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Abstract

We examined the dust emissivity at far-infrared wavelengths, and pro-
posed a method to reproduce ISOPHOT temperatures combining ISOPHOT
and IRAS far-infrared data. Analysing a sample of 13 clouds we com-
pared the temperature values obtained using our method to those de-
termined from ISOPHOT data and verified the accuracy of our method.
This method allows one to extend the sample of clouds appropriate for
investigation of dust emissivity properties. We applied our method for 8
clouds, for which ISOPHOT data are available olny at one wavelength,
to determine dust colour temperature, and the dust emissivity was also
computed for 3 of these clouds.
Keywords: Infrared: ISM - ISM: dust, extinction

1. Introduction

Even in moderately dense clouds optical properties of interstellar dust seem to
be different from those of the diffuse ISM. Cambresy et al. (2001) have shown
that estimating optical extinction from IRAS optical depth data results in 2 to
3 times higher values than does the optical star count method for the case of
the Polaris molecular cloud. This finding can be explained by increased infrared
emissivity of dust inside the cloud. As Dwek (1997) pointed out the increased
emissivity may be caused by coagulation of dust grains. Based on ISOPHOT
observations, del Burgo et al. (2003) studied 8 translucent clouds and found
the emissivity of dust to be higher than in the diffuse interstellar matter. They
obtained increasing emissivity with decreasing temperature. This trend suggests
that the change of optical properties of dust may start even in moderately dense
regions. del Burgo et al. (2003) proposed a two-component model to reproduce
the derived emissivity values.
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In order to determine the dust emissivity at a certain wavelength λ, defined
by the ratio τλ/AV , one needs to measure the optical depth, and consequently
to measure dust temperature. del Burgo et al. (2003) computed dust colour
temperatures by combining two ISOPHOT observations at different far-infrared
wavelengths obtained with the same subinstrument (C200 camera). At these
wavelengths the emission of big grains is not contaminated by smaller, tran-
siently heated particles. The sample of clouds observed by ISOPHOT in at
least two filters longwards of 100µm is, however, rather limited. In order to
involve more fields into the analysis we propose to combine ISOPHOT data
with IRAS 100µm observations for the computation of the temperature. In
this paper we explore and test this possibility, and determine temperatures for
8 fields observed by ISOPHOT only at one wavelength. For three of the fields
we also analyse the emissivity of dust and compare our results with those of del
Burgo et al. (2003).

2. Temperature estimation from IRAS and ISOPHOT

2.1. The method

The most accurate way of determining dust temperatures is combining two
(or more) measurements at different far-infrared wavelengths obtained with
the same instrument. When this was not possible (e.g. fields mapped with
ISOPHOT only at one wavelength) a straightforward idea is the utilization of
the IRAS 100µm database. However, due to the different calibration of the two
instruments it is important to verify the accuracy of the temperature values
determined in this way.

We searched the ISO data archive and selected 13 fields covered by ISOPHOT
at 200µm and at least one other far-infrared (λ ≥ 120µm) wavelength. The
observations were performed with the ISOPHOT C200 camera (2 × 2 pixel,
90′′ pixel size) in the PHT22 raster mode. Data processing was performed in
the standard way using the PHOT Interactive Analysis V.10.0. Processing of
ISOPHOT maps was described in detail by del Burgo et al. (2003).

We extracted IRAS 100µm data for all fields by sampling the ISSA maps
precisely at the positions of the ISOPHOT grid points. Temperatures were
determined from the slope of the correlation between (a) the two ISOPHOT
filters, (b) the ISOPHOT 200µm and IRAS 100µm data. Figure 1 shows a
comparison between the results of the two different methods. No systematic
difference was found. The standard deviation of the temperature values around
the TIRAS = TPHT line is σT = 0.78K.
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Figure 1: Correlation plot of temperatures determined from observations of ISOPHOT at two
wavelengths (TPHT ) and ISOPHOT 200 µm data combined with IRAS 100 µm measurements
(TIRAS).

Figure 2: Examples for surface brightness I100 versus I200 of the regions with the fitted lines
for subregions with different temperatures.

2.2. Application for 8 interstellar clouds

As an application of our method we examined 8 additional regions which were
mapped with ISOPHOT at 200µm only. The locations of the fields are listed in
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Table 1. The extent of the fields is typically 30×30 arcmin with 90′′ pixel size.
The observations were processed as described in the previous subsection.

We correlated ISO 200µm data with IRAS 100µm data sampled at the
positions of ISOPHOT pixels. Some examples are displayed in Fig. 2. Linear
regression to the data resulted in values of ∆I100/∆I200 which could be directly
related to the mean temperature of emitting dust assuming a modified Planck
function with ν2 emissivity law. In some cases, as it is shown in Fig. 2, the
trend seems to consist of 2 or 3 linear ranges with different slopes devided
by breakpoints. Lower values of ∆I100/∆I200 always occur at higher surface
brightness values. In these cases we fitted a regression line and determined the
temperature for each interval separately. It is worth to note that the data points
of different ranges originate from separate contiguous subregions of the fields.

We determined the dust colour temperature for 15 subregions in the 8 fields.
The results are listed in Table 1, together with their ranges of surface bright-
ness. del Burgo et al. (2003) presented a relation between temperature and
infrared surface brightness. They noted that low temperatures consistently oc-
cur at positions with higher infrared intensity than the characteristic value of

Name ISOid I(200) TD[K] τ200

AV
[mag−1] I(200)

AV

G303.4− 14.2 33300559 [15.0, 29.8] 17.4 1.54± 0.06 14.35± 0.50
[29.9, 50.7] 15.8 1.03± 0.07 5.54± 0.35

[50.9, 101.2] 14.1
G359.0 + 36.6 43100629 [13.4, 53.0] 17.3 1.65± 0.04 12.88± 0.47

[53.9, 83.4] 14.6
G114.0 + 14.8 75400905 [23.7, 40.2] 15.7 1.23± 0.09 6.21± 0.50

[40.7, 72.8] 13.5
G211.6− 36.7 86200661 [21.9, 29.0] 18.1

[28.9, 40.6] 17.1
G210.8− 35.9 86200765 [19.5, 29.4] 17.3
G211.3− 36.1 86201063 [19.8, 25.3] 18.6

[24.2, 31.6] 16.6
G211.8− 36.2 86201166 [16.4, 28.8] 16.9

[28.9, 43.9] 15.7
G210.3− 36.7 86201064 [16.4, 26.7] 18.3

Table 1: Colour temperatures obtained from ISOPHOT 200 µm and IRAS 100 µm data with
the I(200) range of fit for each subregions of the 8 fields, and values of τ200/AV for 4 of these
subregions.
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Figure 3: Dust color temperatures of the regions versus mean 200 µm emission compared to
Fig. 7 of del Burgo et al. (2003). Dotted lines link temperatures belonging to the same field.
Dot-dashed lines indicate the 200 µm emission ranges. Mean temperatures (dashed lines) of
dense and diffuse component and respective dispersions (boxes) are shown.

diffuse matter. Fig. 3 demonstrates that our temperature values follow a similar
relationship.

3. Dust emissivity at far-infrared wavelengths

Following Cambresy et al. (2001) and del Burgo et al. (2003) we defined dust
emissivity as the ratio of the far-infrared optical depth to the visual extinction,
τλ/AV . 200µm optical depth maps for all the separate ranges were created using
the temperatures values from Table 1. We also mapped the visual extinction
AV for each field applying the star count method of Dickman (1978). Input
data were taken from the USNO A2.0 catalogue (B band) and we adopted
the formula AV = 0.76AB assuming total to selective extinction ratio to be
R = 3.1. Reference field was chosen on the basis of USNO charts for each field.
The extinction were sampled at the positions of ISOPHOT grid points with a
circular beam of 8′ diameter.

For detailed analysis we selected those three fields where the τλ/AV was
determined with high enough signal-to-noise ratio. For these fields values of
τ200/AV are given in Table 1. The four computed values are rather similar, and
they are all systematically lower than the results of del Burgo et al. (2003). To
trace the origin of this discrepancy requires further investigation. The narrow
temperature range covered by our four subregions does not allow to check the
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dependency of τ200/AV on temperature.

4. Conclusions

In this contribution we described a method for determination of dust colour tem-
perature, and demonstrated that a combination of IRAS 100µm and ISOPHOT
far-infrared data can be used for this purpose. Based on this result the sample
of ISOPHOT maps appropriate for investigation of dust emissivity properties
can be extended in the future. This larger sample may confirm the results of
previous papers of Cambresy et al. (2001) and del Burgo et al. (2003) who claim
that the dust optical properties seem to differ from the characteristic properties
of the cirrus even in regions of moderately high density (AV <2mag). A possi-
ble reason of the increased infrared emissivity might be the coagulation of dust
(Dwek, 1997). Examining a large sample covering various sky areas one could
also investigate the generality of this phenomenon.
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