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ABSTRACT

The preliminary data reduction, analysis and first results from the Herschel survey of the AKARI NEP

field are presented. Herschel SPIRE observations of the NEP-Wide region and PACS observations of the

NEP-Deep region have yielded galaxy catalogues of 4000 and 900 sources respectively down to flux density

levels of approximately 15 mJy at 100-250 microns. Source counts produced from these catalogues reach

cosmologically significant depths tracing the evolutionary upturn and turnover in the source counts. The

source counts are in agreement with other large area surveys carried out with Herschel bridging the gap

between the shallow and deep Herschel surveys.
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1. INTRODUCTION

The North Ecliptic Pole (NEP) is the AKARI legacy

field for galaxy evolution and cosmology consisting of a

two tiered mid-infrared survey with a deep central region

covering ∼ 0.6 square degrees, centred on RA=17h56m,

Dec.=66d37m (NEP-Deep, Matsuhara et al. 2006, Wada

et al. 2008) and a shallow surrounding region covering

∼ 5.8 square degrees (NEP-Wide, Lee et al. 2009). We

present preliminary results from far-infrared to sub mil-

limetre observations made of the AKARI NEP field us-

ing ESA’s Herschel Space Observatory (Pilbratt et al.,

2010). The NEP was observed with Herschel as an Open

Time 2 (OT2) program, with both the SPIRE instru-

ment (Griffin et al., 2010) at 250 (PSW), 350 (PMW)

& 500 (PLW) µm and the PACS instrument (Poglitsch

et al., 2010) at 100 & 160µm. The SPIRE observa-
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tions consisted of a 6.2 hour single repetition (250, 350,

500µm 1σ sensitivities of 9.0, 7.5, 10.8 mJy) cross-linked

large scan map of length 160×160 arcmin, taken on

Herschel Operational Day 1023 (1st March 2012). The

PACS observations were made as a set of 10 nominal

and orthogonal 40 arcmin scan leg mini-scan maps of

4 repetitions (100, 160µm 1σ sensitivities of 1.5, 2.9

mJy), taken on Herschel Operational Days 1440-1443

(22-26 April 2013, 3 days before Herschel ’s ”End of

Life” on 29th April 2013). In Figure 1 the SPIRE (top-

left panel) and PACS (top-right panel) Astronomical Ob-

serving Templates (AOT, showing the scan lines) are

overlaid on the NEP-WIDE (5.8 square degrees, Lee et

al. 2009) and NEP-Deep (0.6 square degrees, Wada et

al. 2008) maps respectively.
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Figure 1. Top: SPIRE and PACS coverage scan lines overlaid on the AKARI NEP-WIDE (5.8 square degrees) and AKARI

NEP-Deep (0.6 square degrees) maps respectively. Bottom: The SPIRE 350µm map (left) and PACS 100µm map (right).

2. SPIRE DATA ANALYSIS

2.1. Data Reduction

The SPIRE Data was processed using the Herschel Com-

mon Science System Herschel Interactive Processing En-

vironment (HIPE, Ott et al. 2010) through the stan-

dard SPIRE Large Map User Pipeline (Dowell et al.,

2010) with HIPE version 11.2813, using SPIRE Cali-

bration Tree 11.0 with default values for all pipeline

tasks. Timelines were destriped to remove residual tem-

perature drifts. The scan leg turnarounds were also in-

cluded to optimise the areal coverage and to improve the

map edges. The final maps (shown in Figure 1 for the

350µm band) were calibrated in Jy/beam with an error

of ±5.5% (Bendo et al., 2013). Full details of the SPIRE

analysis will be given in Pearson et al., in preparation.

2.2. Source Extraction and Photometry

Sources were extracted from the PSW 250µm map us-

ing the HIPE SUSSEXtractor task (Savage & Oliver,

2007), assuming a Full Width Half Maximum (FWHM)

of 18.15 arcsec, down to a detection threshold of 4σ.

These positions were then input into the SPIRE Time-

line Fitter task within the HIPE environment (Pearson

et al., 2014) that fits a Gaussian function to the baseline-

subtracted SPIRE timelines. The background is mea-

sured within an annulus between of 300 and 350 arcsec

and then an elliptical Gaussian function is fit to both

the central 22, 32, 40 arcsec (for the PSW, PMW, PLW

bands respectively) and the background annulus. There-

fore sources were detected in the PSW 250µm map and

the photometry was then carried out at the PSW posi-

tions in the PSW, PMW & PLW maps. In total almost

4000 sources were extracted down to a flux density of

S250µm ∼ 15mJy. The noise level in the maps was esti-

mated by laying down apertures on maps at blank sky

positions and calculating the flux within each. A total of

100 apertures were laid down on the PSW, PMW, PLW

maps in areas of blank sky away from bright sources.

The process was repeated 10 times and the median flux

was calculated. The estimated 5σ noise levels were mea-

sured as 9, 7 & 9 mJy for the PSW, PMW & PLW re-

spectively, which are comparable within ±2 mJy of the

HSpot noise estimates.

3. PACS DATA ANALYSIS

3.1. Data Reduction

The PACS data were processed with HIPE version

11.2934 using the standard Point Source Phot Project
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pipeline, using the PACS Calibration Tree version 56.

Two sets of final maps were prepared, calibrated in Jy

per pixel, a simple noise weight co-added map and also

maps produced using the Unimap algorithm (Piazzo et

al. 2012, Traficante et al. 2011). The final map for the

PACS 100µm band is shown in Figure 1.

3.2. Source Extraction and Photometry

In this work, we report on the preliminary source ex-

traction and photometry in the PACS 100µm band only.

The PACS 160µm band will be covered in later work.

Sources were detected and extracted from the co-added

maps using the HIPE SUSSEXtractor task, assuming

a FWHM of 7.7 arcsec, down to a detection threshold

of 5σ. The edges, map artefacts and the bright ex-

tended sources (e.g. NGC 6543, the Cat’s Eye Nebula)

were masked in order to avoid large numbers of spu-

rious sources. The total number of sources extracted

was 867. Note that running an alternative detection al-

torithm, DAOphot on the map also produced a similar

number of sources (898).

Photometry was made at the extracted source posi-

tions using a dedicated task within HIPE for aperture

photometry on an input target list, developed by the

PACS instrument team. The task automatically selects

the appropriate aperture correction for the pipeline cali-

bration used (in this case, the PACS FM7 response cali-

bration file). The task also calculates realistic errors for

aperture photometry by laying down a series of aper-

tures around but offset from the source position. The

task requires a coverage map therefore the photometry

was carried out using the Unimap maps since currently

the PACS HIPE pipeline produced co-added maps have

no coverage map. The Unimap maps were also found

to be free of artefacts compared to the HIPE co-added

maps. Errors in the PACS fluxes are estimated to be as

much as 20%.

4. RESULTS

4.1. Number Counts

The raw source counts calculated from the extracted

sources are shown in Figure 2 for the PACS 100µm

and SPIRE 250, 350, 500 µm bands respectively. For

the SPIRE bands, the sources are extracted from the

250µm band map only and then photometry is made at

the 250µm positions in all the SPIRE bands. Therefore

the photometry in the longer wavelength 350, 500 µm

bands appears deeper, below the confusion limit, though

in reality sources at this level will be unreliable. Com-

paring the colours of our SPIRE sources, we find that

they are consistent with the colour distribution of galax-

ies in other wide area surveys carried out with Herschel

(Amblard et al., 2011). From the raw source counts

the total counts per unit solid angle can be calculated.

The areal coverage of the SPIRE 250, 350, 500 µm band

maps, including the scan-line turnaround area are found

to be 9.02, 9.06 & 9.02 square degrees respectively whilst

the areal coverage of the PACS map is 0.44 square de-

grees. The differential number counts are calculated as

dN/dSS2.5 in mJy1.5 per steradian, i.e. normalised to

the Euclidean Universe expectation and are shown in

Figure 3.

4.2. Completeness Correction

For missing sources that are not extracted, a complete-

ness correction is estimated for the SPIRE bands, as a

function of flux density. We estimate the completeness

of our source extraction via Monte Carlo simulations by

injecting artificial Gaussian sources into our original im-

ages. The simulations were made as a function of flux

density creating simulated sources in flux density bins of

log(S)=0.1 from flux densities of 100 to 10mJy. For each

simulation, we injected 100 sources into the original im-

age map and then attempt to recover the sources with

SUSSEXtractor. We avoided placing simulated sources

next to bright objects in the field. Each simulation at

each flux density level consisted of 100 iterations to en-

sure a statistically robust measure of the completeness

of the source extraction. We estimate that the SPIRE

source counts are complete at the 50% level at flux densi-

ties of 16, 23 & 19mJy for the SPIRE 250, 350, 500 µm

bands respectively. A similar process was carried out

for the PACS number counts and we estimate a similar

completeness level at flux densities of 15mJy.

4.3. Comparison with other Source Counts

In Figure 3 (a-c) the SPIRE source counts (down to the

50% completeness level) at the NEP are compared to

the results from the H-ATLAS Herschel Open Time Key

Programme (Clements et al., 2010) and the HerMES

Herschel Guaranteed Time programme (Oliver et al.,

2010). The NEP source counts in the SPIRE bands

reach interesting cosmological depths where the counts

peak and turn over. The NEP counts are consistent with

both the HerMES and the H-ATLAS counts and bridge

the flux density regime between the shallow H-ATLAS

and the deeper counts from the HerMES programme.

In Figure 3 (d) the PACS source counts at the NEP

are compared with the initial source counts of Berta et
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Figure 2. Raw source count histograms from left to right for the PACS 100µm and SPIRE 250, 350, 500 µm bands respectively.

For the SPIRE bands, the source extraction is made in the 250µm band only and then photometry is made at the 250µm

positions in all the SPIRE bands.
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Figure 3. Final differential Euclidean normalised source

counts at the NEP at the 50% completeness limit (a-c)

SPIRE Counts compared with the results of the large area

Herschel surveys HerMES (Oliver et al., 2010) and H-ATLAS

(Clements et al., 2010) and the SHARC-II 350µm counts of

Khan et al. (2007). (d) PACS counts compared with the

PEP results of Berta et al. (2010).

al. (2010) from the PACS Evolutionary Probe (PEP)

programme. The PACS counts in the NEP region agree

well with the results from the PEP survey matching

both the normalisation and the steep evolution in the

counts at flux densities fainter than 100mJy.

5. CONCLUSIONS

Initial data reduction and source counts have been pre-

sented for the Herschel observations of the AKARI NEP

field. The Herschel SPIRE maps cover the entire NEP-

WIDE region whilst the PACS data covers the cen-

tral smaller NEP-Deep field. Initial source catalogues

produced contain approximately 4000 sources in the

SPIRE bands and 900 sources in the PACS bands. The

SPIRE colours derived from the photometry are consis-

tent with previous work. The first estimation of source

counts from this survey are consistent with previous sur-

veys with Herschel, bridging an important flux density

regime between the shallow and deep surveys. The 50%

completeness depths of the Herschel NEP surveys are es-

timated to be 16, 23 & 19mJy for the SPIRE 250, 350,

500 µm bands and 15mJy for the PACS 100µm band.

A more detailed analysis of the Herschel NEP data will

be presented in Pearson et al. (in preparation).

ACKNOWLEDGMENTS

Chris Pearson would like to thank the Japan Soci-

ety for the Promotion of Science (London) for the JSPS

Symposium Award in support of this work. Herschel is

an ESA space observatory with science instruments pro-

vided by European-led Principal Investigator consortia

and with important participation from NASA. SPIRE

has been developed by a consortium of institutes led

by Cardiff University (UK) and including Univ. Leth-

bridge (Canada); NAOC (China); CEA, LAM (France);

IFSI, Univ. Padua (Italy); IAC (Spain); Stockholm

Observatory (Sweden); Imperial College London, RAL,

UCL-MSSL, UKATC, Univ. Sussex (UK); and Cal-

tech, JPL, NHSC, Univ. Colorado (USA). This develop-

ment has been supported by national funding agencies:

CSA (Canada); NAOC (China); CEA, CNES, CNRS

(France); ASI (Italy); MCINN (Spain); SNSB (Sweden);

STFC (UK); and NASA (USA). PACS has been devel-

oped by a consortium of institutes led by MPE (Ger-

many) and including UVIE (Austria); KU Leuven, CSL,

IMEC (Belgium); CEA, LAM (France); MPIA (Ger-

many); INAF-IFSI/OAA/OAP/OAT, LENS, SISSA

(Italy); IAC (Spain). This development has been sup-



HERSCHEL OBSERVATIONS IN THE AKARI NEP FIELD 223

ported by the funding agencies BMVIT (Austria), ESA-

PRODEX (Belgium), CEA/CNES (France), DLR (Ger-

many), ASI/INAF (Italy), and CICYT/MCYT (Spain).

REFERENCES

Amblard A. et al., 2011, Submillimetre galaxies reside in

dark matter haloes with masses greater than 3×1011 solar

masses, Nature, 470, 510

Bendo G. et al., 2013, Flux calibration of the Hersche-SPIRE

photometer, MNRAS, 433, 3062

Berta S. et al., 2010, Dissecting the cosmic infra-red back-

ground with Herschel/PEP, A&A, 518, L30

Clements D. et al., 2010, Herschel-ATLAS: Extragalactic

number counts from 250 to 500 microns, A&A, 518, L8

Dowell C., Pohlen M., Pearson C.P. et al., 2010, Status of

the SPIRE photometer data processing pipelines during

the early phases of the Herschel Mission, Proc. SPIE 7731,

36

Griffin M. J. et al., 2010, The Herschel-SPIRE instrument

and its in-flight performance, A&A, 518, L3

Khan S. et al., 2007, First Constraints on Source Counts at

350 microns, ApJ, 665, 973

Lee H. M. et al., 2009, North Ecliptic Pole Wide Survey of

AKARI: Survey Strategy and Data Characteristics, PASJ,

61, 375

Matsuhara H. et al., 2006, Deep Extragalactic Surveys

around the Ecliptic Poles with AKARI (ASTRO-F),

PASJ, 58, 673

Oliver, S. et al., 2010, HerMES: SPIRE galaxy number

counts at 250, 350, and 500 microns, A&A, 518, L21

Ott, S. 2010, The Herschel Data Processing System - HIPE

and Pipelines, ASP Conference Series, 434, 139

Pearson C., Lim T., North C. et al., 2014, SPIRE point

source photometry: within the Herschel interactive pro-

cessing environment (HIPE), Experimental Astronomy,

37, 175

Piazzo L., Ikhenaode D., Natoli P., Pestalozzi M., Piacentini

F., Traficante A., 2012, Artifact removal for GLS map

makers by means of post-processing, IEEE Trans. on Im-

age Processing, 21, 3687

Pilbratt, G. et al., 2010, Herschel Space Observatory. An

ESA facility for far-infrared and submillimetre astronomy,

A&A, 518,1

Poglitsch, A. et al. 2010, The Photodetector Array Camera

and Spectrometer (PACS) on the Herschel Space Obser-

vatory, A&A, 518, L2

Savage R. & Oliver S., 2007, Bayesian Methods of Astro-

nomical Source Extraction, ApJ, 661, 1339

Traficante A. et al., 2011, Data reduction pipeline for the

Hi-GAL survey, MNRAS, 416, 2932

Wada T. et al., 2008, AKARI/IRC Deep Survey in the North

Ecliptic Pole Region, PASJ, 60, 517


