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Tech News & New Tech（技术前沿）

Experiment achieves the strongest coupling between light and matter
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This illustration shows a qubit attached to a waveguide where light in the form of microwaves enters and exits. Credit: University of Waterloo

Researchers at the University of Waterloo's Institute for Quantum Computing (IQC) recorded an interaction between light and matter 10 times larger than previously seen. The strength of the interaction between photons and a qubit was so large that it opens the door to a realm of physics and applications unattainable until now.

The results appear in the paper, "Ultrastrong coupling of a single artificial atom to an electromagnetic continuum in the nonperturbative regime," published in Nature Physics.

"We are enabling the investigation of light-matter interactions in a new domain in quantum optics," said Pol Forn-Diaz, a postdoctoral fellow at IQC and lead author of the paper. "The possibilities are exciting because our circuit could potentially act as a quantum simulator to study other interesting quantum systems in nature."

The ultrastrong coupling between photons and qubits may lead to the exploration of new physics related to biological processes, exotic materials such as high-temperature superconductors, and even relativistic physics.

To conduct their experiment, the researchers fabricated aluminum circuits in the University of Waterloo's Quantum NanoFab, and then cooled them in dilution refrigerators to a temperature as low as one per cent of a degree above absolute zero. The circuits become superconducting at these cold temperatures, meaning that they can carry a current without resistance or losing energy. These aluminum circuits, known as superconducting qubits, obey the laws of quantum mechanics and can behave as artificial atoms.

To control the quantum state of a superconducting circuit, the researchers sent photons using microwave pulses into the superconducting circuit and applied a small magnetic field through a coil inside the dilution refrigerator. By measuring the photon transmission, the researchers could define the resonance of the qubit, indicated by the reflection of the photons off the qubit. Usually, the qubit resonance is centered around a very narrow range of frequencies.

"We measured a range of frequencies broader than the qubit frequency itself," said Forn-Diaz. "This means there is a very strong interaction between the qubit and the photons. It is so strong that the qubit is seeing most of the photons that propagate in the circuit, which is a distinctive signature of ultrastrong coupling in an open system."

实验实现了光与物质的最强耦合
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如图显示了附着在光以微波的形式进入和退出的波导的一个量子。来源：滑铁卢大学

滑铁卢大学量子计算研究所（IQC）的研究人员记录了光与之前看到的物质的10倍大的物质之间的相互作用。光子和量子之间相互作用的强度是如此之大，因此它打开了到现在都难以达到的物理和应用之门。

结果出现在这篇文章中，“单一人造原子对非微扰制度中的一个电磁连续统一体的超强耦合”发表在《自然物理》中。

“我们使得对量子光学中一个新的领域的光与物质的相互作用研究成为可能。”IQC博士后研究员以及文章的作者Pol Forn-Diaz,说，“有这种可能存在，这是因为我们的电路可能作为一个量子模拟器来研究其它本质上的有趣的量子系统。

光子与量子之间的超强耦合可能引起与生物过程，像高温超导体这样的外来材料，甚至是相对论物理学相关的对新物理的探索。

为了进行他们的实验，研究人员在滑铁卢大学量子NanoFab中制备了铝电路，之后在稀释冰箱中进行冷却，温度就跟高于绝对零度的一个温度的百分之一一样低。电路在这些低温下变成超导，意思是它们能够携带一个没有电阻或失去能量的电流。这些铝电路，称为超导量子，遵循量子力学的法则，能够表现为人造原则。

为了控制超导电路的量子状态，研究人员使用微博冲脉进入超导电路发送光子，并通过一个在稀释冰箱中的线圈施加一个小磁场。通过测量光子传输，研究人员能够确定量子的共振，通过脱离量子的光子反射显示出来。通常，量子共振围绕的频率范围是很窄的。

“我们衡量的频率范围比量子频率本身要广。”Forn-Diaz说，“这意味着量子和光子之间有很强的相互作用。它是如此之强，因此量子看到在电路中传播的大部分光子，这是在开放系统中超强耦合的与众不同的信号。”

Approach to carbon atom breakup yields clues relevant to fusion reactions and astrophysics phenomena
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Schematic distribution of the breakup.

Regardless of the scenario, breaking up is dramatic. Take for example the case of carbon (12C) splitting into three nuclei of helium. Until now, due to the poor quality of data and limited detection capabilities, physicists did not know whether the helium fragments were the object of a direct breakup in multiple fragments up front or were formed in a sequence of successive fragmentations. The question has been puzzling physicists for some time. Now, scientists from Denmark's Aarhus University have used a state-of-the-art detector capable of measuring, for the first time, the precise disintegration of the 12C into three helium nuclei.

Their findings, released in a study published in EPJ A, reveal a sequence of fragmentations, relevant to developing a specific kind of fusion reactions and in astrophysics.

Excited states of 12C that split into three helium nuclei were first intensively investigated by the Nobel Laureate Ernest Rutherford and his colleague Mark Oliphant in 1933. When atoms break up into smaller parts, the manner in which energy is distributed between the fragments contains in itself information on how the atom fell apart. Seeking a better understanding of the nuclear structure as well as the arrangement of protons and neutrons, the authors focus on detecting data following the splitting of the carbon (12C) into three helium nuclei, which is interpreted as a reaction between protons and an isotope of Boron (11B). By comparing their detection data with the existing breakup models, the authors confirmed the hypothesis of a sequential scenario and refuting that of a direct breakup.

Their findings could have applications in devising an alternative to neutron-producing fusion reactions, a process called aneutronic fusion. In addition, they could help to improve our theoretical understanding of an extremely important reaction in astrophysics: the time-reversed process involving the fusion of three helium nuclei into 12C.

分解碳原子的方法产生了与融合反应和天体物理学现象相关的线索
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分解分布示意图。

不管场景，分解是戏剧性的。举碳（12C）分裂成三个氮核为例子。直到现在，由于数据和检测能力有限的质量较差，物理学家不知道核片段是否是公开的多片段中直接解体的对象，或者形成一系列连续片段。这个问题已经困扰物理学家多时。现在，来自丹麦奥胡斯大学的科学家们首次使用了最先进的能够测量12C到三个氮核的精确分解的探测器。

他们的结果发表在EPJ A中，揭示了序列片段，与发展特定种类的聚变反应和物理天体学相关。

首次对分解成三个碳核的12C的激态的深入研究是诺贝尔奖获得者Ernest Rutherford和他的同事Mark Oliphant在1993年进行的。当原子分解成更小的部分时，片段之间能量分布的方式本身包含了原子如何分解的信息。寻求对核结构以及质子和中子的分布的更好的理解，这些作者集中检测碳12C分裂成三个氮核之后的数据，这被解释为质子和硼同位素（11B）之间的相互作用。通过比较他们的检测数据和现有的分解模型，作者们确定了连续情景的假设，并反驳直接分解。

他们的发现可以应用于制定产生中子聚变反应的替代方式，这个过程被称为无中子核聚变。另外，它们能帮助改进我们对天体物理学中一个极其重要反应的理解：这个时间逆转过程包含三个氮核聚变成12C。

The first cutting-edge simulation of the warm dense electron gas

An international team of scientists from Los Alamos National Laboratory, Imperial College London (IC), and Kiel University (CAU), headed by Professor Michael Bonitz of the Institute of Theoretical Physics and Astrophysics at CAU and Professor Matthew Foulkes of the Department of Physics at IC, has achieved a major breakthrough in the description of warm dense matter – one of the most active frontiers in plasma physics and material science. This exotic state of matter is characterized by the simultaneous presence of strong quantum effects, thermal excitations, and strong interaction effects, and differs completely from the usual solid, liquid, gas and plasma states commonly found on Earth. A full understanding of the interplay of these three effects has been lacking until now. The tri-national team of scientists published their research findings in the current edition of Physical Review Letters.

With its temperature from ten to ten thousand times room temperature and its density anywhere between one and a few thousand times warm dense matter is completely different from normal solids you can find on earth. These extreme conditions exist within astrophysical objects such as planet cores and white dwarf atmospheres. "An improved understanding of warm dense matter will be the key to answering fundamental questions in astrophysics. For example, it will help to determine the age of galaxies", explains Bonitz.

It is now possible to create warm dense matter routinely in the lab by exciting solids with powerful lasers. The warm dense conditions last for only a few microseconds, but this is long enough to allow measurements to be made and the new data has sparked an explosion of activity in the field. In particular, researchers need to overcome the challenges arising from this extreme state of matter in order to master inertial confinement fusion, which is considered the most promising source of energy in the future.

Until now, a theoretical description of warm dense matter has required crude approximations of the underlying physics. Exact simulation methods have been developed, but they were restricted to small model systems containing only a few particles in a limited parameter range. The research teams around Bonitz and Foulkes overcame these obstacles by using three complementary simulation techniques recently developed in Kiel and London, in combination with a novel approach to remove the errors that arise from the limited size of the systems simulated. This allowed them to obtain the first accurate thermodynamic results for the electron component in warm dense matter. Their simulations required an enormous amount of computer resources and would have taken about 200 years if carried out on a single desktop computer.

"Our results will constitute the basis of future warm dense matter research", says Bonitz.

温致密电子气的第一次前沿模拟

洛斯阿拉莫斯国家实验室，帝国理工学院（IC），和基尔大学（CAU）的科学家组成的国际团队，由理论物理研究所的Michael Bonitz教授和CAU的Astrophysics以及IC物理系的Matthew Foulkes教授带领，已经在温致密物质的描述上取得了重大突破 - 等离子体物理和材料科学中最活跃的前沿之一。这个与众不同的状态的特点是强烈量子效应的同时发生，热激发，和强烈的相互作用的影响，以及与在地球上普遍存在的固体，液体，气体和等离子体完全不同。全面理解这三种影响直到现在都很缺乏。这一跨国团队的科学家在《物理评论快报》现行版发表了他们的发现。

由于其温度是室温的十到一万倍以及其任何地方的密度是温致密物质的一到几千倍，这与你在地球上找到的正常固体完全不同。这些极端的条件存在于如在行星内核和白矮星大气这样的天体中。“对温致密物质的更好的理解是回答天体物理学中基本问题的关键。例如，它将帮助确定星系的年龄”，Bonitz解释说。

通过用强激光器刺激固体，现在有可能在实验室中照例创建温致密物质。温密条件只持续几秒钟，但是这足够长，可以允许测量，并且新的数据在这个领域引发了活动的爆发。特别的是，研究人员需要克服来自于极端条件下的物质的挑战，就为了掌握惯性约束聚变，这被认为是未来最有前景的能量来源。

到现在，温致密物质的理论描述需要基本物理的粗略相似。精确的模拟方法已被开发，但是它们被限制在一个有限范围内只包含几个微粒的模型系统中。 以Bonitz和Foulkes为首的研究团队通过使用三个最近在基尔和伦敦研发的互补仿真技术克服了这些障碍。结合了一种新的方法移除来自仿真系统有限范围的失误。这允许他们得到第一个精确的热力学结果，这个结果起因于温致密物质中的电子成分。他们的仿真需要大量的计算机资源，并且，如果在一台计算机上进行，将花费近200年时间。

“我们的结果将构成未来温致密物质研究的基础。”Bonitz说。

Physicists explore exotic states of matter inspired by Nobel-winning research
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Things are kind of different on the quantum level. Credit: Nandini Trivedi, CC BY

The 2016 Nobel Prize in physics has been awarded to David Thouless, Duncan Haldane and Michael Kosterlitz, three theoretical physicists whose research used the unexpected mathematical lens of topology to investigate phases of matter and the transitions between them.

Topology is a branch of mathematics that deals with understanding shapes of objects; it's interested in "invariants" that don't change when a shape is deformed, like the number of holes an object has. Physics is the study of matter and its properties. The Nobel Prize winners were the first to make the connection between these two worlds.

Everyone is used to the idea that a material can take various familiar forms such as a solid, liquid or gas. But the Nobel Prize recognizes other surprising phases of matter – called topological phases – that the winners proposed theoretically and experimentalists have since explored.

Topology is opening up new platforms for observing and understanding these new states of matter in many branches of physics. I work with theoretical aspects of cold atomic gases, a field which has only developed in the years since Thouless, Haldane and Kosterlitz did their groundbreaking theoretical work. Using lasers and atoms to emulate complex materials, cold atom researchers have begun to realize some of the laureates' predictions – with the promise of much more to come.

Atoms start to behave not as individual particles but as waves in the world of quantum physics.

Cold atoms get us to quantum states of matter

All matter is made up of building blocks, such as atoms. When many atoms come together in a material, they start to interact. As the temperature changes, the state of matter starts to change. For instance, water is a liquid until a fixed temperature, when it turns into vapor (373 degrees Kelvin; 212 degrees Fahrenheit; 100 degrees Celsius); and if you cool, solid ice forms at a fixed temperature (273K; 32℉; 0℃). The laws of physics give us a theoretical limit to how low the temperature can get. This lowest possible temperature is called absolute zero (0K) (and equals -460℉ or -273℃).

Classical physics governs our everyday world. Classical physics tells us that if we cool atoms to really low temperatures, they stop their normally constant vibrating and come to a standstill.

But really, as we cool atoms down to temperatures approaching close to 0K, we leave the regime of classical physics – quantum mechanics begins to govern what we see.
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Supercooled atoms are highly coherent. Credit: Nandini Trivedi, CC BY

In the quantum mechanical world, if an object's position becomes sharply defined then its momentum becomes highly uncertain, and vice versa. Thus, if we cool atoms down, the momentum of each atom decreases, and the quantum uncertainty of its position grows. Instead of being able to pinpoint where each atom is, we can now only see a blurry space somewhere within which the atom must be. At some point, the neighboring uncertain positions of nearby atoms start overlapping and the atoms lose their individual identities. Surprisingly, the distinct atoms become a single entity, and behave as one coherent unit – a discovery that won a previous Nobel.

This new, amazing way atoms organize themselves at very low temperatures results in new properties of matter; it's no longer a classical solid in which the atoms occupy periodic well-defined positions, like eggs in a carton.

Instead, the material is now in a new quantum state of matter in which each atom has become a wave with its position no longer identifiable. And yet the atoms are not moving around chaotically. Instead, they are highly coherent, with a new kind of quantum order. Just like laser beams, the coherent matter waves of superfluids, superconductors and magnets can produce interference patterns.

Physicists have known about quantum order in superfluids and magnets in three dimensions since the middle of the last century. We understand that the order is lost at a critical temperature due to thermal fluctuations. But in two dimensions the situation is different. Early theoretical work showed that thermal fluctuations would destroy the quantum order even at very low temperatures.
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As temperatures rise, materials lose their quantum order. Credit: Nandini Trivedi, CC BY

What Thouless, Haldane and Kosterlitz addressed were two important questions: What is the nature of the quantum ordered state of superfluids, superconductors and magnets in low dimensions? What is the nature of the phase transition from the ordered to the disordered state in two dimensions?

Thinking about defects

Kosterlitz and Thouless's innovation was to show that topological defects – vortex and anti-vortex whirls and swirls – are crucial to understand the magnetic and superfluid states of matter in two dimensions. These defects are not just local perturbations in the quantum order; they produce a winding or circulation as one goes around it. The vorticity, which measures how many times one winds around, is measured in integer units of the circulation.

Kosterlitz and Thouless showed that at low temperatures, a vortex is bound up with an anti-vortex so the order survives. As the temperature increases, these defects unbind and grow in number and that drives a transition from an ordered to a disordered state.
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The whirl of a topological defect, a vortex or an anti-vortex, can be felt no matter how far you go from the eye of the storm. Credit: Nandini Trivedi, CC BY

It's been possible to visualize the vortices in cold atomic gases that Kosterlitz and Thouless originally proposed, bringing to life the topological defects they theoretically proposed. In my own research, we've been able to extend these ideas to quantum phase transitions driven by increasing interactions between the atoms rather than by temperature fluctuations.

Figuring out step-wise changes in materials

The second part of the Nobel Prize went to Thouless and Haldane for discovering new topological states of matter and for showing how to describe them in terms of topological invariants.

Physicists knew about the existence of a phenomenon called the quantum Hall effect, first observed in two dimensional electrons in semiconductors. The Hall conductance, which is the ratio of the transverse voltage and the current, was observed to change in very precise integer steps as the magnetic field was increased. This was puzzling because real materials are disordered and messy. How could something so precise be seen in experiments?
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On the left, a vortex is bound up with an anti-vortex. On the right, more and more defects unbind upon increasing the temperature, and the material enters a disordered state. Credit: Nandini Trivedi, CC BY

It turns out that the current flows only in narrow channels at the edges and not within the bulk of the material. The number of channels is controlled by the magnetic field. Every time an additional channel or lane gets added to the highway, the conductance increase by a very precise integer step, with a precision of one part in billion.

Thouless' insight was to show that the flow of electrons at the boundaries has a topological character: the flow is not perturbed by defects – the current just bends around them and continues with its onward flow. This is similar to strong water flow in a river that bends around boulders.

Thouless figured out that here was a new kind of order, represented by a topological index that counts the number of edge states at the boundary. That's just like how the number of holes (zero in a sphere, one in a doughnut, two in glasses, three in a pretzel) define the topology of a shape and the robustness of the shape so long as it is deformed smoothly and the number of holes remains unchanged.
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Topology is interested in properties that change step-wise, like the number of holes in these objects. Topology also explains why electrical conductivity inside thin layers changes in integer steps. Credit: Johan Jarnestad/The Royal Swedish Academy of Sciences

Global, not local, properties

Interacting topological states are even more remarkable and truly bizarre in that they harbor fractionalized excitations. We're used to thinking of an electron, for instance, with its charge of e as being indivisible. But, in the presence of strong interactions, as in the fractional quantum Hall experiments, the electron indeed fractionalizes into three pieces each carrying a third of a charge!

Haldane discovered a whole new paradigm: in a chain of spins with one unit of magnetic moment, the edge spins are fractionalized into units of one-half. Remarkably, the global topological properties of the chain completely determine the unusual behavior at the edges. Haldane's remarkable predictions have been verified by experiments on solid state materials containing one-dimensional chains of magnetic ions.

Topological states are new additions to the list of phases of matter, such as, solid, liquid, gas, and even superfluids, superconductors and magnets. The laureates' ideas have opened the floodgates for prizeworthy predictions and observations of topological insulators and topological superconductors. The cold atomic gases present opportunities beyond what can be achieved in materials because of the greater variety of atomic spin states and highly tunable interactions. Beyond the rewards of untangling fascinating aspects of our physical world, this research opens the possibility of using topologically protected states for quantum computing.

受获得诺奖的研究启发，物理学家们正探索物质的特殊状态
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从量子级别来看，物质都变的有所不同。图片来源：Nandini Trivedi, CC BY

2016年的诺贝尔物理学奖获得者为戴维·索利斯、邓肯·霍尔丹和迈克尔·科斯特利茨。这三位理论物理学家在研究中运用了出乎意料的拓扑数学透镜来了解物相和相变。

拓扑学是数学的分支，用来了解物体的形状；拓扑学的关注点在于当形状发生改变时不会变的“不变量”，比如一个物体的孔洞数量。物理学是研究物质及其性质的学科。这次的诺贝尔奖得主首次将这两个学科联系起来。

每个人都习惯认为物质可以有很多熟悉的形态，例如固态、液态或气态。但是诺贝尔奖认可了其他令人惊讶的称做拓扑相的物相，这个被诺奖得主在理论上提出的物相，再之后被实验人员发现。

拓扑学开拓了在许多物理分支学科中观察和理解物质新状态的平台。我研究冷原子气体理论，这个领域只在索利斯、霍尔丹和科斯特利茨完成了他们开创性的理论研究后才开始发展。用激光和原子来模拟复杂的物质，冷原子研究者们已经开始意识到诺贝尔得主的一些预测将会实现，而且具有更多的前景。

在量子物理的世界中，原子开始表现得不像一个单独的粒子，而是以波的形式运动。

冷原子能让我们更深入的了解物质的量子态。

所有物质都是用组成要素构成的，例如原子。当许多原子在材料中聚集时，他们开始相互作用。随着温度的变化，物质的状态开始发生改变。比如说，水在达到一个特定的温度前都是液态，当它转变为气态时（373K；212℉; 100℃)，如果降温，固态冰在特定的温度下（273K; 32℉; 0℃)形成。物理定律告诉我们理论上能达到的最低温度。这个最低温度被称为绝对零度（0K；-460℉；-273℃).

经典物理规范着我们平常的世界。经典物理告诉我们，一旦我们将原子冷却到一个极低的温度，原子将停止正常恒定的振动，变为静止。
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但是，如果我们真的将原子冷却到温度接近于0K，我们将抛弃经典物理理论，因为量子理论开始规范我们所看到的一切。

激冷原子高度凝聚。来源：Nandini Trivedi, CC BY

在量子理论的世界里，如果一个物体的有严格确定的位置，那么它的动量是不确定的，反之亦然。因此，如果我们冷却了原子，那么每个原子的动量就减少，量子位置的不确定性就增加。虽然我们不能知道原子的准确位置，但是我们可以知道原子一定会出现在哪些区域内。在某些时候，邻近原子的周围不确定区域开始重叠，原子将失去它的独立性质。令人意外的是，不同的原子成为一个单独的集体，而且像一个凝聚体一样运动----这个发现获得了之前的诺贝尔奖。

原子在超低温下新奇的组合方式导致了物质的新性质；原子不再像盒子里的鸡蛋一样周期性地排列在固体中的特定位置上。

取而代之的是，物质处于新量子态下，每个原子具有波动性，它的位置不能确定。而且，原子不再无规则地运动。反而，按照新型量子排列高度相干。就像是激光束，超流体、超导体和磁体的相干物质波可以产生干涉图像。

上个世纪中期，物理学家们就已经知道了超流体和磁体中的量子三维排列。我们明白了在临界温度下，热运动导致了量子排列的混乱。但是在二维中，情况又有所不同。早期理论研究表明，即使在极低温度下，热运动也会改变原子的排列顺序。
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当温度身高时，物质的原子排列被打乱。来源：Nandini Trivedi, CC BY

索利斯、霍尔丹和科斯特利茨所关注的是两个重要的问题：超流体、超导体和磁体在低维情况下量子有序状态的本质是什么？在二维下，相变从有序态到无序态的本质是什么？

考虑缺陷

科斯特利茨和索利斯的创新是为了表现拓扑缺陷，比如漩涡和反漩涡，在了解二维情况下物质的磁性和超流态是至关重要的。这些缺陷并不只量子排列中的位置改变；当两个缺陷相遇时，他们发生缠绕和循环。涡度是用来衡量一个缺陷缠绕的次数，是在整数循环下测量的。

科斯特利茨和索利斯展示了在低温下，一个漩涡与一个逆漩涡有关，因此排列得以保存。当温度升高时，这些缺陷之间的联系消失而且增多，这促使了从有序态到无序态的转变。
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一个拓扑缺陷的涡流，正涡流或者反涡流，无论离风眼多远都可以感觉到。来源：Nandini Trivedi, CC BY

已经能够在科斯特利茨和索利斯最初提出的冷原子气体中实现涡流可视化，使他们理论上认为的拓扑缺陷成为可能。在我的研究中，我们将这个想法应用到量子相变中，量子相变是由原子间增加的相互作用引起的而非温度变化。

找出材料中的逐步变化

授予索利斯和霍丹尔诺奖的另一个原因是发现了物质新的拓扑态和如何用拓扑不变量来描述他们。

物理学家们知道有一个被称作量子霍尔效应的现象存在，该现在是在半导体二维电极中第一次被发现的。霍尔电导率是通过的电压和电流的比值，它随着磁场的增加按微小的分步改变。这让人十分的困惑，因为真实材料是无序和混乱的。怎么可以在实验中观察到如此细小的改变呢？
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左边是正涡流和逆涡流的相关。右边是越来越多的缺随着温度的增加解缚，进而材料变为无序态。来源：Nandini Trivedi, CC BY

结果是电流只在边缘的狭窄通道中流过，而不是在材料体内流过。通道的数量被磁场控制着。每当一个附加的通道或是小路径加到高速通道上，导电率按微小分步增加，每一增量为千万分之一。

索利斯的观点是电子在边界的迁移具有拓扑特性：迁移不是由缺陷引起的，电流只会绕开缺陷继续向前流动。这与河流中汹涌的河流绕过石头继续流动是一样的。

索利斯发现一种新的排列，通过拓扑排序表现，将边界的价态排序。这就像用孔洞的数量（球体为0，甜甜圈型为1，玻璃杯型为2，卷饼型为3）来确定拓扑形状和形状的，只要形状缓慢改变，孔洞数量依然不变。
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拓扑关注的是性质的分步改变，就像物体中的孔洞数目。拓扑也解释了为什么薄层中的电导率跳跃式的改变。来源：Johan Jarnestad/瑞典皇家科学院

整体而非局部性质

相互作用的拓扑态甚至更加明显，而且不同的是他们中有细分的激发。我们习惯于认为电子的电量是不可再细分的。但是，在强作用力的情况下，在部分量子霍尔实验中，电子的确分开为三部分，每一部分带三分之一的电量！

霍丹尔发现一个全新的模型：在具有一个磁矩单位的自旋链中，边缘自旋被分成一半的单位。值得注意的是，边缘的异常行为完全取决于自旋链的整体拓扑性质。霍丹尔引人注目的预测依据被包含以为磁性离子链的固态材料实验所证实。

拓扑态是物相列表中新增的一项，在这个表包含了例如固态、液态、气态，甚至是超流态、超导态和磁态。诺贝尔得主的想法打开了预测和观察拓扑绝缘体及拓扑超导体的闸门。冷原子气体存在超出在材料可实现的机会，因为原子自旋状态和高度可协调的相互作用的多样性。这项研究除了获得了解开物理世界奇妙的一面的奖项，还增加了量子计算中用拓扑保护态的可能性。

Metal Alloy（金属合金）

Metamaterial uses light to control its motion
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An optically-driven mechanical oscillator fabricated using a plasmomechanical metamaterial. Credit: UC San Diego Jacobs School of Engineering

Researchers have designed a device that uses light to manipulate its mechanical properties. The device, which was fabricated using a plasmomechanical metamaterial, operates through a unique mechanism that couples its optical and mechanical resonances, enabling it to oscillate indefinitely using energy absorbed from light.

This work demonstrates a metamaterial-based approach to develop an optically-driven mechanical oscillator. The device can potentially be used as a new frequency reference to accurately keep time in GPS, computers, wristwatches and other devices, researchers said. Other potential applications that could be derived from this metamaterial-based platform include high precision sensors and quantum transducers. The research was published Oct. 10 in the journal Nature Photonics.

Researchers engineered the metamaterial-based device by integrating tiny light absorbing nanoantennas onto nanomechanical oscillators. The study was led by Ertugrul Cubukcu, a professor of nanoengineering and electrical engineering at the University of California San Diego. The work, which Cubukcu started as a faculty member at the University of Pennsylvania and is continuing at the Jacobs School of Engineering at UC San Diego, demonstrates how efficient light-matter interactions can be utilized for applications in novel nanoscale devices.

Metamaterials are artificial materials that are engineered to exhibit exotic properties not found in nature. For example, metamaterials can be designed to manipulate light, sound and heat waves in ways that can't typically be done with conventional materials.

Metamaterials are generally considered "lossy" because their metal components absorb light very efficiently. "The lossy trait of metamaterials is considered a nuisance in photonics applications and telecommunications systems, where you have to transmit a lot of power. We're presenting a unique metamaterials approach by taking advantage of this lossy feature," Cubukcu said.

The device in this study resembles a tiny capacitor—roughly the size of a quarter—consisting of two square plates measuring 500 microns by 500 microns. The top plate is a bilayer gold/silicon nitride membrane containing an array of cross-shaped slits—the nanoantennas—etched into the gold layer. The bottom plate is a metal reflector that is separated from the gold/silicon nitride bilayer by a three-micron-wide air gap.

When light is shined upon the device, the nanoantennas absorb all of the incoming radiation from light and convert that optical energy into heat. In response, the gold/silicon nitride bilayer bends because gold expands more than silicon nitride when heated. The bending of the bilayer alters the width of the air gap separating it from the metal reflector. This change in spacing causes the bilayer to absorb less light and as a result, the bilayer bends back to its original position. The bilayer can once again absorb all of the incoming light and the cycle repeats over and over again.

The device relies on a unique hybrid optical resonance known as the Fano resonance, which emerges as a result of the coupling between two distinct optical resonances of the metamaterial. The optical resonance can be tuned "at will" by applying a voltage.

The researchers also point out that because the plasmomechanical metamaterial can efficiently absorb light, it can function under a broad optical resonance. That means this metamaterial can potentially respond to a light source like an LED and won't need a strong laser to provide the energy.

"Using plasmonic metamaterials, we were able to design and fabricate a device that can utilize light to amplify or dampen microscopic mechanical motion more powerfully than other devices that demonstrate these effects. Even a non-laser light source could still work on this device," said Hai Zhu, a former graduate student in Cubukcu's lab and first author of the study.

"Optical metamaterials enable the chip-level integration of functionalities such as light-focusing, spectral selectivity and polarization control that are usually performed by conventional optical components such as lenses, optical filters and polarizers. Our particular metamaterial-based approach can extend these effects across the electromagnetic spectrum," said Fei Yi, a postdoctoral researcher who worked in Cubukcu's lab.

超材料使用光来控制其运动
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一种使用等离子体机械超材料制造的光驱动机械振荡器。图片：加州大学圣地亚哥分校雅各布斯工程学院

研究人员设计了一种使用光来操纵其机械性能的装置。使用等离子体机械超材料制造的器件通过耦合其光学和机械共振的独特机制操作，使其能够使用从光吸收的能量无限地振荡。

这项研究演示了一种超材料，这种超材料以开发一种光驱动机械振荡器的方法为基础。该设备可以潜在地用作新的频率参考，以精确地保持GPS，计算机，手表和其他设备的时间，研究人员说。可以从这种基于超材料的平台得到的其它潜在应用包括高精度传感器和量子换能器。该研究于10月10日在自然光子学杂志上发表。

研究人员通过将微小光吸收纳米天线集成到纳米机械振荡器中，设计了基于超材料的器件。该研究由加州大学圣地亚哥分校纳米工程和电气工程教授Ertugrul Cubukcu领导。Cubukcu作为宾夕法尼亚大学的教员，并在加州圣地亚哥的雅各布工程学院继续工作，展示了如何利用高效的光物质相互作用在新型纳米级器件中的应用。

超材料是人造材料，其被设计为显示在自然界中未发现的异质性。例如，超材料可以被设计成以通常不能用常规材料进行的方式操纵光，声音和热波。

超材料通常被认为是“有损”的，因为它们的金属化合物能非常有效地吸收光。“超材料的有损特性在光子应用和电信系统中被认为是一个麻烦，因为得必须向它传输大量的能量。我们通过利用这种有损特性提供一种独特的超材料方法。”Cubukcu说。

本研究中的器件类似于一个微小的电容器，大小大约只有四分之一，由两个500微米×500微米的正方形板组成。顶板是包含十字形狭缝阵列的双层金/氮化硅膜 - 纳米天线蚀刻到金层中。底板是金属反射器，其通过三微米宽的气隙与金/氮化硅双层分离。

当光照射在装置上时，纳米天线吸收来自光的所有入射辐射并将该光能转换成热能。作为响应，金/氮化硅双层弯曲，因为金在加热时比氮化硅膨胀得更多。双层的弯曲改变将其与金属反射器分开的气隙的宽度。间距的这种变化导致双层吸收较少的光，因此，双层弯曲回到其初始位置。双层可以再次吸收所有入射光，并且该循环一遍又一遍地重复。

该器件依赖于被称为Fano谐振的独特混合光学谐振，其作为超材料的两个不同光学谐振之间的耦合的结果而出现。光学谐振可以通过施加电压“随意”调谐。

研究人员还指出，因为等离子体机械超材料可以有效地吸收光，所以它可以在光学共振下广泛地发挥作用。这意味着这种超材料可以潜在地对诸如LED的光源做出响应，并且不需要强激光器来提供能量。

“使用等离子体超材料，我们能够设计和制造一个设备，它可以利用光放大或衰减微观机械运动，这比展这种效果的其他设备强得多。即使是非激光光源仍然可以在这个设备上工作，”一个之前在Cubukcu实验室的研究生也是研究的第一作者海布说。

“光学超材料实现了芯片级集成的功能，如光聚焦，光谱选择性和偏振控制，通常由传统的光学组件，如透镜，光学滤波器和偏振器执行。我们特定的基于超材料的方法可以在电磁谱范围内扩展这些效应，”在Cubukcu实验室工作的博士后研究员Fei说。

Composite Materials（复合材料）

Highly sensitive X-ray scattering shows why an exotic material is sometimes a metal, sometimes an insulator

Some materials hold surprising – and possibly useful – properties: neodymium nickel oxide is either a metal or an insulator, depending on its temperature. This characteristic makes the material a potential candidate for transistors in modern electronic devices. To understand how neodymium nickel oxide makes the transition from metal to insulator, researchers at the Paul Scherrer Institute PSI and the University of Geneva UNIGE have precisely probed the distribution of electrons in the material. By means of a sophisticated development of X-ray scattering, they were able to show that electrons in the vicinity of the material's oxygen atoms are rearranging. The researchers have now published their study in the journal Nature Communications.

Computers, smartphones, and all kinds of other electronic devices have tiny transistors as their basic elements. Up to now, these have been realised with so-called semiconductors. It's possible that semiconductors might one day get competition from a certain class of oxide materials. Some of these materials can be switched between being an insulator and an electrically conductive metal. Thus they could also be used to build transistors.

To gain a fundamental understanding of the phase transition from metal to insulator in these materials, researchers at the Paul Scherrer Institute PSI and the University of Geneva UNIGE, together with scientists at the University of British Columbia in Canada, looked at one representative of this class of materials: neodymium nickel oxide (NdNiO3). Above a temperature of around 150 Kelvin (minus 123 degrees Celsius), the material is a metal and thus conducts electric current. Below this temperature, in contrast, it is an insulator and therefore non-conducting.

The mystery of the phase transition

Since the arrangement of electrons in the material is responsible for these properties, the researchers wanted first to find out what was going on with this arrangement. Or, to put it in the scientists' language, which energetic states the electrons in the material take—that is, how the nickel and oxygen orbitals are occupied in this specific case. For the material as a whole we call this its electronic structure, says Thorsten Schmitt of the PSI. In particular, the researchers wanted to find out how this electronic structure differs in its two states—metal and insulator.

Schmitt is leader of the research group Spectroscopy of Novel Materials at PSI. At the Swiss Light Source SLS, he and his team carry out Raman spectroscopy with X-rays. To measure the electronic structure of neodymium nickel oxide, they used the refined method of resonant inelastic X-ray scattering, or RIXS.

Highly sensitive X-ray scattering shows why an exotic material is sometimes a metal, sometimes an insulator

Sara Catalano, Scientist at the University of Geneva, Thorsten Schmitt from Paul Scherrer Institute and Marta Gibert, Scientist at the University of Geneva (from left to right) discussing at der ADRESS beamline of the Synchrotron Light …more

Measurements with highly sensitive resonant X-ray scattering

With RIXS, electrons in the system are resonantly excited. That means the energy of the irradiating X-ray light is selected in such a way that it lifts electrons from one particular electron orbital into another, Schmitt explains. In this case, the researchers chose a specific electron transition in nickel. When, after excitation, the electrons in the system fall back along any number of different paths, they send out light at specific energies that correspond to energy intervals existing in the system. The electronic structure of the material can thus be measured through the recorded spectral lines.

To determine the irradiation energy for resonant excitation of the nickel transition, the researchers first acquired an absorption spectrum. This showed the resonance energy at around 853 electronvolts.

The next measurement, then, consisted of recording RIXS spectra for many different irradiation energies. For this the researchers took advantage of the possibility to vary the energy at the ADRESS beamline of the SLS. In this way, they recorded 80 spectra that lay below as well as above the resonance energy. When aligned, these spectra yielded a two-dimensional carpet: a graphic that plots the RIXS spectra with reference to the energy of irradiation.

Because we scan the radiated energy around the resonance, we are able to distinguish which component in our RIXS spectra comes from electrons localised around nickel and which comes from the electrons of the oxygen atoms, explains Valentina Bisogni, first author of the new study. The principle: electrons associated with nickel respond more strongly at the resonance energy; away from the resonance, in contrast, the share of electrons associated with oxygen can be seen.

Notably, the researchers conducted this experiment twice—first at 300 Kelvin, far above the transition temperature and thus in the region where neodymium nickel oxide behaves like a metal. They then ran the experiment a second time at a frosty 15 Kelvin, far below the transition temperature and thus in the region where the material is an insulator. Each RIXS carpet on its own showed the researchers the electronic structure of the material in that particular state. And the comparison of the two carpets revealed which changes in the electronic structure are responsible for the phase transition from metal to insulator.
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The two RIXS-carpets: graphics that plot the RIXS spectra with reference to the energy of irradiation (Photon Energy [eV]). Above the measurement performed at 300 Kelvin (27 degrees Celsius) where the material behaves metallic, below the …more

Electrons are rearranging in the vicinity of the oxygen atoms

The result: during the phase transition from metal to insulator, the electronic structure of the nickel atoms remains the same. Each nickel atom, however, is surrounded by six oxygen atoms, and in the metallic state these six atoms altogether are missing two electrons. In the insulating state, on the other hand, the six oxygen atoms alternately have their normal electronic structure or rather are missing twice as many—that is, four—electrons.

To make a long story short: the change takes place exclusively in the vicinity of the oxygen atoms.

Theoretical calculations, Schmitt explains, have for several years suggested that the changes might not take place in the region of the nickel atoms but rather in the vicinity of the oxygen atoms. Now at the SLS, he says, we have obtained definitive experimental proof.

With their experiment, the researchers have not only ascertained the cause of the metal-insulator transition in neodymium nickel oxide; at the same time, they have demonstrated how the RIXS technique can be used more broadly to understand the complex electronic structures of materials.

Thin-film fabrication at the University of Geneva

The sample of neodymium nickel oxide material with which the researchers carried out their measurements at the SLS was fabricated in Geneva by collaborators at UNIGE. For RIXS measurements, it was essential to have the material available in single-crystal form. Up to now, however, this could be realised only as a thin film. The challenge of the Geneva researchers lay in realising a thin film—using a suitable substrate—whose properties match those of a three-dimensional piece of the material.

Potential applications in electronics

The material's phase transition between metal and insulator could be realised not only through temperature, but also through the application of an electrical voltage, Schmitt stresses. This could be exploited if such materials should one day find their way into electronics.

At present, their research on this particular class of oxides is still considered basic research, says PSI scientist Schmitt. But this step is indispensable: To be able to do good applied research, we have to do good fundamental research.

高度敏感的X射线散射显示了为什么特殊材料有时是金属，有时是绝缘体

一些材料具有令人惊讶且可能被利用的性质：钕镍氧化物根据其温度来决定其为金属还是绝缘体。该特性使得该材料成为现代电子器件中的晶体管的潜在候选。为了了解钕镍氧化物如何从金属过渡到绝缘体，Paul Scherrer研究所PSI和日内瓦大学UNIGE的研究人员已经精确探测了电子在材料中的分布。通过X射线散射的复杂发展，它们能够显示在材料的氧原子附近的电子是重新排列的。研究人员现在已经在自然通讯杂志上发表了他们的研究。

计算机，智能手机和各种其他电子设备都具有微小的晶体管作为其基本元素。到目前为止，这些已经与所谓的半导体一起发布。半导体有可能有一天会与来自某一类氧化物的材料竞争。一部分这种材料可以在绝缘体和导电金属之间切换。因此，它们也可以用于构建晶体管。

为了获得这些材料中从金属到绝缘体的相变的基本理解，Paul Scherrer研究所PSI和日内瓦大学UNIGE的研究人员与加拿大不列颠哥伦比亚大学的科学家一起研究了该类的一个代表的材料：钕镍氧化物（NdNiO3）。在大约150开尔文（减去123摄氏度）的温度之上，材料是金属，因此传导电流。相反，低于该温度，它是绝缘体，因此是不导电。

相变的奥秘

由于材料中的电子的排列负责这些性质，研究人员希望首先查明在这种安排下发生了什么。或者，用科学家的话来说，材料中的电子所具有的能量状态，即在这种特定情况下镍和氧轨道如何被占据。对于材料作为一个整体的情况，我们称之为其电子结构，PSI的Thorsten Schmidt说。尤其是，研究人员想要了解这种电子结构在其两种状态下 - 金属和绝缘体 – 有何区别。

施密特是PSI新型材料光谱学研究组的领导。在瑞士光源SLS，他和他的团队用X射线来完成拉曼光谱。为了测量钕镍氧化物的电子结构，他们使用谐振非弹性X射线散射或RIXS的改进方法。

高度敏感的X射线散射显示了为什么特殊材料有时是金属，有时是绝缘体

日内瓦大学的科学家Sara Catalano，Paul Scherrer研究所的Thorsten Schmitt和日内瓦大学的科学家Marta Gibert（从左到右）讨论了同步辐射光束的ADRESS光束...更多

高灵敏共振X射线散射测量

使用RIXS，系统中的电子被共振激发。这意味着照射X射线光的能量被选择为使得它将电子从一个特定的电子轨道提升到另一个，Schmitt解释说。在这种情况下，研究人员选择了镍中的特定电子跃迁。当激发后，系统中的电子沿着任何数量的不同路径回落，它们以对应于系统中存在的能量间隔的特定能量发出光。因此，可以通过记录的谱线来测量材料的电子结构。

为了确定用于镍跃迁的共振激发的辐射能量，研究人员首先获取了吸收光谱。这显示了在接近853电子伏特中的共振能量

然后，下一个测量包括记录许多不同辐照能量的RIXS光谱。为此，研究人员利用了在SLS的ADRESS束线上改变能量的可能性。以这种方式，他们记录了80个光谱，其位于共振能量之下以及之上。当对准时，这些光谱产生二维地毯：参考照射能量绘制RIXS光谱的图形。

因为我们扫描共振周围的辐射能量，所以我们能够区分我们的RIXS光谱中的成分是来自于镍周围的电子，还是来自氧原子的电子，这项新研究的第一作者Valentina Bisogni解释说。原理是：与镍相关的电子对共振能量的反应更强烈;远离共振，那相比之下，可以看到与氧相关的电子的份额。

值得注意的是，研究人员两次进行了该实验-首先在300开尔文，远高于转变温度时，因此在钕镍氧化物区域表现得像金属。然后他们第二次实验在低于十五开尔文，远低于转变温度的情况下进行，因此在材料区域是绝缘体。每个RIXS地毯向研究人员展示了在特定状态下材料的电子结构。并且两个地毯的对比揭示了电子结构中的哪些变化负责从金属到绝缘体的相变。

[image: image20.jpg]



两个RIXS地毯：关于辐照能量（光子能量[eV]）绘制RIXS光谱的图。以上测量在300 k(27摄氏度)的材料表现金属,低于…更多

电子在氧原子附近重新排列

结果：在从金属到绝缘体的相变期间，镍原子的电子结构保持相同。然而，每个镍原子被六个氧原子包围，并且在金属态下，这六个原子总共缺失两个电子。另一方面，在绝缘状态下，六个氧原子交替地具有它们正常的电子结构要不就是少了两倍 - 即四个电子。

长话短说：变化只发生在氧原子附近

理论上计算，Schmitt解释，这几年一直在建议，改变可能并不在镍原子的区域发生，而发生在氧原子附近。他说，现在在SLS，我们已经获得了确凿的实验证据。

通过他们的实验，研究人员不仅确定了钕镍氧化物中金属 - 绝缘体转变的原因; 同时，他们已经展示了RIxs技术如何可以更广泛地用于理解材料的复杂电子结构。

日内瓦大学的薄膜制造

研究人员在SLS中进行测量的钕镍氧化物材料样品是由UNIGE的合作者在日内瓦制造的。对于RIXS的测量来说，必须具有单晶形式的材料。然而，到目前为止，这只能作为薄膜实现。日内瓦研究人员的挑战在于实现薄膜 - 使用合适的基底，其性质与三维材料的性质相匹配。

电子学中的潜在应用

这种材料在金属和绝缘体之间的相变将不仅通过温度而且通过施加电压实现，施密特强调道。如果这样的材料有一天能够进入电子学，很可能被开发。

目前，他们对这类氧化物的研究仍然被认为是基础研究，PSI科学家施米特说。但这一步是不可或缺的：为了能够做好的应用研究，我们必须做好的基础研究。

Practical Application（实际应用）

Scientists research effects of infrasonic vibrations in humans

It is known that the human body can generate mechanical vibrations at very low frequencies, so-called infrasonic waves. Such low-frequency vibrations are produced by physiological processes—heartbeats, respiratory movements, blood flow in vessels, and other processes. Different organs of the human body produce different resonance frequencies. The heart resonance frequency is ~ 1 hz. The brain has a resonance frequency of ~ 10 hz, blood circulation about 0.05 to 0.3 hz.

Scientists from the National Research Nuclear University and collaborators have used a highly sensitive laser device to register infrasonic vibrations in human body. "We tried to find out factors, influencing amplitude-frequency characteristics of such vibrations," says researcher Olga Molchanova.

The scientists discovered that the observed vibrations are connected with the cardiovascular system, which has its own proper movements occurring simultaneously with the work of the heart. Three types of infrasonic vibrations were registered. Waves of the first type are connected with the heartbeat; the second with the human respiratory rhythm; the third, called Traube-Hering waves, with states of emotional tension. Thus, it could be possible to judge the human emotional state via the amplitude frequency response of these waves.

Stemming the blood flow along vessels using a tourniquet applied to the wrist changes the intensity of laser radiation through tissues, which is connected with the stoppage of blood inflow into vessels. This effect is observed due to the lowering of tissue enrichment by oxygen, which absorbs radiation in the nearest infrared region. An opposite effect was observed when subjects held their breath—the intensity of the laser radiation through tissues lowered. It might be connected with the fact that while holding the breath, blood is saturated with hemoglobin, which leads to the increase of laser radiation absorption and the decrease of the signal. These results could be important for non-invasive medical diagnostics.

科学家们研究次声振动对人类的影响

众所周知，人体可以产生低频率机械振动，即所谓的次声波。这样的低频振动生理过程产生 - 心跳，呼吸运动，血管中的血液流动，以及其它过程。人体中不同的器官产生不同的共振频率。心脏共振频率为1hz。大脑的共振频率为10hz，血液循环大约是0.05-0.3hz。

来自国家核研究大学的科学家和合作者已经使用高度敏感激光装置来记录人体中的次声振动。“我们试图寻找出原因，影响这种振动的幅频特性。”研究员Olga Molchanova说。

科学家们发现，观察到的振动与心血管系统相连，它有自己正确的运动，这个运动与心脏的我工作同时发生。记录的有三种类型的次声振动。第一种类型的波与心跳相连；第二种与人类的呼吸节律相连；第三种，被叫做Traube-Hering波，与情绪的紧张状态相连。这样，可以通过这些波的振幅频率反应来判断人类情绪状态。

使用应用于手腕的止血带阻止血液沿血管流动通过组织改变了激光辐射强度，这阻止血液流入血管有关。这种效果的观察是由于通过氧气降低组织丰富，，这吸收了最近红外区域的辐射。当受试者屏住呼吸就会观察到反效果 - 通过组织降低的激光辐射的强度。这可能以一个事实相连，屏住呼吸，血液中的血红蛋白饱和，这引起了激光辐射吸收的增加，信号的减少。这些结果对非侵入性医疗诊断非常重要。

Noise-canceling optics
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Destructive interference cleans up an image to make text legible. Credit: Edward Zhou/Caltech

Engineers at Caltech have created the visual analogue of noise-canceling headphones—a camera system that can obtain images of objects obscured by murky media, such as fog or clouds, by canceling out the glare.

When you drive through fog, objects on the road are difficult to see because the light from your headlights is mostly scattered back at you by particles in the fog—a phenomenon called "glare." This effectively masks the objects that are dimly reflective.

A team led by Caltech's Changhuei Yang and Edward Zhou created a device that selectively cancels the scattered light, leaving only the light that reflected or bounced off the objects and slipped back through the murk unmolested. The new system relies on destructive interference to do the canceling. Light has wavelike properties, and so superimposing one beam of light over another beam that has peaks where the first has troughs—and vice versa—will cancel out both beams.

"The idea that we can directly cancel glare is new," says Yang, professor of electrical engineering, bioengineering, and medical engineering in the Division of Engineering and Applied Science, and the senior author of a paper on the new technology, termed "coherence gated negation" (CGN), published on October 5 by the research journal Optica.

CGN splits a laser into twin parallel beams, using one to illuminate a target and the other to cancel out the glare. Superimposing the light from each results in a cleaned-up image on a camera sensor.

To test the device, Yang and Zhou placed a line of text behind a one-millimeter-thick block of glass beads suspended in a gel, rendering the text completely illegible. Then, using CGN, they were able to boost the contrast of the text by a factor of about 30—producing an image that, while not perfectly clear, is legible.

CGN has numerous potential uses, including for the satellite exploration of cloud-obscured planets like Venus. It also has biomedical applications, offering a noninvasive way to optically examine tissues under the skin. "Optically, our skin behaves very similarly to a dense fog. CGN can be used to cancel the tissue glare and allow us to see through the skin," says Edward Zhou, graduate student at Caltech and lead author of the Optica paper.

The new system may also someday help drivers to navigate foggy roads, although the speed of the image resolution would need to be improved significantly. "A very nice aspect of this method is that there is a fairly straightforward approach for increasing its speed by several orders of magnitude. Wouldn't it be nicer and safer if you can see the whole San Francisco bridge as you drive across it on a foggy day?" says Yang.

光学噪声消除
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破坏性干扰清除图像，使文字清晰。来源：Edward Zhou /加州理工学院

加州理工学院的工程师创造了消除噪声耳机，是一个摄像系统，可以通过抵消眩光，获得物体阴暗部分的被掩盖的图像的视觉模拟，如雾，云。

当你开车穿过雾，路上的物体很难看到，因为你的车灯光线大多数都被雾的粒子中散射开了，这个现象称之为“眩光”。这有效地掩盖只能隐约反射的物体。

由加州理工学院的洋常会和Edward Zhou的团队创建了一个选择性消除散射光的装置，只留下光反射或反射物体其余的落入平静的黑暗中。新的系统依赖于破坏性干扰来做消除。光具有波动性质，所以将一束光叠加到另一束上，两者的波峰波谷相交则将光线消除。

 “我们直接消除眩光的想法是全新的，”医疗工程和应用科学工程部的电气工程和生物工程的教授，以及在10月5日出版的称为“相干门控否定”（CGN），通过研究光的新技术的作者，杨说。

相干门控否定将引入两条平行的激光，一个用来照亮目标另一个用来消除眩光。叠加的光的每个结果在相机传感器上会有一个干净的成像。

为了测试装置，杨和周把一个一毫米厚的玻璃珠悬浮在文本上，使得文本完全无法辨认。然后使用CGN，他们能够通过约30的参数推动文本的对比，产生一个图像，虽然不完全清楚，但是可辨认的。

CGN具有许多潜在的应用，包括云卫星探测行星的遮蔽，像金星。它也有生物医学应用，提供一种非侵入性的方式，来用光学检查皮肤下的组织。“从光学的角度上来看，我们的皮肤非常类似于一个密集的雾。CGN可消除组织的眩光，让我们可以看到皮肤下的图像，”加州理工学院的研究生和研究论文的第一作者Edward Zhou说。

新的系统也可能有一天会帮助司机在雾天进行道路导航，虽然图像分辨率的速度还需要大幅改善。“这种方法非常好的一个方面是，有相当简单的方法让它的速度增加几个数量级。在有雾的日子里，如果你要能看到整个三藩市大桥，那你穿过它的时候，是不是更好更安全呢？”杨说。

Stable molecular state of photons and artificial atom discovered

Researchers at the National Institute of Information and Communications Technology, in collaboration with researchers at the Nippon Telegraph and Telephone Corporation and the Qatar Environment and Energy Research Institute have discovered qualitatively new states of a superconducting artificial atom dressed with virtual photons. The discovery was made using spectroscopic measurements on an artificial atom that is very strongly coupled to the light field inside a superconducting cavity. This result provides a new platform to investigate the interaction between light and matter at a fundamental level, helps understand quantum phase transitions and provides a route to applications of non-classical light such as Schrödinger cat states. It may contribute to the development of quantum technologies in areas such as quantum communication, quantum simulation and computation, or quantum metrology.

This result will be published online in the October 10 issue of the journalNature Physics.

The indispensable technologies in modern life such as a time system measured by an atomic clock and a secure and energy-efficient communications system are based on the fundamental science of the interaction between light and matter at the single-photon level. The absorption and emission of light from any device is explained based on the interaction of light and atoms. A fundamental question in atomic physics, "How strong can the coupling of light and an atom be?" has not been answered in spite of years of research, because it is not easy to find appropriate methods to realize very strong coupling.

It was predicted over forty years ago that if the coupling is extremely strong a qualitatively new lowest energy state (the ground state) of light and an atom should be realized. A debate soon started as to whether this prediction would still apply when realistic conditions are considered. A few years ago, our collaborator at QEERI, Dr. Sahel Ashhab, performed theoretical investigations and identified desirable conditions for achieving this new state using superconducting circuits.

In the experiment, we used a microfabricated superconducting harmonic oscillator and a superconducting artificial atom (quantum bit or qubit) whose electronic states behave quantum mechanically, just like a natural atom. By carefully designing a superconducting persistent-current qubit interacting with an LC harmonic oscillator that has a large zero-point fluctuation current via a large shared Josephson inductance, we found the new ground state as predicted theoretically.

The total energy of the qubit and the oscillator is the sum of the photon energy in the oscillator, the qubit energy, and the coupling energy binding the photons to the qubit. Taking advantage of the macroscopic quantum system, we could realize circuits with coupling energy larger than both the photon energy and the qubit energy. This situation is sometimes called 'deep strong coupling'.

In addition, we have observed that the transitions between energy levels are governed by selection rules stemming from the symmetry of the entangled energy eigenstates, including the ground state.

We plan to test whether deep strong coupling is possible or not using more than one superconducting artificial atom (qubit), which remains a question of debate. We will also try to actively manipulate this new molecular state of photons and artificial atoms, for example, to observe and control the dynamics of photon absorption and emission, and to demonstrate new methods of entanglement generation.

稳定的光子分子状态以及人工原子的发现

国家信息和通信技术研究所的研究人员，与日本电报电话公司和卡塔尔环境和能源研究所的研究人员合作发现了表面为虚拟光子的超导人工原子的新形态。这个发现使用了人造原子光谱测量，在超导腔内的光场发生非常强烈的耦合。这个结果提供了一个新的平台来研究光与物质在基本层面上的相互作用，有助于理解量子相变并提供了一个非经典的光的应用的路线如薛定谔猫态。它可能导致量子技术在量子通信，量子模拟和计算，或量子计量等领域的发展。

这个结果将会发表在10月10日在《自然物理》上发表。

现代生活不可或缺的技术，比如使用一个原子钟进行时间系统衡量，基于在单个光子的水平上光和物质的相互作用的基础科学安全、节能的通信系统。光在任何设备上的的吸收与发射都基于光与原子的相互作用。原子物理学的基本问题：“光和原子的耦合会是怎样的激烈程度？”尽管进行了多年的研究但仍然没有答案，因为找到合适的方法来实现很强的耦合并不容易。

预测在超过四十年以前，如果耦合是光和原子能发生极强的一个定性的新最低能态(基态)，这应该会被意识到。很快，科学家开始辩论是否这预测仍将适用于对现实条件的考虑。几年前，我们在QEERI的合作者，Sahel Ashhab博士，在理论上进行调查，确定了使用超导电路实现这个新形态的理想的条件。

在实验中，我们使用microfabricated超导谐振子和电子态的量子论很机械化，就像一个自然的原子的超导人工原子(量子比特或量子位)。通过仔细设计超导持久电流量子位的LC谐振子与大型零点涨落电流通过一个大型共享约瑟夫森电感的相互作用，我们找到了新的基态预测理论。

量子位和振荡器的总能量是振荡器的光子能量的总和，量子位的能量，能量的耦合绑定光子的量子位。利用宏观量子系统，我们可以实现电路耦合能量与其光子能量和量子位的能量。这种情况有时被称为“深强耦合”。

此外，我们发现，能级之间的转换是由源于能量纠缠态下的对称，包括基态的选择规则。

我们计划测试深强耦合是否能使用多个超导人工原子(量子位)，这仍然是一个争论的问题。我们还将尝试积极操纵这个新的分子光子和人工原子的状态，例如，观察和控制光子吸收和发射的动力学，并演示牵连产生的新方法。

Self-learning computer tackles problems beyond the reach of previous systems
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The new system that incorporates backpropagation into reservoir computing (“Full”) outperforms other reservoir computing systems (“Reservoir”). Credit: Hermans et al. ©2016 American Physical Society

(Phys.org)—Researchers have developed a neuro-inspired analog computer that has the ability to train itself to become better at whatever tasks it performs. Experimental tests have shown that the new system, which is based on the artificial intelligence algorithm known as "reservoir computing," not only performs better at solving difficult computing tasks than experimental reservoir computers that do not use the new algorithm, but it can also tackle tasks that are so challenging that they are considered beyond the reach of traditional reservoir computing.

The results highlight the potential advantages of self-learning hardware for performing complex tasks, and also support the possibility that self-learning systems—with their potential for high energy-efficiency and ultrafast speeds—may provide an extension to the anticipated end of Moore's law.

The researchers, Michiel Hermans, Piotr Antonik, Marc Haelterman, and Serge Massar at the Université Libre de Bruxelles in Brussels, Belgium, have published a paper on the self-learning hardware in a recent issue of Physical Review Letters.

"On the one hand, over the past decade there has been remarkable progress in artificial intelligence, such as spectacular advances in image recognition, and a computer beating the human Go world champion for the first time, and this progress is largely based on the use of error backpropagation," Antonik told Phys.org. "On the other hand, there is growing interest, both in academia and industry (for example, by IBM and Hewlett Packard) in analog, brain-inspired computing as a possible route to circumvent the end of Moore's law.

"Our work shows that the backpropagation algorithm can, under certain conditions, be implemented using the same hardware used for the analog computing, which could enhance the performance of these hardware systems."

Developed over the past decade, reservoir computing is a neural algorithm that is inspired by the brain's ability to process information. Early studies have shown that reservoir computing can solve complex computing tasks, such as speech and image recognition, and do so more efficiently than conventional algorithms. More recently, research has demonstrated that certain experimental implementations, in particular optical implementations, of reservoir computing can perform as well as digital ones.

In more recent years, scientists have shown that the performance of reservoir computing can be improved by combining it with another algorithm called backpropagation. The backpropagation algorithm is at the heart of the recent advances in artificial intelligence, such as the milestone earlier this year of a computer beating the human world champion at the game of Go.

The basic idea of backpropagation is that the system performs thousands of iterative calculations that reduce the error a little bit each time, bringing the computed value closer and closer to the optimal value. In the end, the repeated computations teach the system an improved way of computing a solution to a problem.

In 2015, researchers performed the first proof-of-concept experiment in which the backpropagation algorithm in conjunction with the reservoir computing paradigm was tested on a simple task.

In the new paper, the researchers have demonstrated that the algorithm can perform three much more complicated tasks, outperforming reservoir computing systems that do not use backpropagation. The present system is based on a photonic setup (specifically, a delay-coupled electro-optical system) in which the information is coded as the intensity of light pulses propagating in an optical fiber. The key to the demonstration is to physically implement both the reservoir computer and the backpropagation algorithm on the same photonic setup.

The three tasks performed were a speech recognition task (TIMIT), an academic task often used to test reservoir computers (NARMA10), and a complex nonlinear task (VARDEL5) that is considered beyond the reach of traditional reservoir computing. The fact that the new system can tackle this third task suggests that the new approach to self-training has potential for expanding the computing territory of neuromorphic systems.

"We are trying to broaden as much as possible the range of problems to which experimental reservoir computing can be applied," Antonik said. "We are, for instance, writing up a manuscript in which we show that it can be used to generate periodic patterns and emulate chaotic systems."

While the demonstration shows that the new approach is robust against various experimental imperfections, the current set-up is limited by the speed of some of the data processing and data transfer, which the researchers expect can be improved in future work.

"We aim to increase the speed of our experiments," Antonik said. "The present experiment was implemented using a rather slow system, in which the neurons (internal variables) were processed one after the other. We are currently testing photonic systems in which the internal variables are all processed simultaneously—we call this a parallel architecture. This can provide several orders of magnitude of speed-up. Further in the future, we may revisit physical error backpropagation, but in these faster, parallel, systems."

计算机自我学习解决问题的能力超越了之前的系统
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新的系统，采用反向传播到储备池计算（“充分”）优于其他储备池计算系统（“储备池”）。来源：Hermans等人。©2016美国物理学会

（Phys.org）-研究人员已经开发出一种神经灵感的模拟计算机，能培养它自己有着更好的执行任何任务的能力。实验测试表明，新的系统，它是基于人工智能的算法被称为“储备池计算”，不仅能比不使用该算法的实验电脑更好地解决困难的计算任务，还可以解决，那些被认为是超越传统的储备池计算的具有挑战性的任务。

结果突出了自我学习硬件进行复杂的任务的潜在优势，同时也支持了自我学习系统，基于他们的潜力，高能量效率和超快的速度，可能会提供一个摩尔定律预期终结的扩展。

在比利时的布鲁塞尔大学的研究人员，Michiel Hermans，Piotr Antonik，Marc Haelterman，和Serge Massar在最近一期的物理评论快报发表了对自主学习硬件的文章。

“一方面，在过去的十年里人工智能一直在进步，如在图像识别中的惊人进展，和计算机第一次在围棋上击败了人类世界冠军，这样的进步很大程度上是基于误差反向传播算法的使用，”Antonik告诉Phys.org。“另一方面，有越来越多的兴趣，无论是学术界和行业（例如，由IBM和休利特帕卡德）在模拟脑启发计算为规避摩尔定律终结的一个可能途径。

 “我们的工作表明，反向传播算法可以在一定的条件下，使用相同的硬件来实现模拟计算，这可以提高这些硬件系统的性能。”

在过去的十年中，储备池计算是一种神经算法，是由大脑处理信息的方式而受到启发的。早期的研究表明，储备池计算可以解决复杂的计算任务，如语音和图像识别，并比传统的算法更有效。最近研究表明，在某些特定的光学实验中，储备池计算可以同数字式的软件一同使用。

在最近几年，科学家们已经表明，储层计算的性能可以提高，通过与被称为反向传播的另一种算法相结合。反向传播算法是人工智能的最新进展的核心，如今年早些时候，一台计算机在围棋上击败人类世界冠军。

反向传播的基本思想是，该系统执行成千上万的迭代计算，每一次减少一点点的错误，使计算值越来越接近最优值。最后，重复计算教会系统一种改进的计算方法来解决问题。

在2015年，研究人员进行了第一个证明概念的实验，在该算法中的反向传播算法结合储备池计算模式进行了一个简单任务的测试。

在这篇新文章中，研究人员已经证明，该算法可以执行三个更复杂的任务，超过了不使用反向传播算法的储备池计算系统的上限。本系统是基于一个光子的设置（特别是，延迟耦合的电光系统），其中的信息被编码作为光纤中光的强度的光脉冲。演示的关键是，物理上实现储备池计算机和反向传播算法在相同的光子设置中。

三项任务分别是进行语音识别任务（TIMIT），经常用来测试电脑的学术任务（NARMA10），和一个复杂的非线性任务（VARDEL5）这被认为是超出了传统储备池计算的上限。事实上，新的系统可以解决第三个任务就已经表明，自我训练的方法有着扩大神经形态系统计算范围的潜力。

 “我们正在努力扩大，实验储备池计算可以应用的尽可能多的问题范围，”Antonik说。“例如，我们写了一个手稿，表明它可以用来产生周期性的模式和模拟混沌系统。

虽然演示表明，新的方法对各种实验的还有着比较大的缺陷，目前的设置由于一些数据处理和数据传输的速度而被限制，这是研究人员在未来的工作中期望可以提高。

“我们的目标是提高实验速度，”Antonik说。“本实验是使用一个相当缓慢的系统，其中的神经元（内部变量）处理一个接着另一个。我们目前正在测试光子系统，其中的内部变量都被处理，同时我们称之为并行体系结构。这可以提高几个数量级的速度。在未来，我们可能会重新审视物理误差反向传播，但用在这些更快的并行的系统中。”

Organic & Polymer（有机高分子材料）

Researchers find order in a process previously assumed to be random
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Stanford mechanical engineer Sindy Tang found order in the seemingly random process of how droplets move through narrow spaces. Credit: Ella Maru

Scientific discoveries often arise from noticing the unexpected. Such was the case when Stanford researchers, studying a tiny device that has become increasingly important in disease diagnostics and drug discovery, observed the surprising way it funneled thousands of water droplets into an orderly single file, squeezing them drop by drop, out the tip of the device.

Instead of occurring randomly, the droplets followed a predictable pattern. These observations led graduate student Ya Gai and Sindy K. Y. Tang, an assistant professor of mechanical engineering, to deduce mathematical rules and understand why such rules exist. The work was published in the Proceedings of the National Academy of Sciences. It all started with an effort to design tiny devices called microfluidic chips, designed to automate and expedite biomedical research. In the past, lab experiments involved using a dropper to deposit biological specimens into a test tube for observation. But microfluidic devices work much more efficiently. About the size of a postage stamp, they are made of silicone containing many thin channels through which researchers can pump tiny amounts of fluids. The devices allow researchers to place a specimen into a droplet of water surrounded by a thin film of oil. That droplet becomes the test tube. The oily film keeps each droplet and specimen separate.

The microfluidic chips developed in the Tang Lab can create millions of these specimen-bearing droplets quickly. The steadily streaming droplets are ultimately funneled in single file past an instrument that peers at the specimen inside the droplet.

"While studying the flow physics of the droplets in the funnel, we observed that, contrary to our expectations, the droplets juggle past each other in a very orderly manner as they squeeze from the wide end to the narrow end of the funnel, which can fit only one drop at a time," Tang said.

The team saw packs of drops sliding against each other, something that is more typically seen in solid crystals. "That caused us to consider concepts from solid mechanics," Tang said. She invited Wei Cai, another mechanical engineer who studies how atoms move in crystals, to join the effort.

"Stanford Mechanical Engineering is a great place to be as the environment promotes collaborative efforts, in this case between microfluidics and solid mechanics," Tang said.

While water droplets are squishy and metals seem solid, if you zoom past what is visible, tiny droplets coated in oil bear some resemblance to metal atoms wrapped in electron clouds.

"They both occupy space," Cai said. "You can't put two atoms or two droplets in the same spot." The researchers found that when force is applied – such as when microfluidic pressure is used to force droplets through the funnel – they squeeze against each other and move according to the laws of mechanics.

When crystals are deformed, defects called dislocations form and move through the lattice to shuttle the atoms around. It turns out that the periodic pattern of droplets is the result of dislocation dynamics that also occur when crystalline solids are deformed.

"Beyond the immediate relevance to microfluidics, we believe our findings could one day be applied to forming nanocrystals into precise shapes," Tang said. Researchers do not yet have a way to exert the sort of steady pressure on metal atoms that microfluidic chips can do with oil-separated water droplets.

The corresponding process for metal forming is called extrusion – it's also what happens when we press the wide end of the toothpaste tube to deposit a dab on our brush. If technologists find a way that could extrude atoms through a nanoscale channel, one could imagine the atoms funneling along as do the water droplets in the microfluidic channel.

And if or when such nanoscale extrusion becomes possible with metallic atoms, this experiment suggests that it may be used to produce nanowires with diameter precision down to a single atom.

"We saw something puzzling, we asked the right questions and we learned something useful not just to the problem we are studying, but also to an entirely different field, in this case how one might go about manufacturing nanocrystals," Tang said.

研究人员发现程序的规则在以前被认为是随机的
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斯坦福机械工程师Sindy Tang 发现液滴穿过狭窄的空间看似是随机过程的规则。源自：Ella Maru

科学的发现常常来自于意想不到的但注意到过程。就好像斯坦福大学研究人员的例子，研究一个小装置，对于疾病诊断和药物发现越来越重要，观察到令人惊讶的有序方式：注入成千上万的水滴，一滴一滴地，挤出的尖端设备。

而不是随机发生，水滴遵循了一个可预测的模式。这是由研究生Ya Gai 和演绎数学规则和理解为什么有这样的规则的机械工程助理教授Sindy K. Y. Tang观察到的。这项工作发表在《美国国家科学院院刊》上。这一切都始于努力设计微型设备称为微流控芯片，设计自动化，加快生物医学研究的过程。在过去，实验涉及使用滴管来观察沉淀的生物标本。但微流控设备工作更有效率。就像邮票一样的大小，它们是由硅胶包含许多薄片通过研究者可以抽出微量的液体的通道。设备允许研究人员将标本放入水薄膜包围的滴油。液滴成为试管。油膜使每个液滴和标本分离。

Tang 实验室所开发的微流控芯片可以快速创建数以百万计的这些样本液滴。液滴平稳流动最终汇集到单一文件中，这是过去一种工具，与液滴内部的标本同时出现。

“虽然研究漏斗里的液滴流物理，我们观察到，与我们的预期相反，水滴以一个非常有序的方式通过漏斗由宽到窄的地方，在漏斗的这个地方，一次只适合一滴液滴通过。”Tang 说。

该研究团队看到液滴群相互滑动，这比在固体晶体中更常见到。”这让我们从固体力学考虑这一概念，”Tang 说。她邀请研究多原子晶体的另一个机械工程师Wei Cai，参与其中。

“斯坦福大学机械工程是一个进行环境促进协作的好地方，在这种情况下，可以很好地研究微流体和固体力学之间的关系，”Tang 说。

当水滴是黏糊的并且像金属固体，如果你将其放大，通过时是可见的，小油滴涂在包裹着电子云的金属原子上。

Cai 说“他们都占用空间。”“你不能把两个原子或两个水滴滴在同一个地方。”研究人员发现，当力量得到应用——如当使用微流体压力迫使液滴通过漏斗——它们会互相挤压，根据力学定律。

当晶体变形，这种缺陷叫做混乱形式并通过格子穿过原子层。事实证明，液滴的周期模式是位错动力学的结果也发生在结晶固体变形时。

“除了微流体的直接相关性，我们相信我们的发现可能有一天被应用到形成纳米晶体成精确的形成。”Tang 说。研究人员还没有办法发挥金属原子的稳定压力，微流控芯片可以处理水油分离的液滴滴。

相应的金属成形过程称为挤压——也会发生一些我们按牙膏管的宽端涂在我们牙刷上时的事。如果技术人员找到一个方法，可以通过纳米通道挤压原子，一个可以想象的原子就像水滴一样沿着微流体通道流动。

如果或当纳米挤压成为金属原子，这个实验表明，它可能被用来制造精确到单个原子的纳米线直径。

“我们看到了一些令人费解的事，我们找到正确的问题，我们不仅学到一些与我们研究相关的有用的东西，我们也可以学到一些完全不同的领域里的东西，在这种情况下，有人可能会学到如何制造纳米晶体。”Tang 说。

Physicists observe the alignment of water dipoles for the first time

Scientists from MIPT and several research teams working in Russia and other European countries have been the first to reliably realize and document the phenomenon of water molecular dipoles ordering by confining water molecules within nanocages in a beryl crystal. The results of their work have been published in Nature Communications.
In solid-state physics, the notion of ferroelectricity refers to the property of a material whose electric dipole moments, while cooling, align themselves in an ordered pattern. Because the water molecule is characterized by a very large dipole moment (approx. 1.9 D, where "D" stands for the debye, a unit of electric dipole moment), one would expect that in liquid water the molecular dipoles should strongly interact with each other and, consequently, align themselves in a certain manner, i.e., demonstrate ferroelectric behavior.

However, in liquid water, such ordering does not occur due to the molecules being located so closely that their interactions are dominated by the short-range hydrogen bonds, which suppress the long-range dipole-dipole forces.

The situation changes drastically when water molecules are forced to interact with foreign structures/surfaces or are confined within closed cavities of sufficiently small (nanoscale) dimensions. Under such conditions, the role of hydrogen bonds can be diminished by "redirecting" them to these additional interactions, so as to make the interactions between water dipoles come to the fore.
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The red arrow indicates the electric dipole moment. Credit: MIPT

The team of researchers devised a subtle and unexpected way of creating conditions when the dipole-dipole interactions between water molecules would be stronger than hydrogen bonding. They managed to confine individual H2O molecules in a network of nanosized cavities within the crystal structure of beryl, a mineral that is used as a gemstone—the most famous varieties being emerald and aquamarine. These cavities occur at regular intervals (facilitating mathematical analysis) and, most importantly, are spaced 5-10 Å (angstroms) apart, which means that the hydrogen bonds are negligible (effective interaction range 1-2 Å), while the dipole-dipole interactions (effective interaction range 10-100 Å) still have a significant effect.

Ferroelectric materials possess several characteristic properties, or "fingerprints," which enable experimenters to reliably detect dipolar ordering in a system. For instance, the dielectric permittivity of a ferroelectric is known to vary with temperature according to the Curie-Weiss law. Another example is the notion of the "soft mode," i.e., a special absorption resonance at infrared or terahertz frequencies, whose parameters have a specific dependence on the temperature. The researchers detected all these ferroelectric fingerprints in water "dissolved" in beryl.
"Our team has succeeded in placing water molecules under conditions allowing us to obtain the first-ever reliable observations of the alignment of molecular dipoles of water. As for possible practical applications, their scope could be fairly wide. It should be noted that the researchers now have the opportunity to study this phenomenon under the influence of various external factors—temperature, pressure, the ionic environment, etc., and thus advance our understanding of this phenomenon and its role in various systems, including living organisms," says Boris Gorshunov, the head of the Terahertz Spectroscopy Laboratory at MIPT.

The electric fields, which are generated by nanoconfined water, could play a vital role in various phenomena studied in biology, chemistry, geology, and meteorology, or even in the formation of the planets of our solar system.

In fact, many computer calculations and simulations do predict the alignment of water molecular dipoles, provided that hydrogen bonds are somehow "diverted" to target the artificially introduced surfaces or cavities such as carbon nanotubes or two-dimensional metal substrates. However, no firm experimental evidence has been obtained so far for the dipole-dipole ordering of water molecules, although numerous attempts have been made by researchers worldwide.

物理学家首次观察到水偶极子的排列情况

绿柱石晶体中，水分子的偶极子在纳米笼中通过围水分子有序排列，莫斯科物理技术学院的科学家和

在俄罗斯及其他欧洲国家工作的研究小组首次确切地确定并证实该现象。该项研究成果已发表在【自然通信】中。

有些材料的电偶极矩当冷却时会以有序的方式排列，在固态物理中，此概念被称为铁电性。因为水分

子具有非常大的偶极矩（约1.9 D，其中“D”代表德拜，电偶极矩的单位），那么必然地，液态水分子的偶极子应该有强烈的相互作用，从而自身以一种特定的方式排列，换句话说，即证明其铁电性能。

然而，在液态水分子中，因为水分子位置紧密，短程氢键在其相互作用中占主导地位，这会抑制远程偶极力，所以这样的排列情况并不会发生。

当水分子被迫与外部的结构/表面相互作用，或者被限制在足够小的（纳米级）尺寸的封闭腔中时，情

况便会截然不同。在这种情况下，通过将氢键“重定向”至这些额外相互作用，可以减少其强度，从而使水偶极子之间的相互作用相对增强。
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红色箭头表示电偶极矩。来源：莫斯科物理技术学院

该研究小组设计了一种精妙绝伦的方式为水分子间偶极相互作用强于氢键创造条件。有一种用作宝石

的矿物是绿柱石晶体结构，最著名的品种是祖母绿和海蓝宝石，他们设法在此种结构中将单个水分子围在纳米腔的网络内。这些空腔定期发生（便于数学分析），最重要的是，间隔5-10Å（埃），这意味着氢键可以忽略不计（有效作用范围1-2Å），而偶极间的相互作用（有效作用范围10-100Å）仍有显著影响。

铁电材料具有许多特性，或类似“指纹”，使实验者可靠地检测系统中的偶极排列顺序。例如，根据

Curie Weiss定律，我们都知道铁电体的介电常数随温度而变化。另一个例子是“软模”的概念，即，一种以红外或太赫兹频率的特殊吸收共振，其参数有一个特定的温度依赖性。研究人员发现这些绿柱石中的铁电指纹遇水“溶解”。

“我们的团队已经成功地将经过处理的水分子放置在能够观测其偶极子取向的绝佳条件下。至于可能

的实际应用，范围是相当广泛的。应该指出的是，研究者现在有机会在各种外部因素，如温度、压力、离子环境等影响下研究这一现象，从而促进我们对这一现象及其在各种系统中作用的认识，包括生物系统，”MIPT的太赫兹光谱实验室主任Boris Gorshunov说。

由奈米水产生的电场，在许多现象级的研究，比如生物学、化学、地质以及气象学中起到至关重要的

作用，甚至在太阳系的行星的形成中也占很大的比重。

事实上，许多计算机的计算和模拟确实能够预测水分子的偶极子的排布，只要氢键以某种方式“转移”

至人工引入的表面或腔内，如碳纳米管或二维金属基板。然而，虽然世界各地的研究人员已经进行了大量的尝试，至今还没有确切的实验证据证明水分子的偶极间的顺序。

E-Material（电子材料）

Future information technologies: New combinations of materials for producing magnetic monopoles
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X-PEEM images show the orientation of magnetic domains in the permalloy film overlaid on the superconducting dot (dashed square) before (left image) and after the write process (right image). In this sample the domains (arrows, right image) …more

The new materials system consists of regular arrays of superconducting YBaCuO-dots covered with an extremely thin permalloy film. A shortly applied external magnetic field leads to the creation of supercurrents within the superconducting dots. These currents produce a complex magnetic field pattern, which is inscribed into the permalloy film above. The results are published in Advanced Science.

Magnetic patterns such as monopoles or skyrmions (stable vortices) are promising options for fast and energy efficient data storage. However obtaining and manipulating such magnetic structures is not easy. Now, Dr. Sergio Valencia and his colleagues at HZB, in collaboration with the materials science institute of Barcelona, have discovered an interesting new materials system which could do the trick. The samples consisted of regular arrays of superconducting YBaCuO-dots, approximately 20 micrometer in diameter and coming in different geometries. Valencia and his team covered these microstructures with an extremely thin film of ferromagnetic iron-nickel-alloy, a so called permalloy.

Complex magnetic patterns

The experiments were done at low temperatures (50 K), allowing the YBaCuO-dots to be superconducting. To change the magnetic domains inside the permalloy, an external magnetic field, perpendicular to the sample plane, was shortly applied. This external field, not enough to reorient the magnetic domains of permalloy, lead to the creation of a so-called supercurrent within the superconducting dots. Such superconducting currents do persist even after the removal of the external magnetic field and produce themselves a complex magnetic field pattern.

Mapping at BESSY II

It is this magnetic pattern, which does rearrange the magnetic domains of the permalloy film on top. It was possible, to reorient all domains pointing toward or away from a common centre, similar to magnetic monopoles. Valencia and his colleagues were able to map the magnetic domains of the permalloy by means of X-ray photoelectron emissions microscopy (X-PEEM and XMCD) at BESSY II.

Monopoles and skyrmions

Computer simulations reaffirm how such magnetic patterns are created in the permalloy film via the interaction with the superconducting dots. Choosing different geometries and arrangements of dots can produce and control a multitude of exotic magnetic patterns similar to monopoles as well as skyrmions, a type of stable vortex. "I am quite optimistic that it is possible to miniaturise such patterns to facilitate their implementation in magnetic memories, for example. What is more, we even have some ideas on how to stabilise such magnetic structures at room temperature", Valencia says.

未来的信息技术：用于制造磁单极子材料的新组合
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X-PEEM图像显示坡莫合金薄膜中在写入过程之前（左图）和之后（右图）的覆盖超导点（虚线正方

形）磁域的方向。在这个示例中，这块区域（箭头，右图）…更多

新材料系统由规则排列的覆盖着一层极薄的坡莫合金薄膜的超导钇钡铜氧点构成。之后立刻施加的外

加磁场会导致超导点内超电流的产生，这些电流将在坡莫合金薄膜上带来复杂的磁场分布。研究结果发表

在【尖端科学】期刊上。

 如单极或斯格明子（稳定旋涡）这样的磁相，是快速和高效节能的数据存储的理想选择。然而，获得

和操纵这样的磁结构是很困难的。现在，亥姆霍兹学会的Sergio Valencia博士和他的同事们在与巴塞罗那

的材料科学研究所合作，发现了一个能胜任这项工作的新型材料系统。样本由规则排列的超导钇钡铜氧点

构成，直径约20微米，呈现不同的几何形状。Valencia和他的团队用非常薄的磁性铁镍合金膜，即所谓的

坡莫合金，来覆盖这些微观结构。

复杂的磁相

实验在低温下（50 K）进行，此时，钇钡铜氧点呈现超导性。为改变坡莫合金内的磁畴，垂直于样品

平面的外磁场中立即被施加。外加磁场不足以调整合金的磁畴，就导致了超导点内所谓的超电流的产生。

即使除去外部磁场，这样的超导电流也将持续，并产生一个复杂的磁相。

BESSY II映射

正是这种磁相导致了坡莫合金薄膜顶部的磁畴重新排布。让所有的磁畴指向或远离一个共同的中心，

类似于磁单极子，是有可能性的。Valencia和他的同事们能够通过X射线光电子发射显微镜（X-PEEM和

XMCD），在BESSY II监测到坡莫合金的磁畴结构。

磁单极子和斯格明子

在坡莫合金膜中，计算机模拟可以再次确认这样的磁相是如何通过与超导点的相互作用而建立的。选

择不同的几何形状和排列状态的点，能够产生并控制大量不同的磁相，类似于磁单极子以及斯格明子，一种稳定的旋涡。“我很乐观的认为，将这种磁相小型化，例如达到便于在磁存储器实现操控的目的是可以达到的。更甚的是，我们也在考虑如何在室温下稳定这样的磁性结构。”Valencia表示。

Ultra-thin ferroelectric material for next-generation electronics
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Integrated intensity of YHO-7 110 diffraction peak as a function of temperature. Credit: Tokyo Institute of Technology

Scientists at Tokyo Institute of Technology have demonstrated the potential of a new, thin-film ferroelectric material that could improve the performance of next-generation sensors and semi-conductors.

'Ferroelectric' materials can switch between different states of electrical polarization in response to an external electric field. This flexibility means they show promise for many applications, for example in electronic devices and computer memory. Current ferroelectric materials are highly valued for their thermal and chemical stability and rapid electro-mechanical responses, but creating a material that is scalable down to the tiny sizes needed for technologies like silicon-based semiconductors (Si-based CMOS) has proven challenging.

Now, Hiroshi Funakubo and co-workers at the Tokyo Institute of Technology, in collaboration with researchers across Japan, have conducted experiments to determine the ferroelectric properties of an inorganic compound called hafnium oxide (HfO2) for the first time. Crucially, the crystal structure of HfO2 allows it to be deposited in ultra-thin films, meaning it may prove invaluable for next-generation technologies.

Ferroelectric properties stem from the shape and structure of the crystal used. The team knew that an 'orthorhombic' crystal of HfO2 would likely exhibit ferroelectricity. Funakubo's team wanted to pinpoint the material's spontaneous polarization and the Curie temperature (the point above which a material stops being ferroelectric due crystal re-structuring). To do this, they needed to grow a carefully-ordered crystal on a substrate, a process known as epitaxy, which would give them well-defined data on an atomic scale.

The researchers found that one particular epitaxial film, labelled YHO-7, exhibited ferroelectricity with a spontaneous polarization of 45µC/cm and a Curie temperature of 450 °C (see image). The experimental results confirm earlier predictions using first principle calculations.

From a scientific and industrial point of view, a Curie temperature of 450 °C is of great interest, because it means the material could fulfil functions for future technologies. In contrast to many existing ferroelectric materials, the new thin-film exhibits compatibility with Si-based CMOS and is robust in miniature forms.

Ferroelectric materials

Ferroelectric materials differ from other materials because their polarization can be reversed by an external electric field being applied in the opposite direction to the existing polarization. This property stems from the materials' specific crystal structure. Ferroelectric materials are highly valuable for next-generation electronics. While a number of ferroelectric materials are known to science and are already used in different applications, their crystal structure does not allow them to be scaled down to a small enough, ultra-thin film for use in miniaturized devices.

The material used by Funakubo and co-workers, hafnium oxide (HfO2), had previously been predicted to exhibit ferroelectric properties through first principle calculations. However, no research team had confirmed and examined these predictions through experiments. Funakubo's team decided to measure the properties of the material when it was deposited in thin-film crystal form onto a substrate. The precise nature of the crystal structure enabled the researchers to pinpoint the material's properties in full for the first time.

Their discovery of a particular epitaxial thin-film crystal of HfO2 that exhibits ferroelectricity below 450 °C will be of great significance in the field.

Implications of the current study

Funakubo's team are hopeful that their new thin film ferroelectric material will have applications in novel random-access memory and transistors, along with quantum computing. Their material is also the first ferroelectric material compatible with silicon-based semiconductors (Si-based CMOS).

用于下一代电子产品的超薄铁电材料
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YHO-7 110衍射峰的积分强度是温度的函数。

来源：东京工业大学

东京工业大学的科学家们发现并提出了一种新的薄膜铁电材料的潜力，这种材料可以提高下一代传感

器和半导体器件的性能。

在外部电场的作用下，铁电材料可以在不同的电极化状态之间切换。这种灵活性意味着该材料可以有

许多种应用，例如电子设备和计算机内存。目前铁电材料以其高度的化学稳定性和热稳定性，以及快速的

电响应而被看重，但研制出一种像硅基半导体技术（硅基CMOS）所需要的小尺寸材料还是具有挑战性的。

现在，Hiroshi Funakubo和东京工业大学的同事，在与日本的研究人员合作，进行了测定名为氧化铪

（HfO2）的无机化合物的铁电性能的首次实验。最重要的是，HfO2的晶体结构使其能够存放在超薄薄膜

中，这意味着它对于下一代的技术是意义非凡的。

铁电性源于所使用晶体的形状和结构。研究团队已经发现HfO2的“斜方”晶体可能具有铁电薄膜。

Funakubo的团队想查明这种材料的自发极化和居里温度（由于晶体结构重组而达到的使材料失去铁电性的临界点）。要做到这一点，他们需要在一个衬底上培养一种极为有序的晶体，这一过程也比称为外延，将为他们在原子尺度上提供良好定义的数据。

研究人员发现，一种特定的外延膜，标记为YHO-7，具有45µC /cm的自发极化和450°C的居里温

度的铁电性（见图片）。实验结果证实了采用第一原理计算的早期预测。

从科学和工业的角度来看，居里温度为450°C是很有研究价值的，因为它意味着这种材料可以满足未来技术的功能。相反，许多现有的铁电材料，新的薄膜具有与硅基CMOS的兼容性，并且在微观上很坚固。

铁电材料

铁电材料与其他材料不同之处在于：它们的极化可以相反的方向上的一个外部电场施加到现有的偏振

上。此属性源于该材料特殊的晶体结构。铁电材料对下一代电子产品是非常有价值的。虽然一些铁电材料

已经广为科学界所了解，并已应用于不同领域，但它们的晶体结构不允许它们被缩小成一个足够在小型化设备中使用的超薄薄膜。

Funakubo和同事使用的材料，氧化铪（HfO2），之前曾通过第一原理计算，被预测具有铁电性能。然而，没有研究小组能够证实或通过实验研究这些预测。Funakubo的团队决定当该材料在衬底上沉积成一层薄膜晶型来测量其性质。这种晶体结构的确切性质使得研究人员能够首次精确地确定材料的性能。

他们对这种特定的，在450℃以下具有铁电性的外延HfO2晶体薄膜的发现，将在该领域具有重大意

义。

当前研究的启示

Funakubo的团队抱有这样的希望：他们的新薄膜铁电材料将在新的随机存取存储器和晶体管中配合量子计算被应用。他们的材料也是第一种与硅基半导体（硅基CMOS）兼容的铁电材料。
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