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The symmetries that govern the world of elementary particles at the most elementary level 

could be radically different from what has so far been thought. [29] 

A fraction of a second after the Big Bang, a single unified force may have shattered. 

Scientists from the CDF and DZero Collaborations used data from the Fermilab Tevatron 

Collider to re-create the early universe conditions. [28] 

Now researchers at the Paul Scherrer Institute PSI have helped to better understand the 

first minutes of the universe: They collected artificially produced beryllium-7 and made it 

into a sample that could be investigated. [27] 

Researchers have developed a new way to improve our knowledge of the Big Bang by 

measuring radiation from its afterglow, called the cosmic microwave background 

radiation. [26] 

4ÈÅ ÇÒÏÕÐȭÓ ÒÅÓÕÌÔÓ ÒÅÉÎÆÏÒÃÅ Á ÄÉÓÁÇÒÅÅÍÅÎÔ ÏÖÅÒ ÔÈÅ ÖÁÌÕÅ ÏÆ ÔÈÅ (ÕÂÂÌÅ ÃÏÎÓÔÁÎÔ ÁÓ 

measured directly and as calculated via observations of primordial radiation ɀ a disparity, 

say the researchers, which likely points to new physics. [25] 

Neutron stars consist of the densest form of matter known: a neutron star the size of Los 

Angeles can weigh twice as much as our sun. [24] 

Supermassive black holes, which lurk at the heart of most galaxies, are often described as 

"beasts" or "monsters". [23]  

The nuclei of most galaxies host supermassive black holes containing millions to billions of 

solar-masses of material. [22] 

New research shows the first evidence of strong winds around black holes throughout 

bright outburst events when a black hole rapidly consumes mass. [21] 

Chris Packham, associate professor of physics and astronomy at The University of Texas at 

San Antonio (UTSA), has collaborated on a new study that expands the scientific 

community's understanding of black holes in our galaxy and the magnetic fields that 

surround them. [20] 

In a paper published today in the journal Science, University of Florida scientists have 

discovered these tears in the fabric of the universe have significantly weaker magnetic 

fields than previously thought. [19] 



The group explains their theory in a paper published in the journal Physical Review 

Lettersɂit involves the idea of primordial black holes (PBHs) infesting the centers of 

neutron stars and eating them from the inside out. [18]   

"ÕÔ ÆÏÒ ÒÏÔÁÔÉÎÇ ÂÌÁÃË ÈÏÌÅÓȟ ÔÈÅÒÅȭÓ Á ÒÅÇÉÏÎ ÏÕÔÓÉÄÅ ÔÈÅ ÅÖÅÎÔ ÈÏÒÉÚÏÎ ×ÈÅÒÅ ÓÔÒÁÎÇÅ ÁÎÄ 

extraordinary things can happen, and these extraordinary possibilities are the focus of a 

new paper in the American Physical Society journal Physical Review Letters. [17]   

Astronomers have constructed the first map of the universe based on the positions of 

supermassive black holes, which reveals the large-scale structure of the universe. [16]   

Astronomers want to record an image of the heart of our galaxy for the first time: a 

global collaboration of radio dishes is to take a detailed look at the black hole which is 

assumed to be located there. [15]   

A team of researchers from around the world is getting ready to create what might be 

the first image of a black hole. [14]   

"There seems to be a mysterious link between the amount of dark matter a galaxy holds 

and the size of its central black hole, even though the two operate on vastly different 

scales," said Akos Bogdan of the Harvard-Smithsonian Center for Astrophysics (CfA). [13]   

If dark matter comes in both matter and antimatter varieties, it might accumulate inside 

dense stars to create black holes. [12]   

For a long time, there were two main theories related to how our universe would end. 

These were the Big Freeze and the Big Crunch. In short, the Big Crunch claimed that the 

universe would eventually stop expanding and collapse in on itself. This collapse would 

ÒÅÓÕÌÔ ÉÎȣ×ÅÌÌȣÁ ÂÉÇ ÃÒÕÎÃÈ ɉÆÏÒ ÌÁÃË ÏÆ Á ÂÅÔÔÅÒ ÔÅÒÍɊȢ 4ÈÉÎË ȰÔÈÅ "ÉÇ "ÁÎÇȱȟ ÅØÃÅÐÔ ÊÕÓÔ 

ÔÈÅ ÏÐÐÏÓÉÔÅȢ 4ÈÁÔȭÓ ÅÓÓÅÎÔÉÁÌÌÙ ×ÈÁÔ ÔÈÅ "ÉÇ #ÒÕÎÃÈ ÉÓȢ /Î ÔÈÅ ÏÔÈÅÒ ÈÁÎÄȟ ÔÈÅ "ÉÇ &ÒÅÅÚÅ 

claimed that the universe would continue expanding forever, until the cosmos becomes a 

frozen wasteland. This theory asserts that stars will get farther and farther apart, burn 

out, and (since there are no more stars bring born) the universe will grown entirely cold 

and eternally black. [11]   

Newly published research reveals that dark matter is being swallowed up by dark energy, 

offering novel insight into the nature of dark matter and dark energy and what the 

future of our Universe might be. [10]   

The gravitational force attracting the matter, causing concentration of the matter in a 

small space and leaving much space with low matter concentration: dark matter and 

energy.    

There is an asymmetry between the mass of the electric charges, for example proton and 

electron, can understood by the asymmetrical Planck Distribution Law. This temperature 

dependent energy distribution is asymmetric around the maximum intensity, where the 



annihilation of matter and antimatter is a high probability event. The asymmetric sides 

are creating different frequencies of electromagnetic radiations being in the same 

intensity level and compensating each other. One of these compensating ratios is the 

electron ɀ proton mass ratio. The lower energy side has no compensating intensity level, 

it is the dark energy and the corresponding matter is the dark matter.   
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Infinite -dimensional symmetry opens up possibility of a new physics ɂ

and new particles  
The symmetries that govern the world of elementary particles at the most elementary level could be 

radically different from what has so far been thought. This surprising conclusion emerges from new 

work published by theoreticians from Warsaw and Potsdam. The scheme they posit unifies all the 

forces of nature in a way that is consistent with existing observations and anticipates the existence 

of new particles with unusual properties that may even be present in our close environs. 

For a half-century, physicists have been trying to construct a theory that unites all four fundamental 

forces of nature, describes the known elementary particles and predicts the existence of new ones. 

So far, these attempts have not found experimental confirmation, and the Standard Modelτan 

incomplete, but surprisingly effective theoretical constructτis still the best description of the 

quantum world. In a recent paper in Physical Review Letters, Prof. Krzysztof Meissner from the 

Institute of Theoretical Physics, Faculty of Physics, University of Warsaw, and Prof. Hermann Nicolai 

from the Max-Planck-Institut für Gravitationsphysik in Potsdam have presented a new scheme 

generalizing the Standard Model that incorporates gravitation into the description. The new model 

applies a kind of symmetry not previously used in the description of elementary particles. 

In physics, symmetries are understood somewhat differently than in the colloquial sense of the 

word. For instance, whether a ball is dropped now or one minute from now, it will still fall in the 

same way. That is a manifestation of a certain symmetry: the laws of physics remain unchanged with 
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respect to shifts in time. Similarly, dropping the ball from the same height in one location has the 

same result as dropping it in another. This means that the laws of physics are also symmetrical with 

respect to spatial operations. 

"Symmetries play a huge role in physics because they are related to principles of conservation. For 

instance, the principle of the conservation of energy involves symmetry with respect to shifts in 

time, the principle of the conservation of momentum relates to symmetry of spatial displacement, 

and the principle of the conservation of angular momentum relates to rotational symmetry," says 

Prof. Meissner. 

Developing a supersymmetric theory to describe the symmetries between fermions and bosons 

began back in the 1970s. Fermions are elementary particles whose spin, a quantum property related 

to rotation, is expressed in odd multiples of the fraction 1/2, and they include both quarks and 

leptons. Among the latter are electrons, muons, tauons, and their associated neutrinos (as well as 

their antiparticles). Protons and neutrons, common non-elementary particles, are also fermions. 

Bosons, in turn, are particles with integer spin values. They include the particles responsible for 

forces (photons, carriers of the electromagnetic force; gluons, carrying the strong nuclear force; W 

and Z bosons, carrying the weak nuclear force), as well as the Higgs boson. 

"The first supersymmetric theories tried to combine the forces typical of elementary particles, in 

other words the electromagnetic force with a symmetry known as U(1), the weak force with 

symmetry SU(2) and the strong force with symmetry SU(3). Gravity was still missing," Prof. Meissner 

says. "The symmetry between the bosons and fermions was still global, which means the same at 

every point in space. Soon thereafter, theories were posited where symmetry was local, meaning it 

could manifest differently at each point in space. Ensuring such symmetry in the theory required for 

gravitation to be included, and such theories became known as supergravities." 

Physicists noticed that in supergravity theories in four spatiotemporal dimensions, there cannot be 

more than eight different supersymmetric rotations. Each such theory has a strictly defined set of 

fields (degrees of freedom) with different spins (0, 1/2, 1, 3/2 and 2), known respectively as the 

fields of scalars, fermions, bosons, gravitinos and gravitons. For supergravity N=8, which has the 

maximal number of rotations, there are 48 fermions (with spin 1/2), which is precisely the number of 

degrees of freedom required to account for the six types of quarks and six types of leptons observed 

in nature. There was therefore every indication that supergravity N=8 is exceptional in many 

respects. However, it was not ideal. 

One of the problems in incorporating the Standard Model into N=8 supergravity was posed by the 

electrical charges of quarks and leptons. All the charges turned out to be shifted by 1/6 with respect 

to those observed in nature: the electron had a charge of -5/6 instead of -1, the neutrino had 1/6 

instead of 0, etc. This problem, first observed by Murray Gell-Mann more than 30 years ago, was not 

resolved until 2015, when Professors Meissner and Nicolai presented the respective mechanism for 

modifying the U(1) symmetry. 

"After making this adjustment we obtained a structure with the symmetries U(1) and SU(3) known 

from the Standard Model. The approach proved to be very different from all other attempts at 

generalizing the symmetries of the Standard Model. The motivation was strengthened by the fact 

that the LHC accelerator failed to produce anything beyond the Standard Model and N=8 



supergravity fermion content is compatible with this observation. What was missing was to add the 

SU(2) group, responsible for the weak nuclear force. In our recent paper, we show how this can be 

done. That would explain why all previous attempts at detecting new particles, motivated by 

theories that treated the SU(2) symmetry as spontaneously violated for low energies, but as holding 

in the range of high energies, had to be unsuccessful. In our view, SU(2) is just an approximation for 

both low and high energies," Prof. Meissner explains. 

Both the mechanism reconciling the electric charges of the particles, and the improvement 

incorporating the weak force proved to belong to a symmetry group known as E10. Unlike the 

symmetry groups previously used in unification theories, E10 is an infinite group, very poorly studied 

even in the purely mathematical sense. Prof. Nicolai with Thibault Damour and Marc Henneaux had 

worked on this group before, because it appeared as a symmetry in N=8 supergravity under 

conditions similar to those during the first moments after the Big Bang, when only one dimension 

was significant: time. 

"For the first time, we have a scheme that precisely anticipates the composition of the fermions in 

the Standard Modelτquarks and leptonsτand does so with the proper electric charges. At the same 

time it includes gravity into the description. It is a huge surprise that the proper symmetry is the 

staggeringly huge symmetry group E10, virtually unknown mathematically. If further work confirms 

the role of this group, that will mean a radical change in our knowledge of the symmetries of 

nature," Prof. Meissner says. 

Although the dynamics is not yet understood, the scheme proposed by Professors Meissner and 

Nicolai makes specific predictions. It keeps the number of spin 1/2 fermions as in the Standard 

Model but on the other hand suggests the existence of new particles with very unusual properties. 

Importantly, at least some of them could be present in our immediate surroundings, and their 

detection should be within the possibilities of modern detection equipment. But that is a topic for a 

separate story. [29] 

 

Breaking the symmetry between fundamental forces  
A fraction of a second after the Big Bang, a single unified force may have shattered. Scientists from 

the CDF and DZero Collaborations used data from the Fermilab Tevatron Collider to re-create the 

early universe conditions. They measured the weak mixing angle that controls the breaking of the 

unified force. Measuring this angle, a key parameter of the standard model, improves our 

understanding of the universe. The details of this symmetry breaking affect the nature of stars, 

atoms, and quarks. The new measurement of the weak mixing angle helps cement our 

understanding of the past, the character of what we observe today, and what we believe is in store 

for our future. 

Previous determinations of the weak mixing angle from around the world disagreed. This allowed for 

the possibility that maybe there are new fundamental particles to be discovered. Or maybe there 

was a misunderstanding in how we think about the fundamental forces. This new combined result 

helps to resolve the discrepancy and reinforces our standard theory of the fundamental forces. 

At present, scientists think that at the highest energies and earliest moments in time, all 

the fundamental forces may have existed as a single unified force. As the universe cooled just one 

https://phys.org/tags/force/
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microsecond after the Big Bang, it underwent a "phase transition" that transformed or "broke" the 

unified electromagnetic and weak forces into the distinct forces observed today. 

The phase transition is similar to the transformation of water into ice. In this familiar case, we call 

the transition a change in a state of matter. In the early universe case, we call the transition 

"electroweak symmetry breaking." 

In the same way that we characterize the water-to-ice phase transition as occurring when the 

temperature drops below 32 degrees, we characterize the amount of electroweak symmetry 

breaking with a parameter called the weak mixing angle, whose value has been measured by 

multiple experiments over the years. 

By re-creating the early universe conditions in accelerator experiments, we have observed this 

transition and can measure the weak mixing angle that controls it. Our best understanding of the 

electroweak symmetry breaking involves the Higgs mechanism, and the Nobel Prize-winning Higgs 

boson discovery in 2012 was a milestone in our understanding. 

For two decades, the most precise measurements of the weak mixing angle came from experiments 

that collided electrons and positrons at the European laboratory CERN and SLAC National 

Accelerator Laboratory in California, each of which gave different answers. Their results have been 

puzzling because the probability that the two measurements agree was less than one part in a 

thousand, suggesting the possibility of new phenomenaτphysics beyond the standard model. 

More input was needed. 

Although the environment in Fermilab's proton-antiproton Tevatron Collider was much harsher than 

either CERN's or SLAC's collider, with many more background particles, the large and well-

understood data sets of the Tevatron's CDF and DZero experiments allowed a new combined 

measurement that gives almost the same precision as that from electron-positron collisions. The 

new result lies about midway between the CERN and SLAC measurements and thus is in good 

agreement with both of them, as well as with the average of all previous direct and indirect 

measurements of weak mixing angle. Thus, Occam's razor suggests that those new particles and 

forces are not yet necessary to explain our observations and that our present particle physics and 

cosmology models remain good descriptors of the observed universe. [28]  

 

Beryllium -7 atom helps to check inconsistencies in the Big Bang theory  
Shortly after the Big Bang, radioactive atoms of the type beryllium-7, among others, came into being. 

Today, throughout the universe, they have long since decayed and do not occur naturally, in contrast 

to their decay product lithium. Now researchers at the Paul Scherrer Institute PSI have helped to 

better understand the first minutes of the universe: They collected artificially produced beryllium-7 

and made it into a sample that could be investigated. The beryllium-7 was subsequently probed by 

researchers at CERN. The joint study by PSI, CERN, and 41 other research institutions addresses the 

so-called cosmological lithium problem: There is a marked discrepancy between the amount of 

lithium the Big Bang theory predicts should be in the universe and the amount of lithium actually 

observed. According to the present study, it now appears more likely that the cause of this 

cosmological lithium problem lies in the theoretical description of the origin of the universe. The 

https://phys.org/tags/standard+model/


scientific community will thus have to keep searching for a solution to the cosmological lithium 

problem. The researchers now published their results in the journal Physical Review Letters. 

Researchers at the Paul Scherrer Institute have provided a hard-won puzzle piece towards a better 

understanding of the universe's origin: They were able to produce a sample of extremely rare and 

short-lived atoms of the isotope beryllium-7. Subsequently, at CERN, it was possible to probe this 

beryllium-7 ς in practice, its interaction with neutrons ς with far more precision than ever before. 

Since through its radioactive decay beryllium-7 becomes lithium-7, studying it can help to crack a 

fundamental problem of the Big Bang theory: The theory predicts a three to four times greater 

amount of lithium in the universe than actual measurements show. This so-called cosmological 

lithium problem is one of the last great riddles of the current theory of the origin of the universe, 

because for all other elements produced shortly after the Big Bang, the theory conforms well to the 

measured data. 

Virtually all of the present-day lithium-7 in the universe comes from the decayed beryllium-7 which 

in turn was formed shortly after the big bang. Thus the researchers were looking into the question of 

whether there might have been less beryllium in the beginning than previously believed, which could 

clear up the cosmological lithium problem. One of the last possibilities still open to be checked was 

the so-called neutron capture cross-section of beryllium-7. This value predicts the probability that a 

beryllium-7 atomic nucleus will capture a free neutron and subsequently decay. 

"The neutron capture cross-section of beryllium-7 was last measured, imprecisely by comparison, 

around 50 years ago," explains PSI researcher Dorothea Schumann, head of the Isotope and Target 

Chemistry research group. This key figure should now be investigated at CERN, more accurately than 

ever before. The beryllium-7 sample needed for this was provided by the PSI researchers. 

Years of preparation and test runs  
The production and measurement of the beryllium-7 sample was like a one-time theatre 

performance, for which the researchers had to do around three years of preparatory work and test 

runs. Beryllium-7 disappears so rapidly through radioactive decay that its quantity is reduced by half 

roughly every 53 days. Therefore everything had to be in position before the actual run at both PSI 

and CERN, as well as for transportation between the two institutions ς so that as little time as 

possible would elapse between the production of the sample and the measurement. 

The idea for the experiment arose in 2012. PSI researcher Schumann knew that she could extract the 

rare beryllium-7 from the cooling water of the Swiss Spallation Neutron Source SINQ, which is 

operated at PSI for experiments with neutron beams. 

"Here at PSI, with SINQ and the other large research facilities, we have unique sources for harvesting 

rare radioactive isotopes," Schumann says. "For the researchers who operate and use these facilities, 

these isotopes are a by-product ς but for many other research institutions, they are very useful and 

urgently needed." Like gold prospectors, Schumann and her research group extract these rare 

isotopes. "And then we act as an interface to other researchers outside PSI who are interested in 

enriched samples of these isotopes." 

https://phys.org/tags/neutron/


CERN is interested 
Researchers at CERN showed interest in obtaining a sample of beryllium-7. "With it, they knew they 

could tackle the cosmological lithium problem," Schumann explains. 

So Schumann and her team set about the preparations: Within PSI, Schumann made contact with the 

scientists and engineers who operate SINQ. A special filter system meeting the isotope researchers' 

specifications was connected to the cooling water of SINQ, which could collect material containing a 

suitable amount of beryllium-7 over a period of about three weeks. "To the layperson, our filter can 

be thought of as being quite similar to the familiar household filter for tap water," says Stephan 

Heinitz, scientist in the research group of Schumann. 

Then, among other things, the materials gathered in this way had to be chemically separated. "This 

requires special expertise ς which luckily we have in my research group," Schumann says. 

Nevertheless, this procedure took another week and had to be carried out, for protection against 

radiation from the material, in a so-called hot cell ς a laboratory set up for the manipulation of 

radioactive materials. 

A transport weight of 800 kilograms  
From there, the concentrated sample of beryllium-7 had to be transferred into a suitable mount, and 

this in turn into an apparatus about the size of a cooking pot, which met specifications for use in the 

experimental setup at CERN. "The apparatus as well as the radiation-proof containers for 

transferring the material ς all of it was custom-made," relates Emilio Maugeri, another researcher in 

Schumann's group. 

Finally, arrangements had to be organised and approved to transport a heavy load of radioactive 

materials from PSI to CERN. 

"The actual sample that we delivered to CERN contained only a few millionths of a gram of beryllium-

7," Schumann explains. "But the required shielding brought the transport weight up to 800 

kilograms." 

Within the critical time period, everything succeeded according to plan. The CERN researchers were 

able to carry out the experiment with the PSI sample and determine the thus-far insufficiently known 

neutron capture cross-section of beryllium-7. 

The cosmological lithium problem remains unsolved  
The CERN and PSI scientists and their collaborators from 41 other research institutions were 

especially interested in a particular decay path of beryllium-7: the probability of a process by which 

an atomic nucleus of beryllium-7 traps a free neutron ς that is, an elementary particle with no net 

charge. At the same time one of the protons leaves the beryllium nucleus. Thus, since the nucleus 

now contains one less proton (and one more neutron), the beryllium atom transforms itself into an 

atom of the element lithium: It becomes lithium-7. The so-called neutron capture cross-section ς 

that is, the probability of this entire process ς depends on the energy that the free neutron has. 

Therefore the researchers took advantage of the possibility at CERN to vary the energy of the 

neutrons, and they made a measurement series for a wide range of neutron energies. 

Yet these latest measurements of the neutron capture cross-section have not solved the 

cosmological lithium problem. Schumann says, "With the new measurements, the CERN researchers 



were able to determine the neutron capture cross-section so precisely that it now is clear: The 

cosmological lithium problem can't be solved in this way; it still persists. The scientific community 

will have to keep looking for an explanation." [27] 

 

 

 

Researchers find new way of exploring the afterglow from the Big B ang 
Researchers have developed a new way to improve our knowledge of the Big Bang by measuring 

radiation from its afterglow, called the cosmic microwave background radiation. The new results 

predict the maximum bandwidth of the universe, which is the maximum speed at which any change 

can occur in the universe. 

The cosmic microwave background (CMB) is a reverberation or afterglow left from when the 

universe was about 300,000 years old. It was first discovered in 1964 as a ubiquitous faint noise in 

radio antennas. In the past two decades, satellite-based telescopes have started to measure it with 

great accuracy, revolutionizing our understanding of the Big Bang. 

Achim Kempf, a professor of applied mathematics at the University of Waterloo and Canada 

Research Chair in the Physics of Information, led the work to develop the new calculation, jointly 

with Aidan Chatwin-Davies and Robert Martin, his former graduate students at Waterloo. 

"It's like video on the Internet," said Kempf. "If you can measure the CMB with very high resolution, 

this can tell you about the bandwidth of the universe, in a similar way to how the sharpness of the 

video image on your Skype call tells you about the bandwidth of your internet connection." 

The study appears in a special issue of Foundations of Physics dedicated to the material Kempf 

presented to the Vatican Observatory in Rome last year. The international workshop entitled, Black 

Holes, Gravitational Waves and Spacetime Singularities, gathered 25 leading physicists from around 

the world to present, collaborate and inform on the latest theoretical progress and experimental 

data on the Big Bang. Kempf's invitation was the result of this paper in Physical Review Letters. 

"This kind of work is highly collaborative," said Kempf, also an affiliate at the Perimeter Institute for 

Theoretical Physics. "It was great to see at the conference how experimentalists and theoreticians 

inspire each other's work." 

While at the Vatican, Kempf and other researchers in attendance also shared their work with the 

Pope. 

"The Pope has a great sense of humor and had a good laugh with us on the subject of dark matter," 

said Kempf. 

Teams of astronomers are currently working on even more accurate measurements of the cosmic 

microwave background. By using the new calculations, these upcoming measurements might reveal 

the value of the universe's fundamental bandwidth, thereby telling us also about the fastest thing 

that ever happened, the Big Bang. [26] 
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Hubble Space Telescope confirms mismatch in cosmic expansion  
A group of astronomers in the US has made a new and more precise measurement of the univeǊǎŜΩǎ 

rate of expansion by ǳǎƛƴƎ b!{!Ωǎ Hubble Space Telescope (HST) to observe miniscule 

ǎƘƛŦǘǎ ƛƴ ǘƘŜ ŀǇǇŀǊŜƴǘ Ǉƻǎƛǘƛƻƴ ƻŦ ǎǘŀǊǎ ƪƴƻǿƴ ŀǎ /ŜǇƘŜƛŘ ǾŀǊƛŀōƭŜǎΦ ¢ƘŜ ƎǊƻǳǇΩǎ ǊŜǎǳƭǘǎ ǊŜƛƴŦƻǊŎŜ ŀ 

disagreement over the value of the Hubble constant as measured directly and as calculated via 

observations of primordial radiation ς a disparity, say the researchers, which likely points to new 

physics. 

In his pioneering work of the 1920s Edwin Hubble observed that galaxies further away from 

Earth recede more quickly, as measured by their red-shifted radiation. This implied that the universe 

was expanding, and that expansion has since been described by the Hubble constant, which states 

how many kilometres per second faster galaxies move apart from one another for every 

megaparsec, or 3.25::million light-years, of distance between them. 

Measurements of the famous constant were imprecise until the launch of the HST, which allowed 

scientists to pin down a value of 72±8 in 2001. That result has since been improved upon by Adam 

Riess at the Space Telescope Science Institute in Baltimore, US, and colleagues, who from 2009 

ƘŀǾŜ ǊŜǇƻǊǘŜŘ ŀ ǎŜǊƛŜǎ ƻŦ ƛƳǇǊƻǾŜŘ ǾŀƭǳŜǎ ǘƘŀƴƪǎ ǘƻ Řŀǘŀ ŦǊƻƳ ǘƘŜ I{¢Ωǎ ²ƛŘŜ CƛŜƭŘ /ŀƳŜǊŀ о ς 

arriving at 73.2±1.8 in 2016. 

Shortly after the Big Bang 

The Hubble constant can also be deduced by calculating tƘŜ ǳƴƛǾŜǊǎŜΩǎ ǊŀǘŜ ƻŦ ŜȄǇŀnsion shortly 

after the Big Bang using data from the cosmic microwave background (CMB) and then 

extrapolating to the present assuming certain properties of dark matter and dark energy. This CMB-

ŘŜǊƛǾŜŘ ǾŀƭǳŜ ƛǎ ƛƴ ŎƭŜŀǊ ŘƛǎŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ I{¢ ǾŀƭǳŜΦ Lƴ нлмсΣ ǘƘŜ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΩǎ 

CMB-measuring Planck satellitereported a value of 66.9±0.6, implying that the cosmos ought 

to be expanding more slowly today than is observed. 

 

The mismatch has now been reinforced by new results from Riess and colleagues, who have looked 

at Cepheid variables. These stars pulsate at a rate fixed by their intrinsic brightness, which means 

their apparent brightness can be used to work out how far away they are. They can also be used to 

calibrate the (known) brightness of type 1a supernovae, given that both are visible in some nearby 

galaxies, with such supernovae in turn being used to establish the distance to further-flung galaxies. 

This process creates a billion-ǇŀǊǎŜŎ ƭƻƴƎ άŘƛǎǘŀƴŎŜ ƭŀŘŘŜǊέ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ IǳōōƭŜ ŎƻƴǎǘŀƴǘΦ 

Since astronomers must initially calibrate the Cepheids themselves, the first (and hardest) rung on 

the ladder involves independently measuring the distance to these objects. This is done using 

parallax, the apparent change in position of an object compared to the background stars as seen by a 

moving observer. The distance between object and observer is obtained via triangulation ς 

combining the όŀǇǇŀǊŜƴǘύ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ƻōƧŜŎǘΩǎ Ǉƻǎƛǘƛƻƴ ǿƛǘƘ ǘƘŀǘ ƻŦ ǘƘŜ ƻōǎŜǊǾŜǊΦ 
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More distant objects  
Previously, Riess and colleagues had measured the parallax of Cepheids lying just a few hundred 

light-years from Earth. They have now turned their attention to more distant objects ς eight 

Cepheids situated between 6000-12,000 light-years away (although still within the Milky Way). 

These are particularly well suited to the distance ladder since they pulsate at the lower rates 

characteristic of Cepheids found together with type 1a supernovae in other galaxies. 

wƛŜǎǎΩǎ ƎǊƻǳǇ ƳŜŀǎǳǊŜǎ ǇŀǊŀƭƭŀȄ ōȅ ƻōǎŜǊǾƛƴƎ ŜŀŎƘ /ŜǇƘŜƛŘ ǘǿƛŎŜ ŀ ȅŜŀǊΣ ǿƛǘƘ ǘƘŜ 9ŀǊǘƘ όŀƴŘ ǿƛǘƘ ƛǘ 

the HST) on opposite sides of its orbit around the Sun. But because this change in position is tiny 

compared to the distance separating the stars and Earth, the parallax is correspondingly minute ς 

amounting to just one hundredth the size of a single pixel on Wide Field Camera 3. 

To get around this problem, rather than taking a snapshot of each Cepheid the researchers instead 

scanned the camera across it as the HST moved in its orbit, so spreading the light over 4000 pixels. 

As Riess explains, doing so overcomes the fact that each pixel is like a well and fills up after receiving 

a certain nǳƳōŜǊ ƻŦ ǇƘƻǘƻƴǎΦ ά¸ƻǳ ƎŜǘ ƳƻǊŜ ǇƘƻǘƻƴǎ ŀƭǘƻƎŜǘƘŜǊ ōȅ ǎŎŀƴƴƛƴƎΣέ ƘŜ ǎŀȅǎΦ 

Ȱ#ÏÎÓÐÉÒÁÃÙ ÏÆ ÅÒÒÏÒÓȱ 
¦ǎƛƴƎ ǘƘƛǎ ŀǇǇǊƻŀŎƘΣ ǘƘŜ ƎǊƻǳǇ ŎŀƭŎǳƭŀǘŜ ŀ IǳōōƭŜ Ŏƻƴǎǘŀƴǘ ƻŦ тоΦр ҕмΦтΣ ǿƘƛŎƘ ƛǎ ŀ оΦтˋ 

disagreement with the Planck results. This means that there is a 1 in 5000 chance that the disparity is 

a statistical fluke. What is more, Riess points out, over the last couple of years independent probes 

have confirmed both the distance-ladder and CMB results ς gravitational lensing and baryon acoustic 

oscillations, respecǘƛǾŜƭȅΦ ά¢ƘŜǊŜ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ōŜ ŀ ǎŜǊƛŜǎ ƻŦ ǎȅǎǘŜƳŀǘƛŎ ŜǊǊƻǊǎ ƛƴ ǘŜŎƘƴƛǉǳŜǎ ǘƘŀǘ 

have nothing to Řƻ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΣέ ƘŜ ǎŀȅǎΦ ά!ƴŘ ƻƴŎŜ ȅƻǳ ǎǘŀǊǘ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ŀ ŎƻƴǎǇƛǊŀŎȅ ƻŦ 

ŜǊǊƻǊǎ ǘƘŀǘ ŘƻŜǎƴΩǘ ƭƻƻƪ ǾŜǊȅ ƭƛƪŜƭȅΦέ 

 

READ MORE 
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Dating the universe 

 

As to what new physics might be responsible for the disparity, Riess says that it could be caused by 

ƘȅǇƻǘƘŜǘƛŎŀƭ άǎǘŜǊƛƭŜ ƴŜǳǘǊƛƴƻǎέΣ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ŘŀǊƪ ƳŀǘǘŜǊΣ ƻǊ ŀ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ƻǾŜǊ ǘƛƳŜ ƻŦ ŘŀǊƪ 

ŜƴŜǊƎȅ όǿƘƛŎƘ ŀŎŎŜƭŜǊŀǘŜǎ ǘƘŜ ǳƴƛǾŜǊǎŜΩǎ ŜȄǇŀƴǎƛƻƴύΦ IŜ ŀŘŘǎ ǘƘŀǘ ǘƘŜ ǘŜŀƳ ǿƛƭƭ ǳǎŜ ǘƘŜ I{¢ to 

measure more Cepheids and ǘƘŀǘ Řŀǘŀ ŦǊƻƳ 9{!Ωǎ Gaia satellite, due to be released in April, 

should contain parallax information from around 200 such stars ς thus further reducing the Hubble 

ŎƻƴǎǘŀƴǘΩǎ ǳƴŎŜrtainty and potentially narrowing down the source of the disparity, he says. 

Chuck Bennett of Johns Hopkins University in the US, who led the team oƴ tƭŀƴŎƪΩǎ 

predecessor WMAP, iǎ ŎŀǳǘƛƻǳǎΦ IŜ ǎŀȅǎ ǘƘŀǘ ǘƘŜ ƴŜǿ ǊŜǎǳƭǘ άǇƭŀŎŜǎ ŜǾŜƴ ŦǳǊǘƘŜǊ ǎǘǊŜǎǎ ƻƴ ǎƻƳŜ 

ǇƻǘŜƴǘƛŀƭ ŎǊŀŎƪǎ ƛƴ ǘƘŜ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭ ƻŦ ŎƻǎƳƻƭƻƎȅέ ōǳǘ ŀǊƎǳŜǎ ǘƘŀǘ ƳƻǊŜ ǿƻǊƪ ƴŜŜŘǎ ǘƻ ōŜ ŘƻƴŜΦ 

https://physicsworld.com/a/dating-the-universe/
https://physicsworld.com/a/dating-the-universe/
https://physicsworld.com/a/a-billion-pixels-a-billion-stars/
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ά¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ƴƻƴŜ ƻŦ ǘƘŜ ŎƻƳƳƻƴƭȅ ŘƛǎŎǳǎǎŜŘ ǇƻǘŜƴǘial modifications to the standard model 

ǎŜŜƳ ǘƻ ǎƻƭǾŜ ǘƘŜ ǘŜƴǎƛƻƴǎ ǿƘƛƭŜ ŀƭǎƻ ōŜƛƴƎ ŎƻƳǇŜƭƭƛƴƎΦέ [25] 

 

 

A better way to model stellar explosions  
Neutron stars consist of the densest form of matter known: a neutron star the size of Los Angeles 

can weigh twice as much as our sun. Astrophysicists don't fully understand how matter behaves 

under these crushing densities, let alone what happens when two neutron stars smash into each 

other or when a massive star explodes, creating a neutron star. 

One tool scientists use to model these powerful phenomena is the "equation of state." Loosely, the 

equation of state describes how matter behaves under different densities and temperatures. The 

temperatures and densities that occur during these extreme events can vary greatly, and strange 

behaviors can emerge; for example, protons and neutrons can arrange themselves into complex 

shapes known as nuclear "pasta." 

But, until now, there were only about 20 equations of state readily available for simulations of 

astrophysical phenomena. Caltech postdoctoral scholar in theoretical astrophysics Andre da Silva 

Schneider decided to tackle this problem using computer codes. Over the past three years, he has 

been developing open-source software that allows astrophysicists to generate their own equations 

of state. In a new paper in the journal Physical Review C, he and his colleagues describe the code and 

demonstrate how it works by simulating supernovas of stars 15 and 40 times the mass of the sun. 

The research has immediate applications for researchers studying neutron stars, including those 

analyzing data from the National Science Foundation's Laser Interferometer Gravitational-wave 

Observatory, or LIGO, which made the first detection of ripples in space and time, known as 

gravitational waves, from a neutron star collision, in 2017. That event was also witnessed by a cadre 

of telescopes around the world, which captured light waves from the same event. 

"The equations of state help astrophysicists study the outcome of neutron star mergersτthey 

indicate whether a neutron star is 'soft' or 'stiff,' which in turn determines whether a more massive 

neutron star or a black hole forms out of the collision," says da Silva Schneider. "The more 

observations we have from LIGO and other light-based telescopes, the more we can refine the 

equation of stateτand update our software so that astrophysicists can generate new and more 

realistic equations for future studies." 

More detailed information can be found in the Physical Review C study, titled "Open-source nuclear 

equation of state framework based on the liquid-drop model with Skyrme interaction." [24] 
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How we discovered the strange physics of jets from supermassive black 

holes  
Supermassive black holes, which lurk at the heart of most galaxies, are often described as "beasts" or 

"monsters". But despite this, they are pretty much invisible. To show that they are there at all, 

astronomers typically have to measure the speed of the clouds of gas orbiting those regions. 

But these objects can sometimes make their presence felt through the creation of powerful jets, 

which carry so much energy that they are able to outshine all the light emitted by the stars of the 

host galaxy. We know that these "relativistic jets" are two streams of plasma (matter made up of 

electrically charged particles despite having no overall charge), travelling in opposite directions at 

velocities very close to the speed of light. 

The physics governing these cosmic fountains, however, has long been a bit of a mystery. Now our 

new paper, published in Nature Astronomy, has shed some light on the causes of their 

extraordinary appearance. 

What makes relativistic jets exceptional is their impressive stability: they emerge from a region as big 

as the event horizon (the point of no return) of the supermassive black hole and propagate far 

enough to break out from their host galaxy while maintaining their shape for a long time. This 

corresponds to a length that is a billion times their initial radius ς to put this in perspective, imagine 

a water fountain coming out of a 1cm wide hose pipe and remaining undisrupted for 10,000km. 

Once the jets propagate at great distances from their origin, though, they lose their coherence and 

develop extended structures which often resemble plumes or lobes. This indicates that the jets 

undergo some sort of instability, strong enough to completely change their appearance. 

A jet dichotomy 

The first astrophysical jet was discovered in 1918 by the American astronomer Heber Curtis, who 

ƴƻǘƛŎŜŘ Ϧŀ ŎǳǊƛƻǳǎ ǎǘǊŀƛƎƘǘ Ǌŀȅ Χ ŀǇǇŀǊŜƴǘƭȅ ŎƻƴƴŜcted with the nucleus by a thin line of matter" 

in giant elliptical galaxy M87. 
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!ǊǘƛǎǘΩǎ ŎƻƴŎŜǇǘ ǎƘƻǿǎ ŀ ƎŀƭŀȄȅ ǿƛǘƘ ŀ ǎǳǇŜǊƳŀǎǎƛǾŜ ōƭŀŎƪ ƘƻƭŜ ŀǘ ƛǘǎ ŎƻǊŜΦ /ǊŜŘƛǘΥ b!{! 

In the 1970s, two astronomers at the University of Cambridge, Bernie Fanaroff and Julia Riley, 

studied a large ensemble of jets. They found that they could be split into two classes: those 

containing jets whose brightness decreases with distance from their origin, and those that become 

brighter at their edges. Overall, the latter type is about 100 times more luminous than the former. 

They both have slightly different shape at the end ς the first is like a flaring plume and the second 

resembles a thin turbulent stream. Exactly why there are two different kinds of jets is still an area of 

active research. 

As jet material gets accelerated by the black hole, it reaches velocities up to 99.9% of the speed of 

light. When an object moves so fast, time dilates ς in other words, the flow of time at the jet, 

measured by an external observer slows down as predicted by Einstein's special relativity. Because of 

this, it takes longer for the different parts of the jet to communicate with each other ς as in 

interacting or influencing each other ς while travelling away from their source. This, effectively, 

protects the jet from being disrupted. 

However, this loss of communication does not last forever. When the jet is ejected from the black 

hole, it expands sideways. This expansion makes the pressure inside the jet drop, while the pressure 

of the gas surrounding the jet does not decrease as much. Eventually, the external gas pressure 

https://www.mrao.cam.ac.uk/bernie-fanaroff-honoured/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2018/2-howwediscove.jpg


overtakes the pressure inside the jet and makes the flow contract by squeezing it. At this point, the 

parts of the jet come so close that they can communicate again. If some parts of the jet have 

become unstable in the meantime, they can now exchange this information and instabilities can 

spread to affect the entire beam. 

The process of expansion and contraction of the jets has another important consequence: the flow is 

no longer along straight lines but on curved paths. Curved flows are likely to suffer from "centrifugal 

instability" which means they start creating whirlpool-like structures called vortices. This was not 

considered to be critical for astrophysical jets until recently. 

Indeed, our detailed computer simulations show that relativistic jets become unstable because of 

the centrifugal instability, which initially only affects their interface with the galactic gas. Once they 

have contracted due to external pressure though, this instability spreads throughout the entire jet. 

The instability is so catastrophic that the jet does not survive beyond this point and gives place to a 

turbulent plume. 

Putting this result in perspective we get a better insight of the impressive stability of astrophysical 

jets. It can also help explain the enigmatic two classes of jets discovered by Fanaroff and Riley ς it all 

depends on how far from its galaxy a jet becomes unstable. We made computer simulations of what 

these jets would look like based on our new understanding of the physics of these cosmic beams, 

and they very much resemble the two classes we see in astronomical observations. 

There's a lot more to learn about the gigantic, wild beasts residing at the centre of galaxies. But little 

by little, we are unravelling their mystery and showing that they are indeed perfectly law-abiding 

and predictable. [23] 

 

 

 

The structure of an active galactic nucleus  
The nuclei of most galaxies host supermassive black holes containing millions to billions of solar-

masses of material. The immediate environments of these black holes typically include a tori of dust 

and gas and, as material falls toward the black hole, the gas radiates copiously at all wavelengths. 

Although the models for these active galactic nuclei (AGN) work reasonably well, it is difficult to 

obtain direct evidence of the inner structures of AGN because they are so far away and their 

dimensions are thought to be only tens to hundreds of light-years. 

CfA astronomer David Wilner and his colleagues used the ALMA millimeter telescope facility to study 

the nearest AGN, Arp 220, which is thought to be particularly active after having recently undergone 

a merger with another galaxy. The two merging nuclei are about 1200 light-years apart, and each 

has a rotating disk of molecular gas a few hundred light-years in scale. Vigorous star formation is 

evident in the region as well as at least one molecular outflow inferred from the large velocities 

seen. But there are numerous unresolved structural issues about these inner regions, including how 

gas flows to, from, and between the two mergering nuclei and precisely which subregions are 

responsible for the dominant luminosity sources. The astronomers used these high-resolution 

http://www.physics.mun.ca/~yakov/couette.html
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https://phys.org/tags/astrophysical+jets/
https://phys.org/tags/nuclei/


millimeter observations to tackle these questions because thick dust, which blocks much of the view 

at shorter wavelengths, is relatively transparent in these bands. 

The scientists are able to resolve the continuum emission structure of the two individual nuclei into 

its dust and hot gas components. They report that each nucleus has two concentric components, the 

larger ones probably associated with starburst disks somehow activated by the black holes; the 

smaller ones, roughly 60 light-years in size, contribute as much as 50% of the submillimeter 

luminosity, nearly double the previous estimates. In fact one of the cores alone has a luminosity of 

about three trillion suns, larger than the entire emission of other AGN, not to mention the relatively 

small volume that is producing it. The cores in Arp220 also seems to have a third, extended linear 

feature that could represent the outflow seen before only in the spectroscopic (velocity) data. [22] 

 

 

 

Study shows first evidence of winds outside black holes throughout their 

mealtimes  
New research shows the first evidence of strong winds around black holes throughout bright 

outburst events when a black hole rapidly consumes mass. 

The study, published in Nature, sheds new light on how mass transfers to black holes and how black 

holes can affect the environment around them. The research was conducted by an international 

team of researchers, led by scientists in the University of Alberta's Department of Physics. 

Using data from three international space agencies spanning 20 years, the scientists used new 

statistical techniques to study outbursts from stellar-mass black hole X-ray binary systems. Their 

results show evidence of consistent and strong winds surrounding black holes throughout outbursts. 

Until now, strong winds had only been seen in limited parts of these events. 

"Winds must blow away a large fraction of the matter a black hole could eat,'' described Bailey 

Tetarenko, PhD student and lead author on the study. "In one of our models, the winds removed 80 

per cent of the black hole's potential meal." 

Depending on their size, stellar-mass black holes have the capacity to consume everything within a 3 

to 150 kilometre radius. "Not even light can escape from this close to a black hole," explained 

Gregory Sivakoff, associate professor of physics and co-author. Other, much larger black holes, called 

supermassive black holes, appear to have affected the formation of entire galaxies. "But even 

supermassive black holes are smaller than our solar system. While they are small, black holes can 

have surprisingly large effects," explained Sivakoff. 

So, what exactly causes these winds in space? For now, it remains a mystery. "We think magnetic 

fields play a key role. But we'll need to do a great deal of future investigation to understand these 

winds," explained Craig Heinke, associate professor of physics and co-author. 

"Strong disk winds traced throughout outbursts in black-hole X-ray binaries" will be published online 

January 22 in Nature. [21] 
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New research challenges existing models of black holes  
Chris Packham, associate professor of physics and astronomy at The University of Texas at San 

Antonio (UTSA), has collaborated on a new study that expands the scientific community's 

understanding of black holes in our galaxy and the magnetic fields that surround them. 

"Dr. Packham's collaborative work on this study is a great example of the innovative research 

happening now in physics at UTSA. I'm excited to see what new research will result from these 

findings," said George Perry, dean of the UTSA College of Sciences and Semmes Foundation 

Distinguished University Chair in Neurobiology. 

Packham and astronomers lead from the University of Florida observed the magnetic field of a black 

hole within our own galaxy from multiple wavelengths for the first time. The results, which were a 

collective effort among several researchers, are deeply enlightening about some of the most 

mysterious objects in space. 

A black hole is a place in space where gravity pulls so strongly that even light cannot escape its grasp. 

Black holes usually form when a massive star explodes and the remnant core collapses under the 

force of intense gravity. As an example, if a star around 3 times more massive than our own Sun 

became a black hole, it would be roughly the size of San Antonio. The black hole Packham and his 

collaborators featured in their study, which was recently published in Science, contains about 10 

times the mass of our own sun and is known as V404 Cygni. 

"The Earth, like many planets and stars, has a magnetic field that sprouts out of the North Pole, 

circles the planet and goes back into the South Pole. It exists because the Earth has a hot, liquid iron 

rich core," said Packham. "That flow creates electric currents that create a magnetic field. A black 

hole has a magnetic field as it was created from the remnant of a star after the explosion." 

As matter is broken down around a black hole, jets of electrons are launched by the magnetic field 

from either pole of the black hole at almost the speed of light. Astronomers have long been 

flummoxed by these jets. 

These new and unique observations of the jets and estimates of magnetic field of V404 Cygni 

involved studying the body at several different wavelengths. These tests allowed the group to gain a 

much clearer understanding of the strength of its magnetic field. They discovered that magnetic 

fields are much weaker than previously understood, a puzzling finding that calls into question 

previous models of black hole components. The research shows a deep need for continued studies 

on some of the most mysterious entities in space. 

"We need to understand black holes in general," Packham said. "If we go back to the very earliest 

point in our universe, just after the big bang, there seems to have always been a strong correlation 

between black holes and galaxies. It seems that the birth and evolution of black holes and galaxies, 

our cosmic island, are intimately linked. Our results are surprising and one that we're still trying to 

puzzle out." [20] 
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Black holes' magnetism s urprisingly wimpy  
Black holes are famous for their muscle: an intense gravitational pull known to gobble up entire 

stars and launch streams of matter into space at almost the speed of light.  

It turns out the reality may not live up to the hype.  

In a paper published today in the journal Science, University of Florida scientists have discovered 

these tears in the fabric of the universe have significantly weaker magnetic fields than previously 

thought.  

A 40-mile-wide black hole 8,000 light years from Earth named V404 Cygni yielded the first precise 

measurements of the magnetic field that surrounds the deepest wells of gravity in the universe. 

Study authors found the magnetic energy around the black hole is about 400 times lower than 

previous crude estimates.  

The measurements bring scientists closer to understanding how black holes' magnetism works, 

deepening our knowledge of how matter behaves under the most extreme conditionsτknowledge 

that could broaden the limits of nuclear fusion power and GPS systems.  

The measurements also will help scientists solve the half-century-old mystery of how "jets" of 

particles traveling at nearly the speed of light shoot out of black holes' magnetic fields, while 

everything else is sucked into their abysses, said study co-author Stephen Eikenberry, a professor 

of astronomy in UF's College of Liberal Arts and Sciences.  

"The question is, how do you do that?" Eikenberry said. "Our surprisingly low measurements will 

force new constraints on theoretical models that previously focused on strong magnetic fields 

accelerating and directing the jet flows. We weren't expecting this, so it changes much of what 

we thought we knew."  

Study authors developed the measurements from data collected in 2015 during a black hole's rare 

outburst of jets. The event was observed through the lens mirror of the 34-foot Gran Telescopio 

Canarias, the world's largest telescope, co-owned by UF and located in Spain's Canary Islands, with 

the help of its UF-built infrared camera named CIRCE (Canarias InfraRed Camera Experiment).  

Smaller jet-producing black holes, like the one observed for the study, are the rock stars of 

galaxies. Their outbursts occur suddenly and are short-lived, said study lead author Yigit Dalilar and 

co-author Alan Garner, doctoral students in UF's astronomy department. The 2015 outbursts of 

V404 Cygni lasted only a couple of weeks. The previous time the same black hole had a similar 

episode was in 1989.  

"To observe it was something that happens once or twice in one's career," Dalilar said. "This 

discovery puts us one step closer to understanding how the universe works." [19]  
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New theory suggests heavy elements created when primordial black 

holes eat neut ron stars from within   
A team of researchers at the University of California has come up with a new theory to explain how 

heavy elements such as metals came to exist. The group explains their theory in a paper published 

in the journal Physical Review Lettersτit involves the idea of primordial black holes (PBHs) 

infesting the centers of neutron stars and eating them from the inside out.   

Space scientists are confident that they have found explanations for the origins of light and 

medium elements, but are still puzzling over how the heavier elements came to exist. Current 

theories suggest they most likely emerged during what researchers call an r-processτas in rapid. 

As part of the process, large numbers of neutrons would come under high densities, resulting in 

capture by atomic nucleiτclearly, an extreme environment. The most likely candidate for creating 

such an environment is a supernova, but there seem to be too few of them to account for the 

amounts of heavy elements that exist. In this new effort, the researchers offer a new idea. They 

believe it is possible that PBHs occasionally collide with neutron stars, and when that happens, the 

PBH becomes stuck in the center of the star. Once there, it begins pulling in material from the star's 

center.   

PBHs are still just theory, of course. They are believed to have developed shortly after the Big Bang. 

They are also believed to roam through the galaxies and might be tied to dark matter. In this new 

theory, if a PBH happened to bump into a neutron star, it would take up residence in its center and 

commence pulling in neutrons and other material. That would cause the star to spin rapidly, which 

in turn would fling material from its outermost layer into space. The hurled material, the 

researchers suggest, would be subjected to an environment that would meet the requirements for 

an r-process, leading to the creation of heavy metals.   

The theory assumes a certain number of such collisions could and did occur, and also that at least 

some small amount of dark matter is made up of black holes, as well. But it also offers a means for 

gathering real-world evidence that it is correctτby analyzing mysterious bursts of radio waves that 

could be neutron stars imploding after internal consumption by a PBH. [18]   

Spinning Black  Holes Could Create Clouds of Mass   
bƻǘƘƛƴƎΣ ƴƻǘ ŜǾŜƴ ƭƛƎƘǘΣ Ŏŀƴ ŎƻƳŜ ƻǳǘ ƻŦ ŀ ōƭŀŎƪ ƘƻƭŜΦ !ǘ ƭŜŀǎǘΣ ǘƘŀǘΩǎ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ǿƛǎŘƻƳΣ ŀƴŘ 

ƛǘΩǎ ŎŜǊǘŀƛƴƭȅ ǘǊǳŜ ǘƘŀǘτonce the event horizon is crossedτǘƘŜǊŜΩǎ ƴƻ ƎƻƛƴƎ ōŀŎƪΦ .ǳǘ ŦƻǊ ǊƻǘŀǘƛƴƎ 

ōƭŀŎƪ ƘƻƭŜǎΣ ǘƘŜǊŜΩs a region outside the event horizon where strange and extraordinary things can 

happen, and these extraordinary possibilities are the focus of a new paper in the American Physical 

Society journal Physical Review Letters.   

The study reports simulations of a phenomenon called superradiance, where waves and particles 

passing in the vicinity of a spinning black hole can extract some of its rotational energy. The 

authors propose that hypothetical ultralight particles, with masses far lower than that of a 

neutrino, could get caught in orbit around such a black hole, sapping away some of its angular 

momentum and being accelerated in the process. Because energy, like the black hole's rotational 



energy, can give rise to matter, this phenomenonτtermed a superradiant instabilityτconverts the 

ōƭŀŎƪ ƘƻƭŜΩǎ ŀƴƎǳƭŀǊ ƳƻƳŜƴǘǳƳ ƛƴǘƻ ŀ ƳŀǎǎƛǾŜ ŎƭƻǳŘ ƻŦ ǘƘŜǎŜ ǳƭǘǊŀ-light particles.   

The reason these particles would have to be so much lighter than anything we've ever seen has to 

do with a quantity called the Compton wavelength. While electrons, protons, neutrinos, and other 

bits of matter usually behave like particles, they have wavelike properties as wellτand just like 

with photons, the energy of the particles is related to their wavelength. The longer an 

electromagnetic wave is, the less energy it carries, and it's the same for massive particles; for 

instance, protons have a shorter Compton wavelength than electrons, because protons have more 

mass-energy.   

For a particle to get caught in this special type of resonant, self-amplifying orbit around a spinning 

black hole, it has to have a Compton wavelength roughly equal to the size of the event horizon. 

Even the smallest black holes are at least 15 miles across, which means that each particle would 

have to carry an extremely small amount of mass-energy; for comparison, the Compton 

wavelength of an electron at rest is something like two trillionths of a meter.   

Each individual particle would have an extǊŜƳŜƭȅ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ŜƴŜǊƎȅΣ ōǳǘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎΩ 

simulations showed that, for particles with the right mass around a black hole spinning with close 

ǘƻ ƛǘǎ ƳŀȄƛƳǳƳ ŀƴƎǳƭŀǊ ƳƻƳŜƴǘǳƳΣ ŀƭƳƻǎǘ мл҈ ƻŦ ǘƘŜ ōƭŀŎƪ ƘƻƭŜΩǎ ƛƴƛǘƛŀƭ ŜŦŦŜŎǘƛǾŜ Ƴŀǎǎ ŎƻǳƭŘ ōŜ 

extracted into the surrounding cloud. The process only stops when the black hole has spun down to 

the point where its rotation matches the rate at which the particles orbit it.   

Although it's unclear how such a massive and energetic cloud of ultralight particles would interact 

with ordinary matter, the study's authors predict that we may be able to detect them via their 

gravitational wave signature. If a black hole that plays host to one of these clouds is involved in a 

collision that's detected by LIGO or some future gravitational wave detector, the cloud's presence 

might be visible in the gravitational wave signal produced by the merger.   

Another possibility would be the direct detection of gravitational waves from this oscillating cloud 

of particles as they orbit the black hole. Gravitational waves are only produced by asymmetrical 

arrangements of mass in motion, so a spherical mass rotating wouldn't produce a strong signal. 

Neither does a geometric arrangement like the rings of Saturn. But the moon orbiting the earth, for 

example, does. (Richard Feynman's "Sticky Bead" thought experiment is a great tool for developing 

an intuition on this.) According to the new article, some scenarios could produce a highly coherent 

cloud of these particlesτmeaning they would orbit the black hole in phase, oscillating as a large 

clump that should release a noticeable gravitational wave signal (especially given that these clouds 

could theoretically contain up to ~10% of a black hole's initial effective mass).   

The paper may have implications for our study of the supermassive black holes that lie at the 

center of nearly every galaxy, and might serve to draw a link between them and the swaths of dark 

matter that seem to envelop us. Although such ultralight particles are purely hypothetical for the 

moment, they could share many of the properties of dark matter, which means that looking for 

evidence of clouds like this is one possible way to test for the existence of certain dark matter 

candidates.   

In fact, this finding combined with the observation of fast-spinning black holes has already helped 

rule out certain possibilities. Astronomers have observed black holes rotating at speeds close to 



their maximum angular velocity, which means they're clearly not susceptible to this kind of 

instability, or else they'd have spun out their energy into a massive cloud and slowed down. This 

means that, if we see a black hole spinning as fast as possible, ultralight particles with a Compton 

wavelength similar to that black hole's size must not exist.   

²ƘƛƭŜ ǘƘŜ ŎƭƻǳŘ ǎŜŜƳŜŘ ǘƻ ǊŜƳŀƛƴ ǎǘŀōƭŜ ƻǾŜǊ ǘƛƳŜ ƛƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎΩ ǎƛƳǳƭations, other 

possibilities existτone of which is a bosenovaτa fusion of the words boson and supernova (as 

well as a pun on the musical style of bossa nova). In a bosenova scenario, the massive cloud would 

be violently ejected from the vicinity of the black hole all at once after reaching a certain critical 

point. [17]   

Mapping super massive black holes in the distant universe   
Astronomers have constructed the first map of the universe based on the positions of 

supermassive black holes, which reveals the large-scale structure of the universe.   

The map precisely measures the expansion history of the universe back to when the universe was 

less than three billion years old. It will help improve our understanding of 'Dark Energy', the 

unknown process that is causing the universe's expansion to speed up.   

The map was created by scientists from the Sloan Digital Sky Survey (SDSS), an international 

collaboration including astronomers from the University of Portsmouth.   

As part of the SDSS Extended Baryon Oscillation Spectroscopic Survey (eBOSS), scientists measured 

the positions of quasars - extremely bright discs of matter swirling around supermassive black 

holes at the centres of distant galaxies. The light reaching us from these objects left at a time when 

the universe was between three and seven billion years old, long before the Earth even existed.   

The map findings confirm the standard model of cosmology that researchers have built over the 

last 20 years. In this model, the universe follows the predictions of Einstein's General Theory of 

Relativity but includes components that, while we can measure their effects, we do not understand 

what is causing them.   

Along with the ordinary matter that makes up stars and galaxies, Dark Energy is the dominant 

component at the present time, and it has special properties that mean that it causes the 

expansion of the universe to speed up.   

Will Percival, Professor of Cosmology at the University of Portsmouth, who is the eBOSS survey 

scientist said: "Even though we understand how gravity works, we still do not understand 

everything - there is still the question of what exactly Dark Energy is. We would like to understand 

Dark Energy further. Not with alternative facts, but with the scientific truth, and surveys such as 

eBOSS are helping us to build up our understanding of the universe."   

To make the map, scientists used the Sloan telescope to observe more than 147,000 quasars. These 

observations gave the team the quasars' distances, which they used to create a three-dimensional 

map of where the quasars are.   



But to use the map to understand the expansion history of the universe, astronomers had to go a 

step further and measure the imprint of sound waves, known as baryon acoustic oscillations 

(BAOs), travelling in the early universe. These sound waves travelled when the universe was much 

hotter and denser than the universe we see today. When the universe was 380,000 years old, 

conditions changed suddenly and the sound waves became 'frozen' in place. These frozen waves 

are left imprinted in the three-dimensional structure of the universe we see today.   

Using the new map, the observed size of the BAO can be used as a 'standard ruler' to measure 

distances in our universe. "You have metres for small units of length, kilometres or miles for 

distances between cities, and we have the BAO for distances between galaxies and quasars in 

cosmology," explained Pauline Zarrouk, a PhD student at the Irfu/CEA, University Paris-Saclay, who 

measured the distribution of the observed size of the BAO.   

The current results cover a range of times where they have never been observed before, measuring 

the conditions when the universe was only three to seven billion years old, more than two billion 

years before the Earth formed.   

The eBOSS experiment continues using the Sloan Telescope, at Apache Point Observatory in New 

Mexico, USA, observing more quasars and nearer galaxies, increasing the size of the map produced.   

After it is complete, a new generation of sky surveys will begin, including the Dark Energy 

Spectroscopic Instrument (DESI) and the European Space Agency Euclid satellite mission. These will 

increase the fidelity of the maps by a factor of ten compared with eBOSS, revealing the universe 

and Dark Energy in unprecedented detail. [16]   

Astr onomers hoping to directly capture image of a black hole   
Astronomers want to record an image of the heart of our galaxy for the first time: a global 

collaboration of radio dishes is to take a detailed look at the black hole which is assumed to be 

located there. This Event Horizon Telescope links observatories all over the world to form a huge 

telescope, from Europe via Chile and Hawaii right down to the South Pole. IRAM's 30-metre 

telescope, an installation co-financed by the Max Planck Society, is the only station in Europe to be 

participating in the observation campaign. The Max Planck Institute for Radio Astronomy is also 

involved with the measurements, which are to run from 4 to 14 April initially.   

At the end of the 18th century, the naturalists John Mitchell and Pierre Simon de Laplace were 

already speculating about "dark stars" whose gravity is so strong that light cannot escape from 

them. The ideas of the two researchers still lay within the bounds of Newtonian gravitational 

theory and the corpuscular theory of light. At the beginning of the 20th century, Albert Einstein 

revolutionized our understanding of gravitation - and thus of matter, space and time - with his 

General Theory of Relativity. And Einstein also described the concept of black holes.   

These objects have such a large, extremely compacted mass that even light cannot escape from 

them. They therefore remain black ς and it is impossible to observe them directly. Researchers 

have nevertheless proven the existence of these gravitational traps indirectly: by measuring 

gravitational waves from colliding black holes or by detecting the strong gravitational force they 

exert on their cosmic neighbourhood, for example. This force is the reason why stars moving at 



great speed orbit an invisible gravitational centre, as happens at the heart of our galaxy, for 

example.   

It is also possible to observe a black hole directly, however. Scientists call the boundary around this 

exotic object, beyond which light and matter are inescapably sucked in, the event horizon. At the 

very moment when the matter passes this boundary, the theory states it emits intense radiation, a 

kind of "death cry" and thus a last record of its existence. This radiation can be registered as radio 

waves in the millimetre range, among others. Consequently, it should be possible to image the 

event horizon of a black hole.   

The Event Horizon Telescope (EHT) is aiming to do precisely this. One main goal of the project is the 

black hole at the centre of our Milky Way, which is around 26,000 light years away from Earth and 

has a mass roughly equivalent to 4.5 million solar masses. Since it is so far away, the object appears 

at an extremely small angle.   

One solution to this problem is offered by interferometry. The principle behind this technique is as 

follows: instead of using one huge telescope, several observatories are combined together as if 

they were small components of a single gigantic antenna. In this way scientists can simulate a 

telescope which corresponds to the circumference of our Earth. They want to do this because the 

larger the telescope, the finer the details which can be observed; the so-called angular resolution 

increases.   

The EHT project exploits this observational technique and in April it is to carry out observations at a 

frequency of 230 gigahertz, corresponding to a wavelength of 1.3 millimetres, in interferometry 

mode. The maximum angular resolution of this global radio telescope is around 26 

microarcseconds. This corresponds to the size of a golf ball on the Moon or the breadth of a human 

hair as seen from a distance of 500 kilometres!   

These measurements at the limit of what is observable are only possible under optimum 

conditions, i.e. at dry, high altitudes. These are offered by the IRAM observatory, partially financed 

by the Max Planck Society, with its 30-metre antenna on Pico Veleta, a 2800-metre-high peak in 

Spain's Sierra   

Nevada. Its sensitivity is surpassed only by the Atacama Large Millimeter Array (ALMA), which 

consists of 64 individual telescopes and looks into space from the Chajnantor plateau at an altitude 

of 5000 metres in the Chilean Andes. The plateau is also home to the antenna known as APEX, 

which is similarly part of the EHT project and is managed by the Max Planck Institute for Radio 

Astronomy.   

The Max Planck Institute in Bonn is furthermore involved with the data processing for the Event   

Horizon Telescope. The researchers use two supercomputers (correlators) for this; one is located in 

Bonn, the other at the Haystack Observatory in Massachusetts in the USA. The intention is for the 

computers to not only evaluate data from the galactic black hole. During the observation campaign 

from 4 to 14 April, the astronomers want to take a close look at at least five further objects: the M 

87, Centaurus A and NGC 1052 galaxies as well as the quasars known as OJ 287 and 3C279.   

From 2018 onwards, a further observatory will join the EHT project: NOEMA, the second IRAM 

observatory on the Plateau de Bure in the French Alps. With its ten high-sensitivity antennas,   

NOEMA will be the most powerful telescope of the collaboration in the northern hemisphere. [15]   



Scientists readying to create first image of a black hole   
A team of researchers from around the world is getting ready to create what might be the first 

image of a black hole. The project is the result of collaboration between teams manning radio 

receivers around the world and a team at MIT that will assemble the data from the other teams 

and hopefully create an image.   

The project has been ongoing for approximately 20 years as project members have sought to piece 

together what has now become known as the Event Horizon Telescope (EHT). Each of the 12 

participating radio receiving teams will use equipment that has been installed for the project to 

record data received at a wavelength of 230GHz during April 5 through the 14th. The data will be 

recorded onto hard drives which will all be sent to MIT Haystack Observatory in Massachusetts, 

where a team will stitch the data together using a technique called very long baseline array 

interferometryτin effect, creating the illusion of a single radio telescope as large as the Earth. The 

black hole they will all focus on is the one believed to be at the center of the Milky Way galaxyτ 

Sagittarius A*.   

A black hole cannot be photographed, of course, light cannot reflect or escape from it, thus, there 

would be none to capture. What the team is hoping to capture is the light that surrounds the black 

hole at its event horizon, just before it disappears.   

Sagittarius A* is approximately 26,000 light-years from Earth and is believed to have a mass 

approximately four million times greater than the sunτit is also believed that its event horizon is 

approximately 12.4 million miles across. Despite its huge size, it would still be smaller than a pin 

prick against our night sky, hence the need for the array of radio telescopes.   

The researchers believe the image that will be created will be based on a ring around a black blob, 

but because of the Doppler effect, it should look to us like a crescent. Processing at Haystack is 

expected to take many months, which means we should not expect to see an image released to the 

press until sometime in 2018. [17]   

"Unsolved Link" --Between Dark Matter and Supermassive Black Holes   
The research, released in February of 2015, was designed to address a controversy in the field. 

Previous observations had found a relationship between the mass of the central black hole and the 

total mass of stars in elliptical galaxies. However, more recent studies have suggested a tight 

correlation between the masses of the black hole and the galaxy's dark matter halo. It wasn't clear 

which relationship dominated.   

In our universe, dark matter outweighs normal matter - the everyday stuff we see all around us - by 

a factor of 6 to 1. We know dark matter exists only from its gravitational effects. It holds together 

galaxies and galaxy clusters. Every galaxy is surrounded by a halo of dark matter that weighs as 

much as a trillion suns and extends for hundreds of thousands of light-years.   

To investigate the link between dark matter halos and supermassive black holes, Bogdan and his 

colleague Andy Goulding (Princeton University) studied more than 3,000 elliptical galaxies. They 

used star motions as a tracer to weigh the galaxies' central black holes. X-ray measurements of hot 

gas surrounding the galaxies helped weigh the dark matter halo, because the more dark matter a 

galaxy has, the more hot gas it can hold onto.   



They found a distinct relationship between the mass of the dark matter halo and the black hole 

mass - a relationship stronger than that between a black hole and the galaxy's stars alone.   

This connection is likely to be related to how elliptical galaxies grow. An elliptical galaxy is formed 

when smaller galaxies merge, their stars and dark matter mingling and mixing together. Because 

the dark matter outweighs everything else, it molds the newly formed elliptical galaxy and guides 

the growth of the central black hole.   

"In effect, the act of merging creates a gravitational blueprint that the galaxy, the stars and the 

black hole will follow in order to build themselves," explains Bogdan. The research relied on data 

from the Sloan Digital Sky Survey and the ROSAT X-ray satellite's all-sky survey.   

The ƛƳŀƎŜ ŀǘ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ǇŀƎŜ ƛǎ ŀ ŎƻƳǇƻǎƛǘŜ ƛƳŀƎŜ ƻŦ Řŀǘŀ ŦǊƻƳ b!{!Ωǎ /ƘŀƴŘǊŀ ·-ray   

Observatory (shown in purple) and Hubble Space Telescope (blue) of the giant elliptical galaxy, NGC 

4649, located about 51 million light years from Earth. Although NGC 4649 contains one of the 

biggest black holes in the local Universe, there are no overt signs of its presence because the black 

hole is in a dormant state. The lack of a bright central point in either the X-ray or optical images 

shows that the supermassive black hole does not appear to be rapidly pulling in material towards 

its event horizon, nor generating copious amounts of light as it grows. Also, the very smooth 

appearance of the Chandra image shows that the hot gas producing the X-rays has not been 

disturbed recently by outbursts from a growing black hole.   

So, the presence and mass of the black hole in NGC 4649, and other galaxies like it, has to be 

studied more indirectly by tracking its effects on stars and gas surrounding it. By applying a clever 

technique for the first time, scientists used Chandra data to measure a mass for the black hole of 

about 3.4 billion times that of the Sun. The new technique takes advantage of the gravitational 

influence the black hole has on the hot gas near the center of the galaxy. As gas slowly settles 

towards the black hole, it gets compressed and heated. This causes a peak in the temperature of 

the gas right near the center of the galaxy. The more massive the black hole, the bigger the 

temperature peak detected by Chandra. [13]   

   

$ÁÒË -ÁÔÔÅÒ "ÌÁÃË (ÏÌÅÓ #ÏÕÌÄ "Å $ÅÓÔÒÏÙÉÎÇ 3ÔÁÒÓ ÁÔ ÔÈÅ -ÉÌËÙ 7ÁÙȭÓ 

Center   
If dark matter comes in both matter and antimatter varieties, it might accumulate inside dense 

stars to create black holes Dark matter may have turned spinning stars into black holes near the 

center of our galaxy, researchers say. There, scientists expected to see plenty of the dense, rotating 

stars called pulsars, which are fairly common throughout the Milky Way. Despite numerous 

searches, however, only one has been found, giving rise to the so-ŎŀƭƭŜŘ άƳƛǎǎƛƴƎ ǇǳƭǎŀǊ ǇǊƻōƭŜƳΦέ 

A possible explanation, according to a new study, is that dark matter has built up inside these stars, 

causing the pulsars to collapse into black holes. (These black holes would be smaller than the 

supermassive black hole that is thought to lurk at the very heart of the galaxy.)   

The universe appears to be teeming with invisible dark matter, which can neither be seen nor 

touched, but nonetheless exerts a gravitational pull on regular matter.    



Scientists have several ideas for what dark matter might be made of, but none have been proved. A 

leading option suggests that dark matter is composed of particles called weakly interacting massive 

particles (WIMPs), which are traditionally thought to be both matter and antimatter in one. The 

nature of antimatter is important for the story. When matter and antimatter meet they destroy 

one another in powerful explosionsτso when two regular WIMPs collide, they would annihilate 

one another.   

But it is also possible that dark matter comes in two varietiesτmatter and antimatter versions, just 

like regular matter. If this ideaτcalled asymmetric dark matterτis true, then two dark matter 

particles would not destroy one another nor would two dark antimatter particles, but if one of 

each type met, the two would explode. In this scenario both types of dark matter should have been 

created in abundance during the big bang (just as both regular matter and regular antimatter are 

thought to have been created) but most of these particles would have destroyed one another, and 

those that that remain now would be just the small excess of one type that managed to avoid 

being annihilated.   

If dark matter is asymmetric, it would behave differently from the vanilla version of WIMPs. For 

example, the dense centers of stars should gravitationally attract nearby dark matter. If dark 

matter is made of regular WIMPS, when two WIMPs meet at the center of a star they would 

destroy one another, because they are their own antimatter counterparts. But in the asymmetric 

dark matter picture, all the existing dark matter left today is made of just one of its two typesτ 

either matter or antimatter. If two of these like particles met, they would not annihilate, so dark 

matter would simply build up over time insƛŘŜ ǘƘŜ ǎǘŀǊΦ 9ǾŜƴǘǳŀƭƭȅΣ ǘƘŜ ǎǘŀǊΩǎ ŎƻǊŜ ǿƻǳƭŘ ōŜŎƻƳŜ 

too heavy to support itself, thereby collapsing into a black hole. This is what may have happened to 

ǘƘŜ ǇǳƭǎŀǊǎ ŀǘ ǘƘŜ aƛƭƪȅ ²ŀȅΩǎ ŎŜƴǘŜǊΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎǘǳŘȅ ǇǳōƭƛǎƘŜŘ bƻǾŜƳōŜǊ о ƛƴ tƘȅsical 

Review Letters.   

The scenario is plausible, says Raymond Volkas, a physicist at the University of Melbourne who was 

not involved in the study, but the missing pulsar problem might easily turn out to have a mundane 

explanation through known stellar eŦŦŜŎǘǎΦ άLǘ ǿould, of course, be exciting to have dramatic direct 

ŀǎǘǊƻǇƘȅǎƛŎŀƭ ŜǾƛŘŜƴŎŜ ŦƻǊ ŀǎȅƳƳŜǘǊƛŎ ŘŀǊƪ ƳŀǘǘŜǊΣέ ±ƻƭƪŀǎ ǎŀȅǎΦ ά.ŜŦƻǊŜ ōŜƭƛŜǾƛƴƎ ŀƴ ŀǎȅƳƳŜǘǊƛŎ 

dark matter explanation, I would want to be convinced that no standard explanation is actually 

ǾƛŀōƭŜΦέ   

The authors of the study, Joseph Bramante of the University of Notre Dame and Tim Linden of the 

Kavli Institute for Cosmological Physics at the University of Chicago, agree that it is too early to 

jump to a dark matter conclusion. For example, Linden says, maybe radio observations of the 

galactic center are not as thorough as scientists have assumed and the missing pulsars will show up 

with better searches. It is also possible some quirk of star formation has limited the number of 

pulsars that formed at the galactic center.   

The reason nearby pulsars would not be as affected by asymmetric dark matter is that dark matter, 

of any kind, should be densest at the cores of galaxies, where it should congregate under the force 

of its own gravity. And even there it should take dark matter a very long time to accumulate 

enough to destroy a pulsar because most dark particles pass right through stars without 

interacting. Only on the rare occasions when one flies extremely close to a regular particle can it 

collide, and then it will be caught there. In normal stars the regular particles at the cores are not 




