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ABSTRACT

We aim to use the a new and improved version of AKARI all sky survey catalogue of far-infrared sources to recalibrate the formula to 
derive the total infrared luminosity. We cross-match the faint source catalogue (FSC) of IRAS with the new AKARI-FIS and obtained 
a sample of 2430 objects. Then we calculate the total infrared (TIR) luminosity LTIR from the formula previously estimated from 
IRAS data and compare it with total infrared luminosity from AKARI FIS bands to obtain new coefficients for the general relation to 
convert FIR luminosity from AKARI bands to the TIR luminosity.
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1. Introduction

The question o f how and when galaxies have form ed their stel
lar content is param ount when addressing the topic o f formation 
and evolution o f galaxies. The baryonic gas contained within a 
dark m atter halo goes through a cooling process, which results 
in a decrease o f pressure. As a result, it starts to flow into the 
centre o f the halos’ potential well, creating an excess o f density. 
W hen it exceeds the density o f the dark matter, the gas starts to 
act under its own gravity and eventually collapses. This process 
ultim ately leads to the creation o f a dense cloud of m olecular 
gas, w hich will serve as a  “nursery” for the star form ation (e.g. 
W illiams et al. 2000).

The process o f form ation o f stars in galaxies is al
ways accom panied by the dust production (e.g. Schulz 2005; 
Stahler & Palla 2004); however, the exact physics o f this process 
is still a  subject o f investigation (e.g. Takeuchi et al. 2005b). One 
thing is certain, though: the dust particles in galaxies absorb the 
ultra-violet (UV) radiation em itted by young, hot stars, and re- 
em it it in the far infrared (FIR). Therefore, the observations at 
these wavelengths are in tight correlation with the am ount o f the 
dust contained in a galaxy and with its stellar content properties. 
M ajority of the star forming regions w ithin a galaxy are hidden 
in dense gas clouds (e.g. Buat et al. 2007), w hich makes them 
im possible to observe in the UV. This fact is also confirmed by 
analyses of the evolution o f the lum inosity function (the depen
dence o f the num ber o f stars/galaxies on their absolute m agni
tude) both in FIR  and UV (Takeuchi et al. 2005a), with the for
m er one being far stronger than the latter, which means that the 
am ount o f the hidden star form ation zones grows proportionally 
with redshift (for z < 1). A ll those reasons m ake the infrared 
observations of the Universe crucial for understanding the star 
form ation history o f the Universe.

One of the ways to quantify star-form ation is to m easure the 
total infrared lum inosity (LTIR), as the two are tightly correlated 
(e.g. H e lo u e ta l. 1988; Sanders & M irabel 1996; D a le e ta l. 
2001; D a le & H e lo u  2002; D ra in e & L i 2007; Takeuchi et al. 
2010) . Therefore, by using the em ission m easured throughout 
different IR passbands it is possible to recover the inform ation 
about the star-form ation activity o f galaxies.

The purpose behind the launch of AKARI satellite was to 
m ake all-sky surveys at infrared wavelengths with better sen
sitivity, spatial resolution and wavelength coverage than that 
o f its predecessor: pioneering IRAS (Soifer et al. 1987). O ther 
past IR satellites, ISO (Kessler et al. 1996) and Spitzer Space 
Telescope (W erner et al. 2004), though having better capabilities 
than IRAS, w ere not designed for all-sky surveys. The AKARI 
satellite was launched by JAXA’s M V8 vehicle on February 22, 
2006, and one o f its main goals was to perform  and all-sky sur
vey at FIR  wavelengths. For this purpose a dedicated FIS cam era 
Kawada et al. (2007) was used. It covered the wavelength range 
between 50 and 180 p m  through exposure o f 4 FIR  filters: N60 
centred at 65 pm , W IDE-S centred at 90 pm , W IDE-L centred 
at 140 p m  and N160  centred at 160 pm .

In this work, we use new and secure data from  AKARI all 
sky survey to present a recalibrated form ula to recover LTIR. We 
adopt a cosm ological m odel with Q m = 0.3, and Q a  = 0.7, H 0 = 
70 km  s-1 M pc-1 and define Lv [erg s-1 H z-1] as the luminosity 
per unit frequency at a frequency v = c /d  (c: the speed o f light) 
throughout this paper.

2. Data

The new est version o f the AKARI all sky survey FIS catalogue 
consists o f 950 365 sources, out o f which 410 623 (43%) posses 
m easurem ents in all four passbands. The point spread function
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Fig. 1. Sky distribution of the AKARI FIS sources from the new catalogue with areas of high 100 gm  emission removed.

of AKARI FIR  bands is reported to be 37 ± 1" for N 60  band, 
39 ± 1" for W IDE-S band, 58 ± 3" for W IDE-L band and 61 ± 4" 
for N160  band (K aw ada et al. 2007) . To ensure a good quality 
o f photom etric m easurem ents we choose those objects that have 
been scanned by AKARI at least three times and posses the flux 
quality indicator FQUAL = 3 at 90 gm . The depth o f the cata
logue at 90 g m  filter where we consider only sources with signal 
to noise ratios above 5, reaches ~0.2  [Jy].

Following (Pollo et al. 2010) we select objects lying in re 
gions associated with low Galactic em ission at 100 gm . To ob
tain the 100 g m  em ission from  the M ilky Way we used the 
SFD m aps (Schlegel et al. 1998) . We have set the threshold to 
5 M Jy sr-1, which leaves us with a  catalogue com posed of 
61 576 (6%) sources. The distribution of those sources on the 
sky is shown in Fig. 1.

2.1. Matching with IRAS FSC catalogue

In order to provide reliable estimates o f the total infrared lum i
nosities, a robust catalogue o f FIR  sources confirmed as galax
ies is needed. To this aim, we cross-m atched the AKARI FIS 
bright source catalogue ver. 2 w ith IRAS faint source catalogue 
(FSC; M oshir et al. 1992) . The FSC contains data for 173 044 
point sources in unconfused regions with flux densities typically 
greater than 0.2 Jy at 12,25, and 60 g m  and greater than 0.4 Jy at 
100 gm . We searched for IRAS FSC counterparts w ithin A k A r I 
BSCv2 in a radius o f 20 arcsec, corresponding to the position 
uncertainty of the IRAS FSC. W hen a source had m ultiple coun
terparts detected in IRAS FSC catalogue, the closest matching 
object was selected as a  counterpart. The total num ber of cross
m atched sources was 2430 and there are m easurem ents obtained 
by IRAS satellite in all its passbands for all those objects.

We com pared the A k A r I and IRAS flux densities to exam 
ine our sample selection to see w hich selection controls the sam 
ple selection. The relation is presented in Fig. 2 . The AKARI 
FIS selection o f sources is based on W IDE-S m easurem ents and 
after the crossm atching procedure we found that the 90 g m  flux 
density lim it o f the final source sample is ~0.3 Jy.

3. Total infrared luminosity calibration

To m easure the total infrared lum inosity (LTIR) we used a clas
sical form ula m easuring lum inosity between A = 8 -1 0 0 0  gm

Fig. 2. Comparison between the AKARI FIS and IRAS FSC flux densi
ties. Upper-left, upper-right, and lower-left panels: comparisons of the 
IRAS 60 p m  with AKARI 90 pm , 65 pm , and 140 p m  flux densities of 
the AKARI-IRAS correlated sample. Lower-right panel: a comparison 
of the IRAS 100 p m with the AKARI 90 pm flux densities. The hori
zontal dashed lines in these panels represent the flux density limit of the 
IRAS FSC.

presented by Sanders & M irabel ( 1996) for IRAS bands (centred 
at 12 gm , 25 gm , 60 g m  and 100 gm ):

L t i r [L0] = 4.93 x  10-22[13.48Ly(12 g m ) + 5.16Lv(25 gm )
+ 2.58Lv(60 gm ) + Ly(100 gm )]. (1)
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Fig. 3. Relation between LAKARI estimated from three (left panel) and two (right panel) AKARI FIS bands and LTIR estimated from 
Sanders & Mirabel (1996). The solid lines present the best least-square fits to the data, and the dashed lines mark the 95% prediction interval 
of the linear regression.

To obtain specific luminosities per unit frequency (Lv) we first 
m easured the lum inosity distance to each source as

l AkaRi = Av(W IDE  -  S ) L (90 pm )
+ Av(W IDE -  L)Lv(140 pm ).

In Fig. 3 we present correlations between LTIR and both defi
nitions o f LAKARI. We found the relations (shown in F ig. 3) as 
follows:

(2)

(3)

is the Hubble distance. Then, to calculate specific luminosities 
we used D Lv = VLv/4 n S  v, where S v is the flux density m ea
sured for each source through a specific filter. To obtain the re 
lationships between L TIR and specific A KARI FIS luminosities 
we fitted a following model: y  = a * x + b, where y  = log(LT IR )
and x = log(LA K A RI-  FIS filter) .

Following H irashita e t al. (2008) and Takeuchi et al. (2010)
we took advantage o f the continuous wavelength coverage of
AKARI FIS bands (from  ~50 p m  to ~160 um ) and used their
definition o f IR  flux by taking a sum o f flux densities m ultiplied
by their bandwidths:

L I kam = Av(N60)L v (65 pm )
+ Av(W IDE-S)L v (90 pm )
+ Av(W IDE-L)L v  (140 pm ), (4)

where
Av(N 60) = 1.58 x  1012 [Hz],
Av(W IDE-S) = 1.47 x  1012 [Hz],
Av (w IDE-L) = 0.831 x  1012 [Hz].

As Takeuchi et al. (2010) reported, N 60 filter sensitivity is lower 
than that o f the wide bands, and therefore defined IR luminosity 
by using only W IDE-S and W IDE-L bands:

log(LTIR) = (1.016 ± 0.004)log(LAbK A jsI)
+ (0.349 ± 0.040)

with correlation coefficient r  = 0.988, and

log(LTIR) = (0.990 ± 0.003)log(L“  )
+ (0.451 ± 0.032)

(6)

(7)

with r  = 0.982. The envelopes delineated by the dashed lines 
are 95% prediction interval o f the linear regression. The scatter 
around the two best fits is approxim ately equal, w ith v  = 0.11 
for lA k ari and v  = 0.09 for lA k arp

(5)

4. Conclusions and summary

In this w ork we used the new release of the AKARI all sky sur
vey catalogue perform ed at FIR  and covering the wavelength 
range from  50 to 180 p m  to recalibrate the form ula to obtain to
tal infrared luminosities. We find very tight correlations between 
the lum inosity estimates from  AKARI FIS catalogue and lum i
nosity estimates from  IRAS FSC  catalogue. We do not find any 
significant enhancem ent o f the correlations when only two wide 
filters are used instead o f three AKARI-FIS filter com bination 
(N 60, W IDE-S, W IDE-L).
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D l  = (1 + z)D h  r  d z ' /E (z ' ) ,
J q

where

E (z)  = VQm(1 + z)3 + ^ k(1 + z)2 + Oa  , 

and

Dh = c/H q ,
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