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In this new year, | wish for all Iranian astronomers the best and success.

Last year proved to be a great year for Iran's astronomy with many observations,

conferences, and seminars where Iranian astronomers had noticeable presence. May this

year be even more fruitful and bring Iranians a great deal of notoriety and scientific achievements.

>

Happy New Year.

Sincerely
Nader Haghighipour
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Gravity-Bending Find Leads to Kepler Meeting Einstein

NASA's Kepler space telescope has witnessed the effects of a
dead star bending the light of its companion star. The findings
are among the first detections of this phenomenon -- a result of
Einstein's general theory of relativity -- in binary, or double, star
systems. The dead star, called a white dwarf, is the burnt-out
core of what used to be a star like our sun. It is locked in an
orbiting dance with its partner, a small "red dwarf" star. While
the tiny white dwarf is physically smaller than the red dwarf, it is
more massive. "This white dwarf is about the size of Earth but
has the mass of the sun," said Phil Muirhead of the California
Institute of Technology, Pasadena, lead author of the findings
to be published April 20 in the Astrophysical Journal. "It's so
hefty that the red dwarf, though larger in physical size, is cir-
cling around the white dwarf."Kepler's primary job is to scan
stars in search of orbiting planets. As the planets pass by, they
block the starlight by miniscule amounts, which Kepler's sensi-
tive detectors can see. "The technique is equivalent to spotting
a flea on a light bulb 3,000 miles away, roughly the distance
from Los Angeles to New York City," said Avi Shporer, co-
author of the study, also of Caltech. Muirhead and his col-
leagues regularly use public Kepler data to search for and con-
firm planets around smaller stars, the red dwarfs, also known
as M dwarfs. These stars are cooler and redder than our yellow
sun. When the team first looked at the Kepler data for a target
called KOI-256, they thought they were looking at a huge gas

giant planet eclipsing the red dwarf. "We saw what appeared to
be huge dips in the light from the star, and suspected it was
from a giant planet, roughly the size of Jupiter, passing in
front,” said Muirhead. To learn more about the star system,
Muirhead and his colleagues turned to the Hale Telescope at
Palomar Observatory near San Diego. Using a technique called
radial velocity, they discovered that the red dwarf was wobbling
around like a spinning top. The wobble was far too big to be
caused by the tug of a planet. That is when they knew they
were looking at a massive white dwarf passing behind the red
dwarf, rather than a gas giant passing in front. The team also
incorporated ultraviolet measurements of KOI-256 taken by the
Galaxy Evolution Explorer (GALEX), a NASA space telescope
now operated by the California Institute of Technology in Pasa-
dena. The GALEX observations, led by Cornell University,
Ithaca, N.Y., are part of an ongoing program to measure ultra-
violet activity in all the stars in Kepler field of view, an indicator
of potential habitability for planets in the systems.

These data revealed the red dwarf is very active, consistent
with being "spun-up" by the orbit of the more massive white
dwarf. The astronomers then went back to the Kepler data and
were surprised by what they saw. When the white dwarf
passed in front of its star, its gravity caused the starlight to
bend and brighten by measurable effects.

"Only Kepler could detect this tiny, tiny effect,” said Doug
Hudgins, the Kepler program scientist at NASA Headquarters,
Washington. "But with this detection, we are witnessing Ein-
stein's general theory of relativity at play in a far-flung star sys-
tem." One of the consequences of Einstein's general theory of
relativity is that gravity bends light. Astronomers regularly ob-
serve this phenomenon, often called gravitational lensing, in
our galaxy and beyond. For example, the light from a distant
galaxy can be bent and magnified by matter in front of it. This
reveals new information about dark matter and dark energy,
two mysterious ingredients in our universe. Gravitational lens-
ing has also been used to discover new planets and hunt for
free-floating planets. In the new Kepler study, scientists used
the gravitational lensing to determine the mass of the white
dwarf. By combining this information with all the data they ac-
quired, the scientists were also able to measure accurately the
mass of the red dwarf and the physical sizes of both stars. Ke-
pler's data and Einstein's theory of relativity have together led
to a better understanding of how binary stars evolve. Other
authors include Andrew Vanderburg of the University of Califor-
nia, Berkeley; Avi Shporer, Juliette Becker, Jonathan J. Swift,
Sasha Hinkley, J. Sebastian Pineda, Michael Bottom, Chris-
toph Baranec, Reed Riddle, Shriharsh P. Tendulkar, Khanh
Bui, Richard Dekany and John Asher Johnson of Caltech;
James P. Lloyd and Jim Fuller of Cornell University; Ming Zhao
of The Pennsylvania State University, University Park; Andrew
W. Howard of University of Hawaii, Hilo; Kaspar von Braun of
the Max Planck Institute for Astronomy, Germany; Tabetha S.
Boyajian of Yale University, New Haven, Conn.; Nicholas Law
of the University of Toronto, Canada; A. N. Ramaprakash,
Mahesh Burse, Pravin Chordia, Hillol Das and Sujit Punnadi of
the Inter-University Centre for Astronomy & Astrophysics, In-
dia. NASA Ames manages Kepler's ground system develop-
ment, mission operations and science data analysis. NASA's
Jet Propulsion Laboratory in Pasadena, Calif., managed Kepler
mission development. Ball Aerospace and Technologies Corp.
in Boulder, Colo., developed the Kepler flight system and sup-
ports mission operations with JPL at the Laboratory for Atmos-
pheric and Space Physics at the University of Colorado in
Boulder. The Space Telescope Science Institute in Baltimore
archives, hosts and distributes the Kepler science data. Kepler
is NASA's 10th Discovery Mission and is funded by NASA's
Science Mission Directorate at the agency's headquarters. JPL
is a division of Caltech. For more information about the Kepler
mission, visit: http://www.nasa.gov/kepler

April 04, 2013
Source: http://www.jpl.nasa.gov/news/news.php?release=2013
-124&cid=release_2013-124
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The definition of "tool" here is normally not meant to include
software. Instead it includes hardware such as laptop com-
puters, desk top computers, tape recorders, telescopes,
batteries, binoculars, eyepieces, light shields, cameras,
camcorders, time inserters, GPS units, Google Maps (a
software tool exception), ordinary maps, stopwatches, cell
phones, occultation simulators, and any other hardware that
could be used to train observers or capture observations or
to reduce them or report them. It also includes course tools
such as curricula and certification forms. Since occultation
observation is a step by step process, the first tools needed
are star charts and perhaps binoculars, then eventually a
small telescope.

In order to move from one level of achievement to another,
certification at each stage must be done so that 'experts'
can be developed. These achievers will then assist those in
a less advanced level of training to achieve a series of profi-
ciencies. Hardware tools may also include the classroom,
certification forms and a data base to keep track of achieve-
ments. It can also include a newsletter which is propagated
to all observers to let them know who has achieved what
level. That newsletter may take a virtual or hard copy form.
"Centers of excellence" are established by the most
proficient observers with focal points in major cities where a
single active coordinator may be totally responsible for
maintaining and stimulating interest in asteroid occultation
science. Coordinators should have the ability to post results
on a common web site using standard communications.
Interaction between coordinators/trainers and students may
be done through Facebook, email, text or other media to
assure that maximum communication is accomplished.
This is also referred to as 'outreach’. Training may be done
in conjunction with regularly scheduled astronomical society
meetings or curricula in schools if that is allowed. Migrating
occultation observation into a normal classroom setting
could set the stage for a laboratory exercise being set up
with regularity throughout the year on a repetitive basis.

It is recognized that certain individuals regardless of gender
or age or ethnicity may have unique talents such as out-
standing eyesight, a penchant for organization, an ability to
motivate people who otherwise would not be motivated, the
ability to recognize star patterns that may surpass abilities
of the ordinary astronomy enthusiast, etc. Every effort must
be made to encourage and support that interest within the
cultural and family boundaries that define the country.
These human 'stars' could be the catalysts that could lead
to important discoveries, technical innovations or create an
environment leading to amazingly successful observations.
Funding must be available in order to obtain enough tools to
grow the observer pool. This may include sponsorship of
contests, awarding of prizes, recognition in the media or
direct attempts to find wealthy mentors or institutions willing
to provide money or services to help the occultation com-
munity. For example, a company whose primary business is
producing copies may be willing to donate free copy ser-
vices to create enough star charts to begin training a group
of observers. Another company may be willing to loan or
donate used equipment (store sample binoculars that are
replaced by newer models).

TOOLS AND OUTREACH
NEEDED FOR ASTEROID
OCCULTATION OBSERVING

Paul Maley
(Vice-President of IOTA/USA)

An amateur radio club may be willing to support a particular
expedition by providing a source of time signals that could
be rebroadcast from shortwave onto an AM or FM fre-
qguency that could be received on ordinary automobile ra-
dios. These are only a few examples of innovative thinking
to work around absence of necessary hardware. As observ-
ers progress from naked eye star recognition and use of
charts to the binocular level, progress must be made toward
the telescope level. Timed exercises to determine how long
it will take for an observer to find a particular star field
should be accomplished with the goal of testing each ob-
server against an 'easy to locate' reference star pattern; this
would be followed by testing against a more difficult target
star that requires 'star hopping' to locate. Star hopping is
defined as the manual process of locating the target star by
moving from brighter to fainter stars until ultimately locating
the target. Such a process may be quite time consuming
but emphasizes the importance of what can happen should
automated GPS-type telescope systems fail. One is left on
their own to succeed or also fail. If one has inadequate or
uncertified celestial navigation skills, then failure will occur.
These certification exercises must extend to finding target
stars ranging from + 4 magnitude down to +12 or the maxi-
mum level of faint stars possible with existing telescopes.
Publication is another tool that is often overlooked. It is im-
portant to not only publish all results of expeditions and indi-
vidual efforts locally but to contribute to the development of
papers in legitimate journals. A legitimate journal may be an
on-line journal but it is more important to eventually submit
to one that is peer-reviewed. Conference presentation is an
additional tool that formally advertises the efforts and suc-
cesses of the orator. Still another ‘tool' is the use of a tele-
scope to promote observing with the general public--
another example of outreach. In some cases one will en-
counter a potential benefactor who may take an interest in
providing funding or some other resource that otherwise
might not be available. Outreach may also be defined as
contacting local television stations to let them know about a
particularly favorable astronomical event. Even a rare occul-
tation of a naked eye star might be something of general
interest which the media may wish to advertise.
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The Solar System Beyond Neptune: Overview and Perspectives
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'Observatoire de Paris
2Max-Planck-Institut fiir Astronomie Lindau
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1. INTRODUCTION

We are in a new era in which the frontiers of our solar
system have been completely redefined, thanks to the
discoveries of Centaurs and transneptunian objects
(TNOs). As of 2007, 15 years after the first discovery,
more than 1200 new icy bodies have been detected and
observed at increasingly greater distances from the Sun.
The discovery of the TNOs resulted in the immediate
realization that Pluto is a member of a much larger popu-
lation. A resolution of the International Astronomical Un-
ion (August 24, 2006) defined a new category of objects,
the “dwarf planets,” and Pluto was recognized as the
prototype of this group.

Fifteen years of discoveries and advanced studies give
today a completely new view of the solar system beyond
Neptune, which has allowed us to develop new models
of the formation and evolution of our planetary system.
These icy bodies can be considered the remnants of the
external planetesimal swarms and they can provide es-
sential information and con-straints on the processes
that dominated the evolution of the early solar nebula, as
well as of other planetary systems around young stars.
Different terms are used in reference to these icy bodies.
Many authors use “Kuiper belt objects,” as this was the
historical terminology used immediately after the first
discoveries and is still very common in the literature. Al-
though other names were used, for example, “Edgeworth
-Kuiper objects,” we prefer and we suggest the use of
the more neutral name TNOs to avoid the controversy
over who first hypothesized the existence of this popula-
tion.

The discovery of Pluto by Tombaugh in 1930 triggered
early ideas concerning solar system objects beyond the
orbit of Neptune, at a time where neither the Kuiper belt
nor the Oort cloud of comets was known (although many
comets in long-periodic orbits had been observed, e.g.,
the work of Edgeworth and Kuiper in the 1940s and
1950s). Later, in 1982, a more conclusive study by Fer-
nandez and Ip argued for the existence of a source of
short-periodic comets close to the ecliptic and beyond
the known planetary orbits. About 10 years later, Jewitt
and Luu discovered the object 1992 QB1, now numbered
15670, the first body in a near-circular orbit beyond Nep-
tune. This was an epochal astronomical discovery, since
it triggered within a few months the detections of further
asteroid-like objects in the outskirts of the planetary sys-
tem. It did not take longer than two to three years to find
the first ~100 distant bodies, representative of a remnant
entity from the formation period of the planetary system,

However, the discovery story was — and most likely still
is — not yet over, leading to the recognition of a “zoo of
transneptunian objects” with distinct orbital and physical
properties.

The science of the solar system beyond Neptune is con-
tinuously and rapidly evolving. The understanding of this
region is one of the most active research fields in plane-
tary science at the present, and many new discoveries
can be expected in the coming years. The study of this
region and the objects it contains will contribute to the
understanding of the still puzzling formation age of the
solar system.

2. THE TRANSNEPTUNIAN OBJECT POPULATION
Why do we study the transneptunian population? This
population carries the scars of the accretional and evolu-
tionary processes that sculpted the current form of the
outer solar system. To understand the history of a rock,
the radioactive elements are the most useful, even if
they are often a negligible fraction of the total rock mass.
Likewise, in our quest to understand the evolution of the
solar system, the small bodies appear to provide the
richest information, even if their total mass is negligible
with respect to that of the planets.

In addition to the physical properties of TNOs, which give
us information on the thermal and chemical processes in
the outer protoplanetary disk — when and where the
objects formed — there are two broad characteristics of
the TNO population that give us fundamental clues to
unveil the history of the solar system: the size distribu-
tion and the orbital distribution.
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Determining the orbits of TNOs is made difficult by their
faintness and the associated complications in following
them for several months. These objects, by definition
(and unlike most other solar system bodies), are ob-
served only over very short orbit arcs. Here one should
remember that Pluto has moved only 155° in true
anomaly since its discovery, i.e., less than 45% of its
orbit around the Sun. Hence, specific methods for orbit
determination are developed, allowing statistical predic-
tions of ephemeris uncertainties that can help improve
the orbital parameters by new measurements. Nonethe-
less, a substantial fraction of the discovered bodies are
not reobserved early enough to ensure future secure
recovery, and many objects are still lost.

It is now certain that the size distribution of TNOs is
very steep at the large size end. The exact value of the
exponent of the differential distribution is still debated,
but should be between -5 and —4. Pluto and its com-
panions of comparable size fit this. Therefore they ap-
pear not to be a special category of objects, but rather
the largest statistical members of the TNO population.
The steep size distribution cannot extend indefinitely to
small sizes, otherwise the total mass of the population
would be infinite. Therefore, the size distribution has to
“roll over” toward a power law with a shallower slope.
The size at which the change in the power-law expo-
nent occurs is a subject of debate. Previous work, using
published results and new HST observations that
showed a deficit of objects at apparent magnitude ~26,
claimed that the rollover is at a diameter range of about
100-300 km.

The current uncertainty in the size distribution of TNOs
does not allow a precise assessment of the total mass
of the population. Current estimates range from 0.01 to
a few times 0.1 M, . Upper estimates on the total mass
also come from the absence of detected perturbations
on the motion of Neptune and of Halley-type comets.
Whatever the real value, it appears low (by 2 to 3 or-
ders of magnitude) with respect to the primordial mass
in the transneptunian region inferred from a radial ex-
trapolation of the solid mass contained in the giant plan-
ets. In terms of mass deficit, therefore, the transneptu-
nian region is similar to the asteroid belt.

The steep size distribution at large sizes is usually inter-
preted as a signature of the accretion process, whereas
the shallower slope at small sizes is expected to be the
consequence of collisional erosion. The accretion and
erosion are occurring contemporaneously. While the
larger bodies are still growing, they excite the orbital
eccentricities and inclinations of the small bodies,
whose mutual collisions start to become disruptive.
Because the dispersion velocity of the small bodies is
on the order of the escape velocity from the largest
bodies, the system is always on the edge of an instabil-

ity.

If some processes (collisional damping, gas drag, weak-
ened solar radiation due to the low optical depth of dust
population) reduce somewhat the dispersion velocity of
the small bodies or the evacuation rate of the dust, then
accretion wins and a substantial fraction of the total
mass is incorporated in large, unbreakable bodies. If,
conversely, some external perturbation (from a fully
grown planet or close stellar passages) enhances the
velocity dispersion, then the accretion stalls, and most of
the mass remains in small bodies, is eventually ground
down to dust size, and is then evacuated by radiation
effects.

A crucial issue is the understanding of how the orbital
structure of the TNOs discovered so far is influenced by
observational biases. Some biases are easy to model, in
principle; they depend on the pointing history and limiting
magnitude of the surveys. Unfortunately, this information
is not available for many surveys, in particular those from
the early years of TNO discoveries. Other biases are
more subtle. For instance, objects that receive incorrect
provisional orbits might not be recovered later because
of the wrong ephemeris, and therefore are lost. The ob-
jects that are not lost are those for which the provisional
orbits are correct. In such a circumstance, the resulting
catalog of transneptunian orbits looks extremely similar
to what the person assigning provisional orbits had in
mind! Luckily the situation is not that paradoxical. Mod-
ern (and future) surveys give special attention to careful
follow-up of the discovered objects in order to be able to
determine the orbits accurately, without the need of a
priori assumptions. Thus, today some features in the
picture of the orbital structure of the transneptunian
population appear secure and not due to biases.

3. TRANSNEPTUNIAN OBJECT PHYSICAL PROPER-
TIES

Knowledge of the composition and properties of these
icy bodies forming the TNO population would help in bet-
ter understanding the processes that shaped the solar
nebula at large heliocentric distances and that deter-
mined the formation and evolution of the planets.

The availability of very large ground based telescopes (8
and 10 m) and telescopes in space (the Hubble and
Spitzer telescopes), equipped with modern sensors in
many wavelength regions, has enabled observational
studies of the physical properties of a significant number
of TNOs. In addition to information about surface compo-
sition, the observations have given us fundamental infor-
mation about the bulk properties of several TNOs. Those
properties include the size, shape, presence of satellites,
and in some instances the bulk density and porosity.
Knowledge of bulk properties is critical to an understand-
ing of the origin and evolution of TNOSs.
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Photometric observations over time can give insight into
the shape of a solar system body that is too small or
distant to be seen with any spatial resolution, and
nearly a century of electronic photometry with tele-
scopes has taught astronomers how to do this well.
Seen from Earth, an object of spherical shape and uni-
form surface brightness will give a steady brightness as
it rotates, while an irregular shape (or nonuniform sur-
face brightness) will result in a light curve of variable
brightness over time. Experience has shown that the
largest bodies have near-spherical shapes and that
their variable light curves result from an irregular sur-
face brightness (e.g., Pluto). Somewhat smaller bodies
have irregular shapes, and those shapes, rotation peri-
ods, and orientation of the spin axes can be determined
from precision photometric measurements made over
time. The measured rotation periods of TNOs larger
than about 50 km in radius range from about 3 to 18 h,
with the peak in the frequency distribution at 8-9 h;
there is very little information on smaller objects in the
TNO population. Objects less than about 50 km in ra-
dius are expected to be collisional remnants, with ir-
regular shapes generated at the time of disruption of
the original body.

The size of a KBO can be estimated from a measure-
ment of the brightness of the sunlight reflected from it,
but only if the reflectance (albedo) of its surface is
known.

In cases where both the reflected light and the thermal
radiation at long wavelengths can be measured, it is pos-
sible to calculate both the dimensions of the object and
its surface albedo. This “radiometric technique” has been
extensively used in asteroid studies, and is well cali-
brated from many independent measurements of the
sizes of asteroids. Transneptunian objects are very cold
(=30 to 50 K) because of their great distance from the
Sun, and consequently their thermal radiation is very
weak and reaches its blackbody peak at a wavelength
near 100 m. Long-wavelength thermal emission can be
measured in a few wavelength bands from Earth-based
telescopes, but the most sensitive telescope used in this
work is the Spitzer Space Telescope, with capabilities to
detect exceedingly weak radiation at 24 and 70 m. For
approximately 40 Centaurs and transneptunian objects,
the thermal emission at one or both of these wave-
lengths has been measured by Spitzer, and the sizes
have been derived from these and ground based meas-
urements of the visible radiation (reflected sunlight).
Their dimensions are thus known with precision on the
order of 10% or 20%, and their surface albedos are seen
to range widely from about 3% to 85%, with most objects
having low values.

Patterns have begun to emerge from statistical studies of
albedos and colors, such that the redder TNOs and Cen-
taurs have higher albedos than those with more neutral
spectral reflectances.
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Additionally, albedo appears to be correlated with an
object's mean heliocentric distance, diameter, and
spectral reflectance. Several possible trends of colors
and orbital elements are existed. In particular, there is a
well-known correlation between color and orbital incli-
nation. Highly inclined classical objects have diverse
colors ranging from gray to red, while low-inclination
classical objects are mostly very red. The significance
of these relationships in terms of the origin, evolution,
and space environment of TNOs and Centaurs has only
just begun to be explored. A taxonomic scheme based
on multivariate statistics is proposed to distinguish
groups of TNOs having the same colors. The differ-
ences among these groups could provide some evi-
dence on the evolution processes affecting the TNO
population.

Satellites have been detected for several TNOs and a
few Centaurs using optical methods of high-resolution
imaging. Most TNO satellites have been found with the
Hubble Space Telescope, while adaptive optics with
ground based telescopes has revealed others. When
the orbital period and distance of the satellites can be
determined, the mass of the primary body can be calcu-
lated from Kepler’s third law, and the mass of the satel-
lite can be estimated. Nearly 10% of the TNOs studied
at high spatial resolution from ground based telescopes
have one or more known satellites. Pluto has three
known.

In a few cases, TNOs having satellites are also suffi-
ciently large to be detected at thermal wavelengths, as
with the Spitzer Space Telescope. In those special
cases, it is possible to combine the mass determina-
tions with the size of the body in order to calculate its
mean density. The mean density is reflective of the in-
ternal composition, particularly the relative fractions of
ices, rocky material, and metals, as well as the porosity.
Similar information on mean density and porosity has
become available for a few asteroids and comets, mak-
ing it possible to compare small bodies originating in
both the outer and inner regions of the solar system.
The calculated densities of TNOs have surprised inves-
tigators by their wide range, from ~0.5 to nearly 3 g/
cm?®. Pluto’s density is 2.03 g/cm?, corresponding to an
internal mix of rock and ice. The TNOs with densities
less than 1 g/cm? are presumed to be porous to varying
degrees. In some cases, e.g., (47171) 1999 TC36, the
low density requires that some 50-75% of the interior
consists of void space.

Many of the bulk physical properties of TNOs carry im-
portant implications for their origin and evolution. The
occurrence of binaries, for example, cannot be ex-
plained by close encounters or collisions in the TNO
population that presently exists.

Instead, it appears to be a remnant of the early, larger,
population in which multiple encounters and mutual colli-
sions were far more frequent than is possible today.

The wide range in mean density of TNOs and Centaurs
challenges us to explore scenarios of formation, colli-
sional history, and internal thermal processing. Concur-
rent discoveries about the physical properties and com-
positions of comets, presumed to originate from the Kui-
per belt, have given surprising results on the heteroge-
neity of these bodies, which include large fractions of
high-temperature minerals from regions in the solar neb-
ula closer to the Sun than Mercury, as well as materials
representative of condensation at large heliocentric dis-
tances.

Observational studies of the compositions of TNOs, Cen-
taurs, and the comets that came from the Kuiper belt
depend on high-quality observational data, mostly ob-
tained with ground based telescopes. The most diagnos-
tic spectroscopic information occurs in the near-infrared,
with the spectral region at 1.0-2.5 [Jm carrying much of
the information about ices and some minerals in the sur-
face layers of these objects.

Fortunately, this spectral region is readily detectable with
ground based telescopes. However, remote sensing ob-
servations are limited to probing only the “optical” sur-
faces of TNOs, and the subsurface composition must
mostly be inferred rather than measured directly.

Larger telescopes and improving spectrometers continue
to expand the range of objects that can be observed, but
a fundamental limitation outside the observatory is the
paucity of laboratory spectroscopic data on candidate
materials on the surfaces of TNOs, Centaurs, and com-
ets.
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Recently surveys of TNOs have begun to reveal objects
of comparable and even larger size than Pluto. Most of
the large TNOs are sufficiently bright for detailed physi-
cal study and most of the TNOs, like Pluto, have unique
dynamical and physical histories. As a whole, the
largest TNOs appear to be more diverse in surface
composition, presence of satellites, and density. It is
probable that about three more TNOs of large size
await discovery, but perhaps tens to hundreds more
can exist in the distant region where Sedna resides dur-
ing its 11,000year orbit. Among the large objects de-
tected, Sedna appears dynamically distinct from the
entire transneptunian population. It has a perihelion
beyond the main concentration (more than twice the
semimajor axis of Neptune) and an extreme eccentric
orbit with an aphelion at 927 AU.

Although the discovery of such objects presages a
large population in the distant region, no surveys for
fainter objects have yet succeeded in detecting such
distant objects. The four largest known TNOs (Eris,
Pluto, Sedna, and 2005 FYy) have surfaces spectrally
dominated by frozen methane, but the surface charac-
teristics differ on each body. Eris is currently the largest
known object of the population, with a remarkably high
albedo of about 0.87, and a satellite, named Dysnomia.

The most striking difference between the largest TNOs
and the remainder of the population is the presence of
volatiles in the spectra of the large objects compared to
relatively featureless spectra of the smaller ones. All the
large objects show the presence of some ices on their
surfaces.

Investigations of the surface compositions of TNOs and
Centaurs consist of measurements of color, i.e., the
shape and slope of the spectral energy distribution of
reflected sunlight, and spectroscopic observations aimed
at the detection of specific molecules and minerals. The
enabling laboratory data for ices, minerals, and refrac-
tory organic materials consist of a miscellany of spectra
and optical constants (complex refractive indices) ob-
tained at various spectral resolutions over various wave-
length intervals. In many cases the resolution and wave-
length regions are inadequate or inappropriate for the
observational data at hand, and since the observations
cannot be made at any arbitrary resolution or spectral
region, it is essential that the laboratory data be taken
under the appropriate conditions and in the appropriate
ways.

As they note, the complex refractive indices of ices, or-
ganic materials, and minerals are of special importance
because they are used in radiative transfer model calcu-
lations of synthetic spectra to match the observational
data. These indices are often very difficult to measure,
but their importance is underscored by the successes
that have been achieved in modeling TNO and Centaur
spectra, sometimes with as many as five different materi-
als.

To emphasize the nature and importance of complex
refractory organic solids, because for some outer solar
system bodies with especially red colors, only these or-
ganics have been able to match the spectral characteris-
tics obtained at the telescope. Imperfect and imprecisely
diagnostic as they are, a class of refractory organics
called Tholins has proven to be the organic material of
choice in modeling the surfaces of outer solar system
bodies, in part because they are the only materials for
which reliable optical constants are readily available.
Whatever their limitations, the Tholins are found to ac-
count for the colors of a great many bodies in the solar
system, including planetary satellites, certain asteroids,
Centaurs, and TNOs.

. . THE SOLAR SYSTEM
This translation of book: The sevono nertune

Solar System Beyond Neptune

First publish: 2008

Translator: Fereshte Tavakkoli
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Nowruz

Nowriiz is the name of the Persian New Year in Iranian calendars and the corresponding traditional celebra-
tions. Nowruz is also widely referred to as the "Persian New Year".

Nowruz is celebrated and observed in Iran and the related cultural continent and has spread in many other
parts of the world, including parts of India, Central Asia, Caucasus, South Asia, Northwestern China, the Cri-
mea and some groups in the Balkans. In Iran, Nowruz is an official holiday lasting for 13 days during which
most national functions including schools are off and festivities take place.

Nowruz marks the first day of spring and the beginning of the year in the Iranian calendar. It is celebrated on
the day of the astronomical Northward equinox, which usually occurs on March 21 or the previous/following
day depending on where it is observed. As well as being a Zoroastrian holiday and having significance
amongst the Zoroastrian ancestors of modern Iranians, it is also celebrated in parts of the South Asian sub-
continent as the New Year. The moment the Sun crosses the celestial equator and equalizes night and day is
calculated exactly every year and Iranian families gather together to observe the rituals.

The UN's General Assembly in 2010 recognized the International Day of Nowruz, describing it as a spring
festival of Persian origin which has been celebrated for over 3,000 years. During the meeting of The Inter-
governmental Committee for the Safeguarding of the Intangible Heritage of the United Nations, held between
28 September — 2 October 2009 in Abu Dhabi, Nowrliz was officially registered on the UNESCO List of the
Intangible Cultural Heritage of Humanity.

Nowruz and the spring equinox

lllumination of the Earth by the Sun on the day of equinox, (ignoring twilight). The first day on the Iranian cal-
endar falls on the March equinox, the first day of spring, around 20 March. At the time of the equinox, the sun
is observed to be directly over the equator, and the north and south poles of the Earth lie along the solar ter-
minator; sunlight is evenly divided between the north and south hemispheres.

In c. the 11th century CE major reforms of Iranian calendars took place and whose principal purpose was to
fix the beginning of the calendar year, i.e. Nowriz, at the vernal equinox. Accordingly, the definition of Nowruz
given by the Iranian scientist TasT was the following: "the first day of the official new year [Nowruz] was al-
ways the day on which the sun entered Aries before noon".

http://en.wikipedia.org/wiki/Nowruz
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