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Tech News & New Tech（技术前沿）

Building a bright future for lasers 

Invisible to the human eye, terahertz electromagnetic waves can "see through" everything from fog and clouds to wood and masonry—an attribute that holds great promise for astrophysics research, detecting concealed explosives and many other applications. 

Terahertz lasers can produce photons with frequencies of trillions of cycles per second—energies between those of infrared and microwave photons. These photons, however, are notoriously difficult to generate—and that's where UCLA associate professor of electrical engineering Benjamin Williams comes in. He and his research group at the UCLA Henry Samueli School of Engineering and Applied Science are hard at work exploring "one of the last frontiers of the electromagnetic spectrum," as Williams describes it.

Most optical and infrared lasers operate by electrons transitioning between two energy levels in a semiconductor crystal and emitting a photon. However, this process is not so easily extended to the terahertz range.

"If you want to make terahertz radiation, you need a very low-energy photon, so you need two energy levels that are very close together, and that's hard to do with the semiconductors that nature gives us," said Williams.

He and his collaborators at the Terahertz Devices and Intersubband Nanostructures Laboratory instead produce terahertz photons by engineering artificial materials that mimic the energy levels of atoms. These so-called "quantum cascade lasers" are made by arranging different semiconductors in layers—some only a few atoms thick—to form quantum wells. Quantum wells are like tiny "boxes" that confine electrons to certain energy levels chosen by design. As an electron transitions between different energy levels, it emits photons. A single electron can cascade between the many quantum wells in a quantum cascade laser and trigger the emission of multiple terahertz photons, thereby producing a powerful laser beam. Another advantage of quantum cascade lasers is that the frequency of the emitted photons can be modulated.

"Instead of being limited to the band gap that nature gives you, we can change the width of these quantum wells to choose the effective band gap [and change the photons' frequency]. That's a very powerful concept," said Williams.

While quantum cascade lasers are both powerful and tunable in frequency, a significant disadvantage has been their low beam quality.

"Think of a laser pointer, which has a very nice beam, "Williams said. "The beam goes where you want it, and it looks like a nice spot. You're not wasting the light."

Terahertz lasers, on the other hand, often have beams that are highly divergent, meaning that the light beam spreads out and accordingly becomes less powerful. In some cases, the beam of a terahertz laser diverges so much that only 0.1 percent of it ends up where it was initially intended to go.

A major achievement of Williams' lab has been creating a type of terahertz quantum cascade laser that possesses both an excellent beam pattern and high power.

"Our innovation was to make an artificial surface that's made up of lots of little laser antennas [metal structures that each function like a quantum cascade amplifier]. The net effect is a mirror that reflects terahertz light as it amplifies and focuses it at the same time," said Williams. "We believe that this ability will allow us to create lasers with control of nearly all of the properties of the light—its wavelength, amplitude, phase, and polarization."

Williams and his team are also exploring how quantum cascade lasers can be designed to operate at room temperature. Currently, scientists must cool their lasers down to 77 Kelvin (-321°F), a step that limits the lasers' use outside of a laboratory. Now, Williams is investigating building those lasers using quantum dots instead of quantum wells. While quantum wells confine electrons' motion in only one dimension, quantum dots restrict their motion in all three dimensions. The extra confinement in quantum dots is predicted to drastically reduce how much the electrons scatter, which would allow these lasers to work at room temperature.

"We're currently working with Diana Huffaker [professor of electrical engineering at UCLA], who grows quantum dots," said Williams. "[Her work] would allow us to do the same kinds of quantum engineering with quantum dots that we presently do with quantum wells." 

为激光构建光明未来

人类肉眼不可见的太赫兹电磁波可以“看透”从雾气、云彩到木头、砖石等任何东西。它的这种性质在天体研究，检测隐藏炸药和其他很多领域有重大应用。

太赫兹激光器可以以万亿赫兹每秒的频率产生光子并释放这些红外与微波光子之间的能量。然而这些光子非常难以生产，加州大学洛杉矶分校（UCLA）协会的电机工程教授本杰明·威廉姆斯参与项目就是为了解决这个问题。他和他在UCLA山缪利工程与应用科学学院的研究团队正努力攻克威廉姆斯教授所说的“电子频谱最后的边界之一”。

大多数光学或红外激光器的运行是靠电子在半导体晶体的两个能级之间转换并发射光子。然而，这个过程不太容易达到太赫兹范围。

“如果你想制造出太赫兹放射线，你需要一个能量特别低的光子，也就需要两个靠得非常近的能级。利用自然界的半导体材料很难达到这个标准。”威廉姆斯教授说。

与上述方法不同，他和他在太赫兹设备和除子带结构实验室的合作伙伴则是通过制造人工材料模拟原子能级来产生太赫兹光子。这种被称为“量子级联激光器”的制造是通过设计间隔只有几个原子宽的不同半导体材料层来形成量子阱。量子阱就像把电子限制在设计选定的能级的“小盒子”，当电子在不同能级之间转换时就发出光子。量子级联激光器中，单个电子在许多量子阱之间串联触发大量太赫兹光子的释放，从而产生一道强大的激光束。量子级联激光器的另一个优势在于它发射光子的频率是可调的。

“我们得以改变量子阱的宽度来选择有效的能带间隙（并改变光子的频率），而不被大自然原有的能带间隙限制住。这是个很了不得的概念。”威廉姆斯教授说。

量子级联激光器拥有强大并可调的频率的同时，也存在着光束质量低的显著缺陷。

“想象一个可以发射很棒光纤的激光笔，”威廉姆斯教授说，“光束投向你所指的方向，看上去光点很清晰。你完全没有浪费光线。”

另一方面，太赫兹激光的光束往往高度发散，这意味着光束向外扩散的同时能量也会降低。在一些情况下，太赫兹光线发散得太厉害以至于只有0.1%的光线射到它最初指向的方向。

威廉姆斯的实验室的重大成在于创造出一种同时具有极好的光束模式和强大能量的太赫兹量子级联激光器。

“我们的创新在于人工制造一个由许多小激光器天线组成的表面（每一部分都是个量子级联放大器的金属结构）。净效应像一面反射太赫兹光线的透镜，同时起到放大和聚焦光线的作用”威廉姆斯教授说，“我们认为这种能力使得我们可以创造能够控制几乎所有光线的属性的雷射，包括光线的波长，振幅，相位和偏振。”

威廉姆斯和他的团队也在探索如何设计量子级联激光器才能在室温下操作。目前，科学家们必须将他们的激光器降温至77开尔文（-321华氏度），这个步骤限制了激光器在实验室外的使用。现在，威廉姆斯正投资制造使用量子点而不是量子阱的激光器。量子阱只能在一个维度限制电子的运动，而量子点可以在全部三个维度限制电子的运动。科学家预测量子点这种额外的限制能力能够戏剧性的减少电子分散的量，从而使激光器能够在室温下使用。

“我们目前正与戴安娜·胡夫克（UCLA的电机工程教授）合作，她负责制作量子点。”威廉姆斯说，“（她的工作）将使我们能够用量子点代替目前使用的量子阱来进行同样的量子工程实验。”
Scientists build new ultrasound device using 3-D printing technology

Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed a new ultrasound device that produces sharper images through 3-D printed lenses. 

With clearer images, doctors and surgeons can have greater control and precision when performing non-invasive diagnostic procedures and medical surgeries.

The new device will allow for more accurate medical procedures that involve the use of ultrasound to kill tumours, loosen blood clots and deliver drugs into targeted cells.

This innovative ultrasound device is equipped with superior resin lenses that have been 3-D printed.

In current ultrasound machines, the lens which focuses the ultrasound waves are limited to cylindrical or spherical shapes, restricting the clarity of the imaging.

With 3-D printing, complex lens shapes can be made which results in sharper images. The 3-D printed lenses allow ultrasound waves to be focussed at multiple sites or shape the focus specially to a target, which current ultrasound machines are unable to do.

Industry partners keen to develop commercial applications

The novel ultrasound device was developed by a multidisciplinary team of scientists, led by Associate Professor Claus-Dieter Ohl from NTU's School of Physical and Mathematical Sciences.

NTU Singapore’s new ultrasound device is pictured firing around ten pulses per second through the 3D printed lens, generating enhanced ultrasound or photoacoustic waves which current ultrasound machines are unable to do. 

The ultrasound device had undergone rigorous testing and the findings have been published in Applied Physics Letters, a peer-reviewed journal by a leading global scientific institute – the American Institute of Physics.

With this breakthrough, the NTU team is now in talks with various industry and healthcare partners who are looking at developing prototypes for medical and research applications.

Associate Professor Claus-Dieter Ohl said, "In most medical surgeries, precision and non-invasive diagnosis methods are crucial. This novel device not only determines the focus of the wave but also its shape, granting greater accuracy and control to medical practitioners."

Overcoming current limitations

Ultrasound waves are produced by firing sound waves at a glass surface or 'lens' to create high-frequency vibrations. 

NTU Singapore’s unique 3D printed resin lens overcomes the limitations of glass as it is not only customisable to generate better imaging, but are cheaper and easier to produce. 

In conventional ultrasound machines, the resulting heat causes the lens to expand rapidly, generating high frequency vibrations that produce ultrasound waves.

With lenses that are 3-D printed, the new ultrasound device overcomes the limitations of glass. Customised and complex 3-D printed lenses can be made for different targets which not only results in better imaging, but are cheaper and easier to produce.

"3-D printing reinvents the manufacturing process, enabling the creation of unique and complex devices. In turn, the way medical devices are created needs to be rethought. This is an exciting discovery for the scientific community as it opens new doors for research and medical surgery," said Assoc Prof Ohl.

This breakthrough taps into an ultrasound market which is expected to grow to about US$ 6.9 billion by 2020. It is also expected to promote new medical techniques and research opportunities in health sciences such as surgery, and biotechnology.

For example, researchers could use the sound waves to measure elastic properties of cells in a petri dish, seeing how they respond to forces. This will be useful for example, to distinguish between harmful and benign tumour cells.

"This is a very promising breakthrough, potentially offering significant clinical benefits including to the field of cancer imaging. This technology has the potential to reduce image distortions and more accurately differentiate cancerous from non-cancerous soft tissue," said Adjunct Assistant Professor Tan Cher Heng, LKCMedicine Lead for Anatomy & Radiology and Senior Consultant with the Department of Diagnostic Radiology at Tan Tock Seng Hospital.

NTU Singapore’s new ultrasound device is pictured firing around ten pulses per second through the 3D printed lens, generating enhanced ultrasound or photoacoustic waves which current ultrasound machines are unable to do. 

科学家利用3-D打印手机直充构建新的超声装置

新加坡南洋理工大学（新加坡NTU）的科学家已经开发了一种新的超声装置，通过3-D打印镜片产生更加清晰的图像。

通过更清晰的图像，医生和外科医生能够在进行非侵入性诊断程序和医疗手术时具有更大的控制力度和精度。

新的设备将产生更精准的医疗程序，包括使用超声波杀死肿瘤，松开血凝块，以及将药物输送至靶细胞。

这种创新超声设备配备了优质的通过3-D打印生成的树脂镜头。

在目前的超声机器中，聚集超声波的透镜仅限于圆柱形或球形，限制了成像的清晰度。

通过3-D打印，可以制作复杂的透镜形状，从而产生更清晰的图像。3-D打印的透镜令超声波聚集在多个部位或特别将焦点塑造在一个目标上，而这是目前的超声机器无法达到的。

行业合作伙伴渴望开发商业应用

新型超声装置是由多学科科学家团队开发的，该团队由NTU物理和数学科学学院的副教授Claus-Dieter Ohl领导。

新加坡NTU新的超声波设备如图所示能够通过3-D打印的透镜每秒发射大约10个脉冲，产生增强的超声波或光声波，而目前的超声波机器是无法做到这一点的。
超声设备经过了严格的测试，并且其结果已经发表于《应用物理通讯》——一个由全球领先的科学家研究所——美国物理学研究所——发行的同行评议型期刊。

通过这个突破，NTU的团队目前正在与各种希望开发医疗和研究应用的原型的行业及医疗合作伙伴进行对话。

副教授Claus-Dieter Ohl表示：“在大多数医疗手术中，精确和非侵入性诊断方法至关重要。这种新型装置不仅能够确定波的焦点，而且能够确定其形状，为医生带来更大的准确性和控制。”

克服电流限制

通过在玻璃表面或“透镜”上发射声波而产生高频振动，从而产生的超声波。

新加坡NTU独特的3-D打印的树脂透镜克服了玻璃的局限性，因为它不仅能够通过定制产生更好的成像，并且价格便宜，易于生产。

在常规超声机中，产生的热量会导致透镜迅速膨胀，产生生成超声波的高频振动。

通过3-D打印的透镜，新的超声设备克服了玻璃的局限性。定制并且复杂的3-D打印的透镜能够为不同的目标进行制作，不仅会产生更好的成像，而且更加便宜，易于生产。

“3-D打印重塑了制造过程，使独特和复杂的设备能够产生。反过来，医疗设备创建的方式需要重新考量。这对于科学界是一个令人兴奋的发现，因为它为研究和医学手机打开了新的大门，”副教授Ohl称。

这一突破进入了超声波市场，预计将在2020年增长至大约69亿美元。它还预计会促进健康科学中新的医学技术和研究机遇，例如手术和生物技术。

例如，研究人员可以利用声波测量培养皿中细胞的弹性性质，研究它们是如何对力量进行回应的。例如，这将有助于区分有害及良性肿瘤细胞。

“这是一个非常有前途的突破，潜在地提供了重要的临床益处，包括癌症成像领域。这个技术有望减少图像扭曲，并且更准确地区分癌性和非癌性软组织，”Tan Tock Seng医院诊断放射科资深顾问兼解剖学与放射学LKCmedicine的主管Tan Cher Heng辅助副教授称。

新加坡NTU新的超声波设备如图所示能够通过3-D打印的透镜每秒发射大约10个脉冲，产生增强的超声波或光声波，而目前的超声波机器是无法做到这一点的。

Cooling technique helps researchers 'target' a major component for a new collider

Although a lot of time and effort in particle physics are devoted to finding ways to increase the energy of certain experiments, sometimes it is even more important to find ways to safely, quickly and easily remove energy from an experiment. 

Researchers at the U.S. Department of Energy's (DOE's) Argonne National Laboratory have recently developed a new ultra-low-friction sliding contact mechanism that uses chilled water to remove heat from a key component of a next-generation collider.

"When you think about driving a car, you have to use friction to brake your wheels," said Wei Gai, an Argonne high-energy physicist and leader of the Argonne Wakefield Accelerator group. "For us, the key challenge was in finding a way to have a brake-like contact of metal pads against a high speeding wheel without much friction."

For the past two years, Gai and his colleagues have been attempting to assemble a working prototype for a key component of the proposed future International Linear Collider (ILC). This device, called a "positron target," would enable scientists to produce positrons, the antimatter sibling particle of the electron.

At the ILC, a 20- to 30-mile-long machine being considered by Japan, scientists would collide electrons and positrons with each other, and the resulting energetic particle annihilations could shed light on a number of unsolved questions in physics that range from unknown dimensions to candidates for dark matter.

"The number one priority for the ILC has been to get a reliable source of polarized positrons," Gai said. Although the positrons are not polarized by the target—that is done in a separate step —having a reliable positron source is a big step forward.

Positrons are created when a highly energetic photon—called a gamma ray—comes into the vicinity of an atomic nucleus. Then, in a process known as pair production, the energy contained in the photon is spontaneously converted to one electron and one positron.

"To some people, this seems like the universe is making something out of nothing," said Argonne electrical engineer Wanming Liu. "But Einstein showed that energy and mass can be converted into each other, so as long as the incoming photon has enough energy, you can create a positron and an electron together."

Creating and collecting those positrons, however, has been no easy task. First, the gamma-ray beam needed to create the positrons works somewhat like an intense and focused flashlight and will essentially burn right through anything left directly in its path for too long.

To deal with this problem, the researchers first created a titanium alloy wheel approximately three feet in diameter and half an inch thick. The incoming gamma-ray beam would strike a spot toward the outer edge of the wheel, causing it to heat up as it generates positron-electron pairs. The electrons and excess gamma rays would be dumped out, while the positrons would be harvested through magnetic steering.

To prevent the damage to the wheel from prolonged exposure at a single spot, the research team designed a way to spin the wheel quickly—at approximately 220 miles per hour—continuously changing the spot where the beam hit the wheel.

While this resolved one issue in designing a positron target, the real challenge involved removing the heat energy from the wheel. Because the positrons need to be captured and accelerated in a vacuum and because the incoming gamma-ray beam could burn through anything standing in its way for too long, the researchers needed to operate the target in an ultra-high vacuum environment. Working in a vacuum, however, meant they could not dissipate heat to the ambient environment, so they needed another solution.

The answer they found—conduction—would be familiar to anyone who has ever felt another person s cold feet in the middle of the night. By putting the surface of a cooling pad coated with a thin layer of tungsten disulfide or similar dry lubricants directly in contact with the rotating wheel, the researchers found that they could suck heat energy out of the system, preventing the target from overheating or being otherwise damaged. The cooling pad contains a chamber filled with chilled water that could be continually replenished from outside the vacuum-sealed apparatus.

"Our breakthrough was really three-fold: that we were able to find a way to generate the positrons, that we could remove energy from the system and that we were able to operate the device for an extended duration," Gai said.

According to Gai, the next stage of the research involves operating the positron target continuously for a period of about seven or eight months in order to make sure that the machine could hold up under the stresses of a prolonged period of experimental study. The final design was completed by Argonne engineer Scott Doran.

"Because the ILC represents such a big international investment, we need to make sure that everything is tested, checked out and ready to go as much as possible ahead of time," Gai said.

冷却技术帮助研究人员“瞄准”新碰撞器的主要部件

    虽然粒子物理学投入了大量的时间和努力，寻找增加某些实验的能量的方法，但是有时甚至更重要的是在实验中找到安全、迅速并且容易地去除能量的方法。

    美国能源部（DOE）阿贡国家实验室的研究人员最近开发了一种新的超低摩擦滑动接触机构，利用冷却水去除下一代碰撞机的关键部件产生的热量。

    “当你想象着驾驶一辆汽车时，你必须使用摩擦来制动你的车轮，”阿贡高能物理学家兼阿贡Wakefield加速器组织的领导人Wei Gai表示。“对我们来说，主要的挑战是寻找一种方法令金属垫片在没有太多摩擦的情况下对高速车轮产生制动状的接触。”

    在过去的两年中，Gai和他的同事们一直试图为拟议的未来国际线性碰撞器（ILC）的关键部件组装一个工作原型。这种称为“正电子靶”的装置可能会使科学家产生正电子，即电子的反物相邻粒子。

    在ILC，日本考量了一个20-至30英里长的机器，科学家们可能会将电子和正电子彼此碰撞，并且所产生的能量粒子湮没可能会揭示物理学中许多未解决的问题，其范围从未知的尺寸到暗物质的候选者。

    “ICL的首要任务是获得可靠的偏振正电子源，”Gai称。虽然正电子并没有受到靶极化——这是在单独的步骤中完成的——拥有可靠的正电子源是向前迈出的一大步。

    当高能光子——称为伽马射线——进入了一个原子核附近时会产生正电子。然后，在一个称为对生产的过程中，光子中包含的能量会自发地转换为一个电子和一个正电子。

    “对于一些人来说，这似乎就像宇宙正在做一些无用的东西，”阿贡电气工程师Wanming Liu称。“但是爱因斯坦表明，能量和质量可以相互转化，所以只要进入的光子拥有足够的能量，你就能够一起创造一个正电子和一个电子。”

    然而，创造和收集这些正电子一直都不是一件容易的任务。首先，创造正电子所需的伽马射线束似乎工作原理类似于一个强烈且聚集的手电筒，并且基本上会直接烧尽其路径中留下的任何东西。

    为了解决这个问题，研究人员首先创造了一个直径约三英尺并且半英寸厚的钛合金车轮。入射的伽马射线整将向该车轮的外边缘撞击出一个点，导致其在产生正电子-电子对时升温。电子和过量的伽马射线可能会倾倒而出，而正电子将通过磁性转向而收获。

    为了防止因长时间暴露单一的一个点而损坏车轮，研究团队设计了一种方法迅速旋转车轮——大约为每小时220英里——不断变换光束撞击车轮的点。

    虽然这解决了设计一个正电子目标的一个问题，真正的挑战涉及了去除车轮的热能。因为正电子需要在真空环境下捕获和加速，并且由于射入的伽马射线可能会烧尽沿路的任何东西，研究人员需要在超高真空环境中操作目标。然而，进入真空意味着他们有可能无法将热量发散到周围环境中，因此他们需要另一种解决方案。

    他们发现的答案——传导——可能对于那些在午夜感受到另一个人的冰脚的任何人来说都不陌生。通过在表面涂覆具有二硫化乌或类似的干燥润滑剂浅层的冷却垫，直接与旋转轮接触，研究人员发现，创新可以将热能从系统中吸出，从而防止目标过热或因此受到损害。冷却垫包括填充了冷却水的腔体，其有可能会通过真空密封设备外持续地补充。

    “我们的突破真的具有三重：我们能够发现一种方式产生正电子，我们能够支持该系统中的能量，并且我们能够长时间地操作设备，”Gai称。

    据Gai称，研究的下一个阶段涉及了在大约七到八个朋的时间内连续性地操作正电子目标，从而确保该设备能够在长时间的实验研究的压力下保持运转。最终设计是由阿贡的工程师Scott Doran完成。

    “由于ILC呈现了这样的一个大型国际投资，我们需要确保一切都经过测试，检查并且尽可能提前进行准备，”Gai称。

Tunneling holds key to high-speed modulation of transistor and laser development

In 2004, electrical engineering pioneers Nick Holonyak, Jr. and Milton Feng at the University of Illinois invented the transistor laser—a three-port device that incorporated quantum-wells in the base and an optical cavity—increasing its capacity to transmit data one hundred-fold. Two recent studies by the researchers are expected to significantly impact the fundamental modulation bandwidth of the transistor and the laser operation for energy-efficient high speed data transfer in optical and 5G wireless communications. 

"The transistor (point-contact) invented by John Bardeen and Walter Brattain in 1947 revealed the operating principles of the emitter current injection, the base electron-hole recombination, and the collector current output." explained Milton Feng, the Holonyak Chair professor emeritus of electrical and computer engineering at Illinois. "The three-terminal transistor replaced the fragile vacuum tube for fast reliable electrical signal switching and amplification, and has made possible a revolution in modern electronics, communications, and computer technologies."

"We are especially grateful to John Bardeen for bringing transistor research to Urbana in 1951, and changing all of our lives world-wide with the new quantum-physics and solid state devices," stated Nick Holonyak Jr, Bardeen's first graduate student and current Bardeen Chair professor emeritus of electrical and computer engineering and Physics . In 2004, Feng and Holonyak realized the radiative recombination energy (light) at the base of an III-V heterojunction bipolar transistor could be modulated to be a signal and a three-port device that can harness the intricate physics between electrons and light.

"The fastest way for current to switch in a semiconductor material is for the electrons to jump between bands in the material in a process called tunneling," Feng stated. "Light photons help shuttle the electrons across, a process called intra-cavity photon-assisted tunneling, making the device much faster."

The laser transistor differs from the Bardeen and Brattain transistor in which the current gain is dependent on the ratio of the base electron-hole (e-h) spontaneous recombination lifetime to the emitter-collector transit time. The Feng and Holonyak transistor laser current gain depends upon the base (e-h) stimulated recombination, the base dielectric relaxation transport, and the collector stimulated tunneling.

In two recent papers, published in the Journal of Applied Physics, Feng—along with Holonyak and graduate researchers Junyi Qiu and Curtis Wang—have established the principles of operation for tunneling modulation of a quantum well transistor laser with current amplification and optical output via intra-cavity photon-assisted tunneling.

"We consider these two papers related to intra-cavity tunneling modulation of the transistor will change the fundamental speed operation of the transistor and the laser modulation," Feng said.

In their article, "Tunneling modulation of a quantum well-transistor laser," the authors explain that stimulated e-h recombination operating under the influence of quantum-well assistance in the base, and stimulated optical modulation under the influence of intra-cavity photon-assisted tunneling (ICPAT) at the collector. The authors named their new and novel idea as the "Feng-Holonyak Intra-Cavity Photon-Assisted Tunneling (FH-ICPAT)."

"The tunneling gain mechanism is the result of the unique transistor laser base transport properties under the influence of FH-ICPAT and base dielectric relaxation, which yields fast carrier base transport and fast recombination than the original Bardeen transistor," explained Wang. "The voltage and current dependence of the tunneling current gain and optical modulation have been revealed in detail. Although the analysis is carried out for the transistor laser intra-cavity photon-assisted tunneling, the operation mechanism should apply in general to tunneling collector transistors of various design configurations."

In a companion AIP article ("Intra-cavity photon-assisted tunneling collector-base voltage-mediated electron-hole spontaneous-stimulated recombination transistor laser," the authors explained how optical absorption and modulation in a p-n junction diode for a direct-gap semiconductor can be enhanced by photon-assisted tunneling in the presence of optical cavity and photon-field in a transistor laser.

"In the transistor laser, the coherent photons generated at the base quantum-well interact with the collector field and 'assist' optical cavity electron tunneling from the valence band of the base to the energy state of conduction band of the collector," Feng explained. "The stimulated light output can be modulated by either base current injection via stimulated optical generation or base-collector junction bias via optical absorption.

"In this work, we studied the intra-cavity coherent photon intensity on photon-assisted tunneling in the transistor laser and realize photon field-dependent optical absorption. This FH-ICPAT in a transistor laser is the unique property of voltage (field) modulation and the basis for ultrahigh speed direct laser modulation and switching.

"We remain indebted to John Bardeen, our mentor, for his lifelong continuing interest in the transistor (parallel to the BCS theory), the effect of the electron and the hole (e-h) in helping to originate the diode laser and LED, and in addition now leading to the e-h recombination (electrical and optical) transistor laser," Feng added.

隧空是晶体管和激光器开发的高速调制的关键

    在2004年，伊利诺伊大学电气工程系先驱Nick Holonyak，Jr.和Milton Feng发明了晶体管激光器——一款三端口设备，其在基底和光腔中引入了量子井——其增加了100倍的传输数据的能力。研究人员最近进行的两项研究预计会显著影响晶体管的基本调制带宽，并且影响光学和5G无线通信中能量效率高速数据传输的激光操作。

    “John Bardeen和Walter Brattain在1947年发明的晶体管（点接触）揭示了发射电流注入、基电-空穴复合以及集电极电池输出的操作原理，”伊利诺伊州电气和计算机工程系的Holonyak Chair荣誉教授Milton Feng解释称。“三端晶体管取代了脆弱的真空管，获得了快速可靠的电信号切换和放大，并且令现代电子、通信和计算机技术的革命成为了可能。”

    “我们特别感谢John Bardeen，其在1951年将晶体管研究引入Urbana，并且通过新的量子物理和固态设备改变了世界上所有人的生活，”Bardeen的第一个研究生及目前Bardeen电气和计算机工程和物理学荣誉教授Nick Holonyak Jr表示。在2004年，Feng和Holonyak认识到III-V异质结双极晶体管的基极处的辐射复合能（光）可以通过调制成为一个单一及三端口设备，其能够利用电子和光之间复杂的物理学。

    “电流在半导体材料中切换的最快方式是电子一个称为隧道的过程中在材料带之间跳跃，”Feng称。“光子帮助穿过电子，这个程序被称为腔内光子辅助隧穿，令该设备更加快速。”

    激光晶体管不同于Bardeen和Brattain晶体管，其中电流地增益取决于基本电子-空穴（e-h）自发复合寿命与发射极-集电极通过时间的比率。Feng和Holonyak晶体管激光器电流增益取决于基极（e-h）激发的复合，基本电介质弛豫传输和收集器激发的隧道效应。

    在最近的两篇发表于应用物理学杂志的论文中，Feng——以及Holonyak和研究生研究员Junyi Qiu和Curtis Wang——已经通过腔内光子辅助隧道效应建立了具有电流放大和光输出的量子井晶体管激光器的隧道效应调制的操作原理。

    “我们认为这两篇与晶体管腔内隧道效应调制有关的论文将改变晶体管和激光调制的基本速度操作，”Feng称。

    在他们的文章“量子井晶体管激光器的隧空调制”中，作者们解释了受激e-h复合在基极量子井辅助的情况下进行的操作，以及模拟了在集电极腔内光子辅助隧穿（ICPAT）的情况下的光子调制。作者们将他们新颖的想法称为“Feng-Holonyak腔内光子辅助隧道（FH-ICPAT）”。

    “隧道增益机制是独特的晶体管激光基极传输特性在FH-ICPAT和基本电介质弛豫的影响下产生的结果，这产生了比原始的Bardeen晶体管更加快速的载流子基极传输和快速复合，”Wang解释称。“隧道电流增益和光调制的电压和电流依赖性已经详细揭示。虽然该分析主要是为了晶体管激光腔内光子辅助隧穿，但是该操作机制通常应该应用于各种设计配置的隧道集电极晶体管。”

    在同类AIP文章“腔内光子辅助隧穿集电极——基极电压介导电子-空穴自发刺激复合晶体管激光器”中，作者们解释了直接间隙半导体p-n结二极管中的光吸收和调制是如何在晶体管激光器光腔和光子场存在的情况下通过光子辅助隧穿而得到加强的。

    “在晶体管激光器中，在基极量子井与集电极场和基极价带到集电极导带的能态的‘辅助’光腔电子隧道相互作用时会产生相干光子，”Feng解释称。“受激光输出可能会通过受激光发生而产生的基极电流注入或光吸收产生的基极-集电极结偏置进行调制。” 

    “在这项工作中，我们研究了晶体管激光器中光子辅助隧道效应的腔内相干光子强度，并且实现了光子场依赖型光吸收。晶体管激光器中的FH-ICPAT是电压（场）调制的独特属性，并且是超高速直接激光调制和开关的基础。”

    “我们仍然感谢我们的导师，John Bardeen，他对晶体管（与BCS理论平行）、电子和空穴（e-h）在帮助产生二极管激光器和LED的影响的终生持续的兴趣，现在还有产生e-h复合（电和光）晶体管激光器，”Feng补充称。 

New ultra-high density optical storage technology

According to current estimates, dozens of zettabytes of information will be stored electronically by 2020, which will rely on physical principles that facilitate the use of single atoms or molecules as basic memory cells. This can be done using lasers. However, existing methods of optical storage are limited to the diffraction limit (~500 nm), so the respective recording density is roughly ~1 Gb per square decimeter. 

The limitation can be circumvented by the use of highly localized lasers that can manipulate the spatial orientation of single molecules. The expected storage capacity in this case is up to 1 Pb/dm2, which is approximately equal to 1 million standard DVDs. Regulating radiation beyond the diffraction limit with the help of optical nanoantennas and nanoresonators is the basis for three current research areas—refractory plasmonics, organic photovoltaics, and near-field optical memory. All of them are in development at the Nano Optics Lab of KFU headed by Associate Professor Sergey Kharintsev.

Thanks to subdiffraction localization and field enhancement of light, single-molecule detection technologies are emerging rapidly. Dr. Kharintsev's team has used this approach for near-field optical recording. Their research appeared in Nanoscale in November 2016. The authors proposed a new principle of optical storage based on tip-enhanced Raman scattering effect.

Localization of laser light is provided by an optical nanoantenna that is illuminated by a focused laser beam with radial and azimuthal polarization. This approach is based on optical anisotropy of azo-dye polymer films, as reported in ACS Photonics. The azo-dyes are orientated perpendicularly to the polarization direction under polarized light. This has proven to be a tricky achievement because near-field polarization depends on the geometry and material of the optical antenna.

Switching between radial and azimuthal polarization enables the recording of optical information in the azo-dye absorption band and reading beyond that band. The switching speed depends on the local mobility of the dyes in a glassy environment—a parameter critically dependent on the thickness of polymer film. The team plans to create a prototype of organic near-field optical memory of up 1 Pb/dm2 density. Advances in subdiffraction technology will be linked to laser beams with orbital momentum—such research may eventually increase storage density.

Optical disks with petabit capacity will change the efficiency and productivity of cloud services and data centers and disrupt the global storage market. The development of such storage is linked with energy-independent, high-speed memory technologies that aim to unite the advantages of random access memory and archive memory. Alternative memory types, such as quantum memory, spin-transfer torque memory, memristors, and ferroelectrical memory, are all still far from practical use. 

新型超高密度光存储技术

根据目前的估计，到2020年将会有数十个泽它字节的信息通过电子方式存储，这将依赖于有利于单个原子或分子作为基本储存单元的使用的物理原理。这可以通过使用激光器来完成。然而，现有的光学存储方法受限于衍射极限（~500nm），因此各自记录的密度大约每平方分米约1Gb。

这种限制可以通过高度局部化的激光器的使用得到规避，其能够操纵单分子的空间取向。在这种情况下，预期的存储容量高达1Pb/dm2，这大约相当于100万个标准DVD。通过光学纳米天线和纳米揩振器的帮助调节超过衍射极限的辐射对于三个目前的研究领域是基础——难熔等离子体激元、有机光伏和近场光存储器。所有这些都是由副教授Sergey Kharintsev领导的KFU纳米光学实验室开发的。

由于光的细分本地化和场增强，单分子检测技术将会迅速出现。Kharintsev博士的团队使用这种方法进行近场光记录。他们的研究于2016年11月出现在纳米级上。作者根据尖端增强的拉曼散射效应提出了光学存储的新原理。

激光的定位是由光学纳米天线提供的，光学纳米是由具有径向和方位偏振的聚集激光束照明的。该方法基于偶氮染料聚合物膜的光学各向异性，如ACS Photonics中报道的。偶氮染料在偏振光下垂直面向偏振方向。这已被证明是棘手的成就，因为近场极化取决于光学天线的几何形状和材料。

在径向和方位偏振之间变换使得偶氮染料吸收带中的光学信息的记录以及在该带之外的读取。这种变换的速度取决于玻璃态环境中染料的局部迁移率——该参数决定性地取决于聚合物膜的厚度。该团队计划创建一个高达1Pb/dm2密度的有机近场光学储存的原型。细分技术的进步将与具有轨道动量的激光束相关——这样的研究可能最终会增加存储的密度。

具有petbabit容量的光盘将改变云服务和数据中心的效率和生产力，并且破坏全球存储市场。这样的存储的开发与能量无关的高速存储器技术相关，旨在统一随机存取存储器和存档存储器的优点。替代型存储器类型，例如量子存储器，自旋转移矩存储器，忆阻器和铁电存储器，都还不能进行实际应用。

Metal Alloy（金属合金）

Researchers expand research on simplifying recycling of rare-earth metals

Researchers at the University of Pennsylvania have pioneered a process that could enable the efficient recycling of rare-earth metals, which are found in many high-tech devices. Mining and purifying rare-earth metals is not only expensive and labor-intensive, but takes a devastating toll on the environment. The current methods for recycling them are wasteful and inefficient. The paper focused on one pairing in particular which could enable scientists to recycle rare-earths from compact fluorescent light bulbs. 

In a previous study, researchers at the University of Pennsylvania pioneered a process that could enable the efficient recycling of two rare-earth metals, neodymium and dysprosium, which are found in the small, powerful magnets in many high-tech devices.

Now, in a new paper published in the Proceedings of the National Academy of Sciences, the researchers extend the method to the entire series of rare-earth metals. In the paper, the researchers establish a pattern, showing that it's not just selective for one or two rare earths, it can be extended to the entire series.

The paper focused on one pairing in particular, europium and yttrium, which could enable scientists to recycle rare-earth metals from compact fluorescent light bulbs.

The research was led by Eric Schelter, associate professor in the Department of Chemistry in Penn's School of Arts & Sciences, and graduate students Justin Bogart and Zeke Cole. Connor Lippincott, an undergraduate student in the Vagelos Integrated Program in Energy Research, and Patrick Carroll, director of the X-Ray Crystallography Facility, also contributed to the study.

The incentive to develop an efficient method to recycle rare-earth metals is huge because mining and purifying them is not only expensive and labor-intensive, but takes a devastating toll on the environment.

"Everybody's heard of blood diamonds," said Schelter, "but maybe people haven't heard of blood cobalt or tantalum or lithium for that matter."

Currently, the method of separating rare-earth metals for recycling is not only expensive and energy consuming, but also takes weeks and requires massive amounts of solvents.

In this method, a series of hundreds of fluid chambers are hooked up in parallel with two fluids flowing past one another. One fluid is aqueous and acidic, and the other is organic. The dissolved metals are extracted between the immiscible solutions. This process, which must be repeated thousands of times, chemically filters the elements apart.

"They just run just tons and tons of solvents past one another in a continuous fashion," Cole said. "It uses up huge amounts of energy and there's a lot of liquid waste generated from that process.

Because of the cost of this process, rare-earths are currently only recycled at a rate of about one percent.

The new method minimizes the amount of waste generated and the amount of time and energy needed. To do this, the researchers designed a ligand to bind the ions in mixtures. The chemical compounds that form as a result are slightly different for each type of ion. For example, in mixtures of two types of elements, one is soluble in organic solvents, while the other is not. This allows the researchers to simply filter them, separating one of the metal cations from the other.

"Our thinking was if we could take the magnets or some material that comes out of the magnets and then apply a very simple chemical method, we could purify the rare-earths out of them directly and complement existing sources in the supply chain with this new one through simple chemistry," Schelter said.

In the new paper, the separations method is extended to six early rare-earths, which were paired in different combinations with nine late rare-earths. Although in some cases the method didn't work at all, for other combinations, such as yttrium and europium, it proved effective.

This pairing is especially important because yttrium and europium are used in compact fluorescent light bulbs. The main incentive to recycle the materials used in fluorescent lightbulbs is that it keeps mercury out of landfills. Being able to get value out of the waste would add to the incentive.

"There's a synergistic set of reasons to do this because you get value when you recycle the rare-earths from the material, and you're also keeping more mercury out of the environment," Schelter said. "Those two things play off of each other."

The next steps for this research involve developing a better understanding of the system, and working to improve it as well as to make it practical. For example, a major limitation of the approach that needs to be overcome is making it work in an aerobic environment.

"We're basically just working on making the system better," Cole said. "To make the recovered rare earths purer and to get more of them out of the separation."

They're also working on making the process greener. In both papers, the solvent used was primarily benzene, which is not only expensive but is also a carcinogenic. The researchers are investigating other, greener solvents that they could use.

Schelter believes that there will eventually be a push by companies that are socially conscious to implement ethically sourced materials and manufacturing practices. He says that the impact of this research is in taking steps to return materials to the supply chain at the end of their useful life as a consumer product.

"We shouldn't just be throwing so much material away," said Schelter. "There's still a lot of value to them. I think that as part of a sustainable approach to manufacturing and developing a 'circular' economy we should think about the impact and value of materials at every point along their lifecycle. And how we can efficiently and effectively bring them back to useful raw materials once they're at the end of their product life." 

研究人员扩大了简化稀土金属回收利用的研究

    宾夕法尼亚大学的研究人员已经开创了一个程序，其能够进行许多高科技设备中的稀土金属的有效回收。采矿和净化稀土金属不仅昂贵并且是劳动密集型工作，而且对环境会造成毁灭性的破坏。目前收回利用的方法是浪费并且无效的。该论文特别专注于比较哪些方法能够令科学家们回收紧凑型荧光灯光中的稀土。

    在之前的研究中，宾夕法尼亚大学的研究人员开创了一种程序，能够有效回收两种稀土金属，钕和镝，这些金属出现在许多高科技设备的小型强力磁体中。

    现在，《美国国家科学家院学报》中发表的一篇新的文章中，研究人员将该方法扩大了稀土金属的整个系列中。在这篇文章中，研究人员建立了一种模式，表现其仅仅对一个或两个稀土具有选择性，它还可以扩展到整个系列中。

    该文章特别专注于匹配铕和钇，这能够令科学家们回收紧凑型荧光灯光中的稀土金属。

    该研究是由宾夕法尼亚大学艺术与科学学院化学系副教授Eric Schelter以及研究生Justin bogart和Zeke Cole领导的。能源研究Vagelos综合能源研究项目的本科生Connor Lippincott以及X-射线Crystallography工厂的主管Patrick Carroll也对这项研究做出了贡献。

    开发一种有效地回收稀土金属的方法的动机是巨大的，因为采矿和净化它们不仅昂贵且劳动密集，而且对环境会造成毁灭性的破坏。

    “每个人都听说过血钻，”Schelter称，“但是关于这一点，人们可能没有听说过血钴或钽或锂。”

    目前，分离稀土金属进行回收的方法不仅昂贵且耗能，而且还需要数周时间并且需要大量的溶剂。

    在该方法中，一系列数百个流体室通过两股液体流经彼此而并联。一种流体是水性和酸性的，另一种是有机的。溶解的金属会在不混溶溶液之间进行提取。这个必须重复上千次的过程在化学方面将元件过滤分开。

    “他们只是将吨位以上的溶剂以连续的方式流经彼此，”Cole称。“其浪费的大量的能量，并且在这个过程中产生了大量的流体废物。”

    由于这个程序的成本，稀土目前仅以大约1%的速率进行再循环。

    新的方法将产生的废物量以及所需的时间和能量最小化。为此，研究人员设计了一种在混合物中结合离子的配体。该最终形成的化学人物与每种类型的离子略有不同。例如，两种类型的元素的混合物中，一种可溶于有机溶剂，而另一种则不会。这使得研究人员能够简单地过滤它们，将一种金属阳离子与另一种分离。

    “我们的想法是，如果我们能够提取磁铁或一些来自于磁铁的材料，然后应用一个非常简单的化学方法，我们可能会从它们之中直接提炼稀土，通过简单的化学用这种新的稀土补充供应链中的现有资源，”Schelter称。

    在新的论文中，分离方法扩展到了六种早期稀土方面，它们在与九种晚期稀土的不同组合中进行匹配。虽然在一些情况下该方法根本不起作用，但是对于其他组合，例如钇和铕，其证明是有效的。

    这种匹配特别是重要，因为钇和铕都用于紧凑型荧光灯泡。回收用于荧光灯泡中的材料的主要动机是将汞从填埋场中去除。能够从废物中获得价值将增加动力。

    “做这件事有一个协同原因，因为你会在回收材料中的稀土时获得价值，并且你也能够令环境中存在更少的汞，”Schelter称。“这两件事彼此利用。”

    这项研究的下一步是涉及开发一个该系统更好地了解，并且致力于改善它以及令其更加实际。例如，需要克服的一个主要限制是在令其有氧环境中起作用。

    “我们基本上只是致力于令该系统更好，”Cole称。“令回收的稀土更加纯净，并且从分离中获得更多的稀土。”

    他们还致力于令该程序更加环保。在这两篇文章中，所使用的溶剂主要是苯，这种元素不仅昂贵，而且具有致癌性。该研究人员正在研究其他他们能够使用的更环保的溶剂。

    Schelter认为，最终企业会进行推动，通过社会化意识在伦理方面实施资源材料并且制造实践。他称，该研究的影响是采取步骤将材料在它们作为消费品的有用寿命结束时返回到供应链。

    “我们不应该只是将这些材料丢掉，”Schelter称。“它们仍然有许多价值。我认为，作为可持续生产和开发一个‘循环’经济的一部分，我们应该考虑材料在其生命周期的每一个点上的影响和价值。以及我们如何能够在它们的产品寿命结束时有效地将他们恢复成有用的原材料。”

Composite Materials（复合材料）

Materials made of self-spinning particles

Matter is either gas, liquid or solid based on how its molecules respond to temperature and pressure. But what if the building blocks are self-spinning particles instead of ordinary molecules? Theoretical physicists found out what determines the phase of those artificial materials. The research has been reported in PNAS. 

When water reaches 100 °C, it transitions to a gas phase, at least at sea level. Removing air pressure causes water to boil at colder temperatures. It is clear that materials made up of ordinary molecules take on a phase depending on temperature and pressure. Leiden theoretical physicist Prof. Vincenzo Vitelli wondered what would happen if materials had self-spinning dimers as building blocks instead. 

Simulation

To this end, first authors Benny van Zuiden and Jayson Paulose simulated self-spinning dimers in silico and studied how they organize themselves. By applying a gradually increasing pressure on them, they saw the system change from an ordered state to a very chaotic state.

The figure below (left) shows a beautifully ordered state, with dimers neatly forming a triangular crystal lattice. Moreover, the relative orientation of nearby particles are locked as they spin. 

At right, the concentration is so high that the system gets stuck in a glassy phase. Remarkably, there is a liquid phase in between. Usually, a substance becomes more solid as its density increases. Here, the opposite happens.
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Liquid 

So how can there be a liquid state? With low density, the dimers have plenty of room to move as they wish and stay in sync, like a group of stage dancers. When the stage is too small, dancers will bump in to each other and move chaotically, as particles in a liquid. However, if the stage gets so tiny that the dancers are unable to move, they get stuck in a disordered configuration reminiscent of a glass. 

由自旋颗粒制成的材料

根据分子如何回应温度和压力，材料可分为气体、液体或固体。但是，如果构建基块是自旋粒子而不是普通的分子怎么办？理论物理学家发现了是什么决定着这些人造材料的相。该研究在PNAS在上所报道。

当水达到100摄氏度时，其转变为气相，至少是在海平面以上。去除空气压力将会令水在更冷的温度下沸腾。显然，由一般分子构成的材料是根据温度和压力而呈现某一种相的。莱顿理论物理学家Vincenzo Vitelli教授想要知道如何材料是由自旋二级管作为构建块的，那么会发生些什么。

模拟

为此，第一作者Benny van Zuiden和Jayson Paulose模拟了硅片中的自旋二级管，并且研究了它们自我组织的方式。通过对它们施加一个逐渐增加的压力，他们看到了该系统从有序状态转变为一个非常混乱的状态。

下图（左）显示了一个精美有序的状态，其中二聚休整齐地形成一个三角形晶格。此外，在它们旋转时，附近粒子的相对定向被锁定。

右侧，浓度非常高，以致于该系统卡在一个玻璃相中。显著地，在两者之间存在着一个液相。通常，随着密度地增加，物质会变得更加固相。在这里，发生了相反的情况。

[image: image2.png]Horystal Liquid Jammed

AFM crystal

3.700

2.168

1523

0717





    图片：莱顿物理学院

    液体

那么如何出现一个液态呢？通过低密度，二聚体具有许多可供移动的空间，正如它们所期望的那样并且保持同步，就像一组舞台上的舞者。当该舞台太小时，舞者会彼此碰撞并且移动艰难，正如液体中的粒子。然而，如果该舞台非常小，而舞者无法移动，他们会固在一个无序的让人联想起玻璃的状态中。

Practical Application（实际应用）

Physicists develop technique to save more lives by vaccinating fewer people

Scientists at the University of Aberdeen have developed a mathematical method to prevent epidemics by vaccinating fewer people than ever before. 

They have hailed the method – known as 'explosive immunisation' - as the fastest and most efficient way to prevent the spread of disease.

The method uses complex data sets to identify so-called 'superblockers' - typically well-connected people who move between different communities, whose patterns of activity make them more likely to pass on an infection. 

By targeting them for vaccination, the proportion of those requiring treatment is dramatically decreased.

Early mathematical modelling carried out by the research team has predicted that targeting just 60% of the UK population with the MMR vaccine using their method would prevent a measles epidemic. At present over 90% of the population receive the vaccine.

The development of the method is the result of a research project funded by the Leverhulme Trust and the COSMOS Horizon2020 project, involving scientists from the University's School of Natural and Computing Sciences and Professor Peter Grassberger, a Leverhulme visiting scientist.

Dr Francisco Perez-Reche is part of the University research team, along with Professor Antonio Politi and Pau Clusella. The results of their work have been published in Physical Review Letters.

Dr Perez-Reche said: "It would be ideal to prevent epidemics by vaccinating as few individuals as possible. Not only would this offer a faster and more efficient solution, it would also save money and resources for agencies who might otherwise struggle to cope with an outbreak. 

"In principle, this can be achieved by identifying key individuals for vaccination but it is a very challenging task in an increasingly connected world.

"Explosive immunisation ranks individuals according to their ability to block the spread of infection if vaccinated, using the wealth of complex data we now have at our disposal to identify networks of contacts. 

"This data can be comprised of anything from networks of everyday encounters extracted from surveys or mobile phone usage, to global networks that can be identified through airport passenger data.

"By utilising this data we can accurately identify superblockers who, if not vaccinated, dramatically increase the possibility of an epidemic. It is because of this sudden increase that we have called the method explosive immunisation."

Professor Politi added: "Most targeted immunisation strategies identify those who require vaccination by the number of contacts they have, but our method looks at the whole network to identify patterns of connectivity that allow us to more accurately identify who should be vaccinated. 

"This, we believe, provides a faster and more efficient way of preventing epidemics than any other existing technique."  

物理学家开发新技术，通过更少的疫苗接种挽救更多的生命

阿伯丁大学的科学家们开发出一种通过接种更少的人来预防传病的数学方法。

他们将这种方法称为“爆炸性的方法–免疫”，防止疾病传播的最快和最有效的方式。

该方法采用复杂的数据集来确定所谓的“超级阻断器”——一种在不同社区之间迁移的典型人群，他们的活动模式使他们更可能传染疾病给他人。

通过确定他们为接种目标，需要治疗的病人比例急剧下降。

这个研究团队早期的数学模型预测出，针对60%的英国人口用他们的方法接种MMR疫苗就可以防止麻疹疫情。目前超过90%的人口接受疫苗接种。

该方法的发展是一个研究项目的成果，这个研究项目由Leverhulme信托和宇宙视野2020项目资助，涉及大学里自然与计算机科学学院的科学家和Leverhulme 的访问学者Peter Grassberger。

Francisco Perez Reche博士与Antonio Politi教授和Pau Clusella教授一起，都是该大学的研究团队成员。他们的工作成果已经在物理评论快报发表。

Perez Reche博士说：“这将是理想的尽可能少的注射疫苗的防止疫病的方法。不仅能提供更快、更有效的解决方案，而且还能为那些可能需要应对疫情爆发的机构节省资金和资源.。

“原则上，这可以通过确定疫苗接种的关键个体来实现，但在日益联系的世界中，这是一项非常具有挑战性的任务。

“爆炸性免疫将个人根据他们如果接种疫苗能够阻止感染传播的能力进行排名，利用我们所掌握的复杂的数据来识别网络交往。

“这些数据可以从任何地方提取，从调查和手机使用提取的日常接触网络到可以通过机场乘客数据识别全球网络。

通过这些数据，我们可以准确识别超级阻断器，这些人如果没有注射疫苗可能导致传染病的大爆发。正是由于这种突然增加，我们将这种方法称为的爆炸性免疫接种。”

Politi教授补充说：“大多数目标免疫策略通过他们有多少接触人识别那些需要接种疫苗的人，但我们的方法注重整个网络来识别连接，这使我们能够更准确地确定谁应该接受接种。

“我们相信这种方法，与其他现有技术相比，提供了一种更快更有效的预防流行病的方法。”

Engineering researchers develop a process that could make big data and cloud storage more energy efficient

As big data and cloud applications flourish, one of the grand challenges for future computing is finding energy-efficient methods for data storage. 

Magnetic material is commonly used for data storage—think of magnetic strips on the back of a credit card—and the ability to flip the "polarity" (magnetization direction) of magnetic particles that are retained for long periods of time without needing power is essential to nonvolatile magnetic memory.

A group of researchers at the Virginia Commonwealth University School of Engineering has developed a process to bring about this flipping of magnetic "polarity." The group's method offers a significant reduction in energy required for big data and cloud memory storage.

"When you look at the energy reduction that this affords, it's a major change," said Jayasimha Atulasimha, Ph.D., Qimonda associate professor in the Department of Mechanical and Nuclear Engineering. "This has the potential to significantly reduce the energy consumption in switching non-volatile magnetic memory devices."

The system that Atulasimha and doctoral candidates Dhritiman Bhattacharya and Md Mamun Al-Rashid have designed uses an electric field to reverse the direction of magnetic skyrmions. A magnetic skyrmion is a magnetic state characterized by a core that points either upward or downward, and progressively rotates from its core to its periphery.

Bhattacharya discovered that an electrical field alone could bring about a flip in core magnetization. Using an electric field, instead of current or a magnetic field, presents the possibility of more energy-efficient magnetic memory for computing.

"The exciting thing about this kind of magnetic encoding is that it only takes a small amount of energy to flip and once you have the direction you want, it can stay there for a long time. No additional energy is needed," Bhattacharya said.

Al-Rashid benchmarked Bhattacharya's findings independently.

"We were surprised at the early results that an electric field alone could reverse the skyrmion core but now understand why this happens," said Al-Rashid.

In the next phase of the group's research, they will investigate how this process works in the presence of thermal noise at room temperature. They will also determine how controlled the process is in order to assess whether the polarities can be reversed every time in the presence of such disturbances.

In addition to energy savings for big data storage, this technology may have applications in body-embedded devices so that they can run with less frequent battery replacements. It may also provide a tool for more sophisticated logic in data processing and retrieval.

"Right now we have an idea backed by rigorous simulations," Atulasimha said. "We hope to study this system more extensively as well as work in collaboration with other experimental groups to establish a solid proof-of-concept in the hope that this idea sees applications in one of these areas." 

工程研究人员开发了一个过程，可以使大数据和云存储更节能

随着大数据和云应用的蓬勃发展，未来的计算面临的一大挑战是寻找高效节能的数据存储方法。

磁性材料通常用于数据存储——比如信用卡背面的磁条，磁性颗粒不需能量就能够长时间翻转的“极性”（磁化方向）的能力对非易失性磁记忆至关重要。

弗吉尼亚州立大学工程学院的一组研究人员开发了一个过程，以产生这种翻转的“极性”（磁化方向），该小组的方法使大数据和云存储能源需求大幅度减少。

“在这种方法带来的所需能量的减少的角度看，这是一个重大的改变，”Jayasimha Atulasimha说，他是机械和核工程系博士，Qimonda副教授。“这有可能显着降低开关非易失性磁存储设备的能量消耗。”

Atulasimha和博士候选人Dhritiman Bhattacharya以及Md Mamun Al-Rashid设计的这个系统利用电场反向磁斯库姆离子方向系统。磁斯库姆离子是一种此状态，它是一个向上或向下旋转的核心点，并逐步从核心到外围旋转。

Bhattacharya发现，电场就可以带来核心磁化翻转。使用电场，而不是电流或磁场，提出了更高效的磁记忆计算的可能性。

“令人兴奋的是这种磁编码只需要少量的能量翻转，一旦你有你想要的方向，它可以留在那里很长一段时间而不需要格外的能量。”Bhattacharya说。

Al-Rashid benchmarked Bhattacharya的独立发现。

“早期结果是一个仅一个电场就能扭转斯库姆离子核心，我们当时对此感到十分惊讶，但现在明白了为什么产生这样的现象。”Al Rashid说。

在小组研究的下一阶段，他们将研究这个过程如何在热噪声的存在下，在室温下起作用。他们还将为了评估这种干扰的存在下是否可以逆转的极性，确定这个过程是如何被控制的。

除了大数据存储的节能，这项技术可能在身体嵌入式设备上应用，使它们能够用更少的更换电池。它也为数据处理和检索中使用更复杂的逻辑提供一个工具。

 “现在我们有一个以严格模拟为支持的想法，”Atulasimha说。“我们希望更广泛地研究这个系统，并与其他实验组的合作，以建立一个坚实的概念证明，希望找到这个想法在这些领域的应用。”

Fusion energy—a time of transition and potential

For centuries, humans have dreamed of harnessing the power of the sun to energize our lives here on Earth. But we want to go beyond collecting solar energy, and one day generate our own from a mini-sun. If we're able to solve an extremely complex set of scientific and engineering problems, fusion energy promises a green, safe, unlimited source of energy. From just one kilogram of deuterium extracted from water per day could come enough electricity to power hundreds of thousands of homes. 

Since the 1950s, scientific and engineering research has generated enormous progress toward forcing hydrogen atoms to fuse together in a self-sustaining reaction – as well as a small but demonstrable amount of fusion energy. Skeptics and proponents alike note the two most important remaining challenges: maintaining the reactions over long periods of time and devising a material structure to harness the fusion power for electricity.

As fusion researchers at the Princeton Plasma Physics Lab, we know that realistically, the first commercial fusion power plant is still at least 25 years away. But the potential for its outsize benefits to arrive in the second half of this century means we must keep working. Major demonstrations of fusion's feasibility can be accomplished earlier – and must, so that fusion power can be incorporated into planning for our energy future.

Unlike other forms of electrical generation, such as solar, natural gas and nuclear fission, fusion cannot be developed in miniature and then be simply scaled up. The experimental steps are large and take time to build. But the problem of abundant, clean energy will be a major calling for humankind for the next century and beyond. It would be foolhardy not to exploit fully this most promising of energy sources.

Why fusion power?

In fusion, two nuclei of the hydrogen atom (deuterium and tritium isotopes) fuse together. This is relatively difficult to do: Both nuclei are positively charged, and therefore repel each other. Only if they are moving extremely fast when they collide will they smash together, fuse and thereby release the energy we're after.

This happens naturally in the sun. Here on Earth, we use powerful magnets to contain an extremely hot gas of electrically charged deuterium and tritium nuclei and electrons. This hot, charged gas is called a plasma.

The plasma is so hot – more than 100 million degrees Celsius – that the positively charged nuclei move fast enough to overcome their electrical repulsion and fuse. When the nuclei fuse, they form two energetic particles – an alpha particle (the nucleus of the helium atom) and a neutron.

Heating the plasma to such a high temperature takes a large amount of energy – which must be put into the reactor before fusion can begin. But once it gets going, fusion has the potential to generate enough energy to maintain its own heat, allowing us to draw off excess heat to turn into usable electricity.

Fuel for fusion power is abundant in nature. Deuterium is plentiful in water, and the reactor itself can make tritium from lithium. And it is available to all nations, mostly independent of local natural resources.

Fusion power is clean. It emits no greenhouse gases, and produces only helium and a neutron.

It is safe. There is no possibility for a runaway reaction, like a nuclear-fission "meltdown." Rather, if there is any malfunction, the plasma cools, and the fusion reactions cease.

All these attributes have motivated research for decades, and have become even more attractive over time. But the positives are matched by the significant scientific challenge of fusion.

Progress to date

The progress in fusion can be measured in two ways. The first is the tremendous advance in basic understanding of high-temperature plasmas. Scientists had to develop a new field of physics – plasma physics – to conceive of methods to confine the plasma in strong magnetic fields, and then evolve the abilities to heat, stabilize, control turbulence in and measure the properties of the superhot plasma.

Related technology has also progressed enormously. We have pushed the frontiers in magnets, and electromagnetic wave sources and particle beams to contain and heat the plasma. We have also developed techniques so that materials can withstand the intense heat of the plasma in current experiments.

It is easy to convey the practical metrics that track fusion's march to commercialization. Chief among them is the fusion power that has been generated in the laboratory: Fusion power generation escalated from milliwatts for microseconds in the 1970s to 10 megawatts of fusion power (at the Princeton Plasma Physics Laboratory) and 16 megawatts for one second (at the Joint European Torus in England) in the 1990s.

A new chapter in research

Now the international scientific community is working in unity to construct a massive fusion research facility in France. Called ITER (Latin for "the way"), this plant will generate about 500 megawatts of thermal fusion power for about eight minutes at a time. If this power were converted to electricity, it could power about 150,000 homes. As an experiment, it will allow us to test key science and engineering issues in preparation for fusion power plants that will function continuously.

ITER employs the design known as the "tokamak," originally a Russian acronym. It involves a doughnut-shaped plasma, confined in a very strong magnetic field, which is partly created by electrical current that flows in the plasma itself.

Though it is designed as a research project, and not intended to be a net producer of electric energy, ITER will produce 10 times more fusion energy than the 50 megawatts needed to heat the plasma. This is a huge scientific step, creating the first "burning plasma," in which most of the energy used to heat the plasma comes from the fusion reaction itself.

ITER is supported by governments representing half the world's population: China, the European Union, India, Japan, Russia, South Korea and the U.S. It is a strong international statement about the need for, and promise of, fusion energy.
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The W-7X stellarator configuration. Credit: Max-Planck Institute of Plasmaphysics, CC BY 

The road forward

From here, the remaining path toward fusion power has two components. First, we must continue research on the tokamak. This means advancing physics and engineering so that we can sustain the plasma in a steady state for months at a time. We will need to develop materials that can withstand an amount of heat equal to one-fifth the heat flux on the surface of the sun for long periods. And we must develop materials that will blanket the reactor core to absorb the neutrons and breed tritium.

The second component on the path to fusion is to develop ideas that enhance fusion's attractiveness. Four such ideas are:

1.Using computers, optimize fusion reactor designs within the constraints of physics and engineering. Beyond what humans can calculate, these optimized designs produce twisted doughnut shapes that are highly stable and can operate automatically for months on end. They are called "stellarators" in the fusion business. 

2.Developing new high-temperature superconducting magnets that can be stronger and smaller than today's best. That will allow us to build smaller, and likely cheaper, fusion reactors.

3.Using liquid metal, rather than a solid, as the material surrounding the plasma. Liquid metals do not break, offering a possible solution to the immense challenge how a surrounding material might behave when it contacts the plasma.

4.Building systems that contain doughnut-shaped plasmas with no hole in the center, forming a plasma shaped almost like a sphere. Some of these approaches could also function with a weaker magnetic field. These "compact tori" and "low-field" approaches also offer the possibility of reduced size and cost.

Government-sponsored research programs around the world are at work on the elements of both components – and will result in findings that benefit all approaches to fusion energy (as well as our understanding of plasmas in the cosmos and industry). In the past 10 to 15 years, privately funded companies have also joined the effort, particularly in search of compact tori and low-field breakthroughs. Progress is coming and it will bring abundant, clean, safe energy with it. 

聚变——转换和潜力的时代

几个世纪以来，人类一直梦想利用太阳的能量为我们在地球的生活供能。但我们想超越收集太阳能，并有一天能够自己产生一个小太阳。如果我们能够解决一个极其复杂的科学和工程问题，聚变就能提供绿色、安全、无限的能源来源。从每天从水中提取的一公斤氘就能获得足够的电力来为成千上万的家庭提供所需电能。

自上世纪50年代以来，科学和工程研究在迫使氢原子在一个持续的反应中融合和方面有了巨大的进步–并产生了小但明显的聚变能源。怀疑论者和拥护者都注意到了遗留下来的两个最重要挑战：维持长时间的反应，和设计一种物质结构来利用这种聚变反应产生的能量。

作为普林斯顿等离子体物理实验室的聚变研究人员，我们知道，实际上，第一个商业聚变发电厂至少还有25年的时间。但其到本世纪下半叶产生巨大利益的潜力意味着我们必须继续工作。融合的可行性的主要示范可以提前完成，而且必须提前完成，以便聚变能量可以纳入我们对未来能源的规划之中。

不像其他形式的发电，如太阳能，天然气和核裂变，聚变不能进行小型的开发然后简单地扩大。实验步骤大，需要时间来建立。但是，丰富、清洁的能源问题将是人类在下个世纪乃至以后的重大使命。不充分利用这种能源是有勇无谋的。

为什么是核聚变能量？

在聚变过程中，氢原子的两个核（氘和氚同位素）融合在一起。这是比较难做到的：两个核都是带正电的，因此相互排斥。只有他们碰撞时移动速度非常快时，粉碎在一起，产生聚变从而释放我们所需的能量。

向两种水的同位素中加入热量会导致聚变。

美国安全项目，CC by-nd

这个过程在太阳上自然发生。在地球上，我们使用强大的磁铁来包裹一个非常热的气体和带电氘和氚核和电子。这种带电的气体被称为等离子体.。

等离子体温度非常高--超过1亿摄氏度—以至于带正电的原子核移动得足够快以克服它们的电斥力进行聚合。当核聚变发生时，它们形成两个高能粒子α粒子（氦原子核）和中子。

将等离子体加热到如此高的温度需要大量的能量—这些能量必须在聚变开始之前注入反应堆。但一旦聚变过程开始，有可能可以产生足够的能量来维持自己的温度，从而使我们能够抽出多余的热量变成可用的电力。

聚变能源的燃料在自然界中很丰富。氘在水中很丰富，而反应堆本身可以从锂中制造氚。它适用于所有国家，大多是独立于当地的自然资源。

聚变能源是清洁的。它不排放温室气体，只产生氦和中子。

它是安全的。没有失控的反应如核裂变“熔毁”，相反，如果有任何故障则等离子体冷却融合反应停止。

所有这些属性激励了几十年的研究，并使研究随着时间的推移变得更有吸引力。但这些优点与聚变的重大科学挑战是匹配的。

迄今取得的进展

聚变的进展可以用两种方式估量。一个是对高温等离子体基本认识的巨大进步。科学家不得已必须拓展一个新的物理领域——等离子体物理，以构想出新的方法在强磁场中限制等离子体，然后发展加热、稳定、控制并测量超高温等离子体的性能的能力。

相关技术也取得了巨大进展。我们将磁铁、电磁波源和粒子束推到等离子体中并加热等离子体.。我们还基于当前实验开发了使材料能够承受等离子体的剧烈温度的技术。

跟踪聚变的商业化的实际指标很容易传达的。其中最主要的是已在实验室中产生的聚变能量：聚变发电的功率从二十世纪70年代的每微秒几毫瓦，升级到90年代的10兆瓦每秒（在普林斯顿等离子体物理实验室）和16兆瓦每秒（在英国的欧洲联合环面）。

ITER托卡马克反应堆概览

研究的新篇章

现在国际科学界正在团结协作，在法国建设一个大规模的聚变研究机构。ITER（拉丁语为“方法”），该厂产生约500兆瓦的热聚变发电只需约八分钟的时间。如果这种能源被转换成电能，它可以为大约150000

个家庭供电。作为一个实验，它将使我们能够在准备建立持续发挥作用的聚变电厂的过程中测试关键科学和工程问题。

ITER采用的设计被称为“托卡马克”，原本是一个俄语缩写。它涉及到被在限制在一个很强的磁场中的甜甜圈形状的等离子体，部分由等离子本身的电流形成。

虽然它被设计成为一个研究项目，并没有打算成为一个清洁电能的生产者，ITER将产生比加热等离子体所需的50兆瓦能量多10倍的聚变能量。这是一个重大的科学进展，创造了第一个其中大部分用于加热等离子体的能量来自聚变反应本身的“燃烧的等离子体”。

ITER得到了代表世界一半人口的政府的支持：中国、欧盟、印度、日本、俄罗斯、韩国和美国。这是发展聚变能源的必要性和承诺的强大国际声明。
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w-7x仿星器的配置

马克斯普朗克等离子物理研究所，CC BY

前进的道路

从这里，其余走向聚变能源的路径有两个组成部分。首先，我们必须继续研究tokamak。这意味着推进物理和工程，使我们能够在一个稳定的状态维持等离子体一个月的时间。我们将需要开发能够承受相当于太阳表面长时间热通量的五分之一的相当巨大的热量的材料。我们必须研制能覆盖反应堆堆芯吸收中子和孕育氚的材料。

聚变路径上的第二个要素是开发增强聚变吸引力的思想。有以下四个想法：

1、利用计算机，在物理和工程约束下优化聚变堆设计。，这些优化设计超出人类能计算能力，产生扭曲的甜甜圈形状，非常稳定，能自动持续运行几个月。它们在聚变领域被称为“仿星器”。

2、开发新的，可以比现在最好的导磁体更小更强的高温超导磁体。这将使我们能够建造更小、更便宜的聚变反应堆。

3、用液态金属来代替固体金属，作为等离子体周围的物质。液态金属不会破裂，为周围材料接触等离子体时会如何表现这个巨大的挑战提供了一个可能的解决方案。

4，建立包含中心无孔的甜甜圈形状等离子体的系统，形成形状几乎是球形的等离子体。这些方法也可以形成较弱的磁场。这些“紧凑环”和“低场”的方法，还为减小尺寸和降低成本提供了可能性。

世界各地政府资助的研究项目都在进行这两个部分的要素的研究，并将得出有利于聚变能源发展的发现（以及我们在宇宙和工业方面对等离子体的理解）。在过去的10到15年，私募基金公司也加入了这项工作，特别是在紧凑的环面和低场方面研究的突破。进步即将发生，它将带来丰富、清洁、安全的能源。

Organic & Polymer（有机高分子材料）

Applicability of dynamic facilitation theory to binary hard disk systems
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Facilitation of excited particles (red) is observed in athermal molecularsystems under "supercompressed" liquids. What is facilitated is the ability ofthe constituent particles to structurally relax, giving rise to correlated andcooperative dynamics. Credit: Nagoya Institute of Technology 

Glasses are amorphous (non-crystalline) solids that are widely used in everyday life and in technological instruments. It is important to understand the behavior of materials that form glasses; that is, to study the dynamics of their glass transition, which is the transition from the liquid state to a glass one with decreasing temperature or increasing pressure. Multiple theoretical models have been developed to explain the relaxation dynamics of materials that form glasses. One such model is the dynamic facilitation theory, which predicts that the dynamics of systems are heterogeneous and relaxation displays parabolic behavior. 

"The general predictions of the dynamic facilitation theory hold for thermal systems," lead researcher Masaharu Isobe explains. "However, this theory had not been extended to systems controlled by pressure."

The researchers numerically investigated the glass transition behavior of two-dimensional binary mixtures of hard particles (hard disk) systems considering pressure rather than temperature as the major variable. Their aims were to determine general properties of slow relaxation under supercompressed conditions and investigate if dynamic facilitation theory was applicable to hard disk systems at high pressure.

They used the event-chain Monte Carlo method to calculate the equilibrium states of various hard disk systems at different pressures. This method allowed the equilibrium phases in the systems—including amorphous, mixed crystalline, crystalline-amorphous composite, and crystalline—to be accurately identified. As a result, the researchers could probe the relaxation dynamics in the desired supercompressed region. They found that their results corroborated the dynamic facilitation theory in two ways.

"We confirmed that localized effective excitations randomly distributed in the equilibrated systems facilitated relaxation and average relaxation times extended with increasing compression," Isobe says. "Both of these results indicate that the dynamic facilitation theory is applicable to supercompressed hard disk systems."

These results expand fundamental knowledge of the behavior of materials under pressure, and may contribute to development of glasses with desired properties for specific applications. 

动态便利理论在二进制硬盘系统中的适用性
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激发粒子的便利（红色）是可在热的分子系统下在“被极度压缩的”液体中被观察。组成粒子可使结构松弛的能力被促进，引起相关合作力度增强。引用：名古屋技术学院

玻璃是非晶（非晶态）固体，广泛应用于日常生活和技术仪器中。了解形成眼镜的材料的行为是重要的，也就是，研究它们的玻璃化转变的动力学，就是其随着温度降低或压力增加而从液体状态转变为玻璃。已经开发了多种理论模型来解释形成眼镜的材料的松弛动力学。这样的一个模型是动态促进理论，预测系统的动态是异构的、放松显示的抛物线行为。

“动态促进理论的一般预测适用于热力系统，”首席研究员Masaharu Isobe说。”然而，这一理论还没有被扩展到控制的压力系统。”

研究者数值的研究了以压力而非温度为主要变量的硬粒子（硬磁盘）系统的二维二元混合物的玻璃化转变行为。他们的目的是确定缓慢放松下并在被极度压缩的条件下的一般性质和研究动态促进理论是否适用于硬盘系统在高压力。

他们使用事件链蒙特卡洛方法计算不同的硬盘系统在不同压力下的平衡状态。这种方法允许在系统中的平衡阶段，包括无定形，混合结晶，结晶与非晶复合材料和结晶，被准确地识别。因此，研究人员可以探索所需的被极度压缩区的弛豫动力学。他们发现他们的研究结果从两种方法证实了动态促进理论。

“我们证实，局部有效激励随机分布的平衡系统，随着压缩增加而促进放松并使平均弛豫的时间延长”Isobe说，“这两个结果都表明，动态化理论适用于极度压缩的硬盘系统。”这些结果扩大了材料在压力下的行为的基本知识，并可能有助于有着特定的应用程序所需属性的眼镜的发展。

Uncovering the secrets of water and ice as materials

Pockets of supercooled water in ice could host life in cold regions or on other planets where life has not previously been thought to exist. 

Water is vital to life on Earth and its importance simply can't be overstated—it's also deeply rooted within our conscience that there's something extremely special about it. Yet, from a scientific point of view, much remains unknown about water and its many solid phases, which display a plethora of unusual properties and so-called anomalies that, while central to water's chemical and biological importance, are often viewed as controversial. 

This inspired researchers at University College London and Oxford University to pursue a better understanding of water and ice as materials, which has a far-reaching impact on many areas of research. In an article in The Journal of Chemical Physics, they report their work on the hydrogen ordering of the disordered ice VI phase relative to its ordered counterpart ice XV.

"Whenever liquid water freezes, only its oxygen atoms actually end up in fixed positions," explained Christoph G. Salzmann, associate professor and Royal Society Research Fellow, Department of Chemistry, University College London. "The hydrogen atoms remain disordered—so we call such phases of ice 'hydrogen disordered.' Upon cooling, the hydrogen atoms are expected to become ordered and result in hydrogen-ordered ices. Yet, this process is difficult because the reorientations of the hydrogen-bonded water molecules are highly cooperative."

To help explain the concept, he used a tile game as an analogy.

"Moving from disorder to order is difficult work because the tiles can't move independently—similar to the situation in ice," he said. "But, a few years ago, we found that adding a small amount of hydrochloric acid dramatically helps achieve hydrogen order at low temperatures."

Hydrochloric acid is the "magic ingredient" that speeds up the reorientations of the water molecules.

Ice VI and ice XV are both high-pressure phases of ice that form at about 10,000 atmospheres. "The structure of ice XV has been the topic of lively scientific discussion for years," Salzmann said. "A variety of different and, in part, conflicting models have been suggested from both experimental data—including a previous study by our group—as well as computational studies."

For this work, the researchers turned to neutron diffraction to analyze the structure of ice XV and its formation from ice VI. "Using neutrons is important because X-rays are essentially 'blind' toward hydrogen atoms," Salzmann said. "To fully solve the structure of ice XV, we really need to know where the hydrogen atoms are located—neutrons are essential."

The group's work represents a major change in the understanding of ice XV that consolidates much of their previous work. "First, we've shown using neutron diffraction at the ISIS Science and Technology Facilities Council in the U.K. that the ice shrinks in two directions, but expands in the third during the transition from ice VI to XV," he explained. "Using density functional theory calculations, we can show that only one particular structural model of ice XV is consistent with these changes."

Incidentally, this structure is also the one the group proposed from their in-depth analysis of neutron data.

"This agreement between experiment and calculations is great, in particular, because there have been conflicting views regarding ice XV," he added. "The overall volume of the ice increases during the phase transition, which finally explains why the transition is observed more readily at ambient pressure than at higher pressures—behavior that has puzzled us for a long time."

Another key point, presented in their article, is a new computer program called "RandomIce," which has produced the best structural description of ice XV to date. "We've presented the preparation of the most ordered ice XV to date, but we haven't achieved a completely ordered state," Salzmann said.

RandomIce enables preparing large-scale molecular models, which the group calls "supercells." These are consistent with the average structure obtained from the diffraction data, and essentially RandomIce is "playing" the tile game described earlier until the best agreement with the diffraction data is achieved. "To do this, more than 100 million 'tile moves' were necessary," Salzmann pointed out.

The group's work opens the door to the development of more accurate computer models of water that can benefit a wide range of disciplines—from biology and chemistry to geology and the atmospheric sciences.

Further, it's now possible to "clarify in which form ice is expected to occur under certain pressure and temperature conditions inside icy moons and planets," Salzmann said.

What's next for the researchers?

"There's still an open question about why we can't achieve full order in ice XV," Salzmann said. "We've already started new experimental work to explore how the properties of ice change within nanoconfinements and the presence of chemical species—because we're interested in understanding the complex behavior of ice on comets and within our atmosphere." 

揭开水和冰作为材料的秘密

在冰冷水袋可以在寒冷地区或在生命不被认为存在的其他行星上维持生命。

水对地球的生命至关重要，它的重要性根本不可过分夸大，它也深深植根于我们的良心之中，它有着非常特殊的意义.。然而，从科学的角度来看，水和它的许多固相有许多是未知的，这显示了大量的不寻常的属性和所谓的异常，而其对水在化学和生物上的重要性很关键。

这激励了伦敦大学学院和牛津大学的研究人员，使其追求能更好地了解作为材料的水和冰，这对许多领域的研究产生深远的影响。在化学物理学杂志的一篇文章中，报道了他们的工作，其关于在对氢的排序上，相对无序的冰VI相似它对应的工作有序的冰十五。

“当水结冰时，只有它的氧原子会在固定的位置。”Christoph G. Salzmann伦敦大学学院化学系副教授和英国皇家学会研究员解释说。“氢原子是无序的，我们称这种冰阶段的氢无序。在冷却时，氢原子将变的有序，导致氢点冰。然而这个过程很难发生，因为氢键连接的水分子的重新取向是高度协同的。”

为了帮助解释这个概念，他用瓦片游戏作为类比。

“从无序到有序是困难的工作，因为瓷砖不能独立移动，冰也是这样。”他说，“但是，几年前，我们发现，添加少量的盐酸对实现在低温下的氢秩序有显著帮助。”

盐酸是加速了水分子的重新定位的“神奇要素”。

冰六和冰十五都高压相的冰的形式，在约10000个大气压下才能形成。“冰十五的结构是多年来一直活跃的科学讨论话题，”Salzmann说。“两个实验的数据都建立起了各种不同的局部的冲突的模型，包括我们小组以前的研究以及计算研究。”

于这项工作，研究人员转向了利用中子衍射分析冰十五及其从冰六的形成的过程。“利用中子很重要，因为X射线本质上“无法看见”氢原子的结构，”Salzmann说。“为全面解决冰十五结构问题，我们真的需要知道氢原子的位置——中子的位置是必不可少的。”

该小组的工作展现出在理解冰十五问题上的巨大变化，肯定了许多他们以前的工作。“首先，我们已经表明，在英国ISIS科学和技术设施委员会上，利用中子衍射，冰缩在两方向进行但会在第三个方向扩展，从而从冰六转化为冰十五 。”他解释说：”利用密度泛函理论计算，我们可以证明，只有一个特定的结构模型冰十五与这些变化是一致的。”

巧合的是，这种结构也是小组在深入分析中子数据时提出的。

“实验和计算之间的一致性格外伟大，因为对于冰十五一直存在矛盾的观点，”他补充说，“相位转变期间，冰的整体体积增，这终于解释为什么这种转变在自然压力下比高压下更容易被观察。这种行为已经困扰了我们很长一段时间。”

在他们的文章中提出的另一个关键点，是一个被称为“randomice” 的新的计算机程序，它能产生目前冰十五最好的结构描述。“我们进行了形成到目前为止最有序的冰十五的准备，但还没有达到一个完全有序的状态。”Salzmann说。

randomice使科学家能够准备大规模的分子模型，小组称之为“超级单元”。这些都是一致的平均结构的衍射数据，实际上RandomIce就是“玩”之前描述的瓷砖游戏，直到实现与衍射数据的最好的一致性。“要做到这一点，需要超过1亿次‘瓷砖移动’”Salzmann指出。

该小组的工作打开了更准确的水的计算机模型的大门，可以使广泛的学科从生物学和化学到地质和大气科学的发展收益。

此外，“阐明在冰冷的卫星和行星上的特定压力和温度下冰会形成哪种形态”变得可能，Salzmann说。

研究人员的下一步是什么？

“对于为什么我们不能实现全阶冰十五还有一个开放的问题，”Salzmann说。“我们已经开始了新的实验工作，来探究如何在纳米级限制下冰属性的变化和化学品类的出现——因为我们对了解彗星上和我们的环境中冰的复杂行为很感兴趣。”

Physicists' work may help change future of transistors

UT Dallas physicists have published new findings examining the electrical properties of materials that could be harnessed for next-generation transistors and electronics. 

Dr. Fan Zhang, assistant professor of physics, and senior physics student Armin Khamoshi recently published their research on transition metal dichalcogenides, or TMDs, in the journal Nature Communications. Zhang is a co-corresponding author, and Khamoshi is a co-lead author of the paper, which also includes collaborating scientists at Hong Kong University of Science and Technology.

In recent years, scientists and engineers have become interested in TMDs in part because they are superior in many ways to graphene, a one-atom thick, two-dimensional sheet of carbon atoms arranged in a lattice. Since it was first isolated in 2004, graphene has been investigated for its potential to replace conventional semiconductors in transistors, shrinking them even further in size. Graphene is an exceptional conductor, a material in which electrons move easily, with high mobility.

"It was thought that graphene could be used in transistors, but in transistors, you need to be able to switch the electric current on and off," Zhang said. "With graphene, however, the current cannot be easily switched off."

Beyond Graphene

In their search for alternatives, scientists and engineers have turned to TMDs, which also can be made into thin, two-dimensional sheets, or monolayers, just a few molecules thick.

"TMDs have something graphene does not have—an energy gap that allows the flow of electrons to be controlled, for the current to be switched on and off," Khamoshi said. "This gap makes TMDs ideal for use in transistors. TMDs are also very good absorbers of circularly polarized light, so they could be used in detectors. For these reasons, these materials have become a very popular topic of research."

One of the challenges is to optimize and increase electron mobility in TMD materials, a key factor if they are to be developed for use in transistors, Khamoshi said.

In their most recent project, Zhang and Khamoshi provided the theoretical work to guide the Hong Kong group on the layer-by-layer construction of a TMD device and on the use of magnetic fields to study how electrons travel through the device. Each monolayer of TMD is three molecules thick, and the layers were sandwiched between two sheets of boron nitride molecules.

"The behavior of electrons controls the behavior of these materials," Zhang said. "We want to make use of highly mobile electrons, but it is very challenging. Our collaborators in Hong Kong made significant progress in that direction by devising a way to significantly increase electron mobility."

The team discovered that how electrons behave in the TMDs depends on whether an even or odd number of TMD layers were used.

"This layer-dependent behavior is a very surprising finding," Zhang said. "It doesn't matter how many layers you have, but rather, whether there are an odd or even number of layers."

Electron Physics

Because the TMD materials operate on the scale of individual atoms and electrons, the researchers incorporated quantum physics into their theories and observations. Unlike classical physics, which describes the behavior of large-scale objects that we can see and touch, quantum physics governs the realm of very small particles, including electrons.

On the size scale of everyday electrical devices, electrons flowing through wires behave like a stream of particles. In the quantum world, however, electrons behave like waves, and the electrical transverse conductance of the two-dimensional material in the presence of a magnetic field is no longer like a stream—it changes in discrete steps, Zhang said. The phenomenon is called quantum Hall conductance.

"Quantum Hall conductance might change one step by one step, or two steps by two steps, and so on," he said. "We found that if we used an even number of TMD layers in our device, there was a 12-step quantum conductance. If we applied a strong enough magnetic field to it, it would change by six steps at a time."

Using an odd number of layers combined with a low magnetic field also resulted in a 6-step quantum Hall conductance in the TMDs, but under stronger magnetic fields, it became a 3-step by 3-step phenomenon.

"The type of quantum Hall conductance we predicted and observed in our TMD devices has never been found in any other material," Zhang said. "These results not only decipher the intrinsic properties of TMD materials, but also demonstrate that we achieved high electron mobility in the devices. This gives us hope that we can one day use TMDs for transistors." 

物理学家的工作可能帮助改变晶体管的未来

德克萨斯大学达拉斯分校的科学家们发布了新发现，研究可以被用于下一代晶体管和电子材料的电性能。

物理系副教授Fan Zhang博士和高级物理学生Armin Khamoshi最近在“自然交流”上发表了他们在过渡金属硫化物，或TMD的研究。Zhang是这篇文章的共同通讯作者，Khamoshi是共同第一作者，这篇文章也包括了来自香港科技大学科学家的合作。

在最近几年，科学家和工程师已经对TMD感兴趣，部分是因为他们在很多方面都优于石墨烯，在晶格中排列的一维电子厚度、二维的碳原子层。当它在2004年第一次被分离后，石墨因其可代替传统晶体半导体的潜力被研究，甚至将他们的大小进一步缩小。石墨烯是一个理想的导体，在材料中电子可以高速容易地移动。

Zhang说，“大家都认为石墨烯可以被用在晶体管中，但是在晶体管中，你需要转换电流的流通和切断。然而，在石墨烯中，电流不能容易地被切断。”

石墨烯之外

在他们对替代品的研究中，科学家和研究人员们开始转向TMD，其也可以被做成薄的二维层状，或者只有一些原子厚度的单层。

 “TMD有些石墨烯没有的东西，可控的允许电子流动的能量间隙，可以使电流流过或切换。” Khamoshi说，“该间隙可以使TMD是理想的在晶体管中使用的材料。TMD对圆偏正光的吸收也很好，因此他们可以被用于探测器。因为这些原因，该材料成为研究非常热门的话题。”

挑战之一是优化和增加电子在TMD材料中的灵活性，这是如果他们开发使用于晶体管中的TMD材料的关键因素，Khamoshi说。

在他们最近的项目中，Zhang和Khamoshi将理论研究提供给香港团队，指导他们在TMD设备中的层状建设以及研究电子如何在设备中移动的磁场使用。TMD的每一个单层是三个分子的厚度，且该层位于三明治状的两层氮化硼分子层之间。

 “电子行为控制着材料性能。”Zhang说，“我们希望使用高度移动的电子，但是这是非常有挑战性的。我们的香港合作者通过设计一种方法来显著提高电子的移动性，并在这个方向上取得了显著的进步。”

该团队发现了电子在TMD中如何运动依赖于TMD层中的双数层还是单数层被使用。

 “该依赖层的行为时非常令人震惊的发现。”Zhang说，“与有多少层是无关的，但是，与层的数量的奇偶有关。”

电子物理

因为TMD材料在单层原子和电子范围中运作，研究人员们将量子物理合并入他们的理论和观察。与描述我们可见和可触摸的大尺度物体的经典物理不同，量子物理适用于极小颗粒范围，包括电子。

在每天的电子设备中的大小规模，在电线中流动的电子的行为像是一束颗粒。然而，在量子的世界里，电子的行为像波浪，并且在磁场中的二维材料的电子横向导电性不再像溪流—其以不连续改变，Zhang说。该现象被称作量子霍尔导电性。

 “量子霍尔导电性可能一步一步改变，或者两步两步改变，等等。”他说，“我们发现如果我们在设备中使用偶数TMD层时，是12级的量子导电性。如果我们应用了足够强的磁场，它将会每次以6级改变。”

使用奇数层加上低磁场也可以导致在TMD中的6级量子霍尔导电性，但是在更强的磁场中，它回成为3级改变的现象。

 “我们在TMD设备中预测和观察到的料子霍尔导电性类型从没在其他任何材料中发现过。”Zhang说，“这些结果不仅解释了TMD材料的固有性质，而且证实了我们在该设备中达到高的电子活动性。这给我们带来了有一天我们可以将TMD用于晶体管的希望。”

E-Material（电子材料）

Discovery of bismuth superconductivity at extremely low temperature jeopardizes theory

(Phys.org)—A team of researchers at the Tata Institute of Fundamental Research in India has found that cooling a sample of bismuth to 0.00053 Kelvin caused the material to become a superconductor, putting at risk a decades-old theory regarding how superconductivity works. In their paper published in the journal Science, the team describes their cooling and testing approach and why they believe what they found will require physicists to rethink theoretical work that describes the conditions under which a metal can become superconductive. 

After it was discovered that some metals can be superconductive under certain conditions (back in 1911), scientists have been hard at work trying to understand how they work so that they can take advantage of them. Much progress has been made—superconductivity is now commonly used in some devices such as particle accelerators—but the ultimate goal has yet to be reached—finding a metal that is superconductive at room temperature. In this new effort, the researchers looked at bismuth—a brittle reddish-gray metal that had been dismissed as a possible superconductor because it has such a small carrier density (one mobile electron is shared by 100,000 atoms).

To test the metal, the team drilled holes in a silver rod and then pushed bismuth crystals into them. They then covered the rod with a magnetic shield that was used to pass a magnetic field over the bismuth samples. Sensors in the shield were sensitive enough to pick up magnetic field changes down to 10-18 Tesla. The team then chilled the construct they had made, watching for the point at which the magnetic field around the bismuth samples increased (an indicator of the Meissner effect)—that point arrived at 0.00053 Kelvin, revealing that the metal could be caused to be a superconductor when made cold enough.

The finding by the team has shed doubt on the reliability of the Bardeen-Cooper-Schrieffer theory, because the metal does not have enough electrons to allow for partnering up—the means by which most semiconductors operate without resistance. It also now represents the lowest carrier density superconductor. The work by the team also demonstrates that despite a significant amount of effort put into studying superconductivity, it is still not very well understood.

发现铋在极低温度下超导性的危害理论

印度Tata基础研究所的研究员团队发现将铋样本冷却至0.00053开尔文会导致材料具有超导性，将与超导性如何运作相关的数十年的理论置于危险中。在他们发表于“科学”杂志上的文章中，团队描述了他们冷却和测试的方法，以及他们为什么相信他们发现的东西将会需要科学家们重新思考描述在金属成为超导性的情况下的理论工作。

在发现在特定情况下（回到1911年），一些金属可以变为超导之后，科学家们努力尝试着理解他们运作的原理，这样他们就可以很好的利用。已经做出了许多成果—超导性目前广泛被用于一些设备，例如粒子加速器—但是最终目标还没有达到—发现一种可以在室温下具有超导性。在新的努力下，研究员们观察了铋—一种脆性灰红色金属，因为它具有如此小的载流子密度（一个移动电子被100000个电子所共享），因此被认为是可能的超导体。

为了检验金属，团队在银杆中钻了洞，并接着将铋晶体推进他们。他们接着用磁屏蔽覆盖着杆子，磁屏蔽是用来将磁场通过铋样品。护罩中的感应器足够灵敏来捕捉到低至10-18特斯拉的磁场。该团队接着冷却了他们的结构，观察铋样本周围的磁场增加的时间点（Meissner效应的指标）—该点达到了0.00053卡尔文，揭示了金属在足够冷却后可以变成超导体。

该团队的发现质疑了巴丁-库珀-施里费理论的可靠性，因为金属没有足够的电子来相互结合—大多数半导体在没有电阻运作的方法。这现在也代表了减低载流密度的超导体。该团队的工作也阐释了尽管对超导体的研究投入了许多努力，但它仍让很难理解。 

High-precision magnetic field sensing

Scientists have developed a highly sensitive sensor to detect tiny changes in strong magnetic fields. The sensor may find widespread use in medicine and other areas. 

Researchers from the Institute for Biomedical Engineering, which is operated jointly by ETH Zurich and the University of Zurich, have succeeded in measuring tiny changes in strong magnetic fields with unprecedented precision. In their experiments, the scientists magnetised a water droplet inside a magnetic resonance imaging (MRI) scanner, a device that is used for medical imaging. The researchers were able to detect even the tiniest variations of the magnetic field strength within the droplet. These changes were up to a trillion times smaller than the seven tesla field strength of the MRI scanner used in the experiment.

"Until now, it was possible only to measure such small variations in weak magnetic fields," says Klaas Prüssmann, Professor of Bioimaging at ETH Zurich and the University of Zurich. An example of a weak magnetic field is that of the Earth, where the field strength is just a few dozen microtesla. For fields of this kind, highly sensitive measurement methods are already able to detect variations of about a trillionth of the field strength, says Prüssmann. "Now, we have a similarly sensitive method for strong fields of more than one tesla, such as those used, inter alia, in medical imaging."

Newly developed sensor

The scientists based the sensing technique on the principle of nuclear magnetic resonance, which also serves as the basis for magnetic resonance imaging and the spectroscopic methods that biologists use to elucidate the 3D structure of molecules.

However, to measure the variations, the scientists had to build a new high-precision sensor, part of which is a highly sensitive digital radio receiver. "This allowed us to reduce background noise to an extremely low level during the measurements," says Simon Gross. Gross wrote his doctoral thesis on this topic in Prüssmann's group and is lead author of the paper published in the journal Nature Communications.

Eliminating antenna interference

In the case of nuclear magnetic resonance, radio waves are used to excite atomic nuclei in a magnetic field. This causes the nuclei to emit weak radio waves of their own, which are measured using a radio antenna; their exact frequency indicates the strength of the magnetic field.

As the scientists emphasise, it was a challenge to construct the sensor in such a way that the radio antenna did not distort the measurements. The scientists have to position it in the immediate vicinity of the water droplet, but as it is made of copper it becomes magnetised in the strong magnetic field, causing a change in the magnetic field inside the droplet.

The researchers therefore came up with a trick: they cast the droplet and antenna in a specially prepared polymer; its magnetisability (magnetic susceptibility) exactly matched that of the copper antenna. In this way, the scientists were able to eliminate the detrimental influence of the antenna on the water sample.

Broad applications expected

This measurement technique for very small changes in magnetic fields allows the scientists to now look into the causes of such changes. They expect their technique to find use in various areas of science, some of them in the field of medicine, although the majority of these applications are still in their infancy.

"In an MRI scanner, the molecules in body tissue receive minimal magnetisation - in particular, the water molecules that are also present in blood," explains doctoral student Gross. "The new sensor is so sensitive that we can use it to measure mechanical processes in the body; for example, the contraction of the heart with the heartbeat."

The scientists carried out an experiment in which they positioned their sensor in front of the chest of a volunteer test subject inside an MRI scanner. They were able to detect periodic changes in the magnetic field, which pulsated in time with the heartbeat. The measurement curve is reminiscent of an electrocardiogram (ECG), but unlike the latter measures a mechanical process (the contraction of the heart) rather than electrical conduction. "We are in the process of analysing and refining our magnetometer measurement technique in collaboration with cardiologists and signal processing experts," says Prüssmann. "Ultimately, we hope that our sensor will be able to provide information on heart disease - and do so non-invasively and in real time."

Development of better contrast agents

The new measurement technique could also be used in the development of new contrast agents for magnetic resonance imaging: in MRI, the image contrast is based largely on how quickly a magnetised nuclear spin reverts to its equilibrium state. Experts call this process relaxation. Contrast agents influence the relaxation characteristics of nuclear spins even at low concentrations and are used to highlight certain structures in the body.

In strong magnetic fields, sensitivity issues had previously restricted scientists to measurement of just two of the three spatial nuclear spin components and their relaxation. They had to rely on an indirect measurement of relaxation in the important third dimension. For the first time, the new high-precision measurement technique allows the direct measurement of all three dimensions of nuclear spin in strong magnetic fields.

Direct measurement of all three nuclear spin components also paves the way for future developments in nuclear magnetic resonance (NMR) spectroscopy for applications in biological and chemical research. 

高精度磁场传感

科学家们已经开发出高度灵敏的传感器来探测强磁场中的微小改变。传感器可能发现在医疗和其他领域中的广泛应用。

来自由苏黎世联邦理工大学和苏黎世大学联合运作的生物医药工程研究所的研究员们已经成功以史无前例的精确度测量出强磁场中的微小改变。在他们的实验中，科学家们在磁共振成像（MRI）扫描中磁化了水滴，MRI是用于医疗成像的设备。研究员们甚至能够在水滴中探测到磁场强度的最小变量。这些变量比之前实验中用到的MRI扫描仪的7特斯拉场强要小万亿倍。

 “直到现在，只在弱磁场中测量如此小的变量是可能的。” 苏黎世联邦理工大学和苏黎世大学生物成像教授Klaas Prüssmann说道。一个弱磁场的例子是地球，在地球上场强只有几十微特斯拉。对于这种磁场，高度灵敏的测量方法已经可以探测到大约万亿分之一场强的变量，Prüssmann说。“现在，我们对于超过1特斯拉的强场有相似灵敏的方法，尤其是在医学成像中使用的。”

新开发的感应器

科学家们的感应技术基于核磁共振原理，该原理也是磁共振成像和生物学家用来解释分子的3D结构的光谱方法的基础。

然而，为了测量变量，科学家们必须建立一个新的高精确度的感应器，其一部分是高度灵敏的数字无线接收器。“这允许我们在测量期间将背景噪声降低到一个极低的程度。” Simon Gross说。Gross在Prüssmann的课题组中以此为其的博士论文题目，他是发表于“自然沟通”杂志的论文的第一作者。

天线干扰消除

在核磁共振的情况下，无限波被用于在磁场中激活原子核。这使得核自己发散出微弱的无线波，其可以用无线天线测量；他们准确的频率表明了磁场的强度。

正如科学家们强调的，将感应器做成无线天线不干扰测量的结构是一个挑战。科学家们必须将其置于水滴附近，但是因为它是由铜制成的，它在强磁场中会被磁化，导致了水滴内部的磁场变化。

因此研究人员们相处了一个办法：他们将水滴和天线扔到一个特别准备的聚合物中；它的磁化率正好与铜天线相吻合。用这种方法，科学家们可以消除天线对水样本的不利影响。

广泛期待的应用

测量磁场中极小变化的技术使得科学家们现在可以观察引起这些变化的原因。他们期待着他们的技术能应用于科学的许多领域，其中一些应用于医学，虽然大部分的应用仍处于初期。

 “在MRI扫描仪中，在身体组织中的分子接收到磁化-特别是，水分子也存在于血液中。”博士生Gross解释道，“新型探测器十分灵敏，我们可以用它测量身体的运作过程；例如，心脏的收缩与心跳。”

科学家们做的实验是，在MRI扫描器中，将感应器放在志愿者的胸前来检测目标。他们可以在磁场中探测到周期性变化，其随着心跳有节奏的收缩着。测量曲线让人想起心电图（ECG），但不像后者测量的是机械过程（心脏的收缩）而不是电传导。“我们与心脏病专家和信号分析专家合作来分析和精炼我们的磁力计测量技术。” Prüssmann说，“最终，我们希望我们的探测器可以提供有关心脏疾病的信息-并且是非侵入性的及实时的。”

更好对比剂的发展

新测量技术也可以用于磁共振成像的新对比剂的发展：在MRI，图像对比大多数基于磁化核旋转回复到平衡状态有多快。专家们称这个过程为松弛。对比剂影响了即使在低密度中核旋转的松弛特征，并用于突出身体中的特定结构。

在强磁场中，敏感组织之前限制了科学家们测量三分之二的空间核自旋分量及其弛豫。他们必须依赖于在重要的第三维度中测量弛豫。第一次，新型高精确测量技术允许在强磁场中核旋转的三维直接测量。

所有三个核自旋分量的直接测量也为在生物和化学研究中的核磁共振（NMR）未来发展的铺设了道路。

Quantum obstacle course changes material from superconductor to insulator
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Nanoscale defects in a superconducting material can interact with weak magnetic fields to put the brakes on superconducting electrons, new research shows. It's a demonstration of a phase change from superconducting to insulating that had been predicted in theory, but never before shown experimentally. Credit: Valles Lab / Brown University 

Researchers from Brown University have demonstrated an unusual method of putting the brakes on superconductivity, the ability of a material to conduct an electrical current with zero resistance. 

The research shows that weak magnetic fields—far weaker than those that normally interrupt superconductivity—can interact with defects in a material to create a "random gauge field," a kind of quantum obstacle course that generates resistance for superconducting electrons.

"We're disrupting superconductivity in a way that people haven't done before," said Jim Valles, a professor of physics at Brown who directed the work. "This kind of phase transition involving a random gauge field had been predicted theoretically, but this is the first time it has been demonstrated in an experiment."

The research is published in the journal Scientific Reports.

The superconducting state depends on the formation and propagation of "Cooper pairs," coupled electrons that, at very low temperatures, behave more like waves than particles. Their wavelike property enables them to travel across the structure of a material without banging into atomic nuclei along way, reducing the resistance they encounter to zero. Cooper pairs are named for Leon Cooper, a Brown University physicist who shared the 1972 Nobel Prize in physics for explaining their behavior.

The bonds between paired electrons are not particularly strong. A small increase in temperature or the presence of a magnetic field with a strength above a critical value (the value varies a bit for different materials) can break the pairs apart, which in turn breaks the superconducting state.

But Valles and his colleagues were investigating a different method of destroying superconductivity. Instead of breaking the Cooper pairs apart, Valles's team wanted to see if they could disrupt the way in which the pairs propagate.

When a material is superconducting, Cooper pairs propagate "in phase," meaning the peaks and troughs of their quantum waves are correlated. Knocking the waves out of phase would render them unable to propagate in a way that would sustain the superconducting state, thereby converting the material to an insulator.

To demonstrate the phenomenon, Valles and his colleagues created small superconducting chips made of amorphous bismuth. The chips were made with nanoscale holes in them, arranged in a randomly repeating honeycomb-like pattern. The team then applied a weak magnetic field to the chips. Under normal circumstances, a superconductor will repel any magnetic field below a critical value and go right on superconducting. But the defects in the bismuth caused the material to repel the magnetic field in a peculiar way, forming tiny vortices of electrical current surrounding each hole.

To superconducting Cooper pairs, those vortices form a quantum obstacle course too difficult to cross. The current vortices push and pull on the wave fronts of passing Cooper pairs in random patterns, knocking the waves out of phase with each other.

"We're disrupting the coherent motion of the wave fronts," Valles said. "As a result the Cooper pairs become localized—unable to propagate—and the system goes from superconducting to insulating."

The research may help scientists understand the fundamental properties of superconducting materials—in particular, how defects in those materials could interrupt superconductivity in certain situations. Understanding how these materials behave will be important as their use increases in applications like quantum computers, which will rely on consistent superconducting states.

"In technology, we're trying to eke more and more out of the quantum properties of materials, but those materials all have these messy impurities in them," Valles said. "We've shown the effects of a certain kind of quantum randomness in a superconductor that is driven by a magnetic field and random defects. So this work may be interesting for understanding what limitations there are in exploiting the quantum properties of materials."

Valles is hopeful that the findings and the technique described in the paper will lead to other fundamental advances.

"We can tune this phase shifter in a well-defined way that's straightforward to model, which can allow us to understand quantum phase transitions a little bit better," Valles said. "So in a sense, we've created a new knob we can twist to affect the properties of these materials and see how they react." 

量子障碍场使材料从超导体改变到绝缘体

[image: image8.jpg]9 ® 00 g
v’. ..‘ ..‘L
® %" PAL"
) ATYL X




新研究表明，超导材料中的纳米级缺陷可以与弱磁场相互作用阻碍超导电子移动。这是一个从超导向绝缘相改变的在理论中预测的解释，但是之前从没有在实验中出现说。来源： 瓦莱丝实验室/布朗大学

来自布朗大学的研究员们阐释了一种不同寻常的方法，在超导性中放置刹车片，超导性是材料以零电阻的传导电流的能力。

研究表明弱磁场-比那些正常中断超导性的弱磁场还要弱-可以与材料中的缺陷相作用产生 “随机规范场”，一种产生超导电子电阻的量子缺陷场。

 “我们以一种之前从来没有人用过的方法打断超导性。”指导该工作的布朗大学物理系教授Jim Valles说，“这种相转变涉及到随机规范场已经被理论预测了，但是这是第一次在实验中被阐释。”

该研究在“科学报告”杂志中发表。

超导态取决于“库珀对”的形成与传播，库珀对是在极低温下的配对电子，表现得比粒子更像波浪。他们波浪状的性质使得他们穿过材料结构时一路上没有撞击原子核，他们遇到零后减少了电阻。库珀对以Leon Cooper的名字命名，他是布朗大学的物理学家，在1972年因为解释了他们的行为得到了诺贝尔物理学奖。

电子对之间的连接不是特别的强。温度上小的增加或是磁场的强度超过临界值（不同材料之间的值变化很小）可以破坏电子对，这反过来破坏了超导态。

但是Valles和他的同事们正在调查破坏超导性的不同方法。除了使库珀对分开，Valles团队想看他们是否能够阻碍电子对传播的途径。

当材料是超导态时，库珀对在相中传播，意味着量子波的波峰和波谷是相关的。将波从相位中击倒会使它们无法以维持超导状态的方式传播，从而将材料转换为绝缘体.。

为了解释这个现象，Valles和他的同事们开发了用非晶体铋制成的小超导芯片。该芯片制成后其中有纳米级孔洞，以随机重复蜂窝状形式排列。接着团队在芯片上施加了弱磁场。在正常情况下，超导体会抵制任何低于临界值的磁场，并继续超导。但是铋中的缺陷导致了材料以特殊的方式抵制磁场，在每个孔洞周围形成了小电旋涡。

为了使库珀对超导，这些旋涡形成的量子缺陷场太难以穿过。电流旋涡在随机模式上通过库珀对的波阵面推动和拉波，相互撞击波的相位。

 “我们阻碍了波前的相干运动。”Valles说，“结果，库珀对变得局部化-不能传播-并且该系统从超导变为绝缘。”

研究可能帮助科学家们理解超导材料的本质-特别是，在这些材料中的缺陷如何影响特定位置的超导性。理解了这些材料如何表现将对他们日益增加的应用(如量子电脑)十分重要，这将会依赖于连续的超导状态。

 “在技术中，我们试图增加更多的材料的量子特性，但是这些材料中都有一些混乱的杂质。” Valles说，“我们已经证明了某种超导体的随机性是由磁场和随机缺陷驱动的。因此，这项工作对于了解有什么限制了利用材料的量子特性十分有意思。”

Valles对于发现和在论文中描述的技术将会导致其他基础发展抱有希望。

 “我们可以以一个明确的方式调整这个移相器，这是个简单的模型，它可以让我们了解量子相变稍微好一点。” Valles说，“因此，在某种意义上，我们创造了一个新的旋钮，我们可以转动旋钮来影响这些材料的性质，看看他们如何反应。”

Record distance for alternative super-current 

Researchers have discovered that electrons that spin synchronously around their axes remain superconductive across large distances within magnetic chrome dioxide. Electric current from these electrons can flip small magnets, and its superconductive version could form the basis of a hard drive without energy loss. The study has been published in Physical Review X. 

In Leiden in 1911, Nobel Prize-winner Heike Kamerlingh Onnes discovered the principle of superconduction; electric current flowing through ice-cold metal without any resistance. This super-current can transport electricity or power an electromagnet without energy loss, an essential property for MRI scanners, maglev trains and nuclear fusion reactors.

Half a century later, scientists discovered that electrons appear to form pairs, enabling the super-current to escape the classical rules of electricity. Physicists assumed that both electrons spin around their axes in opposite directions, so that the pairs have a net 'spin' of zero. Around the turn of the century, that assumption proved to be premature. Super-currents can, indeed, have a net 'spin,' and even possibly manipulate small magnets.

Leiden physicist Prof. Jan Aarts and his group have now created a wire made of chrome dioxide, which only carries currents with 'spin.' They cooled it to a superconducting state and measured a particularly strong current of a billion A/m2. That's powerful enough to flip magnets, potentially facilitating future hard drives without energy loss. Moreover, the super-current covered a record distance of 600 nanometer. This seems like a small stretch—bacteria are bigger—but it lets electron pairs survive long enough for practical use. 

超电流替代的记录距离

研究人员发现，磁铬二氧化碳内，绕其轴自旋的电子能够跨越很长的距离保持超导。这些电子的电流能够翻转小磁铁，超导性在硬盘驱动器的基础上可以达到无能量损失。这项研究已发表在物理评论X上。

1911年在莱顿，诺贝尔奖得主Heike Kamerlingh Onnes发现了超导的原理；电流流过冰冷的金属时没有电阻。这种超级电流可以没有能量损失地传输电力或电磁，这是磁共振成像扫描仪，磁悬浮列车和核聚变反应堆的基本属性。

半个世纪后，科学家们发现电子似乎成对形成，使超电流摆脱了经典的电学规则。物理学家假定两个电子绕着它们的轴在相反的方向旋转，这样它们“自旋”就为零。在世纪之交的时候，这一假设被证明是不成熟的.。超电流，实际上是有净“自旋”的，甚至可能操纵小磁铁。

莱顿物理学家Jan Aarts教授和他的团队已经创建了一个由铬白制造出的丝状物，只用“自旋”来承载电流。将它冷却到超导状态，并且测量到了一个特别强大的电流，十亿A/m2。强大到足以翻转磁铁，有可能让未来的硬盘驱动器没有能量损失。此外，超流覆盖了600纳米的记录距离。这似乎是很短的——细菌都比它大——但电子的实际作用中已经足够长了。
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