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Introduction

Asteroids are a large group of small bodies orbiting around the Sun. The oldest and most
known group is the main asteroid belt that orbits between Mars and Jupiter at a distance between
2.2 and 3.3 compared to the Sun where it is estimated that there are over 750,000 objects larger
than 1 km and the order of millions under that diameter. The farthest asteroids are located far

beyond Pluto’s orbit.

Near Earth Objects (NEOs) are asteroids and comets that have been disturbed by the
gravitational pull of large planets (especially Jupiter) in orbits that allow them to be in the vicinity
of the Earth. Comets originally formed in the cold outside planetary system between the orbits of
Jupiter and Neptune consist mainly of water in the form of ice, rock and dust. Most rocky asteroids
are formed inside the warmer interior of the solar system, between the orbits of Mars and Jupiter.

The scientific interest in comets and asteroids is largely due to their status of relatively
unchanged remains in the process of forming the solar system now around 4.6 billion years. The
remnants of the formation process of the solar system, comets and asteroids, give indications of the
chemical composition from which the planets were formed now 4.6 billion years. If we want to
know the characteristics of this composition, then we have to determine the chemical composition

of the unconsumed scraps of this formation process - comets and asteroids.

Potential Dangerous Asteroids (PHAS) are currently defined based on the orbital and physical
parameters of the asteroid. Thus, all asteroids with Orbit Intersection Minimum Distance (MOID)

less than 0.05 have and an absolute magnitude H lower than 22.0 are defined as PHAsS.

The discovery of Ceres in 1801 and then of Eros 433 in 1898 established the existence of a
population of asteroids-like bodies in orbits that intersect the orbits of the inner planets. It was only
after the 1960s and 1970s that it was discovered that part of the monthly craters were caused by
asteroids and not by the volcanic activity, as originally believed, so the interest in studying asteroids
has gained a global reach - it has proven that the Earth system - The moon has been constantly

bombarded by asteroids and comets over the last 4.5 billion years.
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Over the recent history hundreds of impacts with the Earth have been reported. The best
known event of this type was the Tunguska event that took place in Siberia, Russia in 1908, where
a comet or asteroid with a diameter of 5 to 10 km exploded above the ground. Another recent
known event took place in 2013 in Chelyabinsk, an event that resulted in a large number of
wounded and significant destruction. The meteorite that hit Chelyabinsk is considered the second
largest after Tunguska, who met the Earth in recent history.

Since the 1980s, some astronomy departments of the universities in the United States later
supported by NASA have led six major asteroid search projects. The first SPACEGUARD project
aimed at discovering at least 90% of Earth-like asteroids larger than 1 km in diameter over a 10-
year period. In chronological order these programs are: Spacewatch (1980-present), LONEOS
(1993-2008), NEAT (1995-2007), LINEAR (1996-2011 in collaboration with US Air Force),
Catalina and Pan-STARRS present).

In the last year, the NEA's discovery rate has increased due to the Catalina and Pan-STARRS
programs supported by the American Congress that mandated NASA in 2005 to discover over 90%
of NEAs larger than 140m in diameter by more than 20,000 such objects are in orbit near Earth or
intersect the Earth's orbit [4].

In total, up to now more than 99% of NEAs have been discovered by the six US programs.

Of the 15,000 objects discovered and cataloged less than 10%, physical properties derived
from photometric and spectroscopic observations are known and at least 1000 objects require

orbital corrections.

Over the last twenty years in Europe, NEA's research and discovery has been negligible.
Few NEAs have been discovered in Europe and this is largely due to a few amateur scientists and

astronomers and a few astronomers' associations.

EURONEAR is the European Asteroid Research Program near Earth's European Near Earth
Asteroids Research (www.euronear.org). It is a research project aimed at developing a research
network that will seek, discover and monitor near-Earth asteroids (NEA) and potentially dangerous
asteroids (PHAS).
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OPTICAL TELESCOPES USED IN OBSERVATIONS

Below we will briefly present the telescopes used to observe asteroids published in this thesis.

MERCATOR telescope

The Mercator telescope is a semi-robotic telescope located at the Roque de los Muchachos
Observatory (ORM) in the island of La Palma (Canary Islands, Spain) at an altitude of 2333m. The
Telescope was designed by Leuven University in collaboration with the Geneva Observatory. It
was built in 2000 and began scientific activity in 2001.

The main mirror measures 1.2m in diameter and weighs 385kg and the second one 0.3m, together

forming a 14.4m focal length instrument

The DANISH Telescope

Danish Telescope "Danish” has a diameter of 1.54 meters, built by Grubb-Parsons (Newcastle,
England) and installed at La Silla (desert Atacama, Chile) at an altitude of 2375 meters. telescope
was made on November 20, 1978. The telescope's optic is the Ritchey-Chretiencu type main mirror
of 1.54 m with a main focal ratio f/ 3.5 and a final f / 8.6. The focal length of the system is 13 m.
It was completely upgraded in 1993 and is now equipped with diffuse astronomical astronomical

spectrograph and a CCD camera with dual spectrograph / camera function.

The INT telescope

The Isaac Newton Telescope (INT) began its work in Herstmonceux, UK in 1967, but it
soon became clear that better weather conditions could make full use of the telescope's potential.
Such conditions were identified at the ORM Observatory and it was therefore decided that INT
would be moved to La Palma, where it resumed its activity in 1984. The INT telescope has a
primary mirror of 2.5 meters in diameter. The instruments can be mounted either at the primary

center point or in the Cassegrain system focus, and offer the ability to perform both broad and
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intermediate field imaging at low and medium resolution spectroscopy. The Wide Field CCD
(WCD) is an advanced tool that offers unique opportunities to conduct broad field optical imaging

studies, consisting of a mosaic of 4 CCDs covering a field of nearly half a degree.

The number of scientific research conducted with the INT telescope over the years is very
high. The telescope has made many important contributions to quasars, supernovae, black holes,
dwarf galaxies, Milky Way stars, planetary nebulae and stellar evolution. The first observational

evidence of the existence of a black hole was brought with the INT telescope.

CTIO09m

The 0.9 meter diameter Cerro Tololo Inter-American Observatory (CTIO) telescope was originally
built in 1965 by American company Boller and Chivens, located about 80 km south of La Serena,
Chile, at an altitude of 2200 m.

Since 1999, CTIO 0.9 m has used a single instrument, a camera equipped with a Tek2K CCD
detector of 2048 x 2046 pixels. The CCD scale is 0.4 " / pixel, providing a field of 13.1 ', or about
46% of the size of the Moon. Stability of the instrument configuration allows long-term studies
that are impossible to achieve on most telescopes, including one of the world's largest astrometry

programs.



PROGRAMS USED IN REDUCING AND PHOTOMETRIC
ANALYSIS OF IMAGES

In this section we present briefly the photometric reduction programs.

IRAF

I.R.A.F. [59] is the abbreviation for Image Reduction and Analysis Facility. I.R.A.F. is a collection
of programs written by the National Optical Astronomy Observatory (NOAQ) focused primarily
on the reduction of astronomical images acquired by sensors built in the form of pixel arrays. The
main astronomical data is acquired by matrix image detectors, such as CCDs. The first objective
of image reductions is to correct two types of errors in data collected by CCD. Additive and
multiplicative errors. Primary errors have two primary causes: BIAS OFFSET and DARK
CURRENT. There are two types of image calibrations that can be used to correct this kind of
additive errors; BIAS frames and DARK frames.

The Dark Frame

Dark frame (or black frame in translation) is an image obtained with the closed diaphragm of the
CCD or the camera covered in such a way that the light does not reach the surface of the photo

sensor. Calibration using black frames is used to reduce the noise of the CCD chip.
Bias frame.

It is a frame obtained in the same way as the darker frame but the shortest exposure time of the
camera (DSLR cameras would be about 1/4000 or 1/8000 seconds) with the shutter diaphragm

closed. This frame is the minimum room noise level and consists of two components:
a) biased offset - the electrical charge applied to pixels by the camera electronics to be activated.
b) structure of bias due to chip reading (read out noise, en.).
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Extracting the bias frame from the raw images eliminates both components. Since this noise also
has a pattern after it occurs, it takes several bias frames that are combined to obtain a biased master

frame that will be subtracted from the images.
Multiplicative errors

Multiplicative errors can occur for several reasons: Differential illumination, differences in
quantum efficiency of the CCD sensor, dust, or various deposits on optical surfaces. All this is a
pixel-to-pixel sensitivity difference in the CCD sensor, so the voltages applied by the CCD camera
electronics on different pixels have to be multiplied to higher values to match more sensitive pixels.
To correct this multiplier error, a calibration image called FLAT frame is used. The FLAT frame

is simply a picture of a uniformly illuminated field (a white spot on the dome, clear sky, etc.).

The schematic and mathematical representation of the basic process in reducing and correcting
additive and multiplicative errors is shown below. Applying to all of these calibration frames -

dark, flat, bias - we get images that no longer contain camera noise and imperfections of the lens.

Cadre dark pentru

flaturi Cadre flat

Cadre dark

Median Median Median
combine combine combine

A A ¥
Scadere
Cadre master dark

pentru flaturi Master flat

Master dark

Y

Master flat corectat
de zgomot termic

Scadersg

Impartire

.| Imagini corectate de
zgomotul termic

Imagini brute (raw) » Imagine calibrata
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Fig. 1

Raw image - DARK1 frame
(FLAT frame - DARK2 frame) / < FLAT frame - DARK2frame > 1)

Final image =

Figure 19 and Formula 27 illustrate the IRAF astronomy calibration process and other professional
software used by both astronomical observers and amateur astronomers. Dark frames combine to
get a dark master frame that will be subtracted from each raw image. Dark flats for flats combine
to get a master dark background for flats. Flat frames combine to get a flat master. The dark master
plane for flats is subtracted from the flat master, producing a flat master plane corrected by thermal
noise. Next, the images corrected by the thermal noise are calibrated with the corrected flat master

frame and thermal noise, resulting in calibrated images.

MPO Canopus

MPO Canopus [60] is a complete astrometry and photometry program on a Windows OS
platform with features capable of delivering high precision results in both areas. With this
program, it is possible to process and measure astronomical images, photometric transformations,
light curves, maximum and minimum periods, both for asteroids and for variable stars,
exoplanets, and much more.

More than 2,500 astrometric positions were sent by the Florissant / Palmer Divide Observatory at
the Minor Planet Center using MPO Canopus. Thousands of such observations have been sent by
professional astronomers and amateur astronomers around the world using MPO Canopus.

The MPO Canopus program quickly gains reputation for its unique functionality with regard to
the light curves of asteroids and variable stars. Special features built into the Canopus MPO make
it extremely easy to measure and analyze the images and characteristics of light curves. In just a
few minutes, you can set up, measure 150-200 images, and begin analyzing data on the light
curve of the observed object. They can easily combine data from multiple sets of observations
and even from different observers.

Canopus was and is being used at the Florissant / Palmer Divide Observatory to generate and
publish nearly 200 asteroid light curves and more than 400 light curves were sent by astronomers

Xiii



from North America, Europe, South America, Japan and Australia. Canopus was the first
program that implicitly incorporates a Fourier Alan Harris analysis algorithm for determining the
period in a general program for the astronomy community. It was used by global observers to

publish nearly 2000 light curves in jury publications and to discover more than a dozen binary
asteroids.
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EXAMPLES OF ASTEROID LIGHT CURVES

In this section we will present some examples of light curves and reduced spectra.

(423747) 2006CX
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This NEA was discovered by the CSS-Catalina Sky surveillance program on February 3, 2006,
being classified as Amor (a=1.71 au, e = 0.29, i = 28.96 °, MOID = 0.224 au). Period, unknown
taxonomic and albedo class, absolute magnitude H = 19 mag and a diameter between 500 m and
1118 m.

Based on 3 nights using the 1.2 m Mercator telescope, we reduced a period of P = 4.14 £ 0.01 h,
reduced magnitude HR = 19.7 mag and an amplitude of light curve (A) of 0.06. The taxonomic

class is Sv, the albedo 0.18, resulting in a diameter of 0.496 km.
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(90416) 2003 YK118
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T —— magnitude H = 18.7 mag. Radar Detected by
Perlod:.320.1h  Amp:0.07  JDo(LTC): 2457045455703 JPL's NEO Radar Detection program. The
taxonomic class is unknown, the albedo is unknown, its diameter is estimated to be between 548
m and 1225 m.

20.35-

Based on 3 nights using the 1.2 m telescope, we reduced a period of P =5.3 £ 0.1 h, the
amplitude of the light curve (A) of 0.07 and the reduced magnitude HR = 19.95 mag. The
taxonomic class determined is Cg with associated albedo 0.05, resulting in a diameter of 1,082
km.
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EXAMPLES OF REFLECTION SPECTRA
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GENERAL CONCLUSIONS

In NONE's EURONEAR surveillance program, more than 200 asteroids [61] [63] [62] were

analyzed using photometry and reflection spectroscopy.

In this paper | presented photometrically a number of 46 asteroids and from a spectroscopic point
of view a number of 44 asteroids. A total of 14 asteroids are analyzed both photometrically and
spectroscopically. Thus we have defined the taxonomic class for 40 asteroids whose class is
missing in literature. Based on this and the albedo associated with the taxonomic class, we have
calculated the diameter of over 30 asteroids that are also missing from the literature or have a very
high error rate. From the photometric point of view we improved light curves, we calculated the
rotation period and its amplitude to more than 30 asteroids, in some cases for the first time. From
the preliminary analysis of photometric data, at least two asteroids appear to have at least one

satellite and a number of 7 asteroids have the characteristics of a multi-axis rotating body.

The characteristics of the physical properties of 76 observed asteroids from the literature are
presented in parallel with the new data obtained through observations. Another result is the
development of the LiDAS Preliminary Reduction Program, which provides very short assistance
in planning the next observations. It has been used successfully in most of the observations in this
sentence and in most of the EURONEAR observations.

In particular, on the Mercator telescope we simultaneously observed for the first time NEAs
asteroids in two bands r and / or g with the MAIA room (room developed for space missions
ESA). This allowed us to study the color variation g-r along the light curve. Obvious variations in
color have been highlighted in several asteroids in this paper. In particular, the color curves of at
least three asteroids may be associated with the determined periods in the individual g or / and r
bands, which proves a different mineralogical component on the visible surface of the asteroids.
This study was done for the first time in the world.

I am currently working with an EURONEAR team, where we will first train students from the
University of Craiova to four international scientific publications, two of which will be sent for
publication in the near future [61] [63] [62] and the other two later this year.
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