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Abstract

The far-infrared surveyor (FIS) is one of the focal-plane instruments on the ASTRO-F mission which will be launched in early
2004. The purpose of the FIS is to perform an all-sky survey in the wavelength range 50-200 um. We are developing a suite of
software that simulates the observations with this instrument to check the performance of the ASTRO-F/FIS as a whole and to
prepare input data sets for the data analysis and reduction software prior to launch. The detection limit of the FIS is affected by
many factors: the performance of the entire system, the brightness of sky and telescope emission, readout process, and the distri-
bution of the celestial sources. The input model for FIS simulator consists of a catalogue of extragalactic point sources generated
from the luminosity function at 60 um, and a redshift distribution incorporating pure luminosity evolution (2, =1, 4 =0). We
present the expected source count results from the FIS survey and estimate the limiting redshift as ~2.5 in the band at 50-110 um
and ~3 in the band at 110-200 pm.
© 2004 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The ASTRO-F (previously known as IRIS) is the sec-
ond Japanese space mission for infrared astronomy which
will be launched in early 2004 (Murakami, 1998; Shibai,
2001; Nakagawa, 2001). The major task of this mission is
to carry out an all sky survey using the far-infrared sur-
veyor (FIS), in four far-infrared bands, i.e., N60 (50-75
pum), WIDE-S (50-110 pm), N170 (150-200 pm), and
WIDE-L (110-200 pm). The detailed hardware specifi-
cations of the FIS are described in Kawada (1998, 2000).

The performance of ASTRO-F/FIS can be repre-
sented by the effective detection limit for faint sources
which are mostly distant galaxies and seen as point-like
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sources. There are several factors contributing to the
effective detection limits. The sensitivity of the detectors
(e.g., read noise) and the entire telescope system (e.g.,
photon noise of the telescope emission) allows only
sources brighter than a certain threshold to be reliably
measured. In addition, the structure of the cirrus emis-
sion from the Galaxy contributes to the photon noise
and the sky confusion noise. Moreover, the measure-
ment of the brightness of a source can be further influ-
enced by neighboring sources if more than one source
lies within a single beam of the telescope. The final de-
tection limit should thus depend on the performance of
the entire system, the brightness of sky and telescope
emission, readout process, and the distribution of
sources as a function of the flux.

We have constructed a software simulator called the
FISVI representing Virtual Instrument of the FIS, that
can simulate the data stream of ASTRO-F/FIS. The
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purposes of the software simulation are to confirm the
hardware configurations and to measure the detection
limits. The initial design concepts and the detailed al-
gorithms of the FISVI are described in Jeong et al.
(2000, 2003). Anomalous behaviours of the detectors are
discussed in Jeong et al. (2004). In this paper, we as-
sumed that the sky brightness is constant and only
contributes photon noise. The sky confusion noise due
to the cirrus structure will be discussed in the following

paper.

2. Software structure

Fig. 1 shows an overview of the simulation software.
We first prepare input data for the observing simula-
tions. The input data file provides the coordinates and
the properties of the sources, e.g., type of spectral energy
distribution (SED), luminosity and redshift, in the vir-
tual sky. We only deal with point sources in this paper
because most of the target sources will be distant. The
observing simulation procedure makes the images on
the focal plane by convolving the point sources and the
point spread function (PSF) of the telescope and the
instrument. In this convolution, we use the compiled
PSF which includes the information on the transmit-
tance and the spectral response in order to reduce the
computation time by an order of magnitude (Jeong
et al., 2003). The software generates time series data for
each pixel by simulating the scanning procedure of the
ASTRO-F/FIS survey mode observations. Using these
time series data, we can simulate an image through
the image reconstruction routines. We finally count the
sources on the reconstructed images to estimate the
detection limits.

3. Point source catalogue

In our previous work (Jeong et al., 2003), we did not
consider in detail, the SEDs of galaxy sources, their
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evolution, or the cosmological model for the spatial
distribution of the input sources. However, these results
showed that the effective detection limits in the long
wavelength bands, e.g., WIDE-L band, are governed by
source confusion noise. In order to check the detection
limits of the ASTRO-F/FIS with realistic extragalactic,
cosmological models, we introduce a point source cat-
alogue generated from the models of Pearson and
Rowan-Robinson (1996), Pearson (2001) and Rowan-
Robinson (2001).

3.1. Galaxy evolution models

Generally, the source count model can be described by
the SEDs of galaxies and their luminosity function (see
Fig. 2), if there is no evolution of the galaxies. In this
simulation, we incorporate four spectral components:
infrared cirrus to represent quiescent normal galaxies, an
M82-like starburst, an Arp 220-like high optical depth
starburst to represent ultraluminous infrared galaxies,
and an active galactic nucleus (AGN) dust torus (Row-
an-Robinson, 2001). The 60 um luminosity function is
determined by using the IRAS PSCz sample (Saunders
et al., 2000).

It has been known that galaxy evolution is a neces-
sary and crucial ingredient in explaining the source
counts at infrared wavelengths. Evolution can be in the
luminosity or/and in the number density of the source
population. The effect of luminosity evolution, assumed
to be due to enhanced bulk star formation in galaxies, is
to make the luminosity of the galaxies increase with look
back time, i.e., galaxies were more luminous in the past.
The effect of the density evolution, assumed to be due to
merging in the galaxy population, is to increase the
number density of galaxies with look back time, i.e.,
galaxies were more numerous in the past. The lumi-
nosity evolution can be represented parametrically as
power law functions. We assume the luminosity of a
source increases by a factor f(z) at a redshift z, i.e.,
L(z) = L(z =0)f(z), where f(z) follows the power law
function of redshift z (Pearson and Rowan-Robinson,
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Fig. 1. Structure of the simulation software. On the right side, the virtual observation procedures using the compiled PSF are shown.
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Fig. 2. Spectral energy distribution (left: Rowan-Robinson, 2001) and luminosity function (right: Saunders et al., 2000) at 60 um for four galaxy types

used in this simulation.

1996): f(z) = (1 +2)*"' for 0<z<2, f(z=2)*" for
2<z<10, and 0 for z > 10. Similarly, the density
evolution also follows the power law (Rowan-Robinson,
2001): p(z) = p(0)(I +z)", where n = 1.

4. Source distribution

For any source at redshift z, the rest frame source
luminosity, L, , at frequency, v,, is spread out over a
sphere of surface 4nD? where Dy is the luminosity dis-
tance which is a distance to a source as determined by
observing the attenuation of the source’s light intensity.
The observed flux at the observing frequency v is
obtained from

sy = LDl _LK(L,2) o

4nD} 4nD?

where K(L,z) is the K-correction that relates the rest
frame source spectrum to the observers frame source
spectrum. For any given flux limit, we then calculate the
limiting luminosity, L for a source to be observable at a
redshift z(Z, S, v). The total number of sources down to
a flux limit S is then calculated by summing over the
60 um luminosity function and cosmological volume
element as given by

N,(>S) = 24: / dlogL / Z(L’S‘v)qs(L,z)dV, )
i=1 o

where ¢ is the luminosity function and the summation is
performed for four types of SED.

5. Galaxy source counts results
We make the input point source catalogue from the

source distribution and generate the image for each
band. We carried out the aperture photometry on the

simulated images using SExtractor software v2.0.0
(Bertin and Arnouts, 1996). The source detection in this
simulation mainly depends on the photon and readout
noise, and the source confusion noise.

In this work, we assumed three sources of noise:
photon noise due to the sky background, photon noise
due to the thermal emission from the telescope, and
readout noise. We assumed that the photon noise and
the readout noise follow Poisson statistics and Gaussian
statistics, respectively (see Jeong et al., 2003 for details).
In addition, the detection limit is affected by the source
confusion: many detected sources contain fainter sour-
ces within the beam. In order to compare this with the
theoretical source confusion limit, we also calculate the
theoretical 5¢ source confusion noise using the formula
in Condon (1974) and Franceschini et al. (1989), and
plots that in Figs. 3 and 4.

Fig. 3 shows a plot of the Sou/Siy as a function of Sy,
where S;, and Sy, denote the input flux and the flux
obtained by photometry. We find that the output flux
Sout 18 consistent with the input flux for the SW bands.
The theoretical source confusion limit is much lower
than the level of the photon and readout noise. But, in
the LW bands, the output flux Sy, is systematically
overestimated for sources below the theoretical source
confusion limits. Such an upward bias is caused by
source confusion. These results mean that the source
confusion in the SW bands is negligible, but in the LW
bands it will affect source detection.

Fig. 4 shows a plot of integrated source count results.
The source distribution in the LW bands has a higher
normalization factor due to the strong evolution and the
SED of galaxies compared with our previous work
(Jeong et al., 2003), which make the source confusion
limits higher. The bend at low S is mainly due to the
detection limit dominated by the photon and readout
noise in the SW bands. Because the theoretical source
confusion limit is larger than the bend in LW bands,
source confusion becomes important in the LW bands
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Fig. 3. Flux ratio between the input and the output fluxes for extracted and identified sources. The vertical lines represent the theoretical 5S¢ source
confusion noise using the formula for the narrow band (dotted line) and the wide band (dashed line). The output flux is well consistent with the input

flux in the case of SW bands (left). But, in LW bands, the output flux is greater than the input flux (right) due to the source confusion.
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Fig. 4. Integrated source count results. The left panel is for SW bands and the right panel is for LW bands. The vertical lines mean the theoretical

confusion limits.

Table 1
5o detection limits

bution in a cosmological model. We define the detection
correctness which is the ratio of the number of correctly

WIDE-L N170 ~ WIDE-S N60 detected sources to the number of actually detected
(mJy) (mly)  (mly) (mJy) sources to calculate the detection limits. This sets a
Source confusion limit 23 24 12 11 lower limit to the luminosity of an observable source at
(Jeong et al., 2003) redshift z. The number-redshift distribution at flux S,
Source confusion limit 60 62 13 12 . . . .
(present) can be obtained from the integration of the evolving
Detection limit (Jeong 26 66 P 49 luminosity function and is given by
et al., 2003) A(LS,)
Detection limit (present) 54 78 23 46 %: / dlogL / o(L, z)ccli—V. (3)
z o z

though we can not see a significant flux boosting in the
right panel of Fig. 4. Therefore, the source count result
is limited in SW bands by the photon and readout noise
and in LW by the source confusion. Table 1 shows the
5S¢ detection in our simulation. For comparison, we also
list the previous work (Jeong et al., 2003).

6. Discussion

In order to check the performance of the FIS survey,
we have estimated the predicted number-redshift distri-

Source detection is mainly limited by photon and
readout noise in the SW bands. Since the source con-
fusion severely affects source detection in the LW bands
due to the crowded beams, its limiting magnitude is not
so different from that of the SW bands (see Fig. 5). The
limiting redshift is ~2.5 in SW bands and ~3 in LW
bands. Also, we can see that the number of sources with
high redshift in the LW bands is larger than that in the
SW bands. This is due to the positive effects of the large
K-corrections induced as the LW bands climb the
Rayleigh-Jeans slope towards the dust peak around
100-60 pum in the source SEDs.
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Fig. 5. Predicted redshift distribution.
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