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SPICA - Space Infrared Telescope for Cosmology and Astrophysics
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* The “dusty era” in the Universe (evolution of galaxies)
A route to habitable planets (formation of planetary systems).
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® Baseline specifications
Telescope : 2.5 m aperture, cooled below 8 K
Core wavelength : 17-230 pum
(+ High-resolution spectrometer at 12—18 um, Exoplanet instrument at 5-20 um)
Orbit : S-E L2 Halo Orbit
Launcher : JAXA H3 Vehicle
Launch Year : 2027-2028
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A cryogenically-cooled telescope significantly reduces the

thermal emission from the telescope.
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Limiting Line Flux (5c-1hr) / Wm™

Dramatic Improvement in Sensitivity
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ESA Cosmic Vision M5 Call
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Event Tentative date
M5 Call release December 2015
Letters of Intent due January 2016
Proposals due April 2016
Evaluation process May—June 2016
Selection of proposals for study phase June 2016
Phase 0+A completion June 2018
Down-selection to one mission November 2018
Phase B1 completion June 2020
Mission Adoption Reviews September 2020
Mission adoption November 2020
Launch (for an ESA-only mission) Mid—2029 to mid—2030
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Project schedule
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SPICA Management Structure (Japan)
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Science goals and objectives

Top-level goal
Enrichment of the Universe with metal and dust,
leading to the formation of habitable worlds

SCIENCE GOALS [SG2]
Metal and dust enrichment Planetary formation to

through galaxy evolution habitable systems

Science objectives Science objectives
e 'S011 N s [SO4] N
, , , Gas dissipation in planet-forming
Star formation of distant galaxies :

9 ) 9 disks )
4 N 4 N
[SO2] [SO5]
Dust-obscured AGNs and AGN Dust evolution in planet-forming
S outflow > . disks to solar system analogues

4 N 4
[SO3] [SO6] Optional
Star formation in nearby galaxies Exoplanet atmosphere
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SPICA’s uniqueness in extra-galactic astronomy

Sensitivity (50, | hour) of ALMA, SPICA, JWST and TMT, plotted on spectra of typical
star-forming galaxies at z = 3 with different dust extinction values (A, = 0.3, 3, 30 mag).
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SPICA provides unique spectral tools

to study physics in dust-obscured galaxies.
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SPICA fills the spectral gap between ALMA and JWST. =
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Executive Summary

The SPace Infrared telescope for Cosmology and Astrophysics (SPICA) is a
mid- and far-infrared spectroscopic mission to reveal the processes that
enriched the Universe with complicated materials and led to the formation of
our world today. This scientific goal and derived scientific objectives have
been set by the SPICA team, and were evaluated by an international review
committee. This Short Report summarizes the key findings of the committee,
and will be followed by a more detailed report. The Committee is most
appreciative of the team’s work in preparing the material for the Preview, and
of the quality of the presentations.

Executive Summary

1. The committee strongly supports the mission concept of a 2.5m
telescope cooled to 8K with powerful spectrometers in the focal plane; it
represents two orders of magnitude improvement in sensitivity over Herschel,
and offers major discovery potential. The Committee feels however that this
IS a minimum configuration, i.e. there is no margin for reducing sensitivity or
resolution requirements. (NB: Based on discussions during the Preview, the
Committee assumes that the SAFARI instrument is photometry-capable,
even though the specifics of that capability were not presented)



2. The science case as stated is compelling, both today and in the
anticipated environment of the 2020’s.

3. The science case can be strengthened by (a) integrating more
closely in the statement of each Science Objective scientific synergies with
other facilities of the 2020’s (e.g. TMT/ELT; ALMA; JWST; Euclid & WFIRST;
ATHENA; SKA, etc); and (b) identifying more science topics to engage and
serve the science community beyond traditional users of IR missions (e.qg.
stellar astrophysics, baryon circulation between galaxies and inter-galactic
medium, exoplanet science, etc). Item (b) might be accomplished by
identifying “key questions” in major community reports to which SPICA could
contribute.

4, The summary science justification (slide entitled “Science goals and
objectives”) can be strengthened as follows: (a) Keep the vision of heavy
element enrichment and push it both to earlier epochs and to the low-redshift
Universe by emphasizing the potential for great advances in our estimation
of the abundances of chemical elements; (b) modify SO2 to emphasize
heavily obscured and Compton-thick systems [strong synergy with
ATHENA]; (3) bring in as SO the detection of SIO and Aromatics at redshifts
of 3 to 6; (4) bring in as SO something related to the top-level goal, such as
metallicity evolution using Fine-Structure Line observations. More
significantly, (5) move SOG6 to an appendix (along with SPEChO); the reason
Is that if SPEChO is essential to mission success, then it brings to SPICA a



significant risk of very limited science return as it flies a decade after IWST,
at a high cost in observing time.

5. Even after removing SOG6, the mission has too large a fraction of
time committed to pre-determined observing programs; the committee feels
this would lessen community interest, and would weaken the science case
In the context of the ESA competitive processes. As a guideline, pre-
determined “key science” programs should fit within a year of wall-clock time.
6. The placement of “PAH survey” on the sky is critically important: the
SPICA Team is advised to exploit existing fields which already have deep
coverage at a variety of wavelengths to leverage extant data for enhanced
science, and more readily engage with other communities and additional
science themes.

7. In stating the case for Evolution of Galaxies, model shortfalls were
over-emphasized; the science case could mention those shortfalls as
motivation, but then emphasize the need for essential or unique data that
address the underlying physics, both in processes and in dust properties.
Where appropriate, the science case could include testing specific
hypotheses (e.g. Initial Mass Function variations). The same point applies to
the discussion of proto-planetary disk science.



8. Before ESA's M5 competition gets under way, the SPICA team
should address the question of the programmatic organization of time
allocation and science responsibility, and in particular express their
views on how to stimulate a vigorous, competitive open time program.
9. Before ESA's M5 competition gets under way, the SPICA team
should address the means and plans to enable rapid data reduction and
calibration.

10. The committee couldn’t help but notice the all-male cast on the
SPICA team and on the review committee itself. It is in the best interests
of the future of Japanese (infrared space) astronomy to address this
gender imbalance. Apart from that, the imbalance may become an issue
In the context of the ESA competitive process.
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