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Tech News & New Tech（技术前沿）

New data mining resource for organic materials available

A new, freely accessible database of organic and organometallic materials' electronic structures is now available online for research with quantum materials. 
Published by the Condensed Matter research group at the Nordic Institute for Theoretical Physics (NORDITA) at KTH Royal Institute of Technology in Sweden, the Organic Materials Database is intended as a data mining resource for research into the electric and magnetic properties of crystals, which are primarily defined by their electronic band structure—an energy spectrum of electrons motion which stem from their quantum-mechanical properties.
Computer calculation of such structures is difficult and demands large computational resources. But thanks to advances in computational power and a high demand for prediction of materials with target properties, a new way of dealing with quantum materials has developed. Materials informatics focuses on performing – and developing tools for – high-throughput computing and data mining.
"You can think of it as aggregate informatics analysis, where the properties of a single compound are captured approximately and resources are aimed toward understanding global trends within the large datasets," says Alexander Balatsky, Professor of Theoretical Physics at KTH.
Applications of this informatics-driven approach are wide-ranging and cover, for example, the search for various functional materials with special electrical, optical and magnetic properties, including the 2016 Nobel Prize-winning topological states of matter – an important building block of a quantum computer.
The database will facilitate the first-principles investigation of organics and the prediction of organic functional materials, given their high potential for industrial applications, Balatsky says.
Electronic band structures are calculated using density functional theory that is a standard tool in modern materials science. The OMDB web interface allows users to search for materials with specified target properties using non-trivial queries about their electronic structure, including advanced tools for pattern recognition, chemical and physical properties search. 
有机材料的新数据挖掘资源可用

有机和有机金属材料的电子结构的一个新的，可自由访问的数据库现在可以在线获得用于量子材料的研究。

由位于瑞典KTH皇家理工学院的北欧理论物理研究所（NORDITA）的Condensed Matter研究小组发表，有机材料数据库旨在作为研究晶体电磁特性的数据挖掘资源，主要由其电子带结构定义 - 源自其量子力学性质的电子运动的能谱。

这种结构的计算机计算困难，需要较大的计算资源。但是，由于计算能力的提高和对具有目标特性的材料的预测的高需求，开发了一种处理量子材料的新方法。材料信息学侧重于执行 - 开发高吞吐量计算和数据挖掘的工具。

KTH理论物理教授亚历山大•巴拉茨基（Alexander Balatsky）说：“您可以将其视为聚合信息分析，其中单个化合物的性质大致被捕获，资源旨在了解大型数据集中的全球趋势。

这种信息驱动方法的应用范围广泛，涵盖了例如搜索具有特殊电气，光学和磁特性的各种功能材料，包括2016年诺贝尔奖获奖的拓扑状态 - 一个重要的组成部分量子计算机

Balatsky说，鉴于其具有很高的工业应用潜力，数据库将有助于有机物的第一原理调查和有机功能材料的预测。

使用密度泛函理论计算电子带结构，这是现代材料科学中的标准工具。 OMDB Web界面允许用户使用关于其电子结构的非平凡查询来搜索具有指定目标属性的材料，包括用于模式识别，化学和物理属性搜索的高级工具。

OLYMPUS experiment sheds light on structure of protons

A mystery concerning the structure of protons is a step closer to being solved, thanks to a seven-year experiment led by researchers at MIT. 
For many years researchers have probed the structure of protons—subatomic particles with a positive charge—by bombarding them with electrons and examining the intensity of the scattered electrons at different angles.
In this way they have attempted to determine how the proton's electric charge and magnetization are distributed. These experiments had previously led researchers to assume that the electric and magnetic charge distributions are the same, and that one photon—an elementary particle of light—is exchanged when the protons interact with the bombarding electrons.
However, in the early 2000s, researchers began to carry out experiments using polarized electron beams, which measure electron-proton elastic scattering using the spin of the protons and electrons. These experiments revealed that the ratio of electric to magnetic charge distributions decreased dramatically with higher-energy interactions between the electrons and protons.
This led to the theory that not one but two photons were sometimes being exchanged during the interaction, causing the uneven charge distribution. What's more, the theory predicted that both of these particles would be so-called "hard," or high-energy photons.
In a bid to identify this "two-photon exchange," an international team led by researchers in the Laboratory for Nuclear Science at MIT carried out a seven-year experiment, known as OLYMPUS, at the German Electron Synchrotron (DESY) in Hamburg.
In a paper published this week in the journal Physical Review Letters, the researchers reveal the results of this experiment, which indicate that two photons are indeed exchanged during electron-proton interactions.
However, unlike the theoretical predictions, analysis of the OLYMPUS measurements suggests that, most of the time, only one of the photons has high energy, while the other must carry very little energy indeed, according to Richard Milner, a professor of physics and member of the Laboratory for Nuclear Science's Hadronic Physics Group, who led the experiment.
"We saw little if no evidence for a hard two-photon exchange," Milner says.
Having proposed the idea for the experiment in the late 2000s, the group was awarded funding in 2010.
The researchers had to disassemble the former BLAST spectrometer—a complex 125-cubic-meter-sized detector based at MIT—and transport it to Germany, where it was reassembled with some improvements. They then carried out the experiment over three months in 2012, before the particle accelerator at the laboratory was itself decommissioned and shut down at the end of that year.
The experiment, which was carried out at the same time as two others in the U.S. and Russia, involved bombarding the protons with both negatively charged electrons and positively charged positrons, and comparing the difference between the two interactions, according to Douglas Hasell, a principal research scientist in the Laboratory for Nuclear Science and the Hadronic Physics Group at MIT, and another of the paper's authors.
The process will produce a subtly different measurement depending on whether the protons are scattered by electrons or positrons, Hasell says. "If you see a difference (in the measurements), it would indicate that there is a two-photon effect that is significant."
The collisions were run for three months, and the resulting data took a further three years to analyze, Hasell says.
The difference between the theoretical and experimental results means further experiments may need to be carried out in the future, at even higher energies where the two-photon exchange effect is expected to be larger, Hasell says.
It may prove difficult to achieve the same level of precision reached in the OLYMPUS experiment, however.
"We ran the experiment for three months and produced very precise measurements," he says. "You would have to run for years to get the same level of precision, unless the performance (of the experiment) could be improved."
In the immediate future, the researchers plan to see how the theoretical physics community responds to the data, before deciding on their next step, Hasell says.
"It may be that they can make a small adjustment to a detail within their theoretical models to bring it all into agreement, and explain the data at both higher and lower energies," he says.
"Then it will be up to the experimentalists to check if that holds to be the case." 
奥林巴斯实验揭示了质子结构

关于质子结构的一个谜团是更接近于最终解决的一步，这要归功于麻省理工学院研究人员七年的实验。

多年来，研究人员通过用电子轰击它们并以不同角度检查散射电子的强度，探测出具有正电荷的质子 - 亚原子粒子的结构。

以这种方式，他们试图确定质子的电荷和磁化是如何分布的。这些实验先前已经使研究人员认为电荷和磁电荷分布是相同的，并且当质子与轰击电子相互作用时，交换一个光子 - 光的基本粒子。

然而，在二十世纪二十年代初，研究人员开始进行使用偏振电子束的实验，其使用质子和电子的自旋测量电子 - 质子弹性散射。这些实验表明，随着电子和质子之间的较高能量相互作用，电荷与磁电荷分布的比例急剧下降。

这导致了这样的理论：在相互作用期间有时不交换一个而是两个光子，导致不均匀的电荷分布。此外，理论预测，这些粒子都将是所谓的“硬”或高能光子。

为了确定这个“双光子交换”，麻省理工学院核科学实验室的研究人员领导的国际小组在汉堡的德国电子同步加速器（DESY）上进行了为期七年的实验，称为奥林巴斯（OLYMPUS）。

在本周发表的“物理评论信”杂志上发表的一篇文章中，研究人员揭示了该实验的结果，这表明在电子 - 质子相互作用过程中两个光子确实被交换。

然而，根据领导实验的核科学Hadronic物理小组实验室的物理学和成员教授理查德•米尔纳（Richard Milner）的说法，这与理论预测不同，OLYMPUS测量的分析表明，大多数时候，只有一个光子具有高能量，而另一个光子的能量确实很少。

米尔纳说：“我们几乎看不到双光子交换难度的证据。

提出了二十世纪二十年代末的实验思想，该集团于2010年获得资助。

研究人员不得不拆卸原来的BLAST光谱仪 - 一个位于麻省理工学院的复杂的125立方米的检测器，并将其运送到德国，在那里重新组装改进了一些。然后，他们在2012年三个月内进行了实验，实验室的粒子加速器在该年底之前已经退役和关闭。

根据道格拉斯•哈塞尔核科学实验室的研究科学家和麻省理工学院的Hadronic物理组所表达的，这个与美国和俄罗斯两个国家同时进行的实验涉及用带负电的电子和正电荷正电子轰击质子，并比较两种相互作用之间的差异。他是另一篇论文的作者。

Hasell说，该过程将产生一个微妙不同的测量，取决于质子是否被电子或正电子分散。 “如果您看到差异（在测量中），则表明双光子效应是重要的。”

这些碰撞运行了三个月，而且所得数据还需要三年的时间来分析，Hasell说。

Hasell说，理论和实验结果之间的区别意味着将来可能需要进行进一步的实验，在更高的能量下双光子交换效应将会更大。

然而，在OLYMPUS实验中可能难以达到相同的精度水平。

他说：“我们进行了三个月的实验，并进行了非常精确的测量。”“除非能够提高性能（实验），否则您必须运行多年才能获得相同的精度。”

在不久的将来，研究人员计划看看理论物理学家在决定下一步之前如何对数据做出回应，Hasell说。

他说：“可能他们可以在理论模型中对细节做一个微小的调整，使其全部达成一致，并在高能量和低能量下解释数据。”

“那么由实验家来检查是否符合要求。”

Making math more Lego-like—3-D picture language has far-reaching potential, including in physics

Galileo called mathematics the "language with which God wrote the universe." He described a picture-language, and now that language has a new dimension. 
The Harvard trio of Arthur Jaffe, the Landon T. Clay Professor of Mathematics and Theoretical Science, postdoctoral fellow Zhengwei Liu, and researcher Alex Wozniakowski has developed a 3-D picture-language for mathematics with potential as a tool across a range of topics, from pure math to physics.
Though not the first pictorial language of mathematics, the new one, called quon, holds promise for being able to transmit not only complex concepts, but also vast amounts of detail in relatively simple images. The language is described in a February 2017 paper published in the Proceedings of the National Academy of Sciences.
"It's a big deal," said Jacob Biamonte of the Quantum Complexity Science Initiative after reading the research. "The paper will set a new foundation for a vast topic."
"This paper is the result of work we've been doing for the past year and a half, and we regard this as the start of something new and exciting," Jaffe said. "It seems to be the tip of an iceberg. We invented our language to solve a problem in quantum information, but we have already found that this language led us to the discovery of new mathematical results in other areas of mathematics. We expect that it will also have interesting applications in physics."
When it comes to the "language" of mathematics, humans start with the basics—by learning their numbers. As we get older, however, things become more complex.
"We learn to use algebra, and we use letters to represent variables or other values that might be altered," Liu said. "Now, when we look at research work, we see fewer numbers and more letters and formulas. One of our aims is to replace 'symbol proof' by 'picture proof.'"
The new language relies on images to convey the same information that is found in traditional algebraic equations—and in some cases, even more.
"An image can contain information that is very hard to describe algebraically," Liu said. "It is very easy to transmit meaning through an image, and easy for people to understand what they see in an image, so we visualize these concepts and instead of words or letters can communicate via pictures."
"So this pictorial language for mathematics can give you insights and a way of thinking that you don't see in the usual, algebraic way of approaching mathematics," Jaffe said. "For centuries there has been a great deal of interaction between mathematics and physics because people were thinking about the same things, but from different points of view. When we put the two subjects together, we found many new insights, and this new language can take that into another dimension."
In their most recent work, the researchers moved their language into a more literal realm, creating 3-D images that, when manipulated, can trigger mathematical insights.
"Where before we had been working in two dimensions, we now see that it's valuable to have a language that's Lego-like, and in three dimensions," Jaffe said. "By pushing these pictures around, or working with them like an object you can deform, the images can have different mathematical meanings, and in that way we can create equations."
Among their pictorial feats, Jaffe said, are the complex equations used to describe quantum teleportation. The researchers have pictures for the Pauli matrices, which are fundamental components of quantum information protocols. This shows that the standard protocols are topological, and also leads to discovery of new protocols.
"It turns out one picture is worth 1,000 symbols," Jaffe said.
"We could describe this algebraically, and it might require an entire page of equations," Liu added. "But we can do that in one picture, so it can capture a lot of information."
Having found a fit with quantum information, the researchers are now exploring how their language might also be useful in a number of other subjects in mathematics and physics.
"We don't want to make claims at this point," Jaffe said, "but we believe and are thinking about quite a few other areas where this picture-language could be important." 

数学更多乐高三维图片语言具有深远的潜力，包括物理学

伽利略称数学为“上帝写宇宙的语言”。他描述了一种图片语言，现在语言有一个新的维度。

亚瑟•贾菲尔德的哈佛三人组，兰德•克莱教授数学与理论科学教授，博士后研究员郑伟伟，以及研究员亚历克斯•沃兹尼亚科夫斯基（Alex Wozniakowski）研制了一种三维数学图像语言，从纯数学到物理学，具有潜在的作用。

虽然不是数学的第一个图形语言，但是称为quon的新语言对于能够不仅传递复杂概念而且能够在相对简单的图像中传递大量细节也抱有希望。该语言是在2017年2月的“美国国家科学院院报”上发表的。

量子复杂性科学计划的Jacob Biamonte在阅读研究报告后表示：“这是一件很大的事情。 “这篇论文将为广泛的话题奠定新的基础。”

“这篇文章是我们过去一年半的工作的结果，我们认为这是新的和令人兴奋的事情的开始，”杰夫说。 “这似乎是冰山一角，我们发明了我们的语言来解决量子信息的问题，但是我们已经发现，这种语言导致我们在其他数学领域发现了新的数学结果，我们期望它也将在物理学中有有趣的应用。“

当涉及到数学的“语言”时，人类从基础开始 - 通过学习他们的数字。然而，随着年龄的增长，事情变得越来越复杂。

“我们学习使用代数，我们使用字母来表示可能被改变的变量或其他值，”刘说。“现在，当我们研究研究工作时，我们看到的数字越来越少，信件和公式越来越多，我们的目标之一是用”图片证明“来代替”符号证明”。

新的语言依赖于图像来传达与传统代数方程式相同的信息 - 在某些情况下，甚至更多。

刘先生说：“形象可以包含非常难以代数地描述的信息。“通过图像传递意义非常容易，人们很容易理解他们在图像中看到的内容，因此我们可以看出这些概念，而不是单词或字母可以通过图片进行交流。”

“所以这个数学绘画语言可以让你有洞察力和一种思维方式，你不会以通常的代数方式看待数学，”杰夫说。 “几个世纪以来，数学和物理学之间已经有很多相互作用，因为人们正在考虑同样的事情，但是从不同的角度来看，当我们将两个主题放在一起时，我们发现了许多新的见解，这种新的语言可以把它带入另一个维度。”

在他们最近的工作中，研究人员把他们的语言变成一个更加文字的领域，创造出三维图像，当被操纵时，它可以触发数学洞察。

“我们以前在两个方面进行工作，我们现在看到，有一种语言是乐高的，三维的，”杰夫说。 “通过推送这些照片，或者像他们一样使用它们，你可以变形，图像可以有不同的数学意义，这样我们可以创建方程式。

杰夫说，他们的绘画专长是用来描述量子传送的复杂方程式。研究人员为Pauli矩阵的图片，这是量子信息协议的基本组成部分。这表明标准协议是拓扑的，并且还致使发现新的协议。

“事实证明，一张照片价值1000个符号，”杰夫说。

“我们可以用这个代数来形容，而且可能需要整个方程式，”Liu补充道。“但是我们可以在一张照片中做到这一点，所以它可以捕捉到很多信息。”

研究人员发现与量子信息相匹配，现在正在探索他们的语言如何在数学和物理学中的其他一些科目中有用。

“我们不想在这一点上提出要求，”杰夫说，“但是我们相信并且正在考虑其他很多其他领域，这些图片语言可能是重要的。”
A rose to store energy: In vivo polymerization and manufacturing of wires and supercapacitors in plants

Special structure for storing energy known as a supercapacitor has been constructed in a plant for the first time. The plant, a rose, can be charged and discharged hundreds of times. This breakthrough is the result of research at the Laboratory of Organic Electronics at Linköping University. 
In November 2015, the research group presented results showing that they had caused roses to absorb a conducting polymer solution. Conducting hydrogel formed in the rose's stem in the form of wires. With an electrode at each end and a gate in the middle, a fully functional transistor was created. The results were presented in Science Advances and have aroused considerable interest all over the world.
One member of the group, Assistant Professor Roger Gabrielsson, has now developed a material specially designed for this application. The material polymerizes inside the rose without any external trigger. The innate fluid that flows inside the rose contributes to create long, conducting threads, not only in the stem but also throughout the plant, out into the leaves and petals.
"We have been able to charge the rose repeatedly, for hundreds of times without any loss on the performance of the device. The levels of energy storage we have achieved are of the same order of magnitude as those in supercapacitors. The plant can, without any form of optimization of the system, potentially power our ion pump, for example, and various types of sensors," says Eleni Stavrinidou, Assistant Professor at the Laboratory of Organic Electronics.
The results are now to be published in the prestigious scientific journal Proceedings of the National Academy of Sciences (PNAS).
"This research is in a very early stage, and what the future will bring is an open question," says Eleni Stavrinidou.
Some examples are autonomous energy systems, the possibility of harvesting energy from plants to power sensors and various types of switches, and the possibility of creating fuel cells inside plants.
"A few years ago, we demonstrated that it is possible to create electronic plants, 'power plants', but we have now shown that the research has practical applications. We have not only shown that energy storage is possible, but also that we can deliver systems with excellent performance," says Professor Magnus Berggren, head of the Laboratory of Organic Electronics, Linköping University, Campus Norrköping.
The research into electronic plants has been funded by unrestricted research grants from the Knut and Alice Wallenberg Foundation. The foundation appointed Professor Magnus Berggren a Wallenberg Scholar in 2012. 
玫瑰储存能量：植物中电线和超级电容器的体内聚合和制造

用于存储被称为超级电容器的能量的特殊结构已经在工厂中首次构建了。这个植物，玫瑰，可以充电和放电数百次。这一突破是林雪平大学有机电子实验室研究的结果。

2015年11月，研究小组介绍了结果，表明它们已经引出了玫瑰吸收导电聚合物溶液。以丝线的形式在玫瑰的茎中形成水凝胶。在每个端部具有电极和中间的栅极，产生了完全功能的晶体管。结果呈现在科学进步中，引起了世界各地的广泛兴趣。

该组的一名成员，助理教授Roger Gabrielsson现已开发出专门为此应用而设计的材料。该材料在玫瑰内聚合，无任何外部触发。在玫瑰内部流动的天生流体有助于产生长而有引导作用的线，不仅在茎中，也会在整个植物中，进而进入叶和花瓣。

“我们已经能够多次对玫瑰进行充电了，有数百次，对设备的性能没有任何损失，我们实现的能量储存水平与超级电容器相同，这个工厂可以没有有机电子实验室。助理教授Eleni Stavrinidou说，任何形式的系统优化，潜在地为离子泵提供动力，例如各种类型的传感器。

结果现在将在著名的科学杂志“国家科学院学报”（PNAS）上发表。

Eleni Stavrinidou说：“这项研究处于一个非常早期的阶段，未来会带来什么是一个悬而未决的问题。

一些例子是自主能源系统，将能量从植物收集到功率传感器和各种类型的开关的可能性以及在植物内部产生燃料电池的可能性。

“几年前，我们证明可以创建电厂，发电厂”，但现在我们已经表明，研究具有实际应用作用，我们不仅表明能源储存是可行的，而且我们也可以提供卓越性能的系统，“林雪平大学校园Norrköping有机电子实验室负责人Magnus Berggren教授说。

对电子植物的研究已经由Knut和Alice Wallenberg基金会的无限制研究资助。该基金会在2012年任命马格努斯•贝格伦教授为Wallenberg学者。

The accuracy of the flowmeter calibration factor

Last year, upwards of 25 trillion cubic feet of natural gas were delivered to customers in the United States, and when it changed hands, nearly every cubic foot was measured using gas flowmeters. The accuracy of those meters has enormous commercial importance, and NIST has a long-standing research program to improve flowmeter calibration. The scope of that program has now literally expanded in the form of a newly arrived test bed known informally as the Big Blue Ball. 
Typically, calibrating flowmeters entails flowing a gas stream through the meter under test and then into a collection tank during a measured time interval. The accuracy of the flowmeter calibration factor depends on a low uncertainty measurement of the mass collected in the tank. The quantity of collected gas is commonly determined using: (1) the tank's precisely known volume multiplied by (2) the change in density of the gas in the collection tank before and after the filling process. The density determination requires measuring the pressure and the average temperature of the collected gas. 
Unfortunately, the average temperature of the collected gas is tough to pin down. When pressurized gas flows into a large tank, the flow generates a non-uniform temperature distribution throughout the collection tank. Soon after the flow stops, the warmest gas ends up near the top of the tank and the coolest gas ends up near the bottom. This situation makes it difficult to measure the average temperature by conventional means. A prompt reading of a few thermometers is inherently inaccurate, and the temperature gradients in big tanks persist for hours or days.
To circumvent the temperature-gradient problem, NIST calibrates many small flow meters, one at a time, and then uses them in parallel to calibrate larger meters. The small meters are calibrated using a small collection tank that is thermostatted to quickly eliminate temperature gradients. However, the multiple calibrations are time-consuming and labor-intensive, and therefore expensive.
Two years ago, scientists at NIST's Physical Measurement Laboratory attacked this problem successfully by devising and demonstrating the use of "acoustic thermometry" to accurately and rapidly measure the average temperature. They proved the principles using pure argon gas in a small tank. Now, they are scaling up acoustic thermometry using a large high-pressure spherical vessel as the collection volume. Since the term "large high-pressure spherical vessel" is a mouthful, it was affectionately renamed the Big Blue Ball.
"We are working toward a way to calibrate meters for large flows at high pressures, such as those used to measure natural gas flowing inside interstate pipelines," says Michael Moldover, leader of NIST's Fluid Metrology Group, "The Big Blue Ball allows us to scale up the proof-of-principle tests by a factor of 20 in pressure, from 0.35 MPa to 7 MPa (3.5 atmospheres to 70 atm), and by a factor of 6 in volume, from 300 liters to 1800 liters. Eventually, the volume will be scaled up by another factor of 3, or even 10."
The blue ball is on loan to NIST's Gaithersburg, Md., campus, thanks to a Cooperative Research and Development Agreement (CRADA) with Colorado Engineering Experiment Station, Inc. (CEESI). CEESI is an independent laboratory that calibrates flow meters, including those used in natural gas pipelines.
Ultimately, Moldover's group expects, CEESI and other calibration laboratories will use their technique on their sites for much larger tanks and meters.

"I doubt there is another organization in the world that could do what NIST is doing," says Eric Harman, CEESI Natural Gas/Multiphase engineer. "The benefit to the natural gas industry will be immense. It's critical that large natural gas meters are calibrated accurately and every energy dollar is accounted for using the best-technology-available. Moldover and his group are redefining that standard to the best-technology-possible. This is a game changer."
The NIST method is based on a fundamental physical principle: When a sound wave travels through a gas with regions at different temperatures, the sound wave's average speed is determined by the average temperature of the gas. Using this scheme, the very difficult task of measuring temperature is replaced by the much simpler one of measuring the speed of sound waves as they move from transmitter to receiver.
Because the physics in the Big Blue Ball is identical with that used for proof-of-principle tests, scale-up should be straightforward. However, Moldover's group is moving carefully to identify potential measurement problems at increased volume and pressure. So far, the researchers have brought the pressure in the Big Blue Ball up to 2 MPa (20 atm) on the way to 7 MPa (70 atm). They anticipate obstacles. 
"For example, a sound generator and sound detector that work well at a pressure of a few atmospheres might not perform well at 70 atmospheres," Moldover says. "When scaling up, we're exposing our generator and detector to high-speed flow and to rapid pressure changes; these stresses will knock the transducers around a bit. We'll see what happens. At NIST, we go beyond proof-of-principle to solve engineering problems that a user might encounter—or at least we want to suggest plausible solutions."
His group's proof-of-principle demonstration used pure argon gas. But when they filled the blue ball with compressed air and checked the volume of the big blue ball using microwave resonances, the results disagreed with predictions. The trouble, it appears, arose because the air had too much moisture, which increased the air's dielectric constant and decreased the microwave resonance frequencies from the expected values. When they dried the air, they got the volume that they expected. "Clearly, that's a very significant factor," Moldover says. "If you want to properly calibrate your volume using microwaves, you have to think seriously about the water content."
"Thank goodness NIST is ironing out some of the potential scale-up pitfalls," Harman says. "Uncovering hidden landmines before you step is often the difference between success and failure. As U.S. calibration facilities integrate NIST's microwave and acoustic resonance techniques, knowing that we have to measure humidity ahead of time makes our job much easier."
NIST does not have the infrastructure required to test really large flowmeters of the sort used in interstate pipelines, where flow rates reach 5 m3/s at pipeline pressures up to 7 MPa. However, NIST's CRADA partner, CEESI, has a calibration facility located next to a pipeline and they have collection vessels with volumes of 20 cubic meters. Thus, the lessons learned from the big blue ball will reach industry.
"While the US energy sector will benefit greatly from NIST's new technology," Harman says, "the transportation, manufacturing, and aerospace industries stand to benefit as well. Temperature uncertainty problems aren't just limited to large scale primary calibrations; small and mid-size calibrations face the same temperature uncertainty issues. Air, oxygen, nitrogen, argon, carbon dioxide, hydrogen, and helium calibrations aren't immune to temperature stratification. CEESI is thrilled that NIST is taking the Big Blue Ball and running with it." 
流量计校准系数的精度

去年，美国向客户交付了25万亿立方英尺的天然气，当换手时，几乎每立方英尺都用气体流量计测量。这些仪表的精度具有巨大的商业重要性，NIST有一个长期的研究计划来改进流量计校准。该计划的范围现在已经在以非常正式的大蓝球认识的新来的测试台的形式逐渐扩大了。

通常，校准流量计需要使气体流经测试仪器，然后在测量的时间间隔内进入收集罐。流量计校准系数的精度取决于在罐中收集的质量的低不确定度测量。收集的气体的数量通常使用：（1）罐的精确已知体积乘以（2）填充过程之前和之后的收集罐中气体的密度变化。密度测定需要测量收集气体的压力和平均温度。

不幸的是，收集的气体的平均温度很难固定下来。当加压气体流入大罐时，流动在整个收集罐中产生不均匀的温度分布。流动停止后不久，最热的气体在罐顶部附近结束，最冷的气体在底部附近结束。这种情况使得难以通过常规方法测量平均温度。迅速阅读几个温度计本质上是不准确的，大型坦克的温度梯度持续数小时或数天。

为了规避温度梯度问题，NIST一次校准许多小型流量计，然后并行使用它们来校准较大的仪表。小型仪表使用一个恒温的小型收集罐进行校准，以快速消除温度梯度。然而，多次校准是耗时且劳动密集的，因此是昂贵的。

两年前，NIST物理测量实验室的科学家通过设计和展示使用“声学测温”来准确和快速地测量平均温度成功地攻克了这个问题。他们证明了在一个小型坦克中使用纯氩气的原理。现在，他们使用大型高压球形容器作为收集体积来扩大声学测温。由于术语“大型高压球形容器”是一口气，因此，它被深层次地改名为大蓝球。

NIST流体计量集团的领导Michael Moldover说：“我们正在努力为高压大流量的仪表校准仪表，例如用于测量州际管道内部天然气的仪表。”大蓝球允许我们将原理验证标准从压力提高到20MPa，从0.35MPa到7MPa（3.5个大气压到70个大气压），体积为6升，从300升到1800升。最终，音量将被放大3倍甚至10倍。“

由于与科罗拉多工程实验站有限公司（CEESI）签署了合作研究和开发协议（CRADA），蓝色的球就贷款给了NIST的盖斯堡，马德里校区。 CEESI是一个独立的实验室，用于校准流量计，包括天然气管道中使用的流量计。

最终，摩尔多瓦集团预计，CEESI和其他校准实验室将在他们的网站上使用他们的技术用于更大的坦克和大米。

CEESI天然气/多相工程师埃里克•哈曼（Eric Harman）表示：“我怀疑世界上有另一个组织可以做NIST正在做的事情。 “天然气行业的好处将是巨大的，重要的是大型天然气仪表的精确校准，每一个能源美元都是使用最好的技术来解决的，摩尔多瓦及其集团可能正在将这一标准重新定义为最佳技术，这是一个改变游戏规则的人。

NIST方法基于一个基本的物理原理：当声波通过不同温度区域的气体传播时，声波的平均速度由气体的平均温度决定。使用这种方案，测量温度的非常困难的任务被测量声波从发射机移动到接收机时的速度要简单得多。

由于大蓝球中的物理学与原理验证测试相同，因此放大应该很简单。然而，Moldover的小组正在小心移动，以增加体积和压力来确定潜在的测量问题。到目前为止，研究人员已经将大蓝球的压力提高到了2 MPa（20 atm），达到了7 MPa（70 atm）。他们预见到了障碍。

“例如，在几个大气压下工作良好的声发生器和声音探测器在70个大气压下可能不会很好地工作，”Moldover说。 “在扩大规模时，我们将发电机和探测器暴露在高速流动和压力变化的急剧变化之下，这些压力会使传感器发生爆炸，我们会看到会发生什么，在NIST，我们超越了证明原则来解决用户可能遇到的工程问题 - 或至少我们想提出合理的解决方案。“

他的团队的原理证明使用了纯氩气。但是当他们用压缩空气填充蓝色球时，使用微波共振检查大蓝色球的体积，结果与预测不一致。出现这种麻烦，因为空气中含有太多的水分，这增加了空气的介电常数，从而降低了微波谐振频率。当他们干空气时，他们得到了他们预期的数量。“显然，这是一个非常重要的因素，”Moldover说。 “如果您想使用微波正确校准体积，您必须认真考虑含水量。”

Harman说：“感谢NIST正在减少一些潜在的放大陷阱。” “在揭幕之前，揭开隐藏的地雷往往是成功和失败之间的区别。美国的校准设施整合了NIST的微波和声学共振技术，知道我们必须提前测量湿度，来使我们的工作变得更容易。”

NIST没有所需的基础设施来测试在州际管道中使用的真正大型流量计，其中流量达到5 m3 / s，管道压力高达7 MPa。 然而，NIST的CRADA合作伙伴CEESI拥有一个位于管道旁边的校准设备，并拥有20立方米的收集容器。 因此，从大蓝球获得的经验教训将影响行业。

Harman说：“虽然美国能源部门将从NIST的新技术中获益匪浅，运输，制造和航空航天工业也将受益匪浅，温度不确定性问题不仅限于大规模初级校准;小型和中型尺寸校准面临相同的温度不确定性问题，空气，氧气，氮气，氩气，二氧化碳，氢气和氦气校准不能免受温度分层的影响，CEESI很高兴NIST正在用大蓝球运行。
Metal Alloy（金属合金）

Scientists discover magnetic 'persuasion' in neighboring metals

Like a group of undecided voters, certain materials can be swayed by their neighbors to become magnetic, according to a new study from the U.S. Department of Energy's (DOE) Argonne National Laboratory. 
A team of Argonne researchers led by materials scientist Anand Bhattacharya examined the relationship at interfaces between layers of nonmagnetic nickel-based nickelate material and a ferromagnetic manganese-based manganite. The samples were grown with single atomic layer precision using molecular beam epitaxy at Argonne's Center for Nanoscale Materials, a DOE Office of Science User Facility, by postdoctoral researcher and first author on the study Jason Hoffman.
The researchers found that as electrons flowed out of the manganite into the neighboring nickelate, the non-magnetic nickelate suddenly became magnetic – but not in a typical way. While most magnetic materials are "collinear", meaning that the magnetic orientations of the electrons in the materials are arranged either in the same or opposite directions – that is, what we think of as "north" or "south" – this was not the case for the affected nickelate. As the electrons flowed into the nickelate, it created a magnetization with a twisting pattern as in a helix.
Although it is nonmagnetic on its own, the nickelate has certain proclivities that make it a good candidate for being "willing to be swayed," Bhattacharya said.
"The measure that scientists use to quantify how much a material wants to be magnetic is called 'magnetic susceptibility," Bhattacharya explained. "The nickelate has a very peculiar magnetic susceptibility, which varies from atom to atom within the material. Under the influence of the neighboring manganite, the nickelate becomes magnetic in a surprising way, causing a non-uniform helical magnetic structure to develop in the nickelate."
According to Bhattacharya, magnetic noncollinearity is difficult to tailor in the laboratory. "This noncollinear twisty magnetism is shown by only a very few types of materials and is quite rare in nature," said Bhattacharya. "It's an exciting property to have in a material because you could conceivably use the different magnetic orientations to encode data in a novel kind of magnetic memory, or to nucleate new kinds of superconducting states that might be useful in a quantum computer." 
科学家在相邻的金属中发现了磁性的说服力

根据美国能源部（DOE）阿贡国家实验室的一项新研究，像一群未决定的选民一样，某些材料可以因邻居的摇摆而变得磁性。

由材料科学家Anand Bhattacharya领导的阿贡研究团队研究了非磁性镍基镍酸盐材料和铁磁性锰基亚锰酸盐之间界面的关系。在Argonne纳米材料中心，DOE科学用户设施办公室，博士后研究员和研究Jason Hoffman的第一作者，使用分子束外延生长样品。

研究人员发现，随着电子从亚锰酸盐流出到相邻的镍酸盐中，非磁性镍酸盐突然变得磁性，但不是典型的方式。虽然大多数磁性材料是“共线的”，这意味着材料中的电子的磁方向是以相同或相反的方向排列的，也就是我们所说的“北”或“南” - 这不是受影响的镍酸盐的情况。当电子流入镍酸盐时，它产生了螺旋状扭曲图案的磁化。

Bhattacharya说，虽然它本身是非磁性的，但镍酸盐具有一定的倾向时，会使其成为“愿意摇摆”的良好候选人。

Bhattacharya解释说：“科学家用来量化材料想要磁化的程度称为”磁化率“。“镍酸盐具有非常特殊的磁化率，其在材料内的原子与原子之间变化，在相邻的亚锰酸盐的影响下，镍酸盐以惊人的方式变成有磁性，导致在镍酸盐中形成不均匀的螺旋磁结构”。

据Bhattacharya介绍，磁性非线性在实验室难以定制。 Bhattacharya说：“这种非线性扭曲磁性仅由很少的材料类型表现出来，在本质上是相当罕见的。 “由于您可以想到使用不同的磁性方向在新型磁记忆体中对数据进行编码，或者将可能在量子计算机中使用的新型超导状态进行核化，因此具有令人兴奋的特性。”
Composite Materials（复合材料）

Chiral metamaterial produces record optical shift under incremental power modulation

Georgia Institute of Technology researchers have demonstrated an optical metamaterial whose chiroptical properties in the nonlinear regime produce a significant spectral shift with power levels in the milliwatt range. 
The researchers recently demonstrated properties of their chiral metamaterial, in which they spectrally modified two absorptive resonances by incrementally exposing the material to power intensities beyond its linear optical regime. With a 15 milliwatt change in excitation power, they measured a 10-nanometer spectral shift in the material's transmission resonances and a 14-degree polarization rotation.
The researchers believe that may be the strongest nonlinear optical rotation ever reported for a chiral metamaterial, and is about a hundred thousand times larger than the current record measurement for this type of structure. The research, supported by the National Science Foundation and the Air Force Research Laboratory, was reported February 27 in the journal Nature Communications.
"Nanoscale chiral structures offer an approach to modulating optical signals with relatively small variations in input power," said Sean Rodrigues, a Ph.D. candidate who led the research in the laboratory of Associate Professor Wenshan Cai in Georgia Tech's School of Electrical and Computer Engineering. "To see this kind of change in such a thin material makes chiroptical metamaterials an interesting new platform for optical signal modulation."
This modulation of chiroptical responses from metamaterials by manipulating input power offers the potential for new types of active optics such as all-optical switching and light modulation. The technologies could have applications in such areas as data processing, sensing and communications.
Chiral materials exhibit optical properties that differ depending on their opposing circular polarizations. The differences between these responses, which are created by the nanoscale patterning of absorptive materials, can be utilized to create large chiroptical resonances. To be useful in applications such as all-optical switching, these resonances would need to be induced by external tuning - such as variations in power input.
"When you increase the power, you shift the spectrum," Rodrigues said. "In effect, you change the transmission at certain wavelengths, meaning you're changing the amount of light passing through the sample by simply modifying input power." For optical engineers, that could be the basis for a switch.
The material demonstrated by Cai's lab are made by nano-patterning layers of silver - approximately 33 nanometers thick - onto glass substrates. Between the carefully-designed silver layers is a 45-nanometer layer of dielectric material. An elliptical pattern is created using electron beam lithography, then the entire structure is encapsulated within a dielectric material to prevent oxidation.
"It is the engineering of these structures that gives us these chiral optical properties," Rodrigues explained. "The goal is really to take advantage of the discrepancy between one circular polarization versus the other to create the broadband resonances we need."
The material operates in the visible to near-infrared spectrum, at approximately 740 to 1,000 nanometers. The optical rotation and circular dichroism measurements were taken with the beam entering the material at a normal incident angle.
The researchers induced the change in circular dichroism by increasing the optical power applied to the material from 0.5 milliwatts up to 15 milliwatts. While that is comparatively low power for a laser system, it has a high enough energy flux (energy transfer in time) to instigate change.
"The beam size is roughly 40 microns, so it is really focused," said Rodrigues. "We are putting a lot of energy into a small area, which causes the effect to be fairly intense."
The researchers don't yet know what prompts the change, but suspect that thermal processes may be involved in altering the material's properties to boost the circular dichroism. Tests show that the power applications do not damage the metamaterial.
Cai's laboratory has been studying chiral materials of different kinds for a variety of optical applications. In June 2015, they reported the realization of one of the long-standing theoretical predictions in nonlinear optical metamaterials: creation of a nonlinear material that has opposite refractive indices at the fundamental and harmonic frequencies of light. Such a material, which doesn't exist naturally, had been predicted for nearly a decade.
手性超材料在增量功率调制下产生记录光学偏移

佐治亚理工学院研究人员已经展示了一种光学超材料，其非线性方程中的手性特性在毫瓦范围内产生功率水平的显着光谱偏移。

研究人员最近展示了其手性超材料的性质，其中它们通过将材料逐渐暴露于超过其线性光学状态的功率强度来光谱修改两个吸收共振。随着激发功率的15毫瓦变化，它们测量了材料的传输谐振和14度偏振旋转的10纳米光谱偏移。

研究人员认为，这可能是手性超材料的最强非线性光学旋转，并且比目前这种结构的记录测量大十几万倍。该研究由国家科学基金会和空军研究实验室支持，2月27日在“自然通讯”杂志上报道。

Sean Rodrigues博士说：“纳米级手性结构提供了一种调制光信号的方法，输入功率变化相对较小。候任人员在佐治亚理工学院电气与计算机工程学院领导蔡文文副教授实验室研究。“为了看到这样一种薄薄的材料，这种变化使得手性超材料成为光信号调制的一个有趣的新平台。”

通过操纵输入功率对超材料的手性响应的这种调制为新型有源光学器件提供了潜力，例如全光开关和光调制。这些技术可以在数据处理，传感和通信等领域得到应用。

手性材料表现出根据其相反的圆偏振而不同的光学性质。通过吸收材料的纳米尺度图案产生的这些响应之间的差异可用于产生大的手性共振。为了在诸如全光开关的应用中有用，这些谐振将需要由外部调谐引起，例如功率输入的变化。

罗德里格斯说：“当你增加力量的时候，你会转移光谱。“实际上，您可以在某些波长处更换传输，这意味着您只需简单地修改输入功率即可改变通过样品的光量。”对于光学工程师，这可能是切换的基础。

蔡氏实验室证明的材料是通过纳米图案层银 - 大约33纳米厚的玻璃基板制成的。在精心设计的银层之间是介电材料的45纳米层。使用电子束光刻创建椭圆图案，然后将整个结构封装在电介质材料内以防止氧化。

罗德里格斯解释说：“这些结构的工程化给了我们这些手性光学性质。“目标是真正利用一个圆极化与另一个圆偏振之间的差异来产生我们需要的宽带共振。”

该材料在可见光到近红外光谱下工作，约为740至1000纳米。采用光束旋转和圆二色性测量，光束以正常入射角进入材料。

研究人员通过将材料的光功率从0.5毫瓦提高到15毫瓦，来促进圆二色性的变化。虽然激光系统的功率相对较低，但它具有足够高的能量通量（能量传递在时间上）来引发变化。

罗德里格斯说：“光束尺寸大约为40微米，所以它是真正集中的。“我们正在把一大笔精力投入到一个小的地方，这样会使效果相当激烈。”

研究人员还不清楚是什么促使了这种变化，但是怀疑热过程可能涉及改变材料的性质来提升圆二色性。测试表明，电源应用不会损坏超材料。

蔡氏实验室一直在研究各种光学应用的不同种类的手性材料。 2015年6月，他们报告了非线性光学超材料的长期理论预测之一的实现：在光的基波和谐波频率处产生具有相反折射率的非线性材料。这种不自然存在的材料已经被预测了将近十年。
Practical Application（实际应用）

Exploring the mysteries of supercooled water
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Top left panel: Snapshot of a slice of water confined in the silica pore. The blue circle contains the 'free water,' the water molecules that are not in contact with the substrate.Bottom left panel: Density profile of the water molecules along the pore radius. The regions occupied respectively by the free water and the "bound water," water attached to the substrate, are indicated.Top right panel: The curves represent how the oxygen atoms of the molecules are arranged in shells around a given oxygen atom in the origin at different temperatures. The peaks represent the positions where the different shells are located. The structure is shown for some of the supercooled temperatures investigated.Bottom right panel: The main result of our computer simulation is given by the behavior of the excess entropy, a fraction of the total entropy, obtained from the oxygen structure of free water. The deviation of the calculated black points from the theoretical (red) curve indicates that water undergoes a change of behavior before and upon approaching the glass transition. Credit: Margherita De Marzio, Gaia Camisasca, Maria Martin Conde, Mauro Rovere and Paola Gallo 

There are few things more central to life on earth than water. It dominates the physical landscape, covering much of the planet as oceans. It's also a major component of the human body, comprising, for example, more than 70% of the mass of a newborn baby. 
Yet despite its omnipresence, water has many physical properties that are still not completely understood by the scientific community. One of the most puzzling relates to the activity of water molecules after they undergo a process called "supercooling."
Now, new findings from Roma Tre University, in Rome, Italy, on the interactions of water molecules under these exotic conditions appear this week in the Journal of Chemical Physics.
"Normally, when liquid water is cooled below its freezing point, the water molecules arrange themselves in the ordered, crystal structure that is ice," said Paola Gallo, an associate professor of physics at Roma Tre University. "With supercooling, special techniques are employed to cool water very quickly in such a way that it remains a liquid even though its temperature has been lowered well below its freezing point. There are a number of anomalies in water molecules' activity in these supercooled conditions that have not yet been fully explained."
Using a computer-based simulation, Gallo and her colleagues shed light on a thermodynamic property of water that helps explain how water molecules in a supercooled state interact with each other and with the molecules of other materials.
"While supercooling is an important phenomenon to study, the challenge is that it's very difficult to supercool water in a lab," said Gallo.
In the past, scientists have attempted to address this issue by supercooling water "in confinement," focusing efforts on studying water confined in manufactured pores having a radius of a few namometers (i.e. one or two orders of magnitude larger than the diameter of the molecule of water). This, however, has raised a question of whether the properties of this confined water differ from that of bulk water, where water molecules interact freely in larger volumes.
"This question has been a point of ongoing interest in our work," said Gallo. "In previous studies, we have shown that interactions with other chemicals affect only those water molecules that are very physically close to the molecules of another chemical, such as the molecules that make up the wall of the pore. The water molecules at the center of the pore, the free water, retain many of the properties of bulk water."
"With this study, we discovered that there are further parallels," Gallo also said. "Specifically, our simulation shows that a property of the structure of the network of water molecules, which can be measured and verified experimentally, can be used to determine the changes in water's entropy, the thermodynamic quantity that measures disorder in a system [...] that may offer insights on some of the more unusual thermodynamic facets of water's activity in this supercooled state."
These findings create a framework for other experimental physicists to recreate the simulation with physical samples in a lab. For Gallo and her colleagues, their work offers a foundation for further investigation of the relationships between the thermodynamic characteristics of confined and bulk water.
"Water is the most important liquid that we have on earth," explained Gallo. "Any insights that researchers can uncover about its properties can advance not only our collective understanding of physics, but also of biology and chemistry, and open up new possibilities for integrating this knowledge into different technological applications." 

探索过冷水的奥秘
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左上图：限制在二氧化硅孔中的一片水的快照。蓝色圆圈包含“自由水”，与底物不接触的水分子。左下图：沿着孔半径的水分子的密度分布。分别由自由水和“结合水”占据并附着在底物上的水的区域。右图：在不同的温度下，曲线表示分子的氧原子如何排列在原始氧原子周围的壳中。峰表示不同壳位于的位置。显示了一些被研究的过冷温度的结构。右图：我们的计算机模拟的主要结果是由自由水的氧结构获得的过量熵的行为，总熵的一部分。计算的黑点与理论（红色）曲线的偏差表明水在接近玻璃化转变之前和之后发生变化。信用：Margherita De Marzio，Gaia Camisasca，Maria Martin Conde，Mauro Rovere和Paola Gallo

生活在地球上比水更重要的东西比较少。它主导着物理景观，将海洋的大部分覆盖成海洋。它也是人体的主要组成部分，其中包括例如新生婴儿的70％以上的质量。

然而尽管无处不在，但水有许多物理属性，仍然没有被科学界完全理解。最令人费解的一个问题是水分子经过一个称为“过冷”的过程的活动。

现在，意大利罗马罗马帝国大学在这些异国情调下的水分子相互作用的新发现出现在本周“化学物理学杂志”上。

罗马帝国大学物理学副教授保拉·加洛（Paola Gallo）说：“通常，当液态水冷却到冰点以下时，水分子将自己排列成有序的晶体结构，即冰。“使用过冷却技术，即使将其温度降低到低于其凝固点的温度，使用特殊技术也可以非常快速地冷却水分。在这些过冷条件下，水分子的活动有许多异常现象尚未得到充分解释。”

Gallo及其同事利用基于计算机的模拟揭示了水的热力学性质，有助于解释过冷状态下的水分子与其他材料的分子之间的相互作用。

“虽然过冷是研究的一个重要现象，但挑战是在实验室中过冷水是非常困难的，”Gallo说。

在过去，科学家们试图通过过冷水“限制”来解决这个问题，着重研究限制在制造的孔中的水，其半径为几个纳米尺（即比分子的直径大一个或两个数量级）的水）。然而，这提出了一个问题，即该限制水的性质是否与本体水的性质不同，其中水分子在较大体积内是否自由相互作用。

“这个问题对我们的工作一直很重要，”加洛说。“在以前的研究中，我们已经表明，与其他化学物质的相互作用仅影响那些非常接近另一种化学物质分子的水分子，例如构成孔壁的分子。孔隙，自由水，保留了许多大量的水的性质。“

“通过这项研究，我们发现还有更多的相似之处，”Gallo还说。“具体来说，我们的模拟表明，可以用实验测量和验证的水分子网络结构的性质可用于确定水熵的变化，测量系统中的混乱的热力学数值，可以提供对这种过冷状态下水的活动的一些更不寻常的热力学方面的见解。

这些研究结果为其他实验物理学家创建了一个框架，以便在实验室中使用物理样本重建模拟。对于加洛和她的同事们来说，他们的工作为进一步研究密闭和散装水热力学特性之间关系奠定了基础。

“水是我们在地球上最重要的液体，”加洛解释说。“研究人员可以发现其属性的任何见解都不仅可以促进我们对物理学以及生物学和化学学的集体理解，还可以开辟将这些知识整合到不同技术应用中的新可能。”
FLASHForward accelerates first electron bunches

The plasma accelerator project FLASHForward achieved an important milestone in January: for the first time, the facility's high-power laser accelerated electron bunches in a plasma cell. Later in the operational phase, the laser will control the formation of the plasma at FLASH. The group of scientists around DESY's Jens Osterhoff used the laser to ignite a plasma, from which electrons were accelerated to energies of around 100 mega-electronvolts within a distance of just a few millimetres. This allows important pre-experiments for the planned beam-driven plasma experiment. As of the second half of this year, the FLASHForward scientists want to use the FLASH electron beam to generate a plasma in a plasma cell in order to further accelerate other electron bunches from the FLASH particle accelerator or electron bunches which are formed in the plasma itself. 
"The electron bunches that have now been accelerated by the laser in the plasma cell have in many respects very similar properties to those that we are later hoping to accelerate with the FLASH beam in FLASHForward," explains the project leader Jens Osterhoff. "We are now in a position to test our special diagnostic instruments before integrating them in FLASH this summer." The diagnostics of FLASHForward will have to fulfil some demanding requirements. The scientists expect having to resolve electron bunches carrying a charge of just a few pico-coulombs, a thousand times less than in the European XFEL, and bunch durations in the femto-second range. In addition, the instruments must be capable of withstanding the electromagnetic shock that is produced when the plasma is ignited.
The FLASHForward project aims to test plasma wakefield acceleration. The electric fields produced in a plasma can be a thousand times stronger than those in conventional particle accelerators. Researchers all over the world are testing whether this highly efficient method of particle acceleration can be used to develop extremely compact particle accelerators. In FLASHForward, electron bunches produced by FLASH are to be further accelerated using a laser-produced plasma. To achieve this, a beamline for electron bunches including an integrated plasma cell is to be set up alongside the second FLASH radiation beamline and hooked up to FLASH this summer. The experiments at FLASHForward are to begin later in the year and will be conducted in parallel to the Photon Science experiments at FLASH. FLASHForward is funded by grants from the Helmholtz Impulse and Networking Fund and supported by the Alexander von Humboldt Foundation.
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The 'Plot for experts' shows the spatial distribution of the electron beam accelerated at FLASHForward. Credit: Helmholtz Association of German Research Centres
FLASHForward加速了第一个电子束

等离子体加速器项目FLASHForward在1月份实现了一个重要的里程碑：该设备的高功率激光加速了等离子体电池中的电子束。在操作阶段之后，激光将控制FLASH中等离子体的形成。 DESY的Jens Osterhoff周围的科学家组合使用激光点燃等离子体，电子在几毫米的距离内被加速到大约100兆电子伏的能量。这为计划的光束驱动等离子体实验提供了重要的预先实验。截至今年下半年，FLASHForward科学家希望使用FLASH电子束在等离子体电池中产生等离子体，以便进一步加速其它电子束从FLASH粒子加速器或等离子体本身形成的电子束。

项目负责人Jens Osterhoff解释说：“现在已经在等离子体电池中激光加速的电子束在许多方面与我们以后希望通过FLASHForward中的FLASH光束加速的性质非常相似。“我们现在可以在今年夏天将它们整合到FLASH之前，先测试我们的特殊诊断仪器。” FLASHForward的诊断必须满足一些苛刻的要求。科学家们希望必须解决电子束，其电荷只有几个微米库仑，比欧洲XFEL小一千倍，以及毫秒级范围内的持续时间。此外，仪器必须能够承受等离子体点火时产生的电磁冲击。

FLASHForward项目旨在测试等离子体尾流加速度。在等离子体中产生的电场可以比传统的粒子加速器强一千倍。世界各地的研究人员正在测试这种高效的粒子加速方法是否可用于开发极其紧凑的粒子加速器。在FLASHForward中，使用激光产生的等离子体进一步加速由FLASH产生的电子束。为了实现这一点，包括集成等离子体单元的电子束的束线将在第二个FLASH辐射束线旁边被设置，并且在夏天被连接到FLASH。 FLASHForward的实验将在今年晚些时候开始，并将与FLASH的Photon Science实验并行进行。 FLASHForward由亥姆霍兹冲动和网络基金的资助资助，并得到亚历山大·冯·洪堡基金会的支持。
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“专家图”显示了FLASHForward加速电子束的空间分布。信用：亥姆霍兹德国研究中心协会
Organic & Polymer（有机高分子材料）

Understanding and predicting snow behavior

Engineers from the University of Luxembourg are working together with scientists from the WSL Institute for Snow and Avalanche Research SLF in Switzerland to better analyse mechanical properties of snow. The project has the goal to develop a computer model that can help solving typical snow-related engineering problems. The model could, for example, be used to anticipate avalanches, to determine the load on buildings caused by snow or calculate the traction of vehicles on snow-covered surfaces by predicting the behaviour of snow. 
After having studied various flood scenarios, developed an innovative mathematical method to simulate the flow of debris and predicted its mechanical impact on buildings and structures, Bernhard Peters, professor of Thermo- and Fluiddynamics and head of the LuXDEM research team at the Faculty of Science, Technology and Communication (FSTC), has extended his research activities to snow simulations.
Prof. Peters with his research team are now developing a model that calculates the properties and behaviour of snow masses under high and low strain rates based on the structure of microscopic snow particles. "Such a model has several advantages compared to traditional snow models. First, our model can directly factor in microstructural information. Second, it includes contacts and bonding between the snow grains. Third, it can explicitly account for the large displacements and rearrangement of the snow grains during deformation. Hence, this particle model explicitly includes all the relevant physical micro-scale processes", explains Bernhard Peters.
In order to validate this new model, Professor Peters involved field experts from one of the world-renowned institutes in snow research, namely the WSL Institute for Snow and Avalanche Research SLF, based in Davos Dorf, Switzerland. "The project combines complementary expertise of the two involved research groups with Luxembourg being an expert in discrete element modelling and Switzerland in the tomographic investigation and experimental measurement of snow characteristics", adds Prof. Peters.
The bi-national project was officially launched at a kick-off meeting on 8 December 2016 and is funded by the Fond National de la Recherche Luxembourg (FNR) and the Swiss National Science Foundation (SNSF) for a period of 3 years. 
了解和预测雪行为

来自卢森堡大学的工程师们正在与来自瑞士的WSL雪和雪崩研究所SLF的科学家合作，更好地分析雪的机械性能。该项目的目标是开发一种可以帮助解决典型积雪相关工程问题的计算机模型。例如，该模型可以用于预测雪崩，确定由雪造成的建筑物的负荷，或者通过预测雪的行为来计算车辆在积雪覆盖的表面上的牵引力。

在研究了各种洪水情景后，开发了一种创新的数学方法来模拟碎片流动并预测其对建筑物和结构的机械影响，热和流动动力学教授Bernhard Peters和科学院LuXDEM研究团队负责人，技术与交流（FSTC）将研究活动扩展到了雪地模拟。

Peters博士与他的研究团队正在开发一种基于微观雪粒子结构计算高低应变速率下雪质量的性质和行为的模型。“这种模式与传统的雪花模型相比有几个优点：首先，我们的模型可以直接考虑微观结构信息;其次，它包括了雪谷之间的接触和粘结;第三，它可以明确地说明大的位移和重排因此，这个粒子模型明确地包括了所有相关的物理微尺度过程”，Bernhard Peters解释说。

为了验证这一新模式，彼得斯教授涉及世界知名雪学研究所的现场专家，即位于瑞士达沃斯多夫的雪和雪崩研究SLF研究所。彼得斯教授补充说：“该项目结合了两个相关研究团队的互补专长，卢森堡是离散元素建模方面的专家，瑞士在雪域特征的断层扫描和实验测量方面擅长。

这项双边计划于2016年12月8日的开幕式上正式启动，由Fond National de la Recherche卢森堡（FNR）和瑞士国家科学基金会（SNSF）资助，为期3年。

Partnership yields better instrumentation and enables better knowledge about complex fluids

Ever wonder why you have to shake your bottle of ketchup or mustard before pouring? Or why, to get out of quicksand, you must move slowly? Or why you can run on the surface of a suspension of cornstarch in water, but you'd sink if you tried to walk on it? 
The common feature of all these conundrums are non-Newtonian fluids, whose mechanical properties change depending on the level and type of force applied to them. They're encountered all the time in daily life, but most people don't know just how highly engineered they can be, with carefully formulated particles, polymers and other additives to give them their desired flow behavior.
"To design these fluids, you need to understand these same properties from both an application and processing standpoint," said Matthew Helgeson, a professor in the UC Santa Barbara Department of Chemical Engineering. "For instance, condiments are designed to be thick so you can get them out of the bottle and spread them on your sandwich without running all over the place, but at the same time they need to be able to be mixed and bottled quickly when made in the factory."
Despite their ubiquitous use, these and other complex fluids are challenging to engineer because the relationships between microscopic behavior and flow properties are difficult to observe, said Helgeson. On a macroscopic level it's easy to see how the material responds to stress, but what happens structurally as it reacts to force remains somewhat of a mystery.
However, that engineering quandary is about to change. In a partnership with Austria-based laboratory instrumentation manufacturer Anton Paar, Helgeson's lab has developed new measurement methods for a specialized, state-of-the-art rheometer that not only allows researchers to characterize the mechanical behavior of non-Newtonian liquids and soft matter, but also to witness at the microscopic level how the fluid and structures flow and deform in response to stress. The knowledge generated by this type of instrumentation will have wide applications in academic and industrial research.
A typical rheometer usually consists of two moving surfaces, such as concentric cylinders, that rotate to cause the fluid to deform. By measuring the force required to rotate the cylinders, it is possible to determine the mechanical properties of the fluid. It is usually impossible to see the flow in these geometries, and so it is assumed that the amount of deformation in the fluid between the surfaces is the same everywhere, as is the case for a Newtonian liquid such as water.
Not so with many non-Newtonian fluids, according to Helgeson.
"It gets much more complicated," he said. "Typically what happens is that you get a little region that yields so that it's flowing, and everything else is just sitting there or moving very slowly." More force does not always equal more flow, he added, until the yielded region grows to fill the fluid volume.
"This transition that goes from not flowing to flowing is important for a wide range of complex fluids," said Helgeson. And the details of flow in this process, he explained, are often inaccessible to rheometers, which are typically only sensitive to the fluid flowing right at the surfaces.
"One of the advances of this instrumentation we've developed with Anton Paar is the ability to directly visualize what's going on in the flow," Helgeson said. With the help of laser optics and light-scattering particles, researchers will be able to track the fluid deformation and use it to understand what is happening in the fluid's microstructure.
"If you want to engineer these fluids, you really need to be able to characterize what's going on in the flow to cause the macroscopic response that you measure," he said.
As manufacturing methods and materials become more sophisticated, this knowledge will become essential. For example, to be able to use new and different types of materials for 3D printers and additive manufacturing, the colloidal and polymeric inks used need to be able to flow through the nozzle with ease yet harden flawlessly to achieve the desired structure.
According to Helgeson, the partnership with Anton Paar is unusual in that UCSB researchers are having a hand in the creation of new instrumentation and measurement methods before they become commercially available.
"In that sense, the partnership is really a two-way street," he said. "The new rheometer provides us with state-of-the-art measurement capabilities, and at the same time we're providing new tools and analysis that others in the scientific and industrial community can use."
Polymers, for instance, such as the ones used in displays, organic photovoltaics and flexible electronics, need to have perfect molecular and atomic arrangements to be effective, so fabrication techniques involving flow have to be improved to achieve better performance and lower cost.
"You put these polymers through all sorts of extrusion, injection and coating processes, which have the potential to produce defects in the material that come from flow instabilities," Helgeson said. The new rheometer tools that Helgeson and Anton Paar are jointly developing will enable more direct measurement of these instabilities.
"That's really what this partnership and the new instrument are about: being able to not only come up with new techniques, but also drive their use and understanding in solving some of these problems," he explained. 
合作伙伴关系产生更好的仪器仪表，并且能够更好地了解复杂情况

想知道为什么要在浇注之前摇一瓶番茄酱或芥末吗？或者为什么离开流沙时，你必须慢慢移动？或者为什么你可以在悬挂着玉米淀粉的水的表面上跑，但如果你试图走上去的时候，你会下沉？

所有这些难题的共同特征是非牛顿流体，其机械性能根据施加到它们的力的水平和类型而变化。他们在日常生活中遇到了所有的情况，但大多数人不知道他们可以如何高度设计，精心配制的颗粒，聚合物和其他添加剂可以使他们有所需的流动行为。

加州圣芭芭拉化学工程系教授Matthew Helgeson说：“要设计这些流体，您需要从应用和处理的角度了解这些相同的性质。“例如，调味品被设计得很厚，所以你可以把它们从瓶子里分散出来，并将它们分散在三明治上，而不用遍布整个地方，但同时他们需要在制作时能够快速混合和装瓶在工厂里。

Helgeson表示，尽管这些和其他复杂的流体是无处不在的，但由于微观行为和流动特性之间的关系难以观察，因此这些复杂的流体具有挑战性。在宏观层面上，很容易看出材料如何对压力作出反应，但是涉及到在结构上会发生什么样的反应时，就会产生一些谜。

然而，这个工程的困境即将改变。 Helgeson实验室与奥地利实验室仪器制造商Anton Paar合作开发了一种专门的最先进流变仪的新测量方法，不仅允许研究人员对非牛顿液体和软质物质的机械性能进行表征，而且还要在微观层面上看到流体和结构如何响应于应力而流动和变形。这种仪器产生的知识在学术和工业研究方面将有广泛的应用。

典型的流变仪通常由两个运动表面组成，例如同心圆筒，其旋转以使流体变形。通过测量旋转气缸所需的力，可以确定流体的机械性能。通常不可能看到这些几何形状中的流动，因此假设在表面之间的流体中的变形量在各处都是相同的，如牛顿液体如水的情况。

根据Helgeson的说法，许多非牛顿流体都不是这样的。

“它变得复杂得多，”他说。“通常发生的是，你得到一个小区域，使它流动，一切都只是坐在那里或移动很慢。他补充说，更多的力并不总是等于有更多的流动，除非产生的区域增长填充了流体体积。

Helgeson说：“这种从不流动到流动的过渡对于各种复杂的流体都是重要的。他解释说，在这个过程中的流程细节通常对流变仪无法访问，流变仪通常只对在表面流动的液体敏感。”

Helheson说：“我们与Anton Paar开发的这种仪器的进步之一就是直接显示流程中发生的情况。在激光光学和光散射颗粒的帮助下，研究人员将能够跟踪流体变形并用它来了解流体的微观结构发生了什么。

“如果你想设计这些液体，你真的需要能够描述流程中发生了什么，导致你测量的宏观反应，”他说。

随着制造方法和材料变得越来越复杂，这种知识将变得至关重要。例如，为了能够使用用于3D打印机和添加剂制造的新型和不同类型的材料，所使用的胶体和聚合物油墨需要能够容易地流过喷嘴而不会完美地硬化以达到所需的结构。

根据Helgeson的说法，与安东帕的合作是不寻常的，因为UCSB的研究人员在开始使用新的仪器和测量方法之前，已经有了这样的一面。

“在这个意义上说，伙伴关系确实是一条双向的街道，”他说。“新的流变仪为我们提供了最先进的测量功能，同时我们提供了新的工具和分析，科学和工业界的其他人可以使用。”

聚合物，例如在显示器，有机光伏和柔性电子产品中使用的聚合物需要具有完美的分子和原子排列才能有效，因此必须改进涉及流动的制造技术，以获得更好的性能和更低的成本。

“您将这些聚合物用各种方式各挤出，注射和涂覆工艺，这些工艺有可能在流动不稳定的情况下产生缺陷，”Helgeson说。 Helgeson和Anton Paar共同开发的新型流变仪工具将能够更直接地测量这些不稳定性。

他说：“这个伙伴关系和新工具真的是这样的：不仅能够提出新的技术，还可以在解决其中的一些问题时加以利用和理解。”

Researchers coax colloidal spheres to self-assemble into photonic crystals
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The superlattice is made up of two interpenetrating sublattices, one diamond, shown in green, and the other pyrochlore, shown in red. Preformed red tetrahedral clusters and green spheres self-assemble into a MgCu2 superlattice. Credit: NYU Tandon School of Engineering.

Colloidal particles, used in a range of technical applications including foods, inks, paints, and cosmetics, can self-assemble into a remarkable variety of densely-packed crystalline structures. For decades, though, researchers have been trying to coax colloidal spheres to arranging themselves into much more sparsely populated lattices in order to unleash potentially valuable optical properties. These structures, called photonic crystals, could increase the efficiency of lasers, further miniaturize optical components, and vastly increase engineers' ability to control the flow of light. 
A team of engineers and scientists from the NYU Tandon School of Engineering Department of Chemical and Biomolecular Engineering, the NYU Center for Soft Matter Research, and Sungkyunkwan University School of Chemical Engineering in the Republic of Korea report they have found a pathway toward the self-assembly of these elusive photonic crystal structures never assembled before on the sub-micrometer scale (one micrometer is about 100 times smaller than the diameter of a strand of human hair).
The research, which appears in the journal Nature Materials, introduces a new design principle based on preassembled components of the desired superstructure, much as a prefabricated house begins as a collection of pre-built sections. The researchers report they were able to assemble the colloidal spheres into diamond and pyrochlore crystal structures - a particularly difficult challenge because so much space is left unoccupied.
The team, comprising Etienne Ducrot, a post-doctoral researcher at the NYU Center for Soft Matter Research; Mingxin He, a doctoral student in chemical and biomolecular engineering at NYU Tandon; Gi-Ra Yi of Sungkyunkwan University; and David J. Pine, chair of the Department of Chemical and Biomolecular Engineering at NYU Tandon School of Engineering and a NYU professor of physics in the NYU College of Arts and Science, took inspiration from a metal alloy of magnesium and copper that occurs naturally in diamond and pyrochlore structures as sub-lattices. They saw that these complex structures could be decomposed into single spheres and tetrahedral clusters (four spheres permanently bound). To realize this in the lab, they prepared sub-micron plastic colloidal clusters and spheres, and employed DNA segments bound to their surface to direct the self-assembly into the desired superstructure.
Self-Assembly of Pre-Formed Tetrahedral Clusters Into Superlattice . Credit: NYU Tandon School of Engineering 

"We are able to build those complex structures because we are not starting with single spheres as building blocks, but with pre-assembled parts already 'glued' together," Ducrot said. "We fill the structural voids of the diamond lattice with an interpenetrated structure, the pyrochlore, that happens to be as valuable as the diamond lattice for future photonic applications."
Ducrot said open colloidal crystals, such as those with diamond and pyrochlore configurations, are desirable because, when composed of the right material, they may possess photonic band gaps—ranges of light frequency that cannot propagate through the structure—meaning that they could be for light what semiconductors are for electrons.
"This story has been a long time in the making as those material properties have been predicted 26 years ago but until now, there was no practical pathway to build them," he said. "To achieve a band gap in the visible part of the electromagnetic spectrum, the particles need to be on the order of 150 nanometers, which is in the colloidal range. In such a material, light should travel with no dissipation along a defect, making possible the construction of chips based on light."
Pine said that self-assembly technology is critical to making production of these crystals economically feasible because creating bulk quantities of crystals with lithography techniques at the correct scale would be extremely costly and very challenging.
"Self-assembly is therefore a very appealing way to inexpensively create crystals with a photonic band gap in bulk quantities," Pine said. 
研究人员利用自组装技术制作光学晶体
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超晶格是由两种交替生长的亚晶格形成的，一种是金刚石，在图中显示为绿色，一种是烧绿石，在图中显示为红色。红色的四面体晶体和绿色的球状晶体自组装形成了MgCu2晶体。

来源：纽约大学Tandon工程学院

胶体粒子技术的应用十分广泛，它应用于食物、墨水、印刷和化妆品制造，通过自组装形成各种琳琅满目而又组装紧实的透明材料。几十年来，科学家们一直试图找到合适的方法，使胶体颗粒能够自我排列成更加稀疏的晶格结构，使材料具有更有价值的光学性质。这些被称为光子晶体的结构能提高激光效率，使光学元件的制作进一步小型化，并能极大的提高工程师控制光线流的能力。

由纽约大学Tandon工学院，化学与生物分子工程系，纽约大学软物质研究中心和韩国成均馆大学化学工程学学院的工程师和科学家组成的研究团队发表了他们的科研成果。他们发现了一种自组装的方法可以将这些难搞的光子晶体结构在亚微米尺度组装起来（一微米约比人一根头发的直径尺寸还要小100倍），这在之前是从未有过的。

这项研究发表在《自然材料》杂志上。文章介绍了一种通过将所需超晶格结构的各部分进行预组装得到理想超晶格的新型设计方法，非常类似于通过预先构建部分的组装搭建预制装配式房屋。研究人员称，他们可以将胶体颗粒组装成金刚石或者烧绿石的晶体结构——这种实验颇具挑战，因为这种结构未填充的空间空隙很多故而有时会难以支撑。

该研究团队包括纽约大学软物质研究中心的博士后研究员Etienne Ducrot，纽约大学Tandon工程学院化学和生物分子工程专业的博士生Mingxin He，成均馆大学的Gi-Ra Yi，纽约大学Tandon工程学院化学和生物分子工程系系主任、纽约大学文理学院物理教授David J. Pine。镁铜合金能天然形成金刚石和烧绿石的亚晶格结构，研究人员从中获得启发，他们发现镁铝合金的复杂结构可以分解为单球面和四面体簇（永久固定的四个球面）。在实验室发现这一现象后，他们准备了亚微米级的塑料胶体簇和胶体微粒，将DNA分子片段绑定到原材料表面，并引导其自装配，使其生长成设定的超晶格结构。

预成型四面体簇自装配成超晶格结构。来源：纽约大学Tadon工程学院

Ducrot表示，“我们可以构建一些复杂的结构，我们没有将单个球面作为构建模块并开始建构，而是从已经‘粘接’到一起的预装配模块着手。我们烧绿石结构填充了金刚石晶胞中的空洞，这两种结构交替生长。而烧绿石结构在未来光学应用上的价值恰好与金刚石晶胞相同。”

Ducrot表示开放的胶态晶体，例如那些金刚石和烧绿石结构的晶体，非常具有研究价值。当它们组成合适的材料时，该材料便会具备光子带隙的特征——特定频率范围的光线无法穿透该结构——这意味着它们成为就像电子半导体一样的半导光材料。

Ducrot说，“26年前科学家预测出这种材料的性质时就已经提出了这一实验理论，但是直到现在也没有恰当的实验方法进行结构构建。为了在电磁波谱可见光频段构建带隙，粒子需要到道150纳米量级，这一尺度已经达到胶体范围。在这种材料中，光在传播过程中没有任何损耗，使光芯片的制造成为可能。”

Pine表示，这种自装配技术是制作这些晶体节省成本的关键，因为使用光刻技术制作大量合适尺寸的晶体造价高昂而且非常具有挑战性。

Pine表示，“自组装是一种非常诱人而又便宜的方法，通过这种方法构建的晶体具有大量的光子带隙。”
E-Material（电子材料）

Chiral superconductivity experimentally demonstrated for the first time
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When a magnetic field is applied parallel to a superconducting chiral nanotube, electric signals travel in one direction only. (Left) Illustration and (right) electron diffraction pattern of a single tungsten disulfide nanotube. Credit: Qin et al. Nature Communications 

(Phys.org)—Scientists have found that a superconducting current flows in only one direction through a chiral nanotube, marking the first observation of the effects of chirality on superconductivity. Until now, superconductivity has only been demonstrated in achiral materials, in which the current flows in both directions equally. 
The team of researchers, F. Qin et al., from Japan, the US, and Israel, have published a paper on the first observation of chiral superconductivity in a recent issue of Nature Communications. 
Chiral superconductivity combines two typically unrelated concepts in a single material: Chiral materials have mirror images that are not identical, similar to how left and right hands are not identical because they cannot be superimposed one on top of the other. And superconducting materials can conduct an electric current with zero resistance at very low temperatures.
Observing chiral superconductivity has been experimentally challenging due to the material requirements. Although carbon nanotubes are superconducting, chiral, and commonly available, so far researchers have only successfully demonstrated superconducting electron transport in nanotube assemblies and not in individual nanotubes, which are required for this purpose. 
"The most important significance of our work is that superconductivity is realized in an individual nanotube for the first time," coauthor Toshiya Ideue at The University of Tokyo told Phys.org. "It enables us to search for exotic superconducting properties originating from the characteristic (tubular or chiral) structure."
The achievement is only possible with a new two-dimensional superconducting material called tungsten disulfide, a type of transition metal dichalcogenide, which is a new class of materials that have potential applications in electronics, photonics, and other areas. The tungsten disulfide nanotubes are superconducting at low temperatures using a method called ionic liquid gating and also have a chiral structure. In addition, it's possible to run a superconducting current through an individual tungsten disulfide nanotube.
When the researchers ran a current through one of these nanotubes and cooled the device down to 5.8 K, the current became superconducting—in this case, meaning its normal resistance dropped by half. When the researchers applied a magnetic field parallel to the nanotube, they observed small antisymmetric signals that travel in one direction only. These signals are negligibly small in nonchiral superconducting materials, and the researchers explain that the chiral structure is responsible for strongly enhancing these signals.
"The asymmetric electric transport is realized only when a magnetic field is applied parallel to the tube axis," Ideue said. "If there is no magnetic field, current should flow symmetrically. We note that electric current should be asymmetric (if the magnetic field is applied parallel to the tube axis) even in the normal state (non-superconducting region), but we could not see any discernible signals in the normal state yet, interestingly, it shows a large enhancement in the superconducting region."
Currently, the researchers aren't exactly sure what causes the asymmetric electric transport in the chiral superconducting nanotubes. They plan to further investigate these mechanisms in the future, which would reveal new insight into the relationship between superconductivity and chirality. 
"Our next plan is to understand the microscopic mechanism of the observed phenomena," Ideue said. "In addition, we will try to verify the universality of the nonreciprocal superconducting transport and its enhancement in the superconducting region."
Although it may be too early to tell what kinds of applications chiral superconductivity might have, the researchers explain that the one-way effect shares similarities with existing technologies.
"One thing we can say is that nonreciprocal electric transport can be understood as a 'rectification effect' or 'diode-like functionality' (if it is large) so that it might be used to realize a 'superconducting diode' which could have potential applications for superconducting circuits," Ideue said. 
第一次实验验证存在手性超导现象
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当磁场平行作用于超导手性纳米管上时，电信号只能沿一个方向传递。（左图）图解，（右图）单个二硫化钨纳米管的电子衍射图样

作者：秦等。自然通讯


(Phys.org)—科学家们发现超导电流在手性纳米管中只能单向传播，这是首次观察到手性超导现象。至今为止，人们只在非手性材料中观察到了超导性，在这种材料中，电流向两个方向均可传递。

秦等研究人员来自日本、美国和以色列，他们在最近一期的《自然通讯》上发表了首次观察到手性超导现象的研究成果。

手性超导材料将两种往往毫不相关的性质在一种材料上体现出来：手性材料有与其镜像对称却又不相同的

材料，就像左手和右手，虽然对称，但是并不相同，因为它们无法完全重叠在一起。超导材料可以在低温下实现零电阻传导电流。

材料上的要求使实验上观察手性超导现象成为一件非常困难的事情。尽管碳纳米管是一种易得的超导材料，但至今为止，研究人员只在大量碳纳米管的集合材料中成功观察到了电子的超导传输，但未曾在单个纳米管中看到这种现象，这是研究人员们努力的方向。

文章的共同作者，东京大学的山内翔（Toshiya Ideue）告诉Phys.org，“我们研究中最重要的成就是首次在单个纳米管中实现了超导性。这使我们可以进一步研究因材料（管状或手性）结构特征而带来的超导性质。”

一种名为二硫化钨的新型二维超导材料是这次发现的关键，这是一种过渡金属元素的硫化物，作为新型材料，它在电子技术、激光技术和其他领域有很多潜在应用。二硫化钨纳米管具有手性结构，它在低温下可通过离子液体门极化的手段表现出超导特性。此外，超导电流可以在单个二硫化钨纳米管中传递。

当研究人员向某个纳米管中通以电流，随后将设备冷却到5.8K，电流便呈现超导性——在这个实验中，表示材料的正常电阻值减半。当研究人员给纳米管施加一个平行外场时，他们观察到只沿一个方向传递的微弱的不对称信号。这些信号在非手性超导材料中是非常微弱的，研究人员解释称手性结构可以大大加强这些信号。

山内表示，“非对称电流只有在外界磁场平行于纳米管方向时才会出现，如果没有磁场，电流是对称的。我们发现(如果磁场平行作用于纳米管) ，即使材料处于正常状态下（非超导状态）电流也能变成非对称电流，但目前我们无法在正常状态下观察到可分辨的信号，而有趣的是，当材料处于超导状态下时，信号强度会大大提升。”

目前。研究人员尚不能肯定造成手性超导纳米管中电流非对称传导的原因。他们将进一步研究造成这种现象的机制，并深入探索超导性和手性之间的关系

山内表示，“我们的下一步计划是探索实验现象背后的微观物理机制。此外，我们将研究清楚单向超导电流传输的普遍性，促进其在超导领域的应用。”

尽管现在讨论手性超导的应用前景还为时过早，研究人员还是将单向超导现象和现有的技术进行了对比。

山内表示，“我们可以确定的一点是，单向电流传输可以用作‘整流效应’或‘类似二极管的性能’（如果电流足够强），因此，它可以用来实现‘超导二极管’，这在超导电路中有着重要的应用前景。”　

Smart multi-layered magnetic material acts as an electric switch

The nanometric-size islands of magnetic metal sporadically spread between vacuum gaps display unique conductive properties under a magnetic field. In a recent study published in EPJ Plus, Anatoliy Chornous from Sumy State University in Ukraine and colleagues found that the vacuum gaps impede the direct magnetic alignment between the adjacent islands—which depends on the external magnetic field—while allowing electron tunneling between them. Such externally controlled conducting behaviour opens the door for applications in electronics with magnetic field sensors—which are used to read data on hard disk drives—biosensors and microelectromechanical systems (MEMS), as well as in spintronics with magnetic devices used to increase memory density. 
At the quantum scale, materials characterised by thin-film structures composed of alternating magnetic and non-magnetic layers behave in a way that produces what is referred to as the Giant Magnetoresistance (GMR) effect. This discovery garnered Albert Fert and Peter Grünberg the 2007 Nobel Prize in Physics. In this study, the authors studied cobalt islands of between 5 nanometers (nm) and 25 nm, as well as iron islands of between 10 nm and 30 nm.
They found that the maximum values of the electric conductivity under an external magnetic field are obtained when the islands have a width of between 3 nm and 5 nm, with vacuum barriers of between 1 nm and 3 nm between them. However, they also observed that the tunnelling of electrons between the islands depends on the relative orientation of the direction of magnetisation in the adjacent islands and on the external magnetic field.
In addition, they determined that the electric conductivity is at a maximum when the magnetic moments in the adjacent granules are oriented in parallel, which leads to the tunnel magnetoresistance effect (TMR). The value of the tunneling magnetoresistance essentially depends on the interface properties of the insulator material between those islands. 
智能多层磁性材料可用作电子开关

岛屿般零星散布在真空间隙中的纳米级磁性金属材料，在磁场下展示出了独特的传导特性。最近一份发表在EPJ Plus杂志上的文章中，来自乌克兰苏梅州立大学的Anatoliy Chornous和同事发现，真空间隙会直接阻碍相邻磁岛间的磁性排列——这是受到外部磁场影响的——这样电子就可以从中穿过。这种外界控制的电子传导方法为电子学磁场传感器应用打开了一扇新的大门，这种传感器一般用于读取硬盘驱动的数据，被称作生物传感器和微机电系统（MEMS），也用在自旋电子学的磁敏器件中，用于提高内存容量。

在量子量级，由交变磁场和非磁场层组成的薄膜结构材料可以表现出巨磁阻（GMR）效应。艾尔伯•费尔和彼得•格林贝格便是凭此发现获得了2007年的诺贝尔物理学奖。在此项研究中，作者研究了5nm(纳米)到25nm厚的钴磁材料和10nm到30nm的铁磁材料。

他们发现在外界磁场作用下，当材料厚度在3nm到5nm之间时电导率最大，此时的真空阻碍在1nm到3nm之间。然而，研究人员还观察到电子在磁岛间的隧穿效应与相邻磁岛间极化的相对方向和外界磁场有关。

此外，他们还测量到当相邻磁岛间磁偶极矩的方向一致时，电导率达到最大值，这也是隧道磁阻效应（TMR）的原理。隧道磁阻的大小实际上取决于这些磁岛间绝缘材料的表面性质。

Cracking the mystery of perfect superconductor efficiency

In 1911, physicist Heike Kamerlingh Onnes aimed to lower mercury's temperature to as close to absolute zero as possible. He hoped to win a disagreement with Lord Kelvin, who thought metals would stop conducting electricity altogether at extremely low temperatures. Carefully manipulating a set of glass tubes, Kamerlingh Onnes and his team lowered the mercury's temperature to 3 K (-454 F). Suddenly, the mercury conducted electricity with zero resistance. Kamerlingh Onnes had just discovered superconductivity. 
This single finding led to a worldwide investigation that's spanned a century. While it resolved one scientific debate, it created many more. The Department of Energy's Office of Science and its predecessors have spent decades supporting scientists investigating the mystery of why superconductivity occurs under a variety of circumstances.
The answer to this question holds major opportunities for scientific and technological development. About six percent of all electricity distributed in the U.S. is lost in transmission and distribution. Because superconductors don't lose current as they conduct electricity, they could enable ultra-efficient power grids and incredibly fast computer chips. Winding them into coils produces magnetic fields that could be used for highly-efficient generators and high-speed magnetic levitation trains. Unfortunately, technical challenges with both traditional and "high temperature" superconductors restrict their use.
"To the extent that Tesla and Edison introducing the use of electricity revolutionized our society, ambient superconductivity would revolutionize it once again," said J.C. Séamus Davis, a physicist who works with the Center for Emergent Superconductivity, a DOE Energy Frontier Research Center.
The How and Why of Superconductivity
Kamerlingh Onnes' discovery set off a flurry of activity. Despite his grand visions, most of what scientists found only reinforced superconductors' limitations.
One of the first big breakthroughs came nearly half a century after Kamerlingh Onnes' initial finding. While most researchers thought superconductivity and magnetism couldn't co-exist, Alexei A. Abrikosov proposed "Type II" superconductors that can tolerate magnetic fields in 1952. Abrikosov continued his research at DOE's Argonne National Laboratory (ANL) and later won the Nobel Prize in Physics for his contributions.
The next big leap came in 1957, when John Bardeen, Leon Cooper, and John Robert Schrieffer proposed the first theory of why superconductivity occurs. Their theory, made possible by the support of DOE's predecessor, the Atomic Energy Commission, also won them the Nobel Prize in physics.
Their theory contrasts how some metals work under normal conditions with how they act at extremely low temperatures. Normally, atoms are packed together in metals, forming regular lattices. Similar to the spokes and rods of Tinkertoys, the metals' positively charged ions are bonded together. In contrast, negatively charged free electrons (electrons not tied to an ion) move independently through the lattice.
But at extremely low temperatures, the relationship between the electrons and the surrounding lattice changes. A common view is that the electrons' negative charges weakly attract positive ions. Like someone tugging the middle of a rubber band, this weak attraction slightly pulls positive ions out of place in the lattice. Even though the original electron has already passed by, the now displaced positive ions then slightly attract other electrons. At near absolute zero, attraction from the positive ions causes electrons to follow the path of the ones in front of them. Instead of travelling independently, they couple into pairs. These pairs flow easily through metal without resistance, causing superconductivity.
Discovering All-New Superconductors
Unfortunately, all of the superconductors that scientists had found only functioned near absolute zero, the coldest theoretically possible temperature.
But in 1986, Georg Bednorz and K. Alex Müller at IBM discovered copper-based materials that become superconducting at 35 K (-396 F). Other scientists boosted these materials' superconducting temperature to close to 150 K (-190 F), enabling researchers to use fairly common liquid nitrogen to cool them.
In the last decade, researchers in Japan and Germany discovered two more categories of high-temperature superconductors. Iron-based superconductors exist in similar conditions to copper-based ones, while hydrogen-based ones only exist at pressures more than a million times that of Earth's atmosphere.
But interactions between the electron pairs and ions in the metal lattice that Bardeen, Cooper, and Schrieffer described couldn't explain what was happening in copper and iron-based high temperature superconductors.
"We were thrown into a quandary," said Peter Johnson, a physicist at Brookhaven National Laboratory (BNL) and director of its Center for Emergent Superconductivity. "These new materials challenged all of our existing ideas on where to look for new superconductors."
In addition to being scientifically intriguing, this conundrum opened up a new realm of potential applications. Unfortunately, industry can only use "high-temperature" superconductors for highly specialized applications. They are still too complex and expensive to use in everyday situations. However, figuring out what makes them different from traditional ones may be essential to developing superconductors that work at room temperature. Because they wouldn't require cooling equipment and could be easier to work with, room temperature superconductors could be cheaper and more practical than those available today.
A Shared Characteristic
Several sets of experiments supported by the Office of Science are getting us closer to finding out what, if anything, high-temperature superconductors have in common. Evidence suggests that magnetic interactions between electrons may be essential to why high-temperature superconductivity occurs.
All electrons have a spin, creating two magnetic poles. As a result, electrons can act like tiny refrigerator magnets. Under normal conditions, these poles aren't oriented in a particular way and don't interact. However, copper and iron-based superconductors are different. In these materials, the spins on adjacent iron sites have north and south poles that alternate directions – oriented north, south, north, south and so on.
One project supported by the Center for Emergent Superconductivity examined how the ordering of these magnetic poles affected their interactions. Scientists theorized that because magnetic poles were already pointing in opposite directions, it would be easier than usual for electrons to pair up. To test this theory, they correlated both the strength of bonds between electrons (the strength of the electron pairs) and the direction of their magnetism. With this technique, they provided significant experimental evidence of the relationship between superconductivity and magnetic interactions.
Other experiments at a number of DOE's national laboratories have further reinforced this theory. These observations met scientists' expectations of what should occur if superconductivity and magnetism are connected.
Researchers at ANL observed an iron-based superconductor go through multiple phases before reaching a superconducting state. As scientists cooled the material, iron atoms went from a square structure to a rectangular one and then back to a square one. Along the way, there was a major change in the electrons' magnetic poles. While they were originally random, they assumed a specific order right before reaching superconductivity.
At DOE's Ames Laboratory, researchers found that adding or removing electrons from an iron-based superconducting material changed the direction in which electricity flowed more easily. Researchers at BNL observed that superconductivity and magnetism not only co-exist, but actually fluctuate together in a regular pattern.
Unfortunately, electron interactions' complex nature makes it difficult to pinpoint exactly what role they play in superconductivity.
Research at BNL found that as scientists cooled an iron-based material, the electron spins' directions and their relationship with each other changed rapidly. The electrons swapped partners right before the material became superconducting. Similarly, research at ANL has showed that electrons in iron-based superconductors produce "waves" of magnetism. Because some of the magnetic waves cancel each other out, only half of the atoms demonstrate magnetism at any one time.
These findings are providing new insight into why superconductors behave the way they do. Research has answered many questions about them, only to bring up new ones. While laboratories have come a long way from Kamerlingh Onnes' hand-blown equipment, scientists continue to debate many aspects of these unique materials. 

破解超导体导电之谜

1911年，物理学家海克•卡末林•昂内斯（Heike Kamerlingh Onnes）希望能将水银的温度降低到尽可能的接近绝对零度，开尔文认为，所有金属在超低温度下将不再导电，而卡末林•昂内斯希望证明开尔文这一论断是错误的。卡末林•昂内斯和其研究团队通过小心地操纵一组玻璃管，将水印的温度降到了3K（-454F）。突然，水银的导电电阻值降到了零。卡末林•昂内斯就这样发现了超导现象。

这一简单的发现让全世界的科学家为之沸腾了一个世纪。它解决了一个科学争论，却又引发了更多问题。几十年来，历任美国能源部科学办公室均大力支持科学家们揭秘超导现象，探索超导现象为什么会在一些情况下发生。

探索这一问题答案的同时也为科学和技术发展带来了众多机遇。美国约6%的电力在传输和分配过程中损失掉，而超导体不会在传输过程中损失任何电力，这为搭建超高效电网、制造超高速计算机芯片创造条件。线圈产生的磁场可以用于制造高效发电机和高速磁悬浮列车。但不幸的是，传统和“高温”超导的技术挑战限制了技术的应用。

在美国能源部能源前沿研究中心新型超导技术研究中心工作的物理学家J.C. Séamus Davis表示，“特斯拉和爱迪生发明了电力的使用，为我们整个社会带来彻底的变革，而超导现象的生活应用将会带来二次革命。”

如何产生超导现象？为什么会产生超导？

卡末林•昂内斯的发现令一大批科学家闻风而动。然而尽管卡末林•昂内斯本人视野宽广，科学界的大部分发现反而越发强化了超导体的限制。

第一个重大突破出现在卡末林•昂内斯首先发现超导现象的近半个世纪之后。尽管当时大多数科学家都认为超导和磁性不能共存，1952年，阿列克西•阿布里科索夫 （Alexei A. Abrikosov）提出了可以同时兼容磁场的“第二类”超导体。他在美国能源部阿贡国家实验室（ANL）继续他的研究，并在之后因此而获得了诺贝尔物理学奖。

下一个大的跨越出现在1957年，约翰•巴丁（John Bardeen）、利昂•库珀（Leon Cooper）和约翰•罗伯特•施里弗（John Robert Schrieffer）提出了第一个为什么会发生超导现象的理论解释。在美国能源部前身，美国原子能委员会的支持下，他们的理论得以实现并最终也获得了诺贝尔物理学奖。

他们的理论对比了一些金属在正常状态下和在超低温度状态下的特性表现。通常，在金属中，原子紧密的排列在一起，形成规律排列的晶格。类似于万能工匠玩具中的辐条和插杆，金属中带正电的离子紧紧的束缚在一起。相反，带负电的自由电子（电子未与离子成键）可以在晶格中独立的自由移动。

但在超低温下，电子和周围晶格的结合状态发生变化。通常的观点认为电子的负电荷可以微弱地吸引正电离子。就像某人从中间拉橡皮筋，这种弱吸引力会使正电离子在晶格中的位置发生轻微偏移。即使最初引起吸引作用的电子已经运远离，已经移位的正电荷会对其他电子产生微弱的吸引。在接近绝对零度的条件下，正电离子会吸引电子，使它们不断重复之前电子的运动轨迹。这时电子的运动不再独立，它们耦合成为电子对，这些电子对可以在金属中不受电阻影响地轻松运动，引起了超导效应。

发现全新的超导体

不幸的是，科学家发现的所有超导体只能在接近绝对零度的条件下发挥超导作用，绝对零度是理论下最低的温度。

但是在1986年，IBM公司的约翰内斯•贝德诺尔茨和卡尔•亚历山大•米勒发现铜基材料可以在35K（-369F）的温度下变为超导体。其他科学家不断努力将这些材料的超导温度提高到150 K (-190 F)，这使研究人员可以用相当常见的液氮进行冷却。

在过去的十年中，来自日本和德国的科学家又发现了两种新型高温超导材料。铁基超导体和铜基超导体的形成条件类似，而氢基超导只在压力高于一百万倍地球大气压的条件下存在。

但巴丁、库珀和施里弗发现的电子对和离子在金属晶格中的相互作用无法解释铜基和铁基材料中的高温超导现象。

布鲁海文国家实验室（BNL）的物理学家，新型超导技术研究中心主任皮特•约翰逊(Peter Johnson)表示，“我们陷入了困境，这些新材料大大挑战了我们现有的知识，而正是这些理论指导了我们如何寻找新型超导体。”

这一难题不仅引起了科学研究的兴趣，还为超导的潜在应用打开了一个新领域。然而，工业“高温”超导体的应用专业化程度都很高，对于日常应用来讲，该技术依旧过于复杂、造价高昂。

共同特性

由美国科学办公室支持的很多组实验让我们近距离探索高温超导体是否有一些共性特征。实验证据表面电子间磁场的相互作用可能是高温超导特性产生的关键

所有电子的自旋都会产生两个磁极。因此，电子就像小的冰箱磁铁一样，在常温状态下，这些磁极以一种特殊的方式排列，相互之间不会发生作用。然而，铜基和铁基超导体则不然。在这些材料中，相邻自旋磁极南北极方向交替排列——北极、南极、北极、南极……等等。

新型超导技术研究中心支持的一项项目研究了这些磁极的排序如何影响了它们之间的相互作用。科学家理论化地指出，由于相邻磁极已经指向相反方向，使得电子更容易配对。为了检验这一理论，他们探究了电

子间的束缚强度（电子对的强度）和它们磁化方向之间的关系。通过这种方法，他们为超导和磁场相互作用的理论关系提供了重要的实验证据。

美国能源部下设的国家实验室还展开了其他一系列实验，进一步巩固了这一理论。这些实验的观察结果与科学家预期的如果超导和磁性相关，应该产生何种实验现象相一致。

ANL实验室的研究人员观察到铁基超导体在达到超导状态前会经历很多状态。随着科学家冷却材料，铁原子从圆形结构变化为长方形，随后又变回圆形。在这一系列变化中，电子的磁极发生了重要的变化。在最初时，电子的磁极方向是随意分布的，而恰当材料变为超导态时，这些磁极按照特定的方向分布。

在美国能源部的阿姆斯实验室，研究人员发现，在铁基超导材料中添加或移除电子，会改变电子运动的最佳方向。BNL实验室的研究人员发现，超导性质和磁场并不同时存在，而是有规律地波动。

然而，电子相互作用的复杂特性使科学家很难精确指出它们在超导现象中的作用。

BNL的研究发现，当科学家冷却铁基材料时，电子自旋方向和电子自旋间的相互关系会快速变化。在材料恰好变为超导状态前这些电子对会相互交换。类似的，ANL的实验发现，铁基材料中的电子会在超导变化过程中产生磁“波”。因为一些磁波相互抵消，在任一时刻只有半数原子显示出磁性。

这些发现进一步解释了为什么超导体会表现为零电阻导电。科学家的研究揭示了关于超导现象的很多问题，但也引入了更多的问题。当年卡末林•昂内斯使用的还是人工制作的实验仪器，而今的实验仪器已经取得了长足进步，但科学家仍旧不断探索这些特殊的材料。
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