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Tech News & New Tech（技术前沿）

New synchrotron powder diffraction facility for long running experiments

Synchrotron beamlines and their instruments are built to harness the photon beam power of synchrotron radiation (SR), which has special properties - ideally suited to providing detailed and accurate structural information that is difficult to obtain from conventional sources. The common modus operandi for such facilities is that users are allocated a short duration of beamtime, typically a few hours to a few days, in which to perform their experiments. 
With technological advances in instrumentation, detection, computing power, automation and remote access, SR facilities are developing new modes of access, designed to increase speed, efficiency and throughput of user experiments, such as on the macromolecular beamlines at Stanford Synchrotron Radiation Light Source in the US and at the Diamond Light Source in the UK.
However, there are a class of experiments that are increasingly excluded by these developments, which nevertheless could greatly benefit from the application of SR. For example, some materials undergo very slow transforming reactions, while others take time to exhibit the effects of curing, ageing or repeated use. These processes can be subtle or take weeks to months or even years to either show gross manifestation or run to completion.
At present off-line processing with before and after SR measurements is the norm, but valuable structural information on growth, change and intermediate phases can be missed or indeed lost. There is therefore a clear need for a facility that allows slow processes to be studied.
In a recently published paper scientists report on a new purpose built LDE facility, which has been designed to address the needs of a wide and diverse range of scientific investigations. The new facility takes the form of an additional specially constructed end-station to the existing ultra-high-resolution and time-resolved powder diffraction beamline (I11) at Diamond. The new end-station is dedicated to hosting up to 20 long-term experiments (weeks to years), all running in parallel.
To demonstrate the effectiveness of this new facility, commissioning results from two contrasting science cases are presented. In the first, the slow in situ precipitation of the hydrated magnesium sulfate mineral meridianiite from an aqueous solution was followed. The hydrated phase is believed to be widespread on the surface of Mars and was formed inside a specifically designed low-temperature cell. In the second study, the long term stability of the metal-organic framework material NOTT-300 was investigated. This is a potential supramolecular material for greenhouse gas capture. Initial results show that the facility is capable of detecting phase evolution and detailed structural changes and is well suited for many applied systems and functional materials of interest. The emergence of new science from ongoing experiments is expected soon. 
用于长时间运行实验的新同步加速器粉末衍射设备

同步加速器束线及其仪器是为了利用具有特殊性质的同步加速器辐射（SR）的光子束功率，非常适合提供难以从常规光源获得的详细而准确的结构信息。这种设施的常用操作方式是用户分配短时间的波束时间，通常在几个小时到几天内进行实验。

随着仪器仪表，检测，计算能力，自动化和远程访问技术的进步，SR设备正在开发新的访问模式，旨在提高用户实验的速度，效率和吞吐量，如美国斯坦福同步辐射光源的大分子束线和英国的钻石光源。

然而，有些类型的实验越来越被这些发展所排除，然而这些实验可以从SR的应用中受益匪浅。例如，一些材料经历非常缓慢的转化反应，而另一些材料需要时间来展现固化，老化或重复使用的作用。这些过程可能是微妙的或需要几周到几个月甚至几年才能显示出严重的表现或完成。

目前在SR测量前后的离线处理是规范，但是关于增长，变化和中间阶段的有价值的结构信息可能被遗漏或确实丢失。因此，显然需要一种允许研究缓慢过程的设施。

在最近发表的一篇论文中，科学家报告了一个新的专门设计的LDE设施，旨在满足广泛和多样化的科学调查需求。新设施采用了一种额外的专门设计的终点站，用于现有的超高分辨率和时间分辨粉末衍射光束线（I11）。新的终端站致力于主持多达20个长期实验（数周至数年），所有这些都是并行运行的。

为了证明这个新设施的有效性，提出了两个对比科学案例的调试结果。首先，从水溶液中缓慢的原位沉淀出水合硫酸镁矿物经络石。认为水合相在火星表面广泛存在，并形成在专门设计的低温电池内。在第二项研究中，研究了金属 - 有机骨架材料NOTT-300的长期稳定性。这是用于温室气体捕获的潜在超分子材料。 初步结果表明，该设备能够检测相位演变和详细的结构变化，非常适合许多应用系统和感兴趣的功能材料。 预期即将推出的正在进行的实验中出现的新科学。

Green light for next-generation dark matter detector

Construction will begin on a next-generation dark matter detector with the UK taking a leading role and providing vital hardware for the project. 
The LUX-ZEPLIN (LZ) experiment, which will be built nearly a mile underground at the Sanford Underground Research Facility (SURF) in Lead, South Dakota, is considered one of the best options yet to determine whether theorized dark matter particles known as WIMPs (weakly interacting massive particles) actually exist.
A significant milestone has now been reached with officials from the United States Department of Energy formally approving the final design last week, allowing construction to begin and propelling the project toward its April 2020 completion goal.
The LZ collaboration now has about 220 participating scientists and engineers who represent 38 institutions around the globe – with UK scientists, supported by the Science and Technology Facilities Council, representing about a quarter of the collaboration.
Henrique Araújo, from Imperial College London, said: "We are looking forward to seeing everything come together after a long period of design and planning."
The nature of dark matter, which physicists describe as the invisible component or 'missing mass' in the universe, has eluded scientists since its existence was deduced by Swiss astronomer Fritz Zwicky in 1933. The quest to find out what dark matter is made of, or whether it can be explained by tweaking the known laws of physics, is considered one of the most pressing questions in particle physics.
LZ will be at least 50 times more sensitive to finding signals from dark matter particles than its predecessor, the Large Underground Xenon experiment (LUX). The new experiment will use 10 metric tons of ultra-purified liquid xenon, to tease out possible dark matter signals. Xenon, in its gas form, is one of the rarest elements in Earth's atmosphere.
The fast-moving schedule for LZ will help it stay competitive with similar international dark matter detection experiments, the XENON1T experiment at Italy's Gran Sasso National Laboratory and China's PandaX-II. Both of these projects have a similar schedule and scale to LZ, though LZ participants are aiming to achieve a higher sensitivity to dark matter than the other contenders.
"The science is highly compelling, so it's being pursued by physicists all over the world," said Carter Hall, the spokesperson for the LZ collaboration and an associate professor of physics at the University of Maryland. "It's a friendly and healthy competition, with a major discovery possibly at stake."
LZ is designed so that if a dark matter particle collides with a xenon atom, it will produce a prompt flash of light. The light pulses are picked up by a series of about 500 light-amplifying tubes lining the massive tank, over four times more than were installed in LUX, which will carry the telltale fingerprint of the particles that created them.
UK scientists are contributing hardware for most subsystems and the vessels that will surround the liquid xenon are also the responsibility of the UK participants. They will be built with the world's most ultra-pure titanium to reduce background noise. 
用于下一代暗物质探测器的绿灯
英国的下一代暗物质探测器将开始施工，英国将为该项目提供重要的硬件。

将在南达科他州的铅矿桑普福德地下研究设施（SURF）将近一英里地下建造的LUX-ZEPLIN（LZ）实验被认为是尚未确定是否真实存在的称为WIMP的理论暗物质颗粒的最佳选择之一 （弱相互作用的大粒子）。

美国能源部官员在上周正式批准了最终设计方面已经达成了一个重要的里程碑，允许施工开始并推动该项目到2020年4月的完成目标。

LZ合作现在拥有来自全球38个机构的约220名参与科学家和工程师，由科技设备委员会支持的英国科学家，占合作的四分之一。

伦敦帝国理工学院的亨利克·阿劳乔（HenriqueAraújo）表示：“我们期待在长时间的设计和规划之后，看到所有的东西都聚在一起。”

物理学家描述为宇宙中看不见的组成部分或“失踪物质”的黑暗物质的性质已经使科学家们失望了，因为它的存在是由瑞士天文学家弗里茨·齐维克（Fritz Zwicky）在1933年推断出来的。寻找暗物质是由什么组成的， 或者是否可以通过调整已知的物理定律来解释，被认为是粒子物理学中最迫切的问题之一。

LZ将比其前身大型地下氙气实验（LUX）对寻找暗物质信号的敏感度至少高50倍。新实验将使用10公吨超纯液体氙，以剔除可能的暗物质信号。氙气是气态的，是地球大气中最稀有的元素之一。

LZ的快速移动计划将有助于它与国际相似的物质检测实验，意大利Gran Sasso国家实验室的XENON1T实验室和中国的熊猫X-II保持竞争力。这两个项目都有与LZ类似的时间表和规模，尽管LZ参与者的目标是要比其他竞争者更高的对暗物质的敏感度。

马里兰大学的LZ合作发言人兼物理学教授卡特•霍尔（Carter Hall）表示：“科学是非常引人注目的，所以正在由世界各地的物理学家追求。这是一个友好和健康的竞争，一个重大的发现可能是危险的。”

LZ的设计使得如果暗物质颗粒与氙原子碰撞，则会产生快速闪光。光脉冲由一系列约500个位于大块水箱的光放大管拾取，是安装在LUX上的四倍以上，这将携带创建它们的颗粒的指示图。

英国科学家为大多数子系统提供硬件，围绕液体氙气的船只也是英国参与者的责任。它们将采用世界上最超纯钛制成，以减少背景噪音。
Miniaturized robots can be propelled through biological fluids by an enzymatic reaction or ultrasound

Nanorobots and other mini-vehicles might be able to perform important services in medicine one day – for example, by conducting remotely-controlled operations or transporting pharmaceutical agents to a desired location in the body. However, to date it has been hard to steer such micro- and nanoswimmers accurately through biological fluids such as blood, synovial fluid or the inside of the eyeball. Researchers at the Max Planck Institute for Intelligent Systems in Stuttgart are now presenting two new approaches for constructing propulsion systems for tiny floating bodies. In the case of one motor, the propulsion is generated by bubbles which are caused to oscillate by ultrasound. With the other, a current caused by the product of an enzymatic reaction propels a nanoswimmer. 
Jet aircraft have led the way. They burn fuel, eject the combustion products in one direction and as a result move in the opposite direction. Researchers at the Max Planck Institute for Intelligent Systems in Stuttgart do it in a very similar way - albeit on a much smaller scale. Their underwater-nanorobot is a single-walled nanotube made of silicon dioxide, a mere 220 nanometres (billionths of a metre) in diameter. A particle of that nature would not normally be able to propel itself in fluids. The scientists therefore coated either only the inner or the inner as well as the outer surface or of the nanotube with the enzyme urease which breaks down urea into ammonia and carbon dioxide.
If a nanotube prepared in this way is introduced into a fluid containing urea, this urea is broken down at the urease-coated internal wall. The reaction products generate a current in the fluid which propels them out of the tube like a jet. As such a nanoswimmer either is thinner at one end than at the other or the the urea is not distributed homogeniously over its surface, this results in a thrust, so that the micro-swimmer experiences propulsion in the opposite direction – as in a jet aeroplane. The nanojets reached speeds of 10 micrometres per second, i.e. almost four centimetres per hour.
The smallest jet engine in the world
Admittedly, coating a nanorobot to achieve a chemical drive is by no means new. However, the tube now presented, with its 220 nanometre opening, represents the smallest jet propulsion system so far constructed in the world. "Our previous record, which is still in the Guinness Book of Records, was around three-times bigger", explains Samual Sanchez who leads the Smart NanoBioDevices Group at the Max Planck Institute for Intelligent Systems in Stuttgart and at the same time holds a professorship at the Institute for Bioengineering of Catalonia in Barcelona.
And there is another new aspect of the nanojet which scientists from the Harbin Institute of Technology in Shenzhen in China also helped to develop: for the first time, all the materials and reaction partners used are fully biocompatible. "Previous chemical drives of this kind were usually based on a metallic catalyst at the surface of which hydrogen peroxide was broken down into hydrogen and oxygen molecules", says Sanchez. Oxygen bubbles are created in the process, which creates a thrust in the opposite direction. Both the hydrogen peroxide and the gas bubbles would have disadvantages if used in the human body. But this is not the case with the urease-coated version with its water-soluble – and therefore bubble-free – reaction products. "Urease occurs anyway in the human organism", Sanchez explains.
The researchers now want to test the biocompatibility more precisely – and in the process examine whether they can succeed in implanting such micro-tubes into individual cells. "That would be necessary, of course, in order to bring drug molecules to their destination, for example", says Sanchez.
Oscillating bubbles provide thrust
While gas bubbles were still unwanted in the approach specified, they form the very centrepiece of a entirely new principle of propulsion for minirobos, which colleagues at the Institute in the Micro, Nano and Molecular Systems Group led by Peer Fischer propose. However, here the gas bubbles are not bubbling freely through the fluid and therefore cannot damage the organism. Rather, the researchers enclose the micro-bubbles in small cylindrical chambers along a plastic strip. To provide the drive, therefore, the gas bubbles expand and contract cyclically because ultrasound causes them to oscillate. As the pulsating bubbles are in chambers open on one side, they only expand through this opening. In the process, they exert a force on the opposite wall of the chamber which propels the plastic strip. In order to achieve propulsion worth mentioning, the researchers arranged several chambers with air bubbles in parallel on their polymer strip.
A notable aspect: the sound wave frequency required to cause them to oscillate depends on the size of the tiny bubbles. The bigger the bubbles, the smaller the corresponding resonant frequency. The researchers used this connection to cause their swimmer to rotate alternately clockwise and anti-clockwise. To do so, they placed bubbles of different sizes on the two halves of the four, long cuboid faces divided lengthwise. Two different sound frequencies were then used in a liquid to each cause all the bubbles of one size to oscillate. In this way, the scientists generated thrusts exclusively on one-half of the cuboid face which caused it to rotate on its own axis. This small acoustically driven rotation motor with longitudinal areas each five square millimetres in size achieved up to a thousand rotations per minute in the process.
One possibility for steering mini-swimmers
"The variation in the size of the bubbles thereby enables a mini-swimmer to deliberately steer in different directions", says Tian Qiu, who also conducts research at the Max Planck Institute in Stuttgart and played an appreciable role in the study. According to Qiu, a further benefit of the new principle of propulsion is that even swimmers with a complicated geometric structure can be coated with the wafer-thin strips together with chambers for the bubbles. He goes on to explain that the use of ultrasound is also suited to optically impenetrable media such as blood. Light waves, which are also a potential control instrument for micro-drives, can achieve nothing in this case. The researchers now want to use tests in real biological media to check whether the new drive principle is also able to make the most of its advantages in practice. 
小型化机器人可以通过生物流体通过酶反应或超声波来推进
纳米化机器人和其他小型车辆可能能够在医疗中执行重要的服务，例如通过进行远程控制的操作或将药剂运送到身体所需的位置。然而，迄今为止，很难通过诸如血液，滑液或眼球内部的生物流体准确地引导这些微纳米微粒和纳米微粒。斯图加特马克斯普朗克智能系统研究所的研究人员现在提出了构建微型浮体推进系统的两种新方法。 在一个电动机的情况下，推动由通过超声波振荡的气泡产生。另一方面，由酶反应产物引起的电流推动纳米微粒。
喷气飞机已经领先。它们燃烧燃料，将燃烧产物沿一个方向喷射，结果沿相反方向移动。斯图加特马克斯普朗克智能系统研究所的研究人员以非常相似的方式做到这一点 - 尽管规模要小得多。他们的水下纳米机器是由二氧化硅制成的单壁纳米管，直径仅为220纳米（十亿分之一米）。这种性质的颗粒通常不能在液体中推动自身。因此，科学家们只用内部或内部以及外表面或纳米管涂覆尿素酶，尿素分解成氨和二氧化碳。

如果以这种方式制备的纳米管被引入含有尿素的流体中，则尿素在脲酶包被的内壁处被分解。反应产物在流体中产生电流，将其从射流中推出管。因为这样的纳米微粒不是在一端比另一端更薄，就是尿素在其表面上并不均匀地分布，这导致推力，使得微型游泳者在相反方向上经历推进 - 如在喷气式飞机。纳米喷嘴达到每秒10微米的速度，即每小时近四厘米。

世界上最小的喷气发动机

诚然，涂覆纳米机器以实现化学驱动并不是新的。然而，现在呈现的管子，其220纳米开口代表了迄今为止在世界上建造的最小的喷气推进系统。斯图加特马克斯普朗克智能系统研究所的Smart NanoBioDevices Group负责人Samual Sanchez解释说：“我们以前的吉尼斯世界纪录是差不多多三倍。” Samual Sanchez同时在巴塞罗那加泰罗尼亚生物工程研究所担任教授。

纳米技术还有另外一个新的特点，在中国深圳的哈尔滨工业大学的科学家也有助于发展：所有的材料和反应伙伴都是第一次使用完全生物相容性。Sanchez说：“以前的这种化学驱动通常是基于一个金属催化剂，其表面的过氧化氢被分解成氢和氧分子。在该过程中产生氧气泡，这在相反的方向产生推力。如果在人体内使用过氧化氢和气泡都会有缺点。但是，尿素酶涂层版本与其水溶性 - 因此无气泡反应产物并非如此。 Sanchez解释说：“人体生物反而出现尿素酶。”

研究人员现在想要更精确地测试生物相容性，并在此过程中检查它们是否可以成功地将这种微管植入到单个细胞中。“这是必要的，当然，例如为了把药物分子到目的地。”桑切斯说。

振荡气泡提供推力

虽然在规定的方法中气泡仍然是不需要的，但它们构成了一个全新的微型推进原理的核心，微型、纳米和分子系统集团研究所的同事们由Peer Fischer提出。然而，这里气泡不会自由地通过流体，因此不会损坏生物体。相反，研究人员沿着塑料条将微气泡包围在小圆柱形腔室中。因此，为了提供驱动，气泡由于超声使它们振荡而周期性地膨胀和收缩。当脉动气泡在一侧打开时，它们只能通过该开口扩张。在这个过程中，它们在推动塑料条的腔室的相对壁上施加力。为了实现推动力，研究人员在其聚合物条上平行布置了几个具有气泡的室。

一个显着的方面：使它们振荡所需的声波频率取决于微小气泡的大小。气泡越大，相应的共振频率越小。 研究人员使用这种连接方式使游泳者顺时针和逆时针方向交替旋转。为了做到这一点，他们把不同大小的气泡放在四个长长方体面的两半上，长度分开。然后在液体中使用两种不同的声音频率，每种声音频率使得一个大小的所有气泡振荡。以这种方式，科学家们就专门在长方体的一半上产生了推力，使它在自己的轴上旋转。该小型声学驱动旋转电机的纵向面积每平方毫米，在此过程中每分钟达到一千转。

转向迷你游泳者的一种可能性

 “气泡尺寸的变化使小游泳者能够故意转向不同方向”，邱天说。他也在斯图加特马克斯普朗克研究所进行研究，并在研究中发挥了重要作用。据邱先生介绍，新推进原理的另一个好处是，即使具有复杂几何结构的游泳者也可以将晶圆薄条与气泡一起涂覆。他继续解释，超声波的使用也适用于光学上不可渗透的介质如血液。在这种情况下，光波也是微型驱动器的潜在控制工具。研究人员现在想在真实的生物媒体中使用测试来检查新的驱动原理是否也能在实践中充分利用其优势。
Researchers apply machine learning to condensed matter physics

A machine learning algorithm designed to teach computers how to recognize photos, speech patterns, and hand-written digits has now been applied to a vastly different set of data: identifying phase transitions between states of matter. 
This new research, published today in Nature Physics by two Perimeter Institute researchers, was built on a simple question: could industry-standard machine learning algorithms help fuel physics research? To find out, former Perimeter Institute postdoctoral fellow Juan Cassasquilla and Roger Melko, an Associate Faculty member at Perimeter and Associate Professor at the University of Waterloo, repurposed Google's TensorFlow, an open-source software library for machine learning, and applied it to a physical system.
Melko says they didn't know what to expect. "I thought it was a long shot," he admits.
Using gigabytes of data representing different state configurations created using simulation software on supercomputers, Carrasquilla and Melko created a large collection of "images" to introduce into the machine learning algorithm (also known as a neural network). The result: the neural network distinguished phases of a simple magnet, and could distinguish an ordered ferromagnetic phase from a disordered high-temperature phase. It could even find the boundary (or phase transition) between phases, says Carrasquilla, who now works at quantum computing company D-Wave Systems.
"Once we saw that they worked, then we knew they were going to be useful for many related problems. All of a sudden, the sky's the limit," Melko says. "Everyone like me who has access to massive amounts of data can try these standard neural networks."
This research, which was originally published as a preprint on the arXiv in May, 2016, shows that applying machine learning to condensed matter and statistical physics could open entirely new opportunities for research and, eventually, real-world application. 
研究人员将机器学习应用于凝聚态物理学
设计用于教授计算机如何识别照片，语音模式和手写数字的机器学习算法现在已经应用于非常不同的数据集：识别物质状态之间的相变。

这个由两位Perimeter Institute研究人员今天发表在“自然物理学”的新研究基于一个简单的问题：行业标准的机器学习算法可以帮助物理学研究？为了找出原因，前Perimeter研究所的博士后研究员Juan Cassasquilla和Roger Melko，滑铁卢大学外围副教授和副教授，重新使用了Google的TensorFlow，这是用于机器学习的开源软件库，并将其应用于物理系统。

梅尔科说，他们不知道该怎么做。“我以为这是一个很长的镜头，”他承认。

Carrasquilla和Melko使用千兆字节数据代表使用超级计算机上的模拟软件创建的不同状态配置，创建了大量的“图像”集合来引入机器学习算法（也称为神经网络）。结果：神经网络区分了简单磁体的相位，并且可以区分有序铁磁相与无序高温相。Carrasquilla说，甚至可以在相位之间找到边界（或相变），他现在在量子计算公司D-Wave Systems工作。

 “一旦我们看到他们工作，那么我们知道他们将会对许多相关的问题有用，突然之间，天空是极限，”梅尔科说。“像我这样可以获得大量数据的人都可以尝试这些标准的神经网络。”

这项研究最初作为2016年5月的arXiv发行的预印本，表明将机器学习应用于凝聚态物质和统计物理学可以为研究和最终实际应用开辟全新的机会。
Metal Alloy（金属合金）

New study of ferroelectrics offers roadmap to multivalued logic for neuromorphic computing
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A team of researchers from Argonne, the Lille University of Science and Technology and the University of Picardie Jules Verne have laid out a theoretical map to use ferroelectric material (a class of materials whose polarization can be controlled …more

Research published Wednesday, in Nature Scientific Reports lays out a theoretical map to use ferroelectric material to process information using multivalued logic - a leap beyond the simple ones and zeroes that make up our current computing systems that could let us process information much more efficiently. 
The language of computers is written in just two symbols—ones and zeroes, meaning yes or no. But a world of richer possibilities awaits us if we could expand to three or more values, so that the same physical switch could encode much more information.
"Most importantly, this novel logic unit will enable information processing using not only "yes" and "no", but also "either yes or no" or "maybe" operations," said Valerii Vinokur, a materials scientist and Distinguished Fellow at the U.S. Department of Energy's Argonne National Laboratory and the corresponding author on the paper, along with Laurent Baudry with the Lille University of Science and Technology and Igor Lukyanchuk with the University of Picardie Jules Verne.
This is the way our brains operate, and they're something on the order of a million times more efficient than the best computers we've ever managed to build—while consuming orders of magnitude less energy.
"Our brains process so much more information, but if our synapses were built like our current computers are, the brain would not just boil but evaporate from the energy they use," Vinokur said.
While the advantages of this type of computing, called multivalued logic, have long been known, the problem is that we haven't discovered a material system that could implement it. Right now, transistors can only operate as "on" or "off," so this new system would have to find a new way to consistently maintain more states—as well as be easy to read and write and, ideally, to work at room temperature.
Hence Vinokur and the team's interest in ferroelectrics, a class of materials whose polarization can be controlled with electric fields. As ferroelectrics physically change shape when the polarization changes, they're very useful in sensors and other devices, such as medical ultrasound machines. Scientists are very interested in tapping these properties for computer memory and other applications; but the theory behind their behavior is very much still emerging.
The new paper lays out a recipe by which we could tap the properties of very thin films of a particular class of ferroelectric material called perovskites.
According to the calculations, perovskite films could hold two, three, or even four polarization positions that are energetically stable—"so they could 'click' into place, and thus provide a stable platform for encoding information," Vinokur said.
The team calculated these stable configurations and how to manipulate the polarization to move it between stable positions using electric fields, Vinokur said.
"When we realize this in a device, it will enormously increase the efficiency of memory units and processors," Vinokur said. "This offers a significant step towards realization of so-called neuromorphic computing, which strives to model the human brain."
Vinokur said the team is working with experimentalists to apply the principles to create a working system.
The study, titled "Ferroelectric symmetry-protected multibit memory cell," was published February 8. 
铁电的新研究为神经元计算的多值逻辑提供了路线图
[image: image2.jpg]



来自阿尔贡，里尔科技大学和皮卡第儒勒·凡尔纳大学的研究人员组成了一个使用铁电材料（一类可以控制极化的材料）的理论图。
 “自然科学报告”周三发表的研究显示了使用铁电材料使用多值逻辑处理信息的理论图，这是超越简单和零的组合我们目前的计算系统，可以让我们更有效地处理信息的过程。

计算机的语言只写入两个符号 - 1和0，意味着是或否。但是，如果我们可以扩展到三个或更多的值，那么一个更丰富的可能性的世界将等待着我们，所以相同的物理切换可以编码更多的信息。

“最重要的是，这个新颖的逻辑单元将使信息处理不仅使用“是”和“否”，而且还可以使用“是”或“否”或“可能”的操作，”材料科学家和杰出研究员Valerii Vinokur说。他是美国能源部的阿贡国家实验室的杰出研究员和论文的联合作者，该论文的作者有里昂科技大学的Laurent Baudry和皮埃尔·朱尔斯·凡尔纳大学的Igor Lukyanchuk。

这是我们大脑运作的方式，而且它们比我们以前设法制造的最好的电脑更有效率高出百万倍，同时消耗更少数量级的能源。

 “我们的大脑处理更多的信息，但如果我们的突触像我们目前的电脑一样构建，大脑不会只是沸腾，而是从他们使用的能量中蒸发出来，”Vinokur说。

虽然这种称为多值逻辑的这种计算的优点早已被人们所知道，但问题是我们还没有发现可以实现它的物质系统。现在，晶体管只能作为“开”或“关”，所以这个新系统必须找到一种持续保持更多状态的新方式，并且易于阅读和写入，理想情况下，在室内温度工作。

因此，Vinokur和球队对铁电的兴趣，一类可以用电场控制极化的材料。由于铁电体在极化变化时物理变化，因此在传感器和其他器械（如医用超声波机器）中非常有用。科学家们非常有兴趣将这些属性用于计算机内存和其他应用程序; 但他们的行为背后的理论依然存在。

新的文章阐述了一个方法，我们可以利用一种称为钙钛矿的特定类型的铁电材料的非常薄的薄膜的特性。

根据计算，钙钛矿薄膜可以保持两个，三个甚至四个极化位置，这些极化位置在能量上是稳定的 - “所以他们可以‘点击’到位，从而为编码信息提供了一个稳定的平台，”Vinokur说。

该团队计算出这些稳定的配置，以及如何操纵极化，以便在使用电场的稳定位置之间移动它，Vinokur说。

Vinokur表示：“当我们在设备中意识到这一点时，会极大地提高内存单元和处理器的效率。这为实现所谓的神经形态计算提供了重要的一步，它力求对人类大脑进行建模。”

Vinokur表示，该团队正在与实验家合作，运用原则来创建一个工作系统。
题为“铁电对称保护的多位记忆体”的研究于2月8日出版。
Researchers discover method to replicate nature's ability to reflect light to develop innovative materials

Researchers from the University of Surrey have developed an innovative new technique to mimic one of nature's greatest achievements – natural structural colour. 
Following in depth research to explain the physics behind photonic band gap in structured photonic materials, a new method has been devised to characterise the internal structures of natural materials and replicate their interaction with light using 3-D printing of ceramics. The internal structure of materials and their local-self uniformity dictates their ability to diffuse absorb, reflect and transmit light.
During this study researchers found a direct relationship between the uniformity of the internal structure (at wavelength scales) and its ability to block certain wavelengths in natural materials. Armed with this knowledge researchers developed a new mathematical metric to measure which photonic structures best control the propagation of light enabling the design of new materials with different functionalities dependant on need.
Testing the theory, researchers developed the first ever amorphous gyroid (triamond) structure with band gaps, which is similar to the structuring found in some butterfly wings, via a 3-D ceramic printer. Similarly to structures found in nature these structures can reflect and absorb light, sound and heat wave lengths leading the way for the creation of heat-rejecting window films and paints to improve the energy efficiency of buildings and vehicles.
Lead author Dr Marian Florescu from the University of Surrey said: "It is truly amazing that what we thought was an artificial design could naturally be present in nature.
"This discovery will impact how we design materials in the future to manipulate their interaction with light, heat and sound."
This study has today been published in Nature Communications. 
研究人员发现了复制自然光反射光以开发创新材料的方法
萨里大学的研究人员开发了一种创新的新技术，以模仿自然界最伟大的成就之一 - 天然结构色彩。

深入研究结构光子材料中光子带隙背后的物理学，已经设计出一种新方法来表征天然材料的内部结构，并利用陶瓷的3-D印刷复制其与光的相互作用。材料的内部结构及其局部自身均匀性决定了其扩散吸收，反射和透射光的能力。

在这项研究中，研究人员发现内部结构的均匀性（波长尺度）与其阻挡天然材料中某些波长的能力之间存在直接关系。有了这些知识，研究人员开发了一种新的数学度量来测量哪些光子结构最好地控制光的传播，从而能够根据需要设计具有不同功能的新材料。

通过三维陶瓷打印机的研究，研究人员开发了具有带隙的第一个无定形旋转（三菱形）结构，与一些蝴蝶翅膀中的结构类似。类似于在自然界中发现的结构，这些结构可以反射和吸收光，声和热波长，从而为创建耐热性窗膜和油漆提供了方便，以提高建筑物和车辆的能量效率。

来自萨里大学的主要作者Marian Florescu博士说：“我们认为人造设计本质上是自然而然的，这真的是惊人的。

 “这个发现将影响我们今后如何设计材料来操纵他们与光，热和声音的相互作用。”

这项研究今天已发表在自然传播。
Composite Materials（复合材料）

Designing new materials from 'small' data

Finding new functional materials is always tricky. But searching for very specific properties among a relatively small family of known materials is even more difficult. 
But a team from Northwestern Engineering and Los Alamos National Laboratory found a workaround. The group developed a novel workflow combining machine learning and density functional theory calculations to create design guidelines for new materials that exhibit useful electronic properties, such as ferroelectricity and piezoelectricity.
Few layered materials have these qualities in certain geometries—crucial for developing solutions to electronics, communication, and energy problems—meaning there was very little data from which to formulate the guidelines using traditional research approaches.
"When others look for new materials, typically they look in places where they have a lot of data from similar materials. It's not necessarily easy by any means, but we do know how to distill information from large datasets," said James M. Rondinelli, assistant professor of materials science and engineering in the McCormick School of Engineering. "When you don't have a lot of information, learning from the data becomes a difficult problem."
The research is described in the paper "Learning from data to design functional materials without inversion symmetry," appearing in the Feb. 17, 2017, issue of Nature Communications. Prasanna Balachandran of Los Alamos National Lab in New Mexico is the paper's coauthor. Joshua Young, a former graduate student in Rondinelli's lab, and Turab Lookman, a senior researcher at Los Alamos, also contributed.
Supported by funding from the National Science Foundation and the Laboratory Directed Research and Development Program through Los Alamos, Rondinelli's group focused on a class of two-dimensional complex oxides—or Ruddlesden-Popper oxides. These materials exhibit many technology-enabling properties, such as ferroelectricity and piezoelectricity, and can be interfaced with traditional semiconductor materials found in today's electronic devices.
"In this family, the data set is puny. Currently, there are only around 10 to 15 materials that are known with the desired properties," Rondinelli said. "This is not much data to work with. Traditionally data science is used for big data problems where there is less of a need for domain knowledge."
"Despite the small data nature of the problem," Balachandran added, "our approach worked because we were able to combine our understanding of these materials (domain knowledge) with the data to inform the machine learning."
Therefore, the group began building a database of known materials and using machine learning, a subfield of computer science that builds algorithms capable of learning from data and then using that learning to make better predictions. "With machine learning, we are able to identify chemical compositions that are likely candidates for the material you want to develop," he said.
Of the more than 3,000 possible materials investigated, the data science approach found more than 200 with promising candidates. Next, the team applied several types of rigorous quantum mechanical calculations. This assessed the atomic structures of the potential materials and checked their stability.
"We wondered: Would the material have the predicted structure? Does it have electric polarization? Can it be made in a laboratory?" Rondinelli added.
This work narrowed the possibilities to 19, which were recommended for immediate experimental synthesis. Yet there are likely many more possibilities among the 200 candidates.
Typically, when developing new materials, the number of possibilities is too large to explore and develop each one. The process of screening potential materials is very expensive, and scientists must be selective in their investments.
"Our work has the potential to help save enormous amounts of time and resources," Balachandran said. "Instead of exploring all possible materials, only those materials that have the potential to be promising will be recommended for experimental investigation." 
从“小”数据设计新材料

寻找新的功能材料总是棘手的。但是在相对较小的已知材料系列中寻找非常具体的性质更加困难。

但是西北工程和洛斯阿拉莫斯国家实验室的一个团队找到了一个解决办法。该小组开发了一种新颖的工作流程，结合机器学习和密度泛函理论计算，为新材料制定了展示有用电子特性（如铁电和压电性能）的设计指南。

几种分层材料在某些几何形状中具有这些质量 - 对于开发电子，通信和能源问题的解决方案至关重要 - 这意味着使用传统研究方法制定指南的数据很少。

“当其他人寻找新材料时，通常他们会看到有相似材料的大量数据的地方，但并不一定容易，但我们知道如何从大型数据集中提取信息，”James M. Rondinelli说，他是麦考密克工程学院材料科学与工程助理教授。 “当你没有很多信息时，从数据中学习就成了一个难题。”

“自然通信”杂志在2017年2月17日刊登的“从数据学到设计功能材料而不具有反转对称性”的文章中进行了研究。新墨西哥州洛斯阿拉莫斯国家实验室的Prasanna Balachandran是本文的共同作者。洛朗西奈实验室的前研究生约书亚•杨（Joshua Young），洛斯阿拉莫斯（Los Alamos）的资深研究员特拉布•查尔曼（Turab Lookman）也作出了贡献。

Rondinelli的团队由国家科学基金会和实验室指导性研究与开发项目的资金支持，通过洛斯阿拉莫斯，集中于一类二维复合氧化物或者Ruddlesden-Popper氧化物。这些材料表现出许多技术性能，如铁电性和压电性，并且可以与当今电子器件中发现的传统半导体材料接口。

Rondinelli说：“在这个家庭中，数据集是有限的。目前，只有大约10到15种已知的材料是所需的属性。 “这不是很有用的数据。传统上，数据科学被用于大数据问题，而对域知识的需求却少了。”

“Balachandran补充道，尽管问题的数据性质很小，”我们的方法却是有效的，因为我们能够将我们对这些材料（领域知识）的理解与数据结合起来，以通知机器学习。“

因此，该小组开始建立已知材料数据库，并使用机器学习，计算机科学的一个子领域，构建能够从数据中学习的算法，然后使用该学习进行更好的预测。 “通过机器学习，我们能够确定可能是您想要开发的材料的候选者的化学成分，”他说。

在调查的3000多种可能材料中，数据科学方法发现有超过200个有前途的候选材料。接下来，该团队应用了几种严格的量子力学计算。这评估了潜在材料的原子结构并检查了它们的稳定性。

“我们想知道：这种材料是否具有预测结构？它是否具有电极化？可以在实验室中制作吗？ Rondinelli补充道。

这项工作缩小了19个可能性，这被推荐用于立即实验综合。然而，200名候选选择中可能有更多的可能性。

通常，在开发新材料时，可能性的数量太大，无法探索和开发每种材料。筛选潜在材料的过程非常昂贵，科学家们必须有选择性的投资。

“我们的工作有帮助节省大量的时间和资源的可能，”Balachandran说。 “而不是探索所有可能的材料，只有那些有希望潜力的材料才能被推荐进行实验调查。”

New mechanical metamaterials can block symmetry of motion, findings suggest

Engineers and scientists at The University of Texas at Austin and the AMOLF institute in the Netherlands have invented the first mechanical metamaterials that easily transfer motion effortlessly in one direction while blocking it in the other, as described in a paper published on Feb. 13 in Nature. The material can be thought of as a mechanical one-way shield that blocks energy from coming in but easily transmits it going out the other side. 
The researchers developed the first nonreciprocal mechanical materials using metamaterials, which are synthetic materials with properties that cannot be found in nature.
Breaking the symmetry of motion may enable greater control on mechanical systems and improved efficiency. These nonreciprocal metamaterials can potentially be used to realize new types of mechanical devices: for example, actuators (components of a machine that are responsible for moving or controlling a mechanism) and other devices that could improve energy absorption, conversion and harvesting, soft robotics and prosthetics.
The researchers' breakthrough lies in the ability to overcome reciprocity, a fundamental principle governing many physical systems, which ensures that we get the same response when we push an arbitrary structure from opposite directions. This principle governs how signals of various forms travel in space and explains why, if we can send a radio or an acoustic signal, we can also receive it. In mechanics, reciprocity implies that motion through an object is transmitted symmetrically: If by pushing on side A we move side B by a certain amount, we can expect the same motion at side A when pushing B.
"The mechanical metamaterials we created provide new elements in the palette that material scientists can use in order to design mechanical structures," said Andrea Alu, a professor in the Cockrell School of Engineering and co-author of the paper. "This can be of extreme interest for applications in which it is desirable to break the natural symmetry with which the displacement of molecules travels in the microstructure of a material."
During the past couple of years, Alu, along with Cockrell School research scientist Dimitrios Sounas and other members of their research team, have made exciting breakthroughs in the area of nonreciprocal devices for electromagnetics and acoustics, including the realization of first-of-their-kind nonreciprocal devices for sound, radio waves and light. While visiting the institute AMOLF in the Netherlands, they started a fruitful collaboration with Corentin Coulais, an AMOLF researcher, who recently has been developing mechanical metamaterials. Their close interaction led to this breakthrough.
The researchers first created a rubber-made, centimeter-scale metamaterial with a specifically tailored fishbone skeleton design. They tailored its design to meet the main conditions to break reciprocity, namely asymmetry and a response that is not linearly proportional to the exerted force.
"This structure provided us inspiration for the design of a second metamaterial, with unusually strong nonreciprocal properties," Coulais said. "By substituting the simple geometrical elements of the fishbone metamaterial with a more intricate architecture made of connected squares and diamonds, we found that we can break very strongly the conditions for reciprocity, and we can achieve a very large nonreciprocal response."
The material's structure is a lattice of squares and diamonds that is completely homogeneous throughout the sample, like an ordinary material. However, each unit of the lattice is slightly tilted in a certain way, and this subtle difference dramatically controls the way the metamaterial responds to external stimuli.
"The metamaterial as a whole reacts asymmetrically, with one very rigid side and one very soft side," Sounas said. "The relation between the unit asymmetry and the soft side location can be predicted by a very generic mathematical framework called topology. Here, when the architectural units lean left, the right side of the metamaterial will be very soft, and vice-versa."
When the researchers apply a force on the soft side of the metamaterial, it easily induces rotations of the squares and diamonds within the structure, but only in the near vicinity of the pressure point, and the effect on the other side is small. Conversely, when they apply the same force on the rigid side, the motion propagates and is amplified throughout the material, with a large effect at the other side. As a result, pushing from the left or from the right results in very different responses, yielding a large nonreciprocity even for small applied forces.
The team is looking forward to leveraging these topological mechanical metamaterials for various applications, optimizing them, and carving devices out of them for applications in soft robotics, prosthetics and energy harvesting. 
研究结果表明，新的机械超材料可以阻止运动的对称性

德克萨斯大学奥斯丁分校的工程师和科学家以及荷兰的AMOLF研究所发明了第一种机械超材料，可轻松地在一个方向上转移动作，同时阻止另一方面的移动，如“自然”杂志2月13日发表的论文所述。该材料可以被认为是一种机械单向屏蔽，阻止能量进入，但容易将其传出另一侧。

研究人员开发了使用超材料的第一种非互易机械材料，这些材料是具有自然界无法找到的性质的合成材料。

打破运动的对称性可以实现对机械系统的更大控制和提高效率。这些不可逆的超材料可以潜在地用于实现新型的机械装置：例如，致动器（负责移动或控制机构的机器的部件）和可以改善能量吸收，转换和收获的软件以及软的机器人和假肢。

研究人员的突破在于克服互惠的能力，这是管理许多物理系统的基本原则，确保当我们从相反的方向推动任意结构时，能得到相同的反应。这个原则决定了各种形式的信号如何在空间中传播，并解释了为什么如果我们可以发送无线电或声音信号，我们也可以接收它的原因。在力学中，互惠意味着通过对象的运动是对称的：如果通过推动侧面A，我们将B侧移动一定量，我们可以在推动B时期望A侧相同的运动。

科雷尔工程学院教授Andrea Alu表示：“我们创造的机械超材料为材料科学家可以用来设计机械结构的调色板提供新的要素。” “这对于应用中可能会破坏分子在材料微观结构中移动的自然对称性而言是非常有意义的。”

在过去几年中，阿鲁与科瑞尔学院的研究科学家迪米特里奥斯•苏纳斯（Dimitrios Sounas）及其研究团队的其他成员一起，在电磁和声学的不可逆设备领域取得了突破性的突破，其中包括实现首个“用于声音，无线电波和光线的非互易设备。在访问荷兰AMOLF研究所期间，他们开始了与最近一直在开发机械超材料的AMOLF研究员Corentin Coulais的卓有成效的合作。他们的紧密互动产生了这一突破。

研究人员首先用专门定制的鱼骨骨架设计制造了一种橡胶制的厘米级超材料。他们量身定制了设计，以满足打破互惠的主要条件，即不对称和与施加力不成线性比例的反应。

Coulais说：“这种结构为我们设计了第二个超材料提供了灵感，具有非常强的不可逆性能。我们发现我们可以非常强烈地打破互惠条件，可以实现非常大的非互惠响应。“通过用连接的正方形和钻石制成的更复杂的建筑物来代替鱼骨超材料的简单几何元素。

材料的结构是正方形和菱形的格子，其在整个样品中是完全均匀的，如普通材料。然而，格子的每个单位都以某种方式稍微倾斜，这种微妙的差异显着地控制了超材料对外部刺激的反应。

Sounas说：“超材料作为一个整体反应不对称，一个非常僵硬的一面和一个非常软的一面。 “单位不对称和软侧位置之间的关系可以通过一个非常通用的数学框架来估计，称为拓扑结构，这里，当建筑单位偏左时，超材料的右侧将非常柔软，反之亦然。

当研究人员在超材料的软侧施加力量时，容易引起结构内的正方形和菱形的旋转，但仅在压力点的附近，并且对另一侧的作用较小。相反，当它们在刚性侧施加相同的力时，运动在整个材料中传播并被放大，在另一侧具有很大的影响。因此，从左侧或右侧推动导致非常不同的响应，即使对于小的应用力也产生大的不可逆性。

该团队期待利用这些拓扑机械超材料用于各种应用，优化它们，并将设备雕刻在软机器人，假肢和能量收集中。
Practical Application（实际应用）

Research opens door to smaller, cheaper, more agile communications tech

Research led by ANU on the use of magnets to steer light has opened the door to new communications systems which could be smaller, cheaper and more agile than fibre optics. 
Group leader Professor Wieslaw Krolikowski from the ANU Research School of Physics and Engineering (RSPE) said the team's breakthrough would be crucial for developing tiny components to process huge amounts of data.
"This technology is also expected to be applicable in sensors, data storage and liquid crystal displays," said Professor Krolikowski.
Today's communication technologies aim to maximise data transmission rates and require the ability to precisely direct information channels. These technologies use electronic components for signal processing such as switching, which is not as fast as light-based technology including fibre optics.
Professor Krolikowski said the team used a magnetic field to stimulate liquid crystals and steer light beams carrying data, which enables an innovative approach to data processing and switching.
"Our discovery could lead to communications technology that could power a new generation of efficient devices such as compact and fast optical switches, routers and modulators," he said.
Co-researcher Dr Vladlen Shvedov from RSPE said the team's innovation, based on liquid crystals with properties modified by light, promised a much more agile system than fibre optics.
"This touch-free magneto-optical system is so flexible that you can remotely transfer the tiny optical signal in any desired direction in real time," Dr Shvedov said.
Co-researcher Dr Yana Izdebskaya from RSPE said while the innovation was in the early stages, it was highly promising for future communications technology.
"In the liquid crystal the light creates a temporary channel to guide itself along, called a soliton, which is about one tenth the diameter of a human hair. That's about 25 times thinner than fibre optics," Dr Izdebskaya said.
"Developing efficient strategies to achieve the robust control and steering of solitons is one of the major challenges in light-based technologies."
Dr Izdebskaya said controlling solitons in liquid crystals had only been achieved by applying voltage from inflexible electrodes.
"Such systems have been restricted by the configuration of electrodes in a thin liquid crystal layer. Our new approach doesn't have this limitation and opens a way to full 3-D manipulations of light signals carried by solitons," Dr Izdebskaya said. 
研究为更小、更便宜、更灵活的通信技术奠定基础
由ANU领导的关于使用磁铁引导光的研究开辟了新的通信系统的大门，比光纤更小、更便宜和更灵活。

美国国际物理研究所物理与工程研究学院（RSPE）的集团领导Wieslaw Krolikowski教授表示，该团队的突破对于开发微小组件来处理大量数据至关重要。

Krolikowski教授说：“这项技术预计也适用于传感器，数据存储和液晶显示器。

今天的通信技术旨在最大限度地提高数据传输速率，并要求能够精确地指导信息通道。这些技术使用电子元件进行信号处理，例如开关，其不如包括光纤的基于光的技术那么快。

Krolikowski教授表示，该团队利用磁场刺激液晶并引导携带数据的光束，从而实现数据处理和切换的创新方法。

他说：“我们的发现可能使通信技术可以为新一代高效设备提供支持，如紧凑型和快速的光交换机，路由器和调制器。”

RSPE的联合研究员Vladlen Shvedov博士说，该团队的创新是以光学改性的液晶为基础，承诺比光纤更灵活的系统。

Shvedov博士说：“这种无触摸的磁光系统非常灵活，您可以在任何所需方向上实时远程传输微小的光信号。

RSPE的联合研究员Yana Izdebskaya博士说，虽然创新处于早期阶段，但对未来的通信技术来说，这是非常有希望的。

Izdebskaya博士说：“在液晶中，光线产生一个临时通道，引导自身，被称为孤子，约为人类头发直径的十分之一，比光纤薄约25倍。”

“制定有效的战略来实现孤岛的强大的控制和指导是轻型技术的主要挑战之一。”

Izdebskaya博士表示，仅通过施加来自不灵活电极的电压来实现液晶的控制孤子。

Izdebskaya博士说：“这种系统受到薄液晶层中电极的配置的限制，我们的新方法没有这个限制，并且开辟了一种完整的3-D操纵光信号由孤子携带的方式。”

New method uses heat flow to levitate variety of objects

Although scientists have been able to levitate specific types of material, a pair of UChicago undergraduate physics students helped take the science to a new level. 
Third-year Frankie Fung and fourth-year Mykhaylo Usatyuk led a team of UChicago researchers who demonstrated how to levitate a variety of objects—ceramic and polyethylene spheres, glass bubbles, ice particles, lint strands and thistle seeds—between a warm plate and a cold plate in a vacuum chamber.
"They made lots of intriguing observations that blew my mind," said Cheng Chin, professor of physics, whose ultracold lab in the Gordon Center for Integrative Science was home to the experiments.
In their work, researchers achieved a number of levitation breakthroughs, in terms of duration, orientation and method: The levitation lasted for more than an hour, as opposed to a few minutes; stability was achieved radially and vertically, as opposed to just vertically; and it used a temperature gradient rather than light or a magnetic field. Their findings appeared Jan. 20 in Applied Physics Letters.
"Magnetic levitation only works on magnetic particles, and optical levitation only works on objects that can be polarized by light, but with our first-of-its-kind method, we demonstrate a method to levitate generic objects," said Chin.
In the experiment, the bottom copper plate was kept at room temperature while a stainless steel cylinder filled with liquid nitrogen kept at negative 300 degrees Fahrenheit served as the top plate. The upward flow of heat from the warm to the cold plate kept the particles suspended indefinitely.
"The large temperature gradient leads to a force that balances gravity and results in stable levitation," said Fung, the study's lead author. "We managed to quantify the thermophoretic force and found reasonable agreement with what is predicted by theory. This will allow us to explore the possibilities of levitating different types of objects." (Thermophoresis refers to the movement of particles by means of a temperature gradient.)
"Our increased understanding of the thermophoretic force will help us investigate the interactions and binding affinities between the particles we observed," said Usatyuk, a study co-author. "We are excited about the future research directions we can follow with our system."
The key to obtaining high levitation stability is the geometrical design of the two plates. A proper ratio of their sizes and vertical spacing allows the warm air to flow around and efficiently capture the levitated objects when they drift away from the center. Another sensitivity factor is that the thermal gradient needs to be pointing upward—even a misalignment of one degree will greatly reduce the levitation stability.
"Only within a narrow range of pressure, temperature gradient and plate geometric factors can we reach stable and long levitation," Chin said. "Different particles also require fine adjustment of the parameters."
The apparatus offers a new ground-based platform to investigate the dynamics of astrophysical, chemical and biological systems in a microgravity environment, according to the researchers.
Levitation of macroscopic particles in a vacuum is of particular interest due to its wide applications in space, atmospheric and astro-chemical research. And thermophoresis has been utilized in aerosol thermal precipitators, nuclear reactor safety and the manufacturing of optical fibers through vacuum deposition processes, which apply progressive layers of atoms or molecules during fabrication.
The new method is significant because it offers a new approach to manipulating small objects without contacting or contaminating them, said Thomas Witten, the Homer J. Livingston Professor Emeritus of Physics. "It offers new avenues for mass assembly of tiny parts for micro-electro-mechanical systems, for example, and to measure small forces within such systems.
"Also, it forces us to re-examine how 'driven gases,' such as gases driven by heat flow, can differ from ordinary gases," he added. "Driven gases hold promise to create new forms of interaction between suspended particles."
Levitation of materials in ground-based experiments provides an ideal platform for the study of particle dynamics and interactions in a pristine isolated environment, the paper concluded. Chin's lab is now looking at how to levitate macroscopic substances greater than a centimeter in size, as well as how these objects interact or aggregate in a weightless environment. "There are ample research opportunities to which our talented undergraduate students can contribute," Chin said.
科学家发现新方法，可利用热流悬浮多种物体
尽管科学家已经可以令一些特殊材料浮在空中，芝加哥大学的两位物理专业本科生在这项科技的研究上取得了新进展。

三年级的弗兰基•冯（Frankie Fung）和四年级的米哈伊洛•乌萨迪克（Mykhaylo Usatyuk）带领芝加哥大学的一个研究团队展示了如何让各种物体——陶瓷和聚乙烯球、玻璃泡、冰粒、棉线和蓟籽——在真空室的冷热板之间浮起来。

 “他们做了很多有趣的观察实验，让我十分着迷”物理学院教授金城（Cheng Chin）说道，他在戈登实验中心负责一间用于综合科学研究的超低温实验室，该研究小组的悬浮实验便是在那里完成的。

在实验中，研究人员在悬浮技术上取得了许多重大突破，包括在悬浮时间、悬浮稳定性和悬浮方法上：与以前的几分钟相比，他们使物体的悬浮持续时间超过了一小时；以前的悬浮实验只能保证物体在垂直方向上的稳定性，而此次实验中物体在水平方向和垂直方向上的稳定性均得到了保证；实验中运用了温度梯度场而非光场或磁场。他们的研究成果发表在1月20号的应用物理学杂志上。

 “磁悬浮只能使应用于磁性物体上，而光悬浮只能应用于可以被光极化的物体上，但我们这史无前例的实验中展示了一种可以使一般物体悬浮的方法，”金说道。

在实验中，下层的铜板处于室温状态，而顶层是充满液氮的不锈钢管道，其温度为零下300华氏温度。自下而上、从热板到冷板的热流可使物体一直保持悬浮状态。

 “较大温度梯度场会产生一种力，这种力可以平衡重力故而使物体稳定地悬浮在半空中，”冯说道，他是论文的第一作者。“我们试着量化热泳力，并发现其数值和理论预测的结果在合理误差范围内是一致的。这让我们可以进一步探究悬浮不同物体的可能性”（热泳力指在温度场作用下物体运动受到的力。）

 “对于热泳力的这种有趣的了解可以帮助我们研究所观察物体之间的相互作用，建立相互关联的体系，”论文的合著者乌萨迪克（Usatyuk）说道。“我们很期待沿用这套理论实验体系，未来的研究会怎样发展。”

两个平板的几何设计是获得较高浮动稳定性的关键。平板的尺寸和两板之间的空间应有一个合适的比例，这使得空气可以形成热流，当悬浮的物体偏离中心时，能有效地将其拉回。另一个关键因素是必须保证热梯度场方向垂直向上——即使1°角度的偏差也会大大降低浮动的稳定性。

 “若想保持浮动长时间的稳定性，我们只能在一个很有限的范围内调节压力、温度场和平板几何因子，”金说道。“悬浮不同材质的物体还需要对这些参数进一步微调。”

研究人员表示，这套设备为在微重力系统中研究天体物理学、化学和生物学系统的动力学性能创建了一个新的地面平台。

很多研究者都对宏观物体在真空系统中的悬浮实验非常感兴趣，这项技术可以广泛应用于空间、大气和天体化学领域的研究。热泳也因真空沉降技术而应用于气溶胶热集尘器、核反应堆安全和光导纤维的制造在制造过程中，该技术可以用于原子或分子层的层叠。

这项新的方法意义重大，这为在不接触或不污染研究对象的前提下，操纵微小物体提供了一种新思路，托马斯•威顿（Thomas Witten）说道，他是芝加哥大学霍默•J • 利文斯顿物理学名誉教授。“例如，它为大批组装微电机系统的小零部件提供了新方法，还可以使用上述系统测量微小作用力。”

 “而且，这促使我们再次检测’受驱动的气体’，比如受热流驱动的气体，和普通气体有什么不同，”他补充道。“有希望通过受驱动的气体探究悬浮颗粒间的新的相互作用形式。”

文章的结论表明，地面的材料悬浮实验为在原始的孤立环境条件下研究粒子动力学和粒子相互作用提供了一个理想化的平台。目前用于实验的物体为厘米级的，金带领的实验团队正在研究如何提高悬浮的宏观物体的尺寸，也在研究物体在诗中条件下如何发生相互作用或发生聚集。“我们优秀的本科生有充足的研究资源进行实验，”金说。
Coherence of Raman light arises from disorder

Light propagation in disordered materials is a topic of great interest for the scientific community, with applications in the fields of photonics and renewable energies and the discovery of fascinating new phenomena related to wave physics. 
A team of researchers with different expertise in the fields of optical spectroscopy, photonics and material science has reported on a new physical effect demonstrating the coherent nature of spontaneous Raman-scattered light. The work, recently published in Nature Photonics with the title "Coherent Backscattering of Raman Light," paves the way to the development of a new research field on complex photonics systems exploiting both elastic (Rayleigh) and inelastic (Raman) scattered light.
"A dense forest of ultrathin silicon wires arranged in a disordered fashion, in which light waves bounce back and forth countless times before coming out, is the material that allowed us to reveal this new phenomenon. What we observed as a macroscopic physical effect is the coherence between Raman scattered light waves, which typically occurs on the scale of nanometers, given by the phonon coherence length," says the paper by Barbara Fazio (CNR-IPCF, Messina), Matteo Galli (University of Pavia), Francesco Priolo (University of Catania and CNR-IMM) and Diederik Wiersma (LENS, University of Firenze), who led the study. 
The physical phenomenon is known as coherent backscattering of light, which has long been observed and studied only for elastically scattered light and now is demonstrated also for inelastic light scattering (Raman). Coherent backscattering of light is a very subtle interference effect occurring in disordered scattering media (such as semiconductor powders or micro-particle suspensions like milk or fog), in which wave coherence is preserved even after a very large number of random scattering events, eventually manifesting as a maximum of interference in the exact backscattering direction. The team of researchers demonstrated that this experimental evidence surprisingly survives also for inelastic light scattering, such as the spontaneous Raman process, as long as the optical information of the propagating wave is retained. In this kind of inelastic scattering event, light loses a small part of its energy by changing wavelength (colour). Its phase coherence, however, is preserved for a very short time, thus making interference between Raman scattered waves still possible. 
The observed maximum of interference in the exact backscattering direction is therefore a signature of the coherent nature of individual Raman scattering processes. To date, evidence on the coherence properties of Raman scattering has been reported only by looking at the nanoscopic scale, through complex near-field experiments making use of very sharp tips or through ultra-fast time resolved techniques. This time, however, the researchers did not rely on complex experiments or advanced techniques. The combination of the unique structural properties of a silicon-based nanomaterial, an accurate experimental procedure and, above all, effective brainstorming and synergy between research groups were the only ingredients for the observation of a new unexpected physical phenomenon, which opens the way to new and important discoveries. 
无序介质中拉曼光的相干性实验
光在无序结构材料中的传播是科学界非常感兴趣的一个课题，，它在光电子和可再生能源领域、在探索与波动物理有关的新现象中有大量应用。

一个研究小组宣布发现了一种新的物理效应，该效应表现了自发的拉曼散射光的相干性，这些研究人员是来自光谱学、光电子学和材料科学领域的专家。这份研究最近发表在《自然光子学》杂志上，题名为《拉曼光的相干背散射，这在一个新研究领域的发展上迈进了重要一步，该领域致力于开发同时探索弹性（瑞利）和非弹性（拉曼）散射的复杂光学系统。

 “为了揭示这种全新的物理现象，我们用到的是一簇密集、无序状排列的超薄硅缆，光线在传出光缆前会在其中经历无数次来回反复地反射。我们所观察的宏观物理效应是拉曼散射光的相干性，考虑到光的相干波长为纳米量级，光的干涉通常也在纳米尺度下发生，”论文中写道，这篇论文的作者为芭芭拉·法西奥(Barbara Fazio ，CNR-IPCF, 墨西拿，意大利)，马泰奥·加利（Matteo Galli，帕维亚大学），弗朗西斯科·普利奥罗（Francesco Priolo，卡塔尼亚大学和CNR-IMM）和迪耶德里克·威尔斯曼，他们带领了这项研究。

这种物理现象为光的相干背散射，早有实验对此进行观测，但都是围绕弹性散射光的相干性展开的。现在实验对准了非弹性散射光（拉曼散射光）。光的相干背散射是一种非常微妙的干涉效应，它发生在无序散射介质中（例如半导体粉末或悬浮液微粒，如牛奶或雾），在这些介质中，即使在次数非常多的自由散射后，光的相干性依旧被保留下来，最终恰好在背散射的方向表现出最大的相干性。研究者惊奇地发现只要扩散波中保留了光学性质，这项实验验证也适用于非弹性光散射，例如自发的拉曼过程。在这种非弹性散射中，光在改变波长（颜色）时损失了一小部分能量，但其相位相干性在非常短的一段时间内保留下来，因此在拉曼散射波间发生干涉依旧是可能的。

尽管复杂的近场实验应用了非常尖端的技术或超快时间分辨率，但此前只有在纳米尺度的观测下才能看到散射现象。然而这次，研究者们并未依赖复杂的实验或先进的科技，而是将硅纳米材料的特殊结构性质和精确的实验步骤相结合。总之，有效的头脑风暴和研究团队间的协作是观察到新的意外的物理现象唯一的原材料，这为新的重要的发现指明方向。
Battery can be recharged with carbon dioxide
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The pH-gradient flow cell has two channels: one containing an aqueous solution sparged with carbon dioxide (low pH) and the other containing an aqueous solution sparged with ambient air (high pH). The pH gradient causes ions to flow across the membrane, creating a voltage difference between the two electrodes and causing electrons to flow along a wire connecting the electrodes. Credit: Kim et al. ©2017 American Chemical Society 

(Phys.org)—Researchers have developed a type of rechargeable battery called a flow cell that can be recharged with a water-based solution containing dissolved carbon dioxide (CO2) emitted from fossil fuel power plants. The device works by taking advantage of the CO2 concentration difference between CO2 emissions and ambient air, which can ultimately be used to generate electricity. 
The new flow cell produces an average power density of 0.82 W/m2, which is almost 200 times higher than values obtained using previous similar methods. Although it is not yet clear whether the process could be economically viable on a large scale, the early results appear promising and could be further improved with future research.
The scientists, Taeyong Kim, Bruce E. Logan, and Christopher A. Gorski at The Pennsylvania State University, have published a paper on the new method of CO2-to-electricity conversion in a recent issue of Environmental Science & Technology Letters.
"This work offers an alternative, simpler means to capturing energy from CO2 emissions compared to existing technologies that require expensive catalyst materials and very high temperatures to convert CO2 into useful fuels," Gorski told Phys.org.
While the contrast of gray-white smoke against a blue sky illustrates the adverse environmental impact of burning fossil fuels, the large difference in CO2 concentration between the two gases is also what provides an untapped energy source for generating electricity.
In order to harness the potential energy in this concentration difference, the researchers first dissolved CO2 gas and ambient air in separate containers of an aqueous solution, in a process called sparging. At the end of this process, the CO2-sparged solution forms bicarbonate ions, which give it a lower pH of 7.7 compared to the air-sparged solution, which has a pH of 9.4. 
After sparging, the researchers injected each solution into one of two channels in a flow cell, creating a pH gradient in the cell. The flow cell has electrodes on opposite sides of the two channels, along with a semi-porous membrane between the two channels that prevents instant mixing while still allowing ions to pass through. Due to the pH difference between the two solutions, various ions pass through the membrane, creating a voltage difference between the two electrodes and causing electrons to flow along a wire connecting the electrodes.
After the flow cell is discharged, it can be recharged again by switching the channels that the solutions flow through. By switching the solution that flows over each electrode, the charging mechanism is reversed so that the electrons flow in the opposite direction. Tests showed that the cell maintains its performance over 50 cycles of alternating solutions.
The results also showed that, the higher the pH difference between the two channels, the higher the average power density. Although the pH-gradient flow cell achieves a power density that is high compared to similar cells that convert waste CO2 to electricity, it is still much lower than the power densities of fuel cell systems that combine CO2 with other fuels, such as H2. 
However, the new flow cell has certain advantages over these other devices, such as its use of inexpensive materials and room-temperature operation. These features make the flow cell attractive for practical applications at existing power plants.
"A system containing numerous identical flow cells would be installed at power plants that combust fossil fuels," Gorski said. "The flue gas emitted from fossil fuel combustion would need to be pre-cooled, then bubbled through a reservoir of water that can be pumped through the flow cells."
In the future, the researchers plan to further improve the flow cell performance.
"We are currently looking to see how the solution conditions can be optimized to maximize the amount of energy produced," Gorski said. "We are also investigating if we can dissolve chemicals in the water that exhibit pH-dependent redox properties, thus allowing us to increase the amount of energy that can be recovered. The latter approach would be analogous to a flow battery, which reduces and oxidizes dissolved chemicals in aqueous solutions, except we are causing them to be reduced and oxidized here by changing the solution pH with CO2." 
电池可用二氧化碳循环充电
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PH梯度液流电池（pH-gradient flow cell）有两个隔室：一侧是注入二氧化碳气体的水溶液（低PH值），另一侧是注入外界空气的水溶液（高PH值）。  离子膜两侧的PH梯度使溶液中的离子流过薄膜，在两电极间形成电极电势差，使电子形成电流，流经电极连接的导线。来自：金姆（Kmi）等，©2017美国化学协会

（Phys.org）——研究人员发现了一种名为液流电池的新型可充电电池，这种电池可以用溶有二氧化碳(CO2)气体的水溶液来充电，而这些二氧化碳气体则来自火力发电厂。这种电池利用了发电厂排放的二氧化碳和空气中的二氧化碳的浓度差，并以此来产生电力。

这种新型液流电池的平均功率密度为0.82 W/m2，是使用以前类似方法的近200倍。尽管现在尚不清楚这种方法在大规模的使用时是否经济可行，但早期的研究还是令人期待的，而后续的研究也在不断完善这一方法。

宾夕法尼亚州州立大学的科学家金泰镕（Taeyong Kim），布鲁斯•E•洛根（Bruce E. Logan）和克里斯多夫•A•斯基（Christopher A. Gorski）在近期的《环境科学与技术》上发飙了一篇文章，介绍了这种将二氧化碳转化为电力的新方法。

 “从二氧化碳排放气体中获取能量，目前的的技术需要昂贵的催化材料和非常高的温度，才能将气体转化为有用的燃料，与之相比，这项发现提供了一种简单的替代方法。”斯基告诉Phys.org。

尽管蓝天白云和白色烟雾的鲜明对比生动地说明了燃烧化石燃料对环境的不利影响，但是排放气体和环境空气中二氧化碳浓度的不同也为发电带来了一种未被开发过的能量来源。

为了利用这种由浓度差而产生的势能，研究者首先将二氧化碳气体和外界空气溶解到盛在两个分开容器内的水溶液中，这是喷射过程的其中一步。在喷射过程的最后，注入溶液中的二氧化碳溶于水形成碳酸氢盐离子，这使得溶液的PH较低，为7.7，而空气溶于水后水溶液的PH值为9.4.

喷射过程后，研究人员将两种溶分别注入液态电池的两个隔层中，在电池内部形成PH梯度。电池两隔室两端是两个电极，隔室中间是一个半多孔的薄膜，薄膜防止了两隔室内溶液即刻混合到一起，但仍允许离子通过。由于两种溶液的PH值差，不同的离子穿过半透膜，在两电极间形成电势差，使电荷能在连接电极的导线中形成电流。

在液态电池放电后，它可以通过调换溶液流通的两隔室来重新充电。通过转换两级间的溶液，原来的放电过程被逆转，因此电子沿相反方向运动。测试表明，电池的性能可以维持超过50轮循环充放电。

结果还表明，两极板间PH差越高，平均功率密度越大。尽管PH梯度使液流电池的功率密度比类似的电池要高，而后者是将废弃二氧化碳气体转化为电能，但液流电池仍比其他将二氧化碳气体和其他燃料（如氢气）结合的电池系统功率密度要低。

但是，与其他设备相比，这种新型液流电池也有不少优势，例如，它使用的是平价的材料并能在室温下运行。这些特点使液流电池在目前的发电厂有更广阔的实际应用前景。

 “在那些靠燃烧化学燃料发电的电厂可以安装拥有大量相同液流电池的发电系统，”斯基说道。“燃烧化学燃料产生的废气需经冷却处理后可以注入蓄水池中，随后这些水可以用泵压入液流电池中。”

未来，研究者计划进一步提升液流电池的性能

 “目前我们在尝试优化溶液条件，使能量产出能达到最大化，”斯基说道。“我们还在研究，如果我们将一些化学物质溶于水中，它们是否会表现出依赖PH环境的氧化性，这能使我们提高回收能量的总量。后面这种方法溶解到化学物质在水溶液中会不断减少并被氧化，这和液流蓄电池类似。除非我们用二氧化碳改变溶液PH值”

Frequency combs—on-chip integration on track

EPFL scientists have found a way to miniaturize frequency combs, realizing a new step toward miniaturization of such tools. Their device can measure light oscillations with a precision of 12 digits. 
A compact, precision tool for counting and tracking laser frequencies may improve atomic clocks and optical data transmission devices. However, light waves oscillate hundreds of trillions of times per second, a frequency that is impossible to measure directly. Large pulsed laser sources are typically used to produce "frequency combs" that can link the optical domain to the radio frequencies and make counting the oscillations of light possible. EPFL scientists have found a way to miniaturize frequency combs, realizing a new step toward miniaturization of such tools. Their device was capable of measuring light oscillations with a precision of 12 digits. The work is published in the journal Light: Science and Applications.
The lab of Tobias J. Kippenberg at EPFL, in a project led by Victor Brasch and Erwan Lucas, created what is called a "self-referenced optical frequency comb". This is essentially a series of densely-spaced spectral lines whose spacing is identical and known. Because they are so well defined, optical frequency combs can be used as a "ruler" for measuring the frequency – or color – of any laser beam. By comparing an unknown color to this ruler, it is possible to calculate its frequency. However, this implies a critical step called "self-referencing", a method that exactly determines the position of each individual tick of the frequency ruler, but demands a very long ruler – a broad spectral range, as scientists say – which is challenging to obtain.
Although optical frequency combs earned their inventors the Nobel prize in Physics in 2005, they still required bulky optical setups. Prof. Kippenberg's lab showed in 2007 that optical frequency combs could be created using tiny devices called "optical microresonators": microscopic ring-shaped structures made from very fine silicon nitride measuring a few millimeters to a few tens of microns in diameter. These structures can trap a continuous laser light and convert it into ultra-short pulses – solitons – thanks to the special nonlinear properties of the device. The solitons travel around the microresonator 200 billion times per second and the pulsed output from the microresonator creates the optical frequency comb.
Last year, the group solved an outstanding challenge, demonstrating that a careful control of the microresonator parameters, enabled to generate a very broad frequency spectrum directly on-chip. At this point, the frequencies generated extend over two thirds of an octave compared with the frequency of the incoming laser (an octave refers to either double or half the frequency). When combined with a laser transfer system, based on non-linear crystals, the team's approach enabled self-referencing, while eliminating the need for bulky, external systems traditionally used for frequency broadening.
With this, the researchers could prove that their optical frequency comb can be used for the most precise measurement applications: they measured the frequency of a laser using their technique as well as a traditional frequency comb system and showed that the two results agreed over 12 digits.
The technology is amenable to integration with both photonic elements and silicon microchips. Establishing devices that provide a RF to optical link on a chip may catalyze a wide variety of applications such as integrated, atomic clocks and on-chip, and could contribute to making optical frequency metrology ubiquitous. 
频率梳状片上集成轨道

EPFL科学家已经找到了一种使频率梳小型化的方法，实现了这种工具的小型化的新一步。他们的设备可以以12位精度测量光振荡。

用于计数和跟踪激光频率的紧凑型精密工具可以改善原子钟和光数据传输装置。然而，光波每秒钟振荡数百万亿次，这是不可能直接测量的频率。大的脉冲激光源通常用于产生“频率梳”，其可以将光学域连接到射频，并且使光的振荡计数成为可能。EPFL科学家已经找到了一种使频率梳小型化的方法，实现了这种工具的小型化的新一步。他们的设备能够以12位精度测量光振荡。这项工作发表在《光：科学与应用》杂志上。

在EPFL的Tobias J. Kippenberg的实验室，由Victor Brasch和Erwan Lucas领导的一个项目创造了所谓的“自参照光频梳”。这本质上是一系列密集间隔的谱线，其间距是相同和已知的。因为它们的定义如此明确，所以光频梳可用作测量任何激光束的频率或颜色的“标尺”。通过将未知颜色与该标尺进行比较，可以计算其频率 然而，这意味着一个称为“自我参照”的关键步骤，一种精确确定频率标尺每个单个转变的位置的方法，但要求一个非常长的标尺- 科学家所说的广泛的光谱范围 – 要获得这个是非常有挑战性的。

虽然光频梳在2005年获得诺贝尔物理奖，但仍然需要庞大的光学设置。Kippenberg教授的实验室在2007年发现，可以使用称为“光学微谐振器”的微型器件来产生光学频率梳状物：由非常细的氮化硅制成的微观环形结构，其尺寸为几毫米至几十微米。 这些结构可以捕获连续的激光，并将其转换为超短脉冲 - 孤子 - 由于器件的特殊非线性特性。 孤子在微谐振器周围传播每秒2000亿次，来自微谐振器的脉冲输出产生光频梳。

去年，该集团解决了一个突出的挑战，表明仔细控制微谐振器参数，可以直接在片内产生非常宽的频谱。 在这一点上，与输入激光器的频率相比，产生的频率超过三分之二的倍频程（八度是指频率的两倍或一倍）。 当与基于非线性晶体的激光传输系统相结合时，团队的方法可以自我参照，同时不需要传统上用于频率展宽的体积庞大的外部系统。

因此，研究人员可以证明他们的光学频率梳可以用于最精确的测量应用：他们使用他们的技术和传统的频率梳状系统测量了激光的频率，并显示两个结果达到12位数 。

该技术适合与光子元件和硅芯片集成。建立在芯片上提供RF到光链路的设备可以催化诸如集成的，原子钟和片上的各种应用，并且可以有助于使光频计量学普遍存在。
Organic & Polymer（有机高分子材料）

Researchers explore ubiquitous interaction of biomolecules with water

Experiments at ANSTO have provided supporting evidence of unexpected enhancement of water solubility of biomolecules in an aqueous solution of divalent transition-metal cations.  
The discovery is significant for understanding physical, biological and chemical processes involved in drug design, functions and synthesis of macromolecules, and may even provide clues in the prevention of Alzheimer's disease. 
Fundamentally, the findings may potentially change the traditional view of the interactions between biomolecules with metal cations. 
This research outcome, recently published in Physical Review Letters, is part of an international collaboration between ANSTO's Australian Centre for Neutron Scattering (ACNS) and the research group for interfacial water at Shanghai Institute of Applied Physics (SINAP), Chinese Academy of Sciences, Shanghai, China. 
Generally, in solution with many multivalent transition-metal ions, such as Cu2+, Pt2+, Pd2+, and Co3+, the solubility of aromatic amino acids decreases significantly because most of them will form complex precipitates with the ions, as documented in standard chemistry and biochemistry reference works. 
However, considerably increased solubility of tryptophan (Trp) in a CuCl2 aqueous solution has been observed experimentally and predicted theoretically by the research group led by Professor Haiping Fang at SIAP. 
This unusual phenomenon can only be observed under a special condition of high local concentration of Cu2+ at the surface of Trp. 
Fundamentally, it is attributed to the strong interaction between Cu2+ and the aromatic ring in Trp, referred to as the cation-pi interaction.
Co-authors Dr Dehong Yu and Dr Richard Mole carried out measurements using quasi elastic neutron scattering (QENS) on the Pelican instrument at ACNS. The experiment provides direct evidence of the strong cation-pi interaction responsible for the enhanced solubility of Trp in a CuCl2 aqueous solution.  
QENS exploits small energy exchanges between the diffusing particles and scattered neutrons, which is directly related to the diffusive processes taking place in the system. The self-diffusion coefficient of the system can be obtained from the QENS measurement. 
The significant difference in diffusion coefficients between tryptophan with and without Cu2+ suggested that the tryptophan complex containing Cu2+ moved much more slowly than the tryptophan without Cu2+. 
This observation supports the theoretical prediction of the enhancement of water affinity due to the presence of Cu2+. 
"In this experiment we make full use of the QENS capability of the Pelican instrument and the high sensitivity of neutrons to hydrogen atoms to study Trp dynamics under different environments, as the QENS signal from the entire system is dominated by the hydrogen atoms in tryptophan," said Yu. 
研究人员探索生物分子和水的普遍相互作用

澳大利亚核科技组织（ANSTO）的对生物分子在二价过渡金属阳离子水溶液中的水溶性水溶性研究取得了前所未有的突破，并找到了支持证据

这项发现有着重要的意义，它有助于了解药物设计、药效发挥以及大分子合成中设计的物理、生物和化学变化，甚至还可为预防阿兹海默症提供线索。

这项发现可能会从根本上改变科学界对于生物分子和金属阳离子之间相互作用的看法。

这项研究成果，近日发表在《物理评论快报（PRL）》上，它是国际合作研究项目的一部分，这个国际研究团队由自澳大利亚核科技组织中子散射中心（ACNS）的科研人员和来自中国科学院上海应用物理所的界面水研究组组成。

一般多价过渡金属阳离子，如Cu2+, Pt2+, Pd2+, and Co3+，它们的混合水溶液中，芳香族氨基酸的溶解性会急剧下降。查阅标准化学和生物化学的参考文献记载可知，这是因为绝大多数氨基酸会与金属离子结合形成多种沉淀物，

然而，实验发现色氨酸（Trp）在氯化铜溶液（CuCl2）中的溶解性会大大升高，上海应物所方海平（Haiping Fang）教授带领的研究小组也从理论上预测到了这一点。

这种反常的现象只有在特殊条件下才能被观察到，这种实验条件要求在色氨酸表面的铜离子（Cu2+）的局部浓度非常高

从根本上说，这归因于铜离子和色氨酸分子中的芳环间存在的强相互作用，即阳离子-pi键相互作用。

合著者于德弘（Dehong Yu）博士和理查德•莫尔（Richard Mole）博士在ACNS的Pelican设备上通过准弹性中子散射（QENS）的方法进行测量。实验有直接证据表明，阳离子-pi键间的强相互作用是色氨酸在氯化铜水溶液中溶解性增加的原因。

QENS研究了散射中子和扩散粒子之间微弱的能量交换，这与系统中溶质的扩散过程直接相关。系统的自扩散因子可以通过QENS的测量获得。

色氨酸与铜离子配合或不配合的扩散系数相差非常大，这说明与不和铜离子结合的色氨酸相比，铜色氨酸配合物的扩散运动要慢得多。

“整个系统的QENS实验信号均来自于色氨酸中的氢原子，因而在实验中，我们充分利用了Pelican设备中QENS实验的实验测量能力以及中子散射中氢原子的高反馈信号，来研究不同条件下色氨酸的动力学特性。”于说道。

Researchers publish study on rare-earth garnets

Researchers in the Physics Department and Institute for Nanoscience and Engineering recently published findings that may advance the understanding of rare-earth garnets, a promising material useful as a magnetic insulator in applications including magnetic recording devices, thermoelectric generation, microwave devices and in optical telecommunications. 
The study, published in the journal Physical Review B, investigated the structural, magnetic and electronic properties of these compounds. The team included researchers Ryan Nakamoto, first author of the study and a spring 2016 graduate of the Honors College; Bin Xu and Changsong Xu of the Physics Department; Hu Xu of the Department of Physics, Southern University of Science and Technology in Shenzen, China; and Laurent Bellaiche, distinguished professor in the U of A Physics Department.
The study could widen applications of rare-earth garnets and help scientists understand how they behave in a variety of conditions, said Bin Xu. "If you understand how they should behave, that will help improve the application of these materials."
Rare-earth garnets have an unusually large unit cell, making it difficult to study them due to the number of variables involved. The research team completed its study with the help of the Razor supercomputer at Arkansas High Performance Computer Center. 
研究人员发布关于稀土石榴石的研究报进展

美国阿肯色大学物理学院和纳米科学与工程研究室的科学家近日发布了一份研究报告，该报告推动了科学界对稀土石榴石的认识，这种物质有望作为磁绝缘材料用于磁记录仪、热电发电，微波器件和光通讯中。

这份研究论文发表在期刊《物理评论B（PRB）》上，它研究了这种混合物结构和电磁特性，该研究团队包括文章的第一作者中本瑞安（Ryan Nakamoto），他是学校荣誉学院2016年春季的博士毕业生，还有物理学院的徐斌（Bin Xu）和徐长松（Changsong Xu）；徐虎（Hu Xu），来自中国深圳的南方科技大学物理学院；罗伦特•伯莱特（Laurent Bellaiche），他是阿肯色大学物理学院的特聘教授。

这项研究能够扩展稀土石榴石的应用，帮助科学家了解这种材料在不同条件下的特性，徐斌说道。“如果你了解了它的特性，便可帮助人们更好地应用这种材料。”

稀土石榴石的晶胞比一般材料的晶胞要大得多，大晶胞的涉及的计算变量更多，增加了实验的难度。该研究团队是在阿肯色高性能计算中心一台名为Razor的超级计算机的帮助下完成实验的。

Researchers looking at how brittle materials fail

If you want to see what happens if your phone falls onto concrete, you can actually drop it or let an engineer work out the consequences in advance. 
Figuring out how brittle materials inside a device behave, and fail, is one goal of Sandia National Laboratories' Brittle Materials Assurance Prediction Program (BritMAPP). The program, which started two years ago and runs until 2020, studies brittle materials in three ways: stress and loading; fracture mechanics to see how cracks start and develop; and the relationship between material properties and structure.
Brittle materials, such as glass, fail suddenly and catastrophically. Unlike metals, which dent or bend if dropped, brittle materials just break. "You drop a hammer, and it might bend; you drop glass and it will shatter. It's done," said Ryan Jamison, who works with Brenton Elisberg and other colleagues on the stress and loading part of the project.
They focus on how sudden failure affects the performance, reliability and safety of components and systems where breaking has serious consequences, such as medical devices or satellites.
Stronger brittle materials that can handle the slings and arrows of everyday life will benefit all kinds of devices and ultimately, the people who use those devices. Someday, it might not be so worrisome when you accidentally drop a cell phone.
Sandia wants to develop the science, technology and understanding to assure that brittle components in high-consequence systems remain fully functional over a 30-year lifespan. BritMAPP researchers are developing mechanics models and discovering fundamental property and structure relationships so they can shift from qualitative engineering judgment to quantitative predictions of brittle material failure and reliability.
Qualitative engineering judgments are decisions based on experience and comparing outcomes—A is better than B—while quantitative predictions are accurate based on the physical behavior of a material. "We want to transition from making comparisons, 'A is better than B but we really don't know how good A is,' to making decisions based on measurable qualities, 'A is better than B because A will last for 10 years longer than B,'" Jamison said. "Being able to accurately quantify the difference is the key."
While he emphasized there's much work to be done, "we're already started well down that path."
Using models to predict how long parts will last
Since it's not possible to test every possible scenario, researchers gather data for computer models through laboratory experiments, measuring materials properties to understand how things behave. Modelers make a computer representation of an object and then apply physical laws to predict how the materials behave mechanically: what happens when they're stretched or squeezed.
"This is where modeling is valuable," Jamison said. "We can make accurate predictions of things that we just can't get data for. It can help us understand why it's failing—not just that it's failing but what is causing the failure. We can examine things much differently than you can from a test, where you can't chop everything up to microscopic pieces and see how many parts you need to examine before you really understand."

Take a cell phone as an example. "Phones are made up of plastics and glass and other types of materials. Equations govern how these materials behave and we apply those equations to those materials in the form of a phone," Jamison said. "Then we apply different environments, such as dropping your phone. We simulate that in a computer, and through the equations that represent these materials we can determine if the glass or other component in the phone breaks."
To give accurate quantitative answers, researchers must understand the stresses materials face. It's difficult to measure stress itself, so researchers measure the resulting strain or deformation. For example, they'll push a rigid tool into a brittle material and measure how cracks spread to infer the stress state.
They also measure materials properties. "Those are a little easier because you're measuring the direct response from a material due to a known load that's being applied," Elisberg said. "Once we have material properties we have more confidence that our models are accurately predicting stress. The problem is that we still need to figure out what stress is required to break the material."
Sophisticated models, supercomputers make simulating complexity possible
Thanks to more sophisticated modeling and ever-improving supercomputers, simulations have grown more complex, capturing materials behavior undetectable even a short time ago.
Still, extremely sophisticated models take time to run even with supercomputers. Last summer, Elisberg ran a simulation for 72 hours on hundreds of processors, simulating a very long series of thermal test cycles. That would have been impossible two years ago due to inadequate computer processing power and models that weren't sophisticated enough to capture the physics that interest Sandia.
The team also is determining how much complexity is necessary.
"If component designers just want to know is Design A better than Design B, I can tell you that quickly," Elisberg said. "If you want to know more specifically if and when Design A is going to fail, then that's when we run a more complex simulation that may run on a computer for days, but now we have the capability where we can predict or at least get a much better idea of when the design is near failure."
Jamison and Elisberg work with glass-to-metal seals, components vital to sending electrical signals through hermetically sealed systems. Glass-to-metal seals are ubiquitous in everything from medical devices to telecommunications that face high temperatures, pressure or shock. They're also important in national security uses that have much tougher survivability and lifespan requirements, Elisberg and Jamison said.
"The lifetime requirement is where we're trying to go with this Brittle Materials Assurance Prediction Program," Jamison said. "Right now we can make predictions of what would happen with these glass-to-metal seals and give qualitative guidance to designers and engineers. But we have that higher consequence application. We need to be able to say with some level of certainty that these components will last for 30 years, and have a materials and science explanation why."
The next step is experiments to validate the lifetime predictions. "We believe the behavior is being modeled accurately but it still needs to be validated in more complex applications," Elisberg said.
"It's that marriage of experiments and modeling," Jamison said. "With discoveries that experimentalists have made, with advancements in the modeling that we've made, we can take that information the experimentalists are observing, put it in the models and make more accurate predictions." 
研究人员正在研究脆性材料是如何失效的

若你想知道如果你的手机摔到水泥地上会怎样，你可以直接扔了它或者让工程师提前模拟出结果。

桑迪亚国家实验室启动的脆性材料性能保障及预测项目（BritMAPP）的目的之一便是了解设备中的脆性材料是如何工作以及怎样失效的

脆性材料，例如玻璃，可能会突然失效，并造成严重的后果。它不像金属，摔落后可能只是有凹陷或者弯曲变形，脆性材料直接就坏了。“你扔一个锤子，它可能只是弯了；但你扔一个玻璃制品，它会摔成碎片。这就是区别”赖安•杰米森（Ryan Jamison）说道，他和布伦顿•伊利斯贝格（Brenton Elisberg）以及其他同事一起完成项目的压力和负载部分测定。

他们主要研究脆性材料突然失效会给系统和部件的性能、可靠性和安全性带来怎样的影响，而这些系统或比肩的损坏会造成严重的后果，例如医疗器械或者卫星。

强度高一些的脆性材料可以应付日常生活中的各种磕磕碰碰，这能保护各种设备免受损坏，最终受益的是使用这些设备的人。总有一天，当你不小心把手机掉到地上的时候，你会不再那么担心把它摔坏。

桑迪亚希望发展科学、技术和对它们的了解，以保证高风险系统中的脆性材料部件在30年的使用寿命中可以一直发挥作用。BritMAPP项目的研究人员正在建立机械模型，研究脆性材料基本性质和结构之间的关系，这样他们可以将工作从对脆性材料可靠性和失效情况的定性工程预估转到定量的预测。

定性的工程预估是根据经验和比较的结果得出的结论——A比B好——而定量预测是根据材料的物理性质而得到的精确结论。“我们希望从作比较，‘A比B好，但我们不知道A究竟有多好’，提升到依据可测量的性质作出判断，‘A比B好因为A能比B多用10年，’”杰米森说道。“能准确量化材料的不同是工作的关键。”

尽管他强调还有许多工作要做，“我们已经在这条道路上取得了一个好的开头。”

用模型预测零部件的使用时间

由于不可能将每种可能发生的情况都一一测试，研究人员通过实验建立计算机模型，进一步获取其他数据，测量材料的性质以便了解其性能。建立模型的工作人员为物体进行计算机模拟，然后应用物理规律预测材料的机械表现：当其被拉伸或挤压时会发生什么。

 “这是模拟有价值之处，”杰米森说道。“我们可以对那些无法获取具体数据的情景进行精确预测。这有助于了解为什么材料会失效——不仅仅是知道材料失效了，还了解是什么使其失效。我们检测物体的方式与你的测试十分不同，你在测试中不能将所有东西都分割成微观尺度大小然后看看在你完全了解材料性质前你需要检测多少小块。”

以手机为例。“手机由塑料和玻璃以及其他种类的材料制成。物理定律决定了这些材料的性能表现，我们将这些定律应用到这些制成手机材料中，”杰米森说道。“然后我们测试不同的情景，例如扔手机。我们用电脑模拟这种场景，通过计算这些材料遵循的物理方程，我们可以确定玻璃或手机中的其他部件是否会摔坏。”

为了给出确定的定量回答，研究人员必须了解施加在材料上的应力。单独测量应力是很困难的，所以他们改为测量应力造成的拉伸或形变。例如，他们将刚体推入脆性材料中，通过测量裂痕的蔓延情况来推测应力状态。

他们还测量了材料的性质。“这要简单一些，因为你在测量材料直接反馈，而这种施加的负载是已知的，”伊利斯贝格说道。“一旦我们知道了材料性质，我们便对模型准确预测应力更有信心了。问题是我们仍需搞清破坏材料需要的应力是什么样的。”

复杂的模型，超级计算机使复杂的模拟成为可能

由于更复杂的模型和不断升级的超级计算机，模拟越来越复杂，它可以捕捉到材料不易察觉的变化，即使这个变化发生的时间很短。

但是，即使是使用超级计算机，极为复杂的模型也需耗时来计算。去年夏天，伊利斯贝格运行的程序用了上百个处理器，耗费了72个小时，他模拟了非常长的一系列热学测试。这在两年前是不可能的，因为那时的电脑处理能力不够，建立的模型也不够精细，无法捕捉桑迪亚实验中心感兴趣的物理现象。

研究团队也在探索模型需要的复杂程度

 “如果零件设计者只是想知道A设计方案比B设计方案好，我可以说计算这个很快，”伊利斯贝格说道。“如果你想知道的更具体，如A设计方案是否会失效，什么时候会失效，那这时候我们需要进行更加复杂的模拟，这可能需要在电脑上跑好几天。但现在，我们可以预测或至少对什么时候设计的材料会失效有一个比较好的了解”

杰米森和伊利斯贝格在研究玻璃和金属的封接问题，零部件能在密封系统内输送电子信号是非常重要的。从医用设备到通讯行业，玻璃和金属的封接是非常普遍的，也面对着高温、高压或剧烈晃动的不利情况。它们在国家安全中的应用也非常重要，这也需要它们的耐性更强，使用寿命更长，伊利斯贝格和杰米森说道。

“我们脆性材料性能保障及预测项目研究目的之一是为了达到使用寿命要求，”杰米森说道。“现在我们可以对玻璃和金属的封接作出预测，并给设计者和工程师定性指导。但我们还有更高风险的应用，因此需要我们在某种程度可以确定地说这些部件可以使用30年，并能给出科学和工程上的解释。”

下一步是通过实验证实脆性材料使用寿命的预测。“我们相信材料的表现已被模拟得十分准确，但仍需要在复杂的应用情境中进行证实，”伊利斯贝格说道

 “这是实验和模拟的结合，”杰米森说道。“有了实验科学家的发现和我们模拟中的预测，我们可以将实验科学家观察到的数据放到模型中，使预测更加准确。”
E-Material（电子材料）

Ultrafast laser pulses meet magnetic materials in new research

Researchers have studied ultrafast non-equilibrium magnetization in correlated spin systems in recent years. At both fundamental and application levels, ultrafast laser pulse excitation and dynamics measurement provide an effective path to fast optical detection, as well as control of magnetic order. Studies have been conducted with magnetic media measuring the time-resolved magneto-optical Kerr effect (TR-MOKE), ultrafast magnetic relaxation phenomenon such as ultrafast demagnetization and uniform precession. The optically excited magnetization precession in magnetic media exhibits the temporal response of magnetization when the effective magnetic field is instantaneously changed by ultrafast laser pulse excitation and provides information about the spin dynamics microscopically. 
Recently, research has focused on the BiFeO3 (BFO) and Sr-doped LaMnO3 heterostructure for a series of novel physical properties that originate from the antiferromagnetic (AFM) and ferromagnetic (FM) exchange interaction across the heterointerface. In an article recently published in SCIENCE CHINA Physics, Mechanics & Astronomy, researchers at the Institute of Physics, Chinese Academy of Sciences, reported their investigation on the ultrafast laser-excited magnetization dynamics of ferromagnetic (FM) La0.67Sr0.33MnO3 (LSMO) thin films with epitaxial grown BiFeO3 (BFO) coating layers.
These researchers fabricated the BFO/LSMO heterostructure using the laser molecular beam epitaxy system. As designed, 10-nm-thick LSMO thin films were deposited on (001) SrTiO3 (STO) single-crystal substrates, and three- or 20-nm-thick BFO films were coated onto the LSMO films. X-ray diffraction was carried out for structural characterization. With the ultrafast time-resolved magneto-optical Kerr effect (TR-MOKE) measurement system they built, the researchers measured the temporal response of the samples they prepared within the time scale of ~500 ps using a pump-probe technique.
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Transient Kerr rotation signals of the uncoated LSMO film and the LSMO films coated with 3- and 20-nm-thick BFO layers under external magnetic fields of 0.2 T (a), 0.4 T (b), and 0.6 T (c). The Fourier transforms of the signals shown in (a), (b), …more

Two distinct types of oscillations were launched after the pump pulse excited the sample. The high-frequency oscillation at ~103 GHz was independent of the external magnetic field, which was ascribed to the coherent acoustic phonons generated in the STO substrates by the pump-pulse irradiation. The other oscillation mode occurred at a lower frequency (10-30 GHz), exhibiting a positive dependence on the external magnetic field. This relation confirmed the oscillation behavior to be the optically triggered magnetization precession, which has been observed in magnetic media in previous ultrafast TR-MOKE measurements.
Intriguingly, by comparing the optically excited precession behavior of the samples under the same external magnetic fields, the oscillation period of the precession appeared to be expanded for the BFO-coated LSMO films, and the sample coated with 20-nm-thick BFO exhibited a longer oscillation period than that coated with 3-nm-thick BFO. Fourier transforms show distinct shifts of the precession frequency peak position in each case for the same external magnetic field, thus confirming the frequency modulation of the magnetization precession.
The researchers analyzed the effective magnetic field in the LSMO film and attributed the reduction of the precession frequency to the suppression of the anisotropy by BFO coating layers. Moreover, they suppose such behavior was induced by the exchange interaction across the BFO/LSMO interface.
"Investigating the optically excited magnetization precession in magnetic oxides may shed light on potential application in spintronics devices," wrote the researchers. "Our findings may provide an effective approach for controlling the spin behavior in magnetic oxide films through structural design." 
最新研究中超快激光脉冲对于磁性材料的作用

研究人员近年来研究了相关自旋系统中的超快非平衡磁化。在基础层面和应用层面上，超快激光脉冲激励和动态测量提供了快速光学检测以及磁顺序控制的有效途径。对磁性介质测量时间分辨的磁光克尔效应（TR-MOKE），超快磁性松弛现象，如超快退磁和匀速进动，进行了研究。在磁性介质中的光激发磁化进动表现出当有效磁场被超快激光脉冲激励瞬时改变时磁化的时间响应，并提供了显微镜下的自旋动力学信息。

最近，研究集中在异质界面中反铁磁（AFM）和铁磁（FM）的交互作用下，BiFeO3和Sr-droped LaMnO3异质结构的一系列新的物理性质。近日，中科院物理研究所的研究人员在《中国科学——物理学、力学、天文学》杂志中发表了他们关于超快激光激发被有外延性BiFeO3(BFO)涂层的镧锶锰氧化物(LSMO)薄膜包裹的磁体(FM)的磁化动力学研究。

这些研究人员使用激光分子束外延系统制造了BFO / LSMO异质结构。根据设计，在（001）SrTiO3（STO）单晶衬底上沉积10nm厚的LSMO薄膜，并将三倍或20nm厚的BFO膜涂覆在LSMO膜上。并为了结构描述进行了X线衍射。随着他们建立的超快时间分辨的磁光克尔效应（TR-MOKE）测量系统，研究人员使用泵浦探针技术测量了它们在约500ps的时间尺度内制备样品的时间响应。
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在0.2T（a），0.4T（b）和0.6T（c）的外部磁场下，未涂覆的LSMO膜和分别涂覆有3nm和20nm厚的BFO层的LSMO膜的瞬态克尔旋转信号。 信号的傅里叶变换在（a），（b）……以及更多磁场中显示出来。

在泵浦脉冲激发样品后，启动了两种不同类型的振荡。发生在103GHz的高频振荡不依赖于外部磁场，这归因于通过泵浦脉冲照射在STO衬底中产生的相干声学声子。另一个振荡模式发生在较低频率（10-30 GHz），则表现出对外部磁场的正依赖性。这种关系证实了振荡行为是光学触发的磁化进动，这在先前的超快速TR-MOKE测量的磁性介质中已经被观察到了。

有趣的是，通过比较在相同外部磁场下样品的光学激发进动行为，对于BFO涂覆的LSMO膜，进动的振荡周期似乎被扩大，并且涂覆20nm厚BFO的样品表现出比涂覆3nm厚BFO涂层的样品拥有更长的振荡周期。对于相同的外部磁场，傅里叶变换在每种情况下显示出进动频率峰值位置的明显偏移，从而确认了磁化进动的频率调制。

研究人员分析了LSMO膜中的有效磁场，并将进动频率的降低归因于BFO涂层抑制各向异性。此外，他们认为这种行为是由BFO / LSMO界面的交互作用引起的。

研究人员写道：“研究磁性氧化物中的光激发磁化进动可能会揭示自旋电子器件的潜在应用。 “我们的研究结果可以通过结构设计提供一种控制磁性氧化膜自旋行为的有效方法。”
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