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Abstract. We present the physical structure (density and temperature profiles) and the distri-
bution of formaldehyde and methanol in intermediate mass protostar OMC2-FIR4 in the Orion
molecular cloud complex.
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1. Introduction
The first stages of star evolution are characterized, among other things, by the for-

mation Complex Organic Molecules (COMs; see e.g. Ceccarelli’s contribution in this
volume). Before the collapse sets in, in the pre-stellar condensations, at least some sim-
ple COMs like formaldehyde and methanol are synthesized on the grain surfaces by
hydrogenation of CO. The birth of a protostar at the center warms up the surrounding
matter up to 100 K or more, with two consequences: the previously formed grain ice
mantles sublimate injecting into the gas phase their molecular content, and, second, new
and more complex molecules are synthesized in the gas phase because of new formation
routes opening up at the large gas temperatures and the availability of the molecules syn-
thesized on the grain surfaces. What and how much COMs are formed at the end depend
on the mass of the protostar, as suggested by some comparative studies between low
and high mass protostars (Bottinelli et al. 2007). Surprising enough, low mass protostars
synthesize larger quantities of COMs with respect to high mass protostars. This may be
the result of both the COMs formation and destruction processes. Here we present new
observations of methanol and formaldehyde, the simplest of but the most crucial COMs,
towards the intermediate mass (IM) protostar OMC2-FIR4, the brightest submillimeter
source of the Orion Molecular Cloud 2 with a bolometric luminosity of 1000 L�.

2. Density, temperature, and CH3OH and H2CO abundance profiles
We derived the density and dust temperature profiles of the protostar OMC2-FIR4

envelope, by modeling the dust continuum emission by means of the radiative transfer
code DUSTY (Ivezic & Elitzur 1999). We considered the Spectral Energy Density (SED)
between 1.3 mm and 24 µm and the maps at 350, 450 and 850 µm respectively (see Crim-
ier et al. 2008 for details). We assumed a power low density profile, n(r) = n0(r/r0)−α ,
for an envelope of radius Rmax. n0 , α and Rmax are then constrained by comparison
between the observations and the model predictions. Following the claim by Jørgensen
et al. 2006 that an Inter-Stellar Radiation Field (ISRF) with G0 = 104 illuminates the
OMC2-FIR4 envelope, we run models with G0 between 1 and 104. We found that the
continuum observations cannot constrain the G0 value: all the ran models yield similar
χ2 values.
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Deriving correct abundances from observations of molecular lines requires knowledge
of the gas temperature profile. Very often, the approximation of Tgas = Tdust is assumed.
While this is a good enough approximation in low mass protostars, in IM mass protostars
it may break down. Thus we modeled the thermal balance across the envelope, following
the method described in Ceccarelli et al. (1996). To test the hypothesis of large G0
illuminating OMC2-FIR4 we run 2 models with G0 = 1 and 1000 respectively. Moreover,
a crucial parameter in the thermal coupling between dust and gas is the water abundance,
as water is a major coolant of the gas. Figure 1 presents the gas temperature and density
(found by the modeling of the continuum discussed in §2) profiles in the two cases G0 = 1
and 1000, and for different H2O abundances in the inner part. The dust and gas are
thermally decoupled in the inner region (Tdust � 100 K), because of the water ices
sublimation.

Figure 1. The gas density profile (left panel) for G0 equal to 1 (plain curve) and 1000
(pointed curve) and temperature profile (right panel) for different values of the water abun-
dance X(H2O)in .

We obtained multi-frequency observations of o-H2CO, p-H2CO and CH3OH at the
IRAM and JCMT telescopes (details in Crimier et al., in prep.). Following the method
by Maret et al. (2004) we derived the o-H2CO, p-H2CO and CH3OH abundances in the
inner and outer envelope of OMC2-FIR4 (Table 1). For a first analysis, we assumed LTE
level distribution. From this preliminary analysis, the χ(H2CO)/χ(CH3OH) ratio in the
inner region is ∼0.5, a value in between what found in Hot Corinos (∼1) and Hot Cores
(∼0.1) (Bottinelli et al. 2007).

Table 1. o-H2CO, p-H2CO and CH3OH column densities and abundances.

Molecules TG A S Nx (cm−2 ) Comments Abundances
(opacities) G0 =1 G0 =103

CH3 OH 20 K ∼2.101 5 Moderately thick ∼6.7.10−9 ∼1.3.10−8

80 K ∼8.101 5 thin ∼1.5.10−7 ∼1.2.10−7

p-H2 CO 20 K ∼5.101 3 thick ∼1.7.10−1 0 ∼3.3.10−1 0

80 K ∼3.101 4 thin ∼5.5.10−9 ∼4.6.10−9

o-H2 CO 20 K ∼1.101 4 Moderately thick ∼3.3.10−1 0 ∼6.7.10−1 0

80 K ∼8.101 4 thin ∼1.5.10−8 ∼1.2.10−8
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