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Abstract

During last decade the interest in the study of Near Earth Objects (NEOs) has grown steadily among the astronomical community. The potential hazard of NEOs has both scientific and civil importance. One of the most important goals for the astronomers is to discover at least the 90% of the NEO population of the 1km class by 2008 (Spaceguard Goal). The Campo Imperatore Near Earth Objects Survey- CINEOS is involved in this context and operates with the Schmidt telescope (60/90/180) at the Campo Imperatore station of the “Osservatorio Astronomico di Roma – OAR”, near the summit of the Gran Sasso Mountain at about 2150 m of elevation. CINEOS was born from a collaboration between the “Osservatorio Astronomico di Roma – OAR”, the “Istituto di Astrofisica Spaziale e Fisica Cosmica – IASF-CNR” of Rome (formerly IAS-CNR) and the “Osservatorio Astronomico di Torino – OAT”. The program has recently restarted operations after a brief period of activity in 1996-1997, taking advantage of improved hardware and software capabilities. The technical features of the instrument and the good quality of the sky at Campo Imperatore site, supply optimal conditions for an effective Near Earth Object (NEO) survey. The main CINEOS purposes are: i) the discovery of NEOs at small solar elongation, in particular Atens and Inner Earth Objects (IEOs); ii) a NEO follow-up and recovery program according to the suggestions provided by the Spaceguard Central Node.

In this thesis I discuss the simulation which I performed in order to obtain the best observational strategy for the CINEOS goals. The results of this simulation show that the most efficient strategy is the one which permits to reach the 20 limiting magnitudes within 60 seconds of exposure at solar elongations between 40 and 80 degrees.

The present work shows the first results which CINEOS obtained up to 30th November 2002.

CINEOS discovered two NEOs, 2002 RQ25 and 2002 WP11. 2002 RQ25 is an Apollo and its size is estimated to be between 210 and 470 meters. 2002 WP11 is an Amor and its size is estimated around 900-1000 meters. They are the first NEOs discovered by a professional Italian observatory.

CINEOS discovered two mars crossers, 2002 LC58 and 2002MQ, and 471 main belt objects, from which three of them were numbered. CINEOS observed 2540 known objects, for a total of 12509 positions. 39 of them are NEOs, whose 10 are potentially hazardous asteroids (PHAs). CINEOS gave an important contribution on determining the orbit of 2002 MN, which passed only 120.000 km from the Earth.

These results are very encouraging and the improvements scheduled are very promising.

Introduction

During the last decade, the study of the Near Earth Objects (NEO) has obtained a considerable impulse. The reason for this interest comes from the possibility of their impact hazard with the Earth and consequently of their threat on life. Before discussing the reasons of this impact hazard, which are the engine of a wide scientific interest, it is convenient to explain what are exactly the NEOs.

NEOs is, first of all, a generic definition, which refers to both asteroids (NEAs) and comets (NECs). The distinction between an asteroid and a comet is often rendered difficult because it is assumed that some of these objects, which apparently don’t show any activity, could be, in fact, nuclei of extinguished comets.

By definition, the NEOs are objects with orbits that pass either through the Earth’s orbit or very close to it. The NEOs are divided into three subfamilies according to their orbital characteristics: Atens, Apollos and Amors.

The Atens have orbits with the major semi-axis inferior to an astronomical unity (a<1AU) and the aphelion Q>0.983AU. The Apollos have a semi-axis a>1AU and a perihelion q<1.017AU. Finally, the Amors have a semi-axis a>1AU and perihelion 1.017<q<1.3AU.

The values of 0.983AU and 1.017AU correspond to the perihelion and the aphelion of the Earth respectively, so it is easy to assume that while the Atens and the Apollos might pass through the Earth’s orbit, the Amors could be found only beyond it.  In this context we can define another class of objects called Inner Earth Objects (IEOs), which have not been observed yet but whose presence is predicted by dynamic-evolution studies. The objects have completely internal Earth orbits with an aphelion Q<0.983AU. As we will see widely in this thesis, the reasons why IEOs haven’t been discovered yet, arise from an observational bias due to the difficulties in observing the sky regions where they are supposed to be localized. 

1.1. The impact hazard of NEOs

What is the real hazard of NEOs?

The geological history of our planet reveals that surface impacts by extraterrestrial objects have always occurred.

During the first phase of the evolution of our solar system the impacts among planetesimals were very frequent and led eventually to the present planets’ formation. Nevertheless, in the last 3.5 billions of years the flux of the objects, falling down on Earth, has become much less frequent but stable.

Traces of craters, due to the meteorites impact, are present on the planet’s surface, but the determination of the effective impact frequencies is not simple at all. In fact the terrestrial surface undergoes with time considerable changes that hide or, furthermore, cancel out the traces of the impact events that were catastrophic in the past.

These changes are mainly due to:

· the presence of an atmosphere with its climatic and meteorological variations

· the continuous geophysical activity on our planet

· the presence of the biosphere, in other words of life in its different forms that changes the matter through the biological cycles

The study and the analysis of the impact craters found on the moon surface, allow to determine an estimate of the risk of impacts on the Earth. In fact our satellite presents neither an atmosphere nor a strong geophysical phenomena, so that the superficial modifications due to the impacts remain almost unaltered in time. It was possible to reveal that the impact frequency is inversely proportional to the object size. The power law is about: 
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Equation 1‑1
where the frequency is in years-1 and D in meters. Morrison et al. (2003) estimated the impact frequency of the so called ECAs in 1.68 x 10-6 y-1. An ECA is an Earth Crossing Asteroid with a size larger than 1 km and perihelion less than 1 AU. We expect the impacts of objects larger than 1km to occur on timescales of some tens of millions of years, while objects bigger than some tens of meters in size fall with frequencies of the order of some thousands of years. So far we might expect to observe frequent Earth impacts of small size objects, but the fact that our planet possesses a very compact atmosphere (indeed, the scale height of our atmosphere is about 8 km, while for all other planets of the solar system with atmosphere the scale height is superior to 10 km) constitutes a kind of natural shield that destroys bodies of typical sizes up to a few tens of meters while they are still in flight, avoiding in this way dangerous surface impacts. Such bodies, burning and sometimes exploding in flight, are commonly called ‘falling stars’. 

 It is estimated that every day about 100 tons of extraterrestrial material throw down the Earth in form of dust. The height at which the fragmentation occurs, depends not only on the impact velocity but also on the cohesion force of the object and consequently on its chemical composition and its internal structure. Typical impact velocities are about 22 km/s, while the comets, since they have orbits with higher eccentricities, have typical impact velocities of about 50km/s. At these velocities iron compact objects can reach the Earth’s surface in sizes of less than 80 m, while stony objects remain intact up to sizes of about 220 m. Cometary objects could impact only if they are more than 1600 m in size (Hills & Goda, 1993). In fact it is very difficult to establish the effective impact hazard, because there are a lot of variables that have to be taken into account. Furthermore, an explosion in flight might be even more dangerous than an impact, if it occurs near the surface. Indeed, the shock wave produced might expand into a region larger than that which would involve the impact. There is an eloquent example in the past. In 1908 an object of less than 80 m in diameter exploded in flight at about 8 km above the Siberian Tunguska forest. The explosion didn’t cause victims, but it devastated a 2000 km2 forest. 

Which are the consequences of an Earth impact?

First of all it is necessary to distinguish between impacts with regional effects from impacts with global effects. Dealing with the first type of impacts, which we have seen before, it is rather difficult to establish a clear limit between potentially dangerous impacts and impacts whose energy is safely absorbed by the terrestrial atmosphere. In this case it is important to know precisely the nature of the impactor, its size, composition and internal structure. The typical energies released by this kind of impacts are of order of MTons up to a ten of MTons, which are equivalent to energies released by various tens to hundreds of nuclear bombs but with no release of radioactivity. The consequences for the human civilization depend also on the location of the impact, namely if the impact area is populated or not. In fact, for example, the impact in the Tunguska region took place in an uninhabited forest, therefore without damaging the population. On the contrary had the Earth been rotated of 5 hours more at the time of the event, this impact would have occurred on Saint Petersburg, a city with the same latitude of Tunguska and the consequences would have been totally disastrous. 

Another important factor for this kind of events is the anticipation with which we are able to determine the actual impact site. In this way it would be possible to evacuate the impact area, reducing to the minimum the damages. 

A possible impact into oceans or seas would not be less devastating. Indeed, this event would cause a tsunami effect that would be able to destroy a coastal region larger than the corresponding land impact. 

The actual hazard of these events consists mainly in their frequency, which is various times higher than that of the catastrophic events which I will refer to in the next lines.

Although a dangerous impact of such an asteroid, whose typical impact frequency is of some centuries, has not appeared so far in human history, because human population was very scarce in the past, at present such an event would be very catastrophic. In fact, the uninhabited lands are rarer and rarer and mankind spreads in the whole world and consequently it would be more and more vulnerable in the future. Moreover, nowdays, the political-economic and military relationships among the world countries are more complex and delicate. This kind of event could break down all these balances and the consequences would be unforeseeable. 

Chapman and Morrison (1994) define a globally catastrophic impact if it provokes the death of at least more than a quarter of the world’s population. Toon et al. (1994) identify the energy threshold at which impacts lead to catastrophic global effects, as ranging from 105 to 106 MTons. This kind of impact would be able to release dust all over the atmosphere rendering it entirely opaque and thus leading to a significant crop loss.  If we assume a typical impact velocity of about 20 km/s for an object of such an order of magnitude of the kinetic energy, possibly released during an Earth impact, then its diameter should range from 1 to 2 km. Precisely, if we assume that the peculiar density of the asteroid is 3g/cm3, then its size would be about 1.7 km. Instead of the diameter of the object, which is a parameter defining the hazard threshold, we commonly use an observational parameter such as the absolute magnitude H of the object. The absolute magnitude H is defined as the magnitude that an object would have if it were 1AU away from the Sun, 1AU away from the Earth and if its phase angle were zero. Thus H depends on the object’s size and albedo, that is its ability to reflect the sunlight. For the absolute magnitude a limit value of H=18 is used, which corresponds precisely to a 1km size and an average albedo of 0.11. 

The impact frequency of this type of objects is of order of 1 every 500 thousands or 1 million of years. One of the most catastrophic impacts occurred 65 million years ago, between the Cretaceous and the Tertiary Era (K/T), which provoked the extinction of the dinosaurs (Alvarez et al., 1980). An asteroid with a mass between 1015 and 1016 kg and about 7 km in size fell in the vicinity of Chicxulub in Yucatan, Mexico, leaving away a crater between 130-180 km in size (Swisher et al, 1992; Sharpton et al., 1992). The traces of iridium, found in the rocks in correspondence with the K/T boundary, confirmed the impact prediction with its global consequences upon our planet, since this element is very rare on Earth but abundant in the space. The dust clouds, growing up, obscured the sky for a few months or maybe years, leading finally to the extinction of at least 70% of the existing beings at that time. 

All these considerations, above mentioned, underline the extreme importance of a complete study of these objects. In conclusion, the real NEO hazard consists not so much of their temporal impact frequency but in the difficulty to foresee the event. Indeed, we know only a fraction of the entire estimated population of NEOs and therefore, the orbit of all these objects being unknown, we can’t be sure that there could be an asteroid in course of collision with the Earth in the near future. These preoccupations led to the proposal of the famous NASA report (Shoemaker et al., 1995) that defined the Spaceguard Goal to discover and catalog at least 90% of all NEOs larger than 1 km in diameter by 2008. In order to reach this goal, in the last 5-6 years big surveys have been carried out, especially by the US which have made possible the considerable increase of the discovery rate of this class of objects. Indeed, more than 75% of the entire NEO population known at present, which counts more than 2100 objects, has been discovered only in the last 5 years.

1.2. The NEO population

Estimating the NEO population is extremely important because allows to establish the actual completeness level of observations and discoveries of NEOs, in order to reach the Spaceguard Goal. The approach is obviously statistical and in general two methods can be used.

The first method estimates the NEO population beginning by the currently known NEOs. Many works have been performed during the last years, using the data from the most important NEOs’ surveys as LINEAR, NEAT and Spacewatch.

D’Abramo et al. (2001) estimated the total NEO population by studying the discovery rates and the redetection rate of known objects by the LINEAR Survey. This statistical approach led to an estimation of the total population with H<18 of 855(101, but, because of various biases, it has to be regarded as a lower limit.

Rabinowitz et al. (2000) used the NEAT and Spacewatch data, while Stuart (2001) used the LINEAR data to estimate the NEOs’ population. They simulated the expected fraction of discovered objects with different surveys, in a similar manner to that proposed by Harris (1998). Once normalized the numbers with the actual population discovered by the three surveys, Rabinowitz obtained N(<18)=689(184 for Spacewatch, and N(<18)=708(161 for NEAT, while Stuart obtained for LINEAR a total population of N(<18)=1227 (+150, -50). The method used for this work has intrinsic biases that work in both directions, therefore these estimations could be either higher or lower than the real population.

Bottke et al. (2000, 2002) presented a NEOs’ population model based on an integration of test bodies from five source regions that are thought to be the most important sources of NEOs. These integrations produced five residence time probability distributions which were normalized and debiased using a NEO absolute magnitude distribution, computed in their previous work, and the 138 NEOs discovered or accidentally rediscovered by Spacewatch. The resulting population is N(<18)=960(120, that is distributed in 32(1% of Amors, 62(1% of Apollos and 6(1% of Atens. In this work it is also presented an estimation of the IEOs’ population that is about 2% of the entire NEO population. 

The second method used to estimate the NEO population consists in the analysis of the lunar craters (Opik, 1960; Shoemaker, 1983, Werner et al 2002). The most recent work by Werner used a relative size-frequency distribution (SFD) derived from the lunar mare crater SFD, scaled according to theoretical calculations of projectile-to-crater diameter ratio vs. crater size (Melosh, 1989). This distribution was, then, fitted with the discovered population in the size range where it is presumably almost complete (i.e. for NEAs larger than some kilometers). In the figure 1-1, taken from Morrison et al. (2003), all the estimation above mentioned are shown, and for Werner there are two lines corresponding to two different albedos: 0.11 and 0.25. Indeed, Werner suggested that small NEAs have presumably higher albedos than larger ones, so that the real curve could be a smooth blend of the two lines.

In the figure a simple power low is also included. It is consistent with most estimates from current NEAs. Morrison et al. (2003) estimate that a reasonable summary value of all the above models for the NEO population is N(H<18)=1000(200.
Morrison et al. discussed about the possibility to reach the Spaceguard goal of 90% of discovery in the 2008. They wrote that we can reach the goal of 1000 objects with H<18 if there is a discovery rate higher (or equal) than 9 objects per lunation.
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At present, during the first 10 months of 2002, the average discovery rate for this kind of asteroids is 9.3/lunation. This means that we are still on target for the nominal population of 1000 NEOs with H<18, but it is not enough for a larger population.

In the figure above, it is also evident a large uncertainty, more than one order, for the population of objects larger than 100 meters. The discovered population of objects between 1km and 100 m in size is still far away from completeness so that the present estimation is between 30,000 and 300,000 objects.

1.3. The present search programs

After the publications of the NASA report (Shoemaker et al., 1995) and the definition of the Spaceguard Goal, many efforts were made by the NASA and the US Government in order to activate big survey projects devoted to the discovery of NEOs.

The surveys funded by NASA are (Yeomans, 2001):

· LINEAR – Lincoln Near-Earth Asteroids Research (code 704)

· NEAT – Near-Earth Asteroid Tracking (codes 608 and 644)

· Spacewatch I and II (codes 691 and 291)

· LONEOS – Lowell Observatory Near-Earth Object Search (code 699)

· CSS – Catalina Sky Survey (code 703)

Up to 30th November 2002, these five survey programs discovered 1802 NEOs, 361 of which are Potentially Hazardous Asteroids (PHAs, see 5.4 for the definition) and 439 have absolute magnitude H<18. We have to take into account even the discoveries of the Mount Palomar Observatory until 1994 (Palomar Planet-Crossing Asteroid Survey – PCAS and Palomar Asteroid and Comet Survey - PACS): 127 NEOs, 29 of which are PHAs and 84 have H<18. By the way, even if the photometric activity is not more competitive with the present CCD techniques, the PCAS and PACS work was essential in order to justify the importance of the present NEO surveys. The PACS systematic activity provided a foundation for the first estimates of NEOs larger than 1 km (Carusi et al. 1994). The statistics of only these six surveys count 1929 NEOs, 390 of which are PHAs and 523 have H<18. At the same time, the total discovered NEO population counted 2111 NEOs, 448 of which are PHAs and 632 have H<18. These data emphasize the importance of these American programs and the lack of European search programs devoted to NEOs. 

The LINEAR program was born from a collaboration between the MIT’s Lincoln Laboratory and the US Air Force. It uses two facilities of one meter of aperture, called “GEODSS telescopes”, located at the Experimental Test Site in Socorro, New Mexico. Each LINEAR telescope has a field of view of two square degrees, corresponding to a 1960 x 2560 pixels CCD detector with an extremely fast readout rate. At present LINEAR is responsible of more than one thousand of discoveries of all NEOs, while every year it has been responsible for about the 60% of all new discoveries.

NEAT is developed by the Jet Propulsion Laboratory (JPL) with the collaboration of the US Air Force and uses the telescopes of Haleakala Volcano Crater (Hawaii) and of Mount Palomar. The former is called Maui Space Surveillance site (MSSS) and consists of a 1.2 m telescope with a 4k x4k pixels CCD, while the latter is the Oschin telescope with a 1.2 m mirror, equipped with three 4k x 4k pixels CCDs which cover 3.75 square degrees. So far NEAT is the second best performing search program and contributes with more than the 20% of new discoveries.

The Spacewatch project works at Kitt Peak near Tucson (Arizona). It uses two telescopes: the 0.9 m telescope, which previously used a 2k x 2k CCD with a FoV of 37’ x 33’ and is now updated with a mosaic of four CCDs, which cover 2.9 square degrees, and the 1.8 m telescope with a 2k x 2k CCD, which cover a FoV of 34’x34’. These facilities may reach the 21.5 V magnitude with the 0.9 telescope, and the 22.2 V magnitude with the other one. The Spacewatch program contributes with more than 20 discoveries of NEOs per year (about the 5% of new discoveries of the year). It was the leader in this field of research between 1991 and 1996, when other search programs started their observational operations.

LONEOS system uses the Schmidt telescope of the Ohio Weslayan University situated on Anderson Mesa, near Flagstaff, Arizona, USA.. The telescope has  a 60 cm mirror and an effective aperture of 44 cm (f/1.9). It operates with two 2k x 4k pixels CCDs. The corresponding FoV is about 8.1 square degrees. Usually LONEOS acquires images of 45 seconds of exposure time, which are able to reach the 19.3 limiting V magnitude. Up to now LONEOS has discovered 121 NEOs and 16 comets.

The Catalina Sky Survey (CSS) operated since 1998 up to 2000 with a 0.7 m Schmidt telescope at Mt. Bigelow, near Tucson, Arizona, USA. Now it is waiting to restart operations after an upgrade. It is equipped with a 4k x 4k pixels CCD camera, (FoV 2.9 x 2.9 degrees). CSS includes also a follow-up activity with a 1.5 m telescope at nearby Mt. Lemmon. Up to now CSS has discovered 47 NEOs.

There are also other NEO survey programs around the world, but they aren’t at the same level of productivity of the US programs yet.

In Japan the Japanese Spaceguard Association (JSGA) is implementing a 1-meter Cassegrain telescope that is equipped with ten 2k x 4k pixels CCDs with an equivalent FoV of 3 x 3 degrees. The JSGA will use also a 50 cm telescope for the follow-up activity.

In the southern hemisphere the BUSCA project (Uruguay) and the Siding Spring Survey - SSS (Australia) will be activated. The SSS project is born from a collaboration between the Australian National University – RSAA, the University of Arizona – LPL, and the Catalina Sky Survey.

Europe is still far away to be competitive with the big American surveys.

The main European projects are:

· ADAS – Asiago DLR Asteroid Survey, that is performed at Cima Ekar, near Asiago, Italy, with a 92/67 Schmidt telescope (0 NEO discovered since February 2001),

· UDAS – UAO DLR Asteroid Survey, that is performed at Kvistaberg, near Uppsala, Sweden, with a 135/100 Schmidt telescope (1 discovered since September 1999),

· KLENOT, performed at the Klet' Observatory, Ceske Budejovice, Czech Republic. The main activity is the NEO follow-up (3 discovered since 1980),

· Ondrejov Observatory, Czech Republic, mainly for follow-up activity (2 discovered since 1993).

In this context the CINEOS program assumes a relevant role in the present European NEO search activity.

1.4. Follow up, recovery and precovery activities

Recent works (Milani & Vasecchi, 1999; Chodas & Yeomans, 1999; Milani et al., 2000a & 2000b; Chesley et al, 2002; Milani et al., 2003) underlined the importance of the study of close encounters by NEOs with the Earth. Indeed, on sufficiently close passes, the NEO orbit can be modified by the interaction with the Earth’s gravitational field. Those studies showed that these interactions could introduce the NEO into a resonant orbit that could lead either to an impact or to another close pass, at least on a scale of decades. These “keyholes”, that might lead to very close and hazardous future encounters, could be contained within the error ellipsoid of the NEO taken under consideration; then the estimate of the risk depends on the fraction of the error ellipsoid occupied by these “keyholes”. Discovering a NEO is not sufficient to exclude the impact hazard, because the error ellipsoid of its orbit can contain some dangerous orbit solutions. In order to reduce the size of the error ellipsoid and to exclude definitively the orbit solutions leading to collision, the follow-up and precovery activities are of capital importance.

The follow-up activity consists in observing the object during the days following the discovery, in order to improve the determination of the orbit and, usually, to eliminate the hazardous solutions inside the error ellipsoid.

The precovery activity is equally important, because it can improve the determination of the orbit in a very efficient manner. It consists in finding unnoticed images of the considered object in the archives of old photographic plates or in old CCD images. This technique which allows to find positions dated up to some decades ago, improves the precision of the orbit. A notable example of the importance of the precovery activity occurred in the case of 1999AN10, which was discovered at the beginning of 1999. The dynamicists Milani A., Chesley S. and Valsecchi G.B. calculated that there could be a very small possibility of impact for this object in 2039. Following observations and calculations led to the identification of very close additional approaches in 2044 and 2046, with a small probability of impact. Only the precovery made by Gnadig A. and Doppler A., who found a trail of 1999AN10 in some plates of the Palomar Sky Survey of the 1955 (observatory code 675), allowed definitively to improve the precision of the orbit and to exclude the probability of an impact.

In some cases NEOs could impact without experiencing a resonant return, as it is discussed in Milani et al. (2003). These are anomalous cases that need a deeper study. The Yarkovsky effect seems to be important in determining the behavior of the orbit on long time scale.

The main goal of the search, follow-up, recovery and precovery programs is to assure that all the NEOs have a well defined orbit in order to declare it safe or, in other words,  to eliminate all the “impact solutions” inside the error ellipsoid. Of course, sometimes it can happen that the improvement of the orbit determination doesn’t eliminate a collision solution and the probability of an impact increases until further observations reach that level of precision that excludes an “impact solution”.

The follow-up activity is performed implicitly or explicitly by all the survey projects, and the Spaceguard Central Node of the Spaceguard Foundation has been set up to coordinate this activity. 

The Spaceguard Central Node (SCN) offers some services to the astronomical community, in order to coordinate and rationalize the follow-up activities.

The main goals of SCN (Boattini et al., 2003) are to avoid the NEOs loss and to maximize the orbital improvements by minimizing observing efforts. This has two effects: removing all the eventual collision solutions and recovering the objects. The most important SCN service is the Priority List, in which targets are grouped into four categories based on the urgency to re-observe them: urgent, necessary, useful and low priority. The urgency is established by some parameters like the ephemeris uncertainty, the object class (i.e. a parameter depending on the Minimum Orbital Intersection Distance – MOID, see section 5-4), the maximum uncertainty requirement (it indicates the difficulty of recovering the object at the next opportunity), the end of visibility and the visibility period. This on-line database allows the observers, both professional or amateur, to organize their observational schedule in order to perform the best follow-up activity. In this database there are just discovered NEOs which need to be observed in order to improve their orbit determination, and NEOs which need a recovery.

Another important service of SCN is the  Menu of Opportunities, which focuses on a wide range of needs not covered by the Priority List. It is divided into six groups: the Recovery List, Search opportunities for bright lost NEOs, the Faint NEO List, Observing campaign for objects of special interest, Observing campaign for virtual impactors, Observing campaign for hypothetical NEOs.

The main observational programs involved in the follow-up activity are: 

· the KLENOT Follow-up Astrometric Program in Klet, Czech Republic, which uses a 1m facility with a Fov of 33’ x 33’. It is devoted to the recovery of objects in the 19.5-22.0 range of magnitudes. KLENOT performs observations both of NEOs, distant objects and comets. 

· the Ondrejov NEO Follow-up Program in Czech Republic, which works with a 0.65m and f/3.6 telescope. It performs follow-up activity and photometry of NEOs, primarily for rotation and shape studies, and identification of binaries. 

· the LPL-Spacewatch II Program, which works with the 1.8m and f/2.7 telescope of the Kitt Peak mountain. It is devoted to follow-up and recovery activity of objects fainter than 20.5. 

· the Siding Spring Observatory (R. H. McNaught), which works with a 1m and f/8 reflector with a FoV of 21’ x 21’. Its follow-up activity is particularly important, because it is the only one performed at the southern hemisphere.

· the NEO Follow-up at the Mauna Kea Observatory, which works with a 2.2m and f/10 telescope. This is one of the best performing instruments for detection of very faint objects.

· the INT and JKT facilities at La Palma Observatory, which work with a 1m and a 2.5 m reflectors. The latter is capable to reach a 22.5 limiting magnitude.

The precovery activity is performed by the following programs: 

· the DLR-Archenhold Near-Earth Objects Precovery Survey (DANEOPS), 

· the Arcetri NEO Precovery Program (ANEOPP) 

· the Palomar Crossing Asteroid Survey (PCAS)

· the Spaceguard Central Node.

There are many archival resources available for the scientific community; some of them are:

· the Digital Sky Survey (DSS) carried out at the Space Telescope Science Institute (STScI)

· the USNO –Integrated Image and Catalogue Archive Service

· the SuperCOSMOS Sky Survey

The MPC Skycoverage web page is able to plot the sky area covered by the most important surveys during an established period . This service allows to organize your observational run in order to cover regions of sky that are not observed during last nights, but also to seek if there are covered sky regions which some interesting objects crossed without being detected. In this case it is possible to precover the object if a database of images is available  for those  sky regions. For  example the SkyMorph service  of the NEAT program (http://skys.gsfc.nasa.gov/skymorph/skymorph.html) allows to download images from some astronomical databases like the NEAT archive, the DSS1 and the DSS2 archives and others.

1.5. Dealing with the communication by the mass media to the public and the mitigation of the NEOs’ hazard

An important issue to be discussed and developed concerns the communication of a possible hazard of an asteroid impact on Earth through the mass media. Scientists and media experts suggested to be very careful in dealing with a warning, because the social consequences could be more disastrous than the impact or the warning could result false. Scientists use a mathematical language (probability of an impact, impact energy,…) that often is not understood by common people. So, during last years, they developed a simple way of communicating with media in order to give the right information with its right weight. In 1999 Binzel (Binzel, 2000) proposed, during the IMPACT international conference in Torino, Italy, an impact hazard scale for NEOs similar to those used for the earthquakes in geophysical sciences (Mercalli, Richter scales). This scale was called “Torino Impact Hazard Scale”.

The hazard associated to a NEO is defined by a number between 0 and 10. This number depends on two parameters: the probability of associated impact and the estimated energy of the eventual impact, that is dependent on the mass associated to the object. 
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For professional use, the Torino Scale could be represented as a graphic:
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The Torino Scale is a very understandable means for common people.

The 0 value represents the background probability of an impact for an extraterrestrial object, while the 8, 9 and 10 values represent an almost sure event. At present, only very few objects were classified with the 1 value, while all the other objects are at a 0 value, but generally, after the improvement of the orbit determination by follow-up activities, they were lowed to the 0 level.

Even if the Torino scale has an important role on communicating the eventual threatening of an asteroid to mass media, it is not as rigorous as a scientist requests. The Torino scale has integer values and this can lead to consider with the same threatening, namely with the same Torino degree,  events that are actually very different, while other events with different Torino degrees could indeed be very similar in their threatening. Astronomers (Chesley et al. 2002) pointed out the need of a smooth and continuous scale, called “Palermo Scale”, that could be able to consider the relative risk over the background risk of the object. The background risk is calculated from the frequency of impacts for the class of objects to which the object at issue belongs, namely for the dimension of the object or, alternatively, for the impact energy associated. The background risk depends also on the time (t between the present time and the time of the eventual impact. The Palermo scale depends ultimately on the logarithm of the relative risk. A value of the Palermo scale of –2 indicates that the detected potential impact event is only 1% as likely as a random background event occurring in the intervening years; a value of 0 indicates that the event is just as threatening as the background hazard; finally, a value of 2 indicates an event that is 100 times more likely than a background impact by an object at least as large before the date of the potential impact in question. In short, values between –2 and 0 indicate situations that merit careful monitoring, while positive values indicate events which merit a higher level of concern.

The Palermo scale is more effective for scientific aims and gives a useful instrument to feel in detail the actual hazard of an object.

Scientists identified some important aims in order to minimize the hazard of an impact:

· Knowing as soon as possible the population of potential impactors and their dynamical behavior in order to prevent a catastrophic impact,

· Knowing  the physical characterization of the potential impactors, i.e. of NEOs,

· Preparing the governments all over the world for a similar event, in order to minimize the eventual consequences on society: dead men, public order, panic, economic losses,  political instability, and so on,

· Developing a standard way to communicate with media in order to avoid false warnings,

· Developing effective systems of mitigation of impacts.

While the first four points were dealt with during the past years and some results were obtained, the last point is still vague and debated.

At present, if astronomers discover an object that will impact Earth in some months, we  don’t have any solution in order to avoid the disaster.

A nuclear weapon, that could destroy the asteroid, is judged ineffective, because we may not foresee the effects. For example, the object could be destroyed  in two or three big pieces which will impact all the same, releasing the radioactivity of the nuclear bomb. This event will increase the disastrous effects.

Alternatively, the asteroid could be pulverized, but the risk of the radioactivity remains. This technique is too much dependent on the inner structure and the composition of the object. This is the reason of the importance of a complete study of the physics of NEOs, from ground or in loco.

Astronomers say that the most effective way to eliminate the hazard of an impact is knowing the orbit and, then, foreseeing the date of the impact early enough. In this way little energy is necessary to deflect the asteroid. Carusi et al. (2002) found in their calculations that close approaches of objects to the Earth before the epoch of the impact can make the overall deflection easier. In fact, before the approach these objects need smaller (v, namely smaller energy, in order to deflect it. This means that if we know the date of the impact some tens of years before or before a close encounter to the Earth, the present technologies could be adequate to solve the problem. Scientists proposed some ideas to deflect the orbit of an object in order to avoid the impact.

They proposed, for example, to explode a nuclear bomb, not on the surface, but at some distance from it. The shock of the explosion could thrust the object and then deflect it from a hazardous orbit. 

It was thought to deflect an asteroid with a nuclear engine, that may give the right impulse to the object, or, for example, it was thought to use a sort of sail, that will push away the object from the dangerous orbit with the help of the solar wind.

Other theoretical works suggested the use of laser beams, or solar panels, or microwaves devices. A curious project suggests to paint the hazardous object, but it has to be small enough and applied early enough, in order to use the Yarkowsky effect to deflect it. Other studies suggest to use a small asteroid, that can be deflected easily, in order to point it to the hazardous asteroid. The impact between the two asteroids will change enough the orbit of the bigger one.

All these studies seem to be fantastic, but realistic, but they still need to be probed into. Nevertheless they clearly suggest that is crucial to know the date of a possible impact as early as possible. This is the reason why many  survey projects were activated during the last ten years in order to increase the completeness of the dangerous NEO population as soon as possible. Finally, a complete physical characterization of NEOs seems to be of great importance in order to warrant the best solution for the mitigation of the hazard. (http://spaceguard.ias.rm.cnr.it/NScience/NScience.html, Chapman et al. 2001, Tedeschi, 1995)

The Campo Imperatore Observatory
The Campo Imperatore Observatory is situated near the summit of the Gran Sasso Mountain at 2180 meters over the sea level, on the mountainous chain of the Appennini, in central Italy. The longitude is 13.5581 degrees East and the latitude is 42.4442 degrees North[image: image31.jpg]
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. It is one of the best performing astronomical sites in the Italian territory thanks to the good quality of the sky. At present two telescopes are working at Campo Imperatore: the AZT24, that was constructed in Russia, with a main mirror 1.10 m in size and f/7. It works in the Near-Infrared window, from 1 to 2.5 microns. It’s main activity is the discovery and the study of extragalactic supernovae. The other telescope is the Schmidt telescope, that is involved in the CINEOS program.

1.6. The Schmidt Telescope

The Schmidt telescope of Campo Imperatore was built around the ‘50s, it is mounted on a fork fitting and it is  set up with a main spherical mirror of 91 cm. The aperture, where is mounted the correcting plate, measures 60 cm, while the focal length is 1835 mm, then the focal ratio is f/3. The focal plane has a corrected field up to 6° x 6°,with a scale of 112.4 arcsec/mm. Originally the Schmidt Telescope operated photographically, but since the ‘80s it could take advantage of the most performing electronic technology with the CCD (Charge Coupled Device). It was probably one of the first Schmidt telescopes in the world which used the CCD technique. 
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In the ‘90s a 2048 x 2048 pixels chip was mounted. It was a Ford front illuminated chip with a pixel size of 15 x 15 (m and a field of view (FoV) of 58’ x 58’. It worked until the middle of 1997, but since the 2000 a more efficient chip has replaced the previous one. Now the Schmidt Telescope of Campo Imperatore is working with the ROSI camera. (Rome Observatory Schmidt Imager) (Pedichini et al, 2000).
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1.7. The ROSI camera

ROSI is equipped with a 2048 x 2048 pixels chip, produced by Marconi Ltd (formerly known as EEV). The sampling is 1.51 x 1.51 arcsec/pixel, because the pixel size is 13.5 x 13.5 (m. The FoV is then about 52’ x 52’. The ROSI chip, EEV 42-40, is a back-illuminated thin silicon sensor. It is coated with a dedicated AR layer optimizing its quantum efficiency in the blue range. The quantum efficiency of the chip is very high and can get over 85%.
The electronics of the system allows a readout frequency of 131 kHz and the read out noise (RON) is 6.7 e-. The full frame read out time is of about 40 seconds. The chip is cooled by a liquid nitrogen (LN2) cryogenic system. A cylindrical shaped case houses the chip that is mounted over a LN2 vessel  with an overall  capacity of 0.7 liters, able to  guarantee at least 
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the 50% of its full capacity during all the telescope operations. A two stage mechanical pump performs  the vacuum inside the case up to pressures <10-4 mbar. The vacuum is maintained by cooling a large molecular sieve. The nominal temperature of the LN2 vessel is 77 K, and it allows to keep the chip cooled at 140 K for about 7 hours. 
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The two graphs show the performances of the cryogenic system for the preservation of the low temperature of the chip and of the vacuum inside the case.

This cryogenic system guarantees a very low dark current, 2-3 e-/pixel/min. The typical CCD gain is 3 e-/adu.

ROSI is also equipped with a standard Johnson filters set (U,B,V,R and I) mounted on an automatic jukebox system whose shape has been carefully studied to avoid vignetting and to not intercept light path. 

The high quantum efficiency of the chip and the very fast optics of the Schmidt telescope make this instrument extremely valuable on moving objects where very fast exposures are required to avoid the trailing loss problem, and for a wide covering of the sky in order to increase the discovery probability. 

New engines, encoders and control systems allow to perform open loop tracking without any guider for many minutes of exposure with no visible star stretching.

While the full frame read out time is 40 seconds, as said before, the pointing procedure spends about 30 seconds.

	Filter
	Wavelength [nm]
	FWHM

[nm]
	Max. Transmission. %
	Schott glass/

Thickness [mm]

	U
	360
	70
	58
	UG11/1 + BG39/1 + Dicro

	B
	436
	102
	90
	BG12/2 + BG39/1 + GG385/1

	V
	545
	108
	90
	BG39/1.5 + GG495/2

	R
	650
	140
	87
	OG570/2 + KG3/2

	I
	770
	140
	96
	RG9/2 + Dicro

	I 915
	850
	l.p.f.
	96
	RG850/3
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1.8. Hardware and preprocessing software

Recent upgrades of computing resources furnished the following facilities:

· 2 PCs with OS/2 for dome-telescope-camera control

· 2 PCs P-IV with WinXP/Linux for data reduction and storage

· 1 DVD/CD ROM burner for storage

· 1 DVD/CD ROM reader

These facilities work at the Campo Imperatore LAN.

We use the following software for preprocessing and data reduction of the images:

· Dattofits® translates from the file format of the original CCD software into the fits format

· PREPROCESS® is able to perform:

· Bias, Dark and Sky subtraction, both values and images 

· Flat-fielding 

· Bad Pixels removal 

· Distortion and rotation correction 

· Recentering of dithered images 

· Composition using MEDIAN, AVERAGE, DIFFERENCE and many other techniques of recentered images 

· Astrometrica® for astrometric reduction and automatic asteroid detection. This is a software performed by Herbert Raab (www.astrometrica.at) and it works with fits images and it is easily adaptable to every instrument.

The CINEOS Project

The CINEOS project was born in 1996 in collaboration with the “Osservatorio Astronomico di Roma” (OAR-INAF) and the “Istituto di Astrofisica Spaziale” (IAS-CNR) of Rome.

After a brief period of activity in 1996-1997, during which 200 square degrees of sky were covered up to an average limiting magnitude of 19.5, the program has recently restarted operations, in collaboration now with the OAR-INAF, the “Istituto di Astrofisica Spaziale e Fisica Cosmica” (IASF-CNR, formerly IAS-CNR) and the “Osservatorio Astronomico di Torino” (OAT-INAF), taking advantage of improved hardware and software capabilities of the Schmidt telescope at the Campo Imperatore station of the Rome Astronomical Observatory (OAR-INAF). The technical features of the instrument and the good quality of the sky at Campo Imperatore site (2188 m of elevation), supply optimal conditions for an effective Near Earth Object (NEO) survey. The high quantum efficiency of the CCD allows to achieve deep magnitudes with short exposure times, while the wide field of view (FoV) of the Schmidt Telescope makes this facility competitive for the detection of new objects. 

1.9. Scientific background and goals

Over the last few years the interest in the study of NEOs has grown steadily within the astronomical community.  These objects, orbiting the Sun in the region near the Earth, are interesting not only on scientific grounds but also because of the potential hazard that they present to mankind.

Recent studies (see chapter 1.2) estimate the population of NEOs to be of ~1000(200 members with H<18, while the estimated number of objects with diameters larger than 100 m varies between 30,000 and 300,000.

Up to 30th November 2002, 2111 NEOs have been discovered, of which 632 have H<18. These 2111 NEOs are divided in 963 Amors, 984 Apollos and 164 Atens. We are still far from the so-called Spaceguard goal (Shoemaker et al., 1995), consisting in the discovery of 90 % on NEOs with H<18. In fact, even though we estimate to be around halfway in the number of objects discovered with this size, all the simulations show that the discovery of the remaining part with this size will require a time longer than that which has been necessary to reach the present stage.

Among the NEO groups, Atens are rather difficult to discover (Boattini and Carusi, 1997; Michel et al., 2000).  This is due mostly to geometrical reasons; a large fraction of their orbits is inside the orbit of the Earth, since most of the time these objects are observable at small solar elongations. On the other hand, the main NEO surveys cover only occasionally these regions of the sky. The population of Atens is estimated to be only a small fraction of the total NEO population, 6-10%, but Carusi and Dotto (1996) demonstrated that the frequency of close encounters with the Earth for Atens is 3.5 times the frequency for Apollos and 7 times the frequency for Amors (being effectively Apollo when they encounter the Earth), so that Atens represent at least the 20-25% of the total hazard. This percentage of risk comes close to 40%, if the Atens’ population is up to 10% of NEOs’.

Numerical simulations predict the existence of Inner Earth Objects (IEOs), asteroids or comets with orbits completely inside that one of the Earth.  None of these objects has been discovered so far. This is not surprising, since the observational requirements for IEOs are even more stringent than those for Atens, requiring observations carried out even closer to the sun (no more than 75-80 degrees of elongation). The lack of search programs dedicated to small solar elongations is one of the main current pitfalls of the international NEO search efforts.

In order to discover a larger fraction of the Atens, and to start discovering IEOs, the above constraints need to be implemented in the sky survey. This is precisely one of the main goals of CINEOS:

1. Cover the regions of the sky at small solar elongation. For this purpose, efforts are concentrated starting at solar elongations as low as 40 degrees.

2. Carry out a follow-up and recovery program in collaboration with the Spaceguard Central Node, taking advantage from the combination of the relatively faint limiting magnitude and large FoV.

Simulation for the determination of the most performing observational strategy for the CINEOS goals
In order to obtain the best observational strategy to reach the CINEOS goals, I performed a numerical simulation starting from a fictitious but realistic NEO population. On this subject I used a population of objects kindly furnished by A. Morbidelli, (see chapter 1.2, and Bottke, 2000, 2002). At present this simulated population is one of the most reliable estimation of the actual NEO population. The most important result of this simulation is the estimation of the populations of NEOs with H<18 of 960±120.

In my work (see appendix) I used a population of 24256 objects, derived with this method, with absolute magnitude up to H=22, corresponding to an object size of about 160 m. A fraction of this population, about 2%, is constituted by IEOs. This class of objects, even if it is not observed yet, seems to be absolutely compatible with this numerical simulation.

Every object of this population is characterized by its orbital parameters and by its absolute magnitude.

My simulation can be divided in two parts: 

1. It calculates, in steps of one day, the position of every object of the considered population in the heliocentric cartesian reference system. It derives the relative position, velocity and visual magnitude as regards the Earth for every object and for every considered step.

2. The software performs a calculation in order to find the most effective observational strategy using the CINEOS telescope specifics.

The integration goes on calculating the position of every object and Earth in a heliocentric cartesian reference system in steps of one day for a total of 15000 days (a bit more than 40 years). Simple keplerian relations, without considering the gravitational perturbations of the planets, calculate the position. In this framework is not necessary a high precision, because the objects are not real but fictitious and the time of integration is relatively short. For this purpose I used the Roy’s routine (1988).  

The position of the asteroid is determined by the asteroid-Earth distance and by two angular coordinates, which, for our purposes, are the solar elongation and the ecliptical latitude.

The relative V magnitude is calculated by means of the Bowell et al. (1989) formulas (4-1), which consider the phase angle of the object with respect to Earth. I assumed the parameter G=0.15: 
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Equations 4‑1
where ( is the phase angle, H the absolute magnitude of the object, r the sun-asteroid distance in AU, ( the Earth-asteroid distance in AU.

When the software calculates the relative magnitude V, it even considers the trailing loss effect, i.e. the loss of luminosity of the object due to its motion on the celestial sphere.

In fact, the photons coming from a moving object scatter throughout many pixels so that it seems fainter and it might be confused with the intrinsic noise of the sky background and of the CCD. I used Bowell and Muinonen’s formulas (1994) (4-2) in order to consider this effect:
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Equation 4‑2
where (V(  is the magnitude variation, (  is the angular momentum of the object, t is the exposure time and (  is the Full Width Half Maximum (FWHM) of a stellar image. ( is a dimensional size. Since ( and t depend on the optical and on the electronic characteristics of the telescope, even the trailing loss effect varies from one instrument to the other. While the FWHM ( of the Schmidt telescope from the Campo Imperatore is fixed and estimated to be 2.25 arcsec, different exposure times t were considered. 

Choosing the exposure times is a crucial step in searching the best strategy for the CINEOS’ observations. In fact, short exposure times would permit to minimize the trailing loss effect and moreover, to cover a wide sky area, but, obviously, inferior limiting magnitudes correspond to this exposure times. Longer exposure times could reach deeper magnitudes and, then, increase the probability of observing and discovering faint objects, but, in this case, the trailing loss effect would not be neglected any more and the sky coverage would be inevitably minor. 

The telescope at Campo Imperatore is equipped with  an UBVRI Johnson photometric system. Since the quantum efficiency varies with the different filter we are using, different exposure times are required in order to reach the same limiting magnitude with different filters. The shorter the quantic efficiency of the filter used is, the longer these exposure times will be. For the CINEOS purpose it is preferable to use no filter, because in this way the exposure times are minimized and so doing, a major sky region may be covered at deeper limiting magnitudes and the trailing loss effect is not evident. 

Therefore, in my simulations I took into account the characteristic exposure times in no filter mode.  A limiting magnitude can be associated to each exposure time, but this one depends, in a general way, on many conditions: the meteorological conditions (hazes, seeing, wind), the cleaning and the reflexivity of the optics, the focusing. In the table 4-1 the exposure times are estimated  from the 19th to the 22nd magnitudes for a stellar source:

	texp
	mlim

	20 sec
	19

	60 sec
	20

	180 sec
	21

	540 sec
	22



For each integration run I considered these integration times and the correspondent limiting magnitudes. Each object of our database will be characterized, therefore, by a relative magnitude and the position in the sky for each temporal step. At this point two filters act: 

· all the steps associated to a relative magnitude superior to the limiting magnitude taken into account are rejected;

·  the steps, where the object is localized in regions of sky hardly observable from the Earth, namely for solar elongations less than  40o, are rejected;

A vector was formed with 28 elements, and each element represents a  5o bin of solar elongation. This means that the first element represents the bin of elongations between 40 and 50 degrees, the second one between 45 and 50, up to 180 degrees, which corresponds to the opposition. The routine of my program disposes that each time an object is visible during a step, or its relative magnitude is greater than the limiting one and has solar elongations greater than 40o, the vector element  which object elongation corresponds to, increases by 1 unit. In this way for each vector element one obtains the number of asteroids which are observed during all 15000 days (step) for the corresponding solar elongation. Each elongation bin corresponds to a region of the sky shaped as a spherical corona, whose area in square degrees is given by the following formula: 
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Equation 4‑3
where a1 and a2 are the angles that delimit the considered elongation bin.

If at this point we divide the vector elements by the area of the corresponding corona and by the number of days (step), namely 15000, we obtain a “density“ of visible objects per day, per square degree at different solar elongations.

The result for all NEO database with absolute magnitude <22 is shown in the figure 4-1 where four curves corresponding to exposure limiting magnitudes from 19 to 22 are present. 5o elongations bin are reported in abscissa, from 40o to 180o, corresponding to opposition, while the ordinate gives the number of NEO expected per day per square degree. One can notice that the density of objects increases with the increasing of the limiting magnitude. It is also visible a small decrease for the 22 limiting magnitude. This can be explained by the trailing loss effect as this limiting magnitude needs major exposure times and therefore the effect becomes stronger. As it might be expected, one observes that the density increases in correspondence to the opposition, but there is also an analogous increment of the density at low elongations, due mainly to the favorable geometrical conditions.
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Using the same procedure, I considered the Aten and IEO families, which are the principal objective  of the CINEOS research. Analogous densities of objects, visible per square degree per day at different elongations, were obtained. 
The results are showed in figures 4-2 and 4-3. In figure 4-2, corresponding to the Aten, it can be noticed that the density increases considerably at low elongations, as one expected, but it is higher than it is in the proximity of the opposition, so that at elongations from 50 to 55 degrees the density is about twice as that one at opposition for limiting magnitudes above 20. One expects, therefore, a major probability of discovering these objects at low elongations.

For the IEO the situation is more evident, since, for geometrical reasons, they become to be visible from the Earth only for solar elongations less than 80 degrees. Their density increases rapidly towards low elongations, so that from 50 to 55 degrees it is about 50% higher  than that of the Atens. 
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At this point I considered the 4 possible strategies and I evaluated which of these seems to be more efficient.

For this reason I considered the time spent for the acquisition of three images of the same field for each strategy corresponding to the limiting magnitudes from 19 to 22.

The time spent for the acquisition of an image is composed of the pointing time of the telescope,  the reset time of the chip, the effective exposure time and the reading time of the chip. The pointing time may be superimposed on the reading time, as they are two independent procedures. Therefore,   while the chip is  being read we can point on the next field. Since the reading time for a full frame image of 2048 x 2048 pixels (over 8Mb) is estimated around 40 seconds, while the pointing time is generally less than 40 seconds and assuming that we are pointing on an adjacent field, the time spent in this phase will be conditioned by the reading of the chip. The reset time of the chip takes about 10 seconds. After all, the time lost between the end and the beginning of the exposure in the next field is estimated within 50 seconds.

Now, for the research of asteroids at least 3 images are necessary for each field taken into account. In fact, with at least 3 images the softwares of automatic detection are more efficient and the risk of false detection of objects (hot pixels, cosmic rays…) is reduced. Therefore the time implied for each field, called Tfield, will be given by the following formula:
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Equation 4‑4
Where Tfield is the exposure time and TRPR is the reading, pointing and reset time. TRPR=50 sec. Once calculated Tfield, the number of fields which might be observed within an hour becomes known and so, multiplying this number by  the area of a field (about 0.71 square degrees), one obtains the region of the sky covered within an hour for each considered strategy and consequently for different limiting magnitudes taken into account.

	Limiting Mag. No filter
	19
	20
	21
	22

	Texp
	20s
	60s
	180s
	540s

	Texp+TRPR
	70s
	110s
	230s
	590s

	Tfield
	210s
	330s
	690s
	1770s

	Numb. of fields per hour
	17.1
	10.9
	5.2
	2.0

	Sky area covered - sq. deg. per hour
	12.14
	7.74
	3.69
	1.42



At this point it is easy to calculate the number of the asteroids expected per hour per each strategy taken into account. At this final step I considered the bin of solar elongations from 50 to 55 degrees  which I estimated to be the most appropriate for our strategy since the expected number of Aten and IEOs is high, but the elongation is not so low to render difficult the observation. It is the right compromise between the “observability”  and the probability of discovering Aten and IEOs. In this bin we have four “densities”, each one corresponding to the four strategies taken into account. Now I have simply multiplied each density by the area of the sky covered by each strategy. For example, if a sky covering within an hour of 12.14 square degrees and a density of Aten per day expected between 50 and 55 degrees of 0.000377 correspond to a strategy which permits to reach a 19 limiting magnitude, then I obtain a number of expected Aten per each hour of observation at these elongations of 0.004577. This means that 218 (0.004577-1(218)  hours of observation are needed in order to observe an Aten. The results for the population of Aten and IEOs are shown in the graph.
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It results evidently that the most efficient strategy is the one which permits to reach the 20 limiting magnitudes within 60 seconds of exposure, not only for the Aten but also for the IEOs. Analogous results are obtained also for other elongations.

I haven’t consider in my work the air mass effect, so that I have to consider the height over the horizon when I am observing.  For a height over the horizon of 30 degree a loss of 0.5 magnitude is estimated, so that longer exposure times are preferable in order to reach fainter magnitudes and to obtain the same theoretical performances. For small heights over horizon, an exposure time of 90 seconds is a good compromise.  

Very similar results were obtained by G. Masi (Masi, 2002), who approaches the issue from another point of view. He performed a long time integration of some NEO known orbits. During the integration some NEOs orbits developed into IEOs orbits, so that he “creates” a population of IEOs which was used in order to simulate the behavior of the IEOs during their motion  in  space.  He   found  two  selected  areas  with   solar  elongations 


between 50 and 80 degrees and ecliptic latitude between –10 and +10 degrees. They correspond to the two regions in the west, after sunset, and in the east, before sunrise. He established that the two selected regions have the best probability to find IEOs. He, finally, suggested a strategy in order to improve the detection of IEOs, simply using a differential, not sidereal, tracking of the telescope to a typical angular motion of about 150”/min. In fact, Masi found that the IEO population has this typical angular motion that is clearly distinguished from the angular motions of other objects. Tracking the telescope with this differential motion allows to minimize the trailing effect.


Modus operandi
The operative observational strategy of the CINEOS program is divided into three phases: the period just after the sunset, the central part of the night and the period just before the sunrise.

After about half an hour from the sunset the sky is dark enough to observe. The duration of the observational night at Campo Imperatore varies during the year from 5 and a half hours up to 12 and a half hours in winter. This implies, obviously, that the “productivity” of a clear winter night is more than  twice as much a clear summer night. Nevertheless, during the summer months the clear nights are more frequent than in winter and this means that the average number of observational hours per month remains more or less constant throughout the year.

1.10. Preliminary operations

Before every observation, some operations have to be performed necessarily during the afternoon previous the observational night.

The first operation consists in connecting the turbo pump with the CCD camera cryostat of the telescope. It has to pump for at least three or four hours in order to reach the necessary vacuum and to make the camera operative.

This operation is performed only the afternoon before the first observational night, while the following nights it is no more necessary, provided that the camera is kept at the operative temperature (about –100 C degrees).

Before reaching the desired vacuum (less than 10-4 mbar) the cooling phase of the camera begins by introducing the liquid nitrogen with a self-pressurizing dewer. In the meanwhile the camera electronics has to be switched on, especially the defrosting equipment, in order to avoid the formation of frost over the shield above the chip. 

The image acquisition and the checking software of the camera must be switched on in order to check the CCD temperature. The cooling procedure has to be gradual and the best cooling rate is about 1°C per minute, therefore this procedure lasts from 90 to 120 minutes. Even this procedure is performed only during the hours before the first observational night, while afterwards a refilling activity to keep cool the chip will be necessary. This refilling activity lasts no more than half an hour.

When the camera has reached the operative temperature, we perform the “homing” of the telescope. This procedure consists in the pointing system setup and lasts for about 15 minutes. It has to be performed before every observational night. When the “homing” is finished, the telescope is ready to observe. Usually the telescope dome is opened at least half an hour before observing, in order to carry the internal air of the dome to the external ambient temperature. In this way the turbulence effect inside the dome will be minimized.

1.11. Observational phase

When the telescope is operative and there is a clear sky, the acquisition procedure of images begins. During this phase “sky strips” are grabbed at solar elongation between 40 and 80 degrees. A “sky strip” consists in a series of close images on the sky. Indeed, after grabbing the first image, we point our telescope to the next sky field at 50’ from the former one. We can move our telescope both in Right Ascension and Declination, and, usually, we prefer to superimpose slightly the two fields for about two arcminutes. The Right Ascension motion seems to be the faster one, then we usually prefer to acquire sky strips moving only the Right Ascension, keeping constant the Declination. Every sky strip may be formed by three up to seven images. Every image is grabbed in full format of 2048 x 2048 pixels, without any filter, and with typical exposure times from 60 to 120 seconds. The determination of the exposure times depends on the observational conditions of the night. In fact, if the seeing is very good, 60 seconds of exposure allow to reach easily the 20th magnitude, while longer exposure times are needed if the quality of the sky is bad. 

Every strip is repeated for at least three times in order to obtain at least three astrometric positions of the asteroids which in case occur in the field. The strips are grabbed in succession, coming always back to the first field of the strip and then carrying on with the following fields. In this way we obtain a temporal space of 10 to 20 minutes between an image of the strip and the corresponding one of the following strip. Indeed, during this temporal space, the asteroids move typically about some tens of arcseconds and they can easily be detected.

The images are stored in a file with an extension .dat, and the observer translates this format to a common format .fits, using the software Dattofits®, during the inactive time of the acquisition of the following image. This operation consists in introducing the information on the header of the .fits image file. The names of the observers, the name of the object or the observed field, the used filter, the exposure time, the date and the middle time of the exposure, the celestial coordinates and eventual comments are introduced in the header of the image. At this point we can perform the flat fielding operation. The option of the F2 key allows to perform the flat fielding operation with the Preprocess® software. Flat fields with the R, V, I and none filter are available. The time spent for these operations (dattofits and flat field) is of about 40 seconds and it is so short to be performed during the grabbing of the following image. The name of the file of the image is composed of 8 symbols. Usually, the first 6 symbols correspond to an arbitrary name (i.e. the name or the abbreviation of the name of the constellation where the telescope is pointing), while the last two symbols represent the sequence of the images of the strip. For example, the files called pisces1a.fits, pisces1b.fits and pisces1c.fits, represent three frames in succession (a,b,c) of the first field (1) of the strip; while the files pisces2a.fits, pisces2b.fits and pisces2c.fits, represent three frames of the field near the previous one, and so on… 

These acquisition operations are performed for asteroids searching, in particular NEOs, during the phases just after the sunset and before the sunrise. The duration of these two observational phases depends, obviously, on the season during which we are observing. Near the middle of the night, the nitrogen refilling of the camera cryostat is usually necessary. In fact, in order to keep cool the chip at the operative temperature, we must do this operation after nearly six or seven hours the last refilling. The time spent for the refilling operation is usually less than half an hour.

During the central part of the observational night, the CINEOS activity is often devoted to the follow-up of asteroids. The fast optics and the wide FoV of our instrument are especially suitable for this kind of activity, since they allow the observation of very faint objects.

We select the objects which will be the targets of our observational run and follow-up activity consulting the MPC web page called NEO Confirmation Page (http://cfa-www.harvard.edu/iau/NEO/ToConfirm.html), and the web page of the Spaceguard Central Node, of the Spaceguard Foundation (http://spaceguard.ias.rm.cnr.it).

On the NEOCP there is a list of objects which need an urgent observation by all the observers who are involved in follow-up activity. The proper motion on the sky of these objects is peculiar and they are considered good candidate to be NEOs. Usually they are recognized to be peculiar since they have a higher proper motion than the typical Main Belt (MB) objects. Their peculiarity consists also in the direction of the motion. In fact they often move to the opposite direction to that one of the MB objects, or they have a higher inclination of the motion with respect to the ecliptic plane. For their unusual motion and the extreme uncertainty of their preliminary orbital parameters, they can be lost in few days only, if no observatory observes them again. Usually, after some observational nights, a sufficient number of positions of the object are acquired in order to obtain an enough precise orbit determination. At this point the object can be classified as a NEO, or as a simple MB object or as an another unusual object like the Mars Crossers, transitional objects which possess an orbit which crosses the Mars one. These peculiar objects might often be confused with objects belonging to the Hungaria family. In fact, this family of objects possesses high inclinations as regards the ecliptic plane (about 45 degrees) and, at the perihelion, it can possess fast proper motions. The NEOCP gives an estimation of the ephemerides and V magnitude of these objects.

The Spaceguard Central Node page still supplies, in addition to the just discovered objects, a list of objects of subsequent oppositions which urgently need an observation. These objects have a designation, this means that an orbit was assigned to them, but their orbits are very uncertain, so they need to be observed again during the following oppositions. These observations are very essential to improve the precision of their orbital parameters and, finally, to assign them a definitive number of classification. If they are not observed during these opportunity period, they risk to be definitively lost. 

The priority list is determined according to some parameters as the end of visibility, the limiting magnitude, the uncertainty of their orbit, and so on (http://spaceguard.ias.rm.cnr.it/servlet/PriorityListServlet).

Sometimes for some objects the uncertainty sky region is very wide and their luminosity very weak, so our telescope is one of the most performing in the world to recover them, as in the case of 2002 MN.

The observational mode for the follow-up activity is similar to that of the discovery activity, but in this case we need longer exposure times, up to some minutes, depending on the faint magnitude of the object. Images taken with long exposure times don’t show evident stretching in the stellar shape, so the quality of the images remains unchanged.

Since our targets for the follow-up are usually fast moving objects, we can acquire images of the same field consecutively, so that no more than 10-15 minutes of observational time are spent.

Sometimes we join the follow-up activity with the discovery activity taking the sky strips in correspondence to the follow-up target field, so that, for example, the celestial coordinates of the first field of the strip are those corresponding to the coordinates of our target. 

After the follow-up activity we resume the discovery activity at small solar elongation. The procedure is exactly the same of the sunset phase, the only difference being the orientation that now is toward east. 

When the dawn is approaching we finish our observation taking the telescope in the rest position. We close the dome and we perform the refilling of the cryostat in order to maintain cold the chip for the following night.

1.12. Data reduction of the images

During the day we need to reduce the data as soon as possible, in order to send the astrometric positions of the objects found to the MPC. The velocity is necessary because if there is an unusual object it is essential to send the data to the MPC as soon as possible, in order to communicate our discovery to the scientific community.

At present the data reduction is performed with a commercial software called Astrometrica®, developed by Herbert Raab, but a dedicated software for our telescope is going to be developed. Astrometrica is a software running under the Windows platforms. Win2000 and higher versions of the operative system are better performing, while a chip of more than 700Mhz for the clock velocity and a ram higher than 64Mb are preferable.

Astrometrica manages images in .fits format. After having loaded the three or four images of the field we want to reduce, Astrometrica carries out the astrometry of the field, recognizing the position of the stars present in the field. In this phase Astrometrica uses the USNO A2.0 catalog, of the U.S. Naval Observatory, which includes 488,006,860 different sources. For the great majority of data this procedure gives a precision better than 0.5” for the position of the objects in the field and a precision better than 0.5 mag for the magnitudes. The necessary time for this operation depends strongly on the velocity of the CPU clock and the crowding of the field, but a typical time for the pc we use (PIII 750Mhz) is about 10-15 minutes.

After the astrometric reduction the Astrometrica software begins the automatic detection of moving objects. This operation can be improved by changing some parameters in the software settings. These parameters are:

· the Aperture Radius, which determines the size of the circle that is used by Astrometrica to find stellar sources in order to identify the stars in the catalog and the moving objects. If it is too large, the software can have trouble to resolve close pairs of stars, but if it is too small Astrometrica cannot find the stellar source. It depends on the Full Width Half Maximum (FWHM) of the Point Spread Function (PSF) of the image. The FWHM depends on the optics and on the scale of the system, but even on the seeing. A value between 3 and 5 pixels is acceptable for our images. If seeing is bad, a value of 5 is preferable.

· the Detection Limit, that means the minimum Signal-To-Noise Ratio (SNR) used for finding stellar sources and moving objects. If this value is close to 3, the software will require long time for calculation, but it will be able to find fainter moving objects. A value around 3.6 is a right compromise between the time for calculation and the detection ability. If the image is very noisy, a higher value is preferable.

· the Minimum FWHM is used to identify a stellar source. Sources with a wideness smaller than this value will be rejected. It will prevent the software from accepting hot pixels, randome background noise peaks or cosmic ray strikes as real objects. Good values for our images are between 1.6 and 1.8.

· the PSF-Fit RMS (Root Mean Square) value gives the maximum error accepted between the PSF- Fit and the profile of the source. In other words, it sets a limit on how much real detection may differ from the assumed PSF value. A value of 0.25 is a good starting point.

· the Search Radius defines the limit between a star and a moving object. Objects in the images which are moving less than this value have to be considered as stars, while objects moving faster are considered moving objects candidates. If this value is very small, it can detect many slow moving objects, but it will increase the number of false detections and the time of calculation. Usually we set a value around 0.60. 

· Star Catalog, upper and lower limits. These two values set the range of magnitude in which the software will search the stars in the catalog, usually USNO A2.0, in order to match the reference stars on our field. If the upper limit is too small, the brighter stars could be saturated and the matching could fail, but, if the lower limit is too large, the software will look for objects too faint to be detected. You have to choose the right range for the dynamic of your CCD. Usually our magnitude range is between 12 and 18.

· the Number of Stars for the Reference Star Matching sets the number of stars of the catalog used for the matching. This number influences the time of calculation. In fact this time increases with a quadratic law depending on this number, so that if we set a number double than the previous one, the time of calculation will quadruplicate. Sometimes Astrometrica fails to match the stars and a larger value of this number is required. A value of 80 is a starting point, but if the software fails the matching you have to increase it until the reduction is successful.

When the automatic detection has finished, the software asks a confirmation of the objects revealed. Indeed some of the detections could be false, because the software can recognize cosmic rays, hot pixels, blooming light of the stars and some defects of the chip as moving asteroids. The Astrometrica software opens  a window where you can see the succession of the images where the supposed object is. Now our experience can decide if the object is real or not. If the answer is positive we assign a temporary name to the object. The criterion used to call our objects is the following:

· the name consists of 7 symbols

· the first symbol is always the capital letter C, as the first letter of Campo Imperatore

· the second symbol is the number of the current year of the observations (i.e. 2 for 2002, 3 for 2003, and so on)

· the third symbol is a capital letter that shows the fortnight of the year when the object is observed, as used by the MPC for the designations of asteroids. For example the letter A corresponds to the fortnight between 1st and 15th January, B  to the fortnight between 16th and 31st January, and so on…

· the four remaining symbols correspond to the succession of the detected objects (i.e. 0001 for the first, 0002 for the second, and so on)

For example, for the 465th object detected during the observations performed on 9th April 2002 the name will be: C2G0465. 

After the confirmation and the assignation of the name, the data are stored in a text file containing in succession: the name, the date and the time of the observation, the celestial coordinates (Right Ascension and Declination), the estimated magnitude of the object, the filter used and, finally, the code of our observatory, which is 599. This is the format required by the MPC.

If the images for every field are four, the efficiency of the automatic detection is very high. Usually more than 90% of the detections are real objects. On the other hand this efficiency falls if the images are only three or the quality of the images is bad. In this case it can happen that only 10% or less of the detections are real objects.

When the automatic detection mode is performed, it is possible to search other objects in manual mode. This mode consists in blinking the images in succession and searching moving objects visually. This technique allows to discover some objects that the software didn’t recognize automatically. Indeed there is a fraction of objects that can be lost, because they are too weak, or in one of the images they are superposed on a bright star or on a chip defect, or they are near the edge of the CCD field. In this case the expert eye can recognize almost all the moving objects. The percentage of objects revealed in manual mode can be up to 10-15% of all the objects.

The manual mode is performed using an option in the Astrometrica software. While the blinking of the images is running, the measurer can reveal moving objects, then he stops the blinking and, clicking with the mouse on the supposed moving object, a new window opens and he can assign the name, as in the automatic mode, in correspondence to the position.

When all the images are reduced, we send the data to the MPC though an email. The first part of the email for the MPC includes some “header lines”, beginning with certain keywords which give some information to the MPC. The keyword COD shows the code of the observatory and its name (599 for Campo Imperatore). The keyword CON shows the contact details (name of PI, postal and email addresses, and so on). The keywords OBS and MEA show the name of the observers and of the measurers. The keyword TEL shows the details of the telescope and the keyword NET shows the name of the catalogs used for the reduction. Finally, the keyword ACK enables the MPC automatically to acknowledge the receipt of our observations. The “acknowledgement” email, that the MPC will send back to us, will include the text that follows the ACK keyword and it will allow us to recognize the batch which it concerns. This is an example of a batch of data sent to the MPC:

COD 599 Campo Imperatore-CINEOS

CON A. Carusi, Istituto di Astrofisica Spaziale, Via Fosso del Cavaliere,

CON I-00133 Roma, Italy [carusi@ias.rm.cnr.it]

OBS F. Bernardi, A. Boattini, A. Di Paola, G. Masi

MEA F. Bernardi, A. Boattini

TEL 0.60-m f/3 Schmidt + CCD

NET USNO-A2.0

ACK 2002.09.02

C2R0001  C2002 09 02.84573 22 27 23.17 -19 50 41.2          16.9 R      599

C2R0001  C2002 09 02.86075 22 27 22.30 -19 50 44.2          16.8 R      599

C2R0001  C2002 09 02.87506 22 27 21.49 -19 50 46.9          16.8 R      599

C2R0001  C2002 09 02.88904 22 27 20.67 -19 50 49.8          16.8 R      599

C2R0002  C2002 09 02.86075 22 26 54.23 -19 22 45.9          19.2 R      599

C2R0002  C2002 09 02.87506 22 26 53.18 -19 22 45.3          18.9 R      599

C2R0002  C2002 09 02.88904 22 26 52.14 -19 22 43.9          19.3 R      599

When the measurer is reducing the images, he can recognize an unusual moving object. The criteria that define an unusual motion have already been mentioned before, talking about the NEOCP objects. In this case it is essential to send the data of this object as soon as possible, in order to have the priority of the discovery and to post the discovery candidate on the NEOCP. After the reduction of the position of this unusual object, the measurer has to send the email to the MPC, warning explicitly about the possibility that it is a NEO. 

If the measurer is reducing images taken during the follow-up activity, he can recognize the object (the NEO) that is the target of those observations. In this case he has to send the data in the same way as before, but the name has to be the one assigned by the MPC on the NEOCP. This allows the MPC to link our observations easily with the previous ones of other observatories.

When all the data are sent to the MPC, the work of the observers and the measurers is finished. After some hours, the MPC sends an email to us with the designations of the objects measured. This is an example of a typical answer from the MPC:

C2R0923 (K02R64S 

C2R0931 (K02R64U 

C2R0943 (K02R28F

C2R0895  K02RB8H

C2R0906  K02RB8J

C2R0919  K02RB8K

The name on the left represents our provisional name, while the name on the right is the packed provisional designation name of the MPC. This provisional name follows some simple rules. The first symbol is a letter showing which century it was discovered, for example: J for 1900 and K for 2000. The second and the third symbols show the number of the year of the discovery, e.g. 02 for 2002. The fourth symbol corresponds to the fortnight of the discovery, e.g. A from 1st to 15th January, B from 16th to 31st January, and so on. The fifth, the sixth and the seventh symbols represent the order of discovery at the corresponding fortnight. For example, the packed designation K02RB8K corresponds to the extended designation name 2002 RK118, where 118 shows how many times the alphabet is repeated in the R-fortnight designation. In the packed version 118 is represented with two symbols B8, where B is for 110. 

If at the beginning of the MPC designation a parenthesis appears, it is a known object, while if there isn’t any parenthesis, it is a new object.  

The MPC criteria for assigning the designation to a new object impose at least two observational nights of the object at issue, then new discoveries will occur only after the second night. Sometimes it is possible that some observed objects will last without a designation, because they were observed only the first night. In this case you need to wait until the next observation of the same object from your or another observatory, or, in the worst case, it will be lost.

Usually, during the full moon period, the MPC publishes an observation summary report where you find all the recent observations of the observatories all over the world. In this report you find a list of all the observed objects. At the end of every list there is a summary with the number of all the positions performed, the number of all the observed objects and the number of all the new designations. After the publication of the MPC observation summary report, we update our web pages with the statistics.

1.13. Statistics and results

The activity of the CINEOS program restarted, after a short period of activity in 1996-97, at the beginning of August 2001. The period since August 2001 to May 2002 has to be considered a test phase of the CINEOS program, because many efforts were made in order to improve the reliability of the system. We improved the mechanics and the precision of the pointing of our instrument with new encoders. We improved the focusing system and the software for the preprocessing of the images.

Since June 2002 the CINEOS activity has begun to give the first results. At present I can estimate the program is at 70-80% of its potentiality. Later I will discuss about the improvements we are performing. 

This graph (figure 5-1) represents the number of positions observed by CINEOS since August 2001 for every month. A position means the celestial coordinates for an object determined  by a single observation. This means that many positions can correspond to only one object.
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As you can see in this graph and the following ones, the production of data has remarkably increased during the last months, that is a clear sign of our improvements. Due to the changeable weather of the spring and the autumn for the Campo Imperatore region, we expect a decrease of the discovery rate during these seasons, while the most productive months will be the winter and summer ones.

The graph in figure 5-2 represents all the observed objects (new ones and known ones), while the graph in figure 5-3 shows all the new discoveries month by month.
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In the following table there is a summary of the CINEOS activity since August 2001 up to November 2002. The CINEOS observations determined, during this period, 12509 positions. In particular we stress the very interesting observations of 2002MN and the discovery of the first NEOs of the CINEOS program 2002RQ25 and 2002WP11, and of two mars crossers: 2002LC58 and 2002MQ. We also observed 10 Potentially Hazardous Asteroids (PHAs). The PHAs are a subclass of NEOs which have a Minimum Orbit Intersection Distance (MOID) with Earth of 0.05 AU or less and an absolute magnitude of 22 or less (Marsden, 1993 and 1997). The MOID quantity establishes the minimum distance between the orbit of the Earth and the orbit of the object.

	
	Known
	New
	PHA

	NEO
	Amors
	11
	1
	2

	
	Apollos
	20
	1
	6

	
	Atens
	8
	0
	2

	
	Total
	39
	2
	10

	Main Belt Objects
	2501
	471

	Unusual
	0
	2

	Total
	2540
	475



1.14. The 2002MN Case

During the night between 17th and 18th June 2002 we observed an object that appeared on the NEOCP with the name AA82449. After the discovery by the LINEAR survey and until our observations, the object remained unobserved by other programs, even if it was estimated at the 16th magnitude, so that we expected a very luminous object. The reason of this curious lack of recoveries was clear after the reduction of our images and after the official publication of the MPEC by the MPC (MPEC 2002-M14). 

In fact, in our images, acquired only 16 hours after the discovery LINEAR observations, the object was about 20’ east from the estimated ephemerides and it was very close to the edge of the image. 20’ far away the estimated position is a lot for an object expected to move 60’ per day! We were very lucky, but the merit is of our wide FoV that allowed to rediscover it, while other observatories were limited by their small FoV. The MPC published the circular at the 21:58 UT of June 18th, where it designed AA82449 with the name 2002MN, and it announced that 2002MN had passed very close to Earth some days before.

In fact, on 14th June 2002 at 2h 2m 41s UT, 2002MN passed at the minimum distance of 0.0008021 AU from the Earth, that corresponds to about 120,000 km, less than one third the distance Earth-Moon. This is the second closest approach by an extraterrestrial object in the classification of the astronomers. These are the data of our observations:

M.P.E.C. 2002-M14                                Issued 2002 June 18, 21:58 UT

     The Minor Planet Electronic Circulars contain information on unusual

         minor planets and routine data on comets.  They are published

   on behalf of Commission 20 of the International Astronomical Union by the

          Minor Planet Center, Smithsonian Astrophysical Observatory,

                          Cambridge, MA 02138, U.S.A.

             Prepared using the Tamkin Foundation Computer Network

                              MPC@CFA.HARVARD.EDU

          URL http://cfa-www.harvard.edu/iau/mpc.html  ISSN 1523-6714
                                    2002 MN
Observations:

     K02M00N* C2002 06 17.37897 19 39 28.52 -22 55 22.3          16.8        704

     K02M00N  C2002 06 17.39262 19 39 25.31 -22 55 55.6          17.0        704

     K02M00N  C2002 06 17.40617 19 39 22.20 -22 56 24.1          16.5        704

     K02M00N  C2002 06 17.41973 19 39 19.16 -22 56 53.2          16.7        704

     K02M00N  C2002 06 17.97656 19 39 03.63 -23 15 51.6          16.4 R     599

     K02M00N  C2002 06 17.98536 19 39 02.16 -23 16 08.2          16.2 R     599

     K02M00N  C2002 06 17.98714 19 39 01.83 -23 16 12.2          16.0 R     599

     K02M00N  C2002 06 17.99628 19 39 00.30 -23 16 29.4          15.9 R     599

     K02M00N  C2002 06 17.99853 19 38 59.94 -23 16 33.3          15.9 R     599

     K02M00N  C2002 06 18.36241 19 38 39.95 -23 25 34.9          17.1        704

     K02M00N  C2002 06 18.37591 19 38 37.58 -23 25 54.9          17.0        704

     K02M00N  C2002 06 18.38948 19 38 35.24 -23 26 13.6          17.3        704

     K02M00N  C2002 06 18.40306 19 38 32.95 -23 26 31.7          17.4        704

     K02M00N  C2002 06 18.41645 19 38 30.71 -23 26 48.5          17.3        704

Observer details:

599 Campo Imperatore--CINEOS.  Observers F. Bernardi, A. Boattini.

    0.60-m f/3 Schmidt + CCD.

704 Lincoln Laboratory ETS, New Mexico.  Observers M. Blythe, F. Shelly,

    M. Bezpalko, R. Huber, L. Manguso, S. Adams, J. Piscitelli.  Measurers

    J. Stuart, R. Sayer, J. B. Evans, H. Viggh.  1.0-m f/2.15 reflector + CCD.

Orbital elements:

2002 MN

Epoch 2002 May 6.0 TT = JDT 2452400.5                   MPC

M 358.20808              (2000.0)            P               Q

n   0.38343752     Peri.  115.02029     -0.78129583     +0.62415772

a   1.8764614      Node   103.60017     -0.57339129     -0.71648263

e   0.5107689      Incl.    0.11721     -0.24657504     -0.31157629

P   2.57           H   23.4           G   0.15           U   7

Residuals in seconds of arc

020617 704  0.2+  0.1+    020617 599  0.0   0.2+    020618 704  0.0   0.2+

020617 704  0.2-  1.3-    020617 599  0.3-  0.3-    020618 704  0.2-  0.1+

020617 704  0.0   0.6+    020617 599  0.1+  0.0     020618 704  0.0   0.3-

020617 704  0.3+  0.6+    020617 599  0.5+  0.3+    020618 704  0.1-  0.6-

020617 599  0.2-  0.5-    020618 704  0.5+  0.7+

Ephemeris:

2002 MN                  a,e,i = 1.88, 0.51, 0                   q = 0.9180

Date    TT    R. A. (2000) Decl.     Delta      r     Elong.  Phase     V

2002 06 15    19 47.74   -16 55.6    0.0055   1.020   147.7    32.1   13.5

2002 06 17    19 39.93   -22 31.3    0.017    1.031   152.6    26.9    15.9

2002 06 19    19 38.24   -23 34.5    0.029    1.043   155.0    24.3    17.0

2002 06 21    19 37.35   -24 01.4    0.041    1.054   157.2    21.9    17.7

2002 06 23    19 36.67   -24 16.3    0.053    1.066   159.2    19.7    18.2

2002 06 25    19 36.05   -24 25.8    0.065    1.079   161.3    17.6    18.6

2002 06 27    19 35.43   -24 32.3    0.078    1.091   163.3    15.5    18.9

2002 06 29    19 34.81   -24 37.0    0.090    1.104   165.3    13.5    19.2

2002 07 01    19 34.17   -24 40.6    0.102    1.117   167.3    11.5    19.4

2002 07 03    19 33.52   -24 43.2    0.115    1.130   169.3     9.6    19.6

2002 07 05    19 32.88   -24 45.1    0.128    1.143   171.3     7.8    19.8

2002 07 07    19 32.26   -24 46.4    0.141    1.157   173.1     6.0    19.9

2002 07 09    19 31.66   -24 47.2    0.155    1.171   174.9     4.4    20.1

2002 07 11    19 31.12   -24 47.5    0.168    1.185   176.4     3.1    20.2

2002 07 13    19 30.63   -24 47.5    0.182    1.199   177.0     2.5    20.4

2002 07 15    19 30.21   -24 47.0    0.197    1.213   176.5     2.9    20.6

2002 07 17    19 29.87   -24 46.2    0.211    1.227   175.1     4.0    20.8

2002 07 19    19 29.61   -24 45.0    0.226    1.241   173.5     5.3    21.1

2002 07 21    19 29.45   -24 43.4    0.242    1.256   171.7     6.7    21.3

2002 07 23    19 29.37   -24 41.6    0.257    1.270   169.9     8.1    21.5

2002 07 25    19 29.39   -24 39.5    0.274    1.285   168.0     9.4    21.8

2002 07 27    19 29.50   -24 37.0    0.290    1.299   166.2    10.7    22.0

2002 07 29    19 29.71   -24 34.3    0.307    1.314   164.4    12.0    22.2

2002 07 31    19 30.01   -24 31.3    0.325    1.328   162.6    13.2    22.3

2002 08 02    19 30.41   -24 28.1    0.343    1.343   160.8    14.4    22.5

2002 08 04    19 30.91   -24 24.6    0.361    1.358   159.0    15.5    22.7

     The object passed only 0.0008 AU from the earth on June 14.1 UT.

Brian G. Marsden             (C) Copyright 2002 MPC           M.P.E.C. 2002-M14
This is a clear demonstration of how important the follow-up activity is. Indeed, without our observations, this object could have been lost and we could not know the particularity of its close approach. 2002MN was not dangerous for Earth, but it warned us again about the potential hazard of this class of objects.

In the following page table 5-2 shows all the important data about 2002MN (from NEODyS). Even if 2002MN has a MOID of only 0.00081 AU (at the epoch 52600 MJD) and, therefore, less than 0.05 AU, it is not, by definition, a PHA, because its absolute magnitude is only 23.323. However its size, that is estimated between 50 and 120 m, is large enough for a possible impact to be quite dangerous, so that a good follow-up is desirable.

	Keplerian elements
	Epoch 52600 (MJD)

	a (AU)
	1.81562

	eccentricity
	0.497681

	inclination (deg)
	1.047

	Ascending (deg)
	85.102

	Argument of perihelion (deg)
	131.645

	M (deg)
	79.271

	Other parameters
	

	Absolute Magnitude (H)
	23.323

	Slope parameter (G)
	0.15

	Perihelion (AU)
	0.912

	Aphelion (AU)
	2.7193

	Earth MOID (AU)
	0.00081

	Orbital period (days)
	893.583

	Date of orbit computation
	2002 Nov 25 04:31



. 

1.15. The unusual objects 2002LC58 and 2002MQ
During the night between 12th and 13th June 2002, we observed an unusual object which we called C2L0001. We supposed it could be a NEO, so we advised the MPC which posted it on the NEOCP. C2L0001 was observed at a solar elongation of 60.7 degrees in the eastern sky region of the morning.

The region of the sky where it was observed  and its typical motion made the C2L0001 orbit solution very uncertain. Indeed, its motion could be compatible with both a NEO orbit solution and a mars crosser or simply a high inclination main belt orbit solution. Even if an usual object stays more or less two or three days on the NEOCP before to be confirmed as a NEO or as a main belt object, C2L0001 stayed on the NEOCP for eight days before to get a provisional, but still very uncertain, orbit as a mars crosser. During these eight nights, C2L0001, that was designed, then, as 2002LC58, some observatories in the world obtained 55 positions, 20 of which were obtained by us. Up to 31st October 2002, 2002LC58 was observed for 97 positions, so that its orbital parameters are now more precise. Here the data of our first observation are shown:

C2L0001  C2002 06 13.01705 00 50 23.65 +30 13 25.9          17.9 R     599 

C2L0001  C2002 06 13.03219 00 50 26.26 +30 13 38.0          17.9 R     599 

C2L0001  C2002 06 13.04788 00 50 29.09 +30 13 51.3          17.9 R     599

C2L0001  C2002 06 13.06358 00 50 31.77 +30 14 04.1          17.9 R     599

This is a copy of the designation of C2L0001 as 2002LC58. A preliminary orbit is given:

C2L0001  K02L58C

2002 LC58                                                                       

Epoch 2002 June 15.0 TT = JDT 2452440.5                 MPC                     

M   1.62041              (2000.0)                          

n   0.23054724     Peri.  111.68387              

a   2.6340828      Node   228.31340             

e   0.4059899      Incl.   29.09709            

P   4.28           H   15.1           G   0.15                                  

>From 55 observations 2002 June 13-20.  E-assumed.    
In this table there are the latest orbit parameters determination and physical data for 2002LC58, after an arc of about 200 days:

	                    Keplerian elements
	Epoch 52600 (MJD)

	a (AU)
	2.7437473

	Eccentricity
	0.4264052

	inclination (deg)
	29.09346

	Ascending (deg)
	228.62207

	Argument of perihelion (deg)
	112.16721

	M (deg)
	36.02863

	Other parameters
	

	Absolute Magnitude (H)
	15.1

	Slope parameter (G)
	0.15

	Perihelion (AU)
	1.5738

	Aphelion (AU)
	3.9137

	Orbital period (days)
	1659.882



Some days after the discovery of 2002LC58, we detected another unusual object, which we called C2M0065. It caught our attention because it was moving “straight” to the North in a region very close to opposition, where usual MBOs move retrogradly. It is curious to notice that it was found in the same field of 2002MN. As for 2002LC58, we  sent our data and our considerations about the possibility it were a NEO to the MPC which posted it on the NEOCP. Here our data of our first observations performed during the night between 17th and 18th June 2002 are shown:

C2M0065  C2002 06 17.97656 19 37 13.20 -22 55 50.1          18.7 R      599

C2M0065  C2002 06 17.98536 19 37 13.18 -22 55 53.7          18.4 R      599

C2M0065  C2002 06 17.98714 19 37 13.13 -22 55 56.8          17.7 R      599

C2M0065  C2002 06 17.99628 19 37 13.22 -22 56 03.2          18.5 R      599

C2M0065  C2002 06 17.99853 19 37 13.24 -22 56 04.6          18.8 R      599

When we observed C2M0065, it was at a solar elongation of 154 degrees and it needed only 15 positions and two observational nights in order to determine its orbital parameters. Here the designation of C2M0065 as 2002MQ by the MPC is shown:
C2M0065  K02M00Q

2002 MQ                                                                         

Epoch 2002 June 15.0 TT = JDT 2452440.5                 MPC                     

M 338.22650              (2000.0)                       

n   0.22270676     Peri.  240.85354             

a   2.6955483      Node    94.20304             

e   0.4610954      Incl.   10.65327               

P   4.43           H   17.7           G   0.15                                  

>From 15 observations 2002 June 17-19.                                           
Finally, table 5-4 shows the present data about the orbital parameters and some physical quantities of 2002MQ:

	Keplerian elements
	Epoch 52600 (MJD)

	a (AU)
	2.6821238

	eccentricity
	0.4127623

	inclination (deg)
	10.42014

	Ascending (deg)
	94.10450

	Argument of perihelion (deg)
	224.53940

	M (deg)
	18.74776

	Other parameters
	

	Absolute Magnitude (H)
	17.7

	Slope parameter (G)
	0.15

	Perihelion (AU)
	1.5750

	Aphelion (AU)
	3.7892

	Orbital period (days)
	1604.507



Since the aphelion of Mars is 1.666 AU and the perihelia of 2002LC58 and 2002MQ are 1.5738 and 1.5750 AU respectively, these objects are considered mars crossers. The mars crossers asteroids family is considered as a transition class of objects between the main belt region and the NEO region. Then, even if 2002LC58 and 2002MQ are not dangerous for Earth and they probably won’t pass close to Earth for many and many years, they are considered interesting  in perspective of the knowledge of the dynamical behavior of the objects coming  from the main belt reservoirs to the NEO region.

1.16. 2002 RQ25: The discovery of the first NEO by CINEOS

The night between 3rd and 4th September 2002, CINEOS discovered its first NEO. We detected an unusual motion of an object that was moving in the direction opposite to that of the typical main belt asteroids and it was called C2R0088.
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On this page you see the sequence of four images that allowed the detection of C2R0088. In these images there are our object in a blue circle and a typical main belt asteroid in a yellow circle. Comparing the motion of the two objects you easily understand why we suspected that C2R0088 could be a NEO. There are three main differences between the two objects:

1. the apparent motion that is fast for C2R0088 compared with that of the main belt object

2. the direction of the motion that is opposite to that of the main belt object

3. the angle of the direction of motion with the ecliptic plane that is higher for C2R0088.

We sent our data urgently to the MPC which posted it on the NEOCP. Here is a copy of the email we sent to the MPC:

  COD 599 Campo Imperatore-CINEOS

  CON A. Carusi, Istituto di Astrofisica Spaziale, Via Fosso del Cavaliere,

  CON I-00133 Roma, Italy [carusi@ias.rm.cnr.it]

  OBS F. Bernardi, A. Boattini, A Di Paola

  MEA F. Bernardi, A. Boattini

  TEL 0.60-m f/3 Schmidt + CCD

  NET USNO-A2.0

  ACK 2002.09.03a

     C2R0088  C2002 09 03.98943 02 40 44.66 +08 56 17.0          19.2 R      599

     C2R0088  C2002 09 04.00267 02 40 42.65 +08 56 18.1          19.2 R      599

     C2R0088  C2002 09 04.01510 02 40 40.81 +08 56 19.2          19.6 R      599

     C2R0088  C2002 09 04.02753 02 40 38.86 +08 56 20.9          18.8 R      599

Fortunately, only three observational nights and 25 positions were enough to obtain a designation from the MPC which published the discovery: C2R0088 was called 2002 RQ25. The following is the official circular of the MPC, M.P.E.C. 2002-R23:

M.P.E.C. 2002-R23                                Issued 2002 Sept. 6, 18:41 UT

     The Minor Planet Electronic Circulars contain information on unusual

         minor planets and routine data on comets.  They are published

   on behalf of Commission 20 of the International Astronomical Union by the

          Minor Planet Center, Smithsonian Astrophysical Observatory,

                          Cambridge, MA 02138, U.S.A.

             Prepared using the Tamkin Foundation Computer Network

                              MPC@CFA.HARVARD.EDU

          URL http://cfa-www.harvard.edu/iau/mpc.html  ISSN 1523-6714
                                   2002 RQ25
Observations:

     K02R25Q* C2002 09 03.98943 02 40 44.66 +08 56 17.0          19.2 R      599

     K02R25Q  C2002 09 04.00267 02 40 42.65 +08 56 18.1          19.2 R      599

     K02R25Q  C2002 09 04.01510 02 40 40.81 +08 56 19.2          19.6 R      599

     K02R25Q  C2002 09 04.02753 02 40 38.86 +08 56 20.9          18.8 R      599

     K02R25Q  C2002 09 04.95096 02 38 24.22 +08 57 35.6          19.5 R      599

     K02R25Q  C2002 09 04.95642 02 38 23.32 +08 57 34.4          18.9 R      599

     K02R25Q  C2002 09 04.98844 02 38 18.42 +08 57 38.2          19.2 R      599

     K02R25Q  C2002 09 04.99117 02 38 18.00 +08 57 38.5          19.3 R      599

     K02R25Q  C2002 09 04.99436 02 38 17.50 +08 57 38.7          18.8 R      599

     K02R25Q  C2002 09 04.99705 02 38 17.04 +08 57 39.0          19.0 R      599

     K02R25Q  C2002 09 05.00045 02 38 16.53 +08 57 38.9          19.0 R      599

     K02R25Q  C2002 09 05.00332 02 38 16.11 +08 57 39.4          19.1 R      599

     K02R25Q  C2002 09 05.02069 02 38 13.17 +08 57 36.2                          557

     K02R25Q  C2002 09 05.02256 02 38 12.89 +08 57 37.3                          557

     K02R25Q  C2002 09 05.02443 02 38 12.61 +08 57 36.8                          557

     K02R25Q  C2002 09 05.94855 02 35 53.28 +08 58 35.1          19.5 R      599

     K02R25Q  C2002 09 05.95098 02 35 52.96 +08 58 36.3          19.4 R      599

     K02R25Q  C2002 09 05.95348 02 35 52.49 +08 58 37.0          19.2 R      599

     K02R25Q  C2002 09 05.95628 02 35 52.03 +08 58 36.7          19.5 R      599

     K02R25Q  C2002 09 05.95906 02 35 51.57 +08 58 37.2          19.5 R      599

     K02R25Q  C2002 09 06.09802 02 35 28.91 +08 58 45.5          19.4 R      599

     K02R25Q  C2002 09 06.10163 02 35 28.38 +08 58 45.5          19.3 R      599

     K02R25Q  C2002 09 06.30718 02 34 57.41 +08 58 56.8          19.2 R      649

     K02R25Q  C2002 09 06.31199 02 34 56.53 +08 58 56.1          19.1 R      649

     K02R25Q  C2002 09 06.31682 02 34 55.79 +08 58 57.0          18.7 R      649

Observer details:

557 Ondrejov.  Observer L. Sarounova.  0.65-m f/3.6 reflector + CCD.

599 Campo Imperatore-CINEOS.  Observers F. Bernardi, A. Boattini,

    A. Di Paola.  0.6-m f/3 Schmidt + CCD.

649 Powell Observatory, Louisburg.  Observers K. Smalley, M. Glaze.

    0.75-m Newtonian + CCD.

Orbital elements:

2002 RQ25

Epoch 2002 Sept. 3.0 TT = JDT 2452520.5                 MPC

M  80.45561              (2000.0)            P               Q

n   0.83838051     Peri.  225.75557     -0.54941935     +0.83541398

a   1.1138890      Node    10.94598     -0.74251119     -0.47999081

e   0.3040676      Incl.    4.49899     -0.38316512     -0.26775419

P   1.18           H   20.4           G   0.15

From 25 observations 2002 Sept. 3-6.

Ephemeris:

2002 RQ25                a,e,i = 1.11, 0.30, 4                   q = 0.7752

Date    TT       R. A. (2000) Decl.      Delta       r        Elong.  Phase     V

2002 09 03    02 43.06   +08 54.9    0.263    1.159   119.0    49.6    19.7

2002 09 08    02 30.43   +08 59.9    0.261    1.183   126.8    43.0    19.5

2002 09 13    02 15.72   +08 55.7    0.261    1.205   135.1    36.1    19.4

2002 09 18    01 59.27   +08 42.0    0.262    1.227   144.0    28.8    19.2

2002 09 23    01 41.65   +08 19.2    0.267    1.247   153.1    21.3    19.1

2002 09 28    01 23.63   +07 48.9    0.275    1.267   162.4    13.8    18.9

2002 10 03    01 06.10   +07 13.6    0.288    1.286   171.6     6.5     18.7

2002 10 08    00 49.90   +06 36.7    0.305    1.304   178.7     1.0     18.5

2002 10 13    00 35.70   +06 02.0    0.327    1.321   170.9     6.9     19.1

2002 10 18    00 23.89   +05 32.3    0.352    1.337   163.1    12.5    19.5

2002 10 23    00 14.56   +05 09.1    0.382    1.352   155.8    17.6    19.9

2002 10 28    00 07.60   +04 53.2    0.415    1.366   149.1    21.9    20.2

2002 11 02    00 02.85   +04 44.8    0.451    1.379   143.0    25.7    20.5

2002 11 07    00 00.10   +04 43.7    0.489    1.391   137.4    28.9    20.8

2002 11 12    23 59.11   +04 49.7    0.530    1.402   132.2    31.6    21.1

Brian G. Marsden             (C) Copyright 2002 MPC           M.P.E.C. 2002-R23
The asterisk near the first position on the M.P.E.C shows that it is the main position that possesses the paternity of the discovery.

2002 RQ25 is an Apollo, because its major semiaxis is bigger than 1 AU (1.113889 AU) and its perihelion is smaller than 1 AU (0.7752 AU). When our NEO was discovered it was distant about 0.265 AU from the Earth and 1.166 AU from the Sun. The angular motion of 2002 RQ25 was –1.57”/min in Right Ascension and +0.07”/min in declination for a total of 1.572”/min. The solar elongation was 120.5 degrees and the phase angle was 48.2 degrees. When 2002 RQ25 was discovered, it had a V magnitude of 19.7 and its height was about 45 degrees over the horizon of the Campo Imperatore Site.

This is a view of the mutual positions of 2002 RQ25 and the Earth and the terrestrial planets, taken from the web pages of the JPL.


This is the most accurate table of the keplerian elements and of some physical parameters for 2002 RQ25 on 25th November 2002.

	Keplerian elements
	Epoch 52600 (MJD)

	a (AU)
	1.11185

	eccentricity
	0.306257

	inclination (deg)
	4.561

	Ascending (deg)
	10.909

	Argument of perihelion (deg)
	225.236

	M (deg)
	148.178

	Other parameters
	

	Absolute Magnitude (H)
	20.498

	Slope parameter (G)
	0.15

	Perihelion (AU)
	0.7713

	Aphelion (AU)
	1.4524

	Earth MOID (AU)
	0.05039

	Orbital period (days)
	428.22

	Date of orbit computation
	2002 Nov 25 05:52


 
The absolute magnitude of 2002 RQ25 is about 20.5, that leads to an estimation of its diameter between 210 and 470 meters, for an assumed albedo between 0.25 and 0.05. An object, which could impact on Earth with such a size, would have an impact energy between 400 and 6,300 MT, about three orders of magnitude higher than the energy released during the Tunguska impact. Fortunately, 2002 RQ25 has a MOID of 0.05039 AU and, very likely, it won’t be dangerous for the Earth for many centuries. NEODyS (http://newton.dm.unipi.it/cgi-bin/neodys) estimated that the next close approach to Earth of 2002 RQ25, during the next 100 years, will occur on 20th February 2015, when it will pass at only 0.051644 AU from Earth.

1.17. 2002 WP11: The second NEO discovered.

The night between 27th and 28th November 2002, CINEOS discovered its second Near Earth Object. It was designed by the MPC with 2002 WP11. At the time of the discovery it was at a solar elongation of about 175.5 degrees, therefore near the opposition, at an altitude over the horizon of about 70 degrees. It was at 0.900 AU from the Earth and 1.886 AU from the Sun. Our preliminary estimations of the magnitude were around 19 in R. The angular motion of 2002 WP11 was –0.97”/min in Right Ascension and –0.35”/min in declination, that corresponds to about 1.03”/min towards the retrograde direction and it is slightly faster than the typical angular motion of a MB asteroid at the opposition. Even if the unusual motion of 2002 WP11 was not so evident as in the case of 2002 RQ25, we suspected it could be a NEO and we sent immediately the data to the MPC, the hour following the first observations. Our fast data reduction allowed to re-observe it only about 2 hours and 20 minutes after the first ones. The MPEC (MPEC 2002-W52) was published 30th November after 24 observations. 

M.P.E.C. 2002-W52                                Issued 2002 Nov. 30, 03:33 UT

     The Minor Planet Electronic Circulars contain information on unusual

         minor planets and routine data on comets.  They are published

   on behalf of Commission 20 of the International Astronomical Union by the

          Minor Planet Center, Smithsonian Astrophysical Observatory,

                          Cambridge, MA 02138, U.S.A.

             Prepared using the Tamkin Foundation Computer Network

                              MPC@CFA.HARVARD.EDU

          URL http://cfa-www.harvard.edu/iau/mpc.html  ISSN 1523-6714
                                   2002 WP11
Observations:

     K02W11P* C2002 11 27.98032 04 17 46.06 +25 42 37.3          19.4 R      599

     K02W11P  C2002 11 28.07831 04 17 36.90 +25 41 47.7          19.6 R      599

     K02W11P  C2002 11 28.08764 04 17 35.99 +25 41 42.5          19.6 R      599

     K02W11P  C2002 11 28.09697 04 17 35.15 +25 41 38.0          19.7 R      599

     K02W11P  C2002 11 28.28331 04 17 18.87 +25 40 06.2                           696

     K02W11P  C2002 11 28.28935 04 17 18.28 +25 40 03.4                           696

     K02W11P  C2002 11 28.33603 04 17 13.70 +25 39 38.8          19.7 R      734

     K02W11P  C2002 11 28.34337 04 17 13.04 +25 39 34.4          19.5 R      734

     K02W11P  C2002 11 28.35047 04 17 12.42 +25 39 30.7          19.4 R      734

     K02W11P  C2002 11 28.35671 04 17 11.89 +25 39 27.9          19.0 R      734

     K02W11P  C2002 11 28.91789 04 16 22.05 +25 34 43.6          19.3 R      599

     K02W11P  C2002 11 28.92046 04 16 21.83 +25 34 43.0          18.9 R      599

     K02W11P  C2002 11 28.92306 04 16 21.57 +25 34 41.4          18.6 R      599

     K02W11P  C2002 11 28.92565 04 16 21.32 +25 34 40.3          19.3 R      599

     K02W11P  C2002 11 28.93060 04 16 20.87 +25 34 37.3          19.3 R      599

     K02W11P  C2002 11 28.93087 04 16 20.90 +25 34 35.3          19.2 R      J95

     K02W11P  C2002 11 28.93389 04 16 20.49 +25 34 36.3          18.9 R      599

     K02W11P  C2002 11 28.93763 04 16 20.33 +25 34 32.3          19.2 R      J95

     K02W11P  C2002 11 28.94650 04 16 19.51 +25 34 27.8                           J95

     K02W11P  C2002 11 30.01308 04 14 44.96 +25 25 29.3          19.0 R      176

     K02W11P  C2002 11 30.01632 04 14 44.67 +25 25 27.7          18.9 R      176

     K02W11P  C2002 11 30.01991 04 14 44.34 +25 25 26.0          18.9 R      176

     K02W11P  C2002 11 30.02350 04 14 44.01 +25 25 24.3          19.0 R      176

     K02W11P  C2002 11 30.03391 04 14 43.07 +25 25 19.3          19.1 R      176

Observer details:

176 Observatori Astronomic de Consell.  Observers A. Lopez, R. Pacheco.

    0.41-m f/4 reflector + CCD.

599 Campo Imperatore-CINEOS.  Observers F. Bernardi, A. Boattini, A. Di Paola.

    Measurers A. Boattini, F. Bernardi, A. Di Paola, G. Masi, E. Palomba.

    0.60-m f/3 Schmidt + CCD.

696 Whipple Observatory, Mt. Hopkins.  Observers K. Smalley, P. Berlind,

    T. B. Spahr.  1.2-m reflector + CCD.

734 Farpoint Observatory.  Observer G. Hug.  0.31-m Schmidt-Cassegrain + CCD.

J95 Great Shefford.  Observer P. Birtwhistle.  0.30-m f/6.3 Schmidt-Cassegrain

    + CCD.

Orbital elements:

2002 WP11

Epoch 2002 Nov. 22.0 TT = JDT 2452600.5                 MPC

M  48.23724              (2000.0)            P               Q

n   0.32940316     Peri.   56.86554     +0.83457436     +0.54429564

a   2.0764312      Node   270.02265     -0.52951698     +0.75000287

e   0.4247766      Incl.    4.87700     -0.15197830     +0.37581638

P   2.99           H   18.4           G   0.15

From 24 observations 2002 Nov. 27-30.

Ephemeris:

2002 WP11                a,e,i = 2.08, 0.42, 5                   q = 1.1944

Date    TT    R. A. (2000) Decl.     Delta      r     Elong.  Phase     V

2002 11 22    04 27.08   +26 31.9    0.814    1.793   169.1     6.0    19.7

2002 12 02    04 11.91   +25 08.7    0.865    1.849   174.4     3.0    19.7

2002 12 12    03 59.62   +23 47.2    0.941    1.903   162.6     8.9    20.3

2002 12 22    03 51.49   +22 37.7    1.040    1.957   150.6    14.3    20.8

2003 01 01    03 47.73   +21 45.8    1.159    2.010   139.4    18.6    21.2

2003 01 11    03 48.02   +21 12.5    1.294    2.062   129.2    21.7    21.6

2003 01 21    03 51.77   +20 55.7    1.443    2.112   119.8    23.8    21.9

Brian G. Marsden             (C) Copyright 2002 MPC           M.P.E.C. 2002-W52
The MPC established  2002 WP11 is an Amor with an absolute V magnitude of 18.4. Further observations of 2002 WP11 improved the determination of the V magnitude that now is estimated to be around 18.2 that corresponds to a dimension around 900-1000 meters. 

In the following square the six images of our observations of the discovery night are presented. The order is left-right and up-down. The first three images were grabbed just before midnight UT, while the last ones were grabbed around 2h UT.
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The figure 5-9 represents the mutual position of Earth, 2002 WP11 and the inner planets at the time of the discovery. The 2002 WP11 orbit is rather elliptical and at the aphelion it reaches the Main Belt region.
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Finally, the following table (5-6) shows the most important dynamical and physical parameters of 2002 WP11, taken from the NEODyS web page. 

	 Keplerian elements
	Epoch 52600 (MJD)

	a (AU)
	2.12375 

	eccentricity
	0.441915

	inclination (deg)
	5.407

	Ascending (deg)
	268.41

	Argument of perihelion (deg)
	55.505

	M (deg)
	48.916

	Other parameters
	

	Absolute Magnitude (H)
	18.155

	Slope parameter (G)
	0.15

	Perihelion (AU)
	1.1852

	Aphelion (AU)
	3.0623

	Earth MOID (AU)
	0.19157

	Orbital period (days)
	1130.45

	Date of orbit computation
	2002 Dec 29 10:02



The closest encounter of 2002 WP11 with Earth during the next century will probably occur on 11th August 2073 at a nominal minimum distance of 0.194725 AU. 2002 WP11 is clearly not dangerous for Earth.

1.18. Observations of comets
With the Schmidt telescope of Campo Imperatore it is also possible to observe comets. Indeed, its wide FoV allows to take a big part of the comet and its tail. These images are useful not only when doing the astrometry of the comet, but also in showing the structure of the tail.

The night between 21st and 22nd March 2002, CINEOS observed the comet 153/P Ikeya-Zhang, discovered independently only some weeks ago by Kaoru Ikeya and Daqing Zhang (IAUC 7812: 2002 C1). 

[image: image26.jpg]




The integrated magnitude m1 of the comet was estimated in 3.5, while it was moving at about 3.28”/min northwards. The solar elongation was 30.3 degrees, while the phase angle was about 100.5 degrees. Because its bright luminosity, we took seven short time frames, six of which of 5 seconds of exposure time, and one of 1 second. We used the R filter. The seven images were summed and aligned with respect to the false nucleus, and the resulting image was log-scaled, so that it was filtered with a high-pass filter. 

We used a Larson-Sekanina rotational gradient algorithm (Larson and Sekanina, 1984) in order to show the tail structure.

The figure 5-10 shows the log-scaled and filtered image of the comet (elaborated by A. Di Paola), while the figure 5-11shows the image obtained with the Larson-Sekanina algorithm (elaborated by G.Masi). These images show clearly the radial structure of the tail of the Ikeya-Zhang comet.
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2. Conclusions and future improvements for the CINEOS Project
The activity of the CINEOS project, performed during the last two years, has obtained many improvements and the first important results have begun to came out. At present CINEOS can be considered the most efficient European NEO survey, even if it is still far away from the level of the American surveys.

The characteristics of the CINEOS instrument are “peculiar”, in some way. In fact, our telescope is able to detect faint objects, up to 20-21st magnitude and more, with a relative wide FoV. Only the Spacewatch telescope can produce this performance in terms of magnitude, but its FoV is smaller than ours. Furthermore, our instrument  is able to reach very small heights over the horizon, allowing to observe at very small solar elongations. This characteristic is very important in order to try to find IEOs and Atens, as demonstrated in this thesis. The high flexibility in terms of large FoV and faint magnitude makes our instrument very effective for the follow-up activity.

During next months CINEOS will test a differential tracking mode in order to increase the probability to find IEOs at small solar elongations. In fact, G. Masi (2002) found that IEOs have a typical proper motion that is fast enough to discriminate them from others objects. Introducing a differential guiding speed, Masi found that there are 2.3 more IEOs’ detections, namely higher probability of IEO detection, than using the traditional sidereal tracking. 

CINEOS has reached a good level of observational productivity only beginning with June 2002. The discoveries of two NEOs in less than three months and the important observations of 2002 MN are very promising. During these years we have obtained a good experience for observations of the sky devoted to the search of NEOs and our observational strategy seems to be rather efficient. Shortly I resume the results up to 30th November 2002: 2 NEOs, 2 unusual objects and 471 main belt objects discovered; 2540 known objects observed, 39 of which are NEOs, 10 of which are PHAs; for a total of 12509 positions.

The instruments and the software capabilities of the CINEOS project can still be improved, so that I expect an increasing of the efficiency in the next months. At the time I am writing this thesis, a new software capable of controlling autonomously our instrument is being tested. This software, implemented by A. Di Paola, will control the dome and the telescope and will perform automatically the acquisition of sky strips necessary to our work. Before the observations the program will ask some preliminary inputs: the pointing of the telescope for the first field, the number of  images for strip (the width of the strip), the number of strips for the same sky region, the exposure time for the image, the name of the files where the images will be stored, the direction where the telescope will perform the strip (north or south  for Declination, east or west for Right Ascension). When the input phase finishes, the telescope begins to work alone. At the end of the acquisition phase, the dome pc sends all the images to the remote control room pcs for the data reduction work. When the images are in our pcs for the data reduction, we can easily launch the preprocess program in order to remove the principal noises, therefore we can begin the asteroids detection with Astrometrica.

This system reduces the acquisition time, so that the sky coverage is increased remarkably and, moreover, the time of the observer can be spent to reduce the data. We will be able to reduce the images almost in real time. This will allow to send the data to the MPC very soon. In the case of a discovery of a NEO candidate during the first part of the night, we will be able to re-observe the object, if there are good conditions, only some hours after the first observation. For geometrical reasons, observations of a moving object from the same site, but spaced of some hours, will increase enormously the precision of the orbit determination. 

The asteroid detection software we are using at present, Astrometrica, is rather effective, but it requires long CPU time and sometimes it fails to reduce some fields. Di Paola is performing a new automatic asteroid detection software conceived just for our instrument. It will be based on the subtraction of a median image of the field from the original images. This method will eliminate the stationary field stars. The remaining objects will be tested for consistent angular motion and will need a confirmation from the measurer. We expect that this new facility will perform a faster end more effective asteroid detection.

The mirror of the Schmidt telescope of Campo Imperatore needs to be cleaned and re-aluminized. The aluminizing chamber will be available again, after some maintenance operations, in the first months of 2003. We estimate that the cleaning and the aluminizing of the mirror will increase the limiting magnitude, exposure times being equal, of about 0.5 mag.

Finally, we are planning to implement a database of all the images acquired by the Schmidt telescope. If the necessary resources will be available, we plan to share our database with the scientific community making it accessible through the web. This facility will be very useful for asteroid precovery purposes and could be used also for other scientific interests as supernovae search.

In conclusion I want to stress that the work done at Campo Imperatore, the experience acquired and the planned improvements of the system are very promising and the CINEOS team is only waiting for clean skies.
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Appendix

      program position

      implicit double precision (a-h, o-z)

      real*8 ater, eter, iter, nodoter, periter, amter

      real*8 mototer,a, e, inc, node, smomega, anom, H, moto, cielob

      real*8 x, xter, deltax, d, anomin, xr, xrter, elong, beta

      real*8 pi, mag, fase, arg1, arg2, giorni, vector

      real*8 area, afelio, perielio,fidot,thdot, angdot,tau, texp

      real*8 a1,b1,c1,a2,b2,c2,w,fi1,fi2,fis,fil,dv,maglim, visib(24256)


real*8 pass(24256), medvis(24256),medv,medpas,perc

      dimension x(3), xter(3), deltax(3), vector(29)

      dimension cielob(29,37), area(29), v(3), vter(3)

      dimension ang1(29), ang2(29), fis(2),fil(2), delv(3)

      integer(2) num, cicli, pos, pos2, totale, ct, ctold,counter

      character title*51


counter=0


texp=180.d0


maglim=21.d0

      a1=3.332d0

      a2=1.862d0

      b1=0.631d0

      b2=1.218d0

      c1=0.986d0

      c2=0.238d0

      pi=3.1415926535897932384626d0

      ater=1.00000011d0

      eter=0.01671022d0

      iter=0.00005d0

      nodoter=348.73936d0

      periter=102.94719d0

      mototer=0.98587599d0

      giorni=15000

      open(1, file='c:\MSDEV\Projects\Simulazioni\moto25000.txt')


open(6, file='c:\MSDEV\Projects\Simulazioni\passaggi.txt')

      read(1, 10) title

10        format(a51)

20        format(i5,f6.3,f5.3,f5.1,3f6.1,f5.1,f10.8)

30        format(2i5,2f10.7,2f10.5,f6.2)

      do 50 n=1,24256



  ct=0



  ctold=0




            read(1,20) num, a, e, inc, node, smomega, anomin, H, moto

c

if(H.gt.18) goto 50



  afelio=a+a*e

            perielio=a-a*e

c            if(afelio.lt.0.983d0) go to 50

c            if(perielio.gt.1.017d0) go to 50

c            if(a.ge.1.0d0) go to 50

            do 40 l=1,giorni

c


if(n.eq.3049.and.l.eq.6627) then

c



goto 40

c


    endif





ct=0

c



if(l.lt.6060) go to 40

                  amter=357.51716d0+l*mototer

                  cicli=int(amter/360.d0)

                  if(cicli.gt.0) then

                  amter=amter-(360.d0*cicli)

                  endif

                  call condin(amter,periter,nodoter,iter,eter,ater,xter,


&


vter)





anom=anomin+l*moto

                  cicli=int(anom/360.d0)

                  if(cicli.gt.0) then

                  anom=anom-(360.d0*cicli)

                  endif

                  call condin(anom,smomega,node,inc,e,a,x,v)

                  deltax(1)=x(1)-xter(1)

                  deltax(2)=x(2)-xter(2)

                  deltax(3)=x(3)-xter(3)





delv(1)=v(1)-vter(1)





delv(2)=v(2)-vter(2)





delv(3)=v(3)-vter(3)

                  xr=dsqrt(x(1)**2+x(2)**2+x(3)**2)

                  d=dsqrt(deltax(1)**2+deltax(2)**2+deltax(3)**2)





fidot=(delv(2)*deltax(1)-deltax(2)*delv(1))/((deltax(1


&


)**2+deltax(2)**2))





thdot=((delv(3)*dsqrt(deltax(1)**2+deltax(2)**2))-(((d


&


eltax(1)*delv(1)+deltax(2)*delv(2))*deltax(3))/(dsqrt(

     &


deltax(1)**2+deltax(2)**2))))/d





angdot=(((dsqrt(thdot**2+fidot**2))/pi)*180.d0)/24





tau=(angdot*texp)/2.25





if(tau.lt.(6.d0/5.d0)) dv=0





if(tau.ge.(6.d0/5.d0).and.tau.le.2d0) then






dv=2.5*dlog10((5*tau/4)-0.5d0)





endif





if(tau.gt.2d0) dv=2.5*dlog10(tau)

                  xrter=dsqrt(xter(1)**2+xter(2)**2+xter(3)**2)

                  arg1=(x(1)*deltax(1)+x(2)*deltax(2)+x(3)*deltax(3))

                  arg2=(xter(1)*(-deltax(1)))

                  arg2=arg2+xter(2)*(-deltax(2))+xter(3)*(-deltax(3))

                  fase=dacos(arg1/(xr*d))

                  w=dexp(-90.56d0*(dtan(fase/2.d0))**2)

                  fis(1)=0.119d0+1.341d0*dsin(fase)-0.754d0*(dsin(fase))


&


**2

                  fis(1)=1.d0-((c1*dsin(fase))/fis(1))

                  fis(2)=0.119d0+1.341d0*dsin(fase)-0.754d0*(dsin(fase))


&


**2

                  fis(2)=1.d0-((c2*dsin(fase))/fis(2))

                  fil(1)=dexp(-a1*(dtan(fase/2.d0))**b1)

                  fil(2)=dexp(-a2*(dtan(fase/2.d0))**b2)

                  fi1=w*fis(1)+(1.d0-w)*fil(1)

                  fi2=w*fis(2)+(1.d0-w)*fil(2)

                  fase=(fase/pi)*180.d0

                  elong=dacos(arg2/(xrter*d))

                  elong=(elong/pi)*180.d0

                  if((0.85*fi1+0.15*fi2).le.0) go to 40

                  mag=H+5.d0*dlog10(d*xr)-2.5d0*dlog10(0.85*fi1+0.15*fi2


&


)+dv

                  if(mag.le.maglim.and.elong.ge.40.d0) then

                        beta=dsqrt(deltax(1)**2+deltax(2)**2)

                        beta=datan2(deltax(3),beta)

                        beta=(beta/pi)*180.d0

                        pos2=int((beta+90.d0)/5.d0)+1

                        pos=int((elong-35.d0)/5.d0)

                        vector(pos)=vector(pos)+1.d0

                        cielob(pos,pos2)=cielob(pos,pos2)+1.d0






  ct=1






  visib(n)=visib(n)+1.0

                  endif





if(ct.ne.ctold) pass(n)=pass(n)+0.5



  ctold=ct

40          continue



  if(pass(n).gt.0) counter=counter+1

            amter=0.d0

            totale=totale+1



  if(pass(n).ne.0) medvis(n)=visib(n)/pass(n)



  medv=medv+medvis(n)



  medpas=medpas+pass(n)

            write(*,*) n



  if(visib(n).eq.0) goto 50



  write(6,80) visib(n), pass(n), medvis(n)

80

  format(3f10.2,1x)

50    continue


medv=medv/counter


medpas=medpas/counter


write(6,90) medv,medpas,counter


medv=medv*counter/totale


medpas=medpas*counter/totale


write(6,90) medv,medpas,totale

90
format('Media passaggi  Media giorni permanenza Contatori',/,4x,f1


&0.4,15x,f10.4,5x,i5)

100
format("La percentuale di oggetti osservabili in 15000 giorni è il


& ",f6.2,'%')

      perc=(real(counter)/real(totale))*100 

      write(6,100) perc       



      write(*,*) totale

      do 55 m=1,28

            ang1(m)=((35.d0+5.d0*m)/180.d0)*pi

            ang2(m)=((40.d0+5.d0*m)/180.d0)*pi

            area(m)=2.d0*pi*(dcos(ang1(m))-dcos(ang2(m)))*3282.80635d0

            if(area(m).lt.0) area(m)=-area(m)

            vector(m)=vector(m)/area(m)

55    continue

      vector=vector/giorni

      cielob=cielob/giorni

      open(3, file='c:\MSDEV\Projects\Simulazioni\vector.txt')

      open(5, file='c:\MSDEV\Projects\Simulazioni\cielob.txt')

60    format(29f10.8)

70    format(73f8.3)

      write(3,60) vector

      write(5,60) cielob

      close(1)

      close(3)

      close(5)


close(6)

      stop

      end

c

c     Subroutine CONDIN

c

c        Computes positions and velocities from orbital parameters using

c        formulae taken from chapter 7.file of Roy's book "Orbital Motion".

c        Uses sub DG for computing the time of perihelium passage in julian

c        date.

c

c

      subroutine condin(amor,smalomor,capomgor,ior,eor,aor,x,v)

      implicit double precision (a-h,o-z)

      save

      real*8 i,lambda,am,a,e,x(3),smalom,capomg,v(3)

      real*8 ior,amor,aor,eor,smalomor,capomgor

      pi=3.1415926535897932384626d0

      g=2.959122082855911d-04

      i=ior

      am=amor

      a=aor

      e=eor


if(e.gt.0.997d0) e=0.997d0

      smalom=smalomor

      capomg=capomgor

      smalom=smalom/180d0*pi

      capomg=capomg/180d0*pi

      i=i/180d0*pi

      am=am/180d0*pi

      e0=am+e*dsin(am)+e*e/2d0*dsin(am*2d0)

1     am0=e0-e*dsin(e0)

      d0=(am-am0)/(1d0-e*dcos(e0))

      if (dabs(d0).lt.8d-14) go to 2

      e0=e0+d0

      go to 1

2     cop=((1d0-e*e)/(1d0-e*dcos(e0))-1d0)/e

      if (cop.ge.1.d0) cop=1d0

      if (cop.le.-1d0) cop=-1d0

      f=dacos(cop)

      if (e0.gt.pi) f=2d0*pi-f

      cosmom=dcos(smalom)

      eps=g*e

      h=dsqrt(g*a*(1d0-e*e))

      hz=h*dcos(i)

      hxy=h*dsin(i)

      hy=-hxy*dcos(capomg)

      hx=hxy*dsin(capomg)

      epsz=hxy*eps/h*dsin(smalom)

      if (i.gt.1d-8) then

            epsy=(eps*hx*cosmom-epsz*hz*hy/hxy)/hxy

            epsx=(hx*epsy-eps*hxy*cosmom)/hy

      else

            omtld=smalom+capomg

            epsx=eps*dcos(omtld)

            epsy=eps*dsin(omtld)

      endif

      lambda=smalom+capomg+f

      sinlam=dsin(lambda)

      coslam=dcos(lambda)

      gamma=epsx-epsz*hx/(h+hz)

      delta=epsy-epsz*hy/(h+hz)

      smallc=gamma*coslam+delta*sinlam

      smalls=gamma*sinlam-delta*coslam

      r=h*h/(g+smallc)

      x(3)=-r/h*(hx*coslam+hy*sinlam)

      x(1)=r*coslam+x(3)*hx/(h+hz)

      x(2)=r*sinlam+x(3)*hy/(h+hz)

      rdot=smalls/h

      v(1)=(x(3)*hy-x(2)*hz+r*rdot*x(1))/(r*r)

      v(2)=(x(1)*hz-x(3)*hx+r*rdot*x(2))/(r*r)

      v(3)=(x(2)*hx-x(1)*hy+r*rdot*x(3))/(r*r)

      end
Publications

2002 in press. ACM2002 Proceedings – Berlin: The Campo Imperatore Near Earth Objects Survey (CINEOS). Bernardi, F.; Boattini, A.; D’Abramo, G.; Di Paola, A.; Masi, G.; Valsecchi, G. B.

CINEOS – Campo Imperatore Near Earth Objects Survey. Bernardi, F.; Boattini, A.; Buonanno, R.; D’Abramo, G.; Di Paola, A.; Masi, G. Proceedings of the Fourth Italian Meeting, Planetary Science, held in Bormio, Italy,  January 21-26, 2002. 

Minor Planet Electronic Circulars (MPECs)

and IAU Circulars:
MPEC 2003B03

MPEC 2002W52 2002 WP11 Discovery!!!

MPEC 2002T53

MPEC 2002T49

MPEC 2002T13

MPEC 2002T12

MPEC 2002T08

MPEC 2002R43

MPEC 2002R40

MPEC 2002R37

MPEC 2002R28

MPEC 2002R23 2002 RQ25 Discovery!!!

MPEC 2002P24

MPEC 2002P19

MPEC 2002P13

MPEC 2002P09

MPEC 2002P06

MPEC 2002P05

MPEC 2002O10

MPEC 2002M17

MPEC 2002M16

MPEC 2002M14

MPEC 2002M13

MPEC 2002M11

MPEC 2002M10

Circular 2002 IAU No. 7901

MPEC 2001U05

MPEC 2001U04

MPEC 2001Q70
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Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �4� Cryogenic performances of the cryostat of ROSI: left) vacuum pump performances; right) temperature of the chip. From Pedichini et al. 2000.





Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �3� Quantum Efficiency of the chip of ROSI. From Pedichini et al. 2000. 





Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �2� The Schmidt Telescope of the Campo Imperatore Observatory.





Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �1� The Campo Imperatore Observatory in winter.





Figure � STYLEREF 1 \s �1��� SEQ Figure \* ARABIC \s 1 �1� This graph represents the most reliable estimation of the NEO population at the present. From Morrison et al. (2003)  








Table � STYLEREF 1 \s �2��� SEQ Table \* ARABIC \s 1 �1� Characteristics of the filters of ROSI. From Pedichini et al. 2000.





Figure � STYLEREF 1 \s �2��� SEQ Figure \* ARABIC \s 1 �5� Transmission curves of the filters of ROSI. From Pedichini et al. 2000.





Table � STYLEREF 1 \s �4��� SEQ Table \* ARABIC \s 1 �1� Exposure times for the Schmidt Telescope in “no filter” mode for magnitudes from 19 to 22. These values are strongly dependent from the meteorological conditions and from the height over the horizon, and they can be considered as middle values for stellar sources.





Figure � STYLEREF 1 \s �4��� SEQ Figure \* ARABIC \s 1 �1� This graph shows the expected NEOs with absolute magnitude H<22 per square degree per day for solar elongations from 40 to 180 (opposition) degrees. The four curves represent “NEO densities” for different limiting magnitudes: 19, 20, 21 and 22. The decrease for the curve relative to magnitude 22 is due to the Trailing Loss Effect for longer exposure times.





Figure � STYLEREF 1 \s �4��� SEQ Figure \* ARABIC \s 1 �2� This graph shows the expected Atens with absolute magnitude H<22 per square degree per day as in figure 4-1.  The higher densities for Atens are, as expected, at small solar elongations and at the opposition.





Figure � STYLEREF 1 \s �4��� SEQ Figure \* ARABIC \s 1 �3� This graph shows the expected IEOs with absolute magnitude H<22 per square degree per day as in figure 4-1.  The higher densities for IEOs are only at solar elongations smaller than 80 degrees. The typical fast angular motion of IEOs implies that the Trailing Loss Effect is evident even from exposure times relative to a limiting magnitude of 21





Table � STYLEREF 1 \s �4��� SEQ Table \* ARABIC \s 1 �2� This table shows the sky area covered by the four different observational strategies, corresponding to different exposure times.





Figure � STYLEREF 1 \s �4��� SEQ Figure \* ARABIC \s 1 �4� This graph shows the effectiveness of the four observational strategies for solar elongations between 50 and 55 degrees. It is clear that for both Atens and IEOs the observational strategy corresponding to a limiting magnitude of 20 (60 sec. of exposure time) is the most effective.





Figure � STYLEREF 1 \s �4��� SEQ Figure \* ARABIC \s 1 �5� This graph shows the number of expected IEOs and Atens per hour for all solar elongations.





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �1� This graph shows the number of positions determined by CINEOS and published monthly by the MPC.  Usually the MPC publications are monthly, but sometimes the MPC skips the monthly publications and the statistics are for two months as for October-November 2002, July-August 2002 and December 2001- January 2002. Furthermore, some positions are published some months later by MPC, so that these statistics have to be considered only an approximation. 





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �2� Number of observed objects by CINEOS since August ’01 to November ’02. As in 5-1, these data are only the published ones by the MPC, but, even if they are not rigorously those really observed, they are an representation. 





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �3� New official designations for CINEOS by the MPC since August ’01 to November ’02. 





Table � STYLEREF 1 \s �5��� SEQ Table \* ARABIC \s 1 �1� Statistics of the CINEOS activity since August ’01 to November ’02.





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �4� Observations of 2002 MN from Campo Imperatore the 17th June ’02. The object is shown by two white lines.





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �5� Observations of 2002 MN from Campo Imperatore during the following night of figure 5-4. The object is shown by two white lines.








Table � STYLEREF 1 \s �5��� SEQ Table \* ARABIC \s 1 �2� Kelperian elements and other useful parameters of 2002 MN. From the NEODyS web page.





Table � STYLEREF 1 \s �5��� SEQ Table \* ARABIC \s 1 �3� Kelperian elements and other useful parameters of 2002LC58. From the NEODyS web page





Table � STYLEREF 1 \s �5��� SEQ Table \* ARABIC \s 1 �4� Kelperian elements and other useful parameters of 2002 MQ. From the NEODyS web page





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �6� Discovery images of  2002 RQ25. Our NEO is shown with  a blue circle, while a MBO is shown with a yellow circle.  The fast motion and the different direction of motion as regards the MBO showed to us it could be a NEO candidate to send to MPC.





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �7� This shows the mutual position of the Earth and 2002 RQ25 at the discovery date in the heliocentric system. The red part of the 2002 RQ25 orbit is over the ecliptic plane. This graph is obtained from the NEO-JPL web page (http://neo.jpl.nasa.gov)





Table � STYLEREF 1 \s �5��� SEQ Table \* ARABIC \s 1 �5� Kelperian elements and other useful parameters of 2002 RQ25. From the NEODyS web page





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �8� This sequence of images are those of the discovery of 2002 WP11.  The last three images were grabbed about 2 hours and 20 minutes after the first ones. The NEO is shown with a pink circle. It was slightly faster than a typical MBO in that part of the sky, so that we suspected it could be a NEO candidate.





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �9� This shows the mutual position of the Earth and 2002 WP11 at the discovery date in the heliocentric system. The red part of the 2002 WP11 orbit is over the ecliptic plane. This graph is obtained from the NEO-JPL web page (http://neo.jpl.nasa.gov)








Table � STYLEREF 1 \s �5��� SEQ Table \* ARABIC \s 1 �6� Kelperian elements and other useful parameters of 2002 WP11. From the NEODyS web page





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �10� This image is elaborated by A. Di Paola. It was log-scaled and filtered with a high pass filter. The white graph inside the image shows a section of the tail of the comet.





Figure � STYLEREF 1 \s �5��� SEQ Figure \* ARABIC \s 1 �11� Comet Ikeya-Zhang. Image elaborated with the Larson-Sekanina algorithm by G. Masi. It exhibits the structure of the tail of the comet.





Figure � STYLEREF 1 \s �1��� SEQ Figure \* ARABIC \s 1 �2� Here a simple description of every degree of the Torino Hazard Scale is shown. From Binzel (2000)





Figure � STYLEREF 1 \s �1��� SEQ Figure \* ARABIC \s 1 �3� This graph is for scientific use. The dependence of the Torino degrees from the two parameters, the collision probability and the kinetic energy, is shown. The kinetic energy is a physical parameter that depends on the dimension and on the velocity of the considered object.
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