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- Outline 

-  Photometric surveys with SAFARI will go deeper than Herschel: confusion will not 
affect the 48µm band and at 70µm SAFARI will go 2-4 times deeper. 

-  The main energy-generating mechanisms in galaxies are: black hole (BH) accretion 
and star formation (SF) and SF and AGN  linked in a physical way (feedback) or in an 
evolutionary sequence 

-  MIR/FIR spectroscopy able to distinguish between BH accretion and SF, shown in the 
past by ISO and Spitzer. Spitzer and Herschel spectroscopy together can trace the 
AGN and the Star Formation component, with extinction free lines, BUT ONLY IN THE 
LOCAL UNIVERSE 

-  GALAXY EVOLUTION: the goal is to understand the history of the luminosity source 
of galaxies along evolution with far-IR  spectroscopic cosmological surveys 

-  SPICA will offer a unique opportunity to do this 

-  FEASIBILITY: use galaxy evolution models linked to the observed IR-FIR counts
(including Herschel) to predict the number of sources and their IR lines fluxes, as 
derived from observations of local galaxies. 
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The Total IR Luminosity Density 
ρIR ( SFR density)  

 	  	  	  	  Herschel (Gruppioni+13) 
     Spitzer (Le Flock+ 05) 
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SAFARI Deep Photometric Surveys

• High mapping speed 
large area confusion

limited 70- m survey

• Resolve 90% if CIB over 
80%  of Hubble time

• Detection of galaxies with modest luminosity/SFR
- ~ 1010 L - comparable UV and FIR 
- Minimal contribution to CIB but responsible for most

of the optical background
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from Herschel to SAFARI 
SAFARI goals: 
1)  Go to higher-z (z > 3-4) 
2)  Disentangle AGN from starburst activity 

Main limit (photometric surveys) : source-confusion 
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1.6. Galaxy evolution 41

Figure 1.19: (a) Left panel: The confusion limit in the FIR/sub-mm, with the wavelength coverage and sensitivity of
selected instruments overlaid. The light and dark grey spectral regions show the 40 and 70 µm cosmological bands,
respectively. (b) Right panel: The broadband SED of NGC1068 (in black) redshifted to z ∼ 3; overlaid are the emission
components produced by a torus (red: model by Fritz et al. 2006), a starburst (modeled by the galaxy NGC1482) and
a stellar component (orange) based on stellar evolution models. The vertical bars indicate the three bands of SAFARI
and show how the combination of 40 µm and 70 µm emission can be used to differentiate between AGN- and starburst-
dominated galaxies.

frame UV observations meet the IR, i.e., 10 M" yr−1 (Lagache et al. 2004); note that more luminous galaxies
emit the majority of their light in the IR. By observing at 70µmwe can avoid the effects of contamination by the
strong mid-IR PAH features, and thus make very reliable determinations of the IR flux for sources with z < 2,
combining the SAFARI data with mid-IR observations at 24 µm (which will enable better k-corrections in the
IR). Such a survey would increase significantly the range in IR luminosity and redshift over which galaxies will
have been detected: at the more luminous end, LIRGs out to z ∼ 4 and ULIRGs to beyond, and appreciable
numbers of L∗ galaxies out to z ∼ 3. With SAFARI it will also be possible to detect galaxies as quiescent
as our own (LIR < 1010 L") out to z ∼ 1 where the cosmic SFR peaks (see Figure 1.13b and Figure 1.6.6a).
Moreover, it will be possible to go even further (typically to z ∼ 2) with the help of strong gravitational lensing.
Whilst this less IR-luminous population contributes only minimally to the CIRB, these galaxies are extremely
abundant, and dominate the extragalactic background light at optical wavelengths. Confusion-limited surveys
at 70 µm are unique territory for SAFARI.

A confusion limited survey with SAFARI at 70 µm will be ideal to study the evolution of galaxies and
AGN and of the star formation density (SFD) and black hole accretion density (BHAR) with redshift at z>2,
where Spitzer and Herschel were only able to provide hints. In particular, the first Luminosity Function studies
performed with the Science Demonstration Phase data of Herschel (Gruppioni et al. 2010; Eales et al. 2010b)
were limited to z%2 because of sensitivity and/or lack of identification, although some hints about evolution
to z∼3 were derived from PACS data (Gruppioni et al. 2010). With the whole set of cosmological information
coming from both PACS and SPIRE from the PEP (Lutz et al. 2011) and HerMES (Oliver et al. 2010) surveys
we expect to push deeper into the evolution of dusty galaxies, with much stronger statistics and higher quality
catalogues, but we will still be limited to z∼2-3.

In Figure 1.6.6a, we show the SFD and BHAR (multiplied by a factor of 500) that we expect to obtain with
IR data from the confusion limited Survey with SAFARI at 70 µm, compared to the predicted SFD and BHAR
from the Gruppioni et al. (2011) model, corresponding to an ”ideal” far-IR survey covering all the luminosities
at all redshifts. For comparison, in Figure ??b, we show the same simulation with the deepest PEP Survey in
the GOODS-S, reaching 1.7mJy at 100 µm (the GOODS-Herschel Survey will reach ∼0.6 mJy, but in only a
very small area of 50 arcmin2). As is clear from the figure, PEP is complete in SFD up to z∼1–1.5, becoming
more and more incomplete with increasing redshift (i.e. at z=3 the incompleteness in SFD due to the survey flux
limit is about a factor of 3 or more). The BHAR that we could measure with PEP is complete up to z∼1.5–2,


