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Tech News & New Tech（技术前沿）

Physicists explore elusive high-energy particles in a crystal

May 30, 2017 
by David L. Chandler 
https://phys.org/news/2017-05-physicists-explore-elusive-high-energy-particles.html
Mid-infrared wavelengths of light are invisible to the eye but can be useful for a number of technologies, including night vision, thermal sensing, and environmental monitoring. Now, a new phenomenon in an unconventional metal, found by physicists at MIT and elsewhere, could provide a new way of making highly sensitive detectors for these elusive wavelengths. The phenomenon is closely related to a particle that has been predicted by high-energy physicists but never observed. 
Physicists group all the fundamental particles in nature into two categories, fermions and bosons, according to a property called spin. The fermions, in turn, have three types: Dirac, Majorana, and Weyl. Dirac fermions include the electrons in regular metals such as copper or gold. The other two are unconventional particles that can give rise to strange and fundamentally new physics, which potentially can be used to build more efficient circuits and other devices.
The Weyl fermion was first theorized almost a century ago by German physicist Hermann Weyl. Even though its existence is posited as part of the equations that form the widely accepted Standard Model of subatomic physics, Weyl fermions have never actually been observed experimentally. The theory predicts that they should move at the speed of light, and, at the same time, spin about the direction of motion. They come in two varieties depending on whether their rotation around the direction of motion is clockwise or counterclockwise. This property is known as the handedness, or chirality, of Weyl fermions.
Even though Weyl fermions have never been observed directly, researchers have recently observed a phenomenon that mimics essential aspects of their theorized properties, in a class of unconventional metals known as Weyl semimetals. One remaining challenge was to experimentally measure the chirality of these Weyl fermions, which evaded detection from most standard experimental techniques.
In a paper published in the journal Nature Physics, an MIT team was able to measure Weyl fermion chirality by using circularly polarized light. This work was done by MIT postdocs Qiong Ma and Su-Yang Xu; physics professors Nuh Gedik, Pablo Jarillo-Herrero, and Patrick Lee; and eight other researchers at MIT and other universities in the U.S., China, and Singapore.
Specifically, the researchers found that a metal called tantalum arsenide, or TaAs, "exhibits an interesting optoelectronic property called the circular photogalvanic effect," says Gedik, an associate professor in the Department of Physics. Conventionally, electrical conduction requires applying an external voltage across the two ends of a metal (such as copper). By contrast, the researchers found in this work that, by shining circularly polarized light in the mid-infrared wavelength range, the TaAs can produce an electrical current without applying external voltages. Moreover, the direction of the current is dictated by the chirality of Weyl fermions and can be switched by changing the light polarization from left-handed to right-handed.
The amount of current generated in this way turns out to be surprisingly large—10 to 100 times stronger than the response of other materials used for detecting this kind of light. This could make the material useful for extremely sensitive light detectors in this mid-infrared part of the spectrum.
"Despite being predicted a long time ago, Weyl fermions have never been observed as a fundamental particle in particle physics," Gedik explains. But the new experiments, he says, have shown that in these unconventional metals, ordinary electrons "can behave in a strange way so that their motion mimics the behavior of Weyl fermions," and can exhibit a range of novel properties.
Over the years since Weyl's original hypothesis, "Lots of people suspected that neutrinos were Weyl fermions," Xu says. Neutrinos are subatomic particles that hurtle through the universe at nearly the speed of light and were long thought to have no mass at all, just like the posited Weyl fermions. But then, when it was discovered that neurinos did in fact have a tiny but measurable mass, that possibility was ruled out, and actual Weyl fermions have still never been observed. "But the way the behavior of electrons in semimetals such as TaAs closely mimics what was predicted for Weyl fermions lends support to Weyl's original theory," Ma says.
Electrons "can behave like Weyl fermions in those metals," Ma says. "They always come in pairs that always have opposite chirality."
While others had observed some of the unusual behavior of electrons in these materials, nobody had previously been able to probe the key aspect of the Weyl fermions, namely their left- or right-handed spin. But in this research, "we figured out a way to measure the chirality," Xu says, by using circularly polarized light to trigger the electrical current, and showing that opposite light polarizations caused the current to move in opposite directions. By measuring the current using electrodes attached to the material for different light polarizations, they were able to deduce the chirality of Weyl fermions responsible for this current. 
物理学家从晶体中探索神秘的高能粒子


05/30/2017  作者：David L. Chandler   出处：https://phys.org
人眼无法看到中红外波长的光，但可应用在很多技术中，包括夜视、热传感和环境监测。现在，来自麻省理工学院和其他地方的物理学家在一种新型金属中发现了新现象，它可以带来一种新型高度灵敏探测器的制造方法用以捕捉这些肉眼难辨的光波。这种现象与高能物理学家预言的粒子密切相关，但从未观测到。

根据一种粒子的自旋特性，物理学家将自然界的所有基本粒子分为两类，费米子和玻色子。而费米子有三种类型:狄拉克、马略亚纳和威基。狄拉克费米子包括铜或金等普通金属中的电子。另外两种是非常规的粒子，可以带来奇怪而又基本的新物理理论，这些理论可能被用于建造更高效的电路和其他设备。

近一个世纪前德国物理学家赫尔曼•外尔（Hermann Weyl）首次提出的外尔费米子理论。虽然科学家们认为它的存在是构成被广泛接受的亚原子物理学标准模型的一部分，但是实际上并没有对外尔费米子进行实验观察。该理论预测，它们应该以光速运动，同时，也会旋转运动的方向。根据它们运动方向的旋转是顺时针还是逆时针，科学家将它们分为两种类型。这个性质即为外尔费米子的“手性”。

尽管从来没有直接观察到外尔费米子，研究人员最近观察到的一种现象，他们在一种韦尔半金属的非常规金属中，模拟了外尔费米子理论性质的基本方面。另一个挑战是通过实验测量这些外尔费米子的手性，而大多数标准的实验技术中往往避免对这一性质进行检测。

在《自然物理学》杂志上发表的一篇论文中，麻省理工学院的研究小组用圆偏振光的方法测量了外尔费米子的手性。这项工作由麻省理工学院博士后马琼、徐苏扬和物理学教授Nuh Gedik、Pablo jarillo - herrero和Patrick Lee以及来自美国麻省理工学院和美国、中国和新加坡其他大学八名研究人员共同完成。

具体来说，研究人员发现一种名为砷化钽(TaAs)的金属，“展示了一种有趣的光电子性质，即环形光电效应，”物理学系副教授Gedik说。通常，导电需要在金属的两端施加一个外部电场(如铜)。相比之下，研究人员在这项研究中发现，通过在中红外波段内发出圆形偏振光，TaAs可以在无外部电场的情形下产生电流。此外，电流的方向由外尔费米子的手性决定，可以通过改变偏振光左旋或右旋来调整。

令人惊讶的是，通过这种方式产生的电流比用其他材料研究这种光而产生的光电流大10到100倍。这使得这种材料可用来制作对中红外光谱非常敏感的光敏探测器。

Gedik解释说:“尽管人们很久以前就预言过，我们从未被认为是粒子物理学中的基本粒子。”但是他说，新的实验表明，在这些非常规的金属中，普通额电子“可以表现出一种奇怪的方式，它们的运动模仿着外尔费米子的行为”，并且展示一系列新的特性。

多年来，从外尔费米子的最初假设开始，“很多人怀疑中微子是外尔费米子，”徐说。中微子是一种亚原子粒子，它以接近光速的速度穿过宇宙，而且一直以来科学家们认为中微子没有质量，就像对外尔费米子的假设一样。但是，当人们发现中微子的质量确实微小但可测量时，这种可能性被排除了。而科学家们依旧未曾观察到实际的外尔费米子，但是电子在像TaAs这样的半金属中的行为方式与科学家预测的外尔费米子表现相同

他说，电子“在这些金属中可以表现得像外尔费米子。它们总是成对出现，并且手性相反。”

其他人观察到这些物质中电子的不寻常行为时，没有人探测到外尔费米子的关键特性，即它们的左旋或右旋性。但是在这项研究中，“我们找到了一种测量手性的方法，”徐说，通过圆偏振光触发电流，显示相反偏振光方向致使电流反向运动。通过测量附着在不同光偏振材料上的电极电流，他们能够推断出相应的外尔费米子手性
The synchronized dance of skyrmion spins

May 30, 2017
https://phys.org/news/2017-05-synchronized-skyrmion.html
Now, a research group in Singapore has used computer simulations to further probe the behaviors of skyrmions, gaining insight that can help scientists and engineers better study the quasi-particles in experiments. The new results, published this week in AIP Advances, could also lead to skyrmion-based devices such as microwave nano-oscillators, used in a range of applications including wireless communication, imaging systems, radar and GPS.
"Its unique attributes, for instance, could theoretically enable notebooks with hard drives the size of peanuts, and yet consume little energy," said Meng Hau Kuok of the National University of Singapore and one of the work's authors.
Observed in 2009, skyrmions arise from the collective behavior of electrons in magnetic materials under certain conditions. Due to their spins, the electrons act as tiny magnets where their magnetic poles align with their spins. A phenomenon called the Dzyaloshinskii-Moriya interaction (DMI)—which occurs at the interface between a magnetic layer and a non-magnetic metal—tilts the spins and arranges them into circular patterns. These circular arrangements of spins, which behave collectively like particles, are skyrmions.
Although researchers have studied how groups of skyrmions behave, little is known about their internal behaviors, Kuok said. In particular, physicists don't fully understand the particles' three fundamental modes, which are analogous to the fundamental vibrational modes of a guitar string corresponding to different musical notes. Like those notes, each skyrmion mode is associated with a certain frequency.
"The modes can be thought of as circular patterns of spins dancing in sync," Kuok said. Understanding the modes is essential for knowing how the particles would behave.
In one of the modes, called the breathing mode, the pattern of spins alternately expands and contracts. In the two other modes, the circular arrangement of spins rotates in the clockwise and counterclockwise directions, respectively.
The researchers focused on a type of skyrmion called the Néel skyrmion, which exists in ultrathin films deposited on metals with a strong DMI. Using a computer, they simulated how the DMI and external magnetic fields of varying strengths affected the modes and properties of the particles. They found that given the same DMI strength, and if in the crystal phase, the frequencies corresponding to each mode depend differently on magnetic field strength.
Increasing the magnetic field also induces the skyrmions to change phase relative to one another, from being arranged in ordered arrays like a crystal to randomly distributed and isolated. The researchers found that the three modes respond differently to this phase transition.
Surprisingly, Kuok said, all three modes can exist in the crystal phase, while the clockwise rotational mode does not exist in the isolated phase. One reason, the simulations revealed, might be that the skyrmions are farther apart in the isolated phase than in the crystal phase. If the skyrmions are too far apart, then they can't interact. This interaction might be necessary for the clockwise rotational mode, Kuok said.
Because the mode frequencies of skyrmions are in the microwave range, the quasi-particles could be used for new microwave nano-oscillators, which are important building blocks for microwave integrated circuits.
A microwave nano-oscillator based on skyrmions could operate at three resonant frequencies, corresponding to the three modes. An increasing magnetic field would lower the resonant frequencies of the breathing and clockwise rotating modes at different rates, but increase the resonant frequency of the counterclockwise rotating mode. Such a skyrmion-based device would be more compact, stable, and require less energy than conventional, electron-based nano-oscillators.
But before skyrmions find their way into devices, researchers still need to engineer their specific desired properties, such as size, and precisely tune their dynamic properties. "Our findings could provide theoretical insights into addressing these challenges," Kuok said. 

斯格明子自旋的同步运动

05/30/2017  出处：https://phys.org
现在，新加坡的一个研究小组用计算机模拟来进一步研究斯格明子的行为，深入的分析能帮助科学家和工程师更好地研究实验中的准粒子。这周在《美国物理联合会进展》(AIP Advances)中发布的研究新成果或可应用于斯格明子相关的设备中，如微波纳米振荡器，它可用于无线通讯、成像系统、雷达和GPS等设备中。

文章作者之一、新加坡国立大学(National University of Singapore)的郭孟浩(Meng Hau Kuok)说:“举例来说，它独特的特性理论上可以使笔记本电脑的硬盘体积变成花生般大小，但消耗的能量却很少。”

2009年观测到，在一定条件下，在磁性材料中电子的集体性行为产生了斯格明子。由于自旋，电子就像微小的磁铁一样，它们的磁极与自旋的磁性方向一致。这一现象叫做“dzyaloshinskii – moriya相互作用”(DMI)——这种现象发生在磁层和非磁性金属材料的交界面处——可使电子自选方向发生倾斜并将它们排列成圆形图案。这些圆形排列的自旋即斯格明子，它们的集体行为和粒子一样。

郭孟浩说，尽管研究人员已经研究过斯格明子的集体行为，但人们对它们的内部行为知之甚少。特别是，物理学家并不完全理解粒子的三种基本模式，这类似于与不同音符相对应的吉他弦的基本振动模式。就像过去的研究表明，每一个斯格明子模式都与一个特定频率相关。

 “这种模式可以看成圆形自旋同步舞动，”Kuok说。了解这些模式对于了解粒子的行为是非常重要的。

在一种称为呼吸模式的模式中，自旋模式交替扩张、收缩。在另外两种模式中，圆形的自旋分别按顺时针和逆时针方向旋转。

研究人员关注的是一种名为Neel skyrmion的斯格明子，它能发生强DMI相互作用，并存在于金属中沉积的超薄磁膜中。他们利用计算机模拟了DMI和不同强度的外界磁场对粒子的模式和性质的影响。他们发现，如果在晶体相位中给定相同的DMI强度，对应每个模式的频率对磁场强度的依赖性不同。

增加磁场也会诱使斯格明子改变相位，从像晶体一般有序排列排列变为随机、分散分布。研究人员发现，这三种模式对相变的反应不同。

令人惊讶的是，郭孟浩说，所有三种模式都可以在晶体相中存在，而顺时针旋转模式并不存在于孤立的相位中。模拟结果显示，一个原因可能斯格明子在分离相位的间距比在晶体相位时要远。如果斯格明子间隔太远，它们之间就无法发生相互作用。郭孟浩说，这种相互作用可能是顺时针旋转模式的必要条件。

由于斯格明子的模式频率在微波范围内，这种准粒子可用于新型微波纳米振荡器，它是微波集成电路的重要组成部分。

基于斯格明子的微波纳米振荡器可以以三种共振频率运行，分别与三种模式相对应。增加的磁场会降低不同程度的降低呼吸和顺时针旋转模式的共振频率，但会增加逆时针旋转模式的共振频率。这样的斯格明子设备将比传统的电子纳米振荡器更紧凑、稳定、需要更少的能量。

但是，在将斯格明子应用到设备中前，研究人员需要给出他们所需要的特性，如尺寸，并精确调整它们的动态特性。“我们的研究结果可以为应对这些挑战提供理论视角，”郭孟浩说。
Neutron lifetime measurements take new shape for in situ detection

May 30, 2017
https://phys.org/news/2017-05-neutron-lifetime-situ.html
All matter making up the stars, our planet and life upon it came into existence 13.8 billion years ago as a result of the Big Bang. A millisecond after the Big Bang occurred, neutrons and protons formed and began to fuse into small atomic nuclei. This is known as the Big Bang Nucleosynthesis (BBN) era. During BBN, protons (hydrogen), the main building blocks of stars, combined with neutrons to form helium and other light elements. All of this happened within the first, approximately, 20 minutes of this new universe. 
Neutrons, though, are inherently unstable (where lifetime, τ, is approximately 881 seconds) and don't last long outside an atomic nucleus. Because the neutron decays on a time scale similar to the period for BBN, accurate simulations of the BBN era require thorough knowledge of the neutron lifetime, the average time required for a neutron to decay, but this value is still not precisely known. This week in the journal Review of Scientific Instruments, scientists at Los Alamos National Lab (LANL) report an exciting new method to measure it.
Measurements of the neutron lifetime and accurate simulations of BBN require old neutrons to be freed from their nuclear cages. Christopher Morris of LANL and author of the new study explained that neutrons have been essentially "fossilized" in the nuclei of atoms. Studying these "fossil particles," then, can provide a glimpse of the earliest moments of the universe's existence.
By the time BBN ended, most neutrons were locked up in the nuclei of helium atoms. Today, almost all matter in the universe is still close to the initial delicate ratio of helium to hydrogen. The ratio is important since it determines how fast our sun burns hydrogen, powering life on earth.
The number of neutrons on earth is a direct result of BBN and later processes that occurred in ancient stars. By 4.5 billion years ago, there were finally enough neutrons around to form rocky planets, like Earth, and elements like carbon and oxygen, essential for life.

Morris explained that there are two ways to measure the neutron lifetime: The first is counting the number of protons produced when cold neutrons in a beam decay. The second is trapping the neutrons in a metal bottle, with magnetic fields or even via gravity, similar to how water is "trapped" in a bathtub. The method his group has developed uses a magnetic-gravitational trap involving a combination of magnets and gravity.
The trapping approach uses very cold particles, so-called ultracold neutrons, or UCNs. Either the bottle container's walls or a magnetic field repel the neutral UCNs, causing them to hover in the device. According to standard physics, the only pathway these neutrons have for escape is through the decay into a proton and an electron.
The new device, assembled at LANL, involves a magnetic-gravitational trap with a shape designed specifically to stir the neutrons as they fill the trap. This avoids problems in earlier experiments where slow-moving neutrons filled parts of the trap unevenly, resulting in possibly false lifetime measurements.
Previous experiments with beams and containers appeared to give sharply different neutron lifetimes, the most precise measurement using a bottle trap differs by almost four standard deviations from that measured in a beam. In the results published this week, Morris and co-workers report a neutron lifetime of 878 seconds, very close to that found in material bottle traps but differing significantly from the neutron lifetime measured in beams.
The difference between the beam and bottle measurements may be due to a still-unidentified error. Morris suggests a more exotic explanation is that neutrons disappear from the beam without ever producing a proton. This raises the prospect that the somewhat controversial and still-mysterious notion of dark matter might be involved. Future studies will explore these intriguing possibilities. 

原位检测方法在中子寿命测量上取得新进展

05/30/2017    出处：https://phys.org
138亿年前宇宙大爆炸之后出现了各种各样的物质，它们构成了恒星，地球和生命。在大爆炸发生后的一毫秒内，中子和质子形成并开始结合为小原子核。这被科学界称为大爆炸核聚变(BBN)时代。在BBN中，质子(氢)是恒星的主要组成部分，它与中子结合形成氦和其他轻元素。所有这些都发生在这个新宇宙形成最最初的20分钟左右的时间内。

自由的中子,本质上是不稳定的(其寿命τ约为881秒)，它在脱离原子核后的寿命很短。因为中子衰变的时间尺度与BBN的周期相似，对BBN时代的精确模拟需要深入了解中子的寿命，即中子衰变的平均时间，但是目前尚不能精确确定这一数值。本周在《科学仪器评论》杂志上，洛斯阿拉莫斯国家实验室(LANL)的科学家们报告了一种振奋人心的新方法，可以用来测量中子寿命。

测量中子寿命、精确模拟BBN需要研究人员把旧中子从核势井中释放出来。新研究的作者、LANL实验室的克里斯多夫•莫利斯（Christopher Morris）解释道，中子在原子核中基本上是“石化状态”的。研究这些“化石粒子”，可以让我们窥见宇宙诞生最初始的时刻。

到BBN结束时，大多数中子都被固定在氦原子的原子核中。如今，宇宙中几乎所有的物质中的氦元素和氢元素仍然接近它们的初始比例。这一比例很重要，因为它决定了太阳燃烧氢元素的速度，这一过程地球上的生命提供能量来源。

宇宙大爆炸和爆炸发生后远古恒星的演化直接影响了地球上的中子数。45亿年前，终于有足够的中子形成像地球一样的岩石行星，以及碳和氧等元素，这对生命至关重要。

莫里斯解释说，有两种方法来测量中子的寿命:第一个是计算冷中子束衰变时产生的质子数量。第二种方法是通过施加磁场或利用重力将中子捕获到金属瓶中，类似于水被“束缚在”浴缸中的情况。他的团队开发的方法利用了磁铁和重力结合的磁引力阱。

研究人员利用非常冷的粒子，即所谓的超微中子（UCNs），束缚中子。瓶壁或磁场会排斥中性的UCNs，使它们在设备中悬浮。根据标准物理，这些中子摆脱束缚的唯一方法便是是通过衰变变为质子和电子。

这款新设备是在LANL组装的，设备包括一个磁引力阱，其形状是特别设计的，当中子填满磁引力阱时对中子进行搅动。这避免了早期实验中缓慢移动的中子填充不均匀从而导致寿命测量出错。

此前两种测量方法的实验给出了截然不同的中子寿命，最精确的测量方法是使用瓶式陷阱测量，这与使用中子束进行测量的结果相差近四个标准差。在本周公布的研究结果中，莫里斯和同事报告称中子寿命为878秒，非常接近于使用瓶式陷阱进行测量的结果，但与用中子束测量的中子寿命相差很大。

两种测量方法得到的结果差别可能来源于一个仍然未知的错误。莫里斯提出了一个更奇特的解释，即中子从中子束中消失，却并未产生质子。这就增加了一种可能性，中子理论可能会牵涉到有争议性但仍然神秘的暗物质。未来的研究将探索这些有趣的可能性。
New technology could revolutionize 3-D printing

May 26, 2017
https://phys.org/news/2017-05-technology-revolutionize-d.html
A technology originally developed to smooth out and pattern high-powered laser beams for the National Ignition Facility (NIF) can be used to 3-D print metal objects faster than ever before, according to a new study by Lawrence Livermore researchers. 
A team of Lab scientists report the findings in the latest issue of Optics Express, published online on May 15. This new method—Diode-based Additive Manufacturing (DiAM)—uses high-powered arrays of laser diodes, a Q-switched laser and a specialized laser modulator developed for NIF to flash print an entire layer of metal powder at a time, instead of raster scanning with a laser across each layer, as with conventional laser-based powder-bed fusion additive manufacturing (PBFAM) systems.
The result, researchers said, is the possibility that large metal objects could be printed in a fraction of the time needed for metal 3-D printers on the market today, expanding possibilities for industries requiring larger metal parts, such as aerospace and automotive. The combination of speed and degree of design flexibility afforded through the DiAM method, the team concluded, is potentially "far beyond" that of current powder-bed fusion-based systems.
"By cutting the print time and having the ability to upscale, this process could revolutionize metal additive manufacturing," said Ibo Matthews, an LLNL scientist heading the research and the paper's lead author. "The illumination time savings, we estimate, is such that a one cubic meter build that would require 10 years of raster-scanned illumination to make would require only a few hours with DiAM, because you can image each layer at once. Printing with a gray-scaled image may also allow you to reduce residual stress because you can tailor the thermal stresses spatially and temporally."
The "magic" of the process, Matthews said, is the implementation of a customized laser modulator called an Optically Addressable Light Valve (OALV), which contains a liquid crystal cell and photoconductive crystal in series. Much like a liquid crystal-based projector, researchers explained, the OALV is used to dynamically sculpt the high-power laser light according to pre-programmed layer-by-layer images. But unlike a conventional liquid crystal projector, the OALV is un-pixelated and can handle high laser powers.
The technology was originally designed for and installed in NIF as part of the LEOPARD (Laser Energy Optimization by Precision Adjustments to the Radiant Distribution) system, which was deployed in 2010 and won an R&D 100 award in 2012. In NIF, the OALV is used to optimize the profile of the laser beams and locally shadow and protect optics subjected to higher intensities and fluences (or energy density—the amount of laser energy for a given unit area). With LEOPARD, NIF electronically protects regions of its beams containing potentially threatening flaws on its final optics, as identified by the Final Optics Damage Inspection (FODI) system. This enables NIF to continue firing until the schedule allows those optics to be removed, repaired and reintroduced into the beamline.
The team that first demonstrated the light valve could be used for printing parts was initially led by James DeMuth, a former LLNL researcher. John Heebner, the LLNL scientist that led the development of the OALV described its use in metal 3-D printing as a "natural synergy."
"The DiAM project marries two technologies that we've pioneered at the Lab - high-power laser diode arrays and the OALV," Heebner said. "Given that we put all this time and development into this light valve, it became a natural extension to apply it to this project. We went through some calculations and it was clear from the outset that it would work (with 3-D printing). The ability to change a serial process to a parallel process is critical to ensuring that as parts increase in complexity or size that the patterning process speed can be increased to catch up."
Besides the ability to potentially produce larger parts, using such a valve results in imaging quality that rivals and could exceed today's metal 3-D printers, and the ability to fine-tune gradients in the projected image means better control over residual stress and material microstructure, researchers said.
With DiAM printing, the laser light is sourced by a set of four diode laser arrays and a nanosecond pulsed laser. It passes through the OALV, which patterns an image of a two-dimensional "slice" of the desired 3-D part. The images go from a digital computer file to the laser in a two-stage liquid crystal modulation process. In the first stage, the images are sourced from a digitized CAD model and imprinted on a low-power blue LED source using an ordinary, pixelated liquid crystal projector. In the second stage, the blue images activate the OALV's photoconductive layer creating local conductive patches (where blue light is present) that transfer voltage to its liquid crystal layer. This enables the low power blue images to modulate the high-power laser beam. The beam is then directed onto a build plane, printing the entire metal layer at once. For the study, the researchers used tin powder, successfully demonstrating the printing of two small 3-D models, an impeller (a small turbine blade structure) and LLNL logo.
While speeding up the metal additive process was a main driver for pursuing the technology at LLNL, the larger build size could potentially have significant value for the Lab's core mission of stockpile stewardship, the researchers said. The laser diodes - which provide most of the energy compared to the pulsed laser system - are also cheap to purchase, so such a system would be more cost-effective than fiber laser-based machines on the market today. 

新技术可能会彻底改变3d打印技术

05/26/2017  出处：https://phys.org
根据劳伦斯•利弗莫尔实验室研究人员的新研究，一项原本为国家点火装置(NIF)开发技术可更快地对金属物体进行3d打印，这项技术本用于使高能激光束平滑、成型。

5月15日，实验室的一个科学团队在最新一期《光学快报》在线期刊上发表了这一文章。这种新方法称为二极管添加制造（Diode-based Additive Manufacturing, DiAM），它使用大功率激光二极管阵列、Q开关激光器和专业激光调制器为NIF一次性闪印一整层金属粉末,而不是采用传统的与激光料层融合添加制造(PBFAM)系统结合，用激光光栅扫描每一层。

研究人员表示，这一结果为快速打印创造了可能性，使得打印大型金属物体所需时间仅为市场上金属3d打印机的几分之一，此应用或可进一步扩展到需要大型金属部件的行业中，如航空和汽车。研究小组得出的结论，将DiAM方法速度与设计灵活度结合的技术手段，有可能“远远超出”当前的粉末层熔融系统。

 “通过减少打印时间、提高打印能力，这一过程可能会彻底改变金属添加制造，”文章第一作者、LLNL科学家伊博•马修斯（Ibo Matthews）说。我们估计这项技术可以节省 照明时间，光栅扫描照明一立方米的建筑需要10年时间，而DiAM只需要几个小时的时间，因为它可以同时使整个一层成像。打印灰度图像可以根据空间和时间调整热应力，从而减少残余应力。

马修斯说，这个过程的“魔力”是由名为光寻址光阀(OALV)的定制激光调制器实现的，它包含液晶电池和光导晶体。研究人员解释说，就像液晶投影仪一样，OALV根据预先设定的分层图像动态地使用高功率激光进行雕刻。但与传统的液晶投影机不同，OALV是没有像素的，可以处理高功率激光。 

这项技术最初是为NIF设计的，并安装在NIF中作为LEOPARD (通过精确调整辐射分配进行激光能量优化)系统的一部分，该系统于2010年部署，并于2012年获得了研发100奖。NIF中使用OALV来优化激光束和局部阴影的轮廓，并且保持光线处于更高的强度和通量下(或能量密度——单位面积的激光能量)。有了LEOPARD，NIF通过电子控制保护其光束区域，包括最终光学损伤检查(FODI)系统所识别的潜在威胁缺陷。这使NIF能够持续运行，直至按计划移除、修正这些光束或将他们引回光束线。

最初是由LLNL前研究员詹姆斯•德穆斯（James DeMuth）带领的团队演示光阀可以用在印刷零件中。领导OALV项目的LLNL科学家约翰•希柏纳（John Heebner）将其在金属3d打印方面的应用技术称为“自然协同效应”。

希柏纳说:“DiAM项目结合了我们在实验室开发的两种技术——高能激光二极管阵列和OALV。考虑到我们把所有的时间和开发都投入到这个光阀中，将这项技术应用到3D打印中是很自然的延伸。”我们进行了一些计算，因而从一开始就很清楚，它会起作用(3d打印)。将串行过程更改为并行进程的能力非常关键，它可以确保随着组件的复杂度或规模增加，可以模式进程的速度也随之匹配增加。

研究人员说，除了生产大型零部件的应用前景，使用这样的阀门可提高成像质量，超越竞争对手并胜过当今的金属3d打印机，它在投影图像中调整梯度的能力意味着能更好地控制残余应力和材料的微观结构。

通过DiAM打印，激光源自一组4个二极管激光阵列和一个纳秒脉冲激光器。它通过OALV，将部分3d图像压制为二维图片。在两级液晶调制过程中图像从数字计算机文件转为激光。在第一阶段，这些图像来源于一个数字化的CAD模型，并通过一个普通的像素液晶投影仪，在低功率的蓝色LED光源上印出图像。在第二阶段，蓝色的图像激活了OALV的光传导层，形成了局部的导电贴片(蓝光所在处)，将电压转移到液晶层。这使低功率的蓝色图像可以调制高功率激光束。然后将光束定向到一个构建平面上，同时打印整个金属层。在这项研究中，研究人员使用了锡粉，成功地印刷了两种小型三维模型，即一种叶轮(一种小型涡轮机叶片结构)和LLNL标志。

研究人员说，虽然加速金属添加过程是LLNL寻求技术提升的主要动力，但更大的机械尺寸可能对实验室的核心任务核武器储备管理具有重要意义。激光二极管——与脉冲激光系统相比，提供了大部分能量——也很便宜，因此这样的系统在今天的市场上比光纤激光器更划算。
Metal Alloy（金属合金）

Metal-ion catalysts and hydrogen peroxide could green up plastics production

June 5, 2017
https://phys.org/news/2017-06-metal-ion-catalysts-hydrogen-peroxide-green.html
Researchers at the University of Illinois are contributing to the development of more environmentally friendly catalysts for the production of plastic and resin precursors that are often derived from fossil fuels. The key to their technique comes from recognizing the unique physical and chemical properties of certain metals and how they react with hydrogen peroxide. 
Many plastics are made from molecules called olefins that are derived from organic materials such as fossil fuels. To form these types of plastics, olefin molecules must be altered using oxidizing chemicals to make plastic and resin precursors, called monomers, by rearranging their chemical bonds so that they can reach out and grab on to other monomers. This allows them to stitch together into long molecular chains - the building blocks of plastics, said David Flaherty, a professor of chemical and biomedical engineering.
"The current methods used for turning olefin molecules into something useful also uses or produces things we don't want, like chlorine, which can be corrosive, and CO2," said Daniel Bregante, a chemical and biomedical engineering graduate student working with Flaherty, and a co-author of a report on the new method.
Carbon dioxide is often thought of as a waste product of fossil fuel combustion. However, Flaherty said a significant amount of CO2 forms from the production of plastics derived from fossil fuels.
Many production processes use environmentally dangerous organic peroxide or chlorinated oxidants, Bregante said. Together, these concerns have prompted the researchers to explore greener options for plastics manufacturing.
In a paper published in the Journal of the American Chemical Society, the group looks at how and why the identity of certain metals, called transition metals, affect the reaction. They also studied how efficient the process is when using hydrogen peroxide - an environmentally friendly oxidant whose only waste product is water, not chlorine or CO2.
To form the critical monomers, olefins and oxidizers pass through tiny, rigid spongelike structures called zeolites. These zeolites contain metal ions in the pore spaces that act as catalysts to push the chemical reaction toward the plastic-producing pathway, Bregante said.
"This process has been used for decades," Flaherty said. "Yet, the underlying reasons for how the metal atoms activate hydrogen peroxide and why some metals are better than others for this chemistry have not been fully understood."
Flaherty's group said their reaction can take two pathways: one that leads to the formation of monomers and one that leads to the wasteful decomposition of hydrogen peroxide. They have proved in their latest research that the two pathways will respond differently depending on which metal is used, and the next step will be to look at how altering the pore size of the zeolites will affect the reactions.
By unlocking more of the mysteries of this reaction, Flaherty and Bregante said their research might ultimately lead to broader industry adoption of this fine-tuned and environmentally conscious version of a much older process.
"We need to know not only that it works, but also how it works to convince industry to make the switch," Flaherty said. "The facilities used to produce plastics are starting to reach the end of their useful lifetime, and new industrial infrastructure based on this revised method could be a fresh start." 
金属离子催化剂和过氧化氢可以带来环保的塑料生产过程

06/05/2017  出处：https://phys.org
伊利诺伊大学的研究人员正致力于开发更环保的催化剂，用于生产塑料和树脂前体，而这些加工成品材料通常是用化石燃料加工的。这种技术的关键在于认识到某些金属的独特物理化学性质，以及它们如何与过氧化氢发生反应。

许多塑料是由一种叫做烯烃的分子制成的，这些分子来自有机材料，如化石燃料。烯烃分子即单体，必须用氧化的化学物质进行催化发生化学变化，在这一过程中，它们通过化学键重排接触到其他单体，从而制造塑料和树脂前体。化学与生物医学工程教授大卫•费海提（David Flaherty）表示，这可以使单体通过化学反应结合到一起形成长分子链——这是塑料的基本化学结构。

丹尼尔•布雷甘特（Daniel Bregante）是化学和生物医学工程研究生，他的导师是费海提，它也是这份有关新方法研究报告的合著者。他说:“目前将烯烃分子转化为有用东西的方法也会使用或产生一些我们不想要的东西，比如有腐蚀性的氯和二氧化碳。”

二氧化碳通常被认为是化石燃料燃烧的产物。然而，费海提表示，大量的二氧化碳是在利用化石燃料生产塑料的过程中产生的。

布雷甘特说，许多生产流程中使用的是对环境有害的有机氧化物或氯化氧化剂。这些因素促使研究人员探索塑料制造的绿色方案。

在发表在美国化学学会期刊上的一篇文章中，研究小组研究了某些金属，即过渡金属，如何以及为何影响反应。他们还研究了使用双氧水作催化剂时的反应速率——过氧化氢是一种环保的氧化剂，其唯一的生成废物是水，而非氯或二氧化碳。

布雷甘特表示，为了形成关键的单体，实验人员会让烯烃和氧化剂通过被一种称为沸石的微小、坚硬的海绵状结构。这些沸石的空隙中含有充当催化剂的金属离子，推动化学反应向产生塑料的方向进行。

 “这个过程已经使用了几十年，”Flaherty说。“然而，人们尚未完全搞清金属原子如何激活双氧水的根本机制，以及为什么某些金属比其他金属催化效果更好。”

Flaherty的研究小组说他们可以有两种方法进行反应:一种是促使单体的形成，另一种造成过氧化氢的浪费分解。他们已经在最新的研究中证明，根据使用的金属材料不同，这两条途径的反应也不同。下一步研究人员将探究如何改变沸石的孔隙大小，从而影响反应。

Flaherty和布雷甘特表示，他们的研究不断地揭秘反应过程的奥秘，最终可能会使工业上广泛采用这种经过微调并引入环保理念的传统流程。

Flaherty说:“我们不仅需要知道这种方法很有效，还需要了解它的工作原理，以说服业界采纳这种方法。用于生产塑料的设施快要接近其使用寿命，基于这一改进方法的新工业设施可能会成为新的开始。”

A more sustainable way to refine metals

June 7, 2017
https://phys.org/news/2017-06-sustainable-refine-metals.html
A team of chemists in Canada has developed a way to process metals without using toxic solvents and reagents. 
The system, which also consumes far less energy than conventional techniques, could greatly shrink the environmental impact of producing metals from raw materials or from post-consumer electronics.
"At a time when natural deposits of metals are on the decline, there is a great deal of interest in improving the efficiency of metal refinement and recycling, but few disruptive technologies are being put forth," says Jean-Philip Lumb, an associate professor in McGill University's Department of Chemistry. "That's what makes our advance so important."
The discovery stems from a collaboration between Lumb and Tomislav Friscic at McGill in Montreal, and Kim Baines of Western University in London, Ont. In an article published recently in Science Advances, the researchers outline an approach that uses organic molecules, instead of chlorine and hydrochloric acid, to help purify germanium, a metal used widely in electronic devices. Laboratory experiments by the researchers have shown that the same technique can be used with other metals, including zinc, copper, manganese and cobalt.
The research could mark an important milestone for the "green chemistry" movement, which seeks to replace toxic reagents used in conventional industrial manufacturing with more environmentally friendly alternatives. Most advances in this area have involved organic chemistry - the synthesis of carbon-based compounds used in pharmaceuticals and plastics, for example.
"Applications of green chemistry lag far behind in the area of metals," Lumb says. "Yet metals are just as important for sustainability as any organic compound. For example, electronic devices require numerous metals to function."
Taking a page from biology
There is no single ore rich in germanium, so it is generally obtained from mining operations as a minor component in a mixture with many other materials. Through a series of processes, that blend of matter can be reduced to germanium and zinc.

"Currently, in order to isolate germanium from zinc, it's a pretty nasty process," Baines explains. The new approach developed by the McGill and Western chemists "enables you to get germanium from zinc, without those nasty processes."
To accomplish this, the researchers took a page from biology. Lumb's lab for years has conducted research into the chemistry of melanin, the molecule in human tissue that gives skin and hair their color. Melanin also has the ability to bind to metals. "We asked the question: 'Here's this biomaterial with exquisite function, would it be possible to use it as a blueprint for new, more efficient technologies?'"
The scientists teamed up to synthesize a molecule that mimics some of the qualities of melanin. In particular, this "organic co-factor" acts as a mediator that helps to extract germanium at room temperature, without using solvents.
Next step: industrial scale
The system also taps into Friscic's expertise in mechanochemistry, an emerging branch of chemistry that relies on mechanical force - rather than solvents and heat - to promote chemical reactions. Milling jars containing stainless-steel balls are shaken at high speeds to help purify the metal.
"This shows how collaborations naturally can lead to sustainability-oriented innovation," Friscic says. "Combining elegant new chemistry with solvent-free mechanochemical techniques led us to a process that is cleaner by virtue of circumventing chlorine-based processing, but also eliminates the generation of toxic solvent waste"
The next step in developing the technology will be to show that it can be deployed economically on industrial scales, for a range of metals.
"There's a tremendous amount of work that needs to be done to get from where we are now to where we need to go," Lumb says. "But the platform works on many different kinds of metals and metal oxides, and we think that it could become a technology adopted by industry. We are looking for stakeholders with whom we can partner to move this technology forward." 
一种更可持续的提炼金属的方法

06/07/2017  出处：https://phys.org
来自加拿大的化学研究团队发明了一种不使用有毒的溶剂和试剂处理金属的方法。

该方法的能耗远低于传统技术，它可以极大地减少从原材料或回收的电子产品中提取金属带来的环境影响。

麦吉尔大学化学系副教授让-菲利普•卢姆（Jean-Philip Lumb）表示:“在自然金属储量下降时期，人们对提高金属精炼和回收利用效率有很大的兴趣，但很少有科学家提出颠覆性技术。这便是我们的进步如此重要的原因。”

这一发现源于来自蒙特利尔麦吉尔大学的托米斯拉夫•弗里西斯（Tomislav Friscic）和卢姆在与来自伦敦西部大学的金•贝恩斯（Kim Baines）之间的合作研究。在最近发表在《科学进展》杂志上的一篇文章中，研究人员简述了一种使用有机分子净化锗的方法，而不是传统的氯和盐酸方法。锗是一种广泛应用于电子设备的金属。研究人员的实验表明，同样的技术也可以用于其他金属，包括锌、铜、锰和钴。

这项研究或代表着“绿色化学”运动中的一个重要里程碑。“绿色化学”运动旨在用更环保的替代品取代传统工业制造中使用的有毒试剂。这个领域的大多数先进技术都涉及到有机化学——例如，在医药和塑料制造中运用的合成碳基化合物的技术。

卢姆说:“绿色化学在金属领域中应用非常落后。然而，金属对可持续发展的重要性和所有有机化合物一样。例如，电子设备需要大量的金属才能发挥作用。”

站在生物学的角度

在自然界中没有单一的锗矿，所以它通常作为多种金属混合矿中的副成分通过采矿作业开采出来。在金属矿石的一系列处理过程中，多种金属混合物最终会减少到只剩锌和锗。

贝恩斯解释说:“目前，将锗从锌中分离出来的过程相当麻烦。”麦吉尔大学和西部大学的化学家们开发了一种新方法“它使你能轻松从锌中提取锗”。

为了实现这一目标，研究人员从生物学获得启示。多年来，卢姆的实验室对黑色素的化学成分进行了研究，黑色素是人体组织内的一种分子，它使皮肤和头发有了颜色。黑色素也可以与金属结合。“我们提出了这样一个问题：‘这是一种具有复杂功能的生物材料，是否可以用它为更有效的新技术描绘一份蓝图?’”

科学家们联合起来合成了一种能模仿黑色素的某些特性的分子。特别地，这种“有机协同因子”充当了一种介质，它可以帮助科学家在不需要溶剂的情况下在室温下提取锗。

下一步：工业规模

该系统还利用了弗里西斯在机械化学方面的专业知识，这是化学的一个新分支，它主要研究利用机械力量——而非溶剂和热量——促进化学反应。装有不锈钢球的铣削罐子高速震动来净化金属。

弗里西斯说:“这表明，合作是如何自然而然地带来可持续性创新。将优雅的新化学和无溶剂的机械化学技术结合在一起，由于绕开基于氯的处理，同时也避免了有毒溶剂的浪费，我们的过程更加清洁环保。”

这项技术开发的下一步将表明，它可以用于工业生产，用在各种金属材料中。

卢姆说:“我们需要做大量的工作，才能从我们现在的技术层次达到需要完成的目标。但这个方法可以应用到各种不同的金属材料和金属氧化物，我们认为工业将采用这一技术进行生产。我们正在寻找合作的投资人，以推动这项技术向前发展。”
Composite Materials（复合材料）

Revolutionary new materials for troubled carbon times: Super filters the world can afford

June 5, 2017 
https://phys.org/news/2017-06-revolutionary-materials-carbon-super-filters.html

Around 2800BC, the ancient inhabitants of Ur, Mesopotamia made a discovery that was to change civilization. They learned that if they blended copper and tin into an alloy, the new composite material was stronger, more useful, and more valuable than any man-made substance to date. It gave its name to the entire age it revolutionized. Bronze. 
More than 4000 years later, in a study published in Nature Energy this month, researchers from Kyoto University's Institute for Integrated Cell-Material Sciences (iCeMS), London's Imperial College and City University of Hong Kong, reveal how they are using this age-old method to develop similarly revolutionary new materials that will address one of the huge problems affecting the 21st century: how to capture and store carbon dioxide.
"It's easy to overlook the colossal scale of the problem," explains Professor Easan Sivaniah, who led the study into developing Mixed Matrix Membranes (MMMs), the highly-engineered thin polymer super filters that will potentially revolutionize carbon capture and storage (CCS) technology. The largest coal-fired power stations can emit enough carbon dioxide in a single day to fill the Great Pyramid of Giza 12 times. And there are over five thousand large fossil fuel based power stations, averaging about 500 megawatt output, operating globally with more coming online. That it is a phenomenal volume of greenhouse gas to separate and store.
"Until now polymer membrane technologies for gas separation applications have not been up to the task," Sivaniah says. Either they are too slow, or as the paper reveals, in the case of high permeability polymers, they rarely generate sufficient 'selectivity' - the capability to separate gases - for energy efficient CO2 capture. This has major cost implications for implementation of membrane technologies in large-scale carbon capture projects.
There lies the rub. In a study published in 2016 in Nature Energy, David M. Rainer of the Judge Business School at the University of Cambridge, demonstrated how the vast majority of the billion-dollar CCS demonstration projects initiated in North America, the European Union and Australia in the 2005-2009 heydays of CCS optimism effectively now lay in ruins.
"For CCS to begin to play a larger role in reality rather than simply in the models of future deployment," Rainer concludes, "it is imperative to begin to differentiate more and less costly technologies [if] CCS is to emerge from its own Valley of Death".
Prof. Tatsuo Masuda, the former project leader of "The Carbon Management Coalition (CMC)", an initiative by the Global Agenda Council on Decarbonizing Energy under the World Economic Forum, emphasizes: "Emerging technologies from the most highly advanced universities, such as those developed by Professor Sivaniah in Kyoto, that address both performance and cost challenges in CCS, must be accelerated towards pilot and implementation activities, as the need for such technological breakthroughs is the highest it has ever been. It is key."
"Like those ancient Mesopotamians, when faced with new demands we needed new revolutionary materials," explains Sivaniah. The group, keenly aware of issues of affordability, as well as speed and selectivity, turned to MOFs. These are the nanosized additives pioneered by pre-eminent Japanese scientist Susumu Kitagawa. Incorporating these revolutionary nanosized particles into a state of the art polymer, PIM-1 originally discovered in Manchester University by Professors Peter Budd and Neil McKeown, the international team has managed to create mixed matrix membranes (MMMs) with substantial selectivity enhancements.
"We have greatly enhanced their capabilities, which means that we can potentially bring huge cost reductions to large-scale CCS programs. A tenfold reduction in large project costs is not unimaginable, which may well bring CCS programs back within the realm of political acceptability". 
令人困扰的碳时代的革命性新材料：价格可以接受的超级过滤器

06/05/2017   出处：https://phys.org
在公元前2800年，古老的美索不达米亚的Ur居民的发现改变了文明。他们了解到，如果把铜和锡混合到合金中，这种新型复合材料比任何人造材料都更坚固、更有用、更有价值。它给整个时代都赋予了革命性的名字。青铜。

4000多年后，在本月发表在自然能源上的研究中，京都大学集成细胞材料科学研究所（ICEMS）、伦敦帝国大学和香港大学的研究人员，揭示了他们如何使用这个古老的方法来开发类似的革命性的新材料，将解决影响二十一世纪的巨大问题：如何捕获和储存二氧化碳。

    “很容易忽视该问题的巨大规模。”将这项研究发展成开发混合基质膜（MMMs）的Easan Sivaniah教授解释道，这种高度工程薄膜超过滤可能会改变碳捕获和储存（CCS）技术。最大的燃煤发电站可以在一天内排放足够的二氧化碳，足够填充吉萨大金字塔12次。全球有五千多个大型化石燃料发电站，平均发电量约为500兆瓦，即将投产的全球范围内运作的量更大。这是一个惊人的温室气体分离和储存量。

    “直到现在，气体分离膜技术应用都没有完成这一任务。”Sivaniah说。要么是太慢了，要么像文章所显示的那样，在高渗透性聚合物的情况下，它们很少产生足够的“选择性”——分离气体的能力——以获得高效的CO2捕获能力。这对大规模碳捕获项目中膜技术的实施具有重大的成本影响。

摩擦是存在的。在自然能量上2016年发表的一项研究中，剑桥大学Judge商学院的David M. Rainer，论证了2005-2009年开始在北美洲、欧盟和澳洲的数十亿美元的CCS示范项目，如何从全盛走向消亡。

    “CCS开始在现实中扮演更重要的角色，而不只是简单未来的部署模型。”Rainer总结道，“如果CCS技术要从自身的“死亡谷”中走出来，当务之急是要开始或多或少区分出昂贵的技术。”

Tatsuo Masuda教授，“碳管理联盟（CMC）”原项目负责人，在世界经济论坛上就脱碳能源，在全球议程理事会倡议强调：“来自最先进的高校新兴技术，如那些由Sivaniah教授在京都所发展的那些，能够解决CCS性能和成本的挑战，必须加快在试点和实施活动上的研究，由于我们史无前例地需要这样的技术突破。这是关键。”

“就像那些古代美索不达米亚人，我们也需要革命性的新材料。”Sivaniah解释道。该研究组敏锐地意识到承受能力，以及速度和选择性的问题，与MOF有关。这些都是由日本杰出科学家Susumu Kitagawa开创的纳米添加剂。将这些革命性的纳米颗粒加入聚合物的状态中，最初曼彻斯特大学的Peter Budd Neil McKeown教授发现了PIM-1，该国际团队已经成功创建了混合基质膜（膜），具有大量的选择性增强特点。

“我们极大地提高了它们的能力，这意味着我们可能会为大规模CCS项目带来巨大的成本削减。降低项目成本十倍是不可想象的，这很可能使CCS计划回到政治可接受的范围内。”

A material that can switch between multiple phases that have distinct electronic, optical and magnetic properties

June 1, 2017 
by Bob Yirka report
https://phys.org/news/2017-06-material-multiple-phases-distinct-electronic.html
A large team of researchers with members from China, the U.K., the U.S. and Japan has developed a material that can switch between multiple phases with distinct electronic, optical and magnetic properties. In their paper published in the journal Nature, the team describes how they made their material, how it can be caused to switch properties and possible uses for it. Shriram Ramanathan, with Purdue University offers a News & Views piece on the work done by the team in the same journal issue and adds some additional background on the search for functional materials. 
As Ramanathan points out, humans have been searching for functional materials for centuries—we want more out of our materials than simply bearing loads. As he further notes, many such materials have been developed due to clearly directed efforts, but some have also come about by changing a material that has already been discovered. In this new effort, the researchers have taken the latter approach—they have modified an existing material to make it more useful by causing it to have different properties depending on how it is used.
To create the new material, the researchers created a thin layer of ceramic material in the traditional way, on top of a substrate. But instead of cooking it, as has been done historically, they covered the surface of the material with an ionic gel-like liquid. To provide for additional functionality, the liquid was an electrical insulator and able to conduct ions. It also held dissolved oxide ions and hydrogen ions. When electricity was applied to the material, the result depended on the polarity of the voltage—ions from either the hydrogen or oxide ions were driven into the ceramic material below. Reversing the voltage induced the reverse, which quite obviously meant that the system was reversible, as well. 
The researchers report that the system works at room temperature and that analysis with magnetic probing and X-ray diffraction showed the phases of the material to be distinct. They also demonstrated one application of the material as a means for altering the transmissivity of light through a sheet of glass. Ramanathan suggests such a material could have a wide range of uses, particularly as a base for research work being done by other groups. 
能够在不同的电子、光学和磁学性质之间转换的材料。

06/01/2017   作者：Bob Yirka report  出处：https://phys.org
一个来自中国，研究英国、美国和日本的大型团队已经开发了一种能在多种电子、光学和磁学性质之间相互转化的多相材料。他们发表在《自然》杂志上的论文中，研究小组描述了他们是如何制造材料的，以及如何改变其性质和可能的用途。Shriram Ramanathan与普渡大学为同一期杂志提供了该团队所做的工作的新闻以及观点，加上一些额外的功能材料的研究背景。

正如Ramanathan指出的，几个世纪以来，人类一直在寻找功能材料——我们要的不仅仅是简单的轴承载荷。正如他进一步指出的那样，许多这样的材料都是由于明确的努力而开发出来的，但也有一些是通过改变已经发现的材料来实现的。在这项新的努力中，研究人员采取了后者的方法，他们修改了现有的材料，使之更有用，使其依据使用方法而具有不同的属性。

为了制造新材料，研究人员在衬底上以传统的方式制造了一层薄薄的陶瓷材料。但是，不像以前那样处理，而是用离子凝胶状液体覆盖材料的表面。为了提供额外的功能，液体是一种电绝缘体，能够传导离子。它还含有溶解的氧化物离子和氢离子。当电被施加到材料上时，结果取决于电压极性——被驱动到下面的陶瓷材料中的氢或氧化物离子。反向电压会引起反向，这显然意味着该系统是可逆的。

研究人员报告说，该系统在室温下工作，磁探针和X射线衍射分析表明材料的相位是明显的。他们还演示了材料的一种应用，作为改变光透过玻璃片的一种手段。Ramanathan认为，这种材料可以有广泛的用途，特别是作为一个其他研究工作的基础。
Practical Application（实际应用）

The world's most powerful X-ray laser beam creates 'molecular black hole'

May 31, 2017 
https://phys.org/news/2017-05-world-powerful-x-ray-laser-molecular.html
When scientists at the Department of Energy's SLAC National Accelerator Laboratory focused the full intensity of the world's most powerful X-ray laser on a small molecule, they got a surprise: A single laser pulse stripped all but a few electrons out of the molecule's biggest atom from the inside out, leaving a void that started pulling in electrons from the rest of the molecule, like a black hole gobbling a spiraling disk of matter. 
Within 30 femtoseconds - millionths of a billionth of a second - the molecule lost more than 50 electrons, far more than scientists anticipated based on earlier experiments using less intense beams, or isolated atoms. Then it blew up.
The results, published today in Nature, give scientists fundamental insights they need to better plan and interpret experiments using the most intense and energetic X-ray pulses from SLAC's Linac Coherent Light Source (LCLS) X-ray free-electron laser. Experiments that require these ultrahigh intensities include attempts to image individual biological objects, such as viruses and bacteria, at high resolution. They are also used to study the behavior of matter under extreme conditions, and to better understand charge dynamics in complex molecules for advanced technological applications.
"For any type of experiment you do that focuses intense X-rays on a sample, you want to understand how it reacts to the X-rays," said Daniel Rolles of Kansas State University. "This paper shows that we can understand and model the radiation damage in small molecules, so now we can predict what damage we will get in other systems."
Like Focusing the Sun Onto a Thumbnail
The experiment, led by Rolles and Artem Rudenko of Kansas State, took place at LCLS's Coherent X-ray Imaging instrument. CXI delivers X-rays with the highest possible energies achievable at LCLS, known as hard X-rays, and records data from samples in the instant before the laser pulse destroys them.
How intense are those X-ray pulses?
"They are about a hundred times more intense than what you would get if you focused all the sunlight that hits the Earth's surface onto a thumbnail," said LCLS staff scientist and co-author Sebastien Boutet.
X-rays Trigger Electron Cascades
For this study, researchers used special mirrors to focus the X-ray beam into a spot just over 100 nanometers in diameter - about a hundredth the size of the one used in most CXI experiments, and a thousand times smaller than the width of a human hair. They looked at three types of samples: individual xenon atoms, which have 54 electrons each, and two types of molecules that each contain a single iodine atom, which has 53 electrons.
Heavy atoms around this size are important in biochemical reactions, and researchers sometimes add them to biological samples to enhance contrast for imaging and crystallography applications. But until now, no one had investigated how the ultra-intense CXI beam affects molecules with atoms this heavy.
The team tuned the energy of the CXI pulses so they would selectively strip the innermost electrons from the xenon or iodine atoms, creating "hollow atoms." Based on earlier studies with less energetic X-rays, they thought cascades of electrons from the outer parts of the atom would drop down to fill the vacancies, only to be kicked out themselves by subsequent X-rays. That would leave just a few of the most tightly bound electrons. And, in fact, that's what happened in both the freestanding xenon atoms and the iodine atoms in the molecules.
But in the molecules, the process didn't stop there. The iodine atom, which had a strong positive charge after losing most of its electrons, continued to suck in electrons from neighboring carbon and hydrogen atoms, and those electrons were also ejected, one by one.
Rather than losing 47 electrons, as would be the case for an isolated iodine atom, the iodine in the smaller molecule lost 54, including the ones it grabbed from its neighbors - a level of damage and disruption that's not only higher than would normally be expected, but significantly different in nature.
Results Feed Into Theory to Improve Experiments
"We think the effect was even more important in the larger molecule than in the smaller one, but we don't know how to quantify it yet," Rudenko said. "We estimate that more than 60 electrons were kicked out, but we don't actually know where it stopped because we could not detect all the fragments that flew off as the molecule fell apart to see how many electrons were missing. This is one of the open questions we need to study."
For the data analyzed to date, the theoretical model provided excellent agreement with the observed behavior, providing confidence that more complex systems can now be studied, said LCLS director Mike Dunne. "This has important benefits for scientists wishing to achieve the highest resolution images of biological molecules (for example, to inform the development of better pharmaceuticals). These experiments also guide the development of a next-generation instrument for the LCLS-II upgrade project, which will provide a major leap in capability due to the increase in repetition rate from 120 pulses per second to 1 million." 
世界上最强大的X射线激光束产生了“分子黑洞”。

05/31/2017   出处：https://phys.org
当在美国能源部SLAC国家加速器实验室的科学家在一个小分子上集中了世界上最强大的X射线激光时，他们得到了一个惊喜：一个单脉冲激光剥离了从里面释放的几乎所有东西，除了最大的分子中的电子，留下一个空隙，开始在从该分子的其余部分像一个黑洞吞噬一个螺旋盘状物。

    在30飞秒内——一秒的十亿分之百亿——该分子失去了超过50个电子，远比科学家预期结果多，基础是早期的使用较少的强烈光束的光束，或孤立的原子。然后爆炸了。

今天发表在自然上的结果，给科学家提供了所需要的根本的见解，他们需要更好的计划和进行试验，使用最激烈的强力SLAC的直线加速器相干光源（LCLS）X射线脉冲X射线自由电子激光。需要这些超高强度的实验包括尝试在高分辨率下对单个生物物体，如病毒和细菌进行成像。它们也被用来研究极端条件下物质的行为，更好地理解复杂分子中的电荷动力学，以便先进的技术应用。

“对于任何类型的实验，你对样本集中强烈的X射线，都是想了解它是如何对X光片进行反应的。”堪萨斯州立大学的Daniel Rolles表示。“本文表明，我们可以理解和模拟小分子中的辐射损伤，因此现在我们可以预测在其他系统中会受到什么样的损伤。”

就像把太阳聚焦在缩略图上。

实验由堪萨斯州的Rolles和Artem Rudenko主持，使用LCLS的相干X射线成像仪。CXI提供了LCLS所可以提供的最大能量的X射线，称为硬X射线，并且在激光脉冲摧毁它们的瞬间记录下样本的数据。

那些X射线脉冲有多强烈？

“如果你集中了所有的阳光，来冲击地球的表面上的缩略点，它是这个的约一百倍。”LCLS员工科学家和合著者Sebastien Boutet说。

X射线触发电子级联

在这项研究中，研究人员利用特殊的镜子来聚焦X射线束成一点，直径超过100纳米——约是CXI一般样品的一百分之一，和小于人类头发的宽度约一千倍。他们研究了三种类型的样品：单个氙原子，每个原子有54个电子，以及两个类型的分子，每个分子都含有一个碘原子，它有53个电子。

这种大小的重原子在生化反应中很重要，研究人员有时将它们添加到生物样品中，以增强成像和结晶学应用的对比度。但直到现在，没有人研究超强CXI束如何影响的分子与原子的重量。

该团队调整CXI脉冲的能量，这样就可以从氙或碘原子中选择带内层电子，创造“空心原子。”基于早期较少的高能X射线的研究，他们认为栅电子从原子的外层部分会下降填补空缺，最后被X射线清除出去。这样只留下几个紧密结合的电子。事实上，在独立的氙原子和分子中的碘原子中都发生了这样的事情。

但在分子中，这个过程并没有停止。碘原子在失去大部分电子后有很强的正电荷，继续从邻近的碳原子和氢原子中吸电子，这些电子也一个一个地喷射出来。

并不是失去47个电子，在一个孤立的碘原子的情况下，小分子碘会损失54个，包括那些它从它邻近地方吸收到的——一个破坏和混乱的水平不仅高于一般预期，也在性质上明显不同。

结果为改进实验提供理论依据。

“我们认为这种影响在较大的分子中比小分子更重要，但不知道如何去量化它，”Rudenko说。“我们估计有60多个电子被踢出，但我们实际上不知道它在哪一点停止动作，因为我们不能探测到分子脱落时的所有碎片，来观察丢失了多少个电子。这是我们需要研究的开放问题之一。”

对数据进行分析，到目前为止，理论模型与观察到的行为提供了良好的契合度，为更复杂的系统提供了基础，LCLS主任Mike Dunne说。“这对于希望获得生物分子最高分辨率图像的科学家（例如，为更好的药物开发）具有重要的益处。这些实验还引导了LCLS-II升级项目的新一代仪器的发展，这将是巨大的飞跃，由于重复频率会从每秒120个脉冲增加到100万。”

Researchers flip the script on magnetocapacitance

June 1, 2017
https://phys.org/news/2017-06-flip-script-magnetocapacitance.html
Capacitors, electronic components that store and quickly release a charge, play an important role in many types of electrical circuits. They'll play an equally important role in next-generation spintronic devices, which take advantage of not only electron charge but also spin—the tiny magnetic moment of each electron. 
Two years ago, an international team of researchers showed that by manipulating electron spin at a quantum magnetic tunneling junction—a nanoscale sandwich made of two metal electrodes with an insulator in the middle—they could induce a large increase in the junction's capacitance.
Now, that same research team has flipped the script on the phenomenon, known as magnetocapacitance. In a paper published in the journal Scientific Reports, they show that by using different materials to build a quantum tunneling junction, they were able to alter capacitance by manipulating spins in the opposite way from "normal" magnetocapacitance. This inverse effect, the researchers say, adds one more potentially useful phenomenon to the spintronics toolkit.
"It gives us more parameter space to design devices," said Gang Xiao, chair of the physics department at Brown and one of the paper's coauthors. "Sometimes normal capacitance might be better; sometimes the inverse might be better, depending on the application. This gives us a bit more flexibility."
Magnetocapacitors could be especially useful, Xiao says, in making magnetic sensors for a range of different spintronic devices, including computer hard drives and next-generation random access memory chips.

The crystal structure of Fe3O4 and Fe electrodes analyzed by RHEED (reflection high energy electron diffraction). The patterns indicate that Fe3O4 has the inverse spinel structure with the same crystal orientation of the MgO substrate, while Fe …more

Xiao has been investigating magnetic tunneling junctions for several years. The tiny junctions can work in much the same way as capacitors in standard circuits. The insulator between the two conducting electrodes slows the free flow of current across the junction, creating resistance and another phenomenon, capacitance.
But what makes tunneling junctions especially interesting is that the amount of capacitance can be changed dynamically by manipulating the spins of the electrons within the two metal electrodes. The electrodes are magnetic, meaning that electrons spinning within each electrode are pointed in one particular direction. The relative spin direction between two electrodes determines how much capacitance is present at the junction.
In their initial work on this phenomenon, Xiao and the research team showed just how large the change in capacitance could be. Using electrodes made of iron-cobalt-boron, they showed that by flipping spins from anti-parallel to parallel, they could increase capacitance in experiments by 150 percent. Based on those results, the team developed a theory predicting that, under ideal conditions, the change in capacitance could actually go as high as 1,000 percent.
The theory also suggested that using electrodes made from different types of metals would create an inverse magnetocapacitance effect, one in which anti-parallel spins create more capacitance than parallel spins. That's exactly what they showed in this latest study.
"We used iron for one electrode and iron oxide for the other," Xiao said. "The electrical properties of the two are mirror images of each other, which is why we observed this inverse magnetocapacitance effect."
Xiao says the findings not only suggest a larger parameter space for the use of magnetocapacitance in spintronic devices, they also provide important verification for the theory scientists use to explain the phenomenon.
"Now we see that the theories fit well with the experiment, so we can be confident in using our theoretical models to maximize these effects, either the 'normal' effect or the inverse effect that we have demonstrated here," Xiao said. 

研究人员对磁电容的研究迈上新台阶

06/01/2017  出处：https://phys.org
电容器是储存和迅速释放电荷的电子元件，在许多类型的电路中起着重要的作用。他们会在下一代自旋电子器件发挥同样重要的作用，不仅利用电荷放点，也利用自旋——每个电子的微小的磁力矩。

两年前，一个国际研究小组的研究表明，在量子磁隧道结——两金属电极和中间的绝望体组成的纳米夹层——中操纵电子自旋，可以诱导的结电容的大量增加。

现在，同样的研究团队已经把该现象称为磁电容。发表在科学报道上的一篇文章表示，他们发现，通过使用不同的材料来建造量子隧穿结，能够改变电容，通过与“正常的”方向不同，在相反的方向旋转操作。这种反作用，研究人员说，为自旋电子学的工具增加了一个潜在的有用的现象。

   “这给了我们更多的参数空间设计设备。”肖刚说，他是布朗的物理系主任和论文的合著者之一。“有时正常电容可能更好，有时逆向电容可能更好，这取决于应用程序。给了我们更多的灵活性。”

磁电容可能特别有用，肖说，在制造一系列不同的自旋电子器件的磁传感器，包括计算机硬盘和新一代的随机存取存储器芯片中。

晶体结构的Fe3O4和Fe的RHEED（反射高能电子衍射）电极分析结果表明，四氧化三铁具有与MgO基片晶体取向相同的反尖晶石结构。

肖多年来一直在研究磁隧道结。微小的结可以和标准电路中的电容器以同样的方式工作。两个导电电极之间的绝缘体减慢了电流流过结的速度，产生电阻和另一个现象，电容。

但是，使隧道结特别有趣的是，通过操纵两个金属电极内电子的自旋，可以动态改变电容量。电极是磁性的，这意味着每个电极内旋转的电子指向一个特定的方向。两个电极之间的相对自旋方向决定了连接处有多少电容。

在他们关于这一现象的初步研究中，肖和研究小组显示了电容变化可能有多大的范围。使用铁钴硼制成的电极，他们表明，通过将自旋由反平行改成平行旋转，他们可以增加150%的实验电容。基于这些结果，研究小组开发了一个理论，预测在理想的情况下，电容的变化实际上可能高达1000%。

该理论还认为，使用不同类型的金属电极会产生逆磁电容效应，反平行自旋中创造的电容比平行旋转更多。这正是他们在这项最新研究中所展示的。

肖说：“我们用铁做一个电极，另一个电极用氧化铁。”两者的电性能是彼此的镜像，这就是为什么我们观察到这种反磁电容效应。”

肖说，研究结果不仅为自旋器件提供了较大的磁电容使用空间参数，同时也为理论科学家用来解释现象提供了重要验证。

肖说：“现在我们看到这些理论与实验吻合得很好，所以有信心使用我们的理论模型来最大限度地发挥这些效应，无论是正常效应还是我们在这里演示的反作用。”。
Three teams find a way to measure frequencies with far better precision than previous techniques

May 26, 2017 
by Bob Yirka
https://phys.org/news/2017-05-teams-frequencies-precision-previous-techniques.html
Three teams working independently have found a nearly identical way to boost the resolution of quantum magnetic sensors, allowing frequency measurements with far higher precision than previous techniques. Two teams, one with ETH Zurich, the other based at Ulm University in Germany, have published their results in the journal Science. The third team working at Harvard has yet to publish their results, though they have uploaded a copy of their paper to the arXiv preprint server. Andrew Jordan with the University of Rochester in the U.S. has published a Perspective piece in the same Science issue outlining the work by the teams and notes the "multiple independent discovery," which is interesting in and of itself. 
Quantum sensing has become an essential tool for physicists—it measures frequencies in a wide variety of applications. But as has been noted, because it must interact with the environment, degradation occurs. In this new effort, all three teams found the same way to increase the accuracy of such sensing using a classical clock.
The improvement involved measuring a quantum qubit by studying defects in nitrogen vacancies (NVs) in a diamond—such vacancies have a magnetic spring, which makes them sensitive to a magnetic field. In this new effort, the researchers from the three teams isolated the NVs, allowing them to measure and manipulate them. They identified a means to enhance the response of the NV to a magnetic field, leading all three teams to improve their results by making repeated measurements at different time points while keeping track of how much time had passed—courtesy of an external clock to keep the measurements synchronized. This allowed for gathering more frequency information and hence improving accuracy. The researchers report improvements of nine orders of magnitude over previous methods. 
The team in Germany took their work further by using their measurement technique to carry out NMR spectroscopy on a tiny sample of polybutene and discovered a problem—the molecules diffused past the NV centers, preventing improved resolution. But as it turned out, the Harvard team came up with a solution to the same problem—getting the technique to work on groups of NV centers in the same diamond. 
三个小组找到了一种比以前的技术更精确地测量频率的方法。

05/26/2017  作者：Bob Yirka  出处：https://phys.org
三个独立工作的团队发现了一种几乎相同的方法来提高量子磁传感器的分辨率，使频率测量比以前的技术精度高得多。两个团队，一个是苏黎世联邦理工大学，另外一个是德国的乌尔姆大学，都在科学杂志上发表了他们的结果。第三个哈佛的团队还没有公布他们的结果，尽管他们已经上传了一份他们的论文预印本服务器。美国罗切斯特大学的Andrew Jordan在同一个科学问题上发表了一篇前瞻性文章，概述了团队的工作，并指出了“多重独立发现”，这本身就是有趣的。

量子传感已经成为物理学家的一个基本工具，它在各种各样的应用中测量频率。但是正如已经指出的那样，因为它必须与环境相互作用，所以就发生退化。在这项新的研究中，所有三个小组都采用同样的方法，用经典时钟来提高这种传感的准确性。

这一改善涉及研究氮空位缺陷测量，通过研究钻石中的一个量子比特（NVS）缺额——这种缺陷有磁效应，使之对磁场敏感。在这个新的工作中，三个团队的研究人员分离出NVS，能够测量和操纵他们。他们发现了一种手段来提升NV对磁场的响应，随后所有三支队伍都通过在不同的时间点重复测量，来记录有多少时间已经过去了——利用外部时钟保持测量同步。这样可以收集更多的频率信息，从而提高精度。研究人员报告比以前的方法提高了九个数量级。

德国的研究团队把他们的工作进一步推进，利用他们的测量技术来进行聚丁烯小样本的核磁共振光谱分析，并且发现问题——分子越过NV中心扩散，阻止了分辨率的提高。但事实证明，哈佛大学的研究小组想出了一个解决同样问题的办法，让这项技术在同一块钻石上的NV中心群中发挥作用。

New GBP3.5 million microscope and ion accelerator now operational

May 26, 2017 
https://phys.org/news/2017-05-gbp35-million-microscope-ion.html

A new £3.5 million microscope and ion accelerator are now operational. 

The completion of a £3.5 million research facility means that the University of Huddersfield is established as one of Europe's leading centres for the use of ion beams as a tool for the investigation of issues ranging from nuclear technology and nanoparticles to semiconductors and the effects of radiation exposure on materials in space. 
Europe has three transmission electron microscopes with in situ ion beam research facilities and two of them are in Huddersfield. First came MIAMI - standing for Microscope and Ion Accelerator for Materials Investigations. It was designed and built by Professor Steve Donnelly, the University's Dean of Computing and Engineering, Professor Jaap van den Berg of the International Institute for Accelerator Applications and Dr Jonathan Hinks, a Reader in Radiation Damage in Materials at the University.
Now referred to as MIAMI-1, the original facility was a bespoke combination of ion accelerator with an electron microscope, enabling nanoscale investigation of radiation damage, and is still a valuable research tool. But it has now been joined by the more powerful, versatile and much larger MIAMI-2, which has dual ion beams and greatly enhanced analytical capabilities.
The Engineering and Physical Sciences Research Council (EPSRC) awarded £3.5 million for the development and construction of MIAMI-2, which has required the construction of a new storey at the laboratory complex in which it is housed.
Designed and constructed in collaboration with major companies such as Bruker, Hitachi, Gatan and National Electrostatics Corporation - all of which have contributed major components - MIAMI-2 will have an official launch later in the year, but it is already operational and being used for experiments, said Dr Hinks.
"For example, we were working with some Belgian colleagues only last week who are looking at novel materials they have developed for next-generation nuclear reactors."
Demand is already high to use MIAMI-2, and will increase even further now that the University of Huddersfield has become one of the three UK universities to form the UK National Ion Beam Centre (UKNIBC), funded to the tune of £8.8 million - again by EPSRC.
The MIAMI-2 team of six members of academic staff plus four PhD researchers - expected to rise to seven by the close of the year - and is now well on the learning curve of mastering the complex new facility and its exceptional potential. It will bring major advantages, enabling the use of single or dual ion beams to carry out in situ irradiation of samples in its Hitachi electron microscope.
"With MIAMI-1, we have always had the core ability to observe radiation damage as it is happening, but now we have additional capabilities in terms of the analytical techniques. We can irradiate, observe and analyse all at the same time generating a huge volume of invaluable scientific data in a very efficient manner" said Dr Hinks.
Although external scientists will make extensive use of MIAMI-2, the University of Huddersfield's own researchers will also take full advantage of the facility.
"Currently, our largest area of activity is nuclear materials, with large projects and international collaborations on both structural materials for reactors and solutions for waste storage. However, our group has historically worked with semiconductors, and among the range of projects in which we are currently engaged we have two PhD students working on nanowires and other types of nanoparticles," said Dr Hinks.
"We also have an interest in materials that have been in space or which are going into space, to understand the radiation they experience, and also develop a greater understanding of the history of the cosmos." 
新的gbp3.5万显微镜、离子加速器开始运作

05/26/2017   出处：https://phys.org
一个新的350万磅的显微镜和离子加速器现在开始运作。

该£350万研究设施的完成，意味着赫德斯菲尔德大学建立了欧洲领先的离子束，作为一种用来研究从核技术到纳米半导体材料和辐射的空间材料影响问题的调查工具。

欧洲有三个透射电子显微镜和现场离子束研究设施，其中两个在哈德斯菲尔德。首先是迈阿密——用于材料研究的显微镜和离子加速器。它是由Steve Donnelly教授，该大学计算和工程学院的院长，国际加速器应用博士Jaap van den Berg教授和该学校材料辐照损伤的在读者Jonathan Hinks进行。

现在被称为miami-1的机器，原有的设施是一个定制的结合电子显微镜离子加速器，能够进行辐射损伤纳米调查，仍然是一个有价值的研究工具。但已经加入了更强大的东西——灵活和更大的miami-2，具有双离子束，大大提高了分析能力。

工程和物理科学研究委员会（EPSRC）颁发给miami-2开发建设资金350万磅，已在该实验室安置，需要一个新施工过程。

设计和建造都是由大公司，如布鲁克，日立，Gatan和国家静电公司合作而成——所有这些都是主要部件——miami-2将会在今年晚些时候正式推出，但它已经运行并被用于实验，Hinks博士说。

例如，我们上周和一些比利时同事合作，他们正在研究为下一代核反应堆开发的新材料。

使用MIAMI-2的需求已经很高，甚至现在还在增加，赫德斯菲尔德大学已经成为三所建立国家离子束中心（uknibc）的英国大学之一，资助金为£880万——还是由EPSRC提供。

miami-2团队由六名学术人员加四名博士组成——预计在今年末增加到七人——现在掌握着复杂的新设施和其特殊的潜在的学习曲线。它将带来重大的优势，使单或双离子束在日立电子显微镜中进行样品的原位照射。

“有了miami-1，我们就有了在辐射损伤发生的同时观察它的核心能力，但现在我们在分析技术方面的额外能力。我们可以同时照射，观察和分析所有的情况，以非常有效的方式产生大量宝贵的科学数据。”Hinks博士说。

虽然外部科学家将miami-2广泛使用，赫德斯菲尔德大学的研究人员还将充分利用设施。

“目前，我们最大的活动领域是核材料，在反应堆结构材料和废物储存解决方案方面都有大型项目和国际合作。然而，我们的团队一直在半导体项目中研究，也正在从事有两个博士生对于纳米线和其他类型的纳米粒子的范围的研究。”Hinks博士说。

    “我们也对在太空中或进入太空的材料感兴趣，了解它们所经历的辐射，也对宇宙的历史有了更深入的了解。”
Organic & Polymer（有机高分子材料）

New scaling law predicts how wheels drive over sand

May 30, 2017 
by Jennifer Chu
https://phys.org/news/2017-05-scaling-law-wheels-sand.html
When engineers design a new aircraft, they carry out much of the initial testing not on full-sized jets but on model planes that have been scaled down to fit inside a wind tunnel. In this more manageable setting, they can study the flow of air around an aircraft under all manner of experimental conditions. 
Scientists can then apply scaling laws—mathematical relationships of proportionality—to extrapolate how a full-size jet would perform, based on the behavior of its miniature counterpart.
Now engineers at MIT have come up with a similar scaling law to describe how objects move through sand. The scaling law can be used to predict how large trucks and cars drive through this material, based on how toy versions of those vehicles drive through an experimental sandbox containing the same grains.
Ken Kamrin, associate professor of mechanical engineering at MIT, says the scaling law may enable a wide range of small-scale experiments to hone the design of large-scale vehicles, such as more optimized tractors, bulldozers, and tanks. It might also be applied to translate a vehicle's locomotion on Earth to a rover's navigation on Mars, because the relation allows for the scaling of gravity as well. 
"I'm excited that this could be a new tool we can use to design rovers for Mars," Kamrin says. "If we had a simulant of Martian soil in the lab, we could do experiments with a wheel shape that we want to test, and then use this scaling law to, with more accuracy, be able to tell you if that wheel would get stuck on Mars."
Kamrin has published a paper detailing the scaling law in the journal Physical Review E. His co-authors are former graduate student James Slonaker, former undergraduate D. Carrington Motley, graduate student Qiong Zhang, undergraduate student Stephen Townsend, former research scientist Carmine Senatore, and principal research scientist Karl Iagnemma.
Giving backbone to scaling
Aircraft engineers typically use scaling laws to, for example, determine the minimum force of lift required to keep a full-sized jet aloft, based on the same minimum lift for a model plane. Such scaling laws are initially derived from physics-based equations that describe the way a fluid, such as air, behaves.
"The thought is, if you can identify scalings within the fluid flow equations, they can be used as an immediate way of translating between small- and large-scale results," Kamrin says.
His team looked for ways to derive a scaling law from common equations for granular flow. They first looked to a generalized set of equations, known as resistive force theory (RFT), which is used to calculate the resistive force on an object moving through a bed of grains such as sand.
"RFT is not going to predict how sand moves or distributes stress," Kamrin says. "Its sole purpose is to tell how much force is needed to move an object of an arbitrary shape, in a certain direction, through sand."
The researchers sought to simplify the RFT formula by making many of its inputs dimensionless, or without units.

"This ultimately lets us extract the scaling relations," Kamrin says. "For example, 'meters' is not a natural length—it's something we invented. If we get rid of all these units, we will be left with the meat, some truth to the system."
Kamrin's team used Buckingham's theorem, the backbone of mathematical scaling, to winnow certain variables in RFT, such as an wheel's length, width, and mass, into dimensionless parameters, thereby simplifying the overall equation. The idea is that, by deriving an equation that is not dependent on certain units, that same equation can be used to produce rules for how to translate between scales of the same system.
After deriving a scaling law from RFT, the researchers looked to see whether they could do the same with another set of granular flow equations, a continuum model based on frictional yielding. These much more detailed equations describe the flow of sand and the force that it creates as it pushes against an intruding object such as a wheel. Even for these more complex equations, the team found it was able to derive a scaling law that matched the one it developed from the simpler RFT model.
"Turns out they both gave the same answer, so we thought maybe this [scaling law] will work," Kamrin says.
Driving tests
To test the scaling law, Kamrin and his colleagues performed experiments in MIT's Robotic Mobility Group lab, where engineers have set up a rail and pulley system that supports a motorized wheel as it drives through an underlying sand bed. Kamrin's team used a 3-D printer to construct small and large versions of two different wheel shapes: a typical cylindrical design and a "lug" wheel with four arms extending from a central cylinder.
The two shapes were chosen to demonstrate two distinct driving behaviors, as cylindrical wheels drive smoothly with limited sinkage, while lug wheels dig through and remove pockets of sand as they drive. 
The researchers measured each wheel's dimensions and loaded them up with varying amounts of weights, then drove each wheel through the sand bed one at a time, noting the power and speed of the small wheels compared with their larger counterparts.
They performed 288 such experiments, each time varying the wheel's dimensions, rotation speeds, and masses. They then used their scaling law to see whether they could predict the large wheels' velocity and power, based on their smaller versions' performance.
"Our data followed the predictions," Kamrin says. "The small tests predicted the big tests, to a quantitative degree. We validated many times over the accuracy of the scaling law."
Going forward, the team says its scaling law can be used to design vehicles that can better navigate sandy terrain. 
"Think of bulldozers, excavators, all these things that need to manipulate and move granular material around," Kamrin says. "These aren't really optimized. A lot of equipment used in industry is based on rules of thumb, but results like this could provide a new kind of tool to help pinpoint the best designs." 
新的比例法预测车轮如何驱动沙子

05/30/2017   作者：Jennifer Chu  出处：https://phys.org
当工程师设计一架新飞机时，他们进行大部分的初步测试，而不是在全尺寸的喷气式飞机上进行，而是在缩小到适合风洞的模型飞机上进行。在这个更易于管理的环境中，他们可以在各种实验条件下研究飞机周围的空气流。

然后，科学家可以根据其微型对应物的行为来应用比例法 - 相称性的数学关系，以推断全尺寸喷气式飞机的性能如何。

现在麻省理工学院的工程师们已经提出了一个类似的缩放规律来描述物体如何通过沙子移动。根据这些车辆的玩具版本如何驱动通过包含相同颗粒的实验沙箱，缩放定律可用于预测卡车和汽车如何驱动该材料。

麻省理工学院机械工程副教授肯•卡姆林（Ken Kamrin）表示，缩放规律可以进行广泛的小规模实验，以磨合大型车辆的设计，如更优化的拖拉机，推土机和坦克。它也可能适用于将车辆在地球上的运动转换为火星在火星上的导航，因为该关系也允许重力的缩放。

Kamrin说：“我很高兴这可能是我们可以用来设计火星的火星的新工具。 “如果我们在实验室里有一个火星土壤的模拟物，我们可以用我们想要测试的轮子形状进行实验，然后用更准确的方式使用这种比例定律可以告诉你，如果这个轮子会被卡住在火星上。“

Kamrin发表了一篇论文，详细介绍了“物理评论”杂志E中的缩放规律。他的合着者是前研究生James Slonaker，前本科生Carrington Motley，研究生张琼，本科生Stephen Townsend，前研究科学家Carmine Senatore，和主要研究科学家Karl Iagnemma。

为骨干提供缩放

飞机工程师通常使用比例定律，例如，基于模型平面的相同最小提升，确定保持全尺寸喷气飞机高度所需的最小提升力。这种缩放规律最初是从描述流体（如空气）的行为方式的基于物理学的方程得出的。

“想法是，如果您可以在流体流动方程中确定缩放，则可以将其用作在小型和大型结果之间转换的直接方式。”Kamrin说。

他的团队寻求方法从颗粒流的通用方程推导出一个缩放定律。他们首先研究了一种广义的方程组，称为阻力理论（RFT），它用于计算移动通过诸如沙子等颗粒床的物体上的阻力。

Kamrin说：“RFT不会预测沙子如何移动或分布压力。” “其唯一的目的是告诉在任何形状的物体上，通过沙子在一定方向上移动需要多少力量。”

研究人员试图通过使其许多输入无量纲或没有单位来简化RFT公式。

Kamrin说：“这最终使我们能够缩小比例关系。 “例如，”米“不是一个自然的长度 - 这是我们发明的东西，如果我们摆脱所有这些单位，我们将被遗弃在肉体上，对系统有一些道理。”

Kamrin的团队使用Buckingham定理，数学缩放的骨干，将RFT中的某些变量（如轮的长度，宽度和质量）变换为无量纲参数，从而简化了整体方程。这个想法是，通过导出不依赖于某些单位的方程，可以使用相同的方程来产生如何在同一系统的比例之间进行转换的规则。

在从RFT推出缩放规律之后，研究人员看到他们是否可以使用另一组粒状流动方程（基于摩擦屈服的连续模型）来实现。这些更详细的方程式描述了沙子的流动以及它在推动诸如轮子等入侵物体时产生的力。即使对于这些更复杂的方程式，该团队发现它能够推导出与较简单的RFT模型相匹配的比例定律。

“原来他们都提出了同样的答案，所以我们认为也许这个[规模法]会奏效，”Kamrin说。

驾驶测试

为了测试比例法，Kamrin和他的同事在麻省理工学院的机器人移动组实验室进行了实验，工程师们组建了一个轨道和滑轮系统，该系统在驱动通过下面的沙床时支持电动车轮。 Kamrin的团队使用3-D打印机来构建两种不同车轮形状的小型和大型版本：典型的圆柱形设计和“凸耳”轮，四个臂从中心圆柱延伸。

这两种形状被选择来证明两种不同的驾驶行为，因为圆柱形车轮以有限的下沉平稳地驱动，而轮毂在驱动时挖掘并移除沙子。

研究人员测量了每个车轮的尺寸，并加载了不同重量的重量，然后将每个车轮一次一个地推入砂床，注意到与其较大的车轮相比，小车轮的动力和速度。

他们进行了288次这样的实验，每次改变车轮的尺寸，转速和质量。然后，他们使用他们的比例定律来看，它们是否可以根据较小版本的性能预测大型车轮的速度和功率。

Kamrin说：“我们的数据跟随预测。 “小测试在数量上预测了大量测试，我们多次验证了比例法的准确性。”

展望未来，该团队表示，其缩放规律可用于设计可以更好地导航沙地的车辆。

“想想推土机，挖掘机，所有这些需要操纵和移动颗粒物质的东西，”Kamrin说。 “这些都没有真正优化。工业中使用的大量设备是基于经验法则，但是这样的结果可以提供一种新的工具来帮助确定最佳设计。”

30 pages of calculations settle a 30-year debate over a mysterious new phase of matter

May 30, 2017
https://phys.org/news/2017-05-pages-year-debate-mysterious-phase.html
Zoom in on a crystal and you will find an ordered array of atoms, evenly spaced like the windows on the Empire State Building. But zoom in on a piece of glass, and the picture looks a bit messier—more like a random pile of sand, or perhaps the windows on a Frank Gehry building. 
The highly-ordered nature of crystals makes them fairly simple to understand mathematically, and physicists have developed theories that capture all sorts of crystal properties, from how they absorb heat to what happens when they break.
But the same can't be said of glassy, amorphous or otherwise "disordered" materials such as the glass in our windows and vases, frozen food, and certain plastics. There are no widely agreed-upon theories to explain their physical behavior.
For nearly 30 years, physicists have debated whether a mysterious phase transition, present in theoretical models of disordered materials, might also exist in real-life glasses. With the help of some mathematical wizardry borrowed from particle physics—plus dozens of pages of algebraic calculations, all done by hand—Duke University postdoctoral fellow Sho Yaida has laid this mystery to rest.
Yaida's insights open up the possibility that some types of glass may exist in a new state of matter at low temperatures, influencing how they respond to heat, sound and stress, and how and when they break.
"We found hints of the transition that we didn't dare say was evidence of the transition because part of the community said that it could not exist," said Patrick Charbonneau, associate professor of chemistry at Duke and Yaida's advisor. "What Sho shows is that it can exist."
Earlier calculations failed to find a 'fixed point' in three dimensions, or a spot where all the lines overlap (left). By taking these calculations one step further, Yaida was able to find the fixed point (right), showing that a new phase transition …more
Mind-boggling as it may seem, Charbonneau said, the mathematics behind glasses and other disordered systems is actually much easier to solve by assuming that these materials exist in a hypothetical infinite-dimensional universe. In infinite dimensions, their properties can be calculated relatively easily—much like how the properties of crystals can be calculated for our three-dimensional universe.
"The question is whether this model has any relevance to the real world." Charbonneau said. For researchers who carried out these calculations, "the gamble was that, as you change dimension, things change slowly enough that you can see how they morph as you go from an infinite number of dimensions to three," he said.
One feature of these infinite dimensional calculations is the existence of a phase transition—called the "Gardner transition" after pioneering physicist Elizabeth Gardner—which, if present in glasses, could significantly change their properties at low temperatures.
But did this phase transition, clearly present in infinite dimensions, also exist in three? Back in the 1980s, a team of physicists produced mathematical calculations showing that no, it could not. For three decades, the prevailing viewpoint remained that this transition, while theoretically interesting, was irrelevant to the real world.
That is, until recent experiments and simulations by Charbonneau and others started showing hints of it in three-dimensional glasses.
"The new drive to look at this is that, when attacking the problem of glass formation, they found a transition very much like the one that appeared in these studies," Charbonneau said. "And in this context it can have significant materials applications."
Duke postdoctoral fellow Sho Yaida has laid to rest a 30-year-old mystery about the nature of glass and 'disordered' materials at low temperatures. They may in fact be a new state of matter, the research suggests. Credit: Sasha Taylor, CC-BY-SA-3.0 license. 

Yaida, who has a background in particle physics, took a second look at the old mathematical proofs. These calculations had failed to find a "fixed point" in three dimensions, a prerequisite for the existence of a phase transition. But if he took the calculation one more step, he thought, the answer might change.
One month and 30 pages of calculations later, he had it.
"Moments like these are the reason why I do science," Yaida said. "It is just a point, but it means a lot to people in this field. It shows that this exotic thing that people found in the seventies and eighties does have a physical relevance to this three-dimensional world."
After a year of checks and re-checks, plus another 60-odd pages of supporting calculations, the results were published May 26 in Physical Review Letters.
"The fact that this transition might actually exist in three dimensions means that we can start looking for it seriously," Charbonneau said. "It affects how sound propagates, how much heat can be absorbed, the transport of information through it. And if you start shearing the glass, how it will yield, how it will break."
"It changes profoundly how we understand amorphous materials in general, whether they be amorphous plastics or piles of sand or window glasses," he said. 
一个神秘的新事物阶段进行了30年的辩论得出30页的计算结果

05/30/2017  出处：https://phys.org
放大一个水晶，你会发现一个有序的原子阵列，像帝国大厦的窗户一样均匀分布。但放在一块玻璃上，图片看起来有点乱七八糟，更像一堆沙子，或者是Frank Gehry大厦的窗户。

晶体的高度有序的性质使得它们在数学上相当简单，物理学家已经开发了捕获各种晶体性质的理论，从它们如何吸收热量到破裂时发生的情况。

但是，玻璃，无定形或其他“无序”材料，如窗户和花瓶中的玻璃，冷冻食品和某些塑料也不能说是同样的。没有广泛认同的理论来解释他们的身体行为。

近30年来，物理学家们就现实生活中的眼镜中是否存在着存在于无序材料的理论模型中的神秘相变。借助于从粒子物理学借来的一些数学魔法，以及数十页的代数计算，所有这一切都由杜克大学博士后研究员Sho Yaida完成，已经摆脱了这个谜。

Yaida的见解揭示了某些类型的玻璃在低温下可能存在于新的物质状态的可能性，影响着它们如何响应热量，声音和压力以及如何以及何时断裂。

Duke和Yaida顾问的化学副教授Patrick Charbonneau说：“我们发现我们不敢说的过渡的提示是过渡的证据，因为社区的一部分人说它不可能存在。 “Sho显示的是它可以存在”。

较早的计算未能在三维中找到“固定点”，或者所有线重叠的位置（左）。通过采取这些计算进一步，Yaida能够找到固定点（右），显示一个新的阶段转换...更多

Charbonneau表示，令人难以置信的是，眼镜和其他无序系统背后的数学实际上通过假设这些材料存在于一个假想无限的宇宙中，更容易解决。在无限维度上，它们的性质可以相对容易地计算出来，很像是为了我们的三维宇宙可以计算出晶体的性质。

“问题是这个模式是否与现实世界有任何关联。” Charbonneau说。对于进行这些计算的研究人员来说，“赌博就是这样，当你改变尺度时，事情变得缓慢，你可以看到当你从无数的维度转变成三维时，他们会如何变形。”他说。

这些无限尺寸计算的一个特征是在开创性物理学家伊丽莎白•加德纳（Elizabeth Gardner）之后，存在一个相位转变 - 称为“加德纳过渡”，如果存在于眼镜中，可以在低温下显着改变其性质。

但是，这个阶段的过渡，明确存在于无限的维度上，也存在于三个？早在上个世纪八十年代，一群物理学家就产生了数学计算，显示不，不可能。三十年来，普遍的观点仍然是，这个转变在理论上是有趣的，与现实世界无关。

也就是说，直到最近的Charbonneau等人的实验和模拟，才开始在三维眼镜中显示出暗示。

“看到这一点的新动力是，当攻击玻璃形成问题时，他们发现了一个非常类似于这些研究中的过渡的过渡。”Charbonneau说。 “在这种情况下，它可以有重要的材料应用。”

公爵博士后，Sho Yaida已经在低温下休息了一个30年的玻璃的性质和“无序”材料的奥秘。研究表明，它们实际上可能是一个新的物质状态。信用：Sasha Taylor，CC-BY-SA-3.0许可证。

具有粒子物理背景的Yaida再次考察了旧的数学证明。这些计算未能在三维中找到“固定点”，这是存在相变的先决条件。但是，如果他再进行一次计算，他认为答案可能会改变。

一个月加上30页的计算。

“这样的时刻是我做科学的原因，”Yaida说。 “这只是一个要点，但这对于这个领域的人来说意义重大，这表明人们在七十年代和八十年代发现的异国情调确实与这个三维世界有实际的联系。”

经过一年的检查和重新检查，再加上60多页的支持计算，结果于5月26日在“物理评论信”中公布。

Charbonneau说：“这种转型可能实际上存在于三维的事实意味着我们可以开始认真对待它。” “它影响声音如何传播，吸收多少热量，通过它传输信息，如果你开始剪切玻璃，它将如何产生，它将如何破裂”。

他说：“无论是无定形塑料还是一堆沙子或者眼镜，我们都会深刻地了解无定形材料。

How do the chemicals in sunscreen protect our skin from damage?

May 26, 2017 
by Kerry Hanson, The Conversation
https://phys.org/news/2017-05-chemicals-sunscreen-skin.html
Not so long ago, people like my Aunt Muriel thought of sunburn as a necessary evil on the way to a "good base tan." She used to slather on the baby oil while using a large reflector to bake away. Aunt Muriel's mantra when the inevitable burn and peel appeared: Beauty has its price. 
Was she ever right about that price – but it was a lot higher than any of us at the time recognized. What sun addicts didn't know then was that we were setting our skin up for damage to its structural proteins and DNA. Hello, wrinkles, liver spots and cancers. No matter where your complexion falls on the Fitzpatrick Skin Type scale, ultraviolet radiation (UV) from the sun or tanning beds will damage your skin.
Today, recognition of the risks posed by UV rays has motivated scientists, myself included, to study what's going on in our cells when they're in the sun – and devise modern ways to ward off that damage.
What happens when sun hits skin
Sunlight is composed of packets of energy called photons. The visible colors we can see by eye are relatively harmless to our skin; it's the sun's ultraviolet (UV) light photons that can cause skin damage. UV light can be broken down into two categories: UVA (in the wavelength range 320-400 nanometers) and UVB (in the wavelength range 280–320 nm). 
Our skin contains molecules that are perfectly structured to absorb the energy of UVA and UVB photons. This puts the molecule into an energetically excited state. And as the saying goes, what goes up must come down. In order to release their acquired energy, these molecules undergo chemical reactions – and in the skin that means there are biological consequences.

Interestingly, some of these effects used to be considered helpful adaptations – though we now recognize them as forms of damage. Tanning is due to the production of extra melanin pigment induced by UVA rays. Exposure to the sun also turns on the skin's natural antioxidant network, which deactivates highly destructive reactive oxygen species (ROS) and free radicals; if left unchecked, these can cause cellular damage and oxidative stress within the skin.
We also know that UVA light penetrates deeper into the skin than UVB, destroying a structural protein called collagen. As collagen degrades, our skin loses its elasticity and smoothness, leading to wrinkles. UVA is responsible for many of the visible signs of aging, while UVB light is considered the primary source of sunburn. Think "A" for aging and "B" for burning.
DNA itself can absorb both UVA and UVB rays, causing mutations which, if unrepaired, can lead to non-melanoma (basal cell carcinoma, squamous cell carcinoma) or melanoma skin cancers. Other skin molecules pass absorbed UV energy on to those highly reactive ROS and free radicals. The resulting oxidative stress can overload the skin's built-in antioxidant network and cause cellular damage. ROS can react with DNA, forming mutations, and with collagen, leading to wrinkles. They can also interrupt cell signaling pathways and gene expression.
The end result of all of these photoreactions is photodamage that accumulates over the course of a lifetime from repeated exposure. And – this cannot be emphasized enough – this applies to all skin types, from Type I (like Nicole Kidman) to Type VI (like Jennifer Hudson). Regardless of how much melanin we have in our skin, we can develop UV-induced skin cancers and we will all eventually see the signs of photo-induced aging in the mirror.
Filtering photons before the damage is done
The good news, of course, is that the risk of skin cancer and the visible signs of aging can be minimized by preventing overexposure to UV radiation. When you can't avoid the sun altogether, today's sunscreens have got your back (and all the rest of your skin too).




Sunscreens employ UV filters: molecules specifically designed to help reduce the amount of UV rays that reach through the skin surface. A film of these molecules forms a protective barrier either absorbing (chemical filters) or reflecting (physical blockers) UV photons before they can be absorbed by our DNA and other reactive molecules deeper in the skin. 

In the United States, the Food and Drug Administration regulates sunscreens as drugs. Because we were historically most concerned with protecting against sunburn, 14 molecules that block sunburn-inducing UVB rays are approved for use. That we have just two UVA-blocking molecules available in the United States – avobenzone, a chemical filter; and zinc oxide, a physical blocker – is a testament to our more recent understanding that UVA causes trouble, not just tans.

The FDA also has enacted strict labeling requirements – most obviously about SPF (sun protection factor). On labels since 1971, SPF represents the relative time it takes for an individual to get sunburned by UVB radiation. For example, if it takes 10 minutes typically to burn, then, if used correctly, an SPF 30 sunscreen should provide 30 times that – 300 minutes of protection before sunburn. 

"Used correctly" is the key phrase. Research shows that it takes about one ounce, or basically a shot glass-sized amount of sunscreen, to cover the exposed areas of the average adult body, and a nickel-sized amount for the face and neck (more or less, depending on your body size). The majority of people apply between a quarter to a half of the recommended amounts, placing their skin at risk for sunburn and photodamage.

In addition, sunscreen efficacy decreases in the water or with sweating. To help consumers, FDA now requires sunscreens labeled "water-resistant" or "very water-resistant" to last up to 40 minutes or 80 minutes, respectively, in the water, and the American Academy of Dermatology and other medical professional groups recommend reapplication immediately after any water sports. The general rule of thumb is to reapply about every two hours and certainly after water sports or sweating.

To get high SPF values, multiple UVB UV filters are combined into a formulation based upon safety standards set by the FDA. However, the SPF doesn't account for UVA protection. For a sunscreen to make a claim as having UVA and UVB protection and be labeled "Broad Spectrum," it must pass FDA's Broad Spectrum Test, where the sunscreen is hit with a large does of UVB and UVA light before its effectiveness is tested. 




This pre-irradiation step was established in FDA's 2012 sunscreen labeling rules and acknowledges something significant about UV-filters: some can be photolabile, meaning they can degrade under UV irradiation. The most famous example may be PABA. This UVB-absorbing molecule is rarely used in sunscreens today because it forms photoproducts that elicit an allergic reaction in some people.

But the Broad Spectrum Test really came into effect only once the UVA-absorbing molecule avobenzone came onto the market. Avobenzone can interact with octinoxate, a strong and widely used UVB absorber, in a way that makes avobenzone less effective against UVA photons. The UVB filter octocrylene, on the other hand, helps stabilize avobenzone so it lasts longer in its UVA-absorbing form. Additionally, you may notice on some sunscreen labels the molecule ethylhexyl methoxycrylene. It helps stabilize avobenzone even in the presence of octinoxate, and provides us with longer-lasting protection against UVA rays.

Next up in sunscreen innovation is the broadening of their mission. Because even the highest SPF sunscreens don't block 100 percent of UV rays, the addition of antioxidants can supply a second line of protection when the skin's natural antioxidant defenses are overloaded. Some antioxidant ingredients my colleagues and I have worked with include tocopheral acetate (Vitamin E), sodium ascorbyl phosophate (Vitamin C), and DESM. And sunscreen researchers are beginning to investigate if the absorption of other colors of light, like infrared, by skin molecules has a role to play in photodamage.

As research continues, one thing we know for certain is that protecting our DNA from UV damage, for people of every color, is synonymous with preventing skin cancers. The Skin Cancer Foundation, American Cancer Society and the American Academy of Dermatology all stress that research shows regular use of an SPF 15 or higher sunscreen prevents sunburn and reduces the risk of non-melanoma cancers by 40 percent and melanoma by 50 percent.

We can still enjoy being in the sun. Unlike my Aunt Muriel and us kids in the 1980s, we just need to use the resources available to us, from long sleeves to shade to sunscreens, in order to protect the molecules in our skin, especially our DNA, from UV damage. 
防晒霜中的化学物质如何保护我们的皮肤免受损害？

05/26/2017   作者：Kerry Hanson, The Conversation  出处：https://phys.org
不久之前，像我的姨妈穆里尔（Alunt Muriel）这样的人都认为，晒伤在晒太阳的过程中是一个不可避免的坏事。她曾经使用大型反光罩来烘烤婴儿油，姨妈穆里尔的咒语出现了，不可避免地出现了皮肤烧伤：美容有成本的。

她对这个价格不确定是否正确 - 但是比当时我们中的任何一个人都高得多。太阳瘾君子不知道的是，我们正在设置我们的皮肤开破坏其结构蛋白质和DNA。你好，皱纹，肝斑和癌症。 无论您的肤色落在Fitzpatrick哪个皮肤类型刻度上，来自太阳或晒黑床的紫外线（UV）都会损害皮肤。

今天，认识到紫外线所带来的风险，促使科学家（包括我）开始研究我们的细胞在阳光下发生了什么 - 并且设计出现代的方式来防止这种损害。

当太阳击中皮肤时会发生什么

阳光由称为光子的能量包组成。我们可以看到的可见颜色对我们的皮肤相对无害;太阳的紫外线（UV）光子可以导致皮肤损伤。 UV光可以分为两类：UVA（波长范围320-400纳米）和UVB（波长范围280-320纳米）。

我们的皮肤的结构完美，含有吸收UVA和UVB光子能量的分子。这使得分子处于激动的状态。俗话说，有过激的事情必须释放。为了释放其获得的能量，这些分子经历化学反应 - 并且意味着在皮肤中产生生物学后果。

有趣的是，这些效应中的一些曾被认为是有用的适应性 - 尽管我们现在认为它们是损伤的形式。晒黑是由于UVA射线引起的额外的黑色素颜料的产生。暴露在阳光下也会破坏皮肤的天然抗氧化剂网络，这会使高度破坏性的活性氧（ROS）和自由基失活;如果不加以检查，这些可能会导致皮肤细胞损伤和氧化应激。

我们还知道UVA光穿透皮肤的程度比UVB更深，破坏称为胶原蛋白的蛋白质结构。随着胶原蛋白降解，我们的皮肤失去弹性和光滑度，出现皱纹。 UVA会产生许多可见的老化迹象，而UVB光被认为是晒伤的主要来源。认为“A”老化，“B”燃烧。

DNA本身可以吸收UVA和UVB射线，导致突变，如果未修复，可导致非黑色素瘤（基底细胞癌，鳞状细胞癌）或黑素瘤皮肤癌。其他皮肤分子将吸收的紫外线能量传递给那些高反应性的ROS和自由基。所产生的氧化应激可能使皮肤的内在抗氧化网络过载，并引起细胞损伤。 ROS可以与DNA反应，形成突变，并与胶原蛋白反应，导致产生皱纹。它们还可以中断细胞信号通路和基因表达。

所有这些光反应的最终结果是在重复暴露的过程中积累光损伤。而且 - 这没有强调 - 这适用于所有皮肤类型，从I型（如Nicole Kidman）到VI型（如Jennifer Hudson）。不管我们的皮肤中有多少黑色素，都会产生UV诱导皮肤癌，我们都将在镜子中看到光老化的迹象。




在损坏之前过滤光子

好消息是，通过防止过度暴露于紫外线辐射，可以减少皮肤癌的危险和可见的老化迹象。当你不能完全避免太阳时，今天的防晒霜就已经覆盖你的背部（和所有其他的皮肤）了。

防晒霜采用紫外线过滤器：专门设计用于减少穿过皮肤表面的紫外线的量的分子。这些分子的膜形成保护屏障，吸收（化学过滤器）或反射（物理阻滞剂）紫外光子，然后它们可以被我们的DNA和其他反应性分子吸收在皮肤中。

在美国，食品和药物管理局将防晒霜作为药物进行调节。因为我们历来最关心防止晒伤，所以阻止晒伤诱导UVB射线的14个分子被批准使用。只有两个在美国可用的UVA阻断分子 - 阿伏苯宗，一种化学过滤器;氧化锌是一种物理阻断剂，这证明了我们最近的理解，即UVA也会引起麻烦，而不仅仅只是丹参。。

FDA还制定了严格的标签要求 - 最明显的是SPF（防晒因子）。在自1971年以来的标签上，SPF代表个人通过UVB辐射晒伤所需的相对时间。例如，如果暴晒需要10分钟，那么如果使用正确，SPF 30防晒霜应该在晒伤前提供30倍的保护时间。

“正确使用”是关键词。研究表明，大约一盎司，或基本上是玻璃大小的防晒霜，可以覆盖普通成人身体的暴露部位，以及面部和颈部的镍尺寸量（或多或少依赖于您的身体尺寸）。大多数人只用推荐量的四分之一到一半，这会使皮肤有晒伤和光损伤的风险。

此外，防晒效果在水中或出汗时会降低。为了帮助消费者，FDA现在要求在水中分别标记为“防水”或“非常耐水”的防晒霜持续长达40分钟或80分钟，美国皮肤科学院和其他医疗专业组织建议在任何水上运动之后立即重新涂抹。一般的经验法则是每两个小时再重新涂抹一次，一定要在水上运动或出汗后重新涂抹。

为获得高SPF值，多个UVB紫外线过滤器根据FDA设定的安全标准合并在了一起。但是，SPF不考虑UVA保护。对于防晒霜要求具有UVA和UVB保护并被标记为“广谱”，它必须通过FDA的广谱测试，其中在测试其有效性之前用大量UVB和UVA光击中防晒霜。




该预辐射步骤是在FDA的2012年防晒标签规则中确定的，并且确认了关于紫外线过滤器的一些重要因素：一些可以是光不稳定的，这意味着它们可以在UV照射下降解。最有名的例子可能是PABA。这种UVB吸收分子今天很少用在防晒霜中，因为它形成了在某些人中会引起过敏反应的光产物。

但是，只有UVA吸收分子阿伏苯宗上市后，宽谱测试才会生效。阿伏苯宗可以与使用阿伏苯宗对UVA光子效果较差的方式与Octinoxate（一种强力且广泛使用的UVB吸收剂）相互作用。另一方面，UVB过滤器辛普乐宁有助于稳定阿伏苯宗，使其持续更长的UVA吸收形式。另外，您可能会注意到一些防晒标签上的分子乙基甲氧基亚苄基。即使在酸存在的情况下，它也有助于稳定阿伏苯宗，并为我们提供更持久的UVA射线保护。

接下来的防晒创新是他们扩大的使命。因为即使是最高的SPF遮光剂也不会百分百阻挡住紫外线，所以当皮肤的天然抗氧化防护过载时，添加抗氧化剂可以提供第二道防护。我的同事和我曾经合作产生了一些抗氧化成分，包括生育酚乙酸酯（维生素E），抗坏血酸磷酸钠（维生素C）和DESM。防晒研究人员正在开始调查如果吸收其他颜色的光，如红外线，皮肤分子在光损伤中发挥的作用。

随着研究的进行，我们一定知道的一件事是，保护我们的DNA免受紫外线损伤，对于每种颜色的人来说，都是预防皮肤癌症的代名词。皮肤癌基金会，美国癌症协会和美国皮肤科学院都强调了。研究表明，定期使用SPF 15或更高的防晒霜可防止晒伤，并将非黑素瘤癌症的风险降低40％，黑素瘤减少50％。

我们仍然可以在阳光下享受。与1980年代的Muriel姨妈和我们的孩子不同，我们只需要使用我们可用的资源，从长袖到树荫到防晒霜，以保护我们的皮肤，特别是使我们的DNA中的分子免受紫外线的伤害。
E-Material（电子材料）

Magnetoelectric memory cell increases energy efficiency for data storage

May 30, 2017
https://phys.org/news/2017-05-magnetoelectric-memory-cell-energy-efficiency.html
Today's computers provide storage of tremendous quantities of information with extremely large data densities, but writing and retrieving this information expends a lot of energy. More than 99 percent of the consumed power of information storage and processing is wasted in the form of heat, a big headache that still has not abated. 
A team of researchers from France and Russia has now developed a magnetoelectric random access memory (MELRAM) cell that has the potential to increase power efficiency, and thereby decrease heat waste, by orders of magnitude for read operations at room temperature. The research could aid production of devices such as instant-on laptops, close-to-zero-consumption flash drives, and data storage centers that require much less air conditioning. The research team reported their findings this week in Applied Physics Letters.
Billions of transistors can now be etched onto single chips in a space the size of a dime, but at some point, increasing this number for even better performance using the same space will not be possible. The sheer density of these nanoscopic transistors translates into more unwanted heat along with quantum-level interactions that must now be addressed.
Over the last several years, research has ramped up to explore the magnetic properties of electrons in a phenomenon called the magnetoelectric effect. This effect, often of interest in the field of research known as spintronics, takes advantage of an electron's spin, instead of its charge. Spins can potentially be manipulated at smaller size scales using far less energy.
Most efforts have focused on reducing the energy of the write operations in magnetic memories, since these operations typically use more energy than read operations. In 2010, the same French and Russian team showed that a combination of magnetoelastic and piezoelectric materials in a magnetoelectric memory cell could allow a 100-fold reduction of the energy needed for the writing process. In the researchers' latest paper, they show that the same magnetoelectric principle also can be used for read operations with extra-low energy consumption.
"We focused on read operations in this paper because the potential for the writing energy to be very low in magnetoelectric systems means that the energy output will now be higher for read operations," said Nicolas Tiercelin, co-author of the paper and a research scientist from the Centre national de la recherche scientifique (CNRS) who is conducting research at the Institute of Electronics, Microelectronics and Nanotechnology in Lille, France.
The core of the researchers' MELRAM memory cell is based on combining the properties of two types of materials by coupling them mechanically. Magnetic alloys—one based on a combination of terbium-cobalt and the other based on iron and cobalt—with thicknesses of a few nanometers are stacked on top of one another. The alloys form a magnetoelastic nanocomposite material whose magnetic spins react to mechanical stress.
These alloys are then placed on a piezoelectric substrate, which consists of relaxor ferroelectrics, exotic materials that change their shape or dimensions when they are exposed to an electric field.
"Together, these materials constitute multiferroic heterostructures in which the control of the magnetic properties is made possible by the application of an electric voltage," Tiercelin said.
"The nanocomposite multilayer provides strong magnetoelectric interaction at room temperature," said Vladimir Preobrazhensky, another co-author of the paper and research director at the Wave Research Center, Prokhorov General Physics Institute of the Russian Academy of Sciences in Moscow. "This interaction is the basic mechanism for control of magnetic states by the electric field. This feature of the magnetoelectric memory is the origin of its extra-low power consumption." 
磁电存储器提高了数据存储的能量效率

05/30/2017  出处：https://phys.org
今天的电脑提供了极大数据密度的大量信息存储，但写入和检索这些信息花费了大量的精力。超过99％的信息存储和处理消耗的能量被浪费在热量的形式之中，令人头疼，仍然没有减轻。

来自法国和俄罗斯的一组研究人员已经开发出一种磁电随机存取存储器（MELRAM），其具有将室内温度读取操作的功率效率提高的潜力，从而将散热量减少数量级。该研究可以帮助生产诸如即时笔记本电脑，近零消耗闪存驱动器和需要更少空调的数据存储中心等设备。研究小组本周在应用物理学报上报道了他们的研究结果。

数十亿个晶体管现在可以在一个尺寸为一角的空间中刻蚀到单个芯片上，但是在某些时候，使用相同的空间可以增加这个数量以获得更好的性能是不可能的。这些纳米级晶体管的绝对密度与现在必须解决的量子级相互作用相互转换成更多的不必要的热量。

在过去的几年中，研究已经加剧了探索电子的磁性，被称为磁电效应。这种通常在称为自旋电子学的研究领域感兴趣的效应利用了电子的旋转，而不是其电荷。旋转可以使用更少的能量在较小尺寸的尺寸下进行操作。

大多数努力集中在减少磁存储器中写入操作的能量，因为这些操作通常比读取操作使用更多的能量。 2010年，同一个法国和俄罗斯的团队表明，磁电存储器单元中的磁弹性材料和压电材料的组合可以使写入过程所需能量减少100倍。在研究人员的最新文章中，他们表明，同样的电磁原理也可以用于具有超低能耗的读取操作。

本文的合着者Nicolas Tiercelin和研究人员Nicolas Tiercelin说：“我们专注于本文中的读取操作，因为磁能系统中写入能量的潜力非常低，意味着读取操作的能量输出现在将更高。来自法国里尔电子，微电子和纳米技术研究所研究所的国家科学技术中心的科学家。

研究人员的MELRAM存储单元的核心是通过机械耦合两种材料的性质相结合。基于铽 - 钴的另一种基于铁和钴的厚度为几纳米的磁性合金彼此堆叠在一起。合金形成磁弹性纳米复合材料，其磁自旋与机械应力反应。

然后将这些合金放置在由弛豫铁电体组成的压电衬底上，外露材料在暴露于电场时会改变其形状或尺寸。

“这些材料一起构成多铁异质结构，其中通过施加电压使磁性能的控制成为可能。”Tiercelin说。

俄罗斯科学院普罗霍罗夫普罗霍罗夫通用物理研究所Wave研究中心的另一位合着者Vladimir Preobrazhensky说：“纳米复合材料多层在室温下提供了强大的磁电相互作用。 “这种相互作用是通过电场控制磁状态的基本机制，磁电存储器的这一特征是其超低功耗的起源。

A new spin on electronics: Study discovers a 'miracle material' for field of spintronics

May 29, 2017
https://phys.org/news/2017-05-electronics-miracle-material-field-spintronics.html
A University of Utah-led team has discovered that a class of "miracle materials" called organic-inorganic hybrid perovskites could be a game changer for future spintronic devices. 
Spintronics uses the direction of the electron spin—either up or down—to carry information in ones and zeros. A spintronic device can process exponentially more data than traditional electronics that use the ebb and flow of electrical current to generate digital instructions. But physicists have struggled to make spintronic devices a reality.
The new study, published online today in Nature Physics, is the first to show that organic-inorganic hybrid perovskites are a promising material class for spintronics. The researchers discovered that the perovskites possess two contradictory properties necessary to make spintronic devices work—the electrons' spin can be easily controlled, and can also maintain the spin direction long enough to transport information, a property known as spin lifetime.
"It's a device that people always wanted to make, but there are big challenges in finding a material that can be manipulated and, at the same time, have a long spin lifetime," says Sarah Li, assistant professor in the Department of Physics & Astronomy at the U and lead author of the study. "But for this material, it's the property of the material itself that satisfies both."
The miracle material 
Organic-inorganic hybrid perovskites is already famous in scientific circles for being amazingly efficient at converting sunlight into electricity.
"It's unbelievable. A miracle material," says Z. Valy Vardeny, distinguished professor in the Department of Physics & Astronomy and co-author of the study, whose lab studies perovskite solar cells. "In just a few years, solar cells based on this material are at 22 percent efficiency. And now it has this spin lifetime property. It's fantastic."
The material's chemical composition is an unlikely candidate for spintronics, however. The hybrid perovskite inorganic frame is made of heavy elements. The heavier the atom, the easier it is to manipulate the electron spin. That's good for spintronics. But other forces also influence the spin. When the atoms are heavy, you assume the spin lifetime is short, explains Li.
"Most people in the field would not think that this material has a long spin lifetime. It's surprising to us, too," says Li. "We haven't found out the exact reason yet. But it's likely some intrinsic, magical property of the material itself."
Spintronics: That magnetic moment when...
Cellphones, computers and other electronics have silicon transistors that control the flow of electrical currents like tiny dams. As devices get more compact, transistors must handle the electrical current in smaller and smaller areas.
"The silicon technology, based only on the electron charge, is reaching its size-limit," says Li, "The size of the wire is already small. If gets any smaller, it's not going to work in a classical way that you think of."
"People were thinking, 'How do we increase the amount of information in such a small area?'" adds Vardeny. "What do we do to overcome this limit?"
"Spintronics," answers physics.
Spintronics uses the spin of the electron itself to carry information. Electrons are basically tiny magnets orbiting the nucleus of an element. Just like the Earth has its own orientation relative to the sun, electrons have their own spin orientation relative to the nucleus that can be aligned in two directions: "Up," which represents a one, and "down," which represents a zero. Physicists relate the electron's "magnetic moment" to its spin.
By adding spin to traditional electronics, you can process exponentially more information than using them classically based on less or more charge.
"With spintronics, not only have you enormously more information, but you're not limited by the size of the transistor. The limit in size will be the size of the magnetic moment that you can detect, which is much smaller than the size of the transistor nowadays," says Vardeny.

The experiment to tune electron spin
Tuning an electron spin is like tuning a guitar, but with a laser and a lot of mirrors.
First, the researchers formed a thin film from the hybrid perovskite methyl-ammonium lead iodine (CH3NH3PbI3) and placed it in front of an ultrafast laser that shoots very short light pulses 80 million times a second. The researchers are the first to use light to set the electron's spin orientation and observe the spin precession in this material.
They split the laser into two beams; the first one hit the film to set the electron spin in the desired direction. The second beam bends through a series of mirrors like a pinball machine before hitting the perovskite film at increasing time intervals to measure how long the electron held the spin in the prepared direction.
They found that the perovskite has a surprisingly long spin lifetime—up to nanosecond. The spin flips many times during one nanosecond, which means a lot information can be easily stored and manipulated during that time.
Once they determined the long spin lifetime, the researchers tested how well they could manipulate the spin with a magnetic field.
"The spin is like the compass. The compass spins in this magnetic field perpendicular to that compass, and eventually it will stop spinning," says Li. "Say you set the spin to 'up,' and you call that 'one.' When you expose it to the magnetic field, the spin changes direction. If it rotated 180 degrees, it changes from one to zero. If it rotated 360 degrees, it goes from one to one."
They found that they could rotate the spin more than 10 turns by exposing the electron to different strengths of magnetic field.
The potential for this material is enormous, says Vardeny. It could process data faster and increase random-access memory.
"I'm telling you, it's a miracle material," says Vardeny. 

电子学的新旋转：研究发现了自旋电子学领域的“奇迹材料”

05/29/2017  出处：https://phys.org
犹他大学领导的一个团队发现，一类称为有机 - 无机混合钙钛矿的“奇迹材料”可能成为未来自旋电子设备的游戏规则。

自旋电子学使用电子自旋的方向或者向上或向下 - 以1和0来载入信息。与使用电流衰减和电流流动以产生数字指令的传统电子装置相比，自旋电子装置可以指数地处理数据。但物理学家们一直在努力使自旋电子设备成为现实。

今天在“自然物理学”上发表的这项新研究是首先表明有机 - 无机杂化钙钛矿是自旋电子学有前途的材料类。研究人员发现，钙钛矿具有使自旋电子器件工作所必需的两个相互矛盾的特性 - 电子的旋转可以很容易地控制，并且还可以保持自旋方向足够长以传输信息，称为自旋寿命。

物理系助理教授Sarah Li表示：“这是人们一直想要制造的设备，但是在寻找可以操纵的材料方面存在很大的挑战，同时也具有很长的旋转时间。”他是该研究的主要作者。“但是对于这种材料来说，材料本身就满足这两者的属性。”

奇迹材料

有机 - 无机混合钙钛矿在科学界已经很有名了，因为将阳光转化为电力是非常有效的。

“这是令人难以置信的奇迹材料，”物理与天文学系杰出教授，研究合著者Z. Valy Vardeny说，他们的实验室研究了钙钛矿太阳能电池。“在短短的几年中，基于这种材料的太阳能电池效率达到了22％，现在具有了这种自旋寿命的特性，真是太棒了。

然而，该材料的化学成分不太可能是自旋电子学的候选者。混合钙钛矿无机框架由重元素制成。原子越重，操纵电子旋转越容易。这对自旋电子学有好处。但其他力量也影响旋转。当原子很重时，你会认为自旋寿命是短暂的。

“大多数人都不会认为这种材料的寿命很长，对我们来说也是令人惊讶的。” “我们还没有找到确切的原因，但它可能是材料本身的一些内在的，神奇的属性。

自旋电子学：那个磁力时刻

手机，计算机和其他电子产品具有控制电流流动的硅晶体管，如微小水坝。随着器件变得更紧凑，晶体管必须处理较小和较小区域的电流。

“这个基于电子电荷的硅技术正在达到其极限，”李说，“电线的尺寸已经很小了，如果更小，那就不会以原始的方式工作了。”

“人们在想，我们要如何在这么小的地区增加信息量？“Vardeny补充道。 “我们要如何克服这个限制？”

物理学“自旋电子学”。

自旋电子学使用电子自身的旋转携带信息。电子基本上是围绕元件的核的微小磁体。就像地球有相对于太阳的自己的方向，电子相对于可以在两个方向上对准的核的自旋取向：“上”表示一，“向下”表示零。物理学家将电子的“磁矩”与其旋转相关联。

通过添加旋转到传统电子设备，您可以根据更少或更多的费用经典地使用指数更多的信息。

“使用自旋电子学技术，不仅可以获得更多的信息，而且不受晶体管尺寸的限制，尺寸限制将可以使检测到的磁矩的大小，远小于现在的晶体管，“Vardeny说。

电子旋转实验

调整电子旋转就像调整吉他，但是需要激光和很多镜子。

首先，研究人员从混合钙钛矿甲基铵铅碘（CH3NH3PbI3）中形成薄膜，并将其放置在超快激光器的前面，每秒射出非常短的光脉冲8000万次。研究人员首先使用光来设定电子的旋转取向并观察该材料中的自旋进动。

他们将激光器分成两束;第一个击中了薄膜以将电子自旋设置在所需的方向。第二个光束通过一系列的镜子弯曲，如弹球机，在以增加的时间间隔撞击钙钛矿膜之前测量电子在制备方向上保持旋转了多长时间。

他们发现钙钛矿具有令人惊讶的长的自旋寿命，持续到了纳秒。自旋在一纳秒内翻转多次，这意味着很多信息可以在这段时间内轻松存储和操作。

一旦他们确定了长的自旋寿命，研究人员就测试了他们如何用磁场来操纵旋转。

“旋转就像罗盘，罗盘在垂直于罗盘的磁场中旋转，最终会停止旋转，”李说。“说你把旋转设为'up'，你叫'1'。 当您将其暴露于磁场时，自旋改变方向。 如果旋转180度，它将从1变为零。 如果它旋转360度，它会从1到另一个1。

他们发现，通过将电子暴露于不同的磁场强度，它们可以使旋转旋转超过10匝。

Vardeny说，这种材料的潜力是巨大的。它可以更快地处理数据并增加随机访问的记忆。

“我告诉你，这是一个奇迹的材料，”Vardeny说。
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