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Olivier Mousis for reviewing my dissertation with their precious time, and Prof. Albert Kong for his kindness being my examiner of the defense. He also has helped me a lot with the optical observations. I gratefully thank L'Institut français de Taipei for the « Bourses Joseph Fourier 2009 ». A partir de 334-ks de données obtenues avec le RXTE/PCA (Proportional Counter Array), aucun évènement d'occulation par un OTN n'a été trouvé. La seule chute de signal suspecte et non instrumentale a pu être écartée grâce à une modélisation non fructueuse du signal par un profil diffractant. Nous avons analysé l'influence de la taille de l'OTN sur l'efficacité de détection afin de mieux définir l'intervalle de taille que nous sondions avec notre méthode.

Nous avons pu ainsi donner une limite supérieure sur la distribution de taille des OTNs dans l'intervalle 30-300m. Nous proposons aussi une liste de sources X adéquate à observer avec de plus grands détecteurs.

Le temps total d'observation extrait des données COROT est d'environ 144408,34 heures-étoile, avec un S/B supérieur à 1000 calculé sur des intervalles de 30 secondes. 13 évènements possibles d'occultation (EPOs) ont été trouvés à partir de la méthode des fluctuations. Ces détections donnent une densité dans le plan du ciel (au niveau de l'écliptique) pour des OTNs plus grand que 400 m de rayon N (R > 400 m) = IAIqj x 101 deg~2. La modélisation de cette densité avec le rayon supposé de coupure dans la distribution de taille des OTNs situé à rcoup = 45 km fournit pour la loi de puissance de la distribution de taille un coefficient q supérieur à 3,5. Cette valeur est compatible avec la détection récente des 2 évènements dans les données d'archives du HST par Schlichting et al., 2012 qui trouvent une valeur deç = 3,8 + 0,2. Cependant, en utilisant nos 13 EPOs et les 2 détections du HST, nous calculons une valeur q = 4, 5 ± 0, 2 dans l'intervalle de taille 0,2-2 km. Cette valeur est ensuite comparée avec les La recherche des occultations fortuites d'OTNs dans les longueurs d'onde X a permis de trouver dans un premier temps plusieurs chutes de signal de quelques millisecondes ( [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF]). Les données proviennent des ob servations de Sco X-l extraites des archives disponibles de l'instrument PC A (Proportional Counter Array) sur le satellite RXTE, sur la période 1996-2002.

une résolution temporelle de 125 fi s. Un total de 334 ks de données a pu être ainsi analysé pour la recherche des occultations fortuites d'OTNs.

A partir de ces données aucun évènement d'occultation par un OTN n'a été trouvé. La seule chute de signal suspecte et non instrumentale a pu être écartée grâce à une modélisation non fructueuse du signal par un profil diffractant. Nous avons analysé l'influence de la taille de l'OTN sur l'efficacité de détection afin de mieux définir l'intervalle de taille que nous sondions avec notre méthode. Nous avons pu ainsi donner une limite supérieure sur la distribution de taille des OTNs dans l'intervalle 30-300m, avec différentes valeurs pour le coefficient de la loi de puissance q (1,0 ; 3,5 et 4,0). Nous proposons aussi une liste de sources X adéquate à observer avec de plus grands détecteurs. Le temps total d'observation extrait des données COROT est d'environ 144408,34 heures-étoile, avec un S/B supérieur à 1000 calculé sur des intervalles de 30 secondes. 13 évènements possibles d'occultation (EPOs) ont été trouvés à partir de la méthode des fluctuations. Ces détections donnent une densité dans le plan du ciel (au niveau de l'écliptique) pour des OTNs plus grand que 400 m de rayon N (R > 400 m) = lA*o% x 10 7deg~2. La modélisation de cette densité avec le rayon supposé de coupure dans la distribution de taille des

OTNs situé à rcoup = 45 km fournit pour la loi de puissance de la distribution de taille un coefficient q supérieur à 3,5. Cette valeur est compatible avec la détection récente des 2 évènements dans les données d'archives du HST par [START_REF] Schlichting | Measuring the Abundance of Sub-kilometer-sized Kuiper Belt Objects Using Stellar Occultations[END_REF] qui trouvent une valeur de q = 3,8 ± 0, 2. Cependant, en utilisant nos 13 EPOs et les 2 détections du HST, nous calculons une valeur q = 4, 5 ± 0, 2 dans l'intervalle de taille 0,2-2 km. Cette valeur est ensuite comparée avec les modèles d'évolution de la ceinture de Kuiper et les résultats des relevés récents des comètes de la famille de Jupiter. Nous notons que la pente q = 4, 5 ± 0, 2 que nous avons trouvée est bien plus grande que celle (q ~2,5) estimée théoriquement par [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF] dans l'intervalle de taille 0,1-1 km. Nous remarquons également que Belton (2014) trouve la valeur q = 4,5 ± 0, 5 dans l'intervalle de rayon 1-10km. L'auteur obtient cette valeur à partir de l'observation de 161 comètes de la famille de Jupiter et de relevés de pe tits OTNs ( [START_REF] Fuentes | Trans-Neptunian Objects with Hubble Space Telescope ACS/WFC[END_REF], Schlichting et al., 2012, Zhang et al., 2013]).

Ainsi, il semblerait que la seconde coupure dans la distribution de taille des OTNs, située autour de r2 ~1-3 km et prédite par les modèles d'évolution, n'existe pas.

L'instrument MIOSOTYS est composé de 3 parties principales : 30 bras positionneurs de fibres (MEFOS) montés sur une plateforme, un système imageur d'acquisition et de guidage, et une caméra CCD ultra-rapide (ProEMrM CCD). 1.1

Beyond Neptune

The outer Solar System bodies in the Edgeworth-Kuiper Belt and in the Oort Cloud are relies of the protostellar dise of the sun. These objects in the trans-Neptunian région witnessed the dynamical and collisional history of the early Solar System. Their properties, such as the total mass, size distribution, and orbital parameters, are therefore valuable knowledge for the understanding of the formation of our planetary System.

The first Trans-Neptunian object (TNO) other than Pluto is (15760) 1992 QBi (see Figure 1.1), discovered in 1992, after 62 years when Pluto was found ( [Leonard, 1930]). Figure 1.1: Figure 1 of [START_REF] Jewitt | Discovery of the candidate Kuiper belt object 1992 QB1[END_REF] In July 2014, 1550 TNOs appeared on the "Minor Planet Center's List Of Transneptunian Objects1". More than 1300 of these TNOs hâve perihelion further out than Neptune (~30 AU). The largest known TNOs are Eris and Pluto, followed by Makemake and Haumea. In general, astronomers divided the région beyond Neptune and within the solar System into three conventional divisions: the Kuiper belt, scattered disk, and Oort cloud (see Figure 1.3 & Figure 1.4). Some TNOs such as Sedna do not fit easily into any division due to the various treatments. (Crédits: From Wikipedia, the free encyclopedia.)

1.2

The Size Distribution of the Small TNOs

The size distribution, in addition to representing a major population property of TNOs, contains many important dues about the formation information beyond the orbit of Neptune, the effective strength, and the collisional évolution ( [Dohnanyi, 1969, Kenyon and Luu, 1999, Pan and Sari, 2005]). The cumulative size distribution of large TNOs with the the radius R > 30 km (i.e. objects with R-band magnitudes brighter than about 25) is well described by a single power law given by N(> R) oc R1^(1.1) where N(> R) is the number density of radius greater than R; q is the power-law in dex, and from some surveys ( [START_REF] Trujillo | Properties of the Trans-Neptunian Belt: Statistics from the Canada-France-Hawaii Telescope Survey[END_REF], Luu and Jewitt, 2002, Bernstein et al., 2004, Fuentes and Holman, 2008, Fraser et al., 2008, Fraser and Kavelaars, 2009]), q ~4.5 ± 0.5.

The Coagulation Model

The large TNOs size distribution can be well matched by numerical simulations of the coagu lation model ( [START_REF] Kenyon | Accretion in the Early Kuiper Belt[END_REF], Schlichting and Sari, 2011, Kenyon and Bromley, 2012]), which starts with an initial planetesimal population with radii of about 1 km, and followed by subséquent collisional évolution. For example, [START_REF] Schlichting | Runaway Growth During Planet Formation: Explaining the Size Distribution of Large Kuiper Belt Objects[END_REF] found that the large TNOs size distribution is well fitted by planet formation models of runaway growth (the mass . 4

growth rate is proportional to R4 ~Ms, where R and M are the radius and mass of the growing body, respectively). Only a small fraction of the total mass is converted into large proto-planets during runaway growth, while most of the initial mass remains in small planetesimals. The size distribution of the large proto-planets in the runaway tail follows a power-law size distribution with differential power-law index q ~4, implying roughly equal mass per logarithmic mass bin (see Figure 1.5).

Figure 1.5: The simulated size distribution at the end of runaway growth before the onset of collisional érosion is given by the thick blue line. Note that during runaway growth, most of the initial mass remains in small planetesimals while a small fraction of the total mass is converted into large proto-planets. This spécifie example corresponds to an initial planetesimal population of bodies that were ail 1 km in radius. (Cedits: Figure 1 of [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF])

1.2.2

Recent Surveys

Several optical observations suggest that there is a break at around 30 km in the TNO size dis tribution (see [START_REF] Bernstein | The Size Distribution of Trans-Neptunian Bodies[END_REF], Fuentes and Holman, 2008, Fraser and Kavelaars, 2009, Schlichting et al., 2009, ?]). Th break is generally believed to be resulted from the collisional évolution of bodies with R < 30 km over the âge of the solar System (see [Dohnanyi, 1969, Kenyon and Bromley, 2004, Pan and Sari, 2005, Schlichting et al., 2013]).

According to [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF], the break radius constrains the time period over which destructive collisions hâve been occurring beyond the Neptune: collisions move the break radius to ever larger sizes with time. In addition, the power-law index, q, below the break radius constrains the material properties of TNOs. Small TNOs that are in collisional equilibrium and that are held together predominantly by material strength are expected to hâve a size distribution with power-law index q = 3.5, which is the so-called Dohnanyi spectrum ( [Dohnanyi, 1969]). The size distribution will be shallower with a power-law index of q ~3 if small TNOs are held together predominantly by gravity (i.e., they are effectively rubble piles; [START_REF] Pan | Shaping the Kuiper belt size distribution by shattering large but strengthless bodies[END_REF]). The break radius and the power-law index below the break, therefore, constrain the collisional history of the Kuiper Belt and reveal the material properties of small TNOs, respectively.

The TNO size distribution below r ~10 km is still poorly constrained due to TNOs of these sizes are too small to be detected in reflected light. However, those small TNOs might be detected indirectly by serendipitous stellar occultations. Recent TNO occultation surveys provided the first estimâtes for the abundance and upper limits of kilometer-sized to sub-kilometersized TNOs ( [START_REF] Roques | Exploration of the Kuiper Belt by High-Precision Photometric Stellar Occultations: First Results[END_REF], Chang et al., 2006, Bianco et al., 2009, Wang et ah, 2010, Chang et al., 2013a, Zhang et al., 2013]). The first two possible TNO occultation events were reported by [START_REF] Schlichting | A single sub-kilometre Kuiper belt object from a stellar occultation in archivai data[END_REF], Schlichting et al., 2012] 1.3

Serendipitous Occultation Method

The stellar occultation method is commonly used to study dark matter in the solar System, planetary atmosphères or rings [START_REF] Sicardy | Neptune's rings, 1983-1989: Ground-based stellar occultation observations. I -Ring-like arc détections[END_REF]). Generally speaking, the method consists of recording the flux of a star with a fast photometer. A flux-drop event in the photometer signal is then detected when an object passes in front of the background star. This method is able to detect small objects invisible by direct observation.

Dr. Roques and her colleagues hâve discussed the requirements, provisos and the data Processing of the method of "serendipitous" stellar occultations ( [START_REF] Roques | A Search for Small Kuiper Belt Objects by Stellar Occultations[END_REF]):

• According to [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF], the smaller the occulted star, the smaller the détectable TNO, and because small TNOs are more numerous, the larger the occul tation rates. Thus, it is very important to select target stars by their angular sizes.

• Fast photometry is necessary for recording the star flux, because occultations by a TNO are very brief events (~a fraction of a second). Observations with a fast photometer are better because they allow a frequency acquisition larger than 10 Hz (usually observation with a CCD does not allow an acquisition frequency larger than a few Hz). The optimal instrumentation is a multi-object photometer.

• The observations done in the anti-solar direction increases the relative velocity of the TNO in the sky plane and the probability of occultation.

• It is critical to observe a comparison star nearby the target star. The comparison of the lightcurves of the target star and the comparison star allows élimination of "false events" due to observation problems (instrumental or human problems) and to atmospheric events (clouds, birds, satellites, etc.).

• When observations are done with two nearby télescopes, the comparison of the lightcurves allow confirmation that the events are due to the occultation by a distant object.

• Occultations by asteroids are possible. However, the extrapolation of the distribution size of known asteroids to smaller objects allows estimation of a probability of occultation more than one-hundredth smaller than occultation by TNOs ( [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF]).

Moreover, the observation of the diffraction fringes allows us to know the Fresnel scale and the distance of the occultor.

The data Processing may be divided into four general steps: Normalization, Validation, Search for events, and Elimination of false events. We will explain more about our policies of the data processing for the work in X-ray and in Optical bands separately. We hâve also noted that the limitation of the serendipitous occultations method is that the objects detected are otherwise unknown. The détection of an object by occultation is not a reproducible observation.

It is not a "discovery" because it is not possible to deduce a précisé trajectory from a single observation, and hence to observe it again later. Information about the physical properties of the TNOs must be derived from statistical analysis of many occultation profiles or by the analysis of the very spécifie signature of single occultation profiles containing diffraction fringes.

Distance (AU)

Figure 1.7: Comparison of the direct détection method with the occultation method: The dotted Unes show the apparant magnitudes.The dashed lines correspond to the projected stellar radii;

the upper one corresponds to an M5 star with V = 12 and the lower one to an 05 star with V = 12. Occultations of stars larger than the Fresnel scale are géométrie and the limit of détection is a fraction of the stellar radius. When the star is smaller than the Fresnel scale, the occultation is a diffracting phenomenon and the limit of détection is a fraction of the Fresnel scale. Objects in the white zone are invisible (V > 30) and can only be detected by occultation. (Crédits: [START_REF] Roques | The Kuiper Belt Explored by Serendipitous Stellar Occultations[END_REF])

1.3.1
The Diffraction Effect [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF] hâve shown particularly that star light diffraction must be taken into account for surveys looking to detect stellar occultations by small TNOs. Figure 1.7 indicates that occultations of most stars are a simple géométrie phenomenon. However, for some well-selected stars with smaller angular size, occultations are a diffracting phenomenon up to a distance of 104 AU, hence this technique can be used to explore the outer Kuiper belt and the inner part of the Oort cloud.

"The light emitted by a point source (assumed to be at infinity), incident on a sharpedged obstacle (such as a TNO), is diffracted. Because of the Huygens-Fresnel principle of wave propagation, each point on a wave front may be considered as the center of a secondary distur bance giving rise to spherical wavelets, which mutually interfère. If part of the original wave front is blocked by an obstacle, the System of secondary waves is incomplète, so that diffrac tion fringes are generated. When observed at a fînite distance D from the obstacle, this effect is known as Fresnel diffraction, and falls within the scope of the Kirchhoff diffraction theory, which remains valid as long as the dimensions of the diffracting obstacles are large compared to the observed wavelength lambda and small compared to D (cf. [START_REF] Born | Principles of Optics Electromagnetic Theory of Propagation, Interférence and Diffraction of Light[END_REF])."

The characteristic scale of the Fresnel diffraction effect is the so-called Presnel scale Fs = ^/XD/2 ( [Warner, 1988]). The Fresnel scale is 1.1 km (as À = 0.4 pm, D = 40 AU) and therefore diffraction must be considered seriously as analyzing occultations by sub-kilometer sized TNOs. Similarly, the Fresnel scale is 42 m for X-rays (as À =0.6 nm, D = 40 AU). In fact, the Fresnel scale is a scaling factor of the profile. The shadows of occulting objects on Earth, expressed in Fresnel scale, are the same if the objects hâve the same size, expressed in Fresnel scale. This degeneracy can be broken if we hâve a measure of the relative TNO velocity in the sky plane and hâve a well understanding about the stellar angular size. And finally, for nonmonochromatic observations, the Fresnel scale must be averaged over the detector bandwidth and weighted by the detector response as a function of wavelength.

Considering the case of a monochromatic point source occulted by an opaque spherical object of radius p. If p dénotés the distance between the star's direction and the center of the object, and if the lengths r and p are expressed in Fs units, the normalized light intensity Ir(p) is given by the following (see [START_REF] Roques | Stellar occultations by small bodies -Diffraction effects[END_REF] for more detail):

bip) = Uq(p, r) + U2(p, r), as p<r (1.2)

Ir(p) = 1 + Ui(p,r) + U2(p,r) -2Uisin-(r2 + p2) + 2U2Cos^(r2 + p2), as p > r (1.3)
where C/q, U\, and U2 are the Lommel functions defîned by (for x<y):

00 Un(x, y) = ^-lk{x/y)n+2k Jn+2k{nxy) (1.4) k=0
where Jn is the Bessel function of order n. Furthermore, the size of the shadow is larger than the géométrie shadow, and overall, the diffraction fringes are visible at a large distance from the object. The compu tation of the diffraction pattern of an elliptical, or an irregular object is more complex (see [START_REF] Roques | Stellar occultations by small bodies -Diffraction effects[END_REF][START_REF] Roques | [END_REF]). However, the diffraction fringes are sig nificant for objects with the size < 1 -Fs.

The diffraction profile is wavelength dépendent. Thus this property can be used to verify the authenticity of the event. Also, if we consider the light source to be a distributed rather than a point source, we must convolve the occultation profile with the source shape. In the case of a star, the source shape is really a disk. To perform the convolution, the stellar angular size with good précision will be needed. The normalized light intensity measured during the occultation of a stellar disk of apparent radius R* (in the unit of the Fresnel scale) is:

I*(p) = -~f sds f /r(Vd2 + s2 + 2pscos6)d6 (1.5) nR* Jo Jo
The diffraction fringes are strongly smoothed when the star's apparent size is larger than roughly half the Fresnel scale (see Figure 1.8). The profile must also be averaged over the intégration time. The occultation dips are very brief events, so the sampling rate must be fast enough to provide good resolution of the occultation profile.

Figure 1.8: Synthetic profiles for a 1 -Fs radius occultor. The x axis unit is in Fresnel scale units. The upper diagram is for a projected stellar radius of 0.01 Fs, and the lower one is for 0.5 Fs. (Crédits: [START_REF] Roques | The Kuiper Belt Explored by Serendipitous Stellar Occultations[END_REF])

1.3.2
The Detectability

According to [START_REF] Nihei | Detectability of Occultations of Stars by Objects in the Kuiper Belt and Oort Cloud[END_REF], it would be quite useful to describe an occultation event by a single parameter which can be used to indicate whether or not an occultation event has sufficient signal to be detected. For idéal curves parameterized by the Fresnel distance scale 77 and radius p, we thus defined the detectability parameter HL fsu as

rcc -fsu - (Ipiv) ~1 )2dr) (1.6) J-00
When curves are discretely sampled, the detectability is a sum over a discrète set of observa tions Ip(r)i). If m samples are taken over intervals of A77 (A = [1 + (3p2)~2]"3, the occultation depth, defined as the magnitude of the maximum downward déviation of an occultation pattern)

corresponding to a sampling frequency I/A77, then

m -FSU = (Ipiïli) ~l)2^^(1-7) i=l
For a géométrie occultation where p » 1, complété extinction (A = 1) of the background source throughout the occultation duration means that the detectability of a géométrie occul tation is roughly equal to the occultation width (Hfsu ~fi). Lightcurves in this régime clearly hâve the largest detectability, while the shallow depths for Fraunhofer occultation events make such events the least détectable of the three régimes. See [START_REF] Nihei | Detectability of Occultations of Stars by Objects in the Kuiper Belt and Oort Cloud[END_REF] for more details about the detectability. 

/

The illustration of the concept of the search for serendipitous sub-kilometer sized TNO occultations by using RXTE/PCA observations. ( [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF])

Introduction

Trans-Neptunian Objects (TNOs) smaller than 30 km are too faint to be directly observed.

Serendipitous stellar occultation search is so far the only way to detect them. Occultation events in X-rays may stand a better chance of détection, compared with the optical band.

The photoncounting nature of X-ray detectors, like proportional counters, provides much faster photometry and the much shorter wavelength of X-rays means a much smaller Fresnel scale, which is y(Ad/2), where À is the wavelength and d is the distance of the TNO. It is about 30 m as d = 40 AU and À = 0.3 nm (4 keV; most photons in the data studied in this work are at this energy). The smallest détectable bodies are of the order of the Fresnel scale. These two features make it more feasible to detect events caused by smaller bodies, and henceforth can provide a larger number of possible events.

This technique requires a bright background X-ray source. Sco X-l, the brightest X-ray source in the sky except the Sun, serves this purpose well. Its location, only about 5.5 degrees north of the ecliptic plane, allows good sampling of the TNO population. The Proportional Counter Array (PCA) onboard Rossi X-ray Timing Explorer (RXTE) ( [START_REF] Bradt | X-ray timing explorer mission[END_REF]), a NASA satellite launched in 2006, has the largest effective area in the keV X-ray band. The typical RXTE/PCA count rate of Sco X-l is ~105 counts per second. It is therefore possible to search for occultation events at millisecond time-scales.

58 millisecond dip events found in 322-ks RXTE/PCA observations of Sco X-l were reported by [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF]. These dip events were attributed to occultation caused by small TNOs of 100 m. Later, signatures of possible instrumental effects related to high-energy cosmic rays for many of these dip events were found [START_REF] Jones | Millisecond Dips in Sco X-l are Likely the Resuit of High-Energy Particle Events[END_REF] and their nature became uncertain. A further analysis of 560-ks data (actually from the same observations taken from 1996 to 2002, but with a more careful data réduction) was proceed by us in 2007.

107 dip events (including the original 58) were found, and based on some indicative criteria derived from housekeeping standard data and two-channel spectral information (see [START_REF] Chang | Millisecond dips in the RXTE/PCA light curve of Sco X-l and trans-Neptunian object occultation[END_REF] for more detail), we suggested that about 10 per cent of the dips are probably real events of occultation. The total number of TNOs of size from 60 to 100 m was estimated to be about 1015 accordingly. Limited by the coarser time resolution (125-ms) of Cycle 12 in 2007. In the following contents of this chapter, we présent the method and the results of the search for TNO occultation events by using ail the RXTE/PCA observations of Sco X-l belong to the proposai number 93067.

2.2

Rossi X-ray Timing Explorer

The Rossi X-ray Timing Explorer (RXTE), named after astronomer Bruno Rossi, was launched on December 30, 1995 from NASA's Kennedy Space Center. The mission was managed and controlled by NASA's Goddard Space Flight Center (GSFC) in Greenbelt, Maryland.

RXTE features unprecedented time resolution in combination with moderate spectral resolu tion to explore the variability of X-ray sources. Time scales from microseconds to months are covered in an instantaneous spectral range from 2 to 250 keV. Originally designed for a required lifetime of two years with a goal of five, RXTE spectacularly passed that goal and completed 16 years of observations before being decommissioned on January 5, 2012.1

The spacecraft was designed and built by the Applied Engineering and Technology Directorate at NASA Goddard Space Flight Center. The launch vehicle was a Delta II rocket that put RXTE into its intended low-earth circular orbit at an altitude of 580 km, corresponding to an orbital period of about 90 minutes, with an inclination of 23 degrees.1

The RXTE is manoeuvrable (6 deg/minute) that it can be made to point to a chosen source rapidly. This flexibility allows the instruments onboard to respond to short-lived or new phenomena when they are discovered. Its instruments cannot point at less than 30 deg toward the sun (due to the Sun's X-ray "brightness".)

The mission carries two pointed instruments, the Proportional Counter Array (PCA)

developed by GSFC to cover the lower part of the energy range (2-60 keV), and the High En ergy X-ray Timing Experiment (HEXTE) developed by UCSD covering the upper energy range (15-250 keV). These instruments are equipped with collimators yielding a FWHM of one degree.

In addition, RXTE carries an All-Sky Monitor (ASM) from MIT that scans about 80% of the sky every orbit, allowing monitoring at time scales of 90 minutes or longer. Data from PCA and ASM are processed on board by the Experiment Data System (EDS), also built by MIT.

With instruments sensitive to a wide range of X-ray energies (from 2-250 keV), RXTE is designed for studying known sources, detecting transient events, X-ray bursts, and periodic fluctuations in X-ray émissions.

2.2.1

The Ail Sky Monitor (ASM)

The ASM consists of three wide-angle shadow caméras equipped with proportional counters with a total collecting area of 90 square cm. The instrumental properties are:

• Energy range: 2 -10 keV

• Time resolution: 80% of the sky every 90 minutes Events detected by HEXTE will be processed on board by its own data System before insertion into the telemetry stream at an average data rate of 5 kbit/s. Data products include event mode, binned spectra and lightcurves, and a burst-triggered event buffer. • Sensitivity: 0.1 mCrab (1 mCrab = 2.786 counts per second per PCU for PCA)

• Background: 90 mCrab Like the ASM. events detected by the PCA will be processed on board by the Experiment Data System (EDS) before insertion into the telemetry stream. The EDS serves to pre-analyze and compress the PCA X-ray data prior to its transmission to the ground via the relatively limited telemetry bandwidth. The EDS bins and analyzes data according to flexible criteria that can be defined for each observation. It.s multiple Event Analyzers can process the data from a given source simultaneously in a variety of modes. It also Controls the ASM rotation and processes ASM data.

In our work, we will only use the PCA data sets.

Technical details of RXTE/PCA can be found in the RXTE web site and also in [START_REF] Jahoda | Calibration of the Rossi X-Ray Timing Explorer Proportional Counter Array[END_REF]. .3 Background to Scorpius X-l Scorpius X-l is the prototype Low-Mass X-ray Binary (LMXB) and also the brightest per sistent X-ray source in the sky other than the Sun. It has been studied since its discovery [START_REF] Giacconi | Evi dence for x Rays From Sources Outside the Solar System[END_REF]). An orbital period of 18.9 hr was reported ( [START_REF] Gottlieb | Optical studies of UHURU sources. XI. A probable period for Scorpius X-l = V818 Scorpii[END_REF])

from photographie photometry of the V ~13 optical counterpart, V818 Scorpii, using plates spanning over 85 yr. The optical B-band lightcurve shows a 0.13-mag amplitude modulation [START_REF] Augusteijn | Coordinated X-ray and optical observations of Scorpius X-l[END_REF]), which is interpreted as due to the changing visibility of the inner hemisphere of the X-ray heated companion. Radial velocity curves of He//A4686 and H/ confirmed the orbital period and indicated that the inferior conjunction of the emission-line régions are close to the photometric minimum and, hence, they must originate near the compact object (e.g. [START_REF] Lasala | Confirmation of the orbital period of Scorpius X-l[END_REF]).

[ [START_REF] Bradshaw | High-Resolution Parallax Measurements of Scorpius X-l[END_REF] measured the trigonométrie parallax of Sco X-l using VLB A ra dio observations and deduced a distance of 2.8 ± 0.3 kpc. Further observations revealed the presence of twin radio lobes, which are inclined at an angle of 44°± 6°relative to the line of sight ( [START_REF] Fomalont | Scor pius X-l: The Evolution and Nature of the Twin Compact Radio Lobes[END_REF]). Furthermore, Sco X-l is classed as a Z-source due to the Z-shape patterns that the spectral variations trace in the X-ray hard/soft colour-colour diagram. The source also exhibits kHz quasi-periodic oscillations ([van der Klis et al., 1996]) but no X-ray bursts hâve been observed so far [START_REF] Munoz-Darias | Echoes from the companion star in Sco X-l[END_REF]).

Sco X-l serves our purpose well, not only because it is so bright in X-ray band, but also its location, only about 5.7 degrees north of the ecliptic, allows good sampling of the TNO population. The typical RXTE/PCA count rate of Sco X-l is ~105 counts per second. It is therefore possible to search for occultation events at millisecond time-scales. Intenslty (count a-1)

Figure 2.3: Hardness vs. intensity data from RXTE observations of the Galactic Z-source Sco X-l ( [START_REF] Barnard | Physical changes during Z-track movement in Sco X-l on the flaring branch[END_REF]).

The luminosity of Sco X-l is about 2.3 x 1038 ergs s-1. This LMXB System is considered to hâve a 1.4 M© neutron star and a 0.42 M© M class star. Based on spectral analysis, X-ray émission from Sco X-l is believed to be from the neutron star surface thermal émission and Comptonization extended accretion disk corona. By different models, the X-ray emitting radius ranges from 100 km to 5 x 104 km( [START_REF] Barnard | Physical changes during Z-track movement in Sco X-l on the flaring branch[END_REF], Bradshaw et al., 2003]). The angular size of Sco X-l for the emitting région radius 5 x 104 km is about 0.24 f±as which is too small to be directly detected. Figure 2.4: Artists conception of a low mass X-ray binary System.

Data Réduction and Analysis

Our previous work, the further analysis of 107 dip events in 560-ks RXTE archivai data spanning over 7 yr from 1996 to 2002, indicated that the evidence for instrumental effects was not conclusive, mainly because of the coarse time-resolution of the relevant house-keeping data (i.e. 'Very Large Events' (VLEs)), and the possibility that about 10 percent of these dip events are truly astronomical cannot be ruled out ( [START_REF] Chang | Millisecond dips in the RXTE/PCA light curve of Sco X-l and trans-Neptunian object occultation[END_REF], Jones et al., 2008]).

To validate the reality of the flux-drop dip events found in the RXTE/PCA lightcurves of Sco X-l and to explore the origin of the previously unknown instrumental effect, new RXTE observations of Sco X-l (with the Proposai Number 93067) equipped with a newly designed data mode recording more detailed information of individual RXTE/PCA very large events (VLEs) at a time-resolution of 125 //s hâve been arranged. The P93067 observations started from 2007

June and carried out until 2011 October, which produced in total 334-ks data good for the search for serendipitous TNO occultations ( [START_REF] Liu | Millisecond dip events in the 2007 RXTE/PCA data of Sco X-l and the trans-Neptunian object size distribution[END_REF], Chang et ah, 2011, Chang et al., 2013a]). Also the arrangement of the P93067 observation was not quite steady: in the first two year, RXTE monitored Sco X-l about twice a week, sometimes three times a week; but it became random for the last three years that it was not possible to know when RXTE will proceed P93067 observations. Thus, to collect the P93067 observations as soon as possible, we wrote some tasks which will automatically check the RXTE FTP server2 four times a day, download then decrypt (because the raw data is private) the new data sets, and perform the following data réduction procedures and analysis. These automatic tasks are written in C programming language and in BASH scripts with the help of the other libraries (e.g. CFITISIO) and the HEASOFT, a unified release of the FTOOLS and XANADU packages provided by NASA High Energy Astrophysics Science Archive Research Center (HEASARC).

The raw private data, not like the archivai one, does not hâve the " Standard Data

Products"3 within it (see Fig 2.6). These standard data products allow the user to get a quick, accurate overview of each archivai observation. Lightcurves, spectra, and other high-level prod ucts created from generic analysis of standard-mode data reveal the amount of good time, PCA and HEXTE count rates (source, background, and net), spectral shape, spectral hardness, and any features in the lightcurves (flares, éclipsés, and other brightness transitions). The archive contains the product files themselves for each ObsID -lightcurves, spectra, and response ma trices in FITS format -and also a set of GIF products to facilitate browsing.3 Thus, we hâve to create some important files belong to "Standard Data Products" (e.g. the filter file of each ObsID) by our own using HEASOFT/XANADU tasks.

Each ObsID corresponds to a single observation, where "observation" refers to a temporally contiguous collection of data from a single pointing. The format for the ObsIDs is as follows: NNNNN-TT-VV-SSX, where NNNNN is the five-digit proposai number; TT is the two-digit target number; VV is the two-digit viewing number; SS is the two-digit sequence num ber used for identifying different pointings that make up the same viewing if the SOF decided to split that viewing into more than one chunk for operational reasons or if it was split "by accident", by a TOO, for instance; and X, 15th character, indicates to some certain status of the spacecraft and the observation as présent. When not présent, it indicates a regular pointed observation (< 8 hours) or the last segment of a long observation.

Each ObsID directory contains a set of 15 subdirectories, each containing data files derived from a single spacecraft Subsystem. Note that the ASM is not included. For each ObsID, the following procedures will be applied for the data réduction purpose: According to "The ABC of XTE"4 , 5 of 105 quantifies in the filter file are important in screening data, the corresponding columns and the screening criteria are:

1. OFFSET(pointing position): This column gives the différence between the source position and the pointing of the satellite. These should be filtered out using the criterion " OFFSET < 0.02".

ELV (élévation angle):

This column contains the instantaneous angle (in degrees), be tween the Earth's limb and the target subtended by the spacecraft. It is determined from orbit and attitude information. RXTE GOF recommend restricting the élévation to be greater than 10 degrees for spectral studies. A lower limit can be used for timing studies. Figure 2.10: The Figure 1 of [Liu et ah, 2008] shows the individual and combined lightcurves of the two sets of the detected photons and the VLEs related. The upper three panels are plotted with a 0.5-ms time-resolution. The lightcurve in the top panel is the sum of the two in the middle two panels. Plotted in the bottom panel is the count of 'VLEs' at a resolution of 125 fis, which is also the designed resolution in the data. Some VLEs arrive at the same time (within 125 fis). Event 2, Very Large Events usually referred to as the "propane" layer; the chain labeled "V2" is usually referred to as the "veto" layer or "Vx" chain. Activity on either of these chains is treated as a coincidence flag that inhibits further analysis of simultaneous events on the main signal layers.
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Figure 2.12: (Crédit: [START_REF] Jahoda | Calibration of the Rossi X-Ray Timing Explorer Proportional Counter Array[END_REF])

TTYPE2 = 'Event 1 / Event : Event word TDISP2 = 78+4 TDDES2 = 'D[0W4] & E[512^1023] & C[0^255]* TPACK2 = '16 TEVTB2 = '(M[1]{1},D[0:4]{3},E[ VXH I VXL KlhECVPRKlLECXlLKl}^' CONTINUE 1E[X1R]
{1},E[(6Û?Û),(60?1),((GÛ?2)A(60?3)),( 6074 E[(60?0), (60?1), ( 6072)A( 6073 (See ftp://legacy.gsfc.nasa.gov/xte/doc/XFF/XFF.ps for more detail.) beyond our capability, it is very likely that they are due to high-energy cosmic rays which induce particle showers in the instrument ( [START_REF] Jones | Millisecond Dips in Sco X-l are Likely the Resuit of High-Energy Particle Events[END_REF], Jones et al., 2008]). This possibility is further supported by the excess of the so-called 'remaining count' recorded in the RXTE/PCA standard-1 data mode at dip epochs ( [START_REF] Jones | Millisecond Dips in Sco X-l are Likely the Resuit of High-Energy Particle Events[END_REF], Chang et al., 2007]). Based on the occurrence of AVLEs at ail the three dip epochs, we will use the presence of AVLEs as an indicator of instrumental effect to look for possible non-instrumental dips. We note, however, that the presence of AVLEs is a sufficient condition to indicate instrumental effects.
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To study the association of the dip events that we found with VLEs, we classify the dip events into five groups according to the type of VLEs that were detected within the time interval defined by the dip duration and one duration before the dip epoch. We will discuss this more in Section 2.5. Note that the définition of these 4 types used here looks not the same with the one we used in [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF], Chang et al., 2013a], but actually the classifying process is exactly the same, the différence is just the name of them.

Détection Method

To search for millisecond dip events, we adopted exactly the same procedure employed in previous studies ([ [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF], Chang et al., 2007, Liu et al., 2008]). We examined the lightcurves of Sco X-l binned in different bin sizes from 1 to 10 ms and also in 4 different shifts due to we operationally define 1 ms = (t^iô) = 4 x 250/xs bins (see Section 2.4.3), and then we can always re-bin the lightcurve with 1 ms new bin size started from anyone of the first 4 250 fis bins. That is, we checked every RXTE/PCA binned-mode lightcureve for 40 times and applied the " déviation method" to search for the millisecond flux-drop dips: we put an 8-sec running window used for determining the déviation in photon counts by the values of mean and variance calculated from ail the bins inside the running window on the re-binned lightcurve. The counts of every new bin were interpreted in the unit of the déviation from its 8-sec running window.

Comparing the histogram of the déviation of ail the new bins to a équivalent Gaussian, the outliers with the déviation smaller than -5<r may be the possible dips. In our previous studies, the significance level adopted for identifying a dip event was set at the random probability being 10~3 for the 320-ks data employed in the first study [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF]). That corresponds to a déviation of 6.5 -6.8<j, depending on the bin size used in the search. To compare with our earlier works, we define 'significant' as those dips found in our searching algorithm with négative déviation larger than 6.5cr and 'less significant' as that between 5a and 6.5cr. The choice of (minus) 6.5<r in previous works was to set a random probability at 0.001 for the analysis of the original 320-ks data employed in [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF],

and (minus) 5a is about the level below which the déviation distribution obviously shows excess compared to a normal distribution. We keep the same choice of the déviation level as in earlier works to hâve a better comparison. To investigate the connection between these dip events and possible instrumental effects, we examined detailed information of the recorded VLEs as described earlier. for the one at about -7.1a , are related to dip events of Groups A-D, although within the 2-ms bin itself there is no VLE.

One Possible Occultation Event

As already described in Section 2.4.3, if one distinguishes VLEs into different types according to the number of anodes that were triggered, one can find that indeed millisecond dip events are associated with VLEs of different types in a systematie manner. We therefore classify

VLEs into four types according to the number of triggered anodes (by using the 9th & lOth bits, E[(60?0), (60?1), (60?2)A ( 6073), (60?4)]{2}, of the 16-bit event words describing in Figure 2.13) as listed in Table 2.2, in which the averaged count rates (in units of counts s~l PCU~1)

of these different VLEs are also listed. The average count rate for ail VLEs altogether in the 334-ks data is 90.3 ± 18.8 counts s-1 PCU~l. To see the association of dip events with VLEs, we divide dip events into groups according to t.heir associated VLE types, as shown in Table 2.3. From Table 2.3, we can see that 45 of the 51 significant dips are of Group A. Type-A VLE only has a count rate of 1.73 ± 0.29 counts s~l PCU~l. Apparently Type-A VLEs are very strong events that cause these dips, although exact details and why they are recorded with no anode triggered are not yet understood. The issue whether Type-B, Type-C and Type-D VLEs can also produce millisecond dips was discussed in [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF] based on the number of 'less significant' dips.

In our search algorithm, we in fact rounded off the value of count déviations to the first décimal, so ail those dips with déviation between -4.95<r and -6.45cr were counted as 'less significant' dips. Since most of the dips are of 2-ms duration, we consider only the case of 2-ms bins (more precisely speaking, each 2-ms bin in fact is 8/4096 s = 1.95 ms). There are 1.71 x 108 '2-ms' bins in total in the 334-ks data. The expected number of 'less significant' dips due to random fluctuation is 63.4 if a Gaussian distribution is assumed. The déviation distribution of the data is a dead-time-corrected Poisson distribution, which is about a factor of 2-3 smaller than a Gaussian at about -5<r, see Figure 2.16.

We therefore consider the total number of less significant dips to be 63.4/2.5 = 25.4. Among the 1.71 x 108 bins, 9.1 x 107 bins are without the occurrence of any VLEs. The number of these 25.4 dips in Group E can be estimated to be 25.4 x 9.1/17.1 = 13.5. That of the other groups can be estimated with the corresponding VLE count rates. We therefore expect the numbers of 'less significant' dips to be 0. 23, 4.54, 5.88, 1.23 and 13.5 for Group A to E, respectively. From Table 2.3, one can see that only the number of 'less significant' dips in Group E is consistent with random fluctuation. The numbers of 'less significant' dips of other groups are clearly larger. The déviation is the largest for Group A, and gets smaller and smaller from Group A to D.

The above estimate is only a rough one because (1) we consider only the case of 2-ms bins, i.e. treating ail the dips as of 2-ms duration, (2) in our définition of dip groups, Type B VLEs can also occur in Group A dips, similarly for Type C and D VLEs, so the use of each VLE count rates for the estimation is not an accurate one, and (3) the factor of 2.5 to account for the différence from a Gaussian distribution is somewhat arbitrary. Nonetheless, we think the above estimate is good enough to indicate the VLE association of those dips in Group A to D.

Those significant dips are not due to random fluctuation. The above discussion strongly suggests that those of Group A to D are related to the occurrence of VLEs and are therefore instrumental due to a process not yet fully understood. The 'significant' dip event in Group E, denoted as 'Event ET, is the only non-random dip event that shows no indication of any instrumental effect.

455275926.7749138 @ 93067-01-49-00 [02msZ, -7.1206846 Sigma, Duration = 2 ms] Time (sec) Figure 2.17: The 0.5-ms, 2-ms, 'remaining' lightcurves and 4types of VLEs of the Event ET.

2.5.2

Fitting the Event El Lightcurve with Diffraction Patterns Event El, a non-instrumental millisecond dip event, is most likely an occultation event caused by objects in the Solar System [START_REF] Chang | Occultation of X-rays from Scorpius X-l by small trans-neptunian objects[END_REF][START_REF] Chang | Millisecond dips in the RXTE/PCA light curve of Sco X-l and trans-Neptunian object occultation[END_REF]. The observed lightcurve, indeed, can be well described by shadows of occultation when diffraction is properly taken into account. Since this work was performed by Dr. Kuan-Ting Chen during his PhD, please refer to his dissertation ( [Chen, 2011]), or see the Section 3 of [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF] for the details.

Here we will directly quote his fitting resuit that Event El might be resulted from a TNO of 150-m size, but with a rare rétrogradé orbit, or it might be due to an MBA of 40-m size, but the associated détection rate is incredibly high, or it might be due to a very nearby object of meter size moving at a relative speed of a few kilometers per second. In other words, conservâtively the resuit suggests that Event El is probably not, due to TNO occultation either.
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Figure 2.18: The Figure 2 of [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF]. The upper panel shows the lightcurve 100 ms before and after Event El in 0.5-ms bins. The lower panel is a zoom-in view of Event El.

The thick histogram is the observed lightcurves in 0.5-ms bins, the thin curve is the computed diffraction pattern with best-fitting parameters, and the thin histogram is the binned lightcurve of the computed one. The level of 1er uncertainty in the observed lightcurve is indicated with a vertical bar. The average number of counts in a 0.5-ms bin is 13.1.

The Détection Efficiency

A 100 per cent détection efficiency of our approach was assumed in our earlier study. In order to hâve better understanding of it, simulations were carried out to examine the dependence of détection efficiency on the size and relative velocity of the occultor. The détection efficiency surely also dépends on the observed count rate, which is related to the brightness of the occulted background source and the instrument employed.

In the following, two different count rates are considered. One is 8 x 104 cps, which is close to the average of RXTE/PCA observations of Sco X-l. The other is 2 x 106 cps, which is about 20 times more than RXTE/PCA and could be achieved by future missions such as the proposed LOFT project ( [START_REF] Feroci | LOFT: the Large Observatory For X-ray Timing[END_REF]). The orbital speed of the Earth is about 30 km s'1. That at 40 AU is about 5 km s'1. The orbital speed of the RXTE spacecraft relative to the Earth is 7.8 km s-1. Sco X-l is in a direction at about 5.5°to the north of the ecliptic. The relative transverse (to the line of sight) speed of an occulting body is usually largest when Sco X-l is in opposition (around end of May) and smallest when the Earth moves towards or away from the direction of Sco X-l. The orientation of the motion of RXTE and of the occultor will also affect that speed. We therefore consider three different speeds, i.e. 5, 15 and 25 km s-1, in the simulation, respectively.

For a given count rate and a given transverse speed, we would like to know the chance of detecting an occultation event caused by an occulting body of a certain size with our searching algorithm. Most of the RXTE/PCA-observed photons from Sco X-l are about 4 keV in energy (0.3 nm in wavelength). The Fresnel scale, which is defined as ^/Ad/2, where À is the wavelength and d the distance, is 30 m for À = 0.3 nm and d = 40 AU. One expects to detect the shadow of an occultor much larger than the Fresnel scale easily, while that of a body much smaller than the Fresnel scale will éludé being detected due to diffraction. Another factor significantly affecting the observed shadow is the impact parameter /?, usually defined to be the shortest distance of the passing path to the shadow centre in units of the occulting body radius. A few shadow diffraction patterns, computed with the recipes in [START_REF] Roques | Stellar occultations by small bodies -Diffraction effects[END_REF] and with a typical RXTE/PCA-observed Sco X-l photon spectrum, are shown in Figure 2.19. defined in [START_REF] Nihei | Detectability of Occultations of Stars by Objects in the Kuiper Belt and Oort Cloud[END_REF]. Both D and fl are in the units of a Fresnel scale.

We adopt, the définition of the shadow boundary employed in [START_REF] Nihei | Detectability of Occultations of Stars by Objects in the Kuiper Belt and Oort Cloud[END_REF], in which the relation between the shadow size Q and the radius of the occultor p is described as:

n = 2(v/3i+p5)l (2.1)
in which both Q and p are in the units of a Fresnel scale. Note that as referring to the occultor size we will use the diameter D, which is obviously equal to 2p.

In our simulation, with a given count rate F, a given transverse speed v, and a given occultor size D, we randomly pick an impact parameter beta in the range from the shadow centre ((3 = 0) to its boundary (/? = §) with a uniform probability and a random D epoch for each individual implanted event in a 100-s segment. We first compute such a 100-s model lightcurve, then bin the lightcurve into 0.25-ms bins and then randomize the counts in each bin to produce a simulated binned lightcurve. This lightcurve is then processed with exactly the same algorithm that we apply to real data. We repeat the procedure 105 times for each set of F, v and D, and record the number of times of détection, which we use to represent the détection efficiency.

The resuit of the détection efficiency détermination is shown in Figure 2.20. One can see that, with the current RXTE/PCA count rate, a détection efficiency larger than 50 per cent can be achieved for occultors larger than 2 Fresnel scale (diameter), considering the case of relative transverse speed being 25 km s-1, while for the high count rate case (2 x 106 cps), that occultor size can be pushed down to about 0.6 Fresnel scale. Fresnel scale corresponds to 30 m. The upper panel is for the case of the typical RXTE/PCA count rate, and the lower one is for a much higher count rate, which may be achieved by future missions.

2.5.4

Estimate the Upper Limit to the TNO Size Distribution

For a background point source, the event rate can be estimated as (cf. équation 8 in [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF]):

where N is the number of detected events, T the total exposure time, (--) the differential size distribution (in units of number per unit length per square degree), rj the détection efficiency, Q the shadow size, v the typical sky-projection relative speed and d the typical distance to the TNOs. The product rjQ in the above équation was approximated by the diameter in [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF].

The upper limit to the TNO size distribution was estimated at the level of setting N = 1 in équation 2.2. Although different models in the literature give different prédictions for the TNO size distribution of sizes smaller than about 100 km, a common characteristic among most models is a wavy shape, caused by the compétition of coagulation, érosion and shattering in different size ranges, down to a small size of about 0.1 ( [START_REF] Kenyon | Coagulation Calcula tions of Icy Planet Formation at 15-150 AU: A Corrélation between the Maximum Radius and the Slope of the Size Distribution for Trans-Neptunian Objects[END_REF]), 0.5 [START_REF] Fraser | The Size Distribution of Kuiper Belt Objects for D gsim 10 km[END_REF]), or 1 km or so ([Benavidez and Campo Bagatin, 2009]), below which the collisional equilibrium is achieved. In the collisional equilibrium, one expects to hâve [START_REF] O'brien | Steady-state size distributions for collisional populations:, analytical solution with size-dependent strength[END_REF]):

dD (2.3)
Most models give a q in the range from 3.5 to 4.0 for the collisional equilibrium. The TNO size distribution can be quite fiat at the small-size end of the wavy-shape distribution. In [START_REF] Kenyon | Coagulation Calcula tions of Icy Planet Formation at 15-150 AU: A Corrélation between the Maximum Radius and the Slope of the Size Distribution for Trans-Neptunian Objects[END_REF] q is about 1.0 in the range from 0.1 to 1 km. If we describe the (2.5)

We consider two size ranges, that is, object diameter between 1.0 and 2.0 Fresnel scale and between 2.0 and 10.0 Fresnel scale. Assuming a typical distance d = 40 AU and a typical relative sky-projection speed v = 25 km s-1, with T = 334 ks and setting one détection as the upper limit, we hâve in the size range from 30 to 60 m:

• (d^)o=30m < 4.0 x 1011 deg~2 for q = 4.0

• < 3-3 x 1Ql1 de9~2 for 9 = 35
we hâve in the size range from 60 to 300 m:

• (dU^)^=60m < 6.6 x 1010 deg~2 for q = 4.0 • (dâ^D^=60m < 5.7 x 1010 deg~2 for q = 3.5

• ( dlogD )D=60m < 1.2 x 1Q10 deg~2 for q = 1.0

The ecliptic latitude distribution of TNOs is not yet well determined. To be more précisé, one should discuss the latitude with respect to the Kuiper belt plane (KBP; [START_REF] Elliot | The Deep Ecliptic Survey: A Search for Kuiper Belt Objects and Centaurs. II. Dynamical Classification, the Kuiper Belt Plane, and the Core Population[END_REF]) rather than to the ecliptic, but the différence is not large. Sco X-l is about 5.5°north of the ecliptic and 4.9°noth of the KBP. The Canada-France-Hawaii Telescope (CFHT) survey [START_REF] Trujillo | Properties of the Trans-Neptunian Belt: Statistics from the Canada-France-Hawaii Telescope Survey[END_REF]) reported a 20°half-angle of an assumed Gaussian distribution in orbital inclination (with respect to the ecliptic). This half-angle in the inclination distribution trans lates to about 12.8°for a corresponding half-angle in the apparent ecliptic latitude distribution, assuming circular orbits. With this distribution, a factor of 1.14 should be applied to couvert the estimate at the Sco X-l latitude to the ecliptic. However, if we adopt the distribution reported in [START_REF] Elliot | The Deep Ecliptic Survey: A Search for Kuiper Belt Objects and Centaurs. II. Dynamical Classification, the Kuiper Belt Plane, and the Core Population[END_REF], a factor of 4 should be applied for conversion to the KBP.

Here we use the latitude distribution of [START_REF] Trujillo | Properties of the Trans-Neptunian Belt: Statistics from the Canada-France-Hawaii Telescope Survey[END_REF]. The estimated upper limits are plotted in Figure 2.21.
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Figure 2.21: The TNO size distribution. Plotted here is the differential sky surface density at the ecliptic per decade of size in units of number per square degree. The upper limits in the size range of 30 to 60 m and of 60 to 300 m, denoted with downward arrows, are derived from our non-detection in the 334-ks RXTE/PCA data of Sco X-l, and is set at the level of one détection in 334 ks. The downward arrows are plotted at the size-range boundary for q equal to 3.5 and 4.0, and at the middle of the size range for q equal to 1.0. The asterisk Symbol at 0.5 km is based on the reported HST/FGS détection of an occultation event ( [START_REF] Schlichting | A single sub-kilometre Kuiper belt object from a stellar occultation in archivai data[END_REF], Schlichting et al., 2012]). The solid curve is the double power-law distribution of large TNOs ([?]). The dashed line is a direct extrapolation from the large-size end of the double power law towards smaller size and the dotted line is a power law anchoring on the double power law at 90 km with a power index of -3.0. We note that the power indices in this figure, explicitly printed close to the corresponding power-law lines, are for the differential size distribution per decade of size, and are therefore the same as that of the cumulative size distribution. The double power law and the HST/FGS results in fact indicate a wavy shape for the TNO size distribution, similar to that of the MBAs. After over 7 year of in-orbit activity, the satellite arrived at the end of its mission. Kuiper belt using the serendipitous occultation method due to CoRoT's high précision photometry ability (see [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF]). However, recently [START_REF] Ofek | Detectability of Oort Cloud Objects Using Kepler[END_REF] suggested that CoRoT is unlikely to detect any Trans-Neptunian Objects (TNOs) or Oort 3 of [START_REF] Ofek | Detectability of Oort Cloud Objects Using Kepler[END_REF] shows the approximate Occultation Rates for Kepler and CoRoT.

We présent the search for sub-kilometer TNOs by examining the CoRoT asteroseismology AN1 lightcurves in the following sections in this chapter.

1A NASA mission explores the structure and diversity of planetary Systems, (http://kepler.nasa.gov)

COnvection ROtation and planetary Transits

The CoRoT space telescope is a mission of astronomy led by French Space Agency (CNES) in association with French laboratories (CNRS), in conjunction with the European Space Agency (ESA), and with several international partners (European countries, Brazil).

CoRoT has two major scientific objectives: to search for exoplanets with short orbital period (, particularly those of large terrestrial size), and to perform asteroseismology by measuring oscillations in solar-like stars. The time resolution for the EXOPLANET observations is 32 seconds, and is 1 second for the ASTEROSEISMOLOGY observations.

CoRoT is the first spacecraft dedicated to the détection of transiting extrasolar planets, opening the way for more advanced probes such as Kepler as well as future missions such as data from its telescope. After repair attempts, on 24 June 2013, it was announced that CoRoT has been retired and would be decommissioned; lowered in orbit to allow it to burn up in the atmosphère. On June 17, 2014 at 10h27, CoRoT received the last tele-command of its carrier.

After over 7 year of in-orbit activity, the satellite arrived at the end of its mission.

CoRoT is placed by a Soyuz launcher in a polar inertial circular orbit (90-degree inclina tion) at an altitude of 896 km. The orbital period is 6184 seconds. Generally speaking, CoRoT will hâve two periods of observation per year (so-called summer and winter periods) due to the relative position with the Sun. For each 6 months observation period, there will be a long-term run which is up to 150 days of continuons observation and a short-term run with the duration about 20 to 30 days. There are 9 observation runs analyzed in our work. These 9 runs contain 165 seismological lightcurves from 79 different background stars (see Table 3.1). The visible magnitudes of these stars are from 4.8 to 9.5, and their ecliptic latitudes are spread from -28°to -12°, and from 16°t o 26°(see Figure 3.6(d)). For a complété overview of the mission, please refer to the CoRoT book [START_REF] Fridlund | 1306 of COROT Book[END_REF].

2CoRoT N2 Public Archive: http://idoc-corotn2-public.ias.u-psud.fr/ In order to preserve as much as possible the original information from the data, we treated the data quality flag, OVER, as the only filtering condition. According to the CoRoT Book [START_REF] Fridlund | 1306 of COROT Book[END_REF], the values of OVER indicates the status of the measurement. If OVER > 0, the original flux measurement is considered by N0-N1 pipeline as an outlier (e.g.

OVER=l: cosmic rays or glitch; OVER=2: spare values) or has been acquired while Crossing South Atlantic Anomaly (SAA), as OVER=4. When requested, the original measurement is replaced by a représentative value obtained on a basis of a linear interpolation.

Thus the data bin with the OVER = 0 is considered to be within a good time interval (GTI). We removed the data bins with OVER =(= 0 from ail AN1 lightcurves for further analysis during the data réduction process. After removing suspicious bins with OVER different from 0, we hâve had 519,869,933 data bins corresponding to 144.4 kilo-star hours (see Table 3.2).

The longest reduced lightcurve is about 131.5 days, and the shortest one is only 411 seconds. Let us consider the duration of the possible events we are searching for with respect to the 1-second time resolution of the CoRoT asteroseismology observations. In the frame of optical geometry, the duration of potential occultation of a given star can be estimated by dividing the star diameter by the relative velocity of the possible occultor, Vrei, which is the Earth velocity projected on the sky plane toward this star:

Vrel{ï) = ^E -ÇŸe-V)-U(3.1)
where V E is the orbital speed vector of the Earth, U is the unit vector from the Earth to the target star. The estimation of the star diameter will be discussed in Section 3.3.3.

For each bin, Vrei(ï) and the potential occultation duration are computed. Vrei(i) are between 10 and 30 km/s, and, for about 90% of the data bins, the duration are smaller than 1-second (see Figure 3.6(c)). The duration can be longer in case of diffracting occultation [Roques andMoncuquet, 2000, Nihei et al., 2007]. However, as shown below, the CoRoT stars hâve large angular size which limits the rôle of diffraction. Most of the expected events will last less than one second (see Figure 3.6(c)). Because of the 1-second intégration time, the research of TNO occultation profiles is focused on the détection of one-bin events significantly outliers in the CoRoT AN1 lightcurves.

Estimation of the Stellar Angular Radius

Accordingto [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF], Nihei et al., 2007, Bianco et al., 2010], the fluxdrop depth of a serendipitous occultation event is highly dépendent on the angular diameter © of the background star. To precisely détermine the stellar angular radius 6 of our 79 background targets, we followed the work done by [START_REF] Bianco | The TAOS Project: Upper Bounds on the Population of Small Kuiper Belt Objects and Tests of Models of Formation and Evolution of the Outer Solar System[END_REF]. The concept of this method is to dérivé the surface brightness FKq of one star by applying a fitting resuit of the J and K color [van Belle, 1999, Nordgren et al., 2002, (Equation 3.2)], and then we can obtain the angular radius 6 by the Barnes-Evans Relation (Equation 3. lished [Bruntt, 2009, Mosser et al., 2013, Ozel et al., 2013]. The uncertainty of these results is about 15%. In order to understand how well the estimation by applying the équations above, we compared the determined angular radii of the same stars with those results from the literature. [Bruntt, 2009] From the Table 3.3, we found the results are consistent among these two independent measurements. Thus, in the following work we only used the Barnes-Evans Relation for the estimation of a stellar angular radius. After applying this method on our 79 target stars, the angular radius projected at 43AU are ranging from 0.7 km to 46 km (Figure 3.6(b)).

Détection Method

The poor temporal resolution will preclude from getting information on the distance of the potential occulting objects. Therefore the search was done with the hypothesis that the objects are at 43 AU from the Sun.

To The Potential Occultation Events (POEs) were searched with three steps: The first step was to define/detect the one-bin outliers. The second step was to investigate if there is no other reason than an stellar occultation to explain these outliers. An outlier not related with any occultation will be classified as an Instrumental Effect Event (IEE) instead. The third step was to examine if these possible outliers are compatible with occultation by comparing the event simulated with synthetic profiles. This step also provided information about the size of the occultor. Because of the poor temporal resolution, it is not possible to search the diffracting fringes which are the strong signature of occultation by a TNO [Roques andMoncuquet, 2000, Nihei et al., 2007], that is why we speak about Possible Occultation Events.

The déviation method applied for the search of the outliers is similar with the one used in X-ray part: we tested ail the bins by comparing their star intensity to their neighbors. For this, we needed to compute mean ii(n) and standard déviation a(n) values of the neighbor bins.

As stellar activity timescale is much larger than one second, the search of outliers would need to define the bins' properties on a window large enough but smaller than the stellar activity timescales. For a given bin /(z), a running window centered on the bin is used for setting statistical score on this bin. The length of this window is a sensitive parameter. We used lengths of Windows from 2*10 to 2*90 seconds. A 2*n-second running window means that we calculate /x(n) and crin) values of the star intensity during n seconds ahead and n seconds behind the data bin, the data bin itself is excluded. Then, we represented the star intensity in the unit of the standard déviation. This new statistical value is known as the Standard Score (SSn), or Z-Score:

SSn(i) = (/(z) -ii(n))/a{n) (3.4) SNRali) = fi(n)/(j(n) (3.5)
The histogram of the SNR of ail data bins employed is shown in Figure 3.6(a). In addition, the star intensity can also be translated as a normalized flux, NFn(i) by the définition below:

NFn(i) = (3.6)
The upper panel of Figure 3.8 shows a 4200-second reduced AN1 lightcurve varies obviously with time. The middle panel is the same lightcurve with every data bin of it normalized with the mean value calculated by a 40-second window applied on them. The lower panel

shows the Z-Score lightcurve. After comparing these three different interprétations of the star intensity, we thought using the Z-Score interprétation will enhance the détection of the dips. The corrélation is very good for ail values of n (corrélation coefficient larger than 0.98).

This fitting allows us to define a Standard Score threshold, T (ri), beyond which the number of bins is less than one. The outliers are the bins with Standard Score smaller than T(n).

We performed the search for 15 times, and each time we applied the déviation method with a different window size. Then T (ri) has values between -6.2 and -9.3 for window size decreasing from 180 to 20. Note that, for a normal distribution, an event with standard score of 6 corresponds to an occurrence probability lower than 10-9.

Standard Score This sélection method was applied to 15 Standard Score distributions computed with window sizes from 20 to 180 bins (actually we used 6 more Windows with the sizes maximum to 8192 bins, but the results of these 6 Windows are the same with the window of 180 bins, thus we skipped them). This search has led to 20 outliers (see Table 3.4).

To validate the reality of these events, we examined the raw data (i.e. the images,) with the assistance from CoRoT mission members. 7 outliers were excluded because they corresponded to defocusing processes (see Figure 3.12) or cross-talk interactions between seismology and exoplanet CCDs (i.e. the IEE02, see Figure 3 Figure 3.12: The lightcurve of IEE07 with the information of the positions and the OVER flag.

Thie is an example of an IEE related to the defocusing processes.

Most of the POEs (10 on 13) were detected with window smaller than 35 bins. Actually we did use window sizes larger than 180 seconds, but ail the outliers detected with Windows equal or larger than 180 were identified as instrumental artefacts, so Table 3.5 only shows the results until 180 seconds. Table 3.4 shows the properties of the 13 POEs and the 7 IEEs.

To conclude the search using CoRoT AN1 asteroseismology data, during the 144,400 star hours, there are some outliers that cannot be explained by other fact than occultation of the target stars. The exact number is uncertain because the event profiles do not hâve spécifie signature of occultation, and some of them can be artefacts. We conclude that there are between 2 and 13 POEs during 144,400 star hours and that two of them are more reliable. 75: The column 'R0ge0m'> in Table 3.4 contains the smallest détectable radius of the possible occultors estimated in the framework of optical geometry: when the occultor is smaller than the projected background star and if the occultor (diameter (f)0geoTn = RogeoTn x 2) passes completely in front of the star (diameter 0S = Rs x 2), the normalized depth of a géométrie occultation dip, depth, is the ratio of the occultor surface on the star surface projected at the occultor distance, i.e. (0oseom/0s)2 = (Roge0m/Rs)2-The operational définition of the depth used here for estimating the R0geom is: depth = (e x Cv), (3.7)
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where e is the absolute flux-drop depth in Z-Score (column 'depth5 in Table 3.4), and CV is the coefficient of the variation (standard déviation divided by mean, a/p) of star intensity.

When occultation time is equal to or larger than 1-second:

(~*=)2 = Cv), R0smm 3= X Rs (3.8)
The équation above implies that if the occultor is larger than the background star and there is a partial occultation, Vdepth x Rs gives a minimal value of the occultor radius. If the occultation duration is smaller than 1-second, the occultation event is smoothed on 1-second, and the Equation 3.8 is changed to: for the estimation of the R0georn from the Table 3.4, i.e. Cv = gjpp = £ = \ -8.41 = 8.4, and 0s43At/ = 2.24 km,Vrei(i) = 29.96 km/s, duration < 1-second, by applying the Equation 3.9, the geometrical minimal radius R0" of the occultor will be about 0.35 km.

The very small flux-drop percentage of the 13 POEs (ranging from 0.16% to 1.01%, see Table 3.4) implies that the size of the potential occulting objects are a small fraction of the star size projected at 43 AU. The stars involved in the POEs hâve radii between 1.1 to 15.6 km (see Table 3.4).These potential occultors hâve size of the same order of the Fresnel scale, Fs = yj(XD/2) where À is the wavelength and D is the distance of the occultor. At 43 AU, Fs = 1.3 km for A = 550 nm [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF], then diffraction plays a rôle in the occultation. However, the diffraction fringes are smoothed on star dise which are larger than the Fresnel scale. As most of the occultations last less than one second (Figure 3.6(c)), the event is also smoothed on the intégration time. Let us see how we can, nevertheless, obtain informations on the potential occultor, and in particular the minimum size for TNOs responsible of the POEs.

For this, we compared the POEs with synthetic profiles and searched the minimal and maximal sizes for TNOs that occultation profiles fit the POEs. The code simulating the diffracting profiles is described in [START_REF] Roques | Stellar occultations by small bodies -Diffraction effects[END_REF]. The code parameters are, in addition to the TNO radius, the TNO distance from the Earth, the star radius, the impact parameter i.e.

the minimum distance between the star center and the occultor center in the sky plane, the wavelength range, the time of the occultation and the relative velocity of the star with respect to the object. Some parameters are known: the star's radius (Table 3.4), the intégration time

(1-sec) and wavelength (À = 0.37 -0.95 /im) range.

The relative velocity of the star with respect to the potential occultor was computed for the i-th POE as Ure/(z) ± AU. Vrei(i) is depending on the event date and on the occulted star. AU = 9.1 km/s corresponds to the rapidly varying velocity of CoRoT around the Earth (the orbital velocity of CoRoT is 4.6 km/s) and the unknown velocity of the TNO in the sky plane (the velocity of a TNO on a circular orbit at 43 AU is 4.5 km/s).

On the three remaining parameters, the occultation time and the impact parameters were fixed, to get a minimal value for the occultor size, and the comparison of the POE and the synthetic profile was done with only the TNO size as free parameter:

-The occultation time is centered in the middle of the intégration time to insure that the profile is not overlapping two bins (see Figure 3.14 ~Figure 3.26).

-The impact parameter is set to zéro except for POE04. The impact parameter of POE04 is set to 0.6 Rs. Indeed, as considering the relative velocity of a TNO and the flux-drop per centage observed from its lightcurve, if we take an impact parameter equal to 0, the simulated profile will be on 3 points. But in fact, the decrease of a POE is just on 1 point, this is why we especially take an impact parameter of 0.6 Rs for POE04.

The occultors' minimal radii (R0diff ) deduced from the comparisons with synthetic diffracting profiles are listed in Table 3.6. The maximum radius is not constrained. Synthetic profiles of occultation by TNO of several kilometers can fit the POEs. For example, the POE01 is well fitted by a 6 km radius object with a 5.5 km impact parameter.

In conclusion, we hâve had informations on the minimal size of the TNOs responsible of the 13 POEs and we hâve no constraint on their maximum size, keeping in mind the hypothesis that the occultors hâve circular orbit at 43 AU from the Sun.

It is interesting to compare the radii computed by diffracting model with values estimated in the framework of optical geometry (see Table 3.6). The diffracting synthetic profile always gives TNO size smaller than the geometrical synthetic profile. This is due to diffraction [Cuzzi, 1985]. HThe smallest détectable radius estimated in the framework of optical geometry.

*The smallest détectable radius from the diffracting synthetic profiles.

3.4.3

TNOs Density in the Sky Plane

On the détection of the [2-13] POEs, we hâve deduced information on the density of TNO in the sky plane. For a given POE, the radius of the occulting TNO, i?0, is computed in the above section. Among the sky surface scanned by the CoRoT data, one compute S(R0), the sky surface where a R0 TNO is détectable. The sky surface scanned during each 1-second interval is the elementary rectangle whose width is 2 x Rs and whose length is Vrei(i) x 1-second.

Then, one POE corresponds to the détection of one TNO with radius larger than Ra on S(Ro), and 1/S(R0) is the density of TNO > R0 in the sky surface scanned by CoRoT. This density, which was computed at the ecliptic latitude of the CoRoT targets, can be translated into a density of TNO larger than R0 in the ecliptic plane. To compute S(i?0), one has to examine each bin z to test if the occultation by a R0-radius TNO is détectable. Following the détection method described in Section 3.3.4, the R0 TNO is détectable if it exists at least one value of 7i for which dropRoi ^\T(n)\ x cr(z, ra)//z(z, n) (3.10)

where dropRoi is the normalized flux decrease if a R0 occultes the star at the bin z, T(n)

is the search threshold from the exponential fitting, p(i,n) is the mean at bin z for window size ra, <t(z, 7i) is the standard déviation at bin z for window size ra, and (^p^j) = CV(z,ra) at bin z for window size ra. dropRo i was computed to an the approximation:

dropRol ^(R0geom/Rsf x 2 x (Rs + (3.11)

For a bin z, if the Equation 3.10 and Equation 3.11 are satisfied with the observing and statistical values, then a R0-radius TNO is détectable within this bin z. Then the sky surface scanned by a R0-radius TNO, S(R0,*), is obtained by adding ail the elementary rectangles of bins passed the test of dropRoi.

To translate this density into a density of TNOs in the ecliptic plane, we hâve referred to the resuit of [START_REF] Elliot | The Deep Ecliptic Survey: A Search for Kuiper Belt Objects and Centaurs. II. Dynamical Classification, the Kuiper Belt Plane, and the Core Population[END_REF]. Since our target stars are between ecliptic latitude of ±(10 -30)°, we computed that the density in the ecliptic plane is 4 times the density in the CoRoT fields. We then computed the density in the ecliptic plane from the [2-13] POEs and compared with the results from other surveys. The TNO cumulative size distribution is well described by N(> r) oc r1 9, where N(> r) is the number density of TNOs larger than r, and q is the power-law index.

We hâve reported the détections of 13 sub-kilometer sized TNOs in Section 3.4.1. While analyzing these results, we took two approaches. The first approach was to merge our détec tions into one single resuit (like those two HST détections), and the second approach was to deal with the 13 détections individually. In both approaches we considered POE04 and POE07

are more robust than the other 11 POEs (see Section 3.4.1). We then gave those 11 points a weight of 1, while for the 2 robust points as well the HST point we gave a weight of 4.

Radius(km)

Figure 3.29: The solid black line represents the weighted average values for the minimum radii of our 13 POEs. Our results were compared with those previously reported in the literature (The red points and lines: [START_REF] Schlichting | Measuring the Abundance of Sub-kilometer-sized Kuiper Belt Objects Using Stellar Occultations[END_REF], the solid brown circles: [START_REF] Bianco | A Search for Occultations of Bright Stars by Small Kuiper Belt Objects Using Megacam on the MMT[END_REF], the hollow violet triangle: [START_REF] Bickerton | A Search For Sub-km Kuiper Belt Objects with the Method of Serendipitous Stellar Occultations[END_REF], the hollow pink circles: [START_REF] Wang | Searching for Sub-kilometer Trans-Neptunian Objects Using Pan-STARRS Video Mode Light Curves: Preliminary Study and Evaluation Using Engineering Data[END_REF], the solid cyan triangle: [START_REF] Roques | Exploration of the Kuiper Belt by High-Precision Photometric Stellar Occultations: First Results[END_REF], the solid blue squares: [Chang et al., 2013a], and the solid slate-blue curve for TAOS [START_REF] Zhang | The TAOS Project: Results from Seven Years of Survey Data[END_REF])

In Figure 3.29, we collapsed our 13 détections in one single resuit with a weighted average value for the minimum radius of 400 meters. The value of density in the sky plane of TNOs with radius larger than 400 meters in the ecliptic plane is N(r > 400m) = x 107 deg~2.

This density is compatible with the density of N(r > 250m) = l.ll^f x 107deg~2 estimated from the events detected by the HST ( [START_REF] Schlichting | A single sub-kilometre Kuiper belt object from a stellar occultation in archivai data[END_REF], Schlichting et al., 2012]).

The fitting of the density of TNOs with radius larger than 400 meters and the believed break rbreak = 45 km ( [START_REF] Fuentes | a SUBARU Archivai Search for Faint Trans-Neptunian Objects[END_REF]) gives a power-law index q larger than 3.5.

This value is consistent with the détection of 2 potential events from HST observations that found q = 3.8 ± 0.2 [START_REF] Schlichting | A single sub-kilometre Kuiper belt object from a stellar occultation in archivai data[END_REF], Schlichting et al., 2012]).

Our results were then directly compared to the surveys achieved so far to detect possible occultations events (Figure 3.29). Ail of them, except the Schlichting's ones, are upper-limits.

The most size sensitive one is the survey performed by [Chang et al., 2013a], which can probe objects as small as 30 meters, thanks to the X-Rays data of RXTE space observatory. Our results are notably more potent because we are probing a larger surface on the sky plane. Ail those results are in good agreement and provide us reliable informations on sub-kilometer ob jects of the Kuiper Belt.

The second approach used to analyze our results was to consider the 13 POEs and the HST resuit as a whole and try to deduce some properties of the TNOs population between 180-meter and 710-meter radius. This approach is more challenging since 11 over 13 détections were less robust.

Moreover the values of Table 5 correspond to minimum values for the occulting objects.

Let's make the hypothesis that the actual values of the occultors are equal to the values of Table 5. This assessment is reasonable since smaller objects are more probable than larger ones. A slope of q = 4.5 ± 0.2 was computed taking into account the weighted 14 points (see Figure 3.30). Let's compare this value with évolution models of the Kuiper belt.

Surveys indicate a slope approximately 4.5-4.8 for differential size distribution of large TNOs and a possible break at Rmagnitude -25-26 ( [START_REF] Fraser | The Kuiper belt luminosity function from m=21 to 26[END_REF]Kavelaars, 2009]).

This corresponds to a radius of object ri % 30km if albedo is 6%. For objects smaller than rl, a shallower slope is suspected. Evolution models predict a second break near r2 % 1 -3

km ([Gil-Hutton et al., 2009, Fraser andKavelaars, 2009]). The TNOs population with r < r2, is supposed to hâve a collisional equilibrium ( [START_REF] Kenyon | Coagulation Calcula tions of Icy Planet Formation at 15-150 AU: A Corrélation between the Maximum Radius and the Slope of the Size Distribution for Trans-Neptunian Objects[END_REF]). The differential size distribution power law of collisional population was estimated to hâve a slope of 3.5 by [Dohnanyi, 1969] or as large as 4 according to [START_REF] Schlichting | Runaway Growth During Planet Formation: Explaining the Size Distribution of Large Kuiper Belt Objects[END_REF].

Recently, [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF] used a coagulation and collisional model to investigate the évolution of TNO size distribution over 4.5 Gyr. They found indeed the size distribution below rl % 30 km has been affected by collisions and can be fitted rather by several slopes in the size range between 0.01 km to 30 km, before reaching the Dohanyi equilibrium value. In fact, compared to a single power-law distribution below the 30-km break, [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF] found in general a strong déficit of bodies around 10 km and a strong excess of bodies around 2 km in radius, which they attributed to the planetesimal size distribution left over from the runaway growth phase, which leaves most of the initial mass in small bodies.

Noticeably, the q = 4.5 ± 0.2 slope we found is much steeper than the one computed by [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF] in the range 0.1 < r < 1 km (q ~2.5, see Figure 3.31). We also noted here that [Belton, 2014] derived a differential power-law index of q = 4.5 ± 0.5 (cumulative 4.24) in the range r ~1-10 km from the fitting of the scattered size-frequency distribution estimated from 161 observed Jupiter Family Cornets (JFCs) to small TNO surveys of [?], [START_REF] Schlichting | Measuring the Abundance of Sub-kilometer-sized Kuiper Belt Objects Using Stellar Occultations[END_REF], and [START_REF] Zhang | The TAOS Project: Results from Seven Years of Survey Data[END_REF]. That is, the second break around r2

1-3 km predicted by évolution models may not exist. The EMCCD has dual readout amplifiers (see Figure 4.2): one is a traditional sériés register for the LN mode, and another one used for the EM mode is also an extended multiplication register which provide 1 to 1000 times multiplication which can be controlled in linear, absolute step. The dual-amplifiers design means that the caméra can be optimized for performing different type of observations. For example, the EM mode is suitable for low-light, high speed conditions, and the LN mode is for more conventional observation (i.e. long exposure). The readout noise of the EM mode is significant greater (50 électron rms at readout rate 10 MHz), but is effectively reduced to < 1 électron rms when multiplication gain is sufficiently applied. régions which are not exposed to the sky but merely kept by the readout process. " 1" dénotés to the fibre number 1 which is usually used as a guiding only. " OoO" dénotés to the fibre which was out-of-order during this particular night.

Fibre images are projected onto the CCD sensor through a lens component (within AGIS), and it is realised that the transmission efficiency (VTrans) varies depending on the light passing through different part of the lens: images at centre hâve better transmission than that at the edge. To quantify the transmission efficiency, we measured ail 29 fibres individually using the same, stable light source. Table 1 lists the relative transmission efficiency compared to the fibre #28, and Figure 4.4 shows the géométrie distribution of the transmission efficiency. In cases if it is possible observers are suggested to assign central fibres to fainter targets to achieve reasonable signal-to-noise ratio. Read [START_REF] Shih | Introduction to MIOSOTYS: a multiple-object, high-speed photometer[END_REF] for more details of the MIOSOTYS instruments. The focal ratio of the 1.23-m telescope is f/8 with a total field of view of 90' and a focal plane scale of ~20.9"/mm. The focal length is 9807.6 mm5 with the corrector. The mé dian seeing is ~0.9", with a sub-arcsecond seeing in ~70% of the time ( [START_REF] Barrado | The Calar Alto Observatory: current status and future instrumentation[END_REF]).

The first technical observations hâve been carried in November 2012 at OHP. 

Préparé a MIOSOTYS Observation

The ultimate goal of the MIOSOTYS project is to search for the sub-kilometer sized Trans-Neptunian Objects ( [START_REF] Doressoundiram | Miosotys, a new instrument to search for trans-Neptunian stellar occultations[END_REF]). Since MIOSTYS can monitor 29 targets simultaneously with the time resolution of 20 Hz, the key of planning an efficient observation is to find a suitable field on the sky. This field should be close to the ecliptic plane and near the anti-solar direction where the occultation events are shorter due to the relative speed between Earth and TNOs in this direction is the highest, thus higher probability of discovery [START_REF] Roques | A Détection Method for Small Kuiper Belt Objects: The Search for Stellar Occultations[END_REF]). This filed should also contain as more as possible qualified stars passed the sélection rules ( [Boissel, 2010]) with a very small projected angular size < a

Fresnel scale, defined as Fs = y/{\D/2), where A is the observing wavelength and D is the distance of the TNOs in order to assign each fibre a good target. To that end, the following steps were purposed:

1. Use MSSS (MIOSOTYS Source Sélection Software, [Boissel, 2010]) for finding out the information of the anti-solar position first. 5. Use MSSS with the coordinates from the candidates list for finding possible observation fields. Note that for the OHP observations, the range of the apparent magnitudes of the target stars could be from ~10 to 13, and it is from ~9 to 12 for the CAHA observations. Also we constrain the projected angular size of the targets to the maximum of 2.0 Fs.

6. After inputing the value of the parameters MSSS needed, it will download the model files from the Observatory of Besancon7 in France and the data from VizieR from Observatory of Strasbourg8 in France, then apply the sélection method ( [Boissel, 2010]). If MSSS is in automatic search mode, it will find the possible fields according to your values input. 

MIOSOTYS Source Sélection Software, MSSS

A software bundle consisted of four different types of tasks for different purposes written in IDL language was invented for the MIOSOTYS project by Dr. Yannick Boissel [Boissel, 2010] during his PhD: selecting target stars and fields (MSSS); reducing the data from raw images to lightcurves (MDRS); viewing and checking fibre images at any time during the observations (MQVS); viewing and checking lightcurves (MLCV). The technical details and the methods applied for these four modules are introduced in [Boissel, 2010].

Recall the

Step.l in previous section that one may hâve to check the anti-solar position in the beginning. In MSSS, just enter the date information (in the YYYYMMDDHH format)

and click the button " VIEW SKY MAP", then the coordinate information of the anti-solar will be displayed in section-0 of MSSS, and a plot will appear in the central window, on which are drawn the ecliptic plane, along with the -10 and +10 degrees ecliptic latitudes. Also are drawn the galactic plane along with the -30 and +30 degrees galactic latitudes. On this plot, the anti-solar direction and two other directions on the ecliptic with 20 degrees more and less than the anti-solar direction, will be spotted by three red stars. Along with this plot, the coordinates of these three positions will be written on the software interface.

The software gives two positions aside from the anti-solar direction. This is to take advantage of the whole night time. First observe the field at -20 degrees during the first half of the night, then the field at +20 degrees from the anti-solar direction during the second half of 

4.3.2

Anti-Solar Position / Opposition

In positional astronomy, two celestial objects are said to be in opposition when they are on opposite sides of the sky, viewed from a given place (usually Earth).

A TNO (or asteroid or cornet or planet) is said to be "in opposition" when it is in opposition to the Sun. The instant of opposition is defined as that when the apparent geocentric celestial longitude of the object differs by 180°from the apparent geocentric longitude of the Sun. Generally speaking, when in opposition, an object is (1) visible almost ail night (rising around sunset, culminating around midnight and setting around sunrise), ( 2) at the point in its orbit where it is roughly closest to Earth, making it appear bigger and brighter, (3) in apparent rétrogradé motion, (4) nearly completely illuminated; we see a "full planet", analogous to a full moon, (5) at the place where the opposition effect increases the reflected light from bodies with unobscured rough surfaces. 

4.4

Observations and Data Réduction The current settings are: (1) each data cube consists of 5120 successive frames at a ca dence of 20 Hz, ( 2) each frame records the 30 images of the sky areas covered by the fibres at the telescope focal plane, (3) set EM Gain value = 10. Time gaps between data cubes can be about half a minute or even longer due to the power of the data acquisition computer (e.g., currently we will need ~5 minutes for completing a data cube because it will take ~40 sec for writing the file into the hard-drive of the computer). The data acquisition software which cornes with the ProEM CCD can be programmed with the VISUAL BASIC (VB) language.

Thus, we wrote a VB script which can keep recording the field images until having 20 raw data cubes in about 100 minutes. Usually, after a successfully running of the VB script, we will check the status of ail the instruments and the weather conditions before we proceed another 20 cubes data acquisition loop. How do we process MIOSOTYS images? One of the difficultés using these type of very sensitive caméra is the fluctuations of the offset or bias in each image. To improve this situation we are calculating a bias image for each image. To do so we are using a part of the image, the four corners (4 times 40 x 40 pixels) where no fibres are présent. At exposure time of 50 msec, the level of dark signal is very small compared with the bias level but anyway we will call those images (dark + bias) dark pictures. Thereafter, in the Processing, we will use the average of 5120 dark pictures. The processing of one picture is done in the following way: we use the average of 40 by 40 pixels in the 4 corners of the image. We calculate the same average in the dark-averaged image by subtracting the second one from the first one, we get the delta in bias that will be added to the dark-averaged for processing the image as usual.

In a frame, we hâve the 30 images of the fibres (each has 40 x 40 pixels square). In each image we search for the gravity centre Gl of a square 36 x 36 inside the fibre square. Then we calculate the gravity centre G2 inside a 10 x 10 square centered on Gl. The flux is calculated in a circle of radius 6 pixels centered on G2. This circle defines the inside pixels belonging to the star and the outside pixels belonging to the background.

MIOSOTYS data scheme

Figure 4.17: (Crédits: http://lesia.obspm.fr/beyond-neptune/miosotys/) 4.5

Search for Events

The ultimate goal of the MIOSOTYS mission is to search for the sub-kilometer sized TNOs by serendipitous stellar occultations. Since we already had many expériences from the works done for the RXTE and CoRoT observations, with MIOSOTYS observations, as a first try, we still used the déviation method similar with the methods applied on RXTE or CoRoT data.

Then, follow our previous works on RXTE and CoRoT, and with some optimization for MIOSOTYS, we applied two running Windows on the lightcurves normalized by Kaiser Window Functions (KWF) in order to dérivé some statistical values: the bigger running window, we call it the window of environment (WE), will be 10-sec, that is, for a lightcurve of 20 Hz time resolution, we will use 100 bins before and 100 bins behind the central bin; the smaller window is called the window of occultation (WO), and will be 3, 5, or 7 bins (e.g., WO = 3 means the central bin with the one bin before and one bin behind it) due to the expected short occultation duration time. For a data bin on a MIOSOTYS lightcurve normalized by KWF, the mean and standard déviation values will be calculated from the (WE + 1 -WO) bins. Here We defined a new statistic value, MIOVARI, which is MIOVARIt = £i=i ; = 3, 5, 7 (4.1)

We initially set the détection threshold to 4.5<r (cr, the standard déviation calculated from the (WE + 1 -WO) bins around the central bin) from a déviation histogram of a single lightcurve.

The bins with the MIOVARI value > (4.5a)2 were picked out and checked the possible reasons for its flux-drop phenomenon. We got 6 suspicious dips from the data sets before June 2012.

We then tried to perform the diffraction pattern fittings on these 6 dips and got a good fitting resuit (see Figure 4.18, [START_REF] Maquet | Probing the outer solar System small bodies with stellar occultations[END_REF]).

Figure 4.18: Observation (red line) versus model (green line). The fitted parameters are the TNO radius (0.42 km) and the TNO distance (44 AU). (Crédits: [START_REF] Maquet | Probing the outer solar System small bodies with stellar occultations[END_REF])

However, using 4.5a as the detecting threshold seemed not good enough. According to Figure 3.9, the déviation distribution of ail 5.2 x 108 CoRoT data bins, an équivalent Gaussian distribution will be spreaded between around -6.Ou to +6.0(j. Thus, for the MIOSOTYS ob servations, which we got about 7.1 x 108 data bins so far, if 80 per cent of these data bins are considered to be good, then the detecting threshold should at least to be 6.0cr. In addition, comparing with our CoRoT work in which the smallest operational detecting threshold was 6.2a.

Maybe we could use 6.5cr as a new detecting threshold and re-analyze ail MIOSOTYS data sets.

Another problem of our first study is that KWF normalization procedure will bring some uncertainties (see Figure 4.19). We do not know KWF quite well, and it was just a test in the begging of the analysis. For our further work, we will skip this procedure and follow the expé riences from RXTE and CoRoT works that we will normalize the lightcurves by the running

Windows applied on them.

To summarize here, since the MIOSOTYS observations are still on going, the data ré duction procedures are also changing with time by the suggestions from our engineers, we will hâve to perform a new search for re-analyzing ail improved lightcurves with the new detecting threshold (6.5a). We hope to hâve the new search resuit by the end of year 2014. Chapter 5

Conclusion and Perspective

Conclusion

We concluded here that the current effort of serendipitous TNO occultation search in Xrays with upper-limits to the TNO size distribution in the size range from 30 to 300 m, and in Optical with a power-law size distribution index of q = 4.5 ± 0.2 in the size range of 0.2 to 2 km.

By analyzing the 334-ks P93067 RXTE/PCA observations of Sco X-l taken from June 2007 to October 2011, only one non-instrumental dip event was found. Due to the distancesize degeneracy in the occultation lightcurve, one cannot easily détermine the occultor size or distance. One way to go around is to fit the lightcurve with different diffraction patterns and find the best-fitting resuit of the relative transverse speed, which can be obtained only in units of Fresnel scale per unit time. Then with some orbital assumptions, this speed can be compared to the real relative transverse speed of a body at a certain distance to find the match ( [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF]). As discussed in [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF], based on the fitting resuit of the aforementioned approach, that non-instrumental dip event might be due to a TNO of 150-m size, but with a rare rétrogradé orbit, or, it might be due to a main-belt asteroid (MBA) of 40-m size, but the implied size distribution is incredibly steep, or, it might be due to a very nearby object of meter size moving at a relative speed of a few kilométrés per second. The main reason why there exists such a huge uncertainty in the resuit is the small number of photons detected at millisecond time-scale.

We also analyzed about 144.4 kilo-star hours CoRoT Asteroseismology NI lightcurves.

While the 1-second time resolution does not permit modelling the diffraction pattern, owing to the huge number of star-hours, we hâve detected 13 Possible Occultation Events (POEs). We obtained minimum radii for these possible small occulting TNOs ranging between 0.2 and 0.7 km. In that size range we derived a q = 4.5 ± 0.2 slope. Our results are notably more potent than the other surveys because we are probing a larger surface on the sky plane. Moreover we also reached the limits of détection. Dedicated observations from ground facilities will allow us to obtain better results, that is to say diffraction profiles with better time resolution.

[ [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF] studied theoretically the évolution of TNO size distribution over 4.5

Gyr. They found that the size distribution of small TNOs (e.g. r < 30 km) hâve different slopes. Indeed, this signature is not erased after 4.5 Gyr of collisional évolution. Therefore, probing sub-kilometer TNOs by stellar occultation is crucial to test ail these évolution models of the TNO population.

5.2

Perspective RXTE was decommissioned in January 2012, after 16 yr of fruitful service. Future projects of building larger instruments hâve been proposed, such as Athéna ( [START_REF] Barcons | Athéna (Advanced Telescope for High ENergy Astrophysics) Assessment Study Report for ES A Cosmic Vision[END_REF]),

AXTAR [START_REF] Ray | The Advanced X-ray Timing Array (AXTAR): A US MIDEX Mission Concept[END_REF]) and LOFT [START_REF] Feroci | LOFT: the Large Observatory For X-ray Timing[END_REF]). In particular, LOFT will be 20 times larger than RXTE/PCA in terms of its photon collecting power. In Tables 5.1 we listed nine brightest non-extended X-ray sources (including Sco X-l) suitable for serendipitous TNO occultation search in the LOFT era. X-ray sources tend to be variable. Those nine sources are ail brighter than 0.1 Crab in ail the 4th Uhuru, HEAO-1 Al, and RXTE Ail Sky Monitor (ASMquick) catalogues. See the table caption for more details. Those nine sources are located at different ecliptic latitudes, providing the possibility to study latitude dependence of TNO distribution in the decametre to hectomètre size range. Their estimated LOFT count rates are also high enough to allow investigation in two or three energy bands, which can help to identify diffraction features and to détermine whether the discovered dip events are occultation in nature. One of the nine sources is a high-mass X-ray binary (HMXB) containing a black hole candidate. The other eight are ail low-mass X-ray binaries; two of which are the so-called " Atoll sources" and the other six are "Z sources". They are ail neutron-star Systems showing various rich variation in their timing and spectral properties. Long-term monitoring of these nine sources is by itself very much rewarding for the study of accretion physics around black holes and neutron stars, and is at the same time useful for pinning down the TNO size distri bution in the decametre and hectomètre size range.

CoRoT was also decommissioned in June 2014, after over 7 years of in-orbit activity.

Future space missions like Transiting Exoplanet Survey Satellite (TESS) ( [START_REF] Ricker | Transiting Exoplanet Survey Satellite (TESS)[END_REF]),

Planetary Transits and Oscillations of stars PLATO) ( [Catala, 2009]) or Characterising Exoplanets Satellite (CHEOPS) ( [START_REF] Broeg | CHEOPS: A transit photometry mission for ESA's small mission programme[END_REF]) are mainly focusing on planet-hunting. Although PLATO and CoRoT are similar with respects to their objectives and the relation with LESIA, but in fact, PLATO will monitor relatively brighter stars (between magnitudes 4 and 8, not quite good for our purpose) making it easier to confirm extrasolar planets using follow-up radial velocity measurements. It will hâve a much larger field of view allowing PLATO to study a larger sample of stars.

Recently, 70 new AN1 lightcurves from 6 more runs (LRa05, LRc04, LRc.05, LRc06, SRa03 and SRc02; each run contains 10 lightcurves except SRc.02, which has 20 lightcurves)

were uploaded to the CoRoT Archive1. Comparing with information from N2 data2, lightcurves from 10 more runs (LRa04, LRa05, LRc02, LRc07, LCr08, LRc09, SRa04, SRa05, SRc03 and LRclO) may be uploaded in the near future (see Figure 5.1). We may hâve more détections of POEs by analyzing these new data sets that may contain at least ~170 lightcurves. Another possible future work is to search for the Oort Cloud Objects using CoRoT observations. We can again examine the simulation results of [START_REF] Ofek | Detectability of Oort Cloud Objects Using Kepler[END_REF].

MIOSOTYS mission is still on going. We will hâve 10 nights in October and 10 nights in December in this year, and may hâve also 30 nights in 2015 (at CAHA). Some upgradings for current data acquisition System may be considered as well: 1) the ProEM CCD firmware and its data acquisition software, 2) a more powerful computer equipped with larger volume Solid State Disks and more than 128 Gb memory, etc. We are still working hard on the analysis of the MIOSOTYS data taken before July 2014. We may hâve the search results by the end of this year. A paper focusing on the search for small TNOs using MIOSOTYS is preparing.

1 http://idoc-corot.ias.u-psud.fr/ 2http://idoc-corotn2-public.ias.u-psud.fr/jsp/CorotFullDownload.jsp 

Observation Tactic

The fields TNOoi & TNO02 are located around the région of anti-Solar position -20°. We will use one of them for the beginning of the night. Then we will change to TNO03 / TNO04 / TNO05 which are around anti-Solar position. And for the last few hours before the Sunrise, we may switch to TNO06 / TNO07 according to the Altitude angles and the Moon distances. . -0- 
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White circled stars are suitable for the guiding. Fib#02 11.5 06 09 17.6 +23 54 20.2 1139-0104488 92.323300 23.905622 12.9 11.5 10.7 11.3 11.2 11.1 Fib#03 11.9 06 08 58.0 +23 54 6.2 1139-0104158 92.241522 23.901731 12.1 11.9 11.8 11.1 10.9 10.8

Fib#04 10.1 06 08 23.1 +23 55 12.5 1139-0103598 92.096256 23.920147 10.1 10.1 10.1 9.9 10.0 10.0 Fib#05 10.6 06 08 10.5 +23 57 39.5 1139-0103417 92.043631 23.960964 11.5 10.6 10.1 8.6 8.1 7.9

Fib#06 11.9 06 07 10.7 +23 51 7.3 1138-0102301 91.794769 23.852028 12.6 11.9 11.4 10.9 10.6 10.5

Fib#07 11.0 06 08 55.3 +24 08 11.0 1141-0105959 92.230464 24.136392 11.2 11.0 10.9 10.6 10.5 10.4

Fib#08 10.7 06 09 14.2 +24 14 38.8 1142-0105413 92.309031 24.244114 10.9 10.7 10.7 10.2 10.2 10.2

Fib#09 11.8 06 08 53.9 +24 17 18.1 1142-0105118 92.224708 24.288361 11.9 11.8 11.7 10.7 10.5 10.5 Fib#10 11.2 06 08 52.9 +24 19 44.3 1143-0106228 92.220300 24.328983 11.9 11.2 11.8 11.2 11.2 11.1 Fib#ll 11.7 06 07 32.3 +24 28 36.8 1144-0104470 91.884769 24.476897 12.8 11.7 10.9 9.5 8.9 8.7

Fib#12 11.8 06 08 46.8 +24 23 46.4 1143-0106138 92.195208 24.396219 12.3 11.8 11.2 10.8 10.6 10.5 Fib#13 11.2 06 08 21.5 +24 33 29.9 1145-0106169 92.089731 24.558292 11.7 11.2 10.8 10.5 10.3 10.2

Fib#14 11.9 06 08 31.4 +24 36 2.2 1146-0106866 92.130822 24.600603 12.4 11.9 11.6 11.7 11.6 11.6 Fib#15 11.4 06 08 56.4 +24 28 20.3 1144-0105867 92.234822 24.472297 11.9 11.4 11.0 11.6 11.5 11.5 Fib#16 11.9 06 09 12.9 +24 25 26.4 1144-0106107 92.303758 24.424003 12.8 11.9 11.6 11.6 11.5 11.5 Fib#17 11.7 06 09 24.8 +24 27 56.7 1144-0106279 92.353272 24.465742 11.9 11.7 11.8 11.4 11.3 11.3 Fib#18 11.4 06 09 45.1 +24 29 39.4 1144-0106567 92.437731 24.494281 13.1 11.4 10.5 8.8 8.2 8.0

Fib#19 11.8 06 09 31.6 +24 19 56.5 1143-0106820 92.381689 24.332361 12.0 11.8 11.7 10.9 10.8 10.8

Fib#20 10.6 06 10 16.5 +24 22 36.3 1143-0107501 92.568936 24.376761 10.6 10.6 10.6 10.0 10.0 10.0

Fib#21 10.3 06 10 7.4 +24 17 39.2 1142-0106196 92.530972 24.294225 10.9 10.3 9.9 8.9 8.5 8.5

Fib#22 11.5 06 11 2.3 +24 20 43.2 1143-0108177 92.759742 24.345331 11.6 11.5 11.4 10.9 10.8 10.8 Fib#23 10.5 06 09 46.2 +24 13 32.9 1142-0105883 92.442650 24.225803 10.6 10.5 10.4 10.2 10.3 10.2

Fib#24 10.5 06 10 21.5 +24 05 56.8 1140-0105072 92.589617 24.099108 10.7 10.5 10.3 10.1 10.1 10.1

Fib#25 11.0 06 11 27.2 +24 01 21.1 1140-0105960 92.863250 24.022519 11.6 11.0 10.6 9.9 9.8 9.7

Fib#26 11.2 06 11 23.5 +23 55 34.1 1139-0106144 92.847822 23.926147 12.0 11.2 10.6 11.1 11.1 11.0 Fib#27 10.4 06 10 57.6 +23 53 27.0 1138-0105623 92.740000 23.890836 12.1 10.4 9.6 8.5 7.9 7.8

Fib#28 11.7 06 09 35.1 +24 10 42.1 1141-0106522 92.396378 24.178375 11.8 11.7 11.7 11.3 11.2 11.1 Fib#29 11.9 06 09 45.2 +23 59 20.7 1139-0104838 92.438131 23.989081 11.8 11.9 11.5 11.2 11.1 11.0 Fib#30 10.8 06 09 39.5 +23 54 8.7

1139-0104759 92.414600 23.902425 11.9 10.8 10.2 9.9 2.18 The Figure 2 of [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF]. The upper panel shows the lightcurve 100 plotted at the size-range boundary for q equal to 3.5 and 4.0, and at the middle of the size range for q equal to 1.0. The asterisk symbol at 0.5 km is based on the reported HST/FGS détection of an occultation event ( [START_REF] Schlichting | A single sub-kilometre Kuiper belt object from a stellar occultation in archivai data[END_REF], Schlichting et al., 2012]). The solid curve is the double power-law distribution of large TNOs ([?]). The dashed line is a direct extrapolation from the largesize end of the double power law towards smaller size and the dotted line is a power law anchoring on the double power law at 90 km with a power index of -3.0. We note that the power indices in this figure, explicitly printed close to the corresponding power-law fines, are for the differential size distribution per decade of size, and are therefore the same as that of the cumulative size distribution.

The double power law and the HST/FGS results in fact indicate a wavy shape for the TNO size distribution, similar to that of the MBAs 3.1 Figure 1 of [START_REF] Ofek | Detectability of Oort Cloud Objects Using Kepler[END_REF] shows the approximate stellar angular radius distributions for Kepler (black line) and CoRoT (gray line). The vertical red dashed fines represent the Fresnel radii at selected distances where lambda = 5000 A. Howevery, since they used the CoRoT exoPlanet observations, the target stars with apprant magnitudes ranged from 12 to 15, much fainter than the target stars (Vmag brighter than 9) of the asteroseismology observations. . . 3 of [START_REF] Ofek | Detectability of Oort Cloud Objects Using Kepler[END_REF] shows the approximate Occultation Rates for The vertical grey line marks the current limitation of the direct observation. . .
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The solid black line represents the weighted average values for the minimum radii of our 13 POEs. Our results were compared with those previously reported in the literature (The red points and lines: [START_REF] Schlichting | Measuring the Abundance of Sub-kilometer-sized Kuiper Belt Objects Using Stellar Occultations[END_REF], the solid brown circles: [START_REF] Bianco | A Search for Occultations of Bright Stars by Small Kuiper Belt Objects Using Megacam on the MMT[END_REF], the hollow violet triangle: [START_REF] Bickerton | A Search For Sub-km Kuiper Belt Objects with the Method of Serendipitous Stellar Occultations[END_REF], the hollow pink circles: [START_REF] Wang | Searching for Sub-kilometer Trans-Neptunian Objects Using Pan-STARRS Video Mode Light Curves: Preliminary Study and Evaluation Using Engineering Data[END_REF], the solid cyan triangle: [START_REF] Roques | Exploration of the Kuiper Belt by High-Precision Photometric Stellar Occultations: First Results[END_REF],

the solid blue squares: [Chang et al., 2013a], and the solid slate-blue curve for TAOS [START_REF] Zhang | The TAOS Project: Results from Seven Years of Survey Data[END_REF]) 

Résumé

  Sonder l'abondance des objets transneptuniens sub-kilométriques en utilisant les occultations stellaires dans des observations X et vis ibles Les objets transneptuniens (OTNs) sont les témoins de la formation des planètes durant la période dynamique et collisionnelle de notre Système So laire. Les caractéristiques de cette population d'OTNs sub-kilométriques peu vent apporter des indices importants sur l'origine des planètes. Cependant, leur connaissance est loin d'être suffisante, en particulier pour les très petits objets, ceci à cause du peu de détections. Actuellement, seuls le OTNs plus grands que 25 km peuvent être directement observés. Pour les OTNs ne pouvant être observés directement, rechercher des évènements d'occultations stellaires fortu ites est une méthode possible. Plusieurs recherches fortuites ont été menées, mais jusqu'à présent il n'y a que deux détections possibles, obtenues à partir des données d'archives du Télescope Spatial Hubble par Schlichting et al. in 2009 et 2012. Mon travail de thèse consiste à rechercher plus d'OTNs de taille sub kilométrique en utilisant la méthode des occultations fortuites. Cette recherche est divisée en deux parties majeures : dans les longueurs d'onde X et visi bles. Les observations X proviennent toutes du satellite RXTE (Rossi X-rays Timing Explorer), et les observations visibles proviennent du satellite COROT (Convection Rotation and Planetary Transits) et de l'instrument MIOSOTYS (Multi-object Instrument for Occultation in the SOlar System and TransitorY Systems) installé sur deux télescopes au sol en France et en Espagne.

  modèles d'évolution de la ceinture de Kuiper et les résultats des relevés récents des comètes de la famille de Jupiter. L'instrument MIOSOTYS a été installé en tant qu'instrument visiteur sur le télescope de 1,93 m à l'Observatoire de Haute-Provence (OHP) en France depuis Février 2010, et sur le télescope de 1,23 m de Calar Alto (CAHA) en Espagne depuis Novembre 2012. Jusqu'en Juillet 2014, le projet MIOSOTYS a mené à bien 19 campagnes d'observation: 14 campagnes à l'OHP et 5 cam pagnes à CAHA. Le temps total d'exposition est d'environ 3,5 x 107 s, ce qui représente environ 9840 heures d'étoiles sur 85 nuits! Pour MIOSOTYS, nous avons développé une stratégie d'observation optimisée pour la recherche des OTNs. Nous avons aussi développé dans ce projet un nouvel algorithme de recherche d'évènements par la méthode des fluctuations.Mots-clés : CEINTURE DE KUIPER -OBJETS TRANS-NEPTUNIENS -PHOTOMÉTRIERAPIDE -OCCULTATIONS STELLAIRES -RXTE -COROT -MIOSOTYS »£M^^ws*nKafênfliiiRifltanRffii^(7B^anxB« » s fiSa»îM^*tt^J'«»1tilqI(**aHWWI»!7«®Btt-ISBSai m°tms -aflB»sa^KMaMS)BiR7MN • oesys£ts$i^s&M »»3E9^H -» gfiîilttï4&Rig«»!iJI0 *®AS$25^sËi*aes^Rü °sfê7flg«KSKRsinsfi£«»ïsr u 3Riffi*tt«ianfta*f!W-flnqrf7i»^s • ' aasMAih ' Rfflia«qrtt»**w«a*fMÉ*Êie M^aaitiumiiUR^ttn-Hima > »süs$2oo9^ffl2oi2^iif o a«a*xffan*ïEifiiffla«aa»aw»a3R»#Ma«ffiaa^/j' aanaïB^^B °: «laxMaasaa ftwmwffiqijftftaMaHttii • aflmffianxHanaaaa^BRXTE (Rossi X-rays Timing Explorer, ffi/'IÜ ' ÏÏDRIMtIcWSÏĴ ÜJH$të § COROT ( Convection Rotation and Planetary Transits, Mï înîîSWŸPÎ7 M/Ü StfîM) IlIIJfPMIOSOTYS ( Multi-object Instrument for Occultation in the SOIar System and abondance des objets transneptuniens sub-kilométriques en utilisant les occultations stellaires dans des observations X et vis ibles Les objets transneptuniens (OTNs) sont les témoins de la formation des planètes durant la période dynamique et collisionnelle de notre Système So laire. Les caractéristiques de cette population d'OTNs sub-kilométriques peu vent apporter des indices importants sur l'origine des planètes. Cependant, leur connaissance est loin d'être suffisante, en particulier pour les très petits objets, ceci à cause du peu de détections. Actuellement, seuls le OTNs plus grands que 25 km peuvent être directement observés. Pour les OTNs ne pouvant être observés directement, rechercher des évènements d'occultations stellaires fortu ites est une méthode possible. Plusieurs recherches fortuites ont été menées, mais jusqu'à présent il n'y a que deux détections possibles, obtenues à partir des données d'archives du Télescope Spatial Hubble par Schlichting et al. in 2009 et 2012. Mon travail de thèse consiste à rechercher plus d'OTNs de taille sub kilométrique en utilisant la méthode des occultations fortuites. Cette recherche est divisée en deux parties majeures : dans les longueurs d'onde X et visi bles. Les observations X proviennent toutes du satellite RXTE (Rossi X-rays Timing Explorer), et les observations visibles proviennent du satellite COROT (Convection Rotation and Planetary Transits) et de l'instrument MIOSOTYS (Multi-object Instrument for Occultation in the SOlar System and TransitorY Systems) installé sur deux télescopes au sol en France et en Espagne.

  Roques et Moncuquet, en 2000, estiment que la mission française COROT dédiée à la recherche d'exoplanètes, sera une excellente opportunité pour détecter des OTNs par la méthode des occultations stellaires et une photométrie rapide. Mais Ofek et Nakar réfutent cette potentialité dans leur analyse de 2010. Cepen dant, les données utilisées dans leurs simulations sont des observations d'exoplanètes de 32 secondes de résolution temporelle, ce qui est trop grand pour la recherche des OTNs par occultations stellaires. Dans ce travail de thèse, nous présentons la recherche des objets transneptuniens sub-kilométriques en analysant les données COROT d'astérosismologie qui ont la résolution temporelle plus fine de 1 sec onde.

Introduction"

  Il a été installé en tant qu'instrument visiteur sur le télescope de 1,93 m à l'Observatoire de Haute-Provence (OHP) en France depuis Février 2010, et sur le télescope de 1,23 m de Calar Alto (CAHA) en Espagne depuis Novembre 2012. Jusqu'en Juillet 2014, le projet MIOSOTYS a mené à bien 19 campagnes d'observation: 14 campagnes à l'OHP et 5 campagnes à CAHA. Le temps total d'exposition est d'environ 3, 5 x 107 s, ce qui représente environ 9840 heures d'étoiles sur 85 nuits! Pour MIOSOTYS, nous avons développé une stratégie d'observation opti misée pour la recherche des OTNs. Les champs d'étoiles sont sélectionnées en fonction de leur position antisolaire, de leur magnitudes apparente entre 10 et 13 pour les campagnes à l'OHP (entre 9 et 12 pour CAHA), et en fonction de leur petite taille angulaire projetée au niveau de la ceinture de Kuiper. Nous avons aussi développé dans ce projet un nouvel algorithme de recherche d'évènements par la méthode des fluctuations. Ce dernier utilise 2 fenêtres glissantes sur les données de courbes de lumière : une grande et externe d'une taille de plusieurs centaines de bins, et une plus petite interne d'une taille de 3-7 bins. Le seuil de détection a été placé à 6.5a. Pour conclure, je mentionne également mes projets de recherche après la thèse. Le satellite RXTE étant hors service depuis 2012, afin de continuer la recherche des objets transneptuniens sub-kilométriques dans la bande X, nous devons attendre l'arrivée des nouveaux grands observatoires X, qui seront lancés dans les prochaines années. Concernant la voie visible, bien que COROT soit arrivé en fin de vie, il reste encore ~170 courbes de lumière à exploiter. De plus, j'envisage d'analyser l'ensemble des données COROT pour une nouvelle recherche, celle des objets du Nuage de Oort, plus distants. Enfin, concernant le projet MIOSOTYS, il reste encore 50 nuits d'observation à CAHA, d'ici fin Chapter 1 We are in a new era in which the frontiers of our solar System hâve been completely redefined, thanks to the discoveries of Centaurs and trans-Neptunian objects (TNOs)... " THE SOLAR SYSTEM BEYOND

AFIG. 1

 1 FIG. 1 Discovery images of 1992 QBj (marked by arrows), obtained ut 1992 August 30 at the University of Hawaii 2.2-m telescope, using a Mould R filter (central wavelength AC=6,500Â, FWHM AA = 1,250 Â). The images show régions of a 2,048 x 2,048 pixel Tektronix CCD (each pixel subtends 0.22 arcsec). Stellar images are about 0.8 arcsec FWHM. The elongated object to the lower right in the top image is a main-belt asteroid: it appears in the top left of the bottom image and demonstrates the extraordinarily slow motion of 1992 QBi. The field shown is -90 arcsec in width.
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 12 Figure 1.2: Crédits: From Wikipedia, the free encyclopedia.

  by analyzing the Hubble Space Telescope (HST) FGSs data sets of about 19500 star hours. The détections and the upperlimits of the surveys were plotted and labeled in the size distribution in Figure 1.6.
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 16 Figure 1.6: Cumulative small TNOs size distribution as a function of TNO radius. The red cross plotted at r=250 m is the combined resuit of the first two possible TNO occultation events. The power-law index, q = 3.8 ± 0.2, is derived with the assumed break radius of 45 km (where N (>r) = 5.4 deg~2). Note that the vertical grey line represents the current limitation of the directly détection.

Figure 1 .

 1 Figure 1.8 shows the diffraction pattern of a circular object occulting a point star. It shows that objects a fraction of a Fresnel scale in size produce a significant flux-drop in starlight.Furthermore, the size of the shadow is larger than the géométrie shadow, and

Figure 1 . 9 :

 19 Figure 1.9: Contour plots of the detectability as a function of radius r = pFs and distance a = r]Fs for occultation curves sampled at frequencies of 1, 5, 20, and 40 Hz. An A0V V = 12star is assumed. (Crédits:[START_REF] Nihei | Detectability of Occultations of Stars by Objects in the Kuiper Belt and Oort Cloud[END_REF] 

Figure 2

 2 Figure 2.1: An image taken from a ASM video released by Massachusetts Institute of Technology researchers at the annual meeting of the American Astronomical Society (AAS) in 2000. This frame highlights the variety of objects seen in the video, including x-ray binaries, supernova remnants, and active galaxies. (Crédit: http://xte.mit.edu)

  five xénon gas Proportional Counter Units (PCUs). The PCA's properties are: • Energy range: 2 -60 keV with 255-channel pulse-height discrimination • Energy resolution: < 18% at 6 keV • Time resolution: 1 microsec • Spatial resolution: collimator with 1 degree FWHM • Detectors: 5 proportional counter units • Collecting area: 6250 cm,2 • Layers: 1 Propane veto; 3 Xénon, each split into two; 1 Xénon veto layer
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 22 Figure 2.2: The DSS image of the star V* V818 Scorpii, the optical counterpart of the LMXB Sco X-l.

Figure 2 . 5 :

 25 Figure 2.5: The upper figure is a screenshot showing the abstract of the P93067 proposai. The primary goal of P93067 is to search for the 30-100m TNOs. The lower figure show the co-investigators and their affiliations.

Figure 2 .

 2 Figure 2.7: The datamode of each file inside the folder of PCA.

Figure 2 .

 2 Figure 2.8: Two examples of plotting the XTE filter file. The upper image is plotting with 5 columns decribed in Section 2.4.2, and the lower image is plotting to know the status of the "PCUn_ON" during the exposure of ObsID 93067-01-38-00.

Figure 2 .

 2 Figure 2.9: The upper image is an example of an un-screening lightcurve, and the lower one is applied with a GTI made from the XTE filter file with the screening criteria. Note that the TimeZero used here is different from the Fig 2.8 due to the different default setting of the two different tasks.

Figure 2 .

 2 Figure 2.11: (a) Figure2, (b) Figure3of[START_REF] Liu | Millisecond dip events in the 2007 RXTE/PCA data of Sco X-l and the trans-Neptunian object size distribution[END_REF] 

  ), (60?4)]{2}, T[0.0:0.0078125;0.0001220703125]{6}) is the 16bit VLE event words used for describing the incident detectors and the corresponding anodes. M-token M[1]{1} which tells whether an event is a time stamp or a real event. D[0:4]{3} tells you there will be events from ail detectors présent. E[ VXH | VXL ]{1} may be used by itself to indicate a Xénon veto event. E[VPR]{1} indicates the propane layer events. E[X1 L]{1} and E[X1R]{1} indicate the first Xénon layer event. E[(60?0), (6071), (6072)A(6073), (6074)]{2} uses two bits for indicating the number of anodes triggered. T[ti : t2\dt]{6} indicates the start, stop time stamps and the time incrément.

Figure 2 .

 2 Figure 2.10 & 2.11 show the three flux-drop dip events reported in[START_REF] Liu | Millisecond dip events in the 2007 RXTE/PCA data of Sco X-l and the trans-Neptunian object size distribution[END_REF], our previous work done with 2007 P93067 data sets. The VLE counts do not particularly increase at dip epochs. However, ail the three dips are coincident in time with two or three VLEs that set no flags in the propane or the six main xénon anodes. This kind of VLEs are called 'AVLEs (anomalous VLEs)' hereafter.

Figure 2 .

 2 Figure 2.14: An example of a dip event and the different types of VLEs happened coincident.

Figure 2 .

 2 Figure 2.15: An example of applying the déviation method on a re-binned 2-ms lightcurve.

Figure 2 .

 2 Figure 2.16: Red histograms are from the data with 2-ms time bins, and thin histograms are the corresponding Gaussian distribution (in green) with the same total number of bins. The upper panel is for ail the time bins, and the lower panel is for only those bins within which there are no VLEs. In the lower panel, most of those bins with large négative déviation, except

(

  

Figure 2 .

 2 Figure 2.19: Computed shadow lightcurves for occulting bodies of different diameter D. Ail the four panels are for the case of a central-crossing event (/3 = 0). A typical RXTE/PCA observed Sco X-l spectrum is used for the diffraction pattern computation, fl is the shadow width as

Figure 2 .

 2 Figure 2.20: The détection efficiency of our algorithm in the search for serendipitous TNO occultations as a function of the occulting body diameter. Three different relative transverse speeds are considered. We assume that these occulting bodies are 40 AU away, that is, one

  here v is assumed to be a typical speed independent of D.

  The operations hâve been directed by CNES Toulouse Space Center technical teams and thus ended the switch off operations of the satellite which begun in December 2013. (Crédit: http://smsc.cnes.fr/COROT) 3.1 Introduction Fourteen years ago, Dr. Françoise Roques at Paris Observatory predicted that CoRoT (Con vection Rotation and Planetary Transits) would provide an excellent opportunity to explore the

  Cloud objects from their simulation work of discussing the potentials of Kepler1 and CoRoT missions. But, actually their results were concluded by only considering the data properties of the CoRoT exoplanet observations. The exposure time in CoRoT exoplanet channel is 32second which is too coarse for this purpose. On the other hand, the data sets of the CoRoT asteroseismology observations are more suitable for the search due to the time-resolution is 1-second.

Figure 3 . 1 :

 31 Figure 3.1: Figure 1 of[START_REF] Ofek | Detectability of Oort Cloud Objects Using Kepler[END_REF] shows the approximate stellar angular radius distributions for Kepler (black line) and CoRoT (gray line). The vertical red dashed lines represent the Fresnel radii at selected distances where lambda = 5000 A. Howevery, since they used the CoRoT exoPlanet observations, the target stars with apprant magnitudes ranged from 12 to 15, much fainter than the target stars (Vmag brighter than 9) of the asteroseismology observations.

  TESS and PLATO. CoRoT detected its first extrasolar planet, COROT-lb, in May 2007, just 3 months after the start of the observations. CoRoT has a 27 cm diameter off-axis afocal telescope housed in a two-stage opaque baffle specifically designed for blocking sunlight reflected by the Earth. Inside the focal box is an array of 4 CCD detectors protected against radiation by aluminium shielding. The asteroseismology CCDs are defocused by 760[im toward the dioptrie objective to avoid saturation of the brightest stars. The field of view of CoRoT is 2.7°.

Figure 3 . 3 :

 33 Figure 3.3: The focal plane of CoRoT with its 4 full frame transfer CCD. The dark zone corre sponds to the photo-sensitive area. Two CCDs are dedicated to the exoplanet programme and the two other ones to the asteroseismology programme. (Crédit: http://smsc.cnes.fr/COROT)

Figure 3 . 4 :

 34 Figure 3.4: The 2 eyes of CoRoT. (Crédit: http://smsc.cnes.fr/COROT)

  Figure 3.5: An example shows the contents of the BINTABLE of a CoRoT AN1 FITS file.

  Figure 3.6: 4 Histograms of CoRoT Data Sets

  using CoRoT asteroseismology observations were already pub-

  photometric précision makes these data a unique data set for the exploration of the Kuiper belt by serendipitous occultation method, with events lasting less than one second.
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 37 Figure 3.7: An example of an reduced AN1 lightcurve which contains 10041637 1-second data bins (~116 days) after screening with the flag 'OVER'.

Figure 3

 3 Figure 3.8: An example of a lightcurve represted in Normlized Flux and Z-Score.

Figure 3 .

 3 Figure 3.10: The red curve is the déviation distribution of ail CoRoT data bins by using the 20-second running window (the upper figure) and by using 180-second running window (the lower figure). The green fines are the linear fitting results from number of bins 1000 to 3. The bins on the left-hand side of the green line are potential outliers.

Figure 3 .

 3 Figure 3.11: The other 13 Standard Score histograms (RW25aec

  Figure 3.13: The short vertical red line in the right-hand side of the lower figure indecate the dip of the upper figure which is the IEE02. The lower figure is from the N0 (raw) data. We can see an éclipsé entered and the delayed flux perturbation: a dip every 32 seconds due to the cross-talk between the seismo and exoplanet CCDs.

  Figure 3.14: POE#01

  Figure 3.15: POE#02

  Figure 3.16: POEjj^03

Figure

  Figure 3.18: POE#05

Figure

  Figure 3.20: POE#07
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 3 Figure 3.23: POE#lO
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 3 Figure 3.27: The zoom-in lightcurve of POE07. Since we know the observing variables needed

Figure 3 .

 3 Figure 3.28: Our 13 possible détections comparing with the 2 possible détection from HST data by [Schlichting et al., 2012] (the red cross is their combined resuit, and the two red curves indicate the ±1<t error). Because the size of the possible TNOs are the minimal, we plot them with the arrow heading to the right-hand side. The vertical grey line marks the current limitation of the direct observation.
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 33 Figure3.30: The 13 POEs (black) and the 2 combined Schlichting events (red). The green line is the fitting resuit of the 15 possible détections (13 CoRoT POEs + 2 HST POEs). The power-index q of the green line is 4.5 ± 0.2 between r = 0.1 km and r = 1.0 km. The Pink curve represents the observed TNO size distribution reported by[?].
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 41 Figure 4.1: The instrument consists of three parts: 30 fibre positioning arms (MEFOS) fixed on a platform, an Acquisition and Guiding Image System (AGIS) above the arm platform, and a CCD caméra (ProEM CCD).

  positioning arms arranged in a circle of 200 mm diameter by the edge of the field. The first arm equipped with a bigger fibre is mainly used for the guiding purpose, and rest of 29 arms are used for observing targets. Each arm sweeps a triangular zone by 2 motions: translation by 130 mm and rotation by + 7 degree. The image fibre is fixed on the arm tip which is electrically insulated. The image fibre is a glass fibre bundle of 900mm long, the diameter of the elementary fibre is 18/tm. Its transmission efficiency is about 40-45 per cent. The viewing surface is 1.9 x 1.9 mm. The output of the 29 image fibres are projected onto the CCD caméra through the optics of AGIS with a réduction factor.We chose the ProEM™ CCD caméra manufactured by Princeton Instruments1 as the imaging sensor for the MIOSOTYS project. The sensor of e2v CCD201B is a back-illuminated, frame-transfer EMCCD with 1024x 1024 image pixels (or active area 13.3x 13.3 mm). The large image area can cover ail of 29 fibre images. The peak Q.E. at 530 nm is 95%. The air cooling System maintains the operating température at -55°C or lower. At the température the typical dark current is < 0.008 electron/pixel/second. The readout noise then dépends on the readout mode used: the electron-multiplying (EM) mode or the low-noise (LN) mode.
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 42 Figure 4.2: Comparison of traditional CCD and ProEM EMCCD array structures. (Crédit: Princeton Instruments)

  Figure 4.4: A 3D Map contains the information about: (1) the fibre images labeled with their index number (2) the géométrie distribution of transmission efficiency, assume that (r]Trans) of the fibre #28 is 1.0 (3) the directions of the translation and the rotation (4) the coordinate of the fibre image center, in the units of a image pixel.
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 45 Figure 4.5: The lower-left figure shows the 1.93-m telescope, and the lower-right figure was taken just after mounting the MIOSOTYS on the telescope.
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 46 Figure 4.6: Checking the status of ail MIOSOTYS components at OHP.
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 47 Figure 4.7: The lower-left figure shows the dôme of the 1.23-m telescope, and the lower-right figure shows the telecope.

Figure 4 . 8 :

 48 Figure 4.8: Trying to hâve the MIOSOTYS mounted on the 1.23-m telescope at CAHA in November 2012.

2 .

 2 Check the Visibility of the anti-solar position by using STARALT provided by ING6. 3. If the visibility of the anti-solar position is not good, look for the possible open clusters nearby. If there are some open clusters, add them to the list of the candidates.4. If there is no open cluster, then try to find a nearby région where may hâve many stars, like a région close to the galactic plane, not too far away from the ecliptic plane, and with good visibility.

  7. Use DS9 to examine the reality of the MSSS fields. Output the target stars files (with the extension name 'dat') from MSSS, and save their FITS images for the further steps.8. Exécuté a MS-DOS task which is a provisional version of the "MEFOS Assignation Software" only can be used for arranging the stars and the fibres, or viewing the fibre assignment file produced by itself. Always assign a brighter guiding star to fibre #1 first, because this operation will also décidé the field of view (FOV) of the MIOSOTYS. Then, examine the candidate stars by loading the corresponding FITS image to avoid picking a double/triple star System, or a null object existing in NOMAD catalogue. 9. Generate a hybrid image which has the real sky with the target stars circled and labeled as a " finder chart". 6 http: / /catserver.ing.iac.es /staralt / index, php 7http: / / modele.obs-besancon.fr/ 8http: //vizier.u-strasbg.fr/viz-bin/VizieR 4.3.1

  Figure 4.9: The anti-solar coordinate is close to RA ~82.5°, Dec ^+23.3°calculated by MSSS.
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 4 Figure 4.10: The illustration of the Opposition. (Crédits: Wikipedia)

Figure 4 .

 4 Figure 4.11: An example of the Observability image generated by STARALT.

Figure 4 .Figure 4

 44 Figure 4.11 contains lots of information: 1) the Moon is almost full at that night, 2)it seems not possible to perform any observation during the first half of the night due to the bright Moon, 3) the région of the opposition RA +20°might be a good choice, not only because it is more far away from the Moon than the others, but also it is near the galactic plane after checking from the Figure4.12, the zoom-in of Figure4.9 around opposition RA +20°.

Figure 4 .

 4 Figure 4.13: The demostration of creating the fibre assignment configuration file. Always we will hâve to assign a brighter star to fibre #1 for guiding purpose in the beginning (see the upper-right figure), and then try to assign the suitable stars selected by MSSS to the rest arms.The red color displayed on fibre# 14 on the lower image indicates it might collide on the fiber #15 if we assign the target star #41 to it. To résolve this problem we will hâve to re-assign another star to fibre #14. Words written on the upper-left corner of the lower image is the coordinate information of the field center.

Figure 4 .

 4 Figure 4.14: The upper-left figure is a possible field near an open cluster NGC 2682 found by MSSS for observing at OHP, and the upper-right figure is the real sky (DSS image) of that possible field. The lower-left figure shows the final fibre configuration with 29 stars assigned by using the field file of the upper-left field. The lower-right figure is the DSS image with the 30 target stars labeled and circled.

Figure 4 .

 4 Figure 4.15: Because the FOV at CAHA will become 90', although in the end we can still obtain a configuration of 29 stars monitored by MIOSOTYS, now the stars are far away to eaeh other. One will easily find the field of the Figure 4.14 also appears here.

Figure 4 .

 4 Figure 4.16: The real image frame of the field TNO04 we used in December 2013 at CAHA.Because this field is near the open cluster M35, and also the FOV of each fibre is ~40", we usually hâve multiple stars observed in one fibre. Thus we may need to find a better way to perfome the photometry. See Appendix B for more detail information of the TNO04 field.
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  Fields made by Ms. Andree Fernandez.
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 4 Figure 4.19: Origninal Lightcurve (red line) versus its KWF normalized (green line). Kaiser Window Function will make the dip deep in some circumstance, and this may lead us to detect a false event.
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 51 Figure 5.1: New AN1 data from 16 (15 listed + LRclO) runs may be uploaded to the server recently. (Crédits: Wikipedia)

  ms before and after Event El in 0.5-ms bins. The lower panel is a zoom-in view of Event El. The thick histogram is the observed lightcurves in 0.5-ms bins, the thin curve is the computed diffraction pattern with best-fitting parameters, and the thin histogram is the binned lightcurve of the computed one. The level of 1<j uncertainty in the observed lightcurve is indicated with a vertical bar. The average number of counts in a 0.5-ms bin is 13.1 2.19 Computed shadow lightcurves for occulting bodies of different diameter D. Ail the four panels are for the case of a central-crossing event (/3 = 0). A typical RXTE/PCA observed Sco X-l spectrum is used for the diffraction pattern com putation. O is the shadow width as defined in[Nihei et ah, 2007]. Both D and fl are in the units of a Fresnel scale 2.20 The détection efficiency of our algorithm in the search for serendipitous TNO occultations as a function of the occulting body diameter. Three different relative transverse speeds are considered. We assume that these occulting bodies are 40 AU away, that is, one Fresnel scale corresponds to 30 m. The upper panel is for the case of the typical RXTE/PCA count rate, and the lower one is for a much higher count rate, which may be achieved by future missions 2.21 The TNO size distribution. Plotted here is the differential sky surface density at the ecliptic per decade of size in units of number per square degree. The upper limits in the size range of 30 to 60 m and of 60 to 300 m, denoted with downward arrows, are derived from our non-detection in the 334-ks RXTE/PCA data of Sco X-l, and is set at the level of one détection in 334 ks. The downward arrows are

  of CoRoT with its 4 full frame transfer CCD. The dark zone corresponds to the photo-sensitive area. Two CCDs are dedicated to the exoplanet programme and the two other ones to the asteroseismology programme. (Crédit: http://smsc.cnes.fr/COROT) 3.4 The 2 eyes of CoRoT. (Crédit: http://smsc.cnes.fr/COROT) 3.5 An example shows the contents of the BINTABLE of a CoRoT AN1 FITS file. .

  an reduced AN1 lightcurve which contains 10041637 1-second data bins (~116 days) after screening with the flag 'OVER'3.8An example of a lightcurve represted in Normlized Flux and Z-Score3.9The solid red curve is the déviation distribution of ail 5.2 x 108 CoRoT data bins by using the 180-second running window. The dashed black curve is the équivalent Gaussian distribution. Note that this distribution is more guassionlike among ail 15 running Windows we applied 3.10 The red curve is the déviation distribution of ail CoRoT data bins by using the 20-second running window (the upper figure) and by using 180-second running window (the lower figure). The green lines are the linear fitting results from number of bins 1000 to 3. The bins on the left-hand side of the green line are potential outliers 3.11 The other 13 Standard Score histograms (RW25sec ~RW8$sec) 3.12 The lightcurve of IEE07 with the information of the positions and the OVER flag. Thie is an example of an IEE related to the defocusing processes 3.13 The short vertical red line in the right-hand side of the lower figure indecate the dip of the upper figure which is the IEE02. The lower figure is from the N0 (raw)data. We can see an éclipsé entered and the delayed flux perturbation: a dip every 32 seconds due to the cross-talk between the seismo and exoplanet CCDs.

  zoom-in lightcurve of POE07. Since we know the observing variables needed for the estimation of the R0geom from the Table3.4, i.e. Cy = = y-, £ = | -8.4| = 8.4, and <fiS43AU = 2.24 km,Vrei(i) = 29.96 km/'s, duration < 1second, by applying the Equation 3.9, the geometrical minimal radius R0ge0m43AUof the occultor will be about 0.35 km 3.28 Our 13 possible détections comparing with the 2 possible détection from HST data by[START_REF] Schlichting | Measuring the Abundance of Sub-kilometer-sized Kuiper Belt Objects Using Stellar Occultations[END_REF] (the red cross is their combined resuit, and the two red curves indicate the ±lcr error). Because the size of the possible TNOs are the minimal, we plot them with the arrow heading to the right-hand side.

3. 30

 30 figuration leads to a réduction of image size to 240x240 pixels due to the 2x2 binning. "C" dénotés the "computed" régions which are not exposed to the sky but merely kept by the readout process. " 1" dénotés to the fibre number 1 which is usually used as a guiding only. "OoO" dénotés to the fibre which was out-of-order during this particular night 4.4 A 3D Map contains the information about: (1) the fibre images labeled with their index number (2) the géométrie distribution of transmission efficiency, assume that (rjTrans) of the fibre #28 is 1.0 (3) the directions of the translation and the rotation (4) the coordinate of the fibre image center, in the units of a image pixel.4.5The lower-left figure shows the 1.93-m telescope, and the lower-right figure was taken just after mounting the MIOSOTYS on the telescope 4.6 Checking the status of ail MIOSOTYS components at OHP 4.7 The lower-left figure shows the dôme of the 1.23-m telescope, and the lower-right figure shows the telecope 4.8 Trying to hâve the MIOSOTYS mounted on the 1.23-m telescope at CAHA in November 2012 4.9 The anti-solar coordinate is close to RA ^82.5°, Dec ^+23.3°calculated by MSSS 4.10 The illustration of the Opposition. (Crédits: Wikipedia) 4.11 An example of the Observability image generated by STARALT 4.12 The green crosses are the open clusters, and the green circles indicate the angular sizes. The name and the coordinate of the open clusters will be displayed as the mouse point on them
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		1: Scorpius X-l Coordinates resolved by SIMBAD
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Table 2 .

 2 2: VLE types and their average countrates.

	Type	Number of Triggered Anodes	Average Count Rate
			{counts/sec/PCU)
	A	No	1.73 ± 0.29
	B	Ail	34.5 ± 11.0
	C	More than One but not Ail	44.7 ± 9.97
	D	only One	9.37 + 2.17

Table 2
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	Group	Associated VLE Type	Significant Dips	Less significant Dips
			{déviation^-6.5<r)	

.3: Number of dips in different groups.

Table 3 .

 3 1: 79 CoRoT Target Stars

	Starip	QJ2000 (<fcs)	1 1	(deg) A*	(deg)) &	VT v Magnitude	(mas) wNordgren	Spectral\ypc	Objec0Type
	ADS11318AB	276.179000	-6.603680	276.40916	+16.698246	7.42	0.259090	G0IV	Double or multiple star
	HD169370	276.176000	-7.075930	276.38409	+16.226599	6.30	0.998960	KO	Star
	HD 169556	276.377000	-6.478330	276.62036	+ 16.814529	9.31	0.140420	G5	Star
	HD169751	276.624000	-7.126890	276.84407	+16.155167	8.37	0.459160	K2	Star
	HD 169868	276.740000	-6.512880	276.99492	+16.762903	9.28	0.108800	F2	Star
	HD174884	283.168000	+4.053260	284.75164	+26.820727	7.98	0.115830	B8	Spectroscopic binary
	HD 174936	283.245000	+2.830790	284.69885	+25.596760	8.56	0.093090	A2	Star
	HD 174966	283.283000	+ 1.755470	284.62094	+24.523087	7.70	0.147940	A3	Variable Star of delta Set type
	HD 174987	283.301000	+4.224330	284.91919	+26.977358	9.08	0.078910	A2	Double or multiple star
	HD175272	283.627000	+1.897490	285.01297	+24.629374	7.40	0.195840	F5	Star in double System
	HD 175542	283.918000	+3.995700	285.57819	+26.685438	9.00	0.067080	A0	Star
	HD175543	283.953000	+3.449780	285.55176	+26.138914	7.05	0.174880	A5V	Double or multiple star
	HD 175679	284.107000	+2.471190	285.60526	+25.149488	6.13	0.776320	G8III	Star in double System
	HD 175726	284.155000	+4.265130	285.87411	+26.927738	6.72	0.359770	G5	Star in double System
	HD 175869	284.319000	+2.535350	285.84556	+25.190418	5.55	0.306230	B8IIIe	Be Star
	HD180642	289.311682	+1.059417	291.06735	+23.097380	8.27	0.100823	B1.5II-III	Variable Star of beta Cep type
	HD 180973	289.630372	+0.423464	291.31017	+22.422215	6.74	0.301363	F0	Star in double System
	HD181072	289.742450	+0.985712	291.51889	+22.962222	9.14	0.092751	A2	Star
	HD181231	289.926542	-0.049859	291.55230	+21.910872	8.69	0.109147	B 51Ve	Emission-line Star
	HD181420	290.112804	-1.309759	291.55242	+20.637282	6.57	0.315828	F2	Star
	HD181440	290.148694	-0.892161	291.65586	+21.045119	5.49	0.291373	B9III	Star
	HD181555	290.234600	+0.914959	292.03583	+22.819618	7.52	0.178793	A5	Variable Star of delta Set type
	HD181906	290.588910	+0.382983	292.32853	+22.240465	7.65	0.207315	F8	Star
	HD181907	290.589771	-0.252345	292.22620	+21.612268	5.83	0.984238	G8III:	Star
	HD182198	290.881763	-0.540581	292.48944	+21.283170	7.94	0.122273	B9V	Star
	HD263425	101.449000	+8.552150	101.69353	-14.423602	9.42	0.046850	A2	Star in Cluster
	HD292790	103.686135	-2.123109	105.10337	-24.847674	9.48	0.079987	F8	Star
	HD43317	93.945900	+4.283640	94.164457	-19.098627	6.61	0.113201	B3IV	Star
	HD43587	94.317200	+5.100100	94.528850	-18.271346	5.70	0.814967	G0V	Variable Star
	HD43823	94.633600	+4.509760	94.881649	-18.851046	7.35	0.803230	F2	Star
	HD43913	94.743600	+4.191320	95.009173	-19.165526	7.88	0.125205	A0	Emission-line Star
	HD44195	95.178100	+5.278370	95.424164	-18.063477	7.56	0.203357	F0	Star
	HD46149	97.968887	+5.033106	98.357717	-18.175287	7.59	0.127606	08.5V	Star in Cluster
	HD46150	97.981335	+4.942859	98.376274	-18.264660	6.75	0.187029	05V((f))	Emission-line Star
	HD46179	98.029749	+6.035648	98.360055	-17.170919	6.69	0.156747	B9V	Star in Cluster
	HD46202	98.043637	+4.966616	98.440059	-18.237320	8.19	0.105877	09V	Star in Cluster
	HD46223	98.038782	+4.823530	98.443801	-18.380444	7.27	0.171613	05e	Emission-line Star
	HD46375	98.302599	+5.462926	98.679686	-17.726556	7.84	0.277268	K1IV	Star in Cluster
	HD46424	98.400454	+5.661165	98.769079	-17.522778	8.08	0.302894	G5V	Star
	HD46612	98.648438	+4.967928	99.073126	-18.199387	6.88	2.930890	M0III	Semi-regular pulsating Star
	HD46966	99.107867	+6.083190	99.476577	-17.056985	6.89	0.136395	08V	Star in Cluster
	HD47129	99.350174	+6.135382	99.724347	-16.988835	6.06	0.272942	081+07.5III	Emission-line Star
	HD48752	101.308000	+9.687860	101.45605	-13.302862	8.36	0.075900	B9V	Double or multiple star
	HD48784	101.361000	+9.765740	101.50312	-13.221037	6.65	0.278350	F0	Star
	HD48976	101.637000	+9.204210	101.82923	-13.758497	7.29	1.048620	K5III	Star
	HD48977	101.635000	+8.587160	101.87981	-14.373597	5.90	0.177670	B2.5V	Star in Cluster
	HD49161	101.833000	+8.037250	102.12911	-14.905201	4.77	2.447940	K4III	Star
	HD49294	101.948147	+0.340189	102.95482	-22.563378	7.00	0.173516	A2	Double or multiple star
	HD49310	102.045000	+10.189500	102.15606	-12.742955	9.07	0.048880	A0	Star in Cluster
	HD49330	101.988616	+0.776117	102.95636	-22.125578	8.88	0.071519	B0.5IVe	Be Star
	HD49385	102.047930	+0.304973	103.06586	-22.589517	7.89	0.261391	G0	Star in double system
	HD49429	102.183000	+8.866240	102.41218	-14.049655	6.91	0.515310	KO	Star
	HD49434	102.079441	-1.318923	103.26034	-24.203882	5.75	0.426462	FIV	Variable Star of gamma Dor type
	HD49566	102.349000	+9.581800	102.51613	-13.322555	7.71	0.343000	G5	Star
	HD49677	102.473000	+8.645560	102.72656	-14.244383	8.08	0.094220	B9	Star
	HD49808	102.555083	+0.137042	103.62978	-22.710166	7.98	0.157627	FOV	Star
	HD49862	102.604615	-1.223380	103.82342	-24.059839	9.47	0.069097	A5p	Star
	HD49933	102.707633	-0.540882	103.86445	-23.370635	5.77	0.464141	F2V	Star in double System
	HD50064	102.892108	+0.297344	103.97674	-22.518603	8.29	0.380697	B6:Ia	Emission-line Star
	HD50170	102.965925	-2.176034	104.31981	-24.973081	6.82	0.338376	F2	Star
	HD50209	103.043163	-0.295537	104.20212	-23.094070	8.39	0.094428	B9Ve	Be Star
	HD50230	103.082563	-0.677489	104.28551	-23.470332	8.95	0.054438	B3V	Star
	HD50405	103.262049	-1.883619	104.61219	-24.652090	9.32	0.053015	AO	Star
	HD50747	103.602772	-1.126996	104.89976	-23.865442	5.45	0.405985	A4IV	Triple system with a variable star
	HD50773	103.654313	-0.452637	104.88048	-23.189348	9.36	0.054835	A2	Star
	HD50844	103.708813	-1.070783	105.00874	-23.798641	9.10	0.083387	A2	Star
	HD50846	103.727951	-1.375788	105.06401	-24.100042	8.20	0.138797	B5IV+F8-G0II-III	Eclipsing binary of Algol type
	HD50870	103.737000	-3.339420	105.29999	-26.052030	8.85	0.089010	FO	Star
	HD50890	103.745488	-2.803588	105.24691	-25.518266	6.04	0.918015	G6III:	Star
	HD51106	103.976042	-1.585366	105.35840	-24.282582	7.36	0.163659	A3m	Ellipsoidal binary
	HD51193	104.080000	-3.807080	105.73518	-26.480522	8.07	0.099970	BlV:nn	Be Star
	HD51332	104.215000	-3.692390	105.87079	-26.351887	7.11	0.244520	FO	Star
	HD51359	104.220000	-5.479060	106.09721	-28.127188	8.67	0.130510	A5	Double or multiple star
	HD51452	104.336000	-4.193730	106.06648	-26.836960	8.08	0.109280	B0:III:nn	Be Star
	HD51722	104.601000	-4.525060	106.40262	-27.136753	7.53	0.174410	A5	Star
	HD51756	104.617000	-3.023710	106.23260	-25.643062	7.20	0.110970	B0.5IV	Double or multiple star
	HD51844	104.697000	-4.558430	106.51372	-27.159090	8.60	0.114130	FO	Star
	HD52130	104.963000	-4.616110	106.81722	-27.186047	9.11	0.070340	A2	Star
	HD52265	105.075000	-5.367160	107.04071	-27.919031	6.28	0.418510	GOV	Star

^The information obtained from http://simbad.u-strasbg.fr/simbad/ *The apparant angular diameter estimated (see Section 3.3.3) ^Ecliptic longitude and latitude respectively
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		2: CoRoT AN1 REDUCED DATA EMPLOYED	
	Segment	RunCode	Run START DATE	Run STOP DATE	Exposure Time
			(.MM/DD/YYYY hh:mm:ss)	(.MM/DD/YYYY hh:mm:ss)	(starhours)
	1	LRaOl	01/31/2007 11:06:34	04/02/2007 07:12:15	12455.77
	2	SRcOl	04/11/2007 15:07:52	05/09/2007 07:13:21	5799.25
	3	LRcOl	05/11/2007 13:10:19	10/14/2007 23:59:59	33460.73
	4	LRaOl	10/18/2007 08:57:24	03/03/2008 09:49:35	28665.71
	5	SRaOl	03/05/2008 22:34:26	03/31/2008 07:43:58	5422.20
	6	SRa02	10/08/2008 22:44:36	11/12/2008 08:29:29	7450.72
	7	LRa02	11/13/2008 22:49:46	03/11/2009 10:31:38	25137.60
	8	LRc03	04/01/2009 20:49:11	07/02/2009 03:53:58	9813.25
	9	LRa03	10/01/2009 20:57:34	03/01/2010 08:37:24	16203.11
	Total Exposure Time (star hours):		144408.34

Table 3 .

 3 3: Comparison of Angular Radius Results

	StarName	Radius	Parallax	û °CoRoT	@Nordgren	Reference
		ORq)	(mas)	(mas)	(mas)	
	HD46375	0.74	28.72	0.098923	0.138634	[Mosser et al., 2013]
	HD49385	1.92	13.91	0.124311	0.130695	[Mosser et al., 2013]
	HD49933	1.55	33.69	0.243060	0.232071	[Mosser et al., 2013]
	HD52265	1.34	34.53	0.215368	0.209255	[Mosser et al., 2013]
	HD175272	1.63	11.30	0.085733	0.097920	[Ozel et al., 2013]
	HD175726	1.01	37.73	0.177373	0.179885	[Bruntt, 2009]
	HD181420	1.60	21.05	0.156766	0.157914	[Ozel et al., 2013]
	HD181906	1.39	14.72	0.095236	0.103657	

  .13). They are called IEE01 ~IEE07, i.e. Instrumental Effect Events. The other 13 outliers were identified as Possible Occultation Events, the so-called POEs (see Figure3.14 ~Figure 3.26). Among these 13 POEs, 2 (POE04 & POE07) were detected within 4 Windows sizes and other 11 were detected with only one window size. (see Table3.5)
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			.4: 13 Possible Occultation Events and 7 Instrumental Effect Events	
	N°RunCode	WinSizeT	MJD	Depth	FluxDrop	StaiID	Vmag	/?*	LJ*	Rl	Vrel	SNR	
			(sec)	(day)	(<b	(%)			(deg)	(deg)	(km)	(km/s)		(km)
	PQE01	SRcOl	20	54208.482227	-10.2	0.39	HD175272	7.40	+24.63	78.16	3.06	13.94		0.29
	POE02	LRcOl	35	54244.415845	-7.8	0.16	HD181440	5.46	+21.05	52.05	4.55	21.36		0.28
	POE03	LRcOl	25	54326.764120	-9.1	0.57	HD182198	7.94	+21.28	35.49	1.91	26.74		0.38
	POE04	LRcOl	70	54352.408877	-6.6	0.16	HD181907	5.83	+21.61	56.98	15.39	19.73		0.62
	POE05	LRcOl	30	54376.565587	-8.3	0.63	HD 180642	8.27	+23.10	79.79	1.57	12.91		0.25
	POE06	LRaOl	20	54408.387337	-9.3	1.01	HD49862	9.47	-24.06	64.85	1.08	17.67	921	0.31
	POE07	LRaOl	30	54472.189174	-8.4	0.76	HD49330	8.88	-22.13	22.36	1.12	29.96		0.35
	POE08	LRaOl	20	54505.935521	-9.3	0.34	HD49294	7.00	-22.56	42.97	2.71	24.79		0.34
	POE09	LRa02	30	54785.312491	-8.1	0.39	HD51722	7.53	-27.14	57.70	2.73	21.08		0.34
	POEIO	LRa02	50	54828.166559	-7.2	0.52	HD51722	7.53	-27.14	28.67	2.73	29.67		0.46
	POE11	LRc03	20	54953.297340	-10.2	1.00	HD169868	9.28	+ 16.76	56.66	1.70	18.62		0.40
	POE12	LRc03	20	54986.009771	-9.9	0.47	HD169751	8.37	+ 16.16	28.10	7.18	27.75		0.68
	POE13	LRc03	60	55011.518949	-6.7	0.22	HD 169370	6.30	+ 16.23	16.30	15.62	29.99		0.73
	IEE01	IRaOl	180	54143.848821	-6.4	1.79	HD50844	9.10	-23.80	44.46	1.30	24.60	356	0.54
	IEE02	SRcOl	20	54205.229091	-10.4	0.40	HD 175272	7.40	+24.63	81.04	3.06	13.35		0.28
	IEE03	LRcOl	180	54293.734927	-6.0	1.41	HD 180642	8.27	+23.10	23.12	1.57	30.00	428	0.57
	IEE04	LRcOl	85	54310.990668	-6.5	1.40	HD 180642	8.27	+23.10	27.53	1.57	29.09	461	0.56
	IEE05	LRa03	180	55107.750660	-6.2	0.86	HD43587	5.70	-18.27	84.18	12.74	9.89	722	1.18
	IEE06	LRa03	180	55110.305301	-6.2	0.56	HD43587	5.70	-18.27	81.79	12.74	10.33		0.95
	IEE07	LRa03	180	55110.810865	-6.5	2.01	HD43823	7.35	-18.85	81.68	12.56	10.62	323	1.78

^The running-window sizes applied to the search for the events. *The radius projected at 43AU of the background stars.

aThe smallest détectable radius estimated in the framework of optical geometry.

*Ecliptic latitude and Opposition angle respectively.
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				.5: 20 Outliers from 15 Running Window Sizes		
	N°m v20,rc	rw30"c	Rw35"c	rw40"c	RW45"C	RWso."	RW^RWm,rc	RW65"C	RWto,'C	RWn^RWso."	RW^.'C	RWlS0.'C
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		.6: Diffractional and Geometrical Radii
	N°F luxDrop	Rj	Vrel*	D	Ogeom	fl	p ^Odif f	*
		(%)	(km)	(km/s)	(km)		(km)
	POEOl	0.39	3.06	13.94	0.29		0.23
	POE02	0.16	4.55	21.36	0.28		0.23
	POE03	0.57	1.91	26.74	0.38		0.28
	POE04	0.16	15.39	19.73	0.62		0.59
	POE05	0.63	1.57	12.91	0.25		0.18
	POE06	1.01	1.08	17.67	0.31		0.28
	POE07	0.76	1.12	29.96	0.35		0.34
	POE08	0.34	2.71	24.79	0.34		0.27
	POE09	0.39	2.73	21.08	0.34		0.27
	POEIO	0.52	2.73	29.67	0.46		0.39
	POE11	1.00	1.70	18.62	0.40		0.29
	POE12	0.47	7.18	27.75	0.68		0.66
	POE13	0.22	15.62	29.99	0.73		0.71
	ÎThe radius projected at 43AU of the background stars.	

*The relative velocity of the star with respect to the potential occultors.

Table 4 .

 4 1: Relative Transmission Efficiency (VTrans) by Optical System.

	Fibre	VTrans	Fibre	VTrans	Fibre	VTrans	Fibre	VTrans	Fibre	VTrans
	28	1.00	22	0.89	24	0.79	18	0.63	25	0.53
	30	0.98	15	0.86	10	0.76	11	0.62	03	0.48
	16	0.96	29	0.83	12	0.76	21	0.61	13	0.45
	08	0.94	07	0.81	27	0.70	05	0.58	20	0.45
	09	0.92	17	0.81	06	0.67	04	0.55	26	0.40
	23	0.91	02	0.80	14	0.66	19	0.53		

  By July 2014, MIOSOTYS project has successfully carried out 19 observational runs: 14 runs at OHP and 5 runs at CAHA since February 2010 (see Table4.5). We obtained more than 6100 image cubes originally in SPE binary format. The total exposure time before screening is ~3.5 x 107 sec, which is about 9840 star hours, from 85 nights. The type of fields, number of cubes, frames per cube, number of targets assigned, the time resolution, and the EM Gain values used for each observation night were listed in theTable 4.3, 4.4, 4.5, 4.6. We modified the settings of the observation several times since February 2010 due to the more understanding about our instruments.

Table 4

 4 

	.2: 19 MIOSOTYS Observational Runs
	ObsDate	Site	Note
	(YYYYMM)		
	201002	OHP	First Light!
	201005	OHP	
	201010	OHP	
	201012	OHP	
	201103	OHP	
	201110	OHP	
	201112	OHP	
	201201	OHP	
	201203	OHP	
	201206	OHP	
	201211	CAHA	First CAHA Run!
	201212	OHP	
	201301	OHP	
	201303	OHP	
	201304	OHP	
	201305	CAHA	
	201306	CAHA	
	201312	CAHA	
	201405	CAHA	

Table 4

 4 

		.6: 2013 k 2014 MIOSOTYS Observations at CAHA
	2013/14Date	FieldType	Cubes
	(YYYYMMDD)		(#)

Table 5 .

 5 1: 9 non-extended bright X-ray sources. The 4U catalogue was compiled with observations conducted during 1972-1973, the Al catalogue was during 1977 and the ASMquick information was based on weekly average in 2011 August. Those listed in the 2nd, 3rd and 4th columns are source brightnesses in the 4U, Al and ASMquick catalogues, respectively, ail in units of Crab. Their positions are listed in the 5th and 6th columns,where À is the ecliptic longitude and (3 is the ecliptic latitude, both in degrees. This list is sorted with the absolute values of the ecliptic latitude J3. (See[Chang et al., 2013a] for

	more detail.)						
	Source	Brightness (Crab)	A	p	Other Names
		4U	Al	ASMquick	(deg)	(deg)	
	4U 1758-25	1.21	0.56	0.58	269.56	-1.63	1H1758-250, GX5-1
	4U 1758-20	0.63	0.37	0.30	269.66	+2.91	1H1758-205, GX9+1, Sgr X-3
	4U 1617-15	17.95	9.1	11.0	245.14	+5.73	1H1617-155, Sco X-l
	4U 1813-14	1.00	0.33	0.37	273.24	+9.35	1H1813-140, GX17+2, Ser X-2
	4U 1702-36	0.79	0.41	0.44	258.11	-13.50	1H1702-363, GX 349+2, Sco X-2
	4U 1642-45	0.48	0.18	0.25	255.31	-23.06	1H1642-455, GX340+0
	4U 1837+04	0.30	0.14	0.12	280.60	+28.09	1H1837+049, Ser X-l
	4U 2142+38	0.58	0.47	0.38	345.98	+47.96	1H2142+380, Cyg X-2
	4U 1956+35	1.24	0.29	0.42	312.86	+54.26	1H1956+350, Cyg X-l

Table 1 .

 1 StarObs jMap http://catserver.ing.iac.es/staralt/index.php Circles above frame repnesent Full Moon and the "C1 symbol on a curve means the Moon is doser than 15°T he thick dotted line above the curves ne présents the total sunless hours tor each day of the year Relative transmission efficiency by optical System.
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 1 Relative transmission efficiency by optical System.
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  Fib#07 12.0 03 47 43.1 +24 16 55.5 1142-0043880 56.929592 24.282092 12.4 11.9 11.1 10.4 10.1 10.0 0.043009 1.0

	Arms Configuration Fibers Assignment forTNO-03 TNO FIELD 04 Arms Configuration TNO FIELD 05 Arms Configuration
	DOSBox 0.74, Cpu speed: DOSBox 0.74, Cpu speed: DOSBox 0.74, Cpu speed:	3000 cycles, Frameskip 0, Program: ASS_CALA 3000 cycles, Frameskip 0, Program: ASS.CALA 3000 cycles, Frameskip 0, Program: ASS_CALA
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	/Users/cyliu/Desktop/ASSWrk/2013Dec/12CAHA/TNO01/TNO03.ASS.Info /Users/cyliu/Desktop/ASSWrk/2013Dec/12CAHA/TNO02/TNO04.ASS.Info	Page 1 of
	Saved: 11/26/12, 3:20:36 AM Saved: 11/26/12, 3:21:31 AM									Printed For: Chih-Yuan L1 Pninted For:
	FibNUM Vmag RA(sex) FibNUM Vmag RA(sex)	DEC(sex) DEC(sex)	NOMAD_ID NOMAD_ID		RA(deg) RA(deg)	DEC(deg) DEC(deg)	Bmag Vmag Rmag Dmag Hmag Kmag AngSize Bmag Vmag Rmag Dmag Hmag Kmag	FSS
	24* Fib#02 10.1 03 47 24.6 +23 56 7.3	1139-0042509 56.852453 23.935350 20.0 10.1 15.1 14.2 13.8 13.7 0.008113 0.2
										»	R
	Fib#03 10.1 03 46 37.7 +23 47 15.8 1137-0042520 56.656986 23.787733 10.8 10.1 9.7	8.9	8.6	8.5	0.084649 2.1
	TNOOl.ASS O Anti-Solar Direction].2 Fib#04 11.2 03 46 31.9 +23 51 42.6 1138-0042414 56.633033 23.861839 11.1 11.2 10.6 9.5 gm£b<çm TNO02.ASS TNO03.ASS • V Fib#05 11.4 03 47 40.4 +24 08 57.4 1141-0043756 56.918144 24.149267 12.1 11.4 11.2 9.6 DEC•; [~M35] [~NGC2682] Fib#06 10.6 03 46 39.3 +24 06 11.5 1141-0043548 56.663878 24.103197 2.3 10.6 10.8 8.4	9.2 9.1 8.2	9.1 8.9 8.2	0.063675 1.6 0.078484 1.9 0.092255 2.2
	7 STARs assigned 29 STARs assigned 29 STARs assigned							
	Fib#08 10.8 03 45 44.4 +24 13 13.1 1142-0043287 56.435067 24.220314 11.4 10.8 10.2 9.3	8.8	8.8	0.080077 1.9
	Field_centre Field_centre Field_centre Fib#09 10.7 03 46 44.2 +24 18 46.1 1143-0044165 56.684083 24.312817 11.4 10.7 10.6 9.6	9.5	9.4	0.052768 1.3
	03:47:51.9 06:09:26.6 +24:11:19.2 +24:20:25.2 08:49:55.4 +11:19:52.9 Fib#10 11.5 03 45 41.9 +24 25 53.5 1144-0043985 56.424417 24.431517 11.8 11.5 10.9 9.8	9.5	9.4	0.056803 1.4
	Fib#ll 11.5 03 46 2.7	29 +24 29 21.8 1144-0044081 56.511047 24.489392 13.2 11.5 17.7 16.0 15.2 15.0 0.005479 0.1 • 29 • . -2 9 •
	30 1143-0044225 56.748400 24.384414 11.6 10.9 10.5 9.8 1 2 30 , 30 2 Fib#14 11.9 03 46 37.8 +24 44 51.7 1147-0043767 56.657389 24.747694 12.9 11.9 11.2 10.2 9.8 Guiding Star Fib#12 11.0 03 46 59.6 +24 23 3.9 9.7 Guiding Star Guiding Star	9.7 9.7	0.045592 1.1 0.053422 1.3
	39 11.8 03:47:55.9 +23:41:45.7 1136-0042626 10502 12.1 06:09:33.4 +23:32:48.2 1135-0103257 10076 12.9 08:50:0.9 +10:40:57.3 1006-0168789 Fib#15 11.8 03 47 18.6 +24 27 13.4 1144-0044365 56.827514 24.453736 13.0 11.8 11.0 9.4	8.7	8.7	0.091603 2.2
	Fib#16 10.5 03 47 28.8 +24 33 25.0 1145-0045303 56.870158 24.556942 12.2 10.5 9.6	6.7	5.8	5.5	0.480231 11.7
	Fib#17 11.9 03 48 19.8 +24 50 52.2 1148-0045413 57.082483 24.847825 12.1 11.9 11.8 10.4 10.1 10.1 0.040849 1.0
	Fib#18 10.8 03 47 40.4 +24 21 52.4 1143-0044400 56.918525 24.364558 11.9 10.8 10.1 9.3	9.1	9.0	0.069236 1.7
	Fib#19 10.9 03 48 48.8 +24 38 5.8		1146-0046164 57.203278 24.634933 11.3 10.9 10.6 9.6	9.4	9.3	0.056348 1.4
	SÏ3&4EÏ Fib#20 10.6 03 49 11.7 +24 38 11.7 1146-0046288 57.298903 24.636589 11.2 10.6 10.2 9.2 gO&tOES££	9.0	8.9	0.066685 1.6
	Fib#22 11.1 03 50 31.5 +24 30 33.5 1145-0046187 57.631306 24.509311 11.5 11.1 10.6 10.1 9.9	9.8	0.043179 1.1
	Fib#23 11.5 03 49 11.6 +24 23 7.8		1143-0044867 57.298186 24.385506 12.6 11.4 11.3 10.8 10.5 10.4 0.036006 0.9
	Fib#24 11.7 03 49 36.5 +24 17 45.9 1142-0044532 57.402267 24.296069 12.4 11.7 11.2 10.0 9.6	9.6	0.054753 1.3
	Fib#25 11.4 03 50 6.1	+24 12 54.7 1142-0044795 57.525392 24.215206 12.1 11.4 11.0 10.1 9.8	9.8	0.046541 1.1
	Fib#26 10.5 03 49 40.6 +24 02 15.0 1140-0042592 57.419103 24.037503 11.3 10.5 10.1 8.8	8.4	8.2	0.106023 2.6
	Fib#27 11.5 03 48 56.1 +24 01 26.1 1140-0042447 57.233753 24.023928 12.7 11.5 10.7 9.0	8.4	8.3	0.108231 2.6
	Fib#28 10.2 03 48 26.2 +24 02 54.2 1140-0042315 57.109022 24.048389 10.6 10.2 9.9	9.0	8.7	8.7	0.076910 1.9
	Fib#29 11.5 03 48 35.5 +23 49 9.0		1138-0043102 57.147981 23.819172 12.8 11.5 10.4 8.5	7.8	7.6	0.164680 4.0
	Fib#30 11.5 03 47 59.3 +24 05 57.1 1140-0042208 56.997125 24.099192 2.5	11.5 11.7 8.8	8.5	8.4	0.087617 2.1
										R+
	&b A -T*									>
										T-+
	1.0-0.9	0.9-0.8		0.8-0.6	0.6-0.4
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  .6 0849 38.6 +11 11 36.9 1011-0170157 132.41078 11.193581 12.0 11.6 11.3 10.4 10.1 10.1 0.041159 1.0 Fib#03 12.0 08 49 20.2 +11 08 50.3 1011-0170102 132.33415 11.147317 12.1 12.0 11.9 10.7 10.5 10.4 0.034153 0.8 Fib#04 11.8 08 48 26.8 +10 55 28.4 1009-0168508 132.11149 10.924561 12.2 11.8 11.5 10.1 9.6 Fib#06 11.9 08 48 15.0 +11 08 43.0 1011-0169906 132.06262 11.145267 12.7 11.9 11.4 11.2 10.9 10.8 0.028691 0.7 Fib#07 11.0 08 48 59.3 +11 17 22.0 1012-0167851 132.24710 11.289442 12.2 11.0 10.2 9.6Fib#ll 11.3 08 47 30.5 +11 37 29.9 1016-0167493 131.87720 11.624972 11.9 11.3 10.9 10.4 10.2 10.1 0.038585 0.9

	/Users/cyliu/Desktop/ASSWrk/2013Dec/12CAHA/TNO03/TNO05.ASS.Info				Page 1 of
	Saved: 11/26/12, 3:22:11 AM						Printed For: Chih-Yuan L3
	FibNUM Vmag RA(sex)	DEC(sex)	NOMAD_ID	RA(deg)	DEC(deg)	Bmag Vmag Rmag Jmag Hmag Kmag AngSize	FSS
	Fib#02 119.6	0.056159 1.4
	Fib#05 11.6 08 48 21.9 +10 58 4.2	1009-0168492 132.09133 10.967828 12.4 11.6 11.1 10.7 10.4 10.4 0.035320 0.9
								9.1	8.9	0.078105 1.9
	Fib#08 11.8 08 48 22.3 +11 18 17.3 1013-0168990 132.09304 11.304794 12.3 11.8 11.5 10.3 9.9	9.7	0.052281 1.3
	Fib#09 11.2 08 49 8.8	+11 22 49.6 1013-0169108 132.28680 11.380436 11.9 11.2 10.7 9.8	9.6	9.5	0.053104 1.3
	Fib#10 10.9 08 48 37.2 +11 26 25.1 1014-0168824 132.15496 11.440314 11.5 10.9 10.4 9.3	8.7	8.6	0.090960 2.2
	Fib#12 10.9 08 48 3.7	+11 37 21.0 1016-0167583 132.01550 11.622508 11.2 10.9 10.8 10.0 9.8	9.7	0.045996 1.1
	Fib#13 11.4 08 49 32.8 +11 31 50.1 1015-0167829 132.38685 11.530594 11.9 11.4 11.1 10.1 9.8	9.7	0.049205 1.2
	Fib#14 10.5 08 49 50.0 +11 35 25.7 1015-0167876 132.45829 11.590478 11.0 10.5 10.1 9.6	9.4	9.3	0.057580 1.4
	Fib#15 11.0 08 49 43.5 +11 48 38.7 1018-0179097 132.43108 11.810750 11.0 11.0 11.0 9.6	9.5	9.4	0.054678 1.3
	Fib#16 11.2 08 49 57.1 +11 48 51.3 1018-0179160 132.48803 11.814242 11.5 11.2 11.1 10.4 10.2 10.2 0.037189 0.9
	Fib#17 10.1 08 50 18.3 +11 55 21.2 1019-0186353 132.57614 11.922556 11.3 10.1 9.4	8.1	7.5	7.4	0.158110 3.8
	Fib#18 12.0 08 51 1.6	+11 49 34.3 1018-0179580 132.75646 11.826189 12.8 11.9 11.4 11.5 11.2 11.1 0.025071 0.6
	Fib#19 11.8 08 50 45.0 +11 37 30.3 1016-0168128 132.68745 11.625078 12.6 11.8 11.3 10.7 10.3 10.2 0.040325 1.0
	Fib#20 11.4 08 51 26.4 +11 43 50.7 1017-0170917 132.86013 11.730753 11.4 11.4 11.3 11.0 11.0 11.0 0.023117 0.6
	Fib#21 11.9 08 51 53.5 +11 38 32.6 1016-0168473 132.97272 11.642397 14.0 11.9 11.1 11.6 11.3 11.3 0.022777 0.6
	Fib#22 11.7 08 51 14.8 +11 30 8.4	1015-0168268 132.81153 11.502336 12.4 11.7 11.2 10.4 9.9	9.8	0.048560 1.2
	Fib#23 11.9 08 51 50.9 +11 28 48.6 1014-0169638 132.96224 11.480167 12.5 11.9 11.4 10.4 10.1 10.0 0.043231 1.1
	Fib#24 10.2 08 51 19.9 +11 22 5.1	1013-0169630 132.83273 11.368075 11.1 10.2 9.6	8.5	8.1	8.0	0.115367 2.8
	Fib#25 11.5 08 51 55.9 +11 09 31.2 1011-0170738 132.98272 11.158672 11.9 11.5 11.2 10.9 10.8 10.7 0.027776 0.7
	Fib#26 11.2 08 52 3.4	+11 02 49.7 1010-0168859 133.01426 11.047131 12.0 11.2 10.7 9.5	9.1	9.0	0.072289 1.8
	Fib#27 11.5 08 50 52.7 +11 15 33.3 1012-0168319 132.71969 11.259242 12.7 11.5 10.7 10.1 9.6	9.5	0.060533 1.5
	Fib#28 11.6 08 50 3.0	+11 16 42.0 1012-0168101 132.51262 11.278339 12.1 11.6 11.2 10.5 10.2 10.1 0.038907 0.9
	Fib#29 10.3 08 50 26.5 +10 54 52.9 1009-0168907 132.61030 10.914697 11.3 10.3 9.6	8.5	8.1	7.9	0.123007 3.0
	Fib#30 11.7 08 50 0.5	+11 05 22.5 1010-0168381 132.50199 11.089586 12.7 11.7 11.1 10.1 9.6	9.4	0.063973 1.6

Ultérieurement, des doutes ont été émis sur l'authenticité de ces chutes de signal probablement dues à de « Très Larges Evènements » (TLEs) plutôt qu'à des occultations d'OTNs. Cependant, cette question ne put être tranchée définitivement, car ces TLEs n'ont pu être détectés que dans les données d'envir onnement de 2007 avec la résolution temporelle importante de 125 ms. Afin de mieux caractériser les possibles effets instrumentaux, de nouvelles observations ont été menées entre 2007 et 2011 avec une nouvelle procédure d'acquisition. Cette fois-ci, des informations plus précises sur les TLEs ont été obtenues avec

http://heasarc.gsfc.nasa.gov/docs/xte/XTE.html

ftp://legacy.gsfc. nasa.gov/xte/data/xtesof/pub/FITS/production/

3http://heasarc.gsfc.nasa.gov/docs/xte/recipes/stdprod_gmde.html

' °u9eorn43AU

http: / / www.princetoninstruments.com /

î First Observational R un at CAHA. *Fields made by Ms. Andree Fernandez.

*Fields made by Ms. Andree Fernandez.
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CEINTURE DE RAPIDE -OCCULTATIONS STELLAIRES -RXTE -COROT -MIOSOTYS

• Hsiang-Kuang Chang, Chih-Yuan Liu, Kuan-Ting Chen (2013, Feb). Search for serendipitous trans-Neptunian object occultation in X-rays. Monthly Notices of the Royal Astronomical Society, 429, 1626-1632

• Jing Wang, Hsiang-Kuang Chang, Chih-Yuan Liu (2012, Nov). Energy dependence of normal branch oscillations in Scorpius X-l. Astronomy & Astrophysics, 547, A74

• Hsiang-Kuang Chang, Chih-Yuan Liu, Kuan-Ting Chen (2011, Feb). Millisecond dips in the 2007-09 RXTE/PCA lightcurve of Sco X-l and one possible occultation event.

Monthly Notices of the Royal Astronomical Society, 411, 427-434 1 of [START_REF] Jewitt | Discovery of the candidate Kuiper belt object 1992 QB1[END_REF] 1.2 Crédits: From Wikipedia, the free encyclopedia 1.3 Distribution of trans-Neptunian objects. (Crédits: From Wikipedia, the free encyclopedia.)

1.4

The presumed distance of the Oort cloud compared to the rest of the Solar System. (Crédits: From Wikipedia, the free encyclopedia.)

1.5

The simulated size distribution at the end of runaway growth before the onset of collisional érosion is given by the thick blue line. Note that during runaway growth, most of the initial mass remains in small planetesimals while a small fraction of the total mass is converted into large proto-planets. This spécifie example corresponds to an initial planetesimal population of bodies that were ail 1 km in radius. (Cedits: Figure 1 of [START_REF] Schlichting | Initial Planetesimal Sizes and the Size Distribution of Small Kuiper Belt Objects[END_REF])

1.6 Cumulative small TNOs size distribution as a function of TNO radius. The red cross plotted at r=250 m is the combined resuit of the first two possible TNO occultation events. The power-law index, q = 3.8 ± 0.2, is derived with the assumed break radius of 45 km (where N (>r) = 5.4 deg~2). Note that the vertical grey line represents the current limitation of the directly détection. ...

1.7

Comparison of the direct détection method with the occultation method: The dotted lines show the apparant magnitudes.The dashed lines correspond to the projected stellar radii; the upper one corresponds to an M5 star with V = 12 and the lower one to an 05 star with V = 12. Occultations of stars larger than the Fresnel scale are géométrie and the limit of détection is a fraction of the stellar radius. When the star is smaller than the Fresnel scale, the occultation is a diffracting phenomenon and the limit of détection is a fraction of the Fresnel scale. Objects in the white zone are invisible (V > 30) and can only be detected 2.9

The upper image is an example of an un-screening lightcurve, and the lower one is applied with a GT1 made from the XTE filter file with the screening criteria.

Note that the TimeZero used here is different from the Fig 2 .8 due to the different default setting of the two different tasks 2.10 The Figure 1 of [START_REF] Liu | Millisecond dip events in the 2007 RXTE/PCA data of Sco X-l and the trans-Neptunian object size distribution[END_REF] shows the individual and combined lightcurves of the two sets of the detected photons and the VLEs related. The upper three panels are plotted with a 0.5-ms time-resolution. The lightcurve in the top panel is the sum of the two in the middle two panels. Plotted in the bottom panel is the count of 'VLEs' at a resolution of 125 fis, which is also the designed resolution in the data. Some VLEs arrive at the same time (within 125 fis)

2.11 (a) Figure 2, (b) Figure 3 of [START_REF] Liu | Millisecond dip events in the 2007 RXTE/PCA data of Sco X-l and the trans-Neptunian object size distribution[END_REF] 2.12 (Crédit: [START_REF] Jahoda | Calibration of the Rossi X-Ray Timing Explorer Proportional Counter Array[END_REF]) E[(60?0), (60?1), ( 6072 (See ftp://legacy.gsfc.nasa.gov/xte/doc/XFF/XFF.ps for more detail.) 2.14 An example of a dip event and the different types of VLEs happened coincident.

Note that the définition of these 4 types used here looks not the same with the one we used in [START_REF] Chang | Millisecond dips in the 2007-09 RXTE/PCA light curve of Sco X-l and one possible occultation event[END_REF], Chang et al., 2013a], but actually the classifying process is exactly the same, the différence is just the name of them.

2.15

An example of applying the déviation method on a re-binned 2-ms lightcurve. .