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We present the results of a preliminary analysis of the IR dust extended emission originated in the ISM of the LMC. We combine Spitzer SAGE and IRAS data and correlate the IR emission with gas tracers such
as HI, CO and Hα. We present a global analysis of the IR emission as well as detailed modeling of the SED of a few selected regions. Extended emission of the dust associated with the neutral, molecular and
diffuse ionized phases of the ISM is detected at all IR bands from 3.6 µm to 160 µm. The relative abundance of the various dust species appears quite similar to those in the Milky Way in all the regions we have
modeled. We construct maps of the temperature of large dust grains. The temperature map shows variations in the range 12.1 <Td<34.7 K and a systematic gradient from inner to outer regions, tracing the
general distribution of massive stars and individual HII regions but also exhibits unexpected warm dust emission in the stellar bar. This map is used to derive the FIR optical depth of large dust grains.
We evidence two main departures in the LMC with respect to MW expectations: 1/ the existence of MIR excess emission near 70 µm, referred to as the 70 µm excess and 2/ departures from linear correlation
between the FIR optical depth and measured gas column density, which we refer to as FIR excess emission.
This poster summarizes the results of two recently submitted papers: Bernard et al. 2007 (4th SAGE Overview paper about LMC ISM) and Dobashi et al. 2007 (extinction study).

Dust composition:
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We model the Spectral Energy Distribution (SED) in 3 individual
regions of the LMC (see Fig. 2) selected to show little star
formation activity and be located away from major HII regions.
Extended dust emission associated to the neutral, molecular and
diffuse ionized phases is detected at all IR wavelengths from 3 µm
to 160 µm. The relative abundance of the various dust species
(PAH, VSG, BG) is similar to that in the Milky Way. The
integrated SED of the LMC shows lower relative PAH abundance
than individual regions, which can probably be explained by the
contribution from HII regions. PAH and VSG abundances appear
slightly higher in the molecular than in the neutral phases in the
selected regions, which we interpret as enhanced abundance of
small dust particles in unresolved haloes surrounding MCs.
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Dust Temp. and opt depth:
We constructed all-LMC maps of the temperature and FIR optical
depth of large dust grains at a resolution of 4', by combining the
Spitzer160 µm and IRAS 100 µm images. The temperature map
shows variations in the range 12.1 <Td< 34.7 K and a systematic
gradient from inner to outer regions tracing the general distribution
of massive stars and individual HII regions. Departures from this
are also identified, in particular we evidenced a warm extended
region, within the stellar bar, which may indicate the presence of
dust heated by the old stellar population. No systematic decrease of
the temperature was evidenced towards molecular clouds. Using
the temperature map, we constructed a map of the dust optical
depth at 160 µm (see Fig. 1).
Fig 1: Top-Left: Spitzer/SAGE 160 µm emission, top-right: dust optical depth at 160 µm (τ 160), Bottom-Left: Dust
temperature Tdust, bottom-right: FIR excess map. The HI integrated intensity contours corresponds to the Parkes
+ATCA data at 1.2, 2.4 and 4.8 1021 H/cm2 . The symbols on the Tdust map show the location and size of the HII
regions from Davies et al. 1976.

70 µm excess:
We show that a significant emission excess is present at 70 µm
with respect to expectation for very small grain and large grain
emission based on the 24 µm and 160 µm emission respectively.
The 70 µm excess increases gradually from the MW to the LMC
to the SMC suggesting an increase of the excess with decreasing
metallicity. The excess is essentially associated with the neutral
medium, and is generally not present in the molecular phase. The
strongest excess region is a loop around a position just South of
30-Dor. We show that it is possible to explain the 70 µm excess
by a modification of the size distribution of very small grains with
respect to MW standards (see Fig. 2)and an associated VSG mass
increase corresponding to 13 % of the total dust mass. We propose
that the 70 µm excess could be due to the production of large
VSGs through erosion of larger grains in the diffuse medium.
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Extinction:
We constructed an extinction map of the LMC
using the 2-mass catalog (see Fig. 5). The map
shows a good correlation between the extinction
and the HI structure and the CO clouds, once
filtering effects are taken into account. We
performed a similar study than for IR map. The
dust absorptivity decreases systematically away
from the 30-Dor region. If this is attributed to dust
abundance, Xco values derived are ~4 times lower
than derived from Virial equilibrium of the clouds.
As for IR emission, this is indicative that an extra
gas component correlated to HI is present.

FIR excess:
Although the dust optical depth correlates globally with the HI gas
distribution, a clear departure from a linear correlation exist. Using the
measured emissivity value towards low column density as a reference, this
leads to a FIR excess at high NH . Several possible interpretations to the FIR
excess emission were investigated, in particular the presence of an additional
gas component undetected in the available gas tracers and intrinsic variations
of the dust/gas ratio or dust optical properties. Under the assumption of
constant dust abundance and emission properties in all ISM phases, an
additional gas component would have to be as massive as the total HI mass.
We show it plausible that the FIR excess is due to self-absorption of the HI
emission. Other possibilities include a pure H2 phase with no CO emission or
a "dark phase" similar to that evidenced in the MW by gamma-ray studies.
A systematic increase of the dust abundance with increasing gas column
density could also be responsible for the non linear correlation observed.
Under that hypothesis, the dust abundance would increase by a factor of two
from the most diffuse regions at the periphery of the LMC to the densest
regions where star are formed. We note however that, under this hypothesis,
values of the CO-to-H2 conversion factor (XCO) are uncomfortably low (by a
factor of 2) with respect to those derived from Virial analysis of the CO data.
If an additional gas component is invoked, dust abundance in the LMC is
estimated to be about 4.6 times lower than in the MW. If variations of the
dust abundance are invoked to explain the FIR excess, dust abundance would
vary from 4.6 to 2.3 times lower than MW from the outer to the inner regions
of the LMC. A firm conclusion regarding the origin of the FIR excess will
have to await future and more detailed studies of the SAGE data.

Fig 4. Spatial distribution of the 70 µm excess emission
(color scale) compared to the NANTEN CO12(J=1-0)
integrated intensity contours at 1, 2, 4 and 8 K km/s.
The excess scale is shown in linear scale in MJy/sr.
Fig 3: Left: SEDs of the entire LMC (solid),
MW plane (short dash) and SMC (long dash).
The lower curve for the LMC is after subtraction
of the stellar contribution from the SAGE PS
catalogs. The lower curves show the same SEDs
normalized in the FIR. Data are IRAS (filled
squares), Spitzer (filled circles), FIRAS (open
diamonds), DIRBE (open circles), top-hat
(downward triangles). The SMC SED is from
Leroy et al. 2007 and Stanimirovic 2000. Error
bars are 1-σ.

Fig 2: SEDs of selected regions in the LMC (see Fig. 1 for positions). top-left: SED of the total
LMC, with stellar contribution subtracted. top-right: SED of the "HI region" selected in the LMC.
bottom-left: SED of the HI associated emission around cloud "LMC-154". bottom-right: SED of
the HI associated emission around cloud "LMC-216". All values are normalized to NH =1020 H/cm2.
Free parameters of the model are the relative abundances of PAH, VSG and BG, the radiation field
intensity. The size distribution slope of VSG was set to avsg=1 to account for the 70 mm excess.
All other parameters are set to MW values (from Désert et al. 1990).

Fig 5: Extinction map of the LMC obtained from star count
in the 2-mass catalog overlaid with CO contours. Av
ranges from 0 to 5 mag

Fig 6: Dust absorptivity
(Av/NH) and Xco factor
derived from the correlation
between Av and the gas, as
a function of distance to 30
Dor. Filled Dots show
individual regions marked
in Fig. 5. The open dots
show CO virial analysis
values. The red curve
shows the result of a global
Av vs gas correlation. The
blue curve shows the same
result for FIR emission vs
gas, scaled to Av using
standard MW conversion
factor.

