
Map the Dark Universe 
  

The earliest known light in our universe, known as the cosmic microwave background, 

was emitted about 380,000 years after the Big Bang. [26] 

Technology originally developed for CERN's Large Hadron Collider and then flown in 

space by ESA is now being used to analyse historic artworks, helping to detect forgeries. 

[25] 

Entangled photons generated by a spaceborne quantum source could enable hack-proof 

key exchange for ultra high security applications. [24] 

These qubits are based on silicon carbide in which molybdenum impurities create color 

centers. [23] 

Scientists at Radboud University discovered a new mechanism for magnetic storage of 

information in the smallest unit of matter: a single atom. [22] 

One of these are single-atom magnets: storage devices consisting of individual atoms 

stuck ("adsorbed") on a surface, each atom able to store a single bit of data that can be 

written and read using quantum mechanics. [21] 

Physicists have experimentally demonstrated 18-qubit entanglement, which is the largest 

entangled state achieved so far with individual control of each qubit. [20]  

University of Adelaide-led research has moved the world one step closer to reliable, high-

performance quantum computing. [19] 

A team of researchers with members from IBM Research-Zurich and RWTH Aachen 

University has announced the development of a new PCM (phase change memory) design 

that offers miniaturized memory cell volume down to three nanometers. [18] 

Monatomic glassy antimony might be used as a new type of single-element phase change 

memory. [17] 

Physicists have designed a 3-D quantum memory that addresses the tradeoff between 

achieving long storage times and fast readout times, while at the same time maintaining 

a compact form. [16] 

Quantum memories are devices that can store quantum information for a later time, 

which are usually implemented by storing and re-emitting photons with certain quantum 

states. [15] 

https://phys.org/tags/storage+devices/


The researchers engineered diamond strings that can be tuned to quiet a qubit's 

environment and improve memory from tens to several hundred nanoseconds, enough 

time to do many operations on a quantum chip. [14] 

Intel has announced the design and fabrication of a 49-qubit superconducting quantum-

processor chip at the Consumer Electronics Show in Las Vegas.  

To improve our understanding of the so-called quantum properties of materials, 

scientists at the TU Delft investigated thin slices of SrIrO3, a material that belongs to the 

family of complex oxides. [12] 

New research carried out by CQT researchers suggest that standard protocols that 

measure the dimensions of quantum systems may return incorrect numbers. [11]  

Is entanglement really necessary for describing the physical world, or is it possible to 

have some post-quantum theory without entanglement? [10]  

A trio of scientists who defied Einstein by proving the nonlocal nature of quantum 

entanglement will be honoured with the John Stewart Bell Prize from the University of 

Toronto (U of T). [9]  

While physicists are continually looking for ways to unify the theory of relativity, which 

describes large-scale phenomena, with quantum theory, which describes small-scale 

phenomena, computer scientists are searching for technologies to build the quantum 

computer using Quantum Information.   

In August 2013, the achievement of "fully deterministic" quantum teleportation, using a 

hybrid technique, was reported. On 29 May 2014, scientists announced a reliable way of 

transferring data by quantum teleportation. Quantum teleportation of data had been 

done before but with highly unreliable methods.  

The accelerating electrons explain not only the Maxwell Equations and the  

Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality 

ÁÎÄ ÔÈÅ ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ Bridge between the Classical and Quantum 

Theories.   

The Planck Distribution Law of the electromagnetic oscillators explains the 

electron/proton mass rate and the Weak and Strong Interactions by the diffraction 

patterns. The Weak Interaction changes the diffraction patterns by moving the electric 

charge from one side to the other side of the diffraction pattern, which violates the CP 

and Time reversal symmetry.  

The diffraction patterns and the locality of the self-maintaining electromagnetic 

potential explains also the Quantum Entanglement, giving it as a natural part of the 

Relativistic Quantum Theory and making possible to build the Quantum Computer with 

the help of Quantum Information.  

https://newsroom.intel.com/
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Preface  
While physicists are continually looking for ways to unify the theory of relativity, which describes 

large-scale phenomena, with quantum theory, which describes small-scale phenomena, computer 

scientists are searching for technologies to build the quantum computer.   

Australian engineers detect in real-time the quantum spin properties of a pair of atoms inside a 

silicon chip, and disclose new method to perform quantum logic operations between two atoms. 

[5]  



Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are 

generated or interact in ways such that the quantum state of each particle cannot be described 

independently ς instead, a quantum state may be given for the system as a whole. [4]  

I think that we have a simple bridge between the classical and quantum mechanics by 

understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point 

like but have a dx and dp uncertainty.   

  

A new filter to better map the dark universe   
The earliest known light in our universe, known as the cosmic microwave background, was emitted 

about 380,000 years after the Big Bang. The patterning of this relic light holds many important clues 

to the development and distribution of large-scale structures such as galaxies and galaxy clusters. 

Distortions in the cosmic microwave background(CMB), caused by a phenomenon 

known as lensing, can further illuminate the structure of the universe and can even tell us things 

about the mysterious, unseen universeτincluding dark energy, which makes up about 68 

percent of the universe and accounts for its accelerating expansion, and dark matter, which 

accounts for about 27 percent of the universe. 

Set a stemmed wine glass on a surface, and you can see how lensing effects can simultaneously 

magnify, squeeze, and stretch the view of the surface beneath it. In lensing of the CMB, gravity 

effects from large objects like galaxies and galaxy clusters bend the CMB light in different 

ways. These lensing effects can be subtle (known as weak lensing) for distant and small galaxies, 

and computer programs can identify them because they disrupt the regular CMB patterning. 

There are some known issues with the accuracy of lensing measurements, though, and particularly 

with temperature-based measurements of the CMB and associated lensing effects. 

While lensing can be a powerful tool for studying the invisible universe, and could even potentially 

help us sort out the properties of ghostly subatomic particles like neutrinos, the universe is an 

inherently messy place. 

And like bugs on a car's windshield during a long drive, the gas and dust swirling in other galaxies, 

among other factors, can obscure our view and lead to faulty readings of the CMB lensing. 

There are some filtering tools that help researchers to limit or mask some of these effects, but 

these known obstructions continue to be a major problem in the many studies that rely on 

temperature-based measurements. 

The effects of this interference with temperature-based CMB studies can lead to erroneous lensing 

measurements, said Emmanuel Schaan, a postdoctoral researcher and Owen Chamberlain 

Postdoctoral Fellow in the Physics Division at the Department of Energy's Lawrence Berkeley 

National Laboratory (Berkeley Lab). 

"You can be wrong and not know it," Schaan said. "The existing methods don't work perfectlyτ

they are really limiting." 

https://phys.org/tags/cosmic+microwave+background/
https://phys.org/tags/dark+energy/
https://phys.org/tags/galaxy+clusters/


To address this problem, Schaan teamed up with Simone Ferraro, a Divisional Fellow in Berkeley 

Lab's Physics Division, to develop a way to improve the clarity and accuracy of CMB lensing 

measurements by separately accounting for different types of lensing effects. 

"Lensing can magnify or demagnify things. It also distorts them along a certain axis so they are 

stretched in one direction," Schaan said. 

The researchers found that a certain lensing signature called shearing, which causes this stretching 

in one direction, seems largely immune to the foreground "noise" effects that otherwise interfere 

with the CMB lensing data. The lensing effect known as magnification, meanwhile, is prone to 

errors introduced by foreground noise. Their study, published May 8 in the journal Physical Review 

Letters, notes a "dramatic reduction" in this error margin when focusing solely on shearing effects. 

A set of cosmic microwave background images with no lensing effects (top row) and with 

exaggerated cosmic microwave background lensing effects (bottom row). Credit: Wayne Hu and 

Takemi Okamoto/University of Chicago 

The sources of the lensing, which are large objects that stand between us and the CMB light, are 

typically galaxy groups and clusters that have a roughly spherical profile in temperature maps, 

Ferraro noted, and the latest study found that the emission of various forms of light from these 

"foreground" objects only appears to mimic the magnification effects in lensing but not the shear 

effects. 

"So we said, 'Let's rely only on the shear and we'll be immune to foreground effects,'" Ferraro said. 

"When you have many of these galaxies that are mostly spherical, and you average them, they only 

contaminate the magnification part of the measurement. For shear, all of the errors are basically 

gone." 



He added, "It reduces the noise, allowing us to get better maps. And we're more certain that these 

maps are correct," even when the measurements involve very distant galaxies as foreground 

lensing objects. 

The new method could benefit a range of sky-surveying experiments, the study notes, including the 

POLARBEAR-2 and Simons Array experiments, which have Berkeley Lab and UC Berkeley 

participants; the Advanced Atacama Cosmology Telescope (AdvACT) project; and the South Pole 

Telescopeτ3G camera (SPT-3G). It could also aid the Simons Observatory and the proposed next-

generation, multilocation CMB experiment known as CMB-S4τBerkeley Lab scientists are involved 

in the planning for both of these efforts. 

The method could also enhance the science yield from future galaxy surveys like the Berkeley Lab-

led Dark Energy Spectroscopic Instrument (DESI) project under construction near Tucson, Arizona, 

and the Large Synoptic Survey Telescope (LSST) project under construction in Chile, through joint 

analyses of data from these sky surveys and the CMB lensing data. 

Increasingly large datasets from astrophysics experiments have led to more coordination in 

comparing data across experiments to provide more meaningful results. "These days, the synergies 

between CMB and galaxy surveys are a big deal," Ferraro said. 

In this study, researchers relied on simulated full-sky CMB data. They used resources at Berkeley 

Lab's National Energy Research Scientific Computing Center (NERSC) to test their method on each 

of the four different foreground sources of noise, which include infrared, radiofrequency, thermal, 

and electron-interaction effects that can contaminate CMB lensingmeasurements. 

The study notes that cosmic infrared background noise, and noise from the interaction of CMB light 

particles (photons) with high-energy electrons have been the most problematic sources to address 

using standard filtering tools in CMB measurements. Some existing and future CMB experiments 

seek to lessen these effects by taking precise measurements of the polarization, or orientation, of 

the CMB light signature rather than its temperature. 

"We couldn't have done this project without a computing cluster like NERSC," Schaan said. NERSC 

has also proved useful in serving up other universe simulations to help prepare for upcoming 

experiments like DESI. 

The method developed by Schaan and Ferraro is already being implemented in the analysis of 

current experiments' data. One possible application is to develop more detailed visualizations 

of dark matter filaments and nodes that appear to connect matter in the universe via a 

complex and changing cosmic web. 

The researchers reported a positive reception to their newly introduced method. 

"This was an outstanding problem that many people had thought about," Ferraro said. "We're 

happy to find elegant solutions." [26] 

 

https://phys.org/tags/lensing/
https://phys.org/tags/dark+matter/


 

Space radiation detector can help to spot fake masterpieces  
Technology originally developed for CERN's Large Hadron Collider and then flown in space by ESA is 

now being used to analyse historic artworks, helping to detect forgeries. 

"The art market is a jungle ς some say that around 50% of art pieces and paintings are either fakes 

or are incorrectly attributed," explains Josef Uher, chief technology officer of Czech company 

InsightART. "This has huge consequences for the value of such artworks." 

The young company ς based in ESA's Business Incubation Centre Czech Republic in Prague ς is 

making novel use of a powerful radiation sensing device called Timepix. 

The chip's origin goes back to deep underneath the SwissςFrench border: CERN, the European 

Organization for Nuclear Research, needed a detector with sufficient sensitivity and dynamic range 

to gather snapshots of what would be coming from the Large Hadron Collider when it became 

operational. 

Subsequently a collaboration called Medipix was established to transfer the technology beyond the 

high-energy physics field. Timepix went on to reach space aboard the International Space Station 

and ESA's Earth-observing Proba-V. 

Timepix uses a 256 x 256-pixel silicon sensor. The key to its effectiveness is that each pixel ς each 

about 55 micrometres square, around half the thickness of an average human hair ς processes 

radiation and sends signals independently from all the other pixels, capturing very high levels of 

detail. 

Credit: European Space Agency 

InsightART are using this inherent sensitivity to investigate artworks in a way that was previously 

only possible using huge synchrotron particle accelerators ς which are both rare and hard to access. 

A standard X-ray of a painting can show underlying detail hidden by the top layer of paint. 

InsightART's Timepix-based sensing device can 'expose' every individual pigment separately. Each 

pigment can be assigned a colour to help with visual analysis, and a filtering process can show only 

brush strokes made with a specific pigment, such as lead paint. 

An art expert can then analyse the results to judge if the underlying images and materials are 

consistent with both the supposed artist's style and the date ascribed to the painting. 

Setting a new standard in radiation monitoring 

https://phys.org/tags/artworks/
https://phys.org/tags/radiation/


 

Josef Uher, physicist and InsightART cofounder, is positioning a painting to be scanned in their 

Timepix-based sensing device. Credit: InsightART 

In CERN's Large Hadron Collider and other particle accelerators, Timepix sensors deliver 3D 

snapshots of charged particle tracks. In orbit they accomplish similar tasks. 

A Timepix chip has been flying aboard the International Space Station since 2012 and the Institute 

of Experimental and Applied Physics of the Czech Technical University used a Timepix device to 

build their SATRAM (Space Application of Timepix-based Radiation Monitor) instrument, which 

launched on Proba-V in 2015. 

SATRAM has been invaluable in probing the high radiation region known as the South Atlantic 

Anomaly ς a weak spot in Earth's magnetic field. As a result Timepix will now form the core of ESA's 

new Miniaturised Radiation Monitor, a new generation of radiation detectors intended to fly on 

future telecommunications satellites. 

Meanwhile, down on the ground, Timepix devices are also finding wider uses, including the non-

destructive testing of high-performance structures such as aircraft wings, as well as artworks. 

"In future we want to combine our X-ray imaging with virtual reality to make it easier and more 

natural to use when scanning objects," adds Josef Uher. "Ultimate this could even be used for 

medical applications ς it will take time, but it holds so much potential." [25] 

 

Space-borne quantum source to secure communication  
Soon, powerful quantum computers will be able to easily crack conventional mathematically 

encrypted codes. Entangled photons generated by a spaceborne quantum source could enable 

hack-proof key exchange for ultra high security applications. A Fraunhofer research team has 

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2019/1-spaceradiati.jpg



























































