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ABSTRACT

PLEXISS (Planetary Exospheres from the International Space Station) is a proposed small instrument dedicated to the
coronagraphic imaging in the Na yellow doublet (5890 and 5896 A) and in the K red doublet (7665 and 7699) A of the
transient lunar atmosphere from the International Space Station (ISS). The scientific return of PLEXISS can give
important information for the understanding of the transient atmospheres of several other bodies of the Solar System; in
particular, the European cornerstone mission Bepi-Colombo to planet Mercury can greatly benefit from PLEXISS.
This paper describes the two concepts of coronagraphic telescope design (one totally reflecting and one totally
refractive) we have developed for this very challenging application, that requires occulting the lunar disk and providing
a clear field of approximately ±2o around it, with a resolution of about 30 arcsec per pixel.
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1. SCIENTIFIC OBJECTIVES

The Moon is surrounded by a tenuous and transient envelope of gases released from its surface. The chemical

composition of this lunar atmosphere, with a surface density of about 10
5

atoms/cm
3
, is poorly known. Indeed, from

Earth we can observe only the alkaline components Na and K (1). He and Ar (assumed to be of solar origin) were
detected by the Apollo era instruments. There should also be more abundant species, such as Al, Mg, and OH. The latter
is a fascinating possibility, since it would come from photodissociation of water, according to the evidence presented by
the Clementine and Lunar Prospector missions. This atmosphere is produced, lost and regenerated by diverse processes

such as sputtering by solar wind ions and solar photons, and meteoritic impacts (2, 3, 4). Those mechanisms, whose
efficiencies are still largely undetermined, and possibly others essentially unknown today, are at work not only on the
Moon, but also on Mercury, on comets and asteroids, and on the moons of the giant planets.

Observations from ground telescopes, suitably equipped with coronagraphic devices, have already provided a

wealth of data (5, 6, 7, see Fig. 1). The major observational impediment is the need for continuity of observations,
impossible from the ground due to the extremely high scattered light during gibbous and full moon phases, to the sky
background at new moon, to the need of a continuously clear and photometric sky, and finally to the lack of nightly
observational time available at first-class telescopes. In addition, the K doublet is very close to a strong terrestrial water
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vapour band (A-band) that makes it almost impossible to obtain high precision data. Therefore we have devised ways to

observe the Moon’s atmosphere from space, both in coronagraphic imaging and in spectroscopy in the near UV (8). We
present in this paper the two optical configurations of the coronagraphic telescope studied for the International Space
Station (named PLEXISS, Planetary Exospheres from the ISS).

Fig. 1 - Coronagraphic image of the lunar sodium exosphere at third quarter.

PLEXISS can provide day-to-day observations for a full lunar cycle, except during the 3 days of minimum
angular distance of the Moon from the Sun. Moreover, space observations will have a much higher sensitivity, thanks to
the lack of Rayleigh scattering, terrestrial Na and H2O, and atmospheric seeing. All these factors will allow PLEXISS
to study much fainter structures, and to give a temporal and spatial coverage, and a spectral purity, absolutely
impossible from ground observations. A further advantage provided by the ISS is the capability to fly PLEXISS under
multiple solar cycle conditions, e.g., at least once near solar minimum and once near solar maximum conditions.

Fig.2 shows the day-to-day observability of the Moon both from ground and from space.
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2. MOON VISIBILITY ANALYSIS FROM THE ISS

PLEXISS requires a minimum observation time of three months after engineering debugging.A preliminary
Moon visibility analysis (see Fig. 3) has been performed to evaluate the Moon view periods from PLEXISS on the
Zenith pallet during a three-month simulation. It has been assumed that the SPD device allows a total field of view of
60°; furthermore, a solar exclusion angle of 20° and a minimum acceptable observation interval of 3 min, taking shorter
intervals equal to zero, have been imposed.

Fig. 2 - Observability of the Moon from a circumterrestrial orbit.

The maximum access per orbit corresponds to 15.1 min, the minimum to 3 min, while the average, calculated
over the total amount of orbits, corresponds to about 5 minutes. Such values give a total observation duration, over the
simulation period, of about 6563 minutes (110 hours) well distributed over all synodic phases.

Fig. 4 the average visibility of the Moon on each of the 17 orbits is shown (if the visibility is less than 3 min, the
visibility was put = 0). As can be seen only 5 orbits have zero visibility.

Therefore for the average orbital conditions, the Moon can be seen by PLEXISS during most of the orbits. In the
best case, all orbits allow good visibility for more than 5 min; in the worst case only 5 consecutive orbits will be
utilized.

Fig. 3 - Overall Moon access during a 3 months simulation.
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Fig. 4 - Visibility of the Moon on each of the 17 orbits of a typical day.

3. PLEXISS CORONAGRAPH OPTICAL DESIGN

We have studied two possible optical designs for the coronagraph. The selection of the final optical
configuration will be made after approval of the proposal and a better knowledge of the accomodation on the ISS. We
will then proceed to the design of the external baffling system, taking also into account the structures of the ISS that can
scatter light inside the PLEXISS Field of View.

1 – An entirely dioptric solution (Fig. 5):

In this application, where very faint images have to be detected, stray-light is very critical. This solution was
studied in order to avoid mirrors. Indeed it offers the advantage to have no metallic reflecting surfaces, that can be
remarkably strong sources of stray-light with respect to refractive surfaces. The main parameters of the optical design
are:

• Petzval lens;
• focal length = 241 mm, F/number = 2.4;
• relay lens double Gauss derived;
• field of view = ±1.5o (6 lunar radii);
• magnification 1x;
• resolution = 23 arcsec/pixel.

This first solution requires a filter wheel, with 4 filters (Na, K, and 2 for the adjacent continuum).
This solution is well corrected for all aberrations, the Petzval telescope being conceived to have very small field
curvature. On the telescope focal plane is placed the coronagraph field stop. The double Gauss relay images the primary
focus on the detector, crossing two folding prisms in total reflection.

2 - An alternative all reflecting solution

Any solution based on lenses placed before the occulting mask is bound to have some amount of scattered light;
any kind of occulting disc is not perfectly black. Therefore we thought in terms of mirrors and of disks made of
‘nothing’. In other words, mirrors hat reflect only the interesting part of the Moon and send the unwanted light right
where it came from, by the same aperture that collects the ‘good’ photons. Therefore a converging mirror plus another
mirror with an hole, in an intermediate focal plane. The hole is large enough to let the bright disc of the Moon pass
through it. Which shape should this intermediate mirror have?
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• If it is exactly in the focal plane, it cannot change the wavefront shape, but only geometrically re-map the positions
of arrival of the rays.

• If not exactly in the focal plane, it can also modify the shape of the wavefront, however the coronagraphic mask
cannot be so sharp, and a fraction of the lunar atmosphere will be lost. At any rate this solution is attractive because
it can lead to a fairly conventional Ritchey-Chrétien telescope fed by a coelostat. The plane coelostat can be used to
direct the Moon inside the telescope, and having a hole in its center the unwanted light from the disc will exit
harmlessly along the optical axis of the telescope.

Fig. 5 - Dioptric telescope and 1x relay layout and spot diagrams.

This solution can be built in a fairly safe way. Without discarding it, we have considered another less obvious
configuration. Let’s put a conical mirror very close to the focal plane of the primary, and cut its tip, with a hole as large
as the lunar disk . We have called in the drawings this conical mirror a corona-cone. Being conical and next to the focus
it will re-map any circular sector of the atmosphere in a rectangle on the focal plane, so that conventional CCDs with
square or rectangular pixels can be utilized. One direction of the CCD will correspond to the radial direction on the
atmosphere, the other to the azimuth. We have produced a preliminary optical design using as primary mirror a
paraboloid of 100mm aperture and F/3. Following the corona-cone, whose slope is somewhat larger than 45°, the light
will be directed to a spherical M2 all around the main telescope, that will feed at its turn an adjacent (almost)
spherical M3.
In practice, M2 could be made in a single piece of glass, while M3 must be divided in say 4 sectors (only one is shown
in the drawings, named M3a, there will be also a M3b, M3c, M3d) in order to feed 4 different relying optics, this time
made of conventional lenses, and CCDs. In front of each CCD there is a fixed filter.
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In this way the entire atmosphere is imaged, divided in 4 sectors as adjacent as possible (some gap is likely to remain).
Notice that a spectroscopic slit could easily be put in one of the sectors, if desired.
In order to minimize the scattered light, the surface of M1 must be as smooth as feasible, and it is perhaps advisable to
oversize it diameter in order to resend outside the unwanted radiation. Furthermore a simple protective disc can be
placed at the entrance of the telescope to mask the assembly of M2 and M3.

The rotation of the FoV during the orbit will move each sector from one camera to the next, so that all filters will see in
turn all atmosphere. It remains to be calculated the fraction of lost atmosphere, because the corona-cone is essentially in
the focal plane of the primary, where there are optically aberrations in the beam, a trade off between F/3 and F/4 can
still optimize the design.

This second solution is shown in Fig. 6, Fig. 7 , Fig. 8 and Fig. 9.

Fig. 6 – Principle of an all-reflecting solution.
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Fig. 7- An all reflecting solution for the coronagraph. The focal plane of the M1 is essentially inside the cone.

The main characteristics can be summarized as follows:

• Paraboloidal mirror D = 100mm, F/3 in the first re-imaging;
• M2 cut out from a coaxial mirror of spherical shape; M3 of pyramidal shape with 4 faces, which maps 4

circular sectors of the atmosphere in a rectangle on the focal plane;
• overall f = 925mm (F/9.25);
• same field of view of 1st solution;
• GEE 80% between 20" to 40" decreasing radially on the FoV;

Fig. 8- The tip of the cone is cut, with a passing hole as large as the lunar disk. Only the atmospheric rays are shown, from one sector.
The light coming from the Moon and going to M1 directly through the hole can be resent outside.
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Fig. 9 – Details of the focal plane objective. All lenses made in BK7.
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