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SPICA Key Facts

• Large (2.5m) primary cooled to ~8K 

• Sensitive spectroscopic instruments 

• SAFARI for the far-IR 

• SMI for the mid-IR



Cold Primary

• 1 million factor background reduction compared to 
Herschel
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<8K

SPICA

106 reduction in
background!



Sensitivity

• 100x more sensitive than Herschel for 
spectroscopy



Sensitivity

• More sensitive than JWST at 
>20 microns 

• More sensitive in high-res 
mode than ELTs in the mid-
IR 

• And no restrictions on 
wavelengths



19
99
ES
AS
P.
42
7.
.8
25
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• Get full spectrum not just a line: every observation 
a spectral survey

SMI SAFARI

>PACS



Speed: Imaging
SPICA SMI Photometric Survey 

z=6                          
Millennium-II Simulations 

SMI FOV (10’x10’) 

JWST/MIRI FOV (1.8’x1.4’) 

C. Gruppioni, D. Clements, L. Ciesla 

1 deg2 

observable 
with SMI in 
~32 h to  
confusion 
limit (9µJy) 

• SMI reaches ~same depth as JWST in same time, but over 
~10’x10’: Surveys ~ 100x faster



Resolution & Wavelength 
Coverage

Herschel

Herschel
Herschel

l/dl (dv)

2 µm 20 µm 200 µm

100
(3000 km s-1)

1000
(300 km s-1)

10000
(30 km s-1)

JWST
SMI/MR

SMI/LR

ALMA

SAFARI

SMI/HR



Polarisation

• Far-IR polarimetry: a new window on magnetic fields

Pillai+ 2016



What to use it for?
• Wide range of possibilities to be covered in talks later 

today 

• Keynote talks on broad areas 

• Smaller talks on specific issues 

• Not comprehensive! 

• Please think what you want to do with SPICA 

• Overview of science case for SPICA here



Why Mid/Far-IR Spectroscopy?

• Obscuration independent diagnostic lines for star formation, AGN, 
water and for solid state features
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samples of galaxies spanning a range in luminosity, redshift, environment and nuclear activity. Spitzer 
and Herschel photometric surveys were used to estimate the Star Formation Rate (SFR) and Black 
Hole Accretion Rate (BHAR) density functions through measurements of the bolometric luminosities of 
galaxies. However, these estimates do not appear to be fully reliable, because based on the observed 
integrated luminosities alone, the contribution due to star formation and to black hole accretion could 
not be reliably separated. This crucial separation has been attempted so far through modelling of the 
spectral energy distributions and relied on model-dependent assumptions and templates, with large 
uncertainty and degeneracy. UV and optical spectroscopy (e.g. the SLOAN survey) track only 

Figure 1-4b Model SED for a protoplanetary disc, 
illustrating that the bulk of the planet-forming reservoir is 
best studied at mid- to far-IR wavelengths, but requires 
high sensitivity for the detection of gas lines and dust/ice 
features. 
 

The mid- to far-IR spectral range hosts 
a suite of atomic, molecular and dust 
features covering a wide range of 
excitation, density and metallicity, 
directly tracing the physical conditions 
both in the nuclei of galaxies and in the 
regions where stars and planets form. 
Ionic fine structure lines (e.g. [NeII], 
[SIII], [OIII]) probe HII regions around 
hot young stars, providing a measure 
of the star formation rate, stellar type, 
and the density of the gas. Lines from 
highly ionized species (e.g. [OIV], 
[NeV]) trace the presence of energetic 
photons emitted from AGN, providing a 
measure of the accretion rate. Photo-
dissociation regions (PDR), the 
transition between young stars and 
their parent molecular clouds, can be 
studied via the strong [CII] and [OI] 
lines and the emission from small dust 
grains and PAHs. The major coolants 
of the diffuse warm gas (e.g. [NII]) in 
galaxies are also in the far-infrared 
giving us a complete picture of the ISM. 

The rest-frame infrared is also home to 
pure rotational H2, HD and OH lines 
(including their ground state lines) and 
mid- to high-J CO and H2O lines most 
notably the H2O ground state line at 
179 µm. Finally, the strong PAH 
emission features (carrying 1-10% of 
the total IR emission in star-forming 
galaxies) with their unique spectral 
signature, can be used to determine 
redshifts of galaxies too dust-obscured 
to be detected at shorter wavelengths. 
The infrared also hosts numerous 
unique dust features from minerals 
such as olivine, calcite and dolomite 
that probe evolution from pristine to 
processed dust (e.g. aqueous 
alteration), as well as CO2 ice and 
molecules like C2H2 and fullerenes. 

 

Figure 1-4a Upper panel: ionization potential versus 
wavelength for key infrared ionic fine-structure lines 
(adapted from Spinoglio & Malkan, 1992). Lower panel: 
upper energy level of molecular transition and spectral 
features from PAHs, water ice bands, and other species 
versus wavelength. The SPICA domain is indicated above 
for several different redshifts. 
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• Determine SF & BH contribution to energy generation out to z>3 

• Physics not just counts: determine why SFR & BHA peaks at 
z~2-3 (and if it does!)

8

Star	Formation	 Rate	 IR UV IR X-ray
Black	hole	accretion	rate	(x3300)	

Redshift

lo
gψ

(M
ʘ
y-
1
M
pc

-3
) Lookback	time	(Gyr)

SAFARI/SMI	spectroscopy

SMI	deep	photometry

…unknown



• Obscured SFR may not drop as rapidly as suggested by uv/optical

GALAXY EVOLUTION AT HIGH Z 9

Figure 2. The cosmic star formation rate density as a function of redshift. Blue dashed line shows the outcome for the dust-corrected
UV-inferred SFR functions integrated down to a limiting magnitude M lim

UV
≈ −17. Red lines illustrate the outcomes from our global

(UV+IR) SFR functions integrated down to UV limiting magnitudes M lim
UV

≈ −17 (dashed), −13 (solid), and −12 (dot-dashed). The

green solid line is again for M lim
UV

≈ −13 but with a ceiling in metallicity set to Z < Z⊙/2. At z ! 4 data are from: (dust-corrected)
UV observations by Schiminovich et al. (2005; cyan shaded area); far-IR observations by Gruppioni et al. (2013; red shaded area);
multiwavelength determination including UV, radio, Hα and mid-IR 24µm data collected by Hopkins & Beacom (2006; orange shaded
area). At higher redshift z " 4, we report the estimate of the SFR density inferred from: (dust-corrected) UV data by Bouwens et al.
(2015; cyan squares), stacked IR data by Rowan-Robinson et al. (2016; magenta circles), long GRB rates by Kistler et al. (2009, 2013;
green stars). The grey shaded area is the estimate of the critical SFR density for cosmic reionization from Madau et al. (1999) for the
range of values CHII/fesc ∼ 10 (upper envelope) to 100 (lower envelope) in the ratio between the clumping factor of ionized hydrogen and
escape fraction of ionizing photons from high-z starforming galaxies.

Lapi+ 2016



Local Demonstration

• SPICA can do this out z~3 or more
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IR diagnostics was demonstrated with 
ISO, Spitzer and Herschel (Genzel et al. 
1998; Armus et al. 2007; Veilleux et al. 
2009; Fernandez-Ontiveros et al. 2016). 
Figure 1-6 illustrates how infrared line 
ratios discriminate between galaxy 
populations based on their dominant 
emission mechanism. However, these 
diagnostics exist only for small samples 
of bright galaxies in the local universe, 
which may not be representative for the 
galaxies at the peak of cosmic activity. 
Furthermore, both Spitzer and Herschel 
had a limited view of the early Universe - 
only a handful of the very brightest, high-
redshift galaxies were studied in detail 
(Pope et al., 2008; Sturm et al. 2010b; 
Riechers et al. 2014). SPICA will 
measure the physical conditions in the 
bulk of the galaxy population at the key 
epoch, when galaxies formed most of 
their stars, and will probe large numbers 
of faint, as yet inaccessible, galaxies in 
the distant Universe.  

SPICA will provide a huge leap in capabilities over any past or planned far-IR mission. In only a 
few hours, SAFARI/SPEC will be able to detect the presence of an AGN, via the [OIV] 26µm line, in 
“average luminosity”, L* galaxies out to z=3 (Figure 1-7). With a large ~2000 hr survey, SAFARI/SPEC 
will obtain high signal-to-noise spectra of over 1000 galaxies to z~4 simultaneously detecting diagnostic 
lines of the ionized and neutral ISM, characterising the local environment and quantifying the 

contribution from young stars and AGN to the 
bolometric luminosity. SPICA/SMI will perform similar 
spectroscopic studies at lower redshifts with low-
resolution, wide field surveys, to detect and 
characterize thousands of dusty galaxies via their 
PAH features and hot dust emission. The 
combination of SAFARI and SMI will provide an 
unprecedented opportunity to disentangle the power 
sources via the key dust and gas diagnostic features 
in galaxies at z~3 with average luminosities. 

No other currently planned telescope will be able 
to perform such detailed spectroscopic and wide-
area spectro-photometric investigations. SPICA 
will fill the large spectral gap from 28 µm to 300 µm 
left between JWST and ALMA. In this spectral range, 
SPICA will observe the ionic fine structure lines, the 
H2 and PAH features in the rest-frame mid-IR in 
galaxies at the peak epoch of star formation, as well 
as those from the molecular gas and Photo 
Dissociation Regions (PDRs). ALMA does trace far-
IR cooling lines (e.g. [CII] 157 µm and [OIII] 88 µm) 
at high-redshift, but cannot probe the dust and gas 
spectral features visible to SPICA at wavelengths 
below 300 µm.  

Figure 1-6 Observed [NeIII]15µm/[NeII]12.8µm line ratios vs. 
[OIV]26µm/[OIII]88µm for local Universe starburst, LINER 
AGN, and dwarf galaxies (Fernandez-Ontiveros et al. 2016). 
 

SPICA will characterize both obscured starbursts and 
AGN across cosmic history since the Universe was only 
1-2 billion years old. 
 

Figure 1-7 The IR spectrum of MCG-3-34-64, a 
nearby active galaxy, rescaled to a luminosity of 
L=1012 L~ at redshifts z from 1 to 4.  At z=3, the 
"average luminosity" L*~1012 L~,  implying that 
we will map the "bulk" of the galaxy population 
up to this redshift. The SAFARI and SMI 
sensitivities (in medium and low resolution) are 
shown. 

Fernandez-Ontiveros+ 2016



Diagnostic tools out to z~3

• Line-ratios:  physical state of dust and ionised gas 

• Line profiles:  outflow/infall, cycling of matter 

• Line strengths:  metal enrichment 

• Discriminate between Active Galactic Nucleus and star-formation



The Baryon Lifecycle

• All aspects of the galactic baryon lifecycle can be observed 

• Locally in detail, and across large samples at higher redshift
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marginally (~10%) the total integrated light 
(see Figure 1-3). X-ray analyses of the 
BHAR has used large extrapolations, as 
they are based on soft X-rays. i.e. only partially sample the total X-ray flux. Additionally, the SFR density 
at z>2-3 is very uncertain, since it is derived from UV surveys which are highly affected by dust 
extinction. In contrast, through infrared emission lines and features, the contributions from stars and 
gravity can be separated; SPICA spectroscopy will allow us to directly measure star-formation rates, 
black hole accretion rates, metallicities and dynamical properties of the gas and dust in galaxies, as 
well as redshifts, up to lookback times of ~12 Gyrs.  

The evolution of galaxies is regulated by energetic feedback from young stars, SNe and AGN and the 
cycling of gas and dust, but the underlying mechanisms are poorly understood. Most galaxies evolve 
through secular processes, such as smooth accretion of metal-poor gas, star formation and the return 
of metal-enriched gas and dust into the ISM and circumgalactic medium (CGM). Direct feedback from 
black holes and starbursts may cause the correlations between black hole masses and host galaxy 
properties (e.g. di Matteo et al. 2005; Springel et al. 2005) and the bimodality in the colour distribution 
of local galaxies (e.g. Strateva et al. 2001; Baldry et al. 2004). SPICA will measure all key elements of 
the galactic baryon cycle (Figure 1-5): (i) the cooling of the ISM ([OI], [CII]), (ii) the warm molecular gas 
(H2), (iii) the cooler gas reservoirs through the HD 112 µm and 56 µm lines, (iv) the local interstellar 
radiation field and the metallicity (fine-structure lines), (v) the key dust production and destruction 
channels (PAH, dust features) and (vi) the gas outflows and inflows (molecular absorption lines).  

In local galaxies, SPICA will map the key ISM tracers to low surface brightness levels, characterizing 
the massive gas reservoir from which stars form over cosmic times, as well as the inflow of low surface 
brightness satellites/streams. In the distant Universe, SPICA will gauge the importance of AGN and 
stellar feedback in thousands of galaxies in a large range of redshifts and luminosities. Additionally, the 
ISM properties measured by SPICA in the mid- to far-IR, complemented by JWST-MIRI at shorter 
wavelengths, will be compared to the atomic gas distribution (e.g., with SKA), the stellar distribution 
(JWST, Euclid, WFIRST, ELTs), and the cold molecular gas (CO lines from surveys with, e.g., ALMA). 

 Star Formation and Black Hole Accretion across Cosmic Time 
To understand galaxy evolution, we need to measure the rate at which stars form and black holes 
accrete matter as a function of time. The similar histories of star formation and black hole accretion 
with redshift, the fact that most active galaxies display an AGN and enhanced star formation, and the 
black hole–stellar mass correlation seen in the local Universe (Magorrian et al. 1998, Ferrarese & 
Merritt 2000), all strongly suggest that the two processes are intimately linked.  

SPICA will quantify the contribution of AGN, measuring their accretion rate (through, e.g., [OIV] and 
[NeV]) and hot, young stars, measuring the star formation rate (from, eg., [NeII], [SIII] and [OIII]), to the 
overall energy budget of large samples of even the most dust obscured galaxies. The power of these 

Figure 1-5 Schematic illustration of the 
galactic baryon cycle. Star formation and 
stellar evolution lead to SNe and stellar 
mass loss, seeding the ISM with dust, 
metals and molecules. Starburst and AGN 
provide feedback and launch outflows.  
Metal-enriched and pristine halo gas 
eventually cools and accretes in the disc to 
form new stars and feed the central black 
hole, starting the cycle again.  SPICA 
provides access to unique diagnostics over 
the complete baryon cycle. 

SPICA will allow us for the first time to redraw the star formation rate and black hole accretion 
rate functions from measurements directly linked to the physical properties of the galaxies.  



Star Formation

• Magnetic fields perpendicular to filaments in SF regions 

• What is happening inside the filaments on 5-15” scales?



Protoplanetary disks

• SPICA will study the full depth of protoplanetary disks 

• Water, CO, HD, ices and minerals throughout the disk



Debris Disk Mineralogy

• Debris disk spectrum at 50pc: all features 
detectable by SPICA
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2012). This band can study the composition at 
the inner wall of protoplanetary discs as well as 
the radial mixing of refractory dust species (e.g. 
Mulders et al. 2011).  

SPICA will trace the evolution of mineral 
properties (e.g. Fe/Mg ratio in olivine and 
pyroxene, fractional content of dolomite and 

calcite) in different stages of planet formation (primordial, transition and debris discs). This indicates 
how much alteration a mineral suffered over time and thus constrain the size and formation timescale 
of the parent body. One ambitious goal for SPICA is to detect carbon-bearing biomarkers like calcite 
and dolomite (sedimentary rocks) in external planetary systems; such a detection would profoundly 
impact our current view on planetary systems and the origin of life. Furthermore, due to its great 
mapping speed, SPICA/SMI will detect debris in a volume-
limited survey down to a few zodi’s around Solar-type stars 
and for the first time also zodi’s around brown dwarfs, using 
spectral signatures of dust to overcome the confusion limit.  

 Further science  
The previous sections described the major science cases that rely on mid/far IR data which were taken 
as the drivers to design the platform capabilities. Obviously many more science goals can be tackled 
with the mission, a number of examples contributed from the supporting community are: 

Metallicity and mass loss rate of late type stars. SAFARI/SPEC far-IR observations of AGB and M-
supergiant stars in the Local Group can be used to study the metallicity and mass loss rate 
dependencies of the strengths of the rotational lines of CO and other molecules. 

2D gas temperature profiles in discs. SPICA can detect the full suite of CO (as well as 13CO and 
C18O) rotational lines (J>12) in proto-stellar/-planetary discs, allowing the reconstruction of 2D gas 
temperature profiles, crucial to understand the role of turbulence and accretion in planet formation.  

Characterization of the early solar system – comets. The detailed study of cometary comas, among 
the most primitive bodies in the Solar System, will help understanding its origin. In particular, the D/H 
ratio of comas will quantify the original water characteristics in the early Solar System. 

The outer solar system: planet atmospheres. SPICA's spectral resolution and sensitivity will boost 
the knowledge of planets in the outer Solar System. Most ro-vibrational transitions occur in the 12-18 
µm range, where SPICA will have ten times the resolution of VOYAGER/IRIS, CASSINI/CIRS and 
MEX/PFS. Its sensitivity will allow to study the molecular composition of planetary atmospheres in the 
outer Solar System. Additionally, the morphology and temperature distribution in the Phoebe ring of 
Saturn can be characterized, and similar structures around the other giant planets and Mars can be 
searched for. 

The outer solar system: trans-Neptunian objects. The many trans-Neptunian objects (TNOs) found 
up to the Kuiper Belt, bear an unaltered record of the formation and evolution of the outer Solar System. 
Characterizing the smaller, collisionally evolved, TNOs will link them to cold debris discs around stars. 
SPICA will detect hundreds of TNOs (with D<100 km), measure sizes and albedos and infer their 
internal composition.  

Figure 1-21 Model spectra of dust in 
planetesimal debris at 50 pc as observable by 
SPICA: only amorphous olivine and carbon (red 
curve), adding amorphous and crystalline water 
ice (green curve), and adding several crystalline 
dust species (dolomite, olivine and calcite; blue 
curve). 

SPICA will trace the evolution of 
pristine dust to differentiated bodies 
and link this to our Solar System. 



Olivine in βPic 
debris disk 
detected by 
Herschel: 

inaccessible 
to JWST 
or ALMA

de Vries+ 2012



Much more science

• Very brief overview of core science in the M5 
science case 

• Not everything included by any means! 

• Whole areas eg. Solar System studies missed out 

• Will see more in later talks today



Infrared Space Observatories – pushing deeper

IRAS 1985

ISO 1995

Akari 2006

Herschel 2009-2013

JWST 2018

IRTS 1995

SPICA!

IR Astronomy: All roads lead to SPICA

Spitzer 2003 


