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Abstract

We have studied the ultraviolet sources using Galaxy Evolution Explorer medium imaging surveys
in Helix Nebula and estimated UV fluxes by using aperture photometry in distant and near ultraviolet
bands. The aperture photometric method produces reliable, accurate flux measurements and found
inconsistent with the merged catalog of Galaxy Evolution Explorer. From the current results, the fluxes
are consistent with brighter absolute magnitude up to 24.5 and the measurement error increases gradually
to more than 50 % at the fainter magnitude side. Percentage of error in far UV is greater than near UV,
due to the fact that brighter galaxies are more visible than the near UV sources. The diffuse UV
contributors of zodiacal light, airglow contribution in the nebula were estimated. The total extragalactic
UV radiation from the detected sources to the diffuse background in the nebula is of the order of 50 + 14
photons cm™sr”'s'A™ in NUV band and 28 £10 photons cm™sr”'s'A™" in FUV band.
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Introduction

One of the largest spectacular-known planetary nebulae, the Helix Nebula (NGC 7293) in the
constellation of Aquarius, about 650 light years away from the Earth, is clearly recognizable in the
ultraviolet sky (UV) [1]. The nebula is largely composed of molecular gas, ionized material and
interstellar dust. The Helix's array of thousands of filamentary structures, or gas threads is a striking
feature that was first discovered by ground-based images [2]. The region was extensively studied using
the European Southern Observatory’s Very Large Telescope (ESO’s VLT) and Hubble Space telescope
but was not completely understood. The spatial structure of helix nebula was studied by Meixner ef al. [6]
on the characterized atomic gas in this region using Hubble Space Telescope [3-6]. Morphological study
of helix nebula in the infrared region helps to understand that the nebula has a central star and shows high
density with cometary knots [7,8]. Recently, a white dwarf has been detected at the nebula’s center with
intense UV radiation that heats the gas expelled layers which shine brilliantly in the infrared (IR). Spitzer,
IR mission captured the precise infrared signature of the dust and gas, while Galaxy Evolution Explorer
(GALEX) UV mission picked out the ultraviolet light pouring out of this system. Herschel observations in
the helix nebula were used to explain the dust and energy distributions over the region [9]. Molecular
hydrogen (H;), CO at infrared in a large number of globules of helix was observed and complex
molecules like CN, HCO+, HCN have been identified in the nebula [10-14]. The spatial distribution of
the atomic and molecular gas with the SPIRE instrument was studied by Etxaluze et al. [15].

Many astronomical missions are available in ultraviolet wavelength, but Galaxy Evolution Explorer
=50 cm telescope conducted the first all sky surveys in UV [16]. Ultraviolet imaging of planetary
nebulae with GALEX was taken to illustrate the variety in UV morphology [17]. The current study that
used the observations of GALEX in helix planetary nebula can explain the nature of ultraviolet emission
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and the UV flux distribution of extragalactic sources. However, the region is not fully exposed to source
detection and diffuse radiation studies in the ultraviolet.

Observations

The detailed description, performance, and data characterization of Galaxy Evolution Explorer
(GALEX) was given by Martin et al. [16], Morrissey et al. [18] and Bianchi [19]. The 2 imaging surveys
of the satellite in UV band: 135 - 180 and 180 - 200 nm has a significant spatial resolution of 3"- 6" with
1.28 © field of view (FOV). The sky images contain UV sources and diffuse background sources were
produced by GALEX pipeline. The latest science-enhanced catalogs of UV sources are available for
GALEX observations [20].

We have exerted an effort towards source detection in ultraviolet using GALEX observations. A set
of 5 GALEX medium imaging surveys of Helix Nebula centered at 22 h 29™ 38°%, 20 © 29’ 12" within 5
square degrees were studied. The observational details of GALEX such as tile center in equatorial co-
ordinate system, exposure time is of the order of 1000 s and visits in two UV bands is tabulated (Table
1).

Table 1 Observation Log of GALEX medium imaging surveys in Helix Nebula.

Right NUV FUV

. . Declination . . NUV FUV
Tiles name ascension (degree) exposure time exposure time visits  visits
(degree) g (seconds) (seconds)

MIS2DFSGP_30441 0008 338.12 -23.41 3115 711 2 1
MIS2DFSGP_ 30502 0066 338.70 —24.40 1543 1543 1 1
MIS2DFSGP_30567 0064 336.05 —24.85 2350 726 2 1
MIS2DFSGP_ 30508 0005 332.37 —23.23 176 176 1 1
MIS2DFSGP_30568 0063 334.97 —24.66 1600 560 2 1

Methodology

GALEX photometric catalog produced by SExtractor, extracted the flux details in counts per pixel
for all UV sources in the Helix nebula. We have obtained about 48,464 sources (stars - 23,761; galaxies -
24,703) and their flux details in this region from the merged catalog. Identification of UV-stars, galaxies
from the GALEX merged source catalog is based on the stellarity index (CLASS_STAR) value following
Frayer et al. [21] and Groenewegen et al. [22] as given below.

Object to be consider as star,

IF CLASS STAR > 0:85 for R < 23;
CLASS STAR > 0:90 otherwise:

Here the flux measurements in two UV bands are conducted using the aperture photometry
technique for all the detected sources in the absolute magnitude (AB magnitude) 17 - 30 range [23].

GALEX merged catalog has sources only within the range of AB magnitude 17 - 24.5 (Figure 1).
The number of UV sources decrease at the fainter magnitude side. The reason may be due to the low
resolution of GALEX, estimation error of UV background by SExtractor and source confusion
(Overlapping fainter sources). Hence, source center positions are marked in the GALEX MIS intensity
images using its merged catalog data and conducted aperture photometry for all detected sources in FUV
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and NUV bands. In this study, we adopted the technique to detect fainter UV sources and flux
measurements by eliminating the sky background and make a fixed radius of the inner annulus as 7.0
arcsec and outer annulus as 10.0 arcsec from the center of each source (Figure 2). Aperture slice shows
flux variation of the detected sources in the GALEX catalog. Where, NUV fluxes give accurate value for
the selected source whose center has the maximum peak value and gradually decreases towards outer
aperture, and makes a good Gaussian profile, despite FUV flux spreads throughout the region (Figure 3
and 4).
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Figure 1 Number of UV sources detected using SExtractor in the GALEX merged catalog.

Figure 2 Flux measurements by photometric method with inner annulus & outer annulus as 7.0” (red and
green) and 10.0” (yellow), respectively.
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Figure 3 NUV- flux variations in count per pixel for the GALEX detected source within 5 radiuses (red)
& peak shows the source center has maximum surface brightness.
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Figure 4 FUV- flux variations in count per pixel for the GALEX detected source within 5 radiuses (red).

Many studies were conducted for the estimation of diffuse UV radiation; emission other than point
sources in the past, but limited with instrumental sensitivity [24,25]. To study the diffuse UV radiation,
adopt a method in binning images into 100100 GALEX pixels in size, estimate background radiation and
eliminate all the edge effects by taking 1.15/1.28 ° FOV [26,27]. The characterization of foreground
emission Airglow and zodiacal light in each field is done by the optical distribution and Telemetered
Event Counter (TEC) respectively (Table 2) [28]. Optical depth in this region is 0.09 - 0.05 with E (B-V)
variation is 0.01 to 0.04 magnitudes [29].
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Table 2 Airglow and zodiacal light contribution in photons cm 2 sr™' s ™' A™" units for each field.

Average Average
Tiles name airglow zodiacal light

NUV FUV NUV FUV
MIS2DFSGP_30441 0008 335 325 482 485
MIS2DFSGP_30502_0066 321 334 481 479
MIS2DFSGP_30567_0064 326 322 487 479
MIS2DFSGP_30508_0005 336 333 488 481
MIS2DFSGP_30568 0063 331 330 484 483

Results and discussions

The duplicate sources in this field due to the overlapping of GALEX observations are identified and
carefully removed. There is a drop out of galaxies at AB magnitude 24.5 in GALEX merged catalog, this
may be due to the overestimation of sky background of GALEX source SExtractor (Figure 1). On the
other hand, a total 20,203 UV sources are detected at the fainter magnitude side 25.0 - 28.0 using aperture
photometry and measured UV fluxes by aperture photometric method, which are not included in the
GALEX source list. The number counts of galaxies and AB magnitudes in Helix nebula within 0.8 © is
calculated using aperture photometry (Table 3). The GALEX can easily detect brighter sources up to the
AB magnitude of 22.0. Due to the low resolution, two nearby fainter sources in the intensity map with
average sky background subtraction SExtractor may turn out as a brighter source were included in the
catalog list. There are about 6,322 such sources that are found in this region. The sensitivity of the results
is checked by inserting sources artificially at random positions on images at different magnitudes. The
SExtractor gets the same results as in the catalog, while the photometric method could find more sources
at fainter magnitude up to the absolute magnitude of 28.0.

Table 3 Number of extragalactic sources in UV field by photometric method in Helix Nebula in AB
magnitude 17 to 28 range.

AB Mag NNuvobjects Log (Nxuvebjects’ deg’/mag) Nruvobjeets 108 (Nruvobjects/ deg’/mag)
17.0 2 0.32 1 0.02
18.0 4 0.62 3 0.49
19.0 38 1.6 32 1.52
20.0 95 2.0 90 1.97
21.0 1382 3.16 557 2.76
22.0 2291 3.38 914 2.98
23.0 3627 3.58 1348 3.15
24.0 5868 3.79 1901 3.30
25.0 7869 391 2323 3.38
26.0 9294 3.98 5108 3.73
27.0 12452 4.11 8939 3.97
28.0 14254 4.17 11918 4.09
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The sources detected both in aperture photometry and GALEX SExtractor are compared with their
fluxes in FUV and NUV bands. The calculated errors in different AB magnitude for 5 GALEX
observations are tabulated (Table 4). Comparing the GALEX merged catalog fluxes with photometric
results for all such sources; the flux measurement errors are found to be less for brighter sources having
AB magnitude up to 22.0 and increase gradually to more than 50 % for fainter sources. The percentage of
error in FUV is greater than NUV, this may be due to brighter galaxies are more visible in NUV than
FUV.

Table 4 Percentage of error in FUV and NUV for 5 GALEX observations in 17 - 28 magnitude range.

Right Declination . % of error % of error
. . AB magnitude AP PP
Tiles name ascension (degree) range variation in variation in
(degree) FUYV band NUYV band
17.0-18.0 05-14 0.5-0.9
18.0-19.0 0.7-1.0 07-1.0
19.0 - 20.0 09-1.0 09-1.0
20.0-21.0 25-50 22-3.0
21.0-22.0 11.5-23.0 5.5-16.0
MIS2DFSGP 30441 0008 338.12 -23.41 22.0-23.0 14.0-42.6 17.0-22.9
23.0-24.0 21.0-45.5 21.3.-255
24.0-25.0 27.0-46.0 27.0-32.0
25.0-26.0 31.0-53.8 32.8-39.8
26.0-27.0 31.5-54.0 32.9-40.5
27.0 -28.0 32.3-544 33.2-40.7
17.0 - 18.0 0.1-0.8 0.1-0.5
18.0-19.0 0.7-1.0 05-1.1
19.0 -20.0 09-1.7 0.6-1.1
20.0-21.0 25-50 22-30
21.0-22.0 11.5-23.0 7.8-183
MIS2DFSGP_30502_0066 338.70 —24.40 22.0-23.0 16.0-29.6 17.0-22.9
23.0-24.0 21.0-353 21.3-26.7
24.0-25.0 25.0 -40.0 27.0-32.0
25.0-26.0 34.6-49.8 28.8-37.8
26.0-27.0 34.8-49.9 28.9-37.9
27.0-28.0 35.0-50.1 29.3-38.2
17.0-18.0 05-14 05-0.9
18.0-19.0 0.7-1.0 07-1.2
19.0 - 20.0 0.6-1.0 09-12
20.0-21.0 25-50 22-3.0
21.0-22.0 11.5-23.0 5.5-16.0
MIS2DFSGP_30567_0064 336.05 —24.85 22.0-23.0 14.0-42.6 17.0-22.9
23.0-24.0 21.0-455 21.3.-255
24.0-25.0 27.0-46.0 27.0-32.0
25.0-26.0 31.0-53.8 32.8-39.8
26.0-27.0 31.4-54.1 32.9-40.1
27.0-28.0 31.9-54.9 40.0 - 40.5
17.0 - 18.0 02-0.5 0.5-0.9
18.0-19.0 0.7-1.0 07-12
19.0 - 20.0 0.8-1.0 09-14
20.0-21.0 35-50 1.8-2.9
MIS2DFSGP_30508_0005 332.37 23.23 21.0-22.0 115-21.0 75_90
22.0-23.0 19.7-27.6 9.0-10.9
23.0-24.0 29.0-35.5 11.3.-155
24.0-25.0 37.0-44.0 19.1-21.0

60of 9 Walailak J Sci & Tech 2021; 18(18): 23982



A Study of the Extragalactic UV Radiation in Helix Nebula using GALEX Lakshmi S BOSE

http://wjst.wu.ac.th

Right Declination . % of error % of error
. . AB magnitude RSP AP
Tiles name ascension (degree) range variation in variation in
(degree) FUYV band NUV band
25.0-26.0 31.0-51.8 22.8-35.8
26.0-27.0 31.5-52.0 22.9-36.1
27.0-28.0 31.9-524 23.3-36.6
17.0 - 18.0 03-17 0.25-1.0
18.0-19.0 04-1.0 09-1.0
19.0-20.0 09-1.0 0.8-1.0
20.0-21.0 25-45 1.2-28
21.0-22.0 9.5-21.9 5.5-18.0
MIS2DFSGP_30568 0063 334.97 —24.66 22.0-23.0 22.0 -40.6 17.0-22.9
23.0-24.0 21.0-45.5 21.3-255
24.0-25.0 27.0-46.0 27.0-32.0
25.0-26.0 31.0-50.8 32.8-35.8
26.0-27.0 314-514 33.0-36.0
27.0 -28.0 31.8-51.9 33.5-36.3

Estimation of diffuse UV emission

Zodiacal light, the contributor to diffuse NUV which depend upon the angle from the sun and the
distance from the ecliptic plane. The contribution using the optical distribution by assuming that the ratio
between the zodiacal light and the solar spectrum is the same at all wavelengths and found to be 485
photons emZsr's TAT following the procedure of Bose et al. [30].

Airglow depends on solar activity having no consistent observations and we have calculated it as
330 photons cm * st ' s ' A by TEC of the spacecraft to track the total number of counts as a function
of orbital time. Total foreground emission for entire fields are obtained as 420 photons cm *sr ' s ' A™!
with 5 photons cm™ sr ''s "' A™' as GALEX instrumental dark count. After subtracting the foreground
emission, the total extragalactic UV radiation from the detected sources to the diffuse background in the
nebula is of the order of 50+14 photons cm™st™'s'A™ in NUV band and 28 £10 photons cm™sr's'A™" in
the FUV band.

Conclusions

We have analyzed Helix Nebula using GALEX image surveys and found that our novel method to
detect UV sources is more reliable and sensitive on the results at the fainter magnitude side. Photometric
method can be used on a wide-scale, thereby solving problems related to GALEX SExtractor
measurements. These investigations can extend to other UV observations to detect fainter sources.
Moreover, this method is useful to study galactic and extragalactic contribution at low-mid-high galactic
latitude regions of the sky. Compare with IR mission surveys, a multi wavelength studies of source
detection will contribute towards the physical and chemical properties of galaxies and their evolution. The
study of the number counts of UV sources can be used to measure the total luminosity of galaxies, testing
of galaxy models and an indirect way to study Spectral Energy Distribution (SED) of galaxies. Small
scale study of diffuse radiation in this region can be used for further modeling of dust scattered radiation.
The Astrosat Sky surveys in UV band data, a multi wavelength astronomy mission can be used in the
future to make a comparative study with these results for the estimation of the total extragalactic
contribution which ultimately map the star formation history of the current universe.
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