MCanxixun * Information

[image: image15.jpg]



Mcanxixun * Information



 




MCanxixun Information and News Service
Contents

3

Tech News & New Tech（技术前沿）

3Microseeding: A new way to overcome hemihedral twinning?


3Microseeding：克服半孪生的一种新方法


4New method detects residual contaminants in ultra-pure helium gas


4检测超纯氦气体中残留污染物的新方法


5A new rapid X-ray technique using ultra-short electron beams


6一个利用超短电子束的新型快速X-射线技术


7Optical tractor beam traps bacteria


8光学牵引光束可捕捉细菌


9

Metal Alloy（金属合金）

9Toward safer, long-life nuclear reactors—metal design could raise radiation resistance by 100 times


10为了更安全、寿命长的核反应堆——金属设计可以将抗辐射能力提高100倍


11

Composite Materials（复合材料）

11New perovskite material to define the next generation of hard drives


12新的钙钛矿材料定义了下一代硬盘


13Nanoscale analysis of materials for future fusion reactors


14纳米尺度分析未来聚变反应堆材料


14New diamond harder than a jeweller's diamond, cuts through ultra-solid materials


15新钻石比珠宝商的钻石更硬，可切穿超固体材料


16

Practical Application（实际应用）

16New theoretical framework for improved particle accelerators


17改进粒子加速器的新理论框架


18Laser R&D focuses on next-gen particle collider


19激光的研发专注于下一代粒子对撞机


21For first time, researchers measure properties of water at deeply supercooled temperatures


22研究人员首次在极寒温度下探究水的性质


24

Organic & Polymer（有机高分子材料）

24Supercomputer simulation reveals 2-D glass can go infinitely soft


25超级计算机模拟显示2-D玻璃可以无限软


25Energy cascades in quasicrystals trigger an avalanche of discovery


26在准晶发现雪崩能量级联触发器


27Technique could continuously assess aging of materials in a high-radiation environment, in real-time


29技术可以实时评估材料在高辐射环境中的老化


30Electron highway inside crystal


32晶体内的电子公路


33

E-Material（电子材料）

33Magnetic reconnection research sheds light on explosive phenomena in astrophysics and fusion experiments


34磁重联研究揭示了天体物理爆炸现象与聚变实验




Tech News & New Tech（技术前沿）

Microseeding: A new way to overcome hemihedral twinning?

Twinning is a crystal-growth disorder in which the specimen is composed of distinct domains whose orientations differ but are related in a particular, well-defined way. Twinning, which is a known problem in protein crystallography, usually hampers high-quality crystal structure determination unless it is detected and either avoided or corrected. Although effective computational methods have been developed for the determination of structures using data from twinned crystals (known as 'detwinning'), if possible it is preferable to obtain crystals that are not twinned.In some cases, optimising the length of the protein fragment used for crystallisation can lead to the growth of untwinned crystals, but this is a time-consuming process. 

In a recent paper in Acta Crystallographica Section F, microseeding was used to produce untwinned crystals of LigM, an O-demethylase from Sphingobium sp. SYK-6, using twinned crystals as seeds. Microseeding is one of several seeding techniques that are used to successfully separate nucleation events from crystal-growth events. In this technique, crystals are used as seeds and introduced into new drops which are equilibrated at lower levels of supersaturation. It has frequently been used to improve reproducibility in crystallization and can yield different crystal forms.

In the work described by Harada et al., around 50% of the initially obtained crystals of LigM were hemihedrally twinned. These crystals were then used as a seed stock for microseeding. In combination with optimization of the reservoir solution, this led to crystals that were not twinned and belonged to a different space group. It is hoped that this method will have potential as a more general simple method for overcoming hemihedral twinning in protein crystals.  

Microseeding：克服半孪生的一种新方法

孪生是一种晶体生长障碍，在这种情况下，标本是由不同的域构成的，其取向不同但是以一种特定并且明确的方式产生着相关性。孪生，据了解是蛋白质晶体学中的一个书籍问题，通常会阻碍高质量晶体结构的测定，除非其得到了检测，并且得到了避免或纠正。虽然有效的计算机方法已被开发利用，利用孪晶数据对结构进行测定（称为“detwinning”），但是如果有可能的话，它更加有利于获得并非孪生的晶体。在某些情况下，优化用于结晶的蛋白质片段的长度能够产生非双晶的晶体生长，但是这是一个耗时的过程。

在最近发表于《Acta Crystallographica Section F》上发表的论文中，microseeding被用于产生LigM的非双晶晶体，一个源自于鞘氨醇杆菌属SYK-6的O-脱甲基酶，利用孪晶作为种子。Microseeding是几个播种技术中的一种，用于成功将核事件与晶体生长事件分离。在这种技术中，晶体被用作种子，并且引入新滴，在过饱和度的较低水平下得到平衡。它经常被用于改善结晶中的重现性，并且能够产生不同的晶体形式。

在Harada等人描述的研究中，大约有50%的最初获得的LigM晶体是半孪生的。这些晶体之后被用作种子储备进行microseeding。在与水库方案的优化结合时，这会产生非孪生的晶体，并且属于一个不同的空间组。这种方法有望成为一个更一般的简单方法，用于克服蛋白质晶体中的半孪生。

New method detects residual contaminants in ultra-pure helium gas

The gas that makes balloons float is also vital to scientific experiments. In these experiments, natural helium (He) is purified, but it contains a tiny bit of a slightly different form of helium, known as the isotope 3He. A sample can contain just one 3He in every million helium atoms. That's too much for many experiments. Many experiments require ultra-pure helium, with a 3He component at least another million times smaller, or one in a trillion of the He atoms. Although techniques are believed to produce ultra-pure helium, until recently no experimental methods have confirmed that the amount of 3He present in a sample is indeed that small. Now, scientists at the ATLAS facility at Argonne National Laboratory have used accelerator mass spectrometry (AMS) to precisely measure the very small concentrations of 3He present. 

Scientists need ultra-pure helium for a wide range of experiments. For example, they use ultra-pure helium to study the longevity and other properties of a free neutron. Free neutrons can provide insights into the formation of the universe and physics beyond the Standard Model, if measured accurately. To determine the purity of the helium for this study, the team demonstrated an approach that reaches a level of precision several orders of magnitude beyond that of any other technique. The team also found that measuring the amount of troublemaking 3He in purified helium samples intended for neutron studies suggest the need for significant experimental corrections, due to neutron absorption by the residual 3He present.

Answering difficult scientific questions about the nature of the universe requires isotopically puriﬁed helium (4He). The isotope 3He can contaminate the helium. Accurately measuring the amount of 3He requires determining the 3He/4He ratio at values well below those that can be achieved with standard mass spectroscopy techniques. Accelerator mass spectrometry provides the only way to directly measure the 3He content in purified helium samples at the level of sensitivity required for the neutron lifetime experiment, which seeks to determine how long a free neutron survives. Scientists used the ATLAS facility to demonstrate measurements of 3He/4He ratios as small as 10−14, or 1 in 100,000,000,000,000. In this work, scientists tuned the ATLAS accelerator, which serves as an ultra-precise mass filter, with specialized carbon ions. They scaled the accelerator components to 3He+. To reduce atmospheric 3He contamination, the team produced the 3He+ ions in a new radio frequency helium discharge source that reduced naturally occurring background sources of 3He. They monitored the final accelerator tune by regularly switching to H3+ ions from high-purity hydrogen. They eliminated H3+ ions and ions consisting of paired deuterium and hydrogen atoms by dissociation in a gold foil, after acceleration to 8 MeV. After stripping the second electron from the 3He+ ion, they dispersed the ions in a magnetic spectrograph and counted the 3He2+ ions. The team anticipates that these observations will also guide the design of future neutron experiments. Based on known improvements, an ultimate sensitivity to 3He/4He ratios as small as 10−15 appears to be feasible. 

检测超纯氦气体中残留污染物的新方法

使气球浮起来的气体对科学实验也很重要。在这些实验中，自然氦（He）是经过净化的，但它有一点稍微不同的形式被称为氦的同位素氦-3。样品在每万氦原子中只可以包含一个3He。这对许多实验来说太多了。许多实验需要超纯氦，氦-3含量至少要小百万倍，或在十亿中只能含有一个。虽然技术被认为是可以生产超纯氦，直到最近没有实验方法证实样品中存在的氦量的确非常小。现在，在阿贡国家实验室阿特拉斯实验室的科学家已经用加速器质谱（AMS）的精确测量浓度非常小的3He。

科学家们需要超纯氦进行多种的实验。例如，他们使用超纯氦来研究自由中子的寿命和其他性质。如果测量准确，自由中子可以提供超出标准模型的对宇宙和物理形成的观察。为了为这项研究确定氦的纯度，该小组展示了一种方法，达到精度是任何其他技术的几个数量级。研究小组还发现，测量3He在用于中子研究的净化氦气样品中的量，表明由于目前剩余的中子被3He吸收需要对实验进行重要修正，。

回答关于宇宙本质的高深的科学问题要求使用非常纯净的氦（4He）。其同位素氦-3可以污染纯净的氦。精确测量3He的量需要确定在远低于那些可以与标准质谱技术实现价值的3He/4He比值。加速器质谱法提供了直接测量样品纯化氦气为中子寿命实验所需要的灵敏度水平3He含量的唯一方法，旨在确定一个自由中子的生存多久。科学家使用阿特拉斯设施展示3He/4He比值的测量为10−小14，100000000000000或1。在这项工作中，科学家们调整了阿特拉斯加速器，它作为一个超精密的质量过滤器，与专门的碳离子。他们爬上了加速器部件的3He +。为了减少大气污染3he，团队在一个新的无线电频率源，减少氦气放电自然产生的3He背景源产生的3He +离子。他们监测了最后的加速器调定期切换到H3 +离子从高纯氢气。他们消除了H3+离子和由成对的氘和氢原子被金箔解离离子加速到8 MeV的后。从3He的离子溶出第二电子后，他们分散的离子在磁摄谱仪和数3He2 +离子。研究小组预计这些观测也将指导未来中子实验的设计。基于已知的改进，最终的灵敏度的3He/4He比值为10的小−15似乎是可行的。

A new rapid X-ray technique using ultra-short electron beams

EU-funded researchers have developed a new ultrafast X-ray technique which could revolutionise our understanding of structure and function at the atomic and molecular level. 

A research team based in Germany are using a new compact hard X-ray source to shine new light on important questions in structural biology.

Until now ultra short electron beams, which have many uses in scientific imaging, could only be produced by expensive, power-hungry equipment which took up roughly the space of a car. A team at Deutsches Elektronen-Synchrotron (DESY), the German Synchrotron, and the Massachusetts Institute of Technology (MIT) in the United States, has produced a device the size of a matchbox which could open up a whole range of applications for academics and industry alike.

As part of the EU-funded AXSIS (Attosecond X-ray Science: Imaging and Spectroscopy) project, the DESY team, together with the University of Hamburg, is now using this device as a photo injector for a new Attosecond table-top free-electron laser. With this, they are recording short sequences of chemical, physical and, above all, biological processes.

Life is never static and many of the most important reactions in chemistry and biology are light-induced and occur on ultrafast timescales, according to the researchers. These reactions have been studied with high time resolution primarily by ultrafast laser spectroscopy, but this reduces the vast complexity of the process to just a few reaction coordinates.

Revolutionising our understanding

The AXSIS team, led by Franz Kaertner, Professor of Physics at the University of Hamburg, has developed attosecond serial crystallography and spectroscopy which can give a full description of ultrafast processes atomically resolved in real space and on the electronic energy landscape. They believe this new technique will turn our understanding of structure and function at the atomic and molecular level on its head and help unravel fundamental processes in chemistry and biology.

The technique involves applying a fully coherent attosecond X-ray source based on coherent inverse Compton scattering off a free-electron crystal, developed by the project, to outrun radiation damage effects caused by the high X-ray irradiance needed to capture diffraction signals.

Optimising instrumentation

The team is also using this advance to optimise the entire instrumentation towards fundamental measurements of light absorption and excitation energy transfer. This includes X-ray pulse parameters, in tandem with sample delivery and crystal size as well as advanced X-ray detectors.

The final aim will be to apply the new capabilities to some of the fundamental problems in biology, such as studying the dynamics of light reactions, electron transfer and protein structure in photosynthesis.

The AXSIS team published their findings recently in the journal Optica. The project has received nearly EUR 14 million in EU funding and is due to continue until July 2020. 

一个利用超短电子束的新型快速X-射线技术

欧盟资助的研究人员已经开发出一种新型的超快速X-射线技术，它能够彻底改变我们对于原子和分子级别上结构和功能的理解。

德国的一个研究小组将利用一个新型的紧凑型硬X-射线源对结构生物学中的重要问题提供新的线索。

迄今为止，在科学成像方面具有许多用途的超短电子束可能只是由昂贵的耗电量高的设备产生的，这种设备大致占用了一台汽车的空间。德国电子同步加速器（DESY）的一个团队德国Synchrotron和美国的麻省理工学院（MIT）已经生产出一种设备，火柴盒大小的体积能够为学术界和类似行业开辟整个范围的应用。

作为欧盟资助的AXSIS（阿秒X射线科学：成像和光谱）项目的一部分，DESY小组与汉堡大学一同，目前将利用这种设备作为一个新型阿秒桌面自由电子激光的注入器。通过该设备，他们将记录化学、物理以及生物过程的短序列。

据研究人员称，生命从来都不是静态的，并且化学和生物学中许多最重要的反应都是通过光诱导的，并且发生在超快时间范围内。这些反应通过超快激光光谱利用高时间分辨率得到了研究，但是这将该过程的巨大复杂性减少到了几个反应坐标。

彻底改变我们的理解

AXSIS小组，在汉堡大学物理学教授Franz Kaertner的领导下，已经开发出了阿秒串行晶体学和光谱，其能够对于现实空间以及电子能量背景下利用原子能分解的超快程序提供一个完整的描述。他们相信，这种新的技术将改变我们在原子及分子水平上对结构和功能的理解，并且有助于解开化学和生物学的基本过程。

该技术涉及根据该项目开发的相关逆康普顿散射的一个自由电子晶体应用一个完全相关的阿秒X射线源，从而逃脱捕获衍射信号所需的高X-射线辐射产生的辐射损伤效应。

优化仪器仪表

该小组也将使用这个进步朝着光吸收和激发能量转移的基本测量发展的整个仪器。这包括X-射线脉冲参数，串联样品交付和晶体尺寸，你也有了先进的X-射线探测器。

最终目标是在生物学中对基本问题应用新的能力，例如研究光反应的动力学，电子转移和光合作用中的蛋白质结构等。

AXSIS小组最近在Optica杂志中发表了他们的研究发现。该项目已经收到了欧洲资金中近1400万欧元的资助，并且预计会持续到2020年7月。

Optical tractor beam traps bacteria
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Picture of the distribution of the genetic information in an Escherichia coli bacterial cell: Physicists at Bielefeld University are the first to photograph this distribution at the highest optical resolution without anchoring the cells on a glass substrate. Credit: Bielefeld University 

Until recently, if scientists wanted to study blood cells, algae, or bacteria under the microscope, they had to mount these cells on a substrate such as a glass slide. Physicists at Bielefeld and Frankfurt Universities have developed a method that traps biological cells with a laser beam to study them at very high resolutions. In science fiction books and films, the principle is known as the 'tractor beam.' Using this procedure, the physicists have obtained superresolution images of the DNA in single bacteria. The physicist Robin Diekmann and his colleagues are publishing this new development in the latest issue of the research journal Nature Communications. 

One of the problems facing researchers who want to examine biological cells microscopically is that any preparatory treatment will change the cells. Many bacteria prefer to be able to swim freely in solution. Blood cells are similar: They are continuously in rapid flow, and do not remain on surfaces. Indeed, adhering to a surface changes their structure and they die.

'Our new method enables us to take cells that cannot be anchored on surfaces and then use an optical trap to study them at a very high resolution. The cells are held in place by a kind of optical tractor beam. The principle underlying this laser beam is similar to the concept to be found in the television series "Star Trek",' says Professor Dr. Thomas Huser. He is the head of the Biomolecular Photonics Research Group in the Faculty of Physics. 'What's special is that the samples are not only immobilized without a substrate but can also be turned and rotated. The laser beam functions as an extended hand for making microscopically small adjustments.'

The Bielefeld physicists have further developed the procedure for use in superresolution fluorescence microscopy. This is considered to be a key technology in biology and biomedicine because it delivers the first way to study biological processes in living cells at a high scale – something that was previously only possible with electron microscopy. To obtain images with such microscopes, researchers add fluorescent probes to the cells they wish to study, and these will then light up when a laser beam is directed towards them. A sensor can then be used to record this fluorescent radiation so that researchers can even gain three-dimensional images of the cells.

In their new method, the Bielefeld researchers use a second laser beam as an optical trap so that the cells float under the microscope and can be moved at will. 'The laser beam is very intensive but invisible to the naked eye because it uses infrared light,' says Robin Diekmann, a member of the Biomolecular Photonics Research Group. 'When this laser beam is directed towards a cell, forces develop within the cell that hold it within the focus of the beam,' says Diekmann. Using their new method, the Bielefeld physicists have succeeded in holding and rotating bacterial cells in such a way that they can obtain images of the cells from several sides. Thanks to the rotation, the researchers can study the three-dimensional structure of the DNA at a resolution of circa 0.0001 millimetres.

Professor Huser and his team want to further modify the method so that it will enable them to observe the interplay between living cells. They would then be able to study, for example, how germs penetrate cells.

To develop the new methods, the Bielefeld scientists are working together with Prof. Dr. Mike Heilemann and Christoph Spahn from the Johann Wolfgang Goethe University of Frankfurt am Main. 

光学牵引光束可捕捉细菌
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大肠杆菌细胞的基因信息分布图：比勒费尔德大学的物理学家们是第一个在没有将细胞锚定在玻璃基底上的情况下，用高光学分辨率拍到分布情况。来源：比勒菲尔德大学

直到最近，如果科学家们想要在显微镜下研究血细胞、藻类、或者是细菌，他们需要将这些细胞嵌在例如玻璃片的基底上。比勒菲尔德和法兰福克大学的物理学家们已经研究出一种方法：用射线束捕捉生物细胞，在高分辨率下研究它们。在科幻小说和电影中，该原理以“牵引术波”被大家熟知。用这种方法，科学家们获得了超高分辨率的单细胞细菌中的DNA图片。物理学家Robin Diekmann和他的同事们在最新一期的《自然沟通》研究杂志上发表了新的进展。

先要以显微方式检验生物细胞的研究者们面临的一个问题是：预处理是否会改变细胞。很多细菌更喜欢能够在溶液中自由移动。血细胞都很相似：它们在急流中是连续的，并且不会停留在表面。确实，依附表面会改变它们的结构，会使他们死亡。

“我们新的方法使得我们可以获取不会黏在表面的细胞，接着用光学捕捉在非常高的分辨率下研究它们。细胞们被一种光学牵引束聚集在一个地方。激光束的原理与在电视剧‘星际迷航’中的概念相似。” Thomas Huser教授说道。他是物理学院生物分子光子学研究小组的负责人。“特别的地方在于，样品门不仅仅可以不用基地来固定，而且可以翻转和旋转。激光束像是制造显微小调节的延长的手一样工作。”

比勒菲尔德大学的物理学家们进一步开发了用于超分辨荧光显微镜的方法。这杯认为是生物学和生物医药雪中的一个关键技术，因为其第一次给出了方法来在大规模下研究活细胞的生物过程，这之前只能用电子显微镜来实现。用这类显微镜来获得图片，研究员们在他们希望研究的细胞中加入了荧光探针，当激光束径直照射它们时，它们会发光。感应器可以用来记录荧光辐射，这样研究人员就可以过得三维的细胞图像。

在他们新的方法中，比勒菲尔德大学的研究员们用了第二激光束作为光学捕捉，这样细胞就可以在显微镜下漂浮并可以按照预想的移动。“激光束十分密集但是不能用肉眼看到，因为其使用了红外光。” 生物分子光子学研究组的成员Robin Diekmann说道，“当激光束径直照射细胞时，在细胞中产生的力可以将其聚集在光束的焦点上。” Diekmann说。用他们的新方法，比勒菲尔德大学的物理学家们成功抓住并且旋转细菌细胞，以一种他们可以获取细胞不同角度的图片的方法进行。多亏了可以旋转，研究者们可以在大约0.0001毫米的分辨率下，研究DNA的三维结构。

Huser教授及其团队想要进一步调整该方法，使其可以观察到活细胞之间的互相作用。举个例子，他们将可以观察到细菌如何穿透细胞。

为了开发新的方法，比勒菲尔德大学的科学家们和Mike Heilemann教授及来自歌德美因河畔法兰克福大学的Christoph Spahn教授一起工作。

Metal Alloy（金属合金）

Toward safer, long-life nuclear reactors—metal design could raise radiation resistance by 100 times
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An electron microscope reveals the radiation-induced cavities inside samples of pure nickel and alloys. The cavities in nickel-cobalt-iron and nickel-cobalt-iron-chromium-manganese alloys are 100 times smaller than those in pure nickel. Credit: Wang Group, University of Michigan 

In findings that could change the way industries like nuclear energy and aerospace look for materials that can stand up to radiation exposure, University of Michigan researchers have discovered that metal alloys with three or more elements in equal concentrations can be remarkably resistant to radiation-induced swelling. 

The big problem faced by metals bombarded with radiation at high temperatures—such as the metals that make up nuclear fuel cladding—is that they have a tendency to swell up significantly. They can even double in size.

"First, it may interfere with other parts in the structure, but also when it swells, the strength of the material changes. The material density drops," said Lumin Wang, U-M professor of nuclear engineering and radiological sciences. "It may become soft at high temperatures or harden at low temperatures."

This happens because when a particle flies into the metal and knocks an atom out of the crystal structure, that displaced atom can travel quickly through the metallic crystal. Meanwhile, the empty space left behind doesn't move very fast. If many atoms are ousted from the same area, those empty spaces can coalesce into sizable cavities.

To control the formation of these cavities, and the attendant swelling, most recent research has focused on creating micro- and nano-structures inside the metal as specially designed "sinks" to absorb small defects in a way that preserves the integrity of the material. But Wang and his colleagues are kicking it old school, looking at alloys that don't have breaks in the crystal structure of the atoms.
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"In simplified terms, if there are a lot of atoms of different sizes, you can consider them bumps or potholes," Wang said. "So this defect won't travel so smoothly. It will bounce around and slow down."

Because the displaced atoms and the holes in the crystal structure stayed near one another, they were much more likely to find one another. In effect, this repaired many of the vacancies in the complicated alloys before they could join together into larger cavities.

"Based on this study, we now understand how to develop a radiation-tolerant matrix of an alloy," Wang said.

The study, titled "Enhancing radiation tolerance by controlling defect mobility and migration pathways in multicomponent single phase alloys," appears in Nature Communications. 

"In simplified terms, if there are a lot of atoms of different sizes, you can consider them bumps or potholes," Wang said. "So this defect won't travel so smoothly. It will bounce around and slow down."

Because the displaced atoms and the holes in the crystal structure stayed near one another, they were much more likely to find one another. In effect, this repaired many of the vacancies in the complicated alloys before they could join together into larger cavities.

"Based on this study, we now understand how to develop a radiation-tolerant matrix of an alloy," Wang said.

The study, titled "Enhancing radiation tolerance by controlling defect mobility and migration pathways in multicomponent single phase alloys," appears in Nature Communications. 

为了更安全、寿命长的核反应堆——金属设计可以将抗辐射能力提高100倍
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电子显微镜解释了纯镍和合金样品中的辐射诱导腔。在镍-钴-铁和镍-钴-铁-铬-锰合金中的腔要比纯镍中的小100倍。来源：密歇根大学，Wang团队

在发现了可以改变例如核能源和航空航天产业寻找可以抵御辐射的材料的方法，密歇根大学的研究者们发现了有三种及以上的元素的金属合金在相同的密度下可以显著抵抗辐射诱发肿胀。

金属在高温下被辐射轰击所面临的大问题，例如制作核燃料包壳的金属，是他们有显著膨胀的趋势。他们可以使其大小膨胀两倍。

 “第一，它可以在结构中干扰其他部分，但同时当它膨胀时，材料的强度改变了。材料的密度下降。” 密歇根大学核工程和放射科学教授Lumin Wang说，“它可能会在高温时变软，在低温时变硬。”

这会发生是因为，当一个粒子进入金属并将一个原子撞出晶体结构时，被替换了的原子可以在金属晶体中快速移动。同时，被落在后面的空位不会快速运动。如果很多原子从相同的区域中被赶出，那些空位可以聚集成由规模的腔。

为了控制这些腔的形成及伴随的肿胀，目前大多数研究聚焦在在金属中创造微及纳米结构，例如特别设计“槽”来吸收小缺陷以保护材料的完整。但是Wang及其同事将其剔除，去关注那些原子晶体结构中没有缺陷的合金。
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 “简而言之，如果那儿有许多不同规模的原子，你可以将其视为鼓包或坑洞。”Wang说，“因此这些缺陷不会移动的很顺利。它将会在四处弹跳并且减慢速度。”

因为晶体结构中被代替的原子和孔洞是挨着排列的，他们更倾向于互相寻找。结果是，这在他们聚集而成为更大的腔后，修复了复杂合金中的许多缺陷。

 “基于这项研究，我们现在了解了如何开发耐辐射合金基体。”Wang说。

题目为《通过控制多组分单相合金中的缺陷的移动性和移动途径来提高耐辐射能力》的研究发表在《自然交流》上。

Composite Materials（复合材料）

New perovskite material to define the next generation of hard drives

The amount of data generated on a daily basis is quickly surpassing the storage capabilities of today's hard drives. In order to keep up, the next generation of hard drives must use materials with magnetic properties capable of being easily manipulated, thus offering higher density and better efficiency. 

To meet this demand, two EU research projects have developed just such a material. The new perovskite material features a magnetic order that can be easily changed with heat and without causing a disruption to the material itself.

A modified material

Many energy researchers view perovskite photovoltaics as a cheaper alternative to traditional silicon-based systems. However, unlike other forms of perovskite material, the modified version co-created by the TOPOMAT and PICOPROP projects exhibits unique properties that make it the material of choice for the next generation of hard drives. 

The TOPOMAT project laid the foundation with its research into the link between the fundamental physical properties of topological insulators and their prospective technological applications. Topological insulators are a recently discovered class of materials that have a bulk electronic gap and exhibit conducting surface states. The PICOPROP project, on the other hand, specifically focuses on the characteristics of the newly discovered perovskite material. Combined, this research – all of which is being conducted at Switzerland's Ecole Polytechnique Federale de Lausanne (EPFL) – led researchers to discover that, because the new material's magnetic properties can be easily modified, it is essentially the first magnetic photoconductor.

A combination of properties

This characteristic represents an important breakthrough in the field of magnetic data storage. As a material's magnetism comes from the interactions of its localised and moving electrons, the result is a fixed magnetic state. The only way to change this state is to alter the structure of the electrons found in the material's chemistry or crystal structure. However, such a change impacts the makeup of the material itself, thus severely limiting its use for magnetic data storage purposes. 

According to an article published in the journal Nature, the new perovskite material gets around this limitation by combining the advantages of ferromagnets, whose magnetic moments are aligned in a well-defined order, with photoconductors, where light illumination generates high density free conduction electrons. 

It is this combination of properties that allows for the melting of magnetisation by photo-electrons (i.e., electrons emitted from material when hit by light). The result is that even a weak light such as a red LED is sufficient to melt the material's magnetic order, creating a high density of travelling electrons. These electrons can then be easily, quickly and continuously manipulated by simply changing the intensity of the light. 

Influential in next-gen hard drives

Although the projects remain a work in progress, these initial results indicate that this new material will prove influential in the creation of next generation high capacity, low energy hard drives. According to one researcher, the perovskite material is the key to combining the advantages of magnetic storage – long-term stability, high data density, non-volatile operation and the ability to rewrite – with the speed of optical writing and reading. 

新的钙钛矿材料定义了下一代硬盘

    每天所产生的数据量正快速超过现今的硬盘存储能力。为了跟上脚步，下一代硬盘必须用具有可以简单控制磁性的材料，因此可以提供更高的密度和更好的效率。 

为了达到这个要求，两个欧盟研究项目已经开发出了这样的材料。新型钙钛矿材料具有磁性排列，可以很容易通过加热来改变，并且不会对材料自身产生影响。

一个改性材料

许多能源研究者视钙钛矿光伏为一种传统硅基系统的更便宜的代替品。然而，不想钙钛矿材料的其他形式，该由TOPOMAT和PICOPROP联合开发的改性版本展现了独特的性质，可以使其成为下一代硬盘的材料选择。

TOPOMAT项目将其研究基础与拓扑绝缘子基础物理性质和他们的前瞻性技术应用相联系。拓扑绝缘子是最近发现的一种材料，其具有大电子间隙和呈现导电表面状态。另一方面，PICOPROP项目特别关注于新发现的钙钛矿材料的特性。所有的研究在瑞士的Ecole Polytechnique Federale de Lausanne（EPFL）进行，两相结合来引导研究人员们发现它，因为新材料的磁性性质可以很容易地被调整，它本质上是第一磁性光电导体。

性质的结合

该特性代表了磁数据储存领域的重大突破。当材料的磁性从其自身和运动的电子的相互作用中产生时，结果是一个固定的磁性态。改变该状态的唯一办法是去改变在材料化学或晶体结构中发现的电子的结构。然而，这样的改变影响了材料自身的组成，因此严重限制了其用于磁性数据储存的目的。

根据在《自然》杂质上发表的文章，该新型钙钛矿材料通过结合铁磁体和光电导体的优点避开了该限制，铁磁体的磁矩以良好限定的顺序排列，在光电导体中，光照射产生高密度自由导电电子。

这些性质的组合使得允许通过光电子的磁化的熔化（例如，当从材料中射出的电子被光线击中）。结果是，即使是像红色LED一样的微弱光线也足够熔化材料的磁性排列，创造一个移动电子的高密度。这些电子可以通过简单的光线强度的改变来简单、快速且连续的操控。

在下一代硬盘驱动器中的影响

虽然项目仍旧处于进展阶段，这些最初结论表明该新材料将会证明在下一代高容量低能量硬盘的开发过程中的影响。根据一位研究人员，钙钛矿材料是结合长期稳定、高数据密度、非易失性操作及再写能力的磁性储存的优点和光学写入和读取的速度的关键。

Nanoscale analysis of materials for future fusion reactors

Scientists from the National Research Nuclear University MEPhI (Russia) have clarified how changing the nanostructure of materials for future energy fusion reactors influences their plasticity, heat resistance and other important properties. 

Developing fast-neutron reactors and an efficient fusion reactor are promising nuclear power engineering projects. The former will make it possible to close the nuclear fuel cycle and make the nuclear power industry more environmentally friendly. The latter will enable the creation of a fundamentally new method of energy production. The most well-known project designed to expedite the emergence of energy-producing fusion reactors is the International Thermonuclear Experimental Reactor (ITER).

It is difficult to create new energy devices because they involve creating extreme conditions. Incredibly high demands are made on materials for new reactors. Exposed to high temperatures and streams of high-energy radiation, existing materials tend to degrade quickly. The most durable of these can sustain radiation doses, in which each atom is displaced between 80 and 90 times. This parameter should be twice as large for thermonuclear energy installations. Material stress resistance determines whether a reactor can be considered efficient and safe.

MEPhI researchers addressed this problem using nanotechnologies. Ferrite-martensite steels based on Fe-Cr alloys and oxide dispersion-strengthened steels are regarded as the most promising materials for future energy installations. MEPhI researchers have demonstrated experimentally how these materials could be restructured at the atomic level and how the atoms were redistributed, leading to a substantial rise in fragility and loss of plasticity. The research was published in the Journal of Nuclear Materials and the Journal of Nuclear Materials and Energy.

Changing the nanostructure of a material can change its properties, and as a consequence, significantly reduce the life cycle of active zones. In some cases, however, scientists can select nanostructure changes that provide materials with unique properties such as high heat resistance. During the experiments, Fe-Cr model alloys and oxide dispersion-strengthened (ODS) steels were exposed to various impacts, during which nanoscale changes in properties were recorded with the help of atom probe tomography.

Sergei Rogozhkin, deputy head of the Department of Extreme States of Matter Physics at the MEPHi Institute of Nuclear Physics and Technologies, said that they had analyzed the nanoscale state of the materials and their restructuring under various impacts: "We induced thermal aging and used beams of metal ions to establish that their influence could lead to the breakage of nanostructure."

According to S. Rogozhkin, this research could be used to create materials for ITER and for future energy installations. "ITER is meant to demonstrate the efficiency of the thermonuclear reactor concept. Requirements on materials are high at this stage, but a next-generation thermonuclear installation will create even more extreme conditions, so fundamentally new materials, including those we are studying now, are being developed precisely for these requirements," he explained. 

纳米尺度分析未来聚变反应堆材料

来自美国国家研究核大学MEPhI（俄罗斯）的科学家已经阐明了如何改变材料的纳米结构用于未来的能量聚变反应器可以影响它们的塑性，耐热性和其他重要性质。

开发快中子反应堆和高效聚变反应堆是有希望的核电工程项目。前者将有可能关闭核燃料循环，使核电行业更环保。后者将能够创造一种全新的能源生产方法。最著名的加速产生能量的聚变反应堆项目是国际热核实验堆（ITER）。

创造新能源设备是很困难的，因为它们涉及创造极端条件。对新反应堆的材料提出了令人难以置信的高要求。暴露于高温和高能辐射流下，现有材料倾向于快速降解。其中最耐用的可以维持辐射剂量，让每个原子位移80至90次。该参数应该是热核装置的两倍。材料应力阻力决定了反应器是否能被认为是高效和安全的。

MEPhI研究人员使用纳米技术解决了这个问题。基于Fe-Cr合金和氧化物弥散强化钢的铁素体 - 马氏体钢被认为是用于未来能量装置最有希望的材料。 MEPhI研究人员已经在实验上证明了这些材料在原子水平上如何重构以及原子如何重新分布，导致脆性的大幅增加和可塑性的损失。该研究发表在“核材料学报”和“核材料与能源学报”。

改变材料的纳米结构可改变其性质，并因此显着降低活性区的生命周期。然而，在一些情况下，科学家可以选择提供具有独特性质例如高耐热性材料的纳米结构变化。在实验过程中，Fe-Cr模型合金和氧化物弥散强化（ODS）钢暴露于各种冲击，其中在原子探针层析成像的帮助下记录属性的纳米级变化。

MEPHi核物理和极端物质技术研究所国家部副部长Sergei Rogozhkin说，他们分析了材料的纳米级状态及其在各种影响下的重组：“我们诱导热老化和使用金属离子，以确定它们的影响可能导致纳米结构的破坏。”

根据S. Rogozhkin，这项研究可以用于为ITER和未来的能源安装创造材料。 “ITER旨在证明热核反应堆概念的效率，在这一阶段对材料的要求很高，但是下一代热核装置将产生更极端的条件，因此从根本上来说，新材料，包括我们现在正在研究的材料正是为这些要求而开发的，”他解释说。

New diamond harder than a jeweller's diamond, cuts through ultra-solid materials

The Australian National University (ANU) has led an international project to make a diamond that's predicted to be harder than a jeweller's diamond and useful for cutting through ultra-solid materials on mining sites. 

ANU Associate Professor Jodie Bradby said her team - including ANU PhD student Thomas Shiell and experts from RMIT, the University of Sydney and the United States - made nano-sized Lonsdaleite, which is a hexagonal diamond only found in nature at the site of meteorite impacts such as Canyon Diablo in the US.

"This new diamond is not going to be on any engagement rings. You'll more likely find it on a mining site - but I still think that diamonds are a scientist's best friend. Any time you need a super-hard material to cut something, this new diamond has the potential to do it more easily and more quickly," said Dr Bradby from the ANU Research School of Physics and Engineering.

Her research team made the Lonsdaleite in a diamond anvil at 400 degrees Celsius, halving the temperature at which it can be formed in a laboratory.

"The hexagonal structure of this diamond's atoms makes it much harder than regular diamonds, which have a cubic structure. We've been able to make it at the nanoscale and this is exciting because often with these materials 'smaller is stronger'." 

Lonsdaleite is named after the famous British pioneering female crystallographer Dame Kathleen Lonsdale, who was the first woman elected as a Fellow to the Royal Society.

The research is published in Scientific Reports.

Co-researcher Professor Dougal McCulloch from RMIT said the collaboration of world-leading experts in the field was essential to the project's success. "The discovery of the nano-crystalline hexagonal diamond was only made possible by close collaborative ties between leading physicists from Australia and overseas, and the team utilised state-of-the-art instrumentation such as electron microscopes," he said.

Corresponding author from the University of Sydney, Professor David McKenzie, said he was doing the night shift in the United States laboratory as part of the research when he noticed a little shoulder on the side of a peak. "And it didn't mean all that much until we examined it later on in Melbourne and in Canberra - and we realised that it was something very, very different."
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The diamond anvil the scientists used to make the nano-sized Lonsdaleite. Credit: Jamie Kidston, ANU 

新钻石比珠宝商的钻石更硬，可切穿超固体材料

澳大利亚国立大学（ANU）领导了一个国际项目，制造一颗钻石，预计比普通钻石更硬，并且可以用于切割采矿场的超固体材料。

ANU副教授Jodie Bradby说，她的团队 - 包括ANU博士生Thomas Shiell和来自RMIT，美国和悉尼大学的专家 - 制造了纳米尺寸的Lonsdaleite，这是一个六边形钻石，在自然界只在陨石撞击下发现，例如美国的Canyon Diablo。

 “这个新的钻石不会出现在任何订婚戒指上，你更可能发现它出现在一个采矿点中 - 但我仍然认为钻石是科学家最好的朋友。在任何时候，你都需要一个超硬材料，这种新钻石有潜力可以更容易，更快地做到这一点，”来自ANU物理和工程研究学院的Bradby博士说。

她的研究团队在400摄氏度的金刚石砧中制造了Lonsdaleite，将其在实验室中形成的温度减半。

“这颗钻石原子的六角形结构比常规的钻石更加坚硬，这是一个立方结构，我们已经能够在纳米级上制作这些物品，这是令人兴奋的，因为通常这些材料‘越小越强’”。

Lonsdaleite以着名的英国先驱女性晶体学家Kathleen Lonsdale女士命名，她是第一位当选为皇家学会院士的女性。

该研究发表在“科学报告”中。

来自RMIT的合作研究员Dougal McCulloch表示，世界领先的专家在该领域的合作对项目成功有着至关重要的作用。 “澳大利亚和海外领先的物理学家之间的密切合作关系使纳米晶六方金刚石的发现成为可能，该团队利用了最先进的仪器，如电子显微镜。”

来自悉尼大学的通讯作者David McKenzie教授说，作为研究的一部分，他在美国实验室值夜班，当他注意到高峰一侧有一个小肩膀。 “这并不意味着什么，直到我们稍后在墨尔本和堪培拉检查时 - 我们意识到这是一个非常，非常不同的东西。”
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金刚石砧是科学家们用来制造纳米级Lonsdaleite的。资料：Jamie Kidston，ANU

Practical Application（实际应用）

New theoretical framework for improved particle accelerators

Physicists at the Princeton Plasma Physics Laboratory (PPPL), in collaboration with researchers in South Korea and Germany, have developed a theoretical framework for improving the stability and intensity of particle accelerator beams. Scientists use the high-energy beams, which must be stable and intense to work effectively, to unlock the ultimate structure of matter. Physicians use medical accelerators to produce beams that can zap cancer cells. 

"When physicists design the next-generation of accelerators, they could use this theory to create the most optimized focused beams," said PPPL physicist Hong Qin. Dr. Qin, Executive Dean of the School of Nuclear Science and Technology at the University of Science and Technology of China, is a co-author of the research described in the November issue of Physical Review Letters.

Zipping through tunnels or tubes

Accelerator beams consist of billions of charged particles that zip through tunnels or tubes before colliding with their targets. In scientific experiments, these beams strike their targets with an enormous energy density and generate subatomic particles that have not been seen since the early universe. The long-sought Higgs Boson, the particle that carries the field that gives mass to some fundamental particles, was discovered in this way in the Large Hadron Collider in Europe, the world's largest and most powerful accelerator.

In order for a beam to maintain its intensity, the particles in the beam must remain close together as they zip through the beamline. However, the beam loses intensity as the mutual repulsion of particles and imperfections of the accelerator degrade the beam. To minimize such degradation and losses, the walls of large accelerators are lined with high precision magnets to control their motion.

The new research advances PPPL's theoretical work over the past seven years to improve the stability of beam particles. The theory strongly couples the vertical and horizontal motions of the particles—in contrast to standard theory that treats the different motions as independent of each other. Results of the theory "provide important new theoretical tools for the detailed design and analysis of high-intensity beam manipulations," according to the paper.

Altering a long-standing model

The paper addresses a 1959 work by two Russian physicists that formed the basis for analysis of the properties of high-intensity beams for the past several decades. This work considers the particle motions to be uncoupled. Chung and his co-authors modify the Russian model—called the Kapchinskij-Vladimirskij distribution—to include all coupling forces and other elements that can make the beams more stable.

The resulting theoretical tool, which generalized the Russian model, agreed well with simulation results for the Emittance Transfer Experiment at the Helmholtz Centre in Germany, which illustrated a new beam manipulation technology for future accelerators. More intense beams could enable the discovery of new subatomic particles, said Qin. 

改进粒子加速器的新理论框架

普林斯顿等离子体物理实验室（PPPL）的物理学家与韩国和德国的研究人员合作，为改善粒子加速器梁的稳定性和强度开发了一个理论框架。科学家使用高能束，它必须稳定和十分有效的工作，解开物质的最终结构。医生使用医疗加速器可以产生摧毁癌细胞的光束。

“当物理学家设计下一代加速器时，他们可以使用这个理论创建最优化的聚焦光束，”PPPL物理学家洪钦说。中国科技大学核科学与技术学院执行院长秦博士是“物理评论通讯”11月发表的合作研究者。

压穿隧道或管道

加速器射束由数十亿个带电粒子组成，在与目标碰撞之前通过隧道或管道拉链。在科学实验中，这些光束以巨大的能量密度撞击它们的目标，并产生从早期宇宙以来，没有发现的亚原子粒子。长期寻求的希格斯玻色子，携带给一些基本粒子质量场粒子在欧洲的大型强子对撞机中被发现，这是世界上最大和最强的加速器。

为了使束保持其强度，当束通过束线拉链时，束中的粒子必须保持靠近在一起。然而，由于颗粒的相互排斥和加速器的缺陷使光束退化，光束失去强度。为了最小化这种劣化和损失，大型加速器的壁衬有高精度磁体以控制它们的运动。

这项新的研究推动了PPPL在过去七年中提高束粒子稳定性的理论工作。该理论强烈地耦合粒子的垂直和水平运动 - 与将不同运动视为彼此独立的标准理论相反。该论文的结果“为高强度光束操纵的详细设计和分析提供了重要的新理论工具”。

改变一个长期存在的模型

该文件阐述了两个俄罗斯物理学家在1959年的工作，形成了分析高强度光束在过去几十年的属性的基础。这项工作认为粒子运动是不耦合的。 Chung和他的合作者修改了俄罗斯模型，称为Kapchinskij-Vladimirskij分布 - 包括所有耦合力和其他可以使光束更稳定的元素。

由此产生的概括俄罗斯模型的理论工具与德国亥姆霍兹中心的发射率传递实验的仿真结果非常吻合，这说明了未来加速器新波束操纵技术。更强的光束能够发现新的亚原子粒子。

Laser R&D focuses on next-gen particle collider

A set of new laser systems and proposed upgrades at the Department of Energy's (DOE) Lawrence Berkeley National Laboratory (Berkeley Lab) will propel long-term plans for a more compact and affordable ultrahigh-energy particle collider. 

Progress on these laser systems and laser-driven accelerators could also provide many spinoffs, such as a new tool to hunt for radioactive materials, and a miniaturized and highly tunable free-electron laser system enabling a range of science experiments.

These efforts are outlined in a DOE-sponsored workshop report that focuses on a set of 10-year road maps designed to kick-start R&D driving a next-generation particle collider for high-energy physics. The ultimate goal is a machine capable of exploring physics beyond the reach of CERN's Large Hadron Collider (LHC). Today's most powerful collider, the LHC enabled the discovery of the Higgs boson that resulted in the 2013 Nobel Prize in physics.

The LHC, with a main ring 17 miles in circumference, collides protons—subatomic particles liberated from the center of atoms—at collision energies of up to 13 trillion electronvolts (13 TeV).

Meanwhile, proposals for next-generation linear colliders would collide electrons and their antiparticles, positrons, at lower energies—from a few hundred billion electronvolts (GeV) up to a few TeV. And while the collision energies of these machines would be lower than those of the LHC, the physics of their electron-positron collisions would be complementary, enabling more specific, detailed measurements for some particle properties and phenomena.

Building a TeV-level electron-positron collider with today's accelerator technology is possible but would be expensive due to its great size (its footprint would likely measure more than 20 miles).

In an effort to reduce the scope and associated cost of a next-generation collider, the Office of High Energy Physics within DOE's Office of Science brought together more than two dozen experts from DOE and across the country to prepare an Advanced Accelerator Development Strategy Report that sets goals for three potentially game-changing accelerator technologies over the next 10 years.

Among other recommendations, the report highlights the need for R&D at BELLA, the Berkeley Lab Laser Accelerator, which is based on one of those three technologies: a laser-driven plasma wakefield accelerator (LWFA). This form of acceleration uses a laser or lasers to accelerate electrons to high energies.

Two other wakefield acceleration concepts being developed elsewhere—one for a particle-beam-driven accelerator, the other for a dielectric wakefield accelerator—are also included in the road map.

Other acceleration techniques are in development that are outside the scope of the report, including an R&D effort based at CERN called AWAKE that is exploring proton-driven plasma wakefield acceleration.

The new approaches to particle acceleration endorsed in the report all offer potential ways to shrink high-energy particle accelerators by creating compact, dense waves of plasmas—formed in hot, highly charged gases—that rapidly accelerate bunches of precisely placed electrons like a surfer riding on an ocean wave.

BELLA researchers have already demonstrated a modular LWFA setup for reaching high energies, and are now working to improve upon this. The near-term goal outlined in the report is to achieve electron-beam energies of 10 GeV, up from BELLA's current world record of 4.3 GeV.

"Once we have 10 GeV beams it will open up a whole new host of things. It will be a major step forward," said Wim Leemans, director of the Lab's Accelerator Technology & Applied Physics Division. The 10 GeV goal is significant because it represents an energy threshold for generating high charge positron beams, which would be required for a next-generation collider.

The LWFA road map, Leemans said, "gives us an anchor in the whole accelerator program" outlined for the DOE national laboratory complex.

The BELLA team will pursue two different approaches for achieving this 10 GeV goal: a single-accelerator-stage setup using a single laser, and a two-stage approach with two separate lasers.

The first stage will raise the electron beam energy to 5 GeV, and the second stage will accelerate the beam an additional 5 GeV, to 10 GeV. The second BELLA beamline for the two-beam setup could be constructed by the end of 2018, as outlined in the road map report, provided funding is available.

The report notes that in addition to advances in accelerator technology, there must also be new developments in laser technology, and supporting equipment such as mirrors, to realize this new type of collider.

BELLA now uses sapphire crystals doped with titanium to produce its laser light. To achieve far higher energies, and average beam power, the DOE report recommends pursuing other types of lasers, such as optical fiber, solid state, or carbon dioxide lasers, among other approaches.

A key technology challenge for BELLA is to make its pulses more rapid-fire, increasing from a current rate of about 1 pulse per second to a rate of about 1,000 per second, or 1 kilohertz (in a future development dubbed "K-BELLA").

Ultimately, a pulse rate of 10,000 or 100,000 per second would be ideal for a next-generation collider, said Carl Schroeder, a Berkeley Lab senior scientist who leads theoretical and modeling efforts for BELLA experiments and has been working on conceptual designs and modeling for this LWFA collider.

If its R&D effort is successful, BELLA's maximum energy should be sufficient to reach the 10 GeV acceleration milestone, said Anthony Gonsalves, a Berkeley Lab staff scientist who works on BELLA. "We've got plenty of room in the 'tank'—there is a lot of headroom in energy that we haven't even explored yet."

Besides work to develop one-beam and two-beam approaches to a 10 GeV LWFA, the Lab's development of a new, compact type of free-electron laser (FEL) and a separate portable gamma-ray source—to begin testing next year—may be the first important applications of the LWFA technology if the efforts prove successful.

FELs are highly tunable sources of light that can help explore matter down to the atomic and molecular scales with ultrabright pulses measured in femtoseconds, or quadrillionths of a second. The FEL project seeks to miniaturize X-ray FELs by replacing a kilometer-long conventional accelerating structure with a wakefield accelerator less than 10 meters long.

The plasma-based gamma-ray source, meanwhile, could prove to be a useful and portable tool for detecting nuclear materials.

Schroeder said, "The FEL and gamma-ray source are recognized as early applications of this technology. The laser systems for these experiments will be commissioned this winter.

"The roadmap lays out a rich program for the next decade," added Leemans. "Key concepts are being developed towards future plasma based colliders, and BELLA, with upgrades, will enable the testing and development of many of these concepts." 

激光的研发专注于下一代粒子对撞机

能源部（DOE）劳伦斯伯克利国家实验室（伯克利实验室）的一组新的激光系统以及升级建议，将推动一项更紧凑，且负担得起的超高能粒子对撞机的长期计划。

这些激光系统和激光驱动加速器的发展也提供了许多副产品，比如寻找放射性材料的一种新工具，和能够进行许多科学实验的小型化、高度可调的自由电子激光系统。

美国能源部赞助的研讨会上报告了这研究进展，十年都在专注于这一路线图，旨在推动高能物理研发出下一代粒子对撞机。最终的目标是研发出超越CERN大型强子对撞机（LHC）的机器。LHC是当今最强大的对撞机，能够发现希格斯玻色子，荣获了2013年度诺贝尔物理学奖。

LHC的主环周长17英里，碰撞质子——从原子中心释放出亚原子粒子——碰撞能量高达13兆电子伏特（13 TeV）。

同时，下一代直线对撞机将会对撞电子和它们的反粒子，正电子，从较低的能量级——数百亿电子伏特（GEV）到几个TeV。而这些机器的碰撞能量会低于LHC，其正负电子的物理碰撞会互补，使其更具体地呈现出粒子的某些性质和现象，也方便详细测量。

用如今的加速器技术研制出TeV水平的正负电子对撞机是可能的，但由于其巨大的规模，会非常昂贵（其足迹可能会超过20英里）。

为了减少范围和下一代对撞机相关的成本，美国能源部科学局高能物理办公室聚集了二十多个来自

DOE以及全国各地的专家，来准备一个先进加速器发展战略报告，为未来十年内能够翻天覆地的三个加速器技术设置了目标。

除了其他的建议，该报告强调了基于这三种技术之一的伯克利实验室激光加速器研发（BELLA）的需要：激光驱动的等离子体尾场加速器（LWFA）。这种形式的加速使用一种或多种激光加速电子，直至达到高能量。

其他两尾场加速的概念以其他方式开发——一个是粒子束驱动的加速器，另一个是介电尾场加速器——也包括在路线图内。

其他正在开发的加速技术没有在报告中提到，包括一项基于CERN的名为AWAKE的研发，探索质子驱动的等离子体尾波场加速器。

报告中赞同的粒子加速方法都提供了潜在收缩高能粒子加速器的潜在方法，通过创建致密的稠密等离子体波——在热的高电荷气体中形成——像海浪上的冲浪者那样，加速位置精确的电子。

BELLA的研究人员已经展示了一套能够达到高能量的LWFA设施，现在正在努力提高其性能。该报告概述了近期的目标是实现电子束的能量达到10电子伏特，BELLA目前的世界纪录是4.3电子伏特。

“一旦我们研制出了10 GeV的光束，将开辟新的纪元。这将是向前迈出的重要一步，。”实验室的加速器技术与应用物理系主任Wim Leemans说。10 GeV的目标是非常重要的，因为它代表了一个产生高电荷正电子束的能量阈值，也是下一代对撞机的要求。

Leemans说，美国能源部国家实验室概述中的LWFA路线图“在整个加速器计划中给了我们一个基础依据”。

BELLA团队将采取两种不同的方法实现这一10eV的目标：使用单一激光的第一阶段加速器，和用两种独立激光的第二阶段的方法。

第一阶段将提高电子束能量至5电子伏特，第二阶段将加速光束至额外的5电子伏特，到10伏特。对于两光束设施来说，路线图中指出，如果资金方面没问题的话，第二阶段的BELLA 电子束目标可能会在2018年底达成。

报告指出，除了加速器技术的进步外，激光技术和支持反射镜等设备上也必须有新的发展，才能最终研制出这种新型的对撞机。

BELLA现在用蓝宝石晶体掺钛来产生激光。为了达到更高的能量以及更高的平均束功率，美国能源部的报告建议使用其他类型的激光器，如光纤，固态，或二氧化碳激光器。

BELLA的一个主要技术挑战，是使其脉冲更迅速，从目前约1脉冲每秒的速度到约为每秒1000的速度，或1千赫（在未来的发展中被称为“K-BELLA”）。

伯克利实验室的资深科学家，一直在理论上和模型上领导BELLA的Carl Schroeder说，下一代对撞机

理想的脉冲率为10000或100000每秒，他也一直在为LWFA对撞机的概念设计和模拟实验努力。

如果其研发的努力是成功的，BELLA的研究人员，伯克利实验室的Anthony Gonsalves说，BELLA的最大能量应足以达到10 GeV这一里程碑。“我们在这一‘坦克’中有足够的空间——有许多能源的净空，只是我们还没有发现而已。”

除了研制一束和双束10 GeV LWFA设施的工作之外，实验室开发了新的，自由电子激光器的紧凑型（FEL）和一个单独的便携式γ射线源——明年开始测试——如果成功，可能是LWFA技术的第一重要的应用。

FELs是高度可调的光源，有助于用尺度在飞秒，或千万亿分之一秒的超高亮度脉冲，探讨小到原子和分子级别的物质。FEL项目旨在实现通过用不足十米长的尾场加速器代替一公里长的常规加速结构，来使X射线FELs最大化。

等离子体为基础的γ射线源，同时，也被证明是检测该核材料有用的和便携式的工具。

Schroeder说，“FEL和γ射线源被公认是这一技术的早期应用。这些实验的激光系统将于今年冬季投产。

“路线图勾画了未来十年丰富的过程，”Leemans说。“关键的概念开发是针对未来的等离子体，基于碰撞，BELLA将伴随着升级，使这些概念投入测试和开发。”

For first time, researchers measure properties of water at deeply supercooled temperatures

Water has many unusual properties, such as its solid form, ice, being able to float in liquid water, and they get weirder below its freezing point. Supercooled water—below freezing but still a liquid—is notoriously difficult to study. Some researchers thought supercooled water behaved oddly within a particularly cold range, snapping from a liquid into a solid, instantaneously crystallizing at a particular temperature like something out of a Kurt Vonnegut novel. 

Now, researchers have figured out a way to take snapshots of water freezing within that deeply supercooled range. And guess what? Water isn't as weird as it could be. Liquid water can exist all the way down, crystallizing into a solid more slowly as things get colder—as expected, but never all at once.

A team of researchers from the Department of Energy's Pacific Northwest National Laboratory reported the work in this week's Proceedings of the National Academy of Sciences Early Edition online. Although the results won't change the way you make your iced tea in the summer, it might help theorists flesh out their understanding of water and help atmospheric scientists better understand rain and clouds.

One weird water trick

Most people know that ice floats on liquid water, but they might not be aware that water has a hard time forming a glass. A glass—like a window—is a solid in which the molecules are actually arranged as they would be in a liquid.

Take a bunch of oranges. Oranges jumbled loosely in a bag are like a liquid—the individual molecules can move around pretty freely. If you pack the oranges neatly in a box, you form a crystal. If you tighten the bag and stop the jumbled oranges from moving around but without arranging them neatly, you form a glass.

Glasses are great because they can hold contaminants—think a fly in amber, or nuclear waste in vitrified glass—whereas crystals kick out contaminants—freezing seawater is one way to desalinate it. To make a glass, researchers melt sand or another component until it is liquid. And then they cool it so fast it can't form a crystal before it solidifies.

But freeze bulk water fast and it does not form a glass. It rapidly becomes ice. To become glass, liquid water must be cooled to a deeply subzero temperature within microseconds—about 136 Kelvin (about minus 215 degrees F), a temperature common in outer space, where some expect glassy water to exist.

The range that has been difficult to study is slightly above that so-called glass transition temperature. Scientists don't know what's going on between about 160 and 235 K. (In real life, that's between the temperature on Mars's moon Phobos and Fairbanks, Alaska, in the depth of winter.) At the high end of that range (closer to 235 K, Fairbanks), water freezes from a supercooled liquid to a crystal in milliseconds, which is way too fast for current analytical techniques to study.

Scientists came up with a variety of ideas to explain what might be going on in that unexplored region. They wondered if the water would remain metastable—liquid but poised to start crystallizing at a moment's notice—all the way down to temperatures where it becomes a glass. Or if the liquid would become unstable somewhere warmer than that, around 228 K (a little warmer than the record lows at McMurdo Station in Antarctica), at which point it would spontaneously crystallize due to what physicists call a singularity. Also, something within that range might be happening that can help explain why water has a hard time forming a glass.

"There was a plethora of postulates but a paucity of data," said PNNL chemical physicist Bruce Kay.

"Our goal was to develop a new technique to rapidly heat and cool nanoscale supercooled water films," said PNNL physicist Greg Kimmel.

The mystery within

To get the data in that unmeasurable range, Kimmel and Kay worked with Yuntao Xu, a laser expert, and others at PNNL and developed a way to heat and cool water on nanosecond timescales with a laser. Using this method, the PNNL scientists measured how quickly the supercooled water converted into crystalline ice as the temperature decreased. The crystallization time dropped from nanoseconds near the highest temperatures to hours at 126 K. At no point, especially at 228 K, did the supercooled water snap into a crystal, ruling out the possibility of a singularity.

To look for the singularity from another angle, the researchers explored how fast the molecules of supercooled water could move, and how much that changed as it got colder. If the singularity existed, they would expect the water molecules to be unable to move at some point. From the freezing point down to the glassing point, the molecules moved slower and slower in a complex but continuous fashion. Overall, the relation between the temperature and how fast the molecules could move did not suggest a singularity at 228 K.

"We can probably take the singularity off the table," said PNNL's Kay.

Taken together, the results provide valuable insight into how water behaves.

"For example, in atmospheric chemistry, supercooled drops of water are found in clouds. There are questions about how long they persist," said PNNL's Kimmel.  

研究人员首次在极寒温度下探究水的性质

水有许多独特的性质，如它的固体形态，冰，能浮在液态水上，在凝固点以下会变得更加奇怪。过冷水——在冰点以下但还是液体——研究起来是非常困难的。一些研究人员认为，过冷水在特定的低温范围内会有怪异的性质，在特定的温度瞬间突然从液体变为固体结晶，就像Kurt Vonnegut的小说中所描写的那样。

现在，研究人员已经找到了一种方法，在极寒过冷的温度下利用快照拍下水冻的过程。你猜怎么着？水并不是那么奇怪。随着温度的降低，液态水能够存在下去，更为缓慢地结晶成固体的更为缓慢——正如预期的那样，但从来没有立即结冰。

来自太平洋西北部国家实验室的一组研究人员在本周的《美国国家科学院学报》在线版上报道了这项研究。虽然结果不会改变夏天你做冰茶的方式，但它可能有助于理论家加深对水的理解，并帮助大气科学家更好地了解雨和云。

水的一个奇异把戏

大多数人知道冰漂浮在液态水上，但是他们可能不知道水很难形成玻璃状的固体。玻璃状的固体——像一面窗户——是一种内部分子排列方式像液体一样的固体。

拿一堆橘子作比方。橘子松散地混杂在包里，像液体一样——个体分子可以自由移动。如果你把橘子整齐地装在盒子里，就会形成晶体。如果你收紧袋子，停止冗杂的橘子移动，但没有将它们整理整齐，就会形成玻璃状固体。

玻璃状固体是很好的，因为可以容纳污染物——想想保存得很好的琥珀，或微晶玻璃中的核废料——其中晶体能够去除污染物——冷冻海水是淡化的一种方式。为了制造玻璃状固体，研究人员融化沙子或其他成分，直到成为液体。然后他们以很快的速度降温，这样在凝固之前不足以形成晶体。

但快速冷冻大量的水，并不形成玻璃状固体。它会迅速变成冰。为了使其成为玻璃状固体，液态水必

须在微秒之内冷却到一个深度低温——约136K（约零下215华氏度），这是太空中常见的温度，只有这样才有可能存在玻璃状水固体。

一直难以研究的范围略高于所谓的玻璃化转变温度。科学家们也不知道约160到235 K时会发生什么.（在现实生活中，这个温度在火卫一和阿拉斯加的费尔班克斯市的严冬温度之间。）在这个范围的最高点（接近235 K，费尔班克斯市），水由过冷液体结成晶体，以毫秒为单位，这对于目前的分析技术来说是太快了，很难研究。

科学家想出了各种各样的想法来解释那个未研究范围里，可能发生了什么。他们想知道，水是否会保持亚稳态——还处于液态，但准备开始结晶的一瞬间——一直到成为玻璃态固体的温度。或者液体是否会在更暖和的温度下变得不稳定，大约在228 K（比南极洲的麦克默多站的创纪录低点稍稍暖和一些），此时它会自发结晶，由于物理学家所谓的奇点。此外，该范围内可能会发生事情，可以帮助解释为什么水很难形成玻璃态固体。

太平洋西北国家实验室的化学物理学家Bruce Kay说：“有很多假设，但缺乏数据。”

“我们的目标是开发一个快速加热和冷却纳米过冷水薄膜的新技术。” 美国西北太平洋国家实验室的物理学家Greg Kimmel说。

内部的神秘之处

为了得到不可测范围内的数据，Kimmel和Kay曾与激光专家徐云涛（音译），和其他太平洋西北国家实验室的科学家们，开发出一种在纳秒时间尺度内用激光加热和冷却水的方法。使用这种方法，PNNL的科学家们测量了随着温度的降低，过冷水转换成结晶冰的速度有多快。晶化时间最高温度附近的纳秒尺度降到126 K时的小时尺度。过冷水从未突然变成晶体，尤其是在228 K，排除了奇点的可能性。

为了寻找另一个角度的奇异性，研究人员探讨了过冷水的分子可以以多快的速度移动，当温度变冷的时候会改变多少。如果奇点存在，水分子就会在某一点不能移动。从冰点到玻璃化点，分子逐渐以复杂而连续的方式移动得越来越慢。总体而言，分子移动的速度与温度之间的关系，并没有显示在228 K有奇点。

PNNL的Kay表示：“我们应该把奇点排除在考虑范围之外了。”

综上，研究结果为研究水的性质提供了很有价值的见解。

“例如，在大气化学中，云层中发现过冷水滴。关于它们能保持多久，一直有疑问。”美国西北太平洋国家实验室的Kimmel说。

Organic & Polymer（有机高分子材料）

Supercomputer simulation reveals 2-D glass can go infinitely soft
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Left and right figures are schematic diagrams of glassy solid in two and three dimensions. Modality of the dynamics of glassy solid in different dimensions is illustrated. In three dimensions, a particle vibrates inside a cage formed by neighboring …more

Scientists in Japan have revealed that if a glassy solid possesses a planar (sheet-like) structure, it can exhibit enhanced thermal vibration motion due to the same mechanism known for the planar crystals (two-dimensional crystals), by using large-scale simulations on supercomputers. 

"Imagine if we could make a sheet of glass, which has a two-dimensional (2D) planate shape," says Dr. Hayato Shiba, of Tohoku University's Institute for Materials Research (IMR). "In such a confined spatial dimension, a variety of novel phenomena takes place in usual "periodic" systems (crystals, spin systems etc.). This is due to the thermal motion of the constituents taking place on a larger scale because of the limited spatial dimensions."

Such enhanced thermal motion is known to induce new physical phenomena which Shiba, and his research team of Yasunori Yamada (IMR), Takeshi Kawasaki (Nagoya University) and Kang Kim (Osaka University), hope will lead the development of new functional materials and devices necessary for the realization of energy-saving societies.

However, it is still uncertain whether 2D glass, as an "non-periodic" system, exhibits such enhanced thermal motions.

"Our result indicates that 2D glass can become soft, gradually and forever, as we go to the macroscopic scales. Consequently, the vibration amplitude becomes infinite because of the large-scale motions," says Shiba.

"In other words, such materials might exhibit strong responses to external fields or deformation. The thermal vibration is perfectly different from that in a 3D glass, and it can even alter the fundamental nature of vitrification and glassy phase transition."

In the experiments, 2D glass was experimentally realized using colloidal systems, and can also be realized using other soft and hard materials. 

超级计算机模拟显示2-D玻璃可以无限软
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左图和右图是二维和三维玻璃状固体的示意图。显示出了玻璃状固体在不同尺寸中的动力学形态。在三维，粒子在由相邻形成的笼子内振动

日本的科学家已经表明，如果玻璃状固体具有平面（片状）结构，则由于与平面晶体（二维晶体）已知的相同机理，通过在超级计算机上使用大规模的模拟，可以显示出加强的热振动运动。

东北大学材料研究所（IMR）的Hayato Shiba博士说，“想象一下，如果我们能够制作一张具有二维（2D）平面形状的玻璃片。 在这种封闭的空间维度中，在通常的‘周期性’系统（晶体，自旋系统等）中发生了各种新的现象，这是由于组分的热运动发生在更大规模的空间维度上。”

这种已知的增强热运动引起新的物理现象，Shiba和山田顺治，川崎川（名古屋大学）和Kang Kim（大阪大学）组成的研究团队希望实现节能社会所必需的新功能材料和设备开发。

然而仍然不确定，作为“非周期性”系统的2D玻璃是否表现出这种增强的热运动。

“我们的结果表明，当我们进入宏观尺度时，2D玻璃可以逐渐或者永远变得柔软，因此由于大规模运动，振动幅度变得无限。

“换句话说，这样的材料可能对外部场或变形表现出强烈的反应。热振动与3D玻璃中的热振动完全不同，甚至可以改变玻璃化和玻璃态相变的基本性质。”

在实验中，2D玻璃是使用胶体系统实验实现的，也可以使用其他的软硬材料来实现。

Energy cascades in quasicrystals trigger an avalanche of discovery
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This image of a quasicrystal lattice shows the unique symmetric but never repeating pattern of its components. The colors correspond to the orientation of the magnetic polarization of each edge. Credit: Amanda Petford-Long, Argonne National Laboratory 

Most materials, when viewed at the atomic level, come in one of two types. Some materials, like table salt, are highly crystalline, which means that the atoms in the material are arranged in orderly and repeating geometric patterns. Other materials, such as glass, display no such organization; in those cases, the atoms are arranged in what scientists call an amorphous structure. 

A few special materials, however, straddle the line between crystalline and amorphous. These materials, known as quasicrystals, have atomic structures that are geometrically organized but, unlike those of crystalline materials, never repeat themselves. In a new study from the U.S. Department of Energy's (DOE's) Argonne National Laboratory, scientists looked at networks of magnetic material patterned into these unique and quite beautiful geometries to see how the nature of the nonrepeating patterns lead to the emergence of unusual energetic effects.

The simple but elegant geometric patterns within a quasicrystal are reminiscent of a stained-glass window or a Buddhist mandala. "Quasicrystals are scientifically interesting because their internal organization creates effects that you don't see in other materials," said Argonne senior materials scientist Amanda Petford-Long, who led the study.

Just as different pieces of glass come together along their edges to create shapes and patterns in a stained-glass window, a quasicrystal contains junctions that define its behavior. Although the junctions in a quasicrystal where different shapes come together can contain differing numbers of intersecting edges, each junction within a quasicrystal exhibits the same basic physical preference—to be in the lowest energy state possible. However, because each point within the quasicrystal is constantly interacting and competing with its neighbors, not all of the vertices can be in their lowest energy states at the same time.

In the experiment, the Argonne researchers wanted to see how the quasicrystal's structure responded to adding some extra energy. "We were looking at whether we could actually transfer energy from one side of the lattice to the other, and to image the patterns that emerged when we tried to do so," said Argonne materials scientist Charudatta Phatak, another author of the study.

To their surprise, the researchers discovered that the redistribution of energy through the quasicrystal took place as a chain reaction that resembled the forked branches of a lightning strike. Unlike in a more conventional magnetic lattice, where these "avalanches" of energy redistribution occur only a single direction, the spread of redistributed energy throughout the lattice takes on a tree-like appearance.    

Quasicrystals could provide one example of a system that scientists have been looking for: a network made up of magnetic islands that can propagate and store information. The behavior of these kinds of networks depends upon the amount of energy that is put into the system, according to Phatak.

Understanding the energetic behaviors of these kinds of networks is essential for the development of next-generation computational devices that could form the foundation of things like artificial neural networks, which would be able to perform complex computations with very low energy consumption. 

在准晶发现雪崩能量级联触发器
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准晶格的图像显示独特对称但不重复的组件模式。其颜色对应于每个边缘的磁极化的取向。图：阿贡国家实验室Amanda Petford-Long

当在原子水平观察时，大多数材料是两种类型中的一种。有些材料，如食盐，是高度结晶的，这意味着材料中的原子排列是有序和重复的几何图案。其他材料，如玻璃，没有显示这样的组织；在这种情况下，原子被科学家称为非晶结构。

然而，一些特殊的材料在晶态和非晶态之间。这些材料被称为准晶，有几何组织的原子结构但是不像晶体材料，不重复自己。在美国能源部（DOE）阿贡国家实验室的一项新研究中，科学家观察磁性材料的晶格，这些独特且非常美丽的几何，来观察非重复模式性质不寻常能量效应的出现。

简单优雅的几何图案让人想起彩色玻璃串口或佛教曼荼罗。该研究的领导人阿贡高级材料科学家Amanda Petford Long说：“准晶在科学上是很有趣的，因为你不会看到内部结构造成的影响在其他材料中也出现。”

正如不同的玻璃碎片一起沿其边缘在彩色玻璃窗创建的形状和图案，准晶包含连接定义其行为。虽然准晶在不同形状聚到一起可以连接不同数量的交叉边缘，准晶的结点在最低能量的状态下具有相同的基本物理偏好。然而，由于在准晶每个点不断相互作用和与其他进行竞争，因此不是所有的顶点可以同时进入他们的最低能量状态。

在实验中，研究人员想看看阿贡准晶的结构如何添加额外的能量反应。该研究的另一作者阿贡国家实验室的材料科学家Charudatta Phatak说：“我们看我们是否可以从格子的一端到另一端进行能量转移，当我们这么做的时候，试图想象出这些通道。”

令他们吃惊的是，研究人员发现，通过晶体能量的再分配会发生像分叉的树枝闪电那样的连锁反应。不像在一个更传统的磁晶格，在这些“雪崩”的能量再分配发生只有一个方向，重新分配的能量在整个晶格呈树状外观的传播。

准晶可以提供一个系统，科学家们一直在寻找一个例子：一个晶格组成的磁岛，可以传播和存储信息。根据Phatak，这些网络的行为取决于能量投入系统的数量。

了解这些晶格充满活力的行为是下一代计算设备发展必不可少的基础，如人工神经网络，能够执行复杂的计算，且能源消耗很低。

Technique could continuously assess aging of materials in a high-radiation environment, in real-time

A new system to monitor radiation damage in a material creates acoustic oscillations by using two pulsed laser beams aimed at a sample, in such a way that the light waves of the two beams cause an interference pattern. This interference pattern causes heating at the sample surface, generating a standing acoustic wave. The motion of the surface caused by this wave can be monitored by another set of lasers. Credit: Massachusetts Institute of Technology Materials exposed to a high-radiation environment such as the inside of a nuclear reactor vessel can gradually degrade and weaken. But to determine exactly how much damage these materials suffer generally requires removing a sample and testing it in specialized facilities, a process that can take weeks. 

An analytical method developed by researchers in the Department of Chemistry at MIT and applied by members of MIT's Mesoscale Nuclear Materials Laboratory could change that, potentially allowing for continuous monitoring of these materials without the need to remove them from their radiation environment. This could greatly speed up the testing process and reduce the preventive replacement of materials that are in fact safe and usable.

The findings are being reported this week in the journal Physical Review B, in a paper by graduate student Cody Dennett, assistant professor of nuclear science and engineering Michael Short, and six others.

When it comes to measuring radiation damage in materials, Short says, "most of the current ways are slow and expensive." For example, the method considered to be the gold standard for such testing, transmission electron microscopy (TEM), produces comprehensive data on many of the defects in the material that are responsible for changes in its properties. But not all the defects that affect the material's properties can be seen in the TEM, so the test does not provide complete data.

"We're not just interested in how many voids or vacancies you have," Short says, referring to places where one or more atoms are missing from the material's crystal lattice. "What we really want to know is how the material properties are changing."

The team found the answer in a technique called transient grating spectroscopy. Essentially, this is a way of measuring the thermal and elastic properties of materials by inducing and monitoring acoustic waves on the material's surface. Though the system only "sees" the outer surface of the materials, those acoustic vibrations are affected by subsurface defects in the material's structure. The effect is similar to the way geologists can construct a picture of Earth's interior layers by studying the way seismic waves propagate in different directions.

The system creates these acoustic oscillations by using two pulsed laser beams aimed at the sample in such a way that the light waves of the two beams cause an interference pattern. This interference pattern causes heating at the sample surface, generating a standing acoustic wave. The motion of the surface caused by this wave can be monitored by another set of lasers. "We create rippling acoustic waves," Short says, "and measure how fast they move and how quickly they decay," without physically contacting the material in any way.

The team's work initially faced some skepticism. "People said 'how do you know [this technique] is sensitive enough?'" Short says. But with careful experiments that "almost perfectly" matched theoretical simulations, they proved the necessary sensitivity, he says. "Those critical questions were important for us to hear, and motivated us to conduct this study."

For one test, the team compared two batches of aluminum samples that were composed of perfect single crystals with different surface orientations. Though the internal atomic arrangement was different, "they looked identical to the eye or in the microscope," he says. "We put them all in our device, and we were able to sort them all out."

To follow up on their initial work, the researchers are now working to prove their technique's sensitivity to tiny defects in a material's structure. "We're creating simple defects and then measuring the signals, to predict the impact," Short says. "We want to show how sensitive we can get."

The team used different materials in their tests but focused mostly on single-crystal aluminum. They chose that material because it was one of the most challenging, Short explains. "As you rotate the sample, its acoustic response changes" because of the different alignment of the crystal structure to the laser-induced surface acoustic waves. "But it changes very little. So if we can sense those subtle changes in wave speed in aluminum, then we're well-prepared to measure radiation effects" in other materials. The results of those tests showed that their device is sensitive enough to detect changes in acoustic wave speed as small as one-tenth of 1 percent. And it can provide its answers "in seconds, versus months or years" for existing methods.

The method the researchers developed to directly simulate transient grating spectroscopy is as important as the measurements themselves, they say. Using careful molecular dynamics simulations, the researchers were able to accurately predict the expected response of copper and aluminum, and confirm this prediction with measurements. "The most powerful implication for these simulations," Short says, "is that we can create new structures in the computer and predict their signals. Some defects are too complex for us to predict their signals using theory alone. That is where simulation comes in." The ability to use simulation to explain experimental measurements on the atomic scale is also "extremely enlightening," he says.

"Now, we can take a data point about every five minutes, where usually you would get a few data points per month," he says. That speedier testing could be crucial in enabling the development of new generations of cladding material for nuclear fuel for advanced new reactors, he says. "Now, the biggest drawback to deploying new reactors is materials, and the biggest drawback to that is testing. If we can go from months to seconds, we can get around that bottleneck."

Although their initial tests were done with larger laboratory setups, Short says it should be quite straightforward to reproduce those functions in a small, portable device that could be carried around for field tests or permanently mounted in strategic monitoring points within a reactor vessel.

"This is a great piece of work with a nice combination of experimental and modeling work," says Felix Hoffman, an associate professor of engineering science at Oxford University in the U.K., who was not involved in this work.

"Transient Grating (TG) methods provide a great new alternative to traditional techniques of measuring radiation damage as they are rapid, nondestructive, and don't require much in the way of sample preparation other than a polished surface," he says. "This is in stark contrast to TEM, atom probe, or micromechanics that require long sample preparation. ... If the system can be miniaturized and made sufficiently portable to allow in situ measurements, this would open up tremendous possibilities for probing material property evolution due to irradiation."

"The authors have demonstrated a significant and versatile advance in monitoring and quantifying point defects in mesoscale volumes," says Steven Zinkle, chair of the department of nuclear engineering at the University of Tennessee, who also was not involved in this work. "With further refinement," he says, "the newly developed TG spectroscopy technique could lead to improved understanding of real-time defect evolutions that occur in a wide range of pure materials and engineering alloys during exposure to ion beam processing or neutron bombardment during energy production in nuclear reactors." 

技术可以实时评估材料在高辐射环境中的老化

一种通过两个脉冲激光束监测样品材料辐射损伤的系统，使两束光波的干涉图案产生的声学振荡。这种干涉图案导致样品表面的加热，产生驻波声波。由该波引起的表面运动可以由另一组激光器监测。资信：麻省理工材料学院揭示高辐射环境下如核反应堆内的容器可逐渐降解和弱化。但是，要确定这些材料究竟遭受了多大的破坏，一般需要移除样品并在专门的设备中进行测试，这一过程可能需要数周时间。

麻省理工化学系尺度核材料实验室的研究人员开发了一种分析方法，潜在允许进行连续监测，而不需要移除他们的辐射环境。这可以大大加快测试过程，并减少预防性更换的材料，实际上是安全和可用的。

研究结果在本周发表在物理评论报道，研究生Cody Dennett的论文，核科学与工程助理教授Michael Short和其他六人。

当涉及到测量材料的辐射损伤时，Short说：“目前的方法又慢又贵。”例如，用于测试黄金标准的方法，透射电子显微镜（TEM），产生了很多负责其性能变化材料缺陷的综合数据。但并不是所有影响材料性能的缺陷都能看出来，所以测试不能提供完整的数据。

Short提到一个或多个原子丢失的材料的晶格时说：“我们不只是对空隙或空缺感兴趣，我们真正想知道的是材料性能如何变化。”

研究小组在一种叫做瞬态光栅光谱学的技术中找到了答案。从本质上讲，这是通过测量和监测材料表面声波来测量材料的热弹性性能。虽然该系统只“看到”的材料的外表面，这些声学振动影响材料结构的地下缺陷。这种效果类似于地质学家通过研究地震波在不同方向传播的方式来构造地球内部层的图片。

该系统通过对样品使用两个脉冲激光束创建这些声波振荡，通过这种方式，两束光引起干涉图案。这种干涉图案导致样品表面加热，产生驻波声波。由该波引起的表面运动可以由另一组激光器监测。Short表示：“我们创造了碧波荡漾的声波，测量了他们如何快速移动快速衰减。”不以任何方式进行身体接触。

该小组的工作最初面临一些怀疑。“人们说你怎么知道这个技术足够敏感？”但他经过仔细的试验，“几乎完全”匹配理论模拟。他们证明了灵敏度的必要。“这些关键问题对我们来说很重要，并促使我们进行这项研究。”

在一项试验中，研究小组比较了两组由不同表面取向的完美单晶组成的铝样品。虽然内部的原子排列不同，“但他们用肉眼或显微镜看起来是一样的。我们把他们全摆在我们的设备上，排序。”

为了追踪他们的初步工作，研究人员现在正在努力证明他们的技术对材料结构的微小缺陷的敏感性。“我们创造简单的缺陷，然后测量信号，预测影响。我们像展示我们有多敏感。”

该小组在他们的测试中使用了不同的材料，但主要集中在单晶铝。他们选择了一个最具挑战性的材料。Short解释道：“当你旋转样品，其声色会变化。”因为不同取向的晶体机构的激光诱导表面声波。“但它改变很小。因此如果我们能感觉到铝中波速的细微变化，那么我们就可以在其他材料中测量辐射效应了。”这些测试的结果表明，他们的设备足够敏感，能监测声波速度小到百分之一的十分之一的变化。在几秒钟内，就可以提供答案，而不是现有方法的几月几年。

他们表示，研究人员开发的直接模拟瞬态光栅光谱的方法和测量本身一样重要。通过仔细模拟分子动力学，研究人员能够准确地预测铜和铝的预期响应，并确认这一预测与测量。Short表示：“这些模拟的最有力的含义是，有些缺陷太复杂了，我们无法用理论来预测它们的信号。这就是模拟出现的原因。使用模拟来解释原子尺度上的实验测量的能力也是非常有启发性。”

“现在，我们可以每五分钟得到一个数据，每个月一般得到一些数据。”更快的测试可以使熔覆为先进的新的核反应堆，对新一代核燃料的发展至关重要。“现在，部署新反应堆最大的缺点是材料，最大的缺点就是测试。如果我们能把时间从几个月缩短到几秒钟，我们就可以绕过瓶颈。”

虽然他们最初的试验是在大一点的实验室进行的，但Short 表示，它应该在一个小型，便捷式设备简单地重现这些功能，可以进行实时地监测，或永久安装在反应容器堆的战略监测点。

英国牛津大学工程科学系的副教授Felix Hoffman虽然没有参与该项工作，但他说：“这是试验和模拟之间伟大的结合。”

“瞬态光栅（TG）方法提供了一个替代传统测量辐射损伤的新技术。因为它们很快且没有破坏性，不需要太多样品意外的抛光表面。他说。与此形成鲜明对比的是透射电镜，原子探针，或细观，需要很长的样品制备。如果该系统可以小型化，并充分便携，允许在原位测量，这将开辟探测材料属性演变巨大的可能性。”

田纳西大学核工程系的系领导Steven Zinkle（也未参加这项工作）表示：“作者已经进一步细化监测和量化尺度量点缺陷显著的进展。新开发的TG谱技术可能导致实时演变的理解，该变化发生在核反应堆能源生产过程中，大面积的纯材料和工程合金接触离子束或电子轰击。”

Electron highway inside crystal




Step edges on topological crystalline insulators may lead to electrically conducting pathways where electrons with opposite spin spin move in converse directions -- any U-turn is prohibited. Credit: Thomas Bathon/Paolo Sessi/Matthias Bode 

Physicists of the University of Würzburg have made an astonishing discovery in a specific type of topological insulators. The effect is due to the structure of the materials used. The researchers have now published their work in the journal Science. 

Topological insulators are currently the hot topic in physics according to the newspaper Neue Zürcher Zeitung. Only a few weeks ago, their importance was highlighted again as the Royal Swedish Academy of Sciences in Stockholm awarded this year's Nobel Prize in Physics to three British scientists for their research of so-called topological phase transitions and topological phases of matter.

Topological insulators are also being studied at the Departments for Experimental Physics II and Theoretical Physics I of the University of Würzburg. However, they focus on a special version of insulators called topological crystalline insulators (TCI). In cooperation with the Polish Academy of Sciences in Warsaw and the University of Zurich, Würzburg physicists have now achieved a major breakthrough. They were able to detect new electronic states of matter in these insulators. The results of their work are published in the latest issue of Science.

Step edges direct electrons

The central result: When crystalline materials are split, small atomically flat terraces emerge at the split off surfaces which are separated from each other by step edges. Inside these structures, conductive channels for electrical currents form which are extremely narrow at just about 10 nm and surprisingly robust against external disturbance. Electrons travel on these conductive channels with different spin in opposite directions - similar to a motorway with separate lanes for the two directions. This effect makes the materials interesting for technological applications in future electronic components such as ultra-fast and energy-efficient computers.

"TCIs are relatively simple to produce and they are already different from conventional materials because of their special crystalline structure," Dr. Paolo Sessi explains the background of the recently published paper. Sessi is a research fellow at the Department of Experimental Physics II and the lead author of the study. Moreover, these materials owe their special quality to their electronic properties: In topological materials, the direction of spin determines the direction in which the electrons travel. Simply put, the "spin" can be interpreted as a magnetic dipole that can point in two directions ("up" and "down"). Accordingly, up-spin electrons in TCIs move in one and down-spin electrons in the other direction.

It's all about the number of atomic layers

"But previously scientists didn't know how to produce the conductive channels required to this end," says Professor Matthias Bode, Head of the Department for Experimental Physics II and co-author of the study. It was chance that now got the researchers on the right track: They discovered that very narrow conductive channels occur naturally when splitting lead tin selenide (PbSnSe), a crystalline insulator.

On surface of topological crystalline insulators created by cleaving one finds atomically flat terraces which are separated by step edges. Their electronic properties depend on the particular height of the step edge. If the height corresponds to an odd number of atomic layers (right), electrically conducting pathways are formed. When they carry electrical currents electrons with different spin move into opposite directions -- similar to cars moving on the separate carriageways of a highway. Credit: Thomas Bathon/Paolo Sessi/Matthias Bode

Step edges on the fragments' surfaces cause this phenomenon. They can be imaged using a high-resolution scanning tunnelling microscopy, or more precisely, the height of the corresponding step edges. "Edges that bridge an even number of atomic layers are totally inconspicuous. But if the edges span an odd number of atomic layers, a small area about 10 nm in width is created that has the electronic conductive channels properties we were looking for," Sessi explains.

Pattern breaks off at the edge

Supported by their colleagues from the Department of Theoretical Physics I and the University of Zurich, the experimental physicists were able to shed light on the origin of these new electronic states. To understand the principle, a little spatial sense is required:

"The crystalline structure causes a layout of the atoms where the different elements alternate like the black and white squares on a chessboard," Matthias Bode explains. This alternating black-and-white pattern applies to both squares which are adjacent and squares situated below and on top one another.

So if the crack of this crystal runs through different atomic layers, more than one edge is created there. Seen from above, white squares may also abut to other white squares along this edge and black squares to other black squares - or identical atoms to identical atoms. However, this only works if an odd number of atomic layers is responsible for the difference in height of the two surfaces.

Backed by calculations

"Calculations show that this offset at the surface is actually causative of these novel electronic states," says Paolo Sessi. Furthermore, they prove that the phenomenon of the spin-dependent conductive channels, which is characteristic of topological materials, occurs here as well.

According to the scientists, this property in particular makes the discovery relevant for potential applications, because such conductive channels cause low conduction loss on the one hand and can be used directly to transmit and process information in the field of spintronics on the other.

However, several questions need to be answered and challenges to be overcome before this will become reality. For instance, the scientists are not yet sure over which distances the currents in the newly discovered conductive channels can be transported. Also, in order to be implemented in circuits, methods would have to be developed that allow creating step edges of a defined height along specified directions. 

晶体内的电子公路




拓扑晶态绝缘体的阶梯边缘可能会导致自旋方向相反的导电通路——禁止任何电子掉头。来源：Thomas Bathon / Paolo Sessi / Matthias Bode

Würzburg大学的物理学家们在一种特定类型的拓扑绝缘体上有了惊人的发现。所使用的材料的结构导致了该效果。研究人员已经在科学杂志上发表了他们的研究成果.。

根据报纸Neue Zürcher Zeitung，拓扑绝缘体是目前非常热点的物理问题。就在几周前，瑞典皇家科学院在斯德哥尔摩将诺贝尔物理学奖授予了三位英国科学家，因为他们研究所谓的拓扑相变和物质的拓扑相位，这种材料的重要性又被再次强调。

Würzburg大学的实验物理学II和理论物理学I部门也正在研究拓扑绝缘体。然而，他们专注于一个特殊绝缘体，称为拓扑晶态绝缘体（TCI）。与华沙的波兰科学院和苏黎世大学合作，Würzburg物理学家已经取得重大突破。他们能够在这些绝缘体中检测到新的电子状态。他们的研究结果发表在最新一期的科学杂志上.。

阶梯边缘指引电子

中心结果：当晶体材料分裂时，小的原子级平整阶梯出现在分裂表面上，从其他阶梯边缘上各自分离。在这些结构中，电流的导电通道是非常窄的，在约10纳米的级别，并且具有令人惊讶的强大的抗外部干扰能力。电子在这些导电通道上以相反的方向旋转，就像两条不同车道的高速公路一样。这种效果使材料在未来的电子元件中是一项有趣的技术应用，如超高速和节能电脑。

“TCI的生产是相对简单的，由于其特殊的晶体结构而不同于传统材料，”Paolo Sessi博士解释了最近发表的论文的背景。塞西是实验物理学II系的研究员和研究的主要作者。此外，这些材料由于特殊的电子性质而具有特殊的质量：在拓扑材料中，自旋方向确定了电子运行的方向。简单地说，“自旋”可以解释为磁偶极子，可以指向两个方向（“向上”和“向下”）。因此，在TCI中，上旋电子以一个方向运行，下旋电子以另一个。

这都是关于原子层的数目

“但以前科学家们不知道如何产生所需的这一端的导电通道，” 实验物理II的研究部门主管，合著者Matthias Bode教授说。现在，这是一个让研究人员步入正轨的机会：他们发现分裂产生一种晶体绝缘体硒化锡铅（pbsnse）时，很窄的导电通道自然产生。

通过切割晶体，发现拓扑绝缘晶体表面有原子级的平整阶梯，与阶梯边缘分离。它们的电子性质取决于阶梯边缘的特定高度.。如果高度对应于奇数原子层（右），导电途径形成。当他们携带电流的电子自旋方向，就会移动到相反的方向——类似与车辆在高速公路行车道的分离。来源：Thomas Bathon / Paolo Sessi / Matthias Bode

片段表面上的阶梯边缘导致了这种现象。可以通过使用高分辨率扫描隧道显微镜使其成像，或更准确地说，是相应的阶梯边缘的高度。“高度是原子偶数层时，是完全不显眼的。但如果边跨层原子数为奇数，

产生的电子导电通道的宽度约10纳米，这也是我们正在寻找的特性。”Sessi解释说。

模式在边缘处断开

在苏黎世大学理论物理系I的同事的支持下，实验物理学家们能够揭示这些新电子态的起源。要理解这个原则，需要一点空间感：

“晶体结构引起的原子布局在不同元素的交替就像棋盘上的黑白方格，”Matthias Bode解释说。这种交替黑白模式适用于相邻的正方形和位于下方和顶部的正方形.。

因此，如果这个晶体的裂纹穿过不同的原子层，则会产生多个边缘.。从上面看，白方也毗邻沿着这条边的其他白色方块，黑色亦然——或者说相同的原子与相同的原子也一样。然而，只有当奇数原子层负责两个表面高度的差异时，这才有效.。

通过计算支持

“计算表明，该表面的偏移实际上是这些新的电子状态的原因，”Paolo Sessi说。此外，他们证明了这种自旋相关的导电通道的现象是拓扑材料的特性，在这种情况下也会发生。

根据科学家的说法，这个属性特别使该发现具有潜在的应用相关性，因为这样的导电通道引起的传导损耗低，另一方面又可以直接在自旋电子学领域用于传输和处理信息。

然而，这之前还有需要解决的几个问题和挑战。例如，科学家们还不能确定新发现的导电通道中的电流的距离.。此外，为了实现在电路中的实际应用，必须开发方法来创建沿指定的方向的定义高度的台阶边缘。

E-Material（电子材料）

Magnetic reconnection research sheds light on explosive phenomena in astrophysics and fusion experiments

Scientists are closer than ever to unraveling a process called magnetic reconnection that triggers explosive phenomena throughout the universe. Solar flares, northern lights and geomagnetic storms that can disrupt cell phone service and black out power grids are all set off by magnetic field lines that converge, break apart and violently reconnect in ways that are not fully understood. 

Now physicists Masaaki Yamada of the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) and Ellen Zweibel of the University of Wisconsin-Madison have provided a major perspective on four key problems in magnetic reconnection in a paper published December 7 in the British journal Proceedings of the Royal Society A. Their research focuses on how the field lines embedded in plasma, the hot, charged gas composed of electrons and atomic nuclei—or ions—that makes up 99 percent of the visible universe, behave as they do. The findings are relevant to both astrophysics and magnetically controlled fusion experiments, which reconnection can shut down.

The extensive, 30-page paper, which the journal invited, advances understanding of four deep and long-standing puzzles:

•The rate problem. Why does reconnection take place much faster than theory indicates?

•The trigger problem. What determines the amount of energy that can be stored in a magnetic field and triggers its release?

•The energetics problem. How does reconnection convert magnetic energy into explosive kinetic energy?

•The interplay of scales problem. How does reconnection that occurs on a microscale trigger blasts that occur on a global scale?

Yamada and Zweibel, winners of the James Clerk Maxwell Prize in Plasma Physics in 2015 and 2016, respectively, take a comprehensive approach to these issues. The prize, awarded by the American Physical Society Division of Plasma Physics, honors their contributions to the dynamics of reconnection and to plasma astrophysics. Their paper combines data gleaned from satellite sightings and the Magnetic Reconnection Experiment (MRX) at PPPL, together with theory and computer simulation, to provide a detailed view of these puzzling processes.

On the rate problem, the authors note that two paths to fast reconnection have been identified. In the first, fast reconnection takes place when magnetized electrons and demagnetized ions behave differently, causing a phenomenon called a Hall effect in the reconnection layer. In the second, a process called plasmoid instability breaks up thin current layers into magnetic islands that produce rapid reconnection (see related article here.) "Characterizing the plasmoid instability in a large laboratory plasma is a goal for future research," the authors write.

There is also much work to do on the trigger problem, Zweibel and Yamada noted. Formation of a thin current sheet has long been held to be a prerequisite for fast reconnection, they write. However, distribution of the energy that erupts in solar flares "is a key observation which trigger theories must explain," they state, and identifying the power law behind the distribution "remains a distant but important goal." In power laws, one form of energy varies as a power of another.

With regard to the energetics problem, important progress has been made recently, the authors say. Experiments conducted on the MRX at PPPL show that reconnection converts about 50 percent of the magnetic energy, with one-third of the conversion accelerating the electrons and two-thirds accelerating the ions in the plasma. "These results raise the question of whether there is a universal principle for partitioning of converted energy, an important problem for future research," they write.

An explanation of the scale problem, in which tiny microprocesses produce large global effects, "remains extremely challenging," the authors state. Nonetheless, much "important progress" has been made. While the triggers for reconnection are mostly global, the sources of energy conversion can be either global or small in scale. Therefore, "the presence of a continuum of scales coupled from microscopic to macroscopic may be the most likely path to fast reconnection."

Going forward, the authors write that, "prospects for future progress depend on continued successful innovations in methodology. The combination of laboratory experiments, space plasma measurements and numerical simulations is proving to be especially successful." Such developments will lead future research to focus "on the specialized features of natural plasmas throughout the universe." 

磁重联研究揭示了天体物理爆炸现象与聚变实验

科学家们比以往任何时候都要接近这一整个宇宙中的现象的谜底，称为磁重联触发爆炸现象。太阳耀斑、北极光和地磁风暴会扰乱手机服务和黑色电网，这些都是由磁力线汇聚而成的，它们以不完全理解的方式汇聚、分裂和猛烈地重新连接起来.。

现在，美国能源部（DOE）普林斯顿等离子体物理实验室（PPPL）的物理学家Masaaki Yamada和威斯康星麦迪逊大学的Ellen Zweibel在12月7日发表在英国期刊皇家学会学报上的文章中，提供了对磁重联的四个关键问题的看法。研究重点是场线如何嵌入等离子体，热量，电子和原子核组成的带电气体——或离子——构成可见宇宙的99%，如何有这种表现形式。这一发现与天体物理和磁控制聚变实验有关，重新连接能够使之停止。

该杂志邀请的广泛的，30页的论文，促进了对长期困扰我们的四个问题的深刻理解：

速率问题。为什么重联发生的速度比理论所指示的要快得多？

触发问题。是什么决定了能量可以储存在磁场中并触发释放？

能量问题。重联如何将磁能转化为爆炸动能？

尺度问题的相互作用。发生在微尺度的重新连接如何变成发生在全球范围内的触发爆炸？

2015和2016年的杰姆斯克拉克麦斯威尔等离子体物理奖的获奖者山田和Zweibel，对这些问题有一个全面的方法。该奖由美国物理学会等离子体物理部授予，表彰他们对重联动力学和等离子天体物理学的贡献.。他们的论文结合了从卫星收集的数据以及磁重联试验（MRX）PPPL，还有理论和计算机模拟，提供了这些令人费解的过程的详细视图。

在速率问题上，作者指出，快速重新连接的两个路径已被确定。第一，快速重联发生时，电子和离子磁化退磁行为不同，造成的现象称为重联层霍尔效应。第二，称为等离子体不稳定性的过程打破了产生快速重联的薄电流层磁岛（见相关文章。）“在大型实验室等离子体中将等离子体不稳定性特征化是未来研究的一个目标。”作者写道。

Zweibel和山田指出，关于触发问题还有很多工作要做。一个薄的电流片的形成一直被认为是快速再连接的先决条件，他们写道。然而，在太阳耀斑爆发出来的能量分配“对于观察来说是非常关键的，引发出了必须解释的理论，”他们如是说，并确定在分配背后，“幂律分布仍然是一个遥远而重要的目标。”在幂定律中，一种能量能够转化为另一种动力。

作者说，关于能量问题，最近取得了重要进展.。在PPPL中的MRX实验表明，重联转换了磁能量的50%，同时转换加速电子的三分之二，等离子体中离子的1/3。”这些结果提出了一个问题，是否有一个普遍的原则来划分转换的能量，这也是今后研究中的一个重要问题。”他们写道。

关于规模问题，这小小的微观过程能够产生巨大的全球影响，对其的解释仍是“非常具有挑战性的，”作者如是说。尽管如此，也已经取得了许多“重要的进展”。虽然重新连接的触发大多是全球性的，但能源转换的来源可以是全球性的，也可以是规模小一些的。因此，“存在一个从微观到宏观的连续的尺度耦合，可能是最可能的快速重新连接路径。”

展望未来，作者写道：“未来发展的前景取决于方法论的持续成功创新。实验室实验，空间等离子体测量和数值模拟的结合被证明是特别成功的。“这样的发展将能够使未来的研究集中在整个宇宙的自然等离子体的专门功能。”
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