
Fig. G.3: Principle of the metrology and the axis tracker. Left panel: the metrology laser light (in yellow) is launched from
fibers located at the edge of the mirrors. Right panel: the laser beams interfere over the detector plane. Only the fringes
corresponding to a pair of fiber are represented on this figure and they are not to scale, since the fringe spacing is equal to
the PSF width. The axis tracker (sketched in red on the left panel) is a laser beam launched in the center of the mirror that
is monitored in the lower central CCD.

the primary mirror, which compensates for residual tip-
tilt motion of the spacecraft and small lateral shifts of
the spacecraft. This is the only servo loop during the
measurements. During the whole sequence the target
star is read at 500 Hz frame rate in the central 12⇥ 12

region of the central CCD; the centroid estimation er-
ror is 0.6 mas at 500 Hz for a 6 mag target star. The
resulting information drives the piezos that command
the small angular corrections of the primary mirror. All
other measurements are done without servo feedback:
monitoring the position of the telescope axis, monitor-
ing the position of the reference stars and calibrating
the position and response of all CCDs.
Observing sequence. The observing sequence dis-
played in Fig. G.4 consists in an accumulation of a se-
ries of one minute observations which are themselves
composed of 57 s integration on the stellar sources fol-
lowed by 3 s of metrology measurements. Because of
the magnitude difference with the target, the reference
star images are read at a slower 50 Hz frame rate in the
central 12x12 region of each peripheral CCD; the cen-
troid estimation error is 0.7 mas at 50 Hz for a 11 mag
star. The metrology is read at the same 500 Hz frame
rate in the central 32⇥32 region of the target star CCD
and at 50 Hz frame rate in the central 32 ⇥ 32 region
of the reference CCDs. The phase estimation of the
sweeping fringes is done at the level of 7 nm accu-
racy at 500 Hz for the target CCD, and at the level of
1 nm at 50 Hz for the reference CCDs. During the 3 s,
the metrology dominates the signal on reference CCDs
and is only weakly perturbed by the latter.
Optical aberrations. NEAT uses a very simple tele-
scope optical design. A 1-m diameter clear aperture
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Fig. G.4: Time sequence of the operations from the slew
that starts just after the last observation to the beginning of
actual observation with repeated 1mn-block alternating data
recording and metrology.

off-axis parabola, with an off-axis distance of 1 m and
a 40 m focal length. The focal plane is at the prime fo-
cus. The telescope is diffraction limited at the center of
the field, where the target stars will be observed. Coma
produces some field dependent aberrations (Fig. G.5).
At the mean position of the reference stars, 0.2 deg
away from the center of the field, the coma produces
a steady 23% increase of the point spread function
(PSF) width and an 8 µm centroid offset. The impact
remains low since we are looking at differential effects.
The impact however remains low since we are looking
at differential effects.

Centroid measurements. They consist in two steps:
the determination of the stellar centroid on each CCD
during 57 s and then the calibration of the relative po-
sition of the CCDs during 3 s thanks to the metrology.
The metrology determines also the response map of
the detectors. As in the normal approach to precision
astrometry with CCDs, we perform a least-square fit of
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