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Tech News & New Tech（技术前沿）
Imaging at the speed of light

Researchers have improved upon a new camera technology that can image at speeds about 100 times faster than today's commercial cameras while also capturing more image frames. The new technology opens a host of new possibilities for studying extremely fast processes such as neurons firing, chemical reactions, fuel burning or chemicals exploding.

A research team led by Lihong V. Wang, Gene K. Beare Distinguished Professor of Biomedical Engineering, Washington University, St. Louis, USA, previously developed a single-shot compressed ultrafast photography (CUP) camera that can image at speeds of 100 billion frames per second in a single camera exposure—fast enough to capture traveling light pulses. The camera is the world's fastest camera that is receive-only, meaning that it can use available light for imaging and doesn't need any additional illumination from a laser or other light source.

In The Optical Society's journal for high impact research, Optica, the researchers report on a new method that improves the resolution and quality of images captured with CUP. They demonstrate the CUP upgrades by capturing a movie of a picosecond laser pulse traveling through the air and also by pointing laser light onto a printout of a toy car to create a movie of the light reaching different portions of the car at different times.

Watching neurons fire

Wang and his colleagues are particularly interested in understanding how the brain's neural networks operate. Using the new camera with a microscope could allow them to watch neurons fire by capturing extremely fast chemical processes called action potentials that travel through an axon at speeds that can reach more than 100 meters per second.

"We want to use our new camera to study a living animal's neural network in action," Wang said. "This would reveal how the neural network functions, not just how the neurons are connected. If you were to think of the neural network as streets in a city, right now we can see the layout of the streets, but we want to see the traffic to understand how the whole system functions."

The improved image resolution and quality reported in the Optica paper mean that the camera could better capture entire action potential events, including the initiation of the action potentials, propagation with varying speeds, and the termination of signaling.

"Biological reactions can occur very fast, faster than standard cameras can image," said Wang. "When people study events like that now, they use a pump-probe method, which requires them to repeat the event many times. Our camera can be used for real-time imaging of a single event, capturing it all in one shot at extremely high speeds."

Since the camera can image with just the light available it could be used with telescopes to record activities of a supernova occurring light years away. Wang said that the CUP camera could, for example, add high-speed imaging to space telescopes such as the Hubble that have high spatial resolution unperturbed by the atmosphere.

The camera would also be very useful for other applications such as imaging explosions. "For explosions, the chemical reactions may not be repeatable, so it is important to capture everything with a single event in real time," said Wang. "The camera could also help scientists studying combustion so that they could improve the fuel efficiency of cars, for example."

How it works

The original CUP camera adds a second dimension to the one-dimensional view of a streak camera—an extremely fast type of camera that measures the intensity variation of a pulse of light over time. Because this imaging approach doesn't directly create an image from the raw data acquired by the camera, computer algorithms are necessary to convert the data into an image.

In the new work, the researchers added an external charge-coupled device, or CCD, that provides more information for the image reconstruction, leading to a higher quality image. The researchers also developed a new algorithm to merge the data from the external CCD with the data from the streak camera. With the improvements, the researchers generated images with finer spatial resolution, higher feature contrast and cleaner background.

想象光速

研究人员开发了一种新的相机技术，它能够以比目前商用相机快约100倍的速度成像，同时还能捕获更多的图像帧。新的技术为研究极快的过程开辟了新的可能性，例如神经元发射、化学反应、燃料燃烧或是化学品爆炸。

一个由美国圣路易斯州华盛顿大学生物医学工程系基恩K.比尔特聘教授丽红V.王领导的研究小组此前开发出一款单次压缩超高速摄影（CUP）摄像头，可以在每秒1000亿帧的速度下在单相机曝光下成像——速度快速到足以捕获穿梭的光脉冲。该相机是世界上仅接收的最快的相机，这意味着它能够使用可用光来成像，并且不需要从其它的激光器或其它光源获得额外的照明。

在光学学会公布高影响力的研究的杂志——光学——中，研究人员报告了一种新的方法，通过CUP改善了拍摄图像的分辨率和质量。他们通过捕获一个皮秒激光脉冲穿梭于空气中的电影以及将激光指向一辆玩具车的打印资料以创造一个在不同时间点触及汽车不同部位的光的电影来展示CUP的升级。

看着神经元激活

王和他的同事们对于了解大脑的神经网络是如何运作的特别感兴趣。使用具有显微镜的新相机可以让他们通过捕获称为动作电位的极快化学过程来观察神经元激活，动作电位能够以每秒100多米的速度穿过轴突。

 “我们希望用我们的新相机来研究活体动物行动方面的神经网络，”王表示。“这将揭示神经网络是如何工作的，而不仅仅揭示神经元是如何连接的。如果你把神经网络想象成城市中的道路，现在我们可以看到街道的布局，但是我们希望看到交通情况以了解整个系统是如何工作的。”

《光学》论文中所报告的改进后的图像分辨率和质量意味着相机能够更好地捕获整个动作电位的活动，包括动作电位的萌生，通过不同的速度扩展，以及信号的终止。

 “生物反应的速度可能会非常快，比标准的能够成像的摄像机还要快，”王表示。“当人们现在开始研究这样的活动时，他们使用了一种泵探针法，这需要他们将该活动重复多次。我们的摄像机能够对单个活动进行实时成像，能够在极高的速度下在一个镜头下捕获所有的内容。”

由于相机可能在可用光下成像，它能够与望远镜一同使用来记录光年外发生的超新星的活动。王表示，CUP相机能够，例如，增加太空望远镜的高速成像，例如通过大气沉着哈勃具有高空间分辨率。

该相机对于其它应用也非常有用，例如成像爆炸。“对于爆炸而言，化学反应不可能重复发生，因此实时在单一事件中捕获所有事物是非常重要的，”王表示。“该相机还有助于科学家们研究燃烧，从而，例如，他们能够改善汽车的燃油效率。”

工作原理

最初的CUP相机对条纹摄像机的单维视域增加了二维——它是一种极快类型的相机，能够随着时间测量脉冲光的强度变化。由于这种成像方法不能直接通过相机获取的原始数据来成像，将数据转换成图像的计算机算法是必要的。

在新的研究工作中，研究人员增加了一个外部电荷耦合器件，或CCD，为图像重建提供更加详细的信息，从而产生较高质量的图像。研究人员还开发出一种新的算法，将外部CCD的数据与条纹相机的数据合并。通过这种改进，研究人员产生出具有更好的空间分辨率和更高的对比度及更清洁的背景的图像。

Researcher increases speed and accuracy of sample analysis

A new description of electron scattering in the surface layers of samples proposed by the Institute of Physical Chemistry of the Polish Academy of Sciences in Warsaw significantly speeds up materials analysis and enables a better understanding of what can actually be seen in a sample.

In modern materials, research samples are often bombarded with electrons. Some electrons are then reflected from the surface, and it is these that carry valuable information about the properties of the material. But is information collected in this manner truly reliable, and does it definitely pertain to the thin sample being tested, rather than, for example, the base on which it is located? A new description of electron backscattering proposed by Professor Aleksander Jablonski, from the Institute of Physical Chemistry of the Polish Academy of Sciences (IPC PAS) in Warsaw, increases the reliability of the interpretation of measurement data and at the same time significantly reduces the time of analysis.

"In spectroscopic studies, electrons penetrate into the material to a depth of the order of nanometers, participating on the way in a whole range of interactions. In computational terms, the theoretical description of this process is short: a complete nightmare," says Prof. Jablonski.

The energy of the electrons with which the samples are bombarded during materials measurements cannot be too high, because the electrons should interact with only the outermost atomic layers of the material. But it is just these electrons that are very good at sensing the electronic structure of the material in which they are moving. The solution of equations then becomes very complicated and it has to be sought by numerical methods.

"The problem looks like this: I have a sample, I shoot electrons at it, I record those that are emitted from the surface, and on that basis, I try to say something about the material. But of all the electrons fired in the direction of the material, only some of them will bounce back. In addition, my detector does not pick all of them up, it responds only to those that hit it. So if I now want to interpret the experimental data by comparing them with the results of simulations of electron trajectories, I have to perform many simulations, sometimes tens of millions. It then becomes really important if a single simulation is calculated over one-tenth or one-hundredth of a millisecond," explains Prof. Jablonski.

Closer to reality: What can we really see when we look at a sample?

Electron backscattering plays a fundamental role in surface spectroscopy. Photon backscattering in thick and dense atmospheres of other planets enables us to admire the beauty of Venus, Jupiter or Saturn. Credit: IPC PAS

The new theoretical description of electron backscatter significantly reduces the time-consuming nature of the calculations, thanks to analytical formulas with certain constants. The calculation of these constants may take weeks, but for the individual elements and energies of the electrons used they only have to be determined once. Currently, they are already widely available in the databases of the US National Institute of Standards and Technology (NIST).

Professor Jablonski adds that the theoretical tools used in spectroscopies acting on the surface can sometimes exhibit great 'malice'. In many analyses, an important role is played by the Chandrasekhar function, a relationship derived in 1950 by Subramanyan Chandrasekhar, the famous Indian astrophysicist and mathematician, in the course of his attempts to describe the scattering of light in the atmospheres of gas planets. During spectral analyses, the values of this function need to be determined many times and to avoid rounding errors, this should be done with great accuracy. Until now, it was a backbreaking, time-consuming numerical work, which significantly limited the number of possible simulations, and in turn could affect the quality of the interpretation of experimental data.

Recently, Prof. Jablonski has managed not only to propose a new theory of electron backscatter, but also analytical methods for determining the Chandrasekhar function. Instead of complicated integrals, ordinary series need to be calculated, and the value of the function can be determined without any great problems with a standard precision of up to 20 decimal places, and sometimes even up to 35.

"In the light of current practice, what is truly ironic, however, is the discovery that in quite a useful range of parameters, the problem can be reduced. The formula for determining the value of the Chandrasekhar function with an accuracy of up to a dozen or so decimal places can be reduced to banally simple mathematical operations. Figuratively speaking, we have just recognised that to get from the North Praga district in Warsaw to South Praga, we do not need to buy airline tickets for Beijing. All we need do is walk a short distance. Such discoveries really teach us humility with regard to our own previous achievements," says Prof. Jablonski.

In the theoretical description of important phenomena in surface spectroscopies, it is assumed that the surface of the test material is flat. Many materials are difficult to polish so that they are truly flat at the atomic level. Therefore, materials are often deposited on a smooth surface, which is typically monocrystalline silicon. However, this raises the question: How thick should the deposited layer be to ensure that it is the layer we are studying, and not the support? A safe layer thickness can be calculated when the mean free path of electrons in the material is known. Among other advantages, this parameter can be rapidly and accurately determined.

研究者提高样本分析的速度和精度

华沙波兰科学院物理化学研究所提出一种在样品表面电子散射的方法，可以显著加快物质分析，并保证样品上物质的可视性，方便进一步了解物质。

在现代材料中，研究样品通常是采用电子轰击法。一些电子反射到物质表面，从而展示出关于物质的有价值的信息。但是这种方式收集信息属于薄层测试而不是基于物质的位置，可信度值得研究。来自波兰科学院物理化学研究所（IPC PAS）的雅布伦斯教授提出了一种新的方式，这种方式可以提高数据分析的可靠性，同时减少分析时间。

“在光谱研究中，电子以纳米的深度穿透物质，参与了整个物质相互作用的方式。在这种计算过程中，过程的理论描述是很短的：简直是一个完整的噩梦，“雅布伦斯基教授说。

在材料测量中，电子被轰击的能量不能太高，因为电子只能与物质的外层原子层相互作用。但是这些电子能很好的查知正在移动的物质电子结构。因此，方程的解变得非常复杂，必须寻求数学的方法解决。

“这个问题就像：我有一种样品，我在它表面射击电子，我记录从它表面释放的电子，并且在此基础上，我试图找到一些关于这种样品的规律。但是只有一些电子会按照发射的方向反弹回来。此外，本实验采用的探测器不能接收到所有的电子，只能响应那些击中探测器的电子。所以，如果我现在通过比较电子轨迹解释实验数据，必须通过多次甚至数百万次的模拟。然后，如果单一的模拟计算超过十分之一或一百分之就变得很重要了”雅布伦斯基教授解释。

更接近现实：当我们看一个样品时，我们真正能看到什么？

电子背散射在表面光谱中起着基础性的作用。在密度大的其他星球的大气层中光子散射能够使我们欣赏到金星、木星或土星。

多亏具有一定的常数的解析公式，电子散射理论能大幅度降低耗时的计算。这些常数的计算可能需要几个星期，但个别元素和电子能量，只需确定一次。目前，这种方法已经在美国国家标准与技术研究所的数据库（NIST）广泛使用。

雅布伦斯基教授补充说，用于光谱表面的理论工具，有时会表现出巨大的“恶意”。在许多分析，由印度著名天体物理学家和数学家钱德拉塞卡1950年导出的钱德拉塞卡作用占重要地位，他试图描述在气体行星的大气光散射过程。在光谱分析中，函数值需确定许多次，并避免四舍五入错误，这是具有很高的准确度的。直到现在，这种方法需要大量的艰苦的、耗时的计算工作，大大限制了可能的模拟次数，进而会影响实验数据解释质量。

最近，雅布伦斯基教授已经成功不仅提出一种新的电子背散射理论，也进一步确定了钱德拉塞卡函数分析方法。不需要复杂的积分，仅仅通过普通计算，可以达到标准的精度高达20位小数有时甚至高达35位小数的精度。

“在实践中，真正具有讽刺意味的是，在有用的参数范围内，问题可以减少。有多达十几位小数精度的钱德拉塞卡函数值公式可以采用简单数学运算。形象地说，我们已经认识到，从华沙北部到布拉格布拉格区南部，我们不需要买到北京的机票。我们所需要做的就是少走一段距离。考虑到我们以前的成就，这样的发现教会了我们谦虚”。雅布伦斯基教授说。

在表面光谱重要现象理论描述中，假定测试材料表面是平的。许多材料很难抛光，所以它们在原子水平上是非常平坦的。因此，材料往往是沉积在光滑的表面上，比如典型的单晶硅。然而，这引起了另一个问题：沉积层多厚才能确保我们研究？当材料中电子的平均自由路径是已知的，安全层厚度是可以结算的。跟其他优势相比，此参数可以快速准确的确定。
Transition radiation detectors work in record-high energy fields
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MEPhI Department №40 Professor A.S. Romaniuk (on the right) with his colleague in the array centre ATLAS at the LHC after setting up central module detector TRT (in the background). Credit: CERN, 2006

Employees of MEPh are the first to develop detectors of transition radiation, able to split hadrons (protons, K-mesons and pi-mesons) in record-high energy fields from 1 to 6 TeV.
Transition radiation (TR) is a form of electromagnetic radiation emitted when a charged particle passes through inhomogeneous media, which for the first time was demonstrated theoretically by Ginzburg and Frank in 1946. It was detected experimentally at the Yerevan Physics Institute in 1959.

The MEPhI Department of Physics actively participates in international physical experiments including ones connected with the application of transition radiation. A new experimental small angles spectrometer (SAS) is planned separately from the ATLAS experiment at CERN, where MEPhI scientists contribute. A new IP detector is planned for its launch under the supervision of Professor A.S. Romaniuk.

Detectors of transition radiation are usually used for extraction of electrons from the hadron background, and their working field is limited to hadrons by gamma factor ~500. At higher gamma factor values, the transition radiation extraction from hadrons becomes significant, but in reality, it becomes saturated under gamma factors of ~ 3*103. However, in many studies of cosmic rays and modern and perspective accelerators, there are problems of identification of particles in the field of gamma factors up to ~105. This is not an easy task, and currently, there are no detectors able to split particles with a unit charge in the field of gamma factors.
Detectors of transition radiation for identification of hadrons in the TeV field of energies would offer opportunities to solve many tasks in experiments on accelerators and in cosmic research. For example, this is a key methodology in a planned experiment to study hadron formation at a low angle at the Large Hadron Collider. Additionally, such technology would contribute to studies of fundamental processes of quantum chromodynamics at a small angle, as well as the measurement of hadron contents in experiments at the LHC. It allows improved accuracy in detecting of particles with energies up to 1017 eV, where there is a change in the behavior of particles' range.

Properties of detectors of transition radiation are largely defined by radiators of transition radiation. Theoretical applications of different materials and structures for radiators of transition radiation will be studied during the project. The working prototypes transition radiation detectors will be developed and tests on particle beams will be conducted.

过渡辐射探测器在屡创新高的能源领域大显身手
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MEPhl部门№40教授A.S.罗曼纽克（右边）与他在LHC排列中心ATLAS的同事设定了集中模块检测器TRT（背景）。图片：CERN，2006
MEPh的员工是首个开发过渡辐射探测器的团体，该探测器能够在屡创新高的能源领域将强子（质子、KE-介子及介子）从1到6TeV进行分裂。
过渡神射（TR）是带电粒子穿过非均匀介质时所发射出的一种电磁辐射，它首次在理论上得到证明是由金兹伯格和弗兰克于1946年完成的。它在1959年的埃里温物理研究院获得了实验性探测。
MEPhl的物理部门积极参与了国际物理实验，包括与过渡辐射的应用相关的实验。MEPhl的科学家所致力的CERN的ATLAS实验独立设计出一款新型实验用小角度光谱仪（SAS）。一个新型IP探测器预计将在A.S.罗曼纽克的指导下推出。
过渡辐射检测器通常用于从强子背景下提取电子，并且它们的工作领域由于γ因数~500仅限定于强子。在较高的伽玛因数值内，强子中过度辐射的提取变得更为显著，但是在现实中，它在伽玛因数达到~3*103时就已经饱和了。然而，在宇宙射线和现代及透视加速器的许多研究中，在伽玛因数高达~105的领域存在着确定粒子的问题。这不是一项容易的工作，并且目前，还没有检测器能够在伽玛因数领域中分裂更有一个单位电荷的粒子。
能够对能源的TeV强子进行确认的过渡辐射探测器将提供机会来解决有关加速器和宇宙研究方面的实验中的许多问题。例如，这在一个有计划的实验中是一个关键方法，用于研究在大型强子对撞器中低角度下的强子的形成。此外，这样的技术可能有助于在小角度下对量子角的基本过程进行的研究，以及在LHC的实验中对强子内容的测量。它能够提高能量高达1017eV的粒子的检测精度，其中粒子范围内的行为发生了变化。
过渡辐射探测器的性能在很大程度上是由过渡辐射的散热器来定义的。不同材料和结构对于过渡辐射散热器的理论应用将在这个项目中得到研究。过渡辐射探测器的工作原型将得到开发，并且有关粒子束的测试将得到进行。

LHCb unveils new particles

On 28 June, the LHCb collaboration reported the observation of three new "exotic" particles and the confirmation of the existence of a fourth one in data from the Large Hadron Collider (LHC). These particles seem to be formed by four quarks (the fundamental constituent of the matter inside all the atoms of the universe): two quarks and two antiquarks (that is, a tetraquark). Due to their non-standard quark content, the newly observed particles have been included in the broad category of so-called exotic particles, although their exact theoretical interpretation is still under study.
The quark model, proposed in 1964 by Murray Gell-Mann and George Zweig, is the most valid classification scheme of hadrons (all the composite particles) that has been found so far and it is part of the Standard Model of particle physics. In this model, hadrons are classified according to their quark content. However, it has been for a long-held mystery that all observed hadrons were formed either by a pair of quark-antiquark (mesons) or by three quarks (baryons) only. But, in the last decade several collaborations have found evidence of the existence of particles formed by more than three quarks. For example, in 2009 the CDF collaboration found one of these, called X(4140) – where the number in parentheses is its reconstructed mass in megaelectronvolts. This result was then confirmed later by a new CDF analysis, and by the CMS and D0 (link is external) collaborations.

Nevertheless, until now, the X(4140) quantum numbers – characteristic numbers with which the properties of a specific particle are identified – were not fully determined, and this ambiguity exposed the theoretical explanation to uncertainty. The LHCb collaboration could determine the X(4140) quantum numbers with high precision. This result has a large impact on the possible theoretical interpretations, and indeed it excludes some of the previously proposed theories on its nature.
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The image shows the data (black dots) of the mass distribution resulting from the association of the J/ψ and φ mesons, where the contribution of the four exotic particles is put into evidence by the four peaking structures at the bottom. Credit: CERN

While the X(4140) had already been seen, the observation of the three new exotic particles with higher masses, called X(4274), X(4500) and X(4700), has been announced for the first time. Even though the four particles all contain the same quark composition, they each have a unique internal structure, mass and their own sets of quantum numbers.

These results are based on a detailed analysis of the decay of a B+ meson into mesons called J/ψ, φ and K+, where the new particles appear as intermediate ones decaying to a pair of J/ψ and φ mesons. To perform this research, the LHCb physicists used the full set of data collected during the first LHC run, from 2010 to 2012. The large signal yield efficiently collected with the LHCb detector has allowed LHCb scientists to discover those three new particles that were (literally, see the picture) peaking out from the data.

This news comes in addition to the discovery of the first two pentaquark particles by the LHCb collaboration last year.

LHCb揭露新粒子

6月28日，LHCb合作报道了关于三个新的“外来的”的观测存在的粒子，并且确认第四个来自大型强子对撞机(LHC)的数据。这些粒子似乎形成了四夸克(宇宙中所有原子内部物质的基本组成)：两个夸克和反夸克(即tetraquark)。由于非标准夸克内容，尽管他们确切的理论解释仍在研究中，新近观察到的颗粒已经包含在所谓的外来粒子的主要类别中。

夸克模型在1964年由穆雷盖尔和乔治·茨威格提出，这是目前为止发现最有效的强子分类方案(所有复合粒子)，它是粒子物理标准模型的一部分。在这个模型中，强子是根据其夸克内容分类的。然而，对于长久以来未知，通过一对夸克和非夸克(介子)或由三个夸克(重子)。但是，在过去的十年中，几个合作发现夸克粒子存在的证据。例如2009年提供协作发现其中一个，叫做X(4140)数量括号里是它的重建质量。这个结果是由一个新的运作进行分析确认后，由CMS和D0(外部链接)合作。

然而，直到现在X(4140)量子数数字特征与特定粒子识别的属性并不完全确定，这模棱两可暴露理论解释的不确定性。LHCb协作可以确定高精度X(4140)量子数。这个结果可能对理论解释有很大的影响，实际上它不包括前面提出的一些理论本质。
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图像显示(黑点)产生的质量分布J /φ和ψ介子的数据，四个奇异粒子是底部的四个结构达到顶峰的证据。来源：欧洲核子研究中心

看到了X(4140)，并且第一次公布了观测到三个新的高质量异粒子，称为X(4274)，(4500)和X(4700)。尽管四个粒子都包含相同的夸克成分，他们每一个都有独特的内部结构，质量和量子数集。

基于B +介子介子衰变称为J /ψφ和K +新粒子详细分析的结果，作为中间出现的腐烂的一对J /φ和ψ介子。从2010年到2012年进行这项研究期间，LHCb物理学家使用全套的第一个大型强子对撞机运行，收集数据。大信号产生有效地收集与LHCb检测器，使得科学家发现这三个新粒子(实际情况见图片)从数据中选出。

去年，这则消息来自LHCb合作，除了关于前两个夸克粒子的发现。

How water gets its exceptional properties

Water is liquid at room temperature – astounding for such a small molecule. Insights into the causes are provided by a new simulation method, which has its origins in brain research. Using artificial neural networks, researchers in Bochum and Vienna have examined the atomic interactions of water molecules. Based on their findings, they explain the melting temperature of ice and the density maximum at four degrees Celsius – based solely on computer simulations. The newly developed method is just as precise as quantum mechanical calculations, but is 100.000 times faster.
The teams of Jörg Behler of the Ruhr-Universität Bochum and Christoph Dellago of the University of Vienna describe the work in the journal Proceedings of the National Academy of Sciences (PNAS).

Water has a number of properties that cannot be understood solely on the basis of its chemical composition. It reaches its maximum density at four degrees Celsius, so that ice floats on liquid water. It is also unusual that such a small molecule is liquid at room temperature and not gaseous. An important role in these phenomena is played by hydrogen bonds.

The analyses showed that van der Waals interactions are decisive for the geometry and flexibility of these hydrogen bonds. In this way they determine the characteristics of water, although they exert only very weak forces, weaker, for example, than electrostatic interactions.

Method from brain research

Jörg Behler developed the method based on an approach that originally had been devised for brain research. The neural networks learn the forces between the individual atoms as a function of their geometric arrangement. "We can thus carry out computer simulations that would not be possible with conventional quantum mechanical methods, because the computational effort would be too high even for a supercomputer", says the Head of an Independent Junior Research Group at the Bochum Chair for Theoretical Chemistry.

Tobias Morawietz applied the method for the first time in his doctoral work to examine the characteristics of water. The simulations were done in the context of Bochum's Cluster of Excellence Resolv, in close collaboration with Andreas Singraber in the group of Christoph Dellago at the University of Vienna. Tobias Morawietz also did some of his simulations there; today he is continuing his research in Vienna as a post-doctoral researcher.

水如何获得其优异性能

水在室温下是液体——因这样的小分子而令人惊讶。对其成因的深刻理解是由一种新的模拟方法提供的，该方法起源于大脑研究。利用人工神经网络，波鸿和维也纳的研究人员审查了水分子中原子的相互作用。根据他们的研究成果，他们解释了冰的熔化温度，以及在四摄氏度下的密度最大值——仅仅建立在计算机模拟的基础上。新开发的方法与量子力学计算一样精确，但是速度却快了100.000倍。
波鸿鲁尔大学的约尔格·贝勒与维也纳大学的克里斯托夫·德拉戈组成的研究小组在美国国家科学院学报（PNAS）杂志中描述了这项研究。
水具有一些无法单靠其化学成分的基础来理解的属性。它在四摄氏度时达到最大密度，因此冰在液态水上浮动。这样的小分子在室温下保持液态而不会气化也是不寻常的。这些现象中起到重要作用的是氢键。
分析表明，范德华相互作用对于这些氢键的几何形状和弹性具有决定性的作用。以这种方式，他们确定了水的特性，尽管他们仅施加了非常弱的力量，例如，比静电相互作用还要弱。
来自大脑研究的方法
约尔格·贝勒根据原本设计用于大脑研究的方法开发了这个方法。神经网络学习了单个原子间的力量作为它们几何结构的函数。“因此，我们可以进行通过传统量子力学方法无法运用的计算机模拟，因为计算工作量非常高，即使是对于一台超级计算机而言，”这名波鸿理论化学学会独立小型研究小组的负责人表示。
托比亚斯·莫拉维茨首次在他的博士论文中应用了该方法以检测水的特性。该模拟，通过与维也纳大学克里斯托夫·德拉戈小组的安德烈亚斯·新伽波进行密切合作，在波鸿的卓越决定群集环境中得到了完成。托比亚斯·德拉戈也在那里进行了一些他的模拟；目前，他在维也纳作为博士后研究员继续着他的研究。
Researchers determine fundamental limits of invisibility cloaks
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The graph shows the trade-off between how much an object can be made transparent (scattering reduction; vertical axis) and the color span (bandwidth; horizontal axis) over which this phenomenon can be achieved. The red line represents the optimal performance achievable by a passive cloak, dividing the graph in realizable and forbidden regions. No passive invisibility device can attain performance values belonging to the forbidden region. Achieving invisibility becomes more and more challenging for bigger objects (the red line representing the bound moves upward and to the left, as indicated by the arrow). Credit: Cockrell School of Engineering

Researchers in the Cockrell School of Engineering at The University of Texas at Austin have been able to quantify fundamental physical limitations on the performance of cloaking devices, a technology that allows objects to become invisible or undetectable to electromagnetic waves including radio waves, microwaves, infrared and visible light.
The researchers' theory confirms that it is possible to use cloaks to perfectly hide an object for a specific wavelength, but hiding an object from an illumination containing different wavelengths becomes more challenging as the size of the object increases.

Andrea Alù, an electrical and computer engineering professor and a leading researcher in the area of cloaking technology, along with graduate student Francesco Monticone, created a quantitative framework that now establishes boundaries on the bandwidth capabilities of electromagnetic cloaks for objects of different sizes and composition. As a result, researchers can calculate the expected optimal performance of invisibility devices before designing and developing a specific cloak for an object of interest. Alù and Monticone describe their work in the journal Optica.

Cloaks are made from artificial materials, called metamaterials, that have special properties enabling a better control of the incoming wave, and can make an object invisible or transparent. The newly established boundaries apply to cloaks made of passive metamaterials—those that do not draw energy from an external power source.

Understanding the bandwidth and size limitations of cloaking is important to assess the potential of cloaking devices for real-world applications such as communication antennas, biomedical devices and military radars, Alù said. The researchers' framework shows that the performance of a passive cloak is largely determined by the size of the object to be hidden compared with the wavelength of the incoming wave, and it quantifies how, for shorter wavelengths, cloaking gets drastically more difficult.

For example, it is possible to cloak a medium-size antenna from radio waves over relatively broad bandwidths for clearer communications, but it is essentially impossible to cloak large objects, such as a human body or a military tank, from visible light waves, which are much shorter than radio waves.
"We have shown that it will not be possible to drastically suppress the light scattering of a tank or an airplane for visible frequencies with currently available techniques based on passive materials," Monticone said. "But for objects comparable in size to the wavelength that excites them (a typical radio-wave antenna, for example, or the tip of some optical microscopy tools), the derived bounds show that you can do something useful, the restrictions become looser, and we can quantify them."

In addition to providing a practical guide for research on cloaking devices, the researchers believe that the proposed framework can help dispel some of the myths that have been developed around cloaking and its potential to make large objects invisible.

"The question is, 'Can we make a passive cloak that makes human-scale objects invisible?' " Alù said. "It turns out that there are stringent constraints in coating an object with a passive material and making it look as if the object were not there, for an arbitrary incoming wave and observation point."

Now that bandwidth limits on cloaking are available, researchers can focus on developing practical applications with this technology that get close to these limits.

"If we want to go beyond the performance of passive cloaks, there are other options," Monticone said. "Our group and others have been exploring active and nonlinear cloaking techniques, for which these limits do not apply. Alternatively, we can aim for looser forms of invisibility, as in cloaking devices that introduce phase delays as light is transmitted through, camouflaging techniques, or other optical tricks that give the impression of transparency, without actually reducing the overall scattering of light."

Alù's lab is working on the design of active cloaks that use metamaterials plugged to an external energy source to achieve broader transparency bandwidths.

"Even with active cloaks, Einstein's theory of relativity fundamentally limits the ultimate performance for invisibility," Alù said. "Yet, with new concepts and designs, such as active and nonlinear metamaterials, it is possible to move forward in the quest for transparency and invisibility."

研究人员确定了隐形遮蔽物的基本限制

该图显示了一个物体变成透明的程度（散射减少；垂直轴）以及这个现象能够实现的颜色跨度（带宽；横轴）之间的权衡。红线代表着被动遮蔽物能够实现的最佳性能，将该图划分为可实现以及禁止区域。没有被动隐形装置能够达到禁止区域的性能值。实现不可见对于更大的物体而言越来越具有挑战性（代表界限的红线向上及向左移动，正如箭头所示）。图片：科克雷尔工程学院隐形遮蔽物
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德克萨斯大学奥斯汀分校科克雷尔工程学院的研究人员已经能够对隐形装置性能的基本物理限制进行量化了，该技术能够令物体变得不可见或是无法被电磁波检测到，包括无线电波、微波、红外线以及可见光。
研究人员的理论证实了利用遮蔽物完美地对一个特定波长隐藏物体的可能性，但是在具有不同波长的照明下隐藏一个物体变得越来越具挑战性，因为物理的尺寸在不断增加。
电气与计算机工程系教授兼隐形技术领域的主要研究人员安德列·阿鲁和研究生弗朗西斯科·蒙蒂科内一同为不同规模和构成的物体创造了一种目前在电磁遮蔽物的带宽能力方面建立边界的定量框架。坐在，研究人员能够在为感兴趣的物体设计和开发一个特定遮蔽物之前计算隐形装置的预期最佳性能。阿鲁和蒙蒂科内在光学杂志中描述了他们的研究。
由称为超材料的人造材料制成的遮蔽物具有特殊的性质，能够更好的控制入射波，并且能够令一个物体变得不可见或成透明状。新建立的界限适用于由被动超材料制成的遮蔽物——那些不会从外部电源汲取能量的遮蔽物。
了解隐形的带宽和规模的限制对于评估隐形装置在现实世界中的应用潜能是非常重要的，例如通信天线、生物医学装置以及军用雷达，阿鲁表示。研究人员的框架显示出，与入射波的波长相比，一个被动遮蔽物的性能在很大程度上是由被隐藏的物体的尺寸所决定的，并且其量化了对于更短的波长，隐形是如何变得更加困难的。
例如，有可能在相对宽的带宽内隐形无线电波的中型天线以获得更清晰的通论，但是基本上不太可能在可见光波下隐形较大的物体，例如一个人体或是一辆军用坦克，因此其光波比无线电波要短得多。
“我们已经表明，通过目前可用的技术，根据被动材料，不可能在可见频率下显著抑制一辆坦克或一架飞机的光的散射，” 蒙蒂科内表示。“但是对于那些在尺寸上能够与激发它们的波长（典型的无线电线天线，例如，或是一些光学显微镜的工具尖端）相比较的物体，派生的界限表示，你能够做出一些有用的东西，该限制会变得松懈，然后我们可以对其进行量化。”
除了为隐形装置的研究提供实用指南外，研究人员还认为，该框架能够帮助消除一些就伪装及其令大型物体隐形的潜能所产生的谜团。
“问题在于，‘我们是否能够制造出一个被动的遮蔽物，令人类大小的物体隐形？’”阿鲁表示。“事实证明，涂覆一个具有被动材料的物体并且令它看起来像是对于任意入射波和观测点来说都是隐形的具有严格的限制。”
目前，限制隐形的带宽是可用的，研究人员能够集中精通过这个更接近于这些限制的技术开发实际应用。
“如果我们希望超越被动遮蔽物的性能，还有其他的选择，”蒙蒂科内表示。“我们的小组和其他人一直在探索积极的非线性隐形技术，这些限制不适用于这类技术。作为选择，我们可以瞄准松散形式的隐形，正如在光传输通过时引入相伴延迟、伪装技术或者其他光学技巧获得透明印象的隐形装置一样，实际上不需要减少光的总散射。”
阿鲁的实验室正在利用插入到外部能量源的超材料来研究实际遮蔽物的设计，从而实现更广泛的透明带宽。
“即使是通过积极的遮蔽物，爱因斯坦的相对论从根本上限制了隐形的最终表现，”阿鲁称。“然而，通过新的概念和设计，例如活性和非线性超材料，我们仍然有可能朝着透明和不可见迈进。”
Metal Alloy（金属合金）
Researchers report record performance for bismuth-based Zintl material

An international team led by researchers from the University of Houston has reported record thermoelectric performance from rarely studied bismuth-based Zintl phases, work that could lead to a new class of thermoelectric material.

The new material is non-toxic and can be used at temperatures between 500 degrees and 600 degrees Celsius, or around 1,000 degrees Farenheit. The research is described in a paper published this week in the Proceedings of the National Academy of Sciences.

Thermoelectric materials produce electricity by exploiting the flow of thermal current from a warmer area to a cooler area and are currently used in both subsea and aerospace applications. Widespread adoption of this form of clean energy has been hampered, however, by the relatively low efficiency of available materials; that is, they convert heat to electricity at a relatively low rate, which is determined by the figure of merit, or ZT.

Zintl compounds - a class of materials named after the German chemist Eduard Zintl, who developed the idea of a metal/nonmetal compound - are considered potential candidates for thermoelectric materials.

But bismuth-based Zintl compounds haven't been widely studied, said Zhifeng Ren, MD Anderson Chair Professor of physics at the University of Houston and lead author on the paper. Zintl materials in general are often overlooked as potential thermoelectric materials because they usually don't efficiently convert heat to electricity, Ren said.

The researchers reported that the new material - described by the formula (Eu0.5Yb0.5)1-xCaxMg2Bi2 - had a figure of merit of 1.3 at 873 Kelvin (600 degrees Celsius), higher than that recorded for antimony-based Zintl compounds.

That translates to an efficiency of about 10 percent, said Ren, who also is a principal investigator at the Texas Center for Superconductivity at UH. Top efficiency for current single thermoelectric materials is about 12 percent.

"This new Bi-based Zintl phase with high thermoelectric properties could be a good thermoelectric material candidate in the future," the researchers wrote.

In the paper, they describe the use of band engineering and multi strain field fluctuation to enhance the figure of merit for the material. "This ZT value is the highest ever reported in a CaAl2Si2-based structure, especially compared to the most popular Sb-based Zintl compounds," they wrote. "We confirm chemical disorder has no effect on valence band, but does affect the conduction band, resulting in good p-type TE properties."

In addition to Ren, authors on the paper include Ching-Wu "Paul" Chu, chief scientist at the Texas Center for Superconductivity at UH; Jiming Bao, associate professor of electrical and computer engineering at UH; Zhuan Zhu and Jing Shuai, graduate students at UH; Zihang Liu, Huiyuan Geng and Jiehe Sui of the Harbin Institute of Technology in China; Chao Wang of the University of Electric Science and Technology in China, and Yucheng Lan of Morgan State University.

研究人员报告了铋基Zintl材料创纪录的性能

由休斯顿大学的研究人员领导的一个国际研究小组报告了很少研究的铋基津特耳相创纪录的热电性能，这项研究可能会产生新一类的热电材料。
新的材料是无毒的，并且能够在500到600摄氏度或大约1000华氏度的温度下使用。这项研究在本周美国国家科学院学报发表的一篇论文中有所描述。
热电材料通过利用从温暖区域到较冷区域的热电流来生产电力，并且目前同时应用于海底和航空航天领域。但是，由于现有材料相对较低的效率，这种形式的清洁能源的广泛采用受到了阻碍；也就是说，它们以一种相对较低的效率将热能转换为电能，这点已经由价值数据或ZT得到了确定。
Zintl化合物——一类根据德国化学家爱德华·青特尔命名的材料，他开发了金属/非金属化合物的理念——被认为是热电材料的潜在候选材料。
但是铋基化合物并未得到广泛研究，休斯敦大学MD安德森特聘物理系教授兼该论文的主要作者任志峰表示。一般Zintl材料作为潜在的热电材料通常会被忽略掉，因为它们通常不能有效地将热能转换为电能，任表示。
研究人员报告称，新的材料——由工式（Eu0.5Yb0.5）1-xCaxMg2Bi2描述——在873开氏（600摄氏度）温度下具有1.3的品质因数，比锑基Zintl化合物所记录的数值要高。
这相当于10%的效率，同时也是UH德州超导中心的首席研究员的任表示。目前单一热电材料的最高效率大约为12%。
“这种新的铋基津特耳相具有较高的热电性能，可能在未来能够成为一种很好的热电材料候选物质，”研究人员写道。
在该论文中，他们描述了使用带工程和多应变场的波动，用以加强该材料的品质因数。“这个ZT值是CaAl2Si2基结构中所报告的最高值，特别是与最流行的锑基Zintl化合物相比，”他们写道。“我们确认了化学病症对价带不产生影响，但是确实会影响导带，产生良好的p型TE属性。”
除了任，该论文的作者还包括UH德州超导中心的首席科学家楚清开“保罗”；UH电气与计算机工程系的副教授宝继明；UH的研究生朱庄和帅靖；中国哈尔滨工业 大学的刘子航，耿汇源以及穗介河；中国电力科技大学的王朝，以及摩根州立大学的蓝禹城。
New technique provides detailed views of metals' crystal structure
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The method combines optical microscopy techniques (left, in pink) with electron backscatter diffraction (right, in green) to measure characteristics of the boundaries between crystal grains, which help determine the material’s overall properties. Credit: Matteo Seita

Researchers at MIT and elsewhere have developed a new combination of methods that can provide detailed information about the microstructure of polycrystalline metals.

Such materials—composed of a random matrix of multiple small crystals rather than one single large crystal—are widely used for such applications as nuclear reactors, civil infrastructure, and aircraft. However understanding the details of their crystal structure and the boundaries between the crystal areas has been difficult.

The new findings are published in the journal Nature Computational Materials, in a paper by Matteo Seita, an MIT postdoc; Michael Demkowicz, a professor of materials science and engineering; Christopher Schuh, the Danae and Vasilis Salapatas Professor of Metallurgy, and five others.

"This is a unique combination of different technologies," Seita explains. The new approach he and the team developed addresses "one of the most common problems in materials science: How do we quantify the characteristics of materials in a high-throughput fashion?"

Some techniques offer a great deal of detail about structures, but they take time to carry out and can't reveal rapid changes within the material. Others work rapidly but provide much less structural detail, and still other methods provide both spatial and temporal detail but are prohibitively expensive or only available in limited places. The new combination of techniques, Seita says, can help resolve these limitations by providing fast, high-resolution, and low-cost imaging of the materials.

In polycrystalline metals, which are composed of many small crystal grains, it is important to know the location, dimensions, angles of contact, and other characteristics of the different grains making up the material. In particular, the interfaces between the crystal grains, called grain boundaries, "happen to be critical," Seita says, "to many individual properties of the material—its strength, radiation tolerance, hardness, electrical resistance, and so on—but they are very difficult to characterize experimentally, because they are very complex."

There are five basic characteristics about these grain boundaries that researchers would like to be able to quantify, but most tools for studying the materials can only yield some subset of two or three of those. One method for getting all five characteristics at once is high-energy synchrotron radiation, which is only available in a few facilities that are expensive and tend to be oversubscribed.

"Our solution was to try to create a very simple technology that can be used by anyone, in their own lab, using software and hardware that are easily available," Seita says. And that's what they achieved, using a combination of two existing methods—optical microscopy and electron microscopy.

"We take two different datasets and combine them using our numerical image analysis," he explains. To do so, they used sheets of polycrystalline metal foil, which were thin enough that single grains could be seen from both sides. They then took optical microscope images of the foil from one side, flipped the sheet over, and imaged the other side, and used software to connect the grain boundaries from one side to the other. From that, he says, "We can reconstruct the 3-D orientation of these grain boundaries."

Then, that information is combined with electron microscope images that describe the actual pattern of atoms within the grains, showing the orientation of the individual crystal lattices within each grain—and how they relate to those of adjacent grains. The combined information provides all five characteristics of the grain boundaries in the metal foils.

"The beauty of this is that it's high-throughput technology," Seita says. "On one sample, we can measure up to 500 grain boundaries or so, and can build up datasets rapidly. And it's nondestructive," unlike existing methods that consume the sample in the process. That means the sample can then be subjected to other tests, for example tests of mechanical or electrical properties, whose results can be compared with the data about the grain boundaries.

The new methodology, Seita says, "is very versatile, so many groups out there can use it." What's more, though the initial tests were done with polycrystalline metals, the technique "is materials agnostic," and could be applied to insulators or semiconductors as well as metals. "We can test for different kinds of properties and build up large datasets," he says, and ultimately use that data to predict the characteristics of new polycrystalline materials.

"We can figure out what kind of grain boundaries we want to have" for a material being designed for a particular application, "and figure out how to make a material with those grain boundaries." Manipulating the characteristics of these grain boundaries, by modifying the material to increase their abundance or relative orientations, can produce significant changes in the material's property. So, for example, the technique might be used to figure out how to reduce the rate of corrosion of metals exposed to harsh environments, such as oil or gas drilling equipment, he says.

This work is "an inspiring step forward in rapid, data-rich characterization of the structure of crystalline materials," says Brad Boyce, a distinguished member of the technical staff at Sandia National Laboratories in New Mexico, who was not involved in this research. "Grain boundaries, which are interfacial disruptions in the crystalline lattice of polycrystals, influence a wide range of material phenomena ranging from how the material deforms to the electrical resistivity … yet materials scientists possess a limited range of techniques to explore the grain boundary character."

Now, with this new technique, Boyce says, "I am excited to see how this work will inspire further developments that provide rapid, high-throughput characterization, especially techniques that can be used to decipher local grain boundary character below the spatial resolution limits of optical microscopy."

新技术提供了金融晶体结构的详细视图

该方法将光学显微镜技术（左，粉色）与电子背散射衍射（右，绿色）相结合，用于测量晶粒间的边界特性，从而帮助研究材料的整体性能。图片：玛窦·塞塔
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MIT及其他地方的研究人员已经开发出一种新的方法组合，能够提供有关多晶体金属的微观结构的详细信息。
这样的材料——由多个小晶体的随机矩阵而不是单一的大晶体构成的——被广泛应用于诸如核反应堆、民用基础设施以及飞机等领域。然而，了解它们的晶体结构的细节以及晶体区域间的边界一直都非常困难。
新的研究结果发表于自然计算材料杂志，该论文的作者有MIT的博士后玛窦·塞塔；材料科学与工程系教授迈克尔·丹姆科维奇；达娜厄和瓦西利斯·萨拉帕特斯冶金教授克里斯托弗·苏及其他五人。
“这是不同技术的独特结合，”塞塔表示。他和该团队开发的新方法解决了“材料科学中最常见的问题之一：我们如何量化材料高能量方面的特点？”
一些技术提供了有关结构的大量细节，但是它们需要时间来进行，并且不能显示出材料中的快速变化。其他运行快速，但是提供的结构细节相对较少，并且还有其他既能提供空间细节也能提供时间细节的方法，但是相对较贵，或是只能在有限的地方使用。新的技术能使，塞塔表示，能够通过提供快速、高分辨率并且低成本的材料成像，从而解决这些限制。
在由许多小的晶粒构成的多晶金属中，了解接触的位置、尺寸和角度以及构成该材料的不同晶粒的其他特性是非常重要的。特别在于，晶粒间称为晶界的界面，“恰巧至关重要”，塞塔表示，“对于金属的许多个别属性——它的强度、耐辐射性、硬度、电阻等等——但是它们非常难以通过实验来表征，因为它们非常复杂。”
有五个研究人员希望量化的晶界的基本特征，但是大多数研究该材料的工具只能产生其中两个或三个的子集。一次获得所有五个特征的方法是高能同步加速器辐射，这种方法只能在少数昂贵且倾向于超额的设施中完成。
“我们的解决方案设法创建一个任何人在他们的实验室中就能够使用的简单技术，利用能够轻易获得的软件和硬件，”塞塔表示。并且这是他们所取得的成绩，利用两个现有方法的结合——光学显微镜和电子显微镜。
“我们采用了两种不同的数据集，并且使用我们的数字图像分析将它们结合，”他解释称。为了做到这点，他们使用了多晶的金属箔片，其足够薄，能够从两侧看到单个颗粒。然后，他们对箔的一侧拍摄光学显微镜图像，将该片翻转，并且对另一侧成像，并且利用软件将两侧的晶界连接在一起。这样做，他表示，“我们能够重建这些晶粒边界的3-D方向。”
然后，该信息与描述晶粒内原子实际模式的电子显微镜图像相结合，显示出每个颗粒中单个晶格的取向——以及他们是如何与那些相邻的晶粒相关的。该组合信息提供了金融箔中晶界的所有五个特征。
“其精华在于它的高能量技术”塞塔表示。“在一个样品中，我们能够测量高达500左右的晶界，并且能够快速建立数据集。并且它是非破坏性的，”不同于现有的在过程中消耗样品的方法。这意味着样品之后能够接受其它测试，例如，机械或电特性的测试，其结果能够与关于晶界的数据进行比较。
新的方法，塞塔表示，“非常灵活，因此许多团体都能够使用。”更重要的是，尽管最初的试验是通过多晶金属完成的，但是该技术“具有材料无关性”，并且能够应用于绝缘体或半导体以及金属。“我们能够测试不同种类的属性，并且建立大型数据集，”他表示，并且最终运用该数据预测新的多晶材料的特性。
“我们可以想出对于一个即将为特定应用进行设计的材料我们希望其具有什么样的晶界”，并且“想出如何制造出一款具有这些晶界的材料。”通过修改材料以增加它们的丰度或相对取向从操纵这些晶界的特性，能够在材料的属性方面产生显著的变化。因此，例如，该技术可能会用于思考如何降低材料接触恶劣环境的腐蚀速率，例如石油或天然气钻井设备，他表示。
这项工作是“朝着晶体材料结构快速、数据丰富的表征迈进的鼓舞人心的一步，”并未参与本研究的新墨西哥州桑迪亚国家实验室技术人员中的杰出成员布拉德·博伊斯表示。“在多晶的晶格界面中属于界面破坏的晶界影响了广泛的材料现象，从材料如何变化电阻率开始……但是材料科学家拥有有限范围的技术来探索晶界属性。”
现在，通过这种新的技术，博伊斯表示，“我非常兴奋能够看到这项研究将如何激励提供快速高能量表征的进一步发展，特别是能够用于破译在光学显微镜空间分辨率限制之下的局部晶界的特征。”
Composite Materials（复合材料）
Composites Eliminate Manual Handling Health and Safety Risks

Health and safety in today’s workplace is becoming an ever increasing concern with manual handling accounting for over a third of all workplace injuries.

According to Fibrelite, manual handling accounts for over a third of all workplace industries and the majority of these injuries are caused by the handling of loads, whether lifting, lowering, pushing, pulling or carrying. It explains that the majority of advice given by the HSE and NHS to prevent manual handling injuries relates to safe lifting technique and practices, for example HSE advise people to ‘reduce the amount of stooping’ and ‘avoid lifting from floor level, especially heavy loads’, while the NHS suggests to ‘avoid bending your back when lifting’ and ‘keep the load close to the waist’. Unfortunately, it says that a number of everyday activities in workplaces don’t allow for these to be put into practice. One that causes many health and safety injuries, is that of removing and replacing traditional heavy metal or concrete access covers inset in the ground, which goes against all the above advice.

Fibrelite first invented the composite access cover to reduce the unnecessary injuries associated with traditional metal access covers on petrol station forecourts back in 1980. The founders Trevor Pardoe and Michael Jennings had first-hand experience of these in their work in the retail petroleum business. To solve this problem, they created the world’s first composite access cover as a prototype for Esso UK (Part of Exxon Mobil). Since then, Fibrelite explains that it has continued its development of highly engineered glass reinforced plastic (GRP) access covers, maintaining the best strength to weight ratio in the industry, their covers typically weighing in at one third of metal and concrete alternatives.

While this dramatically reduces the risk of manual handling injuries, Fibrelite wanted to find a way to eliminate them altogether. What resulted was an ergonomically designed lifting handle which slots into a keypoint in the top of the cover, allowing users to safely remove and replace the covers, while keeping the load close to the waist and avoiding stooping or bending your back, as advised by both the HSE and NHS.

Due to the light and strong qualities of their covers, even F900 (90 tonne) load rated covers can be safely lifted by two operators, whilst remaining under the advised safe lifting limit for the weight in relation to the position from the body (see picture) Fibrelite is seeing dramatic growth in the number of industries reducing their health and safety risks by using composites, both for new build facilities where they are specified, and existing facilities retrofitting a custom cover to replace the existing. Industries range from power stations, to water and waste water facilities, to gas sub stations, ports, petrol stations and many more (to see more industries visit http://www.fibrelite.com/i-case-studyindustries)
复合材料消除健康和安全风险

如今，工作场所健康和安全正日益受到关注，对超过三分之一的工伤进行评估。

根据Fibrelite，处理超过三分之一的工作场所的行业，造成的大多数伤害是处理负载造成的，是否取消，降低，推，拉或携带。解释道，大多数建议由HSE和NHS给出的，关于防止手动处理伤害与安全吊装技术和实践，例如HSE建议人们避免弯腰和负重上楼，特别是沉重的负荷。而NHS建议避免搬运时弯曲背部，保持负载于腰部。不幸的是，它说一些日常活动在工作场所难以将这些付诸实践。造成许多健康和安全伤害，移除和替换传统的重金属也与上述建议相悖。

早在1980年前，Fibrelite首先发明了复合覆盖，用来减少加油站前院传统金属不必要的损失。创始人特雷福Pardoe和迈克尔詹宁斯在他们的工作中，对这些零售的石油业务有亲身经历。为了解决这个问题,他们创造了世界上第一个综合检修盖，这个检修盖是制作英国埃索的原型(埃克森美孚的一部分)。此后,Fibrelite解释说,它仍在继续了解高度设计玻璃钢(GRP)的发展,维护业内最好的强度重量比,他们通常涵盖了重达三分之一的金属和混凝土的备选方案。

虽然这大大降低了人工操作的伤害风险，Fibrelite还是想找到一种方法来消除它们。结果发现，顶部盖处的关键点在于人体工程学设计的起重处理槽，让用户能够安全地删除和替换其封面，同时保持负载接近腰部，避免弯腰或弯曲背部，HSE和NHS建议道。

由于封面的光线的良好的品质，甚至可以由两个运营商来安全地解除负载F900(90吨)的额定封面，同时有关于身体位置的起重重量(见图)考虑过安全解除限制的问题，Fibrelite发现通过使用复合材料来减少他们的健康和安全风险的工厂数量正在疯狂性的增长，包括在他们那里一些指定的新工厂，用现有设施来改造一个定制的封面来取代现有的。行业范围包括电站、水和废水设施、加气子站、港口、加油站和更多(参考更多的行业请访问http://www.fibrelite.com/i-case-studyindustries)

New Vision Series Vacuum Hydraulic Press for Quality Composite Moulding Part Production

[image: image9.png]



A new French Vision Series vacuum hydraulic press model, available from 30 to 150 tons, is specially designed for customers moulding composite parts.  

According to French, the Vision composite moulding press, pictured in a 50 ton model, features electrically heated platens with a steady state working temperature of 500° F. The platens are also further drilled for water cooling circulation.  The press construction has slab sides with keyways machined in sets to provide correctly proportional loading and exact parallelism of matching components.  

French explains that the vacuum chamber is formed by heavy duty doors that are mounted to the front and back sides of the press. The front door moves up and down based on the press automatic cycle and the rear door is hinged to allow ease of press service. The vacuum pump eliminates entrapped air and moisture in the composite materials and removes entrapped volatiles caused during the moulding process that can reduce part quality. A vacuum transducer is incorporated in the press system to indicate and control vacuum, which can be based on preset timers or vacuum level parameters. The press pump can be sized to draw full vacuum in 2 minutes or less, for faster cycle time.

The press includes a microprocessor-based advanced control system, designed by French and TMP, A Division of French engineers to improve part quality through better processing accuracy, repeatability and versatile process-control programming to monitor data for user analysis. The colour touchscreen is operator-friendly and the system is easily utilised to program the machine recipe and control moulding parameters such as platen temperature set points, hydraulic pressure and pressure de-gas for the automatic cycle. Temperature and pressure ramp rates are also easily programmed.

As an example of French’s commitment to quality, the press comes with a three year warranty from date of shipment. French’s personnel will travel to the customer’s plant for installation, training and ongoing service as requested.  

Customers may choose from a variety of additional press options including loading and unloading automation, more robust recipe storage and data collection, high temperature heated platens and platen cooling. In addition, specialised UNI-TEMP platens for even more advanced temperature control are available. 

新视野系列真空复合成型液压机质量的部分生产
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法国新愿景系列真空液压机模型，30到150吨不定，是专门为客户设计造型的组合部分。

根据法国视觉复合成型机的情况，图为50吨模型，电热压台稳态工作温度为500°f 。压板也进一步钻探水冷却循环，媒体建设有板边与键槽加工集提供正确加载比例，还有精确匹配组件的并行性。

法国人解释说真空室是由重型门安装在媒体装置的前后。前门上下运动的基础上，按自动循环的后车门铰链可以缓解新闻服务。真空泵消除裹入复合材料的空气和水分，在成型过程中，可以减轻一部分质量。可根据预设定时器或真空度参数，真空传感器是新闻系统显示和真空控制。按泵可以将全真空控制在2分钟或更少，周期时间更短。

包括基于微处理器的先进控制系统由法国和TMP设计，法国工程师通过更好的加工精度，提高部分质量、重复性和通用的编程过程，为用户分析控制监控数据。彩色触摸屏操作简便，系统很容易利用程序机器配方和控制成型参数如滚筒温度设置点，液压和压力脱气自动循环。温度和压力斜坡率也容易编程。 

法国质量保障作为例子，媒体从装船日期起有三年保修。法国人员将前往客户工厂安装，培训和持续的服务要求。

客户可以选择从各种额外的新闻选项包括装卸自动化、更健壮的配方存储和数据集，高温热压板和滚筒冷却。此外，专业UNI-TEMP压板为更先进的温度控制是可用的。
Practical Application（实际应用）
Quantum fingerprinting surpasses classical limit
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Illustration of the quantum fingerprinting protocol, which can transmit less information than the minimum required by the classical limit for solving a communication complexity problem. Credit: Guan et al. ©2016 American Physical Society

(Phys.org)—As the saying goes, no two fingerprints are alike, and the same is true for quantum fingerprints. Just as a human fingerprint is only a fraction of the size of a person, yet can be used to distinguish between any two people (at least in theory), quantum fingerprints are exponentially smaller than the string of information they represent, yet they can be used to distinguish between any two strings.
Ever since quantum fingerprinting was first proposed in 2001, it has for the most part remained an interesting theoretical concept, with only a handful of protocols having managed to experimentally demonstrate the idea.

Now in a new study, researchers have experimentally demonstrated a quantum fingerprinting protocol and shown that it can surpass the classical limit for solving communication complexity problems. In these problems, two parties each have a message, and they both share some of their message with a referee, who has to decide whether the two messages are the same or not. The classical limit requires that a minimum amount of information must be transmitted between each party and the referee in order for the referee to make this decision.

So far, the best communication complexity protocols have required transmitting an amount of data that is two orders of magnitude larger than the classical limit.

Now in the new study, the scientists showed that quantum fingerprinting can transmit less information than that required by the classical limit, in some cases up to 84% less, by transmitting only the tiny amount of information that is contained in a quantum fingerprint. The results set a new record for transmitting the smallest amount of information for any type of communication complexity protocol.

"For the first time, we have demonstrated the quantum advantage over classic information processing in communication complexity," coauthor Qiang Zhang, a physicist at the University of Science and Technology of China and the Jinan Institute of Quantum Technology, told Phys.org.
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(Left) Comparison of the amount of information transmitted by the best classical protocol, the quantum fingerprinting protocol (black points represent experimental results at 0 km, red points at 20 km), and the classical limit. For large messages, the quantum fingerprinting protocol surpasses the classical limit. (Right) This graph shows that, as distance decreases and data size increases, the advantage of quantum fingerprinting increases. The maximum advantage is 84% less information than the classical limit. Credit: Guan et al. ©2016 American Physical Society

The key to experimentally realizing the quantum fingerprinting protocol is the ability to distinguish between any two strings of quantum information just by knowing their quantum fingerprints. To do this, the researchers transmitted the quantum fingerprints in the form of single-photon pulses to two detectors. If the two fingerprints/pulses are different, both detectors click; if they're identical, only one of the detectors clicks.
The achievement could lead to a wide variety of applications in quantum communications, in particular the potential for the development of "green" (low-energy) communication methods.

The results could also lead to new tests of the foundations of quantum physics, since quantum fingerprinting involves quantum phenomena such as nonlocality, which is related to quantum entanglement.

Demonstrating the potential for applications, the researchers used the new protocol to transmit 2-Gbit video files over a 20-km fiber. By transmitting only the information contained in the files' quantum fingerprints, this task requires transmitting only about 1300 photons, which is 14% less information than that required by the classical limit.

However, the researchers note that the new protocol cannot be used for any real-world application—including sending video files—in its current form, since it still needs improvement in several areas. One drawback is that the new protocol takes more time to run than classical protocols, even though it uses less energy overall. Also, the number of transmitted photons required increases as the channel distance increases, so the quantum advantage diminishes over longer distances. The researchers plan to address these drawbacks in future work.

"Although our setup utilizes less information compared to the classical limit, it takes more time and more channel resources," Zhang said. "So we cannot find its application in its current status. We may try to improve the transmission time by using multiplexing. But we do not whether it will be useful."

量子指纹超越传统极限

量子指纹协议说明，传输的信息少于所需的极限，求解通信复杂性问题。信贷:关et al .©2016美国物理学会
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(Phys.org)俗话说的好，没有两个一样的指纹，这同样也适用于量子指纹。就像指纹大小是只有一小部分人，还可以用于区分任何两个人(至少在理论上)，量子指纹指数小于它们表示的字符串的信息，但它们可以用来区分任意两个字符串。

自从在2001年首次提出量子指纹，在很大程度上仍然是个有趣的理论概念，只有少数协议有实验可以证明这个想法。

如今，在一项新的研究中，研究人员实验揭示了量子指纹协议，证明为解决通信复杂性问题超越传统限制。在这些问题中，双方都有各自的消息，并与裁判分享一些他们的信息，必须决定两个消息是否一致。传统限制要求两党之间必须传播尽量少的信息，为了让裁判做出裁决。

目前为止，最好的通信复杂性协议需要传输的数据量是两个数量级。

在新的研究中，科学家们表示量子指纹信息可以传输低于所需的传统极限的信息量，在某些情况下减少84%,由传输一个量子指纹只包含少量的信息。结果创造了一个新的传输记录，对任何类型的复杂的交流协议信息量最小。

“这是第一次，我们证明了量子优于传统信息处理通信的复杂性，”济南量子技术研究所，中国科学技术大学物理学家作者张强，告诉Phys.org。
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(左)对比信息量传播最好的传统协议，量子指纹协议(黑色点代表实验结果在0公里,红点20公里),和传统极限。对于大量信息，量子指纹协议超过传统极限。(右)这张图表明，随着距离减少和数据量增加，增加量子指纹识别的优势。最大的优点是比传统限制减少了84%的信息。信贷:关et al .©2016美国物理学会。

实验中实现量子指纹协议的关键是只要知道量子指纹，就能够区分任意两个字符串的量子信息。要做到这一点，研究人员传送量子指纹单光子脉冲的形式两个探测器。如果传送器不同，两个指纹/脉冲探测器点击;如果相同，只有一个探测器点击。

在量子通信中，成就可能会导致各种各样的应用程序，特别是潜在的发展“绿色”(低能)通信方法。

因为量子指纹涉及量子非定域性等现象，也可能导致新的量子物理学基础的测试结果。

研究人员使用新的协议传输2-Gbit视频文件从纤维，展示了潜在的应用。只传送包含量子指纹信息的文件中，这个任务需要传输只有大约1300个光子，相比经典极限所需的信息减少14%。

然而，研究人员注意到，据当前形式，新协议不能用于包括发送视频filesin的任何实际应用，因为它在一些地区仍然需要改进。一个缺点是新的协议与传统协议相比，尽管消耗更少的能量，需要更多的时间来运行。同时。传播光子所需数量随着通道距离的增加而增加，所以减少远距离量子的优势。研究人员计划在今后的工作中，着力解决这些缺点。

“虽然相比传统限制，我们设置需要更少的信息。但是需要更多的时间和更多的频道资源，”张说。“所以我们不能找到当前状态的应用程序。我们可能会提高多路复用传输时间的使用。但我们不管它是否有用。”

Bouncing droplets remove contaminants like pogo jumpers
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Coalescence of two water drops on a polystyrene particle leads to the launching of the particle away from the supporting substrate. Credit: Roger L. Chavez/Duke University

Scalpels that never need washing. Airplane wings that de-ice themselves. Windshields that readily repel raindrops. While the appeal of a self-cleaning, hydrophobic surface may be apparent, the extremely fragile nature of the nanostructures that give rise to the water-shedding surfaces greatly limit the durability and use of such objects.
To remedy this, researchers at Duke University in Durham, North Carolina and the University of British Columbia in Vancouver, Canada, are investigating the mechanisms of self-propulsion that occur when two droplets come together, catapulting themselves and any potential contaminants off the surface of interest. They ultimately hope to determine whether superhydrophobicity—a surface that is impossible to wet—is a necessary requirement for self-cleaning surfaces.

"The self-propelled catapulting process is somewhat analogous to pogo jumping," said Chuan-Hua Chen, an associate professor in the Department of Mechanical Engineering and Materials Science at Duke University. He and his colleagues present their work this week in Applied Physics Letters.

When the droplets coalesce, or come together on a solid particle, they release energy - analogous to the release of biochemical energy of a human body on a pogo stick. The energy is then converted through the interaction between the oscillating liquid drop and the solid particle - analogous to the storage and conversion of energy by the spring mechanism of the pogo stick.

The video will load shortly

Coalescence of two water drops on a polystyrene particle leads to the launching of the particle away from the supporting substrate. Credit: Roger L. Chavez/Duke University

"In both cases, the catapulting is produced by internally generated energy, and the ultimate launching comes from the ground that supports the payload - the solid particle or the pogo stick," Chen said.

The researchers had previously worked with self-propelled jumping droplets triggered by drop coalescence on superhydrophobic surfaces. According to Chen, he and his colleagues initially encountered difficulties with demonstrating the same self-propelled motion without a superhydrophobic surface.

"The solution suddenly occurred to us while we were examining the drop coalescence process with numerical simulations by my student Fangjie Liu. The coalescence of two droplets on a particle can provide the source of energy to catapult the particle, much like pogo jumping," Chen said. "Guided by this insight, another student, Roger Chavez, inkjet-printed two droplets on a solid particle, which rests on a supporting substrate. As the droplets coalesce, the merged drop not only jumps away from the supporting substrate, but also carries the solid particle along with it."

"Since neither the solid particle nor the supporting substrate are superhydrophobic, we clearly demonstrated the feasibility of coalescence-induced self-cleaning without resorting to superhydrophobic surfaces," he concluded.

In addition to self-cleaning engineering systems, future work for Chen and his colleagues includes developing laboratory models for a related phenomenon, ballistospore launch triggered by drop coalescence on fungal spores, which has been observed on thousands of fungi species but has only been previously studied on live spores.

液滴反弹如弹跳器般去除污渍

凝聚的两个水滴从聚苯乙烯微粒上坠落，水滴会顺延着底质流下。信息来源：杜克大学 Roger L. Chavez
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正如手术刀从不需要清洗。飞机机翼可以自动脱冰一样。挡风玻璃也很容易抵挡雨滴。然而当其在进行自我清洁的时候，纳米结构的疏水面可能会显得脆弱很多，而这将会很大程度的降低其防水层的耐用性及使用效率。
为了弥补这个缺陷，杜克大学来自达勒姆,北卡罗莱纳和加拿大温哥华的英属哥伦比亚大学的研究者们正在研究当两个微粒碰撞聚集在一起时产生的机制自航现象。它们自己和一切潜在的致污物研究都与利益无关。他们最终只是想确认超疏水层-一个不可能被打湿的层面-是自我清洁层的必要设备。
“这个自航过程类似于弹跳器”杜克大学机械工程学系和材料科学系副教授陈传华如此说道。他和他的学生本周在应用物理快报上展现了其研究成果。
当液滴融合,或固体颗粒聚集在一起时,他们会释放能量-类似于人体在玩弹簧单高跷时释放的生化能量。这种能量通过振荡液滴和固体颗粒之间的相互影响而被转换-类似于弹簧单高跷的弹簧装置储存及转化能量的方式。
视频很快就会加载
凝聚的两个水滴从聚苯乙烯微粒上坠落，水滴会顺延着底质流下。信息来源：杜克大学
“在这两种情况下,使其运动起来的能量是由内部产生的能量,而最终弹起的能量则是来自地面的支持有效载荷的能量-固体微粒或者弹簧单高跷。”陈传华说到。
研究人员曾经研究过水滴从超疏水层面滑落时产生的自航现象。陈传华说，他和他的学生最初面对的问题是，在不使用超疏水层面时如何演示自航现象。
“当我的学生刘方杰在做液滴坠落的数值模拟时，这个问题的解决方案就突然出现了。两个在微粒上凝聚的水滴能够像弹跳器一样为液滴的上升提供能量”，陈传华还说到，“在这一观点的指引下，另一位学生Roger Chavez使用喷墨印刷的技术将两个水滴置于一个固体微粒上，这一点的成功与底质关系密切。就凝聚的液滴而言，这种混合将使得液滴不仅仅沿底质落下，还会带着微粒一同落下”。
“由于固体颗粒和底质都不是超疏水层面,我们证明了不使用超疏水层面也能诱导式聚结进行自我清洁可行性。”陈传华总结到。
除了对自洁系统的完善，陈传华及其学生们后期的工作还包括对相关实验室模型的开发和研究，如凝聚的真菌孢子引起掷孢子的运动。人类已了解到成千上万的真菌物种，但之前只研究活孢子。
Bowtie-shaped nanostructures may advance the development of quantum devices
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A bowtie-shaped nanoparticle made of silver with a trapped semiconductor quantum dot (indicated by the red arrow). Credit: Weizmann Institute of Science

Bowtie-shaped nanoparticles made of silver may help bring the dream of quantum computing and quantum information processing closer to reality. These nanostructures, created at the Weizmann Institute of Science and described recently in Nature Communications, greatly simplify the experimental conditions for studying quantum phenomena and may one day be developed into crucial components of quantum devices.

The research team led by Prof. Gilad Haran of Weizmann's Chemical Physics Department - postdoctoral fellow Dr. Kotni Santhosh, Dr. Ora Bitton of Chemical Research Support and Prof. Lev Chuntonov of the Technion-Israel Institute of Technology - manufactured two-dimensional bowtie-shaped silver nanoparticles with a minuscule gap of about 20 nanometers (billionths of a meter) in the center. The researchers then dipped the "bowties" in a solution containing quantum dots, tiny semiconductor particles that can absorb and emit light, each measuring six to eight nanometers across. In the course of the dipping, some of the quantum dots became trapped in the bowtie gaps.

Under exposure to light, the trapped dots became "coupled" with the bowties - a scientific term referring to the formation of a mixed state, in which a photon in the bowtie is shared, so to speak, with the quantum dot. The coupling was sufficiently strong to be observed even when the gaps contained a single quantum dot, as opposed to several. The bowtie nanoparticles could thus be prompted to switch from one state to another: from a state without coupling to quantum dots, before exposure to light, to the mixed state characterized by strong coupling, following such exposure.

Therefore, the ability to control the coupling of quantum dots may one day be employed in the manufacture of switches for computing or encryption devices relying on quantum phenomena, that is, those operating at the level of photons and single quantum systems, such as atoms, molecules or quantum dots. Because such phenomena open up possibilities unavailable on the macroscopic scale - for example, performing multiple computations simultaneously - quantum devices are expected to be vastly more powerful than today's electronic computers and encryption systems.

Says Prof. Haran: "We've made a first step toward creating quantum switches using our coupling method. Much research needs to be done before the method can be incorporated into actual devices, but as a matter of principle, our system is relatively easy to generate and, most importantly, can function at room temperature. We are currently working to fabricate even smaller bowtie particles and to render the coupling stronger and reversible."

The Weizmann scientists managed to design their bowtie system thanks to advances in nanotechnology - including electron beam lithography, used to fabricate the bowties and to facilitate the introduction of quantum dots into their gaps - and the advent of computational programs providing data analysis that previously required a massive effort on the part of theoreticians. They also relied on the recently improved understanding of electron oscillations triggered by light in metals, which constitute the physical source of the coupling between the bowtie nanoparticles and the quantum dots: Such oscillations are known to be strongest on the metal surface. In the new bowtie-shaped particles, the electromagnetic field generated by these oscillations is extremely concentrated because it is focused to the central, narrow portion of the bowtie, much as light is concentrated when focused into a narrow beam.

The high concentration ensures tight control over the coupling, and this control, in turn, is essential for potential future quantum applications. None of the systems built in the past to study quantum interactions between light and matter operated on such a small scale or were able to reduce experiments to the level of individual quantum dots, as was done in the Weizmann study.

蝶形纳米结构可能会推动量子器件大发展

由银组成的纳米颗粒与半导体量子点绑定在一起（红色箭头所示）。来源：魏茨曼科学研究所
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有银制成的蝶形纳米粒子可以帮助将量子计算和量子信息处理的梦想更接近于现实。这些纳米结构创建于魏茨曼科学研究所，《自然通讯》近期也对其进行了描述。他们大大简化了研究量子现象的实验条件，有一天可能会发展成量子设备中的重要组成部分。

魏茨曼科学研究所的研究小组由化学物理系博士 Gilad Haran 领导，成员有博士后Kotni Santhosh，化学研究部门的Ora Bitton，以及以色列科技大学的Lev Chuntonov教授——该小组制造了二维蝶形银质纳米粒子，中心区域粒子的微小差距大约为20纳米（十亿分之一米）。研究人员随后在解决方案中下调了“蝶形”，其中包含量子点和能吸光发光的半导体微粒，每一蝶形有6到7纳米宽。在下调过程中，一些量子点聚集在了蝶形缺口中。

在光照下，聚集的量子点“耦合”成蝶形——这个科学术语是根据混合状态的形成命名的，在此蝶形结构中，光子是共享的，也可以说是量子点。在耦合足够强的情况下，即便是单个量子点的距离也可以观察得到，而不是几个量子点。蝶形纳米结构可能会因此提示，从一个状态转换到另一个状态：通过这样的接触，从光照前没有耦合量子点的状态，转换成强耦合的混合状态。

因此，依靠量子现象，这种控制耦合量子点的能力，总有一天会被用于制造计算机或加密装置的开关，在光子和单量子系统的操作层面上得以应用，如原子、分子或量子点。因为这种现象在宏观尺度上，展示了难以置信的可能性——例如，同时执行多个计算——量子设备预计将会比如今电子计算机和加密系统更为强大。

Haran教授说：“通过使用耦合方法，我们已经完成了创建量子交换的第一步。此种方法应用于实际设备前，我们还需要做很多的研究，但是作为一个原则问题，我们的系统是相对容易建立的，最重要的是，它可以在室温环境下发挥其功能。我们正努力制造更小的耦合粒子，并使它们呈现得更强及可逆。”

由于纳米技术领先，魏茨曼科学研究所的科学家们计划设计他们自己的蝶形系统——包括电子束光技术，该技术用于形成蝶形结构，并促使在他们的距离中引入量子点——在执行计算程序时会提供一数据分析，这些分析数据需要理论家们付出巨大的努力。还依赖于最近对改进了的电子振荡的理解，其现象是由于金属光泽触发的，构成了蝶形纳米粒子和量子点之间耦合的物理数据源：这是金属表面已知的最强振荡。在新的蝶形粒子中，由于振荡集中于中心区域，蝶形中最狭窄的部分，就像形成狭窄光束时光线集中了一样，所以产生的电磁场非常集中。

这种高的集中度对耦合进行了严格控制，反过来，这种控制在未来对潜在的量子应用至关重要。在过去建立的系统中，没有任何一个系统，是为了研究光和物质在小范围中量子间的相互作用，以及能够简化实验至单个量子点水平，就像魏茨曼科学研究所所研究完成的那样。
Organic & Polymer（有机高分子材料）
Physics researchers question calcium-52's magic

The image above shows the chain of the studied calcium isotopes. The “doubly magic” isotopes with mass numbers 40 (Ca-40) and 48 (Ca-48) exhibit equal charge radii. The first measurement of the charge radius in Ca-52 yielded an unexpectedly large result. Credit: COLLAPS Collaboration/Ronald Fernando Garcia Ruiz

For decades nuclear physicists have tried to learn more about which elements, or their various isotopes, are "magic."

This is not to say that they display supernatural powers. Magic atomic nuclei are composed of "magic" numbers of protons and neutrons—collectively called nucleons—such as 2, 8, 20, and 28. These specific numbers of nucleons define shells inside the nucleus, which, when closed, make it far more strongly bound, and stable, than other nuclei.

If both protons and neutrons have a magic number, the atomic nucleus is said to be doubly magic, making it particularly strongly bound and simple in its structure. For instance, calcium-48, with 20 protons and 28 neutrons, is doubly magic.

Atomic nuclei make up the vast majority of visible matter in the universe, and understanding the interactions between the neutrons and protons that comprise nuclei has an impact on research spanning from the subatomic realm to astrophysical objects such as neutron stars.

For a nucleus to be considered magic, it must exhibit several properties. Researchers look at its excitation energy, the energy needed to move the nucleus to a higher energy state. In addition, researchers measure its separation energy, the energy needed to remove a nucleon from the nucleus. Finally, measuring the charge radius, or the distribution of protons in the nucleus, allows scientists to track trends that would indicate whether a nucleus is magic.

Recently a multi-institution team led by Gaute Hagen at the Department of Energy's Oak Ridge National Laboratory computed the size of the atomic nucleus calcium-48—a magic isotope—and found it had a significantly thinner neutron skin than was previously thought. The results challenge researchers' understanding of the basic properties of atomic nuclei, such as the evolution of shell structure in neutron-rich nuclei and its connection to the distribution of charge and stability. The team's research was published in Nature Physics.

After the work on calcium-48, the team continued by moving to a larger, heavier, and more complex isotope—calcium-52—and the results surprised the researchers once again.

"What had been previously known for calcium-52 was that it has a relatively high excitation energy for the 2+ state and a large neutron separation energy," Hagen said. "These quantities tell us something about how strongly a nucleus is bound and therefore led researchers to believe that calcium-52, much like calcium-48, was magic."

"Those are two observables that only give us partial information on whether a nucleus is magic, though," Hagen continued. "There are more observables we need to look at before we can conclusively claim to have a magic nucleus. In this work a more detailed analysis of the properties of calcium-52 challenged this claim."

Charging Toward Answers

Experimentalists from the Collinear Laser Spectroscopy (COLLAPS) collaboration at the European Organization for Nuclear Research—known as CERN—discovered that calcium-52's charge radius was much larger than those for all lighter isotopes of calcium. The research was performed using CERN's ISOLDE facility (On-Line Isotope Mass Separator).

The electric charge radius determines the size of an atomic nucleus. When looking at the variation of known charge radii in various isotope chains, researchers would normally see a picture that looks like rolling hills as neutrons are added to a nucleus. These hills represent how the charge radii evolve, getting smaller for magic nuclei and larger for the non-magic ones. The very large charge radius measured for calcium-52 called its status as a magic nucleus into question.

To help experimentalists interpret whether calcium-52 had any tricks up its sleeve, Hagen and his collaborators turned to the Titan supercomputer at the Oak Ridge Leadership Computing Facility, a DOE Office of Science User Facility located at ORNL.

Theoretical researchers from ORNL, the University of Tennessee, Michigan State University, Technische Universität Darmstadt in Germany, and TRIUMF in Canada computed the charge radii of calcium isotopes and found the same trend as in the experiment.

"If calcium-52 was magic, you would expect there to be a dip or kink in the graph showing the charge radii of calcium isotopes at calcium-52," Hagen said. "Our theory collaborators agreed with the experimental trend, and there were no signs of this kink."

Unlike the team's prior work with calcium-48, though, even the best-performing nuclear models were unable to perfectly match experimental data, although the overall trend was reproduced. OLCF scientific computing liaison Gustav Jansen, who also played a significant role in developing the team's NUCCOR code and has served as the bridge between nuclear theory and computational science on the project, noted that this outcome resulted from the extremely complex nature of the calculation.

Jansen spearheaded the efforts to optimize the team's code for Titan and organized the workflow in such a way that the team could get the most precise simulations at the lowest computational cost.

Hagen and Jansen agreed that without access to leadership computing, nuclear physics research would not be where it is today.

"There is a revolution in our field, where we can take computing power with improved computational methods to really go to a mass-50 nucleus, which is our current limit," Hagen said. "Without access to supercomputing, I think work like this would be impossible."

As computational power increases, the team looks forward to adding more detail into its simulations and expanding out to increasingly larger nuclei. To help in that effort, the team's NUCCOR code was selected as one of 13 projects for the OLCF's Center for Accelerated Application Readiness (CAAR) project.

In anticipation of the OLCF's next-generation supercomputer, Summit—set to start delivering science in 2018—staff members developed the CAAR project to invite researchers to apply for early access to Summit's test beds and developmental systems. CAAR allows researchers to prepare their codes to run as efficiently as possible on Summit from the very beginning.

Both Jansen and Hagen agree that Summit will help them continue to refine and improve their research, ultimately helping to create more accurate simulations of increasingly larger, more complex nuclei.

"Our results for this simulation really point us back to the fundamental interaction that we're studying," Jansen said. "It's saying that we need to do a better job of approximating this interaction, but also we need to narrow down the associated uncertainties. With our methods right now, the precision in the results is far better than what we have from the inputs, and until we have these two on equal footing, we won't be able to get the most precise answer."

物理研究人员质疑钙-52是否为幻核

在有着大量40（Ca-40）和48（Ca-48）的“双幻”同位素表现出了相同的电荷半径。对Ca-52电荷半径的第一次测量产生了出乎意料的结果。来源：线激光光谱学协会/罗纳德·费尔南多·加西亚·鲁伊斯
几十年来，核物理学家一直试图了解更多那些具有幻核的元素，或他们的各种同位素。
这并不是说他们展示了超自然的力量。有幻核的原子核通常是由特定数量的质子和中子组成如2，8，20，和28。这些质子和中子被统称为核子。这些特定数量的核子决定了原子核内部的壳，当其关闭时，会比其他的原子核更加聚集和稳定。
如果质子和中子是这几个个神奇的数字中的一个，那该原子核被称作双幻核。双幻核中的质子与中子会以简单的结构强烈的束缚在一起。例如，有着20个质子和28个中子的钙48，就是双幻核。
原子核是由宇宙中的绝大多数可见物质组成的。同时理解组成原子核的中子和质子之间的相互作用，对研究亚原子领域的天体，如中子星，也有着深刻的影响。
对于一个被认为是幻核的原子核，它必须表现出几个属性。研究人员观察它的激发能，即将原子核移动到一个更高的能量状态所需的能量。此外，研究人员还要测量它的分离能，即从细胞核中移除一个核子所需要的能量。最后，研究人员还要测量电荷半径，或在核中的质子的分布，使科学家能够跟踪观察该原子核是否具有幻核的迹象。
最近一个由高特哈根在美国能源部橡树岭国家实验室领导的多机构小组计算一个神奇的同位素calcium-48原子核的大小时，发现它有一个比以前认为的中子要薄上很多的外壳。研究结果对于研究人员对原子核的基本性质的理解产生了挑战，如中子核的壳层结构的演化及其与电荷分布和稳定性的关系。该小组的研究发表在《自然物理学》。
在对钙-48的研究后，该小组继续研究更大，更重也更复杂的同位素，钙-52。其结果同样是研究人员震惊。

“以前我们对钙-52的理解是它在2 +状态有一个相对高的激发能和大的中子分离能，”哈根说。“这些告诉我们原子核是如何被紧密的束缚，因此研究人员认为，钙-52，就像钙48，是幻核。”
“这只是两个能给我们部分信息，来判断原子核是否是幻核的观测值，”哈根说。“在我们能确切说其是一个幻核之前，我们需要去研究更多的观测值。而这次在对calcium-52性能进行了较为详细的分析后，让我们对之前确定幻核原子核的说法有所怀疑。”
奔向答案

在欧洲核子研究组织的线激光光谱协会的实验中发现，calcium-52的电荷半径比那些较轻的钙的同位素大很多。本研究利用了欧洲核子研究组织的伊索尔德设施（在线同位素分离器）。
电荷半径决定了原子核的大小。当观察这些已知电荷半径的同位素链中的不同的变化时，随着中子被添加到原子核中，研究人员通常会看到一个像起伏的小山一样的图片。这些山丘代表了电荷半径的演化，越变越小的是幻核而越来越大的是非幻核。而calcium-52测量出有着非常大的电荷半径，这对于它做为幻核的地位受到质疑。
为了帮助物理学家能够更好的解释calcium-52到底是不是幻核，哈根和他的合作者转向位于国立橡树岭实验所的美国能源部科学用户设施办公室中的泰坦超级计算机。

来自橡树岭国家实验室，田纳西大学，密歇根州立大学，德国的达姆施塔特工业大学和加拿大核物理与粒子物理国家实验室的理论研究人员，计算钙同位素的电荷半径的实验中发现同样的趋势。

“如果calcium-52是幻核，你会在钙同位素calcium-52电荷半径的图形显示中看到倾角或扭结，”哈根说。”我们的理论与实验的趋势一致，并没有发现这种扭结的迹象。”
与团队之前在钙48上的工作不一样的是，尽管总体趋势是得以重现，但即使是表现最好的核模型也不能完全符合实验数据。负责OLCF科学计算，同时也在nuccor编码的开发团队发挥了重要作用的古斯塔夫· 扬森担任该项目的核理论和计算机科学之间的桥梁。他指出这样的结果是由于极其复杂的计算性质导致的。
扬森带头，努力的为泰坦超级计算机优化代码和组织工作，希望通过这种方式，团队可以在最低计算成本下获得最精确的模拟。
哈根和扬森都认为没有超级计算机的计算能力，核物理的研究就不会有今天。
“这是我们领域的一场革命，我们可以通过改进计算方法运用计算能力能够到达计算质量为50的原子核，而这是我们目前的极限，”哈根说。“如果没有超级计算机，我觉得这样的工作是不可能的。”
随着计算能力的增加，该团队期待能在它的模拟中增加更多的细节以及可以扩展到更大的原子核。为了帮助他们实现这个过程，用于OLCF的加速应用准备中心（CAAR）项目选择了nuccor编码团队作为13个项目中的一个。

在对OLCF的下一代超级计算机的期待中，为了给大众提供科学的2018峰会的工作人员研发了加速应用准备中心项目，因此邀请了研究人员申请对峰会的测试台和发展系统的早期测试。加速应用准备中心在从峰会的一开始就允许研究人员准备他们的代码，以便进入时尽可能高效地运行。
扬森和哈根认为峰会将帮助他们继续完善和提高他们的研究，最终打造出对越来越大，越来越复杂的原子核更精确的模拟。
“我们这个模拟的结果的基本互动使我们重新回到了正在研究的事情上，”扬森说。“这是说，我们需要做一个更好的工作来接近这种互动，但我们也需要缩小相关的不确定性。用我们现在的方法，得到结果的精度远远优于我们输入的精度，所以除非我们这两个精度都一样了，我们才会得到最精确的答案。”
E-Material（电子材料）
New ferromagnetic superconductor—CsEuFe4As4
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Temperature dependence of direct-current magnetic susceptibility, which is a measure of superconducting volume fraction, for CsEuFe4As4. (b) Temperature dependence of the specific-heat capacity, confirming bulk nature of the two transitions at 15.5 and 35.2 K. (c) Crystal structure of (Rb/Cs)EuFe4As4 consisting of alternate Eu, FeAs, Rb/Cs and FeAs layers along the c axis. (b) Field-dependent magnetization curves indicating coexistence of superconductivity and ferromagnetism in CsEuFe4As4. Credit: ©Science China Press

Superconductivity (SC) and ferromagnetism (FM) are mutually antagonistic collective phenomena in solids. Macroscopically, a superconductor expels magnetic fluxes from its interior below the superconducting critical temperature TSC. By contrast, a ferromagnet magnetizes itself (for a single magnetic domain) spontaneously below the ferromagnetic transition temperature TFM. Although SC and FM are incompatible in most cases, there is still the possibility of their coexistence, which, since the 1950s, has become a long-standing issue for scientists who work in the field of superconductivity. Since the late 1970s, a few material systems called "magnetic superconductors" have been considered as the candidates of ferromagnetic superconductors (FMSC). However, bulk SC and full FM were rarely observed simultaneously.
One of the iron-based superconductors, P-doped EuFe4As4, shows evidence of both SC and FM. However, the specific heat jump at TSC (which demonstrates bulk SC) is not obvious. Furthermore, the details of ferromagnetism are still debated. Very recently, researchers in Zhejiang University succeeded in replacing every alternate Eu layer by a non-magnetic Rb/Cs layer, yielding twin compounds RbEuFe4As4 and CsEuFe4As4 (see the upper-right panel of Fig. 1). In the twin materials, researchers observed both bulk superconductivity and full ferromagnetism simultaneously.

Fig. 1(a) and 1(b) are the temperature dependence of direct-current magnetic susceptibility and specific heat, respectively, for sister compound CsEuFe4As4. The two transitions at TFM = 15.5 K and TSC =35.2 K can be clearly seen. In general, the DC magnetic susceptibility at a small magnetic field is a measure of superconducting volume fraction. One sees that the superconducting magnetic-shielding fraction, represented by the zero-field cooling data, is almost 100 percent at the lowest temperature. This indicates bulk SC, which is further confirmed by the obvious specific-heat jump at TSC. Surprisingly, the field-cooling data lose the diamagnetism below TFM, which is due to the Eu-spin ferromagnetic ordering that is demonstrated by the field-dependent magnetization shown in Fig. 1(d). Note that SC persists at the low temperature region, as seen by the initial magnetization (see the inset) as well as the non-convergence of magnetization at high fields at 2 K. The researchers also notice that there is no specific heat jump (only a kink instead) at TFM. They point out that it is a rare third-order ferromagnetic transition that has not been experimentally found up to date.

The observation of robust SC and FM in (Rb/Cs)EuFe4As4 strongly suggests that the expected mutual suppression between SC and FM can be minimized via a certain mechanism, which may shed light on the mechanism of iron-based SC, as the team leader Guang-Han Cao said. These authors also address the intriguing issue of how SC can coexist with FM.

新的铁磁超导体-CsEuFe4As4
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直流磁化率的温度依赖性是衡量超导体容积率的，如CsEuFe4As4。（b）比热容量的温度依赖性，确定两跃迁在15.5 K和35.2 K的体积性质。（C）EuFe4As4晶体结构（铷 /铯 ）沿c轴方向由交替的铕，砷化铁，铷 /铯和砷化铁层组成。（b）磁场的磁化曲线表明在CsEuFe4As4中有超导和铁磁共存。来源：©中国科学出版社
超导（SC）和铁磁性（FM）是两个在固体上相互对立的集体现象。宏观上看，超导体到达超导临界温度以下时从其内部发出磁通量。相比之下，铁磁体磁化本身（单畴）会自发地低于铁磁性的转变温度。虽然铁磁性和超导电性在大多数情况下是不相容的，但这两种性质仍然有可能共存。自上世纪50年代以来，这已成为科学家们在超导领域工作的一个长期存在的需解决的问题。自上世纪70年代末以来，一些被认为是铁磁超导体的候选材料都统称为“磁性超导体”（FMSC）。然而，这些材料很少能同时观察到超导电性和铁磁性。

其中参杂EuFe4As4的铁基超导体显示了超导电性和铁磁性同时存在的证据。然而，在比热跃变（这表明超导电性）中不明显。此外，关于铁磁性的细节仍有争议。最近，来自浙江大学的研究人员成功的通过将无磁性的铷 /铯层置换到每一个可变的铕层中，从而产生双化合物RbEuFe4As4和CsEuFe4As4（参见图1的右上面板）。在该化合物中，研究人员同时观察到了超导电性和铁磁性。
图1（a）和1（B）分别展示的为姊妹化合物CsEuFe4As4的直流磁化率和比热的温度依赖性。可以明确看到在tfm = 15 K和TSC = 35.2K时的两个转变。一般情况下，在一个小的磁场的直流磁化率是一个超导体容积率的测量。其中我们能看到的超导体屏蔽部分所所表示的是在近乎百分之百最低温度下的零场冷却数据。这表明，超导电性，在TSC明显的比热跃迁下，进一步得到了证实。令人惊讶的是，冷场数据丢失低于TFM的磁性，而这是由如图1（d）所示显示的铕自旋有序铁磁场的磁化曲线所决定的。值得注意的是，超导无论是在初始磁化（见插图）还是2 K的高场磁化都保持在低的温度区域不变化。研究人员还注意到，在TFM没有比热跃变（只有一个扭结）。他们指出，它是一种罕见的三阶铁磁转变，迄今为止还没有相关实验数据的发现。

New record in microwave detection
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The record was made using a partially superconducting microwave detector. The discovery may lead to ultrasensitive cameras and accessories for the emerging quantum computer.
The first of the two key enabling developments is the new detector design consisting of tiny pieces of superconducting aluminum and a golden nanowire. This design guarantees both efficient absorption of incoming photons and very sensitive readout. The whole detector is smaller than a single human blood cell.

"For us size matters. The smaller the better. With smaller detectors, we get more signal and cheaper price in mass production", says Mikko Möttönen, the leader of the record-breaking Quantum Computing and Devices research group.

The new detector works at a hundredth of a degree above absolute zero temperature. Thermal disturbances at such low temperatures are so weak that the research team could detect energy packets of only a single zeptojoule. That is the energy needed to lift a red blood cell by just a single nanometer.

The second key development concerns the amplification of the signal arising from the tiny the energy packets. To this end, the researchers used something called positive feedback. This means that there is an external energy source that amplifies the temperature change arising from the absorbed photons.
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From discovery to products

Microwaves are currently used in mobile phone communications and satellite televisions, thanks to their ability to pass through walls. More sensitive microwave detectors may lead to great improvements of the present communication systems and measurement techniques.

The European Research Council (ERC) has just awarded Möttönen a prestigious Proof of Concept Grant to develop the detector towards commercial applications. This was the third personal ERC grant awarded to Möttönen.

Besides communication systems the new detector could be used as a measurement device in the emerging superconducting quantum computer.

"Existing superconducting technology can produce single microwave photons. However, detection of such traveling photons efficiently is a major outstanding challenge. Our results provide a leap towards solving this problem using thermal detection," says Joonas Govenius who is the first author of the work.
[image: image23.jpg]



Artistic image of a hybrid superconductor-metal microwave detector. Credit: Ella Maru Studio

New Physics
A microwave detector may also be useful for thermodynamics of small systems, a new research area Möttönen has studied in collaboration with his Aalto colleague Professor Jukka Pekola.

Now Pekola and his group want to go to the quantum regime but they first need a detector capable of measuring the energy released by the quantum systems. This means that the detector should be able to accurately measure single microwave photons.

"Quantum thermodynamics may give yet another boost to technology since it deals with individual energy levels or particles, and is in this sense more precise than classical thermodynamics", says Möttönen.

"There are also other groups developing single-photon microwave detectors such as that of Pekola. This is great since we can learn from each other and this way come up with even better products for future end users", concludes Möttönen.

微波探测的新记录
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该记录是使用部分超导微波探测器做到的。这一发现可能为新兴的量子计算机提供超灵敏的相机及配件。

两个关键性发展中的第一个是设计出由微小的超导铝和一个金纳米线组成的新的探测器。这种设计保证了有效吸收传入的光子以及敏感的读出。整个探测器的大小小于单个人的血细胞。
“对我们来说大小最重要。越小越好，因为越小的探测器，意味着我们在大规模生产时可以有更多的信号和更便宜的价格，”打破该记录的量子计算与器件研究组的组长米科说道。
新的探测器在一百分之一度以上的绝对零度温度下工作。在这样低的温度下的热扰动很弱，研究团队可以使用一个单位的zeptojoule（能量单位1电子伏特=160zeptojoule）能量来检测。这个能量仅够移动一个红细胞一纳米。
第二个关键的发展是涉及到如何把微小的能量数据包得到的信号放大。为此，研究人员使用了一种叫做“正反馈”的东西。这意味着有一个外部的能量源来放大因为吸收光子而产生的温度变化。

从发现到产品
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    由于微波的穿墙能力，它们现在广泛的用于移动电话通信和卫星电视。而更敏感的微波探测器可能会让目前的通信系统和测量技术的有巨大的进步。
欧洲研究委员会由于米科对商业探测器的贡献颁发他有名的概念证明奖。这是欧洲委员会授予米科的第三个个人奖。

除了通信系统，新的检测器可以作为在新兴的超导量子计算机里的一个测量装置，。
“现有的超导技术可以产生单一的微波光子。然而如何侦测这些移动的光子是一个巨大的挑战。我们使用热检测的研究结果为这个问题的解决提供了一个巨大的飞跃，”该工程的第一作者乔纳· 斯戈韦纽斯说道。
一种混合超导体金属微波探测器的艺术形象。来源：艾拉 马努工作室
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新物理

微波探测器可能在小的热力学系统中也十分有用。这也是米科和他在阿尔托大学的尤卡·佩科拉教授正在共同研究的一个新的领域。

现在佩科拉和他的团队想进入量子领域研究但他们首先需要一个能够检测量子系统释放能量的探测器。这意味着，探测器要能够准确地测量单个微波光子。
“量子热力学可能会给现有技术的带来巨大突破，因为它涉及的是单个能量水平或粒子，在这个意义上它比经典热力学更精确的，”米科说道。
“还有其他一些在研究单光子微波探测器的团队，如佩科拉的团队。这种情况对我们来说是极好的，因为我们可以相互学习，来为未来的最终用户提供更好的产品”，米科总结道。
MCanxixun Information and News Service
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