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Rosetta spacecraft sees sinkholes on comet  2 July: The European Space Agency’s (ESA) Rosetta spacecraft first began orbiting Comet 67P/Churyumov-Gerasimenko in August 2014. Almost immediately, scientists began to wonder about several surprisingly deep, almost perfectly circular pits on the comet’s surface. Now, a new study based on close-up imagery taken by Rosetta suggests that these pits are sinkholes, formed when ices beneath the comet’s surface sublimate, or turn directly to gas.
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This close-up image shows the most active pit, known as Seth_01, observed on the surface of comet 67P/Churyumov-Gerasimenko by the Rosetta spacecraft. A new study suggests that this pit and others like it could be sinkholes, formed by a surface collapse process similar to the way these features form on Earth.

Vincent et al., Nature Publishing Group

The study reveals that the surface of Comet 67P/Churyumov-Gerasimenko is variable and dynamic, undergoing rapid structural changes as it approaches the Sun. Far from simple balls of ice and dust, comets have their own life cycles. The latest findings are among the first to show, in detail, how comets change over time. “These strange circular pits are just as deep as they are wide. Rosetta can peer right into them,” said Dennis Bodewits from the University of Maryland in College Park. The pits are large, ranging from tens of meters in diameter up to several hundred metres across.

ESA officially extended the Rosetta mission on 23 June 2015, meaning that the spacecraft will have the opportunity to track Comet 67P/Churyumov-Gerasimenko for a much longer time period as it moves away from the Sun. The comet will reach perihelion, or its closest point to the Sun, on August 13, 2015. The extension expands the mission by nine months, from the planned end date of December 2015 to September 2016. The extra observational time will enable the team to see how the comet’s surface responds to decreasing solar radiation.







By: the University of Maryland, College Park  
Astronomers see pebbles poised to make planets  8 July: A team of astronomers led from St. Andrews and Manchester universities has announced the discovery of a ring of rocks circling a young star. This is the first time these ‘pebbles’, thought to be a crucial link in building planets, have been detected. Planets are thought to form from the dust and gas that encircles young stars in a disk. Over time, dust particles stick together until they build up bigger clumps. Eventually, these have enough mass that gravity becomes significant, and over millions of years the clumps crash together to make planets and moons. In our own solar system, this process took place about 4.5 billion years ago, with the giant planet Jupiter the first to form.

Since the 1990s, astronomers have found both disks of gas and dust, and nearly 2,000 fully formed planets, but the intermediate stages of formation are harder to detect. “It was a real surprise to see a belt of pebbles, with only a fraction of the data we hope to acquire. With the fourfold increase in radio bandwidth we are now working on, we hope to get similar images for a whole zoo of other young stars,” said Anita Richards from the University of Manchester.
By: Royal Astronomical Society, United Kingdom
Rings and loops in the stars: Planck’s stunning new images  7 July: A ring of dust 200 light-years across and a loop covering a third of the sky: two of the results in a new map from the Planck satellite. The European Space Agency’s (ESA) Planck satellite, launched in 2009 to study the ancient light of the Big Bang, has also given us maps of our Milky Way Galaxy in microwaves (radiation at centimetre to millimetre wavelengths). Microwaves are generated by electrons spiralling in the galaxy’s magnetic field at nearly the speed of light — the synchrotron process: by collisions in interstellar plasma, by thermal vibration of interstellar dust grains, and by ‘anomalous’ microwave emission (AME), which may be from spinning dust grains. The new maps show regions covering huge areas of our sky that produce AME.
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An image of the ring around the star Lambda Orionis, made with the ESA Planck satellite. The ring, here seen in pink, is around 200 light-years across. In the image, red represents the anomalous microwave emission (AME), green represents the emission from interstellar plasma, and the blue is emission arising from electrons moving in magnetic fields.

M. Peel/JCBA/Planck/ESA
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A full sky map made using the ESA Planck satellite. Loop 1, marked by the dashed ellipse, is the yellow feature above centre, shading to purple, and the purple arc below centre. The colours represent the angle of the magnetic field and the brightness represents the signal strength.

M. Peel/JCBA/Planck/ESA

By: Royal Astronomical Society, United Kingdom
Neptune’s badly behaved magnetic field  8 July: Combining 26-year-old data with supercomputer simulations, a team of scientists at Imperial College London has modelled Neptune’s magnetic field in detail for the first time. The researchers find that the farthest planet from the Sun has a badly behaved magnetic field, but one that may help us understand the risks from ‘space weather’ around Earth. The Voyager 2 data set was incredibly rich but raised more questions than answers. One of the biggest puzzles is that Neptune’s rotation axis is tilted relative to the Sun, its magnetic axis is not at all aligned with its rotation, and its magnetic field environment has a lopsided shape.

The results show that Neptune’s magnetic field is constantly rotating and changing and has revealed that the structure is quite different from the cartoons that were inferred from the original Voyager 2 measurements. “Modelling a whole planet is no easy task. But supercomputers now make it possible, and the new simulations explain a lot of what Voyager saw all those years ago”, said Adam Masters from Imperial College. “For example, we can now see how the solar wind - the stream of electrically charged particles from the Sun - enters and circulates around Neptune’s magnetic field. The combination of the dramatic planetary rotation and this circulation pattern is why Voyager 2 found a ‘lopsided’ magnetosphere.”
By: Royal Astronomical Society, United Kingdom
Swift reveals a black hole bull’s-eye  10 July: What looks like a shooting target is actually an image of nested rings of X-ray light cantered on an erupting black hole. On 15 June, NASA’s Swift satellite detected the start of a new outburst from V404 Cygni, where a black hole and a Sun-like star orbit each other. Since then, astronomers around the world have been monitoring the ongoing light show. Astronomers say the rings result from an ‘echo’ of X-ray light. The black hole’s flares emit X-rays in all directions. Dust layers reflect some of these X-rays back to us, but the light travels a longer distance and reaches us slightly later than light travelling a more direct path. The time delay creates the light echo, forming rings that expand with time.
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Rings of X-ray light cantered on V404 Cygni, a binary system containing an erupting black hole (dot at centre), were imaged by the X-ray Telescope aboard NASA's Swift satellite from 30 June to 4 July. A narrow gap splits the middle ring in two. Colour indicates the energy of the X-rays, with red representing the lowest (800 to 1,500 electron volts, eV), green for medium (1,500 to 2,500 eV), and the most energetic (2,500 to 5,000 eV) shown in blue. For comparison, visible light has energies ranging from about 2 to 3 eV. The dark lines running diagonally through the image are artefacts of the 



  imaging system.
Andrew Beardmore (Univ. of Leicester) and NASA/Swift
By: NASA's Goddard Space Flight Center, Greenbelt, Maryland
Gigantic early black hole could upend evolutionary theory  10 July: An international team of astrophysicists led by Benny Trakhtenbrot from ETH Zurich’s Institute for Astronomy discovered a gigantic black hole in an otherwise normal galaxy using W. M. Keck Observatory’s 10-meter Keck I Telescope in Hawaii. The team, conducting a fairly routine hunt for ancient massive black holes, was surprised to find one with a mass of more than 7 billion times our Sun, making it among the most massive black holes ever discovered. And because the galaxy it was discovered in is fairly typical in size, the study calls into question previous assumptions on the development of galaxies.
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In this illustration, a black hole emits part of the accreted matter in the form of energetic radiation (blue), without slowing down star formation within the host galaxy (purple regions).

M. Helfenbein, Yale University/OPAC


The scientists were able to observe and characterise this black hole as it was when the universe was less than 2 billion years old, just 14 percent of its current age. Even more surprising than the black hole’s record mass was the relatively ordinary mass of the galaxy that contained it. Most galaxies host black holes with masses less than 1 percent of the galaxy. In CID-947, the black hole mass is 10 percent that of its host galaxy. Because of this remarkable disparity, the team deduced this black hole grew so quickly that the host galaxy was not able to keep pace, calling into question previous thinking on the co-evolution of galaxies and their central black holes.

“This black hole grew much more efficiently than its galaxy, contradicting the models that predicted a hand-in-hand development,” Trakhtenbrot said. The researchers also concluded stars were still forming even though the black hole had reached the end of its growth. Contrary to previous assumptions, the energy and gas flow propelled by the black hole did not stop the creation of stars.

By: W. M. Keck Observatory, Kamuela, Hawaii
Discovery of a new class of particles at the LHC 15 July: The LHCb experiment at CERN’s Large Hadson Collider has reported the discovery of a class of particles known as pentaquarks. “The pentaquark is not just any new particle,” said LHCb spokesperson Guy Wilkinson. “It represents a way to aggregate quarks, namely the fundamental constituents of ordinary protons and neutrons, in a pattern that has never been observed before in over 50 years of experimental searches. Studying its properties may allow us to understand better how ordinary matter, the protons and neutrons from which we’re all made, is constituted.”

[image: image6.jpg]


Possible layout of the quarks in a pentaquark particle. The five quarks might be tightly bound (left). They might also be assembled into a meson (one quark and one antiquark) and a baryon (three quarks), weakly bound together.
Daniel Dominguez
Our understanding of the structure of matter was revolutionized in 1964 when American physicist Murray Gell-Mann proposed that a category of particles known as baryons, which includes protons and neutrons, are composed of three fractionally charged objects called quarks, and that another category, mesons, are formed of quark-antiquark pairs. Antiquarks are quarks of antimatter. Gell-Mann was awarded the Nobel Prize in physics for this work in 1969. This quark model also allows the existence of other quark composite states, such as pentaquarks composed of four quarks and an antiquark. Earlier experiments that have searched for pentaquarks have proved inconclusive. The next step in the analysis will be to study how the quarks are bound together within the pentaquarks.

By: CERN, Geneva, Switzerland
A dark matter bridge in our cosmic neighbourhood 16 July: By using the best available data to monitor galactic traffic in our neighbourhood, Noam Libeskind from the Leibniz Institute for Astrophysics Potsdam (AIP) and his collaborators have built a detailed map of how nearby galaxies move. In it, they have discovered a bridge of dark matter stretching from our Local Group all the way to the Virgo Cluster - a huge mass of some 2,000 galaxies roughly 50 million light-years away that is bound on either side by vast bubbles completely devoid of galaxies. This bridge and these voids help us understand a 40-year-old problem regarding the curious distribution of dwarf galaxies.
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The figure shows the current stream of galaxies — the flow along the cosmic superhighway and on the bridge to Virgo, in the region around the Milky Way, Andromeda, and Centaurus A.

AIP

These dwarf galaxies are often found swarming around larger hosts like our Milky Way. Since they are dim, they are hard to detect and are thus found almost exclusively in our cosmic neighbourhood. A particularly fascinating aspect of their existence is that near the Milky Way and at least two of our closest neighbours - the Andromeda and Centaurus A galaxies - these satellites do not just fly around randomly, but they are instead compressed onto vast, flat, possibly spinning planes. Such structures are not a naive outcome of the cold dark matter model that most cosmologists believe is responsible for how the universe forms galaxies. These structures are, thus, a challenge to the current doctrine.

One possibility is that these small galaxies echo the geometry of structure on much greater scales. “This is the first time we have had observational verification that large filamentary superhighways are channeling dwarf galaxies across the cosmos along magnificent bridges of dark matter,” Libeskind said. This cosmic ‘superhighway’ gives the speeding satellites an off ramp along which they can be beamed toward the Milky Way, Andromeda, and Centaurus A. 

By: Leibniz Institute for Astrophysics, Potsdam, Germany
ALMA witnesses assembly of galaxies in the early universe for the first time  22 July: The Atacama Large Millimetre/submillimetre Array (ALMA) has been used to detect the most distant clouds of star-forming gas yet found in normal galaxies in the early universe. The new observations allow astronomers to start to see how the first galaxies were built up and how they cleared the cosmic fog during the era of reionisation. This is the first time that such galaxies are seen as more than just faint blobs.
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This view is a combination of images from ALMA and the Very Large Telescope. The central object is a distant galaxy, labeled BDF 3299, which is seen when the universe was less than 800 million years old. The bright red cloud just to the lower left is the ALMA detection of a vast cloud of material that is in the process of assembling the young galaxy.

ESO/R. Maiolino


When the first galaxies started to form a few hundred million years after the Big Bang, the universe was full of a fog of hydrogen gas. But as more and more brilliant sources - both stars and quasars powered by huge black holes - started to shine, they cleared away the mist and made the universe transparent to ultraviolet light. Astronomers call this the epoch of reionisation, but little is known about these first galaxies, and up to now they have just been seen as faint blobs. However, now new observations using the power of ALMA are starting to change this.

Astronomers trained ALMA on galaxies that were known to be seen only about 800 million years after the Big Bang. They were not looking for the light from stars, but instead for the faint glow of ionized carbon coming from the clouds of gas from which the stars were forming. They wanted to study the interaction between a young generation of stars and the cold clumps that were assembling into these first galaxies.

Andrea Ferrara from Scuola Normale Superiore, Pisa, Italy, explained the significance of the new findings: "This is the most distant detection ever of this kind of emission from a 'normal' galaxy, seen less than 1 billion years after the Big Bang. It gives us the opportunity to watch the buildup of the first galaxies. For the first time, we are seeing early galaxies not merely as tiny blobs but as objects with internal structure!" The astronomers think that the off-centre location of the glow is because the central clouds are being disrupted by the harsh environment created by the newly formed stars - both their intense radiation and the effects of supernova explosions - while the carbon glow is tracing fresh cold gas that is being accreted from the intergalactic medium.
By: ESO, Garching, Germany
Kepler mission discovered bigger, older cousin to Earth 23 July: NASA's Kepler mission has confirmed the first near-Earth-sized planet in the ‘habitable zone’ around a Sun-like star. This discovery and the introduction of 11 other new small habitable zone candidate planets mark another milestone in the journey to finding another ‘Earth’.
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This artist's concept compares Earth (left) to the new planet, called Kepler-452b, which is about 60 percent larger in diameter.

NASA/JPL-Caltech/T. Pyle
The newly discovered Kepler-452b is the smallest planet to date discovered orbiting in the habitable zone - the area around a star where liquid water could pool on the surface of an orbiting planet - of a G2-type star like our Sun. The confirmation of Kepler-452b brings the total number of confirmed planets to 1,030.

Kepler-452b is 60% larger in diameter than Earth and is considered a super-Earth-sized planet. While its mass and composition are not yet determined, previous research suggests that planets the size of Kepler-452b have a good chance of being rocky. While Kepler-452b is larger than Earth, its 385-day orbit is only 5% longer. The planet is 5% farther from its parent star, Kepler-452, than Earth is from the Sun. Kepler-452 is 6 billion years old, 1.5 billion years older than our Sun, has the same temperature, and is 20% brighter and has a diameter 10 percent larger. The Kepler-452 system is located 1,400 light-years away in the constellation Cygnus.








By: NASA  
New Hubble image shows cosmic wind creating ‘Pillars of Destruction’ 27 July: Astronomers have long known that powerful cosmic winds can sometimes blow through galaxies, sweeping out interstellar material and stopping future star formation. Now they have a clearer snapshot of how it happens. Jeffrey Kenney from Yale, New Haven, Connecticut, looked at the way the cosmic wind is eroding the gas and dust at the leading edge of the galaxy. The wind, or ram pressure, is caused by the galaxy’s orbital motion through hot gas in the cluster. Kenney found a series of intricate dust formations on the disk’s edge, as cosmic wind began to work its way through the galaxy.
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This Hubble Space Telescope image shows cosmic winds shutting down star formation in a galaxy 300 million light-years away in the Coma Cluster.

NASA/ESA/Roberto Colombari

Cosmic wind can easily push low-density clouds of interstellar gas and dust, but not high-density clouds. As the wind blows, denser gas lumps start to separate from the surrounding lower density gas which gets blown downstream. But apparently, the high and low-density lumps are partially bound together, most likely by magnetic fields linking distant clouds of gas and dust. The analysis is based on Hubble images of a spiral galaxy in the Coma cluster, located 300 million light-years from Earth. It is the closest high-mass cluster to our solar system.  The dust filaments Kenney identified are similar in some ways to the ‘Pillars of Creation’ in the Eagle Nebula, except they are 1,000 times larger.

In both cases, destruction is at least as important as creation. An external force is pushing away most of the gas and dust, therefore destroying most of the cloud, leaving behind only the most dense material - the pillars. But even the pillars do not last that long. Because gas is the raw material for star formation, its removal stops the creation of new stars and planets. In the Eagle Nebula, the pressure arises from intense radiation emitted by nearby massive stars; in the Coma galaxy, it is pressure from the galaxy’s orbital motion through hot gas in the cluster. Although new stars are being born in both kinds of pillars, we are witnessing, in both, the last generation of stars that will form.

By: Yale University, New Haven, Connecticut
