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Tech News & New Tech（技术前沿）

Improved model of energy highway along protein strands

Ever heard of polarons? They are a kind of quasi-particle resulting from electrons self-trapping in a vibrating crystal lattice. Polarons can be harnessed to transport energy under certain conditions related to the relative vibrations of the electrons and the lattice itself. The theory explaining how polarons carry energy in crystals can be applied to long molecules called polypeptides—which can fold into proteins. 
In a new study published in EPJ B, Jingxi Luo and Bernard Piette from Durham University, UK, present a new mathematical model describing how polarons can be displaced in a directed way with minimum energy loss in linear peptide chains—which were used as a proxy for the study of proteins. The model therefore accounts for the energy transport mechanism explaining how energy generated inside a biological cell moves along transmembrane proteins towards the cell's exterior.
So how are polarons created? Regular crystal lattices display spontaneous vibrations. The presence of electrons produces localised distortions of these vibrations. When the electrons and the lattice experience a particular kind of electromagnetic interaction, or coupling, the energy potential for the electron is lowered, thus trapping it within the lattice. A similar coupling takes place between polarons and the peptide units in polypeptides.
Using simulations, the authors found that what determines the ability of polarons to transport energy is partly linked to the degree of symmetry of the electron interaction with the lattice. One prediction of their model is that a constant electric field, used in concert with random forces caused by heat in the cell environment, can initiate and sustain the motion of a polaron along a polypeptide chain. And this electric field matches the constant energy potential difference to be found across the membrane of a typical cell. 
改进了沿着蛋白质链的能量高速公路模型

听说过极化子吗?它们是一种准粒子，由电子自陷在振动的晶格中形成的一种准粒子。在特定条件下，极子可以被用来运输能量，这些条件与电子和晶格本身的相对振动有关。这一理论解释了极性分子如何在晶体中携带能量，这一理论可以应用于一种叫做多肽的长分子，这种分子可以折叠成蛋白质。

在EPJ B发表的一项新研究中，Jingxi Luo和来自英国杜伦大学的Jingxi Luo提出了一种新的数学模型，描述了如何以一种直接的方式取代在线性肽链上的最小能量损失，这是一种蛋白质的研究。因此，该模型解释了能量传递机制，解释了生物细胞内产生的能量如何沿着跨膜蛋白移动到细胞的外部。

那么偏振子是如何形成的呢?常规的水晶晶格显示自发的振动。电子的存在产生了这些振动的局部扭曲。当电子和晶格经历一种特殊的电磁相互作用或耦合时，电子的能量势就会降低，从而将其困在晶格中。在多肽和多肽单位之间也有类似的耦合。

通过模拟，研究人员发现，决定了偏振态能量传递能量的因素在一定程度上与电子与晶格的对称程度有关。他们的模型的一个预测是，一个恒定的电场，与细胞环境中热量所产生的随机力一起作用，可以在多肽链上启动并维持一个极谱的运动。这个电场与一个典型细胞的细胞膜上的恒定的能量电位差相匹配。

Physicists offer explanation for diverse galaxy rotations

Identical twins are similar to each other in many ways, but they have different experiences, friends, and lifestyles. 
This concept is played out on a cosmological scale by galaxies. Two galaxies that appear at first glance to be very similar and effectively identical can have inner regions rotating at very different rates - the galactic analog of twins with different lifestyles.
A team of physicists, led by Hai-Bo Yu of the University of California, Riverside, has found a simple and viable explanation for this diversity.
Every galaxy sits within a dark matter halo that forms the gravitational scaffolding holding it together. The distribution of dark matter in this halo can be inferred from the motion of stars and gas particles in the galaxy.
Yu and colleagues report in Physical Review Letters that diverse galactic-rotation curves, a graph of rotation speeds at different distances from the center, can be naturally explained if dark matter particles are assumed to strongly collide with one another in the inner halo, close to the galaxy's center - a process called dark matter self-interaction.
"In the prevailing dark matter theory, called Cold Dark Matter or CDM, dark matter particles are assumed to be collisionless, aside from gravity," said Yu, an assistant professor of theoretical particle physics and astrophysics, who led the research. "We invoke a different theory, the self-interacting dark matter model or SIDM, to show that dark matter self-interactions thermalize the inner halo, which ties ordinary matter and dark matter distributions together so that they behave like a collective unit. The self-interacting dark matter halo then becomes flexible enough to accommodate the observed diverse rotation curves."
Yu explained that the dark matter collisions take place in the dense inner halo, where the luminous galaxy is located. When the particles collide, they exchange energy and thermalize. For low-luminous galaxies, the thermalization process heats up the inner dark matter particles and pushes them out of the central region, reducing the density, analogous to a popcorn machine in which kernels hit each other as they pop, causing them to fly up from the bottom of the machine. For high-luminous galaxies such as the Milky Way, thermalization pulls the particles into the deep potential well of the luminous matter and increases the dark matter density. In addition, the cosmological assembly history of halos also plays a role in generating the observed diversity.
"Our work demonstrates that dark matter may have strong self-interactions, a radical deviation from the prevailing theory," Yu said. "It well explains the observed diversity of galactic rotating curves, while being consistent with other cosmological observations."
Dark matter makes up about 85 percent of matter in the universe, but its nature remains largely unknown despite its unmistakable gravitational imprint on astronomical and cosmological observations. The conventional way to study dark matter is to assume that it has some additional, nongravitational interaction with visible matter that can be studied in the lab. Physicists do not know, however, if such an interaction between dark and visible matter even exists.
Over the last decade, Yu has pioneered a new line of research based on the following premise: Setting aside whether dark matter interacts with visible matter, what happens if dark matter interacts with itself through some new dark force?
Yu posited the new dark force would affect the dark matter distribution in each galaxy's halo. He realized that there is indeed a discrepancy between CDM and astronomical observations that could be solved if dark matter is self-interacting.
"The compatibility of this hypothesis with observations is a major advance in the field," said Flip Tanedo, an assistant professor of theoretical particle physics at UC Riverside, who was not involved in the research. "The SIDM paradigm is a bridge between fundamental particle physics and observational astronomy. The consistency with observations is a big hint that this proposal has a chance of being correct and lays the foundation for future observational, experimental, numerical, and theoretical work. In this way, it is paving the way to new interdisciplinary research."
SIDM was first proposed in 2000 by a pair of eminent astrophysicists. It experienced a revival in the particle physics community around 2009, aided in part by key work by Yu and collaborators.
"This is a special time for this type of research because numerical simulations of galaxies are finally approaching a precision where they can make concrete predictions to compare the observational predictions of the self-interacting versus cold dark matter scenarios," Tanedo said. "In this way, Hai-Bo is the architect of modern self-interacting dark matter and how it merges multiple different fields: theoretical high-energy physics, experimental high-energy physics, observational astronomy, numerical simulations of astrophysics, and early universe cosmology and galaxy formation."
The research paper is included by Physical Review Letters as a "Editor's Suggestion" and featured also in APS Physics. 
物理学家为不同的星系旋转提供了解释

同卵双胞胎在很多方面是相似的，但他们有不同的经历、朋友和生活方式。

这个概念是由星系在宇宙尺度上进行的。第一眼看上去非常相似和有效的两个星系，可以让内部区域以非常不同的速率旋转——这是对有着不同生活方式的双胞胎的模拟。

由加州大学河滨分校的海博宇领导的一组物理学家，对这种多样性找到了一个简单而可行的解释。

每一个星系都位于一个暗物质光环之中，形成了引力脚手架，把它维系在一起。在这个光晕中暗物质的分布可以从星系中恒星和气体粒子的运动中推断出来。

Yu和同事在《物理评论快报》杂志上报告说,不同的银河系自转曲线、图形的旋转速度在不同距离中心,自然可以解释如果假定暗物质粒子彼此强烈碰撞的光环,靠近星系的中心,这一过程被称为暗物质
“在盛行的暗物质理论中，被称为冷暗物质或CDM，暗物质粒子被认为是无碰撞的，除了引力之外，”于此研究的理论粒子物理和天体物理学助理教授余说。“我们提出了一种不同的理论，即自相互作用的暗物质模型或SIDM，来证明暗物质自身的相互作用使内部的光环变得热起来，它把普通物质和暗物质的分布联系在一起，使它们的行为像一个整体。”自相互作用的暗物质光环变得足够灵活，以适应观察到的不同的旋转曲线。”

Yu解释说，暗物质的碰撞发生在稠密的内晕中，那就是发光的星系所在的地方。当粒子碰撞时，它们会交换能量和热量。对于低发光的星系来说，热化过程会加热内部的暗物质粒子，并把它们从中心区域推出去，从而降低密度，就像爆米花机一样，当它们弹出来时，内核会互相撞击，导致它们从机器底部飞起来。对于像银河系这样的高亮度星系，热化将这些粒子吸引到发光物质的深层潜能中，并增加暗物质的密度。此外，宇宙的宇宙大会历史也在产生观测到的多样性中发挥了作用。

 “我们的研究表明暗物质可能有很强的自我交互作用，这与流行的理论有很大的偏差，”Yu说。“它很好地解释了观测到的星系旋转曲线的多样性，同时也与其他宇宙观测结果一致。”

暗物质占宇宙物质的85%，但它的性质在天文学和宇宙观测中都是明显的引力印记，在很大程度上仍然是未知的。传统的研究暗物质的方法是假设它与可以在实验室里研究的可见物质有一些额外的、非引力的相互作用，但是物理学家们不知道，如果暗物质和可见物质之间的相互作用是存在的。

在过去的10年里，Yu开创了一个新的研究方向，基于以下前提:暗物质与可见物质相互作用，如果暗物质与自身通过某种新的黑暗力量相互作用，会发生什么?

于认为新的黑暗力量将会影响到每个星系的光晕中的暗物质分布。他意识到CDM和天文观测之间确实存在差异，如果暗物质是相互作用的，就可以解决这个问题。

 “这一假说与观测结果的兼容性是该领域的一个重大进展，”加州大学河滨分校的理论粒子物理助理教授Flip Tanedo说，他没有参与这项研究。“SIDM范式是基础粒子物理学与观测天文学之间的桥梁。与观察的一致性是一个很大的暗示，这个建议有可能是正确的，并且为未来的观察、实验、数值和理论工作奠定了基础。通过这种方式，它为新的跨学科研究铺平了道路。”

SIDM是由两位杰出的天体物理学家于2000年首次提出的。2009年，它在粒子物理学界经历了一次复兴，这在一定程度上得益于余和合作者的关键工作。

Tanedo说:“这是这类研究的特殊时期，因为星系的数值模拟终于接近了一个精确的预测，他们可以做出具体的预测，以比较自我互动和冷暗物质的预测。”“以这种方式，海波是现代自我互动的暗物质的建筑师，它是如何融合多个不同领域的:理论高能物理、实验高能物理、观测天文学、天体物理学的数值模拟、早期宇宙宇宙学和星系形成。”

这篇研究论文被物理评论快报收录为“编辑的建议”，同时也收录在APS物理学中。

Researchers analyze flocking behavior on curved surfaces

A murmuration of starlings. The phrase reads like something from literature or the title of an arthouse film. In fact, it is meant to describe the phenomenon that results when hundreds, sometimes thousands, of these birds fly in swooping, intricately coordinated patterns through the sky. 
Or in more technical terms, flocking.
But birds are not the only creatures that flock. Such behavior also takes place on a microscopic scale, such as when bacteria roam the folds of the gut. Yet bird or bacteria, all flocking has one prerequisite: The form of the entity must be elongated with a "head" and "tail" to align and move with neighbors in an ordered state.
Physicists study flocking to better understand dynamic organization at various scales, often as a way to expand their knowledge of the rapidly developing field of active matter. Case in point is a new analysis by a group of theoretical physicists, including Mark Bowick, deputy director of UC Santa Barbara's Kavli Institute for Theoretical Physics (KITP).
Generalizing the standard model of flocking motion to the curved surface of a sphere rather than the usual linear plane or flat three-dimensional space, Bowick's team found that instead of spreading out uniformly over the whole sphere, arrowlike agents spontaneously order into circular bands centered on the equator. The team's findings appear in the journal Physical Review X.
"Whether it's bacteria swarming, cells roaming or energy-consuming 'arrows' flying, these systems share universal characteristics independent of the precise size and structure of the agents as well as their detailed interactions," said corresponding author Bowick, who is on leave from Syracuse University while in his role at KITP. "The ordered states of these systems are never perfectly uniform, so fluctuations in density generate sound, much in the same way that wind instruments create music."
On curved surfaces, the team, which includes KITP general member Cristina Marchetti and KITP graduate fellow Suraj Shankar, found "special" sound modes that don't dissipate and flow around obstacles. According to Bowick, these special modes correspond to special harmonics or tones that don't mix with all the other harmonics.
He also noted that these modes are special precisely because the band geometry of the equator is very different from the planar geometry of a flat surface. For example, a particle moving on a ring comes back to its starting point even though it moves along a "straight" path. This doesn't happen on a plane, where entities continue forever in a straight line, never to return, unless they encounter an edge. This feature is a direct consequence of the very different topology of the sphere and the plane.
"Even though a sphere itself has no edge, the swarming patterns have an edge—the edge of the band," Bowick said. "So simply by locally consuming energy, active agents on the sphere spontaneously swarm and create an edge."
The authors also analyzed another curved shape, an hourglass-shaped figure called a catenoid. Unlike a sphere on which parallel lines converge, the catenoid's concave curvature causes parallels to diverge. This opposite curvature pushes the flocking entities and associated sound waves to the top and bottom edges of the hourglass, leaving the middle bare—the opposite of what happens on a sphere.
"Just the fact that these systems flock is pretty remarkable because they dynamically generate motion," said Shankar, a doctoral student in the soft matter program in Syracuse University's physics department. "But they are far richer systems than we expected because they also generate these 'topologically protected' sound modes." 
研究人员分析了弯曲表面的植绒行为

椋鸟的淙淙声。这个短语读起来就像是来自文学或电影的标题。事实上，它的目的是描述这样一种现象，当成百上千的鸟在天空中飞行时，它们会以一种复杂的协调方式飞行。

或者用更专业的术语来说，植绒。

但是，鸟类并不是唯一会成群结队的动物。这种行为也发生在微小的尺度上，比如细菌在肠道的褶皱上漫游。然而，鸟类或细菌，所有的聚集都有一个先决条件:实体的形态必须被拉长，以“头”和“尾巴”来排列，并在一个有序的状态下与相邻的物体移动。

物理学家们为了更好地了解动态组织，在不同的尺度上更好地理解动态组织，通常是为了扩展他们对活跃物质的快速发展领域的知识。一个例子是一群理论物理学家的新分析，包括Mark Bowick，加州大学圣芭芭拉分校的理论物理研究所(KITP)的副主任。

Bowick的团队发现，在一个球体的曲面上，而不是通常的线性平面或平面的三维空间，这是一种典型的聚集运动的标准模型，而不是在整个球体上均匀地分散开来，而类似的代理则自发地形成了以赤道为中心的圆形带。该研究小组的发现发表在物理评论x杂志上。

 “无论是细菌群，细胞漫游，还是能量消耗的箭头，这些系统都具有普遍的特征，而不是它们的精确大小和结构，以及它们的详细互动，”对应的作者Bowick说，他在雪城大学的时候，在基普的角色中离开了。“这些系统的有序状态从来都不是完全一致的，所以密度的波动会产生声音，就像风乐器创造音乐一样。”

在曲面上，这个团队，包括基普的普通成员Suraj Shankar和基普大学的Suraj Shankar，发现了“特殊”的声音模式，不会在障碍周围消散和流动。根据Bowick的说法，这些特殊的模式对应于特殊的谐波或不与所有其他谐波混合的音调。

他还指出，这些模式之所以特别，是因为赤道带的几何形状与平面的平面几何形状非常不同。例如，一个在环上移动的粒子会回到它的起点，即使它沿着一条“直线”运动。这种情况不会发生在飞机上，在飞机上，实体永远在一条直线上，永远不会返回，除非它们遇到了一条边。这个特征是球体和平面的非常不同的拓扑结构的直接结果。

Bowick说:“尽管一个球体本身没有边缘，但这些聚集的模式有一个边缘的边缘。”“因此，在局部消耗能量的情况下，活跃在球体上的活跃分子会自发地形成一个边缘。”

作者还分析了另一个弯曲的形状，一个沙漏状的图形，叫做链状结构。与平行线相交的球面不同，链状曲面的凹曲率会导致平行线的发散。这种相反的曲率将聚集的实体和相关联的声波推到沙漏的顶部和底部边缘，使中间的部分与球面上的情况相反。

 “这些系统的聚集是非常引人注目的，因为它们动态地产生了运动，”Shankar说，他是雪城大学物理系的软物质项目的博士生。“但它们比我们预想的要丰富得多，因为它们也产生了“拓扑保护”的声音模式。”

Light-based method improves practicality and quality of remote wind measurements

Researchers have developed a new remote sensing instrument based on light detection and ranging (LIDAR) that could offer a simple and robust way to accurately measure wind speed. The detailed, real-time wind measurements could help scientists to better understand how hurricanes form and provide information that meteorologists can use to pinpoint landfall earlier, giving people more time to prepare and evacuate. 
"As hurricane Harvey approached the U.S., hurricane hunters flew directly into the storm and dropped sensors to measure wind speed," said Xiankang Dou, leader of the research team at the University of Science and Technology of China (USTC). "Our Doppler LIDAR instrument can be used from a plane to remotely measure a hurricane's wind with high spatial and temporal resolutions. In the future, it could even make these measurements from aboard satellites."
Wind measurements are also crucial for determining safe flying conditions, understanding how pollution moves through the air and efficiently operating wind turbines. Existing high-accuracy wind measurement technologies can be expensive and difficult to operate, leading to gaps in the application of these technologies in situations where they are most useful.
"We demonstrated a Doppler wind LIDAR with a simplified optical layout that also substantially enhances the system stability," said Dou. "Although specialists are typically needed to operate and maintain a sophisticated Doppler LIDAR, we are confident we can develop our approach into a system that will be as easy to use as a smartphone."
In The Optical Society (OSA) journal Optics Letters, the researchers demonstrated their Doppler wind LIDAR system's ability to measure horizontal wind speed with high accuracy and showed that the system remained stable throughout a 10-day test period. The researchers say that the stability and accuracy of this new system represents a substantial improvement compared to previously developed direct detection Doppler wind LIDARs.
One important application of LIDAR is in aeronautics, where it can be used on aircrafts or from a ground station to remotely measure air motion. With a vertical spatial resolution of 10 meters, the new system could measure small-scale wind phenomena such as wind shear and the wake turbulence created by an aircraft. A better understanding of these phenomena could improve flight safety and also increase airport capacity by optimizing the separation between aircraft during takeoff and landing.
Using light to measure wind
LIDAR is a remote sensing method that has been used to create high-resolution maps, scan the bottom of the ocean floor and to guide driverless cars. For measuring wind, a LIDAR system emits a laser pulse that propagates through the atmosphere where it interacts with molecules and aerosols. A small amount of the light scatters back towards the LIDAR instrument, where it is collected by a telescope. When wind causes air to move, this causes a Doppler shift that can be detected by the device.
The researchers designed a dual frequency direct detection Doppler wind LIDAR that used a laser emitting 1.5-micron light. Because this wavelength is commonly used in optical communications networks, they were able to build the system using commercially available fiber-optic components, each combining several light-controlling components into a single device. The all fiber construction of the LiDAR system is therefore robust against vibrations and rough operation handling.
Compared to previously developed systems, the new simplified design makes it much easier to configure and align each component, increases stability and lowers the amount of light lost within the system. The new system also requires no calibration after it is initialized and requires no special eye protection.
"For LIDAR systems that will be operated full-time in the field, eye safety is an important consideration," said Haiyun Xia, the principle investigator of the Quantum Lidar Laboratory at USTC. "Fortunately, the 1.5-micron laser we used exhibits the highest permissible exposure for eye safety in the wavelength range from 0.3 to 10 microns."
The 1.5-micron wavelength is also ideal for atmospheric wind sensing from satellites because, compared to UV and visible wavelengths, it shows less susceptibility to atmospheric disturbance and optical contamination from the sun and other sources. Satellite-based wind measurements are used for weather forecasts and meteorological studies. "Space-borne Doppler wind LIDAR is now regarded as the most promising way to meet the need for global wind data requirements and to fill gaps in the wind data provided by other methods," said Xia.
Upgraded optical components
The optical setup for the new Doppler wind LIDAR contains just one laser source, one detector and a single-channel Fabry-Perot interferometer that converts the Doppler shift into photon number variations of the backscatter signals. Using a Fabry-Perot interferometer made of optical fibers rather than one consisting of many individual optical components made the system robust and stable enough to use in harsh environments such as aboard aircraft or satellites.
The new system also includes one of the fastest detectors available for single photon counting, a superconducting nanowire single photon detector (SNSPD). This detector improved the LIDAR's performance compared to the InGaAs avalanche photodiodes typically used to detect 1.5-micron light.
"The high detection efficiency and low dark count rate of the SNSPD means that the weak signal from the backscattered light can be detected with a high signal-to-noise ratio," said Xia. "Another attractive feature of the SNSPD is its high maximum count rate, which helps avoid detector saturation."
The researchers tested their system by first examining its stability after calibration. Overall, the system's measurements varied by less than 0.2 meters per second over 10 days in the lab. They then tested the system outdoors and compared its horizontal wind measurements with measurements from an ultrasonic wind sensor, a non-remote system for measuring wind. On average, the LIDAR measurements were within 0.1 meters per second and 1 degrees for wind speed and direction, respectively.
The researchers are now working to improve the spatial resolution of the Doppler wind LIDAR system and want to make it even more practical to use in the field. They have also founded a company to further develop the system and plan to have a commercial version available next year. 
光基方法提高了远程风力测量的实用性和质量

研究人员开发了一种基于光检测和测距（LIDAR）的新型遥感食品，可以提供一种简单、稳健的方法来准确测量风速。详细实时的风力测量可以帮助科学家更好地了解飓风的形成方式，并且提供可供气象学家用于早期准确定位登陆的信息，从而为人们提供更多的时间来准备和撤离。

“随着哈维飓风接近美国，飓风猎人直接进入风暴，放下传感器来测量风速，”中国科学技术大学（USTC）的研究团队负责人Xiankang Dou称。“我们的多普勒LIDAR仪器可以在飞机上使用，通过高空间和时间分辨率远程测量飓风的风力。将来，它甚至可以应用于卫星来进行这些测量。”

风力测量对于确定安全的飞行状况、了解污染如何在空气中传播以及有效操作风力汽轮机也是至关重要的。现有的高精度风力测量技术可能非常昂贵，并且难以操作，这导致这些技术在其擅长的情况下进行的实际操作与预期存在差异。

“我们展示了一种具有简化光学布局的多普勒风力LIDAR，并且也大大提高了该系统的稳定性，”Dou称。“虽然通常需要专家来操作和维护一个复杂的多普勒LIDAR，但是我们有信息将我们的方法发展为一种系统，能够像智能手机一样容易使用。”

在光学学会（OSA）杂志《光学快报》中，研究人员展示了他们的多普勒风力LIDAR系统以高精度测量水平风速的能力，并且表明该系统在十天的测试期内维持稳定。研究人员说，与之前开发的直接检测多普勒风力LIDARs相比，这种新系统在稳定性和准确性方面都有显著提高。

LIDAR的一个重要应用领域是航空，它可以在飞机上或从地面站用于远程测量空气流动。通过一个10米的垂直空间分辨率，这个新的系统可以测量风切变和飞机产生的尾流湍流等小风现象。更好地了解这些现象能够通过优化起飞和降落之间的飞机间隔来提高飞行安全性，并且增加机场能力。

利用光来测量风力

LIDAR是一种用于创建高分辨率图、扫描海底底部并且引导无人驾驶汽车的遥感方法。为了测量风力，LIDAR系统会发射出激光脉冲，在大气中传播，与分子和气溶胶相互作用。少量的光会散射回LIDAR仪器，从而被一个望远镜收集。当风力导致空气移动时，这导致该仪器能够检测到多普勒频率。

研究人员设计了一个利用激光发射1.5微米的光的双频直接检测多普勒风力LIDAR。由于这种波长通常用于光通信网络，因此它们能够使用市售的光纤组件来构建系统，每个组件将几个光控组件组合成单个设备。因此，LiDAR系统的全纤维结构对于振动和粗糙的操作处理是非常结实耐用的。

与以前开发的系统相比，新的简化设计使得更容易配置和对齐每个组件，增加稳定性并且降低系统内的光损失量。新的系统在初始化之后也不需要校准，不需要特殊的眼睛保护。

“对于现场24小时运作的激光雷达系统而言，眼睛安全是一个重要的考虑因素，”USTC量子激光雷达实验室的主要研究人员Haiyun Xia说。“幸运的是，我们所使用的1.5微米的激光器在0.3至10微米的波长范围内展示了眼睛安全性允许的最高的暴光量。”

1.5微米的波长对于卫星大气风力感染也是非常理想的，因为与紫外和可见波长相比，它对太阳和其他光源的大气扰动和光学污染的敏感性较低。卫星风力测量用于天气预报和气象研究。“太空传播多普勒风力LIDAR目前被认为是满足全球风力数据要求的最有希望的途径，并且填补了其他方法提供的风力资料的空白，”Xia说。

升级光学元件

用于新型多普勒风力LIDAR的光学设置仅包含一个激光源、一个检测器和一个将多普勒频移转换为反向散射信号的光子数变化的单通道法布里-珀罗干涉仪。利用由光纤制成的法布里-珀罗干涉仪，而不是由许多单独的光学部件组成的法布里-珠罗干涉仪，使得该系统坚固稳定，足以在飞机或卫星等恶劣环境中使用。

新系统还包含了一个可用于单光子计数的最快的检测器，超导纳米线单光子检测器（SNSPD）。与通常用于检测1.5微米的光的InGaAs雪崩光电二极管相比，该检测器提高了LIDAR的性能。

“SNSPD的高检测效率和低暗计数率意味着可以以较高的信噪比检测后向散射光的弱信号，”Xia说。“SNSPD的另一个具有吸引力的特征是其较高的最大计数率，其有助于避免检测器饱和。”

研究人员通过在校准后首先检查其稳定性来测试其系统。总的来说，该系统的测量在实验室的十天内变化范围每秒不超过0.2米。然后，他们在室外对该系统进行了测试，将其测量的水平风速与超声波风力传感器（用于测量风速的非远程系统）的测量结果进行了比较。平均来说，LIDAR测量值在风速和风向方面分别达到每秒0.1米及1度。

研究人员正在努力提高多普勒风力LIDAR系统的空间分辨率，并且希望令其在现场的使用更加实用。他们还成立了一家公司，进一步开发该系统，并且计划在明年推出商业版本。

New spectrometers increase efficiency of X-ray analyses substantially

So-called Fresnel zone plate spectrometers offer new and more efficient ways of conducting experiments using soft X-rays. In a study published in the journal Optics Express, scientists have presented the design for a reflection zone plate which simplifies the extremely complicated measurements on chemically and biologically relevant systems that have hitherto been difficult to conduct. A second study, published in the journal Scientific Reports, presents a spectrometer that uses a transmission zone plate, which can be used to carry out complex investigations of such systems in a small number of steps. These studies were carried out by scientists working at DESY, the Helmholtz Centre for Materials and Energy in Berlin, the Paul Scherrer Institute in Switzerland and the Göttingen Campus (Göttingen University and Max Planck Institute for Biophysical Chemistry). 
Studying the electronic structure of materials can be useful in a range of different scientific fields. "We can use the structure of the electrons or the electron configuration of a system to deduce such things as the bonding state of individual chemical elements, even in disordered materials," says DESY's Zhong Yin, who played a central role in both studies. One method of examining this structure is known as resonant inelastic X-ray scattering (or "RIXS"), a multidimensional method of X-ray spectroscopy. In this method, the electrons in a sample are excited by means of X-rays and then in turn emit high-energy X-rays themselves. Every chemical element produces a characteristic pattern of X-ray excitations and emissions, with specific energy levels over time. This pattern can be read by varying the excitation energy of the X-rays and then using optical systems to guide the X-ray photons that are emitted to a detector and to separate them by wavelength.
One problem with this procedure is that particularly lighter elements, which play an important part in biology, only emit very little radiation when they are excited. "In complex chemical and biochemical reactions occurring inside liquids, conventional RIXS methods can provide important and detailed information about the existing electronic structures, thanks to their spectral resolution. However, the samples have to be present in large quantities, and this means that performing RIXS measurements on biologically relevant systems can be very expensive and complicated," explains DESY's leading scientist Simone Techert, who is a professor at the University of Göttingen and who was responsible for implementing the zone plates, the chemical environment and the analysis. "The new reflection and transmission zone plate spectrometers can be combined with liquid jets, or other quickly exchangeable sample environments, to permit considerably more efficient RIXS examinations of low-concentration samples in the range of soft X-rays, which can be used to study samples consisting of carbon and nitrogen."

As an optical tool, reflection zone plates are all-rounders: they can reflect optical light or X-rays while at the same time focussing it. When suitably illuminated, they can simultaneously separate the individual wavelengths spatially, so that these can be measured at different sites on a detector. "Reflection zone plates are sort of the next logical step in X-ray optics," says Jens Rehanek from the Paul Scherrer Institute. Together with Zhong Yin, he designed the experiments for these new applications of zone plates. "They closely resemble conventional X-ray spectrometers in terms of the way they work, but they can focus the light not only on a line, but on a single point." Since zone plates are in addition placed closer to the sample, weak signals can be measured a great deal more efficiently. The scientists used a trick to get around one of the disadvantages of zone plates: the narrower range of energies they can be used to measure. They placed the zone plate slightly further from the sample than usual, allowing them to measure a wider range of energies with a similarly high resolution to that of conventional spectrometers. "The spectrometer we built using the reflection zone plate offers high efficiency and a good resolution with a high bandwidth and can be used for small samples," emphasises Rehanek. Both the theory and the technology of reflection zone plates were developed at the Institute for Nanometre Optics and Technology at the Berlin Helmholtz Centre for Materials and Energy (HZB) since 2008 by a team headed by Alexei Erko, and are used in various areas for synchrotron and FEL experiments as well as X-ray lab applications.
In a second study, the scientists developed a spectrometer based on a similar optical system that can also be used for examining complex chemical and biochemical reactions. Fresnel zone plates can be used not only to reflect X-rays; as transmission zone plates, they also focus the X-rays emitted and separate them into different wavelengths. The transmission zone plates manufactured at the Paul Scherrer Institute (PSI) in Switzerland consist of a thin membrane that is transparent to X-rays, and they work much like lenses of visible light. The research group used these zone plates to demonstrate that their special properties can be used to measure radiation spectra particularly efficiently.
Here too, the scientists made use of the fact that the zone plate is able to focus light in two directions, making it possible to carry out X-ray imaging methods using spectral information and to record a single, multidimensional X-ray spectrum, a so-called "RIXS map", simultaneously for several different incident energies. This means that transmission zone plates can be used to study spatial differences in an emitted spectrum very rapidly, and even create an image of the sample surface. "In principle, this is also possible using a conventional RIXS spectrometer," says Christian David, the director of the Institute for Nanooptics at the PSI who was responsible for designing and manufacturing the zone plate, "but thanks to the special imaging properties of the transmission zone plates, we were able to conduct those measurements in parallel (rather than point by point), which speeds up the procedure by a factor of one hundred."
Both these new developments offer an alternative to existing X-ray spectrometers. Experiments looking at the course of chemical and biochemical reactions over time can benefit particularly from their high efficiency. "Since the spectrometers only use a single optical system, they are very compact and hence very flexible in the ways they can be used," says Felix Marschall from PSI, the first author of the study in Scientific Reports. However, the new methods are still in the early stages of development and the potential offered by zone plates has not yet been fully exploited: "We are already working on other studies, which will further improve the set-up and test additional uses for the zone plates," says DESY's Jens Viefhaus, who supervised the test measurements using the new spectrometers at DESY's X-ray source PETRA III. 
新的光谱仪大大增加了X射线分析仪的效率

所谓的菲涅耳区板式光谱仪为使用软X射线的实验室提供了新的更加有效操作方法。在《Optics Express》杂志中发表的一项研究中，科学家们提出了一个反射区域板的设计，简化了迄今为止难以进行的有关化学和生物相关系统的极其复杂的测量。发表在《科学报告》上的第二项研究介绍一种使用透射区板的光谱仪，利用少量步骤对这些系统进行复杂的调查。这些研究是由DESY、柏林亥姆霍兹材料与能源中心、瑞士保罗•谢勒研究所和哥廷根大学（哥廷根大学和马克斯•普朗克生物物理化学研究所）的科学家们进行。

研究材料的电子结构在一系列不同的科学领域中都是有用的。“我们可以使用系统的电子结构或电子配置来推断出在个别化学元素结合状态下的事物，即便是无序材料，”在这两项研究中均发挥了中心作用的DESY的Zhong Yin说。检查这种结构的一种方法被称为共振非弹性X射线散射（或“RIXS”），一种多维X射线光谱法。在这种方法中，样品中的电子通过X射线激发，然后又自发地发射高能的X射线。每个化学元素产生X射线激发和排放的特征模式，随着时间的推移具有特定的能量水平。通过改变X射线的激发能量，然后利用光学系统来指引发射到一个检测仪并且通过波长分离它们的X射线光子，可以读取这种模式。

这个过程的一个问题是，在生物学中起重要作用的特别轻薄的元素在激发时只发射很少的辐射。“在液体内部发生的复杂的化学和生化反应中，传统的RIXS方法可以提供有关现有电子结构的重要和详细的信息，这要多亏它们的光谱分辨率。然而，必须呈现大量样品，这意味着对生物相关系统进行RIXS测量可能会非常昂贵，并且非常复杂，”DESY的领先科学家Simone Techert解释称，他是哥廷根大学的教授，负责实施区域板块、化学环境和分析。“新的反射和透射带板光谱仪可以与液体射流或其他快速可交换的样品环境相结合，以便在软X射线范围内显著有效地进行低浓度样品的RIXS检查，这可以用于研究由碳和氮组成的样品”。

作为光学工具，反射区域板是全能的：它们能够反射光线或X射线，同时聚集它。在适当照明时，它们能够在空间上同时分离各个波长，从而可以在检测器的不同位置测量这些波长。“反射区域板是X射线光学的下一个合乎逻辑的步骤，”Paul Scherrer研究所的Jens Rehanek说。与Zhong Yin一同，他设计了这些新区域板块的实验。“他们的工作方式与传统的X射线光谱仪非常相似，但它们不仅可以将光线聚集在一条线上，而且可以聚集在一个点上。”由于区域板更靠近样品，因此可以更有效地测量弱信号。科学家们用一个诀窍来解决区域板块的一个缺点：它们可以用来测量的能量范围更窄。他们将样品放置在比普通样品稍微更远的位置上，使得它们能够以与常规光谱仪类似的高分辨率测量更宽的能量范围。“我们使用反射区板制造的光谱仪提供高效率和高高分辨率，并且可以用于小样品，”Rehanek强调称。自2008年以来，由Alexei Erko率领的团队一直在柏林亥姆霍兹材料与能源中心（HZB）的纳米光学和技术研究所研发反射带板的理论与技术，并且将其用于各种同步加速器领域和FEL实验以及X射线实验室应用。

在第二项研究中，科学家们开发了基于类似光学系统的光谱仪，该仪器还可用于检查复杂的化学和生化反应。菲涅耳片板不仅可以用于反射X射线；作为透射区板，它们还聚集发射的X射线，并将它们分离成不同的波长。瑞士的保罗•谢勒研究所（PSI）制造的传输区域板由对X射线透明的薄膜构成，它们的作用与可见光的透镜非常相似。研究组使用这些区域板表明，它们的特殊性能可以用于特别有效地测量辐射光谱。

科学家也用这样一个事实，即区域板能够将光聚集在两个方向上，使得可以利用光谱信息实施X射线成像方法，并同时为几种不同的入射能量记录单个多维X射线光谱，所谓的“RIXS图”。这意味着传输区板可以用来快速研究发射光谱的空间差异，甚至可以创建样品表面的图像。“在原则上，也可以使用传统的RIXS光谱仪，”负责设计和制造区域板的PSI Nanooptics研究所的所长Christian David说，“但是由于传输区域板块特殊的成像特性，我们能够并行进行这些测量（而不是逐点），从而将程序加速一百倍。”

这两个新的发展都提供了现有X射线光谱仪的替代方案。随着时间的推移，研究化学和生物化学反应过程的实验可以从它们的高效率中受益。“由于光谱仪只能使用单一光学系统，因此它们非常紧凑，并且在使用的方法方面非常灵活，”《科学报告》中的研究的第一作者PSI的Felix Marschall说。然而，新的方法仍处于发展的早期阶段，区域板块的潜力尚未得到充分利用：“我们已经开展了其他研究工作，这将进一步改进区域板块附加使用的设置和测试，”DESY的Jen Viefhaus说，他利用DESY的X射线源PETRA III新的光谱仪监督测试测量。
Metal Alloy（金属合金）

Researchers get a nanoscale glimpse of crevice and pitting corrosion as it happens

What affects almost everything made of metal, from cars to boats to underground pipes and even the fillings in your teeth? Corrosion—a slow process of decay. At a global cost of trillions of dollars annually, it carries a steep price tag, not to mention, the potential safety, environmental and health hazards it poses. 
"Corrosion has been a major problem for a very long time," said UC Santa Barbara chemical engineering professor Jacob Israelachvili. Particularly in confined spaces—thin gaps between machine parts, the contact area between hardware and metal plate, behind seals and under gaskets, seams where two surfaces meet—close observation of such electrochemical dissolution had been an enormous challenge, he added.
Not anymore.
Using a device called the Surface Forces Apparatus (SFA) developed by Israelachvili, he and his research team investigated the process of crevice and pitting corrosion and were able to get a real-time look at the process of corrosion on confined surfaces. Conducted with graduate student Howard Dobbs and project scientist Kai Kristiansen of UCSB, and colleagues at the Max-Planck-Institut für Eisenforschung in Düsseldorf, the study is published in the Proceedings of the National Academy of Sciences.
"With the SFA, we can accurately determine the thickness of our metal film of interest and follow the development over time as corrosion proceeds," Kristiansen said. The researchers' setup also allowed them to have control of the salt composition of the solution, and temperature, as well as the electric potential of the nickel surface.
Crevice and pitting corrosion isn't the kind of widespread surface rusting you may see on the hulls of old ships exposed to the ocean. These are instead intense, localized attacks, where visible decay can look deceptively minor. In fact, things appear just fine until they fail catastrophically: machines break apart, bridges buckle, seafaring ship engines malfunction, dental fillings fall out.
For this experiment the researchers studied a nickel film against a mica surface. They focused on the initiation of corrosion—the point at which the metal surface begins to dissolve. They observed that the degradation of the material did not occur in a homogenous fashion. Rather, certain areas—locations where there were likely microscale cracks and other surface defects—would experience intense local corrosion resulting in the sudden appearance of pits.
"It's very anisotropic," Israelachvili said, explaining that even within the crevices, different things are happening near the opening versus deep inside the crevice. "Because you've got diffusion occurring, it affects the rate at which the metal dissolves both in and out of the crevice. It's a very complex process."
"The first step in the corrosion process is usually very important, since that tells you that any protective surface layer has broken down and that the underlying material is exposed to the solution," Dobbs said. From there, according to the researchers, the corrosion spreads from the pits and often does so rapidly, because the underlying material is not as resistant to the corrosive fluid.
"One of the most important aspects of our finding is the significance of the electric potential difference between the film of interest and the apposing surface in initiating corrosion," Kristiansen added. When the electric potential difference reaches a certain critical value, the more likely corrosion will begin and the quicker it will spread. In this case, the nickel film experienced corrosion while the more chemically inert mica remained whole.
"We have seen this interesting effect before with other metal and non-metal materials," Dobbs said. "We have some pieces of the puzzle, but we are still seeking to unravel the full mechanism of this phenomenon."
This research into real-time, micro- and nanoscale mechanisms of corrosion provides valuable information that the scientists can build upon, which may lead to models and predictions of how and when materials in confined spaces are likely to corrode.
"Basically it's a matter of prolonging the lifetimes of metals and devices," Israelachvili said. Especially these days where devices can be very small, and you can even put them in the body, he added, understanding how to properly protect corrosion-prone surfaces will reduce the need to replace them due to damage.
Conversely, understanding how to accelerate dissolution where it would be appropriate would also be beneficial, such as with nontraditional (e.g., aluminosilica) cements that produce less carbon dioxide.
"An important step in the cement formation is the dissolution of cement's main ingredients, silica and alumina, which is very slow and requires highly caustic conditions unsafe for use in large-scale production," Dobbs said. "Improving the dissolution rate while avoiding the need for unsafe, caustic solutions would remove a technological barrier in the implementation of nontraditional cements." 
研究人员在纳米范围内研究了裂缝和点蚀在发生时的情况

什么会影响几乎由金属制成的所有物品，从汽车到船只，再到地下管道，甚至还有牙齿填充物？腐蚀——腐烂的缓慢过程。以全球每年数十亿美元的成本为代价，它引起了一个陡峭的价格标签，更不用说，它构成了潜在的安全、环境和健康危害。

“腐蚀在很长时间内都是一个主要问题，”UC Santa Barbara化学工程教授Jacob Israelachvili说。特别是在狭窄的空间中——机构部件之间的薄间隙，硬件与金属板之间的接触面，密封件和垫片之间的接触面，两个表面的接触点——密切观察这种电化学溶解是一个巨大的挑战，他补充称。

不再如此。

利用一个由Israelachvili开发的称为“表面力装置”（SFA）的设备，他和他的研究团队研究了裂缝和点蚀的过程，并且能够实时了解受限表面的腐蚀过程。进行这项研究的有UCSB的研究生Howard Dobbs和项目科学家Kai Kristiansen，以及杜塞尔多夫Max-Planck-Institut für Eisenforschung的同事们，这项研究发表于《美国国家科学院院刊》上。

“通过SFA，我们可以准确地确定我们所关心的金属薄膜的厚度，并且随着时间的推移，腐蚀的进展情况，”Kristiansen称。研究人员的设置还允许他们控制溶液的盐组成、温度以及镍表面的电位。

裂缝和点蚀不是海洋中暴露的旧船体的船身上所看到的那种广泛的表面锈蚀。它们相反，非常集中，是局部攻击，其中可见的衰变看起来很小。事实上，物品似乎看起来很好，直到他们出现灾难性的失误：机器分裂，桥扣，航海船舶发动机故障，牙齿填充物脱落。

对于该实验，研究人员研究了云母表面的镍膜。他们专注于腐蚀的开始——金融表面开始溶解的点。他们观察到，材料的降解不以同质的方式发生。相反，某些区域——可能存在微观裂缝和其他表面缺陷的地方——会经历剧烈的局部腐蚀，导致凹坑突出出现。

“这是非常各向异性的，”Israelachvili称，并且解释道，即便是在裂缝中，在开口与裂缝内深处也会有不同的情况发生。“因为出现了扩散，因此它会影响金属在裂缝中流出的速率。这是一个非常复杂的过程。”

“腐蚀过程的第一步通常是非常重要的，因为它会告诉你，任何保护性表面层已经破裂，并且底层材料暴露在溶液中，”Dobbs说。据研究人员称，从这开始，腐蚀会从凹坑蔓延，并且通常会非常快，因为底层材料不能抵抗腐蚀性液体。

“我们发现的最重要的一个方面是吸引膜与最初腐蚀的反向表面之间的电位差的意义，”Kristiansen补充称。当电位差达到一定临界值时，腐蚀开始的可能性越大，扩散越快。在这种情况下，镍膜经历腐蚀，而更多的化学惰性云母会保持完整。

“我们以前用其他金属和非金属材料看到了这种有趣的结果，”Dobbs说。“我们有一些难题，但是我们仍然试图揭开这种现象的全部机制。”

对这种实时、微观和纳米级腐蚀机制的研究提供了科学家可以依赖的有价值的信息，这可能会产生模型，为密封空间中的材料有可能发生腐蚀的时间和方式进行预测。

“基本上这是延长金属和器件寿命的问题，”Israelachvili说。特别是现在，设备非常小，你甚至可以将它们放在身上，他补充称，了解如何妥善保护易腐蚀表面将减少因损坏而更换的需要。

相反，理解如何在适当的情况下加速溶解也将是有益的，例如生产较少二氧化碳的非传统（例如，铝硅石）水泥。

“水泥组合的一个重要步骤是水泥主要成分的溶解，二氧化硅和氧化铝，这个过程非常缓慢，需要对于大规模生产是不安全的高度苛刻的条件，”Dobbs说。“提高溶解率同时避免不安全的苛性厂解决方案的需要将消除实施非传统水泥的技术障碍。”
Composite Materials（复合材料）

Neutrons provide a novel picture of thermal conductivity in complex materials

The engineering of thermal conductivity in semiconducting materials is a central issue in the development of modern nano- and microtechnologies. Low thermal conductivity is important in materials used in technology products, as it provides thermal insulation and thus reduction of heat transfer, ensuring the products do not overheat. 
Some representative of the clathrates family, complex chemical substances containing cages that trap atoms, are particularly important to study in this context as they have a range of important applications. Their thermoelectric properties make them very effective for harvesting wasted heat and converting it into electricity. To date, little is known about the exact mechanism underpinning the low thermal conductivity observed in complex structures such as clathrates.
Thermal energy is mainly carried by atomic vibrations called phonons, which are quasiparticles travelling with the sound velocity. Heat propagation and conductivity is directly related to the time a phonon travels in a material before it collides with defects or other phonons. This characteristic time is called the phonon lifetime. As such, understanding individual phonon properties is also fundamental for applications such as waste heat recovery through thermoelectric conversion. Shortening phonon lifetimes achieves low thermal conductivity, and this is a strategy which has led to extensive research around the 'phonon engineering' of thermoelectric materials.
Phonon lifetime is one of the key parameters for quantifying thermal conductivity, but accessing and measuring it is extremely challenging both experimentally and theoretically. The experimental challenge is due to the limits of instrumental capabilities; the resolution achieved by state-of-the-art experimental techniques is too limited for this goal. To date, no experimental evidence of a marked reduction in phonon lifetimes in clathrates has been found with inelastic neutron or X-ray scattering techniques. Nevertheless, there has been considerable progress recently with computational methods for semiconductors with simple structures. To match these advances, it is necessary to validate theoretical predictions by experimentally measuring the lifetime of individual phonon states.

A multi-partner study published today in Nature Communications has addressed phonon lifetime measurement challenges using inelastic neutron scattering (INS) and neutron resonant spin-echo (NRSE) experiments conducted at the Institut Laue Langevin (ILL) in Grenoble, and Laboratoire Léon Brillouin (LLB) Saclay, France. Whereas the "glass-like" thermal conductivity of the clathrate Ba7.81Ge40.67Au5.33 has frequently been associated with a short phonon lifetime, this study measured for the first time to date a very long phonon lifetime using a large single crystal sample of high quality. The study also reveals a dramatic reduction of the number of phonons carrying heat, as a result of structural complexity, allowing a simple and general explanation of the low thermal conductivity of complex materials. 
中子提供了复杂材料中导热性的新颖图景

半导体材料的导热性工程是现代纳米和微技术发展的核心问题。低导热性对于技术产品中使用的材料是非常重要的，因为它提供了绝热，从而减少了热传递，确保产品不会过热。

含有困住原子的笼子的复杂化学物质——包涵体家族——的一些代表对于这方面的研究非常重要，因为它们具有一系列重要的应用。它们的热电性质使其非常有效地收集浪费的热量，并将其转化为电力。迄今为止，关于包涵体之类的复杂结构中观察到的低热导率的确切机制知之甚少。

热能主要由称为声子的原子振动承载，声子是以声速行进的准粒子。热传播和电导率与声子在与缺陷或其他声子碰撞之前在材料中行进的时间直接相关。这个特征时间称为声子寿命。因此，了解单个声子特性对于通过热电转换的废热回收等应用是非常基本的。缩短声子寿命实现低导热性，这是一种策略，导致热电材料“声子工程”的广泛研究。

声子寿命是定量热层率的关键参数之一，但是在实验和理论上访问和测量它都是非常具有挑战性。实验的挑战是由仪器功能的限制造成的；通过最行进的实验技术实现的决议对于这一目标来说太有限了。迄今为止，尚未发现使用非弹性中子或X射线散射技术的包涵体中声子寿命显著降低的实验证据。然而，最近有关具有简单结构的半导体的计算方法已经取得了相当大的进展。为了匹配这些进步，有必要通过实验测量各个声子状态的寿命来验证理论预测。

自然通信公司今天发表的一项多伙伴研究已经在格勒诺布尔研究所Laue Langevin（ILL）和法国Scaclay的Laboratoire Léon Brillouin (LLB) 进行的非弹性中子散射（INS）和中子谐振自旋回波（NRSE）实验中研究了声子寿命的测量问题。虽然包涵体Ba7.81Ge40.67Au5.33的“玻璃状”热导率常常与短的声子寿命相关，但是本研究首次使用了大的单晶样品测量了非常长的声子寿命的高质量。该研究还揭示了由于结构复杂性导致的携带热量的声子的数量的显著减少，从而简单且普遍地解释复合材料的低热导率。
Researchers achieve 4-D printed material

For the first time, Lawrence Livermore National Laboratory (LLNL) researchers have successfully 3-D printed composite silicone materials that are flexible, stretchable and possess shape memory behavior, a discovery that could be used to create form-fitting cushioning activated by body heat, such as in a helmet or shoe. 
As described in their paper published online by Scientific Reports, by adding hollow, gas-filled "micro-balloons" into silicone-based ink, the researchers engineered the material so it can be compressed or "programmed" at an elevated temperature, remaining in that state as it cools. When reheated, the gas in the micro-balloons expands, causing the structures to return to their original shape. When combined with 3-D printing, this shape memory behavior is often referred to as "4-D printing," with the fourth dimension being time.
"The impressive part was how well the structures could recover their shape after they were reheated," said LLNL researcher Amanda Wu, the lead author on the paper. "We didn't see a distorted structure, we saw a fully recovered structure. Because the silicone network is completely crosslinked, it holds the part together, so the structure recovers its original shape in a predictable, repeatable way."
In a stroke of serendipity, the researchers accidently discovered the material while attempting to engineer a hierarchical porous material that would completely recover after being compressed under heat, exhibiting what is known as zero compression set. Instead, they got the opposite result. Undeterred, LLNL scientists Ward Small and co-principal investigator Thomas Wilson wondered what would happen if they reheated the structures, thinking the gas trapped in the material could cause it to re-expand. As it turned out, that's exactly what happened.
"Initially, this was an accelerated aging test to see if the material would be useful," said Small. "This material took on a pretty large compression set and that made us wonder if it was permanent. We weren't really thrilled about that, but we had experimented with shape memory in the past and tried to see if it could recover its shape when heated. We tested it and it did."
The key to the shape memory behavior is the polymer micro-balloons that are embedded in the silicone ink. The thin polymeric shell in the micro-balloon has a glass transition temperature; below that temperature, the shell is rigid and glassy and above the temperature, the shell becomes soft and malleable. Therefore, by heating the composite material above the shell glass transition temperature, the spheres' polymer shells soften, allowing them to be compressed and alter their shape in a way that stays deformed and resists re-expansion of the silicone matrix when cooled. When reheated, the balloons expand, and the restoring force of the heated gas and silicone enables the structure to recover its original contour.
LLNL researcher Taylor Bryson performed the experimental work, mixing inks that could incorporate the micro-balloons but wouldn't jam the 3-D printer's nozzle, and heating and compressing and cooling the printed samples to set their shape, and then reheating to expand them.

"We'd take them out hot and let them cool in the presence of a compressive force and test their thickness to measure compression set," Bryson said. "Then to see if they'd re-expand, we'd reheat them, put them back in the ovens at the same temperatures or hotter in the absence of a compressive force, and see if they'd recover their shape. Surprisingly, we got close to 100 percent recovery."
The researchers printed their samples using a direct-ink writing process, where the composite ink material was extruded at room temperature from the printer's nozzle to form woodpile-like structures with controlled porosity and architecture. By being able to 3-D print the material, the researchers said, it becomes more lightweight and functional, and they can exert greater control over its overall 3-D geometry and composition.
What's unique about their approach, the researchers said, is that the shape memory component is engineered into the material, so the micro-balloons could be used to integrate shape memory into any polymeric base material, including stretchable materials such as elastomers.
"Historically, shape memory polymers tend to be very rigid," said materials scientist Eric Duoss, a co-principal investigator on the project. "By incorporating micro-balloons into a rubbery matrix, we've created a composite that is soft and stretchy, even below the glass transition temperature of the micro-balloons, which is a shape memory material with previously unattainable qualities. It turned out to be very fortuitous."
Lab researchers have filed a patent application for the material. Because it can be 3-D printed into an arbitrary net shape and made into a highly porous structure with both open and closed cells, researchers said it might be useful for thermally activated cushioning that is highly tunable and customizable. For example, by modulating the micro-balloon glass transition temperature to be below body temperature, the material could be compressed under heat and cooled, then stored at cooler than body temperature. When worn, it would expand to fit the head in a helmet or a foot in a shoe. In the case where the glass transition temperature is slightly above body temperature, the wearer could heat the material in an oven or pot of warm water, and then fit it, similar to the process of form-fitting a mouth guard.
"You could use this for any customized mechanical energy-absorbing material," Duoss said. "The neat thing is if the wearer grows a little bit and wants to refit the material, they just heat it up to expand it, put it on and let it cool to once again customize the fit. It's reversible. It's a completely new material really, and we're excited about it. It's a material that should have a lot of commercial potential and should be ripe for technology transfer to industry."
Wu said the process could scale up to produce much larger parts for packaging and transportation applications. In addition, the material wouldn't necessarily need to be 3-D printed. Micro-balloons could be incorporated into any kind of base material and molded or cast, Wu said, but the resulting material might not have the same compressibility as 3-D printed porous structures. 
研究人员实现了4-D打印材料

劳伦斯利弗莫尔国家实验室(LLNL)的研究人员首次成功使用了3d打印复合硅胶材料，这些材料具有弹性、可拉伸性，并具有形状记忆的特性，这一发现可以为身体热量作用下的头盔或鞋子等创造出一种合适的缓冲效果。

正如他们在《科学报告》在线发表的论文中所描述的那样，通过在硅基的墨水中加入空洞的、充满气体的“微型气球”，研究人员设计出了这种材料，使它可以在高温下被压缩或“编程”，在冷却过程中保持在那个状态。当加热时，微型气球中的气体膨胀，导致结构恢复原来的形状。当与3d打印结合时，这种形状记忆行为通常被称为“4 - d打印”，第四个维度是时间。

“令人印象深刻的部分是，这些结构在被重新加热后的恢复状况，”LLNL研究员Amanda Wu说，她是这篇论文的主要作者。“我们没有看到一个扭曲的结构，我们看到了一个完全恢复的结构。”因为硅胶网络是完全交联的，所以它把部件固定在一起，这样结构以可预测的、可重复的方式恢复了原来的形状。

在一次意外发现中，研究人员发现了这种材料，同时试图设计一种分层的多孔材料，这种材料在受热被压缩后会完全恢复，从而显示出所谓的“零压缩”，然而，他们得到的却是相反的结果。没有被这种结果吓倒的LLNL科学家Ward Small和共同首席研究员Thomas Wilson想知道如果他们重新加热结构会发生什么，他们认为被困在材料中的气体可能会导致重新膨胀。事实证明确实如此。

“最初，这是一个加速老化的测试，他们想看看这些材料是否有用，”Small说。“这种材料采用了一个相当大的压缩装置，这让我们怀疑它是否是永久性的。”我们对这样的结果并不是很兴奋，但我们在过去曾尝试过形状记忆，并试图看看它是否能在加热时恢复形状。我们测试了它，它做到了。

形状记忆行为的关键是嵌入在硅树脂墨水中的聚合物微气球。微球中的薄聚合物壳具有玻璃化转变温度;在这个温度下，壳体是刚性的，玻璃状的，在这个温度之上，外壳变得柔软和可塑。因此，通过将复合材料加热到壳玻璃过渡温度之上，球体的聚合物壳软化，使它们能够被压缩，并改变它们的形状，使其保持变形，并在冷却时抵抗硅胶基质的再膨胀。当重新加热时，气球会膨胀，加热的气体和硅树脂的恢复力使其能够恢复原来的轮廓。

LLNL的研究人员Taylor Bryson完成了实验工作，混合了可以加入微型气球的墨水，但不会干扰3d打印机的喷嘴，加热、压缩以及冷却打印的样品，以确定它们的形状，然后再加热以扩展它们。

布赖森说:“我们会把它们加热，让它们在压缩力的作用下冷却，然后测试它们的厚度来测量压缩集。”“然后看看它们是否会再次膨胀，我们会重新加热它们，把它们放回烤箱，在没有压缩力的情况下，温度都是一样的，看看它们是否能恢复它们的形状。”令人惊讶的是，我们已经看到了接近百分之百的恢复。

研究人员将他们的样品打印出来使用直接油墨的书写工艺，在这种工艺中，复合油墨材料在室温下从打印机的喷嘴喷出，形成具有受控孔隙和结构的木质结构。研究人员说，通过3d打印材料，它变得更加轻便和实用，它们可以对它的三维几何图形和构图进行更多地控制。

研究人员说，他们的方法的独特之处在于，形状记忆元件被设计成材料，因此微型气球可以被用来将形状记忆整合到任何聚合物基材料中，包括弹性材料，如弹性体。

“从历史上看，形状记忆聚合物往往非常坚硬，”材料科学家Eric Duoss说，他是该项目的共同首席研究员。“通过将微型气球融入橡胶基质中，我们创造了一种柔软而有弹性的复合材料，甚至在微型气球的玻璃化温度下，它是一种形状记忆材料，具有以前无法达到的质量。”结果是非常偶然的。

实验室研究人员已经对该材料的进行了专利申请。因为它可以被打印成一个任意的网状形状，并制成一个具有开放和封闭细胞的高度多孔结构，研究人员说它可能对热激活的缓冲很有用，这是高度可调的和可定制的。例如，通过将微气球玻璃转变温度调制到低于体温的温度下，材料可以在高温下被压缩和冷却，然后储存在比体温更低的温度下。当我们穿戴这些材料时，它则膨胀。在玻璃化转变温度略高于体温的情况下，穿戴者可以在烤箱或温水壶中加热材料，然后将其穿戴，这类似于口腔防护器。

Duoss说:“你可以用这个来定制任何机械吸能材料。”“最妙的是，如果穿戴者长了一点，想要重新装修材料，他们就会把它加热，然后把它放上去，然后让它冷却，再一次定制合适的材料。”它是可逆的。这是一种全新的材料，我们对此很兴奋。这是一种应该有很多商业潜力的材料，而现在应该是技术转移到工业的时机。

吴说，这一过程可能会生产出用于包装和运输应用的更大部件。此外，这种材料不一定需要3d打印。吴说，微型气球可以被纳入任何一种基体材料和模塑或铸造中，但所产生的材料可能无法像3d打印的多孔结构那样具有同样的压缩性。
Practical Application（实际应用）

Carving diamonds for optical components

Thanks to a new technique developed at EPFL, optical diffraction gratings can now be made out of pure diamond, with their surfaces smoothed down to the very last atom. These new devices can be used to alter the wavelength of high-powered lasers or in cutting-edge spectrographs. 
A team of EPFL researchers has developed an unconventional way of microscopically cutting diamonds into a particular shape and smoothing them at an atomic level. This new technique, which will be presented at the International Conference on Diamond and Carbon Materials DCM2017 on 5 September, makes it possible to manufacture diffraction gratings out of pure diamond, which has unique properties that are ideal for both spectroscopy and the optical components used in high-powered lasers.
Diffraction gratings are made up of parallel grooves that break up light into its spectral components, kind of like a prism. These gratings are usually made out of glass and silicon, materials that have already been used in spectrographs and to alter the color emitted by lasers.
The team, led by Niels Quack, a SNSF-funded professor at the School of Engineering, has now found a way to make these gratings out of single crystal diamond as well, opening up the field to an array of new possibilities. Diamonds are unmatched in terms of their thermal conductivity, which is between five and ten times greater than that of any other material used for this purpose. Diamonds are also extremely hard and work well with UV rays, as well as infrared and visible beams. "Diamonds are chemically inert, which means that even the most aggressive chemical substances can't attack them. But it also means that they are very difficult to machine," explains Dr. Quack. "So this new way of carving diamonds could prove very useful."

Using oxygen to cut diamonds
The technique developed by the researchers is groundbreaking because it allows them to etch well defined shapes into millimeter sized single-crystal diamond plates, with the grooves separated by just a few microns and with incredibly smooth surfaces. To develop their technique, the researchers used diamonds created synthetically through chemical vapor deposition.
The diamonds are etched in several stages. First, a hard mask is deposited and structured on the surface of a diamond plate, which is then exposed to an oxygen plasma. The oxygen ions in the plasma are accelerated onto the surface of the diamond by an electric field. Where not covered by the hard mask, the oxygen ions remove carbon atoms from the diamond's surface one by one. "By adjusting the intensity of the electric field, we can alter the shape we etch into the diamond," explains Dr. Quack. "For the diffraction gratings, we carve out triangular grooves that are just a few microns apart from each other. We adjust the process parameters to selectively reveal a set of well-defined crystal planes, allowing us to create V-shaped grooves that are smoothed down almost to the atomic level. It is impossible to get this kind of precision when the diamonds are simply cut with a laser." 
为光学元件雕刻钻石

由于在EPFL开发的一项新技术，光学衍射光栅现在可以由纯金刚石制成，表面平滑到最后一个原子。这些新设备可以用来改变高能激光器的波长，也可以用于尖端的光谱图。

一组EPFL研究人员开发了一种非常规的方法，将钻石切割成特定的形状，并在原子水平上使其光滑。这项新技术将于9月5日在DCM2017国际钻石与碳材料国际会议上展出，使其能够制造出纯金刚石的衍射光栅，它具有独特的性能，对于光谱学和高能激光器使用的光学元件是非常理想的。

衍射光栅是由平行的凹槽组成的，它们将光分解成光谱成分，就像一个棱镜。这些光栅通常是由玻璃和硅材料制成的，这些材料已经被用在光谱图上，并改变了激光发射的颜色。

由尼尔斯•库克(Niels Quack)领导的团队，他是snsf资助的工程学院(School of Engineering)教授，现在已经找到了一种方法，可以将这些光栅从单个的水晶钻石中取出，并为这一领域打开了一系列新的可能性。钻石的导热系数是不匹配的，它的导热系数是其他任何材料的5到10倍。钻石也非常坚硬，可以很好地使用UV射线，以及红外线和可见光光束。“钻石是化学惰性的，这意味着即使是最具侵略性的化学物质也不能攻击它们。”但这也意味着它们很难加工，”Quack博士解释说。“因此，这种新的钻石雕刻方式可能非常有用。”

用氧气切割钻石

研究人员开发的这项技术是开创性的，因为它允许他们将定义良好的形状蚀刻成毫米大小的单晶菱形板，凹槽只有几微米，表面非常光滑。为了发展他们的技术，研究人员使用了通过化学气相沉积合成的钻石。

钻石蚀刻分为几个阶段。首先，在钻石板的表面上沉积和构造一个硬膜，然后再将其暴露在氧气等离子体中。等离子体中的氧离子通过电场加速到金刚石表面。在没有被硬膜覆盖的地方，氧气离子从钻石表面一个接一个移除碳原子。“通过调整电场强度，我们可以改变我们在钻石中蚀刻的形状，”Quack博士解释说。“对于衍射光栅，我们雕刻出三角形的凹槽，它们之间只有几微米。”我们调整过程参数，选择性地揭示一组定义良好的晶体平面，使我们能够创造v型凹槽，这些凹槽的平滑程度几乎降低到原子水平。当我们简单的用激光切割钻石时，是不可能达到这种精确度的。

Graphene single photon detectors

Considerable interest in new single-photon detector technologies has been scaling in this past decade. Nowadays, quantum optics and quantum information applications are, among others, one of the main precursors for the accelerated development of single-photon detectors. Capable of sensing an increase in temperature of an individual absorbed photon, they can be used to help us study and understand, for example, galaxy formation through the cosmic infrared background, observe entanglement of superconducting qubits or improve quantum key distribution methods for ultra-secure communications. 
Current detectors are efficient at detecting incoming photons that have relatively high energies, but their sensitivity drastically decreases for low frequency, low energy photons. In recent years, graphene has shown to be an exceptionally efficient photo-detector for a wide range of the electromagnetic spectrum, enabling new types of applications for this field. 
Thus, in a recent paper published in the journal Physical Review Applied, and highlighted in APS Physics, ICFO researcher and group leader Prof. Dmitri Efetov, in collaboration with researchers from Harvard University, MIT, Raytheon BBN Technologies and Pohang University of Science and Technology, have proposed the use of graphene-based Josephson junctions (GJJs) to detect single photons in a wide electromagnetic spectrum, ranging from the visible down to the low end of radio frequencies, in the gigahertz range.
In their study, the scientists envisioned a sheet of graphene that is placed in between two superconducting layers. The so created Josephson junction allows a supercurrent to flow across the graphene when it is cooled down to 25 mK. Under these conditions, the heat capacity of the graphene is so low, that when a single photon hits the graphene layer, it is capable of heating up the electron bath so significantly, that the supercurrent becomes resistive – overall giving rise to an easily detectable voltage spike across the device. In addition, they also found that this effect would occur almost instantaneously, thus enabling the ultrafast conversion of absorbed light into electrical signals, allowing for a rapid reset and readout. 
The results of the study confirm that we can expect a rapid progress in integrating graphene and other 2-D materials with conventional electronics platforms, such as in CMOS-chips, and shows a promising path towards single-photon-resolving imaging arrays, quantum information processing applications of optical and microwave photons, and other applications that would benefit from the quantum-limited detection of low-energy photons. 
石墨烯单光子探测器

在过去的十年中，人们对新的单光子探测器技术的巨大兴趣已经开始增加。目前，量子光学和量子信息应用是单光子探测器加速发展的主要前驱体之一。它们能够感知单个吸收光子的温度升高，可以用来帮助我们研究和理解，例如，通过宇宙红外背景的星系形成，观察超导量子位的纠缠，或者改进超安全通信的量子密钥分配方法。

目前的探测器能有效地检测出能量相对较高的传入光子，但因为低频率、低能量的光子它们的灵敏度却大大降低。近年来，石墨烯被证明是一个非常高效的光电探测器，用于广泛的电磁光谱，为这一领域提供了新的应用类型。

因此，在最近发表在“物理评论应用”杂志上的文章中，ICS研究员和集团领导Dmitri Efetov教授与美国哈佛大学，麻省理工学院，雷神BBN科技和浦项科技大学合作， 已经提出使用基于石墨烯的约瑟夫逊结（GJJ）来检测单个光子，其范围从千兆赫兹范围内的无线电频率下降到低端。

在他们的研究中，科学家们设想了一片位于两个超导层之间的石墨烯。 如此创造的约瑟夫逊连接点，当冷却至25 mK时，可使超电流流过石墨烯。 在这些条件下，石墨烯的热容量如此之低，当单个光子击中石墨烯层时，它能够显着地加热电子浴，使得超级电流变成电阻 - 总体上产生易于检测的电压 尖峰穿过设备。 此外，他们还发现，这种效应几乎瞬间发生，因此能够将吸收的光线快速转换成电信号，从而实现快速的复位和读出。

研究结果证实，我们可以期待在将石墨烯和其他2-D材料与传统电子平台（例如CMOS芯片）相集成方面取得快速进展，并显示出一个有希望的单光子分辨成像阵列的途径，量子信息处理光学和微波光子的应用，以及将受益于低能量光子的量子限制检测的其他应用。
Scientists have developed a new tool for imaging life at the nanoscale

Australian scientists have developed a new tool for imaging life at the nanoscale that will provide new insights into the role of transition metal ions such as copper in neuro-degenerative diseases. 
In a new paper published today in Nature Communications, a team of researchers at the University of Melbourne reveal a "quantum kangaroo" that demonstrates a way to detect and image electronic spins non-invasively with ambient sensitivities and resolution orders of magnitude never before achieved. The breakthrough will provide physicians and researchers with a new tool for probing the role transition metal ions play in biology and disease.
Electron spin resonance (ESR) techniques have been a mainstay in understanding biochemical processes in biological systems. Yet ESR has not seen the rapid growth compared to its sister technology, nuclear magnetic resonance, which is now a mature technology used in magnetic resonance imaging (MRI) to look inside the body.
Both ESR and NMR apply a magnetic field to image molecules, but unlike NMR, ESR can reveal biochemistry related to metal ions and free radicals. The challenge is that in biological systems the detectable concentration of electron spins is many orders of magnitude lower than nuclear spins. Hence, the roadblock for the development of ESR-based imaging techniques has been the sensitivity required - typically billions of electronic spins have been needed to generate a sufficient signal for successful imaging.
Enter: quantum technology. A team led by Professor Lloyd Hollenberg has used a specially engineered array of quantum probes in diamond to demonstrate non-invasive ESR imaging with sub-cellular resolution. Remarkably, the system is able to image and interrogate very small regions containing only a few thousand electron spins.
"The sensing and imaging technology we are developing enables us to view life in completely new ways, with greater sensitivity and resolution derived from the fundamental interactions of sample and probe at the quantum mechanical level," said Hollenberg, who is Deputy Director of the Centre for Quantum Computation and Communication Technology (CQC2T) and Thomas Baker Chair at the University of Melbourne.
"This dramatic improvement in ESR imaging technology is an exciting development and a clear demonstration of how quantum technology can be used to enhance signal sensitivity and provide solutions to long standing problems, for example probing human biochemistry at even finer scales."
Scaling ESR technology down to sub-micron resolution has been challenging because such a reduction in spatial resolution requires substantially better sensitivity. However, this is precisely what quantum probes offer - high sensitivity with high spatial resolution.
By generating an array of quantum probes in diamond, using the material's unique nitrogen-vacancy colour centre, the interdisciplinary research team was able to image and detect electronic spin species at the diffraction limit of light, 300 nanometres. Critically, the sensing technology is able to provide spectroscopic information on the particular source of electronic spins being imaged.

Dr David Simpson, lead author and co-head of sensing and imaging at the Centre for Neural Engineering said that the technology can provide new insight into the role transition metal ions play in biology.
"Transition metal ions are implicated in several neuro-degenerative diseases, however, little is known about their concentration and oxidation state within living cells," he said.
"We aim to adapt this new form of sensing to begin probing such effects in a range of biological systems."
One of the unique advantages of quantum-based sensing is that it does not interfere with the sample being imaged. Other approaches rely on fluorescent molecules binding to particular targets of interest. While these approaches are species-specific, they modify the functionality and availability of the target species being imaged.
PhD student and co-author on the paper Robert Ryan explained the technique.
"Our technique relies on passive, non-invasive detection of electronic spins by observing their interaction with the quantum probe array," said Ryan.
"By carefully tuning an external magnet into resonance with the quantum probes, we are able to listen to the magnetic noise created by the sample's electronic spins. Different electronic spin species have different resonance conditions; therefore we are able to detect and image various electronic spin targets."
A key to the success of the work was collaboration among the team members, who were drawn from different research centres across the university.
"The interdisciplinary aspect of this research helped push the boundaries of what is possible," said Professor Paul Mulvaney, co-author and Director of the Centre for Exciton Science in the School of Chemistry at the University of Melbourne.
"From a chemistry perspective, it is surprising to see that a fragile quantum system can accommodate the fluctuating environment encountered in ?real' chemical systems and the inherent fluctuations in the environment of ions undergoing ligand rearrangement. The complementary expertise within chemistry, physics and neuroscience has led to this advance." 
科学家们发明了一种新的纳米尺度成像工具

澳大利亚科学家已经开发出一种新的纳米尺度成像工具，它将为诸如铜这样的过渡金属离子在神经退行性疾病中的角色提供新的见解。

在今天发表在《自然通讯》(Nature Communications)上的一篇新论文中，墨尔本大学(University of Melbourne)的一组研究人员揭示了一种“量子袋鼠”，它展示了一种检测和图像电子自旋的方法，不受环境敏感性和分辨率的影响。这一突破将为医生和研究人员提供一种新的工具，用于探索过渡金属离子在生物学和疾病中的作用。

电子自旋共振技术是了解生物系统生物化学过程的主要手段。然而，与它的姐妹技术——核磁共振(MRI)相比，ESR并没有看到它的快速增长，它现在是一种成熟的技术，用于磁共振成像(MRI)检查身体内部。

ESR和NMR都将磁场作用于图像分子，但与NMR不同的是，ESR可以揭示与金属离子和自由基有关的生物化学。挑战在于，在生物系统中，电子自旋的可检测浓度要比核自旋低很多数量级。因此，开发基于esr的成像技术的障碍是敏感性——通常需要数十亿的电子自旋来为成功的成像产生足够的信号。

输入:量子技术。由Lloyd Hollenberg教授领导的研究小组使用了一组经过特殊工程加工的量子探针，来证明非侵入性的ESR成像与亚细胞分辨率。值得注意的是，这个系统能够在很小的区域内成像和查询，只包含几千个电子自旋。

“我们正在开发的感测和成像技术使我们能够以全新的方式观察生活，从量子机械层面上的样本和探针的基本相互作用获得更大的灵敏度和分辨率，”中心副主任霍伦伯格 量子计算和通信技术（CQC2T）和墨西哥大学托马斯•贝克主席。

“ESR成像技术的巨大进步是一个令人兴奋的发展，它清楚地展示了量子技术如何被用来增强信号的灵敏度，并为长期存在的问题提供解决方案，例如在更精细的尺度上探测人类生物化学。”

将ESR技术缩小到亚微米分辨率一直是一个挑战，因为这样的空间分辨率的降低需要更好的灵敏度。然而，这正是量子探测器所提供的高灵敏度高空间分辨率。

通过在金刚石上生成一系列量子探测器，利用材料独特的氮-空位色彩中心，跨学科研究团队能够在光的衍射极限(300纳米)上成像和检测电子自旋物种。关键的是，传感技术能够提供电子自旋的特定来源的光谱信息。

大卫•辛普森博士，第一作者和神经工程学中心的传感与成像联合负责人说，这项技术可以为过渡金属离子在生物学中的作用提供新的见解。

他说:“过渡金属离子与一些神经退行性疾病有牵连，然而，人们对它们在活细胞内的浓度和氧化状态知之甚少。”

“我们的目标是适应这种新的传感方式，开始在一系列生物系统中探索这种效应。”

量子传感的独特优势之一是它不会干扰样品的成像。其他方法依赖于荧光分子与特定目标的结合。虽然这些方法是专门的，但他们修改了目标物种的功能和可用性。

博士生和合著者罗伯特•瑞安(Robert Ryan)解释了这项技术。

Ryan说:“我们的技术依赖于通过观察他们与量子探针阵列的相互作用，来进行被动的、无创的电子自旋检测。”

“通过仔细地调谐一个外部磁铁与量子探针共振，我们能够听到由样品的电子自旋所产生的磁性噪声。”不同的电子自旋物种有不同的共振条件;因此，我们能够检测和成像各种电子自旋目标。

这项工作取得成功的关键是团队成员之间的合作，他们来自于整个大学的不同研究中心。

“这项研究的跨学科方面有助于突破可能的界限，”墨尔本大学化学学院(School of Chemistry)的兴奋科学中心主任、合著者保罗•穆瓦尼(Paul Mulvaney)教授说。

“从化学的角度来看，令人惊讶的是，脆弱的量子系统可以适应真实的化学系统中遇到的波动环境，以及经历配体重排的离子环境的固有波动，化学、物理和神经科学促成了这一进步。”
Localized orbital scaling correction functional ushering DFT to a new level of accuracy
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(a) Deviations between the calculated ?HOMO and -Ive and between Ive and Iexp for a series of HeM clusters. In each cluster all the He atoms are chemically equivalent. The nearest neighboring atoms are separated by 10Å, and the Iexp of HeM is well approximated by Iexp of a He atom. (b) Calculated total energy deviation from the linearity condition of a fractionally charged He atom as a function of the fractional charge δ. Here ΔE(Heδ+) = E(Heδ+)-δE(He+)-(1-δ)E(He), and the δ values have been scaled in the figure for a direct comparison with (a). Credit: ©Science China Press
Kohn-Sham density functional theory is one of the most successful theories in chemistry. It is formally rigorous; its relatively low computational cost and competitive accuracy in small and medium-sized systems make it one of the most popular methods in electronic structure calculations, and perhaps the only choice for modeling quantum effects of electrons in large chemical and biological systems. Nevertheless, the exact functional is not explicitly known and the state-of-the-art density functional approximations (DFAs) suffer from systematic errors. One of the dominant errors in DFAs is the delocalization error, which is ubiquitous and manifested in various ways. This has been a challenging open problem for decades. Recently, Chen Li, Neil Qiang Su and Weitao Yang from Duke University and Xiao Zheng from the University of Science and Technology of China developed a novel localized orbital scaling correction (LOSC) framework that demonstrates systematic elimination of the delocalization error. 
The major consequences of delocalization errors in DFAs can be categorized in two aspects: (1) Kohn-Sham (KS) orbital energy error and (2) total energy error. The delocalization error leads to important failures in practical applications such as the unphysical underestimation of band gaps, the excessively delocalized electron distributions and wrong charge transfers. Regarding these two aspects of errors, both are manifested in a size-dependent manner. In particular, among the KS orbital energies, the highest occupied molecular orbital (HOMO) energy, εHOMO, is supposed to agree with the (negative) vertical ionization potential (-Ive), as required by the exact functional. Furthermore, the Ive as calculated by DFAs are supposed to agree with the experimental value, Iexp.
For commonly used DFAs, the two conditions are not satisfied. As shown by the helium cluster calculations in the subfigure (a), the HOMO energy by the local density approximation (LDA) shows a positive error compared to -Ive while Ive exhibits a negative error, and the two errors are displayed in a size-dependent manner, suggesting that the delocalization error of DFAs has to show up in one way or the other, or both, while the sum of the magnitudes remains unchanged. Moreover, this is prevalent in all kinds of DFAs, including the most popular B3LYP functional, as shown in green.
To understand these errors, chemists can map them into the errors of a fractionally charged He atom, as illustrated in the subfigure (b). The fractional system energies are supposed to scale linearly with the fractional electron number n (0?n<1) for the exact functional. Shown in subfigure (b) is the energy deviation from the linearity condition for a single He atom, where the fractional system energies are underestimated- this defines the delocalization error. Moreover, the fractional charge error in (b) has 1-1 correspondence with the total energy error ΔI = Ive - Iexp. In the limit of M goes to infinity, one can deduce that ΔI agrees with the slope error of the E(N) curve at the integer, which is exactly the HOMO energy error of a single He atom. Therefore, all the errors are inter-connected. It is thus possible to eliminate delocalization error systematically through (1) removing the errors in (b) and (2) guaranteeing size-consistent removal of the error in all systems.
In the present work of LOSC, the authors invented novel local variables, called orbitallets, which are localized orbitals (LOs) that achieve locality in both spatial and energy spaces. Through these orbitallets, they were able to express the electron density and KS density matrix in the local representation, where the local occupation matrix composed of fractional numbers arises naturally. Therefore, these local variables are capable of capturing local fractional information precisely and completely in the orbital space, and serve as the perfect building blocks for the LOSC functional. Furthermore, by rewriting the terms in the GSC and LSC functionals in terms of curvature correction formulas and making analogy to the LOSC, they introduced a local curvature matrix, whose elements are designed as a functional of the orbitallets, to be in one-to-one correspondence with the local occupation matrix. Finally, the LOSC formula is written as an explicit and elegant expression over the parent functional in terms of these two matrices.
The LOSC achieves all the desirable features. In the above figure, the LOSC-LDA errors are essentially negligibly small, indicating the validity and size-consistency of the correction. These have also been validated by the much improved dissociation curves of diatomic molecular cations, ranging from H2+, He2+, water dimer cation and benzene dimer cation. The HOMO, LUMO energy errors have been much reduced and the good performance maintains as system size grows. This has been demonstrated by tests on polyacene and trans-polyacetylene oligomers. Furthermore, the LOSC is capable of retrieving the right electron density when the parent DFAs makes it qualitatively wrong, as shown by the example of a solvated chlorine anion when deprived of an electron.
The performance of LOSC thus shows promise of eliminating delocalization error systematically within the KS density functionals. It is worth noticing that unlike traditional paradigm of designing functionals using the density, the density gradients, the kinetic energy density, etc., the LOSC framework involves completely new ingredients, the orbitallets, which themselves are implicit functionals of the KS density matrix, and demonstrated their unique capability of addressing longstanding problems associated with traditional DFAs. This reflects a paradigm change in designing functionals, and greatly broadens the way in the exploration for the exact functional in its own living space. In this sense, LOSC has ushered the trend in developing new generation of density functional approximations, promoting density functional theory to a new level of accuracy. 

局部轨道尺度校正功能使DFT达到一个新的精度水平
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(a)计算之间的偏差?HOMO和- Ive，在Ive和Iexp之间有一系列的群集。 在每个簇中，所有的He原子都是化学上相同的。 最近的相邻原子被分开10埃，HeM的Iexp被He原子的Iexp很好地近似。 （b）从分数电荷的He原子的线性条件计算的总能量偏差作为分数电荷δ的函数。 在这里，ΔE（Heδ+）= E（Heδ+）-δE（He +） - （1-δ）E（He），并且δ值已经在图中被缩放以与（a）进行直接比较。 来自：©中国科学出版社

科恩 - 密集函数理论是化学中最成功的理论之一。它是正式严谨的;它相对较低的计算成本和在中小型系统中的竞争精度使它成为电子结构计算中最受欢迎的方法之一，也许是在大型化学和生物系统中对电子进行量子效应的唯一选择。然而，确切的功能尚未明确知道，而最先进的密度近似函数（DFA）受系统误差的影响。 DFA中的主要错误之一是离域错误，它是无处不在的，并以各种方式表现。这几十年来一直是一个具有挑战性的开放性问题。最近，来自杜克大学的陈力，苏il强，杨伟涛，以及中国科技大学的肖铮研制出了一种新颖的本地化轨道缩放校正（LOSC）框架，证明系统地消除了离域误差。

DFA中离域错误的主要后果可分为两个方面：（1）Kohn-Sham（KS）轨道能量误差和（2）总能量误差。 离域误差导致实际应用中的重大失败，例如非物理性低估带隙，过度离域的电子分布和错误的电荷转移。 关于错误的这两个方面，都以尺寸依赖的方式表现出来。 特别地，在KS轨道能量中，最高占据分子轨道（HOMO）能量εHOMO被认为与正确的功能所要求的（负）垂直电离电位（-Ive）一致。 此外，由DFA计算的Ive应该与实验值Iexp一致。

对于常用的DFA，这两个条件都不满足。 如图（a）中的氦簇计算所示，通过局部密度近似（LDA）的HOMO能量与-Ive相比显示正误差，而Ive表现出负的误差 - 表明DFA的离域误差必须以一种或另一种或两种方式出现，并且两个误差之和保持不变。 此外，这在各种类型的DFA中是普遍的存在的，包括最流行的B3LYP功能，如绿色部分所示。

为了理解这些错误，化学家可以将它们映射到一个微小的带电原子的误差中，如图所示(b)。 假设分数系统能量与精确功能的分数电子数n（0？n <1）成线性关系。 子图（b）中所示的是与单个He原子的线性条件的能量偏差，其中小数系统能量被低估 - 这定义了离域误差。 此外，（b）中的分数充电误差与总能量误差ΔI= Ive-Iexp具有1-1对应关系。 在M极限为无穷大的情况下，可以推导出ΔI与整数E（N）曲线的斜率误差一致，正好是单个He原子的HOMO能量误差。 因此，所有错误都是互连的。 因此，可以通过（1）消除（b）和（2）中的错误来保证所有系统中的误差大小一致的消除，从而有可能系统地消除离域误差。

在LOSC的当前工作中，作者发明了新的局部变量，称为轨道，它是在空间和能量空间中实现局部性的局部轨道(LOs)。通过这些轨道，他们能够在局部表示中表达电子密度和KS密度矩阵，在这里，由分数数字组成的局部占线矩阵自然产生。因此，这些局部变量能够精确地、完全地在轨道空间中捕获局部的部分信息，成为LOSC功能的完美构建块。此外，通过将GSC和LSC功能区的术语改写成曲率修正公式，并与LOSC进行类比，他们引入了一个局部曲率矩阵，其元素被设计成一个轨道函数，与当地的职业矩阵一一对应。最后，在这两个矩阵方面，LOSC公式被写成一个对父函数的显式和优雅表达式。

LOSC实现了所有令人满意的功能。在上图中，loscl - lda误差本质上是小的，这表明了校正的有效性和尺寸一致性。双原子分子阳离子的离解曲线，从H2 +、He2 +、水二聚和苯二聚阳离子的分离曲线得到了验证。HOMO、LUMO能量误差已大大降低，随着系统规模的增大，其表现也很好。通过对聚乙炔和跨聚乙炔寡聚物的试验证明了这一点。此外，当母体的DFAs将其定性为错误时，LOSC能够获得正确的电子密度，如当被剥夺电子时氯离子被溶解的例子所示。

因此，LOSC的性能显示出在KS密度函数内系统地消除离域误差的希望。 值得注意的是，与使用密度，密度梯度，动能密度等设计功能的传统范例不同，LOSC框架涉及全新的成分，轨道自身是KS密度矩阵的隐含功能，以及展示了其解决与传统DFA相关的长期问题的独特能力。 这反映了设计功能的范式变化，并大大扩大了探索其在自己生活空间中的确切功能的方式。 在这个意义上，LOSC已经迎来了开发新一代密度近似函数的趋势，并将密度泛函理论推广到了一个新的准确度。
The turbulent healing powers of plasma

Researchers are starting to discover the curing powers of plasma—bringing the ion-based form of matter into medical realms. A kind of plasma called non-equilibrium atmospheric pressure plasma can help heal wounds, destroy cancer cells and kill harmful bacteria. 
The jets of plasma that doctors might use, however, often become turbulent with the direction and velocity changing dramatically. Now, researchers have found this turbulence likely emerges from heat-induced sound waves generated at the plasma electrodes. This new insight is critical for more consistent and effective medical therapies.
"Now that we understand where the induced turbulence in atmospheric pressure plasma jets is coming from, it may be possible to better control it," said Amanda Lietz of the University of Michigan, who is an author of a new report discussing these results, based on computer simulations, appearing as the cover article this week in the journal Applied Physics Letters.
A plasma is an ionized gas consisting of the positively charged ions and free-flowing electrons. They tend to be extremely hot, like those found in fusion devices. Non-equilibrium atmospheric pressure plasma jets, however, are cool to the touch.
In a typical medical device, atmospheric pressure plasma is made from a noble gas such as helium. An electric field ionizes the helium by removing an electron from each atom, creating a plasma that's not only at atmospheric pressure, but is also near room temperature.
The plasma flows through a handheld, pen-sized instrument and exits as a high-speed jet. The jet mixes with ambient air, which is filled with chemical species such as oxygen, nitrogen and water vapor molecules. The fast-moving electrons in the plasma slam into these molecules, producing highly reactive species such as hydroxyl and nitric-oxide molecules. These radicals, as they're also called, are therapeutic.
Scientists still aren't entirely sure why these plasma-produced radicals are so beneficial in human therapies. They hypothesize that the reactive particles may induce an immune response in the body or modify the biochemical signaling agents between cells. In the case of cancer, the radicals might also trigger an oxidative stress response. Because cancer cells are already in a more stressed state than healthy cells, the radicals may push the cancer cells over the edge, killing them while healthy cells remain unharmed.
To kill exposed bacteria, the radicals can tear into the bacterial cell walls. Plasma, therefore, also can be used to sterilize surgical tools. Although plasmas are used for cutting in surgery, the FDA hasn't yet approved direct plasma treatment for wound healing and cancer, although doctors have used it in isolated, FDA-sanctioned studies. Clinical trials in Europe have already begun.
One problem is that the plasma jets can be temperamental, according to Mark J. Kushner from the University of Michigan and also one of the paper's authors. Sometimes the jets are perfectly laminar and even. Other times they're turbulent, leading to irreproducible results.
"From a clinical standpoint, that's probably not what you want," he said. "To obtain FDA approval of a plasma process, you want to be able to say that every time I treat the patient I'm treating in the same way."
At the same time, you might want some turbulence to make more of the radicals needed for a particular therapy. Regardless, no one was certain what causes the turbulence.
When the researchers simulated the plasma jets, they found that the electrodes in the instrument—which are needed to create the electric field that makes the plasma—generate heat. This heat spawns a sound wave that travels out through the jet and along the boundary where the plasma meets the air, a layer that's prone to be unstable. The sound wave disturbs this layer, likely triggering turbulent plumes.
Now that this phenomenon is relatively understood, Kushner said, researchers can enhance or dampen this effect, depending on what's best for the patient. Ultimately, he said, this new analysis can lead to an approved and reliable treatment. 
等离子体的疗愈能力

研究人员开始发现等离子体的固化能力，将物质的物质形态带入医学领域。一种叫做非平衡大气压力等离子体的等离子体可以帮助治疗伤口，杀死癌细胞，杀死有害的细菌。

然而，医生可能使用的等离子体喷射流，往往会随着方向和速度的急剧变化而变得混乱。现在，研究人员发现，这种气流可能是由等离子体电极产生的热引起的声波引起的。这一新的见解对于更加一致和有效的医疗治疗至关重要。

 “现在,我们明白在大气压等离子体喷流诱导气流来源,它可能会更好的控制它,”密歇根大学的阿曼达Lietz说,他是一个作家的一份新报告讨论这些结果,计算机模拟的基础上,出现了作为封面文章本周在《应用物理快报》杂志上。

等离子体是由带正电的离子和自由流动的电子组成的电离气体。它们的温度非常高，就像在核聚变装置中发现的那样。然而，非平衡的大气压力等离子体喷流是很酷的。

在一个典型的医疗设备中，大气压力等离子体是由一种惰性气体，如氦气来制造的。一个电场通过从每个原子中移出一个电子来电离氦，产生的等离子体不仅在大气压力下，而且在室温附近。

等离子体通过一种手持的、钢笔大小的仪器进行流动，并作为高速射流出口。这架飞机与周围的空气混合在一起，空气中充满了化学物质，如氧气、氮气和水蒸气分子。在等离子体中快速移动的电子会撞击这些分子，产生高活性的物质，如羟基和氧化亚氮分子。这些自由基，也被称为，是治疗性的。

科学家们还不能完全确定这些等离子体产生的自由基对人类治疗的益处。他们假设活性粒子可能引起人体的免疫反应，或者改变细胞间的生化信号传导因子。在癌症的例子中，自由基也可能引发氧化应激反应。因为癌细胞已经比健康的细胞处于更大的压力状态，自由基可能会把癌细胞推向边缘，杀死癌细胞，而健康的细胞则不会受到伤害。

为了杀死暴露在外的细菌，这些自由基可以进入细菌细胞壁。因此，血浆也可以用来消毒外科手术工具。尽管等离子体被用于切割手术，但FDA尚未批准用于伤口愈合和癌症的直接等离子体治疗，尽管医生已经在独立的、FDA认可的研究中使用了它。欧洲的临床试验已经开始。

密歇根大学的Mark J.Kushner和论文的作者之一说，一个问题是，等离子体飞机可能是喜怒无常的。有时喷射的气流是完全层流的，甚至是均匀的。其他时候，它们是狂暴的，导致不可复制的结果。

 “从临床的角度来看，这可能不是你想要的，”他说。“为了获得FDA的批准，你希望能够说，每次我治疗病人的时候，我都在用同样的方法治疗。”

与此同时，你可能想要一些湍流来让更多的激进分子成为一种特殊的治疗方法。无论如何，没有人能确定是什么引起了动荡。

当研究人员模拟等离子体喷射机时，他们发现仪器中的电极需要制造出等离子体产生热量的电场。这种热产生的声波穿过飞机，沿着等离子体与空气的边界流动，这一层很容易不稳定。声波会干扰这一层，可能会引发紊流。

Kushner说，现在这种现象是相对容易理解的，研究人员可以增强或抑制这种效果，这取决于对病人的最佳选择。他说，最终，这种新的分析可能会得到认可和可靠的治疗。

Core solutions reach optimally extreme light pulses

As scientist probe nature ever more precisely with laser pulses, now aiming for the zeptosecond regime - a trillionth of a billionth of a second and the fastest scale of time measured - optimizing each parameter of those pulses can offer more finely tuned measurements of as-yet unknown dynamic properties. The laser wavelength, duration and energy of each pulse, and rate at which pulses are produced are all key factors in observing dynamics such as the real-time electron motions of single molecules together with the motion of consistituent atoms. 
Long wavelength (infrared), high-energy pulses produced hundreds of thousands of times per second are still very difficult to produce. These are necessary conditions, however, for creating x-ray radiation with enough energy to overcome water interactions which currently limit the use of x-ray microscopy of living specimens.
A European-based research collaboration between The Institute of Photonic Sciences (ICFO), Spain, and the Max Planck Institute for the Science of Light (MPL), Germany, now reports the development of such a source, producing 9.6 watt mid-infrared (mid-IR) pulses, at a repetition rate of 160 kilohertz, by using an innovative fiber geometry and parametric amplifier together.
Each pulse consists of a single cycle of the optical wave generated from a gas-filled, hollow-core photonic crystal fiber that does not require external compression, an external signal processing that other systems typically require to produce such clean pulses. The results of this research will be presented during the OSA Laser Congress, 1-5 October 2017 in Nagoya, Japan.
"The significance of our work is the achievement of pulse generation at the ultimate physical limit of one oscillation of the electric field in the mid-IR, and with unprecedented power," said Ugaitz Elu, a doctoral student at ICFO and member of the research team. "The electric field is reproducible, carrier-to-envelope-phase stable, and the application to strong field physics and high harmonic generation should lead to the first isolated waveforms in the hard x-ray and zeptosecond range."
A vital part of producing such short pulses involves their broadening and precise compression. In order to properly overlap the spectrum of frequencies, the team worked to produce the final optical pulse wave.
Chirped mirrors, which consist of multiple stacked coatings to reflect each part of the spectra separately, are often used in fiber laser systems to achieve this compression externally after broadening in the fiber's gas-filled core. In the mid-IR region, however, the fiber would absorb the energy of the pulses before achieving any type of spectral broadening and destroy it. The geometry implemented by Elu and his collaboratators skips this use of chirped mirrors altogether, and achieves both broadening and compression in the fiber.
"Here, we used a specifically designed photonic bandgap fiber whose geometry avoids such absorption," said Elu. "We can achieve broadening and compression in the same fiber without any chirped mirrors."
The energy and time regimes this optical table-top configuration demonstrates allow for a wide array of applications, most notably those stemming from the coherent hard x-rays that they make achievable.
Having a tool to capture dynamics with such precision would open a window to watching, in real-time, the subatomic processes of electrons absorbing and emitting energy during chemical reactions. "Our system is amazingly versatile," Elu said. "For instance, we use it for electron self-diffraction with which we could resolve all the atoms within a molecule while one of its bonds broke." 
核心解决方案达到最佳的极端光脉冲

当科学家用激光脉冲更精确地探测自然的时候，现在瞄准的是zeptosecond政权——十亿分之一秒的时间和最快的测量时间——优化这些脉冲的每一个参数可以提供更精确的测量到目前未知的动态特性。每一个脉冲的激光波长、持续时间和能量，以及产生脉冲的速率，都是观察动态的关键因素，例如单个分子的实时电子运动和构成原子的运动。

长波长(红外线)，每秒产生数十万次的高能脉冲仍然很难产生。然而，这些都是必要的条件，能够产生足够的能量来克服水的相互作用，目前限制了使用x射线显微镜对活体标本的使用。

欧洲研究光子科学研究所之间的合作(ICFO),西班牙,和科学的马克斯普朗克研究所的光(MPL),德国,现在报道的发展这样一个来源,生产9.6瓦特中红外脉冲不仅(中),在160赫兹的重复率,通过使用一个创新的纤维几何参量放大器。

每一个脉冲都由一个由气体填充的、空心核心的光子晶体纤维所产生的光波组成，它不需要外部压缩，这是一个外部信号处理，而其他系统通常需要产生这样的清洁脉冲。这项研究的结果将于2017年10月1日至5日在日本名古屋举行。

 “我们的工作的意义在于，在中等强度的电场中，脉冲产生的最终物理极限，以及前所未有的能量，”Ugaitz Elu说，他是ICFO的博士生，也是研究小组的成员。“电场是可复制的，载波到封相的稳定，应用于强场物理和高谐波的应用，应该会在硬x射线和zepto秒范围内产生第一个孤立的波形。”

产生这种短脉冲的一个重要组成部分涉及到它们的扩展和精确压缩。为了正确地重叠频率的频谱，该团队致力于制造最终的光脉冲波。

由多层叠层的涂层组成的反射镜，可以单独反射光谱的各个部分，通常用于纤维激光系统，在纤维填充气芯中扩展后，可以在外部实现这种压缩。然而，在中红外区域，光纤会吸收脉冲的能量，然后达到任何类型的光谱扩展并摧毁它。Elu和他的合作者所实现的几何图形，完全忽略了这一使用的镜子，并在纤维中实现了扩展和压缩。

Elu说:“在这里，我们使用了一种特别设计的光子带隙纤维，它的几何形状避免了这种吸收。”“我们可以在没有任何鸣叫的镜子的情况下，实现同样的纤维的扩展和压缩。”

这种光学桌面结构的能量和时间系统显示了各种各样的应用程序，其中最引人注目的是那些可以实现的相干的硬x射线。

有了这样精确的捕捉动力学的工具，就能打开一个窗口，实时观察电子在化学反应过程中吸收和释放能量的亚原子过程。Elu说:“我们的系统是非常通用的。”“例如，我们用它来进行电子自衍射，我们可以在一个分子中分解所有的原子，而它的一个键断裂了。”
Organic & Polymer（有机高分子材料）

Bendable crystals tie current thinking in knots

Queensland researchers have shown that single crystals, typically thought of as brittle and inelastic, are flexible enough to be bent repeatedly and even tied in a knot. 
Researchers from Queensland University of Technology (QUT) and The University of Queensland (UQ) determined and measured the structural mechanism behind the elasticity of the crystals down to the atomic level.
Their work, published in Nature Chemistry, opens the door for the use of flexible crystals in applications in industry and technology. 
The research was led by ARC Future Fellows Associate Professor Jack Clegg in UQ's School of Chemistry and Molecular Biosciences and Associate Professor John McMurtrie in QUT's Science and Engineering Faculty. 
Associate Professor McMurtrie said the results challenged conventional thinking about crystalline structures.
"Crystals are something we work with a lot – they're typically grown in small blocks, are hard and brittle, and when struck or bent they crack or shatter," he said.
"While it has previously been observed that some crystals could bend, this is the first study to examine the process in detail.
"We found that the crystals exhibit traditional characteristics of not only hard matter, but soft matter like nylon."
The researchers grew bendable crystals about the width of a fishing line and up to five centimetres long from a common metal compound – copper (II) acetylacetonate. They mapped changes in the atomic scale structure when the crystals were bent using X-ray measurements performed at the Australian Synchrotron.
Crystals from six other structurally related compounds, some containing copper and some other metals, were also tested and found to be flexible.  
Associate Professor Clegg said the experiments showed that the crystals can be repeatedly bent and return quickly to their original shape with no signs of breaking or cracking when the force bending them is removed.
"Under strain the molecules in the crystal reversibly rotate and reorganise to allow the compression and expansion required for elasticity and still maintain the integrity of the crystal structure," he said.
"The ability of crystals to bend flexibly has wide-ranging implications in industry and technology.
"Crystallinity is a property that underpins a variety of existing technologies, including lasers and semi-conductors which are used in almost every electronic device, from DVD players to mobile phones and computers.
"But the hardness that makes them suitable for high-strength industrial components limits their use in other technologies. Flexible crystals like these could lead to new hybrid materials for numerous applications, from components of planes and spacecraft to parts of motion or pressure sensors and electronic devices."
Associate Professor McMurtrie said the method the researchers have developed to measure the changes during bending could also be used to explore flexibility in any other crystals.
"This is an exciting prospect given that there are millions of different types of crystals already known and many more yet to be discovered," he said.
"Bending the crystal changes its optical and magnetic properties, and our next step is to explore these optical and magnetic responses with a view to identifying applications in new technologies." 
可弯曲的晶体将当前的思维联系在一起

昆士兰的研究人员已经发现，通常被认为是易碎且无弹性的单晶，具有足够的柔韧性，可以反复弯曲，甚至可以打结。

昆士兰科技大学(QUT)和昆士兰大学(UQ)的研究人员确定并测量了晶体弹性背后的结构机制，直至原子水平。

他们的研究成果发表在自然化学杂志上，为在工业和技术领域应用柔性晶体打开了大门。

该研究由ARC未来研究员杰克克莱格在UQ的化学与分子生物科学学院以及QUT科学与工程学院的副教授约翰。

副教授特里特说，这一结果挑战了传统的关于水晶结构的思考。

他说:“水晶是我们经常工作的东西——它们通常生长在小块中，坚硬而易碎，当被击打或弯曲时，它们会破裂或破裂。”

 “虽然之前有人观察到一些晶体可能会弯曲，但这是第一个详细研究这个过程的研究。

 “我们发现晶体不仅具有硬物质的传统特征，而且具有像尼龙这样的软物质。”

研究人员在一种常见的金属化合物-铜(II)乙酰丙酮酸盐的范围上，长出了可弯曲的晶体，长度可达5厘米。他们利用在澳大利亚同步加速器中进行的x射线测量，绘制了原子尺度结构的变化。

其他六种与结构有关的化合物，其中一些含有铜和一些其他金属，也被测试并发现有弹性。

克莱格副教授说，这些实验表明，这些晶体可以反复弯曲，并迅速恢复到原来的形状，没有任何断裂或开裂的迹象，当它们被移除的时候。

他说:“在压力下，晶体中的分子可逆地旋转和重组，以允许弹性的压缩和膨胀，并且仍然保持晶体结构的完整性。”

 “水晶弯曲灵活的能力在工业和技术领域有着广泛的影响。

 “晶度是一种支撑多种现有技术的特性，包括激光和半导体，几乎所有的电子设备都使用这种技术，从DVD播放器到手机和电脑。

 “但是，使它们适合高强度工业部件的硬度限制了它们在其他技术上的使用。”像这样的柔性晶体可以为许多应用带来新的混合材料，从飞机和宇宙飞船的组件到运动或压力传感器和电子设备的部件。”

副教授特恩特里说，研究人员开发的测量弯曲过程中变化的方法也可以用来探索其他晶体的柔韧性。

他说:“这是一个令人兴奋的前景，因为已知有数百万种不同类型的晶体，还有许多尚未被发现。”

 “弯曲晶体改变其光学和磁特性，我们下一步就是探索这些光学和磁反应，以识别新技术中的应用。”

Researchers create single-crystal perovskite solar cells

Photovoltaic conversion is regarded as the ultimate solution to the growing demand for energy, yet traditional silicon-based solar cells are expensive to produce, and production itself involves intensive energy consumption. Emerging hybrid organic-inorganic solar cells based on perovskite CH3NH3PbI3, on the other hand, are not only inexpensive to process but also flexible, and thus are widely pursued as one of the most promising next-generation photovoltaic conversion technologies. 
Since first reported in 2009, the photovoltaic conversion efficiency of perovskite solar cells has increased spectacularly from 3.81 percent to 22.1 percent in just seven years, and this unprecedented rise has fueled worldwide pursuit for new efficiency records. Nevertheless, in the last two years, the pace of perovskite solar cell efficiency gains has slowed considerably despite the distance from the projected theoretical limit of 31 percent. Therefore, researchers are exploring new strategies to further enhance perovskite solar cell performance.
The current perovskite solar cells are based on polycrystalline CH3NH3PbI3 films, and thus inevitably have many defects in grains and grain boundaries that affect the device performance. Researchers have made efforts to produce bulk CH3NH3PbI3 crystals that exhibit exceptional photovoltaic properties such as long diffusion length and lifetime of photogenerated charge carriers, though the integration of bulk crystal into the perovskite solar cell architecture has proved challenging. 
Now, a team of Chinese and U.S. scientists led by Profs. Jiangyu Li and Jinjin Zhao has successfully grown single-crystalline CH3NH3PbI3 film directly on electron-collecting FTO/TiO2 substrate, as shown in Fig. 1. They took advantage of temperature gradient and the capillary effect during the growth process, enabling them to produce high-quality single crystalline film tightly integrated on FTO/TiO2. This proves critical, as FTO/TiO2 is the most widely used electron-collecting substrate for perovskite solar cells, making subsequent device fabrication straightforward.
Indeed, the single crystalline CH3NH3PbI3 film shows excellent photovoltaic properties. Measured directly on an FTO glass substrate with poor electron extraction, the time-resolved photoluminescence has much longer carrier lifetime in single crystalline CH3NH3PbI3 film compared to polycrystalline film, as seen in Fig. 2(a). When a TiO2 electron-collecting layer is added to the FTO glass, then the charge carrier lifetime drops substantially, thanks to efficient electron extraction at the TiO2/perovskite interface. As a result, the device exhibits photovoltaic conversion efficiency of 8.78 percent, the highest reported to date for a single crystalline perovskite solar cells. The team says that the system has much room for improvement, and with continuous optimization of materials and devices, they believe that the single crystalline perovskite solar cells will rival their polycrystalline counterparts in the foreseeable future.
研究人员创造了单晶体钙钛矿太阳能电池

光电转换被认为是对能源需求不断增长的最终解决方案，然而传统的硅基太阳能电池生产成本很高，而生产本身也需要大量的能源消耗。另一方面，基于perovskite CH3NH3PbI3的新兴混合有机-无机太阳能电池不仅成本低廉，而且具有柔性，因此被广泛地作为最有前景的下一代光伏转换技术之一。

自2009年首次报道以来，在短短7年时间里，perovskite太阳能电池的光电转换效率从3.81%提高到22.1%，这一前所未有的增长推动了世界范围内对新节能记录的追求。尽管如此，在过去的两年里，尽管与预期的理论限制的31%相比，佩罗科斯太阳能电池效率的增长速度已经大大放缓。因此，研究人员正在探索新的策略，以进一步提高波洛斯基太阳能电池的性能。

目前的钙钛矿的太阳能电池是基于多晶的CH3NH3PbI3电影，因此不可避免地会有许多影响设备性能的谷物和谷物边界的缺陷。研究人员已经努力生产出大量的CH3NH3PbI3晶体，这些晶体具有特殊的光电特性，如长时间的扩散长度和光生电荷载体的寿命，尽管将大块晶体整合到波洛科斯的太阳能电池结构中是很有挑战性的。

现在，由中国和美国的科学家组成的团队由教授领导。Jinjin Zhao和Jiangyu Li已经成功地在电子收集/二氧化钛基上成功地种植了单晶体的CH3NH3PbI3胶片，如图1所示。在生长过程中，他们利用了温度梯度和毛细管效应，使他们能够生产出高质量的单晶体薄膜，紧密地结合在f/tio2上。这证明是至关重要的，因为f/tio2是最广泛使用的一种电子收集物，用于珀洛科斯的太阳能电池，使得随后的设备制造很直接。

事实上，单晶体CH3NH3PbI3的薄膜显示了极好的光伏性能。通过在一个没有电子萃取物的FTO玻璃基板上直接测量，与多晶片相比，在单晶体CH3NH3PbI3膜上，时间分解的光致发光具有更长的载体寿命，如图2(a)所示。当一个二氧化钛电子层被添加到FTO玻璃上时，由于TiO2/perovskite接口的高效电子萃取，电荷载体的生命周期大幅下降。因此，该设备的光电转换效率为8.78%，这是迄今为止最高的单晶珍珠岩太阳能电池的报告。该团队表示，该系统有很大的改进空间，而且随着材料和设备的不断优化，他们相信，在可预见的未来，单一的水晶波状硅晶太阳能电池将与多晶的太阳能电池相媲美。
E-Material（电子材料）

Project will use AI to prevent or minimize electric grid failures

A project led by the Department of Energy's SLAC National Accelerator Laboratory will combine artificial intelligence with massive amounts of data and industry experience from a dozen U.S. partners to identify places where the electric grid is vulnerable to disruption, reinforce those spots in advance and recover faster when failures do occur. 
The eventual goal is an autonomous grid that seamlessly absorbs routine power fluctuations from clean energy sources like solar and wind and quickly responds to disruptive events—from major storms to eclipse-induced dips in solar power—with minimal intervention from humans.
"This project will be the first of its kind to use artificial intelligence and machine learning to improve the resilience of the grid," said Sila Kiliccote, director of SLAC's Grid Integration, Systems and Mobility lab, GISMo, and principal investigator for the project. "While the approach will be tested on a large scale in California, Vermont and the Midwest, we expect it to have national impact, and all the tools we develop will be made available either commercially or as open source code."
Called GRIP, for Grid Resilience and Intelligence Project, the project builds on other efforts to collect massive amounts of data and use it to fine-tune grid operations, including SLAC's VADER project. It's one of seven Grid Modernization Laboratory Consortium projects aimed at boosting grid resilience that will receive up to $32 million in funding as part of the DOE's Grid Modernization Initiative. GRIP was awarded up to $6 million over three years.
The project will use both machine learning, where computers ingest large amounts of data and teach themselves how a system behaves, and artificial intelligence, which uses the knowledge the machines have acquired to solve problems.
SLAC's GISMo lab, which works with Stanford University, utilities and other industry partners on smart grid technology, will develop machine learning algorithms that digest data from satellite imagery, utility operations and other sources and build knowledge about how electrical distribution systems work.
"One of the first places we will test our data analytics platform is at a major California utility," Kiliccote said. "The idea is to populate the platform with information about what your particular part of the grid looks like, in terms of things like solar and wind power sources, batteries where energy is stored, and how it's laid out to distribute power to homes and businesses. Then you begin to look for anomalies - things that could be configured better."
For instance, she said, a grid can be divided into "islands," or microgrids, that can be isolated to prevent a power disruption from spreading and taking the whole system down.
"You can also learn a lot just from satellite imagery," Kiliccote said. "For example, you could see where vegetation is growing with respect to the power lines, and anticipate when trees are likely to grow over the power lines and pull them over during a storm."
The knowledge and tools developed by the project will be passed along to another partner in the project, the National Rural Electric Cooperative Association (NRECA), which represents 834 distribution cooperatives that provide electricity to an estimated 42 million people in 47 states. The association will help deploy the tools the team develops on standard utility industry platforms, make them available to its members and help the team integrate them into existing industry planning and operational workflows.
One of those members, Vermont Electric Cooperative, has already been working with Packetized Energy, which develops software and hardware that adjust the power consumption of water heaters and other thermostat-controlled devices when the grid becomes overloaded or the power supply from renewables fluctuates. "We're working with both of them to build additional controls into that system and demonstrate how we can absorb grid events by reducing loads and moving them around," Kiliccote said.
Another partner, the DOE's Lawrence Berkeley National Laboratory, will be deploying and validating control systems it has developed for solar inverters that automatically convert the variable direct current from photovoltaic systems to AC current that's fed into the grid.
"Berkeley Lab has pioneered the development of algorithms that can optimally manage distributed energy resources, like wind, solar and batteries, and are completely plug and play," said Dan Arnold, a research scientist who is leading the Berkeley Lab part of the project. "In this project we're partnering with SLAC to deploy and test our approach in a real utility network. With these algorithms, we hope to be able to create an electric grid that can use distributed energy resources to automatically reconfigure itself to maximize reliability during normal operations or emergencies." 
项目将使用AI来阻止或减少电网故障

项目由美国能源部SLAC国家加速器实验室将把人工智能与大量数据和行业经验十几个美国的合作伙伴确定电网的地方很容易受到破坏,加强那些提前点和故障发生时恢复得更快。

最终的目标是一个自动的电网，它可以无缝地吸收太阳能和风能等清洁能源的常规能量波动，并迅速响应破坏性的事件——从大风暴到由太阳能引起的太阳能量下降，而人类很少干预。

 “这个项目将是第一个使用人工智能和机器学习来提高网格的弹性的，”Sila Kiliccote说，他是SLAC的网格集成、系统和移动实验室的主任，他是该项目的首席研究员。“尽管该方法将在加州、佛蒙特州和中西部地区进行大规模测试，但我们预计它将产生全国性的影响，我们开发的所有工具都将在商业上或作为开源代码中使用。”

该项目名为“抓握”，用于电网恢复力和智能项目。该项目建立在收集大量数据的其他努力上，并利用它来对电网运作进行微调，包括SLAC的维达项目。这是7个电网现代化实验室项目之一，旨在提高电网的弹性，作为能源部的电网现代化计划的一部分，该项目将获得3200万美元的资助。在三年时间里，他们获得了600万美元的奖励。

该项目将使用机器学习，计算机接收大量数据，并自学一个系统的行为方式，以及人工智能。人工智能利用机器所获得的知识来解决问题。

SLAC的GISMo实验室与斯坦福大学、公用事业公司和其他智能电网技术合作伙伴合作，将开发机器学习算法，从卫星图像、实用工具操作和其他来源获取数据，并建立关于电力分配系统如何工作的知识。

Kiliccote说:“我们将测试我们的数据分析平台的第一个地方是在加州的一家大型公用事业公司。”他说:“我们的想法是，利用太阳能和风能、能源储存的电池、以及如何将电力分配给家庭和企业的方式，让这个平台上的信息成为你的特定部分的信息。”然后你开始寻找异常——那些可以被更好地配置的东西。”

例如，她说，一个网格可以被划分为“岛屿”或微网格，可以被隔离以防止电力中断的传播和整个系统的崩溃。

Kiliccote说:“你也可以从卫星图像中学到很多东西。”“举例来说，你可以看到植被生长在哪里，在电线上生长，并预测树木何时会在电线上生长，并在风暴中把它们拉过来。”

项目开发的知识和工具将被传递给项目中的另一个合作伙伴，国家农村电力合作协会(NRECA)，它代表了834个分布合作社，为47个州的大约4200万人提供电力。该协会将帮助部署团队在标准的公用事业平台上开发的工具，使其成员可用，并帮助团队将其集成到现有的行业规划和运营工作流中。

其中一名成员，佛蒙特电力合作社，已经与“可再生能源”合作，该能源开发软件和硬件，当电网负荷过重或可再生能源的电力供应波动时，可以调整热水器和其他恒温控制装置的电力消耗。Kiliccote说:“我们正在与他们共同努力，为这一系统建立额外的控制，并展示我们如何通过减少负载和移动它们来吸收电网事件。”

另一个合作伙伴，美国能源部的劳伦斯伯克利国家实验室，将会部署和验证它为太阳能逆变器开发的控制系统，该系统能自动将可变直流电从光伏系统转化为交流电，并将其送入电网。

伯克利实验室的研究科学家丹阿诺德说:“伯克利实验室已经率先开发出能够最优地管理分布式能源资源的算法，比如风能、太阳能和电池，而且完全是插电式的。”他是该项目的伯克利实验室项目的负责人。“在这个项目中，我们正在与SLAC合作，在一个真正的公用事业网络中部署和测试我们的方法。有了这些算法，我们希望能够创建一个电网，它可以利用分布式能源来自动重新配置，从而在正常操作或紧急情况下最大限度地提高可靠性。”

When electrons ride a wave

Conventional electron accelerators have become an indispensable tool in modern research. The extremely bright radiation generated by synchrotrons, or free electron lasers, provides unique insights into matter at the atomic level. But even the smallest versions of these super-microscopes are the size of a soccer field. Laser plasma acceleration could offer an alternative. With a much smaller footprint and much higher peak currents, it could be the basis for the next generation of compact light sources. So far, the challenge with laser accelerators has been to create a reliable and stable electron beam, which is the prerequisite for possible applications. Physicists at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) have now developed a method to increase both beam stability and quality. 
The basic principle of laser acceleration seems quite simple: A bundled, ultra-strong laser beam hits a trace of gas, which instantly creates plasma—an ionized state of matter best described as a whirling mix of charged particles. The power of the light pulse pushes electrons away from their parent ions, creating a sort of bubble-like structure with a strong electric field in the plasma. This field, which the laser pulse drags behind itself like a stern wave, traps the electrons, accelerating them to nearly the speed of light. "These speedy particles allow us to generate x-rays," says Dr. Arie Irman from the HZDR Institute of Radiation Physics. "For instance, when we make these electron bundles collide with another laser beam, the impact generates bright, ultra-short X-ray flashes—an immensely valuable research tool for examining extreme states of matter."
Right Time + Right Place = Perfect Acceleration
The strength of the secondary radiation greatly depends on the particles' electrical current. The current, in turn, is mostly determined by the number of electrons fed into the process. Laser-powered acceleration therefore holds great potential, because it reaches significantly higher peak currents in comparison with the conventional method. However, as physicist Jurjen Pieter Couperus points out, the so-called beam loading effect kicks in: "These higher currents create an electric self-field strong enough to superimpose and disturb the laser-driven wave, distorting thereby the beam. The bundle is stretched out and not accelerated properly. The electrons therefore have different energies and quality levels." But in order to use them as a tool for other experiments, each beam must have the same parameters. "The electrons have to be in the right place at the right time," says Couperus.
Together with other colleagues at the HZDR, the two researchers were the first to demonstrate how the beam loading effect can be exploited for improved beam quality. They add a bit of nitrogen to the helium at which the laser beam is usually directed. "We can control the number of electrons we feed into the process by changing the concentration of the nitrogen," Irman explains. "In our experiments, we found out that conditions are ideal at a charge of about 300 picocoulomb. Any deviation from it—if we add more or fewer electrons to the wave—results in a broader spread of energy, which impairs beam quality."
As the physicists' calculations have shown, experiments under ideal conditions yield peak currents of about 50 kiloamperes. "To put this in context, only about 0.6 kiloamperes flow through the standard overhead line for a German high-speed train," Jurjen Pieter Couperus says. He is confident that they can beat their own record: "Using our findings and a laser pulse in the petawatt range, which our high-intensity laser DRACO can achieve, we should be able to generate a high-quality electron beam with peak currents of 150 kiloamperes. That would exceed modern large-scale research accelerators by about two orders of magnitude." The researchers believe this achievement would pave the way for the next generation of compact radiation sources. 
当电子运动时

传统的电子加速器已经成为现代研究中不可或缺的工具。同步加速器所产生的极其明亮的辐射，或自由的电子激光，为原子层面的物质提供了独特的见解。但即使是这些超级显微镜的最小版本，也只有足球场那么大。激光等离子加速可以提供另一种选择。它的碳足迹要小得多，峰值也要高得多，这可能是下一代紧凑型光源的基础。到目前为止，激光加速器所面临的挑战是建立一个可靠稳定的电子束，这是可能的应用的前提条件。海姆霍尔茨-辛德-罗森多夫(HZDR)的物理学家们现在已经开发出一种方法来提高光束的稳定性和质量。

激光加速的基本原理似乎很简单:一束束束，超强的激光束击中一束气体，它瞬间产生等离子体电离态，最好被描述为带电粒子的旋转混合物。光脉冲的能量将电子从它们的母离子中分离出来，形成一种类似于泡沫的结构，在等离子体中有一个强电场。这一领域，激光脉冲就像一个严厉的波一样拖着它自身，将电子捕获，使其加速到接近光速的速度。“这些快速的粒子可以让我们产生x射线，”来自HZDR辐射物理研究所的Arie Irman博士说。“例如，当我们让这些电子束与另一束激光相撞时，这种冲击会产生明亮、超短的x射线闪光——这是一种极具价值的研究工具，用于研究极端状态。”

右时+右位=完美加速度

二次辐射的强度很大程度上取决于粒子的电流。而电流，反过来，主要是由进入过程的电子数决定的。因此，激光驱动的加速度具有很大的潜力，因为它与传统方法相比，达到了更高的峰值电流。然而，正如物理学家Jurjen Pieter Couperus指出的那样，所谓的“束加载效应”开始了:“这些更高的电流产生了一个强大的电场，足以使激光驱动的波被叠加和干扰，从而扭曲了光束。”这个包被拉伸了，没有正确地加速。因此电子具有不同的能量和质量水平。“但为了将它们用作其他实验的工具，每束光线都必须有相同的参数。Couperus说:“电子必须在正确的时间处于正确的位置。”

与HZDR的其他同事一起，这两位研究人员首次演示了如何利用梁的载荷效应来提高梁的质量。他们向氦原子中加入一点氮气，而激光通常是定向的。Irman解释说:“我们可以通过改变氮的浓度来控制我们输入的电子的数量。”“在我们的实验中，我们发现条件是理想的，大约有300个picocoulomb。如果我们把更多或更少的电子加入到波中，就会导致能量的更大范围的扩散，从而损害光束质量。”

正如物理学家的计算所显示的那样，在理想条件下的实验产生的峰值电流约为50千安培。Jurjen Pieter Couperus说:“要把这一情况放在背景下，只有大约0.6千安培通过德国高速列车的标准线。”他相信，他们可以超越自己的记录:“利用我们的发现和激光脉冲，在我们的高强度激光德拉科所能达到的范围内，我们应该能够产生一个高质量的电子波束，峰值为150千安培。”这将超过现代大型研究加速器的两个数量级。研究人员认为，这一成就将为下一代致密辐射源铺平道路。

How well electron transport works in furfural biogas

Furfural is a promising candidate in the quest for alternative biofuels. The combustion industries are very interested in what could become a potential new type of fuel derived from atmospheric-plasma treatment of biomass. But before the gas can be considered for use on a large scale, it is essential to understand its energy characteristics. 
Now, a Spanish team has published its findings on the gas's energy efficiency in EPJ D. Ana Lozano from the Institute of Fundamental Physics in Madrid, Spain, and colleagues studied an electron beam entering a cell filled with furfural gas molecules to study its scattering characteristics, providing the first accurate experimental evaluation of the effectiveness of the interaction between electron and gas particles—via electron scattering cross-section measurements— for selected electron beam impact energies.
The authors applied a magnetic field along the direction of the electron beam entering a cell filled with furfural gas. They observed that the magnetic field converts any potential deflection due to scattering between the electrons and furfural gas molecules into an energy loss in the forward direction of the magnetic field.
Further, the team used a device called a retarding field analyser to effectively discriminate between scattered and unscattered electrons, which allowed them to accurately measure the energy of transmitted electrons as a function of the furfural gas pressure in the scattering chamber. They then used these experimental results as input parameters to create a simulation of the transport of 10 million electrons with an initial energy of 10 eV through gaseous furfural.
This led to the establishment of a benchmark evaluation of the total low-energy electron scattering cross-sections from furfural and energy loss estimates for selected energies (7, 10 and 20 eV). 
电子在糠醛沼气池中的输运情况如何 

在寻求可替代替代生物燃料上，糠醛（Furfural）是一个很有前景的选择。燃烧工业对这种可从大气等离子体生物质处理中获取的潜在新型燃料非常感兴趣。但在大规模使用这种气体之前，必须了解其能源特性。

现在,西班牙团队在EPJ发表了其在气体能源效率方面的发现。来自西班牙马德里基础物理研究所的D. Ana Lozano和他的同事们研究了电子束进入充满了糠醛气体分子细胞的情况，以研究其散射特性,提供第一个准确评价电子气体相互作用有效性的实验——通过测量电子散射截面——选择电子束的冲量。

作者将沿电子束方向的磁场应用到充满糠醛气体的细胞中。他们观察到，磁场将电子和糠醛气体分子之间的散射转化为磁场正方向上的能量损失。

此外，研究小组还使用了一种叫做缓凝场分析器的装置，有效地分辨散射和未散射的电子，从而使它们能够准确地测量散射室的糠醛气体压力的能量。然后，他们将这些实验结果作为输入参数，通过气体糠醛对10eV初始能量进行模拟。

这建立了对低能电子在糠醛中散射总截面的基准评估和对所选能量电子(7,10和20ev)的能量损失估计。
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