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Fig. G.2: Schematic layout of the focal plane. The field of
view is divided in 3x3 sub-fields. Each subfield has a visible
array which can be moved in X and Y directions to image the
reference stars. The central field has two fixed arrays, one
for the target star and one for the telescope axis tracker.

The CCD pixels are 10µm in size.

The principle of the measure is to point the space-
craft so that the target star, which is usually brighter
(R  6) than the reference stars (R  11), is lo-
cated on the axis of the telescope and at the center of
the central CCD. Then the 8 other movable CCDs are
moved to center each of the reference stars in the field
of each movable CCD. The idea is to always center the
stars on the same set of pixels in order to reduce the
dependence of the centroid position on the QE varia-
tions within each of the pixels. To calibrate the distance
between the stars, we use a metrology system that is
launched from the telescope spacecraft and that feeds
several optical fibers (4 or more) located at the edge
of the mirror. The fibers illuminate the focal plane and
form Young’s fringes detected simultaneously by each
CCD (Fig. G.3). These fringes allow us to solve for the
XYZ position of each CCD. To measure the QE of the
pixels (inter-, and intra- dependence), the fringes have
their optical wavelengths modulated by acoustic opti-
cal modulators (AOMs) that are accurately shifted by
10 Hz, from one fiber to the other. The CCDs are read
at 50 Hz providing many frames yielding high accuracy.
By measuring the fringes at the sub-nanometer level
using the information from all the pixels of each CCD
(SIM-Lite technology), one is able to solve for the posi-
tion of all reference stars compared to the central target
with an accuracy of 0.8 µas (0.15 nm in the CCD plane)
per hour. The field of view of 0.6 deg allows us to have
6 to 8 reference stars brighter than V=11 around the
target in most fields.

With the proposed concept, one answers to all the
main technical requirements:

– Focal plane stability. Instead of maintaining a

focal plane geometry stable at the 0.1 nm level,
which is impossible, we implement a metrology for
every pixel at the sub-nanometer level, with an in-
terferometric system (Sect. G.2.3) that has been
qualified by the SIM-Lite laboratory demonstrators
(Sect. G.1.4).

– Reference frame. Using the information from all
the pixels of each CCD, one is able to solve for
the position of all reference stars compared to the
central target with an accuracy of 0.8 µas (0.15 nm
in the CCD plane) per hour.

– Photon noise. The field of 0.6 deg provides about
6 to 8 stars of magnitude brighter than R = 11.
The number of photons received by one 11-mag
star on the system is ⇡ 4.1 ⇥ 10

9 ph/hr. Since
the FWHM of diffraction-limited stars is 1.2�/D =

0.16 arcsecond, the photon noise limit in 1 h of
integration due to a set of 6 reference stars is
(�/2D)/

p
6N ⇡ 0.5 µas. With more than 50 ⇥ 2

measurements of few hours spread on 5 yrs, the
equivalent precision is 0.05 µas in RA and Dec,
corresponding to the detection of the 0.30 µas sig-
nal with a SNR ⇡ 6.

– Large-scale calibration. The detector plane
does not have to be fully covered by pixels, since
the position of each reference star is known at the
level of 10-20 mas (2 µm in the focal plane) us-
ing the Tycho2 catalog and eventually at tens of
micro-arcseconds using Gaia final catalog. For
the target stars (R  6), we use the Hipparcos
catalog (few mas accuracy). This corresponds to
< 1/10

th of the PSF or the fringe width. The
number of fringes between the target star and the
reference stars is then known, only the positions
of the star centroids relative to the interferometric
fringe have to be measured accurately.

The use of 10 small CCDs drastically reduces the cost
of what would otherwise be a giga-pixel focal plane and
also helps to control systematics. With such a concept
we claim that the mission performance would be similar
to, and even more favorable for exoplanets, than what
was proposed for SIM-Lite with 5 years of operation,
but at the price of giving up all-sky astrometry and the
corresponding science objectives.

G.1.2 Measurement technique and errors

We develop in this section how we perform the mea-
surements and how we calibrate them. We also identify
the possible sources of errors.

Instrument control. Once the field has been ac-
quired on the detector and since the rotation around
the line of sight and the telescope axis is constrained
by the spacecraft star trackers, the only moving part is

20


