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ABSTRACT

This paper reviews the legacy of the SPCIA Coronagraph Instrument (SCI) of which the primary

scientific objective is the characterization of Jovian exoplanets by coronagraphic spectroscopy in the

infrared. Studies on binary shaped pupil mask coronagraphs are described. Cryogenic active optics

is discussed as another key technology. Then approaches to observing habitable zones in exoplanetary

systems with a passively-cooled space infrared telescope are discussed. The SCI was dropped in a drastic

change of the SPICA mission. However, its legacy is useful for space-borne infrared telescopes dedicated

for use in exoplanetary science in the future, especially for studies of biomarkers.
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1. SCIENCE OBJECTIVE

Characterization of exoplanetary systems, including the

challenge of the detection of biomarkers, is an important

issue in the field of space science. Spatially-resolved ob-

servations using high contrast optics is one promising

method of achieving this aim. In the infrared wave-

length region, there are many important absorption fea-

tures of molecules, especially O3 (9.6 µm). The contrast

between an exoplanet and its central star is noticeably

lower in the mid-infrared than in the visible wavelength

region. The requirements for high contrast optics in the

mid-infrared are modest in comparison with the visible

wavelength region.

The SCI was dropped in a drastic change of the

SPICA mission. However, the unique technologies de-

veloped for the SCI are useful for dedicated studies of

exoplanetary systems. This paper reviews some of the

legacies of the SCI for space infrared telescopes dedi-

cated for exoplanetary science in the future.
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2. LEGACY OF THE SCI

Dedicated studies for binary-shaped pupil mask coron-

agraphs were presented in Haze et al. (2014) and refer-

ences therein (Figure 1). During the early phase of the

work, we experimentally demonstrated the contrast to

be ∼10−7 without wavefront correction (WFC) using a

binary mask of conventional design that was fabricated

on a glass substrate using electron beam lithography.

During the following decade we progressed our stud-

ies and accomplished laboratory demonstrations with

broad-band, multi-colored light sources, establishing a

fabrication method for free-standing masks, and mask

designs applicable to an obscured pupil.

Not only the coronagraph, but also pointing control of

the telescope itself and WFC are particularly important

technologies to realize high contrast. For SPICA, such

active optics were developed for use at 5 K. Figure 2 (a)

shows a cryogenic tip-tilt mirror developed for SPICA

(Mitani et al., 2014). Trial fabrication and tests of the

WFC devices were also carried out [e.g., Enya et al.

(2014)]. For example, Figure 2 (b) presents a cryogenic

deformable mirror with 1020 actuators based on MEMS

technology. For cryogenic testing of these devices, the
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Figure 1. Design of binary mask for obscured pupil (a) and

PSF in design (b). A fabricated free-standing mask (c), PSF

obtained experimentally (d), and its profile (e).

Prototype-testbed for infrared optics and coronagraph

(PINOCO) was also developed, as shown in Figure 2 (c)

and (d) (Enya et al., 2012).

Lack of spatial resolution is a disadvantage for in-

frared telescopes attempting studies of exoplanets in

a classical habitable zone (HZ). Indeed, the primary

science objective of the SCI was the characterization

of Jovian exoplanets. However, an observational ap-

proach to HZs is still possible in some scenarios. One

is to concentrate on the observation of exoplanets

around very nearby and/or high-luminous stars. Even

conventionally-defined HZs can be spatially resolved for

a small number of targets, as shown in Figure 3 (a).

High-contrast optics with a small inner working angle

are especially useful for this scientific objective. The

other is to consider a more flexible definition of HZs

far from the central star, e.g., habitable moons, tempo-

rary habitable planets with eccentric orbits, self-warmed

planets as shown in Figure 3 (b) (Enya et al., 2014).

Figure 3 (c) shows the concept of a space infrared

telescope for exoplanetary science including studies for

biomarkers. The telescope does not require dedicated

Figure 2. (a) A cryogenic TTM. (b) A cryogenic DM with

32×32 actuators for 5 K. (c) (d) A 5 K chamber (PINOCO)

and its temperature profiles in cooling.

cryogenics with active cooling (i.e. SPICA) but passive

cooling (i.e. JWST).
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Figure 3. (a) Outer radius of conventional HZs and their

contrast. An Earth-like exoplanet is assumed around each

nearby star. (b) A schematic view of HZs as targets for in-

frared observation. (c) Concept of a space infrared telescope

with passive cooling.


