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Tech News & New Tech（技术前沿）

Milestone on the path to laser-driven plasma accelerators
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Simulation of the plasma waves in the LUX capillary. Credit: Sören Jalas/Universität Hamburg

An innovative accelerator project at DESY has produced its first electron beam. The experimental facility goes by the name of LUX and is being operated in collaboration with the University of Hamburg. It is based on the promising technology of plasma wakefield acceleration which will hopefully one day give rise to smaller and more powerful particle accelerators. During a first test run, LUX was able to accelerate electrons to about 400 mega-electronvolts, using a plasma cell that is just a few millimetres long. This corresponds very nearly to the energy produced by DESY's 70-metre, linear pre-accelerator LINAC II.

"The result is a first important milestone on the path to developing compact laser/plasma-based accelerators in Hamburg," explains Reinhard Brinkmann, Director of the Accelerator Division at DESY. However, the new technology still has to overcome a number of hurdles before it can be used in accelerators. The experimental LUX accelerator was developed and built by a junior research group headed by Andreas R. Maier, located at the Centre for Free-Electron Laser Science (CFEL). The junior research group is part of the accelerator physics group at the University of Hamburg, led by physics professor Florian Grüner. The CFEL is a cooperative venture between DESY, the University of Hamburg and the Max Planck Society.

In plasma wakefield acceleration, a wave is produced in an electrically charged gas, known as a plasma, inside a narrow capillary tube. There are several different ways of doing this, which are being tried out in various projects on the DESY Campus in Hamburg. "LUX uses a laser with a power of 200 tera-watts, which fires ultra-short pulses of laser light into the hydrogen gas," says Maier from the University of Hamburg. Each pulse lasts a mere 30 quadrillionth of a second (30 femto-seconds) and ploughs its way through the gas in the shape of a narrow disk: the light pulses are just 0.01 millimetres long and 0.035 millimetres high. "They snatch the electrons from the hydrogen molecules, just as a snowplough sweeps aside snow," the physicist explains. "The electrons collect in the wake of the light pulse and are accelerated by the positively charged plasma wave in front of them – much like a wakeboarder riding the stern wave of a boat." The special laser at the ANGUS laser laboratory is able to produce a particularly high frequency of up to five pulses per second.

The physicists surrounding Maier are hoping to use this technology to accelerate particles to up to 1000 mega-electronvolts. "The technology is still in the very early stages of development," says Maier, "but as it is able to produce up to 1000 times the acceleration of conventional accelerators, it will allow us to build far more compact accelerators for future applications in fundamental research and in medicine." However, he notes that "if the new technology is to be put to practical use one day, we need to optimise it, which is something we can only do in collaboration with the accelerator experts at DESY."

LUX is operated as part of the LAOLA cooperation between the University of Hamburg and DESY, in which various groups from these two institutions work together closely to study pioneering new accelerator designs. Another important partner is the ELI Beamlines project in Prague (Czech Republic). Over the coming months, the accelerator physicists will examine and further optimise the as yet "untidy" electron beam produced by LUX. To this end, the apparatus will be extended by adding further measuring equipment for so-called beam diagnostics. Furthermore, the researchers are planning to install a short magnetic slalom course, a so-called undulator, in order to test whether the fast electrons from the plasma accelerator can be used to produce x-rays.

激光驱动等离子体加速器路途上的里程碑
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LUX毛细管中的等离子体波模拟。来源：Sören Jalas/汉堡大学

DESY的创新加速器项目已经生产出了第一个电子束。实验装置被称为LUX，是和汉堡大学合作研发出的。它的技术基础是等离子体尾场加速法，这种技术在未来有一天有望研发出更小以及更强大的粒子加速器。 在第一次试运行期间，LUX能加速电子至400兆电子伏，容器为一个只有几毫米长的浆细胞。这和DESY的70米、线性预加速器LINAC II产生的能量非常相近。

“该成果是汉堡大学研发紧凑型激光/等离子体加速器路途上第一个重要的里程碑”，DESY加速器部主任，Reinhard Brinkmann解释道。然而，新技术应用于加速器前仍需克服许多困难。该实验性LUX加速器是由位于自由电子激光科学中心（CFEL），Andreas R. Maier领导的初级研究组研发和建立的。该初级研究组隶属于汉堡大学加速器物理组，后者是由物理学教授Florian Grüner领导的。CFEL是DESY、汉堡大学和普朗克学会共同建立的一个合作性机构。

在等离子体尾波场加速器中，一个波是由在一个狭窄的毛细管内，一个被称为等离子体的带电气体产生的。 有几种不同的方法可实现这一点，汉堡大学DESY有一些项目在尝试这些方法。“LUX利用200万亿瓦功率的激光，发射激光超短脉冲，转化为氢气，”汉堡大学的Maier说道。 每个脉冲的持续时间仅为一秒的千万亿分之三十(30飞秒)，激光脉冲能通过气体，通过路径为一个狭窄盘形：光脉冲只有0.01毫米长，0.035毫米高。“他们从氢分子中扫开电子，就像雪犁扫清雪，”物理学家解释道。“电子在光脉冲的后方收集，并且由其前的带正电荷的等离子体波加速——就像骑在船尾波上的一个尾波滑水者”。ANGUS激光实验室的特殊激光能够产生一种特别高的脉冲频率，高达一秒钟5个脉冲。

和Maier一起共事的物理学家希望能利用这一技术，将粒子加速到1000百万电子伏特。 “该技术的发展仍处于早期阶段”，Maier说道，“但是它能生产千倍于传统加速器速度的加速器，这将使我们能够为在未来的基础研究和医学应用中建立更紧凑的加速器”。然而，他指出：“如果新技术在未来某一天投入实际使用，我们需要进行技术优化，这是我们和DESY的加速器专家合作中唯一能做的一些事”。

LUX是汉堡大学和DESY之间LAOLA合作项目的一部分，这两个结构的各种团体密切合作，研究开拓新的加速器设计。另一个重要的合作伙伴是布拉格艾利光束线工程（捷克）。 在未来的几个月中，加速器物理学家将会检测及进一步优化LUX产生的仍旧“杂乱无章”的电子束。为了这个目的，通过添加进一步的测量设备，该装置还会为光束诊断而进一步扩充。此外，研究人员正计划安装一个被称为波纹机的短磁回旋，以测试来自于等离子体加速器的电子是否能够被用于产生X射线。

Research team reproduces major functional principles of the brain using technology
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The connected oscillators start to communicate with each other like in a neural network and become synchronised after a while until they all oscillate in the same rhythm as genuine neurons. Credit: Christian Urban, Kiel University

How does the human brain collect, process and store the flow of data which it constantly encounters? How does it manage cognitive tasks, which require complex interaction between various areas of the brain and overload high performance computers that work much more quickly? Why can the brain cope with all of this using much less energy? It is the aim of the research team from Kiel led by Professor Hermann Kohlstedt, Head of the Nanoelectronics Department at Kiel University (CAU) and spokesman of the national collaborative research project "Memristive devices for neural systems" (FOR 2093) funded by the German Research Foundation (DFG) to track this impressive efficiency of the human brain using technology and to implement its method of operation in artificial neural networks. The scientists from Kiel have now succeeded in electronically reproducing two fundamental principles of operation of the human brain, memory and synchronisation. They recently published their results in Applied Physics Letters.

The human brain is a master of energy efficiency. It has approximately 100 billion nerve cells, also known as neurons, which manage with power of only about 20 Watt. Modern high performance computers would require many thousands of times more energy to perform similarly complex calculations as the brain manages. The neurons in the brain are linked to each other with synapses and form a highly complex network. The term "learning" in the neurological sense means that the synaptic connections in the brain are not determined statically. Instead they are continually readjusting on the basis of environmental influences, for example sensations. This makes it possible to store new memory content locally, known as the neurological plasticity of the brain.

In addition to the spatial ability of the neural connections to adjust, there is another important building block to process information in the brain: the synchronisation of neural groups. Electrical impulses, so-called action potentials, form the basic unit of information processing in the brain. These impulses permanently transmit information between the neurons and in doing so they cross and influence the synaptic connections in the brain. "In the case of conscious sensory perceptions the spatial irregular occurrence of neural impulses changes into ordered structures suddenly and for a limited time," says Professor Thorsten Bartsch, a neurologist at Kiel University and member of the research group. The previously independent impulses of the neurons synchronise themselves in this case even over areas of the brain that are not close together. Evidence of this synchronised "firing" in humans can also be shown by measuring brain waves (electroencephalography, EEG). "There have been discussions for a long time whether the human consciousness is closely linked with this synchronisation of the neural impulses. This may provide the key to gaining a better understanding of brain functions," continued Bartsch.

The scientists based in Kiel have now reproduced both these principles of how the brain works, in other words storing memory content in the synapses and the synchronicity of the neural impulses within an electronic circuit. "We have used a new type of electronic device for this to help us reproduce the processes of the brain," explained Kohlstedt. These devices are described as memristors (from words "memory" and "resistor"). They are characterised by the fact that their electrical resistance depends on the charge that has flowed previously. "This method makes it possible to store different circumstances in biological networks, similar to "memory devices," added Dr. Martin Ziegler, a scientist in the Nanoelectronics Department and sub-project leader in the research group.

The researchers from Kiel have now coupled two oscillators to each other using memristors in their electronic circuit. Oscillators are switches, which generate periodic voltage impulses – similar to the "firing" of the neurons in the brain. At the start their impulses flowed in an asynchronous manner, with both oscillators therefore being uncoupled initially. Thanks to the adaptive "memory devices," their oscillations soon synchronised. This enabled the researchers to equip an electrical circuit with the same fundamental properties that also characterise a biological neural network.

研究人员再现大脑模拟技术的主要功能原理
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    相连的振动器就像在一个神经网络中一样开始彼此互相沟通交流，不久之后它们就会慢慢同步，直到像神经元那样以同样测节奏振动。来源：基督教城市，基尔大学

    人类大脑是如何收集、处理和储存它不断遇到的数据流的？它是怎样管理认知任务，而这个任务需要得是大脑各个区域和运作更为迅速的超负荷高性能计算机之间复杂的相互作用？为什么大脑可以用更少的能量来处理所有的这些东西？以Hermann Kohlstedt教授-基尔大学纳米电子学系主任（CAU）以及由德国研究基金（DFG）资助的国家合作研究项目“神经系统的忆阻器设备”的发言人-为首的基尔大学研究小组的目的是监测这种人脑模拟技术令人印象深刻的效率以及在人造神经网络中执行小组的操作方法。基尔大学的科学家们已经在电子复制人类大脑运作、存储和同步的两条基本原则上取得了成功。最近他们在《应用物理快报》上发表了他们的研究成果。

    人类大脑是能源效率的主人。大脑拥有大约1000亿个神经细胞，也被称作神经元，管理这些神经细胞的功率大约只需要20瓦。相比起大脑的管理，现代高性能计算机将需要比大脑多上数以千倍的能量来执行同样复杂的计算。大脑中的神经元通过突触彼此相连，形成一个高度复杂的网络。从神经系统上讲，“学习”一词是指大脑中的突触联系并不能确定是静态的。相反，他们会在环境影响的基础上不断调整，例如感觉。这使得大脑可以部分储存一些新的记忆内容，这被称为大脑的神经可塑性。

    除了调节神经连接的空间能力，大脑中的信息处理还有一个重要的组成部分：神经组的同步。电脉冲，即所谓的动作电位，组成了大脑信息处理的基本单位。这些电脉冲长期在神经元之间传输信息，通过这样做，他们可以穿过和影响大脑中的突触连接。基尔大学神经学家和研究小组的成员，Thorsten Bartsch教授说：“在有意识的感官知觉情况中，神经冲脉空间不规则会突然并在限定时间内变成有序结构。”这些先前独立的神经元冲脉即使在脑部区域不紧密相连的情况下也能使自己同步。通过测量脑电波（脑电图，EEG）也能够看到人类大脑中这种同步“放电”的证据。Bartsch继续说道：“关于人类的意识是否与神经冲脉的这种同步紧密相连的讨论已经持续很长一段时间了。这可能会为更好地理解大脑功能提供密钥。”

    基尔大学的科学家们目前已经复制了关于大脑是如何运作的这两个原则，换句话说，就是储存突触中的记忆内容，以及储存电子电路中神经冲脉的同步。Kohlstedt解释说：“我们已经使用了一种新型的电子设备来帮助我们复制大脑处理信息的过程。”这些设备被称为忆阻器（由单词“记忆”和“电阻”构成的新词）。它们的特点是它们的电阻取决于先前流动的电荷。纳米电子学系科学家及研究小组子项目负责人 Dr. Martin Ziegler博士说：“这种方法使储存生物网络中的不同细节成为可能，就像一个‘存储设备一样’。”

    基尔大学的研究人员已使用忆阻器将两个振荡器在电子电路中耦合在一起。振荡器是开关，会周期性的产生电压冲脉-与大脑中神经元的“放电”类似。刚开始，它们的冲脉以异步方式流动，因此两个振荡器最开始的时候是分开的。由于自适应“记忆装置”，它们振动很快便同步了。这使得研究人员能够使用相同的同样具有生物神经网络特征的基本属性配备出一个电路。

Frontiers of synchrotron research suggest even brighter future for materials science and engineering
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Typical 2D high-energy x-ray diffraction setup: a small beam arriving from the right is scattered by the specimen into Debye–Scherrer cones, which are mapped as diffraction rings on a flat-panel detector. Superimposed to the 2D detector image are four radial sections of the intensity. The specimen is in a mechanical load frame, heated by halogen lamps; however, a vast variety of sample environments can be designed, such as in an in operando battery cell, and reaction chambers. Credit: Australian Nuclear Science and Technology Organisation (ANSTO)

The editors of a special issue of the Materials Research Society MRS Bulletin have suggested that future research trends must utilise complementarity—applying multiple techniques using different quantum beams for a more efficient and effective characterisation of materials.

"While development may be approaching technical and optical limits, combining methods can provide answers," said Prof Klaus-Dieter Liss, a senior researcher and instrument scientist at ANSTO, who co-edited the recently-released issue on advances and trends in synchrotron radiation research in materials science.

"Because ANSTO operates the 3 GeV Australian Synchrotron, a major user facility for research using high intensity X-rays, as well as much of Australia's other major science infrastructure, it can provide researchers with the option of combining approaches at one organisation," said Liss.

A multitude of different scattering, diffraction and imaging techniques can be applied to probe advanced materials.

For example, undertaking investigations using X-rays and neutrons on the same samples can produce comprehensive structural information about complex materials and how they behave under exotic conditions.

Light scattering devices, synchrotron X-rays and neutron beam instruments can elucidate the dynamic nature of materials at the atomic scale.

Neutron scattering and muon spin techniques are useful for studies of magnetic properties.

Positron annihilation spectroscopy and X-ray Compton scattering can be used to measure electron momentum density.

Combining Ion channelling techniques with X-ray diffraction topography can reveal structural defects in a crystal.

The crystallographic orientation of a polycrystalline sample, or texture, can be determined by electron backscatter diffraction, X-ray diffraction and neutron diffraction. All methods have distinct advantages, such as high local resolution or bulk penetration and ensemble averaging.

Both neutron and synchrotron radiation are very important for local atomic strain/stress analysis in mechanical engineering.

The authors pointed out that the availability of sample environments, high pressure apparatus, chemical reactors and thermo-mechanical processors allows investigators to analyse materials in extreme environments.

Data analysis has been expedited by the development of automated, smart and comprehensive computing power.

An introduction by Liss and co-editor Kai Chen of China's Xi'an Jiaotong University also highlights the tremendous advances in the sources, instrumentation and applications of synchrotron radiation to characterise materials. The topics are explored in depth by supporting articles from multiple invited contributors.
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2D in situ data acquisition from a materials oscilloscope. (a) False-color photograph of a glowing titanium aluminide-based alloy specimen (cylinder, 8 mmlength and 4 mm diameter) between the jaws of a thermomechanical processor. The thermocouple is shown by the two red lines at the bottom. A sketched incoming beam and a diffraction pattern in the background were added to the illustration. 30 diffraction patterns from a zirconium alloy under heating in (b) α phase and (c) ( α + β ) phase, and(d) during hot plastic compressive flow in the β phase. Credit: Australian Nuclear Science and Technology Organisation (ANSTO)

New facilities, including the Australian Synchrotron, have optical systems with the ability to produce images and diffractograms (pictorial images of diffractions rings and spots) with angular resolution (the ability to distinguish small details) as good as the instrument's theoretical limit, deliver coherent or "in step" photon beams and operate at ultra-short time scales.

Methodologies using X-rays are based on the key overlapping concepts of diffraction, spectroscopy and imaging with a subset of specialised techniques, including absorption spectroscopy, inelastic scattering, surface scattering and deep bulk diffraction.

White beam Laue diffraction, when it is combined with micro and nanometre-sized beams, can be used to determine the orientation of a crystalline microstructure locally and reproduce orientation maps.

"With respect to electron diffraction methods, X-rays are advantageous because their high intrinsic angular resolution can identify local strain and derivative components of strain in materials," said Liss.

Diffraction, spectroscopy and imaging can be combined and interwoven in techniques such as diffraction-contrast imaging in topographic methods, which led to the novel method of dark field X-ray microscopy.

The highlights challenging experiments on samples, such as those producing a low number of diffraction spots, which can now be mapped by using magnifying optics in the diffracted X-ray beam path. The resolving contrasts that are available through X-ray topography can reveal crystal distortions, grain boundaries and the orientations of sub-grains.

Various X-ray energy ranges have relevance for specific applications.

High energy X-rays with energies above 80 KeV are able to penetrate into bulk materials, such as exceeding a depth of one centimetre in steel.

X-rays can be tuned to atomic spectroscopic levels, such as those used in the absorption spectroscopic method to investigate specific chemical ionisation states and local atomic environment in complex materials, including electrochemical applications and substances under high pressure.

Two and three dimensional detectors, which can simultaneously record diffraction rings and positions, provide advanced texture analysis and mapping of microstructure.

At ANSTO, Liss has developed the concept of the materials oscilloscope, in which two-dimensional diffraction rings are captured in real time; creating a movie while a specimen undergoes thermo-mechanical treatment.

Characteristic traces in diffractograms help distinguish various deformational and annealing processes, such as grain coarsening, refinement, subgrain formation, grain rotation, slip, twinning, dynamic recovery and recrystallisation.

It is reported that high energy X-ray investigations with time-resolved in situ and in operando experiments are important for the analysis of cathode synthesis, the loading cycle, charge and discharge processes and studies of buried layers in energy storage materials.

"With the refinements and advances we have seen in synchrotron techniques, complemented by neutron scattering, the future is very bright indeed for materials science research and industrial applications,' said Liss.

同步辐射研究前沿显示材料科学工程前景光明
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典型的二维高能X射线衍射设置：右边的一个小光束被样本散射到德拜-谢乐公式锥体，椎体在平板探测器上被绘制为衍射环。四个辐射光照部分重叠在二维探测图像上。样本位于机械负荷框架，由卤素灯加热。然而，可以设计许多各种各样的样本环境，例如在in operando电池中，在反应室中。引用：澳大利亚核科学技术组织

《材料研究学会》（MRS）公告的特刊编辑建议，未来的研究趋势必须利用互补性—将使用不同量子光束的多种技术应用于一个更高效的材料特性。

 “虽然发展也许会接近技术和光学极限，但是结合方法可以获得答案。”澳大利亚核科学技术组织高级研究员、仪器科学家Klaus-Dieter Liss教授说道。就材料科学的同步辐射研究的发展和趋势，他与其他人合编了一本新发行的杂志。

 “澳大利亚核科学技术组织运行了30亿伏特澳大利亚同步加速器，这是一个使用高强度X射线研究的主要用户设备，也是澳大利亚其他主要科学基础设施，所以可以提供研究者在同一组织内组合不同方法的选择。”Liss说道。

大量不同散射、衍射、成像技术可以用于探究高级材料。

例如，在同一样本内使用X射线和中子进行调查，会产生关于复杂材料以及在异常条件下如何运行的综合结构信息。

光散设备，同步辐射X射线和中子光束仪器能说明原子范围的材料动态性质。

中子散射和中子旋转技术对磁性研究有用。

正电子湮没谱学和X射线康普顿散射可以用来测量电子动量密度。

离子通道技术和X射线衍射形貌术的结合能够揭示晶体结构缺陷。

多晶体样本或组织的晶体定位由电子反向散射衍射、X射线衍射和中子衍射决定。所有的方法都有独特的优势，例如局部分辨率高，渗透量大和总体均值稳定。

中子和同步辐射对于机械工程中的局部原子张力分析都非常重要。

作者指出，样本环境的获得，高压设备，化学反应堆和热机械处理器，都使得调查员可以分析极端环境中的材料性质。

自动化智能综合处理力的发展加快了数据分析。

Liss和中国西安交通大学陈凯合作的介绍也强调了来源，仪表和同步辐射应用程序在材料性质方面的巨大进步。多个受邀嘉宾也发表文章，深度探讨这些话题。
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从材料示波器获取2D同位数据 （a）位于热机械处理器间的灼热钛、以铝化合物为基础的合金样本的伪色照片（汽缸，8mm长，4mm宽）。热电偶由底部的两条红线显示。一个简单的光束和一个背景下的衍射模式被加入例子中。加热条件下锆合金的30个衍射模式 （b）α阶段 （c）α + β阶段 （d）β阶段的热塑料压缩流动。引用：澳大利亚核科学技术组织

新设备，包括澳大利亚同步加速器，有光学系统，能够产生有角坐标分辨率的图像和衍射图样（衍射环和衍射点的绘制图样），以及设备的理论限制，释放内在合拍光子光束，在超短时间内运行。

使用X射线的方法论基于特定技术下的衍射、光谱学和图像的关键重合概念

白色光束劳厄衍射与微型纳米光束结合时，可以用来确定晶体微结构的定向，复制定向地图。

 “有关中子衍射方法，X射线有优势，因为它们的固有角分辨率高，能够确认材料的局部应变和衍生成分。”Liss说道。

衍射，光谱学和成像可以在地形学方法的衍射对比成像技术中组合，得到暗场X射线镜检新方法。

质疑样本实验的亮点，例如产生少数衍射点的这些，可以现在可以通过衍射X射线光道放大光学系统绘制图谱。通过X射线衍射形貌术得来的分解对比能够揭示晶体位错，晶界以及亚晶方向。

不同的X射线能量范围与特定的应用有关。

大于80千伏特的高能量X射线能够渗透进大量材料，例如，深度超过1厘米的钢铁。

X射线可以调准到原子光谱学级别，例如，在吸收光谱法中用来调查特定化学电离状态以及复杂材料的原子环境，包括电化学应用和高压下的物质。

二维和三维探测器，可以同时记录衍射环和位置，提供高级材质分析以及微结构绘图。

在澳大利亚核科学技术组织，Liss已经研究了材料示波器的定义，这是个真实时间内抓住的二维衍射环，在一个物种经历热机械时创造影像。

衍射图样的特征有助于别分不同的变形和退火过程，例如晶粒粗化、精炼、亚晶粒行程、晶粒循环、滑动、形成双晶、动态恢复以及再结晶。

据报道，高能量X射线时间分辨原位和实验研究对负极合成分析、载荷循环、充放电过程以及能量储存材料的隐埋层研究很重要。

 “同步加速器技术的更新和进步，与中子散射配合，都使得材料科学研究和工业应用的前景十分光明。”Liss说道。

Nanofluidics research could contribute to oil spill cleanup strategies

[image: image9.jpg]



Droplet hat transformation. Credit: Okinawa Institute of Science and Technology

The spreading of mixable liquids into 'droplet hats' was observed for the first time, which could lead to insight into improving strategies for cleaning animals affected by oil spills.

When raindrops fall into bodies of water, milk is added to a cup of coffee, and in other mixing and rinsing processes, you might wonder how one liquid is absorbed by the other. Small droplets can be absorbed so fast that our minds perceive it to be instantaneous. However, in reality, there is much more to the process than first meets the eye.

In collaboration with Daniel Walls and Prof. Gerald Fuller from Stanford University, Dr. Simon Haward and Prof.

Amy Shen from the Okinawa Institute of Science and Technology Graduate University (OIST) were able to, for the first time, capture the spreading of a droplet as it was immersed in a second mixable, or miscible, liquid. The results could have a far-reaching impact into general mixing, dilution, rinsing and washing processes, including how oil from oil spills mix with animal body oil. The paper describing these results has recently been published in Physical Review Fluids.

"There is always a clear interface between liquids that don't mix, say oil and water. For example, in salad dressing you can clearly see the droplets," Shen, co-author and head of OIST's Micro/Bio/Nanofluidics Unit said. "But when you have two miscible liquids, like water and vinegar, they will integrate with each other rapidly and that process is pretty difficult to study because the interface is much less clear."

In order to observe the interactions of multiple different pairs of miscible liquids, the team created a device that allowed a droplet on a glass slide to be slowly submerged into another liquid held below in a transparent cube. High speed cameras were set up around the device to document the way the drop spreads and then integrates into the second liquid. From the images, the team could see that the droplets spread in a way that made them look like little hats, with the brim continuing to spread over time until the droplet was fully integrated into the second liquid.

To further explore what happens in the liquid to create these droplet hats, the team added particles to the liquid and illuminated the particles with a laser. In this way, they could understand more about what was happening inside the fluid and why the droplet begins to look like a hat.

"We could see the motion of the fluid inside the droplets as the droplets spread out on the surface," Haward, co-author and group leader of OIST's Micro/Bio/Nanofluidics Unit said. "This made it very clear that the flow slides down around the top edges and the sides of the droplet, while the fluid in the center does not move."

The team also used the same device, but replaced the slide with a syringe, to observe the interaction when a pendant drop from the syringe interacts with the surrounding mixable liquid. From this, they could see that again, the liquid flowed around the edges towards the bottom where a 'draining' type flow occurred.

"There is a qualitative difference in how the shape of liquid evolves when you have two miscible liquids instead of two immiscible liquids," Walls, Ph.D. student at Stanford University said. "And this is the first time that the spreading of miscible liquids has been captured in this way."

Haward added, "There are numerous potential applications. Understanding the spread of miscible liquids can be useful in many different fields."

对纳流控的研究会有助于漏油清理策略
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    微滴帽的不变化。来源：冲绳科技大学

    混合液体的扩散变成了“微滴帽”首次被观察到，这对深入了解受漏油影响的动物清理改进策略有一定的帮助。

    当雨滴落入水中时，当咖啡中假如牛奶时，或是在其它的一些混合冲洗过程中，你可能会想知道一种液体是怎样被另一种液体吸收掉的。小微滴被吸收的过程非常快，因此在我们的头脑感知中，这是瞬时的。然而，实际上，在我们的眼睛看到之前的过程是非常复杂。

    通过与斯坦福大学的Daniel Walls和Gerald Fuller教授之间的合作，冲绳科学技术大学院大学（OIST）的Simon Haward博士和Amy Shen教授首次捕捉到了当液滴被混合在第二种可混液体中时，液滴的扩散。这个结果可能会对一般的混合、稀释、冲洗和清洗过程有深远的影响，包括石油泄漏中的油与动物体油是怎样混合的。描述这些结果的文章已于近日在《流体物理评论》上发表。

    “液体之间总会有一个不会相互混合的明确界面，比如说石油和水。例如，在沙拉酱中，你可以很清楚地看到液滴。”文章的共同作者及OIST微/生物/纳流控单元的负责人Shen说，“当你有两种可混合的液体，例如水和醋，它们就会迅速的相互融合，对这个过程的研究是相当困难的，因为它们之间的界面不是太清楚。”

    为了研究研究多个不同对混合液体的界面，小组制作了一个设备，这个设备可以让载玻片上的液滴慢慢的浸入载玻片下方另一个装有液体的透明立方体中。设备的周围有许多高速摄像机，用于记录液滴扩散的方式，然后融入到第二种液体中。从这些图像中，小组可以看到，液滴以使它们看起来像帽子方式扩散，帽子的边缘随着时间继续扩散直到液滴完全融入到第二种液体中。

    为了进一步研究形成这些帽子时，液体中究竟发生了些什么，小组往液体中添加了细小微粒，并用激光去照射这些微粒。通过这种方式，他们可以更多的了解液体中发生了什么以及为什么液滴刚开始看起来会像帽子一样。

    “当液滴在表面扩散的时候，我们可以看见液滴内的流体运动。”文章的共同作者及OIST微/生物/纳流控单元小组组长Haward说，“这使得我们清楚的看到，液滴从顶端开始慢慢向下滑到液体边缘，而液滴中间的液体不会移动。”

    小组还使用相同的设备，但是把载玻片换成了注射器，以此来观察当注射器中的一悬滴液体与周围的混合液体反应时，它们之间的相互作用。从中他们再一次看到液体的流动从顶端开始慢慢滑向底部，在这里会发生“排水”式流动。

    “当你使用两种可混合液体而不是不可混合液体时，关于液体的形状是怎样变化是有本质上的区别的。”斯坦福大学博士生Walls说，“这是第一次可混合液体的扩散以这种方式获得。”

    Haward补充道，“这有许多的潜在应用。了解可混合液体的扩散方式在许多不同的领域都十分有用。”

Advanced signal processing and magnetic layer stacking promises to increase hard drive capacity and reliability

The next generation of magnetic hard drives could be based on a new combination of technologies developed by A*STAR researchers aimed at increasing performance by stacking hard disk data and tracking bits in separate layers.

A conventional magnetic hard drive contains one or more thin magnetic platters that spin at very high speeds. Data is recorded on the platter in narrow circular tracks, and is read and written by a head that floats just nanometers above the magnetic surface. The head is kept on track by special magnetic 'servo' tracks that are arranged radially around the disk like the spokes on a bicycle wheel.

"As the head crosses the servo spokes, which for a typical disk happens up to 400 times per revolution, the servo information is used by the drive to push the head back to the center of the data track," says Kheong Sann Chan from the A*STAR Data Storage Institute.

The problem with existing servo systems is that due to the need to minimize the number of servo spokes on a disk, which take up disk space that could otherwise be used to store data, the head is only repositioned for a very small fraction of time. In-between servo spokes, the head is susceptible to disturbances like shock and vibration.

Chan, Yibin Ng and their colleagues have come up with a method to add a second magnetic layer on the disk entirely dedicated to holding servo information and keeping the head continuously on track while the disk spins at over 120 kilometers per hour beneath it.

"We developed a dedicated servo scheme consisting of two stacked magnetic layers: the top one for data and an underlayer to hold servo information," says Chan. "This means that servo information can be available all the time rather than just when the head is over the servo spokes. The scheme also frees up space on the data layer to hold more information."

Chan's team married the dedicated servo layer with a signal processing technique designed to separate the two sets of magnetic information read by the head. Signal processing has been a significant obstacle for this technology, but the researchers overcame it by matching the servo detector on the head to the specific pattern of servo data.

"This dedicated servo technology delivers an increase in overall system performance but will require some changes to how the servo patterns are written, which the hard drive industry is currently evaluating," says Chan.

先进的信号处理和磁层叠加有望增加硬盘驱动的容量和耐用性

    新一代磁性硬盘驱动将会基于一个由A*算法研究人员研发的全新组合技术，目的在于通过堆叠硬盘数据和监测不同层的比特来提高性能。

    普通磁性硬盘驱动包含一个或多个高速旋转的磁性薄盘片。盘片上的数据记录是在狭窄的环形轨道上进行，数据的读写通过悬浮在盘面正上方几纳米的磁头完成。磁头是通过特殊的像自行车轮辐条一样呈放射状排列在磁盘上的磁性“伺服”磁道保持正轨。

    A*算法数据存储研究院的Kheong Sann Chan说：“当磁头穿过伺服辐条时----这对于典型磁盘，旋转一周，次数应该达到了400次---伺服信息的应用是通过将磁头推回到数据轨道的中心。”

    现有伺服的问题是，由于需要减少磁盘上伺服辐条的数量，因为辐条占据了磁盘上可用于存储数据的空间，所以磁头的复位时间只有一点点。在伺服辐条之间，磁头易受冲击和震动的干扰。

    Chan, Yibin Ng和他们的同事们提出了一个办法，在磁盘上在增加一个磁性层，完全用于保持伺服信息，并使磁头始终在轨道上，即使是轨道上的磁盘转速每小时超过120km。

    “我们研发了一个专用伺服方案，包含两个层磁层：上面的一层用于数据，下面一层用于保持伺服信息。”Chan说道，“这个意思就是伺服信息随时都是可用的，而不仅仅只有当磁头在伺服辐条上面的时候才可用。这个方案还可以释放数据层上的空间，存储更多的信息。”

    Chan的小组将专用伺服层和信号处理技术联系在一起，意在分离磁头读取的两组磁信息。信号处理一直是这种技术的一个大问题，但是研究员们通过将磁头上的伺服探测器和伺服数据的特定模式相匹配克服了这一困难。

    Chan说：“这种专用伺服技术增加了整个系统的性能，但是伺服模式如何写入将还是需要做些许改变，这也是硬盘驱动器行业目前评估的内容。”

Laser pulses produce glowing plasma filaments in open air, could enable long-distance monitoring
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This diagram depicts the way a mid-infrared laser (red cylinder, left) can send a beam through the atmosphere that generates filaments of ionized air molecules (multicolored beam, center, shown with magnified view). These filaments, which can be kilometers long, help to keep the beam concentrated enough to generate mid-infrared light in air (blue cloud, right) that can reveal detailed chemical composition through spectral analysis (chart at right) of the light picked up by a mid-infrared detector (bottom).

Researchers at MIT and elsewhere have found a new way of using mid-infrared lasers to turn regions of molecules in the open air into glowing filaments of electrically charged gas, or plasma. The new method could make it possible to carry out remote environmental monitoring to detect a wide range of chemicals with high sensitivity.

The new system makes use of a mid-infrared ultra-fast pulsed laser system to generate the filaments, whose colors can reveal the chemical fingerprints of different molecules. The finding is being reported this week in the journal Optica, in a paper by principal investigator Kyung-Han Hong of MIT's Research Laboratory of Electronics, and seven other researchers at MIT; in Binghamton, New York; and in Hamburg, Germany.

Hong explains that such filaments, as generated by lasers in the near-infrared part of the electromagnetic spectrum, have been widely studied already because of their promise for uses such as laser-based rangefinding and remote sensing. The filament phenomenon, generated by high-power lasers, serves to counter the diffraction effects that usually take place when a laser beam passes through air. When the power level reaches a certain point and the filaments are generated, they provide a kind of self-guiding channel that keeps the laser beam tightly focused.

But it is the mid-infrared (mid-IR) wavelengths, rather than the near-IR, that offer the greatest promise for detecting a wide variety of biochemical compounds and air pollutants. Researchers who have tried to generate mid-IR filaments in open air have had little success until now, however.

Only one previous research team has ever succeeded in generating mid-IR laser filaments in air, but it did so at a much slower rate of about 20 pulses per second. The new work—which uses 1,000 pulses per second—is the first to be carried out at the high rates needed for practical detection tools, Hong says.

"People want to use this kind of technology to detect chemicals in the far distance, several kilometers away," Hong says, but they have had a hard time making such systems work. One key to this team's success is the use of a high-power femtosecond laser with pulses just 30 femtoseconds, or millionths of a billionth of a second, long. The longer the wavelength, the more laser peak power is needed to generate the desired filaments, due to stronger diffraction, he says. But the team's femtosecond laser, coupled with what is known as a parametric amplifier, provided the necessary power for the task. This new laser system has been developed together with Franz X. Kaertner in Hamburg and other group members for last several years. At these mid-IR wavelengths, Hong says, this device produces "one of the highest peak-power levels in the world," producing 100 gigawatts (GW, or billion watts) of peak power.

It takes at least 45 GW of power to generate the filaments at these mid-infrared wavelengths, he says, so this device easily meets that requirement, and the team proved that it did indeed work as expected. That now opens up the potential for detecting a very wide range of compounds in the air, from a distance.

Using spectrally broadened mid-IR laser filaments, "we can detect virtually any kind of molecule you want to detect," Hong says, including various biohazards and pollutants, by detecting the exact color of the filament. In the mid-IR range, the absorption spectrum of specific chemicals can be easily analyzed.

So far, the experiments have been confined to shorter distances inside the lab, but the team expects that there's no reason the same system wouldn't work, with further development, at much larger scales. "This is just a proof-of-principle demonstration," Hong says.

This research "is one of the very first investigations of self-channeling of ultraintense mid-IR laser pulses in the air," says Pavel Polynkin, an associate research professor of optical sciences at the University of Arizona, who was not involved in this work. "Whether there will be new and exciting applications, time will show."

"I think there is an agreement in the ultrafast laser community that the exploration of the mid-infrared spectral domain is going to be a new frontier in ultrafast laser science," Polynkin adds. "The extension of intense atmospheric propagation regimes into the mid-IR spectral range certainly holds a lot of promise to overcome the limitations associated with the very well-explored near-IR spectral range, namely the very unstable propagation dynamics in the near-IR. The authors tapped into a new domain of intense nonlinear optics. Without a doubt there will be follow-up work."

激光脉冲产生露天发光的等离子体细丝可以进行远程监控
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这个图描述了中红外激光（红色圆柱，左）发射光线穿过大气层，产生细丝的电离空气分子（五颜六色的光束中心，显示放大视图）。这些细丝可能有几千米那么长，帮助保持光束集中到足以在空气中产生中红外光线（蓝色的气体，右），可以中红外探测器(底部)通过光谱分析详细的化学成分(图右)，并显示出来。

麻省理工学院和其他地方的研究人员发现了新方式，可以使红外激光在露天区域的分子变成发光的细丝的带电气体或等离子体。这样一来，执行远程环境监测与高灵敏度广泛化学物质检测成为可能。

使用中红外的新系统利用超高速脉冲激光系统，生成细丝，其颜色揭示不同分子的化学构造。本周，《华尔街日报》报道了这一发现，主要研究者Kyung-Han来自香港的麻省理工学院的电子研究实验室，编纂了这一版面，同时还包含麻省理工学院，宾厄姆顿纽约，德国汉堡的其他七个研究人员。

Hong 解释说，作为近红外激光所产生的电磁波谱的一部分，这样的细丝已经得到广泛研究，因为他们决定使用激光测距和遥感等。产生用于对抗衍射效应的高功率激光器，通常发生在激光束穿过空气的时候。当功率达到临界值，产生细丝，使激光束在自我引导通道中紧密集中。

但是中红外波长(中红外)提供最大的保证检测多种生化成分和空气污染物，而不是近红外线,。研究人员试图在露天生成细丝，然而，到目前为止几乎没有成功。

只有先前的研究团队曾经在空气中生成中激光纤维，但这样的速度较慢，大约每秒20个脉冲。Hong 说，新项目使用1000脉冲/ secondis进行第一个所需的实用检测工具。

“人们想要使用这种技术来检测几公里外的化学物质，“Hong 说，但是他们很难实现这样的系统工作。这支球队成功的关键之一是使用高功率飞秒激光脉冲，只是30飞秒，或上百万1000000000秒。波长越长，由于较强的衍射，需要更多的激光峰值功率来生成所需的细丝，他说。但团队的飞秒激光，再加上所谓的参量放大器，提供了完成任务的必要能力。在汉堡，弗朗茨·x Kaertner和其他小组成员这种新的激光系统开发持续好几年。设备产生了这些中波长。“世界上峰值功率水平最高的国家之一，“生产100千瓦(GW,或十亿瓦)的峰值功率。

生成这些中红外波长的细丝需要至少45兆瓦的电力，他说，这设备轻易达到要求，团队证明它确实像预期的那样有效。从远处看，开发了检测空气中非常广泛的化合物的潜力。

使用扩大中激光细丝，“我们几乎可以任何检测到你想要的分子类型”Hong 说，通过检测切颜色灯丝，包括各种危害性生物和污染物。在中范围，很容易地分析特定化学物质的吸收光谱。

目前为止，实验仅限于实验室较短的距离内，随着规模进一步发展，发展团队认为同一系统不可能不奏效。“这只是概念性验证演示,”Hong 说。

本研究”是关于自我渠道的第一个调查不仅在空气中超强的中激光脉冲,“助理研究的亚利桑那大学光学科学学院教授是Pavel Polynkin，说道，”是否会有新的应用程序可以显示时间。”

“我认为有一个关于超快激光社区的协议，中红外光谱域的探索将会是超快激光科学的前沿领域，”Polynkin补充道，“大气传播机制的扩展不仅在中光谱范围克服局限性，而且还很好地开发近红外线光谱范围，即非常不稳定的近红外线传播动力学。作者利用了新的非线性光学领域。毫无疑问还会有后续工作。”

Metal Alloy（金属合金）

Scientists explain unusual and effective features in perovskite
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Praseodymium atoms are shown in green, oxygen atoms in orange, and titanium atoms in purple. Credit: MIPT

Perovskite is a material with an almost ideal structure. The majority of high-temperature superconductors are perovskite-based due to their non-ideal structure. The material can also be used to produce flexible solar batteries without rare-earth metals, which reduces costs and enables large-scale manufacture.

One of the authors notes the manganite-like properties of perovskites: "This material exhibits many interesting and intriguing properties, most notably giant magnetoresistance. Many manganite properties are unknown, despite the fact that manganites have been studied for decades. We tried to work out what the conduction mechanism is of one of the most common compounds: Pr1-xCaxMnO3," he says. All these features have been experimentally discovered, but the processes to explain these unique properties are unknown.

Semiconductors were discovered more than 150 years ago. Electricity was a new development at the time. It was obvious that there were isolators like rubber and glass, conductors like copper and gold, and some uncertain materials called semiconductors that did not fit into any category. The mechanisms of semiconductors remained unknown for about a century. It was not until the 1930s that the problem was solved and the first transistor was made. Today, it is difficult to imagine any electronic device without transistors.

Unfortunately, it is not possible to see charge movement in a material under a microscope. This is why researchers at Terahertz Spectroscopy Laboratory decided to use indirect detection methods. To test which particles are conductive, they applied different frequency voltages and measured the relationship between frequency and induced current. The scientists measured the frequency and temperature dependence of conductivity and permittivity in a broad frequency range to cover all the bases. Wide temperature ranges of the samples, from 10 to 300 K (-263 to 27 °C), were obtained to distinguish similar dependences of samples with different conduction mechanisms. But even this was insufficient to clarify the nature of charge carries. For this reason, researchers compared perovskites with different ratios of calcium (Ca) and praseodymium (Pr).

The group of scientists headed by Boris Gorshunov, Terahertz Spectroscopy Laboratory supervisor, (Lenar Kadyrov PhD, and laboratory scientists Elena Zhukova and Vladimir Anzin are also authors of this article) thus discovered that the charge carriers in Pr1-xCaxMnO3 perovskites are polarons. A polaron is an electron moving through the constituent atoms of a material, causing the neighboring positive charges to shift toward it and the neighboring negative charges to shift away. The properties of perovskites are ideal for electron-phonon (phonons are vibrations in a crystal lattice) coupling, determined by the interplay between symmetry breaking interactions. The researchers established that polarons move coherently (as one unit). That is to say, charge carriers behave more like uncoupled particles. The idea of coherence is applied in lasers, superconductors, highly accurate distance measurements, quantum calculations, and other areas.

Establishing how conduction occurs could help perovskite research projects and large-scale applications to progress. For example, there is already a high-efficiency, perovskite-based device for separating water into oxygen and hydrogen. Perovskites can also be used as LEDs, though they currently function only at the temperature of liquid nitrogen.

科学家解释了钙钛矿不寻常的有效特征
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镤原子呈现的是绿色，氧原子呈现的是橙色，钛原子呈现的是紫色。认证：莫斯科物理技术学院

钙钛矿的材料结构几近完美。由于钙钛矿结构是一种理想结构，所以大多数的高温超导体都是用其制成的。这种材料也可被用来生产柔性太阳能电池，而不使用稀土金属，使得生产成本降低并促进大规模生产。

其中一位著者指出了钙钛矿类似于锰氧化物的特性。他说：“这种材料表现出许多有意思且耐人寻味的特性，特别是巨磁阻。尽管对钙钛矿锰氧化物研究了几十年，但仍有许多的锰氧化物属性不明。我们试图找出具有一种最常见的化合物Pr1-xCaxMnO3的传导机制。”实验发现了所有的这些功能，但解释这些独特特性的形成过程却是未知的。

150多年前，人们发现了半导体。在那时，电力是一个新发展。很明显，像橡胶和玻璃这样的光电隔离器，铜和金这样的导体以及被称为半导体的一些不确定材料，都不属于任何类别。大约有一个世纪，半导体的机制是未知的。直到20世纪30年代，这个问题得到了解决，人们制成了第一个晶体管。如今，电子设备没有晶体管是很难想象的。

不幸的是，在显微镜下看到物质内的电荷运动是不可能的。这就是为什么太赫兹谱分析实验室的研究者们决定使用间接检测方法的原因。为测试导电颗粒，他们施加了不同频域电压，并测量边频电流和感应电流之间的关系。科学家们在一个较大的频率范围内，面面俱到地测量了电导率和电容率的温度变化特性。从10K到300K（-263至27°C）的极端温度测试样本，都用不同的传导机制将其相似的依存度区分开来。但这甚至不足以阐明电传导的本质。出于这个原因，研究者们将钙钛矿和不同比例的钙（Ca）和镨（Pr）做了对比。

以Boris Gorshunov，太赫兹光谱实验室主管为首的科学家小组，（Lenar Kadyrov PhD，实验室科学家Elena Zhukova和Vladimir Anzin也是这篇文章的作者），发现了在Pr1-xCaxMnO3钙钛矿中，电荷载体是极化子。 极化子是一种在材料组成原子中运动的电子，它导致相邻的正电荷向它靠拢，而邻近的负电荷远离。钙钛矿的特性非常适合电子和声子（声子在晶格中是振动的）的耦合，是由对称性打破的相互作用之间的相互影响决定的。研究人员证实，极化子的移动（作为一个单位）是前后一致的。也就是说，电荷载体表现得更像非耦合粒子。一致性的概念应用于激光、超导体、高精准度的距离测量、量化计算及其他领域。

确立传导是如何发生的有利于钙钛矿的研究项目和进展上的大规模应用。例如，已有一个高效的钙钛矿结构装置来将水分成氢和氧。目前，尽管钙钛矿仅在液氮温度环境下表现其功能，但它们也可被当作LED灯使用。

Laser uranium enrichment technology may create new proliferation risks

A new laser-based uranium enrichment technology may provide a hard-to-detect pathway to nuclear weapons production, according to a forthcoming paper in the journal Science & Global Security by Ryan Snyder, a physicist with Princeton University's Program on Science and Global Security.

One example of this new third-generation laser enrichment technique may be the separation of isotopes by laser excitation (SILEX) process which was originally developed in Australia and licensed in 2012 for commercial-scale deployment in the United States to the Global Laser Enrichment consortium led by General Electric-Hitachi. Research on the relevant laser systems is also currently ongoing in Russia, India and China.

The paper explains the basic physics of the new uranium separation concept, which relies on the selective laser excitation and condensation repression of uranium-235 in a gas. It also estimates the key laser performance requirements and possible operating parameters for a single enrichment unit and how a cascade of such units could be arranged into an enrichment plant able to produce weapon-grade highly enriched uranium.

Using plausible assumptions, the paper shows how a covert laser enrichment plant sized to make one bomb's worth of weapon-grade material a year could use less space and energy than a similar scale plant based on almost all current centrifuge designs, the most efficient enrichment technology in use today. The results suggest a direct impact on detection methods that use size or energy use as plant footprints.

Acquiring the key laser systems appears to be the main technological hurdle to states mastering this new enrichment process. The paper details some of the different lasers that, in principle, could be used for uranium enrichment. Technology export controls on possible laser systems may be hard to implement since some of the lasers have multiple applications in areas such as medicine, telecommunications, and defense. One consequence of this is that commonplace laser research and development activities could allow more countries a latent nuclear weapons capability.

Snyder observes that an unexpected window of opportunity to think more carefully about the proliferation potential of the new laser technology has opened up with the April 2016 decision by General Electric-Hitachi to withdraw from the Global Laser Enrichment consortium which has stalled the commercialization effort.

"We have a second chance to think about the risks of deploying new laser-based uranium enrichment technologies on a laboratory or industrial scale," said Snyder. "Previously developed technologies that provided pathways to nuclear weapons such as gaseous diffusion and gas centrifuges have spread to other countries, and the same should be expected with laser enrichment if commercial deployment of this new technology is successfully demonstrated."

The paper concludes with the suggestion that attention should be focused on regulating laser systems capable of enriching uranium to weapon-grade levels, otherwise such lasers may come to pose proliferation concerns comparable to if not greater than gas centrifuge development or plutonium reprocessing today.

The paper, "A Proliferation Assessment of Third Generation Laser Enrichment Technology," will be published in Science & Global Security.

激光铀浓缩技术可能创造新的扩散风险

根据科学及全球安全杂志即将发表的一篇文章，一种新的激光浓缩铀技术可以提供一种难以检测的核武器，该文章由普林斯顿大学的科学和全球安全项目中物理学家Ryan Snyder撰写。

这个新的第三代激光浓缩技术的典型技术可能是激光激发分离同位素（SILEX），该技术最初由澳大利亚发明，并于2012年在美国获准用于商业规模的应用，由通用电气——日立引领全球激光浓缩联盟。相关激光系统的研究表明目前俄罗斯、印度和中国的技术也在发展中。

该文章介绍了新的铀分离技术的基本物理学，依赖于天然气铀-235在空气中的选择性激光激发和凝聚降压。它还估计了单个浓缩单元关键的激光性能要求和可能的运行参数，以及怎么串联这样的单元，使之安放到工厂能够生产武器级的高浓缩铀。

利用可信的假设，该文章展示了怎样隐蔽激光浓缩工厂，以使每年生产相当于一个炸弹的爆炸威力的武器级别材料，消耗的空间和能量比基于类似规模的工厂都少，目前这些工厂几乎所有都是基于离心机设计的，也是当今使用的最高效的浓缩技术。结果表明工厂占用的大小和消耗的能源对检测方法有直接的影响。

关键激光系统的获取，似乎是国家掌握这个新的浓缩程序的主要技术障碍。该文章从原则上详细介绍了可用于浓缩铀的不同的激光。因为一些激光在如医药、电信和国防等领域有多重应用，可用的激光系统技术出口管制可能很难实现。而这样的一个后果是常见的激光研究和开发活动可能让更多的国家具有潜在核武器能力。

斯奈德指出，以通用电气——日立在2016年4月决定从全球激光浓缩联盟退出开始，机会的意外窗口更关心新的激光技术的潜在扩散，全球激光浓缩联盟已经停滞了商业化活动。

“我们有第二次机会去思考部署在实验室或工业规模上建立新的激光浓缩铀技术带来的风险，”斯奈德说。“之前开发的技术给制造核武器提供了可能，如气体扩散和气体离心分离已经传播到其他国家，如果这项新技术的商业活动被成功应用，同样可预测激光浓缩技术将传播到其他国家。”

该文章以一个建议结束，建议应该把注意力集中在将铀浓缩到武器级水平的调节性激光系统，否则，如果不比今天的气体离心分离技术和钚再处理技术更好，这种激光器可能造成扩散的担忧。

该文章，“第三代激光浓缩技术的扩散评估”，将刊登在科学和全球安全杂志上。

Composite Materials（复合材料）

Ultrasensitive nonlinear metamaterials for data transfer

[image: image15.png]1.0,

0.8

0.6

0.4

0.2

0'00,0 02 04 06 08 1.0 12

Time delay (ps)




Schematic illustration of the studied fishnet metamaterial (left). The relative change in the effective third-order nonlinear susceptibility of the fishnet metamaterial as a function of the time delay between the pump and probe pulses (black dots) and its fit to Eq. (7) (red curve). The gray dashed area represents the normalized cross-correlation function of the laser pulses. Inset: illustration of the photoinduced relaxation processes occurring in the structure (right). Credit: Scientific Reports.

Scientists have demonstrated the effect of all-optical switching between streams of photons, born during the third harmonic generation process, using non-linear metamaterials. Researchers at Lomonosov Moscow State University planned the study and conducted calculations and experiments, while their German colleagues made samples of metamaterials. The results are published in Scientific Reports. According to Maxim Scherbakov, researcher at MSU's Laboratory of Nanophotonic metamaterials, the work will make it possible to use the metamaterials to create high-speed communication technologies in future.

Metamaterials: When 1 + 1 = 3

Sometimes, a small team can achieve far more than the sum of their individual abilities, as if, teaming up, they acquire new and useful properties. The same is true for metamaterials, which have 'super-powers' such as invisibility in the microwave range and two-dimensional space, seeing through walls, optical zooming and negative refractive index. These abilities are created artificially by the ordered structure of alternating layers of quite common substances. However, if combined, they behave as a completely new material with unique electromagnetic properties that can manipulate photons, i.e. light, in a new way.

The metamaterials that the authors worked with have a fishnet-looking structure with the main 'threads' consisting of gold and magnesium oxide. They belong to a class of nonlinear metamaterials, whose unusual optical properties can be used, for example, to simplify the processing of information and to create new devices that operate much faster than contemporary electronic devices.

Masters of light

Photons, unlike electrons that move through the wires of electronic devices, have no charge and rest mass, so they can perform in formation transfer much faster. The problem is developing photonic transistors as compact as modern electronic ones.

For this purpose, metal and semiconductor nanoparticles, microcavities, photonic crystals, and other man-made structures were considered. The disadvantage is that powerful laser radiation is required for observing all-optical switching. However, the nonlinear metamaterials, as reported in the article, have a higher sensitivity to femtosecond laser pulses than linear metamaterials. This gives nonlinear metamaterials an advantage in the management of light flows by the means of these pulses.

'In the conventional all-optical switching devices, one photon flux controls another thread about the same as it happens in electronic transistors with electron flows. In our previous work, we irradiated a silicon nanostructure with two laser pulses, and the transmission of a pulse varied depending on whether the second pulse is present,' says study co-author Maxim Shcherbakov.

Birth of photons

The experiments demonstrated that photon flow scan control the processes of photon merging with one another. 'There is an interesting effect in optics that can occur when three photons merge into one with tripled energy—almost as during thermonuclear fusion. This effect is called the third harmonic generation. In our work, we observed both effects: all-optical switching and third-harmonic generation. In other words, we control the process of photon synthesis with an external optical pulse. It is very important for integrated photonics, where the full control over all possible processes involving light is required,' Maxim Scherbakov notes, emphasizing that the high sensitivity of nonlinear metamaterials has applications for high-speed communications technologies in the future.

用于数据传输的超灵敏非线性电磁超材料
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渔网电磁超材料研究的示意简图（左）。渔网电磁超材料的有效三阶非线性极化率的相对变化是泵和探针脉冲（黑点）之间的时间延迟的函数，并且它适用于等式（7）（红色曲线）。灰色虚线表示激光脉冲的归一化互相关函数。插图：在结构中产生的光生弛豫过程图示（右）。来源：科学报告。

科学家已证实的光子流之间的全光交换，在第三谐波过程产生的效果，使用非线性电磁超材料。在莫斯科国立大学的研究人员计划该研究，并进行了计算和实验，同时他们的德国同事制造了电磁超材料的样品。该研究结果发表在《科学报告杂志》上。根据密歇根州立大学纳米光子超材料实验室的Maxim Scherbakov的说法，这项工作将使应用超材料在未来打造高速通信技术变得可能。

超材料：当1 + 1 =3时。

有时，一个小团队能够实现远远超过他们的个人能力的总和的成果，犹如，建立团队，他们获得新的和有用的东西。这同样适用于超材料，如具有在微波范围和二维空间内不可见的“超能力”，穿过墙壁的可见能力、光学变焦和负折射特性。这些能力是由交替的相当普遍的物质层有序排列成一定结构而人为制造的。然而，如果将它们相结合，它们以新的方式一个完全新的材料，表现为具有独特的电磁性能，可以操纵光子，即光。

研究员一起制造的电磁超材料具有渔网似得结构，其主“线”包含金和氧化镁。它们属于非线性超材料的一类，其不寻常的光学特性可被应用，例如，简化信息的处理，技艺创建操作比同代电子设备快得多的新设备。

光学大师

光子，不像电子那样能穿过电子设备的电线，不带电荷和静止的质量，这样他们可以在传输形式上速度更快。问题是开发光子晶体管像开发现代电子设备那样更新换代快。

为了这个目的，对金属和半导体纳米颗粒、微腔、光子晶体，以及其他人工制造的结构进行了审议。其缺点是强大的激光辐射需要用于全光交换透视。然而，根据在文章中的报道，非线性电磁超材料对飞秒激光脉冲具有比线性电磁超材料更高的灵敏度。这使非线性电磁超材料在使用这些脉冲的方式管理光流上具有优势。

“传统的全光交换设备，一个光子通量控制另一个线程保持一样，因为它在电子晶体管与电子流一起传输。在我们以前的工作中，我们用两个激光脉冲照射硅纳米薄膜，脉冲的传输多变，依赖于第二脉冲是否存在，”共同研究的作者，马克西姆谢尔巴科夫说。

光子的诞生

该实验表明，光子流扫描控制光子与另一个光子合并的过程。“在光学有一个有趣的结果，当3个光子消耗三倍能量合并为1个时可扫描到——几乎全是在热核聚变过程中发生。这种效应被称为第三谐波产生。在我们的工作中，我们观察到两种效果：全光交换和三次谐波产生。换句话说，我们用外部光脉冲控制光子的合成过程。对合成光子来说是十分重要的，当涉及光的所有可能的流程控制，以上发现是需要的，” Maxim Scherbakov指出，强调非线性超材料的高灵敏度已经应用在未来的高速通信技术上。

Practical Application（实际应用）

Global helium supplies balloon

World supplies of helium, the gas that makes your voice squeaky, may be on the ascent.

Scientists and a Norway-based exploration firm this week hailed a huge find of the rare element in Tanzania as a potential game changer.

Helium, the second most abundant gas of the universe after hydrogen but found only rarely on Earth, is used notably as a liquid coolant in hospital MRI scanners, electronics and the manufacturing of fibre optics.

Until now, helium had been discovered only as an accidental by-product of oil and gas drilling, said Oxford and Durham university researchers and the exploration company, Helium One.

But for the first time, they said, an exploration team had found helium deliberately, using their knowledge that volcanic activity can release the gas from ancient rocks.

"We show that volcanoes in the Rift play an important role in the formation of viable helium reserves," said researcher Diveena Danabalan of Durham University, which joined with Oxford University and Helium One in the search.

Oxford University professor Chris Ballentine said the team had calculated that helium reserves in just one part of the African Rift valley amounted to 54 billion cubic feet, enough to fill more than 1.2 million medical MRI scanners.

'Game changer'

"This is a game changer for the future security of society's helium," Ballentine said in a joint statement released Tuesday when the find was revealed.

"Similar finds in the future may not be far away," he said.

World helium sales amounted to an estimated $1.01 billion (909 million euros) in 2015 and are expected to balloon to $1.52 billion in 2020, said a report by market research group Technavio.

Eric Prades, global helium and rare gases director at French group Air Liquide, said 80-90 percent of the world's helium is extracted from natural gas wells in a process that relies on very low temperatures.

The Tanzania find had an "interesting potential" because it avoids the cost of extracting the element from natural gas, said Prades, who was not involved in the find.

Helium prices climbed in 2012-2013 over supply concerns, said the Air Liquide specialist. At the time, Tokyo Disneyland went so far as to ban helium balloons.

But supply worries have largely evaporated since, said Prades.

Russian oil and gas giant Gazprom could produce 40 percent of the world helium market by the 2020s thanks to a vast extraction project at a natural gas field in Siberia, he said.

Iran could begin producing helium too, Prades said, explaining that it shares the same natural gas field as Qatar, the world's second largest producer after the United States.

Meanwhile, demand for helium is expected to grow only moderately by two-to-three percent a year over the next five years, the expert said.

全球氦气供应气球

全球氦气——使你的声音吱吱作响的气体——的供应可能在上升。

本周，科学家和挪威的勘探公司称赞坦桑尼亚的一个巨大的发现——发现雨中稀有元素，成为潜在的变革者。

氦气，宇宙中次于氢气的第二大富含量气体，但在地球上含量很少，主要是用于医院的核磁共振成扫描仪、电子设备和光纤制造的冷却液。

到现在为止，氦被仅作为石油和天然气钻探偶然发现的副产品，牛津大学和达勒姆大学研究人员和勘探公司（氦一）说。

他们说，但对于第一次，一支勘探氦的队伍，利用他们关于火山活动可以从古老的岩石中释放出气体的知识，发现了氦。

“我们发现，在断层中的火山活动在形成氦气可储备条件中扮演着重要的角色，”英国杜伦大学的研究人员Diveena Danabalan说，Diveena Danabalan参与了牛津大学和氦一公司的研究。

牛津大学教授克里斯·巴伦坦说，根据他们的计算，在非洲大裂谷540亿立方英尺的空间中，氦气储量仅仅只占一部分，足以满足120多万台的医疗MRI扫描仪。

变革者

“这对于未来社会氦气的安全是一个变革者”，当该发现被公开时，Ballentine在周二发布的一份联合声明中说。

“今后类似的发现可能并不遥远，”他说。

世界氦销售总额在2015年达至大约10.1亿美元（9.09亿欧元），根据市场研究机构Technavio的报告，预计2020年将增加到15.2亿美元。

埃里克·普拉德，液化空气集团法国总部的全球氦气和稀有气体主管表示，全球80％-90％的氦是从天然气体井在非常低的温度中提取的。

坦桑尼亚发现有一个“有趣的潜力”，因为它避免了从天然气体中提取元素的成本，未参与该项发现的普拉德说。

液化空气专家称，由于供应的担忧，氦气价格在2012 - 2013年上升。同时，东京迪斯尼乐园甚至禁止氦气气球。

不过供应担忧已经基本上烟消云散，Prades说。

俄罗斯石油和天然气巨头Gazprom，得益于在西伯利亚天然气田广阔的提取项目，到2020年可生产出世界氦气市场的40％，他说。

伊朗可能也开始生产氦，普拉德说，并解释说，它与美国之后的世界第二大生产国——卡塔尔共享一样的天然气田。

同时，氦气的需求预计将在未来的五年里每年缓慢地曾加2% - 3%，专家说。

Researchers develop key power-splitting component for terahertz waves

[image: image17.jpg]- b [Offset = 200 umi ¢ |offset

" .................. '.....£Q ............. T

™ f=2256Hz @ If= 225




One of the most basic components of any communications network is a power splitter that allows a signal to be sent to multiple users and devices. Researchers from Brown University have now developed just such a device for terahertz radiation -- a range of frequencies that may one day enable data transfer up to 100 times faster than current cellular and Wi-Fi networks. Credit: Mittleman lab / Brown University

One of the most basic components of any communications network is a power splitter that allows a signal to be sent to multiple users and devices. Researchers from Brown University have now developed just such a device for terahertz radiation—a range of frequencies that may one day enable data transfer up to 100 times faster than current cellular and Wi-Fi networks.

"One of the big thrusts in terahertz technology is wireless communications," said Kimberly Reichel, a post-doctoral researcher in Brown's School of Engineering who led the device's development. "We believe this is the first demonstration of a variable broadbrand power splitter for terahertz, which would be a fundamental device for use in a terahertz network."

The device could have numerous applications, including as a component in terahertz routers that would send data packets to multiple computers, just like the routers in current Wi-Fi networks.

The new device is described in the Nature journal Scientific Reports.

Today's cellular and Wi-Fi networks rely on microwaves, but the amount of data that can travel on microwaves is limited by frequency. Terahertz waves (which span from about 100 to 10,000 GHz on the electromagnetic spectrum) have a higher frequency and therefore the potential to carry much more data. Until recently, however, terahertz hasn't received much attention from scientists and researchers, so many of the basic components for a terahertz communications network simply don't exist.

Daniel Mittleman, a professor in Brown's School of Engineering, has been working to develop some of those key components. His lab recently developed the first system for terahertz multiplexing and demultiplexing—a method of sending multiple signals through a single medium and then separating them back out on the other side. Mittleman's lab has also produced a new type of lens for focusing terahertz waves.

Each of the components Mittleman has developed makes use of parallel-plate waveguides—metal sheets that can constrain terahertz waves and guide them in particular directions.

"We're developing a family of waveguide tools that could be integrated to create the appropriate signal processing that one would need to do networking," said Mittleman, who was a co-author on the new paper along with Reichel and Brown research professor Rajind Mendis. "The power splitter is another member of that family."

The new device consists of several waveguides arranged to form a T-junction. Signal going into the leg of the T is split by a triangular septum at the junction, sending a portion of the signal down each of the two arms. The septum's triangular shape minimizes the amount of radiation that reflects back down the leg of the T, reducing signal loss. The septum can be moved right or left in order to vary the amount of power that is sent down either arm.

"We can go from an equal 50/50 split up to a 95/5 split, which is quite a range," Reichel said.

For this proof-of-concept device, the septum is manipulated manually, but Mittleman says that process could easily be motorized to enable dynamic switching of power output to each channel. That could enable the device to be incorporated in a terahertz router.

"It's reasonable to think that we could operate this at sub-millisecond timescales, which would be fast enough to do data packet switching," Mittleman said. "So this is a component that could be used to enable routing in the manner of the microwave routers we use today."

The researchers plan to continue to work with the new device. A next step, they said, would be to start testing error rates in data streams sent through the device.

"The goal of this work was to demonstrate that you can do variable power switching with a parallel-plate waveguide architecture," Mittleman said. "We wanted to demonstrate the basic physics and then refine the design."

研究人员为太赫兹波开发了主要的动力分割组件
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任何通信网络中最基本的一个组件是一个功率分配器，令一个信号被发送到多个用户和设备。布朗大学的研究人员目前为太赫兹辐射开发出这样一种装置——太赫兹辐射是一种可能在一天内的数据传播速度比目前的蜂窝和Wi-Fi网络要快上一百倍。Mittleman实验室/布郎大学

任何通信网络中最基本的一个组件是一个功率分配器，令一个信号被发送到多个用户和设备。布朗大学的研究人员目前为太赫兹辐射开发出这样一种装置——太赫兹辐射是一种可能在一天内的数据传播速度比目前的蜂窝和Wi-Fi网络要快上一百倍。Mittleman实验室/布郎大学

 “太赫兹技术中的一个巨大的推力是无线通信，”领导该设备开发的布朗大学工程学院的博士后研究员金佰利·赖歇尔表示。“我们认为这是用于太赫兹的变量宽带功率分配器的第一次示范，它将成为太赫兹网络中使用的一种基本装置。”

该装置将具有多种应用，包括作为太赫兹中的一个组件，将向多台计算机发送数据包，就像是目前Wi-Fi网络中的路由器。

新的设备在《自然》杂志的科学报告中有所描述。

目前的蜂窝和Wi-Fi网络依赖于微波，但是能够在微波下传播的数据量受到了频率的限制。太赫兹波（在电磁频谱上跨越了近100到10000千兆赫）具有较高的频率，并且因此有可能会携带更多的数据。然而，直到最近，太赫并没有获得科学家和研究人员太多的关注，因此许多有关太赫兹通信网络的基本组件根本不存在。

布朗大学工程学院的教授丹尼尔·米特尔曼一直致力于开发一些这类主要的组件。他的实验室最近开发出用于太赫兹多路复用及多路分解的第一个系统——一种通过单一介质发送多个信号然后将它们在另一侧分离开的方法。米特尔曼的实验室也生产出聚集太赫兹波的新型镜头。

米特尔曼开发出的每个组件都利用了平行板波导——能够限制太赫兹波并且将它们引导到特定方向的金属片。

 “我们将开发一系列波导工具可能进行集成以创建需要进行联网的适当的信号处理，”这篇论文与赖歇尔及布朗研究教授拉金德·门迪斯同为合著者的米特尔曼表示。“功率分配器是该系列的另一成员。”

新装置是由几个布置形成T-字路口形式的波导构成的。进入T型腿的信号因交界处的三角形隔膜而被分离，将部分信号向下发送给两个臂。隔膜的三角形形状将反应回落T形腿的辐射量最小化，降低了信号的丢失。隔膜能够被左右移动来改变发送到每个臂内的功率量。

 “我们将平均50/50的划分改变成95/5的划分，这是相当于一个范围，”赖歇尔表示。

为了证明该装置的概念，隔膜是手动操纵的，但是米特尔曼表示，该程序可以轻易地机动化，产生每个信道的电力输出的动态变化。这能够令该设备集成到太赫兹路由器中。

 “认为我们能够在亚毫秒级的时间尺度上进行操作是非常合理的，其速度快到足够进行数据包交换，”米特尔曼表示。“因此，这是一个能够以我们今天使用的微波路由器的方式启用路由的组件。”

研究人员计划继续研究新的设备。下一个步骤，他们表示，将是开始测试通过该设备的数据流的错误率。

 “这项工作的目的是要证明，你可以通过一个平行板波导结构来完成可变功率转换，”米特尔曼表示。“我们希望证明基本的物理学，然后完善设计。”

Researchers devise new tool to measure polarization of light
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Close up view of the semitransparent polarization detector. The square area that shows up well is one of the gold electrodes, underneath which is the organic photovoltaic (OPV) material which converts polarized light into an electrical signal. In these images, the background light is linearly polarized. Rotating the detector within this polarized light reduces the transmitted light's brightness as the device is aligned to it. (a) OPV device at 0 degrees; (b) 45 degrees; and (c) 90 degrees. At 90 degrees, the device absorbs the most light, indicating that the background polarization state is oriented parallel to the OPV. This change would be represented as an increase in the detected current. Credit: Michael Kudenov, NC State University

Researchers from North Carolina State University have developed a new tool for detecting and measuring the polarization of light based on a single spatial sampling of the light, rather than the multiple samples required by previous technologies. The new device makes use of the unique properties of organic polymers, rather than traditional silicon, for polarization detection and measurement.

Light consists of an electric field. That electric field oscillates, and the direction in which that field oscillates is the light's polarization. If the field oscillates randomly, it's referred to as unpolarized light. The polarization of light can be affected in predictable ways when light bounces off, or is scattered by, physical objects.

"We want to detect and measure polarization, because it can be used for a wide variety of applications," says Michael Kudenov, an assistant professor of electrical and computer engineering at NC State and lead investigator on this research. "For example, polarization detectors can be used to pick out man-made materials against natural surfaces, which has defense and security applications. They could also be used for atmospheric monitoring, measuring polarization to track the size and distribution of particles in the atmosphere, which is useful for both air quality and atmospheric research applications."

The new device incorporates three polarization detectors made of organic polymer conductors. Each of the detectors is sensitive to a specific orientation of the polarization. As light enters the device, the first detector measures one orientation of the polarization, and the remainder of the light passes through. This is repeated with the subsequent detectors, effectively allowing each detector to take a partial polarization measurement of the same beam of light. The measurements from all three detectors are fed into a model that calculates the overall polarization of the light.

"Most types of polarized light, particularly in natural environments, have a large linear polarization signature," Kudenov says. "And three measurements are sufficient for us to calculate the state of linear polarization in a light sample."

Previous technologies rely on multiple light samples, either taken at different times or at the same time but from different points in space, which can influence the accuracy of results.

The researchers have tested the new device using a laser to provide initial proof-of-concept data. Early tests show that the device can achieve measurement error as low as 1.2 percent.

"It's a good starting point, though not as good as the best polarization detectors currently on the market," Kudenov says. "However, we're optimistic that we'll be able to reduce the measurement error significantly as we improve the device's design. We're really just getting started."

研究人员设计出测量光偏振的新工具
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当近距离查看这个半透明的偏振查看器时，很明显的正方形区域是金电极中的一个，在它的下面是能将偏振光转换成电信号的有机光伏（OPV）材料。在这些图像中，背景光为线性偏振光。当装置被对准时该偏振光检测器通过旋转降低透射光的明暗度。旋转0度，45度和90度分别透射三档不同的光线强度。旋转90度时，该装置吸收最多的光，表示背景光的偏振态取向与OPV平行。旋转程度越大代表被测光偏振越大。授权：北卡罗莱纳州立大学 Michael Kudenov

来自北卡罗莱纳州立大学的研究人员开发出了一款新的偏振光探测及测量工具，这款工具仅基于一束单独的样本光，不再和目前的探测器一样需要多束样本光。对于偏振探测和度量，新产品利用了有机聚合物的特性，取代了传统的硅。

光由一个电场组成。当电场振荡时，该场振荡方向就是光的偏振。如果该电场随机偏振，则称它为非偏振光。当光线反弹或者被实物分散是，光的偏振受影响的方式可预测。

“我们探测并度量偏振，因为它可以被用于各种应用，”本次调查的主要调查者，北卡罗莱纳州立大学电气计算机工程助教Michael Kudenov说。“比如它的防卫与安全应用，偏振探测器可以被用来在自然表面上选出人造材料。它们也可用于大气监测，测量偏振跟踪大气中的微粒大小及分布，这在空气质量检测和大气研究应用中都是有用的。”

新器件集成了三个由有机聚合物导体做成的极化探测器。每个检测器都对特定的偏振方向敏感。当光进入该装置时，第一检测器测量偏振的一个取向，让该光的剩余部分通过。接着后面的检测器重复此动作，从而有效地使每个检测器对相同的光束分部进行极化测量。三个检测器的测量值被送入计算光的整体极化的模型中。

“大多数类型的偏振光，特别是在自然的环境，有一个大的线极化的特征，”Kudenov说，“而且三种测量是足以计算样品光中线性极化偏转态。”

目前的技术依赖于多个样品光，但由于取自不同或相同时间的不同空间点，会影响到结果的准确性。

研究人员已经使用激光测试了新设备来提供证明此概念的初始数据。早期测试表明，该装置能够实现测量误差率低至1.2％。

“这是一个好的开始，尽管这不是目前市场上最好的偏转探测器，”Kudenov说，“然而我们乐观地认为，只要我们不断提高机器的设计，就能大大降低误差率。这真的只是个开始。”

The switch that could double USB memory
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The use of magnetic signal along with electronic signal - Using two forms of strontium cobalt oxide with different oxygen content, the device can be switched from an insulating/non-magnet state to a metallic/magnet state simultaneously by electrochemical oxidation/reduction reaction at room temperature in air. Credit: Hokkaido University

Scientists at Hokkaido University have developed a device that employs both magnetic and electronic signals, which could provide twice the storage capacity of conventional memory devices, such as USB flash drives.

Conventional USB flash drives are electronic data storage devices. They store information by using millions of small gates that process information into "words" consisting of various combinations of the numbers 0 and 1.

A team of scientists at Hokkaido University's Research Institute for Electronic Science investigated the possibility of using a magnetic signal along with the electronic signal to allow double the storage capacity in these "multiplex writing/reading" devices. In addition to the binary 0/1 method of storing information, this would add an A/B store for the information as well. To do this would require finding a material that can switch back and forth from a magnet to a non-magnet state.

The team investigated two forms of strontium cobalt oxide (SrCoOx): one is an insulating non-magnet while the other is a metal magnet. By changing the oxygen content in this compound, the team could cause it to switch between the two forms. However, the two methods currently available to do this have big drawbacks. One method requires using a high temperature heat treatment. This would make it impossible to use in devices that work at room temperature, such as your mobile phone. The other method involves using a dangerous alkaline solution. This would require a device that is sealed so that the solution does not leak. This method is difficult to miniaturize and is thus not suitable for information storage devices.

The team developed a new method to use strontium cobalt oxide safely at room temperature in air. They applied a sodium tantalate thin film, which can be used at room temperature without leaking alkaline solution, over layers of strontium cobalt oxide. When a three-volt current was applied (or about one-seventh of the voltage required in currently available USB flash drives), the insulating form of SrCoO2.5 reversibly switched to its metal magnet form, SrCoO3, in three seconds. By comparison, current devices can store information in 0.01 seconds. Making the device smaller would shorten the time needed for the compound to switch between an insulator and a magnet, the researchers say. This would allow the storage of an even larger number of photos and videos in mobile phones, for example.

能将USB内存翻倍的转变
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使用电子信号以及磁信号——使用两种具有不同氧含量的氧化锶钴，该装置可以由绝缘/非磁铁状态切换到金属/磁铁状态，暴露在空气中以室温条件完成电化学氧化还原反应。授权：北海道大学

北海道大学的科学家开发了一种能够同时发出磁信号和电信号的装置，由此可以为常规存储器装置，例如USB闪存驱动器提供两倍的储存能力。

传统地USB闪存装置是电子数据储存设备。它们使用上百万的小节将信息储存为由各种“0”与“1”的组合形成的“字”。

北海道大学电子科学研究机构的一个科学家队研究了，同时使用磁信号和电信号进而让“多路写入/读出”设备的储存能力加倍的可能性。除了0/1二进制储存新的方法，这次也添加了A/B制储存信息的方法。做到这些需要找到一种能够在磁体状态与非磁体状态之间转换的材料。

该小组调查了两种形式的锶钴氧化物（SrCoOx）：一种是绝缘非磁体，而另一种为金属磁体。通过改变该化合物中的氧含量，研究小组能够可能使它在两种形式之间切换。然而，目前要做到这一点，两种方法都有很大的缺点。一种需要使用高温热处理。这将使它不可能在室温下的工作设备上使用，如手机。另一种方法涉及使用危险的碱性溶液。这需要密封装置，防止溶液泄漏。这种方法难以小型化，因此不适合用于信息存储装置。

小组开发了一种新方法使得锶钴氧化物（SrCoOx）在暴露在空气中、室温的条件下能够使用。他们用了钽钠薄膜，其可在室温下的过氧化锶钴层使用防止碱性溶液渗出。当施加三伏特的电流时（或者目前USB闪存驱动器所需电压的大约七分之一），SrCoO2.5的绝缘形式在三秒内可逆地切换到其金属磁体SrCoO3形式。通过比较，当前的设备可以在0.01秒内存储信息。研究人员说缩小设备会缩短在绝缘体和磁铁之间化合物切换所需的时间。例如，手机将可以存储更多的照片和视频。

Light combined with time-based data sees more deeply inside the body
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A modified hype cycle diagram for the CW approach, the classic TD approach, and for the next-gen TD approach. The diagram represents the authors' interpretation of the hype cycle of these technologies. Credit: Antonio Pifferi et al. and SPIE, the international society for optics and photonics

New light-based technologies that facilitate a look inside the human body using light—and without cutting into the tissue—promise to enable both compact, wearable devices for point-of-care diagnostics as well as powerful new systems that provide even more information and from even deeper under the skin.

Recent work and visionary future directions are detailed in a new open-access article by Antonio Pifferi and colleagues at the Politecnico di Milano and Istituto di Fotonica e Nanotechnologie CNR published in the Journal of Biomedical Optics by SPIE, the international society for optics and photonics.

The article is part of a special section on Clinical Near-Infrared Spectroscopy and Imaging under Guest Editors Marco Ferrari (Università degli Studi dell'Aquila), Joseph Culver (Washington University School of Medicine in St. Louis), Yoko Hoshi (Tokyo Metropolitan Institute of Medical Science), and Heidrun Wabnitz (Physikalisch-Technische Bundesanstalt).

The desirability of noninvasively probing human tissues and their functions has sparked new physical concepts, theoretical models, instruments, measurement approaches, and applications, note the authors in "New frontiers in time-domain diffuse optics."

We are at the dawn of the next generation of time-domain systems, with a breakthrough in performance, size, cost, and flexibility that has the potential for great impact on new and widespread applications, the authors assert. This breakthrough is enabled by impressive advancements in single-photon detection boosted by high-energy physics and positron-emission tomography systems.

In diffuse optical imaging, light is injected into the surface of a medium, such as the body. The light signal is re-emitted elsewhere on the surface and analyzed as to how it has changed. The analysis yields information about the chemical composition of the tissues, their densities, and other aspects.

The simplest methods compare continuous-wave properties of the original signal and the re-emitted light.

Systems that also analyze frequency or time changes in the light signal provide additional data. Current state-of-the-art methods use technologies that enable time-to-digital conversion of the signal, providing even more detail.

Wearable time-domain devices already have been developed for continuous-wave systems, enabling studies in breast cancer detection, brain mapping, muscle monitoring, and noninvasive assessment of lipids, bone, and collagen. Time-domain techniques have also been used in nondestructive characterization of food, wood, pharmaceuticals, and semiconductor powers.

Over the next 20 years researchers envision that such systems will become smaller, making feasible their integration into wearable devices, and smarter, increasing their overall accuracy in detecting and identifying tissue components.

Future devices could be used in brain monitors or muscle oximeters, even for in vivo detection of the brain function during motor or cognitive tasks.

"What makes the future technology unique is its potential to probe noninvasively and in greater depth into human functions and chemical composition, yet with simple personal appliances usable at home and compatible with normal life," Pifferi said. Currently unreachable organs and functions would be accessible, including the heart.

Quite surprisingly, Pifferi noted, after the thermometer and the blood pressure meter, not many other diagnostic devices for personal healthcare have been brought into the home.

"The new smart sensors, interacting in the ambient environment and transmitting hidden internal information over the cloud, will populate the Internet of Things to the benefit of clinical, industrial, and consumer-level applications," he said.

"Over its 20 years devoted to promoting of the use of light for human diagnostics, the Journal of Biomedical Optics has witnessed the evolution of such systems towards portable, compact clinical instruments," said Ferrari, a pioneer of clinical near-infrared spectroscopy, including early time-domain spectral measurements on the human forearm. "Over the next 20 years we will likely enable a still greater revolution with the shrinking of in-depth detection capabilities into miniaturized smart optodes, each more powerful than a single instrument of today."

Research moves on the one hand towards complexity, he noted, with hundreds or thousands of smart optodes to explore brain connectivity, the basis of brain behavior and many neurological disorders.

At the same time, Ferrari said, "Work is also progressing toward providing a simple, wearable sensor to aid psychologists and neurophysiologists in understanding human behavior on many levels, in real-life environments and stimuli."

结合时间数据的光能够深入探测身体内部

[image: image24.png]aensity

Expectations

systems =TD classic
Wearable
systems - . .—TD next gen
Multi- . '~
Single- channel & 1%t wearable system = ™ ¢ - . o
channe| Systems - & ™ 1%t multi-channel system
i i =~ 1%t single-channel system
N \
VCSEL, SIPM  ~
N\ N
1 Null distance ~
non contact el
g Null distance
Null distance 4
theory

) + + + t - t >
1990 2000 2010 2020 2030 2040




CW方法的改进炒作周期图，是经典的TD的做法，以及下一代TD方法。该图代表了作者对这些技术的

炒作周期的解释。授权：Antonio Pifferi等，及国际社会的光学和光子学SPIE。

在不需要切入组织的情况下，新的基于光的技术能够借助光观察人体内部，为定点护理诊断提既紧凑，耐

磨的器件以及提供更多甚至是皮肤深层的信息的强大新系统。

最近的工作和具有远见卓识的方向是由Antonio Pifferi和他在Politecnico di Milano 及Fotonica Ë Nanotechnologie CNR的同事在一篇公开的文章中讲诉的细节。该文章由SPIE，发表在一本专攻国际光学和光子学的生物医学光学杂志上。

这篇文章是一篇客座编辑写的关于临床近红外光谱的专门章节和成像的一部分。客座编辑包括：Marco Ferrari（拉奎拉大学），Joseph Culver（华盛顿大学医学院），Yoko Hoshi（东京都大医学科学研究所），和Heidrun Wabnitz（物理技术研究院）。

对无创性人体组织探测及其功能的渴望已经引发新的物理概念、理论模型、仪器仪表、计量方法和应用程序，作者称之为“时域漫反射光学的新前沿”。

作者断言，我们是下一代时域系统的曙光，在性能、尺寸、成本、以及可能对广泛新应用造成很大影响的灵活性上有突破。这一突破是由高能量物理和正电子发射断层扫描系统，推动的令人印象深刻的单光子探测的进步导致的。

在漫光学成像中，光被注入的介质的表面，如体内。光信号在别处重新发射的表面上，并以它是如何改变的被分析。该分析可以得出组织的化学成分，密度，以及其它方面的信息。

最简单的方法比较原始信号和重新发射的光的连续波的特性。

系统也分析光信号中的频率或时间变化提供额外的数据。当前最先进的方法是使用时间-数字信号的转换技术，来提供甚至更多的细节。

可穿戴时域设备已经被开发用于连续波系统，用在检测乳腺癌，脑映射，肌肉监测和脂质，骨和胶原的非侵入性评估研究上。时域技术也已在食品，木材，医药品，和半导体功率无损表征上使用。

研究人员设想在未来20年内，这样的系统将变得更小，将切实可行的融入可穿戴的设备，更聪明，检测和鉴定组织成分的整体精度将增加。

未来的设备可以在大脑监控或肌肉血氧仪上使用，甚至运动或认知任务过程中的体内进行脑功能的检测。

“让未来技术独特的是它能够无创探测，更深入探测人体功能和化学成分，并作为在家使用和与正常的生

活兼容的简单个人用品。”Pifferi说。目前可探测、以前不能探测的器官和功能包括心脏。

Pifferi注意到，相当令人惊讶的是，在有了温度计和血压仪后，用于个人保健的许多其他诊断装置已不再被带入家里。

“通过与周围环境的相互作用、云传输隐藏的内部信息，新的智能传感器，将会使物联网兴起，使临床，工业和消费级应用受益。”他说。

“在其致力于推动利用光线诊断人体的20年间，生物光学医学见证了其系统向便携，小巧的临床仪表的进化，”人体前臂早期时域光谱测量、临床近红外光谱的开拓者Ferrari说。“在未来20年，我们将有可能启用一场仍然巨大的革命，将深度检测能力缩小成小型化智能光极，到时每一个功能都将比今天的一整台仪器更强大。”

研究移向复杂的一方面，他指出，能够连接与数百或数千探测大脑的智能光极，是研究大脑的行为和许多神经系统疾病的基础。

与此同时，Ferrari说，“研究也朝着提供一个简单、可穿戴式传感器的方向发展，在现实生活的环境和刺

激下，帮助心理学家和神经生理学家在不同层面上理解人类行为。”

Organic & Polymer（有机高分子材料）

Physicists find missing link between glass formation and crystallization
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Solidification under sedimentation: The dynamic map illustrates the speed of the particles in the model system. Regions with low speeds are marked in red and orange while those with higher speeds are blue. Red dots show where a solid has already formed. Similar maps were taken during glass formation, but due to the overall homogeneity of the process they look somewhat more boring. Credit: KOMET336, Institute of Physics, JGU

Glasses are neither fluids nor crystals. They are amorphous solids and one of the big puzzles in condensed matter physics. For decades, the question of how glass forms has been a matter of controversy. Is it because some regions freeze their thermal motion? Or is it because there are particles or clusters which do not fit to form a crystal? At least for the model system of hard spheres, researchers at Johannes Gutenberg University Mainz (JGU) in Germany have now taken a major leap in reconciling these two opposing views.

Using a clever combination of light scattering and microscopy, they were able to demonstrate that within a melt of hard spheres small compacted regions form comprising a few hundred spheres. These so-called precursors are the starting point for both crystallization at moderate undercooling and glass formation at large undercooling. The researchers observed that the motility of particles within these precursors was extremely limited and decreased further with undercooling, while their number rapidly increased. With only few precursors present, crystallization may still start at the surface. However, the more of these precursors are present, the more of their surface they block. Moreover, with the precursor number still increasing in time, the system soon gets jammed and all further dynamics cease. This means that from a certain point in undercooling and time onwards, crystal formation is no longer possible.

The results of this research work performed in the JGU Graduate School of Excellence "Materials Science in Mainz" (MAINZ) have recently been published in the journal Nature Physics as an advanced online publication.

Glass and crystal are two different structures but either of these can form from a melt. In the case of glass, the atoms retain their disorganized state, similar to that seen in liquids, while in crystals they assume a very regular lattice structure. It is the solidification process that determines which type of structure will be formed. The physics experiments carried out at Mainz University did not focus on the fabrication of a particular glass, such as for use in safety windows or fiber optics for communication purposes. They were rather aimed at an advanced understanding of the glass formation process in general, which is a traditional research topic in the JGU Condensed Matter Physics group. The researchers were looking at the formation of amorphous solids in general, and they used an experimental model system for hard spheres. Here the undercooling is not realized by decreasing the temperature, but by increasing the concentration of polymer spheres. Crystals form when more than 50 percent of the volume is taken by the hard spheres in the suspension, while glasses form at more than 60 percent. Such systems of micro-sized polymer spheres in a solvent have been subject to intense research over the last decades, because they closely mimic the behavior of ideal hard spheres which are well studied by theory and computer simulation.

It has been known since the 1990s that hard-sphere melts contain both regions of differing density and order as well as regions that vary in terms of the motility of the atoms, i.e., regions of structural and dynamic inhomogeneity. Since then, the role played by these two factors during the process of solidification has been the subject of intense debate by theoretical physicists. "What we have now ascertained is that these regions are in fact identical, thus laying the controversy to rest," said Professor Thomas Palberg of the Institute of Physics at Mainz University, explaining the results of his research.

Mapping motility within hard-sphere suspensions

In order to understand the processes taking place, Sebastian Golde, a member of the MAINZ Graduate School of Excellence and Palberg's research team, investigated hard-sphere model systems in an optical experiment. "We were able to show that the regions with more densely packed spheres and a little more order coincide with those areas where the hard spheres clearly move more slowly," stated Golde. This means that the long-standing enigma concerning the two different regions of inhomogeneity has been resolved.

The method used is a combination of static and dynamic light scattering. "We analyze how much light of a laser beam directed at the sample is scattered in a given direction. This tells us the sample structure. But we also analyze how it flickers after scattering. This tells us how fast the particles move," said Golde, who himself built his instrument designed by Dr. Hans Joachim Schöpe, who recently moved to the University of Tübingen. Moreover, utilizing a clever imaging system, Golde was able to obtain so-called dynamic maps with unprecedented resolution somewhat smaller than the precursors. Like an image produced by a camera, the result is a kind of photo that captures the activity of the dynamics within the various regions. Thus, the researchers observed that as time proceeded, ever more small dense areas with slow-moving spheres were generated. Their formation speed decides whether there is enough time left for the formation of crystals before jamming occurrs. Since the precursor formation speed is related to the hard-sphere concentration, one finds crystallization at low concentrations of hard spheres. On the other hand, at higher concentrations these compacted regions become quickly arrested and the system solidifies into a glass.

"In other words, glass results when so many crystallization precursors are formed that they in effect arrest each other," clarified Palberg. "For us, this means that an unexpected and fascinating link has been found between the two solidification scenarios. Arguably, this was one of the most important missing pieces of the puzzle." The findings are believed to be very general, but the investigation should clearly be extended also to other model systems to further support the view of coinciding structural and dynamical inhomogeneities being responsible for glass formation.

物理学家寻找玻璃的形成和结晶之间缺失的联系
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沉淀下的凝固：动态图展示出了在模型系统中粒子的速度。低转速区域被标记为红色和橙色，而高转速是蓝色。红点表示该处已经形成固体。类似图表拍摄于玻璃形成时，但由于过程整体的同质性，他们看起来有点无聊。授权：KOMET336，物理研究所，JGU

玻璃既不是液体也不是晶体。他们是无定形固体和凝聚态物理中的一大难题。几十年来，有关玻璃形式的问题一直颇受争议。是因为一些区域冻结了他们的热运动？还是因为其中存在不适合形成结晶的粒子或粒子群？至少对于硬球模型系统，现在约翰内斯古腾堡大学美因兹（JGU）的研究人员在德国，已经在调和这两种对立观点上取得了重大的飞跃。

利用光散射和显微镜的巧妙组合，他们能够证明硬球压实的小区域形成包含几百个球的熔体。

这些所谓的前体是两种结晶在适度的过冷度和过冷度大的玻璃形成的起点。研究人员观察到，这些前体中粒子的运动是非常有限的，并随着过冷度进一步减小，而它们的数量迅速增加。当只有少数的前体存在时，结晶仍然可以在表面上进行。但是，前提越多，表面活动就越受阻。此外，在前体数随着时间增加的同时，整个系统很快被卡住，所有的动作都停了下来。这意味着在某一特定的过冷度和时间点上，不再可能形成晶体。

优秀的JGU“美因茨材料科学” （美因茨）研究生院进行的这项研究工作的成果，作为一种先进的在线刊物，最近发表在Nature杂志上。

玻璃和晶体是两种不同的结构，但都可以由熔体形成。玻璃的原子保留其混乱状态，类似于液体，而晶体的原子是非常规则的晶格结构。是它的凝固过程决定了将形成那种结构。在美因兹大学进行的物理实验中没有集中特定的玻璃制造上，例如用于通信目的安全窗口或光纤的使用。他们宁愿深入理解一般玻璃形成的过程，这也是JGU凝聚态物理组传统的研究课题。研究者在研究一般无定形固体的形成，及应用硬球实验模型系统。过冷不是通过降低温度形成的，而是通过增加聚合物球的浓度来实现的。当50％以上的体积悬浮时硬球晶体形成，而玻璃的形成则在60％以上。在溶剂中的微尺寸聚合物球体的这种系统在过去几十年来已收到紧密的研究，因为它们十分相近地模仿了，已受理论和计算机模拟深入研究的理想硬球的行为。

自从20世纪90年代，人们就发现硬球熔化包含不同密度和顺序以及，在原子的运动方面发生变化的两个区域，即，结构和动态不均匀的区域。此后，凝固的过程中，这两个因素所扮演的角色已经成为理论物理学家激烈辩论的主题。“我们现在已经确定的是，这些区域实际上是相同的，从而使争议休停，” 在美因茨大学研究所的物理学教授Thomas Palberg解释他的研究成果时说。

硬球悬浮液中的映射运动

为了理解正在发生的过程中，Sebastian Golde，美因茨优秀研究生院研究团队的一员卓越和Palberg的研究队，在光学实验中调查了硬球模型系统。“我们能够证明更加密集领域和更有序的领域中，那些硬球的移动速度显然比较慢，” Golde说。这意味着，关于不均匀的两个不同区域的长期谜题已经得到解决。

所使用的方法是静态和动态光的散射组合。“我们直接分析样品激光束的光线是如何散布在给定的方向上的。这告诉了我们样本的结构。但我们也分析它的散射后如何闪烁，这告诉我们粒子移动的速度，Golde说，他建立了由最近到图宾根大学任教的Hans Joachim Schöpe博士设计的仪器。此外，利用一个聪明的成像系统，Golde能够，以前所未有的、比前体稍小的分辨率获得所谓的动态地图。像照相机的图像，是一种捕获各个区域内的动态的活性的相片。因此，研究人员观察到，随着时间的进行，更多小的密集区产生了缓慢移动的球体。它们的形成速度判定了留下形成结晶的干扰发生之前是否有足够的时间。因为该前体形成速度有关硬球的浓度，在低浓度硬球中才能发现结晶。另一方面，较高的浓度使这些压实区域迅速逮捕和系统固化成玻璃。

“以换句话说，许多结晶前体形成了玻璃，它们在有效地逮捕彼此，”Palberg解释说，“对我们来说，这意味着一个意想不到的和迷人的联系已经在这两个凝固的场景之间被发现，可以说这是蓝图中最重要的、缺失一块之一。”这一发现被认为很一般，但调查应清楚地被扩展到其他模型系统，以进一步支持重合结构和动力学不均匀导致玻璃形成的观点。

E-Material（电子材料）

Electron scavenging to mimic radiation damage
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Molecule of trifluoroacetamide (TFAA). Credit: SciencePOD

High energy radiation affects biological tissues, leading to short-term reactions. These generate, as a secondary product, electrons with low energy, referred to as LEEs, which are ultimately involved in radiation damage. In a new study, scientists study the effect of LEEs on a material called trifluoroacetamide (TFAA). This material was selected because it is suitable for electron scavenging using a process known as dissociative electron attachment (DEA). These findings were recently published in EPJ D  by Janina Kopyra of Siedlce University, Poland, and colleagues in Germany, as part of a topical issue on Advances in Positron and Electron Scattering.

Experiments confirm that DEA reactions occur due to electrons entering unoccupied molecular orbitals, at an energy level located near one electronvolt. This means that low-energy electrons can be exploited with solid materials like TFAA to trigger selective reactions, resulting in multiple bond cleavages inside the material. Ultimately, this leads to the creation of specific negative ions and stable molecules of interest. 

The team performed two types of experiment. The first type, in gas phase, involves crossing a monoenergetic beam of LEEs with a molecular beam containing TFAA. The authors report the formation of fragment negative ions from the DEA processes. Energetic considerations leads them to then postulate that the reaction lead to the loss of neutral molecules—namely hydrogen fluoride (HF), isocyanic acid (HNCO) or water (H2O)—from transient parent anion.

In a second series of experiments, the author shine a LEE beam on a solid film of TFAA on a metal substrate. These low energy electrons trigger surprisingly complex reactions in TFAA, leading to multiple bond cleavages inside the material. These, in turn, result in the formation of negative ions and stable neutral molecules like HF, HNCO or water as a neutral counterparts. The results confirm the hypothesis of the gas phase experiment. The authors confirm that formation of stable molecules is effectively due to electron-induced fragmentation of TFAA.

电子清除模拟辐射损伤
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三氟乙酰胺分子(TFAA)。认证：SciencePOD

高能辐射会影响生物组织，导致短期反应。根据LEEs，这些辐射作为二次产品，会产生低能的电子，最终会导致辐射损伤。在一项新的研究中，科学家在三氟乙酰胺（TFAA）材料中研究LEEs的影响。之所以选择这种材料，是因为它适用于电子清除过程中的解离性贴附（DEA）。这些发现作为正电子和电子散射热点问题的进展，近期被波兰谢德尔策大学和德国的同事发表在EPJD上。

实验证明，由于电子没有占据分子轨道就进入了，所以在一个靠近电子伏的能量级附近导致了DEA反应。这意味着低能电子可被TFAA这样的固体材料利用，来触发选择性反应，从而导致材料内部的多重键分裂。最终，这将会产生特殊的负离子和稳定的分子。

这个团队做了两种类型的实验。在气相中，第一种类别包括用一个TFAA分子束来穿过LEEs单能束。著者报导了从DEA进程到负离子片段的形成过程。这些活跃的因素导致他们后来假定这一反应会导致瞬态阴离子中的中性分子损失——即氟化氢（HF）、异氰酸（HNCO）、水分子（H2O）。

在第二个系列的试验中，作者将在金属基片上的LEE光束投向TFAA固体薄膜。这些低能电子在TFAA中能引发令人惊讶的复杂反应，会导致材料内部的多重键分裂。反过来，这些措施都会导致作为对等的负离子和稳定中性分子形成，如HF、HNCO或水分子。气相实验的结果证明了该假设。作者证实，由于TFAA电子分裂，稳定分子的形成是很有效的。

Physics professor makes nanomagnetism discovery

Dr. Karine Chesnel has always been fascinated with understanding how things work, particularly the secrets of magnetism.

"There are still a lot of unknown mysteries in magnetism," Chesnel said. "Scientists are still trying to understand the nature of magnetism, the origin of magnetism and what's causing it."

Chesnel is one of those scientists. Her specific area of study includes magnetic behaviors occurring on a microscopic scale, also known as nanomagnetism.

To study nanomagnetism, Chesnel uses synchrotron radiation facilities, which are a special kind of particle accelerators. In these machines, magnetic fields and electric fields are synchronized with the particle beam so to produce x-rays of very high brilliance. This unique x-ray beam is very useful to probe nanomagnetism.

After years of work at synchrotron facilities, Chesnel has discovered how to control a phenomenon called "magnetic domain memory," which may have applications in magnetic data storage.

Information and data is saved to a computer hard drive using small, thin metallic films that possess magnetic properties. Chesnel found that as she cooled such film under different strengths of magnetic fields, the film's capacity to keep memory of its magnetic state was greatly affected.

If the film is cooled in a weak or moderate magnetic field, the memory is strong. But if the film is cooled down in a strong magnetic field, the memory capacity of the film is lost.

"It's a result of years of work, literally," Chesnel said. "The results are exciting in terms of discovering how we can control this phenomenon."

The research was published in that latest issue of top science journal Nature Communications.

Chesnel earned her doctoral degrees in her native country of France before completing a post-doctorate at UC Berkley and accepting her first teaching position at BYU in 2008. She admits teaching physics at a university in a second language can be daunting, but hopes her different background can help broaden students' perspectives.

物理学教授发现纳米磁学

Karine Chesnel博士一直对了解事物如何运作，尤其是磁学的秘密感兴趣。

 “磁学依然有许多未知的秘密，”Chesnel说，“科学家依旧在努力探寻磁的性质，磁的起源以及引起磁力的原因。”

Chesnel 就是这样的科学家。她研究的特定领域包括微观范围的磁性，也叫做纳米磁学。

为了研究纳米磁学，Chesnel使用同步加速器辐射设备，一种粒子加速器。在这些机器中，磁场和电场被粒子光束同步化，从而产生极强的X射线。这种特别的X射线非常有助于研究纳米磁学。

用同步辐射装置工作了多年后，Chesnel发现了如何控制一种称为“磁畴存储器”的现象，也许会在磁数据存储中应用。

信息和数据保存在金属膜薄而小的电脑硬盘驱动器中，金属膜具有磁性。Chesnel发现，在磁场力不同的情况下冷却金属膜，金属膜磁性记忆能力差别较大。

如果在较弱或中等的磁场中冷却金属膜，记忆能力较强。但如果在强磁场中冷却，金属膜的记忆能力则会损失。

 “这的确是多年研究的结果，” Chesnel说，“在探寻如何控制这一现象方面，这一结果令人激动。”

这一研究发表在顶尖科学期刊《Nature Communications》的最新一期上。

Chesnel在其家乡法国获得了博士学位，随后在加州大学伯克利分校完成博士后研究，2008年在杨百翰大学开始了第一份教师工作。她承认，在大学用第二语言教授物理令人畏惧，但希望她不同的背景能够帮助学生开阔眼界。
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