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ABSTRACT

The Herschel Astrophysical Terahertz Large Area Survey (H-ATLAS) is a survey of 660 deg2 with the PACS and

SPIRE cameras in five photometric bands: 100, 160, 250, 350 and 500 µm. This is the second of three papers describing

the data release for the large fields at the south and north Galactic poles (NGP and SGP). In this paper we describe

the catalogues of far-infrared and submillimetre sources for the NGP and SGP, which cover 177 deg2 and 303 deg2,

respectively. The catalogues contain 153,367 sources for the NGP field and 193,527 sources for the SGP field detected

at more than 4σ significance in any of the 250, 350 or 500 µm bands. The source detection is based on the 250 µm

map, and we present photometry in all five bands for each source, including aperture photometry for sources known

to be extended. The rms positional accuracy for the faintest sources is about 2.4 arc seconds in both right ascension

and declination. We present a statistical analysis of the catalogues and discuss the practical issues – completeness,

reliability, flux boosting, accuracy of positions, accuracy of flux measurements – necessary to use the catalogues for

astronomical projects.

Keywords: methods: data analysis - catalogues - surveys - galaxies: statistics - cosmology: observations

- submillimetre: galaxies

1. INTRODUCTION

This is the second of three papers describing the sec-

ond major data release of the Herschel Astrophysical

Terahertz Large Area Survey (the Herschel ATLAS or

H-ATLAS), the largest single key project carried out in

Corresponding author: S. J. Maddox

maddoxs@cardiff.ac.uk

open time with the Herschel Space Observatory1 (Pil-

bratt et al. 2010). The H-ATLAS is a survey of approx-

imately 660 deg2 of sky in five photometric bands: 100,

160, 250, 350 and 500 µm (Eales et al. 2010). Although

the original goal of the survey was to study dust, and

the newly formed stars hidden by dust, in galaxies in the

1 Herschel is an ESA space observatory with science instru-
ments provided by European-led Principal Investigator consortia
and with important participation from NASA

http://orcid.org/0000-0001-5549-195X
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nearby (z < 0.4) universe (Dunne et al. 2011, Eales et al.

2018), in practice the exceptional sensitivity of Herschel,

aided by the large negative k-correction at submillimetre

wavelengths (Franceschini et al. 1991), has meant that

the median redshift of the sources detected in the survey

is approximately 1 (Pearson et al. 2013), and our source

catalogues include sources up to a redshift of at least 6

(Fudamoto et al. 2017; Zavala et al. 2017).

The five H-ATLAS fields were selected to be areas with

relatively little emission from dust in the Milky Way,

as judged from the IRAS 100 µm images (Neugebauer

1984), and with a large amount of data in other wave-

bands. In 2010 for the Science Demonstration Phase

(SDP) of Herschel, we provided the data products for

one 16 deg2 field in the GAMA 9-hour field (Ibar et al.

2010; Pascale et al. 2011; Rigby et al. 2011; Smith

et al. 2011). In our first large data release (DR1), we

released the data products for three fields on the celes-

tial equator centred at R.A. approximately 9, 12 and

15 hours (Valiante et al. 2016, hereafter V16; Bourne

et al. 2016), covering a total area of 161 deg2. These

data products included the Herschel images in all five

bands, a catalogue of the 120,230 sources detected in

these images and of the 44,835 optical counterparts to

these sources.

Our second data release is for the two larger fields at

the north and south Galactic poles (NGP and SGP). The

NGP field is centred approximately at a right ascension

of 13h 18m and a declination of +29◦ 13′ (J2000) and

has an area of 180.1 deg2. The NGP field is a roughly

square region (Fig. 1) and, among many other inter-

esting known extragalactic objects, includes the Coma

Cluster. The SGP field is centred approximately at a

right ascension of 0h 6m and a declination of −32◦ 44′
(J2000) and has an area of 317.6 deg2. The SGP field

is elongated in right ascension (Fig. 2). Smith et al.

(2017, hereafter S17) provide a comprehensive list of the

multi-wavelength data that exist for these fields.

Our data release for these fields is described in three

papers. In the first paper (S17), we present the images of

these fields, including a description of how these images

can be used by the astronomical community for a variety

of scientific projects. In this paper, we describe the pro-

duction and properties of the catalogues of far-infared

and submillimetre sources detected in these images. A

third paper (Furlanetto et al. 2017, hereafter F17) de-

scribes a search for the optical/near-infrared counter-

parts to the Herschel sources in the NGP field and the

resulting multi-wavelength catalogue.

The arrangement of this paper is as follows. Section

2 describes the detection of the sources. Section 3 de-

scribes the photometry of the sources. Section 4 de-
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Figure 1. The coverage map for 250 µm observations of the
NGP field. The map shows the number of samples from the
bolometer timelines contributing to each map pixel, which
ranges from 1 to 43, with the median value being 10. The
range of the grayscale is from 0 samples (white) to 27 samples
(black).

scribes the catalogues and their properties. Finally Sec-

tion 5 gives a summary of the paper.

The catalogues described in this paper can be obtained

from the H-ATLAS website (http://www.h-atlas.

org). Note that since we only search for sources where

the images are made out of more than one individual

Herschel observation, the area covered by the catalogues

(177 deg2 and 303 deg2 for the NGP and SGP, respec-

tively) is slightly smaller than the sizes of the maps

(180.1 deg2 and 317.6 deg2, respectively - S17). Also,

the SPIRE and PACS photometers are offset by 21 ar-

cmin, which creates regions around the borders that

are covered by only one of the two photometers. As in

previous data releases we restrict our catalogues to the

area covered by the 250 µm maps.

2. SOURCE DETECTION

2.1. The maps and background subtraction

A detailed description of the processing necessary to

produce maps from the Herschel raw data is presented

in S17. The resulting maps have pixel sizes 3, 4, 6, 8

and 12 arc seconds for 100, 160, 250, 350 and 500 µm

respectively. Note that these are different to the canon-

ical pixel sizes used for maps in the Herschel Science

Archive, which use 3.2, 3.2 6, 10 and 14 arc seconds

respectively. The maps made with the PACS camera

(100 and 160 µm, Poglitsch et al. 2010) have units of

Jy per pixel. The maps made with the SPIRE camera

http://www.h-atlas.org
http://www.h-atlas.org


The Herschel – ATLAS Data Release 2 3

30 1:00 30 0:00 30 23:00 22:30

-2
6

-2
8

-3
0

-3
2

-3
4

Right ascension

D
ec

lin
at

io
n

Figure 2. The coverage map for 250 µm observations of the SGP field. The map shows the number of samples from the
bolometer timelines contributing to each map pixel, which ranges from 1 to 36, with the median value being 9. The range of
the grayscale is from 0 samples (white) to 21 samples (black).

(250, 350 and 500 µm, Griffin et al. 2010) have units of

Jy per beam. The beam areas at 250, 350 and 500 µm

are 469, 831 and 1804 square arc seconds, respectively

(Valtchanov 2017). The noise on the images is a com-

bination of instrumental noise and the confusion noise

from sources that are too faint to be detected individu-

ally. S17 describes a detailed analysis of the noise prop-

erties of the images.

Before attempting to detect sources in the maps, we

first subtracted a smoothly varying “sky” level to re-

move the foreground emission from dust in our galaxy,

so-called “cirrus emission”, and also the emission from

clustered extragalactic sources fainter than our detection

limit. We used the nebuliser function, a programme

produced by the Cambridge Astronomy Survey Unit to

estimate and subtract the sky level on astronomical im-

ages2.

The choice of the filter scale used in nebuliser is quite

critical, since it must be small enough for nebuliser to

remove small-scale patches of cirrus emission but not so

small that the flux from large galaxies is reduced. In

practice, for the SPIRE maps we found that a median

filter scale of 30 pixels (3 arc minutes in the 250 µm

band) followed by a linear filter scale of 15 pixels was an

acceptable combination.

We tested whether this filtering scale reduced the flux

density of extended extragalactic sources by creating

simulated maps, placing artificial extended sources on

these maps, and then measuring the flux densities of

these sources after the application of nebuliser. Since

the nearby galaxies detected by Herschel are mostly spi-

ral galaxies, we used exponential profiles for the artificial

sources, convolving these with the SPIRE point-spread

function. The surface-brightness limit on photographic

2 http://casu.ast.cam.ac.uk/surveys-projects/

software-release/background-filtering

plates is typically µB ' 25 mag arcsec−2, giving rise to

the widely used D25 optical diameters for galaxies. Since

these diameters are roughly equivalent to a distance of

five scale lengths from the centre of a galaxy, we trun-

cated the profiles of our artificial submillimetre sources

at five scale lengths, which gave us diameters, roughly

equivalent to D25 diameters in the optical waveband,

which ranged from 24 to 192 arcsec. The simulations

showed that significant flux is lost only for sources that

have diameters larger than 3 arc minutes, and even for

sources above this size, the flux loss is ∼< 10%. Note

there are only 12 galaxies with diameter larger than 3

arc minutes in the survey: 3 in the NGP and 9 in the

SGP.

We note that the application of nebuliser will change

the clustering statistics of extragalactic sources. Apart

from the foreground cirrus emission, nebuliser removes

the background produced by the sources that are too

faint to be detected individually. This background varies

because of the clustering of these faint sources. A

source catalogue made without any background subtrac-

tion will include more sources where this background is

high as a result of clusters of these faint sources, and

so the clustering of the sources in such a catalogue will

be stronger than in a catalogue produced from an image

in which this background emission has been removed.

An investigation of the clustering in the H-ATLAS cat-

alogues, which includes an analysis of the effect of the

subtraction of this background, will be presented by

Amvrosiadis et al. (in preparation).

For the PACS maps, the 1/ f -noise from the instru-

ment is much larger than for SPIRE, making the fore-

ground cirrus emission and the background emission

from faint galaxies difficult to detect. Since we could

not clearly detect the foreground/background emission

on smaller scales, we used a nebuliser scale of 5 ar-

cminutes.

http://casu.ast.cam.ac.uk/surveys-projects/software-release/background-filtering
http://casu.ast.cam.ac.uk/surveys-projects/software-release/background-filtering
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The raw maps from the SPIRE pipeline have a mean

of zero, but the output maps from nebuliser have a

modal pixel value that is zero. For the SPIRE bands,

the instrumental noise is low enough that the flux dis-

tribution of detected sources skews the pixel distribu-

tion to positive values so the mean is slightly positive

(1.0, 1.0 and 0.6 mJy/beam at 250, 350 and 500 µm).

The PACS detector is less sensitive and less stable than

SPIRE, and so the instrumental noise dominates over

the confusion noise and the pixel distribution is close to

Gaussian; the mean of the nebulised PACS maps are

very close to zero (0.016 MJy sr−1, for both the 100 and

160 µm maps).

2.2. Source Detection

In this section we describe the method used to find

the sources on the images. Additional details are given

in V16. Sources were detected using the MADX algorithm

(Maddox et al in prep) applied to the SPIRE maps. MADX

creates maps of the signal-to-noise ratio and identifies

sources by finding peaks in the signal to noise. The de-

tection and measurement of fluxes is optimised by using

a matched filter that is applied to both the signal map

and the noise map.

The SPIRE instrumental noise maps are created from

the number of detector passes and the estimated instru-

mental noise per pass, σinst/
√

Nsample, as described in S17

and V16.

Since the noise consists of both instumental noise

and confusion noise from the background of undetected

sources, we follow the approach of Chapin et al (2011)

to calculate the optimal matched filter in each of the

three SPIRE bands. Details of the estimation and form

of the matched filter are discussed in V16. The result-

ing matched filters are slightly more compact than the

corresponding PSFs, and have slightly negative regions

outside the FWHM.

In the first step of the source detection, peak pixels

which have values > 2.5σ in the filtered 250-µm map

are considered as potential sources. We use the 250-µm

map since most sources have the highest signal-to-noise

in this map. The source position is determined by fitting

a Gaussian to the flux densities in the pixels surrouding

the pixel containing the peak emission. As an initial

estimate of the flux density of the source in each SPIRE

band, MADX takes the flux density in the pixel closest to

the 250-µm position.

The high source density on the SPIRE maps means

that these flux estimates often contain contributions

from neighbouring sources. To mitigate this effect, MADX

uses the following procedure. In each band, MADX sorts

the sources in order of decreasing flux density. The flux

density of the brightest source is then more precisely

estimated using the value of the filtered map interpo-

lated to the exact (sub-pixel) position from the 250-µm

map. Using this flux estimate, a point source profile is

then subtracted from the map at this position. Since the

bright source is now removed from the map, any fainter

sources nearby should have fluxes that are not contami-

nated by the brighter source. The program then moves

to the next brightest source and follows the same set

of steps. One consequence of these steps is that some

sources will now have 250-µm flux densities less than

the original 2.5σ cut. Since most sources are brighter at

250µm than at the two longer wavelengths, the estimates

of the flux densities in the 350-µm and 500-µm bands are

on average significantly lower in signal to noise, and can

even sometimes be negative. We retain these negative

measurements so that the distribution of fluxes in the

catalogues is consistent with the errors, and not trun-

cated at an arbitrary limit.

3. PHOTOMETRY

3.1. Point sources

3.1.1. SPIRE

V16 carried out extensive simulations to determine the

errors on the flux density estimates for point sources.

They followed the simple procedure of injecting artifi-

cial sources of known flux density into the real maps and

then using MADX to estimate their flux densities (Section

2.2). They found that at 250 µm, the detection wave-

length, the confusion noise varies as a function of source

flux density and gave a simple formula to approximate

this:

σcon250 =

√
min(0.0049, f250/5.6)2 + 0.002532 Jy. (1)

They found that at 350 µm and 500 µm the confusion

noise is roughly constant, with σcon350 = 0.00659 Jy and

σcon500 = 0.00662 Jy.

We calculated the errors in the flux density estimates

for each individual source, using these formulae to es-

timate the confusion noise and the maps of the instru-

mental noise (Section 2.2) to estimate the instrumental

noise, then adding the confusion and instrumental noise

in quadrature.

Our strategy of creating the H-ATLAS survey from

overlapping tiles (S17) means that the instrumental

noise varies systematically between different areas of the

maps. Figure 3 shows histograms of instrumental noise

and total noise (instrumental noise plus confusion noise)

for all pixels and at the positions of all sources. The

multiple peaks are the results of our tiling strategy. The
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Figure 3. The distribution of instrumental and total noise for the 250-µm, 350-µm and 500-µm bands for the NGP and SGP
fields. Green shows the instrumental noise and black the total noise for all pixels; red shows the instrumental noise and blue the
total noise at the positions of all sources. The multiple peaks are the results of our tiling strategy. The main peak corresponds
to the large fraction of the survey area that was covered by two individual Herschel observations (S17). The smaller peaks
correspond to the small fraction of the survey area that was either covered by more than two observations or, in the case of one
end of the SGP (S17), a single observation (the small peak at the right in the bottom panels.

main peak corresponds to the large fraction of the sur-

vey area that was covered by two individual Herschel

observations (S17). The smaller peaks at lower noise

correspond to the smaller fraction of the survey area

that was covered by more than two observations. The

small peak at higher noise in the SGP field corresponds

to the area at the western end that was covered by a

single observation (S17).

The variation of noise across the maps means that the

4σ flux-density limit varies over the fields, and hence the

available area depends on the chosen flux density limit.

Figure 4 shows the relationship between area and flux-

density limit for each of the H-ATLAS fields, including

the GAMA fields.

3.1.2. PACS

As in V16, we used aperture photometry to estimate

the flux densities in the two PACS bands. We did this

for two reasons. First, the PACS PSF for our observing

mode (fast-parallel scan mode) is not well determined

near its peak (see V16 for an extensive discussion). Sec-

ond, if we estimated the 100- and 160-µm flux densities

at the 250-µm position, as we did for the 350- and 500-

µm bands, we would be likely to significantly underes-

timate the flux density because of the higher resolution

of the PACS maps.

V16 describes an extensive investigation of the opti-

mum aperture size, and we follow that paper in using

an aperture with a radius equal to the FWHM, which

is 11.4 arc seconds for 100 µm and 13.7 arc seconds for

160 µm. Although the “sky” level has already been sub-

tracted with nebuliser, we subtracted the mean value

from each image before carrying out the photometry, to
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Figure 4. The relationship between area and 4σ flux-
density limit for the H-ATLAS fields: NGP - black; SGP
- blue; GAMA9 - magenta; GAMA12 - green and GAMA15
- cyan. The more sensitive areas correspond to the tile over-
laps in each field. The westerly end of SGP has only a single
SPIRE observation, which explains the kink at high flux den-
sities in the blue line in these panels.

ensure that the statistical properties of the sources in

the catalogues are not affected by any residual errors in

the sky subtraction. To provide an accurate treatment

of the contribution from fractional pixels near aperture

boundaries, we divided each pixel into 16, and assigned

one sixteenth of the flux density in each sub-pixel, corre-

sponding to a nearest-pixel interpolation. Then the flux

density from each sub-pixel that lies within the aperture

is added together to produce the total aperture flux. We

also tried bilinear, and bicubic interpolation methods

and found negligible differences in the resulting aper-

ture fluxes. Since only '10% of the SPIRE sources were

clearly detected on the PACS images, we centred the

aperture on the 250-µm position.

We corrected the aperture flux densities to total flux

densities using the table of the encircled energy fraction

(EEF) described in V16 and available at http://www.

h-atlas.org/. We made a further correction to allow

for the effect of the errors on the 250-µm positions, since

any error in the position will lead to the small PACS

apertures missing flux. V16 describes simulations of this

effect, and we follow that paper in compensating for this

effect by multiplying the flux densities by 1.1 and 1.05

at 100 and 160 µm, respectively.

We describe how we estimated the errors on these flux

estimates in the following subsection.

3.2. Extended sources

The approach in Section 3.1 gives optimal flux density

estimates for point sources, but will substantially un-

derestimate the flux density of extended sources. As in

V16, we used the r−band sizes of optical counterparts to

the Herschel sources to indicate which sources are likely

to require aperture photometry rather than the meth-

ods described in the last section. We followed different

methods for the NGP and the SGP because of the lack

of a comprehensive identification analysis for the SGP.

We estimate aperture photometry for extended sources

in both PACS and SPIRE bands.

3.2.1. The NGP

In the NGP, F17 carried out a search for optical coun-

terparts to the Herschel sources on the r-band images of

the Sloan Digital Sky Survey (SDSS) which was almost

exactly the same as that carried out by Bourne et al.

(2016) for the H-ATLAS GAMA fields. Our initial list

of NGP sources that might require aperture photometry

were the sources with optical identifications with relia-

bility R > 0.8 from F17.

In our previous data release (V16) we calculated the

sizes of our apertures from the SDSS parameter isoA r,
which was available in SDSS DR7. However, this pa-

rameter was not available in SDSS DR10, on which F17

based their analysis. After an investigation of the vari-

ous size measurements available in DR10, we found that

the parameter petroR90 r, the 90% Petrosian radius,

met our needs since there is a simple scaling betwen

it and isoA r, with isoA r ' 1.156 petroR90 r. The

scale-factor 1.156 is derived from a simple fit to isoA r
as a function of petroR90 r.

We considered that for H-ATLAS sources with opti-

cal counterparts with petroR90 r less than 8.6 arcsec

http://www.h-atlas.org/
http://www.h-atlas.org/


The Herschel – ATLAS Data Release 2 7

(equivalent to the value of isoA r of 10 arcsec used

in V16), the source is still unlikely to be extended

in the SPIRE bands, and for these H-ATLAS sources

we preferred to adopt the flux densities in the SPIRE

bands produced by MADX (Section 3.1.1). However, if

the H-ATLAS source had an optical counterpart with

petroR90 r greater than 8.6 arcsec, we measured aper-

ture photometry for the SPIRE bands. We calculated

the radius of the aperture using the same formula as V16

(with isoA r replaced by petroR90 r):

rap =

√
FWHM2 + (1.156 petroR90 r)2 , (2)

where FWHM is the full-width at half-maximum of the

point-spread function for the passband being measured,

and all radii are measured in arc seconds. As discussed

above (Section 3.1.2), we also use aperture photometry

in the PACS bands for sources without reliable optical

counterparts, using an aperture with a radius equal to

the FWHM.

After calculating the aperture using equation 2, we

visually compared it with the 250-µm emission from

the source, since in some case the aperture is not well-

matched to the 250-µm emission, either being too small,

too large, with the wrong shape or including the flux

from a neighbouring galaxy (see V16 for examples). In

these cases, we chose a more appropriate aperture for the

galaxy, which may involve changing the radius or chang-

ing to an elliptical aperture. We also visually inspected

the 3000 sources with the brightest 250-µm flux densi-

ties from MADX in order to check whether there were any

obvious additional extended sources. For these sources

too, we chose appropriate apertures to include all of the

emission. In total, for the NGP there are 77 of these

“customised apertures”. The semi-major, semi-minor

axes and position angles of these customised apertures

are given as part of the data release.

We centered the apertures on the optical positions,

since these are more accurately determined than the

Herschel positions. Although the “sky” level on both the

PACS and SPIRE images has already been subtracted

with nebuliser, we subtracted the mean value from

each image before carrying out the photometry, in order

to avoid residual errors in the sky subtraction affecting

the statistical properties of the catalogues. As describe

in Section 3.1.2, we divided each pixel into 16, assigning

one sixteenth of the flux density in each sub-pixel, and

added up the flux density in each sub-pixel within the

aperture. We corrected the PACS flux densities to total

flux densities using the table EEF described in V16 and

available at http://www.h-atlas.org/. We corrected

all the SPIRE aperture flux densities for the fraction of

the PSF outside the aperture using a table of correc-

tions determined from the best estimate of the SPIRE

PSF (Griffin et al. 2013, Valtchanov 2017), which is

provided as part of the data release (see V16 for more

details).

We calculated errors in the aperture flux densities

from the results of the Monte Carlo simulation of S17.

S17 placed apertures randomly on the SGP and NGP

maps in areas that are made from two individual ob-

servations (Nscan = 2), varying the aperture radii from

approximately the beam size up to 100 arc seconds in

2 arc second intervals and using 3000 random positions

for each aperture radius. They found that the error, σap
in mJy, depends on the radius the aperture as a double

power-law:

σap(mJy) =


Arα, if r ≤ 50′′,

B(r − 50)β + A50α, for r > 50′′.
(3)

The constants A, B, α, and β are given in Table 3

of S17. We used this equation for the sources on parts

of the images made from two observations. In parts

of the images made from more than two observations

the instrumental noise is less; for sources in these more

sensitive parts of the images we used the extensions of

equation 3 derived by S17; i.e. equation 4 in S17 for

SPIRE and equation 6 in S17 for PACS.

Finally, we only used the aperture flux density if it is

significantly larger than the point-source estimate, i.e.

Fap − Fps >
√
σ2

ap − σ2
ps . (4)

In summary, of the 118,986 sources in the NGP,

we measured aperture flux densities at 250 µm for 889

sources.

3.2.2. The SGP

For the SGP area no SDSS data exist and we have

not carried out the comprehensive identification analysis

that we performed for the other four fields. Instead, we

have carried out a rudimentary identification analysis

using the 2MASS survey (Skrutskie et al. 2006). We

first found a 2MASS galaxy parameter that provides a

useful estimate of the size of the galaxy. We found that

the 2MASS parameter “super-coadd 3-sigma isophotal

semi-major axis”, sup r 3sig, has a simple scaling with

the isoA r: isoA r ' 1.96 sup r 3sig. The scale-factor

1.96 is derived from a simple fit to isoA r as a function

of sup r 3sig.
We found all 2MASS galaxies in the SGP region

with sup r 3sig > 5.1 arcsec, equivalent to isoA r =
10 arcsec. There are 6249 of these galaxies. We then

http://www.h-atlas.org/
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found all H-ATLAS sources in the SGP within 5 arcsec

of a 2MASS galaxy. There are 3444 of these sources.

We used the surface-density of Herschel sources to esti-

mate the probability of a Herschel source falling within

5 arcsec of a 2MASS galaxy by chance; we estimate that

only 23 (0.7%) of these matches should not be physi-

cal associations of the H-ATLAS source and the 2MASS

galaxy.

For these sources, we calculated the radius of the aper-

ture to use for photometry using the relationship:

rap =

√
FWHM2 + (1.96 sup r 3sig)2 . (5)

This is the same as equation 2, except for the change in

the parameter used to estimate the size of the galaxy. In

principle we could use sup r 3sig as our radius measure

for the sources in the NGP, but SDSS is significantly

deeper than 2MASS and so the measurements are likely

to have smaller uncertainties.

As for the NGP, we then visually compared the aper-

tures with the 250-µm emission from the source, modify-

ing the aperture when necessary (see above). We also vi-

sually inspected the 5000 sources with the brightest 250-

µm flux densities from MADX in order to check whether

there were any obvious additional extended sources. For

these sources, we also chose appropriate apertures to in-

clude all of the emission. In total, for the SGP there

are 142 customised apertures, for which the details are

given as part of the data release.

In the case of the SGP, we centered the apertures on

the 250-µm positions rather than on the optical posi-

tions. Otherwise we followed exactly the same proce-

dures to estimate the fluxes and errors as for the NGP,

described in Section 3.2.1. In summary, of the 118,986

sources in the SGP, we measured aperture flux densities

at 250 µm for 1452 sources.

3.3. Comparison to Planck photometry

Estimating the flux density of extended sources is sen-

sitive to the background subraction and choice of aper-

ture size, so it is useful to compare our extended source

fluxes to other measurements available. In particular

for the 350 µm and 500 µm bands, we have compared

to the compact source catalogue from the Planck sur-

vey (Planck Collaboration XXVI, 2016). Given the low-

surface density of sources, a simple positional match is

sufficient to cross-identify sources in common. We find

43 matches in the NGP, and 42 in the SGP as listed

in Table 1 and plotted in Figure 5. We have adopted

the Planck APERFLUX photometry as recommended

by Planck Collaboration XXVI (2016) for these wave-

lenghts. The Planck 545 GHz (550 µm) flux densities,

and their errors, have been scaled up by a factor of 1.35

to convert them to 500 µm.

As seen in Figure 5, there is a very good cor-

respondence between the measurements wih no sig-

nificant systematic offsets or non-linearity. Also,

the scatter between the measurements is consistent

with the quoted uncertainties. There are a few

cases (HATLASJ013906.2-295457, HATLASJ013150.3-

330710, HATLASJ005747.0-273004) that correspond to

nearby galaxies with optical diameters 2.5-3 arcmin,

where the Planck flux densities are 2σ higher than the

HATLAS measurements.

The Planck Collaboration XXVI (2016) quote 90%

completeness limits of 791 mJy and 555 mJy for the 350-

and 550-µm catalogues respectively. The comparison

with the HATLAS catalogue suggests 90% complete-

ness down to F350BEST=650 mJy. For the Planck 550-

µm catalogue, the quoted 90% completeness limit of

555 mJy, corresponds to 749 mJy at 500 µm; the com-

parison with the HATLAS catalogue suggests 90% com-

pleteness down to F500BEST=400 mJy. Despite the rela-

tively small number of sources, our comparison suggests

that quoted Planck limits are quite conservative.

3.4. Colour corrections and flux calibration

The large wavelength range within each of the SPIRE

pass bands means that both the size of the PSF and the

power detected by SPIRE depend on the spectral energy

distribution of the source. The SPIRE data-reduction

pipeline and ultimately our flux densities are based on

the assumption that the flux density of a source varies

with frequency as ν−1. If the user knows the SED of

a source, the flux densities should be corrected using

corrections from either table 5.7 or 5.8 from the SPIRE

handbook3 (Valtchanov 2017). It is important to apply

these corrections, since they can be quite large: for a

point source with a typical dust spectrum (T = 20K,

β = 2) the multiplicative correction is 0.96, 0.94 and

0.90 at 250, 350 and 500 µm, respectively. The catalogue

fluxes have had no colour correction applied.

As with SPIRE, the PACS flux densities are also based

on the assumption that flux density of the source is

proportional to ν−1, and a correction is required for

sources which follow a different SED. The required cor-

rections are described in the PACS Colour-Correction

document4.

3 http://herschel.esac.esa.int/Docs/SPIRE/spire_

handbook.pdf

4 http://herschel.esac.esa.int/twiki/pub/Public/

PacsCalibrationWeb/cc_report_v1.pdf

http://herschel.esac.esa.int/Docs/SPIRE/spire_handbook.pdf
http://herschel.esac.esa.int/Docs/SPIRE/spire_handbook.pdf
http://herschel.esac.esa.int/twiki/pub/Public/PacsCalibrationWeb/cc_report_v1.pdf
http://herschel.esac.esa.int/twiki/pub/Public/PacsCalibrationWeb/cc_report_v1.pdf
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Figure 5. Comparison between H-ATLAS and Planck flux density measurements for 350 µm and 500 µm bands.

On top of all other errors, there is an additional er-

ror due to the uncertain photometric calibration of Her-

schel. As in V16, we assume conservative calibration

errors of 5.5% for the three SPIRE wavebands and 7%

for PACS (see V16 for more details).

Table 1. Comparison of HATLAS with Planck flux densities (Jy, rounded to 1 mJy)

at 350 and 500 µm. We have adopted the Planck APERFLUX photometry as recom-

mended by Planck Collaboration XXVI (2016) for these wavelenghts. Planck 545 GHz

(550 µm) flux densities, and their errors, have been scaled up by a factor of 1.35 to

convert them to 500 µm.

HATLAS IAU ID F350BEST FPlanck350 F500BEST FPlanck500

HATLASJ125026.0+252947 12.128 ± 2.696 12.128 ± 2.696 5.208 ± 1.160 5.666 ± 0.393
HATLASJ125440.7+285619 4.974 ± 0.285 5.254 ± 0.204 1.678 ± 0.126 1.836 ± 0.176
HATLASJ131136.9+225454 3.469 ± 0.304 3.684 ± 0.265 1.279 ± 0.134 1.328 ± 0.161
HATLASJ132035.3+340824 2.255 ± 0.009 2.199 ± 0.270 0.715 ± 0.009 0.869 ± 0.200
HATLASJ133955.6+282402 1.701 ± 0.131 1.563 ± 0.181 0.570 ± 0.061 0.471 ± 0.130
HATLASJ125144.9+254615 1.589 ± 0.215 1.740 ± 0.154 0.639 ± 0.096 0.842 ± 0.176
HATLASJ131503.5+243709 1.588 ± 0.008 2.101 ± 0.298 0.544 ± 0.009 0.976 ± 0.207
HATLASJ133457.2+340238 1.311 ± 0.108 1.454 ± 0.271 0.444 ± 0.051 0.424 ± 0.275
HATLASJ125253.6+282216 1.168 ± 0.099 0.985 ± 0.142 0.359 ± 0.008 0.512 ± 0.157
HATLASJ132815.2+320157 1.043 ± 0.093 1.022 ± 0.280 0.362 ± 0.044 —

HATLASJ134308.8+302016 1.032 ± 0.114 0.605 ± 0.288 0.319 ± 0.009 —

HATLASJ131206.6+240543 1.019 ± 0.029 1.444 ± 0.278 0.385 ± 0.020 —

HATLASJ132255.7+265857 0.987 ± 0.094 0.958 ± 0.228 0.330 ± 0.045 —

HATLASJ131612.2+305702 0.925 ± 0.117 1.498 ± 0.310 0.346 ± 0.055 —

HATLASJ130547.6+274405 0.922 ± 0.118 1.278 ± 0.442 0.363 ± 0.055 0.760 ± 0.292
HATLASJ130514.1+315959 0.832 ± 0.104 0.840 ± 0.165 0.258 ± 0.008 —

HATLASJ130056.1+274727 0.769 ± 0.023 0.934 ± 0.269 0.268 ± 0.018 —

Table 1 continued
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Table 1 (continued)

HATLAS IAU ID F350BEST FPlanck350 F500BEST FPlanck500

HATLASJ131244.8+314832 0.754 ± 0.097 — 0.295 ± 0.046 —

HATLASJ133026.1+313707 0.737 ± 0.100 0.861 ± 0.220 0.267 ± 0.047 —

HATLASJ124610.1+304355 0.718 ± 0.047 0.525 ± 0.342 0.241 ± 0.009 —

HATLASJ130125.2+291849 0.701 ± 0.008 0.854 ± 0.233 0.232 ± 0.009 —

HATLASJ131909.4+283022 0.699 ± 0.142 — 0.243 ± 0.065 —

HATLASJ130947.5+285424 0.680 ± 0.122 0.971 ± 0.168 0.220 ± 0.057 —

HATLASJ130617.2+290346 0.675 ± 0.103 1.057 ± 0.288 0.247 ± 0.049 —

HATLASJ131241.9+224950 0.650 ± 0.154 0.230 ± 0.209 0.253 ± 0.072 —

HATLASJ134107.9+231656 0.636 ± 0.068 — 0.189 ± 0.009 —

HATLASJ131101.7+293442 0.628 ± 0.089 1.114 ± 0.409 0.189 ± 0.008 —

HATLASJ125108.4+284705 0.611 ± 0.090 0.661 ± 0.285 0.245 ± 0.043 —

HATLASJ131432.5+304221 0.604 ± 0.107 — 0.197 ± 0.051 —

HATLASJ133550.1+345957 0.602 ± 0.025 1.056 ± 0.236 0.200 ± 0.019 —

HATLASJ130831.9+244159 0.582 ± 0.026 — 0.216 ± 0.019 —

HATLASJ130850.5+320953 0.577 ± 0.008 — 0.207 ± 0.008 —

HATLASJ132948.2+310748 0.559 ± 0.017 0.580 ± 0.308 0.190 ± 0.014 —

HATLASJ133329.1+330235 0.552 ± 0.080 — 0.173 ± 0.038 —

HATLASJ131730.6+310533 0.548 ± 0.021 0.610 ± 0.253 0.196 ± 0.016 —

HATLASJ131700.0+340607 0.547 ± 0.020 — 0.217 ± 0.016 —

HATLASJ133421.2+335619 0.537 ± 0.009 — 0.181 ± 0.009 —

HATLASJ131327.0+274807 0.520 ± 0.114 1.149 ± 0.379 0.195 ± 0.053 —

HATLASJ133554.6+353511 0.510 ± 0.079 0.925 ± 0.148 0.187 ± 0.038 —

HATLASJ125008.7+330933 0.509 ± 0.022 0.521 ± 0.209 0.190 ± 0.017 —

HATLASJ131745.2+273411 0.500 ± 0.019 1.178 ± 0.230 0.169 ± 0.015 —

HATLASJ133824.5+330704 0.494 ± 0.105 — 0.149 ± 0.009 —

HATLASJ131028.7+322044 0.363 ± 0.008 — 0.452 ± 0.008 0.659 ± 0.216

HATLASJ235749.9−323526 24.881 ± 1.894 24.513 ± 0.723 10.667 ± 0.821 11.743 ± 0.566
HATLASJ003024.0−331419 22.390 ± 1.140 23.014 ± 0.447 8.103 ± 0.497 8.624 ± 0.243
HATLASJ013418.2−292506 17.557 ± 1.040 16.747 ± 3.56 5.931 ± 0.452 5.979 ± 0.202
HATLASJ005242.2−311222 4.922 ± 0.445 6.425 ± 0.225 1.788 ± 0.198 2.892 ± 0.220
HATLASJ003415.3−274812 4.063 ± 0.407 4.183 ± 0.341 1.482 ± 0.180 1.705 ± 0.181
HATLASJ234751.7−303118 3.420 ± 0.433 3.317 ± 0.170 1.288 ± 0.192 1.386 ± 0.212
HATLASJ225801.7−334432 3.294 ± 0.225 3.627 ± 0.266 1.149 ± 0.102 1.404 ± 0.173
HATLASJ003658.8−292839 2.246 ± 0.009 2.486 ± 0.382 0.741 ± 0.009 0.601 ± 0.227
HATLASJ224218.1−300333 1.963 ± 0.312 1.768 ± 0.184 0.869 ± 0.140 0.629 ± 0.217
HATLASJ011407.0−323908 1.622 ± 0.123 2.097 ± 0.507 0.629 ± 0.058 0.763 ± 0.327
HATLASJ000833.7−335147 1.533 ± 0.235 1.322 ± 0.309 0.504 ± 0.107 —

HATLASJ222421.6−334139 1.519 ± 0.043 1.819 ± 0.156 0.481 ± 0.031 0.953 ± 0.151
HATLASJ013906.2−295457 1.445 ± 0.034 2.064 ± 0.374 0.545 ± 0.024 0.803 ± 0.231
HATLASJ011035.6−301316 1.314 ± 0.035 1.482 ± 0.180 0.497 ± 0.025 0.536 ± 0.216
HATLASJ222521.1−312116 1.251 ± 0.120 1.551 ± 0.294 0.480 ± 0.058 —

HATLASJ014021.4−285445 1.224 ± 0.093 — 0.421 ± 0.455 0.990 ± 0.259
HATLASJ013150.3−330710 1.192 ± 0.118 2.073 ± 0.308 0.397 ± 0.056 0.983 ± 0.198
HATLASJ010612.2−301041 1.150 ± 0.131 1.074 ± 0.294 0.388 ± 0.062 —

HATLASJ014744.6−333607 1.089 ± 0.035 1.060 ± 0.287 0.365 ± 0.025 —

HATLASJ005747.0−273004 1.073 ± 0.032 2.043 ± 0.560 0.445 ± 0.023 1.118 ± 0.258
HATLASJ010456.0−272545 1.035 ± 0.032 1.364 ± 0.266 0.365 ± 0.023 —

HATLASJ225956.7−341415 1.033 ± 0.118 1.218 ± 0.267 0.314 ± 0.009 —

HATLASJ011101.1−302620 0.997 ± 0.033 0.770 ± 0.182 0.362 ± 0.024 —

Table 1 continued
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Table 1 (continued)

HATLAS IAU ID F350BEST FPlanck350 F500BEST FPlanck500

HATLASJ222610.7−310840 0.956 ± 0.093 0.621 ± 0.349 0.342 ± 0.046 —

HATLASJ011429.7−311053 0.917 ± 0.114 1.069 ± 0.280 0.331 ± 0.054 —

HATLASJ012658.0−323234 0.845 ± 0.097 0.982 ± 0.341 0.296 ± 0.046 —

HATLASJ012315.0−325028 0.806 ± 0.031 0.744 ± 0.465 0.277 ± 0.023 —

HATLASJ002354.3−323210 0.803 ± 0.030 1.108 ± 0.193 0.314 ± 0.022 —

HATLASJ002938.2−331534 0.745 ± 0.111 0.747 ± 0.363 0.296 ± 0.052 —

HATLASJ011122.3−291404 0.727 ± 0.031 1.547 ± 0.455 0.278 ± 0.022 —

HATLASJ005457.3−320115 0.719 ± 0.008 0.780 ± 0.258 0.245 ± 0.009 —

HATLASJ012434.5−331024 0.640 ± 0.030 0.946 ± 0.288 0.204 ± 0.022 —

HATLASJ230549.0−303642 0.637 ± 0.085 0.868 ± 0.345 0.191 ± 0.009 —

HATLASJ000254.5−341407 0.572 ± 0.026 1.160 ± 0.409 0.207 ± 0.020 —

HATLASJ001112.7−333442 0.499 ± 0.036 0.555 ± 0.221 0.171 ± 0.026 —

HATLASJ003651.4−282200 0.466 ± 0.065 0.438 ± 0.324 0.162 ± 0.032 —

HATLASJ010723.3−324943 0.448 ± 0.047 0.839 ± 0.881 0.141 ± 0.009 —

HATLASJ225739.6−293730 0.433 ± 0.009 0.975 ± 0.293 0.292 ± 0.009 —

HATLASJ004806.7−284818 0.407 ± 0.008 0.069 ± 0.238 0.126 ± 0.009 —

HATLASJ235939.7−342829 0.352 ± 0.064 0.733 ± 0.215 0.095 ± 0.009 —

HATLASJ005852.3−281812 0.349 ± 0.019 0.209 ± 0.490 0.113 ± 0.015 —

HATLASJ233007.0−310738 0.213 ± 0.040 0.433 ± 0.305 0.101 ± 0.022 —

4. THE CATALOGUES

We included all sources in the catalogues if they were

detected above 4σ in one or more of the three SPIRE

bands: 250, 350 and 500 µm. We eliminated all sources

from the original list of point sources produced by MADX

if they fell within the aperture of an extended source.

All of the H-ATLAS fields were observed at least twice,

making it possible to search for moving sources such as

asteroids. We found nine asteroids in the GAMA fields

(V16), eliminating these from the final catalogue. We

carried out the same search for the NGP and SGP but

found no moving objects.

The sources in the final catalogues are almost all extra-

galactic sources. We carried out a search for clusters of

sources in all the H-ATLAS fields (Eales et al. in prepa-

ration). In the GAMA9 field, we found several groups of

sources that are likely to be clusters of prestellar cores,

implying that the catalogue for this field is likely to con-

tain a few tens of Galactic sources. However, we found

no similar clusters in the other fields, which makes sense,

since the GAMA9 field is at a much lower Galactic lati-

tude than the other fields. Prestellar cores are therefore

likely to be a very minor contaminant to the catalogues

for these fields. There are a few debris disks and AGB

stars in the catalogues, and an incomplete list is given in

Table 1. However, well over 99% of the sources are extra-

galactic. The extragalactic sources range from galaxies

at redshift 6 (Fudamoto et al. 2017) to nearby galaxies,

such as the spectacular spiral galaxy, NGC 7793, which

Table 2. Stars in H-ATLAS

Name Position

EY Hya 08:46:21.4 +01:37:53

IN Hya 09:20:36.7 +00:10:53

NU Com 13:10:08.5 +24:36:02

19 PsA 22:42:22.3 −29:21:43
V PsA 22:55:19.9 −29:36:48
S Sci 00:15:22.4 −32:02:44

XY Sci 00:06:35.9 −32:35:38
eta Sci 00:27:55.9 −33:00:27
Y Sci 23:09:05.7 −30:08:04

HD 119617 13:43:35.2 +35:20:45

R Sci 01:26:58.2 −32:32:37
Fomalhaut 22:57:39.2 −29:37:22

is in the centre of the SGP, and one of the brightest

galaxies in the nearby Sculptor group.

4.1. Statistics of the catalogues

The catalogue for the NGP contains 153,367 sources,

of which 146,445 were detected at > 4σ at 250 µm,

56,889 at > 4σ at 350 µm and 12,058 at > 4σ at 500

µm. The effective sensitivity of the PACS images was

much less, but the catalogues contain flux-density mea-

surements at 100 µm and 160 µm for all the sources in

the catalogue. 7,216 sources were detected at > 3σ at

100 µm and 10,046 sources were detected at > 3σ at 160

µm.
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Figure 6. The cumulative number of sources as a function
of signal-to-noise at 100 µm (black), 160 µm (blue), 250 µm
(cyan), 350 µm (green) and 500 µm (red). The NGP area
is shown in the top panel, and the SGP in bottom panel.
The vertical dotted line shows the 4-σ limit for the 250 µm
selection. The other bands are truncated at 3-σ.

The catalogue for the SGP contains 193,527 sources, of

which 182,282 were detected at > 4σ at 250 µm, 74,069

at > 4σ at 350 µm and 16,084 at > 4σ at 500 µm. 8,598

sources were detected at > 3σ at 100 µm and 11,894

sources were detected at > 3σ at 160 µm.

The cumulative number of sources as a function of

signal-to-noise in the five bands is shown in Figure 6.

The 250-µm band is the most sensitive, and so has the

largest number of detected sources. Of the PACS bands,

the 160-µm band detects most sources above 3-σ.

The observed number of sources as function of flux

density in the PACS and SPIRE bands is shown in Fig-

ure 7. Note that this is the observed flux in the cata-

logue, before any corrections are made for source SED

(Section 3.3) or “flux boosting” (Section 4.3), which are
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Figure 7. The cumulative number of sources as a
function of flux density at 100 µm (black), 160 µm (blue),
250 µm(cyan), 350 µm (green) and 500 µm (red). The NGP
area is shown in the top panel, and the SGP in the bottom
panel. The counts are plotted only above the limit of 3σ in
each wave band.

necessary before the flux densities are compared with

model predictions.

4.2. Positional Accuracy

V16 carried out extensive simulations to investigate

the accuracy of the H-ATLAS catalogues by injecting ar-

tificial sources on to the GAMA images, and then using

MADX to detect the sources and measure their flux den-

sities and positions. The results of these “in-out” sim-

ulations apply to the NGP and SGP catalogues, which

were produced using almost exactly the same methods.

We investigated the accuracy of the source positions

in two ways: (1) by looking at the positional offsets be-

tween the Herschel sources and galaxies found on optical

images; (2) from the in-out simulations. Bourne et al.

(2016) and F17 describe the details of the first method,

which takes account of the clustering of the galaxies in
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the optical catalogue and the PSF of the Herschel obser-

vations. Note that astrometric offsets were first calcu-

lated using catalogues from individual Herschel observa-

tions. The astrometry for each observation was updated

before creating the final maps (S17).

In the case of the NGP, we applied this method using

the galaxies found in the SDSS r-band images (F17),

which thus ultimately ties the Herschel positions to the

SDSS astrometric frame. In the case of the SGP, we

used the galaxies found in the VLT Survey Telescope

ATLAS (Shanks et al. 2015), which thus ultimately

ties the astronometry in the SGP to the astrometric

frame of this survey. We find that the positional error,

σpos, varies from 1.2 to 2.4 arc seconds as the signal-

to-noise in flux varies from 10 to 5, with a relationship

between positional accuracy and flux density given by

σpos = 2.4(SNR/5)−0.84. This agrees well with the errors

in the measured positions of the artificial sources in the

in-out simulations (V16).

The mean positional errors as a function of position

within the NGP and SGP fields are shown in Fig. 8.

Though there are hints of systematic variations in dif-

ferent parts of the fields, these are around 1 arcsec, less

than the quoted absolute pointing accuracy of Herschel

of '2 arcsec (Pilbratt et al. 2010).

4.3. Purity, flux boosting and completeness

The catalogue is a 4-σ catalogue and so we can use

Gaussian statistics to predict the number of sources that

will actually be noise fluctuations; on this basis we ex-

pect '0.2% of the sources in the catalogue to be spu-

rious. However, V16 argue that this is likely to be a

significant overestimate because our errors, while being

good estimates of the errors on the flux measurements,

are likely to underestimate the signal-to-noise of a de-

tection.

A major problem in submillimetre surveys, where

source confusion is usually an issue, is flux bias or ‘flux

boosting’, in which the measured flux densities are sys-

tematically too high. V16 used the in-out simulations

to quantify this effect in the H-ATLAS. Table 6 in V16

gives estimates of the flux bias as a function of flux den-

sity for all three SPIRE bands. The table shows that

at the 4σ detection flux density, the measured flux den-

sities are on average higher than the true flux densities

by '20%, 5% and 4% at 250 µm, 350 µm and 500 µm,

respectively. Astronomers interested in comparing the

flux densities in the catalogue with the predictions of

models should be aware of this effect. Table 6 in V16

can be used to correct the flux densities for this effect.

Note that the flux limit for significant PACS detec-

tions is much brighter than the confusion limit, and so

PACS fluxes are not affected by confusion noise. Also

the 250- µm noise is so much lower than the PACS noise,

that the 250- µm selection should not introduce any sig-

nificant incompleteness in the PACS sample. The PACS

sample should have completeness and purity as expected

for the quoted Gaussian noise in the flux measurements.

V16 also used the in-out simulations to estimate the

completeness of the survey as a function of measured

flux density in all three SPIRE bands. This is shown

in Figure 21 of V16 and listed in Table 7 of V16. The

completeness at 250 µmis 87% at the 4σ detection limit

of the survey.

5. SUMMARY

We have described the construction of the source cat-

alogues from the Herschel survey of fields around the

north and south Galactic poles. This survey which was

carried out in five photometric bands – 100, 160, 250,

350 and 500 µm – was part of the Herschel Astrophysi-

cal Terahertz Large Area Survey (H-ATLAS), a survey

of 660 deg2 of the extragalactic sky. Our source cat-

alogues cover 303 deg2 around the SGP and 177 deg2

around the NGP.

The catalogues contain 118,986 sources for the NGP

field and 193.537 sources for the SGP field detected at

more than 4σ significance in any of the 250 µm, 350 µm

or 500 µm bands. We present photometry in all five

bands for each source, including aperture photometry for

sources known to be extended. We discuss all the practi-

cal issues - completeness, reliability, flux boosting, accu-

racy of positions, accuracy of flux measurements - nec-

essary to use the catalogues for astronomical projects.
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Figure 8. The mean positional errors in R.A and Dec. averaged in areas 0.5 deg×0.5deg as a function of position on the sky
for the NGP and SGP fields.
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