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Tech News & New Tech（技术前沿）

Reducing reflectivity in solar cells and optics with micro- and nanoscale structures

When it comes to solar cells, less is more—the less their surfaces reflect a sun's rays, the more energy can be generated. A typical fix to the problem of reflectivity is an anti-reflective coating, but that might not always be the best solution, depending on the application. 
Lawrence Livermore National Laboratory (LLNL) researchers have come up with guidelines for an alternative to anti-reflective coatings on optical devices such as solar cells, glasses and cameras, finding that reflectivity of silicon optics can be reduced to as little as 1 percent by engineering their surfaces with layers of hierarchical micro- and nanometer length structures.
A team of LLNL researchers, led by chemical engineer Anna Hiszpanski and UC Santa Cruz graduate student Juan Diaz Leon, described the parameters in a recent paper published by the journal Advanced Optical Materials . The technology has its roots in nature, mimicking the hierarchical structures found in the eye of a moth, allowing them to absorb more light and better navigate in darkness.
"It's a different anti-reflective approach," said Hiszpanski, who performed the experiments and was the co-lead author on the paper. "The design rules for these hierarchical anti-reflective structures haven't been explicitly laid out in these size scales. I'm hopeful they will enable others to more quickly design and fabricate optimal structures with the anti-reflective properties needed by their applications."
Reflections from surfaces can be a major challenge in optics, according to Diaz Leon, who performed the computer simulations. Typically, single-layer anti-reflection coatings are used to counter it, using destructive interference to eliminate reflections for only a narrow band of wavelengths and viewing angles. However, when reduced reflectivity across multiple wavelengths and viewing angles is desired, different approaches are needed, he said.
In the study, the group found the average hemispherical or total reflectance of silicon can be as much as 38 percent, but if only micro-scale pyramidal structures are engineered into silicon, as is common in solar cells, reflectance drops to about 11 percent. However, by stacking micro- and nano-sized arrays on top of the larger structures, total reflectivity can be reduced to as little as between 1 percent and 2 percent regardless of the angle of incoming light.
If solar cells could be textured to collect more light at all angles, Hiszpanski said, they wouldn't have to be tracked with the sun's position in the sky and could potentially be more efficient at converting energy. When used in eyeglasses, hierarchical structures could eliminate reflectivity and glare without producing the green or purple color effect that current anti-reflective glass coatings have. Cameras would be able to take photos in lower light. The technology also could be translated to telescopes and diffraction optics.
Diaz Leon used a wave optics package to simulate the behavior of moth eye structures, combining them in a hierarchical fashion. The researchers realized the periodicity of the structures (recurrence) modified their anti-reflection properties, so they simulated structures with a similar size but introduced aperiodicity to better understand this effect.
"With these simulations, we were able to come up with a set of design rules to combine different moth eye structures hierarchically for a specific need in anti-reflection properties," Diaz Leon said. "We found that by combining moth-eye structures of different sizes, you can not only reduce reflections at the wavelength region they are supposed to operate (following the previously known rule of thumb), but you can also further reduce reflections at a given wavelength range."
Specifically, Diaz Leon said, by using the solar spectrum as a target, the researchers learned that regular micro-scale pyramidal structures largely reduce specular reflectance—the mirror-like reflectance found in polished surfaces—whereas the small nanometer-scale structures reduce diffuse reflectance, which consists of reflections coming from angles different than the main specular reflectance angle. By combining two different structures with varied sizes, the researchers could selectively minimize specular and diffuse reflectances. Also, they learned that while the overall reflectance for periodic and aperiodic structures was similar, aperiodicity reduces specular reflectance and increases diffuse reflectance, useful when trying to minimize a specific (specular or diffuse) reflectance depending on the end application.
Hiszpanski fabricated the samples at LLNL using all mask-less and wet etching (chemical) techniques, making the process easily scalable to large areas. The fabrication methods are unique to silicon, but researchers are looking to transfer them to plastics and glass. They plan to collaborate with UC Berkeley to make solar cells and try to improve efficiency, as well as translate the methods to flexible substrates with potential use in glasses. 

降低太阳能电池和光学元件的反射率和纳米级结构

当涉及到太阳能电池时，少就是多——它们的表面反射太阳光线的越少，产生的能量就越多。对于反射率问题的典型解决方案是应用一种抗反射涂层，但这可能并不总是最好的解决方案，而是取决于应用。

劳伦斯利弗莫尔国家实验室(LLNL)研究人员想出另一种可替代的抗反射涂层，能应用在光学设备上,如太阳能电池、硅光学眼镜和摄像机。他们发现通过层次化的微细和纳米长度的结构来设计它们的表面，硅光学的反射率可以减少1%。

由化学工程师安娜·赫斯潘斯基（Anna Hiszpanski）和加州大学圣克鲁兹分校研究生胡安·迪亚兹·利昂（Juan Diaz Leon）领导的一个LLNL研究团队在最近发表的一篇论文中描述了这些参数。这种技术源于大自然，模仿飞蛾眼中的分级结构，这种结构能让它们吸收更多的光线，在黑暗中更好地导航。

“这是一种不同的防反光方法，”赫斯潘斯基说。他做了这项实验，也是论文的合著者之一。“这些分层的抗反射结构的设计规则并没有明确地在这些尺寸范围内。我希望他们能让其他人更快地设计和制造出最理想的结构，得到他们应用所需要的抗反射特性。”

据进行计算机模拟的迪亚兹·利昂说，表面反射可能是光学领域的一个重大挑战。一般来说，单层抗反射涂层是用来克服表面反射的，利用破坏性的干扰消除反射，但只对窄波段的波长和发光角有效。然而，当我们需要降低不同波长和角度的反射率时，需要不同的方法，他说。

在研究中，研究小组发现硅的平均半球面或总反射率可以高达38%，但如果硅只设计成微型金字塔结构，就像太阳能电池中常见的那样，反射率下降到大约11%。然而，通过将微型和纳米级阵列叠加在更大的结构上，总反射率可以降低到1%到2%之间，并可不考虑入射光的角度。

赫斯潘斯基说，如果太阳能电池能在所有角度收集更多的光，它们就不需要根据太阳在天空中的位置进行追踪，并且有可能更有效地转换能量。当在眼镜上使用时，分层结构可以消除反射和眩光，而不会有当前抗反射玻璃涂层的绿色或紫色效果。相机可以在较低的光线下拍照。这项技术也可以用在望远镜和衍射光学上。

迪亚兹利昂使用了一个光学波包来模拟蛾眼结构，并将其与分层结构相结合。研究人员意识到结构的周期性(递归)改变了它们的抗反射特性，因此他们模拟了具有相似尺寸的结构，但引入了非周期性，以便更好地理解这种效应。

迪亚兹利昂说:“通过这些模拟，我们可以提出一套将不同的蛾眼结构分层结合的设计规则，以满足特定的抗反射特性需求。我们发现，通过将不同尺寸的飞蛾眼结构相结合，你不仅可以减少波长区域的反射，而且还可以进一步减少给定波长范围的反射。”

迪亚兹莱昂说,将太阳光谱作为研究对象,研究人员发现常规微尺度锥体结构很大程度上减少镜面反射——抛光表面反射中发现的镜子似的反射——小纳米结构减少漫反射系数,这种反射来自与主要镜面反射角度不同的各种角度反射。通过将两种不同大小的结构组合在一起，研究人员可以选择性地减少反射镜和漫反射。此外，他们还了解到，虽然周期性和非周期结构的整体反射率相似，但非周期性反射性降低了镜面反射率，增加了漫反射系数，在试图最小化特定的(镜面或漫反射)反射率时有用，这取决于最终的应用。

赫斯潘斯基用所有的无掩模和湿蚀刻(化学)技术在LLNL制作了样品，使这个过程可以扩展到大面积。这种制造方法对硅来说是独一无二的，但研究人员正试图将它们转移到塑料和玻璃上。他们计划与加州大学伯克利分校(UC Berkeley)合作，制造太阳能电池，并试图提高效率，并将这些方法转化为可应用于眼镜的柔性衬底。

Imaging how magnetism goes surfing
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Two examples of imaged strain and resulting magnetization configurations. Left: Images of the strain wave around the magnetic square. The waves pass across the magnetic square centre (white, 2 μm lateral size) and depending on the timing the square is imaged in the unstrained state (top) and in the strained state (bottom). Corresponding experimental images with magnetic contrast showing the magnetic domains in the square are shown as well. Right: Schemes of magnetic domains in a magnetic square with low strain (top, arrows indicate magnetic directions and grey colour contrast) and magnetic domain configuration with strain (bottom), favouring horizontal magnetization (black and white domains). Credit: Michael Foerster, ALBA 

Using advanced dynamic imaging, researchers have been able to visualise deformation (sound) waves in crystals and measured the effect on nanomagnetic elements. This offers new low power magnetization manipulation for memory or logic applications and the methodology offers a new approach for analysing dynamic strains in other research fields: nanoparticles, chemical reactions, crystallography, etc. 
Controlling the magnetic properties of materials is fundamental for developing memory, computing and communication devices at the nanoscale. As data storage and processing are evolving quickly, researchers are testing different new methods to modify magnetic properties of materials. One approach relies on elastic deformation (strain) of the magnetic material to tune its magnetic properties, which can be achieved by electric fields. This scientific area has attracted much interest due to its potential to write small magnetic elements with a low power electric field rather than magnetic fields that require high power charge currents. However, studies so far have mainly been done at very slow time scales (seconds to milliseconds).
One way to produce rapid (i.e. subnanosecond scale) changes of strain and, thus, induce magnetization changes is by using surface acoustic waves (SAWs), which are deformation (strain) waves. Now, imagine an iron rod being hammered in one side. When the rod is hit, a sound wave propagates the deformation along it. Similarly, a surface acoustic wave propagates a deformation, but only in the surface layer, similarly to waves in the ocean. In certain materials (piezoelectrics), which expand or contract when applying a voltage, SAWs can be generated through oscillating electric fields.
In a collaboration with groups from Spain, Switzerland and Berlin, the group of M. Kläui at JGU has used a new experimental technique to quantitatively image these SAW and demonstrate that they can be used to switch the magnetization in nanoscale magnetic elements (the "surfers") on top of the crystal. Results showed that the magnetic squares changed their properties under the effect of SAWs, growing or shrinking the magnetic domains depending on the phase of the SAW. Interestingly, the deformation did not occur instantaneously and the observed delay (see Figure 1) could be modelled. Understanding how the magnetic properties can be modified on a fast time scale is key to design low power magnetic devices in the future.
"For highly complex measurements, close international cooperation with leading groups and a strong Alumni network are a strategical advantage. We have teamed up with a group from the Synchrotron Radiation Source ALBA in Spain where a former PhD student from our group is working and leading this project. The work was carried out also in conjunction with a PhD student from the MAINZ Graduate School of Excellence and it is great to see that our students and alumni are so successful." emphasized Professor Mathias Kläui of the JGU Institute of Physics, who is also Director of MAINZ.
Establishment of the MAINZ Graduate School was granted through the Excellence Initiative by the German Federal and State Governments to Promote Science and Research at German Universities in 2007 and its funding was extended in the second round in 2012. It consists of work groups from Johannes Gutenberg University Mainz, TU Kaiserslautern, and the Max Planck Institute for Polymer Research in Mainz. One of its focal research areas is spintronics, where cooperation with leading international partners plays an important role. 

想象一下磁力是如何运动的
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成像应变及其产生的磁化结构的两个例子。左图:磁体周围的应变波图像。波通过穿过磁场中心(白色,横向大小2μm)和根据时间，磁场成像在未受力状态下的成像(上)和受力状态下的成像(下)。也给出了相应的实验图像与在磁场区域显示的磁畴对比。右图:磁畴中低受力图(顶部，灰色箭头表示磁性方向和灰色对比度)和磁场的磁场，带有应变的磁畴结构(底部)，有利于水平磁化(黑色和白色区域)。来源: 迈克尔·福斯特（Michael Foerster）, ALBA 

利用先进的动态成像技术，研究人员能够将晶体的变形(声波)可视化，并测量其对纳米磁元素的影响。这为内存或逻辑应用提供了新的低功耗磁化操作，该方法为分析其他研究领域：纳米粒子、化学反应、晶体学等的动态压力提供了一种新的方法。

控制材料的磁性是发展纳米级存储、计算和通讯设备的基础。随着数据存储和处理的迅速发展，研究人员正在测试不同的新方法来改变材料的磁性。一种方法是依靠磁性材料的弹性变形(应变)来调节其磁性特性，这可以通过电场来实现。这一科学领域因其具有低功耗电场而非需要大功率充电电流磁场的潜力而引起了科学家们极大的兴趣。然而，迄今为止的研究主要是在非常慢的时间尺度上进行的（几秒到几毫秒）。

一种产生快速(即亚纳秒级)应变变化的方法，从而诱导磁化变化是利用表面声波(SAWs)，即变形(应变)波。现在，想象在一边锤打一根铁棒。当棒子被击中时，声波会沿着它变形传播。类似地，表面声波会传播形变，但只是在表层，类似于海洋中的波浪。在某些材料(压电材料)中，当施加电压时，其发生膨胀或收缩，可以通过振荡电场产生SAW。

在与来自西班牙、瑞士和柏林的小组的合作中，JGU的M. Kläui小组使用了一种新的实验技术来定量地描述这些SAW，并证明它们可以用于在晶体上的纳米级磁性元件(“冲浪者”)上转换磁化。结果表明，磁畴在锯的作用下改变了它们的性质，而磁场的大小取决于SAW的相位。有趣的是，变形并没有瞬间发生，而观察到的延迟(参见图1)可以模拟。了解如何在快速的时间尺度上修改磁性属性是设计低功耗磁设备的关键。

“对于高度复杂的测量，与领先群体的密切国际合作和强大的校友网络是一个战略优势。”我们与西班牙同步辐射源ALBA的一个小组合作，我们小组的一名前博士生正在领导这个项目。这项工作也与来自美因茨研究生院的一名博士生一起进行，很高兴看到我们的学生和校友都很成功。”JGU物理研究所的Mathias Klaui教授强调说，他也是美因茨的主任。

德国联邦政府和州政府在2007年推动了德国大学的科学与研究，并于2012年在第二轮推广了这一项目。它由约翰内斯·古腾堡大学(Johannes Gutenberg University Mainz)、图凯泽斯劳滕(TU Kaiserslautern)和马克斯·普朗克(Max Planck)在美因茨(Mainz)的聚合物研究机构组成。它的主要研究领域之一是自旋电子学，它与主要国际伙伴的合作发挥了重要作用。

New quantum memory device small enough to fit on a chip

A team of researchers from the U.S. and Italy has built a quantum memory device that is approximately 1000 times smaller than similar devices—small enough to install on a chip. In their paper published in the journal Science, the team describes building the memory device and their plans for adding to its functionality. 
Scientists have been working steadily toward building quantum computers and networks, and have made strides in both areas in recent years. But one inhibiting factor is the construction of quantum memory devices. Such devices have been built, but until now, they have been too large to put on a chip, a requirement for practical applications. In this new effort, the researchers report developing a quantum memory device that is not only small enough to fit on a chip, but is also able to retrieve data on demand.
The device is very small, approximately 10 by 0.7 micrometers and has an odd shape, like a Toblerone candy bar—long and thin with a notched triangular shape, with mirrors on either end. It is made of yttrium orthovanadate with small amounts of neodymium, which form a cavity. These cavities in turn hold a crystal cavity that traps single photons encoding data information (zero, one or both).
To operate the device, the researchers fired laser pulses at it, causing photons to assemble in the comb, which forced them to be absorbed—the configuration also caused the photons to emerge from the comb after 75 nanoseconds. During the time period when the photons were absorbed, the researchers fired dual laser pulses at the comb to delay the reemergence of the photons for 10 nanoseconds, which allowed for on-demand retrieval of data. During the time period when the photons were held, they existed as dual pulses—early and late.
To show that the device was actually storing data information, the team compared the wavefunction of the photons both before and after storage and found them to be virtually unchanged, meaning they still held their zero, one or both state—it had not been destroyed, which meant the device was truly a quantum memory device. 

新的量子存储器小到足以装在芯片上

一组来自美国和意大利的研究人员已经建立了一个量子记忆装置，它比类似的小装置要小1000倍——小到可以装在芯片上。在发表在《科学》(Science)杂志上的论文中，研究小组描述了构建记忆装置及其增加功能的计划。

科学家们一直致力于建立量子计算机和网络，近年来在这两个领域都取得了长足的进步。但一个抑制因素是量子存储设备的构建。这些设备已经建成，但到目前为止，它们太大了，不能装在芯片上，这是实际应用的一个要求。在这一新的努力中，研究人员报告开发了一种量子记忆装置，它不仅小到可以装在芯片上，而且能够根据需要检索数据。

这个装置非常小，大约有10×0.7微米，形状很奇怪，像一个三角巧克力糖果一样，长而薄，呈三角形形状，两端都有镜子。它是由一种小的钕组成，形成一个腔。这些空腔形成一个晶体腔，可以捕捉单个光子编码数据信息(零个，一个或两个)。

为了操作这个装置，研究人员发射了激光脉冲，导致光子聚集在梳子上，这迫使光子吸收在这个设备上——也使得光子在75纳秒后从梳子上冒出来。在光子吸收的那段时间里，研究人员向梳子发射了双激光脉冲，以延迟光子再出现的10纳秒，这允许按需检索数据。在光子保持的那段时间里，它们以双脉冲的形式存在——从始至终。

显示设备实际上存储数据信息, 研究小组对比了存储前后光子的波函数，发现它们几乎没有变化，这意味着它们仍然保持着零个、一个或两个状态——它没有毁坏，这意味着该设备确实是一个量子存储装置。

First practical building blocks for a global quantum internet

Researchers at the Australian National University (ANU) have taken a major leap forward to provide practical building blocks for a global quantum internet. The team, led by Associate Professor Matthew Sellars, have shown that an erbium-doped crystal is uniquely suited to enable a global telecommunications network that harnesses the weird properties of quantum mechanics. 
"The effort to build a quantum computer is often described as the 'space race of the 21st century', but today's computers didn't realise their full potential until we had the internet," said Sellars, Program Manager in the Centre for Quantum Computation and Communication Technology (CQC2T) at ANU. "We have shown that an erbium-doped crystal is the perfect material to form the building blocks of a quantum internet that will unlock the full potential of future quantum computers. We had this idea 10 years ago, but many of our peers told us that such a simple idea couldn't work. Seeing this result, it feels great to know that our approach was the right one."
The work, published in Nature Physics, demonstrates how to dramatically improve the storage time of a telecom-compatible quantum memory, a crucial challenge that has eluded researchers worldwide.
"A telecom-compatible quantum memory is a vital component for a practical quantum internet," said Dr Rose Ahlefeldt, DECRA Fellow at ANU and CQC2T.
"Memories allow us to buffer and synchronise quantum information, operations necessary for long range quantum communication. At the moment, researchers are using memories that don't work at the right wavelength, and have to employ a complicated conversion process to and from the communications wavelength. This can be inefficient, and means they have to do three very difficult things instead of just one," she said.
Erbium, a rare earth ion, has unique quantum properties such that it operates in the same band as existing fibre optic networks, eliminating the need for a conversion process.

"The unique advantage of our technology is that it operates in the same 1550 nanometre band as today's telecommunications infrastructure, making it compatible with the fibre optic cables found in existing networks," said first author and PhD candidate Miloš Ranči?. "We've shown that erbium ions in a crystal can store quantum information for more than a second, which is 10,000 times longer than other attempts, and is long enough to one day send quantum information throughout a global network."
Sellars said the new technology can also be operated as a quantum light source or used as an optical link for solid-state quantum computing devices, connecting them to the quantum internet.

"Not only is our material compatible with existing fibre optics, but it's versatility means it will be able to connect with many types of quantum computers including CQC2T's silicon qubits, and superconducting qubits such as those being developed by Google and IBM," said Sellars. "This result is so exciting to me because it allows us to take a lot of the in-principle work we've demonstrated and turn it into practical devices for a full-scale quantum internet." 

全球量子互联网的第一个实用模块

澳大利亚国立大学(ANU)的研究人员迈出了一大步，为全球量子互联网提供实用的构建模块。由副教授马修·塞拉斯(Matthew Sellars)领导的团队已经证明，一种掺铒的晶体特别适合于利用量子力学的奇异特性来实现一个全球电信网络。

“人们通常将建造量子计算机的努力描述为‘21世纪的太空竞赛’，但今天的计算机直到我们有了互联网才意识到它们的全部潜力，”ANU量子计算和通信技术中心(CQC2T)的项目经理塞拉斯说。“我们已经证明，一个掺铒晶体是构建量子互联网的基石，它将开启未来量子计算机的全部潜力。”我们十年前就有了这个想法，但我们的许多同行告诉我们，这样一个简单的想法是行不通的。看到这个结果，我们很高兴知道我们的方法是正确的。”

这项发表在《自然物理》(Nature Physics)杂志上的研究展示了如何显著提高远程兼容量子存储器的存储时间，这是全球研究人员一直未能解决的一个关键挑战。

ANU和CQC2T的DECRA研究员Rose Ahlefeldt博士说:“远程兼容的量子存储器是一个实用量子互联网的重要组成部分。”

她说，“存储器允许我们缓冲和同步量子信息，这是长期量子通信所必需的。目前，研究人员正在使用无法在合适的波长工作的存储器，并且必须使用复杂的转换过程和通信波长。这可能是低效的，意味着他们必须做三件非常困难的事情，而不仅仅是一件。”

Erbium是一种稀土离子，它具有独特的量子性质，它与现有光纤网络在同一波段操作，消除了转换过程的需要。

“我们技术的独特优势在于它和今天的电信基础设施一样运行在相同的1550纳米带,使其兼容现有网络中的光纤电缆,”第一作者、博士生Miloš Ranči ?说道。“我们已经证明，在晶体中，铒离子可以储存超过一秒钟的量子信息，比其他任何试验晶体都要长1万倍，而且只要一天，就能在全球网络中传送量子信息。”

塞拉斯说，新技术也可以用于量子光源，或者用作固态量子计算设备的光学链接，将它们连接到量子互联网上。

塞拉斯说:“不仅我们的材料与现有的光纤兼容，而且它的多功能性意味着它将能够与包括CQC2硅量子点，以及超导量子点在内的许多量子计算机连接，如谷歌和IBM开发的量子计算机。”“这个结果让我很兴奋，因为它让我们可以在我们已经演示的原理上做很多工作，并把它变成一个全面量子互联网的实用设备。”

Part of New York's subway system found to conform to random matrix theory

—A pair of researchers, one with the University of Toronto, the other with the University of California, has found that at least one line on New York city's metro system conforms to random matrix theory. In their paper published in Physical Review E, Aukosh Jagannath and Thomas Trogdon describe their study, which included using statistical theory to analyze the arrival rates of subway cars. 
Back in 2000, a study was conducted of bus arrivals and departures in Cuernavaca, Mexico—among other things, the researchers found that despite unpredictable traffic patterns and driver owned buses, the buses in the city ran on a predictable schedule that conformed to random matrix theory (the researchers chalked it up to the way the drivers competed for fares). In this new effort, the researchers wondered if the same might be true for the New York subway system.
To learn more about the timing of subway cars, the researchers picked two random routes to study. One was the 1 line, which runs north and serves the West Side of Manhattan; the other was the 6 line, which runs south and serves the East Side of Manhattan. The pair used information from the real-time data feed supplied by the subway system to track arrival times for the two lines.
The researchers found that the 6 line ran almost randomly and therefore no predictable distribution pattern could be used to describe it. The 1 line, on the other hand, was found to follow a Poisson distribution (for all but the last 10 stations), which made it much easier for passengers to predict when the next train would arrive. The researchers suggest the difference between the lines is due to the amount of traffic on each. The 6 line is heavily used, and because of that, suffers frequent delays, such as passengers preventing doors from closing in an expedient manner. The 1 line, on the other hand, has fewer passengers, making it much easier for trains to run on time.
The researchers suggest their results might be used by city planners to optimize the system for efficiency. 

纽约地铁系统的一部分符合随机矩阵理论

两位研究人员，一位来自多伦多大学，另一位来自是加利福尼亚大学，发现纽约市地铁系统至少有一条线符合随机矩阵理论。在《物理评论》上发表的论文中，Aukosh Jagannath和Thomas Trogdon描述了他们的研究，其中包括使用统计理论分析地铁车厢的到达率。

早在2000年,一项研究分析了墨西哥库埃纳瓦卡巴士的到达和离开时间——此外，研究人员还发现，尽管交通模式无法预测，司机拥有公共汽车，但该市的公交车运行的时间表与随机矩阵理论一致(研究人员将其归因于司机们票价竞争的方式)。在这一新的研究中，研究人员想知道纽约地铁系统是否同样适用此理论。

为了更多地了解地铁车厢的时间表，研究人员选择了两条随机路线来研究。一个是1号线，它向北延伸，位于曼哈顿的西侧;另一个是6号线，它向南延伸，位于曼哈顿的东侧。这对研究人员使用地铁系统提供的实时数据馈送信息，以追踪两行的到达时间。

研究人员发现，这6号线几乎是随机的，因此无法用可预测的分布模式来描述它。另一方面，他们发现1号线遵循了泊松分布(除了最后的10个车站)，这使得乘客更容易预测下一班地铁何时到达。研究人员指出，这两种线路之间的区别在于每条线路的交通流量。6号线乘客量大，正因为如此，经常出现延误，比如乘客以权宜之计阻止车门关闭。而1号线的乘客较少，这使得地铁更容易按时运行。

研究人员建议城市规划者们利用他们的研究结果来优化系统的效率。

Metal Alloy（金属合金）

Supported liquid metal catalysts—a new generation of reaction accelerators

Catalysts are agents that initiate chemical reactions, speed them up or significantly increase the yield of the desired product. New and improved catalysts are thus considered the key to creating more sustainable and efficient production processes in the chemical industry. In a joint research project, five professors at Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) and their teams have recently discovered how to bypass the known drawbacks of the technical catalysts that are currently in use by means of a new material concept that makes the creation of significantly more efficient catalysts possible. 
This new generation of catalysts employs liquid drops of metal alloy attached to porous carriers that are brought into contact with the gaseous reactants. The microscopically small drops of alloy are fluid because they contain a high proportion of gallium, an element with a very low melting point. At the same time, this high concentration of gallium ensures that the atoms of the dissolved secondary metal components are thoroughly dispersed: the individual metal atoms in solution within the gallium are responsible for the catalytic effect. The researchers have published their findings in the leading specialist journal Nature Chemistry.
Supported liquid catalysts
Over the past decade, researchers at FAU have repeatedly been able to demonstrate their international preeminence in the field of catalyst material innovations. Catalytic Materials is consequently a key research area within the Cluster of Excellence Engineering of Advanced Materials (EAM) at FAU. Supported liquid catalysts have often been the focal point of interest for the FAU-based researchers. These combine the benefits of customised molecular reaction accelerators with the advantage that they can be more readily separated from the product. In the concept outlined in the article published in Nature Chemistry, the use of metal alloys in supported liquid catalysts is described for the first time. In addition, it is also the first time that catalytic activity has been ascribed to liquid metal alloys.
Moreover, the initially tested material combinations have been found to significantly outperform standard technical catalysts that have taken years to develop. 'It is particularly interesting that there is little to no deactivation of the supported metal complexes when carbon deposits form on them,' says Professor Peter Wasserscheid. 'It is deposits such as this that are the main cause of the deactivation of catalysts used for catalytic conversion at high temperatures by the petrochemical industry.' The researchers were able to demonstrate this important effect in the case of the dehydration of butane. The special structural nature of this new class of materials was discovered by four groups working in collaboration: microscopic analysis was undertaken by the team under Wolfgang Peuker, the teams of Hans-Peter Steinrück and Christian Papp completed the spectrographic analysis, Rainer Hock's team was responsible for radiographic analysis while the corresponding calculations were undertaken by Andreas Görling and his colleagues.
Gallium: the secret of success
The element gallium plays a central role in this new class of materials. Gallium melts at around 30°C and has a boiling point of 2400°C. It possesses the unique ability of being able to dissolve almost all other metals. When it is exposed to air, ultra-thin layers of oxide form on the surface of gallium; however, these are reconverted back to the original element under the conditions obtained during many catalytic processes. To date, the FAU-based researchers have achieved their spectacular results using palladium dissolved in gallium. They next intend to conduct further research to find out whether these extraordinary effects can also be obtained using non-precious metals dissolved in gallium and also whether the effects can be reproduced in connection with other chemical reactions. 'Our calculations lead us to assume that single metal atoms dissolved in gallium can display totally different reactive characteristics from those that the same metal in crystalline form will usually exhibit,' explains Andreas Görling. 'This is why we are so fascinated by this new class of catalytic materials. We are convinced that with the help of supported alloy complexes, highly efficient and very cost-effective catalysts can be developed that have considerable potential with regard to industrial applications,' adds Hans-Peter Steinrück. 

支持液态金属催化剂 - 新一代的反应促进剂

催化剂是引发化学反应，加速或显着增加所需产物的产率的试剂。因此，新的和改进的催化剂被认为是在化学工业中创造更可持续和高效的生产工艺的关键。在联合研究项目中，Friedrich-Alexander-UniversitätErlangen-Nürnberg（FAU）和他们的团队的五名教授最近发现了如何通过新的材料概念来绕过目前使用的技术催化剂的已知缺点，创造出显着更有效的催化剂成为可能。

这种新一代的催化剂使用附着在与气态反应物接触的多孔载体上的液滴金属合金。合金的显微小滴是流体，因为它们含有高比例的镓，一种具有非常低的熔点的元素。同时，这种高浓度的镓确保溶解的二次金属组分的原子被彻底分散：镓内的溶液中的各个金属原子负责催化作用。研究人员已经在领先的专业杂志自然化学上发表了他们的研究结果。

支持液体催化剂

在过去十年中，FAU的研究人员一再表现出其在催化剂材料创新领域的国际优势。因此，催化材料是FAU高级材料卓越工程（EAM）的重点研究领域。支持的液体催化剂通常是FAU研究人员关注的焦点。这些结合了定制的分子反应促进剂的优点，其优点是可以更容易地与产物分离。在Nature Chemistry发表的文章中概述的概念中，首次描述了在载体液体催化剂中使用金属合金。此外，这也是第一次催化活性归因于液态金属合金。

此外，已经发现初始测试的材料组合显着优于已经需要多年开发的标准技术催化剂。教授Peter Wasserscheid说：“特别有趣的是，当碳沉积物形成在其上时，金属配合物几乎没有停止活化。 “这是这样的沉积物，是石油化工行业在高温催化转化催化剂失活的主要原因。”在丁烷脱水的情况下，研究人员能够证明这一重要作用。这种新类材料的特殊结构性质是由四个团队合作发现的：由Wolfgang Peuker的团队进行了微观分析，Hans-PeterSteinrück和Christian Papp的团队完成了光谱分析，Rainer Hock的团队负责用于放射学分析，而相应的计算由AndreasGörling及其同事进行。

镓：成功的秘诀

元素镓在这一类新材料中起着核心作用。镓在约30℃熔化，沸点为2400℃。它具有能够溶解几乎所有其他金属的独特能力。当暴露于空气时，镓的表面上形成超薄的氧化物层;然而，这些在许多催化过程中获得的条件下再转化回原始元素。到目前为止，FAU研究人员已经使用溶解在镓中的钯来取得了惊人的成果。他们接下来打算进一步研究，以确定这些非凡的效果是否也可以使用溶解在镓中的非贵重金属获得，以及这些效果是否可以与其他化学反应相关。 AndreasGörling解释说：“我们的计算使我们认为溶解在镓中的单一金属原子可以显示完全不同的反应特性，而这些特性与结晶形式通常会呈现的相同。 “这就是为什么我们对这种新型催化材料非常着迷。我们确信，在支撑合金复合物的帮助下，Hans-PeterSteinrück补充说，可以开发高效率，非常具有成本效益的催化剂，具有相当大的工业应用潜力。

Composite Materials（复合材料）

Scientists unravel new insights into promising semiconductor material

Researchers from the National University of Singapore (NUS) have established new findings on the properties of two-dimensional molybdenum disulfide (MoS2), a widely studied semiconductor of the future. 
In two separate studies led by Professor Andrew Wee and Assistant Professor Andrivo Rusydi from the Department of Physics at the NUS Faculty of Science, the researchers uncovered the role of oxygen in MoS2, and a novel technique to create multiple tunable, inverted optical band gaps in the material. These novel insights deepen the understanding of the intrinsic properties of MoS2 which could potentially transform its applications in the semiconductor industry.
Researchers from the National University of Singapore have established new findings on the properties of two-dimensional molybdenum disulfide (MoS2), a widely studied semiconductor of the future.
The studies were published in prestigious scientific journals Physical Review Letters and Nature Communications respectively.
MoS2—an alternative to graphene
MoS2 is a semiconductor-like material that exhibits desirable electronic and optical properties for the development and enhancement of transistors, photodetectors and solar cells.
Prof Wee explained, "MoS2 holds great industrial importance. With an atomically thin two-dimensional structure and the presence of a 1.8eV energy band gap, MoS2 is a semiconductor that can offer broader applications than graphene which lacks a band gap."
Presence of oxygen alters the electronic and optical properties of MoS2 
In the first study published in Physical Review Letters on 16 August 2017, NUS researchers conducted an in-depth analysis which revealed that the energy storage capacity or dielectric function of MoS2 can be altered using oxygen.
The team observed that MoS2 displayed a higher dielectric function when exposed to oxygen. This new knowledge shed light on how adsorption and desorption of oxygen by MoS2 can be employed to modify its electronic and optical properties to suit different applications. The study also highlights the need for adequate consideration of extrinsic factors that may affect the properties of the material in future research. 
The first author of this paper is Dr Pranjal Kumar Gogoi from the Department of Physics at NUS Faculty of Science.
MoS2 can possess two tunable optical band gaps
In the second study published in Nature Communications on 7 September 2017, the team of NUS researchers discovered that as opposed to conventional semiconductors which typically have only one optical band gap, electron doping of MoS2 on gold can create two unusual optical band gaps in the material. In addition, the two optical bandgaps in MoS2 are tunable via a simple, straight forward annealing process.
The research team also identified that the tunable optical band gaps are induced by strong-charge lattice coupling as a result of the electron doping.
The first author of this second paper is Dr Xinmao Yin from the Department of Physics at NUS Faculty of Science.
The research findings from the two studies lend insights to other materials that possess similar structure with MoS2.
MoS2 falls under a group of material known as the two-dimensional transitional metal dihalcogenides (2-D-TMDs) which are of great research interest because of their potential industrial applications. The new knowledge from our studies will assist us in unlocking the possibilities of 2-D-TMD-based applications such as the fabrication of 2-D-TMD-based field effect transistors," said Asst Prof Rusydi.
Leveraging the findings of these studies, the researchers will apply similar studies to other 2-D-TMDs and to explore different possibilities of generating new, valuable properties in 2-D-TMDs that do not exist in nature. 

科学家们将有希望的半导体材料揭开新的见解

来自新加坡国立大学（NUS）的研究人员已经就二维二硫化钼（MoS2）的性质建立了新的发现，这是未来广泛研究的半导体。

研究人员在由国防部科学院物理系的Andrew Wee教授和助理教授Andrivo Rusydi领导的两项研究中揭示了氧在MoS2中的作用，并提出了一种创新的可调谐反转光学带隙的新技术材料。这些新颖的见解加深了对MoS2的内在特性的理解，这可能潜在地改变其在半导体行业的应用。

来自新加坡国立大学的研究人员已经就二维二硫化钼（MoS2）的性质建立了新的发现，这是未来广泛研究的半导体。

这些研究发表在着名的科学期刊“物理评论信”和“自然通讯”上。

MoS2是石墨烯的替代品

MoS2是一种类似半导体的材料，对于晶体管，光电检测器和太阳能电池的开发和增强来说显示出所需的电子和光学特性。

Wee教授解释说：“MoS2具有很大的工业重要性，由于原子薄的二维结构和1.8eV的能带隙的存在，MoS2是一种可以提供比缺乏带隙的石墨烯更广泛应用的半导体。

氧的存在会改变MoS2的电子和光学性能

在2017年8月16日的“物理评论报告”发表的第一篇研究中，新西兰大学的研究人员进行了深入的分析，结果表明MoS2的能量储存能力或介电功能可以用氧气来改变。

该团队观察到，当暴露于氧气时，MoS2显示出更高的介电功能。这一新知识揭示了如何通过MoS2吸附和解吸氧气来改变其电子和光学性能以适应不同的应用。该研究还强调需要充分考虑可能影响未来研究中材料性质的外在因素。

本文的第一作者是NUS科学院物理系的Pranjal Kumar Gogoi博士。

MoS2可以具有两个可调光学带隙

在2017年9月7日在Nature Communications发表的第二篇研究中，NUS研究人员的研究人员发现，与通常只有一个光学带隙的传统半导体相反，MoS2在金上的电子掺杂可以在材料中产生两个不寻常的光学带隙。此外，MoS2中的两个光学带隙可通过简单的直线退火工艺进行调节。

研究团队还指出，由于电子掺杂，可调谐的光学带隙是由强电荷晶格耦合引起的。

第二篇论文的第一作者是新加坡国立大学理学系物理系Xinmao Yin博士。

两项研究的研究结果对其他具有与MoS2结构相似的材料有深入了解。

MoS2属于被称为二维过渡金属二卤化物（2-D-TMD）的一组材料，由于其潜在的工业应用而具有重大的研究兴趣。 Asst Prof Rusydi说：“我们研究的新知识将有助于我们解开基于2-D-TMD的应用的可能性，例如制造基于2-D-TMD的场效应晶体管。

利用这些研究的结果，研究人员将对其他2-D-TMD应用类似的研究，并探索在自然界中不存在的2-D-TMD中产生新的，有价值的性质的不同可能性。

Practical Application（实际应用）

Physicists propose new theories of black holes from the very early universe

UCLA physicists have proposed new theories for how the universe's first black holes might have formed and the role they might play in the production of heavy elements such as gold, platinum and uranium. 
Two papers on their work were published in the journal Physical Review Letters.
A long-standing question in astrophysics is whether the universe's very first black holes came into existence less than a second after the Big Bang or whether they formed only millions of years later during the deaths of the earliest stars.
Alexander Kusenko, a UCLA professor of physics, and Eric Cotner, a UCLA graduate student, developed a compellingly simple new theory suggesting that black holes could have formed very shortly after the Big Bang, long before stars began to shine. Astronomers have previously suggested that these so-called primordial black holes could account for all or some of the universe's mysterious dark matter and that they might have seeded the formation of supermassive black holes that exist at the centers of galaxies. The new theory proposes that primordial black holes might help create many of the heavier elements found in nature.
The researchers began by considering that a uniform field of energy pervaded the universe shortly after the Big Bang. Scientists expect that such fields existed in the distant past. After the universe rapidly expanded, this energy field would have separated into clumps. Gravity would cause these clumps to attract one another and merge together. The UCLA researchers proposed that some small fraction of these growing clumps became dense enough to become black holes.
Their hypothesis is fairly generic, Kusenko said, and it doesn't rely on what he called the "unlikely coincidences" that underpin other theories explaining primordial black holes.
The paper suggests that it's possible to search for these primordial black holes using astronomical observations. One method involves measuring the very tiny changes in a star's brightness that result from the gravitational effects of a primordial black hole passing between Earth and that star. Earlier this year, U.S. and Japanese astronomers published a paper on their discovery of one star in a nearby galaxy that brightened and dimmed precisely as if a primordial black hole was passing in front of it.

In a separate study, Kusenko, Volodymyr Takhistov, a UCLA postdoctoral researcher, and George Fuller, a professor at UC San Diego, proposed that primordial black holes might play an important role in the formation of heavy elements such as gold, silver, platinum and uranium, which could be ongoing in our galaxy and others.
The origin of those heavy elements has long been a mystery to researchers.
"Scientists know that these heavy elements exist, but they're not sure where these elements are being formed," Kusenko said. "This has been really embarrassing."
The UCLA research suggests that a primordial black hole occasionally collides with a neutron star—the city-sized, spinning remnant of a star that remains after some supernova explosions—and sinks into its depths.
When that happens, Kusenko said, the primordial black hole consumes the neutron star from the inside, a process that takes about 10,000 years. As the neutron star shrinks, it spins even faster, eventually causing small fragments to detach and fly off. Those fragments of neutron-rich material may be the sites in which neutrons fuse into heavier and heavier elements, Kusenko said.
However, the probability of a neutron star capturing a black hole is rather low, said Kusenko, which is consistent with observations of only some galaxies being enriched in heavy elements. The theory that primordial black holes collide with neutron stars to create heavy elements also explains the observed lack of neutron stars in the center of the Milky Way galaxy, a long-standing mystery in astrophysics.
This winter, Kusenko and his colleagues will collaborate with scientists at Princeton University on computer simulations of the heavy elements produced by a neutron star-black hole interaction. By comparing the results of those simulations with observations of heavy elements in nearby galaxies, the researchers hope to determine whether primordial black holes are indeed responsible for Earth's gold, platinum and uranium. 

物理学家从早期的宇宙中提出了新的黑洞理论

加州大学洛杉矶分校的物理学家提出了关于宇宙第一个黑洞如何形成的新理论，以及它们在生产重金属，如金，铂和铀的过程中可能发挥的作用。

两篇关于他们工作的论文发表在“物理评论报”杂志上。

天体物理学中长期以来的一个问题是，宇宙的第一个黑洞是否在大爆炸后不到一秒钟就会存在，或者是否在最早的星星死亡之前几百年后才形成。

加州大学洛杉矶分校物理学教授亚历山大·库森科（Eric Kusenko）和加州大学洛杉矶分校研究生毕业生埃里克·科特纳（Eric Cotner）研制出了一个令人信服的简单的新理论，认为黑洞可能在大爆炸之后不久就能在星星开始闪耀之前形成。天文学家以前曾经提出，这些所谓的原始黑洞可以解释宇宙的全部或部分神秘的黑暗物质，并且可能会在星系中心形成超大质量的黑洞。新的理论提出，原始黑洞可能有助于创造出许多在自然界中发现的较重元素。

研究人员开始考虑到在大爆炸后不久，统一的能量领域就会覆盖宇宙。科学家期望这样的领域存在于遥远的过去。在宇宙迅速扩大之后，这个能量场将分离成团块。重力会使这些团块相互吸引并合并在一起。加州大学洛杉矶分校研究人员提出，这些生长块中的一小部分变得致密，成为黑洞。

库桑科说，他们的假设是相当通用的，它不依赖于他所谓的“不太可能的巧合”，它支撑着解释原始黑洞的其他理论。

该文件表明，可以使用天文观测来搜索这些原始的黑洞。一种方法是测量由原始黑洞穿过地球和恒星之间的引力效应引起的星星亮度的微小变化。今年早些时候，美国和日本的天文学家发表了一篇关于他们发现附近星系中的一颗星星的文章，它们正好像原来的黑洞在它的前面那样变亮和变暗。

加州大学洛杉矶分校博士后研究员的Kusenko Volodymyr Takhistov和加州大学圣地亚哥分校教授乔治·富勒（George Fuller）提出，原始的黑洞可能在形成重金属元素如金，银，白金和铂金等方面发挥重要作用，铀，可能在我们的星系和其他星系之间正在进行。

这些重要元素的起源一直是研究人员的谜。

科森科说：“科学家们知道这些重要元素存在，但他们不知道这些元素的形成。” “这真的很尴尬。”

加州大学洛杉矶分校的研究表明，一个原始的黑洞偶尔会与一颗中子星相撞，这颗星星是一颗恒星在一些超新星爆炸之后仍然沉没在深处的城市大小的旋转残余物。

当这种情况发生时，库森科说，原始黑洞从内部消耗中子星，这个过程大概需要1万年的时间。随着中子星的收缩，它变得更快，最终导致小碎片分离并飞走。这种富含中子的材料片段可能是中子熔化成较重和较重元素的部位，Kusenko说。

然而，中子星捕捉黑洞的可能性相当低，库森科说，这与只有一些丰富重元素的星系的观察一致。原始黑洞与中子星相撞以产生重元素的理论也解释了在银河系中心观察到的中子星的缺乏，这是天体物理学中长期以来的一个谜。

今年冬天，库桑科及其同事将与普林斯顿大学的科学家合作，对中子星 - 黑洞相互作用产生的重元素进行计算机模拟。通过将这些模拟的结果与附近星系中重元素的观测结果进行比较，研究人员希望确定原始的黑洞是否确实对地球的金，铂和铀负责。

High-speed quantum memory for photons

Physicists from the University of Basel have developed a memory that can store photons. These quantum particles travel at the speed of light and are thus suitable for high-speed data transfer. The researchers were able to store them in an atomic vapor and read them out again later without altering their quantum mechanical properties too much. This memory technology is simple and fast and it could find application in a future quantum Internet. The journal Physical Review Letters has published the results. 
Even today, fast data transfer in telecommunication networks employs short light pulses. Ultra broadband technology uses optical fiber links through which information can be transferred at the speed of light. At the receiver's end, the transmitted information has to be stored quickly and without errors so that it can be processed further electronically on computers. To avoid transmission errors, each bit of information is encoded in relatively strong light pulses that each contain at least several hundreds of photons.
For several years, researchers all over the world have been working on operating such networks with single photons. Encoding one bit per photon is not only very efficient, but it also allows for a radically new form of information processing based on the laws of quantum physics. These laws allow a single photon to encode not only the states 0 or 1 of a classic bit, but also to encode a superposition of both states at the same time. Such quantum bits are the basis for quantum information processing that could make unconditionally secure communication and super fast quantum computers possible in the future. The ability to store and retrieve single photons from a quantum memory is a key element for these technologies, which is intensively investigated.
A team of physicists led by the professors Philipp Treutlein and Richard Warburton from the University of Basel has now developed a particularly simple and fast quantum memory that stores photons in a gas of rubidium atoms. A laser controls the storage and retrieval processes. The technology used does not require cooling devices or complicated vacuum equipment and can be implemented in a highly compact setup. The researchers were also able to verify that the memory has a very low noise level and is suitable for single photons.
"The combination of a simple setup, high bandwidth and low noise level is very promising for future application in quantum networks," says Janik Wolters, first author of the study. The development of such quantum networks is one of the goals of the National Center of Competence in Quantum Science and Technology (NCCR QSIT) and of the EU Framework Programme for Research and Innovation that have funded this study. In the future, quantum networks could lead to unconditionally secure communication, the networking of different quantum computers and the simulation of complex physical, chemical and biological systems. 

用于光子的高速量子存储器

来自巴塞尔大学的物理学家开发了可以存储光子的记忆。这些量子粒子以光速行进，因此适用于高速数据传输。研究人员能够将它们存储在原子蒸汽中，然后再次读出，而不会改变其量子力学性能。这种内存技术简单快捷，可以在未来的量子互联网中找到应用。 “物理评论报”杂志发表了结果。

即使在今天，电信网络中的快速数据传输也采用短光脉冲。超宽带技术使用光纤链路，可以通过光纤链路以光速传输信息。在接收端，发送的信息必须快速存储，没有错误，从而可以在计算机上进一步电子处理。为了避免传输错误，信息的每一位以相对强的光脉冲编码，每个光脉冲包含至少几百个光子。

几年来，世界各地的研究人员一直在努力使用单个光子来运行这样的网络。每个光子编码一位不仅非常有效，而且还允许基于量子物理学的定律的基本新形式的信息处理。这些定律允许单个光子不仅对经典位的状态0或1进行编码，而且可以同时编码两个状态的叠加。这样的量子位是量子信息处理的基础，可以使得无条件安全通信和超快速量子计算机在将来成为可能。从量子存储器存储和检索单个光子的能力是这些技术的关键要素，这是深入的研究。

由巴塞尔大学的Philipp Treutlein教授和Richard Warburton领导的物理学家团队现在开发出一种特别简单快速的量子记忆，将光子存储在铷原子的气体中。激光器控制存储和检索过程。所使用的技术不需要冷却装置或复杂的真空设备，并且可以在高度紧凑的装置中实施。研究人员还能够验证存储器具有非常低的噪声水平，并且适用于单个光子。

研究的第一作者Janik Wolters说：“简单的设置，高带宽和低噪声水平的组合对于未来在量子网络中的应用是非常有前途的。这种量子网络的发展是国家量子科学与技术能力中心（NCCR QSIT）和欧盟研究和创新框架计划资助这一研究的目标之一。未来量子网络可能实现无条件的安全通信，不同量子计算机的联网和复杂的物理，化学和生物系统的模拟。
Monster X-ray laser offers glimpse into nano-world (Update)

The world's most powerful X-ray laser opened Friday in Germany, promising to shed new light onto very small things by letting scientists penetrate the inner workings of atoms, viruses and chemical reactions. 
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The mega-project generates extremely intense laser flashes, at a mind-boggling rate of 27,000 per second, inside a 3.4-kilometre (2.1-mile) tunnel below the northern city of Hamburg.

Hailed as one of Europe's most cutting-edge research projects, the European XFEL, hidden 38 metres (125 feet) below corn fields and residential areas, was opened after eight years' construction at a ribbon-cutting ceremony with science and technology ministers from the 11 countries involved.

At the heart of the 1.5-billion-euro ($1.7 billion) facility is the ultrafast X-ray laser strobe light, which will allow researchers for the first time to look deep inside matter and take snapshots and "molecular movies".

"We can look deep into the micro-world, the nano-world, the world of atoms and molecules, and study things we didn't previously know, for example what molecules do in a chemical reaction," said Johanna Wanka, Germany's education and research minister.

Teams from around the world will be able to, for instance, map the atomic details of viruses, take 3-D images of the molecular make-up of cells or film chemical reactions as they happen.

The huge laser is "like a camera and a microscope that will make it possible to see more tiny details and processes in the nano-world than ever before," XFEL managing director Robert Feidenhans'l told AFP.

He said that so far, scientists know many chemical and biological processes only by their outcomes—like a football fan reading the score of a match he missed.

"Now you can see the game and you can analyse it ... so next time you can win," Feidenhans'l said. "The game could be a chemical process, a biological process, it could be how you get energy from sunlight. The principle is the same: you want to see the game."

Particle accelerator
The applications are sweeping—images of biomolecules may help understand and treat illnesses, while a peek inside a building material might explain why it tears or cracks.

The light beams can also be bundled to create extreme pressure and temperatures to study processes like those at the Earth's core.

"There will be very concrete applications, for example to develop custom-made drugs against tumours and viruses ... or to test the purity of materials," said Wanka. 

"We don't yet know everything that will result from this, but it is unique and an opportunity for many researchers."
The XFEL boasts a list of superlatives: the light's brilliance is a billion times higher than that of the best conventional X-ray sources.
The silicon mirrors along which the light is bounced, produced in Japan, are so smooth that any bump on their surface measures no more than a millionth of a millimetre.
Some 800 guests were invited for the launch of the project, which stretches from inside Hamburg to Schenefeld in the adjoining state of Schleswig-Holstein.
Germany has coughed up 58 percent of the cost and Russia 27 percent, with scientific cooperation continuing despite geopolitical tensions.
The other partners, with stakes of one to three percent each, are Denmark, France, Hungary, Italy, Poland, Slovakia, Spain, Sweden and Switzerland. Britain is in the process of joining.
Near-light speed
XFEL—which stands for X-Ray Free-Electron Laser—is all about looking at things at the hard-to-fathom nano-level. (For a rough idea, a human hair is about 100,000 nanometres thick.)
It works by blasting a powerful laser into metal which sends bundles of electrons flying through a superconducting linear accelerator, the world's longest at 1.7 kilometres.
As they hurtle through the tube, which is supercooled to minus 271 degrees centigrade, they are charged by microwaves in order to reach nearly the speed of light.
In the next section, thousands of alternating magnets send the electrons onto a tight "slalom" course.
The electrons gather into a multitude of ultrathin discs, allowing them to emit their light in sync and produce intense X-ray flashes of laser light.
When these hit a material, they create a strobe-like series of crisp pictures with an ultrashort "shutter speed" of a billionth of a second, which can be assembled to create 3-D images or films. 

怪物X射线激光提供了一瞥纳米世界（更新）

世界上最强大的X射线激光星期五在德国开幕，承诺通过让科学家穿透原子，病毒和化学反应的内部工作，将新的光芒转移到非常小的事情上。

这个大型项目在汉堡北部城市3.4公里（2.1英里）的隧道内产生极度激烈的激光闪烁，时速惊人，每秒27,000次。

被誉为欧洲最前沿的研究项目之一，位于玉米田和住宅区下方38米（125英尺）的欧洲XFEL公司在与科技部长的剪彩仪式上进行了八年的建设，涉及11个国家。

15亿欧元（17亿美元）设施的核心是超快X射线激光闪光灯，这将使研究人员首次深入内部，拍摄快照和“分子电影”。

德国教育部的研究部长Johanna Wanka表示：“我们可以深入微观世界，纳米世界，原子和分子世界，以及我们以前不了解的事情，例如分子在化学反应中的作用。

来自世界各地的团队将能够拍摄3-D图像的分子组成的细胞或电影化学反应发生时。例如，映射病毒的原子细节。

XFEL董事总经理Robert Feidenhans'l告诉法新社，这个巨大的激光器“就像一台相机和一台显微镜一样，可以让纳米技术的细节和流程比以往任何时候都更加细微。”

他说，到目前为止，科学家们只有通过他们的成果才能知道许多化学和生物过程，就像一个足球迷看到他错过的一场比赛的得分。

“现在你可以看到游戏，你可以分析一下，所以下次你可以赢，”Feidenhans'l说。 “游戏可能是一个化学过程，一个生物过程，它可能是你如何从阳光中获得能量，原理是一样的：你想看游戏。”

粒子加速器

应用程序是扫描图像的生物分子可能有助于了解和治疗疾病，而建筑材料内窥视可能解释它的眼泪或裂缝的原因。

光束也可以捆绑在一起，以产生极高的压力和温度来研究像地球核心的过程。

Wanka说：“将有非常具体的应用，例如开发针对肿瘤和病毒的定制药物，或测试材料的纯度。”

“我们还不知道将会产生的一切，但它是许多研究人员独特的机会。”

XFEL拥有一系列优点：光线的亮度比最佳常规X射线源高出十亿倍。

在日本生产的光反射的硅镜太光滑，表面上的任何凸起都不超过百万分之一毫米。

约有800位客人被邀请参加这个项目，该项目从汉堡内部延伸到邻近的石勒苏益格 - 荷尔斯泰因州的施恩菲尔德。

德国占78％，俄罗斯占27％。尽管地缘政治紧张局势，科学合作仍在继续。

丹麦，法国，匈牙利，意大利，波兰，斯洛伐克，西班牙，瑞典和瑞士的其他合作伙伴，分别为1％至3％。英国正在考虑加入。

近光速度

XFEL - 代表X射线自由电子激光 - 都是关注在难以想象的纳米级别的事情。 （对于一个粗略的想法，人的头发大约是10万纳米。）

它通过将强大的激光喷射到金属中，通过超导线性加速器发射电子束，世界上最长的是1.7公里。

当它们通过过冷却到零下271摄氏度的管子时，它们被微波充电以达到接近光速。

在下一节中，成千上万的交替磁体将电子发送到紧绷的“回旋”过程。

电子聚集成多个超薄光盘，允许它们同步发光，产生强烈的X射线激光。

当这些材料拍摄时，他们创建了一个闪光灯系列的清晰图片，具有十分之几秒的超短“快门速度”，可以组合起来创建3-D图像或胶片。

A new method provides better insights into real-world network evolution

Nature and society are full of so-called real-world complex systems, such as protein interactions. Theoretical models, called complex networks, describe them and consist of nodes representing any basic element of that network, and links describing interactions or reactions between two nodes. 
In the case of protein-interaction studies, reconstruction of complex networks is key as the data available is often inaccurate and our knowledge of the exact nature of these interactions is limited. For reconstruction of networks, link predict—the likelihood of the existence of a link between two nodes—matters. Now, Chinese scientists have looked at the influence of the network structure to shed some light on the robustness of the latest methods used to predict the behaviour of such complex networks.
Jin-Xuan Yang and Xiao-Dong Zhang from Shanghai Jiao Tong University in China have just published their work in EPJ B, providing a good reference for the choice of a suitable algorithm for link prediction depending on the chosen network structure. In this paper, the authors use two parameters of networks—the common neighbours index and the so-called Gini coefficient index—to reveal the relation between the structure of a network and the accuracy of methods used to predict future links.
Their study partly involves a statistical analysis, which reveals a correlation between characteristics of the network, like the common neighbours index, Gini coefficient index and other indices that specifically describe the network structure, such as its clustering coefficient or its degree of heterogeneity.
The authors test their theory experimentally in a variety of real-world networks and find that the proposed algorithm yields better prediction accuracy and robustness to the network structure than existing methods. This also leads the authors to devise a new method to predict missing links. 

一种新的方法可以更好地了解现实世界的网络演进

自然和社会充满了所谓的现实世界复杂系统，如蛋白质相互作用。称为复杂网络的理论模型描述它们，并由表示该网络的任何基本元素的节点组成，以及描述两个节点之间的交互或反应的链接。

在蛋白质相互作用研究的情况下，复杂网络的重建是关键，因为可用的数据通常是不准确的，并且我们对这些相互作用的确切性质的了解是有限的。对于网络的重建，链路预测 - 两个节点之间链路存在的可能性很重要。现在，中国科学家已经研究了网络结构的影响，揭示了用于预测这种复杂网络行为的最新方法的鲁棒性。

中国上海交通大学的杨金宣杨小东刚刚在EPJ B上发表了自己的工作，为选择网络结构的链路预测选择合适的算法提供了参考依据。在本文中，作者使用网络的两个参数 - 共同邻居索引和所谓的基尼系数指数来揭示网络结构与用于预测未来链路的方法的准确性之间的关系。

他们的研究部分涉及统计分析，揭示网络特征之间的相关性，如普通邻居指数，基尼系数指数和其他具体描述网络结构的指标，如聚类系数或异质性程度。

作者通过实验在各种现实世界网络中对其理论进行了测试，发现所提出的算法比现有方法产生更好的预测精度和网络结构的鲁棒性。这也导致作者设计出一种新的方法来预测缺失的链接。
Hollow atoms: The consequences of an underestimated effect

The "hollow atoms", which are being produced in the labs of TU Wien (Vienna) are quite exotic objects. Their electrons are in a state of extremely high energy (so called Rydberg states), but when they are shot through another material, they can get rid of this energy in a matter of femtoseconds (millionths of a billionth of a second). 
For a long time, physicists have been speculating how this process can be so fast. Experiments with xenon ions and graphene have now shown that the reason is an effect which has been hugely underestimated: the so-called "interatomic coulomb decay". Studying this effect is not only important for atomic physics, but also for our health: when biological material is irradiated, the interatomic coulomb decay can fracture DNA molecules. These results have now been published in the journal Physical Review Letters.
Hollow Atoms
Extreme environments are created in the labs at TU Wien. In an ion trap, large amounts of energy are used to rip a great number of electrons out of their atoms, leaving highly charged ions behind. When such an ion is fired onto a surface, it regains its electrons, pulling them away from the surface. These new electrons, however, have very high energies. They occupy the outer electron shells, far away from the atomic nucleus - whereas in a normal atom, the electrons tend to occupy the innermost electron shells, where their energy is low. An atom, in which many electrons are located in the outer electron shells while many inner electron states are empty, is called a "hollow atom".
"As soon as these hollow atoms enter a solid, for example, when they penetrate a thin foil, their electronic state changes almost instantaneously", says Richard Wilhelm, a scientist in Prof. Friedrich Aumayr's team at TU Wien. "The highly excited electrons return to a state of lower energy. And this happens so fast that for many years it remained a mystery, which process can be responsible for that energy transfer."
"The usual mechanisms which normally allow electrons to get rid of their energy are much too slow", says Friedrich Aumayr. "Therefore, different ad-hoc-hypotheses have been proposed to explain this phenomenon. But nobody really had a satisfying answer."
Xenon and Graphene
Together with physicists from the Helmholtz-Zentrum Dresden-Rossendorf, the Viennese team decided to take a closer look. They used very heavy ions - thirty-fold positively charged xenon atoms - and fired them onto graphene, the world's thinnest material, consisting of only one layer of carbon atoms. The time it takes the charged atoms to traverse the graphene is just one femtosecond, but this ultrashort contact is enough to completely change the distribution of electrons.
The experiment showed that this redistribution is due to an effect, which has been considered to be rather unimportant - the interatomic Coulomb decay: the energy of a single electron is transferred to several other electrons of neighbouring atoms. The highly charged xenon atom passes through the graphene layer and comes into contact with several carbon atoms at the same time. The high energy of an electron in the xenon atom is passed on to several electrons in the graphene which can now leave their place and hurtle away - but only with rather low energies.
The low energy of the resulting electrons is the reason why this process plays an interesting part in biology. Such interatomic coulomb decays can also happen when ionizing radiation (as it is used in cancer therapy, when patients are irradiated with gamma radiation, ions or electrons) removes an inner electron from an atom and leaves the atom in a highly excited ("hollow") state. Also in that case, the energy can be distributed over several neighbouring atoms, and many slow electrons are emitted. This can lead to single- or double-strand breaks in DNA molecules. In normal human tissue, this can cause inherited defects or cancer, but in radiation therapy, this kind of DNA damage can be very effective in destroying cancer cells.
These new insights about the important role of the interatomic coulomb decay in hollow atoms open up new ways of studying this effect and gaining new insights which are relevant for medicine and biology. 

空心原子：低估效应的后果

在TU Wien（维也纳）实验室生产的“空心原子”是非常异乎寻常的物体。他们的电子处于非常高的能量状态（所谓的里德堡态），但是当他们被另一种材料射击时，他们可以在飞秒（上百万十亿分之一秒）内摆脱这种能量。

很长一段时间以来，物理学家一直在推测这个过程为什么会这么快。对氙离子和石墨烯进行的实验已经表明，其原因是一种被极大低估的效应：称之为“原子间库仑衰变”。研究这种效应不仅对原子物理学很重要，而且对我们的健康很重要：当生物材料被照射时，原子间库仑的衰变可以破坏DNA分子。这些结果现已发表在《物理评论快报》杂志上。

空心原子

极端环境是在TU Wien的实验室中创造出来的。在离子阱中，大量的能量用于从原子中除去大量电子，留下高电荷的离子。当这样的离子发射到表面上时，它会重新获得电子，从而远离表面。然而，这些新电子具有非常高的能量。它们占据远离原子核的外部电子壳，而在正常原子中，电子往往占据最内层的电子壳，它们的能量较低。其中许多电子位于外层电子壳中而许多内电子态为空的原子被称为“空心原子”。

在维也纳大学教授弗里德里希 Aumayr 团队技术的科学家理查德·威廉（Richard Wilhelm）说：“一旦这些空心原子进入固体，例如当它们穿透薄箔时，它们的电子状态几乎瞬间发生变化。被高度激发的电子返回到能量较低的状态，这种情况发生得如此之快，以至于多年来这仍然是一个谜，这个过程可以负责能量的转移。”

“通常允许电子摆脱能量的机制实在是太慢了”，Friedrich Aumayr说。“因此，针对这种现象提出了不同的

ad - hoc假说。但没有真的令人满意的答案。

氙气和石墨烯

维也纳团队与来自亥姆霍兹中心德累斯顿—罗森多夫的物理学家一起，决定仔细研究一下。他们使用非常重的离子——30倍带正电荷的氙原子——并将它们发射到石墨烯上，石墨烯是世界上最薄的材料，只有一层碳原子。带电荷的原子穿过石墨烯的时间只需要一飞秒，但这个超短的接触足以完全改变电子的分布。

实验表明，这种再分配是由于一个被认为是相当不重要的原理——库仑衰变的效应：单个电子的能量转移到相邻原子的几个其他电子上。高电荷的氙原子通过石墨烯层，同时与几个碳原子接触。氙原子中的电子的高能量被传递到石墨烯中的几个电子，石墨烯可以立即离开它们的位置并将它们扔到一边——但这只能用相当低的能量。

由此产生的电子的低能量是这个过程在生物学中起着重要作用的原因。这种原子间库仑衰变也可能发生在电离辐射（如在癌症治疗中使用时，当患者被γ辐射，离子或电子照射时）从原子中去除内部电子并将该原子留在高度激发的（“空心”）状态。同样在这种情况下，能量可以分布在几个相邻的原子上，并且释放出许多慢电子。这可能导致DNA分子中的单链或双链断裂。在正常的人体组织中，这可能导致遗传性缺陷或癌症，但在放射治疗中，这种DNA损伤可以非常有效地破坏癌细胞。

这些关于原子间库仑衰变在空心原子中的重要作用的新见解开辟了新的研究方法，并获得了与医学和生物学相关的新见解。

Drops of water found to spring from oscillating surface faster than the surface moves

A team of researchers with the University of Côte d'Azur in France has found that drops ejected by an oscillating surface can at times travel faster than the surface that ejected them. In their paper published in the journal Physical Review Letters, the team describes experiments they conducted by flinging water from a superhydrophobic surface and what they found. 
If you place water on a bendable piece of vibrating plastic, the water droplets will be flung off into the air as the surface undulates. In this new effort, the researchers found that in some specific cases, some of those water droplets can actually travel faster into the air then the plastic base that pushed them. The researchers made this observation as they placed water drops onto a thin piece of plastic made of fluorinated polymers, which they note is similar to Teflon. The team then attached a device that vibrated the plastic at frequencies between 20 and 70Hz. As the oscillator was turned on, the researchers timed the speeds of the drops as they were flung into the air.
The group reports that the highest speed attained by the drops occurred at the halfway point to its peak, after which it slowed then fell back to the surface. But they also found that some of the droplets left the surface at roughly 1.6 times the speed of the rising surface.
To better understand what was occurring and why, the researchers took a closer look at the drop as it was being pushed off the surface. They found that it was squished slightly, like a tennis ball being hit by a racket. And like a tennis ball, the drop rebounded as it was being pushed off the surface. That rebound added to the release speed. The team describes the effect as superpropulsion. They found that the increase in speed of the drop was dependent on the size of the drop vibration compared to the oscillation frequency—the biggest gains came when the drop vibration frequency was approximately three times that of the surface's frequency. The researchers also compared the effect to the added lift a person gets on a trampoline when pushing at just the right moment. 

从振荡表面发现的水滴比地表移动更快

法国蔚蓝海岸大学的一个研究小组发现，在振荡的表面喷射出的水滴有时会比喷在它们的表面速度更快。在发表在《物理评论快报》(Physical Review Letters)杂志上的一篇论文中，该研究小组描述了他们通过从超疏水的表面取水和发现的东西进行的实验。

如果将水放在可弯曲的振动塑料片上，则水滴会随着表面起伏而抛向空中。在这项新的研究中，研究人员发现，在某些特定的情况下，一些水滴实际上能更快地传播到空气中，然后把它们推到塑料底座上。研究人员在将水滴放置在由氟化聚合物制成的薄塑料片上时进行了这一观察，他们注意到这与Teflon相似。然后，该小组将一个频率在20到70Hz之间的装置连接起来。当振荡器打开时，研究人员将水滴在空中的速度计时。

该小组报告称，下降的最高速度是在到达最高点的一半时发生的，之后它减慢了速度然后又回落到表面。但他们还发现，一些水滴的表面的速度大约是上升表面的1.6倍。

为了更好地了解发生了什么及其原因，研究人员仔细观察了水滴被从表面上推下时的情况。他们发现它被轻微地压扁，就像被球拍击中的网球。像网球一样，当被推离地面时，水滴反弹。这种反弹增加了释放速度。该小组将其描述为超级推进。他们发现，与振荡频率相比，下降速度的增加取决于下降振动的大小，当下降的振动频率大约是表面频率的三倍时，最大的增益就出现了。研究人员还将这种效应与人在正确的时刻在蹦床上的效果进行了比较。

Exchanges of identity in deep space

By reproducing the complexity of the cosmos through unprecedented simulations, a new study highlights the importance of the possible behaviour of very high-energy photons. In their journey through intergalactic magnetic fields, such photons could be transformed into axions and thus avoid being absorbed. 
Like in a nail-biting thriller full of escapes and subterfuge, photons from far-off light sources such as blazars could experience a continuous exchange of identity in their journey through the universe. This would allow these very tiny particles to escape an enemy which, if encountered, would annihilate them. Normally, very high-energy photons (gamma rays) should "collide" with the background light emitted by galaxies and transform into pairs of matter and antimatter particles, as envisaged by the Theory of Relativity. For this reason, the sources of very high-energy gamma rays should appear significantly less bright than what is observed in many cases.
A possible explanation for this surprising anomaly is that light photons are transformed into hypothetical weakly interacting particles, "axions," which, in turn, would change into photons, all due to the interaction with magnetic fields. A part of the photons would escape interaction with the intergalactic background light that would make them disappear. The importance of this process is emphasised by a study published in Physical Review Letters, which recreated an extremely refined model of the cosmic web, a network of filaments composed of gas and dark matter present throughout the universe, and of its magnetic fields. These effects are now awaiting comparison with those obtained experimentally through Cherenkov Telescope Array new generation telescopes.
Through complex and unprecedented computer simulations made at the CSCS Supercomputing Centre in Lugano, scholars have reproduced the so-called cosmic web and its associated magnetic fields to investigate the theory that photons from a light source are transformed into axions, hypothetical elementary particles, on interacting with an extragalactic magnetic field. Axions could then be changed back into photons by interacting with other magnetic fields. Researchers Daniele Montanino, Franco Vazza, Alessandro Mirizzi and Matteo Viel write, "Photons from luminous bodies disappear when they encounter extragalactic background light (EBL). But if on their journey they head into these transformations as envisaged by these theories, it would explain why, in addition to giving very important information on processes that occur in the universe, distant celestial bodies are brighter than expected from an observation on Earth. These changes would, in fact, enable a greater number of photons to reach the Earth."
Thanks to the wealth of magnetic fields present in the cosmic web's filaments, which were recreated with the simulations, the conversion phenomenon would seem much more relevant than predicted by previous models: "Our simulations reproduce a very realistic picture of the cosmos' structure. From what we have observed, the distribution of the cosmic web envisaged by us would markedly increase the probability of these transformations." The next step in the research is to compare simulation results with the experimental data obtained through the use of the Cherenkov Telescope Array Observatories detectors, the new-generation astronomical observatories, one of which is positioned in the Canary Islands and the other in Chile. They will study the universe through very high-energy gamma rays. 

在深层空间中的身份交换

通过前所未有的模拟再现宇宙的复杂性，一项新的研究强调了高能量光子的可能行为的重要性。在他们穿越星系间磁场的过程中，这样的光子可以转化为轴，从而避免被吸收。

就像在一本令人紧张的惊悚片里充满了逃跑和潜逃的情节，来自遥远光源的光子，比如开拓者，可以在他们穿越宇宙的旅程中经历不断的身份交换。这将使这些非常微小的粒子逃离敌人，如果遇到的话就会消灭敌人。通常情况下，高能量的光子（伽马射线）应该与星系发射的背景光“碰撞”，并由相对论所设想的物质和反物质粒子相互转化。因此，高能伽马射线的来源应该明显比在许多情况下观察到的要少。

这个令人惊讶的反常现象的一个可能的解释是，光子被转化成假定的弱相互作用的粒子“轴”，反过来，这些粒子将变成光子，这都是由于与磁场的相互作用。光子的一部分将避免与星际背景光的相互作用，使它们消失。一项发表在《物理评论快报》(Physical Review Letters)上的研究强调了这一过程的重要性，它再现了一个极其精细的宇宙网络模型，一个由气体和暗物质组成的网状结构，贯穿整个宇宙以及它的磁场。这些效应现在正在等待与那些通过切伦科夫望远镜阵列新一代望远镜得到的实验进行比较

通过在卢加诺CSCS超级计算中心进行的复杂和前所未有的计算机模拟，学者们再现了所谓的宇宙网络及其相关的磁场，以研究光源光子被转换成轴，假设的基本粒子，与外磁场的相互作用。然后可以通过与其他磁场相互作用将轴旋转回光子。研究人员Daniele Montanino，Franco Vazza，Alessandro Mirizzi和Matteo Viel写道：“发光体的光子遇到银河系外的背景光（EBL）时就会消失，但如果在旅程中他们按照这些理论设想进入这些转变，那么这将解释为什么除了提供关于宇宙中发生的过程的非常重要的信息之外，遥远的天体比地球观测到的更亮，事实上，这些变化可以使更多的光子到达地球。”

由于在宇宙网络的细丝中出现了大量的磁场，这些磁场在模拟中重现，这种转换现象似乎比先前的模型所预测的要重要得多：“我们的模拟再现了宇宙结构的一个非常现实的图片。从我们观察到的情况来看，我们设想的宇宙网络的分布将显着增加这些转变的可能性。”研究的下一步是将模拟结果与通过使用切伦科夫望远镜阵列观测台探测器获得的实验数据进行比较，该探测器是新一代天文观测台，其中一个位于加那利群岛，另一个在智利。他们将通过高能量的γ射线研究宇宙。

Organic & Polymer（有机高分子材料）

Hydrodynamics researchers demonstrate objects sinking in water with zero drag

Water will easily stop a bullet, but it can't stop a ball sinking in a bubble. 
This is the remarkable result from a series of experiments that have for the first time shown objects sinking in water with close to zero drag, finally proving an 18th century theory in physics.
Swimmers experience it, fish have evolved their sleek shapes to minimise it, ships are slowed by it, and submarines use copious amounts of energy to defeat it. Drag slows everything down in water, and removing it is the holy grail of fluid mechanics.
Improvements of just 5 or 10 per cent drag reduction can have a major impact on fuel efficiency and speed, but what if you reduce drag by 1000 per cent?
A team of researchers from the University of Melbourne, Kind Abdullah University of Science and Technology Saudi Arabia, and the Institute of High Performance Computing in Singapore have cracked it. Their findings are published in the journal Science Advances.
The experiment looks simple. Drop a 2-centimetre-wide metal ball into a deep pool. The ball forms a large gas bubble in the shape of an elongated teardrop around itself and then the ball-plus-bubble sink together. Do the maths and it turns out that this ball experiences ten times less drag than a solid object with the same shape.
It looks simple, but it isn't. This experiment requires a very particular set of conditions, and the team has spent years understanding its theoretical basis.
It starts with the ball, or to be specific, two balls.
"There are two ways we can create these gas layers," says Professor Derek Chan, a mathematician from the University of Melbourne, and one of the study leaders.
"The first is to heat a metal sphere to a very high temperature, and the second is to use a superhydrophobic surface.
"For the first, we heat the ball to 400 degrees Celsius, and we heat the water to 95 degrees Celsius – just below its boiling point.

"When the ball hits the water it boils a small amount of water immediately around it, creating a layer of water vapour. At the right combination of ball and water temperatures this layer becomes stable, so the ball is completely encased in the gas. We call this a Leidenfrost state."
This is the 'inside out' version of the phenomenon most cooks would regularly see when they add small amounts of water to a very hot pan, and the water droplets skitter across the pan, because they are elevated by a vapor film sustained by the hot surface.
The second kind of ball works by repelling the water around it. Hydrophobic literally means 'water hating'. Think of water beading and running off a Goretex jacket. And when something is superhydrophobic, that hatred runs deep.
The ball is coated in a product called Glaco Mirror Coat Zero, it's actually sold as a spray-on water repellent coating for side mirrors on cars. It is so effective at repelling water that under the right conditions the ball maintains a layer of gas between itself and the water even when completely submerged.
"The benefit of the superhydrophobic coating is that it works in water at room temperature," says Professor Chan.
Dr Ivan Vakarelski and Professor Sigurdur Thoroddsen, who lead the King Abdullah University part of the team, say there are a lot of ways to reduce drag.
"Dimples on golf balls is one example, as is the pattern on a shark's skin," says Dr Vakarelski.
"Releasing air bubbles in front of an object moving in water can significantly reduce drag, as can using a hydrophobic surface."
Professor Thoroddsen says the idea behind all of these strategies is to change the way the fluid – such as water or air – flows around the object, particularly right next to the object, at what is called the boundary layer.
"In our previous experiments, we got stable gas layers around these balls, but they were less than 1 millimetre thick," he says.
"This helped to reduce the drag by 10 or 20 percent, but this wasn't enough, so we started to think of ways to create a bigger bubble around these balls."

They started dropping the balls from various heights, and found that at just the right range of heights, a large gas cavity was created around the ball, and this shape was maintained as the ball sank through the water.
Dr Evert Klaseboer of the Institute of High Performance Computing and Professor Chan who did the theoretical analysis and modelling are excited by how this discovery has taken a purely theoretical concept and made it real.
"There's a well-known theory in this field, that the drag force on an ideal object, with a free-slip surface, will fall to zero," says Dr Klaseboer.
"This is the well-known d'Alembert's Paradox and our result is a 21st century realisation of an 18th century theoretical result.
"In the study of fluid dynamics, we've always used a hypothetical sphere because we haven't been able to create an object with a free-slip surface – until now.
"The motion of balls, like the aforementioned golf ball, is impossible to predict with a mathematical formula because of the chaotic action of turbulence, but the sphere-in-cavity has no turbulence and can be described by very simple equations. It could become a textbook example of some fundamental hydrodynamic theories."
This research has important implications for the development of energy-efficient marine vehicles.
"Current technologies rely on the injection of gas bubbles near the hull," says Professor Chang.
"Also under development are vehicles that have a superhydrophobic surface that can naturally sustain thin air layers.
"These technologies can achieve 10 or perhaps 20 per cent drag reduction, while our experiment demonstrates that for the best case scenario, an order of magnitude reduction is possible.
"This now sets the target for future research in this area." 

流体动力学研究人员展示了零阻力情况下沉入水中的物体

水会很容易阻止子弹，但它不能阻止一个沉没在气泡中的球。

这是一系列实验得到的显着成果，这些实验首次证明了物体在接近零阻力的情况下在水中下沉的情况，最终证明了18世纪的物理学理论。

游泳者已经体验过了，鱼进化出了光滑的形状以使其最小化，船只因此变得缓慢，潜艇需要使用大量的能量击败它。拖曳减缓了水中的一切，移除它将是流体力学的圣杯。

只减少5％或10％的减排可能对燃油效率和速度产生重大影响，但如果减少1000％的阻力呢？

来自墨尔本大学，和蔼的阿卜杜拉科技大学，沙特阿拉伯，以及新加坡的高性能计算研究所的研究人员已经破解了这一点。他们的研究结果发表在了《科学进展》杂志上。

这个实验看起来很简单。将一个2厘米宽的金属球放入深水池中。球形成一个大的气泡，呈细长的泪珠的形状，然后球形的气泡汇聚在一起。数学计算结果表明，这个球的阻力比具有相同形状的固体物体的阻力小10倍。

这看起来好像很简单，但事实并非如此。这个实验需要一套非常特别的条件，而且该小组花了数年时间来理解它的理论基础。

这以球开始，或者是具体来说是两个球。

墨尔本大学的数学家陈德瑞教授和其中一位研究领导人表示：“有两种方法可以创造出这些气体层。”

“第一种是将金属球加热到非常高的温度，第二种是使用超疏水表面。”

“首先，我们将球加热到400摄氏度，然后我们把水加热到95摄氏度，刚刚低于沸点。”

“当球击中水时，它会立即在它周围沸腾，形成一层水蒸汽。在球和水温的正确组合中，这一层变得稳定，所以球被完全包裹在气体中。我们称之为莱顿弗罗斯特。”

这是大多数厨师经常看到的现象，当他们在一个非常热的平底锅中加入少量的水时，他们会经常看到水珠在平底锅上滑过，因为它们被热表面支撑的蒸汽膜升高。

第二种球的工作原理是把水绕在它周围。疏水的字面意思是“憎水”。想想水形成珠状并从Goretex外套上跑掉。当某些东西是超疏水时，这种憎恨根深蒂固。

该球被涂覆在名为Glaco Mirror Coat Zero的产品上，它实际上是作为汽车后视镜的一种喷雾防水涂层销售。在适当的条件下，它如此有效的击退水，即使完全被浸没，球仍保持着自身与水之间的一层气体。

陈教授说：“超疏水涂层的好处是它在室温下工作。”

伊万瓦卡雷尔斯基博士和领导阿卜杜拉国王大学部队的Sigurdur Thoroddsen教授说，有很多方法可以减少阻力。

Vakarelski博士说：“高尔夫球上的凹痕就是一个例子，就像鲨鱼皮肤上的图案一样。”

“在物体前释放气泡可以显著的降低阻力，如同可以使用疏水表面一样。

Thoroddsen教授说，所有这些策略背后的想法是改变流体（如水或空气）在物体周围的流动，特别是在物体旁边，在所谓的边界层。

“在我们以前的实验中，我们在这些球周围得到了稳定的气体层，但是它们的厚度都小于1毫米，”他说。

“这有助于减少10％或20％的阻力，但这还不够，所以我们开始想办法在这些球周围创造更大的气泡。”

他们开始把球从不同的高度往下扔，发现在合适的高度范围内，球周围产生了一个大的气体腔，当球沉入水中时，这种形状保持不变。

高性能计算研究所Evert Klaseboer博士和理论分析与建模的陈教授感到兴奋的是，这一发现是如何从一个纯粹的理论概念变成现实的。

Klaseboer博士说：“这个领域有一个众所周知的理论，那就是将具有自由滑动表面的理想物体的阻力降至零。”

“这是著名的d'Alembert的悖论，我们得到的结果使得我们在21世纪实现了18世纪的理论结果。

“在流体动力学的研究中，我们一直使用一个假想的球体，因为我们至今还没有创建一个具有自由滑动面的物体。”

“就像前面提到的高尔夫球一样，由于湍流的混乱作用，球的运动无法用数学公式来预测，但球腔没有湍流，可以用非常简单的方程式来描述。这可以成为一些基本流体动力学理论的教科书范例。”

这项研究对于节能型船舶的发展具有重要意义。

张教授说：“目前的技术依赖于在船体附近注入气泡。”

“在开发中也有一种具有超疏水表面的车辆，它可以自然维持稀薄的空气层。

“这些技术可以减少10％或20％的阻力，而我们的实验表明，在最佳情况下，这可以降低数量级。

“这将为今后在这方面的研究奠定基础。”
Molecules move faster near sticky surfaces

Molecules move faster as they get closer to adhesive surfaces, but this effect is not permanent. Such is the puzzling conclusion of a study published in Physical Review Letters, carried out by Simone Napolitano and his colleagues in the Laboratory of Polymers and Soft Matter Dynamics at the Université libre de Bruxelles. 
Since more than 20 years, several researchers have been studying the behaviour of certain polymers, biomolecules, and liquid crystals at the nano-scale near an absorbing medium. In this case we would expect slower movement rates, but the experiments showed the opposite: molecules move faster as they get closer to an adhesive surface. According to the research team of ULB, this odd movement is due to a phenomenon known as the 'nanoconfinement effect': the molecules that are in direct contact with the adhesive surface do move slower, or even not at all, but this in turn increases the movement rate of the next molecules, as they have more free space around them.
Now, writing in PRL, Napolitano and coworkers show that this effect is only temporary: movement rate gradually slows down as new molecules adhere to the surface and fill in the spaces left. After a while, molecules move as if they were far from the adhesive surface. Importantly, the time necessary to return to normal molecular movement rate is longer than what would be predicted by any current theory of polymer physics.
As a result, the researchers propose that the amount of available space at the interface between polymer and sticky wall is an important parameter to control the behaviour of nanomaterials. 

分子在黏着的表面附近移动得更快

当分子接近黏着表面时分子运动得更快，但这种效应不是永久性的。这是由Simone Napolitano和他的同事在物理评论快报上发表的一项关于他们在布鲁塞尔大学的聚合物和软质动力学实验室进行的物理实验结论。

20多年来，一些研究人员一直在研究某些聚合物、生物分子和液晶在纳米尺度附近的行为。在这种情况下，我们预计移动速度会变慢，但实验结果却恰恰相反:当分子靠近胶粘剂表面时，分子的运动速度反而更快。根据ULB的研究小组,这奇怪的运动是由于一种被称为“nanoconfinement效应”的现象引起的:与粘合剂表面直接接触的分子确实移动较慢，甚至根本不发生移动，但这又增加了下一个分子的移动速率，因为它们周围具有更多的自由空间。

现在，在PRL、纳波利塔诺和同事们的文章中表明，这种效应只是暂时的:随着新分子附着在表面，并填充剩下的空间，运动速度逐渐减慢。过了一会儿，分子就像远离胶粘剂表面一样运动。重要的是，回到正常分子运动速度所需要的时间比任何现在的聚合物物理学理论所预测的时间都要长。

因此，研究人员提出，聚合物与粘壁之间的界面空间量是控制纳米材料行为的重要参数。
Improving earthquake resistance with a single crystal

A new heating method for certain metals could lead to improved earthquake-resistant construction materials. 
Tohoku University researchers and colleagues have found an economical way to improve the properties of some 'shape memory' metals, known for their ability to return to their original shape after being deformed. The method could make way for the mass production of these improved metals for a variety of applications, including earthquake-resistant construction materials.
Most metals are made of a large number of crystals but, in some cases, their properties improve when they are formed of a single crystal. However, single-crystal metals are expensive to produce.
Researchers have developed a cheaper production method that takes advantage of a phenomenon known as 'abnormal grain growth.' By using this method, a metal's multiple 'grains', or crystals, grow irregularly, some at the expense of others, when it is exposed to heat.
The team's technique involves several cycles of heating and cooling that results in a single-crystal metal bar 70 centimetres in length and 15 millimetres in diameter. This is very large compared to the sizes of current shape memory alloy bars, making it suitable for building and civil engineering applications, says Toshihiro Omori, the lead researcher in the study.
The video will load shortly.

This bending test of a copper-aluminium-manganese single-crystal bar (68 cm in length and 16 mm in diameter) produced by cyclic heat treatment shows a super-elastic response with almost no residual strain. Credit: Toshihiro Omori (via Nature Communications)
To produce the large single-crystal metal bar, a metal alloy is heated to 900°C then cooled to 500°C, five times. This is followed by four cycles of heating to 740°C then cooling to 500°C. Finally, the metal is heated one last time to 900°C. Omitting the lower temperature heating (740°C)/cooling (500°C) cycles did not lead to the single-crystal result.
The alloy they used, which is made of copper, aluminium and manganese, is a well-known shape memory metal that is easy to cut with machines. Increasing the size of the material's crystals drastically enhances its elasticity. Altering its shape also makes it quite strong. These combined features make it very attractive for building structures that can withstand earthquakes.
"Since the present technique is advantageous for mass production of single crystals because of the simplicity of the process, this finding opens the way for applications of shape memory single crystals for structural materials, such as for seismic applications in buildings and bridges," conclude the researchers in their study published in the journal Nature Communications. 

用单晶提高耐震性

对某些金属的一种新的加热方法可以提高抗震建筑材料的性能。

东北大学的研究人员和同事们发现了一种经济实用的方法来改善某些“形状记忆”金属的性能，因为它们在变形后能够恢复原来的形状。这种方法可以为这些改良金属的大量生产提供方法，包括抗震建筑材料。

大多数金属是由大量的晶体组成的，但在某些情况下，当它们形成单晶时，它们的性能会得到改善。然而，单晶金属的生产成本很高。

研究人员已经开发出一种便宜的生产方法，这种方法利用了一种被称为“异常谷物生长”的现象。通过使用这种方法，当金属暴露于高温下时，金属的多个“晶粒”或晶体不规则地生长，有些以牺牲其他的方式生长。

该团队的技术涉及几个加热和冷却循环，产生长70厘米，直径15毫米的单晶金属棒。该研究的首席研究员Toshihiro Omori说，与目前形状记忆合金棒的尺寸相比，这是非常大的，使得它适合于建筑和土木工程应用。

视频很快就会加载。

由循环热处理产生的铜铝锰单晶条(长68厘米，直径16毫米)的弯曲试验表明，几乎没有残余应变的超弹性响应。信贷:Toshihiro Omori(通过自然通讯)

为了生产大型单晶金属棒，将金属合金加热至900℃，然后冷却至500℃，这样反复重复五次。 然后加热四个循环至740℃，然后冷却至500℃。 最后，将金属最后加热至900℃。 省略低温加热（740℃）/冷却（500℃）循环不会导致单晶结果。

他们使用的合金，由铜、铝和锰制成，是一种众所周知的形状记忆金属，很容易用机器切割。增加材料的晶体尺寸极大地增强了它的弹性。改变它的形状也使它很坚固。这些结合起来的特点使它非常具有吸引力，因此建筑结构能够承受地震。

“因为本方法的工艺简单性而有利于批量生产单晶，因此该结果为结构材料的形状记忆单晶的应用开辟了道路，例如建筑物和桥梁中的地震应用，” 研究人员的研究发表在自然通讯杂志上。

E-Material（电子材料）

Innovation could mean flexible rechargeable batteries for pacemakers

Experts at Queen's University Belfast have designed a flexible and organic alternative to the rigid batteries that power up medical implants. 
Currently, devices such as pacemakers and defibrillators are fitted with rigid and metal based batteries, which can cause patient discomfort.
Dr Geetha Srinivasan and a team of young researchers from Queen's University Ionic Liquid Laboratories (QUILL) Research Centre, have now developed a flexible supercapacitor with a longer cycle life, which could power body sensors.
The flexible device is made up of non-flammable electrolytes and organic composites, which are safe to the human body. It can also be easily decomposed without incurring the major costs associated with recycling or disposing off metal based batteries.
The findings, which have been published in Energy Technology and Green Chemistry, show that the device could be manufactured using readily available natural feedstock, rather than sophisticated and expensive metals or semiconductors.
Dr Srinivasan explains: "In modern society, we all increasingly depend on portable electronics such as smartphones and laptops in our everyday lives and this trend has spread to other important areas such as healthcare devices.
"In medical devices such as pacemakers and defibrillators there are two implants, one which is fitted in the heart and another which holds the metal based, rigid batteries - this is implanted under the skin.
"The implant under the skin is wired to the device and can cause patients discomfort as it is rubs against the skin. For this reason batteries need to be compatible to the human body and ideally we would like them to be flexible so that they can adapt to body shapes."
Dr Srinivasan adds: "At Queen's University Belfast we have designed a flexible energy storage device, which consists of conducting polymer - biopolymer composites as durable electrodes and ionic liquids as safer electrolytes.
"The device we have created has a longer life-cycle, is non-flammable, has no leakage issues and above all, it is more flexible for placing within the body."
While the findings show that there are many advantages in the medical world, the organic storage device could also provide solutions in wearable electronics and portable electronic devices, making these more flexible.
Ms Marta Lorenzo, PhD researcher on the project at Queen's University Belfast, commented: "Although this research could be a potential solution to a global problem, the actual supercapacitor assembly is a straightforward process."
Dr Srinivasan says: "There is also opportunity to fabricate task-specific supercapacitors. This means that their properties can be tuned and also manufactured using environmentally friendly methods, which is important if they are to be produced on a large scale, for example in powering portable personal electronic devices." 

创新可能意味着为起搏器提供灵活的可充电电池

贝尔法斯特女王大学的专家设计了灵活和有机的替代刚性电池，它可以为医疗植入物提供动力。

目前，像起搏器和除颤器这样的设备都配备了刚性和金属基的电池，这会导致病人的不适。

Geetha Srinivasan博士和来自皇后大学离子液体实验室(QUILL)研究中心的一组年轻研究人员，现在已经开发出了一种具有较长周期寿命的柔性超级电容器，它可以为人体传感器提供动力。

柔性装置由不易燃的电解质和有机复合材料组成，对人体是安全的。它也可以很容易地分解，而不产生与回收或处理金属基电池相关的主要成本。

这一发现发表在能源技术和绿色化学上，表明该设备可以使用现成的天然原料，而不是复杂而昂贵的金属

或半导体。

Srinivasan博士解释说:“在现代社会中，我们越来越依赖于便携式电子产品，如智能手机和笔记本电脑在我们的日常生活中，这种趋势已经扩散到其他重要领域，如医疗设备。

“在诸如起搏器和除颤器等医疗设备中，有两个植入物，一个嵌入心脏，另一个植入金属基刚性电池 - 植入皮肤下。”

“皮肤下的植入物被连接到设备上，并且可能导致患者的不适，因为它与皮肤摩擦。”因为这个原因，电池需要与人体兼容，理想情况下，我们希望他们能是灵活的，这样他们就能适应身体的形状。

Srinivasan博士补充道:“在皇后大学贝尔法斯特，我们设计了一种灵活的储能装置，它由导电聚合物-生物聚合物复合材料制成耐用的电极和离子液体作为更安全的电解质。

“我们创造的设备具有较长的生命周期，是不易燃的，没有泄漏问题，最重要的是，它在人体内部更灵活。”

虽然研究结果表明，医疗世界有很多优势，但有机存储设备也可以为可穿戴电子产品和便携式电子设备提供解决方案，使其更加灵活。

贝尔法斯特女王大学博士研究员Marta Lorenzo女士评论说：“尽管这项研究可能成为全球性问题的潜在解决方案，但实际的超级电容器组件是一个简单的过程。”

Srinivasan博士说:“也有机会制造特定于任务的超级电容器。这意味着他们的属性可以被调整，也可以使用对环境友好的方法制造，这一点很重要，如果他们要大规模生产，例如应用在便携式个人电子设备上。
Newly-discovered semiconductor dynamics may help improve energy efficiency

Researchers examining the flow of electricity through semiconductors have uncovered another reason these materials seem to lose their ability to carry a charge as they become more densely "doped." Their results, which may help engineers design faster semiconductors in the future, are published online in the journal ACS Nano. 
Semiconductors are found in just about every piece of modern electronics, from computers to televisions to your cell phone. They fall somewhere between metals, which conduct electricity very well, and insulators like glass that don't conduct electricity at all. This moderate conduction property is what allows semiconductors to perform as switches and transistors in electronics.
The most common material for semiconductors is silicon, which is mined from the earth and then refined and purified. But pure silicon doesn't conduct electricity, so the material is purposely and precisely adulterated by the addition of other substances known as dopants. Boron and phosphorus ions are common dopants added to silicon-based semiconductors that allow them to conduct electricity.
But the amount of dopant added to a semiconductor matters - too little dopant and the semiconductor won't be able to conduct electricity. Too much dopant and the semiconductor becomes more like a non-conductive insulator.
"There's a sweet spot when it comes to doping where the right amount allows for the efficient conduction of electricity, but after a certain point, adding more dopants slows down the flow," says Preston Snee, associate professor of chemistry at the University of Illinois at Chicago and corresponding author on the paper.
"For a long time scientists thought that the reason efficient conduction of electricity dropped off with the addition of more dopants was because these dopants caused the flowing electrons to be deflected away, but we found that there's also another way too many dopants impede the flow of electricity."
Snee, UIC chemistry student Asra Hassan, and their colleagues wanted to get a closer look at what happens when electricity flows through a semiconductor.
Using the Advanced Photon Source Argonne National Laboratory, they were able to capture X-ray images of what happens at the atomic level inside a semiconductor. They used tiny chips of cadmium sulfide for their semiconductor "base" and doped them with copper ions. Instead of wiring the tiny chips for electricity, they generated a flow of electrons through the semiconductors by shooting them with a powerful blue laser beam. At the same time, they took very high energy X-ray photos of the semiconductors at millionths of a microsecond apart - which showed what was happening at the atomic level in real time as electrons flowed through the doped semiconductors.
They found that when electrons were flowing through, the copper ions transiently formed bonds with the cadmium sulfate semiconductor base, which is detrimental to conduction.
"This has never been seen before," said Hassan. "Electrons are still bouncing off dopants, which we knew already, but we now know of this other process that contributes to impeding flow of electricity in over-doped semiconductors."
The bonding of the dopant ions to the semiconductor base material "causes the current to get stuck at the dopants, which we don't want in our electronics, especially if we want them to be fast and efficient," she said. "However, now that we know this is happening inside the material, we can design smarter systems that minimize this effect, which we call 'charge carrier modulation of dopant bonding'." 

新发现的半导体动力学可能有助于提高能源效率

研究人员通过研究半导体的电流，揭示了这些材料似乎失去了携带电荷的能力，因为它们变得更加密集。他们的研究成果在《ACS Nano》期刊上发表，这可能有助于工程师们在未来设计更快的半导体。

从电脑到电视到你的手机，几乎所有现代电子产品中都有半导体。它们介于金属之间，导电性很好，像玻璃这样的绝缘体根本不导电。这种温和的传导特性使得半导体可以在电子产品中作为开关和晶体管。

最常见的半导体材料是硅，它是从地球上开采出来的，然后提炼和提纯。但是，纯硅不会导电，因此通过添加被称为掺杂剂的其他物质，材料被有意且精确地掺杂。 硼和磷离子是添加到硅基半导体中的常见掺杂剂，他们会让硅导电。

但半导体的掺杂剂含量太少，半导体则无法导电。掺杂过多的半导体也会变得更像一个不导电的绝缘体。

伊利诺伊大学化学副教授普雷斯顿·皮尔斯（Preston Snee）说：“在掺杂适当的量允许电力通过的有效传导方面，有一个最佳点，但是在一定的时间点之后，添加更多的掺杂剂会减缓流动。 他是芝加哥伊利诺伊大学化学副教授，相关作者。

“很长一段时间以来，科学家们认为有效传导电流下降的原因是，这些掺杂剂导致了流动的电子被转移，但我们发现还有另一种方式，那就是太多的掺杂物阻碍了电流的流动。”

Snee,UIC化学学生Asra Hassan，他们的同事想要更仔细地观察当电流通过半导体的时候会发生什么。

使用先进的光子源阿贡国家实验室，他们能够捕捉到在半导体内原子水平发生的x射线图像。他们使用微量的硫化镉来制造半导体“基地”，并将其与铜离子掺杂在一起。他们用一束强大的蓝色激光束射向半导体，而不是将微型芯片连接到电力上。与此同时，他们用非常高能的x射线照片拍摄了半导体的百万分之一微秒——这表明，当电子通过掺杂半导体的时候，原子水平上发生了什么。

他们发现，当电子流过时，铜离子与镉-硫化物半导体基的化学键会发生短暂的成键，这对传导是有害的。

“以前从未见过这种情况，”哈桑说。“我们已经知道，电子仍在反射着掺杂物，但我们现在知道另一种过程，它造成了过度掺杂的半导体中电荷流动的阻碍。”

她说，掺杂离子与半导体基材的结合“会使电流停留在掺杂剂上，这在我们的电子产品中是不需要的，特别是如果我们希望它们快速高效。”“然而，现在我们知道这是在材料内部发生的，我们可以设计更智能的系统来最小化这种效应，我们称之为‘电荷载波调制。”
Team produces unique simulation of magnetic reconnection

Jonathan Ng, a Princeton University graduate student at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL), has for the first time applied a fluid simulation to the space plasma process behind solar flares northern lights and space storms. The model could lead to improved forecasts of space weather that can shut down cell phone service and damage power grids, as well as to better understanding of the hot, charged plasma gas that fuels fusion reactions. 
The new simulation captures the physics of magnetic reconnection, the breaking apart and snapping together of the magnetic field lines in plasma that occurs throughout the universe. The simulations approximate kinetic effects in a fluid code, which treats plasma as a flowing liquid, to create a more detailed picture of the reconnection process.
Previous simulations used fluid codes to produce simplified descriptions of reconnection that takes place in the vastness of space, where widely separated plasma particles rarely collide. However, this collisionless environment gives rise to kinetic effects on plasma behavior that fluid models cannot normally capture.
Estimation of kinetic behavior
The new simulation estimates kinetic behavior. "This is the first application of this particular fluid model in studying reconnection physics in space plasmas," said Ng, lead author of the findings reported in August in the journal Physics of Plasmas.
Ng and coauthors approximated kinetic effects with a series of fluid equations based on plasma density, momentum and pressure. They concluded the process through a mathematical technique called "closure" that enabled them to describe the kinetic mixing of particles from non-local, or large-scale, regions. The type of closure involved was originally developed by PPPL physicist Greg Hammett and the late Rip Perkins in the context of fusion plasmas, making its application to the space plasma environment an example of fruitful cross-fertilization.
The completed results agreed better with kinetic models as compared with simulations produced by traditional fluid codes. The new simulations could extend understanding of reconnection to whole regions of space such as the magnetosphere, the magnetic field that surrounds the Earth, and provide a more comprehensive view of the universal process. 

团队生产独特的磁重连接模拟

美国能源部（DOE）普林斯顿等离子体物理实验室（PPPL）的普林斯顿大学研究生Jonathan Ng首次在太阳耀斑北极光和太空风暴之后的空间等离子体处理中进行了流体模拟。 该模型可以改善对可能关闭手机服务和损坏电网的空间天气预报，以及更好地了解燃烧聚变反应的热电荷等离子体气体。

新的模拟捕捉了磁重连接的物理学，打破了在宇宙中发生的等离子体中的磁场线。模拟近似于流体代码中的动力学效应，其将等离子体视为流动液体，以创建更详细的重新连接过程图。

之前的模拟使用了流体编码来简化在巨大空间中发生的重新连接的描述，在这个空间中，广泛分离的等离子体很少发生碰撞。然而，这种无碰撞环境产生了流体模型无法正常捕获的等离子体行为的动力学效应。

动力学行为估计

新的模拟估计了动力学行为。“这是这一特殊流体模型在研究空间等离子体中的重新连接物理的第一个应用，”Ng说，他是8月份发表在《等离子体物理》杂志上的研究报告的主要作者。

Ng和coauthors用一系列基于等离子体密度、动量和压力的流体方程近似模拟了动力学效应。他们通过一种名为“闭包”的数学技术来完成这个过程，这一技术使他们能够描述来自非本地或大规模区域的粒子的动能混合。所涉及的闭合类型最初是由PPPL物理学家Greg Hammett和已故的Rip Perkins在融合等离子体的背景下开发的，使其应用于空间等离子体环境，这是一个富有成果的交叉受精的例子。

与传统流体代码产生的模拟相比，完成的结果与动力学模型更好地吻合。 新的模拟可以增加对重新连接到整个空间区域的理解，例如磁层，围绕地球的磁场，并且可以提供对通用过程的更全面的观点。
The doubly magic nucleus of lead-208—it spins, though it shouldn't

Scientists generally imagine atomic nuclei to be more or less spherical clusters of protons and neutrons, but always relatively chaotic. Experiments at the Argonne National Laboratory, inspired by physicists from the Institute of Nuclear Physics of the Polish Academy of Sciences in Cracow, are trying to verify this simple model. To deploy an astronomical analogy, in as much as the majority of nuclei are similar in outline to rocky objects like moons or asteroids, then the nuclei of lead-208 under certain conditions resemble planets surrounded by a dense atmosphere that can move around a rigid core. 
For a dozen or so years, physicists from the U.S. and Poland have been investigating properties of the nuclei of lead-208 atoms. A recently published analysis summarizing the experiments conducted at ANL using the ATLAS superconducting accelerator and the Gammasphere gamma ray detector has produced interesting conclusions. It turns out that under certain conditions, new, relatively stable energy states not predicted by theory are produced in lead-208 nuclei. What's more, there are indications suggesting that such nuclei exhibit a previously unrecognized structure of a collective nature.
"Atomic nuclei can be excited to a variety of energy states, including those in which they spin rapidly. However, not all nuclei in such states must actually spin," says Prof. Rafal Broda (IFJ PAN), the first author the paper published in Physical Review C. "The nucleus of lead-208 consists of 82 protons and 126 neutrons and, with a very good approximation, can be considered spherical. When we use quantum mechanics equations to describe nuclei of this shape, discussing the spinning of the nucleus becomes senseless—the positions in different phases of spin are indistinguishable, so there are no changes in energy. Therefore, it is assumed that spherical nuclei do not spin, and the spin-related physical size—the spin of the nucleus—is derived entirely from several coupled nucleons moving around their orbits. Meanwhile, our research shows that in the nuclei of lead-208, a wide range of spin values is observed, up to high-spin states, a sequence of states that can be interpreted as related to collective spin. The $64,000 question, then, is 'What is it that is spinning in such a nucleus?'"
In modern physics, the structure of whole atoms is described using a shell model. This assumes that electrons, carrying a negative electrical charge, move at considerable distances around a positively charged, practically punctate nucleus. However, the probability of finding an electron is only high in certain areas, where the electron energy assumes strictly defined values. The nucleus in the atom is therefore surrounded by a spatial structure formed by a lesser or greater number of energetic shells. Each shell has a certain maximum capacity, and if the number of electrons exceeds this capacity, the excess electrons must transition to the next shell, further away from the nucleus.
When the outermost electron shell becomes filled with electrons, the atom is reluctant to react with other atoms or molecules. In chemistry, such elements are called noble gases due to their particular stability and lack of chemical activity.
Atomic nuclei are much more complex objects than atoms treated as a punctate positive charge surrounded by a group of distant electrons. Nucleons, or the protons and neutrons that make up the nucleus, have masses that are thousands of times greater than the electron, and additionally, all the particles are close together and enter into numerous nuclear and electromagnetic interactions. Therefore, it was a great surprise for physicists to discover that the shell model also works for atomic nuclei. However, the situation here is more interesting, because the neutrons and protons form their own shells in the nuclei, which are particularly stable for numbers of nucleons that are known as magic numbers. Physicists call nuclei with completely filled proton and neutron shells doubly magic. Lead-208 is unique in this group because it is the most massive doubly magic nucleus.
The properties of lead-208 nuclei in low-spin states are quite well known, but as far as high-spin states are concerned, this was not the case until recently. Atomic nuclei in such states are produced by the process of fusion taking place in collisions that occur when a target made of a suitably selected material is bombarded with matched particles. Unfortunately, there is no particle-target combination capable of producing lead-208 nuclei in high-spin states. This is why for three decades, the Cracow group headed by Prof. Broda has been working on the use of deep inelastic collisions to study nuclei that are inaccessible in fusion processes. In collisions of this kind, the bombarding nuclei interact with the target nuclei, but do not merge with them.
"In a high-spin state—the effect of a deep inelastic collision—the nucleus is excited and is trying to return to the lowest energy state. It gets rid of its excess in several to a few dozen stages, each one emitting gamma radiation with an energy characteristic for its transition. By analyzing the energies of this radiation, we are able to obtain a lot of information about the structure of atomic nuclei and the processes taking place within them," explains Dr. Lukasz Iskra (IFJ PAN).
The latest analysis uses measurements taken at ANL together with Prof. Robert Janssens' group. In these experiments, lead-208 or uranium-238 targets were bombarded with ions of lead-208, selenium-82, germanium-76, nickel-64 or calcium-48. The gamma radiation was recorded by a Gammasphere detector, consisting of 108 high-quality germanium detectors (this spectacular instrument can be seen, among others, in the film The Hulk).
To the surprise of the researchers, the latest analysis resulted in detecting structures and phenomena in lead-208 nuclei that were not anticipated by current theory. Many new energy states were observed, and three were found to be isomeric states, and thus much more stable than others. In normal states, the nucleus occurs for picoseconds, whereas in one of the isomeric states, the nucleus was detected for up to 60 nanoseconds (billionths of a second)—that is, a thousand times longer.
Of most interest were the results suggesting collective spin in a nucleus that is spherical, and therefore should not spin, according to quantum mechanics. Researchers assume that at high spins, a rigid core is formed in the nucleus of lead-208; the next highest elemental mass is the doubly magic nucleus, i.e. tin-132. It seems that this core does not spin, but the outer layer formed by the other 76 nucleons rotates.
"Beginning with certain high-spin states, the lead-208 nucleus ceases to be a homogeneously rigid object, such as, for example, the geologically almost dead moon. A better astronomical analogy would be a rocky body with a very dense atmosphere, but not as calm as Venus or Titan. This atmosphere should move swiftly over the surface, so it could be like a global hurricane," says Prof. Broda. This new model will enable theoreticians to incorporate further phenomena and increase the precision of its predictions. 

铅-208的双重魔法核——虽然不应该出现，但是它能够旋转

科学家们普遍认为原子核可能或多或少是质子和中子的球形簇，但总是相对混乱。阿贡国家实验室受到克拉科夫波兰科学院物理研究所的物理学家的启发所进行的试验试图验证这一简单的模式。为了有效地利用天文类比，绝大多数原子核在轮廓方面类似于卫星或小行星之类的岩石物体，那么在某些条件下，铅-208的原子核类似于被一个能够围绕刚性核移动的密度大气所围绕的行星。

十几年来，美国和波兰的物理学家一直在研究铅-208原子核的性质。最近发表的分析总结称，在ANL利用ATLAS超导加速器和伽马斯伽马射线探测器进行的实验得出了有趣的结论。事实证明，在某些条件下，铅-208的原子核中产生了并无理论预测的新的、相对稳定的能量状态。更重要的是，有迹象表明，这样的原子核呈现出以前未被认识到的集体性质的结构。

“原子核可以被激发形成各种能量状态，包括它们在迅速旋转时产生的能量状态。然而，并不是所有的原子核都必须在这种状态下进行实际旋转，”发表于《物理评论C》的论文的第一作者Rafal Broda（IFJ PAN）教授称。“铅-208的原子核是由82个质子和126个中子组成，并且具有非常好的近似值，可以被认为是球面的。当我们使用量子力学方程来描述这种形状的原子核时，讨论原子核的旋转似乎变得毫无意义——旋转在不同阶段的位置是不可区分的，因此能量并没有发生变化。因此，假设球形核不旋转，并且与旋转相关的物理尺寸——原子核的旋转——完全是由其轨道周围移动的几个耦合原子核推动的。同时，我们的研究表明，在铅-208的原子核中，观察到了广泛的自旋值，高达高自旋态，这种状态是能够通过与集体旋转有关来进行解释的状态序列。那么价值64000美元的问题就是‘在这样的原子核中旋转的是什么？’”

在现代物理学中，整个原子结构是利用壳模型来进行描述的。这假设，携带负电荷的电子在距正电荷电子相当远的距离下围绕其移动，特别是点状原子核。然而，发现电子的可能性仅在某些区域很高，在这些区域电子能量具有严格的定义值。因此，原子中的原子核被一个由较少或较多能量壳形成的空间结构所围绕。每个壳体具有一定的最大容量，并且如果电子数量超过这个容量，多余的电子必须转移到下一个距原子核较远的壳体中。

当最外面的电子壳充满电子时，原子不愿与其他原子或分子反应。在化学中，这样的元素称为惰性气体，因为它们具有特殊的稳定性，并且缺乏化学活性。

原子核比作为被一组远距离电子围绕着的点状电荷的原子要复杂得多。核子、或构成原子核的质子和中子也具有高出电子几千倍的质量，此外，所有的粒子都紧密结合在一起，形成许多核和电磁相互作用。因此，发现壳体模型也作用于原子核对于物理学家而言是一个惊喜。但是，这里的情况更有趣，因为中子和质子在原子核中形成它们自己的壳体，而这对于被称为魔法数字的核子数量而言是特别稳定的。物理学家称，原子核具有完全填充的质子和中子的双重魔法壳。铅-208在这个组中是独一无二的，因为它是最大规模的双重魔法核。

铅-208原子核在低自旋态下的性质是众所周知的，但是就高自旋而言，直到最近人们才有所听说。在这种状态下的原子核是通过在一个由适当选择的材料制成的靶材被匹配颗粒轰击而生成碰撞时产生的融合过程所产生的。不幸的是，在高自旋态下没有能够产生铅-208原子核的颗粒-靶组合。这就是为什么三十多年以来，由Broda教授领导的克拉科夫小组一直致力于使用深度非弹性碰撞来研究无法进入融合过程的原子核。在这种碰撞中，轰击原子核与靶向原子核相互作用，但是并不与其融合。

“在高度自旋状态下——深度非弹性碰撞的影响——原子核非常兴奋，并且试图回到最低能量状态。它在几个到几十个阶段中消除其过剩能量，每个阶段都会发射出具有转换能量特性的伽马辐射。通过分析这种辐射的能量，我们能够获得有关原子核结构及其内部发生过程的大量信息，”Lukasz Iskra (IFJ PAN)博士解释称。

最新分析利用了ANL及Robert Janssens小组所使用的测量。在这些实验中，铅-208或铀-283目标受到铅-208、硒-82、锗-76、镍-64或钙-48的离子的轰击。伽马探测器记录下伽马辐射，而伽马探测器是由108个高质量的锗探测器组成（在电影《绿巨人》中可以看到这个壮观的仪器及其他仪器）。

令研究人员感到惊讶的是，最新的分析结果显示，目前的理论并没有预测出铅-208原子核中的这个结构和现象。观察发现了许多新的能量状态，并且发现了三个异构态，并且因此比其他状态更加稳定。在正常状态下，原子核以皮秒产生的，而在一种异构状态下，原子核能够在高达60纳秒的时间内出现（十亿分之一秒）——即，在时间上长了一千倍。

最令人感兴趣的结果表明，根据量子动力学，原子核的集体自旋发生在球体情况下，因此不应当会自旋。研究人员认为，在高度自旋状态下，铅-208的原子核中形成了一个刚性芯；下一个最高的元素质量是双重魔法核，即锡-132。似乎这个核心不会自旋，但是由其他76个核子形成的外层会旋转。

“从某些高度自旋的状态开始，铅-208原子核心不再是一个均匀僵化的物体，例如地质上几乎死亡的月球。更好的天文类比将是一个具有非常密集大气的岩石体，但不像金星或卫六那么平静。这种大气应该迅速在地面上移动，因此可能像是全球飓风，”Broda教授称。这种新的模式将能够令理论家包含进一步的现象，并且提高其预测的精度。
Fast magnetic writing of data

Magnetic data storage has long been considered too slow for use in the working memories of computers. Researchers at ETH have now investigated a technique by which magnetic data writing can be done considerably faster and using less energy. 
For almost seventy years now, magnetic tapes and hard disks have been used for data storage in computers. In spite of many new technologies that have been developed in the meantime, the controlled magnetization of a data storage medium remains the first choice for archiving information because of its longevity and low price. As a means of realizing random access memories (RAMs), however, which are used as the main memory for processing data in computers, magnetic storage technologies were long considered inadequate. That is mainly due to its low writing speed and relatively high energy consumption.
Pietro Gambardella, Professor at the Department of Materials of the ETH Zurich, and his colleagues, together with colleagues at the Physics Department and at the Paul Scherrer Institute (PSI), have now shown that using a novel technique, magnetic storage can still be achieved very fast and without wasting energy.
Magnetization inversion without coils
In traditional magnetic data storage technologies, tape or disk data carriers coated with a cobalt alloy are used. A current-carrying coil produces a magnetic field that changes the direction of magnetization in a small portion of the data carrier. Compared to the speeds of modern processors, this procedure is very slow, and the electric resistance of the coils leads to energy loss. It would, therefore, be much better if one could change the magnetization direction directly, without taking a detour via magnetic coils.
In 2011, Gambardella and his colleagues already demonstrated a technique that could do just that: An electric current passing through a specially coated semiconductor film inverted the magnetization in a tiny metal dot. This is made possible by a physical effect called spin-orbit-torque. In this effect, a current flowing in a conductor leads to an accumulation of electrons with opposite magnetic moment (spins) at the edges of the conductor. The electron spins, in turn, create a magnetic field that causes the atoms in a nearby magnetic material to change the orientation of their magnetic moments. In a new study the scientists have now investigated how this process works in detail and how fast it is. The results were recently published in the scientific journal Nature Nanotechnology.
Spatial resolution with X-rays
In their experiment, the researchers inverted the magnetization of a cobalt dot having a diameter of just 500 nanometres using electric current pulses that flowed through an adjacent platinum wire. During this process, they exposed the cobalt dot to strongly focused X-rays that were created at the Swiss Light Source of PSI. The X-rays scanned the dot successively with a spatial resolution of 25 nanometres. How strongly the dot absorbed the X-rays at a particular point depended on the local magnetization direction.
"In this way we obtained a two-dimensional image of the magnetization inside the cobalt dot and could watch as the current pulse gradually changed it", explains Manuel Baumgartner, lead author of the study and doctoral student in Gambardella's research group.
The researchers were thus able to observe that the magnetization inversion happened in less than one nanosecond – considerably faster than in other recently studied techniques. "Moreover, we can now predict on the basis of the experimental parameters when and where the magnetization inversion begins and where it ends", Gambardella adds. In other techniques the inversion is also driven by an electric current, but it is triggered by thermal fluctuations in the material, which causes large variations in the timing of the inversion.
Possible application in RAMs
The researchers sent up to a trillion inversion pulses through the cobalt dot at a frequency of 20 MHz without observing any reduction in the quality of the magnetization inversion. "This gives us the hope that our technology should be suitable for applications in magnetic RAMs", says Gambardella's former postdoc Kevin Garello, also a lead author of the study. Garello now works at the IMEC research centre in Leuven, Belgium, investigating the commercial realization of the technique.
In a first step, the researchers would now like to optimize their materials in order to make the inversion work even faster and at smaller currents. One additional possibility is to improve the shape of the cobalt dots. For now, those are circular, but other shapes such as ellipses or diamonds could make the magnetization inversion even more efficient, the researchers say. Magnetic RAMs could, among other things, make the loading of the operating system when booting a computer obsolete – the relevant programmes would remain in the working memory even when the power is switched off. 

快速写磁数据

长期以来，磁数据存储被认为太慢，不能用于计算机的工作存储器。ETH的研究人员目前调查了一种技术，利用该技术能够更快地完成磁数据地写入，并且减少使用的能量。

近七十年来，磁带和硬盘一直被用于计算机中的数据存储。尽管在此期间开发出许多新的技术，但是数据存储介质的受控磁化仍然是归档信息的首选，因为它寿命长，价格低廉。然而，作为用于计算机处理数据的主存储器的随机取存储器（RAM）的一个实现手段，磁存储技术被认为是不充分的。这主要是由于其写入速度慢，并且能源消耗相对较高。

苏黎世ETH材料系的教授Pietro Gambardella及其同事与物理系及保罗谢勒研究所（PSI）的同事目前已经表明，利用一种新技术，磁存储也可以以非常快的速度实现，并且不会浪费能量。

没有线圈的磁化反应

在传统的磁数据存储技术中，利用的是涂覆了钴合金的磁带或磁盘数据载体。截流线圈产生了能够在一小部分数据载体中改变磁化方向的磁场。与现代处理器的速度相比，这个过程非常缓慢，并且线圈的电阻会导致能量损失。因此，如果可以直接改变磁化方向，而不需要通过磁线圈绕行，那么会更好。

2011年，Gambardella和他的同事已经展示了一项能够这样做的技术：通过特殊涂层的半导体薄膜，电流在一个微小的金属点上反转了磁化。这是通过一个称为自旋-轨道转矩的物理效应来实现的。在这种效应中，导体中流动的电流导致导体边缘具有相反磁矩（自旋）的电子积聚。电子自旋反过来又创建一个磁场，导致附近的磁性材料中的原子改变其磁矩的取向。在一项新的研究中，科学家目前已经调查了这个工作的详细过程以及具体速度。该研究结果发表于最近出版的科学杂志《自然纳米技术》。

X射线的空间分辨率

在他们的实验中，研究人员利用流过相邻铂丝的电流脉冲来反转直径为500纳米的钴点的磁化。在这个过程中，他们将钴点暴露于PSI瑞士光源产生的强烈聚集的X射线中。X射线以25纳米的空间分辨率连续扫描点。点在特定点吸收X射线的强度取决于局部磁化方向。

“以这种方式，我们能够在电流脉冲逐渐改变它的同时获得钴点内磁化的二维图像，”Gambardella的研究小组中的博士生兼本研究的主要作者Manuel Baumgartner解释称。

因此，研究人员能够观察到在小于一纳秒的时间范围内发生的磁化转化——比目前研究的其他技术要快得多。“此外，我们现在能够在实验参数基础上预测磁化反转开始的时间和地点，以及其结束的地点”，Gambardella补充称。在其他技术中，反转也是由电流驱动的，但是它是由材料中的热波动触发的，而这会导致反转时间出现大量变动。

在RAMs中的可能应用

研究人员以20MHz的频率将万亿次反转脉冲通过钴点，没有观察到磁化反转质量的任何降低。“这令我们希望我们的技术应该适用于磁性RAMs中的应用”，Gambardella的前博士后Kevin Garello称，他也是该研究的主要作者之一。Garello目前就职于比利时鲁汶的IMEC研究中心，负责调查该技术的商业化实现。

在第一步中，研究人员目前希望优化其材料，从而令反转工作更快，利用更小的电流。另一个额外的可能性是改善钴点的形状。现在，这些形状是圆形的，但是其他形状，例如椭圆形或菱形，可能会令磁化反转更有效率，研究人员表示。当引导计算机过时的情况下，磁性RAMs可能与其他设备一同令操作系统加载——即便是在关闭电源的情况下，相关程序也会保留在工作存储器中。
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