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Tech News & New Tech（技术前沿）

Versatile optical laser will enable innovative experiments at atomic-scale measurements

The European X-ray Free-Electron Laser (XFEL) facility, near Hamburg, Germany, was built with one objective—to provide pulses of light short enough, bright enough, and of small enough wavelength to observe processes that would otherwise be too fast and/or too infrequent to measure in real-time. 

Without such ultrashort pulses—and this means millionths of billionths of a second long (femtoseconds)—measurements are limited to a before-and-after look at molecular interactions. Six different end-stations will be available for scientists from across the globe to conduct experiments using the XFEL beam once it is fully functioning in 2017.

In order to make these measurements, the research team developed a high-power, pulsed, optical laser that is synchronized with the XFEL pulses and tunable in both wavelength and pulse duration to accommodate the needs of each of the six different experiments being conducted. The features of this versatile optical laser system will be published in a paper in the journal Optics Express, from The Optical Society (OSA).

"The real uniqueness of our laser lies in the fact that it matches the burst emission pattern of the European XFEL," said Max J. Lederer, lead scientist, XFEL. "It therefore enables experiments at the highest possible pulse rate of the XFEL with optical pulse parameters (energy, pulse duration) only obtainable at low repetition rates from Ti:Sapphire systems."

These days, finding an optical laser capable of producing ultrashort pulses for research, such as a titanium-sapphire (Ti:Sapph) laser, isn't difficult. But finding such a laser that can match the power and timing specifications of the six XFEL experiments is difficult. "In other words, it's the high repetition rate and average power during the bursts that make the difference," Lederer said.

But why would a facility built to house one of the largest and most advanced lasers, need another laser? In fact, this additional laser system is an integral part of performing the projected atomic-scale measurements. The optical laser pulses serve to prepare samples, using the interaction with it as the first step, in some sense as a control, before using the x-ray pulse to probe and investigate the unknown dynamics. It is mainly the "pump" part of the pump-probe experiments the laser is designed to perform.

"The laser system is [built] to satisfy the need for an experimental optical pump-probe laser, synchronized and adapted to the emission pattern of the European XFEL. The laser will typically activate samples, followed by probing with the X-ray pulses," Lederer said.

The need for tunability of the pump laser comes from each of the six scientific stations housing different experiments that investigate various sample types and phases of matter. The optical laser provides this configurability via a number of optical techniques that harness light-matter interactions to result in the precise energy and timing of the pulses needed.

One example of such a process is called parametric conversion which refers to the conversion of one particle of light into two of half the energy, or vice versa. "For enhanced experimental flexibility, the spectral range from UV to THz will be made available through parametric conversion and THz-generation schemes," Lederer said.

Installation of the first laser has already begun and Lederer and his team look ahead to the exciting capabilities of the facility. Lederer said, "We are of course keen to meet the deadline to deliver the 'first photon' together with the XFEL. Personally, I'm keen on seeing the laser utilized in as many scientific discoveries as possible in the future." 

多用途光学激光将原子尺度测量的创新实验成为可能

欧洲X射线自由电子激光（XFEL）设施，近德国的汉堡，的建立只有一个目标 - 提供足够短，足够明亮，足够小波长的光冲脉，以观察要么太快和/或太罕见的实时测量的过程。

如果没有这样的超短冲脉 - 这意味着第二场的百万分之一（飞秒） - 测量仅限于之前之后观看分子相互作用。一旦它于2017年完全运行，六个不同的端站将为来自世界各地的科学家提供使用XFEL光束的进行实验的可能。

为了使用这些测量，研究小组开发出一种高功率，冲脉，光学激光，能够与XFEL冲脉同步，并为了适应六个正在进行的实验的需求调谐波长和冲脉持续时间。这种多功能激光系统的特点将发表在来自美国光学学会（OSA）的光学快报杂志的一篇文章中。

“我们激光真正的独特之处在于它符合欧洲XFEL的突发发射模式。”XFEL首席科学家Max J. Lederer说，“因此，它使得有着只有在来自Ti:蓝宝石系统中得到的低重复率光冲脉参数（能量，脉冲持续时间）的高可能XFEL冲脉率的实验成为可能。”

这些天，发现能够产生超短冲脉的光学激光用于研究，例如钛蓝宝石（Ti:Sapph）激光，并不难。但是找到这样的能够符合六个XFEL实验的功率和计时规则的激光却很困难。“换句话说，在爆发中的重复率和平均功率才是真正的困难所在。”Lederer说。

但是为什么用来安置一个最大最先进的激光之一的设施建立需要另外一个激光呢？事实上，这个额外的激光系统是执行投影原子尺度测量的一个组成部分。光学激光冲脉服务于制备样品，使用相互作用作为第一步，在某种意义上作为一个控制，在使用s射线冲脉探测和调查位置动态之前。它主要是激光设计执行的泵探针的“泵”部分。

“激光系统的建立是为了满足光学泵探针激光实验的需要，同步并适应欧洲XFEL的发射模式。激光通常会激活样本，其次是探测X射线脉冲。”Lederer说。

激光调谐的需要来源于六个科学实验室安置的不同实验，这些实验研究不同的样品类型和阶段问题。光学激光通过一系列利用光与物质的相互作用产生精确能量和所需的冲脉时间的光学技术提供配置。

这种过程的一个例子称为参数变换，指的是将一个光粒子转换为能量的两个一半，反之亦然。“为增强实验的灵活性，从UV到THz的光谱范围将通过参数转换和THZz产生方案获得。”Lederer说。

第一激光的安装已经开始，Lederer和他的团队预测了设施令人兴奋的功能。Lederer说：“我们方然希望能够满足提供有XFEL的‘第一个光子’的期限。就我个人而言，我渴望看到激光在未来能应用于尽可能多的科学发现中。”

Flexible optical sensors to control the quality of beverages and environmental parameters

Researchers from Universidad Politécnica de Madrid (UPM) have developed an innovative optical sensor using conventional tape, a low-cost and flexible material that can be easily acquired at stationery shops. It can detect variations of the optical properties of a liquid when is immersed. The sensor can be used to control both the quality of beverages and environmental monitoring. 

Light from an LED is introduced in one of end of a piece of tape and the light that emerges from the other end is detected through a photodiode. The light coupling to the flexible waveguide is mediated by a diffractive element using a grating with aluminum lines of nano dimensions; it is added to the tape through a simple process of "tear and paste." Both ends of the waveguide can be easily adhered to the LED emitter and the light detector (photodiode).

Because of the flexibility of the tape, the waveguide can bend and is partially immersed in the liquid under examination. Due to the waveguide bend, part of the propagated light is lost by radiation. This curvature loss depends on the refractive index of the surrounding medium. Thus, it is possible to detect variations of the refractive index of the liquid by photodiode measurement of the optical power lost during the path of light through the immersed waveguide.

The refractive index of a liquid solution is related to both its physical and chemical properties, including density and concentration. Thus, researchers can assess, for example, the maturation degree of grapes by measuring the refractive index of grape juice; it could also detect the alcoholic content of certain beverages. The sensor can be used in the food sector for process control and beverage quality, and in the environmental sector for water quality control.

The materials and components used to develop this sensor are common and inexpensive. Additionally, the assembly of the three main components of the sensor is simple and there is no need for instrumentation or specialized tools. Therefore, the assembly can be carried out by non-qualified personnel.

Dr. Carlos Angulo Barrios, the lead researcher for this project, says, "These features, along with the flexibility of the tape, make this sensor very advantageous regarding other optical instruments for the detection of refractive index more complex, rigid and expensive, especially in field applications and on-site analysis of liquids in areas of difficult access." 

用于控制饮料质量和环境参数的柔性光学传感器

来自马德里理工大学（UPM）的研究人员使用传统的磁带研发了一种创新光学传感器，一种低成本柔性材料，这种材料很容易喜爱文具店里买到。它可以检测当液体沉浸时的光学特性的变化。这个传感器可以用于控制饮料质量以及环境监测。

laiziLED的光被引入磁带的一端，从另一端出来的光可以通过一个光电二极管被检测到。耦合到柔性波导的光使用纳米尺寸铝线的光栅通过衍射器件停调；它通过一个简单的“撕裂和粘贴”过程被添加到磁带中。波导的两端都能够很容易粘贴到LED发射器和光探测器（光电二极管）中。

由于磁带的柔性，波导可以弯曲，并且在检查中部分浸入液体。由于波导的弯曲，光传播的一部分由于辐射儿失去了。这种曲率损耗取决于周围介质的折射率。因此，可以通过在光通过浸入波导的路径的光功率损失的光电二极管测量检测液体的折射率的变化。

液体溶液的折射与其物理和化学性质有关，包括密度和浓度。这样，例如，研究人员可以通过测量葡萄汁的折射率来评估葡萄的生熟度，也可以检测某些饮料中的酒精含量。该传感器可以用于食品部门的过程控制和饮料质量，并用于环境部门的水质量控制。

用于开发这种传感器的材料是普通并且便宜的。另外，该传感器的三个主要组成部分的组装是简单的，也不需要仪器或者专门的工具。因此，组装可以由飞专业人员进行。

项目的首席研究员Carlos Angulo Barrios说：“这些特点，与磁带的柔性一起，让这种传感器相比起其它光学仪器来说，在更复杂，更刚性，更昂贵的折射率检测非常有利，特别是在难以接近的领域应用好液体的现场分析。”

The origin of linear magnetoresistance—exotic or classical?

New materials sometimes exhibit spectacular resistance phenomena, though the explanation does not always prove to be exotic. Physicists from the Nijmegen High Field Magnet Laboratory (HFML) and the ETH in Zürich have demonstrated that a simple physical model is sufficient to explain the phenomenon of linear magnetoresistance. They published their results this week in an Editor's Suggestion article in Physical Review Letters. 

Measuring the electrical resistance of a material in a magnetic field (the magnetoresistance) is often a first step on the road to discovering new electronic properties. Since the rise of graphene in 2005, many new materials with unconventional properties have been discovered, including topological insulators, and Weyl and Dirac semi-metals. These materials exhibit a linear scaling of their energy with momentum, a so-called dispersion relation in which electrons in a solid behave as massless particles (similar to light particles, so-called photons). Such novel electronic properties are interesting for potential applications in information and optoelectronic technologies. In many of these materials, the resistance is found to increase linearly with the magnetic field – a phenomenon we call linear magnetoresistance (LMR).

'Simple' and general explanation for linear magnetoresistance

Researchers from the High Field Magnet Laboratory (HFML) - a partnership between Radboud University and the FOM Foundation - and ETH Zurich have now measured the resistance of an ultraclean GaAs (Gallium arsenide) quantum well which does not possess such a linear energy relation yet. They have found a strong LMR similar to the one found in the materials highlighted above: topological insulators, Weyl and Dirac semi-metals. The origin of the LMR in this case is likely related to small density variations throughout the solid which cannot be avoided in conventional material growth techniques. This leads to a contribution of a linear Hall resistance caused by the Lorentz force in a magnetic field on a moving electron on the measured magnetoresistance. This discovery teaches us an important lesson: that exotic explanations for spectacular phenomena are not always the answer. 

线性磁阻的起源 – 外来的还是经典的？

新材料有时表现出惊人的抵抗现象，虽然解释并不总是证明是外来的。来自奈梅亨高场磁体实验室（HFML）和苏黎世的ETH的物理学家已经证明，简单的物理模型足以解释线性磁阻的现象。他们本周在“物理评论”中的编辑推荐文章中发表了他们的研究结果。

测量材料在磁场（磁阻）中的电阻通常是发现新的电子特性的第一步。自2005年石墨烯兴起以来，已发现许多具有非常规性能的新材料，包括拓扑绝缘体，以及Weyl和Dirac半金属。这些材料表现出它们的能量与动量的线性缩放，即所谓的色散关系，其中固体中的电子表现为无质量颗粒（类似于轻颗粒，所谓的光子）。这种新颖的电子性质对于信息和光电子技术中的潜在应用是有趣的。在许多这些材料中，发现电阻随磁场线性增加 - 这种现象称为线性磁阻（LMR）。

线性磁阻的“简单”和一般解释

Radboud大学和FOM基金会之间的合作伙伴 - 高场磁体实验室（HFML）和苏黎世联邦理工学院的研究人员现在测量一个没有这种线性能量关系的超晶GaAs（砷化镓）量子阱的电阻。他们发现了一种强烈的LMR，类似于在上面强调的材料中发现的：拓扑绝缘体，Weyl和Dirac半金属。在这种情况下LMR的起源可能与贯穿固体的小密度变化有关，这在常规材料生长技术中不能避免。这导致由磁场中的洛伦兹力对移动电子对测量的磁阻产生的线性霍尔电阻的贡献。这个发现教给我们一个重要的教训：对于惊人的现象的外来解释并不总是答案。

Researchers create hidden images with commercial inkjet printers




A new technique can be used to hide multiple images in a printed array of rods with varying conductivities. Depending on the polarization of the terahertz radiation, different concealed images appear, such as the H and V illustrated here. Credit: Ajay Nahata, University of Utah 

Researchers have developed a way to use commercial inkjet printers and readily available ink to print hidden images that are only visible when illuminated with appropriately polarized waves in the terahertz region of the electromagnetic spectrum. The inexpensive method could be used as a type of invisible ink to hide information in otherwise normal-looking images, making it possible to distinguish between authentic and counterfeit items, for example. 

"We used silver and carbon ink to print an image consisting of small rods that are about a millimeter long and a couple of hundred microns wide," said Ajay Nahata from the University of Utah, leader of the research team. "We found that changing the fraction of silver and carbon in each rod changes the conductivity in each rod just slightly, but visually, you can't see this modification. Passing terahertz radiation at the correct frequency and polarization through the array allows extraction of information encoded into the conductivity."

In The Optical Society's journal for high impact research, Optica, the researchers demonstrated their new method to hide image information in an array of printed rods that all look nearly identical. They used the technique to conceal both grayscale and 64-color QR codes, and even embedded two QR codes into a single image, with each code viewable using a different polarization. To the naked eye the images look like an array of identical looking lines, but when viewed with terahertz radiation, the embedded QR code image becomes apparent.

"Our very easy-to-use method can print complex patterns of rods with varying conductivity," said Nahata. "This cannot easily be done even using a multimillion dollar nanofabrication facility. An added benefit to our technique is that it can performed very inexpensively."

Printing metamaterials

The new technique allows printing of different shapes that form a type of metamaterial - synthetic materials that exhibit properties that don't usually exist in nature. Although there is a great deal of interest in manipulating metamaterials to better control the propagation of light, most techniques require expensive lithography equipment found in nanofabrication facilities to pattern the material in a way that produces desired properties.

Nahata and his colleagues previously developed a simple method to use an off-the-shelf inkjet printer to apply inks made with silver and carbon, which can be purchased from specialty stores online. They wanted to see if their ink-jet printing technique could create various conductivities, a parameter that is typically difficult to modify because it requires changing the type of metal applied at each spatial location. To do this using standard lithography would be time consuming and expensive because each metal would have to be applied in a separate process.

"As we were printing these rods we saw that, in many cases, we couldn't visually tell the difference between different conductivities," said Nahata. "That led to the idea of using this to encode an image without the need for standard encryption approaches."

Creating hidden images

To see if they could use the method to encode information, the researchers printed three types of QR codes, each 72 by 72 pixels. For one QR code they used arrays of rods to create nine different conductivities, each coding for one gray level. When they imaged this QR code with terahertz illumination, only 2.7 percent of the rods gave values that were different from what was designed. The researchers also used rods printed in a cross formation to create two separate QR codes that could each be read with a different polarization of terahertz radiation.

The team then created a color QR code by using non-overlapping rods of three different lengths to create each pixel. Each pixel in the image contained the same pattern of rods but varied in conductivity. By arranging the rods in a way that minimized errors, the researchers created three overlapping QR codes corresponding to RGB color channels. Because each pixel contained four different conductivities that could each correspond to a color, a total of 64 colors was observed in the final image. The researchers said they could likely achieve even more than 64 colors with improvements in the printing process.

"We have created the capability to fabricate structures that can have adjacent cells, or pixels, with very different conductivities and shown that the conductivity can be read with high fidelity," said Nahata. "That means that when we print a QR code, we see the QR code and not any blurring or bleeding of colors."

With the very inexpensive (under $60) printers used in the paper, the technique can produce images with a resolution of about 100 microns. With somewhat more expensive but still commercially available printers, 20-micron resolution should be achievable. Although the researchers used QR codes that are relatively simple and small, the technique could be used to embed information into more complex and detailed images using a larger canvas.

Nahata's team used terahertz radiation to read the coded information because the wavelengths in this region are best suited for imaging the resolution available from commercial inkjet printers. The researchers are now working to expand their technique so the images can be interrogated with visible, rather than terahertz, wavelengths. This challenging endeavor will require the researchers to build new printers that can produce smaller rods to form images with higher resolutions.

The researchers are also exploring the possibility of developing additional capabilities that could make the embedded information even more secure. For example, they could make inks that might have to be heated or exposed to light of a certain wavelength before the information would be visible using the appropriate terahertz radiation. 

研究人员用商业喷墨打印机创建隐藏的图像




可以使用新技术来在具有变化的电导率的棒的印刷阵列中隐藏多个图像。根据太赫兹辐射的偏振，出现不同的隐藏图像，如图H和V。来源：Ajay Nahata，犹他大学

研究人员已经开发出使用商业喷墨打印机和容易获得的墨水来打印仅在用电磁光谱的太赫兹区域中的适当的偏振波照射时才可见的隐藏图像的方法。该廉价的方法可以用作一种类型的不可见墨水以隐藏其它正常图像中的信息，例如可以区分真品和伪造物品。

 “我们使用银和碳油墨打印一个由大约一毫米长和几百微米宽的小棒组成的图像。”来自犹他大学的研究团队领导者Ajay Nahata说，“我们发现，改变每个棒中银和碳的比例只是轻微地改变每个棒中的电导率，但是在视觉上，你看不到这种修改。以正确的频率和偏振通过阵列传递太赫兹辐射允许提取信息编码成电导率。”

在光学学会高影响的研究杂志Optica，研究人员展示了他们的新方法来在一系列的印刷棒中隐藏图像信息，所有看起来几乎相同。他们使用该技术来隐藏灰度和64色QR码，甚至将两个QR码嵌入到单个图像中，每个码使用不同的偏振可视。对于裸眼，图像看起来像相同看起来的线的阵列，但是当用太赫兹辐射观察时，嵌入的QR码图像变得明显。

 “我们非常容易使用的方法可以打印具有不同电导率的棒的复杂图案。”Nahata说，“即使使用数百万美元的纳米加工设备，这也不容易做到。我们的技术的另一个好处是它可以非常便宜地执行。”

打印超材料

新技术允许打印形成一种类型的超材料（表现出通常在自然界中不存在的性质的合成材料）的不同形状。虽然在操作超材料以更好地控制光的传播方面存在很大的兴趣，但是大多数技术需要在纳米制造设备中发现的昂贵的光刻设备来以产生所需性质的方式来图案化材料。

Nahata和他的同事以前开发了一种简单的方法，使用现成的喷墨打印机来应用由银和碳制成的油墨，可以从在线专卖店购买。他们想看看他们的喷墨打印技术是否能够产生各种电导率，这是一个通常难以修改的参数，因为它需要改变在每个空间位置处应用的金属类型。使用标准光刻来做到这一点将是耗时且昂贵的，因为每个金属必须在单独的工艺中应用。

 “当我们打印这些棒时，我们看到，在许多情况下，我们无法直观地分辨不同电导率之间的差异。”Nahata说，“这导致了使用它来编码图像而不需要标准的加密方法。”

创建隐藏的图像

为了看看他们是否可以使用该方法对信息进行编码，研究人员打印了三种类型的QR码，每一种都是72×72像素。对于一个QR码，他们使用棒阵列来创建九个不同的电导率，每个编码一个灰度级。当他们用太赫兹照明成像这个QR码时，只有2.7％的棒给出的值与设计不同。研究人员还使用以十字形式打印的棒，以产生两个单独的QR码，每个可以用不同的太赫兹辐射偏振读取。

然后，团队使用三个不同长度的非重叠棒创建了一个彩色QR码，以创建每个像素。图像中的每个像素包含相同的杆图案，但是电导率不同。通过以最小化误差的方式布置杆，研究人员创建了对应于RGB颜色通道的三个重叠的QR码。 因为每个像素包含可以各自对应于颜色的四个不同的电导率，所以在最终图像中观察到总共64种颜色。研究人员说，他们可能实现甚至超过64种颜色，在打印过程中的改进。

Nahata说：“我们已经创建了能够制造具有非常不同电导率的相邻单元或像素的结构的能力，并且表明可以高保真地读取电导率。这意味着，当我们打印一个QR码，我们看到QR码，没有任何模糊或渗透的颜色。

使用本文中使用的非常便宜（低于60美元）的打印机，该技术可以产生具有大约100微米的分辨率的图像。使用稍微更昂贵但仍然市售的打印机，应当可以实现20微米的分辨率。虽然研究人员使用相对简单和小的QR码，该技术可以用于使用更大的画布将信息嵌入到更复杂和详细的图像中。

Nahata的团队使用太赫兹辐射来读取编码信息，因为该区域中的波长最适合用于商业喷墨打印机可用的分辨率成像。 研究人员现在正在努力扩大他们的技术，所以图像可以用可见，而不是太赫兹波长来询问。这种具有挑战性的努力将需要研究人员构建新的打印机，可以生产较小的棒形成具有更高分辨率的图像。

研究人员还在探索开发额外功能的可能性，使嵌入式信息更加安全。例如，它们可以使油墨在使用适当的太赫兹辐射可见之前可能必须被加热或暴露于特定波长的光。

Metal Alloy（金属合金）

Strong churning technique produces more uniformly structured large aluminum casts




Solidified cross-sections from aluminum ingots were made using a conventional method (top) and a new jet metal process developed by MIT researchers. “The introduction of the jet induced a completely different recirculation of the grains, and therefore you get different microstructure all along the section,” says MIT Assistant Professor Antoine Allanore. Credit: Massachusetts Institute of Technology 

Industrial aluminum slabs are typically produced by blending small amounts of copper or manganese in a reservoir of molten aluminum that is rapidly cooled, a process known as direct-chill casting. Variations in the way these elements solidify can yield uneven results that weaken the final product, with castings sometimes ending on the scrap heap. Controlling the distribution of strengthening elements to aluminum throughout a casting is thus key to reducing waste and improving product reliability. 

Over the past three years, MIT assistant professor of metallurgy Antoine Allanore and his student Samuel R. Wagstaff PhD '16 developed a new process that uses a turbulent jet to reduce this uneven distribution in aluminum alloy structures by 20 percent. The researchers were able to pinpoint a single number—the "macrosegregation index"—that quantifies the difference between the ideal chemical makeup and the actual chemical makeup at specific points in the solidification process.

"We have now tested the technology all along the supply chain, and we did confirm that the 20 percent improvement in macrosegregation index was good enough to allow further increase in productivity," Allanore says.

Wagstaff's and Allanore's experimental results and theoretical explanations on direct-chill aluminum processing are published in a pair of articles in the journal Metallurgical and Materials Transactions B, with a third pending publication. The work was done in collaboration with global aluminum processor Novelis, with all the experiments taking place at Novelis Solatens Technology Center in Spokane, Washington; some aspects of the research have been patented.

Fighting unbalanced structures

Macrosegregation is the uneven distribution of alloying elements within a solidified aluminum part, creating, for example, copper-poor regions. This is most likely to occur in the center of a casting, where it remains hidden until the casting is reprocessed for another use such as rolling a thick slab into a flat sheet. These unbalanced structures can form on a scale from several fractions of an inch to several yards and they can lead to cracking, shearing or other mechanical failure of the material.

This issue is particularly significant as industry moves toward faster production schedules and larger sheet metal runs—for example, parts for pickup trucks and airplane wings. Greater emphasis on aluminum recycling also poses issues where the composition of secondary elements may be unpredictable.

"Analyzing the structure, and in particular the presence of solid grains, formed as the aluminum alloy turns from liquid to solid is difficult because you cannot see through aluminum, and the material is rapidly cooled from 700 degrees Celsius (1,292 degrees Fahrenheit), and differently sized grains are moving as the aluminum solidifies at the rate of about 2 to 3 inches per minute, Allanore says. The problem is typically a lack of the alloying element near the center of the solidifying slab or ingot.

"It's a very perverse situation in the sense that from the outside the solid slab could look very nice, ready to go to the next treatment, and it's only later on that you discover that there was this defect in a section, or in an area, which basically means a huge loss of productivity for the entire supply chain," Allanore explains.

Making uniform alloys

"In our experiments, we did some specific tests at full scale to quench, so to basically sample the molten metal as it's cast, and we've seen grains anywhere between 10 microns up to 50 microns, and those grains are, according to our development, the ones responsible for macrosegregation," Allanore says. Their solution is inserting a jet stream to recirculate the hot liquid so those grains get redistributed uniformly as opposed to accumulating in one region of the ingot. "It's like a hose of water in a swimming pool," he explains. "From a purely fluid mechanics perspective, the mixture is homogeneous. It's just a full, complete mixture of the alloying elements and aluminum."

"The introduction of the jet induced a completely different recirculation of the grains and therefore you get different microstructure, all along the section. It's not just on the edges or not just in the center, it's really across the entire section," Allanore says. The researchers were able to calculate the optimal jet power needed for the most common aluminum alloys, and then tested their predictions.

"Professor Allanore's work is an excellent example of application of solidification theory to solution of a real world industrial problem," says Merton C. Flemings, the Toyota Professor Emeritus of Materials Processing at MIT.

Steeped in metal work

Sam Wagstaff, lead author of the three papers with Allanore, finished his doctorate at MIT in September after just three years and now works for Novelis in Sierre, Switzerland. "The reason why this project is successful is, of course, because of Sam Wagstaff," Allanore says. "He's been an amazing graduate student." Wagstaff, 27, is a great-grandson of George Wagstaff, and grandson of William Wagstaff, whose Spokane, Wash., area machine shop grew into Wagstaff Inc., which specializes in the chillers used to produce solid aluminum alloys from molten liquid (but which was not involved in this research). Sam Wagstaff's father, Robert, works for Novelis, and Sam himself first worked for Novelis at age 14. After he earned his bachelor's degree in mechanical and aerospace engineering at Cornell University, Novelis offered Wagstaff the opportunity to pursue a PhD to help the company solve the problem of macrosegregation by developing a method to stir aluminum.

"Being in an environment [in which Novelis is] okay with me taking the project and at the same time MIT letting me take it wherever I felt it needed to go, it ended up being an amazing experience," Wagstaff says. "I don't know of too many other companies or places that would have let me grow as much as I did, and for that I'm really grateful," Wagstaff says.

"The problem you have with aircraft-grade or aerospace-grade plate is you have very significant macrosegregation regions in the center of that plate, so you have drastic drops in mechanical properties in the very center," Wagstaff says. "Our research started with the idea we want to be able to stop macrosegregation," Wagstaff says. Instead of studying many different ways to stir aluminum, Wagstaff says he and Allanore proposed developing a mixing criterion just like those used in chemical engineering. Because the worst problems were occurring in the center of ingots, with up to 20 percent variation in composition there, that became the focus of the research, he says.

"We knew we could figure out how to mix things up and we could stir things around, but being able to compare A to B to C would have been really difficult, and so that's where the macrosegregation index came from. That's just a numerical scheme that we invented to compare type A mixing to type B mixing to type C mixing, so then we can somehow relate all of the different mixing parameters together to say this kind of mixing is better," he says. The index punishes ingots depending on their deviation from the desired composition as a function of their distance from the center and a lower index number represents higher quality.

The solution was to design a jet that would work with existing direct-chill casting machines. "All we did was change the jet power as a function of diameter using a magnetic pump to control speed, power and velocity of that jet throughout the casting," Wagstaff says. "The great thing about jets is they are pretty well defined, we understand how they expand, how their forces are distributed as a function of time, as a function of space, so they are a relatively easy phenomenon to study. We ended up coupling magnets with the jet and built a non-contact magnetic pump to generate our jet."

Optimizing jet power

The team developed formulas to calculate how fast and how strong the jet power has to be to prevent clustering of defects in the center for a given set of alloying elements and mold dimensions. While the papers report improvement of 20 percent, Wagstaff says with optimization of the jet pump, improvement up to 60 percent is possible.

Small variations in individual grains [microsegregation] can sometimes be healed by reheating the aluminum casting, but when large-scale uneven distribution occurs with a weak centerline, it is impractical because it would take far too long for the copper or other alloying element to migrate through the material.

Materials science graduate student Carolyn M. Joseph in Allanore's group is studying how these grains that cause macrosegregation form in an aluminum alloy that is 4.5 percent copper by weight. Using the new jet stirring technique, she takes samples during casting near the two-phase region (slurry), in which grains of solid metal circulate in the liquid aluminum. She does this by rapidly cooling the metal at various locations along the ingot as it is being formed, and she studies the samples under a microscope for differences in grain size, shape, composition and distribution. "The size of your solid structure, how fine or coarse it is, depends on the rate at which you're cooling it," Joseph explains. Microscopic images she made of samples showing large grain structures are evidence those grains were solid in the slurry before it was rapidly cooled, she says.

"In the liquid, they are mixed, the cooper and aluminum form a solution, but when you go from liquid to solid, there is segregation of the alloying elements," Joseph says. Grains that form early are depleted in copper and tend to cluster in the center of a slab.

"The advantage of this is that it's an intermediate type of snapshot. Instead of looking at the final cross-section and studying its grain size and composition, we can see it at an intermediate stage, while it's a semi-solid mixture, what's going on," explains Joseph, who is working toward a master's degree in materials science. "On the macroscale, you want an even distribution of copper, and that's what Sam's mixing has been able to achieve," she says.

Role in recycling

Allanore believes the jet-stirred aluminum process can also play a role in recycling. "Not all recycled products of aluminum are the same, because some of them come from a former plane and some of them come from a former beverage can, and these are two different alloys," he says. "So when it comes to society being able to recycle and make new aluminum products of high-quality, we can clearly see that there is an issue of how are we going to deal with those alloying elements. The work that we have done, I believe, is one example of how we can modify existing technologies so that they become more ready to have more recycled material without compromising at the end with the quality of the product that you are making."

"By doing the proper amount of theoretical work and experimental work and working in collaboration, hand-in-hand with industry, we can find these type of solutions that allow higher productivity, more recycled materials which means less energy and less environmental impact, something very exciting," Allanore says. 

强搅拌技术生产结构更均匀的大型铝铸件




使用常规方法（顶部）和由MIT研究人员开发的新喷射金属工艺来制造来自铝锭的固化横截面。 MIT助理教授Antoine Allanore说：“引入射流引起了晶粒完全不同的再循环，因此你得到不同的微结构。来源：马萨诸塞理工学院

工业铝板通常通过在快速冷却的熔融铝储存器中混合少量的铜或锰来制造，这种方法被称为直接冷却铸造。这些元素凝固的方式变化可能产生不均匀的结果，最终削弱产品，铸件有时会报废。因此，控制整个铸件中增强元素对铝的分布是减少浪费和提高产品可靠性的关键。

在过去三年中，MIT的冶金助理教授Antoine Allanore和他的学生Samuel R. Wagstaff 博士开发了一个新工艺，使用湍流射流将铝合金结构中这种不均匀分布减少20％。研究人员能够精确定位单个数字 - “宏观偏析指数”，其量化理想化学组成和固化过程中特定点的实际化学组成之间的差异。

Allanore说：“我们现在已经在整个供应链中测试了这项技术，我们确认宏观偏析指数的20％改善已经足够进一步提高生产力。”

Wagstaff和Allanore的实验结果与直接冷却铝加工的理论解释发表在“冶金和材料交易”杂志上的一篇文章中，其中有第三份待批出版物。这项工作是和全球铝处理器Novelis合作完成的，所有的实验都在位于华盛顿州斯波坎的Novelis Solatens技术中心举行;一些方面的研究已经获得专利。

与不平衡结构斗争

宏观聚集是固化铝部件内合金元素的不均匀分布，产生例如贫铜区域。这最可能发生在铸件中心，它一直不会显现，直到铸件被再处理用于另一种用途，例如将厚板轧制成平板。这些不平衡结构可以形成从几英寸到几码的级别，同时它们会使得材料开裂，剪切或其它机械故障。

这个问题尤其重要，因为工业正朝着更快的生产计划和更大的钣金运行 - 例如皮卡和飞机机翼的零件。更多地强调铝回收，也提出了次要元素组成可能是不可预测的问题。

 “分析结构，特别是由于铝合金从液体变成固体而形成固体颗粒的存在是很困难的，因为你不能看穿铝材料，铝从700摄氏度（1,292华氏度）迅速冷却， Allanore说，不同尺寸的晶粒随着铝以每分钟约2至3英寸的固化速率而移动。问题通常是在凝固板或锭的中心附近缺少合金元素。

 “这是一个非常不正常的情况，从外面来看实心板可能很漂亮，准备好了去接受接下来的加工，但是在之后，你会发现，在某个部分或区域中有这样的缺陷，而这基本上意味着整个供应链生产力的巨大损失，”Allanore解释说。

制备均匀合金

 “在我们的实验中，我们做了一些具体的测试，以满量程淬火，所以在铸造中基本上取样熔融金属，我们看到的颗粒是在10微米到50微米之间，根据我们研究，原因是来自宏观选择的人，“Allanore说。它们的解决方案是插入射流以再循环热液体，使得这些颗粒均匀地重新分布，而不是在锭的一个区域中积累。 “这就像一个在游泳池里的水管，”他解释说。 “从纯粹的流体力学角度来看，混合物是均匀的，它只是合金元素和铝的完全混合物。”

Allanore说：“引入射流引起了晶粒完全不同的再循环，因此你得到不同的微结构，不仅在边缘上或在中心上，而是真正的在整个部分中。研究人员能够计算最常见的铝合金所需的最佳喷射功率，然后测试其预测。

麻省理工学院材料加工教授Merton C. Flemings说：“Allanore教授的工作是应用凝固理论解决现实世界工业问题的一个很好例子。”

艰巨的金属工作

与Allanore一同完成三篇论文的主要作者Sam Wagstaff，三年后在麻省理工学院完成了他的博士学位，现在在瑞士Sierre的Novelis工作。 “这个项目成功的原因当然是因为Sam Wagstaff，”Allanore说。 “他是一个了不起的研究生。 Wagstaff，27岁，是George Wagstaff的曾孙，William Wagstaff的孙子，他的Spokane Wash区域机器店成长为Wagstaff 公司，专门从事熔融液体生产固体铝合金的冷却器（但这次并没有参与这项研究）。 Sam Wagstaff的父亲罗伯特，为Novelis工作，而Sam自己在14岁时就开始在Novelis工作。在获得了康奈尔大学机械和航空航天工程学士学位后，Novelis为Wagstaff提供了一个博士学位的机会，通过开发一种搅拌铝的方法来帮助公司解决宏观偏析的问题。

“在我参与项目的环境中，Novelis 和MIT允许我把它带到任何需要去的地方，结果是一个难忘的体验。 我知道并不会有太多其他公司或地方会让我如我所想的方式成长，对此我非常感激，”Wagstaff说。

 “与飞机级或航空级板材有关的问题是，在板材中心有非常明显的宏观分离区域，所以你在中心的机械性能急剧下降，”Wagstaff说。 “我们的研究开始于我们想要能够阻止宏观选择”。 Wagstaff并不是研究许多不同的搅拌铝的方法，他说他和Allanore提出了开发混合标准，就像在化学工程中使用的那样。因为最严重的问题发生在锭的中心，组成变化高达20％，这成为研究的重点。

 “我们知道我们可以弄清楚如何混合以及如何搅拌，但是比较A到B到C的过程真的很困难，这就是宏观偏离指数的来源。这只是一个数字方案，我们发明了将A型混合，B型混合，C型混合相比较的方法，因此我们可以以某种方式将所有不同的混合参数联系在一起，来表明这种混合更好。”他说。该指数取决于与期望组成的偏离作为它们离中心距离的函数，同时较低的指数表示较高的质量。

解决方案是设计一个喷嘴，与现有的直接冷却铸造机一起工作。 “我们所做的是使用磁力泵改变射流功率作为直径的函数，以控制整个铸件的速度，功率和速度，”Wagstaff说。 “磁力泵的高明之处在于它们的定义非常明确，我们了解它们如何扩展，它们的力如何作为时间函数，空间函数分布的，因此它们是一个相对容易研究的现象。我们结束了耦合磁铁与喷射，同时建立一个非接触式磁力泵来产生我们的射流。

优化喷射功率

该团队开发了公式以计算喷射功率的速度和强度，以防止给定的合金元素和模具尺寸集合中缺陷聚集。虽然论文报告提高了20％，Wagstaff说，通过优化喷射泵，改进60％也是可能的。

单个晶粒的微小变化（微观分离）有时可以通过再加热铝铸件来愈合，但是当以较弱的中心线发生大规模不均匀分布时，这种方法是不切实际的，因为铜或其他合金元素通过材料迁移会花费太长的时间。

在Allanore研究小组的材料科学研究生Carolyn M. Joseph正在研究这些颗粒是否会导致在4.5％铜重量的铝合金中形成宏观偏析。使用新的喷射搅拌技术，她在铸造期间接近两相区（浆料）采样，其中固体金属颗粒在液态铝中循环。她通过在形成时沿着锭的各个位置快速冷却金属，并且在显微镜下研究样品在晶粒尺寸，形状，组成和分布上的差异。 “你的实体结构的大小，状态或粗糙程度，取决于你冷却的速度，”约瑟夫解释说。她做的样品显微镜图像显示的大颗粒结构是表明此现象的证据，这些在浆液中的固体颗粒在其迅速冷却前就已存在，她说。

 “在液体中，它们是混合的，铜和铝形成一种溶液，但当你从液体变成固体时，合金元素会发生分离，”约瑟夫说。早期形成的晶粒贫化铜，并且倾向于在板的中心聚集。

 “它的优点是这是一种中间类型的快照，而不是看最终的横截面，研究它的粒度和组成，我们可以看到它在中间的一个阶段，在半固体混合物时发生了什么，”约瑟夫解释说，他正在向材料科学硕士学位前进。 “在宏观上，你想要均匀分布的铜，Sam的混合方法已经能够实现，”她说。

在回收中的作用

Allanore认为喷射搅拌铝工艺也可以在回收中发挥作用。 “不是所有的铝回收产品都是一样的，因为其中一些来自飞机，其中一些来自饮料罐，这是两种不同的合金，”他说。 “因此，当谈到社会能够回收利用和制造高质量的新铝制品时，我们可以清楚地看到，我们如何处理这些合金元素是一个问题。我们相信所做的工作，就是如何修改现有技术，以便让他们更好更多的回收材料，而不会影响到正在制造产品质量的一个例子。”

 “通过适当数量的理论工作和实验工作，并与工业合作，协作，我们可以找到这些类型的解决方案，使得更高的生产率，更多的回收材料同时也就意味着更少能源消耗和环境影响，这是非常令人兴奋的，“Allanore说。
Composite Materials（复合材料）

Physicists find structural phase transitions in 2-D atomic materials
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Credit: Salvador Barraza-Lopez 

An international team led by University of Arkansas physicists has discovered drastic changes in material properties occurring in a group of two-dimensional materials that are being investigated as candidates to power the next generation of opto-electronic devices. 

The findings, published in the journal Physical Review Letters, reveal the rich properties of a new class of "phase-change" 2-D materials known as group-IV monochalcogenide monolayers and bilayers.

The U of A team consisted of Mehrshad Mehboudi, a doctoral student; Yurong Yang, a research assistant professor; Laurent Bellaiche, Distinguished Professor of physics; and assistant professors of physics Pradeep Kumar and Salvador Barraza-Lopez. Their collaborators were Benjamin Fregoso at the University of California-Berkeley, Wenjuan Zhu and Arend van der Zande, both at the University of Illinois; and Jaime Ferrer from Universidad de Oviedo in Spain.

"We are the first team to even realize the possibility of such two-dimensional structural transitions in 2-D atomic materials, and the first team to ever study the effect of such transitions on material properties," Barraza-Lopez said.

The transition is the change from a rectangle to a square unit cell occurring near room temperature. As a result of the transition, optical properties, charge transport, and intrinsic dipole moments in the case of monolayers are shown to change in an abrupt manner.

"These changes in properties make these materials an exciting platform for novel optoelectronic applications, and they also uncover fundamental physics of structural phase transitions in reduced dimensions," Barraza-Lopez said. "No such detailed analysis had been provided before this work." 

物理学家发现二维原子材料中的结构相变
[image: image6.jpg]



来源：Salvador Barraza-Lopez

由阿肯色大学物理学家领导的国际团队发现，在一组二维材料中发生的材料性能发生了巨大变化，这些材料被研究作为下一代光电子器件的备选。

这些发现发表在杂志Physical Review Letters中，揭示了一类新的“相变”2-D材料的丰富性质，称为IV族单元素单分子层和双层。

阿肯色大学的团队包括博士生Mehrshad Mehboudi，研究助理教授杨玉龙，杰出的物理教授Laurent Bellaiche 和物理学助理教授Pradeep Kumar和Salvador Barraza-Lopez。他们的合作者是加利福尼亚大学伯克利分校的Benjamin Fregoso，伊利诺伊大学的Wenjuan Zhu和Arend van der Zande，和来自西班牙大学奥维耶多的Jaime Ferrer。

Barraza-Lopez说：“我们是第一个意识到在二维原子材料中这种二维结构转变的可能性的团队，第一个团队研究这种转变对材料性能的影响。”

该转变是在室温附近发生的从矩形到正方形单元电池的变化。作为转变的结果，在单层的情况下的光学性质，电荷传输和固有偶极矩被显示为以突然的方式改变。

 “这些性质的变化使这些材料成为新型光电子应用的激动人心的平台，他们还揭示了尺寸减小的结构相变的基本物理学。”Barraza-Lopez说，“在这项工作之前，没有提供这样详细的分析。”

Practical Application（实际应用）

Next-generation accelerators get boost from new beam physics

[image: image7.jpg]PST (CW) %\ IV 10 MW
NS
Nuclear,
Particle
Physics

Average Beam Current (I'A/Q) [pA-u]

A Design value

@ 1n operation




 

Current versus particle momentum for high-power proton accelerators around the world. Credit: UNIST 

UNIST has taken a major step toward laying the technical groundwork for developing next-generation high-intensity accelerators by providing a new advanced theoretical tool for the design and analysis of complex beam lines with strong coupling. 

The research results achieved by Professor Moses Chung of Natural Science at UNIST in collaboration with the Princeton Plasma Physics Laboratory (PPPL) of United States and the Helmholtz Centre for Heavy Ion Research GmbH (GSI) of Germany was published in the November issue of the prestigious journal, Physical Review Letters.

Accelerators are devices that accelerate the movement of atomic-sized particles, such as electrons, protons, and ions to very high energies. They produce prompt radiation by accelerating atoms or their subatomic particles, which strike other target atoms. This striking effect of an accelerator is, then, used to examine the physics deals with natural law, including the study of nuclear structure.

The next-generation high power accelerators, on the other hand, refer to accelators for high intensities and high energies. The high-intensity beams, generated by high power accelerators not only has the potential to reduce the half-life of a radioactive substance, but can be also used to produce best candidate materials for fusion reactors.

High power accelerators get the energy they need by accelerating particles of the same charge. Increasing the beam current results in a repulsive force between charged particles and this has a strong influence on the path of the entire beam particles, which is known as "Space Charge Effect".

In 1959, two Russian physicists came up with a theory using Space Charge Effect. However, this theory excluded the phenomena, involving the vertical and horizontal motion of particle incorporation. This has made it even more difficult to design and develop a new type of high power accelerators.

In the study, Professor Chung and his team proposed a new beam physics theory, addressing the vertical and horizontal motion of particle incorporation.

The research team reported the full generalization of the KV model by including all of the linear (both external and space-charge) coupling forces, beam energy variations, and arbitrary emittance partition, which all form essential elements for phase-space manipulations.

"This theory provides important new theoretical tools for the detailed design and analysis of high-intensity beam manipulations, for which previous theoretical models are not easily applicable," Professor Chung says. "The development of next-generation high power accelerators can greatly contribute to the fusion reactor materials research, the nuclear waste management, the study on the origin of the universe, as well as the optimization of the performance of existing accelerators. 

下一代加速器从新的光束物理学提高
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世界各地的大功率质子加速器的电流与粒子动量。来源：UNIST

UNIST通过提供用于设计和分析具有强耦合的复杂束线的新的先进理论工具，为开发下一代高强度加速器奠定了技术基础，迈出了重要的一步。

由UNIST的自然科学教授Moses Chung与美国普林斯顿等离子体物理实验室（PPPL）和德国亥姆霍兹重离子研究有限公司（GSI）合作完成的研究成果发表在11月份的著名杂志“物理评论”上。

加速器是加速原子尺寸的粒子（例如电子，质子和离子）向非常高的能量的移动的装置。它们通过加速原子或其亚原子粒子产生快速辐射，原子或亚原子粒子撞击其它靶原子。加速器的这种引人注目的效果，然后，用于物理学检查处理自然规律，包括核结构的研究。

另一方面，下一代高功率加速器是指用于高强度和高能量的加速器。由高功率加速器产生的高强度光束不仅具有减少放射性物质的半衰期的潜力，而且还可用于产生用于聚变反应堆的最佳候选材料。

大功率加速器通过加速相同电荷的粒子获得他们需要的能量。增加束电流导致带电粒子之间的排斥力，并且这对整个束粒子的路径具有强烈影响，这被称为“空间电荷效应”。

在1959年，两个俄罗斯物理学家提出了一个使用空间电荷效应的理论。然而，这个理论排除了涉及粒子结合的垂直和水平运动的现象。这使得设计和开发新型高功率加速器变得更加困难。

在这项研究中，Chung教授和他的团队提出了一个新的光束物理学理论，解决粒子结合的垂直和水平运动。

研究团队报告了KV模型的全面推广，包括所有线性（外部和空间电荷）耦合力、束能量变化和任意发射分区，它们都形成相空间操作的基本元素。

钟教授说：“这一理论为高强度光束操纵的详细设计和分析提供了重要的新理论工具，而以前的理论模型不容易适用。下一代高功率加速器的发展可以大大有助于聚变反应堆材料研究、核废物管理、宇宙起源的研究，以及现有加速器的性能优化。”

First measurement of the flow reversal of negative ions
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The current density reached 340 A/m2 at the maximum injection power. This value is comparable with the target of the ITER NBI. Credit: Dr. Masashi Kisaki 

The National Institutes of Natural Sciences National Institute for Fusion Science (NIFS) has succeeded in revealing the flow of negative hydrogen ions using a combination of infrared lasers and electrostatic probes in the ion-source plasma, which generates a negative-hydrogen-ion beam. This is the first time in the field of fusion research that the detailed ion flow, which changes direction and moves toward the beam direction in the ion source, has been demonstrated experimentally. 

Background to the Research

The Neutral Beam Injection (NBI) is a method for increasing the plasma temperature and driving currents in magnetically-confined fusion plasmas by injecting neutral hydrogen/deuterium beams. As the plasma size increases, higher beam energy is necessary to deposit neutral beams at the core region of the confined plasma. The neutralization efficiency of positive hydrogen/deuterium ion beam accelerated with conventional NBI steeply decreases with energy of more than 100 keV. On the other hand, negative hydrogen/deuterium ion beams sustain the energy-independent neutralization efficiency of ~60 %. Consequently, negative-ion-based NBI are indispensable for recent large-scale plasma confinement devices. In order to construct negative-ion-based NBI with energy of 190 keV, NIFS researchers have successfully pioneered development of the negative ion sources.

Two significant improvements have been brought to the NIFS negative ion source. One is enhancement of the negative-ion current by optimizing the magnetic configuration for plasma confinement in the ion source. The second improvement is the development of an original beam accelerator equipped with the slot-aperture electrode, whose beam transparency is two times higher than the conventional circular-aperture electrode. Combining these two innovative ideas, the world's highest beam injection performance has been achieved with the beam power of 6.9 MW at the beam energy of 190 keV, as shown in Fig. 1.
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The work function of the electrode surface becomes low with introduction of the cesium into the ion source, and the negative hydrogen ion production is enhanced. Credit: Dr. Masashi Kisaki 

Further investigation, however, is required to achieve higher performance and stability for advanced negative ion source to be adopted for future fusion devices. In addition, the ion-source size is too large for applying a trial-and-error approach. Scaling approach is not applicable either, because the mean free path of an electron is much shorter than the actual ion source for NBI and an ion source with the size smaller than the mean free path has different characteristics. These conventional developments become difficult for achieving significant progress in performance. For this reason, the NIFS NBI group has initiated research that focuses upon the behavior of negative hydrogen ions inside the ion-source plasma.

In the case of the negative ion source, the small amount of cesium is injected into the ion source and the cesium-adsorbed surface of the so-called "plasma electrode" become activated to transfer the electron to hydrogen atoms and hydrogenous positive ions that are colliding on the surface. As shown in Fig. 2, these particles are converted to negative ions on the surface and are recoiled opposite to the beam direction. The mechanism of how the negative hydrogen ions change the direction of their velocity and are extracted as a beam has not been clarified. Moreover, it also has not been clarified from which part of the surface of the plasma electrode the negative hydrogen ion is extracted as a beam. To this point, regarding the processes concerning the beam production through the extraction of negative hydrogen ions, although many simulations have been conducted, because numerous physical processes are related to this issue we still have not obtained results that will help explain the experimental results.

Research Results

In the large negative hydrogen ion source at NIFS, various types of diagnostics are available for measuring negative hydrogen ion density, electron density, and other quantities. These physics quantities can be measured spatially and temporally in detail. The behaviors of negative hydrogen ions can be clarified under the beam extraction. Heretofore, these behaviors had been difficult to measure experimentally.
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Negative hydrogen ion flow changes its direction toward the electrode aperture when the beam is extracted. Credit: Dr. Masashi Kisaki 

Accompanying the beam extraction, the spatial flow distribution of the negative hydrogen ions was investigated by measuring the flow of negative hydrogen ions with the use of a compound-type electrostatic probe with four needle-type electrodes irradiated by laser pulse.

These operations were conducted at numerous places, and, during the beam extraction, we investigated how the flow of negative hydrogen ions changed. In the results of that investigation, it was clarified experimentally that the negative hydrogen ions generated at the plasma electrode move far from the electrode, subsequently make a U-turn, and flow toward the beam extraction hole where the beam extraction field is applied (See Figure 3). This feature of the negative ions has never been observed before this experiment. Clarifying the detailed configuration of the negative hydrogen ion flow is a valuable result for both physics and technology research.

This research result was reported at the 26th International Atomic Energy Association (IAEA) Fusion Energy Conference held in Kyoto, Japan from October 17-22, 2016. In addition to achieving success in improving the performance of the negative hydrogen ion source, we clarified experimentally detailed physical phenomena related to negative ion source plasma by using numerous diagnostics to investigate negative ion source plasma from numerous directions. These results were comprehensively evaluated, and received the NIBS Award at the 5th International Symposium on Negative Ions, Beams and Sources held in Oxford, England from September 12-16, 2016.

Significance of the Research

By applying the method developed in this research, measurement of the negative ion flow at places still closer to the plasma electrode is possible for clarifying more detailed mechanism of the negative ions extracted as a beam. The result provides a guideline to improve the performance of the negative ion source as well as an important contribution to the simulation field related to ion-source plasma. The negative ion beams are widely utilized not only in fusion research but also in medical applications, particle physics, and propulsion for spacecraft. The ripple effects of these experimental results and the newly developed diagnostic methods in this research are expected to contribute to these research developments. 

首次对负离子的流动反向的测量
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在最大注入功率下，电流密度可达到340 A/m2。该数值可与ITER NBI的目标相媲美。图片：Masashi Kisaki博士

国家自然科学研究所国家融合科学研究所（NIFS）利用红外激光器和产生负氢离子束的离子源等离子体中的静电探针显示出负氢离子的流动。这是聚变研究领域首次通过实验证明详述了改变方向并且朝着离子源的束方向移动的离子流。

    研究背景

中性束注入（NBI）是通过注入中性氢/氘束来增加等离子体温度和驱动磁约束聚变等离子体中的电流的方法。随着等离子体尺寸的增加，有必要利用更高的束能量在受限等离子体的核心区域沉积中性束。通过由超过100 keV的能量急剧减少的常规NBI，正氢/氘离子束的中和效率会得到加快。另一方面，负氢/氘离子束保持在~60%的能量无关型中和效率上。因此，基于负离子的NBI对于最近大规模的等离子体约束装置而言是不可或缺的。为了通过190keV的能量构建基于负离子的NBI，NIFS的研究人员已经成功地率先开发了负离子源。

NIFS负离子源出现了两个显著的改进。一个是通过优化离子源中等离子体约束的磁构造来增强负离子流。第二个改进是配备了槽-孔电极的原始束加速器的开发，其光束透明度是常规圆形孔径电极的两倍。结合这两个创新想法，世界上最高的射束注入性能已经通过190 keV的束能中6.9MW的束能得到了实现，如图1所示。
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电极表面的功函由于铯引入离子源而有所降低，并且负氢离子的产生得到了加强。图片：Masashi Kisaki博士。

然而，加强型负离子源在未来融合设备中得到采用还需要进一步的研究才能实现更高的性能和稳定性。此外，离子源的尺寸对于应用试验验证方法而言太大。缩放方法也不适用，因为电子平均自由路径比实际NBI的离子源要短得多，并且具有比平均自由路径小的尺寸的离子源具有不同的特性。这些常规的开发对于实际性能的显著进步而言变得非常困难。出于这个原因，NIFS NBI小组已经开始了着重于离子源等离子体内部负氢的行为的研究。

在负离子源的情况下，少量的铯被注入到离子源中，并且所谓的“等离子体电极”的铯吸附表面被激活将电子转移到氢原子上以及在表面碰撞的氢性正离子上。如图2所示，这些颗粒在表面转化为负离子，并且以射束相反的方向重新卷绕。负氢离子如何改变它们速度的方向以及作为束进行提取的机制尚未得到阐明。此外，目前还不清楚负氢离子作为束提取的是等离子体电极表面的哪个部分。至此，有关与通过提取钡氢离子的束产生有关的过程，虽然进行了许多模拟，由于许多物理过程与这个问题有关，我们仍然没有获得将有助于解释实验结果的结果。

研究结果

在NIFS的大型负氢离子源中，各类诊断可都用于测量负氢离子密度、电子密度和其他量。这些物理量可以在空间和时间上得到详细地测量。负氢离子的行为可以根据束提取得到阐明。到目前为止，这些行为在实验中都难以测量
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当束提取时，负氢离子流改变了其朝向电极孔的方向。图片：Masashi Kisaki博士

伴随着束提取，通过使用由激光脉冲照射的具有四个针型电极复合型静电探针测量负氢离子，负氢离子的空间流量分布能够得到探究。 

这些操作在许多地方都进行了，并且在束提取时，我们研究了负氢离子流量改变的方式。在该研究结果中，其实验上表明，在等离子体电极远离电极时产生的负氢离子，随后产生U型转向，并且朝着应用束提取领域的束提取孔流动。负离子的这种特征在本实验之前从未被观察到。阐明负氢离子流的详细配置对于物理和技术研究都是一个有价值的结果。

该研究结果在2016年10月17-22于东京举办的26届国际原子能协会（IAEA）聚变能会议上进行了报道。除了在改善负氢离子源性能方面取得了成功，我们通过利用多种诊断从多个方向研究负离子源等离子体，实验性地阐明了与负离子源等离子体相关的详细物理现象。这些结果得到了全面评估，并且在2016年9月12-16日于英国牛津举办的第5届负离子、束和源国际研讨会上获得了NIBS奖。

    研究意义

通过应用本研究中开发的方法，在任何距等离子电极比较近的区域的负离子流的测量有可能会阐明作为束提取的负离子的详细机制。该结果为改善负离子源的性能提供了一个指南，并且对于与离子源等离子体相关的模拟场是一个重要的贡献。负离子束不仅在聚变研究中得到了广泛应用，贿在医学应用、粒子物理学和航天器的推进方面也得到了广泛应用。这些实验性结果的波纹效应和本研究中最近开发的诊断方法预计将有助于这些研究发展。
Encounters with 'familiar strangers' play overlooked role in human interactions
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(Left) Researchers have classified four types of relationships based on low or high encounter regularity and low or high level of acquaintance. (Right) The results from three datasets on human encounters show that we encounter more familiar strangers than people with whom we are highly acquainted (both in-roles and friends). Credit: Liang et al. ©2016 EPL 

(Phys.org)—According to a new study, there are more familiar strangers in our lives than friends, coworkers, and all other acquaintances combined. Encounters with familiar strangers, defined as pairs of individuals who repeatedly encounter each other but have never been acquainted, has so far been overlooked in research on human networks. The new study finds that familiar strangers may play a significant role in processes such as information sharing and disease spreading. 

The researchers, Di Liang, Xiang Li, and Yi-Qing Zhang, at Fudan University in Shanghai, China, have published a paper on their analysis of familiar strangers in a recent issue of EPL.

"This is the first work to identify familiar strangers from other human relationships and explore their special encounter patterns, which may inspire further studies on this common but overlooked relationship and its potential applications," Li told Phys.org.

Although researchers have known about the general concept of familiar strangers for several decades, no work has specifically investigated these encounters. Instead of being identified as such, familiar strangers are typically lumped together with general strangers and therefore regarded as "harmful noise." 

The new study shows that this assumption is far from the truth. The researchers classified human relationships into four types: in-roles (who include colleagues, classmates, and others who we are acquainted with and see on a regular basis), friends (those who we are acquainted with, but do not see regularly), strangers (those who we are neither acquainted with nor see regularly), and familiar strangers (those who we see regularly but are not acquainted with). 

By analyzing two Wi-Fi datasets and one dining hall data set from college campuses, the researchers classified all of the instances when two individuals were at the same place at the same time into one of the four types of human relationships. 

They found that strangers made up the largest percentage of relationships, followed by familiar strangers. Both types of strangers greatly surpassed the percentage of social acquaintances, with in-roles being the third most common relationship type, followed by friends. 

The researchers also found that, while the number of social relationships an individual can maintain is conventionally thought to be limited by the Dunbar number, which is 150, strangers and even familiar strangers do not face such a limit. The analysis shows that the number of familiar strangers an individual may encounter on a regular basis is much larger than the Dunbar number, and seems to be primarily affected by the behavioral patterns of the population as a whole. 

As might be expected, encounters with familiar strangers tend to occur in a frequent and periodic manner, since they are often a result of individuals' daily or weekly routines briefly overlapping. This high regularity and stability of encounters with familiar strangers makes these encounters highly predictable, potentially providing a useful tool for predicting important nodes in networks with unknown topologies. 

This ability could, in turn, help researchers predict the risk of disease epidemics, which could influence immunization strategies. Familiar strangers, in particular, could be prime targets for controlling the spread of contagious diseases. 

"The encounters of familiar strangers are highly predictable, which may help to optimize robust network paths for information sharing," Li said. "Besides, given a reliable trust between familiar strangers, when assessing the 'risk' of an individual in disease spreading, it would be more accurate if we identify or predict his/her encounters with familiar strangers, instead of only considering the strong relationships, such as friends and co-workers. Therefore, we can design new target means on the generalization of an acquaintance immunization strategy against a pandemic."

In the future, the researchers plan to continue to improve the familiar stranger classifier performance and further investigate the potential applications, including human mobility prediction and information diffusion. 

遇到“熟悉的陌生人”在人际交互中起到了忽略作用
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（左）研究人员已经根据低或高的相遇规律性和低或高的相熟水平将关系类型分成了四类。（右）有关人类相遇的两个数据集得到的结果展示，我们会邂逅更多的熟悉陌生人，而不是我们高度相熟的人（无论是亲密关系还是朋友）。图片：Liang et al. ©2016 EPL

（Phys.org）——根据一项新的研究显示，在我们的生活中，熟悉的陌生人比朋友、同事和所有其他熟人结合在一起的数量还要多。邂逅熟悉的陌生人，定义为经常邂逅但从来都不相熟的两个人，到目前为止在有关人际网络有研究中被忽视了。新的研究发现，熟悉的陌生人可能在信息共享及疾病传播等过程中发挥着重要的作用。

中国上海复旦大学的研究人员Di Liang，Xiang Li，以及Yi-Qing Zhang在最近出版的EPL中发表了一篇有关他们熟悉陌生人的分析的论文。

 “这是第一项区分熟悉的陌生人和其他人际关系的研究，并且探索了他们特殊的相遇模式，这有可能会激发有关这个常见但被忽略的关系及其潜在应用的进一步研究，”Li在接受Phys.org采访时称。

虽然研究人员几十年来已经了解了熟悉的陌生的一般概念，但是没有研究专门调查过这些邂逅。与这类定义不同，熟悉的陌生人通常会与一般陌生人混淆，并且因此被识别“有害噪声”。

新的研究表明，这个假设并非真相。研究人员将人际关系分为四类：角色（包括同事、同学以及其他我们熟知并且定期会面的人），朋友（我们熟悉，但是不定期会面的人），陌生人（我们即不熟悉也不会定期见面的人），以及熟悉的陌生人（那些我们定期见面但不熟悉的人）。

通过分析两个Wi-Fi数据库以及一个大学校园中餐厅的数据集，研究人员将两个人在同一时间同一地点出现的所有实例分为四种人际关系类型之一。

他们发现，陌生人占据了关系的最大比例，接下来了熟悉的陌生人。这两种陌生人的类型极大地超过了社交熟人的百分比，角色关系是第三大最常见的关系类型，其次是朋友。

研究人员还发现，虽然一个人能够维持的社交关系的数量通常被认为受到了Dunbar数量的限制，而Dunbar数量为150，陌生人甚至是熟悉的陌生人并不存在这样的限制。该分析表明，一个人经常遇到的熟悉的陌生人的数量要比Dunbar数量大许多，并且似乎主要受到了整个人群的行为模式的影响。

如可能预料到的，邂逅熟悉的陌生人往往会以频繁且周期性的方式发生，因为他们通常是个体日常或每周惯例短暂重叠的结果。这种与熟悉的陌生人高频率、高稳定性的邂逅使得这些邂逅具有高度可预测性，为预计未知拓扑网络中的重要节点提供了一个有用的工具。

这种能力可能会反过来有助于研究人员预测疾病流行的风险，这可能会影响免疫策略。特别是，熟悉的陌生人可能是控制传染病传播的主要目标。

 “邂逅熟悉的陌生人是高度可预测的，这将有助于优化强大的网络路径，以供信息共享，”Li说。“此外，鉴于熟悉的陌生人之间存在着可靠信任，当评估一个人在疾病传播中的‘风险’时，如果我们确定或预测他/她邂逅熟悉的陌生人，而不仅仅是考虑强烈的关系，例如朋友和同事，那么评估可能会更加准确。因此，我们能够针对大流行就熟人免疫战略设计新的目标手段。”

在未来，研究人员计划继续改善熟悉的陌生人的分类器性能，并且进一步调查潜在的应用，包括人类移动性预测和信息传播。
Dipole orientation provides new dimension in super-resolution microscopy

Recently, a new polarization-dipole azimuth-based super-resolution technique has been proposed by a group of researchers in Peking University (China), Tsinghua University (China), and University of Technology Sydney (Australia). It not only provides a new dimension for super-resolution, but also provides a timely solution to a recent hot debate in the field. 

Since fluorescence polarization was discovered on 1926, multiple fluorescence anisotropy techniques have been developed to study dipole orientation of fluorophores. However, in the case of super-resolution, while other properties of fluorescence such as intensity, spectrum, fluorescence lifetime, etc., have been well applied, little attention is paid to the direction of the fluorescence dipole (polarization). In 2014, Walla team published an article in Nature Methods to achieve sparse reconstructed super-resolution imaging by polarization-modulating excitation. In early 2016, Keller group published a comment on this article on Nature Methods, which stated that fluorescence polarization adds little additional information to (fluorescence intensity) super-resolution. This raised an interesting debate: whether the polarization modulation can provide super-resolution information or not?

However, both the Walla and Keller groups investigated this problem from a conventional fluorescence intensity point of view. Taking into account fluorescence intensity and fluorescence anisotropy, this work introduces the dipole angle to distinguish fluorescence through the fourth dimension of the fluorescence, and perfectly answers this controversy.

Traditional fluorescence anisotropy techniques are limited to samples of relative uniform polarization. Fluorescence polarization would be affected by a bulk of fluorophores due to Abbe's diffraction limit when it comes to complex samples. SDOM utilizes polarization modulation of excitation laser and demodulation of both intensity and polarization, which improves the spatial resolution as well as the detection accuracy of dipole orientation. With the additional information of fluorescence polarization imposed on the original super-resolution intensity image, Xi group has observed several interesting findings in biological samples. SDOM technology has a very fast imaging speed (up to five frames per second in super-resolution), and the excitation light power requirements are very low (milliwatts level), which is ideal for live cell observation. The observation of living yeast cells was demonstrated in the laboratory.

This work has been published on Light: Science & Applications on Oct. 21, 2016. 

偶极取向在超分辨率显微镜中提供了新的维度

    最近，北京大学（中国）、清华大学（中国）和悉尼科技大学（澳大利亚）的一组研究人员提出了一种新的基于极化偶极方位角的超分辨率技术。其不仅为超分辨率提供了一个新的维度，而且为最近该领域的热点辩论提供了一个及时的解决方案。

由于荧光偏振发现于1926年，多种荧光各向异性技术都得到了开发，用于研究荧光团的偶极取向。然而，在超分辨率的情况下，虽然荧光的其他性质，例如强度、光谱、荧光寿命等等，都得到了良好应用，但是对于荧光偶极子（极化）的方向鲜少有关注。在2014年，Walla的团队在自然方法上发表了一篇文章，通过偏振调制激发实现 了稀疏重建的超分辨率成像。在2016年初，Keller的团队在自然方法上对该文章发表了一篇评论，其指出荧光偏振并没有对（荧光强度）超分辨率增加额外的信息。这引起了一个有趣的争论：偏振调制是否能够提供超分辨率信息？

然而，Walla和Keller的团队都从常规荧光强度的角度研究了这个问题。考虑到荧光强度和荧光各向异性，这项研究引入了偶极角通过第四维荧光来区分荧光，并且完美地回答了这个争议。

传统的荧光各向异性技术仅限于相对均匀的偏振样品。当涉及到复杂样品时，荧光极化将由于阿贝衍射极限受到大量荧光团的影响。SDOM利用激发激光的偏振调制以及强度和偏振的解调，这提高了空间分辨率以及偶极取向的检测精度。通过施加到原始超分辨率强度图像上的荧光偏振的附加信息，Xi的团队在生物样品中观察到了几个有趣的发现。SDOM技术具有非常快的成像速度（在超分辨率下可高达每秒5帧），并且激发光功率的要求非常低（毫瓦级），这是活细胞观察的理想选择。活酵母细胞的观察是在实验室中得到展示的。

该研究于2016年10月21日发表于《光：科学&应用》。
Organic & Polymer（有机高分子材料）

Researchers manipulate collective dynamics in magnetic nano-structures
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Credit: Vassilios Kapaklis, Mikael Andersson, Henry Stopfel 

Researchers at the Division of Solid-State Physics and the Division of Materials Physics at Uppsala University have shown how the collective dynamics in a structure consisting of interacting magnetic nano-islands can be manipulated. Their findings are published in the journal Scientific Reports. 

With the aid of modern nano-fabrication methods the researchers have imitated nature and created a 2D pattern of small stadium shaped magnetic islands. These small magnets have properties similar to those of magnetic atoms, exhibiting thermal fluctuations. The time and temperature dependence of the magnetisation in a collective of magnetic islands has been studied, using a very sensitive custom build magnetometer, developed in Uppsala.

"One of the advantages of using such magnetic nano-islands instead of magnetic atoms, as our primary building blocks is that the magnetic properties of the islands can be tuned with precision, something otherwise very difficult. To have precise control of your building blocks helps tremendously when analyzing measurements," explains Vassilios Kapaklis, Senior Lecturer in materials physics at Uppsala University.

A collective magnetic state is formed when these magnetic islands are allowed to interact and it is this state, which the researchers studied. The collective can exhibit emergent properties differing strongly compared to those of the single building blocks and that can be controlled by the geometrical placement of the building blocks.

"Out results show that magnetometry can be used to monitor the development of the magnetic collective in real time, while also offering the possibility to study the impact temperature has on this development," says Mikael Andersson, PhD student in solid state physics at Uppsala University.

The understanding of collective effects in magnetic nanostructures is crucial for realising applications such as magnetic logical circuits, which have the advantage of not requiring power to preserve a desired logical state.

研究人员操纵了磁纳米结构的集体动力学
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图片来源：Vassilios Kapaklis，Mikael Andersson，Henry Stopfel

乌普萨拉大学固体物理系和材料物理系的研究人员已经研究出，在由相互作用的磁性纳米岛组成的结构中的集体动力学是如何被操纵的。 他们的研究结果会发表在“科学报告”杂志上。

在现代纳米制造方法的帮助下，研究人员模仿自然，创建了小型体育场形状的磁岛的2D模式。 这些小磁体具有与磁性原子类似的性质，有热波动。 他们还使用在乌普萨拉开发的非常敏感的定制磁力计来研究磁性岛的集合中的磁化的时间和温度依赖性。

“使用这样的磁性纳米岛而不是磁性原子，这样做的优点之一是，可以精确调整作为我们的主要构件的岛的磁性，如果不这么做，调整就无法确保金精确性。而精确控制构建块有助于分析测量。”乌普萨拉大学材料物理高级讲师Vassilios Kapaklis解释说。

当这些磁性岛被允许相互作用时，它们就会形成集合磁状态。研究人员研究了这种状态，并得出结论：集合体可以表现出与单个构建块不同的突出特性。它表现的更强烈一些，并且可以通过构建块的几何布置来控制。

“结果表明，磁力计可以用于实时监测磁性集体的发展，同时也提供了研究冲击温度对这种发展的可能性。”乌普萨拉大学固态物理学博士，Mikael Andersson说。

对磁性纳米结构中的集体效应的理解对于实现诸如磁性逻辑电路的应用是关键的，其具有不需要功率来保持期望的逻辑状态的优点。 

E-Material（电子材料）

Researchers peer into atom-sized tunnels in hunt for better battery
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Electron microscopy of a manganese dioxide nanowire in cross-section shows its tunnelled atomic structure, stabilized by potassium ions. The tunnels measure about three-quarters of a nanometer, or 7.5 ångstroms, in diameter. The inset is a model of the tunnel viewed down its axis. Credit: Reza Shahbazian-Yassar/UIC 

Battery researchers seeking improved electrode materials have focused on "tunneled" structures that make it easier for charge-carrying ions to move in and out of the electrode. Now a team led by a researcher at the University of Illinois at Chicago has used a special electron microscope with atomic-level resolution to show that certain large ions can hold the tunnels open so that the charge-carrying ions can enter and exit the electrode easily and quickly. 

The finding is reported in Nature Communications.

"Significant research has been done to increase the energy density and power density of lithium ion battery systems," says Reza Shahbazian-Yassar, associate professor of mechanical and industrial engineering at UIC.

The current generation, he said, is useful enough for portable devices, but the maximum energy and power that can be extracted is limiting.

"So for an electric car, we need to increase the energy and power of the battery—and decrease the cost as well," he said.

His team, which includes coworkers at Argonne National Laboratory, Michigan Technological Institute and the University of Bath in the U.K., has focused on developing a cathode based on manganese dioxide, a very low cost and environmentally-friendly material with high storage capacity.

Manganese dioxide has a lattice structure with regularly spaced tunnels that allow charge carriers—like lithium ions—to move in and out freely.

"But for the tunnels to survive for long-lasting function, they need support structures at the atomic scale," Shahbazian-Yassar said. "We call them tunnel stabilizers, and they are generally big, positive ions, like potassium or barium."




3-D schematic shows how doping with potassium may facilitate the insertion of lithium ions into manganese dioxide coated on a current collector. Credit: Reza Shahbazian-Yassar/UIC 

But the tunnel stabilizers, being positively charged like the lithium ions, should repel each other.

"If lithium goes in, will the tunnel stabilizer come out?" Shahbazian-Yassar shrugged. "The research community was in disagreement about the role of tunnel stabilizers during the transfer of lithium into tunnels. Does it help, or hurt?"

The new study represents the first use of electron microscopy to visualize the atomic structure of tunnels in a one-dimensional electrode material—which the researchers say had not previously been possible due to the difficulty of preparing samples. It took them two years to establish the procedure to look for tunnels in potassium-doped nanowires of manganese dioxide down to the single-atom level.

Yifei Yuan, a postdoctoral researcher working jointly at Argonne National Laboratory and UIC and the lead author on the study, was then able to use a powerful technique called aberration-corrected scanning transmission electron microscopy to image the tunnels at sub-ångstrom resolution so he could clearly see inside them—and he saw they do change in the presence of a stabilizer ion.

"It's a direct way to see the tunnels," Yuan said. "And we saw that when you add a tunnel stabilizer, the tunnels expand, their electronic structures also change, and such changes allow the lithium ions to move in and out, around the stabilizer."

The finding shows that tunnel stabilizers can help in the transfer of ions into tunnels and the rate of charge and discharge, Shahbazian-Yassar said. The presence of potassium ions in the tunnels improves the electronic conductivity of manganese dioxide and the ability of lithium ions to diffuse quickly in and out of the nanowires.

"With potassium ions staying in the center of the tunnels, the capacity retention improves by half under high cycling current, which means the battery can hold on to its capacity for a longer time," he said. 

研究人员正在寻找原子尺寸的隧道以便改造出更好的电池
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横截面的二氧化锰纳米线的电子显微镜通过钾离子显示出了稳定的隧道原子结构。 隧道的直径大约为四分之三纳米，或者7.5英寸。 插图是沿着其轴线观察的隧道的模型。 来源：Reza Shahbazian-Yassar / UIC

改进电极材料电池的研究人员已经开始着重于研究这种“隧道”结构，以使携带电荷的离子更容易移入和移出电极。 现在，伊利诺伊大学芝加哥大学研究员领导的团队用具有原子水平分辨率的特殊电子显微镜，显示出某些大离子可以保持通道开放，以使带电荷的离子可以快速地进入和离开电极。

该发现会在Nature Communications中报道。

UIC的机械和工业工程副教授Reza Shahbazian-Yassar说：“我们已经进行了大量的研究来提高锂离子电池系统的能量密度和功率密度。

他还表示，最新的锂离子电池对便携式设备是足够有用，但不能提取大的能量和功率的能力。

“因此，对于电动汽车，我们需要增加电池的能量和功率，还要降低成本。”他说。

他团队里的同事分别来自于阿贡国家实验室，密歇根理工学院和英国巴斯大学。他们的目标就是致力于开发一种基于二氧化锰的阴极，而二氧化锰是一种具有高存储容量的低成本和环保材料。

二氧化锰具有具有规则间隔的隧道的晶格结构，它允许电荷载流子样锂离子自由移入和移出。

Shahbazian-Yassar说：“但对于隧道来说，要想维持长期的功能，他们还需要更大的原子尺度来支撑结构。我们称之为隧道稳定剂，它们通常是大的正离子，如钾或钡。”




3-D示意图显示了如何用钾掺杂促进锂离子插入到涂覆在集电器上的二氧化锰中。来源：Reza Shahbazian-Yassar / UIC

但是，像锂离子一样带有正电荷的隧道稳定剂是彼此排斥的。

“如果锂进入，隧道稳定器会出现问题吗？ ”Shahbazian-Yassar耸耸肩，继续说：“研究界对于隧道稳定剂在把锂转移到隧道中的作用持有不同意见，它极可能有积极作用也可能会对其造成伤害。”

新的研究展示了第一次使用电子显微镜观察一维电极材料中隧道的原子结构 - 研究人员说，由于难以制备样品，这种方法在以前是不可能实施的。 他们花了两年的时间在掺杂了钾的二氧化锰纳米线中寻找隧道，最终达到了单原子的水平。

Yifei Yuan，一个在Argonne国家实验室和UIC共同工作的博士后研究人员和研究的主要作者，能够使用一种称为像差的技术来校正扫描透射电子显微镜，它可以在低于分辨率的情况下对隧道成像。因此，他可以清楚地看到里面 - 他看到他们会在稳定离子的状态下改变。

“这是看到隧道的直接方式，”Yuan说。 “我们看到，当你添加一个隧道稳定器时，隧道会扩张，他们的电子结构也会改变，这种变化就可以允许在稳定器周围的锂离子移入和移出。”

研究结果表明，隧道稳定剂可以帮助离子转移到隧道，还可以调整充电和放电的速率。Shahbazian-Yassar这样说。 钾离子在隧道中的存在改善了二氧化锰的电子传导性和锂离子快速扩散进出纳米线的能力。

“当钾离子停留在隧道中心时，容量保持率在高循环电流下提高了一半，这意味着电池可以保持更长的时间。”他说。
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