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Tech News & New Tech（技术前沿）

Wave of the future: Terahertz chips a new way of seeing through matter

Electromagnetic pulses lasting one millionth of a millionth of a second may hold the key to advances in medical imaging, communications and drug development. But the pulses, called terahertz waves, have long required elaborate and expensive equipment to use. 
Now, researchers at Princeton University have drastically shrunk much of that equipment: moving from a tabletop setup with lasers and mirrors to a pair of microchips small enough to fit on a fingertip.
In two articles recently published in the IEEE Journal of Solid State Circuits, the researchers describe one microchip that can generate terahertz waves, and a second chip that can capture and read intricate details of these waves.
"The system is realized in the same silicon chip technology that powers all modern electronic devices from smartphones to tablets, and therefore costs only a few dollars to make on a large scale" said lead researcher Kaushik Sengupta, a Princeton assistant professor of electrical engineering.
Terahertz waves are part of the electromagnetic spectrum—the broad class of waves that includes radio, X-rays and visible light—and sit between the microwave and infrared light wavebands. The waves have some unique characteristics that make them interesting to science. For one, they pass through most non-conducting material, so they could be used to peer through clothing or boxes for security purposes, and because they have less energy than X-rays, they don't damage human tissue or DNA.
Terahertz waves also interact in distinct ways with different chemicals, so they can be used to characterize specific substances. Known as spectroscopy, the ability to use light waves to analyze material is one of the most promising—and the most challenging—applications of terahertz technology, Sengupta said.
To do it, scientists shine a broad range of terahertz waves on a target then observe how the waves change after interacting with it. The human eye performs a similar type of spectroscopy with visible light—we see a leaf as green because light in the green light frequency bounces off the chlorophyll-laden leaf.
The challenge has been that generating a broad range of terahertz waves and interpreting their interaction with a target requires a complex array of equipment such as bulky terahertz generators or ultrafast lasers. The equipment's size and expense make the technology impractical for most applications.
Researchers have been working for years to simplify these systems. In September, Sengupta's team reported a way to reduce the size of the terahertz generator and the apparatus that interprets the returning waves to a millimeter-sized chip. The solution lies in re-imaging how an antenna functions. When terahertz waves interact with a metal structure inside the chip, they create a complex distribution of electromagnetic fields that are unique to the incident signal. Typically, these subtle fields are ignored, but the researchers realized that they could read the patterns as a sort of signature to identify the waves. The entire process can be accomplished with tiny devices inside the microchip that read terahertz waves.
"Instead of directly reading the waves, we are interpreting the patterns created by the waves," Sengupta said. "It is somewhat like looking for a pattern of raindrops by the ripples they make in a pond."
Daniel Mittleman, a professor of engineering at Brown University, said the development was "a very innovative piece of work, and it potentially has a lot of impact." Mittleman, who is the vice chair of the International Society for Infrared Millimeter and Terahertz Waves, said scientists still have work to do before the terahertz band can begin to be used in everyday devices, but the developments are promising.
"It is a very big puzzle with many pieces, and this is just one, but it is a very important one," said Mittleman, who is familiar with the work but had no role in it.
On the terahertz-generation end, much of the challenge is creating a wide range of wavelengths within the terahertz band, particularly in a microchip. The researchers realized they could overcome the problem by generating multiple wavelengths on the chip. They then used precise timing to combine these wavelengths and create very sharp terahertz pulses.
In an article published Dec. 14 in the IEEE Journal of Solid State Circuits, the researchers explained how they created a chip to generate the terahertz waves. The next step, the researchers said, is to extend the work farther along the terahertz band. "Right now we are working with the lower part of the terahertz band," said Xue Wu, a Princeton doctoral student in electrical engineering and an author on both papers.
"What can you do with a billion transistors operating at terahertz frequencies?" Sengupta asked. "Only by re-imagining these complex electromagnetic interactions from fundamental principles can we invent game-changing new technology." 
未来之波：太赫兹芯片是透视物质的新途径

持续百万分之一百万分之一秒的电磁脉冲可能是医学成像、通信和药物开发进步的关键。但是脉冲，称为太赫兹波，长期以来需要使用精细和昂贵的设备。

现在，普林斯顿大学的研究人员大大缩减了这些设备：从带有激光和镜子的桌面设备移动到一个小到足以适应指尖的微芯片。
最近在《IEEE固态电路杂志》上发表的两篇文章，其研究人员描述了一个可产生太赫兹波的微芯片，以及可以捕获和读取这些波形复杂细节的第二个芯片。

普林斯顿电气工程助理教授首席研究员Kaushik Sengupta说：“该系统采用相同的硅芯片技术实现，将所有现代电子设备从智能手机转移到平板电脑，因此大规模也只需要花费一小部分钱而已。”

太赫兹波是电磁频谱的一部分 - 包括无线电，X射线和可见光在内的广泛的波浪，并位于微波和红外光波段之间。波浪具有一些独特的特征，使它们对科学感兴趣。一方面，它们通过大多数非导电材料，因此为了安全起见，它们可以用于穿过衣服或箱子，并且由于它们的能量比X射线的能量小，它们不会损伤人体组织或DNA。

太赫兹波也以不同的方式与不同的化学物质相互作用，因此它们可用于表征特定物质。 Sengupta说，被称为光谱学的是使用光波分析材料的能力是太赫兹技术中最有希望和最具挑战性的应用之一。

为了做到这一点，科学家们在目标物体上发射出广泛的太赫兹波，然后观察波与其相互作用后的变化。人眼进行类似的光谱与可见光 - 我们看到一片叶绿色，因为绿色光的光线从载有叶绿素的叶子反射的。

挑战在于，产生广泛的太赫兹波并解释其与目标的相互作用需要复杂的设备阵列，例如大体积的太赫兹发生器或超快激光器。设备的尺寸和费用使得该技术对于大多数应用来说是不切实际的。

研究人员多年来一直在努力简化这些系统。 9月，Sengupta的团队报道了一种减小太赫兹发生器和将返回波浪解释为毫米级芯片的设备的方法。解决方案在于重新成像天线的功能。当太赫兹波与芯片内部的金属结构相互作用时，它们产生了对入射信号唯一的电磁场的复杂分布。通常，这些微妙的领域被忽略，但研究人员意识到他们可以将模式作为一种签名来识别波形。整个过程可以通过读取太赫兹波的微芯片内的微型器件实现。

Sengupta说：“我们正在解释由波浪形成的模式，而不是直接读取波浪。这有点像在池塘里涟漪的波纹寻找一个雨滴。”

布朗大学工程教授丹尼尔•米特曼（Daniel Mittleman）表示，这项发展是“非常创新的工作，可能会产生很大的影响”。作为国际红外毫米波和太赫兹波浪协会副主席的米特曼（Mittleman）表示，科技人员在太赫兹频带可以开始在日常使用设备中使用之前，仍然有工作要做，但很看好其发展前景。

Mittleman很熟悉这些工作，但没有参与进来，他表示：“这是一个非常复杂的难题，而这只是其中一个，却是非常重要的一个。”

在太赫兹一代，太赫兹波段内的许多波长，特别是在微芯片上，面临的挑战是很大的。研究人员意识到可以通过在芯片上产生多个波长来克服这个问题。然后，他们使用精确的时序来组合这些波长并产生非常清晰的太赫兹脉冲。

在12月14号发表在《IEEE固态电路杂志》上的一篇文章中，研究人员解释了他们如何创建一个产生太赫兹波的芯片。研究人员说，下一步是延长太赫兹频段的工作。普林斯顿电机工程博士生兼两篇论文的作者薛武说：“现在我们正在致力于太赫兹带较低的一部分波段。”

Sengupta问：“以太赫兹频率工作的十亿个晶体管可以做些什么？只有通过重新思考这些基本原理的复杂电磁相互作用，我们才能发明改变游戏的新技术。”

Physicists make first-ever direct observation of collisional plasmoid instability during magnetic reconnection 
Physicists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) have for the first time directly observed a phenomenon that had previously only been hypothesized to exist. The phenomenon, plasmoid instabilities that occur during collisional magnetic reconnection, had until this year only been observed indirectly using remote-sensing technology. In a paper published in the August 2016 issue of Physical Review Letters, PPPL physicists report that they created the phenomenon in a laboratory setting where they could measure it directly and confirm its existence on the electron scale, which describes the range of motion of electrons and how quickly they move. This research was funded both by the DOE's Office of Science and NASA's Heliophysics Division. 

Plasmoid instabilities create magnetic bubbles within plasma, superhot gas whose atoms have separated into electrons and atomic nuclei. The magnetic bubbles then cause fast magnetic reconnection, when a plasma's magnetic field lines break apart and join together again, releasing large amounts of energy. Before now, physicists at NASA and other institutions had only been able to directly confirm the existence of these instabilities in collisionless plasmas, like those surrounding Earth in the upper atmosphere, in which the plasma particles do not collide often.

Scientists had not been able to confirm the existence of plasmoid instabilities in collisional plasmas, in which the particles frequently collide, because such plasmas occur in outer space, far from Earth. Collisional plasmas like those on the surfaces of stars are so far away that scientists have difficulty measuring them directly. But physicists at the Massachusetts Institute of Technology and elsewhere had predicted their existence years ago.

Scientists have obtained, however, indirect evidence of plasmoid instabilities in outer space. Using telescopes and spectroscopes, as well as fusion facilities like PPPL's former flagship device known as the National Spherical Torus Experiment (NSTX), which has since been upgraded, scientists took photographs and analyzed light that hinted at the existence of the instabilities. But without direct measurements, they were unable to confirm that the instabilities existed.

"These findings are significant because data gathered in past magnetic reconnection experiments involving collisionless plasma does not apply to the large, collisional plasmas found throughout space," said Hantao Ji, a professor at Princeton University's Department of Astrophysical Sciences, distinguished fellow at PPPL, and co-author of the paper. "Scientists have long had difficulty studying these plasmas because it's hard to create the necessary conditions on Earth, and we can't just stick probes directly into stars. Now we have a glimpse into their workings."

During the research, lead author and graduate student Jonathan Jara-Almonte and the team used a PPPL device known as the Magnetic Reconnection Experiment (MRX). Unlike in past experiments, Jara-Almonte and his team used a plasma made out of argon atoms, rather than hydrogen, deuterium or helium. Using argon, they found, allowed them to produce conditions for collisional reconnection within the plasma more easily.

Along with confirming the existence of plasmoid instabilities in collisional plasmas undergoing reconnection, the research showed that instabilities can arise even when a plasma does not conduct electricity well, a condition known as having a low Lundquist number that scientists thought would hinder plasmoid development. This was a surprising finding, since scientists have long predicted that plasmoids would form only when a plasma conducts electricity well.

"The bigger picture is that these results raise some questions about plasmoid instability theory that haven't been answered yet," said Jara-Almonte. "The results raise questions about what is really happening in other systems."

The MRX experiment also confirmed that plasmoids speed up the rate at which reconnection occurs—the first time the effect has been observed in a collisional environment. Understanding how fast reconnection occurs is important because it can affect Earth in dramatic ways. When reconnection happens on the surface of the sun, enormous blobs of plasma shoot into space and can collide with Earth's magnetic field, creating geomagnetic storms that threaten communication satellites and electricity grids. 

物理学家在磁性重新连接期间首先直接观察到碰撞质膜的不稳定性

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,第一次直接观察到一种以前只被假设存在的现象。这种现象是，在碰撞磁性重新连接期间发生的等离子体团不稳定性，这直到今年才使用遥感技术间接观察到。在2016年8月刊的Physical Review Letters上发表的论文中，PPPL物理学家报告说，他们在实验室环境中创建了这种现象，在那里他们可以直接测量它，并确认其在电子尺度上的存在，描述电子的运动范围以及他们移动的速度。这项研究由美国能源部科学办公室和美国宇航局太阳物理学部资助。

质子不稳定性在等离子体内产生磁气泡，超导气体的原子已经分离成电子和原子核。然后，当等离子体的磁场线分裂并再次结合在一起时，磁性气泡引起快速磁性重新连接，并释放了大量能量。以前，NASA和其他机构的物理学家只能直接证实在无碰撞等离子体中存在这些不稳定性，如在上层大气中围绕地球的那些，其中等离子体粒子不会经常碰撞。

科学家们不能证实碰撞等离子体中等离子体不稳定的存在，其中颗粒经常碰撞，因为这种等离子体发生在远离地球的外层空间。碰撞等离子体像星表面上的等离子体那么遥远，科学家很难直接测量它们。但麻省理工学院和其他地方的物理学家在几年前预测了他们的存在。

然而，科学家已经获得了外层空间中的等离子体不稳定性的间接证据。使用望远镜和光谱仪，以及融合设施，如PPPL的前旗舰设备被称为国家球面Torus实验（NSTX），从那以后有所升级，所以科学家们拍摄到了照片，也分析了暗示存在不稳定性的光。但因为没有直接测量，他们无法确认不稳定性存在。

普林斯顿大学天体物理科学系教授Hantao Ji说，“这些发现是重要的，因为在过去涉及无碰撞等离子体的磁重连实验中收集的数据不适用于空间中发现的大型碰撞等离子体，”他是PPPL的杰出研究员，合着了论文。 “科学家们很难研究这些等离子体，因为很难在地球上创造必要的条件，我们不能将探针直接粘在星星上，现在我们可以看到他们的工作。”

在研究期间，主要作者和研究生Jonathan Jara-Almonte以及团队使用了称为磁性重连实验（MRX）的PPPL设备。与过去的实验不同，Jara-Almonte和他的团队使用氩原子制成的等离子体，而不是氢，氘或氦。他们发现，使用氩气，可以允许他们在等离子体内更容易地产生碰撞再连接的条件。

随着确认在重新连接的碰撞等离子体中等离子体不稳定性的存在，研究表明即使当等离子体不能很好地导电时也会产生不稳定性，这种情况被称为具有低Lundquist数，科学家认为这将阻碍等离子体发展。这是一个令人惊讶的发现，因为科学家早就预计，只有当等离子体良好导电时，才会形成等离子体。

“更大的图景是，这些结果提出了一些尚未得到回答的关于浆体不稳定性理论的问题，”Jara-Almonte说。 “结果引起了对其他系统中真正发生的问题。

MRX实验还证实，质粒子加速了重新连接的速率 - 第一次在碰撞环境中观察到效应。了解重新连接发生的速度如何重要，因为它可以以戏剧性的方式影响地球。当太阳表面发生重新连接时，巨大的等离子体轰击空间，并可能与地球的磁场碰撞，产生威胁通信卫星和电网的地磁暴。

Ultrasmall atom motions recorded with ultrashort x-ray pulses
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Fig. 1: In an x-ray absorption experiment light excites a strongly bound core electron into a conduction band state. On the left of the figure such a transition is shown. An electron which is strongly bound to a Lithium nucleus (green) is excited …more

Periodic motions of atoms over a length of a billionth of a millionth of a meter (10-15 m) are mapped by ultrashort x-ray pulses. In a novel type of experiment, regularly arranged atoms in a crystal are set into vibration by a laser pulse and a sequence of snapshots is generated via changes of x-ray absorption. 
A crystal represents a regular and periodic spatial arrangement of atoms or ions which is held together by forces between their electrons. The atomic nuclei in this array can undergo different types of oscillations around their equilibrium positions, the so-called lattice vibrations or phonons. The spatial elongation of nuclei in a vibration is much smaller than the distance between atoms, the latter being determined by the distribution of electrons. Nevertheless, the vibrational motions act back on the electrons, modulate their spatial distribution and change the electric and optical properties of the crystal on a time scale which is shorter than 1 ps (10-12 s). To understand these effects and exploit them for novel, e.g., acoustooptical, devices, one needs to image the delicate interplay of nuclear and electronic motions on a time scale much shorter than 1 ps. 
In a recent Rapid Communication in Physical Review B, researchers from the Max Born Institute in Berlin (Germany), the Swiss Federal Laboratories for Materials Science and Technology in Dübendorf (Switzerland), and the National Institute of Standards and Technology, Gaithersburg (USA) apply a novel method of optical pump - soft x-ray probe spectroscopy for generating coherent atomic vibrations in small LiBH4 crystals, and reading them out via changes of x-ray absorption. In their experiments, an optical pump pulse centered at 800 nm excites via impulsive Raman scattering a coherent optical phonon with Ag symmetry [movie]. The atomic motions change the distances between the Li+ und (BH4)- ions. The change in distance modulates the electron distribution in the crystal and, thus, the x-ray absorption spectrum of the Li+ ions. In this way, the atomic motions a mapped into a modulation of soft x-ray absorption on the so-called Li K-edge around 60 eV. Ultrashort x-ray pulses measure the x-ray absorption change at different times. From this series of snapshots the atomic motions are reconstructed. 
What happens in the unit cell of crystalline LiBH4 after impulsive Raman excitation with a femtosecond laser pulse? Upper panel: measured transient absorption change Δ A(t) (symbols) as we vary the time delay between infrared pump pulses and soft …more
This novel experimental scheme is highly sensitive and allows for the first time to kick off and detect extremely small amplitudes of atomic vibrations. In our case, the Li+ ions move over a distance of only 3 femtometers = 3 x 10-15 m which is comparable to the diameter of the Li+ nucleus and 100000 times smaller than a distance between the ions in the crystal. The experimental observations are in excellent agreement with in-depth theoretical calculations of transient x-ray absorption. This new type of optical pump-soft x-ray probe spectroscopy on a femtosecond time scale holds strong potential for measuring and understanding the interplay of nuclear and electronic motions in liquid and solid matter, a major prerequisite for theoretical simulations and applications in technology. 
用超短x射线脉冲记录超小原子运动
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图1：在X射线吸收实验中，光将强烈结合的核心电子激发成导带状态。在图的左边显示了这样的过渡。强烈地结合到锂核（绿色）的电子被激发...更多

在超过十亿分之一米（10-15米）的长度上的原子的周期运动被超短x射线脉冲映射。在一种新型实验中，通过激光脉冲将晶体中规则排列的原子设置为振动，并且通过x射线吸收的变化产生快照序列。

晶体代表原子或离子的规则和周期空间排列，这些原子或离子通过它们的电子之间的力保持在一起。该阵列中的原子核可以在其平衡位置周围发生不同类型的振荡，即所谓的晶格振动或声子。振动中核的空间延伸远小于原子之间的距离，后者由电子分布决定。然而，振动运动反应在电子上，调制其空间分布，并在短于1ps（10-12s）的时间尺度上改变晶体的电学和光学性质。为了理解这些影响并将其用于小说，例如声光设备，需要在短于1ps的时间尺度上形成核和电子运动的微妙相互作用。

在最近的物理评论快速通信B中，来自德国柏林Max Born研究所、瑞士Dübendorf的瑞士联邦材料科学和技术实验室以及来自美国盖瑟斯堡国家标准与技术研究所的研究人员，利用光学泵 - 软X射线探针光谱学的新方法，在小LiBH4晶体中产生相干原子振动，并通过x射线吸收的变化读出它们。在他们的实验中，以800nm为中心的光泵浦脉冲通过脉冲拉曼散射激发具有Ag对称性的相干光学声子（movie）。原子运动改变了Li +和（BH4） - 离子之间的距离。距离的变化调制了晶体中的电子分布，因此调制了Li +离子的x射线吸收光谱。以这种方式，原子运动a映射到大约60eV的所谓的Li K边缘上的软x射线吸收的调制。超短X射线脉冲测量不同时间的x射线吸收变化。从这一系列的快照中，重建原子运动。

用飞秒激光脉冲激发脉冲拉曼后，结晶LiBH4的晶胞中发生什么？上图：测量瞬态吸收变化ΔA（t）（符号），因为我们改变红外泵浦脉冲和软...之间的时间延迟

这个新颖的实验方案是高度敏感的，并能够第一次启动和检测极小的原子振动振幅。在我们的情况下，Li +离子移动距离只有3个飞行器= 3×10-15 m，这与Li +核的直径相当，并且比晶体中的离子之间的距离小100000倍。实验观察与瞬态X射线吸收的深入理论计算非常一致。这种新型的光泵 - 软X射线探测光谱在飞秒时间尺度上具有很强的测量和理解液体和固体物质中核电子和电子运动相互作用的潜力，这是理论模拟和技术应用的主要前提。
Research pushes concept of entropy out of kilter
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Fluorescent stained DNA molecules make their way across of fluid channel pocked with tiny pits. The pits act as 'entropic barriers.' Credit: Stein lab / Brown University 

Entropy, the measure of disorder in a physical system, is something that physicists understand well when systems are at equilibrium, meaning there's no external force throwing things out of kilter. But new research by Brown University physicists takes the idea of entropy out of its equilibrium comfort zone. 
The research, published in Physical Review Letters, describes an experiment in which the emergence of a non-equilibrium phenomenon actually requires an entropic assist.
"It's not clear what entropy even means when you're moving away from equilibrium, so to have this interplay between a non-equilibrium phenomenon and an entropic state is surprising," said Derek Stein, a Brown University physicist and co-author of the work. "It's the tension between these two fundamental things that is so interesting."
The phenomenon the research investigated is known as "giant acceleration of diffusion," or GAD. Diffusion is the term used to describe the extent to which small, jiggling particles spread out. The jiggling refers to Brownian motion, which describes the random movement of small particles as a result of collisions with surrounding particles. In 2001, a group of researchers developed a theory of how Brownian particles would diffuse in a system that was pushed out of equilibrium.
Imagine jiggling particles arranged on a surface with undulating bumps like a washboard. Their jiggle isn't quite big enough to enable the particles to jump over the bumps in the board, so they don't diffuse much at all. However, if the board were tilted to some degree (in other words, moved out of equilibrium) the bumps would become easier to jump over in the downward-facing direction. As tilt begins to increase, some particles will jiggle free of the washboard barriers and run down the board, while others will stay put. In physics terms, the particles have become more diffusive—more spread-out—as the system is moved out of equilibrium. The GAD theory quantifies this diffusivity effect and predicts that as tilt starts to increase, diffusivity accelerates. When the tilt passes the point where all the particles are able to jiggle free and move down the washboard, then diffusivity decreases again.
The theory is important, Stein says, because it's one of only a few attempts to make solid predictions about how systems behave away from equilibrium. It's been tested in a few other settings and has been found to make accurate predictions.
But Stein and his team wanted to test the theory in an unfamiliar setting—one that introduces entropy into the mix.
For the experiment, Stein and his colleagues placed DNA strands into nanofluidic channels—essentially, tiny fluid-filled hallways through which the molecules could travel. The channels were lined however with nanopits—tiny rectangular depressions that create deep spots within the relatively narrower channels. At equilibrium, DNA molecules tend to arrange themselves in disordered, spaghetti-like balls. As a result, when a molecule finds its way into a nanopit where it has more room to form a disordered ball, it tends to stay stuck there. The pits can be seen as being somewhat like the dips between bumps on the theoretical GAD washboard, but with a critical difference: The only thing actually holding the molecule in the pit is entropy.

"This molecule is randomly jiggling around in the pit—randomly selecting different configurations to be in—and the number of possible configurations is a measure of the molecule's entropy," Stein explained. "It could, at some point, land on a configuration that's thin enough to fit into the channel outside the pit, which would allow it to move from one pit to another. But that's unlikely because there are so many more shapes that don't go through than shapes that do. So the pit becomes an 'entropic barrier.'"
Stein and his colleagues wanted to see if the non-equilibrium GAD dynamic would still emerge in a system where the barriers were entropic. They used a pump to apply pressure to the nanofluidic channels, pushing them out of equilibrium. They then measured the speeds of each molecule to see if GAD emerged. What they saw was largely in keeping with the GAD theory. As the pressure increased toward a critical point, the diffusivity of the molecules increased—meaning some molecules zipped across the channel while others stayed stuck in their pits.
"It wasn't at all clear how this experiment would come out," Stein said. "This is a non-equilibrium phenomenon that requires barriers, but our barriers are entropic and we don't understand entropy away from equilibrium."
The fact that the barriers remained raises interesting questions about the nature of entropy, Stein says.
"Non-equilibrium and entropy are two concepts that are kind of at odds, but we show a situation in which one depends on the other," he said. "So what's the guiding principle that tells what the tradeoff is between the two? The answer is: We don't have one, but maybe experiments like this can start to give us a window into that."
In addition to the more profound implications, there may also be practical applications for the findings, Stein says. The researchers showed that they could estimate the tiny piconewton forces pushing the DNA forward just by analyzing the molecules' motion. For reference, one newton of force is roughly the weight of an average apple. A piconewton is one trillionth of that.
The experiment also showed that, with the right amount of pressure, the diffusivity of the DNA molecules was increased by factor of 15. So a similar technique could be useful in quickly making mixtures. If such a technique were developed to take advantage of GAD, it would be a first, Stein says.
"No one has ever harnessed a non-equilibrium phenomenon for anything like that," he said. "So that would certainly be an interesting possibility." 
研究推动了对熵的认识
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荧光染色的DNA分子穿过流淌着微小凹坑的流体通道。坑作为“熵障碍”。引用：斯坦因实验室/布朗大学

熵是物理系统中的混乱度量，物理学家在系统处于平衡状态时理解的很好，这意味着没有任何外部力量将物品从傻瓜中抛出。但布朗大学物理学家的新研究将熵放在平衡舒适区之上。

在“物理评论”杂志上发表的研究描述了一个实验，其中出现非平衡现象实际上需要熵进行辅助。

布朗大学物理学家和合着者Derek Stein说：“当你摆脱平衡时，熵的意义一点也不清楚。因此在非平衡现象和熵状态之间有这种相互作用是令人惊讶的。这两个基本的东西之间的联系是非常有趣的。”

调查研究的现象被称为“巨大的扩散加速度”或GAD。扩散是用来描述小的，摇摆的颗粒扩散的程度的术语。摇摆是指布朗运动，其描述了由于与周围颗粒碰撞而导致的小颗粒的随机移动。 2001年，一组研究人员开发了一种布朗颗粒如何扩散到一个不平衡的体系中的理论。

想象一下，摆放在具有像洗衣板的起伏凸起的表面上的抖动颗粒。他们的摇摆不够大，不能使粒子跳过电路板上的凸块，所以它们根本不会扩散。然而，如果板在某种程度上倾斜（换句话说，移出平衡），则凸起将变得更容易在面向下的方向上跳过。随着倾斜开始增加，一些颗粒会摆脱洗手板障碍物，并沿着板运行，而其他颗粒将保持放置。在物理术语中，粒子变得更加漫长 - 更多的扩展 - 当系统被移出平衡状态。 GAD理论量化了这种扩散效应，并预测随着倾斜开始增加，扩散系数加速。当倾斜通过所有颗粒能够自由移动并在洗涤板上向下移动的点时，则扩散性再次降低。

Stein表示，这个理论很重要，因为它是对系统如何摆脱平衡做出预测的唯一尝试之一。它已经在其他一些设置中进行了测试，并被发现做出准确的预测。

但Stein及其团队想在不熟悉的环境中测试这个理论——将熵引入到组合中。

对于实验，Stein和他的同事将DNA链放置在纳米流体通道中 - 基本上是微小的流体填充的走廊，分子可以通过这些走廊行进。然而，这些通道是衬里的，但是具有微小的矩形凹陷，其在相对较窄的通道内产生深部斑点。在平衡时，DNA分子倾向于将它们排列在无序的意大利面条球中。结果，当一个分子进入一个具有更多空间来形成无序球的多孔体时，它往往停留在那里。这些坑可以被看作是有点像理论GAD搓板上的颠簸之间的凹陷，但是有一个关键的区别：实际上把这个分子保存在凹陷里的只有熵。

Stein解释说：“这个分子随机地在凹坑中摇摆，随机选择不同的配置，并且可能的配置数量是分子熵的量度。在某种程度上，它可以在一个足够薄的配置上落在坑外的通道中，这样可以让它从一个坑移动到另一个坑，但这不太可能，因为有更多的形状不会比通常做的形状要好，所以坑变成了“熵障碍”。“

Stein和他的同事们想知道，在这个障碍是熵的系统中，不平衡的GAD动态是否还会出现。他们使用泵对纳米流体通道施加压力，将其推向平衡状态。然后他们测量每个分子的速度，看看GAD是否出现。他们所看到的很大程度上符合GAD理论。随着压力向临界点的增加，分子的扩散性增加 - 意味着一些分子在通道上压缩，而其他分子滞留在它们的凹陷中。

Stein表示：“这个实验能不能得出结果还不太清楚。这需要一个非平衡现象的障碍，但我们的障碍是熵的，我们不了解熵远离均衡的方式。” 

Stein说，这些障碍仍然引起了有关熵本质的有趣问题。

他说：“非平衡和熵是两种有争议的概念，但我们表现出一种取决于另一种的情况。那么来说明两者之间权衡的指导原则是什么呢？答案是：我们不知道，但也许这样的实验可以开始给我们一个窗口。”

Stein说，除了更深刻的含义之外，研究结果可能还有实际应用。研究人员表明，他们可以通过分析分子的运动来估计推送DNA的微小piconewton力。作为参考，一只牛顿大约是一般苹果的重量。一个piconewton是一万亿分之一。

实验还表明，在适量的压力下，DNA分子的扩散系数增加了15倍。因此，类似的技术可用于快速制备混合物。如果这样一种技术被开发来利用GAD，那将是第一个，Stein说。

他说：“任何人都没有利用这种非平衡现象。所以这肯定会是一个有趣的实验。”

Researchers complete first stage of experiment to study giant air showers

The first stage of a study on giant air showers has been completed at NEVOD-SHAL, a new facility created at the territory of the National Research Nuclear University MEPhI (Russia) as a part of a Russian-Italian collaboration. 
The NEVOD-SHAL facility detects the electron-photon component of giant air showers with energies of one to 100 petaelectronvolts and determines their power, arrival direction and axis position. Currently, there is no way to conduct direct research on cosmic rays beyond the atmosphere in this energy range, as it is too expensive and difficult. That is why the only way to study energy spectrum and content of cosmic rays in this range is to research giant air showers at above-ground launchers. The central part of NEVOD-SHAL facility in MEPhI is a system of five clusters of scintillation detection stations placed on the rooftops of university buildings and on the ground near NEVOD. Each cluster comprises four detection stations. Clusters are networked for synchronization, assembly, and processing of data using fibre-optic links.
The Italian researchers from University of Turin and INFN delivered 192 scintillation detectors equipped with photomultipliers. For the first time, a cluster approach has been applied to the determination of SHAL characteristics. The technical result of the invention is determining the arrival direction of giant air showers independent of land topology due to nonuniform distribution of device detectors in space, in which detectors can be placed at any point in 3-D space and have any geometrical shape.
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Example of a recorded event. Arrows mark directions of arrival of giant air showers, restored by separate clusters. Credit: National Research Nuclear University 

Several years ago, scientists realized that the number of muons recorded by land detectors is much higher than it should be according to existing theories. The solution of th is "muon puzzle" will give a better understanding of nuclear cascades in the interaction of ultrahigh energy particles, which is necessary for the research of characteristics of the universe.
To solve the problem, it is necessary to simultaneously measure muon energy release and the position of the axis of giant air showers. Such an experiment was started at the experimental complex "NEVOD" at MEPhI Institute of nuclear physics and technologies. The experiment continue this year after the launch of five more clusters, which are now being constructed and aligned. 
研究人员完成了研究巨型空气淋浴实验的第一阶段

作为俄罗斯与意大利合作的一部分，在国家研究核大学MEPhI（俄罗斯）领土上创建的新工厂NEVOD-SHAL完成了关于巨型空气淋浴研究的第一阶段。

NEVOD-SHAL设备能够检测能量为1到100个电极的巨大阵风的电子 - 光子分量，并确定其功率，到达方向和轴位置。目前，在这个能量范围内，没有办法对超出大气层的宇宙射线进行直接研究，因为它太贵了，困难重重。这就是为什么在这个范围内研究宇宙射线能量谱和内容的唯一方法是研究地面发射器上的巨型空气淋浴。NEVOD-SHAL在MEPhI设施的核心部分是放置在大学建筑物屋顶和NEVOD附近地面的五组闪烁检测站的系统。每个集群包括四个检测站。使用光纤链路将集群联网以进行数据的同步，组装和处理。

都灵大学和INFN大学的意大利研究人员提供了192个装有光电倍增管的闪烁探测器。第一次，集群方法已被应用于SHAL特征的确定。本发明的技术结果是确定独立于陆地拓扑的巨大空气淋浴器的到达方向，这是由于在空间中的装置检测器的不均匀分布，其中检测器可以放置在3-D空间中的任何点并且具有任何几何形状。
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记录事件的示例。箭头标志着巨大阵风的到达方向，由独立的集群恢复。引用：国立核研究大学

几年前，科学家认识到，地面探测器记录的μons数量远远高于现有理论。解决方案是“muon拼图”将更好地了解超高能粒子相互作用中的核级联，这对宇宙特征的研究是必需的

为了解决这个问题，有必要同时测量微电子能量释放和大型空气淋浴轴的位置。这个实验是在MEPhI核物理与技术研究所的实验复合体“NEVOD”开始的。这个实验在今年推出五个更多的集群之后，现在正在进行建设和整合。
Metal Alloy（金属合金）

Experiment involving ultracold rubidium lifts off with research rocket

Physicists want to use ultracold gases in space to measure the Earth's gravitational field, to subject Einstein's Equivalence Principle to an accurate test, and also to detect gravitational waves. The first flight in a sounding rocket made it now possible to test the necessary technologies and experimental steps required for measurements of this nature. In doing so, the group generated a Bose-Einstein condensate and was able to examine its properties in space for the first time. 
The research rocket MAIUS-1 was launched from the Esrange Space Center in Sweden for a 15-minute flight at 3:30 a.m. CET on 23 January 2017. The flight carried the payload with the experiment for creating Bose-Einstein condensates of rubidium atoms that were to be used for undertaking accurate measurements at heights of up to 240 kilometers. Ultracold quantum gases can be used in zero gravity conditions as high-precision sensors for gravitation, for instance, in order to determine whether objects in the same gravitational field actually do fall at the same rate as predicted by standard theories. Zero gravity makes it possible to verify Einstein's so-called Equivalence Principle far more accurately than would be possible on Earth. The Mainz representative in the research group lead by Leibniz Universität Hannover is Professor Patrick Windpassinger of the Institute of Physics at Johannes Gutenberg University Mainz (JGU).
During the 15-minute flight the researchers generated a Bose-Einstein condensate from rubidium atoms every two to four seconds using an automated process. A Bose-Einstein condensate is a state of matter in which the atoms have a temperature very close to absolute zero and can therefore be controlled with great precision. The researchers used laser pulses to transfer the condensate into a state of so-called quantum-mechanical superposition. "This means that the atoms are in two different locations at the same time," explained Professor Patrick Windpassinger, one of the project leaders of the German national research network. This state makes it possible to accurately measure the forces impacting on the atoms.
Gravitational experiments also work on Earth, as in measurements carried out in drop towers. The observation times in zero gravity, however, are much longer and the results obtained are therefore more accurate.
The research project is the result of more than ten years of work: "From a technical viewpoint, it is one of the most elaborate experiments ever to go up in a rocket," said Windpassinger. "The experiment had to be compact and robust enough to withstand the vibrations during the launch, but also small and lightweight enough to fit inside the rocket."
Mainz physicists provide software algorithm for laser system 
Researchers at Mainz University developed a special software algorithm specifically for the MAIUS-1 rocket that helped control the experiment's laser system correctly. The laser system itself also had to be elaborately developed, tested, and constructed over many years. This task was undertaken using miniaturized diode lasers by a team at Humboldt-Universität zu Berlin and the Ferdinand Braun Institute, Leibniz Institute for High-Frequency Technology (FBH) in Berlin, under the lead of Professor Achim Peters. Scientists at Johannes Gutenberg University Mainz developed the beam distribution and manipulation system in close cooperation with the group headed by Professor Klaus Sengstock of Universität Hamburg. The system employs a special glass ceramic called Zerodur made by Schott AG, Mainz that is very stable with regard to temperature changes.
Following the development of hardware and software, there are still unpredictable factors that can create complications in an undertaking like this. "If you're out of luck the rocket launch can be delayed time and again by a few days or even months—due to a technical problem, bad weather, or because a herd of reindeer is in the vicinity of the landing site," said Dr. André Wenzlawski, research associate in Professor Patrick Windpassinger's team who attended the launch in Sweden on behalf of Mainz University. "We are therefore very happy that it worked out." However, it is still too early for conclusive statements or results. Another two rocket missions and experiments on the International Space Station ISS are planned for the coming years.
The MAIUS-1 high-altitude research rocket mission was implemented as a joint project by Leibniz Universität Hannover, the University of Bremen, Johannes Gutenberg University Mainz, Universität Hamburg, Humboldt-Universität zu Berlin, the Ferdinand Braun Institute Berlin, TU Darmstadt, Ulm University, and the German Aerospace Center (DLR). Financing for the project was arranged by DLR Space Mission Management and funds were provided by the German Federal Ministry for Economic Affairs and Energy on the basis of a resolution of the German Bundestag. 
涉及超冷铷的实验发射了研究火箭

物理学家希望在太空中使用超冷气测量地球的引力场，从而遵循爱因斯坦对于准确测试的等效原理，并且也可以检测引力波。目前能够实现探测火箭的第一次飞行，测试测量这种性质所必须的必要技术和实验步骤。通过这样做，该研究小组产生了一个Bose-Einstein凝析物，并且首次能够检查其在太空中的属性。

研究火箭MAIUS-1于2017年1月23日欧洲中部时间上午3：30于瑞士埃斯奇诺空间中心发射进行了15分钟的飞行。此次飞行携带了实验用有效载荷创造铷原子Bose-Einstein凝结物，用于在高达240公里的高空进行准确测量。例如，超冷量子气体能够在零重力条件下用作重力的高精度传感器，从而确定相同引力场中的物体实际上是否能够以标准理论预测的相同速率下降。零重力使得人们有可能验证爱因斯坦所谓的等价原则是否比地球上的状态更加准确。在莱布尼兹汉诺威大学领导的研究组中代表美因茨的是美因茨大学（JGU）物理研究所的Patrick Windpassinger教授。

在15分钟的飞行过程中，研究人员通过铷原子每隔两到四秒钟利用一个自动化程序产生了Bose-Einstein凝析物。Bose-Einstein凝析物是物质的一种状态，在这种状态中，原子具有非常接近于零度的温度，并且因此能够以很高的精度进行控制。研究人员利用激光脉冲将冷凝物转变为一种所谓的量子力学叠加状态。“这意味着该原子同时出现在两个不同的位置，”德国国家研究网络的项目负责人之一的Patrick Windpassinger教授解释称。这种状态使得人们有可能精确测量影响原子的力量。

重力实验在地球上也起作用，因为测量是在落地塔中进行的。然而，零重力中的观察时间要长得多，并且基因获得的结果更加准确。

该研究项目是一项超过十年的研究工作的结果：“从技术角度来看，这是有史以来跟火箭上升的最精练的实验之一，”Windpassinger称。“该实验必须紧凑而坚固，因此足以承受发射过程中的振动，同时也必须具有小体积和轻重量，从而才能安装在火箭内。”

美因茨的物理学家为激光系统提供了软件算法

美因茨大学的研究人员开发了一种专门的软件算法，特别用于MAIUS-1火箭，准备控制实验的激光系统。激光系统本身也必须经过多年的精心开发、测试和构造。这项任务是由柏林洪堡大学和Ferdinand Braun研究所，柏林莱比尼兹高频技术（FBH）研究所在Achim Peters教授的领导下利用小型二极管激光器进行的。美因茨大学约翰内斯•古登堡学院的科学家与汉堡大学的Klaus Sengstock教授领导的研究小组紧密合作，开发了光束分配和操纵系统。该系统采用了由美因茨Schott AG制作的一种称为Zerodur的特殊玻璃陶瓷，其在温度变化方面非常稳定。

随着硬件和软件的发展，仍然有不可预测的因素有可能在类似这类的工作中创造复杂化。“如果你运气不好，由于技术问题、天气恶劣、或是因为一群驯鹿在登陆地点附近，火箭的发射都有可能会一再延迟几天甚至几个月，”在瑞士代表美因茨大学参与此次发射的Patrick Windpassinger教授的研究团队中的研究助理Andre Wenzlawski博士称。“因此，我们对于它的完成感到非常高兴。”但是，作出结论性陈述或结果还为时过早。另外两次在国际空间站ISS进行的火箭任务和实验计划在未来几年进行。

MAIUS-1高空研究火箭任务是一项联合项目，实施这个项目的有莱布尼兹汉诺威大学、不来梅大学、美因茨大学约翰内斯古腾学院、汉堡大学、柏林洪堡大学、柏林Ferdinand Braun研究所、TU德满、乌尔姆大学和德国航空航天中心（DLR）。该项目的资金是由DLR空间任务管理部门安排的，并且资金是由德国联邦经济和能源部在德国联邦议院决议的基础上提供的。
Composite Materials（复合材料）

Thin, flexible, light-absorbent material for energy and stealth applications

Transparent window coatings that keep buildings and cars cool on sunny days. Devices that could more than triple solar cell efficiencies. Thin, lightweight shields that block thermal detection. These are potential applications for a thin, flexible, light-absorbing material developed by engineers at the University of California San Diego. 
The material, called a near-perfect broadband absorber, absorbs more than 87 percent of near-infrared light (1,200 to 2,200 nanometer wavelengths), with 98 percent absorption at 1,550 nanometers, the wavelength for fiber optic communication. The material is capable of absorbing light from every angle. It also can theoretically be customized to absorb certain wavelengths of light while letting others pass through.
Materials that "perfectly" absorb light already exist, but they are bulky and can break when bent. They also cannot be controlled to absorb only a selected range of wavelengths, which is a disadvantage for certain applications. Imagine if a window coating used for cooling not only blocked infrared radiation, but also normal light and radio waves that transmit television and radio programs.
By developing a novel nanoparticle-based design, a team led by professors Zhaowei Liu and Donald Sirbuly at the UC San Diego Jacobs School of Engineering has created a broadband absorber that's thin, flexible and tunable. The work was published online on Jan. 24 in Proceedings of the National Academy of Sciences.

"This material offers broadband, yet selective absorption that could be tuned to distinct parts of the electromagnetic spectrum," Liu said.
The absorber relies on optical phenomena known as surface plasmon resonances, which are collective movements of free electrons that occur on the surface of metal nanoparticles upon interaction with certain wavelengths of light. Metal nanoparticles can carry a lot of free electrons, so they exhibit strong surface plasmon resonance—but mainly in visible light, not in the infrared.
UC San Diego engineers reasoned that if they could change the number of free electron carriers, they could tune the material's surface plasmon resonance to different wavelengths of light. "Make this number lower, and we can push the plasmon resonance to the infrared. Make the number higher, with more electrons, and we can push the plasmon resonance to the ultraviolet region," Sirbuly said. The problem with this approach is that it is difficult to do in metals.
To address this challenge, engineers designed and built an absorber from materials that could be modified, or doped, to carry a different amount of free electrons: semiconductors. Researchers used a semiconductor called zinc oxide, which has a moderate number of free electrons, and combined it with its metallic version, aluminum-doped zinc oxide, which houses a high number of free electrons—not as much as an actual metal, but enough to give it plasmonic properties in the infrared.
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SEM images of a nanotube array: side view (left) and top view (right). Credit: UC San Diego Jacobs School of Engineering 

The materials were combined and structured in a precise fashion using advanced nanofabrication technologies in the Nano3 cleanroom facility at the Qualcomm Institute at UC San Diego. The materials were deposited one atomic layer at a time on a silicon substrate to create an array of standing nanotubes, each made of alternating concentric rings of zinc oxide and aluminum-doped zinc oxide. The tubes are 1,730 nanometers tall, 650 to 770 nanometers in diameter, and spaced less than a hundred nanometers apart. The nanotube array was then transferred from the silicon substrate to a thin, elastic polymer. The result is a material that is thin, flexible and transparent in the visible.
"There are different parameters that we can alter in this design to tailor the material's absorption band: the gap size between tubes, the ratio of the materials, the types of materials, and the electron carrier concentration. Our simulations show that this is possible," said Conor Riley, a recent nanoengineering Ph.D. graduate from UC San Diego and the first author of this work. Riley is currently a postdoctoral researcher in Sirbuly's group.
Those are just a few exciting features of this particle-based design, researchers said. It's also potentially transferrable to any type of substrate and can be scaled up to make large surface area devices, like broadband absorbers for large windows. "Nanomaterials normally aren't fabricated at scales larger than a couple centimeters, so this would be a big step in that direction," Sirbuly said.
The technology is still at the developmental stage. Liu and Sirbuly's teams are continuing to work together to explore different materials, geometries and designs to develop absorbers that work at different wavelengths of light for various applications. 
用于能量和隐形应用的轻薄、灵活的光吸收材料

在阳光明媚的日子保持建筑和汽车凉爽的透明窗户涂层。可能超过三倍太阳能电池效率的设备。阻隔热能探测的轻薄屏帐。这些是加利福尼亚大学圣地亚哥分校的工程师开发的轻薄、灵活的光吸收材料的潜在应用。

这种称为近乎完美的宽带吸收装置的材料吸收了87%以上的近红外光（1200至2200纳米波长），其中98%的吸收光为1550纳米波长，该波长为光纤通信所使用的波长。该材料能够从各个角度吸收光线。其在理论上还能够定制用于吸收特定波长的光，同时让其他光线通过。

“完美”吸收光的材料已经存在了，但是它们体积大，并且在弯曲时有可能断裂。它们也不能进行控制以吸收选定的波长范围，这对于某些应用而言是个缺点。想象一下，如果一个用于冷却的窗户涂层不仅阻隔了红外线辐射，而且阻隔了正常光线以及传播电视和广播节目的无线电波。

通过开发一种新型纳米基设计，UC圣地亚哥雅各布工学院的Zhaowei Lui和Donald Sirbuly教授领导的研究团队已经创造了一种轻薄、灵活、可调谐的宽带吸收装置。该研究于1月24日在线发表于《美国国家科学院院刊》。

“这种材料提供了宽带，并且选择性吸收可以调整到电磁谱的不同部分，”Liu表示。

该吸收装置依赖于称为表面等离子共振的光学现象，这种现象是的集合运动，出现在金属纳米粒子表面上的自由电子与特定波长的光发生相互作用而产生的集合运动。金属纳米粒子可以携带大量的自由电子，因此它们表现出强烈的表面等离子体共振——但是主要是可见光，而不是红外线。

UC圣地亚哥分校的工程师认为，如果他们能够改变携带的自由电子的数量，那么他们就能够调谐材料的表面等离子体与不同波长的光进行共振。“降低这个数量，我们能够促使等离子体与红外线产生共振。增加这个数量，通过更多的电子，我们能够促使等离子体与紫外线区域范围产生共振，”Sirbuly称。这种方法的问题在于在金属方面这很难做到。

为了应对这个挑战，工程师们通过能够得到修改或掺杂的材料设计并制造了一个吸收设备，携带不同数量的自由电子：半导体。研究人员使用称为氧化锌的半导体，其具有中等数量的自由电子，并且将其与其金属型掺杂铝的氧化锌结合，其含有大量的自由电子——并没有实际金属所含电子那么多，但是足以令其在红外线中具有等离子体特性。

[image: image8.jpg]



纳米管阵列的SEM图像：侧视图（左）和顶视图（右）。图处：UC圣地亚哥雅各布工学院

该材料利用UC圣地亚哥分校高通研究所Nano3洁净室工厂中的先进纳米制造技术以精确的方式进行结合和构造。该材料在硅衬底上每次会沉积一个原子层，产生一个立体纳米管阵列，每一个阵列是由氧化锌和掺杂铝的氧化锌的交替同心环制成的。这些管的高度达1739纳米，直径为650-770纳米，并且间隔不到100纳米。该纳米管阵列之后从硅衬底转移到一个轻薄的弹性聚合物上。其产物是一个在可见光下轻薄、灵活并且透明的材料。

“在这种设计中，我们可以改变不同的参数来定制材料的吸收带：管间的间隙尺寸，材料的比例，材料的类型，以及电子载浪子的浓度。我们的模拟显示了这是有可能发生的，”UC圣地亚哥大学最近毕业的纳米工程系的博士兼该研究的第一作者Conor Riley称。Riley目前是Sirbuly研究小组的博士后研究员。

研究人员称，这些只是这种粒子基设计的一些令人兴奋的功能。它也有可能转变为另一种类型的基板，花前月下能够进行放大以产生大型表面积装置，例如大窗户的宽带吸收装置。“纳米材料通常不会在几厘米以上的尺寸下进行制作，因此这可能是朝着这个方向发展的重要一步，”Sirbuly称。

该技术仍然处于发展阶段。Liu和Sirbuly的研究团队将持续合作，探索不同的材料、几何形状和设计，开发能够在不同波长的光线下用于各种应用的吸收装置。

Material can turn sunlight, heat and movement into electricity—all at once

Many forms of energy surround you: sunlight, the heat in your room and even your own movements. All that energy—normally wasted—can potentially help power your portable and wearable gadgets, from biometric sensors to smart watches. Now, researchers from the University of Oulu in Finland have found that a mineral with the perovskite crystal structure has the right properties to extract energy from multiple sources at the same time. 
Perovskites are a family of minerals, many of which have shown promise for harvesting one or two types of energy at a time—but not simultaneously. One family member may be good for solar cells, with the right properties for efficiently converting solar energy into electricity. Meanwhile, another is adept at harnessing energy from changes in temperature and pressure, which can arise from motion, making them so-called pyroelectric and piezoelectric materials, respectively.
Sometimes, however, just one type of energy isn't enough. A given form of energy isn't always available—maybe it's cloudy or you're in a meeting and can't get up to move around. Other researchers have developed devices that can harness multiple forms of energy, but they require multiple materials, adding bulk to what's supposed to be a small and portable device.
This week in Applied Physics Letters Yang Bai and his colleagues at the University of Oulu explain their research on a specific type of perovskite called KBNNO, which may be able to harness many forms of energy. Like all perovskites, KBNNO is a ferroelectric material, filled with tiny electric dipoles analogous to tiny compass needles in a magnet.
When ferroelectric materials like KBNNO undergo changes in temperature, their dipoles misalign, which induces an electric current. Electric charge also accumulates according to the direction the dipoles point. Deforming the material causes certain regions to attract or repel charges, again generating a current.
Previous researchers have studied KBNNO's photovoltaic and general ferroelectric properties, but they did so at temperatures a couple hundred degrees below freezing, and they didn't focus on properties related to temperature or pressure. The new study represents the first time anyone has evaluated all of these properties at once above room temperature, Bai said.
The experiments showed that while KBNNO is reasonably good at generating electricity from heat and pressure, it isn't quite as good as other perovskites. Perhaps the most promising finding, however, is that the researchers can modify the composition of KBNNO to improve its pyroelectric and piezoelectric properties. "It is possible that all these properties can be tuned to a maximum point," said Bai, who, with his colleagues, is already exploring such an improved material by preparing KBNNO with sodium.
Within the next year, Bai said, he hopes to build a prototype multi-energy-harvesting device. The fabrication process is straightforward, so commercialization could come in just a few years once researchers identify the best material.
"This will push the development of the Internet of Things and smart cities, where power-consuming sensors and devices can be energy sustainable," he said.
This kind of material would likely supplement the batteries on your devices, improving energy efficiency and reducing how often you need to recharge. One day, Bai said, multi-energy harvesting may mean you won't have to plug in your gadgets anymore. Batteries for small devices may even become obsolete. 
材料可以将阳光、热量和运动转变成电力——一次就可以

在你周围有许多形式的能量：阳光，房间内的热量，甚至还有你自己的运动。所有这些能量——通常都被浪费掉了——都有可能帮助你为便携式以及可佩戴的小设备提供动力，从生物识别传感器到智能手表。现在，荷兰奥卢大学的研究人员已经发现，一种具有钙钛矿晶体结构的矿物具有将能量一次性从多个来源中提取的合适属性。

钙钛矿是一种矿物质，许多这类物质都表现出有希望一次收获一种或两种类型的能量 ——但是并非同时获取。这类矿物质中的一种可能对太阳能电池有益处，具有将太阳能有效转变为电力的合适属性。同时，同时，另一种矿物质则擅长利用温度和压力变化所产生的能量，从而分别令它们成为所谓的热电和压电材料。

然而，有时候，仅仅一种能量类型是不足够的。一种给定形式的能量并非总是可用的——也许出现多云天气，或者你在参加一次会议，无法起立来回运动。其他研究人员已经开发出了能够利用多种形式的能量的设备，但是他们需要多种材料，从而增加了原本应该是小型便携式设备的体积。

本周发表的《应用物理学报》中，奥卢大学的Yang Bai和他的同事们解释了他们有关一个称为KBNNO的特殊类型的钙钛矿的研究，这种矿物质也许能够利用许多形式的能量。与所有的钙钛矿一样，KBNNO是一种铁电材料，充满了类似于磁铁中微小罗盘针的微小电偶极子。

当KBNNO这样的铁电材料出现温度变化时，它们的偶极子无法对准，从而产生电流。电荷也按照偶极子指向的方向积累。使材料变形会导致局部区域吸引或排斥电荷，再一次产生电流。

之前的研究人员已经研究了KBNNO的光伏和一般铁电性能，但是他们是在低于冰点几百度的温度下完成的，并且他们并没有关注与温度或压力相关的属性。这项新的研究首次表明，有人在室温条件下一次性地评估了所有这些属性，Bai称。

实验结果表明，虽然KBNNO理论上非常善于通过热量和压力发电，但是其与其他钙钛矿相比并非最佳。但是，最有希望的发现可能是研究人员能够修改KBNNO的构成，从而提高其热电和压电性能。“所有这些属性都有可能被调整到最大限度，”Bai称，他与他的同事们已经通过利用纳来制备KBNNO而研究了这样一种改进的材料。

在明年，Bai表示，他希望构建一个原型多能量收割装置。制造过程是直接的，从而一旦研究人员确定了这种最佳材料，商业化就有可能在几年内发生。

“这将推动物联网和智能城市的发展，其能量消耗传感器和设备可以实现能量可持续性，”他称。

这类材料有可能补充您设备上的电池，提高能量效率，并且降低需要充电的频率。有一天，Bai称，多能量收获可能意味着你不再需要插上你的小设备进行充电了。小型设备的电池甚至有可能已经过时了。
Practical Application（实际应用）

Background suppression for super-resolution light microscopy

Researchers of Karlsruhe Institute of Technology (KIT) have developed a new fluorescence microscopy method: STEDD (Stimulation Emission Double Depletion) nanoscopy produces images of highest resolution with suppressed background. The new method yields an enhanced image quality, which is advantageous when analyzing three-dimensional, densely arranged subcellular structures. STEDD, a further development of the STED method, is now presented in Nature Photonics. 
Optical microscopy is applied widely in the life sciences sector. Among others, it is used to minimally invasively examine living cells. Resolution of conventional light microscopy, however, is limited to half the wavelength of light, i.e. about 200 nm, such that finest cellular structures are blurred in the image. In the past years, various nanoscopy methods were developed which overcome the diffraction limit and produce images of highest resolution. Stefan W. Hell, Eric Betzig, and William Moerner were granted the Nobel Prize in Chemistry for their nanoscopy methods in 2014. Now, researchers of Karlsruhe Institute of Technology (KIT) have refined the STED (Simulated Emission Depletion) nanoscopy method developed by Hell by modifying image acquisition in a way that background is suppressed efficiently. The resulting enhanced image quality is particularly advantageous for quantitative data analysis of three-dimensional, densely arranged molecules and cell structures. The new nanoscopy method named STEDD (Stimulated Emission Double Depletion) developed by the team of Professor Gerd Ulrich Nienhaus of KIT's Institute of Applied Physics (APH) and Institute of Nanotechnology (INT) is presented in Nature Photonics.
In fluorescence microscopy, the sample to be studied is scanned with a strongly focused light beam to make dye molecules emit fluorescence light. The light quanta are registered pixel by pixel to build up the image. In STED nanoscopy, the excitation beam used for scanning is overlapped by another beam, the so-called STED beam. Its light intensity is located around the excitation beam. In the center, it is zero. Moreover, the STED beam is shifted towards higher wavelengths. The STED beam uses the physical effect that was first described by Albert Einstein 100 years ago, namely, stimulated emission, to switch off fluorescent excitation everywhere, except in the center where the STED beam has zero intensity. In this way, excitation is confined and a sharper light spot results for scanning. The highly resolved STED image, however, always has a background of low resolution, which is due to incomplete stimulated depletion and fluorescence excitation by the STED beam itself.
The team of Gerd Ulrich Nienhaus has now extended this STED method by another STED beam. The STED2 beam follows the STED beam with a certain time delay and eliminates the useful signal in the center, such that only background excitation remains. "The STED method is based on recording two images," Professor Nienhaus explains. "Photons registered prior to and after the arrival of the STED2 beam contribute to the first and second image, respectively." The second image containing background only is subtracted pixel by pixel, with a specific weight factor, from the first image that contains the useful signal plus background. The result is a background-free image of highest resolution. 
超分辨率光学显微镜的背景抑制

卡尔斯鲁厄理工学院（KIT）的研究人员已经开发出一种新的荧光显微镜方法：STEDD（刺激发射双重消耗）纳米镜产生具有抑制背景的最高分辨率的图像。这个新方法产生了一个增强的图像质量，这在分析三维密度排列的亚细胞结构时是有利的。STEDD，STED方面的进一步发展，目前呈现在《自然光子》中。

光学显微镜被广泛应用于生命科学领域。其中，它被用于最小限度地侵入性检查活细胞。但是，常规光学显微镜的分辨率仅限于具有一半波长的光，即大约200nm，因此最细小的结构在图像中是模糊的。在过去几年中，开发出各种纳米镜，它们克服了衍射极限，并且产生了具有最高分辨率的图像。Stefan W. Hell，Eric Betzig和William Moerner于2014年通过他们的纳米镜方法获得了诺贝尔化学奖。目前，卡尔斯鲁厄理工学院（KIT）已经以一种背景被有效抑制的方法通过修改图像采集技术改进了Hell开发的STED（模拟排放消耗）纳米镜方法。所得的加强型图像质量对于三维密度布置的分子和细胞结构的定量数据分析特别有利。新的称为STEDD（刺激发射双重消耗）的纳米镜方法是由KIT应用物理学研究所（APH）和纳米技术研究所（INT）的Gerd Ulrich Nienhaus教授的团队开发的，并且这项方法发表于《自然光子》。

在荧光显微镜下，研究的样品通过强聚集光束进行扫描，使得染色分子发出荧光。该光量子被逐个注册以构建图像。在STED纳米镜中，用于扫描的激发光束与另一个所谓的STED光束重叠。其光强度们于激发光束周围。在中心，它是零。此外，STED光束向较高的波长转移。STED光束利用Albert Einstein在100年前首次描述的物理效应，即受激发射，关闭所有地方的荧光激发，STED光束具有零强度的中心除外。以这种方式，激发受到限制，并且扫描产生了更清晰的光斑。然而，高分辨率的STED图像总是具有低分辨率的背景，这是由于STED光束本身的不完全刺激耗尽以及荧光激发。

Gerd Ulrich Nienhaus的团队目前通过另一个STED光束扩展了这种STED方法。STED2光束以一定时间的延迟追随STED光束，并且消除中心的有用信号，使得只有背景激励保持不变。“STED方法是建立在记录两个图像的基础之上，”Nienhaus教授解释称。“在STED2光束出现前后表达的光子分别对第一张和第二张图像作出贡献。”第二张图像包含有用信号及背景的第一张图像逐像素递减的背景，具有特定权重因素。该研究是最高分辨率的无背景图像。

Certainty in complex scientific research an unachievable goal

A University of Toronto study on uncertainty in scientific research could shed light on anomalies that arose in early attempts to discover the Higgs boson and even how polls failed to predict the outcome of Donald Trump winning the U.S. presidential election. 
Published recently in the journal Royal Society Open Science, the study suggests that research in some of the more complex scientific disciplines, such as medicine or particle physics, often doesn't eliminate uncertainties to the extent we might expect.
"This is due to a tendency to under-estimate the chance of significant abnormalities in results." said study author David Bailey, a professor in U of T's Department of Physics.
Looking at 41,000 measurements of 3,200 quantities - from the mass of an electron to the carbon dating of a sample - Bailey found that anomalous observations happened up to 100,000 times more often than expected.
"The chance of large differences does not fall off exponentially as you'd expect in a normal bell curve," said Bailey.
A long tail of uncertainty
"The study shows that researchers in many fields do a good job of estimating the size of typical errors in their measurements, but usually underestimate the chance of large errors," said Bailey, noting that the larger-than-expected frequency of large differences may be an almost inevitable consequence of the complex nature of scientific research.
"As measurements become more and more accurate, the smallest things matter more and more," Bailey said.
"If two measurements agree, you're happy. If not, you see there's something you need to investigate," he said. "You track down the cause of the variation and report the cause or you say that you don't know the cause and this reduces the trust in your result."
But with finite time and financial resources, researchers often have to make a choice between having a large sample of data, such as tens of thousands of people in a survey, and having a large number of variables you want to understand.
"You start with a very large sample that just lumps everyone together. You then might have to ask if your result is the same for both men and women. Is it the same for different backgrounds, Canadians versus Americans, for example," says Bailey. "At that point, you have to ask if your results hold for the smaller data set. Your sample is getting smaller and more can go wrong."
Impossible not to be a little wrong?
Physics studies did not fare significantly better than the medical and other research observed. However, the highly quantifiable way in which values and uncertainties are reported, may make physics more useful in terms of the degree of reproduce-ability of results that researchers should reasonably expect.
"Scientists will still aim for the most accurate results, but their expectations of how well those aims are met may be tempered in light of this research," said Bailey.
He believes his study can help researchers better analyze their data, motivate more care with novel results, and encourage more realistic expectations by both scientists and the public about the accuracy of scientific research.
"These insights can be beneficial given the inherently complex nature of scientific research," says Bailey. "But the chance of avoiding being wrong in some way on some level is almost impossible." 
复杂科学研究中的研究性是一个难以实现的目标

一项多伦多大学进行的有关科学研究中的不确定性的研究可能揭示了在早期试图发现希格斯玻色子以及民间调查为何没有预测到唐纳德•特朗普会赢得美国总统大选的结果时所产生的异常现象。

这项研究最近发表于《皇家社会开放科学》杂志，其表明，在一些更加复杂的科学学科中，例如医学或粒子物理学，其相关研究往往无法将不确定性排除到我们可能预期的程度。

“这是由于低估结果中出现显著异常的机遇的倾向，”多伦多大学物理系的教授兼研究作者David Bailey称。

通过研究3200个数量的41000个测量结果——从大部分电子到样品的碳定年——Bailey发现，异常观察出现的频率通常比预期多出10倍。

“大型差异的机遇并不会像你在正常钟形曲线中所预期的那样以指数方式下降，”Bailey称。

大量的不确定性

“该研究表明，许多领域的研究人员在评估他们测量中的典型误差的大小时做得非常好，但是通常会低估大型错误发生的概率，”Bailey称，他指出，大型差异比预期更高的出现频率可能是科学研究复杂性的一个几乎不可避免的结果。

“随着测量变得越来越精确，最小的事物越来越重要，”Bailey称。

“如果两项测量达成一致，那么你就会高兴，反之，你会发现需要调查的事物，”他表示。“你追踪变化的原因，并且报告该原因或者你表示并不清楚其原因，并且这减少了你的结果的可信度。”

但是在有限的时间和财政资源情况下，研究人员通常必须在拥有大量样品数据，例如在一项调查中涉及成千上万的人，以及拥有大量你希望了解的变量之间作出选择。

“你从一个将每个人聚集在一起的很大的样本开始。然后你可能不得不询问你的结果是否对男性和女性都是相同的。其在拥有不同背景的样本中是否一致，例如加拿大人与美国人，”Bailey称。“在这一点上，你必须询问你的结果是否适用于较小的数据集。你的样本越来越小，并且更有可能出现错误。”

不可能不出现一点失误？

物理学研究并没有显著进展得比医学及其他观察的研究更好。然而，价格和不确定性得以报告的高度可量化方式有可能令物理学在研究人员应该合理预期的结果的再现能力的程度方面更加有用。

“科学家们仍然希望获得最准确的结果，但是他们有关这些目标的实现程度的预期可能根据这项研究会受到压制，”Bailey称。

他认为他的研究能够帮助研究人员更好地分析他们的数据，激发更多有关新颖结果的关注，并且鼓励科学家和公众有关科学研究的准确性给出更现实的期望。

“鉴于科学研究的内在复杂性，这些见解可能是有益的，”Bailey称。“但是在某种程度上避免失误的机会几乎是不可能的。”

Researchers break data transfer efficiency record
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The team transmitted the ORNL logo, an oak leaf, between two end points in the laboratory with 87 percent calculated fidelity. (Left): The original 4-color, 3.4kB image. (Right): The image received using superdense coding. Credit: ORNL 

Researchers at the Department of Energy's Oak Ridge National Laboratory have set a new record in the transfer of information via superdense coding, a process by which the properties of particles like photons, protons and electrons are used to store as much information as possible. 
The ORNL team transferred 1.67 bits per qubit, or quantum bit, over a fiber optic cable, edging out the previous record of 1.63 per qubit.
The work by ORNL's Brian Williams, Ronald Sadlier and Travis Humble is published as "Superdense coding over optical fiber links with complete Bell-state measurements" in Physical Review Letters. The research was selected as an "Editor's Suggestion".
Whereas computers transmit information in the form of bits (generally represented by either a 1 or a 0), qubits can employ two states simultaneously and therefore represent more information than a traditional bit. The physics of this quantum communication task employed by Williams and his team is similar to that used by quantum computers, which use qubits to arrive at solutions to extremely complex problems faster than their bit-laden counterparts.
Williams' team was the first to use superdense coding over optical fiber, a major achievement in the quest to adopt quantum communication to modern networking technology. And because the team used conventional laboratory equipment such as common fiber optic cable and standard photon detectors, they have brought the technique one step closer to practical use.
As a demonstration of the technique's effectiveness, the team transmitted the ORNL logo, an oak leaf, between two end points in the laboratory.
While the technology is at present largely experimental, practical applications could include a cost-effective way to condense and transfer information. This includes more efficient methods for transmitting and receiving data in application areas such as the Internet and cybersecurity.
"This experiment demonstrates how quantum communication techniques can be integrated with conventional networking technology," Williams said. "It's part of the groundwork needed to build future quantum networks that can be used for computing and sensing applications." 
研究人员打破数据传输效率的记录
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该研究小组在具有87%的计算保真度的实验室的两端点之间传输了ORNL徽标，一个橡木叶。（左）：最终的4色3.4kB的图像。（右）:利用超级密码接收到的图像。图像：ORNL

能源部橡树岭国家实验室的研究人员已经在通过超密码编码传输信息方面创建了一个新，通过这一程序，粒子颗粒（例如光子、质子和电子）的性质被用于存储尽可能多的信息。

ORNL小组以每个量子位或量子点1.67 bits的速度进行传输，通过一个光纤电缆，取代了之前每量子位1.63的记录。

ORNL的Brain Williams、Ronald Sadlier和Travis Humble进行的研究以名为“对于光纤链路具有完整Bell-态测量的超强编码”的作品发表于《物理评论快报》。该研究被选为“编者推荐”。

鉴于计算机以位（通常由1或0表示）的形式传输信息，量子位能够同时使用两个状态，并且因此比传统的位表达了更多的信息。Williams和他的团队采用的这种量子通信任务的物理学与量子计算机所使用的物理学类似，量子计算机使用位以比其位负重同类更快的速度获得非常复杂的问题的解决方案。

Williams的团队是首个对光纤使用超强编码的小组，这在希望在现代网络技术中采用量子通信中是一项主要的成就。并且由于该小组使用了常规实验室设备，例如普通光缆和标准光子探测器，他们已经令这项技术离实际应用更近了一步。

作为该技术效果的示范，该研究小组将ORNL的徽标，一片橡木叶，在该实验室的两个端点之间进行传输。

虽然该技术目前在很大程度上是实验性的，但是实际应用可能包括一种具有成本效应的方式来降低和转移信息。这包括在互联网和网络安全等应用领域中发送和接收数据的更有效的方法。

“该实验展示了量子通信技术是如何与传统的网络技术相结合的，”Williams称。“这是构建未来能够用于计算和感应应用的量子网络所需的基础的一部分。”
Organic & Polymer（有机高分子材料）

Machine learning method accurately predicts metallic defects
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Dominant defect type predictions from r-MART model for 946 B2-type intermetallics. Colors indicates the relationship between prediction and calculations as shown in the legend. Credit: Bharat Medasani, Berkeley Lab / PNNL 

For the first time, researchers at the Lawrence Berkeley National Laboratory (Berkeley Lab) have built and trained machine learning algorithms to predict defect behavior in certain intermetallic compounds with high accuracy. This method will accelerate research of new advanced alloys and lightweight new materials for applications spanning automotive to aerospace and much more. 
Their results were published in the December 2016 issue of Nature Computational Materials.
Materials are never chemically pure and structurally flawless. They almost always contain defects, which play an important role in dictating properties. These defects may appear as vacancies, which are essentially 'holes' in the substance's crystal structure, or antisite defects, which are essentially atoms placed on the wrong crystal site. Understanding of such point defects is crucial for scientists designing materials because they can have a dramatic effect on long-time structural stability and strength.
Traditionally, researchers have used a computational quantum mechanical method known as density functional calculations to predict what kinds of defects can be formed in a given structure and how they affect the material's properties. Although effective, this approach is very computationally expensive to execute for point defects limiting the scope of such investigations.
"Density functional calculations work well if you are modeling one small unit, but if you want to make your modeling cell bigger the computational power required to do this increases substantially," says Bharat Medasani, a former Berkeley Lab postdoc and lead author of the npj paper. "And because it is computationally expensive to model defects in a single material, doing this kind of brute force modeling for tens of thousands of materials is not feasible."
To overcome these computing challenges, Medasani and his colleagues developed and trained machine learning algorithms to predict point defects in intermetallic compounds, focusing on the widely observed B2 crystal structure. Initially, they selected a sample of 100 of these compounds from the Materials Project Database and ran density functional calculations on supercomputers at the National Energy Research Scientific Computing Center (NERSC), a DOE Office of Science User Facility at Berkeley Lab, to identify their defects.
Because they had a small data sample to work from, Medasani and his team used a forest approach called gradient boosting to develop their machine learning method to a high accuracy. In this approach additional machine learning models were built successively and combined with prior models to minimize the difference between the models predictions and the results from density functional calculations. The researchers repeated the process until they achieved a high level of accuracy in their predictions.
"This work is essentially a proof of concept. It shows that we can run density functional calculations for a few hundred materials, then train machine learning algorithms to accurately predict point defects for a much larger group of materials," says Medasani, who is now a postdoctoral researcher at the Pacific Northwest National Laboratory.
"The benefit of this work is now we have a computationally inexpensive machine learning approach that can quickly and accurately predict point defects in new intermetallic materials " says Andrew Canning, a Berkeley Lab Computational Scientist and co-author on the npj paper. "We no longer have to run very costly first principle calculations to identify defect properties for every new metallic compound."
"This tool enables us to predict metallic defects faster and robustly, which will in turn accelerate materials design," says Kristin Persson, a Berkeley Lab Scientist and Director of the Materials Project, an initiative aimed at drastically reducing the time needed to invent new materials by providing open web-based access to computed information on known and predicted materials. As an extension of this work an open source Python toolkit for modeling point defects in semiconductors and insulators (PyCDT) has been developed. 

机器学习方法准确预测了金属缺陷
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946 B2型金属间化合物的r-MART模型的主要缺陷类型预测。颜色表示预测和计算之间的关系，如图例所示。引用：Bharat Medasani，伯克利实验室/ PNNL

劳伦斯伯克利国家实验室（伯克利实验室）的研究人员首次建立并训练机器学习算法，以高精度预测某些金属间化合物的缺陷行为。这种方法将加速新型先进合金和轻质新材料的研究，适用于跨越汽车和航空航天等领域。

他们的结果发表于2016年12月刊的“自然计算材料”。

从化学方面讲，材料从来不是纯净和结构完美的。它们几乎都含有缺陷，这在规定性能方面起着重要的作用。这些缺陷可能会出现空位，这些空位在物质的晶体结构中基本上都会形成“孔”，或是基本上是错误晶体位置上的原子的尖端缺陷。了解这些点缺陷对于科学家设计材料至关重要，因为它们可以对长期的结构稳定性和强度产生显著的影响。

传统上，研究人员已经使用称为密度函数计算的计算量子力学方法来预测在给定结构中可以形成什么样的缺陷以及它们如何影响材料的性质。虽然有效，但是对于限制这种调查范围的缺陷来说，这种方法在计算上是非常昂贵的。

一个前伯克利实验室博士后和npj的主要作者Bharat Medasani说：“如果您正在建模一个小单位，那密度函数计算可以很好地发挥作用，但是如果您想使建模单元更大，则需要的计算能力也会大大增加。“而且，由于在单一材料中建模缺陷的计算成本很高，因此对数万种材料进行这种强力建模是不可行的。”

为了克服这些计算挑战，Medasani和他的同事开发和训练机器学习算法来预测金属间化合物中的点缺陷，着眼于广泛观察到的B2晶体结构。最初，他们从材料项目数据库中选出了100个这些化合物的样本，并在伯克利实验室的DOE科学用户设施办公室国家能源研究科学计算中心（NERSC）的超级计算机上进行密度泛函计算，以确定其缺陷。

因为他们有一个小的数据样本，Medasani和他的团队使用称为梯度提升的森林方法，以高精度开发他们的机器学习方法。在这种方法中，连续建立了附加的机器学习模型，并结合先前的模型来最小化模型预测与密度函数计算结果之间的差异。研究人员重复了这一过程，直到他们在预测中获得了高水准的准确性。

Medasani说：“这项工作本质上是一个概念的证明，它表明我们可以运行几百种材料的密度函数计算，然后训练机器学习算法来准确预测更大量的材料的点缺陷。他也是太平洋西北国家实验室博士后研究员。

伯克利实验室计算科学家和npj论文合著者安德鲁•坎宁说：“这项工作的好处是现在我们有一个计算方便的机器学习方法，可以快速，准确地预测新的金属间化合物材料中的点缺陷。 “我们不再需要运行非常昂贵的第一原理计算来识别每种新的金属化合物的缺陷特性。”

伯克利实验室科学家和材料项目总监Kristin Persson表示：“这项工具使我们能够更快，更健壮地预测金属缺陷，从而进一步加速材料设计。”该项目旨在大幅缩短发明新材料所需的通过对已知和预测材料的计算信息提供开放的基于Web的访问时间。作为这项工作的扩展，已经开发了用于模拟半导体和绝缘体（PyCDT）中的点缺陷的开源Python工具包。
The shape of melting in two dimensions

Snow falls in winter and melts in spring, but what drives the phase change in between? 
Although melting is a familiar phenomenon encountered in everyday life, playing a part in many industrial and commercial processes, much remains to be discovered about this transformation at a fundamental level.
In 2015, a team led by the University of Michigan's Sharon Glotzer used high-performance computing at the Department of Energy's (DOE's) Oak Ridge National Laboratory to study melting in two-dimensional (2-D) systems, a problem that could yield insights into surface interactions in materials important to technologies like solar panels, as well as into the mechanism behind three-dimensional melting. The team explored how particle shape affects the physics of a solid-to-fluid melting transition in two dimensions.
Using the Cray XK7 Titan supercomputer at the Oak Ridge Leadership Computing Facility (OLCF), a DOE Office of Science User Facility, the team's work revealed that the shape and symmetry of particles can dramatically affect the melting process. This fundamental finding could help guide researchers in search of nanoparticles with desirable properties for energy applications.
To tackle the problem, Glotzer's team needed a supercomputer capable of simulating systems of up to 1 million hard polygons, simple particles used as stand-ins for atoms, ranging from triangles to 14-sided shapes. Unlike traditional molecular dynamics simulations that attempt to mimic nature, hard polygon simulations give researchers a pared-down environment in which to evaluate shape-influenced physics.
"Within our simulated 2-D environment, we found that the melting transition follows one of three different scenarios depending on the shape of the systems' polygons," University of Michigan research scientist Joshua Anderson said. "Notably, we found that systems made up of hexagons perfectly follow a well-known theory for 2-D melting, something that hasn't been described until now."
Shifting Shape Scenarios
In 3-D systems such as a thinning icicle, melting takes the form of a first-order phase transition. This means that collections of molecules within these systems exist in either solid or liquid form with no in-between in the presence of latent heat, the energy that fuels a solid-to-fluid phase change . In 2-D systems, such as thin-film materials used in batteries and other technologies, melting can be more complex, sometimes exhibiting an intermediate phase known as the hexatic phase.
The hexatic phase, a state characterized as a halfway point between an ordered solid and a disordered liquid, was first theorized in the 1970s by researchers John Kosterlitz, David Thouless, Burt Halperin, David Nelson, and Peter Young. The phase is a principle feature of the KTHNY theory, a 2-D melting theory posited by the researchers (and named based on the first letters of their last names). In 2016 Kosterlitz and Thouless were awarded the Nobel Prize in Physics, along with physicist Duncan Haldane, for their contributions to 2-D materials research.

A movie depicting the hexatic phase transition of a two-dimensional hard particle system of hexagons under external pressure. On the left, red and green particle pairs indicate the structure of defects in the system. On the right, blue and yellow …more
At the molecular level, solid, hexatic, and liquid systems are defined by the arrangement of their atoms. In a crystalline solid, two types of order are present: translational and orientational. Translational order describes the well-defined paths between atoms over distances, like blocks in a carefully constructed Jenga tower. Orientational order describes the relational and clustered order shared between atoms and groups of atoms over distances. Think of that same Jenga tower turned askew after several rounds of play. The general shape of the tower remains, but its order is now fragmented.
The hexatic phase has no translational order but possesses orientational order. (A liquid has neither translational nor orientational order but exhibits short-range order, meaning any atom will have some average number of neighbors nearby but with no predicable order.)
Deducing the presence of a hexatic phase requires a leadership-class computer that can calculate large hard-particle systems. Glotzer's team gained access to the OLCF's 27-petaflop Titan through the Innovative and Novel Computational Impact on Theory and Experiment (INCITE) program, running its GPU-accelerated HOOMD-blue code to maximize time on the machine.
On Titan, HOOMD-blue used 64 GPUs for each massively parallel Monte Carlo simulation of up to 1 million particles. Researchers explored 11 different shape systems, applying an external pressure to push the particles together. Each system was simulated at 21 different densities, with the lowest densities representing a fluid state and the highest densities a solid state.
The simulations demonstrated multiple melting scenarios hinging on the polygons' shape. Systems with polygons of seven sides or more closely followed the melting behavior of hard disks, or circles, exhibiting a continuous phase transition from the solid to the hexatic phase and a first-order phase transition from the hexatic to the liquid phase. A continuous phase transition means a constantly changing area in response to a changing external pressure. A first-order phase transition is characterized by a discontinuity in which the volume jumps across the phase transition in response to the changing external pressure. The team found pentagons and fourfold pentilles, irregular pentagons with two different edge lengths, exhibit a first-order solid-to-liquid phase transition.
The most significant finding, however, emerged from hexagon systems, which perfectly followed the phase transition described by the KTHNY theory. In this scenario, the particles' shift from solid to hexatic and hexatic to fluid in a perfect continuous phase transition pattern.
"It was actually sort of surprising that no one else has found that until now," Anderson said, "because it seems natural that the hexagon, with its six sides, and the honeycomb-like hexagonal arrangement would be a perfect match for this theory" in which the hexatic phase generally contains sixfold orientational order.
Glotzer's team, which recently received a 2017 INCITE allocation, is now applying its leadership-class computing prowess to tackle phase transitions in 3-D. The team is focusing on how fluid particles crystallize into complex colloids—mixtures in which particles are suspended throughout another substance. Common examples of colloids include milk, paper, fog, and stained glass.
"We're planning on using Titan to study how complexity can arise from these simple interactions, and to do that we're actually going to look at how the crystals grow and study the kinetics of how that happens," said Anderson. 
熔化形状二维

冬天下雪，春天融化，但两者之间是怎么相变呢？

虽然融化是日常生活中遇到的一个熟悉的现象，但是在许多工业和商业过程中扮演着重要的角色，在这个转变基础上还有待对此进行研究。

在2015年，由密歇根大学的Sharon Glotzer领导的团队在能源部（DOE）的橡树岭国家实验室使用高性能计算机来研究二维（2-D）系统的熔化问题，这可以产生见解在诸如太阳能电池板等技术重要的材料中的表面相互作用以及三维熔化背后的机制。团队研究了颗粒形状如何影响二维固体 - 液体熔融转变的物理学。

使用Cray XK7 Titan超级计算机在科学用户设施DOE办公室的橡树岭领导计算设施（OLCF），团队的工作表明，颗粒的形状和对称性可以显着影响熔化过程。这个基本的发现可以帮助指导研究人员寻找纳米颗粒，以获得能量应用所需的性能。

为了解决这个问题，Glotzer的团队需要一台能够模拟高达100万硬多边形的系统的超级计算机，用作原子的简单的粒子，从三角形到14面的形状。与尝试模拟自然的传统分子动力学模拟不同，硬多边形模拟为研究人员提供了一种削减环境，以评估形状影响的物理学。

密歇根大学研究科学家Joshua Anderson说：“在我们模拟的二维环境中，我们发现熔融转变遵循三种不同的情景之一，取决于系统的多边形的形状。 “值得注意的是，我们发现由六边形组成的系统完全遵循着名的2-D熔化理论，迄今尚未得到描述。

移动形状场景

在3-D系统中，例如变薄的冰柱，熔化是一阶相变的形式。这意味着这些系统中的分子集合以固体或液体的形式存在，在存在潜热的情况下，不存在固体或液体相变的能量。在诸如用于电池和其它技术的薄膜材料的2-D系统中，熔化可能更复杂，有时表现出称为六相的中间相。

第六阶段是一个以有序固体和无序液体为中心点的状态，在20世纪70年代由研究人员John Kosterlitz，David Thouless，Burt Halperin，David Nelson和Peter Young进行了理论研究。该阶段是KTHNY理论的一个主要特征，研究人员提出了二维融合理论（根据姓氏的第一个字母命名）。在2016年，Kosterlitz和Thouless，以及物理学家Duncan Haldane获得了诺贝尔物理学奖，他们对2-D材料研究做出了贡献。

描述外部压力下六角形二维硬质粒子系统的六次相变的电影。在左边，红色和绿色的粒子表示系统中缺陷的结构。在右边，蓝色和黄色更多...

在分子水平上，固体，六价和液体体系由其原子的排列来定义。在结晶固体中，存在两种类型的顺序：平移和定向。平移顺序描述了在距离上的原子之间的明确定义的路径，如在精心构造的Jenga塔中的块。定向顺序描述原子和距离原子组之间共享的关系和聚类顺序。虽然同样的Jenga塔在几轮的比赛中变得歪斜了，但塔的一般形状仍然存在，只是它的顺序现在分散了。

六阶段没有平移顺序，但具有定向顺序。 （一种液体既没有平移的也没有定向的顺序，而是表现出短距离的顺序，意味着任何原子都将具有邻近的平均数量，但没有可预测的顺序）。

推测六阶段的存在需要能够计算大型硬粒子系统的领导级计算机。 Glotzer的团队通过创新和新颖的理论和实验计算影响（INCITE）计划获得了OLCF的27-petaflop Titan的访问，运行其GPU加速的HOOMD蓝色代码，以最大限度地延长机器的时间。

在Titan上，HOOMD-blue对于高达100万个粒子的每次大规模并行蒙特卡洛模拟都使用64个GPU。研究人员探索了11种不同的形状系统，应用外部压力将颗粒推到一起。每个系统以21个不同的密度模拟，最低密度代表流体状态，最高密度为固态。

模拟结果表明，多边形融合方案取决于多边形的形状。具有七面或更多边的多边形的系统紧密地遵循硬盘或圆圈的熔融行为，表现出从固体到六相的连续相变，以及从六面体到液相的一阶相变。连续相变意味着响应于外部压力变化的不断变化的区域。一阶相变的特征在于不连续性，其中响应于改变的外部压力，体积跨越相变跳跃。该团队发现五边形和四倍五重峰，具有两个不同边缘长度的不规则五边形呈现一阶固 - 液相变。

然而，最重要的发现来自六边形系统，其完全遵循由KTHNY理论描述的相变。在这种情况下，颗粒在完美的连续相变模式中从固体转变为六方和六方态。

“实际上令人惊讶的是，到目前为止，还没有人发现，”安德森说，“因为六边形和蜂窝状的六边形排列似乎是一个完美匹配的理论，所以其中六价相通常包含六重取向。”

Glotzer的团队最近收到了2017年的INCITE分配，现在正在运用其领先级的计算能力来应对3-D的相变。该团队专注于流体颗粒如何结晶成复杂的胶体 - 混合物，其中颗粒悬浮在另一种物质中。胶体的常见例子包括牛奶，纸，雾和彩色玻璃。

安德森说：“我们正在计划使用泰坦研究这些简单的互动中复杂性是如何产生的，为了做到这一点，我们实际上还会研究晶体如何增长，并研究动力学是如何发生的。”

E-Material（电子材料）

Researchers investigate the potential of metal grids for future electronic components
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Researchers at the Helmholtz Zentrum Dresden-Rossendorf in Germany have calculated that the specific layout of four holes ("antidots") in a layer of cobalt will accommodate 15 different combinations for programming. Credit: HZDR 

Scientists from the Helmholtz Zentrum Dresden-Rossendorf (HZDR) have shown how a cobalt grid can be reliably programmed at room temperature. In addition, they have discovered that for every hole ("antidot"), three magnetic states can be configured in a nanometer-scale magnetic perforated grid. The results have been published in the journal Scientific Reports. 
Physicist Rantej Bali from the HZDR, together with scientists from Singapore and Australia, designed a special grid structure in a thin layer of cobalt in order to program its magnetic properties. Colleagues from the National University in Singapore produced the grid using a photolithographic process similar to that currently used in chip manufacture. Approximately 250 nanometer-sized holes, so-called antidots, were created at regular intervals with interspaces of only 150 nanometers in the cobalt layer. In order to be able to stably program it, the Singapore experts followed the Dresden design, which specified a metal layer thickness of approximately 50 nanometers.
At these dimensions, the cobalt antidot grid displayed interesting properties. Dr. Bali's team discovered that with the aid of an externally applied magnetic field, three distinct magnetic states around each hole could be configured. The scientists called these states "G", "C" and "Q." Dr. Bali says, "By optimizing the antidot geometry, we were able to show that the spins, or the magnetic moments of the electrons, could be reliably programmed around the holes."
Building blocks for future logic
Since the individually programmable holes are situated in a magnetic metal layer, the grid geometry has potential use in computers that would work with spin-waves instead of the electric current. "Spin-waves are similar to the so-called Mexican waves you see in a football stadium. The wave propagates through the stadium, but the individual fans—in our case, the electrons—stay seated", explains Dr. Bali. Logic chips utilizing such spin waves would use far less power than today's processors, because no electrical current is involved.
Many magnetic states can be realized in the perforated grid so that the spin-waves can, for example, be assigned specific directions. This could allow for a higher processing speed in future logic chips. "Our perforated grids could also operate as components for future circuits working with spin-waves", says Dr. Bali. Doctoral candidate Tobias Schneider is now investigating the dynamics developed by the spin-waves in such perforated grids. Among other aspects, he is participating in the development of special computer programs making possible the complex calculation of the magnetic states in perforated grids. 
研究人员调查了金属网格在未来电子元件方面的潜能
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德国亥姆霍兹中心德累斯顿-罗森多夫的研究人员已经计算出，一层钴的四个孔（“antidots”）的具体布局将容纳15种不同的编程组合。图片：HZDR

德国亥姆霍兹中心德累斯顿-罗森多夫（HZDR）的科学家已经展示了一个钴网如何在室温下得到可靠编程的。此外，他们发现，对于每一个孔（“antidot”），在纳米尺度的磁性穿孔网格中能够配置三种磁性状态。其结果已经发表于《科学报告》杂志。

HZDR的物理学家Rantej Bali与新加坡和澳大利亚的科学家一同在一个薄的钴层中设计了一个特殊的网状结构，以便对其磁性进行编程。新加坡国立大学的同事们利用一个类似于目前在芯片制造中所使用的光刻工艺产生该网。大约250纳米尺寸的孔，即所谓的antidots，在钴层中以仅150纳米的间隙按规则间隔产生。为了能够稳定地对其进行编程，新加坡的专家们遵循了德累斯顿的设计，其规定了金属层的厚度大约为50纳米。

在这些尺寸上，钴antidot网展示了有趣的特性。Bali博士的团队发现，借助外部施加的磁场，每个孔周围的三种不同的磁性状态能够得到配置。科学家称这些状态为“G”、“C”和“Q”。Bali博士称，“通过优化antidot几何，我们能够证明，自旋，或电子的磁矩，可能在孔周围得到可靠地编程。”

为未来逻辑构建基石

由于可单独编程的孔位于磁性金属层，该网格几何能够用于可能与自旋波而不是电流合作的计算机。“自旋波类似于你在足球场上看到的所谓的墨西哥风波。该波通过球场，但是个别球迷——在我们的情况下，是电子——保持就座”，Bali博士解释称。利用这种自旋波的逻辑芯片可能使用比目前的处理器所使用的更少的电力，因为其中不涉及电流。

许多磁性状态可以在穿了网格中实现，从而自旋波能够，例如，被分配到特定方向上。这可能令未来的逻辑芯片具有更快的处理速度。“我们的穿孔网格也有可能在与自旋波合作的情况下像未来电路的组件一样来运行，”Bali博士称。博士生候选人Tobias Schneider目前正在研究这类多孔网格中自旋波所产生的动力。在其他因素中，他将参与令磁性状态的复杂计算在多孔网格中成为可能的特殊计算机程序的开发。

Combining pulsed laser with electron gun allows for capturing fast motion of nanoparticles in a liquid
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(Phys.org)—A team of researchers at the California Institute of Technology has combined a pulsed laser with an electron gun to capture imagery of suspended nanoparticles moving at nanosecond speeds. In their paper published in the journal Science, the group describes their approach and how they used their apparatus to follow the motion of laser-excited nanoparticles. Peter Baum with Ludwig-Maximilians-Universität offers a Perspective piece on the work in the same journal issue, outlining what they have achieved and describing possible applications for their technique—he also offers some ideas on how it might be improved. 
To get a better look at the building blocks of matter, scientists have aggressively pursued better microscopes that allow not just a closer look at things, but short peeks into interactions or reactions that occur at incredibly fast speeds. In this new effort, the researchers sought to combine technologies to capture ultra-fast laser pulses striking a pair of bonded gold nanoparticles suspended in a water solvent.
To capture the action, the researchers placed the gold nanoparticle pair in a drop of water, and then squashed the result between plates of silicon nitride, which had been chosen because it allows electrons to pass through but is strong enough to withstand the vacuum pressure inside of an electron microscope. The team then aimed a laser at the nanoparticles and fired a sequence of very rapid pulses at it, causing the water to boil just next to it, exciting the nanoparticles into movement. At the same time, an electron gun fired electrons at the same nanoparticles, creating a flash for image capture. To create the image, the team followed a three-step process: selecting the image using quasi-continuous electron illumination, applying a laser pulse while also applying a probe pulse, and then imaging the end result once again using quasi-continuous electron illumination. By continuously repeating their three-step process, the team was able to gather a data stream of information on the changing position of the nanoparticle pair, which, when combined, comprised a video of sorts depicting the movements of the nanoparticle pair.
The technique needs refinement, as Baum notes, but opens the door to the possibility of creating microscopes to image biological interactions that occur at nanosecond speeds. 
将脉冲激光与电子枪相结合，可以捕获液体中纳米颗粒的快速运动
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（Phys.org） - 加利福尼亚理工学院的研究人员团队将脉冲激光与电子枪相结合，以捕获以纳秒速度移动的悬浮纳米颗粒的图像。在他们发表在科学杂志上的文章中，该小组介绍了他们的方法，以及他们如何使用他们的设备来跟随激光纳米粒子的运动。路德维希•马克西米利安大学的彼得•鲍姆（Peter Baum）在同一期杂志上提供了一个关于工作的透视图，概述了他们已经取得的成果并描述了他们技术的可能应用 - 他还提供了一些关于如何改进的想法。

为了更好地了解物质的组成部分，科学家积极地寻找更好的显微镜，不仅可以仔细观察物体，而且可以快速观察到以惊人的速度发生的相互作用或反应。在这项新的努力中，研究人员力图将技术结合在一起，捕获超快速激光脉冲，从而触发悬浮在水溶剂中的一对键合金纳米颗粒。

为了捕捉这一行动，研究人员将金纳米颗粒对置于一滴水中，然后压扁了氮化硅板之间的结果，因为它允许电子通过，但电子显微镜需要足够强大以承受内部的真空压力的。然后，团队将激光瞄准纳米颗粒，并在其上发射一系列非常快速的脉冲，使水在其旁边沸腾，激发纳米颗粒的运动。同时，电子枪在相同的纳米颗粒处发射电子，产生用于图像捕获的闪光。为了创建图像，团队采取了三步骤过程：使用准连续电子照明选择图像，应用激光脉冲同时施加探针脉冲，然后再次使用准连续电子照明成像最终结果。通过不断重复这三步骤的过程，该团队能够收集关于纳米颗粒对变化位置的信息的数据流，当组合时，该组合包含描述纳米颗粒对的运动的视频。

Baum指出，该技术需要细化，但是为了创建显微镜来形成以纳秒速度发生的生物相互作用的可能性。

Portable superconductivity systems for small motors

Superconductivity, where electrical currents course unhindered through a material, is one of modern physics' most intriguing scientific discoveries. It has many practical uses. Governments, industries, and health care and science centers all make use of superconductivity in applications extending from MRIs in hospitals to the cavities of particle accelerators, where scientists explore the fundamentals of matter. However, practical exploitation of superconductivity also presents many challenges. 
The challenges are perhaps greatest for researchers trying to integrate superconductivity in small, portable systems. Cambridge University academic and superconductivity expert John Durrell and his team demonstrate this week in Applied Physics Letters, from AIP Publishing, that a portable superconducting magnetic system, which is, in essence, a high performance substitute for a conventional permanent magnet, can attain a 3-tesla level for the magnetic field. Durrell said his team's work in large part evolved from the innovative findings of University of Houston physicist Roy Weinstein, who has shown how conventional electromagnets and pulsed field magnetization can be used to activate superconducting magnetic fields which are "captured" and sustained as part of a superconductive arrangement. This avoids the requirement for large expensive superconducting magnets to "activate" such portable systems. Also key, Durrell pointed out, is that his team capitalized on other new and cheaper technologies, especially for cooling.
"For example, the leap with advances in cryogenics, allows you to do interesting things in other areas, too," Durell explained. "There is a lot coming together to make this possible." While large industrial-size superconducting systems do generate a 20-tesla magnetic field, Durrell's 3-tesla magnetic field is new for a portable system.
Durrell and his team were curious about what they could do as they looked at Weinstein's work just a few years earlier. Weinstein demonstrated that with conventional external electromagnetic pulsing of a medium, it was possible to "capture" a magnetic field in a superconductor using a much smaller external magnetic field than previously thought possible. The Weinstein investigation used Yttrium Barium Cuprate doped with uranium and subject to an irradiation treatment. Durrell's team looked for a less expensive material and chose Gadolinium Barium Cuprate, without uranium doping. Difan Zhou, team investigator and lead author, came up with the idea of extending Weinstein's findings, Durrell said, and the research, which took just short of two years to do, has paid off.
"It was a surprise to us that we managed to see in a not-quite-so-cutting-edge-material the same giant flux leap effect as Roy Weinstein demonstrated," Durrell said. "The key thing that made this possible is that we have looked at what Roy has done to get it to work but for this kind of portable system. Before we were using conventional superconducting magnets to charge our bulks. This will make access to these high fields cheaper and more practical."
Advances in cheaper, more efficient cooling—the cryogenic system—were also key for Durrell and team's research. For both the magnetic field charging and sustaining phases, it is necessary to keep the superconducting sample cool or else the superconductivity gives out. Recently, the private sector has come up with cryogenic systems that are cheap and light, and Durrell used a cooling system from Sunpower Inc., a U.S. firm. According to Durrell, this lightness and relative low-cost could make portable superconductivity in various products a real possibility.
The total effect of bringing together these new technological opportunities, Durrell pointed out, is "essentially a better, portable permanent magnet—one with a 3-tesla rather than 1-tesla magnetic field. The obvious interest in that is that you could use that to make a smaller and lighter motor."
Low cost NMR and MRI systems for hospitals are also a strong possibility for use, Durrell explained, as these systems often use large superconducting magnets. Magnetically targeted drug delivery systems in human and veterinary applications may also be enabled.
Durrell and his team are planning for more testing for more magnetic power and overall efficiency. They have received significant support from The Boeing Company for this investigation, and Durrell feels it is a strong example of what a company and an academic lab can do when they team up for basic research. 
小型电机便携式超导系统

超导性，其中电流当然不受材料阻碍，是现代物理学中最有趣的科学发现之一。它有很多实际用途。政府，行业和医疗保健和科学中心都利用超导性应用，甚至从医院的MRI到粒子加速器的空洞都有它的身影。科学家们从中探索物质的基本原理。然而，超导性的实际应用也面临诸多挑战。

研究人员试图将超导性集成在小型便携式系统中时，发现挑战也许是最大的。剑桥大学学术和超导专家约翰•杜雷尔（John Durrell）及其团队本周在AIP出版社的“应用物理学”（Applied Physics Letters）上展示了一种便携式超导磁体系统，其本质上是传统永磁体的高性能替代品，可以达到3 -tesla级磁场。 Durrell表示，他的团队的工作大部分是从休斯顿大学物理学家罗伊•温斯坦（Roy Weinstein）的创新发现演变而来的，他们已经展示了，作为超导布置的一部分，传统的电磁铁和脉冲磁场的磁化是如何激活被捕获的超导磁场。这避免了对昂贵的超导磁体“激活”这种便携式系统的要求。 Durrell指出，他的团队也利用了其他新的和便宜的技术，特别是冷却技术的关键。

“例如，与低温技术的进步有着飞跃，让您在其他领域也能做有意思的事情，”杜雷尔解释说。 “有很多人聚在一起，使这成为可能。”虽然大型工业级超导系统确实产生了20特斯拉的磁场，但是Durrell的3特斯拉磁场是便携式系统的新特性。

Durrell和他的团队很好奇他们在几年前看过温斯坦的工作时可以做些什么。温斯坦表明，使用介质的常规外部电磁脉冲，可以使用比以前认为的更小的外部磁场“捕获”超导体中的磁场。温斯坦调查使用掺铀的钇钡钡酸盐进行照射处理。 Durrell的团队在寻找一种较便宜的材料时，选择了钆镓酸钡，而不需要铀掺杂。杜瑞尔（Durrell）说，团队调查人员和主要作者迪丹•周，提出延伸温斯坦研究结果的想法，而只有短短两年时间的研究已经取得了成效。

Durrell说：“对我们来说，我们设法看到一个与Roy Weinstein所展示的相同的巨大飞跃效应，我们设法看到了一个不太尖锐的材料。 “这个可能的关键是我们已经看了罗伊所做的工作，但是对于这种便携式系统，在我们使用传统的超导磁体给我们的体积充电之前，这将使得这些高领域更便宜，更实用“。

更便宜，更有效的冷却方式的进步 - 低温系统也是Durrell和团队研究的关键。对于磁场充电和维持相，必须保持超导样品冷却或者超导体发出。最近，私营部门已经提出了廉价轻便的低温系统，而Durrell则是美国公司Sunpower Inc.的冷却系统。据Durrell介绍，这种轻便和相对低成本可以使各种产品中的便携式超导体成为真正的可能。

Durrell指出，将这些新技术机会结合在一起的总体效果是“本质上是一种更好的便携式永久磁铁，其具有3特斯拉而不是1特斯拉磁场，因此您可以使用更小更轻的电机。”

Durrell解释道，医院的低成本NMR和MRI系统也是很有可能使用的，因为这些系统通常使用大型超导磁体。人类和兽医应用中的磁性靶向药物递送系统也可以启用。

Durrell和他的团队正在计划进行更多的磁力测试和整体效率测试。 他们得到了波音公司的大力支持，杜瑞尔认为这是公司和学术实验室合作开展基础研究工作的一个很好的例子。
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