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Tech News & New Tech（技术前沿）

X-ray laser gets first real-time snapshots of a chemical flipping a biological switch

In a landmark experiment at SLAC National Accelerator Laboratory, scientists used an X-ray laser to capture the first snapshots of a chemical interaction between two biomolecules in real time and at an atomic level. 
Scientists have used the powerful X-ray laser at the Department of Energy's SLAC National Accelerator Laboratory to make the first snapshots of a chemical interaction between two biomolecules - one that flips an RNA "switch" that regulates production of proteins, the workhorse molecules of life. 

The results, published today in Nature, show the game-changing potential of X-ray free-electron lasers, or XFELs, for studying RNA, which guides protein manufacturing in the cell, serves as the primary genetic material in retroviruses such as HIV and also plays a role in most forms of cancer.

And because this particular type of RNA switch, known as a riboswitch, is found only in bacteria, a deeper understanding of its function may offer a way to turn off protein production and kill harmful germs without causing side effects in the humans they infect.

"Previous experiments at SLAC's X-ray laser have studied biological reactions like photosynthesis that are triggered by light. But this is the first to observe one that is triggered by the chemical interaction of two biomolecules in real time and at the atomic scale," said Yun-Xing Wang, a structural biologist at the National Cancer Institute's Center for Cancer Research who led the international research team.

"This really demonstrates the unique capability that X-ray free-electron lasers offer that no current technology, or any other technology on the horizon, can do. It's like you have a camera with a very fast shutter speed, so you can catch every move of the biomolecules in action."

The experiments were carried out at SLAC's Linac Coherent Light Source (LCLS), a DOE Office of Science User Facility. They are the first to demonstrate how XFELs can take snapshots and potentially make movies of RNA and other biomolecules as they chemically interact - offering glimpses into fundamental workings of the cell that can't be obtained any other way. 
In experiments at SLAC's Linac Coherent Light Source, riboswitch crystals and adenine molecules were pumped into a mixing chamber, where they were allowed to interact for carefully timed intervals before being injected into the path of the X-ray

Seeing RNA Shape Shifting

RNA is a key part of the genetic material in all living cells. It comes in several types that work together to guide the production of proteins by the cell's ribosomes, according to blueprints encoded in DNA.

But both DNA and RNA also contain extensive regions that don't code for any protein - the so-called genetic "dark matter." Scientists thought for many years that these regions didn't do anything. Now they know that they play an important role in determining where and when genes turn on and off and otherwise fine-tuning their function. The vast majority of cancers are due to mutations in these non-coding regions, Wang said, so understanding how these regions work is important for cancer research as well as fundamental biology.

However, figuring out what the RNA non-coding regions do is difficult. RNA molecules are wobbly and flexible, so it's hard to incorporate them into the large crystals typically needed to study their atomic structure at X-ray light sources.

LCLS removes this barrier by allowing scientists to get structural information from much smaller, nanosized crystals, which are much easier to make. Its powerful X-ray laser pulses, a billion times brighter than any available before, are so short that they collect data from each crystal in a few millionths of a billionth of a second, before damage from the X-rays sets in.

Wang's team studied a riboswitch from Vibrio vulnificus, a bacterium related to the one that causes cholera. The riboswitch sits in a long strand of messenger RNA (mRNA), which copies DNA's instructions for making a protein so they can be read and carried out by the ribosome. The switch acts like a thermostat that regulates protein production.

In this case, the mRNA guides production of a protein that in turn helps to produce a small molecule called adenine. When there is too much adenine in the bacterial cell, adenine molecules enter pockets in the riboswitches and flip the riboswitches into a different shape, and this changes the pace of protein and adenine production.

First Stills of an Elegant Film

For the LCLS experiments, the researchers made nanocrystals that incorporated millions of copies of the riboswitch and mixed them with a solution containing adenine molecules. Each crystal was so small that adenine could quickly and uniformly penetrate into every corner of it, enter riboswitch pockets and flip them almost instantaneously, as if they were millions of synchronized swimmers executing a single flawless move.

The scientists took snapshots of this interaction by hitting the crystals with X-ray laser pulses at carefully timed intervals after the mixing started. This gave them the first glimpse of a fleeting intermediate stage in the process, which occurred 10 seconds in. Separately, they obtained the first images of the riboswitch in its initial, empty-pocket state, and discovered that it existed in two slightly different configurations, only one of which participates in switching.

The researchers were surprised to discover that the sudden change in the shape of the riboswitches was so dramatic that it changed the shape of the entire crystal, too. Normally a major change like this would crack the crystal and spoil the experiment. But because these crystals were so small they held together, so the X-ray laser could still get structural information from them.

"To me it's still a mystery how the crystal managed to do that," said Soichi Wakatsuki, a professor at SLAC and at the Stanford School of Medicine and head of the lab's Biosciences Division, who was not part of the research team. "This actually opens up a lot of new possibilities and gives us a new way to look at how RNA and proteins interact with small molecules, so this is very exciting." 

X射线激光首次拍得化学生物开关实时快照

在斯坦福直线加速器中心（SLAC）国家加速器实验室进行的一项具有里程碑意义的实验中，科学家使用X射线激光首次捕获到原子水平上，两个生物分子发生化学反应的实时快照。

在斯坦福直线加速器中心（SLAC）国家加速器实验室里，科学家使用强大的X射线激光首次拍下了两个生物分子发生化学反应的快照，这个反应可翻转调节蛋白质（生命的主力分子）生产的RNA“开关”。

研究结果发表在今天的《自然》杂志上，显示了研究RNA时X射线自由电子激光或XFELs改变游戏规则的潜能。RNA可指导细胞中的蛋白质生产，是作为逆转录病毒如HIV的主要遗传物质，在大多数形式的肿瘤中也起了一定的作用。

而且因为这个特殊类型的RNA开关，也就是所说的核糖开关，只存在于细菌中，深入了解它的功能可能会提供一种方法，用于关闭蛋白质生产，和杀死有害的细菌，而不会对感染他们的人产生副作用。

“斯坦福直线加速器中心之前进行的实验已经研究过生物反应，如由光触发的光合作用。但这次是第一次在原子水平上实时观察到两个生物分子的化学反应。” 带领国际研究团队、国家癌症研究所癌症研究中心的结构生物学家王云星（音）说。

“这真实展示了X射线自由电子激光所具备的独特的能力，目前没有技术或该领域的其他技术能够实现这个功能。这就像你有一个快门速度很快的相机，所以你可以捕捉生物分子的每一个动作。”

实验中是在直线性连续加速器光源中心进行的，它是美国能源部科学用户设备办公室。他们第一个展示了XFELs是如何拍快照的，以及如何将RNA和其他生物分子发生的化学反应拍成电影，让人们可以看看细胞的基本工作，而其他方式是无法获得的。

在直线性连续加速器光源中心进行的实验中，核糖开关晶体和腺嘌呤分子被注入混合室中，在那里它们被注入X射线路径之前，可以按照仔细设定的时间间隔进行反应。
RNA形状发生改变

RNA是所有活细胞中遗传物质的一个关键组成部分，它有几种类型，共同引导细胞核糖体按照DNA编码进行蛋白质生成。

但是DNA和RNA都包含扩展区域，那里没有编码任何蛋白质，也就是所谓的基因“黑物质”。 多年来科学家一直认为这些区域什么功能都没有。现在他们知道了这些区域在决定基因何时何地开启和关闭以及进行功能微调方面发挥着重要作用。绝大多数癌症就是由于这些非编码区域的突变造成的，王说，所以了解这些区域如何工作对于癌症研究和基础生物学来说是很重要的。

然而，搞清楚RNA非编码区域的功能很困难。RNA分子是不稳定及灵活的，所以很难将它们纳入大的晶体中，通常需要在X射线光源下研究原子结构。

直线性连续加速器光源中心打破了这个障碍，让科学家可以从更小的纳米晶体中获得结构信息，这更容易实现。该中心强大的X射线激光脉冲（比其他任何光源亮10亿倍）非常短，可在X射线造成伤害前，百万分之一毫微秒的时间内从每个晶体中收集数据。

王领导的研究团队研究了创伤弧菌的核糖开关，这种细菌与引起霍乱的细菌有关。这个开关位于一个长链信使RNA上，用于复制DNA上制造蛋白质的指令，所以核糖体能够读取和执行它们。这个开关就像一个恒温器，可调节蛋白质生产。

在这种情况下，信使RNA指导蛋白质生产，产生的蛋白质反过来帮助生成一个叫做腺嘌呤的小分子。当细菌细胞中出现过多腺嘌呤时，腺嘌呤分子进入核糖开关的口袋，将此开关翻转称一个不同的形状，这改变了蛋白质和腺嘌呤的生产速度。

第一个优雅的剧照

为了直线性连续加速器光源中心进行的实验，研究人员制作了包含有上百万核糖开关副本的纳米晶体，将它们与含有腺嘌呤分子的溶液混合。每个晶体都非常小，腺嘌呤能迅速均匀地渗透到它的每一个角落，进入核糖开关口袋并几乎可以立即对开关进行翻转，就像是数百万的花样游泳选手，执行着一个完美的动作。

在混合开始后，科学家在仔细设置的时间间隔内用X射线激光脉冲轰击晶体，对反应过程拍下快照。这让他们第一次看到此过程中一个稍纵即逝的中间阶段，发生的时间只有10秒，他们在初始阶段——空口袋状态下拍下了第一张图像，发现它存在于两个稍有不同的结构中，而且只有其中一个参与开关翻转。

研究人员惊奇地发现，核糖开关形状的突然变化如此之大，它同时也改变了整个晶体的形状。通常情况下，这样大的变化会让晶体破裂，破坏实验。但是因为这些晶体非常小，它们聚在一起，所以X射线激光仍然可以从中获得结构信息。

“对于我来说，晶体如何设法做到这一点仍然是个谜。” 斯坦福直线加速器中心、斯坦福大学医学院以及实验室生物科学部主任，但不是研究小组成员的Soichi Wakatsuki教授说。“这实际上开辟了许多新的可能性，并为我们提供了一个新的途径来研究RNA和蛋白质如何与小分子相互作用，所以这是非常令人兴奋的。”

Light detector with record-high sensitivity to revolutionize imaging




Structure and performance of the novel photodetector. Credit: Aalto University 

The research team led by Professor Hele Savin has developed a new light detector that can capture more than 96 percent of the photons covering visible, ultraviolet and infrared wavelengths. 

"Present-day light detectors suffer from severe reflection losses as currently used antireflection coatings are limited to specific wavelengths and a fixed angle of incidence. Our detector captures light without such limitations by taking advantage of a nanostructured surface. Low incident angle is useful especially in scintillating x-ray sensors", Savin explains.

"We also addressed electrical losses present in traditional sensors that utilize semiconductor pn-junctions for light collection. Our detector does not need any dopants to collect light - instead we use an inversion layer generated by atomic layer deposited thin film."

The new concept for light detection kindled from the team's earlier research on nanostructured solar cells. Indeed, the nanostructure used in the light detector is similar to that used by the team a couple of years ago in their record-high efficiency black silicon solar cells.

The team has filed a patent application for the new light detector. The prototype detectors are currently being tested in imaging applications related to medicine and safety. The team is also continuously seeking new applications for their invention, especially among the ultraviolet and infrared ranges that would benefit from the superior spectral response.

The research results are published in Nature Photonics. 

能够变革成像的具有超高灵敏度的光检测器

11/14/2016  出处：http://phys.org



新型光电探测器的结构与性能。致谢：阿尔托大学

由希尔·萨万教授领导的研究小组开发了一种新的光检测器，可以捕捉覆盖可见光、紫外线和红外光波的超过96%的光子。

“目前的光检测器会出现严重的反射损失，目前使用的抗反射涂层适用于特定的波长和固定的入射角。我们的探测器可以利用纳米结构的表面，不受以上限制的捕获光。特别在闪烁X射线传感器中，低入射角很有用。”萨万解释道。

“我们还解决了目前利用半导体pn结进行光捕获的传统传感器存在的电损耗。我们的检测器不需要任何参杂物来捕获光，相反，我们使用的是原子层沉积薄膜产生的反转层。”

开发光检测器这一新概念源自于该团队早期对纳米结构太阳能电池的研究。实际上，该光检测器中使用的纳米结构与几年前该团队在超高效率黑硅太阳能电池中使用的相似。

该团队已经为这款新的光检测器提出了专利申请。这个原型检测器目前正在与医学和安全相关的成像应用中进行测试。该团队也在不断地为他们的发明寻求新的应用，特别是在紫外线和红外线区域，将受益于良好的光谱响应。

研究结果发表在《自然—光子学》上。

Slow motion waves of jumping genes in the human genome

Nature is full of parasites—organisms that flourish and proliferate at the expense of another species. Surprisingly, these same competing roles of parasite and host can be found in the microscopic molecular world of the cell. A new study by two Illinois researchers has demonstrated that dynamic elements within the human genome interact with each other in a way that strongly resembles the patterns seen in populations of predators and prey. 

The findings, published in Physical Review Letters by physicists Chi Xue and Nigel Goldenfeld, are an important step toward understanding the complex ways that genomes change over the lifetime of individual organisms, and how they evolve over generations.

"These are genes that are active and are doing genome editing in real time in living cells, and this is a start of trying to really understand them in much more detail than has been done before," said Goldenfeld, who leads the Biocomplexity research theme at the Carl R. Woese Institute for Universal Biology (IGB). "This is helping us understand the evolution of complexity and the evolution of genomes."

The study was supported by Center for the Physics of Living Cells, a Physics Frontiers Center at Illinois supported by the National Science Foundation, and the NASA Astrobiology Institute for Universal Biology at Illinois, which Goldenfeld directs.

Goldenfeld and Xue embarked on this work because of their interest in transposons, small regions of DNA that can move themselves from one part of the genome to another during the lifetime of a cell—a capability that has earned them the name "jumping genes." Collectively, various types of transposons make up almost half of the human genome. When they move around, they may create mutations in or alter the activity of a functional gene; transposons can therefore create new genetic profiles in a population for natural selection to act on, in either a positive or negative way.

The Illinois researchers wanted to learn more about how evolution works on this level, the level of whole organisms, by looking at the metaphorical ecosystem of the human genome. In this view, the physical structure of the DNA that makes up the genome acts like an environment, in which two types of transposons, long interspersed nuclear elements (LINEs) and short interspersed nuclear elements (SINEs), have a competitive relationship with one another. In order to replicate, SINEs steal the molecular machinery that LINEs use to copy themselves, somewhat like a cuckoo bird tricks other birds into raising her chicks for her while abandoning their own.

With help from Oleg Simakov, a researcher at the Okinawa Institute of Science and Technology, Xue and Goldenfeld focused on the biology of L1 elements and Alu elements, respectively common types of LINEs and SINEs in the human genome.

The researchers adopted methods from modern statistical physics and modeled the interaction between Alu and L1 elements mathematically as a stochastic process—a process created from chance interactions. This method has been successfully applied in ecology to describe predator-prey interactions; Xue and Goldenfeld simulated the movements of transposons within the human genome with the same mathematical method. Their models included a detailed accounting for how Alu elements steal the molecular machinery L1 elements use to copy themselves.

Xue and Goldenfeld's results predicted that populations of LINE and SINE elements in the genome are expected to oscillate the way those of, for example, wolves and rabbits might.

"We realized that the transposons' interaction actually was pretty much like the predator-prey interaction in ecology," said Xue. "We came up with the idea, why don't we apply the same idea of predator-prey dynamics . . .we expected to see the oscillations we see in the predator-prey model. So we first did the simulation and we saw the oscillations we expected, and we got really excited."

In other words, too many SINEs and the LINEs start to suffer, and soon there are not enough for all the SINEs to exploit. SINEs start to suffer, and the LINEs make a come-back. Xue and Goldenfeld's model made the surprising prediction that these oscillations occur over a timescale that is longer than the human lifespan—waves of Alu elements and L1 elements pushing and pulling at each other in slow motion across generations of the human genomes that carry them.

"The most enlightening aspect of the study for me was the fact that we could really compute the timescales, and see that it is possible that we could observe these things," said Goldenfeld. "We have a prediction for what happens in single cells, and we may be able to actually do an experiment to observe these things, though the period is longer than the lifetime of a single cell."

In a related study, Goldenfeld's laboratory has collaborated with the laboratory of fellow physicist and IGB Biocomplexity research theme member Thomas Kuhlman to visualize the movements of transposons within the genomes of living cells. Using this type of innovative technology, and by studying the history of molecular evolution in other species, Goldenfeld and Xue hope to test some of the predictions made by their model and continue to gain insight into the dynamic world of the genome. 

人类基因组中跳跃基因的慢运动波

自然界充满了寄生生物——以牺牲另一类物种为代价而旺盛和增殖的有机体。令人惊讶的是，这些相同的寄生虫和宿主的相互作用可以在细胞的微生物分子中找到。两位伊利诺斯州研究员的最新研究表明，人类基因中的动态元素以一种在捕食者和猎物种群中看到的非常相似的方式相互作用。

由Chi Xue和Nigel Goldenfeld发表在物理评论快报中的研究结果是理解由于个体生物寿命而改变的基因的复杂方式以及它们如何一代代演变的重要的一步。

“这些都是活跃的，并正在做活细胞中的实时基因组编译的基因，这是努力真正比之前更详细地理解它们。”在Carl R. Woese普遍生物学研究所领导生物复杂性研究主题的Goldenfeld说，“这正帮助我们理解复杂性的进化以及基因组的演变。”

该研究的支持者有由国家科学基金会支持的伊利诺斯州的一个物理前沿中心活细胞物理中心以及由Goldenfeld负责的位于伊利诺斯州的美国宇航局普遍生物学天体生物研究所。

Goldenfeld和Xue着手于这项工作是因为他们对转座子非常感兴趣，这是小范围的DNA，能够在细胞的寿命期间让自己从基因组的一部分移到另一部分 - 这是一种能力，为它们赢得了“跳跃基因”的名字。总的来说，各种类型的转座子几乎占了人类基因组的一半。当它们在周围移动的时候，它们可能发生突变或者改变功能基因的活性；转座子可以因此可以在自然选择种群中创造新的基因图谱以起作用，以积极或消极的方式。

伊利诺斯州研究院想要学习更多关于演变是如何在这个层面上工作，整个生物体的水平，通过观看人类基因组的隐喻性生态系统。从这个观点，组成基因组的DNA的的物理结构就像一个环境，在这里，两种类型的转座子，长散在核元件（LINEs）以及短散在核元件（SINEs）相互都有竞争关系。为了复制，SINEs偷走了LINEs使用的分子机器来进行自我复制，有点像布谷鸟欺骗其它鸟儿为它们抚养雏鸟，而放弃了它们自己。

在冲绳科技学院研究员Oleg Simakov的帮助下，Xue和Goldenfeld集中于Ll元素和Alu元素生物学上，它们分别是人类基因组LINEs和SINEs的常见类型。

研究院采用了来自现代统计物理学的方法并模拟了Alu和Ll元素之间的相互作用精确地作为一个随机过程 - 一个创造自随机作用的过程。这个方法被成功应用于生态学以描述捕食者-猎物的相互作用；Xue和Goldenfeld用同样的数学方法在人类基因组中模拟了转座子的运动。他们的模型包括详细计算Alu元素是如何偷走Ll元素用来复制自己的分子机器。

Xue和Goldenfeld的结果预示基因组中的LINE和SINE元素有望波动例如像狼和兔子可能的那样一种方式。

“我们意识到转座子多点相互作用实际上很像在生态学中的捕食者-猎物相互作用。”Xue说，“我们想到了一个主意，为什么我们不应用捕食者-猎物同样的方法…我们希望看到在捕食者-猎物模型中我们看到的波动。因此我们首先做了模拟，并看到了我们希望看到的波动，我们对此感到真的很高兴。”

换句话说，很多的SINEs和LINEs开始出现，很快就不足以让所有的SINEs开发出来。SINEs开始出现，LINEs又卷土重来。Xue和Goldenfeld的模型做出来惊人的预测，这些波动会在一定的时间刻度中发生，这个时间刻度比人类寿命更长 - Alu和Ll元素的波动在携带它们的人类基因组跨代慢运动中相互推拉。

“对我来说，我们的研究最有启发性的一面是我们可以真正计算时间刻度并看到我们可能观察到这些东西这个事实。”Goldenfeld说，“我们已经预测在单一细胞中会发生什么，我们也可能能够真正做一个实验来观察这些东西，虽然周期比单一细胞的寿命要长。”

在一篇相关的文章中，Goldenfeld的实验室与其他物理学家的实验室和IGB生物复杂性研究主题成员Thomas Kuhlman一起合作以在活细胞的基因组中形象化转座子的运动。使用这种类型的创新技术，并通过研究分子在其它物种中的历史，Goldenfeld和Xue希望测试一些根据他们的模型作出的预测并继续深入了解基因组世界的动态。

Researchers use acoustic waves to move fluids at the nanoscale

A team of mechanical engineers at the University of California San Diego has successfully used acoustic waves to move fluids through small channels at the nanoscale. The breakthrough is a first step toward the manufacturing of small, portable devices that could be used for drug discovery and microrobotics applications. The devices could be integrated in a lab on a chip to sort cells, move liquids, manipulate particles and sense other biological components. For example, it could be used to filter a wide range of particles, such as bacteria, to conduct rapid diagnosis. 

The researchers detail their findings in the Nov. 14 issue of Advanced Functional Materials. This is the first time that surface acoustic waves have been used at the nanoscale.

The field of nanofluidics has long struggled with moving fluids within channels that are 1000 times smaller than the width of a hair, said James Friend, a professor and materials science expert at the Jacobs School of Engineering at UC San Diego. Current methods require bulky and expensive equipment as well as high temperatures. Moving fluid out of a channel that's just a few nanometers high requires pressures of 1 megaPascal, or the equivalent of 10 atmospheres.

Researchers led by Friend had tried to use acoustic waves to move the fluids along at the nano scale for several years. They also wanted to do this with a device that could be manufactured at room temperature.

After a year of experimenting, post-doctoral researcher Morteza Miansari, now at Stanford, was able to build a device made of lithium niobate with nanoscale channels where fluids can be moved by surface acoustic waves. This was made possible by a new method Miansari developed to bond the material to itself at room temperature. The fabrication method can be easily scaled up, which would lower manufacturing costs. Building one device would cost $1000 but building 100,000 would drive the price down to $1 each.

The device is compatible with biological materials, cells and molecules.

Researchers used acoustic waves with a frequency of 20 megaHertz to manipulate fluids, droplets and particles in nanoslits that are 50 to 250 nanometers tall. To fill the channels, researchers applied the acoustic waves in the same direction as the fluid moving into the channels. To drain the channels, the sound waves were applied in the opposite direction.

By changing the height of the channels, the device could be used to filter a wide range of particles, down to large biomolecules such as siRNA, which would not fit in the slits. Essentially, the acoustic waves would drive fluids containing the particles into these channels. But while the fluid would go through, the particles would be left behind and form a dry mass. This could be used for rapid diagnosis in the field. 

学者们在纳米尺度上利用声波移动液体

加州大学圣地亚哥分校的一个机械工程师团队已经成功使用声波通过一个纳米级的细小通道移动液体。这个重大突破是通向制造可以用于药物发现和微型机器人应用程序的微小便携设备的第一步。这种设备可以在实验室里被植入到芯片里进行细胞排序、移动液体、操纵颗粒物和感知其他生物成分等活动。比如，人们可以用它来筛选各种不同的粒子，比如细菌，以进行快速诊断。

学者们在十一月十四号发刊的功能材料杂志上详细介绍了他们的发现。这是表面声波在纳米尺度上的第一次应用。

纳米流体力学领域已经在移动液体通过比发丝宽度小1000倍的管道方面挣扎了很久，加州大学圣地亚哥分校的雅各布斯工程学院的材料科学专家詹姆士·福瑞德这样说。目前的方法需要庞大而昂贵的设备和高温。在高度只有几纳米的管道内移动液体需要一兆帕斯卡的压力，相当于十倍的大气压。

几年来，由福瑞德带领的研究人员在试图在纳米尺度下用声波移动液体。他们还希望能使用室温下能够制造出的设备进行这个操作。

经过一年的实验，现在在斯坦福的博士后研究员Morteza Miansari，能够建造一个铌酸锂制成的装置，上面有纳米级的通道，通道中液体可以被表面声波移动。Miansari发现的一个在室温下粘合材料本身的新方法将这个设想变成可能。这种制作方法可以很容易的扩大规模，也就能够减少制造成本。建造一个这样的设备可能需要1000美元但是建造100000个就将价格减至每个1美元。

这种装置与生物材料、细胞和分子是相容的。

研究人员用频率为20兆赫的声波来操控液体，水滴和只有50到250纳米高的纳米缝中的粒子。为了充满这个管道，学者们将声波用在同一个方向将液体移入管道，在排空管道时使声波指向相反的方向。

通过改变通道的高度，这种设备可以用来筛选各种不同的粒子，甚至是小干扰核酸这种无法通过纳米缝的生物大分子。最终，声波将含有这些粒子的液体移入这些管道。但是当液体流过管道时，粒子将被留下来形成干质量。这可以用于快速诊断领域。

Lasers + anti-lasers: Marriage opens door to development of single device with exceptional range of optical capabilities
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Schematics above show light input (green) entering opposite ends of a single device. When the phase of light input 1 is faster than that of input 2 (left panel), the gain medium dominates, resulting in coherent amplification of the light, or a lasing mode. When the phase of light input 1 is slower than input 2 (right panel), the loss medium dominates, leading to coherent absorption of the input light beams, or an anti-lasing mode. Credit: Zi Jing Wong/UC Berkeley
Bringing opposing forces together in one place is as challenging as you would imagine it to be, but researchers in the field of optical science have done just that.
Scientists at the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab) have for the first time created a single device that acts as both a laser and an anti-laser, and they demonstrated these two opposite functions at a frequency within the telecommunications band.
Their findings, reported in a paper to be published Monday, Nov. 7, in the journal Nature Photonics, lay the groundwork for developing a new type of integrated device with the flexibility to operate as a laser, an amplifier, a modulator, and an absorber or detector.
"In a single optical cavity we achieved both coherent light amplification and absorption at the same frequency, a counterintuitive phenomenon because these two states fundamentally contradict each other," said study principal investigator Xiang Zhang, senior faculty scientist at Berkeley Lab's Materials Sciences Division. "This is important for high-speed modulation of light pulses in optical communication."
Reversing the laser
The concept of anti-lasers, or coherent perfect absorber (CPA), emerged in recent years as something that reverses what a laser does. Instead of strongly amplifying a beam of light, an anti-laser can completely absorb incoming coherent light beams.
While lasers are already ubiquitous in modern life, applications for anti-lasers—first demonstrated five years ago by Yale University researchers—are still being explored. Because anti-lasers can pick up weak coherent signals in the midst of a "noisy" incoherent background, it could be used as an extremely sensitive chemical or biological detector.
A device that can incorporate both capabilities could become a valuable building block for the construction of photonic integrated circuits, the researchers said.
"On-demand control of light from coherent absorption to coherent amplification was never imagined before, and it remains highly sought after in the scientific community," said study lead author Zi Jing Wong, a postdoctoral researcher in Zhang's lab. "This device can potentially enable a very large contrast in modulation with no theoretical limits."
The researchers utilized sophisticated nanofabrication technology to build 824 repeating pairs of gain and loss materials to form the device, which measured 200 micrometers long and 1.5 micrometers wide. A single strand of human hair, by comparison, is about 100 micrometers in diameter.
The gain medium was made out of indium gallium arsenide phosphide, a well-known material used as an amplifier in optical communications. Chromium paired with germanium formed the loss medium. Repeating the pattern created a resonant system in which light bounces back and forth throughout the device to build up the amplification or absorption magnitude.
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Scanning electron microscope image of the single device capable of lasing and anti-lasing. Indium gallium arsenide phosphide (InGaAsP) material functions as the gain medium, while the chromium (Cr) and germanium (Ge) structures introduce the right amount of loss to satisfy the condition of parity-time symmetry that is required for lasing and anti-lasing. Credit: Zi Jing Wong/UC Berkeley
If one is to send light through such a gain-loss repeating system, an educated guess is that light will experience equal amounts of amplification and absorption, and the light will not change in intensity. However, this is not the case if the system satisfies conditions of parity-time symmetry, which is the key requirement in the device design.
Balance and symmetry
Parity-time symmetry is a concept that evolves from quantum mechanics. In a parity operation, positions are flipped, such as the left hand becoming the right hand, or vice versa.
Now add in the time-reversal operation, which is akin to rewinding a video and observing the action backwards. The time-reversed action of a balloon inflating, for example, would be that same balloon deflating. In optics, the time-reversed counterpart of an amplifying gain medium is an absorbing loss medium.
A system that returns to its original configuration upon performing both parity and time-reversal operations is said to fulfill the condition for parity-time symmetry.
Soon after the discovery of the anti-laser, scientists had predicted that a system exhibiting parity-time symmetry could support both lasers and anti-lasers at the same frequency in the same space. In the device created by Zhang and his group, the magnitude of the gain and loss, the size of the building blocks, and the wavelength of the light moving through combine to create conditions of parity-time symmetry.
When the system is balanced and the gain and loss are equal, there is no net amplification or absorption of the light. But if conditions are perturbed such that the symmetry is broken, coherent amplification and absorption can be observed.
In the experiments, two light beams of equal intensity were directed into opposite ends of the device. The researchers found that by tweaking the phase of one light source, they were able to control whether the light waves spent more time in amplifying or absorbing materials.
Speeding up the phase of one light source results in an interference pattern favoring the gain medium and the emission of amplified coherent light, or a lasing mode. Slowing down the phase of one light source has the opposite effect, resulting in more time spent in the loss medium and the coherent absorption of the beams of light, or an anti-lasing mode.
If the phase of the two wavelengths are equal and they enter the device at the same time, there is neither amplification nor absorption because the light spends equal time in each region.
The researchers targeted a wavelength of about 1,556 nanometers, which is within the band used for optical telecommunications.
"This work is the first demonstration of balanced gain and loss that strictly satisfies conditions of parity-time symmetry, leading to the realization of simultaneous lasing and anti-lasing," said study co-author Liang Feng, former postdoctoral researcher in Zhang's Lab, and now an assistant professor of electrical engineering at the University of Buffalo. "The successful attainment of both lasing and anti-lasing within a single integrated device is a significant step towards the ultimate light control limit."
激光与反激光的结合促进具有光学能力的单一设备的发展
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上图显示了输入光（绿色）进入单一设备的相对端。当输入光1的相位快于输入2（左板面）时，增益介质占主导地位，导致光的放大，或者激光模式。当输入光1的相位慢于输入2（右板面）时，损耗介质占主导地位，导致输入光束的相干吸收，或者反激光模式。来源：加州大学伯克利分校/Zi Jing Wong

将对向力放在一起具有极大挑战性，但是光科学领域的研究人员却做到了。

美国能源部劳伦斯伯克利国家实验室（伯克利实验室）的科学家，首次创造出一个单一设备，能够同时作为激光和反激光，并且他们证实了这两个对立激光可以电信频段之内的某个频率起作用。

他们的发现，报道在将于11月7日星期一发表在《自然光子学》（Nature Photonics）杂志上的一篇文章中，为发展新型集成设备奠定基础，包括激光、放大器、调制器以及吸收器或探测器。

“在一个光学共振器中，我们在同一频率中同时实现了相干光的放大和吸收，因为这两种状态的有悖常理的现象从根本上是相互矛盾的。”伯克利实验室材料科学部的高级学院科学家、首席研究员张向（音译）说，“这对于光通信中光冲脉的高速调制是非常重要的。”

逆转激光

在近几年，鉴于某些东西已经可对激光进行逆转，反激光的概念，或者相干完美吸收器（CPA）也就出现了。反激光能够完全吸收进入的光束，而不是显著放大光束。

虽然激光在现代生活中已经普遍存在，反激光的应用——首次于5年前被耶鲁大学的研究员证明——仍然还在探索之中。因为反激光能够在“噪音”非相干背景中获得微弱的相干信号，所以它可以被用来作为极为敏感的化学物质或者生物探测器。

可以将两种能力结合在一起的设备，可以为建造光子集成电路奠定坚实基础，研究员说。

“从相干吸收到相干放大的按需控制光，是我们以前从来没有想象过的，现今科学界仍在追捧。”研究的主要作者张向实验室中的博士后研究员Zi Jing Wong说，“这个设备可以在调制中没有理论限制地进行很大的对比。”

研究人员利用先进的纳米加工技术，来建立824个重复的增益和损耗材料对儿，来构成这个装置，它的长度是200微米，宽度是1.5微米。而相比之下，人类的一根头发的直径大约是100微米。

增益介质是由磷化砷镓铟制成的，这是一种在光通信中作为放大器的材料。锗与铬配对形成损耗介质。重复这个模式会建立一个谐振系统，在这里光在设备中来回弹跳以建立放大或吸收大小。
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上图为能够发射激光或反激光的单一设备的电子显微图像的扫描。铟镓砷化物（InGaAsP）材料作为增益介质，而铬（Cr）和锗（Ge）结构引入了合适数量的损害，来满足奇偶时间对称，这在激光和反激光中是必需的。来源：加州大学伯克利分校Zi Jing Wong

如果一个人通过这样的增益损耗重复系统来发送光，一个有学问的猜测是，该光将会经历同等数量的放大和吸收，光也不会在强度上发生变化。然而，如果系统不能满足在设备设计时关键需求的奇偶时间对称条件，情况就不是这样的。

平衡和对称

奇偶对称是从量子力学发展而来的概念。在奇偶校验操作中，位置是翻转的，例如左手边变成了右手边，反之亦然。

现在加入时间反转操作，这类似于复卷视频，观察向后动作。例如，一个气球充气的时间反转动作将会与气球放气一样。在光学中，放大增益的时间反转就是吸收损耗介质。

系统返回到原来的配置中进行奇偶和时间反转操作，据说满足了奇偶时间对称条件。

发现反激光不久之后，科学家们预测，表现出奇偶时间对称的系统，能够在同一空间的同一频率下，支持激光和反激光。在张向和他的团队创造的设备中，增益和损耗量，构建块的大小，以及通过组合的光移动波长来创建奇偶时间对称条件。

当系统平衡，并且增益和损耗都相等的时候，光没有净放大或吸收。但是如果条件不稳定以至于对称被破坏时，就可以观察到相干放大和吸收。

在这个实验中，强调相同的两束光束被定向到设备的相对端。研究人员发现通过改变一个光源的相位，他们可以控制在放大或吸收材料中光波是否需要花费更长的时间。

加快一束光源的相位可有利于增益介质和放大相干光的发射，或者激光模式的干扰模式。放缓一个光源的相位有相反的效果，导致损耗介质和相干光束的吸收，或者反激光的所花的时间加长。

如果两个波长的相位相等，并且它们在同一时间进入设备，由于在每一区域光所花的时间相同，因此既没有放大也没有吸收。

研究人员的目标是大约1556纳米的波长，这是在用于光通信的频段范围之内的。

“这项工作是平衡增益和损耗的首次示范，严格满足奇偶时间对称条件，从而实现了同时激光和反激光。”研究的共同作者、张向实验室前博士后、目前在布法罗大学电气工程任助理教授的Liang Feng说，“在一个单一集成设备中激光和反激光的成功实现，是迈向最终的光控制极限的重要一步。”

Metal Alloy（金属合金）

New study shows why heme-copper oxidases prefer copper over iron




Credit: Bhagi-Damodaran, et al 

(Phys.org)—A family of enzymes known as heme-copper oxidases (HCOs) plays a pivotal role in the reduction of oxygen into water during cellular respiration. One mystery surrounding heme-copper oxidases is why the non-heme metal center tends to be copper rather than iron. 

A group of researchers from the University of Illinois, Stevens Institute of Technology, and Oregon Health & Science University has developed a biosynthetic protein model system that replicates the active sites and many structural features of naturally-occurring HCOs. With their model system, they looked at the differences in the reduction of oxygen to water when the non-heme metal is iron versus when it is copper. They found that the non-heme metal plays a key role in electron donation and O-O bond cleavage and that it is likely copper's d-orbital electron configuration that causes its enhanced activity. Their work appears in Nature Chemistry.

"HCOs have been studied for more than half a decade now, but the selection of copper by nature at the nonheme center over other metal ions was not understood," says lead author Dr. Ambika Bhagi-Damodaran. "Our work is exciting because we finally resolve this long-standing question regarding the structure and function of this very important respiratory enzyme." 

Their synthetic analog to the natural heme-copper oxidase is made from myoglobin, a small protein found in muscle that is a cousin to hemoglobin. Myoglobin has an iron-containing heme center and is denoted as FeBMb(FeII) because the heme iron is in the 2+ oxidation state. FeBMb(FeII) was produced and purified without a metal in the non-heme site using a previously reported procedure.

The empty FeBMb(FeII) was titrated with ZnII, which is not redox active and serves as the experimental control, CuI, and FeII. Ultraviolet-visible spectroscopy confirmed that each metal was incorporated into the non-heme site. X-ray crystallography confirmed that each of these metal-FeBMb(FeII) variants exhibited similar active sites. In other words, this confirmed that the identity of the non-heme metal did not induce structural changes.

Bhagi-Damodaran et al. then investigated the differences in catalytic activity between the iron- and copper-containing species. They looked at reaction rate as well as product selectivity. Their enzymatic assay showed that FeII-FeBMb(FeII) and CuI-FeBMb(FeII) had 11-fold and 30-fold higher oxidase activity compared to the ZnII control and the FeBMb(FeII) without a non-heme metal.

Using electron paramagnetic resonance and X-ray near-edge spectroscopy, they determined that the non-heme CuI was oxidized to CuII and the non-heme FeII was oxidized to FeII, thus confirming that the non-heme metal plays a central role in oxygen reduction as electron donors. To further understand the difference between copper and iron, Bhagi-Damodaran et al. studied the standard reduction potentials (Eo') of FeIII/FeII and CuII/CuI at the model enzyme site. (The heme iron was replaced with a redox-inactive zinc protoporphyrin using a previously reported protocol.)

They found in both species a single reversible wave that corresponded to Eo' of 259 ± 20mV for iron and Eo' of 387 ± 25mV for copper. Since standard reduction potentials are related to the thermodynamic driving force of a reaction, copper's higher value means that CuII/CuI is more efficient at receiving electrons for the electrochemical reduction of oxygen to water.

The last step was to look at whether non-heme iron or copper interacts with heme-bound O2 to aid in cleaving the O-O bond. Using resonance Raman spectroscopy, the authors looked at the vibration of the O-O bond and found that the terminal oxygen atom interacts with the nonheme metal weakening the O-O bond. To test if the identity of the nonheme metal had any impact on O-O bond length, the authors performed Density Functional Theory calculations and found that O-O bond length was longest in CuI-FeBMb(FeII). These results showed that the non-heme metal plays an important role in activating the oxygen molecule and facilitating O-O cleavage. 

The preference of HCOs for copper is likely due to the higher redox potential of Cu as well as its d-orbital electron configuration. Copper-II has nine d-electrons, while FeIII has five d-electrons. This additional electron density gives copper the advantage in orbital interactions with oxygen's highest occupied molecular orbitals.

Overall, this work provides important insights into naturally-occurring heme-copper complexes. According to corresponding author Professor Yi Lu, "We anticipate our work to be a starting point for more focused efforts toward using different metal ions at the non-heme site for various biochemical reactions. This pursuit can aid the design of novel catalysts required in alternative energy technologies and other biotechnological applications." 

新研究表明了为什么血红素铜氧化酶更偏向于铜多过于铁




来源：Bhagi-Damodaran，等人

（物理.org） - 被称为血红素铜氧化酶（HCOs）族系酶在细胞呼吸作用中为减少氧气进入水中起着举足轻重的作用。一个神秘的附近的血红素铜氧化酶是为什么非血红素金属中心倾向于铜而不是铁。

来自伊利诺斯大学，斯蒂芬斯理工学院和俄勒冈健康与科学大学的一组研究人员已研发了一个生物合成蛋白模型系统，复制活性位点及许多自然发生的HCOs的结构特点。在他们的模型系统中，他们观看了当非血红素金属是铁与当非血红素是铁的时候在减少氧气进入水中的不同。他们发现，非血红素金属在电子捐赠和O-O键断裂中起着非常关键的作用，并且可能铜的d轨道电子结构引起了它增加的活性。他们的工作发表在自然化学中。

“HCOs现在已经研究了五年以上了，但是通过性质选择在非血红素中心的铜而不是其它金属离子不能理解。”第一作者Ambika Bhagi-Damodaran博士说，“我们的工作是令人兴奋的，因为我们最终解决了长期存在的关于这个非常重要的呼吸酶的结构和功能的问题。”

他们对自然血红素铜氧化酶的合成模拟是由肌红蛋白，一种在肌肉发现的是血红蛋白近亲的小蛋白。肌红蛋白有一种含铁的血红素中心，表示为FeBMb（Fell），由于血红素铁处于2+氧化状态。FeBMb（Fell）不在使用先前报道的程序的非血红素点产生和纯化。

空FeBMb(FeII)使用不是氧化还原活性并作为实验对照的Znll，CuI和Fell滴定。紫外线可见的光谱证实每种金属都纳入了非血红素点。X涉嫌衍射证实，这些金属FeBMb（Fell）变异的每一种都显示出了类似的活性位点。换句话说，这证实了非血红素金属的身份并没有引起结构的变化。

Bhagi-Damodaran等人之后研究了含铁和含铜物种之间催化活性的差异。他们观察了反应速率以及产品选择性。他们的酶法鉴定的结果表明FeII-FeBMb（Fell）和CuI-FeBMb（Fell）比起 ZnII控制和没有非血红素金属的FeBMb（Fell）来说氧化酶活性是11倍和30倍。

使用电子顺磁共振和X射线近边光普，他们确定非血红素CuI被氧化成CuII，非血红素FeII被氧化成FeII，从而证实了非血红素金属在氧气还原成电子供体起着核心作用。为了进一步理解铜和铁之间的差异，Bhagi-Damodaran等人研究了在模型酶位点FeIII/FeII和CuII/CuI的标准还原电位（Eo'）。（使用先前报道的协议，血红素铁被一个氧化还原活性的锌原卟啉替代。）

他们发现两个物种在一个单一的可逆波中，这个波对应于铁的259 ± 20mVEo'以及铜的387 ± 25mVEo'。由于标准还原电位与反应的热力学驱动力有段，铜的更高价值意味着CuII/CuI在氧对水的电化学反应中接受电子更加高效。

最后一步是观察非血红素铁还是铜与血红素键O2反应以帮助O-O键的断开。使用共振拉曼光谱技术，作者观看了O-O键的振动并发现，端氧原子与非血红素金属反应，弱化了O-O 键。为了测试非血红素金属的身份时候对O-O键的长度有任何影响，作者进行了密度泛函数计算，并发现O-O键长度在CuI-FeBMb(FeII)是最长的。这些结果表明非血红素金属在裂解氧分子，促进O-O断裂起着重要的作用。

HCOs更倾向于铜可能是由于Cu的高氧化还原电位以及其d轨道电子结构。Copper-II有九个d电子，而FeIII有五个d电子。这些额外的电子密度让铜在与氧的最高占据分子轨道的相互作用中占了优势。

总而言之，这项工作为自然产生血红素铜配合物提供了重要见解。根据相关作者Yi Lu教授，“我们预计我们的工作是一个起点，为了更加努力侧重于在非血红素位点使用金属离子产生各种生化反应。这种追求可以帮助设计研究在替代能源技术和其它生物技术应用所需要的催化剂。”

Composite Materials（复合材料）

'Programmable materials' showing future potential for industry

New research has shown that honeycomb “cellular” materials made of a shape-memory polymer might be programmed for specific purposes, from shock-absorbing football helmets to biomedical implants.
New research has shown that honeycomb "cellular" materials made of a shape-memory polymer might be programmed for specific purposes, from shock-absorbing football helmets to biomedical implants. 

"We are introducing a new class of programmable materials whose effective mechanical properties can be modified after fabrication without any additional reprocessing," said Pablo Zavattieri, an associate professor in Purdue University's Lyles School of Civil Engineering. "The idea is that you might mass produce the basic material, and it has many potential uses because you can change it later for application A or application B."

Purdue collaborated with General Motors to develop the materials, which are made of geometric "unit cells" of a shape-memory polymer that can be altered by heating or other methods. The research is detailed in two papers appearing in December in the International Journal of Solids and Structures.

In new findings, the researchers showed they could create programmable cellular materials by introducing deliberate defects to the unit cells. Two types of the honeycomb programmable materials were studied: one having hexagonal cells and the other having cells in a kagome pattern.

"In this case we call defects a good thing because they provide desirable changes in the material cell structure," said postdoctoral research associate David Restrepo. "This is not intuitive because usually you try to avoid defects. If you have a hexagon, you want the cells to be perfect hexagons. We wanted to look at it another way. We said, if you deformed the hexagon, this could allow you to tune the properties of your material, so these imperfections are actually a good thing."

The paper was authored by Restrepo; staff researcher Nilesh D. Mankame from the Smart Materials and Structures Group at the GM Global R&D Center; and Zavattieri.

"There are parallels between the ability to modulate the effective properties of cellular materials by the controlled introduction of carefully chosen imperfections, to the process of doping that lies at the core of low-cost semiconductors, which ushered in the electronics and computing revolution over the last five decades," Mankame said.

Such an approach might be used for noise-absorbing "acoustic metamaterials" that could be tuned after manufacture to absorb specific frequencies. Other potential long-term innovations include stealthy surfaces that don't reflect radar waves for military applications, energy-absorbing cushions in football helmets, foams for automotive seating that might be adjusted for specific people based on their weight, and biomedical implants adjusted to match the stiffness of bone and other tissues. The materials might be reprogrammable, as well, meaning they could be altered to suit changing requirements, Zavattieri said.

"Of course, the feasibility of these types of applications may require additional research," Zavattieri said. "For example, we are not there yet, but say you have a room and you want to shield it from noise. You might put this metamaterial in the walls so that it absorbs certain frequencies. But then say you want to adjust it to cancel out higher frequencies, so you might be able to tune it. It sounds like science fiction, but it's getting within reach."

Material properties depend on the shape of the unit cells and the makeup and thickness of the walls separating each cell. Findings showed that compressing the materials by 5 percent results in a 55 percent increase in stiffness, meaning it might be adapted for a range of applications.

"That is pretty impressive because ordinarily you would have to fabricate a new material with at least twice the thickness of the walls to obtain a material with a 50 percent increase on stiffness," Restrepo said.

Findings also suggest the materials continue to function well if they contain common manufacturing flaws, which suggests that it could be practical for industry.

The researchers also used simulations to study the material, which takes high-power computer clusters to model as many as 10,000 cells, each moving in three directions to simulate bending, stretching and compressing.

"The simulations are very valuable because they allow you to do fewer experiments," Zavattieri said. "Instead of doing 3,000 experiments, we can do 3,000 simulations, which is much more cost effective." 

可编程材料展示了行业未来可能

新的研究表明，由形状记忆聚合物组成的蜂窝“细胞”材料可以被编程用于特殊用途，从减震足球头盔到生物医学植入物。

新的研究表明，由形状记忆聚合物组成的蜂窝“细胞”材料可以被编程用于特殊用途，从减震足球头盔到生物医学植入物。

“我们引入了一类新的可编程材料，它们的有效机械可以在无需任何额外的处理在制作后能够被改性。”普渡大学莱尔土木工程学院副教授Pablo Zavattieri说，“这个想打是你可能大量生产基础材料，它有许多潜在用途，因为你可以为了应用A或者应用B而改变它。”

普渡大学与通用公司一起合作研发这种材料，它是由可以通过加热或其它方法改变的形状记忆聚合物的几何“单元”组成。这项研究用两页纸详细描述，于12月发表在固体与结构国际期刊上。

在新的发现中，研究人员表明他们可以通过向单元细胞引入故意缺陷创建可编程的细胞材料。两种类型的蜂窝式可编程材料被研究：一个具有六角型细胞，另外一个具有戈薇模式的细胞。

“在这种情况下，我们称缺陷为一个好的事情，因为它们提供了在材料细胞结构中的可取变化。”博士后研究员David Restrepo说，“这不是直观的，因为通常你会努力避开缺陷。如果你有一个六角型，你会想让细胞成为完美的六角型。我们想要以另一种方式看待它。我们说，如果你将六角型变形，这将允许你调整你自己材料的性能，因此这些不完美其实是一件好事。”

本文由Restrepo编写；来自通用汽车全球研发中心智能材料和结构小组的研究员Nilesh D. Mankame；以及Zavattieri。

“在通过受控制的精心挑选的缺陷的引进而对细胞材料的有效性能进行调控的能力以及采用位于低成本的在过去五十年迎来的点子和计算机革命的半导体核心的过程之间有平衡线。”Mankame说。

这样一个方法可能被用于吸收噪音“声学超材料”，能够在制造之后进行调整以吸收特定频率。其它潜在的长期创新包括用于军事的不反射雷达波的隐身表面，在足球头盔中吸收能量的垫子，汽车座椅上的能够具体重量为特殊人群调整的泡沫，以及调整以匹配骨头和其它组织合适度的生物医学植入物。这种材料是可编程的，同时，这意味着它们可以被改变以适应变化的需求，Zavattieri 说。

“当然，这些类型的应用的可行性可能需要额外的研究。”Zavattieri说，“例如，我们不在那里，但是假设你有一个空间，你想要屏蔽里面的噪音。你可能会将材料放置在墙上，这样它能吸收某种频率。但是当如果你想要调整它以消除更高的频率，因此你可能能够调整它。这听起来像学科科幻小说，但是这是触手可及的。”

材料性能取决于单元细胞的形状以及分离每个细胞的墙的的构成和厚度。研究结果表明将材料压缩5个百分点，钢度会增加55个百分点，意味着它可以适用于一定范围内的应用。

Restrepo 说：“这令人印象相当深刻，因为通常你会制造一种材料，这种材料的厚度至少是墙壁厚度的两倍以得到一种刚度增加50个百分点的材料。”

研究结果同样表明如果材料含有普通的制造缺陷，它们也会继续运作很好，这表明它对于工业来说是非常实用的。

研究人员还使用模拟来研究材料，这需要高性能计算机集群来模拟10000个细胞，每个细胞都移动三个方向来模拟弯曲，伸展和压缩。

“这些模拟非常有价值，因为它们允许你做更少的实验。”Zavattieri 说，“不用做3000次实验，我们可以做3000次模拟，这会更加具有成本效益。”

Interdisciplinary approach makes linking biological materials and electronic devices possible




Immunofluorescence analysis of SH-SY5Y cells treated for 5 days with 10uM Retinoic Acid and 50ng/ml BDNF for the next 3 days. The DAPI fluorescence stain is blue and Beta-tubulin is green. Credit: Caponi, et al. 

One of the biggest challenges in cognitive or rehabilitation neurosciences is the ability to design a functional hybrid system that can connect and exchange information between biological systems, like neurons in the brain, and human-made electronic devices. A large multidisciplinary effort of researchers in Italy brought together physicists, chemists, biochemists, engineers, molecular biologists and physiologists to analyze the biocompatibility of the substrate used to connect these biological and human-made components, and investigate the functionality of the adhering cells, creating a living biohybrid system. 

In an article appearing this week in AIP Advances, the research team used the interaction between light and matter to investigate the material properties at the molecular level using Raman spectroscopy, a technique that, until now, has been principally applied to material science. Thanks to the coupling of the Raman spectrometer with a microscope, spectroscopy becomes a useful tool for investigating micro-objects such as cells and tissues. Raman spectroscopy presents clear advantages for this type of investigation: The molecular composition and the modification of subcellular compartments can be obtained in label-free conditions with non-invasive methods and under physiological conditions, allowing the investigation of a large variety of biological processes both in vitro and in vivo.

Once the biocompatibility of the substrate was analyzed and the functionality of the adhering cells investigated, the next part of this puzzle is connecting with the electronic component. In this case a memristor was used.

"Its name reveals its peculiarity (MEMory ResISTOR), it has a sort of "memory": depending on the amount of voltage that has been applied to it in the past, it is able to vary its resistance, because of a change of its microscopic physical properties," said Silvia Caponi, a physicist at the Italian National Research Council in Rome. By combining memristors, it is possible to create pathways within the electrical circuits that work similar to the natural synapses, which develop variable weight in their connections to reproduce the adaptive/learning mechanism. Layers of organic polymers, like polyaniline (PANI) a semiconductor polymer, also have memristive properties, allowing them to work directly with biological materials into a hybrid bio-electronic system.

"We applied the analysis on a hybrid bio-inspired device but in a prospective view, this work provides the proof of concept of an integrated study able to analyse the status of living cells in a large variety of applications that merges nanosciences, neurosciences and bioelectronics," said Caponi. A natural long-term objective of this work would be interfacing machines and nervous systems as seamlessly as possible.

The multidisciplinary team is ready to build on this proof of principle to realize the potential of memristor networks.

"Once assured the biocompatibility of the materials on which neurons grow," said Caponi, "we want to define the materials and their functionalization procedures to find the best configuration for the neuron-memristor interface to deliver a full working hybrid bio-memristive system." 

交叉学科的方法使得将生物材料与电子设备连接成为可能




用10μM视黄酸和50ng / ml BDNF处理过5天的SH-SY5Y细胞的接下来进行3天的免疫荧光分析。 DAPI荧光染色是蓝色的，β-微管蛋白是绿色的。来源：Caponi等。

认知或康复神经科学中最大的挑战之一是能够设计一个功能性混合系统，可以在生物系统，如大脑中的神经元和人造电子设备之间连接和交换信息。意大利研究人员的大量多学科努力使物理学家、化学家、生物化学家、工程师、分子生物学家和生理学家聚集在一起，分析用于连接这些生物和人造组件的底物的生物相容性，并研究粘附细胞的功能，创造一个活的生物混合系统。

本周在AIP Advances上发表的一篇文章中，研究团队利用光和物质之间的相互作用，使用拉曼光谱在分子水平研究材料的性质，这种技术到目前为止主要应用于材料科学。由于拉曼光谱仪与显微镜的耦合，光谱成为研究微物体，如细胞和组织的有用工具。拉曼光谱法为这种类型的研究提供了明显的优点：分子组成和亚细胞区室的修饰可以在无标记条件下用非侵入性方法和在生理条件下获得，允许在体外和体内研究大量的生物过程。

一旦分析了基底的生物相容性并且研究了粘附细胞的功能性，则该问题的下一部分与电子部件有关。在这种情况下，使用了忆阻器。

 “它的名字揭示了它的特性（MEMory RESISTOR），它有一种“记忆”：取决于过去施加到它的电压的量，它能够改变其电阻，因为它的微观物理性质。” 罗马意大利国家研究委员会的物理学家Silvia Caponi说。 通过组合忆阻器，可以在电路内创建类似于自然突触的通路，其在它们的连接中产生可变的重量以再现自适应/学习机制。有机聚合物层，如半导体聚合物聚苯胺（PANI），也具有忆阻性质，允许它们直接与生物材料到混合生物电子系统中一起工作。

 “我们将应用于混合生物灵感设备的分析，但在一个前瞻性观点中，这项工作提供了一个综合研究的概念的证明，能够在大量的应用程序中分析活细胞的状态，并入纳米科学、神经科学和生物电子。”卡波尼说。 这项工作的自然长期目标是尽可能无缝地连接机器和神经系统。

多学科团队准备在这个原理证明上的基础上来实现忆阻器网络的潜力。

Caponi说：“一旦确定了神经元生长的材料的生物相容性，我们想要定义材料和它们的功能化程序，以找到神经元 - 忆阻器界面的最佳配置，以提供一个完全工作的混合生物记忆系统。”

Researchers report new thermoelectric material with high power factors




SEM images of the material hot-pressed at a) 1123 K, b)1173 K, c) 1273 K, and d)1373 K. Credit: University of Houston 

With energy conservation expected to play a growing role in managing global demand, materials and methods that make better use of existing sources of energy have become increasingly important. 

Researchers reported this week in the Proceedings of the National Academy of Sciences that they have demonstrated a step forward in converting waste heat - from industrial smokestacks, power generating plants or even automobile tailpipes - into electricity.

The work, using a thermoelectric compound composed of niobium, titanium, iron and antimony, succeeded in raising the material's power output density dramatically by using a very hot pressing temperature - up to 1373 Kelvin, or about 2,000 degrees Fahrenheit - to create the material.

"The majority of industrial energy input is lost as waste heat," the researchers wrote. "Converting some of the waste heat into useful electrical power will lead to the reduction of fossil fuel consumption and CO2 emission."

Thermoelectric materials produce electricity by exploiting the flow of heat current from a warmer area to a cooler area, and their efficiency is calculated as the measure of how well the material converts heat - often waste heat generated by power plants or other industrial processes - into power. For example, a material that takes in 100 watts of heat and produces 10 watts of electricity has an efficiency rate of 10 percent.

That's the traditional way of considering thermoelectric materials, said Zhifeng Ren, MD Anderson Professor of Physics at the University of Houston and lead author of the paper. But having a relatively high conversion efficiency doesn't guarantee a high power output, which measures the amount of power produced by the material rather than the rate of the conversion.

Because waste heat is an abundant - and free - source of fuel, the conversion rate is less important than the total amount of power that can be produced, said Ren, who is also a principal investigator at the Texas Center for Superconductivity at UH. "In the past, that has not been emphasized."

In addition to Ren, researchers involved in the project include Ran He, Jun Mao, Qing Jie, Jing Shuai, Hee Seok Kim, Yuan Liu and Paul C.W. Chu, all of UH; Daniel Kraemer, Lingping Zeng and Gang Chen of the Massachusetts Institute of Technology; Yucheng Lan of Morgan State University, and Chunhua Li and David Broido of Boston College.

The researchers tweaked a compound made up of niobium, iron and antimony, replacing between 4 and 5 percent of the niobium with titanium. Processing the new compound at a variety of high temperatures suggested that a very high temperature - 1373 Kelvin - resulted in a material with an unusually high power factor.

"For most thermoelectric materials, a power factor of 40 is good," Ren said. "Many have a power factor of 20 or 30."

The new material has a power factor of 106 at room temperature, and researchers were able to demonstrate an output power density of 22 watts per square centimeter, far higher than the 5 to 6 watts typically produced, he said.

"This aspect of thermoelectrics needs to be emphasized," he said. "You can't just look at the efficiency. You have to look also at the power factor and power output." 

研究员们报告了一种有高功率因素的新型热电材料




材料的在a) 1123 K, b)1173 K, c) 1273 K, 和d)1373 K温度下的热压SEM图。来源：休斯顿大学

随着节能预期在管理全球需求方面发挥越来越大的作用，更好地利用现有能源的材料和方法变得越来越重要。

研究人员本周在美国国家科学院会议上报告说，他们已经阐释了将废热 - 从工业烟囱、发电厂甚至汽车尾管 - 转化为电力的进一步。

使用由铌、钛、铁和锑组成的热电化合物的工作成功地通过使用非常热的压制温度（高达1373开尔文或约2000华氏度）显着地提高材料的功率输出密度，以产生材料。

研究人员写道：“大多数工业能源投入会变成废热损失。将一些废热转化为有用的电力将导致化石燃料消耗和二氧化碳排放的减少。”

热电材料通过利用从较热区域到较冷区域的热流的流动来产生电，并且它们的效率用材料将热量（通常是由发电厂或其他工业过程产生的废热）转换成功率的来度量。例如，吸收100瓦的热量并产生10瓦的电力的材料具有10％的效率。

这是考虑热电材料的传统方法，MD安德森休斯顿大学物理学教授和论文的主要作者任志锋说。但是具有相对高的转换效率不能保证高功率输出，其测量由材料产生的功率的量而不是转换的速率。

因为废热是一种丰富的、自由的燃料来源，转化率不如能产生的总能量重要，Ren说，他也是德克萨斯超导中心UH的主要研究者。“在过去，这没有被强调。”

除了Ren，涉及这项项目的研究人员包括Ran He, Jun Mao, Qing Jie, Jing Shuai, Hee Seok Kim, Yuan Liu 和Paul C.W. Chu, UH的所有人员；MIT的Daniel Kraemer, Lingping Zeng和Gang Chen；摩根大学的Yucheng Lan，以及波士顿大学的Chunhua Li和David Broido。

研究人员调整了由铌、铁和锑组成的复合物，用钛代替了4％至5％的铌。在各种高温下处理新化合物表明，非常高的温度（1373开尔文）导致材料具有非常高的功率因数。

 “对大多数热电材料来说，40的功率因数是很好的。”Ren说，“许多热电材料的功率因数是20或30。”

新型材料在室温下有106的功率因数，并且研究人员能够证明输出功率密度为22瓦/平方厘米，远远高于通常产生的5至6瓦特，他说。

 “热电的这方面需要强调。”他说，“你不能只看效率，你还要看看功率因数和功率输出。”

Practical Application（实际应用）

Engineer develops model to predict behavior of cell clusters

An engineer at Washington University in St. Louis discovered a model in which the mechanics of the cells' environment can predict their movement, a finding that ultimately could mean confining cell transition in tumors and potentially making cancer "a substantially less deadly disease,"  said the lead researcher. 

Amit Pathak, assistant professor of mechanical engineering in the School of Engineering & Applied Science,  found that a cell-transitioning process implicated in tumor metastasis is influenced by the cells' environment.

In new research published in Biophysical Journal, Pathak used computational modeling to show that epithelial cells are more likely to break off from their clusters in a confined environment, in either stiff or soft tissue. Pathak's model is the first to show that various mechanical properties of the extracellular matrix can predict the state of cell clusters of defined shapes and sizes.

Epithelial cells, which are found in blood vessels and in the lining of various organs in the body, can change into mesenchymal cells, which are important in both embryonic development and cancer metastasis. In previous research, published in Scientific Reports, Pathak and Samila Nasrollahi, a doctoral student in mechanical engineering, showed that the stiffer the tissues, the more likely a process called epithelial-to-mesenchymal transition (EMT) will take place.

Surprisingly, the EMT goes up in when cell clusters are confined within 3-D environments, compared with standard 2-D cell-culture conditions. EMT comes into play in the development of embryos, when epithelial cells break out of clusters and transition into mesenchymal cells to aid organ development. However, it also is a crucial process in cancer metastasis, said Pathak.

"In cancer, if tumor cells do not decluster and escape, it is a favorable scenario because the tumor will stay in one place," said Pathak, whose lab studies mechanobiology, or the intersection of mechanics and biology. "But when a cancer cell moves and leaves the tumor, it goes to another place and populates new tumors. If we can stop the EMT process right at the primary tumor, then cancer will be a substantially less deadly disease." 

工程师开发模型来预测细胞簇的行为

圣路易斯华盛顿大学的一位工程师发现了一种模型，其细胞环境力学可以预测他们的运动，这一发现最终可能意味着限制细胞在肿瘤中的转变，并可能使癌症成为一种较弱的“致命的疾病”，首席研究员说。

工程与应用科学学院机械工程助理教授Amit Pathak发现，参与肿瘤转移的细胞转化过程受细胞环境的影响。

在“生物物理学杂志”发表的新研究中，Pathak使用计算模型来表明上皮细胞更容易在僵硬或软组织的限制环境中从其簇中脱离。Pathak的模型是第一个表明细胞外基质的各种机械性能可以预测具有确定形状和尺寸的细胞簇的状态。

存在于血管中和身体中各种器官的衬里中的上皮细胞，可以改变为间质细胞，其在胚胎发育和癌症转移中是重要的。在以前的科学报告中发表的研究中，机械工程的博士生Pathak和Samila Nasrollahi表明组织僵硬，更可能发生在称为上皮 - 间质转化（EMT）的过程中。

令人惊讶的是，与标准2-D细胞培养条件相比，当细胞簇被限制在3-D环境中时，EMT上升。当上皮细胞突破簇并转变为间充质细胞以帮助器官发育时，EMT在胚胎的发育中发挥作用。然而，它也是癌症转移的关键过程，Pathak说。

“在癌症中，如果肿瘤细胞不会分裂和逃逸，这是一个有利的情况，因为肿瘤将留在一个地方，”Pathak说，他的实验室研究机械生物学或力学和生物学的交叉。“但是当一个癌细胞移动并离开肿瘤时，它会到另一个地方，并填充新的肿瘤。如果我们可以在原发性肿瘤中直接停止EMT过程，那么癌症将是一个明显较少致命的疾病。”

Driven to diffraction

As anyone with an interest in photography will know, to get features such as a powerful zoom, you usually need a big camera. The reason is that most cameras rely on refraction, whereby the light passing through lenses slows down and changes direction. Focusing this refracted light requires a certain amount of space. 

A promising route to smaller, powerful cameras built into smartphones and other devices is to design optical elements that manipulate light by diffraction-the bending of light around obstacles or through small gaps-instead of refraction.

Wolfgang Heidrich and co-workers at KAUST's Visual Computing Center and the University of British Columbia (UBC) in Canada are at the forefront of developing new diffractive optical elements (DOEs) that can be printed on to small, thin substrates. The team combines their carefully-designed DOEs with advanced computational techniques that can greatly enhance the images produced by such small optical devices.

Heidrich came to KAUST in 2014 from UBC, where he previously developed very high contrast displays for television sets.

"We developed the first consumer-ready display technology that had a major computational component, in the sense that the hardware itself was not useful without substantial computation," he says. "The target image would be sent to the device, and then the device would have to perform some fairly sophisticated algorithms on the image (in real time!) to produce the best image contrast. It really instilled in me the need for hardware-software co-design, where you develop optics, electronics and algorithms at the same time so that they fit together in the best possible way."

More recently, Heidrich and co-workers have applied the same approach to computational imaging for cameras. One major problem they are addressing, called chromatic aberration, will be familiar to anyone who has played with triangular prisms to produce a rainbow - different wavelengths change direction by varying amounts when they are refracted by lenses, resulting in incorrect color distributions in images.

Chromatic aberration is an even greater problem when light is manipulated by diffraction, so DOEs suffer a loss of color fidelity and blurring that depends on the color distribution of the incoming light. To combat this, Heidrich and his co-workers designed a thin, light-weight DOE called a diffractive achromat to balance the focusing contributions of different wavelengths1. Their results from testing this innovative new component were published in ACM Transactions on Graphics, the top journal destination for computer graphics studies.

"In a regular DOE lens, the focus will be near-perfect for a single design wavelength, and progressively blurred as you move away from that design wavelength," explains Heidrich. "The diffractive achromat sacrifices a little bit of sharpness for the design wavelength in exchange for more sharpness at all other wavelengths. Any remaining blur can then be removed computationally."

The researchers applied the same combination of cutting-edge optics with computer algorithms in a recent study published in Scientific Reports that could lead to extremely small zoom lenses2. They used computational algorithms to design two DOEs with particular shapes, such that when they are placed on top of each other, they represent a diffractive lens with a specific focal length.

Then comes the cleverest bit.

"As you rotate the two DOEs relative to each other, the focal length, or any other parameter of the optical system, can change smoothly," says Heidrich. "One obvious application is to produce zoom lenses that do not require the lens barrel to move in and out of the camera for zooming."

Heidrich believes the active research environment at KAUST has been invaluable for pursuing his recent goals. "I have been able to assemble an interdisciplinary team, for more ambitious projects that take our hardware-software co-design to the next level," he says. "What's more, all our diffractive optical elements were built in the KAUST Nanofabrication Core Lab, which allowed quick turn-around times for experiments."

Computational imaging is still in its infancy, and provides many avenues that Heidrich and his co-workers hope to explore in coming years. Perhaps most excitingly, because DOEs are so thin, they don't absorb much energy from light as it passes through. This means that DOEs could, in principle, be used to manipulate any part of the electromagnetic spectrum, from radio waves to gamma rays.

驱动衍射

任何对摄影有兴趣的人都知道，要获得强大的缩放等功能，你通常需要一个大相机。原因是大多数相机依赖于折射，从而通过透镜的光减慢并改变方向。聚焦这种折射光需要一定量的空间。

在智能手机和其他设备中内置的小型、强大的相机的有希望的路线是设计通过衍射操纵光的光学元件 - 光在障碍物周围的弯曲或通过小间隙而不是折射。

KAUST的视觉计算中心和加拿大不列颠哥伦比亚大学（UBC）的Wolfgang Heidrich和同事在开发可以印刷到小而薄的基板上的新的衍射光学元件（DOE）方面处于领先地位。该团队将他们精心设计的DOE与先进的计算技术相结合，可以大大提高这种小型光学设备产生的图像。

Heidrich于2014年从UBC来到KAUST，在UBC他为电视机开发了非常高对比度的显示器。

“我们开发了第一个具有主要计算组件的消费者就绪显示技术，因为硬件本身在没有大量计算的情况下是无用的。”他说，“目标图像将被发送到设备，然后设备将必须对图像执行一些相当复杂的算法（实时！），以产生最佳的图像对比度。我需要硬件软件共同设计，在这里你同时开发光学、电子和算法，使他们以最好的方式结合在一起。”

最近，Heidrich和他的同事对照相机应用了相同的计算成像方法。他们正在解决的一个主要问题，称为色差，对于使用三角棱镜产生彩虹的任何人来说都是熟悉的 - 不同的波长在被透镜折射时以不同的量改变方向，导致图像中的颜色分布不正确。

当通过衍射处理光时，色差是更大的问题，因此DOE遭受颜色保真度和模糊的损失，这取决于入射光的颜色分布。为了解决这个问题，Heidrich和他的同事设计了一个薄的、轻质DOE称为衍射消色差，以平衡不同波长1的聚焦作用。他们测试这个创新的新组件的结果发表在计算机图形学研究的顶尖期刊ACM Transactions on Graphic上。

 “在常规的DOE透镜中，对于单一设计的波长，焦点将近乎完美，随着远离设计波长，焦点逐渐模糊。”Heidrich解释道，“衍射消色差对于设计波长来说牺牲了一点锐度，以换取在所有其他波长的更高锐度，然后可以计算地去除任何剩余的模糊。”

研究人员在科学报告中发表的最近一项研究中应用了前沿光学与计算机算法的相同组合，可能导致极小的变焦镜头2。他们使用计算算法来设计具有特定形状的两个DOE，使得当它们被放置在彼此之上时，它们代表具有特定焦距的衍射透镜。

然后是最聪明的一点。

“当您将两个DOE相对旋转时，焦距或光学系统的任何其他参数都可以平滑地改变。”Heidrich说，“一个明显的应用是生产变焦镜头，不需要镜头筒移入和移出相机进行变焦。

Heidrich认为，KAUST的积极的研究环境对追求他最近的目标是非常宝贵的。“我已经能够组建一个跨学科的团队，为更多雄心勃勃的项目，我们的硬件软件协同设计到一个新的水平。”他说，“此外，我们的所有衍射光学元件都是在KAUST Nanofabrication Core Lab中构建的，这允许实验的快速周转时间。”

计算成像仍处于起步阶段，并且为Heidrich和他的同事希望在未来几年中探索提供了许多途径。也许最令人兴奋的是，因为DOE是如此之薄，当光从中通过时，他们不吸收太多的能量。这意味着DOE原则上可以用于操纵电磁谱的任何部分，从无线电波到γ射线。

EAST achieves longest steady-state H-mode operations




Time traces of key plasma parameters for steady state H-mode operation over 60 seconds in EAST. Credit: EAST team 

Celebrating the 10th anniversary of physics operations, the 11th EAST (Experimental Advanced Superconducting Tokamak) campaign reached a milestone in the exploration of advanced operation scenarios—achieving over 60s fully non-inductive/steady-state long-pulse H-mode plasmas under radio-frequency heating and ITER-like tungsten divertor operations, which marks the first minute-scale steady-state H-mode operation obtained on past and existing tokamaks around the world. 

This is a major advance beyond the achievement of a record 32s long-pulse H-mode discharge in 2012. Since then, the EAST team has made great efforts to develop the steady-state H-mode scenario on EAST.

The auxiliary heating system, tungsten divertor and plasma diagnostic system have been upgraded continuously to enhance the capacity for long-pulse, high-performance operations. High power NBI and LHCD systems were developed to further extend the current drive capability and access high β regime.

Tremendous efforts were dedicated to research involving RF power coupling, L-H transition, control of MHD instabilities, plasma-wall interactions, and impurity transport and control to develop advanced integrated operation scenarios, especially in the RF-dominated heating low-torque input conditions. Research results have been presented on various international conferences and journals like Nature Physics, Physical Review Letters and Nuclear Fusion and attracted interest from the world fusion community, which fostered a great many of international collaborations.

The achievement is based on domestic and international collaboration, especially the joint experiment with DIII-D team of General Atomics, USA. As an open international platform, EAST attracts scientists home and abroad who have made great contribution to the experiment.

In the latest campaign, EAST team further optimized the integrated operation scenario and succeeded in producing steady-state H-mode discharges over 60s with plasma performance elevated significantly over previous 32s H-mode discharges.

These new results were characterized by fully non-inductive current drive with zero loop voltage, ITER-like RF heating dominated via effective coupling between LHW, ECRH and ICRF, minute-level verification of ITER-like tungsten divertor operation, and good energy confinement.

Additionally, operation with small-amplitude edge localized modes effectively reduced the peak heat load on the divertor target plate and influx of tungsten impurity. The ITER-relevant operation experience from EAST will provide knowledge for future operations on ITER (International Thermonuclear Experimental Reactor) and CFETR (China Fusion Engineering Test Reactor).

This achievement was presented in a talk on the first day of the 26th IAEA Fusion Energy Conference and attracted attention and discussion among researchers from various countries and organizations. Prof. Yutaka Kamada of National Institutes for Quantum and Radiological Science and Technology, in his summary report, highlighted the EAST steady-state H-mode experiment and its relevance to the ITER project, especially the operation with the tungsten divertor.

As the baseline operation scenario of ITER, it is crucial to have effective divertor heat exhaust capability under RF-heating dominated low-torque operations and tungsten divertors in line with EAST's unique capabilities. And EAST is so far the only fully superconducting tokamak with these two features, as well as the long-pulse operation capacity. Thus, its steady-state operation scenario will be an important reference for ITER and future fusion reactors. 

EAST实现了最长的稳态H模式操作




EAST 60秒内稳态H模式操作的关键等离子参数的时间轨迹。图片：EAST小组

在庆祝物理操作的十周年活动中，第11届EAST（实验性高级超导托卡马克）运动在先进操作情景的探索中达到了一个里程碑——在射频加热和ITER型钨转向器操作下实现了超过60秒的完全非感性/稳态长脉冲H模式等离子体，这标志着世界上过去和现有的托卡马克获得的第一个分钟范围内稳态H模式的操作。

这是除了2012年实现的创纪录的32秒长脉冲H模式放电之外的另一个重大进展。从那时起，EAST小组已经做出了巨大努力，在EAST开发了稳态H模式场景。

辅助加热系统、钨转向器和等离子诊断系统已不断升级，增强长脉冲、高性能操作的能力。大功率NBI和LHCD系统得到开发以进一步扩展电流驱动能力以及访问高β状态。

巨大的努力致力于有关RF功率耦合、L-H转变、MHD不稳定性控制、等离子体壁相互作用以及杂质输送和控制开发先进集成操作场景的研究，特别是在RF为主导的加热低扭矩输入条件下。研究结果已经在各种国际会议和期刊上有所呈现，例如《自然物理》《物理评论通讯》以及《核聚变》，并且吸引了世界整合界的兴趣，促进了大量国际合作。

该成果建立在国内和国际合作之上，特别是与美国通用原子公司DIII-D小组进行的联合实验。作为一个开放的国际平台，EAST吸引了国内外对实验做出巨大贡献的科学家。

在最近的运动中，EAST小组进一步优化了集成操作场景，并且通过显著优于先前32秒的H模式放电的等离子体性能成功地在60秒时间内产生了稳态H模式放电。

这些新的成果的特点是完全无感应电流驱动，并且具有零环电压，通过LHW、ECRH和ICRF的有效耦合而产生的ITER样的RF主导加热，ITER状钨偏转器操作的分钟级别的验证，以及良好的能量约束。

此外，具有小幅度边缘局部化模式的操作有效地减少了偏滤器目标板上的峰值热负荷和钨杂质的流入。EAST获得的ITER相关的操作经验将为ITER（国际热核实验堆）和CFETR（中国整合工程试验堆）的进一步操作提供知识。

这一成就在26届IAEA聚变能会议第一天的讲话中有所提及，并且吸引了不同国家和组织的研究人员的关注和讨论。国家量子和放射科学技术研究所的Yutaka Kamada教授在他的总结报告中强调了EAST稳态H模式实验以及其与ITER项目的相关性，特别是通过钨偏滤器进行的操作。

作为ITER基准操作情景，在RF加热主导的低扭矩操作和钨偏滤器下根据EAST独特的能力拥有有效的偏滤器热排放能力是至关重要的。并且EAST是迄今为止唯一完全具有这两个特性以及长脉冲操作能力的超导托卡马克。因此，其稳态操作情景将将成为ITER和未来聚变反应堆的一个重要的参考。

Organic & Polymer（有机高分子材料）

A new way to image solar cells in 3-D

The Molecular Foundry’s Edward Barnard is part of a team of scientists that developed a new way to see inside solar cells. 

Next-generation solar cells made of super-thin films of semiconducting material hold promise because they're relatively inexpensive and flexible enough to be applied just about anywhere. 

Researchers are working to dramatically increase the efficiency at which thin-film solar cells convert sunlight to electricity. But it's a tough challenge, partly because a solar cell's subsurface realm—where much of the energy-conversion action happens—is inaccessible to real-time, nondestructive imaging. It's difficult to improve processes you can't see.

Now, scientists from the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab) have developed a way to use optical microscopy to map thin-film solar cells in 3-D as they absorb photons.

The method, reported Nov. 15 in the journal Advanced Materials, was developed at the Molecular Foundry, a DOE Office of Science user facility located at Berkeley Lab. It images optoelectronic dynamics in materials at the micron scale, or much thinner than the diameter of a human hair. This is small enough to see individual grain boundaries, substrate interfaces, and other internal obstacles that can trap excited electrons and prevent them from reaching an electrode, which saps a solar cell's efficiency.

So far, scientists have used the technique to better understand why adding a specific chemical to solar cells made of cadmium telluride (CdTe)—the most common thin-film material—improves the solar cells' performance.

"To make big gains in photovoltaic efficiency, we need to see what's happening throughout a working photovoltaic material at the micron scale, both on the surface and below, and our new approach allows us to do that," says Edward Barnard, a principal scientific engineering associate at the Molecular Foundry. He led the effort with James Schuck, the director of the Imaging and Manipulation of Nanostructures facility at the Molecular Foundry.

The imaging method is born out of a collaboration between Molecular Foundry scientists and Foundry users from PLANT PV Inc., an Alameda, California-based company. While fabricating new solar cell materials at the Molecular Foundry, the team found that standard optical techniques couldn't image the inner-workings of the materials, so they developed the new technique to obtain this view. Next, scientists from the National Renewable Energy Laboratory came to the Molecular Foundry and used the new method to study CdTe solar cells.

To develop the approach, the scientists modified a technique called two-photon microscopy (which is used by biologists to see inside thick samples such as living tissue) so that it can be applied to bulk semiconductor materials.

The method uses a highly focused laser beam of infrared photons that penetrate inside the photovoltaic material. When two low-energy photons converge at the same pinpoint, there's enough energy to excite electrons. These electrons can be tracked to see how long they last in their excited state, with long-lifetime electrons appearing as bright spots in microscopy images. In a solar cell, long-lifetime electrons are more likely to reach an electrode.

In addition, the laser beam can be systematically repositioned throughout a test-sized solar cell, creating a 3-D map of a solar cell's entire optoelectronic dynamics.

The video will load shortly

The 3-D rendering on the left is a cadmium telluride solar cell without cadmium chloride treatment. The image on the right shows a solar cell that has been treated with cadmium chloride. It “lights up” much more uniformly throughout the material, …more

The method has already shed light on the benefits of treating CdTe solar cells with cadmium chloride, which is often added during the fabrication process.

Scientists know cadmium chloride improves the efficiency of CdTe solar cells, but its effect on excited electrons at the micron scale is not well understood. Studies have shown that the chlorine ions tend to pile up at grain boundaries, but how this changes the lifetime of excited electrons is unclear.

Thanks to the new imaging technique, the researchers discovered the cadmium chloride treatment increases the lifetime of excited electrons at the grain boundaries, as well as within the grains themselves. This is easily seen in 3-D images of CdTe solar cells with and without the treatment. The treated solar cell "lights up" much more uniformly throughout the material, both in the grains and the spaces in between.

"Scientists have known that cadmium chloride passivation improves the lifetime of electrons in CdTe cells, but now we've mapped at the micron scale where this improvement occurs," says Barnard.

The new imaging technique could help scientists make more informed decisions about improving a host of thin-film solar cell materials in addition to CdTe, such as perovskite and organic compounds.

"Researchers trying to push photovoltaic efficiency could use our technique to see if their strategies are working at the microscale, which will help them design better test-scale solar cells—and eventually full-sized solar cells for rooftops and other real-world applications," he says. 

以3D成像太阳能电池的新方法

由超薄半导体材料膜制成的下一代太阳能电池带来了希望，因为它们相对廉价，并且足够灵活，几乎可以应用于任何地方。

研究人员正致力于大幅提高薄膜太阳能电池将太阳光转化为电能的效率。但是这是一个艰难的挑战，部分原因在于太阳能电池的深层领域——其中产生大部分能量转化行为——无法实时无损地成像。改进你看不到的过程是非常困难的。

现在，能源部劳伦斯伯克利国家实验室（Berkeley Lab）的研究人员已经开发出一种方法，利用光学显微镜在薄膜太阳能电池吸收光子时映射3-D状态下的薄膜太阳能电池。

11月15日刊载于《先进材料》杂志上的报告称，该方法是在DOE科学办公室位于伯克利实验室的用户工厂中开发的。其在微米级别或比人类头发直径还细的范围内成像了材料中的光电子动力学。这小到足以看到单个晶界、衬底界以及其他能够捕获激发电子的内部障碍物，防止它们到达电极，从而削弱太阳能电池的效率。

到目前为止，科学家们已经利用该技术更好地了解为什么向碲化镉（CdTe）——最常见的薄膜材料——制成的太阳能电池中增加特定化学物质以改善太阳能电池的性能。

 “为了在光伏效率方面取得巨大的进步，我们需要研究在微米级别层面上有效的光伏材料发生了什么变化，无论是在表面还是深层，并且我们的新方法能够让我们做到这一点，”分子铸造厂的主要科学工程助理Edward Barnard表示。他与分子铸造厂纳米结构成像和操纵工厂的主管James Schuck共同领导了这项研究。

该成像方法是由分子铸造厂的科学家与铸造厂的使用者加利福尼亚州阿拉米达的一家公司PLANT PV Inc.共同合作的成果。在分子铸造厂制造新的太阳能电池材料时，该小组发现，标准的光学技术无法成像该材料的内部工作，因此他们开发了新的技术来获得该视角。接下来，国家可再生能源实验室的科学家们来到分子铸造厂并且使用该新的方法研究CdTe太阳能电池。

为了开发这种方法，科学家们修改了一个称为双光子显微镜的技术（其被生物学家用于研究厚样品内部，例如活体组织），从而它能够被应用于块状半导体材料。

该方法使用高度聚集的红外光子激光束穿透光伏材料内部。当两个低能光子在同一位置点上汇聚，就会产生足够的能量来激发电子。这些电子可以接受追踪以查看它们在激发状态下能够持续多久，其中长寿命电子在显微图像中表现为亮点。在太阳能电池中，长寿命电子更有可能到达电极。

此外，激光束能够系统性地在整个测试规模的太阳能电池中进行重新定位、创造出太阳能电池整合光电动力学的3-D图像。

左侧的3-D渲染是未经氯化镉处理的碲化镉太阳能电池。右图展示了通过氯化镉处理的太阳能电池。它更加均匀地“点亮”了整个材料。
该方法已经阐明了通过氯化镉处理CdTe太阳能电池的好处，其通常会在制造过程中添加。

科学家们知道氯化镉提高了CdTe太阳能电池的效率，但是其在微米级别上对激发电子产生的影响尚不清楚。研究已经表明，氯离子往往会在晶粒边界堆积，但是这个变化是如何改变激发电子的寿命的还不清楚。

由于新的成像技术，研究人员发现氯化镉处理增加了激发电子在晶粒边界的寿命，以及在晶粒自身内部的寿命。这在无论是否经过处理的CdTe太阳能电池的3-D图像中都能够轻易看到。经处理的太阳能电池在材料中更加均匀地“点亮”，无论是在晶粒之中还是在空间之间。

 “科学家们已经知道，氯化镉钝化可以改善CdTe电池中的电子寿命，但是目前我们已经在改进发生的微观尺度上进行了映射，”Barnard称。

新的成像技术可以帮助科学家作出更明智的决定，改善除了CdTe之外的大量薄膜太阳能电池材料，例如钙钛矿和有机化合物。

 “研究人员试图推动光伏效率，能够利用我们的技术查看他们的策略是否在微尺度上有效，这将有助于他们设计更好的测试规模的太阳电池——并且最终应用于屋顶和其他真实世界的应用中的全尺寸太阳能电池，”他称。

Radiophysicists double the efficiency of solar cells

Anton Pischagin, a graduate student of the Faculty of Radiophysics advised by Professor Andrey Kokhanenko, is developing nanostructures based on silicon for converting solar energy into electricity. These materials will allow doubling the efficiency of solar cells. 

Based on the results of experiments with existing semiconductor nanostructures, TSU scientists plan to increase the efficiency of solar cells 35 to 40 percent. The maximum possible efficiency of such batteries, according to theoretical calculations, is 53 percent.

Similar developments are being carried out in research centers in the U.S., Canada, Germany, France and Japan, but such techniques do not exceed 25 percent efficiency, and solar cells with quantum dots are only 12 percent efficient.

"One of the methods to improve the efficiency of solar cells based on silicon is sputtering germanium quantum dots," - says Anton Pischagin. "Using such points will allow collecting the solar energy in the range of visible and infrared radiation (up to 1.6 microns) and thus improve the efficiency of conversion of solar energy into electricity."

According to this scientist, many researchers are now working with structures based on gallium arsenide, but the structure of the silicon solar cells with quantum dots is much simpler, which makes them cheaper to manufacture. In comparison, gallium arsenide solar cells are composed of multiple cascades of multilayer structures, each of which absorbs energy in a separate band, but for the absorption and conversion of the same amount of energy, one cascade of multilayer silicon structure is sufficient.

Currently, scientists of the Faculty of Radiophysics are determining the optimum number of atomic layers of the structure, their thickness, the concentration of germanium islands, and other parameters to improve efficiency.

Helioenergetics is currently the most environmentally friendly source of energy. Solar panels can be used in aerospace, in the military and civilian sectors, and in the construction of electrical generating stations for different purposes than the autonomous power supply system of a country house to ensuring the electricity for entire regions. 

放射性物理学家将太阳能电池的效率提高了一倍

Andrey Kokhanenko教授推荐的放射物理学院的研究生Anton Pischagin将根据硅开发将太阳能转换为电能的纳米结构。这些材料将令太阳能的效率加倍。

根据现有半导体纳米结构的实验结果，TSU的科学家们计划增加太阳能电池的效率35-40%。据理论计算，该类电池最大可能的效率为53%。

在美国、加拿大、德国、法国和日本的研究中心进行了类似的开发，但是这类技术并没有在效率方面超过25%，并且具有量子点的太阳能电池的效率仅为12%。

Anton Pischagin表示：“提高太阳能电池的效率的一个基于硅的方法是溅射锗量子点，”——Anton Pischagin称。“利用这样的点将能够在可见光和红外辐射（高达1.6微米）的范围内收集太阳能，从而提高太阳能向电能的转化效率。”

据这位科学家称，许多研究人员目前都在研究基于砷化镓的结构，但是具有量子点的硅太阳能电池的结构更简单，这使得它们得制造成本更低。相比之下，砷化镓太阳能电池是由多个多层结构的级联构成的，每个多层结构都会在单独的带中吸收能量，但是对于相同量能量 的吸收和转换，多层硅结构的一个级联就已经足够了。

目前，放射物理学院的科学家正在确定结构原子层的最佳数量，它们的厚度，锗岛的深度，以及其他提高效率的参数。

Helioenergetics是目前最具环境友好型的能量来源。太阳能电池板能够用于航空航天，军事和民用部门，并且可出于各种不同的目的用于发电站的建造，而不仅仅是确保整个地区的电力的郊区住宅的自治电力供应系统。

A new type of convection is proven in granular gases

In physics, thermal convection of a fluid is exhibited by the appearance of geometric structures through which the fluid moves, forming closed circuits. This phenomenon is of vital importance for many industrial applications in which a fluid is present. Bénard convection is one of the most-studied problems in fluid dynamics. Now, a team of scientists from the University of Extremadura and the Sapienza University of Rome has found a new type of convection that appears in a granular fluid and had hitherto not been detected in traditional fluids (liquids, gases, etc.). The experimental development and results have been published in Physical Review Letters. 

Granular media are formed by macroscopic solid particles measuring more than 1 micrometre (μm) in size which, due to agitation or injection of energy, interact and collide with one another, behaving like a gas or a fluid. In this specific medium, the researchers have determined the conditions that systematically produce thermal convection in a granular gas via gravity and fluidized by a vibrating base. The resulting convection is different from traditional convection in fluids, as it is produced by inert walls. The properties are different, too, as only two convection cells are formed (one per inert wall) which, in the experiment designed by the authors, are found on the lateral walls of the system. Because of this, these scientists have named it "lateral-wall thermal convection."

"Up to now, no similar experiment had found the key, or the reason behind this convection. We realised that the small spheres in the experiment box cooled upon colliding inelastically against the lateral wall. It is precisely this difference in temperature between the hot zone and the two colder walls, along with the action of gravity, that is responsible for this new type of granular convection," explains Francisco Vega Reyes, a theoretical physicist at the University of Extremadura and member of the Advanced Scientific Computation Institute. This occurs regardless of the temperature, although the more the lateral wall absorbs the heat, the more intense the convection will be.

"This is a convection caused by perpendicular gradients," says Vega. Two gradients, in parallel and vertical—gravity and the heat source at the base—and a horizontal gradient, comprised by the difference in energy derived from the inelastic collisions against the lateral wall.

These granular dynamics offer numerous applications in the aerospace industry, such as for increasing the effectiveness of the movement of robots in weak gravitational fields and in those in which the fluidization properties of the sandy medium in which they move are taken into account. Moreover, "if we control the convection conditions, we can improve the mixing and stirring process in the case of granular material components like pharmaceutical compounds," adds Vega.

The researchers are currently working on theoretical models for reproducing this type of convection in liquids, as from a technical point of view, this phenomenon could have an application in fluid mechanics. 

颗粒气体中证实了一种新型对流

在物理学中，流体的热对流是由几何结构通过流体移动形成闭合回路的表现而得以展现的。这种现在对于液体呈现的许多工业应用是至关重要的。贝纳德对流是流体动力学研究最多的问题之一。目前，罗马Sapienza大学和埃斯特雷马杜拉大学的一组科学家发现一类新的似乎出现在颗粒流体中的对流，并且迄今为止在传统流体（液体、气体等）中并没有检测到。实验室开发和成果已经在《物理评论通讯》中有所发表。

颗粒介质是由测量尺寸大于1微米（μm）的宏观固体颗粒形成的，由于搅拌或能量注入，彼此间的相互作用和碰撞，行为类似于气体或液体。在这种特定的介质中，研究人员已经确定了在粒状气体中通过策略以及由振动基座的液化而系统性生产热对流的条件。所产生的对流与液体中的传统对流不同，因为它是通过惰性壁产生的。性质也不同，因为在作者设计的实验室中只有两个对流室形成（每个惰性壁一个），并且在系统的侧壁中所发现的是这样。因此，这些科学家们将其命名为“侧壁热对流”。

 “到此为止，没有类似的实验发现这个关键或是这类对流背后的原因。我们意识到，实验室箱中的小球在非弹性地碰撞侧壁时会冷却。这正是热区和两个较冷的壁之间的温度差异，以及重力作用，产生了新类型的粒状对流，”先进科学计算研究所的成员兼埃斯特雷马杜拉大学的理论物理学家Francisco Vega Reyes解释称。这种现象在不考虑温度的情况下也会发生，尽管侧壁吸收热量越多，那么对流将会越强烈。

 “这是由垂直梯度引起的对流，”Vega称。平行和垂直中的两个梯度——底部的重力和热源——以及水平梯度，包括源自与侧壁发生的非弹性碰撞所产生的能量差。

这些颗粒动力学在航空航天行业中提供了多种应用，例如增加机器人在弱引力场中活动的有效性以及在考虑其活动的含沙质介质的流化特性中。此外，“如果我们控制了对流条件，那么我们就能够改善颗粒状物质组分，例如药物化合物，的混合和搅拌过程，”Vega补充称。

研究人员目前正在研究在液体中再现这种类似的对流的理论模型，因为从技术角度来看，这种现象可能在流体力学中具有应用能力。

E-Material（电子材料）

Tiny super magnets could be the future of drug delivery

Electron micrographs of tiny superparamagnetic crystals of magnetite at different resolutions. The lowest resolution image (a) shows the octahedral crystals. At higher resolution, the 'craters' on the crystal surfaces are clearly visible. The …more

Microscopic crystals could soon be zipping drugs around your body, taking them to diseased organs. In the past, this was thought to be impossible - the crystals, which have special magnetic properties, were so small that scientists could not control their movement. But now a team of Chinese researchers has found the solution, and their discovery has opened new applications that could use these crystals to improve - and perhaps even save - many lives. 

Kezheng Chen and Ji Ma from Quingdou University of Science and Technology, Quingdou, China have published a method of producing superparamagnetic crystals that are much larger than any that have been made before. They recently published their findings in Physics Letters A.

If some magnetic materials, such as iron oxides, are small enough - perhaps a few millionths of a millimeter across, smaller than most viruses - they have an unusual property: their magnetization randomly flips as the temperature changes.

By applying a magnetic field to these crystals, scientists can make them almost as strongly magnetic as ordinary fridge magnets. It might seem odd, but this is the strongest type of magnetism known. This phenomenon is called superparamagnetism.

In theory, superparamagnetic particles could be ideal for drug delivery, as they can be directed to a tumor simply by using a magnetic field. Their tiny size, however, has made them difficult to guide precisely - until now.

"The largest superparamagnetic materials that we have been able to make before now were clusters of nanocrystals that were together about a thousand times smaller than these," commented Dr. Chen. "These larger crystals are easier to control using external magnetic fields, and they will not aggregate when those fields are removed, which will make them much more useful in practical applications, including drug delivery."

Chen and Ma explained that the high temperature and pressure under which the crystals form made tiny meteorite-like 'micro-particles' of magnetite escape from their surface. This caused the unusual pock-marked appearance of the crystal surfaces and induced a high degree of stress and strain into the lattice of the growing crystals.

Crystals that grow under such high stresses and strains form with irregularities and defects in their crystal lattice, and it is these irregularities that are responsible for the unusual magnetic properties of Chen's crystals.

Magnetite crystals of a similar size that are grown at a lower temperature and under normal pressure are only very weakly magnetic.

This method of making larger superparamagnetic crystals paves the way for the development of superparamagnetic bulk materials that can be reliably controlled by moderate external magnetic forces, revolutionizing drug delivery to tumors and other sites in the body that need to be targeted precisely.

And this is just the beginning. Chen's crystals might, for example, be useful in the many engineering projects that need "smart fluids" that change their properties when a magnetic field is applied. These can already be used to make vehicle suspension systems that automatically adjust as road conditions change, increasing comfort and safety, and to build more comfortable and realistic prosthetic limbs.

Now that superparamagnetism is no longer restricted to minute particles that are difficult to handle, researchers can start exploring in which ways this can contribute to improving our lives. 

微小的超磁体可能是药物输送的未来

不同分辨率的磁铁矿小超顺磁晶体的电子显微照片。最低分辨率图像（a）显示八面体晶体。在更高的分辨率，“陨石坑”在晶体表面清晰可见。

微观晶体可能很快就会是进入身体的压缩药物，将他们带到病变器官。在过去，这被认为是不可能的——晶体，具有特殊的磁学性质，小到科学家无法控制其运动。但是现在，一组中国研究人员已经找到了解决方案，他们的发现开辟了新的应用程序，可以使用这些晶体来改善-甚至可能挽救-许多生命。

中国青岛科技大学的陈克正和马继，已经公布了一个生产磁性晶体的方法，磁性比以往的方法大得多。他们最近在物理快报上发表了他们的发现。

如果一些磁性材料，如铁的氧化物，是足够小的——也许只有百万分之一毫米，小于大多数的病毒——都有一种不同寻常的性质：它们的磁性的随温度变化而随机改变。

通过在这些晶体上施加磁场，科学家可以使它们几乎和普通冰箱磁体一样具有强磁性.。这可能看起来有些奇怪，但这是已知的最强的磁性类型.。这种现象被称为超顺磁性。

在理论上，超顺磁性颗粒是药物输送的理想选择，他们可以直接通过磁场对肿瘤施加作用。然而，它们的微小尺寸使它们到现在都难以精确引导。

“在这之前，我们能生产出的最大磁性的材料，是纳米晶体放在一起的集群，比这些约小一千倍。”陈博士说道。“这些较大的晶体更容易通过施加外部磁场来控制，磁场消失时，它们就不会聚集，这将使他们更有用的实际作用，包括药物输送。

两位研究者解释说，晶体形成的高温和压力使得微小的陨铁像“微粒”一样从表面逸出.。这引起了不寻常的“麻脸”的晶体表面外观，并且在生长的晶体的晶格中引起高度的应力和应变。

在如此高的应力和应变下生长的晶体在晶格中有不规则和缺陷，这是导致陈教授的晶体具有异常磁性的原因.。

同样大小的磁铁矿晶体，在较低的温度和正常的压力下形成时，只有非常弱的磁性。

这种制造更大超顺磁性晶体的方法，为超顺磁性体材料的发展打下了基础，该材料可以通过适度的外部磁场力来可靠控制，使药物输能够送到肿瘤，以及有针对性的精确的身体其他部位。

而这只是开始。陈的晶体，例如，可能对许多需要“智能流体”的工程项目有用，需要应用磁场来改变它们的属性。这些已经可以用来使汽车悬架系统能够根据道路条件的变化而自动调整，增加舒适性和安全性，并建立更舒适和逼真的假肢。

现在，超顺磁性不再受到很难处理的微小颗粒的限制，研究人员开始探索在改善生活方面的应用。

Controlling electrons in time and space




In an electron microscope, electrons are emitted by pointy metal tips, so they can be steered and controlled with high precision. Recently, such metal tips have also been used as high precision electron sources for generating X-rays. A team of researchers at TU Wien (Vienna), together with colleagues from the FAU Erlangen-Nürnberg (Germany), have developed a method of controlling electron emissions with higher precision than ever before. With the help of two laser pulses, it is now possible to switch the flow of electrons on and off on extremely short time scales. 

It's Just the Tip of the Needle

"The basic idea resembles a lightning rod," says Christoph Lemell (TU Wien). "The electrical field around a needle is always strongest right at the tip. That's why the lightning always strikes the tip of a rod, and for the same reason, electrons leave a needle right at the tip."

Extremely pointy needles can be fabricated with the methods of modern nanotechnology. Their tip is just a few nanometres wide, so the point at which the electrons are emitted is known with very high accuracy. In addition to that, it is also important to control at which point in time the electrons are emitted.

This kind of temporal control has now become possible using a new approach: "Two different laser pulses are fired at the metal tip," explains Florian Libisch (TU Wien). The colours of these two lasers are chosen such that the photons of one laser have exactly twice the energy of the other laser's photons. Also, it is important to ensure that both light waves oscillate in perfect synchronicity.

With the help of computer simulations, the team from TU Wien was able to predict that a small time delay between the two laser pulses can serve as a "switch" for electron emission. This prediction has now been confirmed by experiments performed by Professor Peter Hommelhoff's research group at FAU Erlangen-Nürnberg. Based on these experiments, it is now possible to understand the process in detail.

Absorbing Photons

When a laser pulse is fired at the metal tip, its electrical field can rip electrons out of the metal – that is a well-known phenomenon. The new idea is that a combination of two different lasers can be used to control the emission of the electrons on a femtosecond time scale.

There are different ways an electron can gain enough energy to leave the metal tip: It can absorb two photons from the high-energy laser or four photons from the low-energy laser. Both mechanisms lead to the same result. "Much like a particle in a double-slit experiment, which travels on two different paths at the same time, the electron can take part in two different processes at the same time," says Professor Joachim Burgdörfer (TU Wien). "Nature does not have to pick one of the two possibilities – both are equally real and interfere which each other."

By carefully tuning the two lasers, it is possible to control whether the two quantum physical processes amplify each other, which leads to an increased emission of electrons, or whether they cancel each other, which means that hardly any electrons are emitted at all. This is a simple and effective way of controlling electron emission.

It is not just a new method of performing experiments with high energy electrons, the new technology should open the door to controlled X-ray generation. "Innovative X-ray sources are already being built using arrays of narrow metal tips as electron sources," says Lemell. "With our new method, these nano tips could be triggered in exactly the right way so that coherent X-ray radiation is produced." 

在时空中控制电子




在一个电子显微镜中，电子被尖尖的金属尖发出，所以是可以操纵和精确控制的。最近，这种金属尖端也被用来作为产生高精度X射线的电子源。TU Wien（维也纳）的一组研究人员，与来自FAU Erlangen-nü纽伦堡（德国）的同事，已经开发出一种比以前具有较高精度控制的电子发射方法。在两个激光脉冲的帮助下，现在可以在极短的时间尺度上打开和关闭电子流.。

这只是尖端

“基本的想法就像一个避雷针。”Christoph Lemell（TU Wien）说：“针尖周围的电场总是尖端最强.。这就是为什么闪电总是击中一根棒的尖端，同样的原因，电子在也在针尖上留下一个尖。”

极尖的针，可以用现代纳米技术来制备。他们的尖端只有几纳米宽，所以在这一点上发射的电子具有很高的精度。除此之外，重要的是要控制电子发射的时间点。

使用一种新的方法能够使这种对时间的控制成为可能：“两个不同的激光脉冲在金属尖端发射，” Florian Libisch（TU Wien）解释说。这两个激光器的颜色是经过选择的，使得一个激光器的光子是另一个激光光子能量的两倍.。同时，确保光波振荡的精确同步性也很重要。

随着计算机模拟的帮助，TU Wien的团队能够预测，两激光脉冲之间的时间的短暂延迟可以作为一个“电子开关”。这一预测已经在FAU erlangen-nü纽伦堡Peter Hommelhoff教授的研究组进行的实验证实。基于这些实验，现在可以详细了解这个过程.。

吸收光子

当激光脉冲被发射到金属尖端时，它的电场可以将电子从金属中剥离出来--这是一个众所周知的现象.。新的想法是，两个不同的激光的组合，可以用来在飞秒时间尺度上的控制电子的发射。

电子能获得足够的能量来离开金属尖端，有不同的方式：它可以从高能激光或四个光子中吸收两个光子.。这两种机制导致了同样的结果。”就像在双缝实验中的粒子，在同一时间选择两个不同的路径，电子可以同时参加两个不同的过程。” Joachim Burgdörfer（TU Wien）教授说。“自然不必选择这两种可能性之一——-两者都同样真实，相互干扰.”

通过仔细调整这两个激光器，可以控制这两个量子物理过程是否相互放大，从而导致电子的增加，或者是否相互抵消，这就意味着几乎没有任何电子被发射出去.。这是一种简单有效的控制电子发射的方法.。

这项新技术不仅是一种进行高能电子实验的新方法，它也打开了控制X射线产生的大门。“创新的X射线源已经能够通过使用作为电子源的窄金属尖端阵列来创造。”Lemell说。“用我们的新方法，这些纳米尖端可以触发完全正确的方式，产生相干X射线辐射。” 
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