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MIOSOTYS (Multi-object Instrument for Occultation in theDfar system and TransitorY Sys-
tems) is a multiple-object, high-speed photometer prilpatesigned for the observation of
serendipitous stellar occultations by small (less thanfdhe order of 1 km at 40 AU) trans-
neptunian objects as well as other high time resolutioroastnical subjects. It is currently a
visiting instrument to the 1.93m telescope at Observattgrelaute-Provence (OHP), France. In
this paper, we give a brief introduction to the TNO targeéeststrategy and present the prelimi-
nary result of the first scientific observation in Februarg@0
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1. Instrument

MIOSOTYS is based on MEFOS (Meudon ESO Fibre Optical Systehi¢h is a multiple-
fibre positioner first designed for multi-objects spectopgcon the 3.6-m ESO telescope at La
Silla, Chile in the 90s'. It remains in excellent shape amaently, has been re-commisioned by
LESIA, Paris Observatory to conduct high time resolutiomtpimetry. It has be implemented at
the cassegrain focus of the 193 cm telescope at the Obsesvdddaute-Provence (OHP), France.
The fibre positioner moves 29 arms to the targets within a &é€ldew of 25 arc-minute. Each arm
is equipped with an individual viewing system for accuragtisg and carries one individual fibre
that intercept 12 arc-sec on the sky. Image of the 29 fibre Ibusdorojected onto a high speed
EMCCD camera (see Figure 1).

Figure 1: (Left) Full frame (1,024 1,024 pixels) of the ProEM CCD camera with an image of the fibre
bundle projected on. (Right) The individual fibre image ilon the CCD frame can be selected and read
out. This method reduces the image size t04880 pixels as well as decreases the readout time.

1.1 EMCCD Camera

We chose the ProEM camera manufactured by Princeton Instruments as the imgagin-
sor for the instrument. The e2v CCD201B is a back-illumidateame-transfer EMCCD with
1024X1024 image pixels (or active area 13.3X13.3 mm). Thgelamage area can cover all of 29
fibre images. The peak Q.E. at 530 nm is 95%. The air coolintesysnaintains the operating
temperature at -5% and the typical dark current is0.008 electron/pixel/second. The readout
noise then depends on the readout modes: low-noise (LN)laott@n-multiplying (EM).

The EMCCD has dual readout amplifiers: LN is a conventiongeseegister and EM is an
extended multiplication register which provide 1 to 100@iés multiplication which can be con-
trolled in linear, absolute step. The dual ports design meaat the camera can be optimised to
perform different type of observations. For our primaryestific goal, we always operate under
EM mode because of the fastest readout rate of 10 MHz. Althdtlg mode readout noise is
significant higher (50 electron rms at readout rate 10 MHz}an be effectively reduced t§1
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electron rms when sufficient multiplication gain is appli€dr more information about the camera
characteristics and experiment configuration, one shaiét to [1]

2. Trans-Neptunian Objects

Serendipitous stellar occultations by small Trans-NejpturDbjects (TNOS) requires right
background stars to increase the probability of detecti@mely stars on the ecliptic plane and
located near the anti-solar direction. The star must havapmarent diameter, projected at the
distance of the hypothetical TNO, smaller than the FresradkesFs. In this case the event profile
follows the Fresnel-Fraunhofer diffraction laws, and badiftance and size of the responsible TNO
can be retrieved with some analysis [2].

2.1 Target selection

The selection of stars is based on several factors: sucls@mnde, temperature, spectral class,
interstellar extinction as well as a model of the galaxy [8]combination of criteria ord, K and
Hk (reduced proper motion ik band, introduced by Hertzprung in 1919), defined with the ehod
allows to ensure the selected stars in the NOMAD catalog aaestain maximum apparent diam-
eter.

2.1.1 Expression of the angular diameter of a star

A simple way to calculate a stellar angular diameter is tp osl perfect black bodies. Never-
theless, two problems arise when one tries to do this : Stansat perfect black bodies, especially
red dwarfs that have lots of heavy absorption bands in thmictsa, and one has to deal with
interstellar extinction. Then, the expression of the aagdiameter of a star is :

/Lol 1
a= I:OUIG Xg25 < 10~ 5(Mv—Av+BC—Mea,) (2.1)

WhereLp, is the solar bolometric luminosityy is the Stéfan-Boltzmann constaft,is the star
surface temperaturé, is 10 parsec expressed in metery, is the star apparent magnitud®, is
the interstellar extinction iv band,BC is the bolometric correction i band, andMy, is the
solar absolute bolometric magnitude. Two other difficglégpear here :

- The equation depends on both physical and observatiomaineders, so we need a model
to calculate the angular diameter. Then, we have to find amraedsonal criteria that is
common to stars with a small apparent diameter in the moddlagply it to a catalogue to
select convenient stars for occultations by small TNOs.

- The bolometric correction both depends on spectral cladsygoe. This means that for given
T andAy, a red dwarf and a red giant star will follow two different lagiving a in function

of my.
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Figure 2: Evolution of projected apparent diameter atal0 with K-band apparent magnitude. Extinction
has been estimated tollmag/kpc. The sky sample covers 5 squared degrees centered on pd¥itie
86.405,DEC = 28.936.

2.1.2 Evolution of angular diameter with the K-band magnitude

After estimation of the extinction on the sample of sky (5awga degrees) both simulated
by the model and downloaded from the catalogue, one caropiotfunction of K band apparent
magnitude band magnitudes are less sensitive to extinction), as @agpn the model data. The
equation can also be written K band, but to calculate from K band magnitude, one neeB€
in K band, which is hard to find in previous publications. From rmw we will speak about a
projected apparent diameter at 4@, mean distance of the classical Kuiper belt, instead of an
angular diameter. Figure 2.1.2 shows what one gets. Note Hre three laws appearing, pulled
apart by theBC term in the equation. Then the upper curve is filled by redtgtars, the middle
one by main sequence stars (including blue giants), andatierb one by dwarf stars. Some stars
are of course exceptions, but the huge amount of availadte sp tov-band magnitude 16 allows
to waste some of them.

On the figure are also shown two-band magnitude limits, that ensure stars above to be
smaller tharFs at 40a.u and a wavelength of 558m. One is set in the situation where we take
all populations from the sample, the other one in the sibmatvhere the red giant stars have been
removed. One can note that we get brighter stars in the saxam®] but more stars in the first case.
The best criteria would then be a combination of these twiddim

2.1.3 Reduced proper motion diagram (RPM) and estimation of interstellar extinction

To remove the red giant population, we use the reduced praptonsHg of the stars irk
band, and thd — K observed color indices (apparent color indices + interstellar estion). This
leads to a reduced proper motion diagram (RPM), that is afgrniv to a H-R diagram, with more
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Figure 3: RPM diagram from model with estimated extinction in blackd auperimposed, the RPM dia-
gram derived from the measures in the NOMAD catalogue. Ettin has been estimated tdlinag/kpc.
The sky sample covers 5 squared degrees centered on p&#itior86.405,DEC = 28.936.

dispersion. The reduced proper motion is defined from theanoof a star proper motions iRA
andDEC in a saidX band as :
Hx = my + 5logu +5 (2.2)

To be compared to the absolute magnitude, used to build a tgdRai, which is :
My = mx —5logDpc + 5 (2.3)

WhereD . is the star distance in parsec, angd is theobserved magnitude, i.e., apparent magni-
tude with interstellar extinction added. We make the assiomhat all stars with/-band observed
magnitude below 16 are in the neighborhood of the sun, thus tiee same velocity around the
Galaxy. Thenu is inverse proportional to distance and the two definitianequivalent. But ther
will be a higher dispersion iRlx than inM.

Both axis of such diagram depend on extinction, and a highetidn reduces the number of stars
in the main sequence. Then, different diagrams, obtairemd the model with different values of
Ay will be shifted towards smaly and bigJ — K. By comparison of the position of the median
points of both diagrams from models and the catalogue, ttinration can be estimated. Figure
2.1.3 shows such diagram, with correct extinction, in blackh superimposed, the diagram from
the catalogue, in red. The bottom left cloud is composed ahrsequence and dwarf stars, the
upper right cloud is composed of red giant stars.

2.1.4 Removal of red giants

We used a modified kingdom-means algorithm to find the besigsirline that separates the
two clouds. This line is then shifted to the barycenter ofdlmids instead of the middle of the
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Figure 4. Left : Evolution of projected apparent diameter at &0 with K-band apparent magnitude.
Right : Evolution of projected apparent diameter atad0 with K-band apparent magnitude of selected
stars. Extinction has been estimated tbrhag/kpc. The sky sample covers 5 squared degrees centered on
positionRA = 86.405,DEC = 28.936.

segment made by the two mean points, to ensure the removhkahaximum amount of red
giants. With this, it is possible to set the criteria mengidrabove. We get two ensembles of stars,
selected with] and K magnitudes, and proper motions, that are observationalhpgters. The
union of these two is the selected star population that havepparent diameter smaller than the
wished limit. Figure 2.1.4 shows the diagram of apparenndigr in function oK band apparent
magnitude with only selected stars.

3. Preliminary result

MIOSOTYS has performed the first scientific observation ibriary 2010 at OHP. Currently
we fix the experiment configuration (i.e. binning, exposireet and EM gain) in order to simplify
the onsite operating process, although we expect that freaseneters will become adjustable in
the future observations. Below we demonstrate early iesulth as the camera performance and
the light curves of some targets.

CCD performance To detect occultations caused by small TNO objects requyqgisal time
resolution of 0.1 sec or shorter, and signal-to-noise @itithe target must be good enough to pro-
duce quality light curves. We compared a group of targesdtara range of magnitude 12 to 15
in V band against various experiment configurations. At thégnitude level, a hardware binning
(2x2) and EM mode are always applied to enhance the signal. é-gshows that, for most of
the targets, intermediate EM gain level /00 and exposure time 6f0.05 sec is a reasonable
experiment configuration for TNO observations. This part@msetup has been applied to recent
observations.

Light curves Data are reduced and corrected with bias and flat field imaggsectively, the
aperture photometry is then utilised to create the lightesi(see [4] for detail data analysis pro-
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Figure 5: Comparison of S/N to different configurations of EM gain argasure time. The results were
derived from a group of stars observed in February 2010. Tagnitudes are quoted from the NOMAD
catalogue.

cesses). Figure 6 shows the light curves of several target &ir a range of magnitudes (notice:
they are different targets from those in figure 5).

4. Summary

We present the early result of MIOSOTYS. Although the instemt is primarily designed for
TNO serendipitous occultations, it is also suitable forothstronomical researches which require
high time resolution ability, such as compact objects, filastars, binary stars, and etc..
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Figure 6: The light curves of target stars. The time resolution is @85and EM gain stage is 400. SNR is
the signal-to-noise ratio of the light curves.



