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Tech News & New Tech（技术前沿）

Physicists demonstrate existence of new subatomic structure

Iowa State University researchers have helped demonstrate the existence of a subatomic structure once thought unlikely to exist.
James Vary, a professor of physics and astronomy, and Andrey Shirokov, a visiting scientist, together with an international team, used sophisticated supercomputer simulations to show the quasi-stable existence of a tetraneutron, a structure comprised of four neutrons (subatomic particles with no charge).
The new finding was published in Physical Review Letters, a publication of the American Physical Society, on October 28.
On their own, neutrons are very unstable and will convert into protons—positively charged subatomic particles—after ten minutes. Groups of two or three neutrons do not form a stable structure, but the new simulations in this research demonstrate that four neutrons together can form a resonance, a structure stable for a period of time before decaying.
For the tetraneutron, this lifetime is only 5×10^(-22) seconds (a tiny fraction of a billionth of a nanosecond). Though this time seems very short, it is long enough to study, and provides a new avenue for exploring the strong forces between neutrons.
"This opens up a whole new line of research," Vary said. "Studying the tetraneutron will help us understand interneutron forces including previously unexplored features of the unstable two-neutron and three-neutron systems."
The advanced simulations demonstrating the tetraneutron corroborate the first observational evidence of the tetraneutron earlier this year in an experiment performed at the RIKEN Radioactive Ion Beam Factory (RIBF), in Saitama, Japan. The tetraneutron structure has been sought for 40 years with little evidence supporting its existence, until now. The properties predicted by the calculations in the simulations were consistent with the observed properties from the experiment in Japan.
The research in Japan used a beam of Helium-8, Helium with 4 extra neutrons, colliding with a regular Helium-4 atom. The collision breaks up the Helium-8 into another Helium-4 and a tetraneutron in its brief resonance state, before it, too, breaks apart, forming four lone neutrons.
"We know that additional experiments with state-of-the-art facilities are in preparation with the goal to get precise characteristics of the tetraneutron," Vary said. "We are providing our state-of-the-art predictions to help guide these experiments."
The existence of the tetraneutron, once confirmed and refined, will add an interesting new entry and gap to the chart of nuclides, a graph representing all known nuclei and their isotopes, or nuclei with a different number of neutrons. Similar to the periodic table, which organizes the chemical behavior of elements, the nuclide chart represents the radioactive behavior of elements and their isotopes. While most nuclei add or subtract neutrons one at a time, this research shows that a neutron itself will have a gap between a single neutron and a tetraneutron.
The only other known neutron structure is a neutron star, small but dense stars thought to be made almost entirely of neutrons. These stars may be only about seven miles in radius but have a mass similar to that of our sun. Neutron stars have neutrons on the order 10^57. Further research may explore if there are other numbers of neutrons that form a stable resonance along the path to reaching the size of a neutron star.

物理学家展示了新的亚原子结构的存在
爱荷华州立大学的研究人员已经证实了曾被认为不可能存在的亚原子结构的存在。
天文学和物理学教授James Vary和访问科学家Andrey Shirokov以及一个国际小组利用尖端的超级计算机模拟显示出teraneutron——一个由四个中子（不带电荷的亚原子粒子）组成的结构——似稳定的存在。
这项新的研究发现于10月28日发表于美国物理学会的期刊《物理评论快报》。
就本身而言，中子是非常不稳定的，并且将在十分钟之后转化成质子——带正电荷的亚原子粒子。两个或三个中子为一组是不能形成稳定的结构的，但是这项研究中新的模拟表明，四个中子在一起能够形成一个共振，一个在衰败之前能够维持一段时间稳定的结构。
对于tetraneutron，时长仅为5×10^(-22)秒（一秒的十亿分之一的一小部分）。尽管这个时间看起来似乎很短，但足以进行研究，并且为探索中子之间的强大力量提供了新的途径。
 “这开辟了一个全新的研究路线，”Vary称。“研究teraneutron将帮助我们了解中子内部的力量，包括之前不稳定的两个及三个中子系统未研究的特性。”
于今年初在一次实验中展示出tetraneutron的观测证据tetraneutron理论的先进模拟是在日本埼玉县riken放射性离子束工厂（RIBF）进行的。到目前为止，研究人员在四十年来一直寻找tetraneutron结构，但是没有任何证据表明其存在。通过模拟计算预测的性能与日本实验中所观察到的属性是一致的。
日本的研究工作利用一种氦-8束，额外具有四个中子的氦，与常规的氦-4原子进行碰撞。该碰撞将氦-8分解为另一个氦-4以及一个具有短暂共振状态的Tetraneutron，同样也是在其分解形成四个单独的中子之前。
 “我们知道，其他具有国家最先进设备的实验正准备获得tetraneutron的精准特性，”Vary称。“我们将提供我们最先进的预测，来帮助引导这些实验。”
Teraneutron的存在一旦得到确认和细化，将为核素图增加一个有趣的新入口和空缺，核素图是一种展示所有已知的原子核及其同位素或具有不同中子数量的核的图表。与组织元素的化学行为的元素周期表类似，核素图展示了元素及其同位素的放射性行为。虽然大多数核每次只能增加或减少一个中子，但是该研究表明，中子本身将在单个中子和tetraneutron之间存在一个间隙。
唯一已知的另一个中子结构是中子星，几乎完全由中子构成的小但密致的星状物。这些星状物的半径可能只有七英里左右，但是却拥有类似于太阳的质量。中子星拥有10^57顺序的中子。如果出现了另一个沿着达到中子星尺寸的路线形成一个稳定共振的其他数量的中子，那么还需要进一步研究探索。
CERN experiment improves precision of antiproton mass measurement with new innovative cooling technique

In a paper published today in the journal Science, the ASACUSA experiment at CERN reported new precision measurement of the mass of the antiproton relative to that of the electron. This result is based on spectroscopic measurements with about 2 billion antiprotonic helium atoms cooled to extremely cold temperatures of 1.5 to 1.7 degrees above absolute zero. In antiprotonic helium atoms an antiproton takes the place of one of the electrons that would normally be orbiting the nucleus. Such measurements provide a unique tool for comparing with high precision the mass of an antimatter particle with its matter counterpart. The two should be strictly identical.
"A pretty large number of atoms containing antiprotons were cooled below minus 271 degrees Celsius. It's kind of surprising that a 'half-antimatter' atom can be made so cold by simply placing it in a refrigerated gas of normal helium," said Masaki Hori, group leader at the ASACUSA collaboration.
Matter and antimatter particles are always produced as a pair in particle collisions. Particles and antiparticles have the same mass and opposite electric charge. The positively charged positron, for example, is an anti-electron, the antiparticle of the negatively charged electron. Positrons have been observed since the 1930s, both in natural collisions from cosmic rays and in particle accelerators. They are used today in hospital in PET scanners. However, studying antimatter particles with high-precision remains a challenge because when matter and antimatter come into contact, they annihilate – disappearing in a flash of energy.
CERN's Antiproton Decelerator is a unique facility delivering low-energy antiproton beams to experiments for antimatter studies. In order to make measurements with these antiprotons, several experiments trap them for long periods using magnetic devices. ASACUSA's approach is different as the experiment is able to create very special hybrid atoms made of a mix of matter and antimatter: these are the antiprotonic helium atoms composed of an antiproton and an electron orbiting a helium nucleus. They are made by mixing antiprotons with helium gas. In this mixture, about 3% of the antiprotons replace one of the two electrons of the helium atom. In antiprotonic helium, the antiproton is in orbit around the helium nucleus, and protected by the electron cloud that surrounds the whole atom, making antiprotonic helium stable enough for precision measurements.
Latest precision measurement of the mass of the proton and the anti proton though the production of antiprotonic helium by the ASACUSA experiment at CERN's antimatter factory, with a beam from the Antiproton Decelerator 00:03:41.480 / 02 November 2016. Credit: CERN (License: Julien Ordan)
The measurement of the antiproton's mass is done by spectroscopy, by shining a laser beam onto the antiprotonic helium. Tuning the laser to the right frequency causes the antiprotons to make a quantum jump within the atoms. From this frequency the antiproton mass relative to the electron mass can be calculated. This method has been successfully used before by the ASACUSA collaboration to measure with high accuracy the antiproton's mass. However, the microscopic motion of the antiprotonic helium atoms introduced a significant source of uncertainty in previous measurements.
The major new achievement of the collaboration, as reported in Science, is that ASACUSA has now managed to cool down the antiprotonic helium atoms to temperatures close to absolute zero by suspending them in a very cold helium buffer-gas. In this way, the microscopic motion of the atoms is reduced, enhancing the precision of the frequency measurement. The measurement of the transition frequency has been improved by a factor of 1.4 to 10 compared with previous experiments. Experiments were conducted from 2010 to 2014, with about 2 billion atoms, corresponding to roughly 17 femtograms of antiprotonic helium.
According to standard theories, protons and antiprotons are expected to have exactly the same mass. To date, no difference has been found between their masses, but pushing the precision limits of this comparison is a very important test of key theoretical principles such as the CPT symmetry. CPT is a consequence of basic symmetries of space-time, such as its isotropy in all directions. The observation of even a minute breaking of CPT would call for a review of our assumptions about the nature and properties of space-time.
The ASACUSA collaboration is confident that it will be able to further improve the precision of antiproton's mass by using two laser beams. In the near future, the start of the ELENA facility at CERN will also allow the precision of such measurements to be improved.

欧洲核子研究中心的实验通过新的创新型冷却技术提高了反质子质量测量的精度
在一篇于今日发表于《科学》杂志的论文中，CERN的ASACUSA实验报告了新型相对于电子质量的反质子质量的精密测量方法。这个结果建立将具有大约20亿反质子氦原子冷却到高于绝对零度1.5-1.7度的极冷温度下的光谱测量方法的基础之上。在一个反质子氦原子中，取代一个电子的反质子可能通常会围绕着原子核旋转。这样的测量方法为通过其物质对应比较反物质粒子的质量的高精准度提供了一个独特的工具。这两个方面都应该严格一致。
 “大量含有反质子的原子被冷却至零下271摄氏度。在如此冷的情况下能够通过将其放置在冷藏的正常氦气之中而产生‘半反物质’原子是令人惊讶的，”ASACUSA合作的组织领导人Masaki Hori称。
物质和反物质粒子在粒子碰撞中总是作为一对而产生。粒子和反粒子具有相同的质量以及相反的电荷。例如，带正电荷的正电子是一个反电子，是带负电荷电子的反粒子。自20世纪30年代以来就已经观测到了正电子，无论是在宇宙射线的自然碰撞中还是在粒子加速器中。它们在今天用于医院的PET扫描仪。然而，通过高精度研究反物质粒子仍然是一个挑战，因为当物质和反物质接触时，它们会消失——在能量的一瞬间消失。
CERN的Antiproton Decelerator是一个独特的设施，为反物质研究实验提供低能反质子束。为了利用这些反质子进行测量，一些实验利用磁性器件在很长一段时间内将它们困住。ASACUSA的方法不同，因为该实验能够创造一个由物质和反物质混合物构成的非常特殊的混合原子：它们是由一个质子和一个围绕着氦核旋转的电子构成的反质子氦原子。它们是通过将反质子与氦气体混合制成的。在这个混合物中，大约3%的反质子取代了氦原子两个电子中的一个。在反质子氦中，反质子围绕着原子核轨道旋转，并且受到由整个原子包围住的电子云的保护，从而令反质子氦足以稳定到进行精密测量。
质子和反质子质量最新的精确测量，尽管反质子氦是由CERN反物质工厂的ASACUSA实验通过Antiproton Decelerator的光束制成的，00:03:41.480 / 2016年11月2日。图片：CERN（授权：Julien Orden）
反质子质量的测量是通过光谱进行的，通过将激光束照射到反质子氦上来实现的。调整该激光到正确的频率能够导致反质子在原子内产生量子跃迁。通过这种频率，相对于电子质量的反质子质量能够得到计算。这种方法在ASACUSA合作之前成功地被用于测量高精度反质子质量。然而，反质子氦原子的微观运动在之前的测量中引入了一个明显的不确定性来源。
合作的主要新成就，正如在《科学》杂志中所报道的，是ASACUSA目前设法通过将反质子氦原子悬浮在一个非常冷的氦缓冲气体中来冷却它们，令它们达到接近于绝对零度的温度。以这种方法，原子的微观运动得到了减少，加强了频率测量的精度。过渡频率的测量与之前的实验相比已经通过一个1.4-10的因子得到了改善。这些实验是在2010-2014年间进行的，涉及了约20亿个原子，对应于大约17毫微微克的反质子氦。
根据标准理论，质子和反质子预计具有完全相同的数量。到目前为止，并没有发现它们的质量有什么差异，但是推进这种比较的精度限制对于关键的理论原则而言是一个非常重要的测试，例如CPT对称。CPT是一个时空基本对称的结果，例如其在所有方向上的无向性。即使是CPT一分钟断裂的观察都将呼吁审查我们有关时空性质和性能的假设。
ASACUSA合作有信心，能够通过利用两束激光进一步提高反质子质量的精度。在不久的将来，CERN的ELENA工厂的开启也将令这种测量方法的精度得到提升。
TUM and JGU activate new source of ultra-cold neutrons

Researchers from the Technical University of Munich (TUM) and Johannes Gutenberg University Mainz (JGU) have opened a new chapter in their long-standing collaboration concerning the generation of ultra-cold neutrons (UCN). A second source of ultra-cold neutrons has recently been installed at the TRIGA research reactor in Mainz. In initial tests, this source has been delivering excellent results. Neutrons are the neutral particles that form part of the atomic nucleus. In unbound form, as so-called free neutrons, they are unstable and decay rapidly. Experiments with ultra-cold neutrons are of special relevance for fundamental research in physics, particularly in the fields of cosmology and particle physics. For this purpose, free neutrons are cooled to very low temperatures, slowing down their movement to a level where they can be stored in special containers.
The first source of ultra-cold neutrons was established in Mainz in 2006 in a joint project with TUM. Based on the experience gained with this system, an optimized source was installed on beam tube D of the TRIGA reactor in Mainz within the context of the Cluster of Excellence "Precision Physics, Fundamental Interactions and Structure of Matter" (PRISMA). This source is also made available to external users and is utilized for such tasks as measuring the half-life of a free neutron. This source is mainly employed in pulse mode operation.
Last winter, scientists from Munich and Mainz installed a second neutron source on beam tube C. The components were built at TUM, then transported to Mainz, and installed within seven days. "We have learnt quite a lot in the last few years and have reconstructed the ion source on beam tube C to improve it," said Dr. Andreas Frei of the Research Neutron Source Heinz Maier-Leibnitz (FRM II) at TUM, who has been participating in the project since the early days in 2006.
The Munich scientists are using the results of the tests and experience gained with the system in Mainz to design a high-efficiency source to be installed at the FRM II in Garching operating at 20 megawatt reactor power. "We are testing individual components here and will use the data collected to develop materials for our future source facility," explained Professor Stephan Paul of TUM. The planned facility will be used to investigate fundamental aspects of the properties of the neutron.
"Our new UCN source is supplying outstanding results, and along with our colleagues from TUM we are very pleased that the installation was completed in such a short time," added Professor Tobias Reich of Johannes Gutenberg University Mainz. "We expect in future to obtain new insights into ways in which we can further upgrade such a source of ultra-cold neutrons." Access to the device on beam tube C will also be provided to other research teams in coming years. The source generates ultra-cold as well as cold neutrons, which can be used, for example, for structural investigations.

TUM和JGU激活新的超冷中子源

慕尼黑工业大学（TUM）和约翰内斯·古登堡美因兹大学（JGU）的研究人员已经在他们有关超冷中子（UCN）的产生的长期合作中开辟了新的篇章。超冷中子的第二大资源最近已经被安置在美因兹的TRICA研究反应堆上。在最初的测试中，这种资源一直都提供了优异的结果。中子是形成原子核一部分的中性粒子。在松散的形式下，正如所谓的自由中子，它们是不稳定并且迅速衰减的。通过超冷中子进行实验对于物理学的基础研究具有特殊意义，特别是宇宙学和粒子物理学领域。为此，自由中子会被冷却到非常低的温度下，减缓了它们的运动水平，令它们能够储存于特殊的容器。

超冷中子的第一大资源于2006年通过与TUM的联合项目在美因兹建立的。根据通过该系统获得的经验，一个优化的资源将在卓越的“精密物理学、基础相互作用和物质结构”（PRISMA）的集群环境中被安置在美因兹TRIGA反应堆的束管D上。该资源也可以用于外部使用者，并且为测量中子半衰期等此类任务所利用。这种资源主要用于脉冲模式操作。

去年冬天，慕尼黑和美因兹的科学家在束管C上安置了一个第二大中子源。该成分是在TUM建造的，然后运到美因兹，并且在七天内完成安装。“我们在过去几年已经了解了许多知识，并且已经重建了束管C上的离子源，用于改善它，”TUM研究中子源Heinz Majer-Leibnitz（FRM II）的Andreas Frei博士称，他自2006年初以来一直参与该项目。

慕尼黑科学家将使用测试结果以及通过该系统在美因兹获得的经验设计一个高效率的资源，安置在于加尔以20兆瓦反应堆能量 运行的FRM II上。“我们将在此测试单个组件，并且将利用收集的数据为我们未来 的资源设备开发材料，”TUM的Stephen Paul教授解释称。该计划中的设施将被用于调查中子属性的基本层面。

 “我们新的UCN资源将提供卓越的成果，并且通过与我们TUM的同事合作，我们很高兴此次安装能够在这么短的时间内完成，”约翰内斯·古登堡美因兹大学的Tobias Reich教授补充称。“我们希望在未来对于我们能够进一步更新这类超令中子源的方式获得新的见解。”其他研究小组也能够在未来几年获得束管C上的该设备。该资源产生了超冷以及冷中子，它们可以用来，例如进行结构调查。

Metal Alloy（金属合金）

Towards better metallic glasses

Researchers from the University of Bristol have used state-of-the-art computer simulation to test a theory from the 1950s that when atoms organise themselves into 3D pentagons they supress crystallisation.
The theory by renowned Bristol physicist, Sir Charles Frank, has been a cornerstone of metallic glass development ever since from high-tech aerospace materials to the covers of our mobile phones.
But until now, the mechanism by which these 3D pentagons could stop the formation of crystal nuclei has been unknown. Metallic glasses have the potential to revolutionise many commercial applications - they have many of the advantageous properties of conventional metals but are much tougher and harder.
This is because the systems are disordered - the atoms are frozen into a complex, tangled structure.
This is unlike conventional metals which naturally form well-arranged ordered structures, called crystals.
The faults in crystals are what cause the material to break when it is stressed, and so metallic glasses can be far stronger - they have no faults between crystal grains.
Dr Patrick Royall from the School of Chemistry, who led this research with colleague Dr Jade Taffs, said: "In order to manufacture these amorphous materials we need to find a way to stop them from forming crystals.
"This is challenging - decades of research have resulted in a largest sample just 7cm in size. The key question - what is the most effective way of stopping crystallisation, remains unsolved."
Now, using computer simulation, Drs Taffs and Royall have uncovered the mechanism by which fivefold symmetry (3D pentagons) in liquids inhibits crystallisation.
Dr Taffs said: "When a crystal is in contact with its liquid, the atoms at the surface of each phase cannot satisfy their bonding constraints: they are "neither liquid nor solid".
"This means the material must pay energy due to the lack of satisfied bonds at the interface between crystal and liquid, and this surface energy is much higher in the case of liquids with fivefold symmetry."
Dr Royall added: "Liquids crystallise through the spontaneous creation of small crystals, and this process is extremely dependent on the size of the surface energy of the crystals.
"Because the surface energy is higher when the liquid has fivefold symmetry, nuclei form at a much lower rate. Identifying the mechanism by which crystallisation may be suppressed is an important step in the development of metallic glasses, and may open the door to using metallic glass in applications from vehicles to spacecraft."

提供更优质的金属玻璃  

布里斯托大学的研究人员利用最先进的计算机模拟对19世纪50年代原子自己形成三维五边形抑制晶体的理论进行了测试。

大到高科技航天材料，小到手机外壳，布里斯托理论物理学家Charles Frank先生提出的理论一直都是金属玻璃发展的基石。

但是通过三维五边形抑制晶体核形成这一机制直到现在都是未知的。金属玻璃有可能彻底改变许多商业应用程序——他们有很多传统金属的优点，而且强硬的多。

这是因为系统是无序的——原子会被冷冻成一种非常非常复杂的结构。

这不像传统的金属可以自然形成有序排列的结构，即我们常说的晶体。

晶体的断层导致金属受到重物压迫时被破坏，但是金属玻璃没有晶体颗粒之间的断层，因此他们更加强硬。

与Jade Taffs博士一起领导这项研究的化学学院Patrick Royall教授说：“为了制造这些非晶体材料，我们需要找到一种阻止他们形成晶体的方法。”

“这是个挑战——数十年的实验中最大的样本仅仅7厘米。关键是——阻止金属结晶最有效的方法，但仍然没有答案。”

现在，Taffs博士和Royall博士利用计算机模拟，在液体抑制结晶实验中发现了五重对称（三维五边形）。

Taffs博士：“当晶体和液体接触时，原子每个阶段的表面不能满足他们的粘结约束：他们不是固体就是液体。”

“这意味着由于缺乏满足晶体和液体之间的结合金属必须为其提供能量，这种表面能比在液体和五重对称性要高很多。”

Royall博士补充道，“液体经过小晶体的自发创造进行结晶，而且整个过程依赖于晶体表面能的大小。”

“因为在液体有五重对称性且原子核低速形成的时候，表面能更高。确定结晶能被抑制是金属玻璃发展史上重要的一步，而且为汽车到宇宙飞船的应用中使用金属玻璃打开了大门。”

Composite Materials（复合材料）

Metamaterial device allows chameleon-like behavior in the infrared
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Infrared image of metadevice composed of vanadium dioxide with gold patterned mesh.  (Top) Device without any electric current showing the PSU cut from the pattern and reflective. (Middle) Device with 2.03 amps of current.  The PSU and …more
An electric current will not only heat a hybrid metamaterial, but will also trigger it to change state and fade into the background like a chameleon in what may be the proof-of-concept of the first controllable metamaterial device, or metadevice, according to a team of engineers.
"Previous metamaterials work focused mainly on cloaking objects so they were invisible in the radio frequency or other specific frequencies," said Douglas H. Werner, John L. and Genevieve H. McCain Chair Professor of electrical engineering, Penn State. "Here we are not trying to make something disappear, but to make it blend in with the background like a chameleon and we are working in optical wavelengths, specifically in the infrared."
Metamaterials are synthetic, composite materials that possess qualities not seen in natural materials. These composites derive their functionality by their internal structure rather than by their chemical composition. Existing metamaterials have unusual electromagnetic or acoustic properties. Metadevices take metamaterials and do something of interest or value as any device does.
"The key to this metamaterial and metadevice is vanadium dioxide, a phase change crystal with a phase transition that is triggered by temperatures created by an electric current," said Lei Kang, research associate in electrical engineering, Penn State.
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Scanning electron microscope image of gold patterned mesh used in metadevice.(A)is the top portion of the U cutout. (B) is a magnified look at the mesh from the same area. Credit: Douglas Werner / Penn State
The metamaterial is composed of a base layer of gold thick enough so that light cannot pass through it. A thin layer of aluminum dioxide separates the gold from the active vanadium dioxide layer. Another layer of aluminum dioxide separates the vanadium from a gold-patterned layer that is attached to an external electric source. The geometry of the patterned mesh screen controls the functional wavelength range. The amount of current flowing through the device controls the Joule heating effect, the heating due to resistance.
"The proposed metadevice integrated with novel transition materials represents a major step forward by providing a universal approach to creating self-sufficient and highly versatile nanophotonic systems," the researchers said in today's (Oct. 27) issue of Nature Communications.
As a proof of concept, the researchers created a .035 inch by .02 inch device and cut the letters PSU into the gold mesh layer so the vanadium dioxide showed through. The researchers photographed the device using an infrared camera at 2.67 microns. Without any current flowing through the device, the PSU stands out as highly reflective. With a current of 2.03 amps, the PSU fades into the background and becomes invisible, while at 2.20 amps, the PSU is clearly visible but the background has become highly reflective.
The response of the vanadium dioxide is tunable by altering the current flowing through the device. According to the researchers, vanadium dioxide can change state very rapidly and it is the device configuration that limits the tuning.

超材料装置将在红外下也实现“变色”

[image: image3.jpg]—
O
E

UiL97 @ WILMON ¥ E0'Z= udLN) V0Z'Z = uaLmn)




虚拟磁盘的红外图像由带金色图案的二氧化钒构成。没有任何电流显示电源的（上）设备被从模式和反射

装备上切断。（中间）有2.03安的电流装置。 PSU和更多。。。。。。

根据工程师团队，电流不仅将混合材料加热，还会触发它改变状态淡出背景，就像变色龙那样，这可能是第一个可控材料设备或虚拟磁盘的概念证明。

“以前的材料主要集中在隐形物体上，因此，他们在无线电频率或者其他特定的频率上都是不可见的，”Douglas H. Werner、John L. 和宾夕法尼亚州立大学电气工程教授Genevieve H. McCain说。“我们并不是试图让东西消失，而是使它像变色龙那样融入背景，而且我们正在致力于研究光波长，尤其是在红外下。” 

超材料是人工合成的复合型材料，而天然材料则不具有这些品质。这些复合材料的功能来自于他们的内部结构而不是化学成分。现有的超材料有不同寻常的电磁或声学特性。虚拟磁盘带着超材料，像任何设备那样做一些有趣有价值的事情。

“这种超材料和虚拟磁盘的关键是二氧化钒、由电流产生的高温引发的相变晶体。”宾夕法尼亚州立大学电气工程研究助理Lei Kang说。
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在虚拟磁盘上扫描金色图案的电子显微镜图像，（一）是U型切口的顶部，（二）是放大了的同一区域的网格。归功于宾夕法尼亚州立大学的 Douglas Werner。

超材料由足够厚的金基础层，这样光才透不过去。一层薄的二氧化铝从活性二氧化钒层分离出来。另一层二氧化铝把钒从连接着一个外部电源的金纹层中分离出来。图案化网状屏幕的几何形状控制功能性波长范围。由于电阻的加热，流经该装置的电流量控制着焦耳热效应。

“集成新型过渡材料的虚拟磁盘代表提供一种通用的方法来创建自给自足和高度灵活的纳米光子系统迈出了重要一步。”研究人员在今天（10月27日）自然通讯问题上说道。

作为一种概念证明，研究人员创造了一个035英寸20英寸的设备，并阻止PSU进入黄金网状层，致使二氧化钒流露出来。研究人员使用2.67微米的红外摄像机拍摄这台设备。没有任何电流流经这台设备，PSU以高反射的形式出来。2.03安的电流下，PSU消失在背景里，当电流达到2.20安，PSU又会出现，但是背景必须经过高度反射。

二氧化钒的反应是通过改变流经设备的电流进行调控的。据研究人员介绍，二氧化钒可以迅速改变状态，它是限制调整的配置设备。

Physicists create a high-strength material for the aerospace and engineering industries

A team of the Laboratory for Physics of High-Strength Crystals (Russia, Tomsk State University) has developed a new high-strength material based on iron to improve the quality of actuating mechanisms and sensors for mechanical engineering, aerospace, and other industries. The results of their study were presented at the international conference Alloys with Shape Memory Effect (St. Petersburg).
"The most widely known and used alloy with shape memory is nickel titanium. In our laboratory, we were the first to create monocrystals of iron-based alloys, especially iron-nickel-cobalt-aluminum, and the fifth element may be titanium, niobium, or tantalum. These alloys can compete with nickel titanium," said Yury Chumlyakov, head of the laboratory.
In particular, iron-based alloys created at TSU have greater reversibility than nickel titanium—that is, they exhibit a high ability to recover their shape after deformation. The alloys based on iron have a reversible change in shape of about 15 percent, and nickel titanium alloys have about 10 percent. Thus, the sensors and actuators of the iron-based alloys will work effectively as mechanisms that they drive. This result was achieved through a special heat treatment—a technology for which scientists of the laboratory have already obtained a patent.
The iron-based alloys have high strength. This is important for practical use in devices that must withstand high external loads, such as the aerospace and engineering industries. The laboratory employees emphasized that the sensors and executive devices constructed from the new iron-based alloy will not only be stronger but also cheaper than nickel titanium. Thus, the use of iron-based alloys can reduce the cost of production of household equipment, fire alarm sensors, connecting elements for aerospace and automotive engineering, and other devices. The laboratory plans to continue the study of iron-based alloys.

物理学家为航空航天和工程工业创造了一种高强度材料

高强度晶体物理实验室（俄罗斯托木斯克州立大学）的一个团队发明了一种新型以铁为基础的高强度材料以提高机械工程，航空航天和其他一些工业的质量。他们的研究结果发表在形状记忆合金的国际会议上（圣彼得堡）。

“形状记忆合金中最广为人知和最广泛使用的是镍钛合金。在我们的实验室中，我们首先创造出单晶的铁合金，尤其是铁镍钴铝和可能是钛、铌或钽的第五元素。这些合金可以与镍钛合金相媲美。”实验室的负责人Yury Chumlyakov说。

特别是TSU创造的铁合金比镍钛合金具有更强的可逆性，他们在变型后表现出很强的恢复性。铁合金在形状上大约有15%的可逆改变，镍钛合金大约是10%。因此，铁合金的传感器和执行器作为他们驱动的机械必将进行有效地工作。这个结果被用于一种特殊的热处理，实验室的科学家已经获得了这种技术的专利。

铁合金的强度很高。这对实际使用的设备很重要，必须承受很高的外部负载，如航空航天和工程工业。实验室员工强调，传感器和执行设备由新型铁合金组成，不仅硬度更强而且价格比镍钛更便宜。因此，使用铁合金可以减少家庭设备、火灾报警传感器、航空航天和汽车工程的连接零件等其他设备的生产成本。实验室的研究人员计划继续铁合金的研究。

Practical Application（实际应用）

Engineers develop invisibility cloak for high-tech processing chips

From Harry Potter's Cloak of Invisibility to the Romulan cloaking device that rendered their warship invisible in "Star Trek," the magic of invisibility was only the product of science fiction writers and dreamers.
But University of Utah electrical and computer engineering associate professor Rajesh Menon and his team have developed a cloaking device for microscopic photonic integrated devices—the building blocks of photonic computer chips that run on light instead of electrical current—in an effort to make future chips smaller, faster and consume much less power.
Menon's discovery was published online Wednesday in the latest edition of the science journal, Nature Communications. The paper was co-written by University of Utah doctoral student Bing Shen and Randy Polson, senior optical engineer in the U's Utah Nanofab.
The future of computers, data centers and mobile devices will involve photonic chips in which data is shuttled around and processed as light photons instead of electrons. The advantages of photonic chips over today's silicon-based chips are they will be much faster and consume less power and therefore give off less heat. And inside each chip are potentially billions of photonic devices, each with a specific function in much the same way that billions of transistors have different functions inside today's silicon chips. For example, one group of devices would perform calculations, another would perform certain processing, and so on.
The problem, however, is if two of these photonic devices are too close to each other, they will not work because the light leakage between them will cause "crosstalk" much like radio interference. If they are spaced far apart to solve this problem, you end up with a chip that is much too large.
So Menon and his team discovered you can put a special nanopatterened silicon-based barrier in between two of the photonic devices, which acts like a "cloak" and tricks one device from not seeing the other.
"The principle we are using is similar to that of the Harry Potter invisibility cloak," Menon says. "Any light that comes to one device is redirected back as if to mimic the situation of not having a neighboring device. It's like a barrier—it pushes the light back into the original device. It is being fooled into thinking there is nothing on the other side."
Consequently, billions of these photonic devices can be packed into a single chip, and a chip can contain more of these devices for even more functionality. And since these photonic chips use light photons instead of electrons to transfer data, which builds up heat, these chips potentially could consume 10 to 100 times less power, which would be a boon for places like data centers that use tremendous amounts of electricity.
Menon believes the most immediate application for this technology and for photonic chips in general will be for data centers similar to the ones used by services like Google and Facebook. According to a study from the U.S. Department of Energy's Lawrence Berkeley National Laboratory, data centers just in the U.S. consumed 70 billion kilowatt hours in 2014, or about 1.8 percent of total U.S. electricity consumption. And that power usage is expected to rise another 4 percent by 2020.
"By going from electronics to photonics we can make computers much more efficient and ultimately make a big impact on carbon emissions and energy usage for all kinds of things," Menon says. "It's a big impact and a lot of people are trying to solve it."
Currently, photonic devices are used mostly in high-end military equipment, and he expects full photonic-based chips will be employed in data centers within a few years.
工程师为高科技加工芯片开发隐形斗篷
从哈利波特的隐形斗篷到“星际迷航”中罗慕伦隐形装置使他们的军舰隐形，隐形魔法只是科幻小说作者和幻想者的产物。

但是犹他大学电子和计算机工程的助理教授Rajesh Menon及其团队已经开发出微光子集成器件的掩蔽装置——该装置阻止了光子计算机芯片在光中运行而不是在电流中运行——为了使未来芯片更小、更快以及消耗更少的能量。

Menon的发现于周三发表于科学杂志《自然通讯》最新一期的网页版上。该论文的联合作者是犹他大学纳米制作中心的高级光学工程师Bing Shen博士和Randy Polson博士。

电脑、数据中心和移动设备的未来都将涉及光子芯片，在光子芯片中，数据会来回传输而且像光子而不是电子一样被处理。光子芯片比起现在的硅基芯片的优点是，她们更快而且消耗更少能量，因此发热更少。每个芯片里面有数千万的光子装置，每个装置有特定的功能，而在今天的硅芯片中数千万的晶体管有不同的功能。比如，一个装置集体可以实现计算，另一些可以进行特定的处理等等。

然而，问题是如果两个光子装置离得太近，他们将不能运行，因为他们之间的漏光会导致像电台干扰一样的“串扰”。如果将它们离得很远来解决这个问题，你将会得到一个过大的芯片。

因此Menon及其团队发现，你可以在两个光子设备之间放一个特别的纳米级硅基屏障，该屏障将起到一个“斗篷”的作用，欺骗装置看不到另一个。

 “我们运用的原理与哈利波特的隐形斗篷相似。”Menon说，“任何进入一个设备的光线都会被反射回去来模仿没有其他临近设备的环境。这就像一个屏障——它将光线反射回原始装置。该原始装置将会认为另一边没有什么东西。”

结果，千万个光子设备都可以装到一个芯片中，该芯片可以包含更多的设备来实现更多的功能。因为这些光子芯片用光子而不是电子来传输数据，电子传输会产生热量，因此这些芯片会减少消耗10到100倍的能量，这对数据中心来说是个好消息，因为数据中心要用大量的电。

Menon相信，该技术和光子芯片最快会应用到数据中心和需要类似服务的谷歌和脸书。根据美国能源部劳伦斯伯克利国家实验室的研究，2014年，数据中心仅仅在美国就消耗了7亿千瓦时，大约是美国电量总消耗量的1.8%。而且该用量预计会在2020年上升4%。

 “从电子到光子，我们使得计算机更加高效，而且最终很大影响了碳排放和能源利用。”Menon说，“这是一个很大的影响，而且很多人都开始试图解决它。”

目前，光子设备大多数用于高端军事设备，他希望在未来几年全光子基芯片将会应用到数据中心。

New imaging technique stimulates particles to emit laser light, could create higher-resolution images

A new imaging technique developed by scientists at MIT, Harvard University, and Massachusetts General Hospital (MGH) aims to illuminate cellular structures in deep tissue and other dense and opaque materials. Their method uses tiny particles embedded in the material, that give off laser light.
The team synthesized these "laser particles" in the shape of tiny chopsticks, each measuring a small fraction of a human hair's width. The particles are made from lead iodide perovskite—a material that is also used in solar panels, and that efficiently absorbs and traps light. When the researchers shine a laser beam at the particles, the particles light up, giving off normal, diffuse fluorescent light. But if they tune the incoming laser's power to a certain "lasing threshold," the particles will instantly generate laser light.
The researchers, led by MIT graduate student Sangyeon Cho, demonstrated they were able to stimulate the particles to emit laser light, creating images at a resolution six times higher than that of current fluorescence-based microscopes.
"That means that if a fluorescence microscope's resolution is set at 2 micrometers, our technique can have 300-nanometer resolution—about a sixfold improvement over regular microscopes," Cho says. "The idea is very simple but very powerful and can be useful in many different imaging applications."
Cho and his colleagues have published their results in the journal Physical Review Letters. His co-authors include Seok Hyun Yun, a professor at Harvard; Nicola Martino, a research fellow at Harvard and MGH's Wellman Center for Photomedicine; and Matjaž Humar, a researcher at the Jozef Stefan Institute. The research was done as part of the Harvard-MIT Division of Health Sciences and Technology.
A light in the dark
When you shine a flashlight in a darkened room, that light appears as a relatively diffuse, hazy beam of white light, representing a jumble of different wavelengths and colors. In stark contrast, laser light is a pointedly focused, monochromatic beam of light, of a specific frequency and color.
In conventional fluorescence microscopy, scientists may inject a sample of biological tissue with particles filled with fluorescent dyes. They then point a laser beam through a lens that directs the beam through the tissue, causing any fluorescent particles in its path to light up.
But these particles, like microscopic flashlights, produce a relatively indistinct, fuzzy glow. If such particles were to emit more focused, laser-like light, they might produce sharper images of deep tissues and cells. In recent years, researchers have developed laser-light-emitting particles, but Cho's work is the first to apply these unique particles to imaging applications.
Chopstick lasers
The team first synthesized tiny, 6-micron-long nanowires from lead iodide perovskite, a material that does a good job of trapping and concentrating fluorescent light. The particles' rod-shaped geometry—which Cho describes as "chopstick-like"—can allow a specific wavelength of light to bounce back and forth along the particles' length, generating a standing wave, or very regular, concentrated pattern of light, similar to a laser.
The researchers then built a simple optical setup, similar to conventional fluorescence microscopes, in which a laser beam is pumped from a light source, through a lens, and onto a sample platform containing the laser particles.
For the most part, the researchers found that the particles emitted diffuse fluorescent light in response to the laser stimulation, similar to conventional fluorescent dyes, at low pump power. However, when they tuned the laser's power to a certain threshold, the particles lit up considerably, emitting much more laser light.
Cho says that the new optical technique, which they have named LAser particle Stimulated Emission (LASE) microscopy, could be used to image a specific focal plane, or a particular layer of biological tissue. Theoretically, he says, scientists can shine a laser beam into a three-dimensional sample of tissue embedded throughout with laser particles, and use a lens to focus the beam at a specific depth. Only those particles in the beam's focus will absorb enough light or energy to turn on as lasers themselves. All other particles upstream of the path's beam should absorb less energy and only emit fluorescent light.
"We can collect all this stimulated emission and can distinguish laser from fluorescent light very easily using spectrometers," Cho says. "We expect this will be very powerful when applied to biological tissue, where light normally scatters all around, and resolution is devastated. But if we use laser particles, they will be the narrow points that will emit laser light. So we can distinguish from the background and can achieve good resolution."
Giuliano Scarcelli, an assistant professor at the University of Maryland, says the technique's success will hinge on successfully implementing it on a standard fluorescence microscope. Once that is achieved, laser imaging's applications, he says, are promising.
"The fact that you have a laser versus fluorescence probably means you can measure deeper into tissue because you have a higher signal-to-noise ratio," says Scarcelli, who was not involved in the work. "We'll need to see in practice, but on the other hand, with optics, we have no good way of imaging deep tissue. So any research on this topic is a welcome addition."
To implement this technique in living tissue, Cho says laser particles would have to be biocompatible, which lead iodide perovskite materials are not. However, the team is currently investigating ways to manipulate cells themselves to glow like lasers.
"Our idea is, why not use the cell as an internal light source?" Cho says. "We're starting to think about that problem."
新的成像技术刺激粒子发射激光，可以创建更高分辨率的图像

一项由麻省理工、哈佛和麻省总医院（MGH）的科学家们开发的新型成像技术旨在阐明深层组织的细胞结构和其他密集不透明材料。他们的方法是用植入材料的微小粒子来发散激光。 

该团队人工合成微小筷子状的“激光粒子”，每个的大小只有人类头发宽度的一小部分。这些粒子是由碘化铅钙钛矿制成的--这种材料也被用于高效吸收和捕捉光线的太阳能板。当研究者们将激光束照到这些粒子时，这些粒子就会发光，发射出普通漫荧光。但是如果他们将入射激光能量限制在一定的“激光阈值”，粒子就会一下子发出激光。

又麻省理工研究生Sangyeon Cho带领的研究小组阐释道，他们可以刺激粒子发射激光，创造出比目前荧光显微镜还要高6倍分辨率的图像。

 “这意味着，如果荧光显微镜的分辨率为2微米，我们的技术可以达到300纳米的分辨率，大约比普通的显微镜提高6倍。”Cho说道，“这个想法是非常简单但是很强大，可以用在许多不同的成像应用中。”

Cho和他的同事们已将其结果发表在《物理评论快报》上。他的联合作者包括：哈佛教授Seok Hyun Yun、哈佛和麻省总医院尔曼光医学中心的研究员Nicola Martino和约瑟夫斯特凡学院的研究员Matjaž Humar。该研究是哈佛麻省理工学院健康科学与技术学院的一部分。

黑暗中的光

当你在黑暗的房间中打开手电筒，光线以相对来说扩散的、模糊的白光束出现，代表了一串不同的波长和颜色。形成强烈的对比的是，激光是集中的，单色的光束，有特定的频率和颜色。

在传统的荧光显微镜中，科学家们可能会在生物组织样本中注入充满荧光染色剂的粒子。然后他们将激光束照射到镜片上，使光束直接通过组织，造成它通过的任何荧光粒子发光。

但是这些粒子像显微闪光灯一样会产生相对模糊的光晕。如果这样的粒子发射更加集中、像激光一样的光线，他们可能会产生深层组织和细胞的更清晰的图像。在最近几年，研究者们已经开发出了发射激光的粒子，但是Cho的研究是第一个将这些独特的粒子应用于成像技术的。

筷状激光

该小组第一次用在捕捉和集中荧光方面做得很好的碘化铅钙钛矿合成微小、6微米长的纳米线。该粒子棒状的形状—Cho描述其为“筷状”—可以使特定波长的光沿着颗粒长度来回反射，产生驻波，或是非常有规律而且集中的光线，类似于激光。

研究员们接着做了一个简单和传统的荧光显微镜相似的光学仪器，在该仪器中，激光束从光源中发出，穿过透镜，照射到含有极光粒子的样本平台上。

在大多数情况下，研究员们发现粒子会对激光刺激产生反应然后发出漫荧光光线，与在低激发能量的传统荧光染色剂相似。然而，当他们将激光能量限制在一定的阈值，粒子会明显发光，且发出更多的激光。

Cho说，他们称为激光粒子受激发射（LASE）显微镜的新型光学技术可以被用来在一个特定的焦平面上成像，或是将生物组织中特定的组织层成像。理论上来说，他说，科学家们可以将激光束照射进植入激光颗粒的三维组织样本，并且用透镜来讲光束聚集于特定的深度。只有在光束焦点内的粒子才会吸收足够的光线或者能量来作为激光打开。其他的所有粒子在光束的上游会吸收较少的能量，且只发射荧光。

 “我们可以收集所有的受激发射而且可以用分光仪容易地从荧光中分辨出激光。”Cho说，“我们预计当其应用到生物组织观察的时候是非常有用的，因为在生物组织中光线通常是四处散射，而且分辨率极低。但是如果我们用了激光粒子，他们将会发射激光。因此我们可以从背景中辨别，且达到一个好的分辨率。”

马里兰大学的助理教授Giuliano Scarcelli说，该技术的成功将会取决于它是否能在标准荧光显微镜中成功应用。一旦实现了，那么激光成像的应用是很有前景的，他说。

 “比起荧光，激光意味着你可以测量更深层的组织，因为你有更高的信噪比。”不参与研究的Scarcelli说，“我们将需要看清粒子，但是另一方面，从光学角度来说，我们没有好的方法来成像深层组织。因此任何关于这个主题的研究都是一个值得欢迎的补充。”

在有生命迹象的组织中应用该技术，Cho说，激光粒子必须具有生物相容性，而碘化铅钙钛矿不具有。然而，该小组目前发明了方法来操控细胞自己像激光一样发光。

 “我们的想法是，为什么不用细胞来作为内部光源呢？”Cho说，“我们正在思考这个问题。”
Laser researchers boldly go into uncharted THz territory
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In this illustration of a terahertz plasmonic laser, the laser cavity is enclosed between two metal films (with periodic slits on the top film). The colors represent coherent SPP light waves. One wave is confined inside the 10-micron-thick …more
Once the preferred weapon of B-movie madmen and space-fiction heroes alike, the laser—a device that generates an intense beam of coherent electromagnetic radiation by stimulating the emission of photons from excited atoms or molecules—has grown a bit domesticated of late.
These days, it has a steady job in industry, and spends its spare time printing documents in home offices and playing back movies in home theaters. Here and there it pops up in medical journals and military news, but it's basically been reduced to reading barcodes at the grocery checkout—a technology that's lost its mojo.
But lasers are still cool, insists Sushil Kumar of Lehigh University, with vast potential for innovation we've just begun to tap. And with support from the National Science Foundation (NSF), he's on a mission to prove it.
Kumar, an associate professor of electrical and computer engineering, focuses specifically on lasers that arise from a relatively unexploited region in the electromagnetic spectrum, the terahertz (THz), or far infrared, frequency. A researcher at the forefront of THz semiconductor 'quantum-cascade' laser technology, he and his colleagues have posted world-record results for high-temperature operation and other important performance characteristics of such lasers.
His goal is to develop devices that open up a wide array of possible applications: chemical and biological sensing, spectroscopy, detection of explosives and other contraband materials, disease diagnosis, quality control in pharmaceuticals, and even remote-sensing in astronomy to understand star and galaxy formation, just to name a few. (Pretty cool stuff... the folks back at the checkout line would be impressed.)
Yet despite the known benefits, Kumar says that terahertz lasers have been underutilized and underexplored; high cost and functional limitations have stymied the innovation that would lead to such usage. Kumar, however, believes he's on track to truly unleash the power of THz laser technology; he recently received a grant from the NSF, Phase-locked arrays of high-power terahertz lasers with ultra-narrow beams, with a goal of creating THz lasers that produce vastly greater optical intensities than currently possible—and potentially removing barriers to widescale research and commercial adoption.
Focusing on a solution
According to Kumar, the terahertz region of the electromagnetic spectrum is significantly underdeveloped due to lack of high-power sources of radiation. Existing sources feature low output power and other undesired spectral characteristics which makes them unsuitable for serious application. His current project aims to develop terahertz semiconductor lasers with precise emission frequency of up to 100 milliwatts of average optical power—an improvement of two orders of magnitude over current technology—in a narrow beam with signifcantly less than five degrees of angular divergence.
Kumar works with quantum cascade lasers (QCLs). These devices were originally invented for emission of mid-infrared radiation. They have only recently begun to make a mark at THz frequencies, and in that range they suffer from several additional challenges. In this cutting-edge environment, Kumar's group is among a select few in the world making progress toward viable and low-cost production of these lasers.
Kumar's intended approach will significantly improve power output and beam quality from QCLs. A portable, electrically-operated cryocooler will provide the required temperature-cooling for the semiconductor laser chips; these will contain phase-locked QCL arrays emitting at a range of discrete terahertz frequencies determined by the desired application.
In previous work, Kumar and his group showed that THz lasers (emtting at a wavelength of approximately 100 microns) could emit a focused beam of light by utilizing a technique called distributed feedback. The light energy in their laser is confined inside a cavity sandwiched between two metallic plates separated by a distance of 10 microns. Using a box-shaped cavity measuring 10 microns by 100 microns by 1,400 microns (1.4 millimeters), the group produced a terahertz laser with a beam divergence angle of just 4 degrees by 4 degrees, the narrowest divergence yet achieved for such terahertz lasers.
Kumar believes most companies that currently employ mid-infrared lasers would be interested in powerful, affordable terahertz QCLs, and that the technology itself will spawn new solutions.
"The iPhone needed to exist before developers could write the 'killer apps' that made it a household product," he says. "In the same way, we are working toward a technology that could allow future researchers to change the world in ways that have yet to even be considered."

激光研究人员大胆地进入未知的太赫兹领域
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在这个太赫兹等离激元激光器的展示中，激光谐振腔被封闭在两个金属膜之间（其中顶膜具有周期性狭缝）。颜色代表着相干SPP光波。一个光波被限制在10微米厚……以上

曾经是B级片疯子和航天英雄等小说首选的武器，激光——一种通过从受激原子或分子（驯化得稍晚一些）中激发光子的发射，从而产生相干电磁辐射强光束的设备。

现在，它在行业中拥有稳定的职业，并且其余时间用于在家庭办公室打印文件或是在家庭影院中播放电影。它层出不穷地出现在医学期刊和军事新闻中，但是基本上它被降低到在杂货店收银台读取条形码——一项失去了它了魔力的技术。

但是激光仍然是非常酷的东西，利哈伊大学的Sushil Kumar坚称，其具有巨大地创新潜力，我们才刚刚开始进行开发。并且通过国家科学基金会（NSF）的支持，他具有证明这点的任务。

Kumar，电子与计算机工程专业的副教授，特别关注于电磁波谱、太赫兹（太赫兹）或远红外，频率等相对未开发的领域产生的激光。作为太赫兹半导体“量子级”激光技术最前沿的研究员，他和他的同事已经为高温操作和其他这类激光器的重要性能特性展示了世纪记录级的结果。

他的目标是开发开辟多种可能应用的设备：化学和生物传感、光谱、炸药及其他违禁材料的检测、疾病诊断、药物的质量控制、甚至是天文学中用于了解恒星和星系的摇感，这只是列举的几个例子而已。（相当酷的东西……在收银台排队结账的人们可能有深刻的印象。）

然而，尽管具有这么多已知的好处，Kumar称，太赫兹激光器一直都没有得到充分利用和发掘；高成本和功能的局限性阻碍了有可能会产生这种应用的创新。但是，Kumar认为他有望真正释放太赫兹激光技术的力量；他最近收到NSF的赠款，具有超窄光束的高功率太赫兹激光器的锁相阵列，其目标是创造太赫兹激光器，仅其能够产生比目前可用的激光器所产生的光强度更大的太赫兹激光器——并且有可能消除大规模研究与商业应用的障碍。

专注于一个解决方案

据Kumar称，电磁波谱的太赫兹区域并没有得到显著开发，这是因为缺乏辐射的高功率资源。具有的资源具有较低的输出能量以及其他不需要的光谱特性，这使得它们不适合重要的应用。他目前的项目旨在比5度角发散更窄的狭窄光束中开发太赫兹半导体激光器，令其具有高达100毫瓦的平均光功率的精确发射频率——这是对目前技术进行的两个数量级的改进。

Kumar通过量子级联激光器（QCLs）来进行操作。这些设备最初是为了中红外辐射的发射而发明的。它们只是在最近才开始在太赫兹频率上留下深远影响，并且在这个范围内，它们遭受了一些额外的挑战。在这个尖端环境中，Kumar的研究小组是世界上少数几个在这些激光器的可行及低成本生产方面产生进展的团队之一。

Kumar预计该方法将显著提升功率输出以及QCLs的光束质量。便携式电动制冷机将为半导体激光器芯片提供所需的温度冷却；这些将包括在所需应用确定的一系列离散太赫兹频率中发射的锁相量子级联激光器阵列。

在以往的工作中，Kumar和他的小组表明，太赫兹激光器（在大约100微米的波长范围内发射）可以通过利用一种称为分布式反馈的技术发出光聚集光束。他们激光器中的光能量被限定在两个相距10微米的金属板之间的空腔内。通过利用测量为10微米*100微米*1400微米（1.4毫米）的箱型腔，该小组产生了一个具有仅4*4度的光束发散角的太赫兹激光器，然而这类太赫兹激光器最窄的发散还没有实现。

Kumar认为，目前利用中红外激光器的大部分企业可能会对强大的廉价太赫兹QCLs感兴趣，并且该技术本身将产生新的解决方案。

 “iPhone需要在开发人员能够编写令其成为家用产品的‘杀手应用程序’之前存在，”他称。“同样，我们将研究一项能够令未来的研究人员以还未被考虑的方式改变世界的技术。”

Researchers find way to increase scanning speed
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Illustration of a KTN crystal operating under different phases. Credit: Pennsylvania State University
A major technological advance in the field of high-speed beam-scanning devices has increased the speed of 2-D and 3-D printing by up to 1000 times, according to researchers in Penn State's College of Engineering.
Using a space-charge-controlled KTN beam deflector—a kind of crystal made of potassium tantalate and potassium niobate—with a large electro-optic effect, researchers have found that scanning at a much higher speed is possible.
"Basically, when the crystal materials are applied to an electric field, they generate uniform reflecting distributions, that can deflect an incoming light beam," said Shizhuo Yin, professor of electrical engineering in the School of Electrical Engineering and Computer Science. "We conducted a systematic study on indications of speed and found out the phase transition of the electric field is one of the limiting factors."
To overcome this issue, Yin and his team of researchers, Penn State graduate students Wenbin Zhu, Ju-Hung Chao, Chang-Jiang Chen and Robert Hoffman from the Army Research Laboratory in Maryland, eliminated the electric field-induced phase transition in a nanodisordered KTN crystal by making it work at a higher temperature. They not only went beyond the Curie temperature (the temperature in which certain materials lose their magnetic properties, replaced by induced magnetism), they went beyond the critical end point (in which a liquid and its vapor can coexist).
This increased the scanning speed from the microsecond range to the nanosecond regime and improved high-speed imaging, broadband optical communications, and ultrafast laser display and printing.
The group's findings were published September in an issue of Scientific Reports, a British interdisciplinary journal.
Yin said technology like this would be especially meaningful in the medical industry—high-speed imaging would now be in real-time. For example, optometrists who use a non-invasive imaging test that uses light waves to take cross-section pictures of a person's retina, would be able to have the 3-D image of their patients' retinas as they are performing the surgery, so they can see what needs to be corrected during the procedure.
Yin added that this research could benefit everyone, in that something being printed in 3-D that once took an hour would now take seconds, and 20,000 pages printed in 2D would take one minute.

研究人员寻找方法增加扫描速度
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在不同相下KTN晶体操作的图示。图片：宾夕法尼亚州立大学

据宾夕法尼亚州立大学的研究人员表示，在高速光束扫描设备领域的主要技术进步已经增加了二维和三维打印的速度高达1000倍。

利用具有大型电光效应的空间电荷控制的KTN光束变流装置——一种由钽酸钾和铌酸钾制成的晶体，研究人员发现，在更高的速度下进行扫描是有可能实现的。

 “基本上，当晶体材料被应用于电场时，它们会产生均匀的反射分布，该反射有可能会偏转一个入射光束，”电气工程和计算机科学学院电气工程专业的教授殷石卓表示。“我们对速度的标示进行了系统的研究，并且我们发现，电场的相变是限制因素之一。”

为了克服这个问题，殷教授及其研究人员团队——宾夕法尼亚州立大学的研究生祝文斌、陈长江以及马里兰州陆军研究实验室的Robert Hoffman通过令其在更高的温度下工作而在纳米失调的KTN晶体中消除了电场产生的相变。他们不仅超越了居里温度（某些材料在该温度下会丧失它们的磁性，由诱导磁性所取代），他们还超越了关键的端点（在该端点上液体及其蒸汽能够共存）。

这将微秒范围内的扫描速度加快至纳秒制度，并且改进了高速成像，宽带光通信，以及超快激光显示和打印。

该小组的研究结果于九月发表于《科学报告》期刊——英国的一个跨学科杂志。

殷教授称，这类技术可能在医疗行业中具有特别的意义——高速成像目前可能达到实时成像。例如，利用非侵入性成像测试——即利用光波获取个人视网膜横截面图片——的验光师可能会在产进行手术时获得其患者视网膜的三维图像，从而他们能够在手术中看到什么需要进行纠正。

殷补充称，这项研究可能有益于所有人，曾经3-D打印花费一小时的产品目前可能只需要花费几秒，并且2D打印的20000页资料可能仅用一分钟就能够完成。

Scientists confirm a structural similarity found in both human cells and neutron stars
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Similar shapes — structures consisting of stacked sheets connected by helical ramps — have been found in cell cytoplasm (left) and neutron stars (right). Credit: University of California - Santa Barbara
We humans may be more aligned with the universe than we realize. According to research published in the journal Physical Review C, neutron stars and cell cytoplasm have something in common: structures that resemble multistory parking garages.
In 2014, UC Santa Barbara soft condensed-matter physicist Greg Huber and colleagues explored the biophysics of such shapes—helices that connect stacks of evenly spaced sheets—in a cellular organelle called the endoplasmic reticulum (ER). Huber and his colleagues dubbed them Terasaki ramps after their discoverer, Mark Terasaki, a cell biologist at the University of Connecticut.
Huber thought these "parking garages" were unique to soft matter (like the interior of cells) until he happened upon the work of nuclear physicist Charles Horowitz at Indiana University. Using computer simulations, Horowitz and his team had found the same shapes deep in the crust of neutron stars.
"I called Chuck and asked if he was aware that we had seen these structures in cells and had come up with a model for them," said Huber, the deputy director of UCSB's Kavli Institute for Theoretical Physics (KITP). "It was news to him, so I realized then that there could be some fruitful interaction."
The resulting collaboration, highlighted in Physical Review C, explored the relationship between two very different models of matter.
Nuclear physicists have an apt terminology for the entire class of shapes they see in their high-performance computer simulations of neutron stars: nuclear pasta. These include tubes (spaghetti) and parallel sheets (lasagna) connected by helical shapes that resemble Terasaki ramps.
"They see a variety of shapes that we see in the cell," Huber explained. "We see a tubular network; we see parallel sheets. We see sheets connected to each other through topological defects we call Terasaki ramps. So the parallels are pretty deep."
However, differences can be found in the underlying physics. Typically matter is characterized by its phase, which depends on thermodynamic variables: density (or volume), temperature and pressure—factors that differ greatly at the nuclear level and in an intracellular context.
"For neutron stars, the strong nuclear force and the electromagnetic force create what is fundamentally a quantum-mechanical problem," Huber explained. "In the interior of cells, the forces that hold together membranes are fundamentally entropic and have to do with the minimization of the overall free energy of the system. At first glance, these couldn't be more different."
Another difference is scale. In the nuclear case, the structures are based on nucleons such as protons and neutrons and those building blocks are measured using femtometers (10-15). For intracellular membranes like the ER, the length scale is nanometers (10-9). The ratio between the two is a factor of a million (10-6), yet these two vastly different regimes make the same shapes.
"This means that there is some deep thing we don't understand about how to model the nuclear system," Huber said. "When you have a dense collection of protons and neutrons like you do on the surface of a neutron star, the strong nuclear force and the electromagnetic forces conspire to give you phases of matter you wouldn't be able to predict if you had just looked at those forces operating on small collections of neutrons and protons."
The similarity of the structures is riveting for theoretical and nuclear physicists alike. Nuclear physicist Martin Savage was at the KITP when he came across graphics from the new paper on arXiv, a preprint library that posts thousands of physics, mathematics and computer science articles. Immediately his interest was piqued.
"That similar phases of matter emerge in biological systems was very surprising to me," said Savage, a professor at the University of Washington. "There is clearly something interesting here."
Co-author Horowitz agreed. "Seeing very similar shapes in such strikingly different systems suggests that the energy of a system may depend on its shape in a simple and universal way," he said.
Huber noted that these similarities are still rather mysterious. "Our paper is not the end of something," he said. "It's really the beginning of looking at these two models."

科学家证实了人类细胞和中子星的结构具有相似性
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相似的形状——由斜坡连接的螺旋状叠层结构的结构在细胞质（左）和中子星（右）发现。图：加利福尼亚大学圣塔芭芭拉分校

我们人类可能比我们意识到的更契合宇宙。根据发表在《物理评论杂志》的研究，中子星和细胞质中有一些共同点：结构类似于多层停车场。

2014年，加州大学圣塔芭芭拉分校软凝聚态物质物理学家Greg Huber及同事探讨了这些形状的生物物理学——连接均匀间隔片层的螺旋状物——在一个被成为内质网（ER）的细胞器中。在康涅狄格大学的细胞生物学家发现这种物质之后，Huber和同事把它们称为Terasaki坡道。

Huber认为这些“停车场”对软物质（如细胞内部）是独特的，直到他偶然发现印第安纳大学核物理学家Charles Horowitz的工作。Horowitz和他的小队使用计算机模拟在中子星的外壳找到了相同的形状。

“我打电话给Chuck问他知不知道我们已经在细胞中看到过这些结构，并且给他们提供了一个模型，”加州大学芭芭拉分校的Kavli物理研究所（KITP）副所长Huber说，“这对他来说是个大新闻，所以我意识到，相互交流一下可能会有一些成果。”

物理评论强调，由此产生的合作探索到了两种不同物质模型之间的关系。

核物理学家给在高性能计算机模拟上建立的中子星模型的每种类型的形状都起了恰当的术语：核意大利面。这包括由螺旋形状连接的管（面）和平行板（酱），类似于Terasaki坡道。

“他们看到了我们在细胞中看到的各种形状，”Huber解释说。“我们看到了一个管状网络，我们看到了平行板。我们看到平行板通过所谓Terasaki坡道的拓扑缺陷连接彼此。因此，相似点是很多的。”

然而，可以从基础物理角度找到不同。通常情况下，特征是阶段不同，这取决于热力学变量：密度（或体积）、温度和压力——与核水平和细胞内部环境有很大的不同。

“中子星产生的强大的核能和电磁力从根本上来说是量子力学的问题，”Huber解释。“对于细胞来讲，维系膜的力量从根本上来讲是系统自由能的最小化。乍一看，这完全不相同。”

另一个区别是规模。核的结构是基于质子中子这样的原子，这些是由飞米（10-15）测量的。而细胞膜，如内质网，尺度是纳米（10-9）。这两者的比例是一百万因子（10-6），然而，这两种截然不同的制度却能形成相同的形状。

“这意味着，关于如何建立核系统模型，我们还有一些不知道的地方，当你有一个密集的质子和中子，就像中子星表面那样，如果，你只是看着那些操纵着小集合上中子和质子的力，那么强大的核力和电磁力会一起带给你无法预测的物质阶段。”

结构的相似性相当于理论物理学家和核物理学家的相似性。核物理学家Martin Savage在KITP时，在贴着成千上万的物理数学计算机科学文章的arXiv上的一个新论文上看到了一个图形。他瞬间激起了兴趣。

“对我来说，在生物系统中出现类似的物质阶段是非常令人惊讶的，”华盛顿大学的教授Savage说。“这里显然有一些有趣的东西。”

合著者Horowitz同意这一说法。“在如此截然不同的系统中看到非常相似的形状表明，系统能量可能取决于其简单通用的形状。”他说。

Huber指出，这些相似点还是很神秘。“我们的论文并不代表着结束。它意味着研究这两种模型的开始。”他说。

Organic & Polymer（有机高分子材料）

Exotic property of salty solutions discovered

Water and aqueous solutions can behave strangely under pressure. Experiments carried out at the GFZ German Research Centre for Geosciences using Raman spectroscopy and a diamond anvil cell showed that magnesium sulfate dissolved in water was separated less than expected in magnesium and sulfate ions above a pressure of 0.2 Gigapascal, which equals 2,000 times the normal air pressure. Moreover, ion pairing even increased with pressure above about 0.5 Gigapascal.
This is the opposite of the predicted trend that salt solutions become more dissociated with increasing pressure. However, the previously unknown anomaly was only observed at comparably low temperatures. Already at 50 °C, the solutions behaved as expected. "That's why this effect does not occur in the Earth's interior", says Christian Schmidt of the GFZ, "as the pressure in our oceans is not high enough even in the deep-sea trenches, and the temperature is too high in the Earth's crust and mantle."
Still, the anomaly is relevant for studies on cold planetary bodies with deep oceans. Christian Schmidt and Craig Manning of the University of California in Los Angeles (UCLA) published their findings in the journal Geochemical Perspectives Letters.
Their results may help in studies of the oceans that are probably hidden under thick icy shells in Pluto and in the moons Ganymede, Callisto, and Titan. It is very likely that magnesium sulfate is the major or among the most abundant solutes in these oceans, because it is generated by weathering of magnesium silicates in ocean floors. If more ion pairs form, magnesium silicate weathering is enhanced. "This means that the oceans in these icy worlds are probably saltier than currently thought", says Christian Schmidt. As the ion concentration determines the electrical conductivity of aqueous solutions, the finding will help to better interpret magnetometric data obtained by spacecrafts.
The experiments were carried out at the GFZ's section "Chemistry and Physics of Earth Materials". The scientists explain the observed anomaly with a change in the dynamic structure of water that is generated by hydrogen bonds between water molecules.
发现盐溶液的特殊性质

水和水溶液可以在压力下表现得很奇怪。由GFZ德国地球科学研究中心进行的实验用了拉曼光谱和金刚石压砧来表示硫酸镁溶解于水中被分开为比预计的更小的镁离子和硫酸根离子，在大于0.2GPa（等于正常大气压的2000倍）的压强时。还有，当压强高于0.5GPa时，离子对增加。
这与预计的趋势相反，预计盐溶液随着压力的增加会更加分离。然而，之前未知异常仅仅是在相对低的温度下观察到的。到了50℃，溶液的表现就和预期的一样了。“这就是为什么这个作用不会在地球内部发生。”GFZ的Christian Schmidt说道，“因为我们海洋中的压力不足够高，即使在深海沟中，而且地壳和地幔中的温度太高了。”

然而，该异常对深海中的冷行星体的研究室友帮助的。加州大学洛杉矶分校（UCLA）的Christian Schmidt和Craig Manning将他们的发现发表在《地球化学观点快报》上。

他们的结果可能会有助于冥王星及其卫星木卫三，木卫四、土卫六隐藏在厚冰层下的海洋的研究。在这些海洋中，镁硫酸盐很可能是主要的或者绝大多数的溶质，因为它是由海洋地层中的硅酸镁风化产生的。如果更多的离子对形成，硅酸镁风化增强。“这意味着在这些寒冷世界中的海洋可能比目前认为的还要咸。” Christian Schmidt说。因为离子浓度决定了水溶液的导电率，该发现将会有助于更好地解读由宇宙飞船获得的磁力数据。
实验在GFZ“地球物质的化学和物理”进行。科学家们解释道在水的运动的结构中观察到异常的变化是由水分子之间的氢键引起的。
MAGNDATA: Towards a database of magnetic structures
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Magnetic structure of a multferroic material taken from the database in (a) and (b) with different magnetic symmetry and no multiferroic character. Credit: Hutanu et al., 2012
The quantitative characterisation of the magnetic ordering realised in magnetic phases is an essential part of research into the magnetic properties of solids.
It is certainly fundamental for the cross-checking of theoretical models and for the exploration of complex solid-state magnetic phenomena. Furthermore, the determination of magnetic structures, mainly using neutron diffraction data, is a fundamental step in the search for functional materials for magnetic and/or magnetostructural applications. Since the first report of a magnetic structure determined from neutron diffraction data in 1949, the magnetic structures of thousands of compounds have been investigated and reported. In 1976, an important effort was made to gather information available on all the magnetic structures known at that point, and a compilation of about 1000 magnetic structures was published. This effort continued with an additional listing of about 100 structures in 1984. Since then, experimental facilities, instruments and analysis methods have improved enormously, and hundreds of magnetic structures are being reported each year. It is estimated that, at the moment, there must be about 5000 published magnetic structures. In this scenario, the convenience of a digital database of magnetic structures seems clear, but despite some early work in this direction, the lack of standards in the description and communication of magnetic structures has precluded the development of an appropriate computer database.
Two recent developments have, however, opened up new possibilities for the systematic application of magnetic symmetry and the achievement of a standardised framework for the description and digital storage of magnetic structures.
Within this framework, a group of scientists from Spain, Turkey, USA and Japan have collected at the Bilbao Crystallographic Server, under the name MAGNDATA, comprehensive information on more than 400 commensurate and incommensurate magnetic structures. MAGNDATA is intended to be a benchmark and starting point for a complete database of magnetic structures, where magnetic symmetry is systematically employed and the magCIF format is the communication file format.
In a recently published paper [Gallego et al., (2016). J. Appl. Cryst. 49, DOI: 10.1107/S1600576716012863] the scientists present and discuss its main features for the case of commensurate structures. They concentrate on the information made available for each structure, and the way this information can be retrieved and analysed.

磁数据：前途有望的磁力结构数据库
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来自数据库的（a）和（b）两种多铁性材料的磁力结构，这两种结构具有不同磁力对称性且无多铁特性磁相中表现出的磁序定量表征是固体磁特性研究的一个必要部分。

它是交叉检查理论模型的和探索复杂固态磁现象的基础。磁结构的判定（这个判定主要使用中子衍射数据）是寻找磁和或磁结构应用的功能性材料的第一步。自从1949年的第一份用中子衍射数据确定的一个磁结构的报告开始，已经有数以千计的材料的磁结构被发现并报告。在1976年，人们开展了一项重要的工作，那就是收集所有已知磁结构的可用信息，并将大约1000种磁结构的汇编成合辑并公布。到1984年，这项工作持续增加了大约100种磁结构。从那以后，实验装置、设备和分析方法有了长足的发展，并且每年都有数百个磁结构被报告。现在估计有约5000种已公布的磁结构。因此，拥有一个存储磁结构的数据库就显得尤为方便。但是除去一些前期工作之外，尚缺乏统一的标准来规范磁结构的描述和通讯。这一点有碍于电脑数据库的建立。

然而，最近的两个进展为磁对称性的系统性应用和标准化框架的描述以及磁结构的数字化存储的达成，打开了新的可能性。

在这个框架内，一个来自西班牙、土耳其、美国和日本的科学家团队在毕尔巴鄂市的晶体学服务器中（名为磁数据，MAGNDATA），收集了约400多种对称和非对称磁结构的综合数据。磁数据将作为一个完整的磁结构数据库的标准和起点。在这个数据库里，磁对称性被系统的被使用，并且通讯文件格式统一为magCIF格式

在最近公开的论文【Gallego et al., (2016). J. Appl. Cryst. 49, DOI: 10.1107/S1600576716012863】中，科学家们公布并讨论了它的适应结构的主要特点。他们关注于每个结构的可用信息以及这个信息可被检索和分析的方法。

Scientists fabricate a new class of crystalline solid
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This image shows the results of scanning X-ray microdiffraction (μSXRD) with submicron spatial resolution. Lauediffraction (a) from an unconstrained Sb2S3 single crystal (top) and laser fabricated RLS crystal Sb2S3 (bottom).Magnified images …more
Scientists at Lehigh University, in collaboration with Lawrence Berkeley National Laboratory, have demonstrated the fabrication of what they call a new class of crystalline solid by using a laser heating technique that induces atoms to organize into a rotating lattice without affecting the macroscopic shape of the solid.
By controlling the rotation of the crystalline lattice, the researchers say they will be able to make a new type of synthetic single crystals and "bio-inspired" materials that mimic the structure of special biominerals and their superior electronic and optical properties as well.
The group reported its findings today (Nov. 3) in Scientific Reports, a Nature journal, in an article titled "Rotating lattice single crystal architecture on the surface of glass." The paper's lead author is Dmytro Savytskii, a research scientist in the department of materials science and engineering at Lehigh.
The other authors are Volkmar Dierolf, distinguished professor and chair of the department of physics at Lehigh; Himanshu Jain, the T.L. Diamond Distinguished Chair in Engineering and Applied Science and professor of materials science and engineering at Lehigh; and Nobumichi Tamura of the Lawrence Berkeley National Lab in Berkeley, California.
The development of the rotating lattice single (RLS) crystals follows a discovery reported in March in Scientific Reports in which the Lehigh group demonstrated for the first time that a single crystal could be grown from glass without melting the glass.
In a typical crystalline solid, atoms are arranged in a lattice, a regularly repeating, or periodic three-dimensional structure. When viewed from any angle—left to right, up and down, front to back—a crystal-specific periodicity becomes evident. Glass, by contrast, is an amorphous material with a disordered atomic structure.
Because they have no grain boundaries between interconnecting crystals, single-crystal materials often possess exceptional mechanical, optical and electrical properties. Single crystals give diamonds their brilliance and jet turbine blades their resistance to mechanical forces. And the single crystal of silicon of which a silicon chip is made gives it superior conducting properties that form the basis for microelectronics.
The periodicity, or repeating pattern, in a rotating lattice single crystal, said Jain and Dierolf, differs from the periodicity in a typical single crystal.
"We have found that when we grow a crystal out of glass," said Jain, "the periodicity does not result the some way. In one direction, it looks perfect, but if you turn the lattice and look at it from a different angle, you see that the whole structure is rotating."
"In a typical single-crystal material," said Dierolf, "once I figure out how the pattern repeats, then, if I know the precise location of one atom, I can predict the precise location of every atom. This is possible only because single crystals possess a long-range order.
"When we grow an RLS crystal out of glass, however, we have found that the periodicity does not result the some way. To predict the location of every atom, I have to know not just the precise location of a particular atom but the rotation angle of the lattice as well.
"Thus, we have to slightly modify the textbook definition of single crystals."
The rotation, said Jain, occurs at the atomic scale and does not affect the shape of the glass material. "Only the string of atoms bends, not the entire material. We can see the bending of the crystal lattice with x-ray diffraction."
To achieve this rotation, the researchers heat a very small portion of the surface of a solid glass material with a laser, which causes the atoms to become more flexible.
"The atoms want to arrange in a straight line but the surrounding glass does not allow this," said Jain. "Instead, the glass, being completely solid, forces the configuration of the atoms to bend. The atoms move and try to organize in a crystalline lattice, ideally in a perfect single crystal, but they cannot because the glass prevents the perfect crystal from forming and forces the atoms to arrange in a rotational lattice. The beauty is that the rotation occurs smoothly on the micrometer scale.
"Our laser imposes a degree of asymmetry on the growth of the crystal. We control the asymmetry of the heating source to impose this rotational pattern on the atoms."
The group's ability to control the amount of heating is critical to the formation of the rotating lattice, said Jain.
"The key to the creation of the rotating atomic lattice is that it occurs without melting the glass. Melting allows too much freedom of atomic movement, which makes it impossible to control the organization of the lattice.
"Our subtle way of heating the glass overcomes this. We heat only the surface of the glass, not inside. This is very precise, very localized heating. It causes only a limited movement of the atoms, and it allows us to control how the atomic lattice will bend."
Rotating lattices have been observed in certain biominerals in the ocean, said Jain and Dierolf, and it may also occur on a very small scale in some natural minerals as spherulites.
"But no one had previously made this on a larger scale in a controlled way, which we have accomplished with the asymmetrical imposition of a laser to cause the rotating lattice," said Jain.
"Scientists were not able to understand this phenomenon before because they could not observe it on a large enough scale. We are the first group to induce this to happen on an effectively unlimited dimension with a laser."
Jain and Dierolf and their group are planning further studies to improve their ability to manipulate the ordering of the atoms.
The researchers performed the laser heating of the glass at Lehigh and characterized the glass with micro x-ray diffraction on a synchrotron at the Lawrence Berkeley National Lab. They plan to perform further characterization at Berkeley and with electron microscopy at Lehigh.
The project has been funded for six years by the U.S. Department of Energy.
"This is a novel way of making single crystals," said Dierolf. "It opens a new field by creating a material with unique, novel properties."

科学家制造了新一级的结晶固体
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这张图片展示了亚微米级空间分辨率的X射线微衍射扫描 (μSXRD)结果。来自一块非约束Sb2S3单晶体（顶部）的劳厄衍射（a）和激光加工的RLS Sb2S3晶体（底部）。放大的图像...更多

利哈伊大学的科学家，与劳伦斯伯克利国家实验室合作，证明了使用激光加热来制造他们称之为新型结晶固体的技术。这项技术能将原子组织成一个旋转的晶格，但不会影响固体的宏观结构。

通过控制结晶晶格的旋转，研究人员称他们将能制造一种新型的人造单晶体及“仿生”材料，可模拟特殊生物矿物的结构以及它们的独特的电、光学特性。

研究队伍今天（11月3日）在科学报告，一份自然杂志，上报告了这个发现，文章的标题为“在玻璃表面构造旋转晶格单晶体”。这篇论文的主要作者是Dmytro Savytskii，是利哈伊大学材料科学与工程学院的一名研究科学家。

其他的作者有Volkmar Dierolf，特聘教授和利哈伊大学物理系的系主任；Himanshu Jain，工程与应用科学特聘教授和利哈伊大学材料科学及工程系的教授；Nobumichi Tamura，来自加利福尼亚州伯克利市劳伦斯伯克利国家实验室

旋转晶格单晶体（RLS）随着一份发布在三月份的科学报告杂志上的发现而开始发展，这个发现是利哈伊大学的团队第一次证明了单晶体可以不用融化玻璃，既可以在玻璃上生长。

一个典型的结晶固体，原子被排列在一个晶格中，一个规律性的重复或周期性三维结构。当从任意角度观察——从左往右、从上往下、从前往后——晶体特性的频率就是证据。相比之下，玻璃是一种无序的原子结构的非晶材料。

因为它们内部联系的晶体，单晶材料经常拥有杰出的机械、光学和电学性质。单晶体赋予了钻石的才华和喷气涡轮叶片的抗机械力。并且生产硅晶片用的单晶硅，拥有优越的导电性质。这个特性构成了微电子学的基础。

旋转晶格单晶体的频率，或者说重复模式，Jain和Dierolf说，与典型单晶体的频率不一样。

“我们已经发现当我们在玻璃上生长晶体时”，Jain说，“最终的频率不一致。在一个方向上，它看起来很完美，但是当你旋转晶格并从另一个角度观察它时，你会看到整个结构在旋转。”

“典型的单晶材料”Dierolf说，“一旦我知道模式如何重复，那么，如果我知道了一个原子的确切位置，我就能预测出所有原子的精确位置。这只是因为单晶体具备长程有序性，才会成为可能。”

“然而，当我们在玻璃上生长RLS晶体时，我们发现频率是不一样的。为了预测所有原子的位置，我必须不仅要知道一个特定原子的位置，也要知道晶格的旋转角度。”

“因此，我们必须稍微修改关于单晶体的教材定义。”

旋转，Jain，发生在原子尺度，并不影响玻璃材料的外形。“只是弯曲原子之间的连接，而不是整个材料。我们能够使用X光衍射看到晶体晶格的弯曲。”

为了实现这个旋转，科研人员使用激光来加热固体玻璃材料表面上一个非常小的部分，这使得原子变得更易弯曲。

“原子想要排成一条直线，但是周围的玻璃不会允许这样做，”Jain说，“相对的，玻璃，这个是完全的固体，强迫原子的结构发生弯曲。原子移动并尝试在一个结晶晶格中组织起来，就像在一个理想上完美的单晶体中那样。但是它们不能，因为玻璃会阻止完美晶体的行程，并迫使原子排列成一个旋转晶格。旋转在微米级尺度平顺的发生，这很美。”

“我们的激光造成晶体的生长上一定程度的的不对称。我们能控制热源的不对称，来造成这种原子的旋转模式。”

研究组控制加热量的能力，对旋转晶格的形成至关重要，Jain说。

“创造旋转原子晶格的关键，就是不要融化玻璃。融化会使得原子移动过于自由，也就不可能控制晶格的组成。”

“我们加热玻璃的精细方法克服了这一点。我们只加热玻璃的表面，而不是内部。这是非常精确的，非常定点式的加热。这个加热只会使原子产生有限的移动，这允许我们控制原子晶格如何弯曲。”

旋转晶格已经在海洋中的某些生物矿物被发现，Jain和DIerolf说，而且它也可能以非常微小的尺度，发生在一些天然矿物的表面，如球晶。

“但是之前从没有人能以一种可控的方式在更大的尺度做到这一点，而我们通过激光的不对称加热，实现了旋转晶格。”Jain说到。

科学家之前不能理解这种模式，因为他们不能在足够大的尺度上观察到它。我们是第一个能够实现使用激光，有效的无限维度下将其实现的团队。”

Jain和Dierolf以及他们的团队正在计划进一步的研究，来增加他们操纵原子序列的能力。

研究人员在利哈伊演示了玻璃的激光加热，并在劳伦斯伯克利国家实验室的同步加速器上，使用微X光衍射检验了玻璃的特征。他们计划在伯克利进行进一步的特性验证，并使用利哈伊的电子显微镜。

该项目已由美国能源部进行了为期六年的资助。

“这是一个制造单晶体的新颖方法，”Dierolf说，“它开辟了一片制造特殊、新颖特性的材料的领域。”

Physicists reveal cocktails with Dr Jekyll and Mr Hyde features

[image: image15.jpg]



False colour image of the long-range concentration fluctuations arising in a critical binary mixture. Credit: SciencePOD
Disturbing a mix of two liquids can yield some surprising effects. For example, if one portion of the mixture is brought to a different composition, it starts a process called diffusion, which continues until the liquid mix reverts to the resting point, which physicists refer to as equilibrium. Understanding the underlying physical phenomenon matters because diffusion is ubiquitous in physical and biological processes, such as the transport of nutrients within our cells. Now, an Italian team of physicists has found that two-liquid cocktails display long-range correlations, both at equilibrium and when disturbed. This means that large regions with slightly different physical properties coexist within the same fluid.
Outside the equilibrium condition, the authors explain, this is due to the coupling between the difference in concentration between different portions of the liquid and spontaneous fluctuations, which are also observed when the mix is at equilibrium. These findings have been published in EPJ Evas part of the Topical Issue "Non-isothermal transport in complex fluids" by Fabio Giavazzi from the University of Milan, Italy, and colleagues. They imply that the long-range effects, observed when the mixture is not at equilibrium, need to be taken into account as an additional contribution to the effects observed when the mixture is at equilibrium, so as to understand the diffusion mechanisms.
Often gravity masks the underlying physical phenomenon. Now Italian physicists have found a new way to overcome this difficulty by studying a liquid mix close to a peculiar equilibrium point with an optical microscope. They scrutinised the cocktail both when the two liquid components were at a low enough temperature to remain two distinct liquids, and just above the transition temperature, where they begin mixing into a cocktail. The authors initially focused on the liquid mix at equilibrium, and subsequently on the period during which it shifts from its initial equilibrium state to the final equilibrium state, after being disturbed by a temperature change.
Outside of equilibrium, the authors focused on the concentration gradient in the liquid induced by the temperature change. They found that during this transition several parameters, including the mixture's diffusion coefficient D, vary in time in the same manner and appear to be enslaved to the speed of the transition. Their experimental observations match theoretical expectations.

物理学家揭示鸡尾酒特性
[image: image16.jpg]



上图为在一个关键的二元混合物中产生的长程浓度波动的错误彩色图像。图片提供：SciencePOD
干扰两种液体的混合物可以产生一些令人惊讶的效果。例如，如果一部分混合物混杂了不同的成分，那么它将开始一项称为扩散的过程，该过程会持续到该液体混合物返回到休息点，物理学家称之为平衡。了解底层物理现象是非常重要的，因为扩散在物理和生物过程中无处不在，例如我们细胞中营养物质的运输。现在，一个意大利的物理学家团队已经发现，两种液体混合的鸡尾酒显示出长程相关性，无论是在平衡情况下还是在受干扰的情况下。这意味着大量具有少许不同物理特性的区域共存于相同液体。
平衡条件之外，作者解释称，这是由于不同液体部分和自发波动间深度的差异之间的耦合造成的，这种情况在混合物处于平衡条件时被观测到。这些研究发现由意大利米兰大学的Fabio Giavazzi及其同事发表于《局部问题》的EPJ Evas部分：复杂液体中的非等温输送。他们意味着在混合物处于不平衡状态下时所观察到的长程影响需要作为混合物在平衡状态下所观察到的效应的一个额外成因来考虑，从而了解扩散机制。
重力经常会掩盖潜在的物理现象。现在，意大利的物理学家已经发现了一种新的方法来克服这种困难，通过利用光学显微镜研究一种接近于独特平衡点的液体混合物。他们在两种液体成分在低至能够维持两种不同液体的温度下以及高于转变温度下而开始混合入鸡尾酒的情况中审查了鸡尾酒。作者最初专注于平衡状态下的液体混合物，并且随后专注于其从初始平衡状态在受到温度变化干扰之后向最终的平衡状态转变的这一时期。
平衡之外，作者还专注于温度变化引起的液体中的浓度梯度。他们发现，这种过渡型多种参数，包括混合物的扩散系统D，在相同的方式下的不同时间内会有所变化，并且似乎受到过渡速度的牵制。他们的实验结果符合理论期望。
E-Material（电子材料）

Physicists induce superconductivity in non-superconducting materials

Researchers at the University of Houston have reported a new method for inducing superconductivity in non-superconducting materials, demonstrating a concept proposed decades ago but never proven.
The technique can also be used to boost the efficiency of known superconducting materials, suggesting a new way to advance the commercial viability of superconductors, said Paul C.W. Chu, chief scientist at the Texas Center for Superconductivity at UH (TcSUH) and corresponding author of a paper describing the work, published Oct. 31 in the Proceedings of the National Academy of Sciences.
"Superconductivity is used in many things, of which MRI (magnetic resonance imaging) is perhaps the best known," said Chu, the physicist who holds the TLL Temple Chair of Science at UH. But the technology used in health care, utilities and other fields remains expensive, in part because it requires expensive cooling, which has limited widespread adoption, he said.
The research, demonstrating a new method to take advantage of assembled interfaces to induce superconductivity in the non-superconducting compound calcium iron arsenide, offers a new approach to finding superconductors that work at higher temperatures.
Superconducting materials conduct electric current without resistance, while traditional transmission materials lose as much as 10 percent of energy between the generating source and the end user. That means superconductors could allow utility companies to provide more electricity without increasing the amount of fuel used to generate electricity.
"One way that has long been proposed to achieve enhanced Tcs (critical temperature, or the temperature at which a material becomes superconducting) is to take advantage of artificially or naturally assembled interfaces," the researchers wrote. "The present work clearly demonstrates that high Tc superconductivity in the well-known non-superconducting compound CaFe2As2 (calcium iron arsenide) can be induced by antiferromagnetic/metallic layer stacking and provides the most direct evidence to date for the interface-enhanced Tc in this compound."
Chu's coauthors on the paper include lead author Kui Zhao, a recent UH graduate now at Advanced MicroFabrication Equipment Inc. in Shanghai; Liangzi Deng, Shu-Yuan Huyan and Yu-Yi Xue, both affiliated with the UH Department of Physics and TcSUH, and Bing Lv, a material physicist who recently moved to the University of Texas-Dallas.
The concept that superconductivity could be induced or enhanced at the point where two different materials come together - the interface - was first proposed in the 1970s but had never been conclusively demonstrated, Chu said. Some previous experiments showing enhanced superconducting critical temperature could not exclude other effects due to stress or chemical doping, which prevented verification, he said.
To validate the concept, researchers working in ambient pressure exposed the undoped calcium iron arsenide compound to heat - 350 degrees Centigrade, considered relatively low temperature for this procedure - in a process known as annealing. The compound formed two distinct phases, with one phase increasingly converted to the other the longer the sample was annealed. Chu said neither of the two phases was superconducting, but researchers were able to detect superconductivity at the point when the two phases coexist.
Although the superconducting critical temperature of the sample produced through the process was still relatively low, Chu said the method used to prove the concept offers a new direction in the search for more efficient, less expensive superconducting materials.

物理学家诱导非超导材料的超导性

休士顿大学的研究人员报道了一种新的诱导非超导材料超导性的方法，展示了几十年前提出的但从来没有证明过的概念。

该技术还可以用来增加已知的超导材料的效率，提供了一种新的提高商业超导体可行性的方法，发表在10月31日的美国国家科学院前沿的关于该研究的论文的联合作者，同时是德克萨斯超导中心(TcSUH)的首席科学家Paul C.W. Chu说。

 “超导可以应用于许多事情，其中MRI（磁共振成像）也许是最为人所知的，”主持该研究的科学家，物理学家Chu说。但是，在医疗保健，公用事业和其他领域使用技术的价格仍然十分昂贵，部分原因是因为它需要昂贵的冷却技术，这限制了该技术的广泛应用，他说。

研究表明利用组装界面诱导非超导化合物钙铁砷超导电性的新方法，提供了一种超导体在较高的温度下工作的新方法。

超导材料传导电流没有电阻，而传统的传输材料在电源和最终用户之间传输的能量损失多达10%。这意味着超导体可以再不增加发电燃料的情况下让公用事业公司提供更多的电力。

 “一直以来的一种方法是建议提高TCS（材料成为超导的临界温度），这是利用人工或自然组合接口，”研究人员写道。“目前的工作清楚地表明，高温超导在已知的非超导化合物CaFe2As2（钙铁砷）能够通过反铁磁/金属层叠加诱导超导性，为在这种化合物中增强TC提供了最直接的证据。”

Chu的合作者，论文的第一作者，毕业于休斯顿大学现在在上海先进微细加工设备有限公司工作的Kui Zhao；Liangzi Deng, Shu-Yuan Huyan和 Yu-Yi Xue都在休斯顿大学物理系和超导中心任职，以及最近转移到达拉斯德克萨斯大学任职的材料物理学家Bing Lv，。

在两种不同材料结合一起的界面可以诱导或增强超导的概念，在上世纪70年代第一次提出，但未被最终证实，Chu说。一些以前的实验显示增强超导临界温度由于应力或防止核查的化学掺杂，不能排除其他因素的影响，他说。

为了验证这个概念，工作人员将未掺杂的钙铁砷化合物暴露于环境压力下，加热——350摄氏度是退火方法中温度较低的一个过程。该化合物形成了两个不同的阶段，随着该过程时间的延长，一个状态越来越多地向另一个状态转换。Chu说，这两个阶段都没有超导性，但研究人员能够在这一点两个阶段共存的状态下检测到超导性。

虽然样品临界温度过程中产生的超导性仍然是相对较低，Chu说，用来证明概念的这个方法为寻找更有效，更便宜的超导材料提供了一个新的方向。

Non-invasive intensity measurements of low energy beams demonstrated for the first time

A precise measurement of absolute beam intensity is a key parameter to monitor any losses in a beam and to calibrate the absolute number of particles delivered to the experiments.
However, this type of measurement is very challenging with traditional beam current diagnostics when it comes to low-energy, low-intensity beams due to the very low signal levels. Particle accelerator experts from the University of Liverpool have now experimentally demonstrated a new type of monitor in a collaboration with CERN, the GSI Helmholtz Centre for Heavy Ion Research and Friedrich Schiller University and Helmholtz Institute Jena.
A paper just published in Superconducting Science and Technology documents the challenges of implementation and first beam measurements. These are the first-ever measurements of this type performed in a synchrotron using both coasting and short-bunched beams.
The Antiproton Decelerator (AD) is a synchrotron that provides low-energy antiprotons for studies of antimatter. These studies rely on creating antimatter atoms (such as anti-hydrogen) and using them as probes for the most fundamental symmetries in nature such as the invariance of CPT, or of the gravitational acceleration on matter and antimatter.
A precise measurement of the beam intensity in the AD is essential to monitor any losses during the deceleration and cooling phases of the AD cycle, and to calibrate the absolute number of particles delivered to the experiments. However, this is very challenging with traditional beam current diagnostics due to the low intensity of the antiproton beam, which is of the order of only 10 million particles, corresponding to beam currents as low as a few hundred nano-amperes. To cope with this, a Cryogenic Current Comparator (CCC) based on a superconducting quantum interference device (SQUID) was developed and installed in the AD, in a collaboration between accelerator experts from the University of Liverpool and CERN, the GSI Helmholtz Centre for Heavy Ion Research, Friedrich Schiller University and the Helmholtz Institute Jena.
Previous incarnations of CCCs for accelerators suffered from issues concerning sensitivity to mechanical vibrations and electromagnetic perturbations. Furthermore, these setups were used for measuring slow beams, usually from transfer lines of accelerators, and were unable to measure short bunched beams presenting fast current variations. In order to measure the beam current and intensity throughout the cycle of a synchrotron machine such as the AD, the CCC needed to be adapted to cope with the fast signals of bunched beams.
In an open access paper just published in the IOP Superconducting Science and Technology journal, Miguel Fernandes and co-authors describe the challenges of implementation and first beam measurements. These are the first-ever CCC beam current measurements performed in a synchrotron using both coasting and short bunched beams. The paper demonstrates the exciting prospects of this new type of beam diagnostics device.

专家首次展示低能量束的非侵入性强度测量

绝对束强度的精确测量是监测在光波中的损失，并校准交付给实验的粒子绝对数量的一个关键参数。

然而，由于非常低的光束信号水平的强度使用传统的波束测量，使得这种测量是非常具有挑战性。来自利物普大学的粒子加速器专家与CERN（GSI亥姆霍兹中心的重离子研究与Friedrich Schiller大学和Helmholtz Institute Jena）一起正实验性证明一种新的监测类型。

一篇刚刚发表在《超导科学和技术》（ Superconducting Science and Technology ）杂志上的文章表明了实施第一束测量的困难。这是第一次测量这种在同步使用滑行和短束的类型。

反质子减速器（AD）是一种研究反物质提供低能反质子的同步过程。这些研究依赖于制造反物质原子（如抗氢）同时使用它们作为自然最基本的对称性探针如CPT的不变性，或在物质和反物质上的重力加速度。

在反质子减速器中光波强度的精确的测量是必不可少的，用来监测在减速和冷却阶段的反质子减速周期的损失，并校准交付给实验的粒子绝对数量。然而，由于质子束的强度低仅有1000万个粒子顺序，对应的电子束电流低至几百纳米安培，使用传统的光波检测是非常具有挑战性。要解决这个问题，在反质子减速器上开发和安装一个基于超导量子干涉器件（SQUID）的低温电流比较仪（CCC），这是由来自利物普大学和CERN， GSI亥姆霍兹中心的重离子研究与Friedrich Schiller大学和Helmholtz Institute Jena的加速器专家合作完成的。

作为加速器的低温电流比较仪现在遭受关于机械振动和电磁扰动的敏感性问题。此外，这些装置用于测量通常来自加速器传输线的慢波束，而无法测量短电子束提供快速电流变化。为了测量类似反质子减速器的同步机的周期束流强度，低温电流比较仪需要适应快速信号的电子束。

刚刚发表在IOP《超导科学和技术》杂志上的公开文章中，Miguel Fernandes和合作作者描述了实施第一束测量的困难。这是有史以来第一次低温电流比较仪束流同步进行滑行和短束测量。本文演示了这种新型的光束测量装置令人兴奋的前景。

When crystal vibrations' inner clock drives superconductivity

Superconductivity is like an Eldorado for electrons, as they flow without resistance through a conductor. However, it only occurs below a very low critical temperature. Physicists now believe they can enhance superconductivity - the idea is to externally drive its underlying physical phenomena by changing how ions vibrating in the crystal lattice of the conductor material, called phonons, interact with electron flowing in the material. Andreas Komnik from the University of Heidelberg and Michael Thorwart from the University of Hamburg, Germany, adapted the simplest theory of superconductivity to reflect the consequences of externally driving the occurrence of phonons. Their main result, published in EPJ B, is a simple formula explaining how it is theoretically possible to raise the critical temperature using phonon driving.

The authors studied the all-important autocorrelation function of phonons in the superconductivity BCS theory, named after John Bardeen, Leon Cooper and John Robert Schrieffer. Superconductivity is induced by phonons cooperating to bring theelectrons together in the so-called Cooper pairs—against their spontaneous tendancy to repel each other. In this work, the authors focused on the scenario of an X-ray light field rattling the phonons. They realised that a kind of driving, which controls the frequency of vibration of the lattice sites, can profoundly change the pairing of the electrons.

However, electrons and phonons do not follow the same internal clock. This means that change at what is perceived as a normal pace for phonons comes across as extremely slow to electrons. To eliminate this discrepancy, the author devised a solution based on bringing a clever time-averaging procedure into the BCS equations. This theoretical approach, the authors found, reveals the controlled elevation of the critical temperature. They thus managed to integrate the external phonon drive into the standard BCS theory. The advantge is that the critical temperature can be computed from this simple formula and can, in theory, be considerably elevated using the driving procedure. Suprisingly, the critical temperature was even higher up when further refinment to the equations accounted for phonon-phonon interactions.

当晶体振动的内部时钟可以驱动超导电性时
超导电性就像电子中的埃尔多拉多，他们可以无阻力的通过导体。然而，它只发生在非常低的临界温度下。物理学家现在相信，他们可以增强超导性——这一想法的基本物理现象是通过改变导体材料晶格中的晶格离子，也被称为声子的振动方式，与在材料中流动的电子相互作用。来自德国海德堡大学的Andreas Komnik和来自德国汉堡大学的Michael Thorwart，采用的是反映外部驱动声子发生的超导中最简单的理论。其主要结果发表在EPJ B，是一个简单的解释它是如何利用声子驱动提高临界温度在理论上的可能的公式。

作者研究了在超导的BCS理论中声子最重要的自相关函数，以John Bardeen，Leon Cooper和John Robert Schrieffer的名字命名。超导电性是由声子感应将电子以所谓的库珀对的方式聚集在一起——而对抗他们的自发互相排斥的倾向。在这项工作中，作者侧重于将场景中的X射线光场影响声子。他们意识到这种控制晶格位置振动频率的驱动，可以改变电子的配对。

然而，电子和声子遵循不同的内部时钟。这意味着，在声子看来是正常的变化节奏，对于电子而言却是非常缓慢的。为了消除这种差异，笔者设计了一个基于更优的时间平均程序的解到BCS方程中。作者发现，这种理论的方法，揭示了控制的临界温度升高。因此他们设法整合外部声子驱动进入BCS理论。优点是，临界温度可以在理论上从这个简单的公式计算中大大提高使用的驱动过程。令人惊讶的是，当进一步细化到方程中声子与声子相互作用的解释时，临界温度会变得更高。
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