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Asteroids and Distant Minor Planets





Introduction


Introduction


The minor planets, as their name implies, are small. Even the dozen or so largest, some of which are now ranked as ‘dwarf planets’, are far smaller than the Moon – and these account for a thousandth of one per cent of the total known to astronomers. Most are far smaller. Only one, 4 Vesta, is normally ever visible to the naked eye. When well placed, it can attain a magnitude of +5.1. Two others, 1 Ceres and 2 Pallas, are just below the typical naked eye threshold of +6.0, and can only be seen under exceptional conditions and by people with exceptional eyesight. Around 35 main-belt asteroids can attain a magnitude of around +10 at opposition, and are within range of a good pair of 10×50 binoculars. However, before the introduction of adaptive optics in the mid-1990s, even the largest ground-based telescopes could not make out any surface detail and could do little more than determine rotational periods. Space probes have since changed the picture. The first close-up images of a minor planet were returned by the Galileo orbiter in 1991 as it made a flyby of the asteroid 253 Mathilde en route to Jupiter. Several asteroids have now been visited by space probes, and samples have been returned to Earth from the asteroids 25143 Itokawa, 101955 Bennu, and 162173 Ryugu.


Asteroids, once dismissed as “vermin of the skies” and “of very little interest to anybody”, are now of great interest, and not just to astronomers. Though we are understandably concerned about the dangers of near-Earth asteroids colliding with our planet, these bodies are also increasingly viewed as a potential source of materials critical for both space exploration and terrestrial use. Metallic (M-type) asteroids may contain high concentrations of iron, nickel, and cobalt, along with significant amounts of gold and platinum-group metals. Stony (S-type) asteroids contain silicates and moderate amounts of metal. Carbonaceous (C-type) asteroids contain water, organics, and volatiles, all of which can be used to support operations in space and reduce dependency on launches from Earth.


The minor planets are the remnants left over from the formation of the planets. When the Solar System formed around 4.57 billion years ago, the newborn Sun was surrounded by a rotating protoplanetary disk of gas and dust. Within this disk, microscopic grains gradually accreted into larger planetesimals. The composition of these planetesimals reflected their distance from the Sun: those closer to the Sun were predominantly silicaceous; those further out were carbonaceous, with traces of volatiles; further out still, ices, volatiles, and organics predominated.


To astronomers, minor planets offer tantalising clues about the early history of the Solar System. They may be likened to time capsules of the solar system because they preserve material from its earliest stages of formation. Unlike planets, which have undergone extensive melting and geological processing, minor planets have often remained largely unchanged. Their compositions serve as a record of the chemical environment of the protoplanetary disk and the processes that operated within it. The sample return missions have provided pristine asteroid material for laboratory study. The material will give planetary scientists insight into how dust and gas condensed into solid bodies, how those bodies differentiated, how water and other volatiles were delivered to the inner planets, and other critical events in the early history of the Solar System.





Asteroids and Distant Minor Planets in brief


Asteroid and Distant Minor Planet Data


As of August 2025, the number of minor planets with accurately determined orbits is 826,864. A further 628,888 have been identified, but their orbits have not been accurately determined. Hence, the total number observed by astronomers is 1,455,752.




These figures include:

Main belt asteroids: 1,342,410

Hildas (between the main belt and Jupiter): 6,543

Jupiter Trojans: (orbiting at Jupiter’s Lagrange points L4 and L5) 15,708

Distant minor planets (outside the orbit of Jupiter): 6,473

Near-Earth asteroids: 39,067

Potentially hazardous asteroids (no immediate risk): 2,507




As of August 2025, an average of 1,200 new objects are being discovered each month. For comparison, the first minor planet, 1 Ceres, was discovered on 1 January 1801, and the 1,200th, 1200 Imperatrix, was discovered 130 years later, on 14 September 1931.




The total mass of the main asteroid belt is estimated to be around 2.39 × 1021 kg, which is just 3 per cent of the mass of the Moon. The belt’s mass is concentrated in the four largest asteroids, Ceres, Vesta, Pallas, and Hygiea, which account for 62 per cent of the total mass. Ceres alone makes up 39 per cent of it1.




The total mass of the distant minor planets is uncertain, due to the far greater distance, but it is thought to be substantially greater than the mass of the main asteroid belt. Excluding the hypothetical Oort cloud, the two main populations are the Kuiper belt and the scattered disk objects. Estimates range from 2 to 10 per cent of the mass of Earth for the Kuiper belt1,2 and 1 to 10 per cent of the mass of the Earth for the scattered disk objects3.


A rose by any other name


Historically, the terms ‘asteroid’, ‘planetoid’, and ‘minor planet’ were used interchangeably to describe any Solar System body in an orbit around the Sun that was not a planet or a comet. The media tends to use the term ‘asteroid’, and some astronomers reserve the term ‘planetoid’ for large asteroids. As might be expected, the Minor Planet Center, established in 1947, favours ‘minor planet’. By whatever name, few of these objects were thought to reside beyond the orbit of Jupiter. Most reside in orbits between Mars and Jupiter, a region known as the asteroid belt. A smaller number venture into the inner Solar System, where some cross the orbit of Earth, and pose a potential hazard to our planet. A few hundred even cross the orbit of Mercury.


However, matters became more complicated with the discovery of minor planets beyond the orbit of Jupiter. These bodies, thought to be composed predominantly of a mixture of water ice, other volatile ices, silicate rock, and organic compounds (tholins), are not typically referred to as asteroids. They include the centaurs,  which orbit between Jupiter and Neptune and trans-Neptunian objects (TNOs). The centaurs are so called because the first example to be found, 2060 Chiron, was named for the centaur Chiron from Greek mythology. The TNOs include Kuiper Belt objects (KBOs) and scattered disk objects.


 The waters were further muddied by the International Astronomical Union (IAU) in 2006. Objects such as Pluto, Eris, Ceres, and the largest distant minor planets were reclassified as ‘dwarf planets’[1], and the remaining asteroids and distant minor planets (i.e., all but a very small number) and comets were ‘lumped’ under the designation ‘small Solar System body’ or SSSB.


Here, the term ‘asteroid’ is used for minor planets lying within the asteroid belt, or crossing the orbits of the four inner planets. Objects beyond the orbit of Jupiter are referred to as distant minor planets.


How big?


In practical terms, the IAU’s 2006 resolution introduced the term ‘dwarf planet’ for any Solar System object in orbit around the Sun that was large enough to be spherical, but not large enough to have cleared its orbit of comparably sized bodies (other than moons). The only main belt asteroid large enough to have been reclassified as a dwarf planet is Ceres, but several trans-Neptunian objects are now recognised as dwarf planets. Ceres has a diameter of 946 km (588 miles), or just over a quarter that of the Moon. If Ceres is removed from consideration, then the largest asteroids are Vesta, Pallas, and Hygiea, with approximate diameters ranging from 525 to 445 km (325 to 275 miles). These sizes are exceeded by several trans-Neptunian objects not currently recognised as dwarf planets, including 20000 Varuna (668 km), 28978 Ixion (710 km), and 55565 Aya (700 km).


How small?


Can there be a minimum size for an asteroid? Objects like Pallas and Vesta, while smaller than Ceres, are still over 500 km (310 miles) in diameter. By contrast, 2021 GM1 is a near-Earth asteroid with a diameter of 2.2-4.9 metres (7.2-16.1 ft). Although there is no official lower limit on size, many astronomers regard 1 m (3.2 ft) to be the minimum. Anything smaller is considered to be a meteoroid. Any asteroid or meteoroid that burns up in the Earth’s atmosphere is a meteor; anything reaching the surface is a meteorite.


Naming of minor planets


When a minor planet is discovered, it receives a provisional designation, NNNN AAn, e.g., 1992 QB1.




The first four digits represent the year of discovery, e.g., 1992.




A – the first letter indicates the half-month of the object's discovery within that year and ranges from A (first half of January) to Y (second half of December). The letters I and Z are not used. The first half is always the 1st through to the 15th of the month, regardless of the length of the month; e.g., Q indicates the period from 16 to 31 August.




An  – the second letter and numerical suffix indicate the order of discovery within the half-month. The first 25 discoveries of the half-month receive a letter (A to Z) without a suffix. The letter I is not used to avoid confusion with the digit 1. Should more than 25 minor planets be discovered in a half-month, a second A to Z cycle is used, with a suffix of 1, a suffix of 2 denotes a third cycle, and so on. Thus, B1 stands for the 27th minor planet discovered in a half-month. 




The designation 1992 QB1 refers to the 27th minor planet discovered in the period from 16 to 31 August 1992. The practice of omitting the numerical suffix for the first 25 discoveries is to make the system backwards compatible with earlier designations, when discoveries rarely, if ever, exceeded 25 in a given half-month, e.g., 1937 UB (the asteroid Hermes, discovered on 30 October 1937).




Once the orbit of the new discovery has been determined with sufficient accuracy, it receives a number and, optionally, a name. Thus, Ceres, the first asteroid ever discovered, is designated 1 Ceres. 1992 QB1 received the number 15760, but for a long time, it remained unnamed, and its designation was (15760) 1992 QB1. It was eventually named Albion and became 15760 Albion. The number may optionally be enclosed by parentheses. The Minor Planet Center follows this convention.


Did you know?


*Smallest perihelion distance: 2021 PH27, 0.1331 AU or 19.9 million km (12.4 million miles). For comparison, the perihelion distance of Mercury is 0.307 AU.
 

*Largest aphelion distance: 90377 Sedna, 937 AU or 1.40  × 1011 km (8.71 × 1010 miles). For comparison, the aphelion of Pluto is 49.3 AU. Travelling at the speed of light, it would take just under 5½ days to reach Sedna from Earth at this distance. However, it is currently ‘only’ 83.2 AU from the Sun, close to its perihelion distance of 76 AU.


*Namesake: Sedna is named after the Inuit goddess of sea and marine animals, but the name has also been used by the luxury watchmaker Omega to describe an 18k gold alloy used in some of its most expensive wristwatches.


*Shortest year: 2021 PH27, with an orbital period of 114.7 days. This is considerably longer than Mercury’s 88 days; however, at aphelion, 2021 PH27 is 0.79 AU from
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