in the centre of the core, and matter accretes on tod€nsity profiles. Magnetic fields are also present and they may
Class lobjects correspond to a later stage of collapse wher®!gY & role in core stability (Aneret al. 2000 and references
disc has started to form around the central object but therd§ein)-

also a residual surrounding envelope. Accretion onto the cen- Prestellar cores have also been observed in young proto-
tral protostar continues but at a lower ra@dass llandClass Il clusters, such gsOphiuchi (Motte et al. 1998; Johnstone et al.
objects correspondto the classical T Tauri (CTT) and weak-1in@00) and NGC 2062071 (Motte et al. 2001; Johnstone et al.

T Tauri (WTT) stars, respectively. CTT stars have well definezD01).p Oph is a star-forming cluster of about 1 pc diameter,
discs, whereas in WTT stars the inner discs have dissipatagth estimated average particle densifi) ~ 2—4x10* cm3

In addition, observations from Earth (IRAM, SCURBKCMT) and thermal gas pressurd0® cm™ K (Liseau et al. 1999).

and spacelRAS ISO) of various molecular clouds have reqn this region there have been detected 100 structures, 59 of
vealed condensations that appear to be on the verge of edtich are identified as prestellar cores and the remaining as
lapse or already collapsing (e.g. Myers & Benson 1988mbedded young stellar objects (Motte et al. 1998). The extent
of the prestellar condensations is2x 10° AU (more com-
Send gprint requests toD. Stamatellos, pact than isolated prestellar cores), and they have sharp edges.
e-mail:D.Stamatellos@astro.cf.ac.uk Their estimated masses ar®®-3 My. NGC 20682071 are
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protoclusters in the Orion B cloud complex. Observations We discretise the radiation field of a luminosity source (star
(Motte et al. 2001; Johnstone et al. 2001) have revealed a fibm-background radiation) using a large number of monochro-
mentary structure witk 70 starless condensations having smathatic luminosity packets (hereafter referred to bgpackets”).
sizes £5000 AU) and masses fror.3 M, to ~5 Mo, The frequency of an-packet is chosen from the source ra-
Mass estimates from mm continuum observations, whett@tion field I,, using Eq. (1), which, in this case, becomes
the cores are optically thin, suggest that the initial mass funf- 1,(T)dv/ [~ 1,(T)dv = R,, (R, € [0,1]). Each of thel-
tion (IMF) could be determined by fragmentation at the prgpackets is injected stochastically into the medium, either from
stellar stage of star formation (e.g. Ardet al. 2000). The a specific point (for a point star) or from the boundaries of
guestion of whether fragmentation can produce the small#® system (for background radiation). For an isotropic radia-
masses in the IMF is still open. Observations of very lotion field from a point source (e.g. Yusef-Zadeh et al. 1984),
mass prestellar condensations are crucial for answering tthie direction ¢, ¢) of the L-packet is calculated using =
question but they are beyond the limits of today’s telescope®s®(l — 2R;) and¢ = 27R, (Ry,R, € [0,1]). EachL-
Furthermore, current mass estimates are uncertain, due topacket is also assigned an optical depth, using= —In R,
limited knowledge of the properties of the dust in and arourit} € [0, 1], and this determines how far the packet propagates
these cores, and of the dust temperature. Previous studies ligigethe the medium before it interacts with it.
assumed isothermal dust at 12—-20 K (e.g. Motte et al. 1998; The computational domain in which thepackets propa-
Johnstone et al. 2000). More recent radiative transfer studigge is divided into a number of cells. In regions where the
(Evans et al. 2001; Zucconi et al. 2001) model cores that atensity or the temperature gradients are large, more cells are
illuminated directly by the isotropic interstellar radiation fielcheeded. We can fulfil both conditions by constructing cells with
and find that the temperature decreases towards the centrdimfensionsSce less than, or on the order of, the local direc-
the core. However, these studies cannot be applied to emhigzhal scale-heights,
ded cores, because in this case the illuminating radiation field
is not the interstellar one, and, in general, it is not isotropic. Scen S MIN {hP’ hT}' ©
In this paper, we present a more realistic model that tre@tshe direction given by the unit vectét the directional scale
cores that are embedded in molecular clouds. We use a Mofégyhts are
Carlo radiation code we have developed to study cores approxi- » »
mated by Bonnor-Ebert (BE) spheres. In Sect. 2, we discuss fhe (Ik . V,OI) he = (Ik : VTI) _
basics of our code and the tests we have performed to chetk | p T
its validity. In_ S_ect. 3, we d|_scuss how we adgpt our code iR theory, we can construct a grid with a very large number of
treat the radiation transfer in externally illuminated spherecs lls to satisfy our accuracy requirements in calculating tem-
and present the tests we have performed. In Sect. 4.3, we bri

examine the #ect of diferent dust properties on our calcula ature. However, if we use a large number of cells we need
prop large number of -packets to interact with each of these cells

tions and, in Sect. 4, we study BE spheres exposed dwectlyi%o that the statistical noise of our calculations (of the order

the Black (_1994) interst_ellar radiation field a_nq compare oyt 1/ VNape WhereNgps is the number of -packets absorbed
results, which weracquired by a dferent radiative transfer in each cell) is small, that will increase the computational time

method with those of Evans et al. (2001) and Zucconi et a f our calculations.

(2001). In Sect. 5, we study the more realistic case of cores If e is anL-packet's total optical depth then in order to

embedded !n_molgcular C!OUdS; we calculaf[e.the dl.JSt tem.pc(:aa{l'culate the distance it propagates into the system before it
ature in their interiors, their spectra and their intensity proﬂlqe

) . . . r?teracts with it, we need to calculate the line integral along the
at different observing wavelengths. Finally, we summarise Obléth of the packet
results in Sect. 6. P ’

Ttotal
AS = f il (4)
0

Kap

In the general case it is not possible to calculate the preceding
We implement a method for radiation transfer calculationstegral analytically. Our approach is to approximate this inte-
based on a Monte Carlo approach, similar to that develop@é| with a sum:AS = 3, (67i/k0i) = Y 6Si. The element
by Wolf et al. (1999) and Bjorkman & Wood (2001). We maketepsS; that eacH_-packet propagates should be small, so that
use of the fundamental principle of Monte Carlo methods, agre density remains almost constant along this step. Also, the
cording to which we can sample a quanitye [£1,¢2], froma  element optical deptléz; = k) pi 6Si, should not be larger than
probability distributionp; using uniformly distributed random the remaining total optical depth of thepacketr;; ; is just

3)

2. Monte Carlo radiative transfer

numbersR € [0, 1], by picking¢ such that the optical depth that thie-packet still has to propagate afer
. stepsi = Tiotal — Z'j=o otj. To satisfy the above requirements
ff’l Pe d¢’ R 1) we chose an element step according to the following condition:
I
. PerdE 8Si = MIN {, hy. 71, (i + €) L Irl} (5)

Here we briefly outline the basics of our code, namesherel = (ky0i)~%, andn,, n, nr are constants that determine
PHAETHON after a Greek mythical hero. the accuracy we demand (typical values are between 0.1 and 1).



D. Stamatellos and A. P. Whitworth: Monte Carlo radiative transfer in embedded prestellar cores 943

Launch L-packet indicates that the_-packet propagatiorroutine takes about
Coleuare Lpacker reauene 25-50% of the computational time, depending on the specific
ul -} irecti e . .
Calculate (caoume . gucte recin problem. Thus, this is the routine that should be targeted by any
Dust Opacitie e . . . .
efforts to diminish the running time of the code. TinfBaency
J; is very important since a large numberlopackets is needed
for good statistical results. To reduce the running time of the
code, whilst maintaining good results, the specific nature of the
If L-packet insidg If L-packet outside . h Id be tak int t (F
the system ——The sysiem system we examine should be taken into accoun (for exam-
I — ple, in the case of a uniform density sphere we can propagate
albedor aibedo: . . .
. — eachL-packetin a single step), any kind of symmetry should be
SOrb and re-emi - . . .
L-packet Scatter |-packet exploited (e.g for spherically symmetric systems) and look-up
O | ((catouate L-packet direction tables should be used to solve for the cell temperature after ab-
sorbing a packet and then to calculate the reemission frequency
[Calcula!e L-packet direclion] [Cah:ulale L-packet optical depth ] Of the new acket
packet. . .
We have tested our code against benchmark calculations
proposed by lvezic et al. (1997) for a star surrounded by a

spherical envelope, first with constant density, and then for
Fig. 1. PHAETHON: Code flow chart. Luminosity packets are indensity decreasing as?. They used three fferent, well es-
jected into the system, propagate, interact and finally escape. Tablished radiative transfer codes usindtetient numerical
propagation routine is the most computationally expensive routine.schemes to solve a set of benchmark spherical geometry prob-
lems. In all cases, these methods gavffedénces smaller
that 0.1% and, as Ivezic et al. noted, the solution should be
The first term £, h,) ensures that the density does not changensidered exact. Our code reproduces those results and also
much in one element step,(is the density scale height in thethe results of Bjorkman & Wood (2001), for a disk-like struc-
direction that theL-packet propagates), the second teft) ( ture embedded in an envelope. These tests demonstrate the va-
ensures that the element step is less than the mean free pathi®f of our radiative transfer code. We will not present these
theL-packet and the third termrj(+€) I] takes éfect on the last tests but, instead we will later discuss twdfeient tests: (i)
step € is a very small number). The last term (r]) ensures the “thermodynamic equilibrium test” in which a Bonnor-Ebert
that the distance thie-packet travels in one element step is lessphere is illuminated by a uniform blackbody radiation field
than the distance from the luminosity source. This term com&sd (ii) the “pure scattering test” in which the albedo of the
into effect when a gap exists around the source. The smaligrst is set to 1.
the factorsy,, n, n; are chosen, the better the accuracy in prop- This Monte Carlo radiative transfer method conserves en-
agatingL-packets, but on the other hand a smaller element sigfgy exactly, accounts for theftlise radiation field, can be
means more computation. We propagateltigacket follow- implemented for any geometrical structure and is veffy e
ing the above procedure untjl < 0 or until the packet escapescient, making it very attractive for use in a variety of problems.
from the system. However, it can be implemented, without iteration, only when
When anL-packet reaches an interaction point within théhe opacity is independent of temperature, so the method is use-
medium (at the end of its optical depth), it is either scatteredfoil for treating radiation transport against opacity due to dust
absorbed, depending on the albedo. If the packet is absorbeditins which are large enough to be in thermal equilibrium.
energy is added to the medium and raises the local temperature.
To ensure radiative equilibrium thie-packet is immediately o )
re-emitted. The new temperature of the cell that absorbs theRadiative transfer in prestellar cores
packet is found by equating the absorbed and emitted energ?i._ Core density profile
The re-emitted_-packet has the same energy but a new fre-
guency chosen from thef@ierence of the local medium emis-A simple approach to prestellar cores is to assume that they are
sivity before and after the absorption of the packet (Bjorkmasothermal spheres in which gravity is balanced by gas pressure
& Wood 2001). The direction of the reemittédpacket is ran- (Bonnor-Ebert spheres; Bonnor 1956; Ebert 1955). Recent ob-
dom. If theL-packet is scattered then it is assigned a new diervations (e.g. Alves et al. 2001; Ward-Thompson et al. 2002)
rection, using the scattering phase function due to Henyeysfow that this is a good approximation for many cores. We use
Greenstein (1941). Then the packet propagates again in ttheeMonte Carlo radiative transfer code to study cores embed-
medium to a new interaction location. This procedure contided in an isotropic interstellar radiation field. We choose to
ues until all the packets escape from the system. They are tipanameterise BE spheres using the temperature, the mass of
placed into frequency and direction-of-observation bins. Thige sphere, and the external ambient pressure on the sphere.
general flowchart of the radiative transfer code PHAETHOTRhis type of parameterisation is quite useful when examining
is shown in Fig. 1. The shaded parts in this diagram refprestellar cores in the same molecular cloud, in as much as we
to procedures that, in general, need to be done more tltam presume that they all experience roughly the same exter-
once for eachL-packet and consequently are those that dictatal pressure. The sphere is divided into a number of concentric
the dficiency of the code. A simple codéfieiency analysis, cells (typically 50—100) with equal radial width (Fig. 2).
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Fig. 2. Schematic view of Bonnor-Ebert sphere modepackets are Fig. 3. Black (1994) Interstellar Radiation Field.
injected from the point (®,R) at such an angle as to imitate an
isotropic radiation field.

the cosmic background radiation with a peak around 1 mm
In our study we assume isothermal gas BE spheré$.= 2.728+ 0.004 K). This background is similar to that of

Generally, dust and gas do not have the same temperatureMathis et al. (1983) apart for the region from 5 to 40,
less the density is quite high, in which case they are thermalipere it is stronger on the basis of COBE data. As noted by
coupled > 1 -3 x 10* cm3, Mathis et al. 1983; Whitworth Black, his estimate only accounts for continuum radiation and
et al. 1998). However, even non-isothermal models that allél@es notinclude strong emission lines, which may have signifi-
a small gas temperature gradient, give density profiles that @@t power in the far-IR and submillimetre part of the spectrum.
very close to the BE profile (Evans et al. 2001). Thus, our re- The BISRF seems to be a good approximation to the inter-
sults for isothermal spheres should represent non-isotherstellar radiation field in the solar neighbourhood. However, it
spheres reasonably well. is not always an appropriate choice when studying prestellar
cores, because many cores are embedded in molecular clouds
Consequently, the radiation field is attenuated at short wave-
lengths £30-40um) because the surrounding cloud absorbs a
Because the core is spherically symmetric and the radiati@nge part of this radiation, and enhanced at long wavelengths
field is isotropic, we can — without loss of generality — injedt>50 um) due to the thermal emission from the molecular
all L-packets at the point (0, R) along theyz plane, wherdR cloud (Mathis et al. 1983). Also the radiation field may be
is the radius of the BE sphere (Fig. 2).Iif is the integrated anisotropic. In this work, initially we study cores directly ex-
intensity of the radiation field, then the total luminosity inciposed to the BISRF (like the previous studies of Evans et al.
dent on the sphere ISotal = 7l 47R2. If we useN, luminosity 2001; Zucconi et al. 2001) but we also extend our study to the
packets, the luminosity per-packet issL = (rlo 47R%)/N,. more realistic case of cores inside molecular cloudsfééiint
For isotropic intensity the injection angle probability is sizes.

3.2. The llluminating radiation field

T
dog=2 in(@)dy, = <0<, 6 ...
P cos @)sin @)dd. 5 d © 33 pust opacities

and theL.-packet injection angle is therefore Typical dust temperatures in prestellar cores are quite low

6 = cos! [_7{61/2]’ Ry € [0, 1]. @ (5-20 K) and under these_ conditions dust grains are expect_ed
to coagulate and accrete ice mantles. Following recent studies
For the spectrum of the radiation incident on the core, voé prestellar cores (Evans et al. 2001; Zucconi et al. 2001), we
use the Black (1994) interstellar radiation field (hereaftese absorption opacities calculated by Ossenkopf & Henning
BISRF). Black has compiled an average Galactic backgroud®94) (hereafter OH) for a standard MRN (Mathis et al. 1977)
spectrum from radio frequencies to the Lyman continuuimterstellar grain mixture (53% silicate and 47% graphite), with
limit, based both on observations and theoretical modelliggains that have coagulated and accreted thin ice mantles over
(Fig. 3). This spectrum consists of an optical component withperiod of 10 years at densities 8&m. We also assume a
a peak at around Lm, due to radiation from giant starsgas-to-dust mass ratio of 100.
and dwarfs; a component due to thermal emission from dust Ossenkopf and Henning only calculated absorption opaci-
grains with a peak at around 1@®n; mid-infrared radiation ties down to lum, so below this value we use the MRN stan-
from non-thermally heated grains in the range 5—400 and dard model (grains without ice mantles) with optical constants
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A um) discs, non-symmetric structures) and it is a good way to check

the main radiative transfer code (ilepacket injection, prop-

;ta}geation, absorption, temperature correction and reemission). It

is a very discriminating test and we suggest that it should be

applied to all radiative transfer codes.

) ) i We perform the thermodynamic equilibrium test for an

from Draine & Lee (1984), after scaling to fit the OH absorjnstable Bonnor-Ebert spheréof = 118, M = 45 Mo,

tion opacity at um (Fig. 4). In any case, the choice of absorpr _ 14 K, Pext = 10* cm™3 K). Initially, we do the test with

tion opacities below Lim, does not play an important role ing p|ackhody illuminating field having = 10 K and then with

our calculations since at these short wavelengths the core is9p- o k (using 18 luminosity packets). As seen in Fig. 5

tically thick and the radiation does not penetrate much insiglg, ooyt spectrum is the same as that of the illuminating field
the core. , y and the temperature at any distance from the centre of the core
Also due to lack of data for scattering opacities We USE constant and equal to that of the radiation field. Small vari-

the MRN scattering opacities after scaling them as before. We,ns on the order of 0.1 K are not important and are due to
should note though that for dust in prestellar cores, scatterifigistical noise.

is expected to be less by at least a factor of 2 (Ossenkopf;

private communication). The choice of scattering opacities

does not greatly ffect the temperature in the inner region8.4.2. Test 2: Pure scattering

of the core, since scattering is only important for short wave-

|ength (SZO /Jm) radiation, WhiCh, anyway, cannot penetratg the I’adiation f|e|d inCident on the Sphel’e iS iSOthpiC and if

deep inside the core. We will discuss thieet of scattering theL-packets just pass through the sphere without interacting,
in more detail later. the observed intensity will be the same at each impact param-

eter b, and equal to the intensity of the illuminating field. The

same holds if thd_-packets just get scattered, i.e. when the
3.4. Code tests albedo of the grains is set equal to 1. It is easy to understand
3.4.1. Test 1: Thermodynamic equilibrium this whgn the _scattering is isptropic, _but_the same is_ also t_rue

for non-isotropic scattering. Since the incident field is isotropic,
Consider a system that is illuminated by a uniform, isotropieL-packets come from all directions and tiéeet of scatter-
blackbody radiation field of temperatuile Thermodynamic ing will simply be to rotate the whole radiation field through an
equilibrium dictates that every part of the system will adopingles but the field will remain isotropic. The same argument
the same temperatufie This also means that the intensity ofolds if anL-packet undergoes more than one scattering. Thus,
the radiation coming from the system is the same as that of iheéne radiation just gets scattered in the medium, the emer-
illuminating blackbody field. Itis easy to see this from a simplgent spectrum will again be the same as that of the incident
radiative transfer calculation. If(0) = B,(T) is the intensity radiation.

of the incident radiation at a specific direction on the system, \ye perform this test for a BE sphere (parametésg: =
the intensityl, (D) of the radiation that escapes, after travelling 1 1 = 4 Mo, T = 11 K, Pext = 10* cm3 K). This time

distanceD inside the system, is the sphere is illuminated by the BISRF. We do calculations for

0.01
0.1

Fig. 4. Ossenkopf & Henning (1994} MRN (1977) opacities. The
solid line represents the absorption opacity and the dashed line
scattering opacitykbps + kscar= 10.45x 102 cm?g~t at 1 = 0.55um).

1,(D) = 1,(0)e™® & B,(T) [1_ e—TV(D)] =B, 8) mean sca7tterin_g co_sine 0 (isotropic scattering), 0.5 and 1 (us-
ing 2x 10 luminosity packets). We present our results for the
Practically this means that the system is invisible to an ofp- = 0.5 case in Fig. 6. The code successfully passed this

server. This test can be applied to any structure (e.g. sphetest too.
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Fr e 1oe Lo o (b) Table 1. Non-embedded prestellar cores: model parameters.
S A 1 102 &

P f/ \ / Vo7 Ve model ID  P3(Kem®) TP(K) M(M.) &,
AU , \\ / - e ; BE1 10 10 2 2.6 4.0
L A N Y - BE2 10 10 35 45 83
o5 \/ oy o1 b ] BE2.2 1@ 10 35 99 240
A CE BE3 10 15 2 1.7 24

T U R el BE4 10 15 4 24 36

0.1 1 10 102 10% 104 108 104 108

Aum) b (AD) BES5 10 15 6 3.2 5.2
Fig.6. a) SED of the incident and the emergent radiation (no dif- BES.2 10 15 6 216 64.0
ference at all).b) Pure scattering test: Intensity profiles at wave- BE6 10 15 1 2.1 9.8
lengths 850, 200, 450 and 0.%8n (top to bottom), for mean scat- BE7 10 15 2.6 50 301
tering cosingy = 0.5 . The dotted lines against the righthand margin BE7.2 16 15 2.6 85 620
of the right plot correspond to the background radiation at each oBES8 5x 10 15 2 2.6 8.9
the above wavelengths. Far= 450 um the statistical noise is larger BE9 5x 10 15 35 4.5 18.2
because fewek-packets are emitted at this wavelength than at otherggg.2 5x 10¢ 15 35 10.1 56.2

wavelengths.
a External pressure.
b Gas temperature.

4. Non-embedded prestellar cores ¢ Bonnor-Ebert sphere mass.
d ¢ parameter (sphere is supercriticaf it 6.451).

We use the termon-embeddepirestellar cores to refer to cores © Visual optical depth to the centre of the sphere.

that are directly exposed to the BISRF. We perform simula-

tions for a number of Bonnor-Ebert spheres undéedént ex-

ternal pressures and for various gas temperatures and masggfé, when they compared their model with the Evans et al.
In Table 1, we list the parameters of our models to show tlg|cylations. However, these are smaffetiences.

parameter space investigated. BE spheres with the same set

of Pex, T @andM correspond to one subcritical and one super- ) ] ]

critical sphere. These can be distinguished byéthevalue; if 4-2- SEDs and intensity profiles

ot > 6.451 then the sphere is supercritical. For each modgk see from the component version of the SED (Fig. 9), where
we calculate the temperature profile of the dust in the core, {yg piot the contribution from scattered, processed and direct
core SED and intensity profiles atfiérent wavelengths (90, hhotons to the SED for the BE2.2 model, that short wavelength
170 and 45Qim). radiation @ < 50 um) is absorbed from the core and then is
reemitted at longer wavelengths, whereas most of the longer
4.1. Temperature profiles w_avelen_gth radi_ation/l(z 50 um) just passes through the_ core
without interacting at all. The UV, optical and NIR radiation
The dust temperature inside the core drops from around 1#H@t is absorbed is mainly responsible for the heating of the
at the edge to a minimum at the centre, which may be as legre. A large amount of this radiation will not be available if the
as 7 K, depending on the total optical depth of the sphere. Tdwre is inside a molecular cloud, as we discuss later in this pa-
higher the optical depth to the centre of the core the lower ther. The core emits most of its radiation in the FIR and submm
central temperature and the larger the temperature gradientdizo see Fig. 7¢). The peak of the emission is between 110 and
Fig. 7b, we plot dust temperature profiles for three represent®0 um (note that this is the peak afF, not F,). At these
tive core models with dierent density profiles. wavelengths, the core is easily observable against the back-
Our results are in general agreement with previous similground. At shorter wavelengths (e.g. ) the contrast with
calculations by Evans et al. (2001) and Zucconi et al. (2001he background is not very distinct. Finally, in the optical the
We compared our results with those of Evans et al. for a symre is seen in absorption and appears like a black blob against
tem as close we could to get to one of their models. They tiee bright background.
not mention what opacities they use for< 1 um, they use The radial intensity profile of a core at a specific wave-
an ISRF atl < 1, different from the BISRF, and some paramdength 1,,s depends on whether this wavelength is shorter or
ters in their model are unclear. We find that the temperature leager from the peak wavelengffear If Aobs is much longer
calculate at the edge of the cored3 K higher than their calcu- than Apeax (€.9. at 450um) then the Rayleigh-Jeans approxi-
lation (17 K rather than 14 K). This flerence can be explainedmation for the Planck function holds and the intensity is pro-
in terms of diferent opacities and fierent ISRF forl < 1 um. portional to the product of column density with temperature.
We also find that the temperature is almost 1 K lower than réhe density decrease towards the edge of the core is much
ported by Evans et al. at the centre of the core. This may in platger than the corresponding temperature increase, and the in-
be due to slightly dferent density profiles. Zucconi et al. alsdensity decreases considerably towards the edge (see Fig. 8c)
reported a higher estimated temperature at the edfe.p K) If Aops is much shorter thampeax (€.9. at 90um) then the
and a lower temperature-Q.3 K lower) at the centre of the Wien approximation holds and the intensity depends on the
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The horizontal solid lines on the profiles correspond to the background intensity at each wavelengthmAth@lintensity increases towards
the edge of the core but the emission is jusil6 MJy sr! above the background and, thus, the cores are barely detectable. Al
intensity drops towards the edge of the core, or rises by a small amount, if the core is cold enoughu#tt#hsdntensity drops towards the
edge of the core in all cases.

temperature exponentially, so even a small increase in the tggarform radiative transfer calculations using PHAETHON for
perature can balance the density decrease and the intensityisupercritical Bonnor-Ebert sphegg f = 11.8, M = 4 M,
creases slightly~5 MJy sr!) towards the edge of the coreT = 11 K, Pey = 10* cmi3 K) with total visual optical depth
(Fig. 8a). However, the contrast between core and backgroud= 30.6, and dfferent dust properties.

radiation is very small45-7 MJysr?) and cores should be Initially, we vary the mean scattering cosige We see
barely detectable at 9dm. This result is consistent with obser—(Fig_ 10a) that when the scattering is isotropjc£ 0, solid
vations of prestellar cores (Ward-Thompson et al. 2002) taey the dust temperature at a specific radius inside the core
show that cores are usually well defined at 170 and 200 g 5 'pjt jower (0.3 K) than for the case of forward scattering
but not always well defined at 9om. Finally if 1 and dpeak (, — 1 dashed line). The cage= 1 is equivalent to no scatter-
are comparable (e.g. 140n) the intensity either drops from, o 4t optical wavelengths there is significant intensity only
the centre to the edge @ bit longer thanipeaq Fig. 80, Mod-  54'4he very edge of the core where the optical depth through the
el_s BE2 and BE2.2) or it increaseb4 bit smaller t_hampea“' core is small and radiation can pass straight through (Fig. 10b).
Fig. 8b, model BEY). In general, the contrast with the baci¢ 1, 1ons are scattered forward, they are able to penetrate
ground s quite large at these intermediate wavelengths.  yeoner inside the core and heat it to higher temperatures. As
a result more optical photons are absorbed and more FIR pho-
tons are emitted. The intensityfiirence between dust models
with different mean scattering cosine is very large in the optical

The properties of dust in molecular clouds and prestellar cof910" (Fig. 10b) but it is only-10-20% at FIR and submil-
are quite uncertain (see Arglet al. 2000). In this section we!IMetre wavelengths (e.g. 170 and 44, Fig. 10c).

examine the gect of diferent dust scattering properties on the Next, we vary the scattering opacities of the dust (Fig. 11).
temperature profiles and on the spectra of prestellar cores. We perform 3 calculations: (a) with MRN scattering opacities

4.3. Effects of dust scattering properties
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0.01 prrrrrmp to the boundary of the cloud) than from the tangent or any other

direction (see Fig. 12).

total output radiation

incident radiation i 1 Another factor contributing to the anisotropy of the radia-

’ NN | tion incident on a prestellar core is the presence of stars or other
| luminosity sources in the vicinity of the core. For example, ac-
R cording to the Liseau et al. (1999) model there is a B2V star
‘ close tgo Ophiuchi that increases the UV radiation incident on
the cloud from one side. Also the NGC 208871 protoclus-

‘ ! ‘;" tersin Orion B (Motte et al. 2001) are in an environmentrich in
| | Jf “-\ f\ FIR, submm and mm photons, from reprocessed UV radiation
; ’ \1 i from the newly born stars in Orion. In such cases, the BISRF
/ ,’\ | scattered ! eare is probably not a very good representation of the radiation field
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0.0001 ? / i radiation [ lemission . |
::// ! ‘ incident on the core.

I \
I \
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| Fovanah \1 ! ‘, 1 Previous studies (Evans et al. 2001; Young et al. 2002) have
gy e acknowledged that deviations from the BISRF are important
' A(um) and have used a scaled version of the BISRF that is either en-
_ hanced at all wavelengths or selectively at UV and FIR. This
F|g.9._Corr_1ponents of the spectrur_n fo_r th_e BE2.2 model. The don%ﬂnple approach has a free parameter, the ISRF scaling fac-
t.)lack line is the SED of the radiation '.nc'qem on the core, the.so.ligr, that is varied arbitrarily to fit the observations but it is not
line is the output SED, the dash-dot line is the part of the radiation nected directly to the molecular cloud in which the core is
that passes through the core without interacting, the short-dashed ﬁﬁg y R
embedded or the transport of radiation inside the cloud, and

is the core emission and the long-dashed line is the scattered light. S ] Rt
does not account for the fact that the radiation field incident on
an embedded core is not isotropic. Here, we present more con-

Kscat= K'SVICFG}I{V (solid lines), (b) Withkscat= K'SVICF;{\J/Z (dotted lines), sistent models in which deviation from the BISRF is a direct

and (c) with no scattering at alkga: = 0, dashed lines). The result of the presence of a molecular cloud that surrounds the

results are similar to the previous case: when there is no s¢#re.

tering (which is the same gs= 1 in Fig. 10) more photons are

absorbed by the core, heating it to slightly higher temperatures.

Scattering provides photons with a quick way out of the co&1. Model description

without them being absorbed.

This study shows that flerent dust composition, as\ye examine the simple model of a spherical prestellar core that
reflected in dferent dust scattering opacity andfféfent s ¢ the centre of a spherical molecular cloud (see Fig. 12).
scattering mean cosine, results in only slightijfefient tem- v try to mimic the conditions ip Ophiuchi, where conden-
perature profiles. The optical intensity profiles are strongly dgations have masses in the range 0.0B%3and dimensions
pendent on the dust scattering properties but at FIR and submilg + 103 AU (~7-42 arcsec). The thermal pressure at the
limetre wavelengths, where prestellar cores emit most of th@lﬁge of the cloud is-10f cm3 K and the estimated particle
radiation, the intensity is notfizcted significantly. Thus, we density is~2 x 10* cm3 (Liseau et al. 1999). In our study
conclude that the scattering properties of the dust do RPL examine cores with dimensions@x 10° AU and masses
greatly dfect the results of our radiative transfer calculations gf4_1 » M,. We assume that the molecular cloud outside the
prestellar cores. core has constant particle densitfH,) = 0.77 x 10* cm3

(corresponding tay,, = 0.96 x 10* cm™2 for a gas with mean
5. Prestellar cores embedded in molecular clouds molecular weighy: = 2.3 and hydrogen_abundance by mass
X = 0.7). We also assume that the dust in the molecular cloud
In many cases prestellar cores are embedded deep insidethe same composition as the dust in the core and, therefore
molecular clouds and the radiation incident on them fiedi the same opacities. As in the study of non-embedded cores we
ent from the interstellar radiation field, and anisotropic (Mathisse the Ossenkopf & Henning (1994) opacities (see Sect. 3.3).
et al. 1983). The ambient molecular cloud acts like a shieltle use a BE sphere density profile for the prestellar cores,
to UV, visual and NIR interstellar radiation, absorbing and revith fixed ambient pressure afl0° cm3 K. Thus, the free pa-
emitting it in the FIR. It also makes the radiation incident orameters in defining the BE profile are the mass of the sphere
the core anisotropic because in general the molecular cloucisl the gas temperature. Becanfdy) is specified, the visual
not homogeneous and it is not spherically symmetric. Even foptical depthrqouq is the only free parameter for the ambient
a spherical ambient molecular cloud with uniform density thdoud.z0yq also determines the extent of the cloud. Motte et al.
radiation incident on the prestellar core is not isotropic, even(if998) calculatédy ~ 10 mag forp Ophiuchi, but depending
the core lies at the centre of the molecular cloud. That is bena the position of the core in the cloud, the extinction could be
cause there will be more radiation incident on a specific poump to~40 mag. We use visual optical depths 5, 10 and 20. The
on the embedded core from the radial direction (which is closdetailed parameters of our models are listed in Table 2.
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Fig. 12. Schematic representation of a prestellar core embedded 'B@eply embedded corecug =

Tcloud

Molecular Cloud

Prestellar Core

5.2. Temperature profiles and mass estimates

The dust temperature profile inside the core depends on the
optical depth of the molecular cloud in which the core is em-
bedded, and the density profile of the core. (Additionally, the
dust opacities are important, but we will not study their influ-
ence here.) The presence of even a moderately thick cloud of
Teoud = 5 around the core, shields the core from UV and NIR
radiation, resulting in a less steep temperature profile inside
the core than in the case of a core that is directly exposed
to the interstellar radiation field. When there is no surround-
ing cloud the temperature drops from 16 K at the edge of the
core to around 6—7 K in the centraT ~ 9-10 K, depend-

ing on the core density), whereas withr@ = 5 cloud the
temperature drops from around 11 K to 7 KT( =~ 4 K),

as seen in Figs. 13b and 15b. Particularly, in the case of a
20) the core is almost isother-

molecular cloud (not in scale). The radiation incident on the core Is- ) (AT < 15 K) at around 7-8 K, for a not very centrally
not isotropic becausg > 1 = T¢joud- - ’

condensed core (Fig. 13b), whereas for a supercritical core
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Table 2. Embedded prestellar cores: model parameters.

model ID  M¥*M,) T?(K) fouta nca(cm—3) nba(cm—3) v®  Reg® (AU) Tcloudb I:\)cloudb (AV)

EM1 0 6.1x 10°
EM1.05 0.8 15 47 AHx10 67x100 87 61x10° 5 15x 10
EM1.10 10 23x 10
EM1.20 20 41x10*
EM2 0 52 x 10°
EM2.05 0.8 15 9.4 2Ax10° 67x10*0 227 52x10° 5 Ax 10
EM2.10 10 23x 10
EM2.20 20 40x 10
EM3 0 54 x 10°
EM3.05 0.4 15 24 HBx10° 67x100 36 54x10° 5 14 x 10
EM3.10 10 23x 10*
EM3.20 20 40x 10
EM4 0 81x10°
EM4.05 1.2 20 36 DBx10F 50x10* 61 81x10 5 20x 10
EM4.10 10 31x 10
EM4.20 20 55x 10*
EM5 0 62x10°
EM5.05 1.2 20 154 @x10° 50x10* 430 62x10° 5 18x 10
EM5.10 10 30x 10*
EM5.20 20 53x 10

a Embedded core propertiglel: mass,T: gas temperaturé,,;: £ parameter of the BE spherg $ 6.451 for supercritical spheres),: central
density,n,: boundary density;y: visual optical depth to the centre of the sphdRgs: radius of the sphere.
b Ambient cloud properties:ouq: Visual optical the of the cloud (see Fig. 1R0uq: cloud radius.

(Fig. 15b)AT ~ 3 K. Our studies show that temperatures inwill affect their evaluation of the core mass function in the
side embedded cores are probably lower than 12 K in co@ph protocluster, and the inferred stability or instability of the
surrounded by even a relatively thin cloud (viswgbug = 5), observed cores. Detailed modelling for each of the prestellar
which seems to be the case for many of the prestellar coges icores, taking into account their environment (i.e. surrounding
Ophiuchi. Previous studies (Motte et al. 1998; Johnstone et@bud and nearby luminosity sources), is needed to calculate
2000) of prestellar cores jm Oph assumed isothermal dust atheir masses with more accuracy. Also, as Motte et al. point
temperatures from 12 to 20 K, when calculating core massas, the dust opacities and also the dust-to-gas ratio, introduce
from mm observations. At these wavelengths the dust emissamtditional uncertainties in mass calculations.

is optically thin and, consequently, the observed flux is

Fi = By(Taus) T2 AQ = Bi(Tqus) k2 N(Hz) umy AQ. (9) 5.3. SEDs and intensity profiles

Hence, the inferred column density is In the UV and optical (0.01—Am), the radiation coming from
the system is scattered light and direct background radiation
Fa ; ) :
. (10) (mainly coming from the edge of the cloud where the optical
pmy AQ &3 Ba(Taus) depth is small). In the NIR and MIR (1-%06n) most of the ra-
AQ is the solid angle of the telescope beam for a resolv@iation is direct background radiation that just passes through
source, or the solid angle of the source if unresolhg,) the outer, optically thin parts of the cloud. This depends on
is the hydrogen column density; is the mm dust opacity, the assumed background radiation field, the optical depth of
and B, is the Planck function. At mm wavelengths and tenthe cloud (and hence the dust properties) and the extent of the
peratures<20 K the Rayleigh-Jeans approximation holds, sgoud. The FIR and mm range (60-130) is the most inter-
B, (Tausd o Tqust Therefore, the estimated column density, argiting area since the core emits most of its radiation at these
consequently the mass, depends on the observed mm flux, wagelengths. Many terrestrial and space-borne observatories

N(Hz) =

the dust opacity and temperature, cover (or have covered) this range: ISOPHISD(90, 170 and
F 200 um), SCUBAJMCT (350-130Qum), IRAM (1300 um)

N(Ha) o —2—. (11) and finally the upcomin@IRTF(3.6-160um, to be launched
K1 Taust in 2003) andHerschel(75-500um, to be launched in 2007).

Thus, the masses of the prestellar condensations calculated byAt 90 microns the core is seen in absorption against the
Motte et al. and Johnstone et al., using mm continuum obskackground (Figs. 14a and 16a). The intensity depends on the
vations, may be underestimated by up to a factor of 2, whitdmperature exponentially, so the relatively small increase in
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Fig. 14. Intensity profiles at 9@a), 170(b), 450 and 85Q:m (c), for the models in Fig. 13 (EM1.20: solid lines, EM1.05: dotted lines, EM1:
dashed lines). The horizontal solid lines on the profiles correspond to the background intensity at the wavelength marked on the graph. At
90 um the core is seen in absorption against the background but the core is not easily distinguishablenmiti& htensity increases towards

the edge of the core only if the core is not very deeply embedded. However, very sensitive observations are needed to detect this feature. At
450 and 85Q:m the intensity drops towards the edge of the core.

temperature towards the edge of the core can compensatdrfodensity, the outer parts of the core are just visible (e.g.
the rapid decrease in the density £ r=2), and the intensity models with visual optical deptiog = 5). On the other
increases towards the edge of the core. For a very centralgnd, if the increase of the temperature is not high enough,
condensed core (e.g. models EM2x, Fig. 16a) the decreasea®-happens when the core is deeply embeddgdd= 20),
wards the centre is around-10 MJy sr (depending on how then the core cannot be distinguished from the background.
deep the core is embedded in the cloud; for deeper embeétus, our models indicate that cores can be observed at
ded cores the intensity decrease is smaller), and this wouldl&®—-250um only if they are surrounded by a cloud with a
very difficult to detect. For less centrally-condensed cores (erglatively small visual optical depthyoug ~ 5, in which case
EM1x, Fig. 14a) the decrease is even smahlet{6 MJy sr'). the intensity increase is10 MJy sr. Cores could in principle
Thus, very sensitive (say1-3 MJysr!) observations are be observed even if they are deeply embedded, provided there
needed to detect cores in absorption. This sensitivity is vemgre accurate observations el MJysr! at 150-250um.
close to the limits of current instruments, so it is verffidult This result agree with the fact th&80O did not detect the

to observe embedded prestellar cores gtr90 prestellar condensationsOph (Ande et al. 2000).

At wavelengths near the peak of the emission Finally, at submillimetre and millimetre wavelengths
(150-250um) the intensity increases by a small amourfd00-1300um) the Rayleigh-Jeans approximation for the
(~5-20 MJysr! above the background) towards the edgelanck function holds, and the observed intensity is propor-
of the cloud and then decreases to the background intensityal to the product of the core column density and temper-
(Figs. 14b and 16b). If the temperature increase towards #tare. Thus, at the edge of the core the intensity drops con-
edge of the core is big enough to compensate for the decresiderably because the temperature increase cannot compensate



952 D. Stamatellos and A. P. Whitworth: Monte Carlo radiative transfer in embedded prestellar cores

. N, 0.01 rrrres -
@ | I O F

(em=?)

o
=}
S}
=

g 105 | ‘ ‘ =

Temperature (K)
AF, (erg s™! cm™?)

e sl 0.0001 L] L
0 104 2x10% 3x104 4x10* 0 10% 2x10% 3x10* 4x10% 100 1000

r (AU) r (AU) A(pm)

Fig. 15.The same as in Fig. 13, but for a supercritical BE sphere with the same parameters (EM2x models): densitiajrdtistsemperature
profiles(b) and SEDSc), for BE spheres at 15 K, with mass OM,, under external pressufg,; = 10° cm 2 K, surrounded by a spherical
ambient cloud with visual optical depth 20 (model EM2.20, solid lines), 5 (model EM2.05, dotted lines) and 0 (model EM2, dashed lines;
surrounding cloud). The dash-dot line on the SED graph corresponds to the background SED.

40 ———1— ——— ——— 7 [ T T T 200 T T T

@ ]

I, (MJy sr-1)
I, (MJy sr?)

60 -

corel surrounding cloud [ core| surrounding cloud
L L
40 - r . 4
[ 170um 4 | core| surrounding cloud 450um |
ol v v L ) P RS IR R s e = o N
0 10+ 2x10% 3x104 4x10* 0 10% 2x10* 3x10* 4x10* 0 10¢ 2x10* 3x10* 4x10%
b (AU) b (AU) b (AU)

Fig. 16. Intensity profiles at 9@a), 170(b), 450 and 85Q:m (c), for the models in Fig. 15 (EM2.20: solid lines, EM2.05: dotted lines, EM2:
dashed lines). The horizontal solid lines on the profiles correspond to the background intensity at the wavelength marked on the graph. Ir
case (more centrally condensed core than that in Fig. 14), the intensity at the centre of the cora & [@ver and, thus, the core is relatively
more easily observed in absorption than a less centrally condensed core. In addition, the increase of the intensity towards the edge of th:
at 170um, is larger in this case and thus easier to observe.

for the density decrease. The core can be easily observedeatperature and the SED of a core embedded in the centre of a
400-500um, where the contrast with the background is quitmolecular cloud, is the optical depth of the molecular cloud.
considerable450-150 MJy sr1). At wavelengths longer than
~600um the background radiation becomes important and e4 Diaanostics
core emission is not much larger than the background emis-~ 9
sion. For example at 85@m (Figs. 14 and 16c) the core emisin Table 3, we list the peak intensities (maximum intensity
sion is only~20-50 MJy st* above the background, dependabove or below the background) at wavelengths 90, 170, 450,
ing on the density profile of the core and how deeply the coregs0, 1300um, for cores embedded in molecular clouds with
embedded inside the molecular cloud. High accuracy observgual optical depths 5 and 20. The lower intensity values cor-
tions are needed to observe cores at mm wavelengths, but thgypond to less condensed cores (subcritical) and the higher in-
are available. For example, the sensitivity of IRAM is aroun@nsity values to more condensed cores (supercritical). This ta-
~1 MJy srt. The peak luminosities at 13Q0n that we com- ble indicates that embedded cores are most easily distinguished
pute with our models are comparable with the observed luniiom the background radiation around 4@f. The peak emis-
nosities of Motte et al. (1998). sion from embedded cores could be as low~d9 MJy srt

To check if our results arefacted by the extent of the am-above the background at 1300, but it's at least-40 MJy sr!
bient cloud, we study a core with the same parameters as #hd50um. The wavelength range between 400—p00seems
EM2.05 model but embedded in a more extended, less defeeurable for observing embedded cores but the atmospheric
cloud. In both models the optical depth of the cloud is thgansmission is not good in this range and space observations
same. As seen in Fig. 17, the temperature and intensity profilge needed. The upcomitderschelspace telescope will be
at 90, 170 and 45am of the two models are almost identicabperating in this range.
inside the core. This result indicates that the only parameter Continuum intensity observations at fidirent submm
of the ambient cloud that is important in determining the dustavelengths can be used to determine if a core is subcritical or
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with mass 0.8M,, under external pressui.,,, = 10° cm K, surrounded by a spherical ambient cloud with visual optical depth 5 and

Mot = 0.96x 10* cm3 (model EM2.05, solid lines) analy,, = 0.45x 10* cm3 (same optical depth as before but more extended cloud, dotted
lines). The dust temperature and the intensity profiles are almost identical inside the core for the two models examined, indicating that these
profiles are determined mainly by the optical depth of the core rather than its physical extent.
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Fig. 18. Comparison of a subcritical (model EM1.05, dotted lines) with a supercritical (model EM2.05, solid lines) BE sphere, embedded in a
molecular cloud with visual optical depth 5. Density profi{ay dust temperature profiléb) and intensity profile¢c) at 90, 170 and 450m.

The horizontal solid lines on the profiles correspond to the background intensity at the 170, 90 amd,4&m top to bottom. The dust
temperature inside a more centrally condensed core is lower than for a less centrally condensed core. The core emission is shifted towards
longer wavelengths and, thus, a supercritical core will emit more radiation at submm wavelengths than a subcritical core does.

supercritical, assuming cores can be described as BE spheresOur models can also be used to estimate the visual extinc-
If the core is supercritical, it is more condensed in the centtien of the ambient cloud surrounding an embedded core. The
and the optical depth to the centre of the core is larger thauater parts of even deeply embedded corgg,§f ~ 20-30)

a subcritical, less condensed core. This means that the darst expected to be just visible in emission at 170—-260
temperature at the centre of the core is less for a superci(t3 MJy sr! above the background), whereas cores embedded
cal core, and the resultant spectrum is shifted towards longera moderate-thick cloudro,q < 5-7) will be more visi-
wavelengths. Thus, a supercritical core emits more radiatiorbé (~10 MJy sr' above the background), as seen in Figs. 14b
longer wavelengths (e.g. 45n; see Fig.18) than a subcriticaland 16b. The higher the increase in the intensity near the core
core. We can exploit the fact that the intensity at 1704280 boundary, the less embedded is the core. Thus, very sensi-
varies little for diferent cores in the same environment, arti’e observations of embedded prestellar cores at 1704200
use the colour index C& m(450um) — m(170um) to distin- (~1-3 MJy sr't), might allow us to determine the extinction of
guish between subcritical and supercritical cores, eliminatitige cloud surrounding the core, and thus to estimate roughly
this way any uncertainties about the distance of the obsentkd position of the core inside the molecular cloud. However,
cores. The CI will be larger for supercritical cores. This resuttore sophisticated modelling is required, with a more detailed
can be used to determine whether a core is subcritical or supnsity profile for the cloud and taking into account the close
critical when the core cannot be resolved and the usual densitwironment of the core under study.

criterion (pcentre/ Pedge > 14.1 for supercritical spheres) is not

useful.
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Table 3. Typical peak intensities for embedded cores. modelling is needed for each specific core for accurate mass
estimates.
A (um) 1,2 (MJysr?) Our models provide a view of cores at a wide range of

wavelengths. We found that the best wavelength range to ob-

=5 =20 . . .
Teloud Teloud serve embedded cores is 400-5@0, where the core is easily

o0 15 ~3 distinguished from the background. Embedded cores could also
170 10-15 ~3 be observed at 600-130f. The contrast of the core radiation
450 55-160 40-130 against the background radiation is not large but very sensitive

observations are available in this range. At shorter wavelengths
the cores are just visible in emission (170-200) or in ab-
1300 10-40 10-25 sorption against the background. We also found that very sen-
« The termpeakrefers 1o the maximum intensitv ab  bel sitive observations at 170-2@0n, could be used to estimate
€ termpeakreters fo the maximum intensity above or below, q yis,al extinction of the cloud surrounding a core, and thus
the background (as noted) at a specific wavelength. . S . .
geta rough idea of where the core lies in the in the environ-

2 These are typical approximate peak intensities for a core emb ) . .
ded in a cloud with visual optical depth= 5 andr = 20. The Mmentof the protocluster. The upcomihigrschelsatellite will

deeper the core is embedded the less distinct from the backgrof®iobserving in the 60-7Qfn range with high sensitivity and

is. The lower value corresponds to a subcritical core and the hightgh angular resolution (Anér2002), and will test our models.

value to a supercritical core. Sensitive intensity observations in this range will also reveal
b At 90 um the core seen in absorption against the background. very low-mass condensations present in embedded protoclus-
ters, that were previously undetected or poorly detected. These
observations combined with theoretical models will enable us
to estimate with great accuracy the temperature profile of re-
solved prestellar cores. In addition, mm observations from the
We have implemented a Monte Carlo radiative transfer methgebund will provide accurate mass estimates for the cores, and
to study non-embedded and embedded prestellar cores. Thisy will constrain the dust opacity.
method discretises the radiation of one or more sources with Theoretical modelling should be done for each core indi-
a large number of monochromatic luminosity packets that aygjually, taking into account the core surroundings (ambient
injected into the system and interact stochastically with it. Odfoud, local luminosity sources). The Monte Carlo approach
code has been tested against benchmark calculations of otbethe radiative transfer that we have implemented here is in-
well established radiative transfer codes. We have also testedently 3D and can treat such asymmetric systems. We plan
our code against the thermodynamic equilibrium test (the syg§-extend our study to ellipsoidal cores, asymmetric ambient
tem is illuminated by an isotropic blackbody radiation field anglouds and anisotropic illuminating radiation fields and, hence,
acquires the same temperature as it) and the pure scatteringrifsiel specific cores in embedded protoclusters.
(only scattering interactions are allowed and the output inten-
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