10.1515/astro-2017-0233

Baltic Astronomy, vol. 24, 319–326, 2015

ULTRAVIOLET AND INFRARED CORRELATION STUDIES IN
ORION

Lakshmi S. Bose1 , N. V. Sujatha2 and K. Narayanankutty1
1
2

Amrita Vishwa Vidyapeetham, Amritapuri, Kollam, Kerala, India
St. Xavier’s College for Women, Aluva, Kerala, India

Received: 2015 June 19; accepted: 2015 August 31
Abstract. We have studied the variation of diﬀuse ultraviolet (UV) radiation
in the northern part of the Orion constellation using a set of eight areas of the
GALEX All-Sky Imaging Survey in the far and near UV. Diﬀerent components
of diﬀuse UV radiation, like dust scattered emission and H2 ﬂuorescence, were
quantiﬁed and separated after removing the point sources and the foreground
emission in each of the ﬁelds. Then the dependence of the individual UV components on the infrared 100 µm dust emission was studied. We did not ﬁnd
any positive correlation between the diﬀuse-UV and IR-100 micron intensities,
probably due to the high optical depth of the region or the entire dust column
not contributing to the diﬀuse UV radiation. However, in the far UV we noticed
the presence of an excess emission in addition to the dust scattered radiation,
which is clearly absent in the near UV. This excess emission, identiﬁed as the
H2 ﬂuorescence, is produced by the Trapezium stars in the surrounding molecular clouds. We also compare our results with those of previous studies in the
region, based on Far Ultraviolet Spectroscopic Explorer (FUSE) observations.
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1. INTRODUCTION
Carruthers & Opal (1977) ﬁrst identiﬁed the Orion Nebula (M42), located at
a distance of about 420 pc from Earth, as one of the brightest diﬀuse sources
in the ultraviolet (UV) sky due to the dust scattered radiation of bright Orion
stars – well described and modeled by O′ Dell (2001). Intense UV emission in this
region has been observed by International Ultraviolet Explorer (Mathis et al. 1981;
Murthy et al. 2005; France & McCandliss 2005) and is presumed to be mainly
due to forward scattering of starlight from the brightest Trapezium star θ1 Ori C
by dust close to, and in front of, the star. It is also established that the scattering
originates not from the Orion Nebula, which is deﬁned as a region of ionized gas
in front of the molecular cloud, but from the neutral cloud in the same direction
(Shalima et al. 2006). Previous observations of H2 emission were limited to weak
transitions arising in UV. We present here an analysis of the diﬀuse UV radiation
using Galaxy Evolution Explorer (GALEX) high-quality observations in Orion.
The space telescope GALEX was launched in April 2003 by NASA into a nearly
circular low-Earth orbit with a mean altitude of 690 km, an orbital inclination of
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Fig. 1. GALEX ﬁeld of view of eight targets in the Orion region, plotted as circles
with a diameter of 1.25◦ on the 10◦ × 10◦ IRIS 100 µm map in equatorial coordinates.

29◦ , and an orbital period of 98 min with ∼ 2100 s orbital nights by a Pegasus XL
rocket. Using a 50 cm telescope, GALEX has obtained over 45 000 observations
covering about 80% of the sky in two ultraviolet bands (far-ultraviolet, FUV, in
1350 – 1750 Å and near-ultraviolet, NUV, in 1750–2850 Å) using a high-eﬃciency
dichroic beam-splitter with 5–7 arcsec resolution (FWHM). A detailed description
of the mission and its calibration are given in Martin et al. (2005) and Morrissey
et al. (2007), respectively. GR6/GR7 is the latest complete data release available
in FITS ﬁle format in the Space Telescope MAST archive.
Using spectroscopic FUSE data, Murthy et al. (1999) traced the diﬀuse emission from the region in FUV (905–1187 Å) and found the intensity to be as high
as 3 × 105 photons cm−2 sr−1 s−1 Å−1 . These data have been used to study spectral properties of interstellar dust in the region and the origin of diﬀuse emission
(Murthy & Sahnow 2004). By modeling the diﬀuse FUV FUSE spectrum near M42
as starlight of the Trapezium stars scattered by the interstellar dust in front of the
Orion Nebula Shalima et al. (2006) found that the brightest star in the region,
θ1 Ori C, can alone produce 65% of the total dust-scattered radiation. Murthy et
al. (2001) and Haikala et al. (1995) found that the diﬀuse FUV emission in the
region is tightly correlated with the IR 100 µm intensity.
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Table 1. Observational data for eight AIS GALEX areas investigated
in the present paper.
Area name
AIS-289-sg04
AIS-289-sg05
AIS-289-sg50
AIS-289-sg58
AIS-289-sg67
AIS-289-sg68
AIS-289-sg76
AIS-289-sg77

RA
deg
88.12
87.56
87.64
89.20
89.69
89.15
90.18
89.63

Dec
deg
6.73
5.78
7.49
8.63
7.85
6.91
7.07
6.14

ℓ
deg
200.56
200.62
199.14
198.90
199.82
200.40
200.75
201.31

b
deg
–9.86
–8.88
–9.91
–8.00
–7.95
–8.88
–7.91
–8.84

NUV and FUV
exp. time (s)
224
112
112
112
93
112
93
112

2. OBSERVATIONS AND DATA ANALYSIS
A single GALEX observation is made up of number of visits and the standard
pipeline produces a single image per channel per visit by combining all observed
events. Eight areas in the Orion constellation from the All Sky Survey (AIS)
of GALEX were examined. Observational details are listed in Table 1, and the
positions of the areas are shown in Fig. 1 together with the IRIS 100 µm image
and equatorial coordinates. The exposure times for the targets studied are of the
order of a few hundreds of seconds both in the FUV and NUV bands. The GALEX
observed regions in the constellation are optically thick, the thickness variation is
given in Table 2. The bulk of the radiation in all of the GALEX images is the diﬀuse
radiation which has two parts, foreground and background. The point sources are
only a small fraction (less than 7%) of the total signal. The diﬀuse background
images were separated following the procedure described by Sujatha et al. (2009,
2010) and re-binned into 2′ resolutions. The diﬀuse UV data thus obtained for the
region were studied after removing the edge eﬀects by using only the central 1.15◦
of the GALEX viewﬁeld (1.25◦ ). These data contain instrumental dark count,
Zodiacal light in the NUV, airglow, dust scattered radiation, H2 ﬂuorescence in
the FUV, etc.
3. FOREGROUND EMISSION
Instrumental dark count in the GALEX observations is only about 5 photons
cm−2 sr−1 s−1 Å−1 (Sujatha et al. 2009). The contribution of airglow emission
from Earth’s ionosphere is considered as negligible – less than 5% of the total
radiation in the region – and therefore is ignored in this study. Zodiacal light
– the sunlight scattered by interplanetary dust grains – is one of the signiﬁcant
contributors to the diﬀuse NUV and it depends upon the angle from the Sun and
distance from the ecliptic plane. Here, we have estimated its contribution using
the optical distribution of the Zodiacal light by Leinert et al. (1998) assuming
that the ratio between the Zodiacal light and the solar spectrum is the same at all
wavelengths. We have found that its contribution to the NUV observations of the
region is of the order of 792 ± 14 photons cm−2 sr−1 s−1 Å−1 as shown in Table 3.
It should be re-emphasized that there is almost no Zodiacal light contribution to
the FUV channel.
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Table 2. Variation of optical depth in each area.
Area name
AIS-289-sg04
AIS-289-sg05
AIS-289-sg50
AIS-289-sg58
AIS-289-sg67
AIS-289-sg68
AIS-289-sg76
AIS-289-sg77

Optical depth
2.7 − 9.0
3.8 − 8.3
3.0 − 7.5
2.6 − 5.1
2.6 − 8.7
3.1 − 6.5
3.0 − 5.0
3.6 − 9.0

Table 3. Calculation of Zodiacal light contribution (photons) in the NUV.
Area name
AIS-289-sg04
AIS-289-sg05
AIS-289-sg50
AIS-289-sg58
AIS-289-sg67
AIS-289-sg68
AIS-289-sg76
AIS-289-sg77

λloc
(ecl)
267.81
267.22
267.33
268.95
269.44
268.88
269.94
269.37

βloc
(ecl)
–16.63
–17.57
–15.86
–14.75
–15.53
–16.47
–16.30
–17.24

λSun

βSun

λloc − λSun

100.13
100.13
100.04
100.03
100.07
100.12
100.11
100.16

–0.06180
–0.06164
–0.06164
–0.06186
–0.06186
–0.06186
–0.06186
–0.06186

167.68
167.08
167.20
168.91
169.37
168.76
169.83
169.21

Zodiacal
light
778.2
764.8
792.3
812.4
800.5
782.0
786.1
772.4

4. BACKGROUND EMISSION
The UV photons whose energy is higher than the Lyman limit are absorbed
in the H I region, and the far UV radiation (6 eV < Ephoton < 13.6 eV) penetrates
through the surface of the nearby molecular clouds. Major part of the observed
diﬀuse background in any region is dust scattered radiation of starlight. However,
the contribution through ﬂuorescent H2 emission and hot line emissions are also
signiﬁcant in the molecular clouds. Sahnow et al. (2000) and Shalima et al. (2006)
already reported the presence of molecular hydrogen ﬂuorescence in this region in
the FUV band. Here we have used the empirical formula,
F U Vexcess = F U V − 0.8 × N U V,

(1)

derived by Sujatha et al. (2010) to estimate the excess emission (say, H2 ﬂuorescence) from the region in the FUV. Note that F U V and N U V in the equation
represent the dust scattered starlight in the corresponding bands.
5. CORRELATION STUDIES
Correlation studies of diﬀuse UV emissions and IR 100 µm intensity can provide
much insight into the region, components of diﬀuse radiation and its nature. The
preliminary correlation studies in this region were reported by Bose et al. (2014).
Such correlations also enable easy identiﬁcation and separation of excess emissions
such as H2 ﬂuorescence or line emissions in any region. In Fig. 2 and Fig. 3, we
plotted the FUV and NUV intensities against the IR 100 µm intensity. The lack
of correlation in these ﬁgures clearly indicates that the diﬀuse background in the
region is composite and not due to the entire dust in the line of sight. Fig. 2

UV-IR correlation studies in Orion
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Fig. 2. Correlation between the IRIS 100 µm and diﬀuse FUV intensities in Orion.

Fig. 3. Lack of correlation between the NUV and IR intensities.

further points to the presence of excess FUV emission which could be due to H2
ﬂuorescence. However, we have found a good linear correlation between the signal
in the FUV and NUV bands (Fig. 4) and also between the FUV/NUV ratio and
the FUV (Fig. 5) which indicates the presence of excess emissions seen only in the
FUV and not in the NUV. This is probably due to ﬂorescent emission from the
Lyman band of molecular hydrogen or hot line emissions from the region in the
FUV. The UV/IR vs. IR graphs are plotted in Figs. 6 and 7. The ratios drop oﬀ
exponentially due to the increase of optical depth in the UV region. The shape of
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Fig. 4. Linear correlation between the FUV and NUV intensities.

Fig. 5. Indication of the presence of H2 ﬂuorescence in the region.

the curve also follows the same path as that described in Murthy et al. (2001) in
Orion using the data from the Midcourse Space Experiment (MSX) which has a
resolution of 20′′ , ten times lower than our data.
5. RESULTS AND DISCUSSION
The UV/FIR ratio follows an exponential curve, as would be expected for optically thick region and follows exactly the same structure mentioned in Sujatha

UV-IR correlation studies in Orion
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Fig. 6. The UV/IR ratio drops oﬀ exponentially with the IR intensity.

Fig. 7. Indication of rapid increase of optical depth in the region.

et al. (2010), even though both the UV and IR values are higher in Orion due to
the intense radiation ﬁeld. We ﬁnd that the total diﬀuse FUV and NUV emissions
do not correlate with the IR100 micron intensity in the region (Figs. 2 and 3),
indicating that the emissions are not from the total dust in the region. Further
correlation studies of diﬀuse UV emissions with neutral as well as molecular hydrogen column densities separately can verify the previous ﬁndings which indicate
that the diﬀuse background emission is not from the Orion Nebula, but is rather

326

L. S. Bose, N. V. Sujatha, K. Narayanankutty

from the neutral cloud in front of the nebula. We could also see that the FUV and
NUV radiations correlate well in the observed regions (Fig. 4). The higher scatter
in the FUV data than in the NUV (Figs. 2 and 3) indicates the presence of excess
emission in the FUV band. We found that an excess of 1000 – 4000 photon units
in the FUV is possibly due to Lyman band emission from molecular hydrogen i.e.,
H2 ﬂuorescence in the region. These are preliminary results of our analysis and
are in good agreement with previous results from FUSE and IUE observations.
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