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STANDARD MODEL OF ELEMENTARY PARTICLES
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演示者
演示文稿备注
https://home.cern/science/physics/standard-model
Matter particles
All matter around us is made of elementary particles, the building blocks of matter. These particles occur in two basic types called quarks and leptons. Each group consists of six particles, which are related in pairs, or “generations”. The lightest and most stable particles make up the first generation, whereas the heavier and less-stable particles belong to the second and third generations. All stable matter in the universe is made from particles that belong to the first generation; any heavier particles quickly decay to more stable ones. The six quarks are paired in three generations – the “up quark” and the “down quark” form the first generation, followed by the “charm quark” and “strange quark”, then the “top quark” and “bottom (or beauty) quark”. Quarks also come in three different “colours” and only mix in such ways as to form colourless objects. The six leptons are similarly arranged in three generations – the “electron” and the “electron neutrino”, the “muon” and the “muon neutrino”, and the “tau” and the “tau neutrino”. The electron, the muon and the tau all have an electric charge and a sizeable mass, whereas the neutrinos are electrically neutral and have very little mass.

我们周围的所有物质都是由基本粒子构成的，它们是物质的基本组成部分。这些粒子有两种基本类型:夸克和轻子。每个组由6个粒子组成，它们成对相关，或“代”。最轻、最稳定的粒子组成第一代，而较重、不稳定的粒子属于第二代和第三代。宇宙中所有稳定的物质都是由第一代粒子构成的;任何较重的粒子都会迅速衰变为更稳定的粒子。六个夸克在三代中配对——“上夸克”和“下夸克”构成第一代，接着是“粲夸克”和“奇夸克”，然后是“顶夸克”和“底夸克(或美夸克)”。夸克也有三种不同的“颜色”，只有通过混合才能形成无色物体。这六个轻子同样地排列为三代——“电子”和“电子中微子”，“μ子”和“μ中微子”，以及“τ”和“τ中微子”。电子、μ子和tau都带有电荷和相当大的质量，而中微子是电中性的，质量很小。

Forces and carrier particles
There are four fundamental forces at work in the universe: the strong force, the weak force, the electromagnetic force, and the gravitational force. They work over different ranges and have different strengths. Gravity is the weakest but it has an infinite range. The electromagnetic force also has infinite range but it is many times stronger than gravity. The weak and strong forces are effective only over a very short range and dominate only at the level of subatomic particles. Despite its name, the weak force is much stronger than gravity but it is indeed the weakest of the other three. The strong force, as the name suggests, is the strongest of all four fundamental interactions.
Three of the fundamental forces result from the exchange of force-carrier particles, which belong to a broader group called “bosons”. Particles of matter transfer discrete amounts of energy by exchanging bosons with each other. Each fundamental force has its own corresponding boson – the strong force is carried by the “gluon”, the electromagnetic force is carried by the “photon”, and the “W and Z bosons” are responsible for the weak force. Although not yet found, the “graviton” should be the corresponding force-carrying particle of gravity. The Standard Model includes the electromagnetic, strong and weak forces and all their carrier particles, and explains well how these forces act on all of the matter particles. However, the most familiar force in our everyday lives, gravity, is not part of the Standard Model, as fitting gravity comfortably into this framework has proved to be a difficult challenge. The quantum theory used to describe the micro world, and the general theory of relativity used to describe the macro world, are difficult to fit into a single framework. No one has managed to make the two mathematically compatible in the context of the Standard Model. But luckily for particle physics, when it comes to the minuscule scale of particles, the effect of gravity is so weak as to be negligible. Only when matter is in bulk, at the scale of the human body or of the planets for example, does the effect of gravity dominate. So the Standard Model still works well despite its reluctant exclusion of one of the fundamental forces.

力和载子宇宙中有四种基本的力在起作用:强力、弱力、电磁力和引力。他们在不同的范围内工作，有不同的优势。重力是最弱的，但它的范围是无限的。电磁力的作用范围也是无限的，但比重力强很多倍。弱力和强力只在很短的范围内有效，只在亚原子粒子水平上起主导作用。尽管它的名字叫弱力，但它比重力强得多，但它确实是其他三种力中最弱的。强作用力，顾名思义，是四种基本相互作用中最强的一种。三种基本力是由载力粒子交换产生的，它们属于一个更广泛的群，称为“玻色子”。物质粒子通过相互交换玻色子来传递离散的能量。每一种基本力都有自己对应的玻色子——强力由“胶子”携带，电磁力由“光子”携带，弱力由“W和Z玻色子”负责。虽然还没有发现，“引力子”应该是相应的携带引力的粒子。标准模型包括电磁力、强力和弱力以及它们的载体粒子，并很好地解释了这些力如何作用于所有物质粒子。然而，我们日常生活中最熟悉的力，重力，并不是标准模型的一部分，因为将重力舒适地融入这个框架已经被证明是一个困难的挑战。用来描述微观世界的量子理论和用来描述宏观世界的广义相对论，很难被纳入一个单一的框架。没有人能在标准模型的背景下使两者在数学上相容。但幸运的是，对于粒子物理学来说，当涉及到粒子的微小尺度时，引力的影响是如此微弱，以至于可以忽略不计。只有当物质体积很大的时候，例如在人体或行星的尺度上，重力的影响才占主导地位。因此，标准模型仍然运行良好，尽管它不情愿地排除了其中一种基本力量。

So far so good, but...
...it is not time for physicists to call it a day just yet. Even though the Standard Model is currently the best description there is of the subatomic world, it does not explain the complete picture. The theory incorporates only three out of the four fundamental forces, omitting gravity. There are also important questions that it does not answer, such as “What is dark matter?”, or “What happened to the antimatter after the big bang?”, “Why are there three generations of quarks and leptons with such a different mass scale?” and more. Last but not least is a particle called the Higgs boson, an essential component of the Standard Model.
On 4 July 2012, the ATLAS and CMS experiments at CERN's Large Hadron Collider (LHC) announced they had each observed a new particle in the mass region around 126 GeV. This particle is consistent with the Higgs boson but it will take further work to determine whether or not it is the Higgs boson predicted by the Standard Model. The Higgs boson, as proposed within the Standard Model, is the simplest manifestation of the Brout-Englert-Higgs mechanism. Other types of Higgs bosons are predicted by other theories that go beyond the Standard Model.
On 8 October 2013 the Nobel prize in physics was awarded jointly to François Englert and Peter Higgs “for the theoretical discovery of a mechanism that contributes to our understanding of the origin of mass of subatomic particles, and which recently was confirmed through the discovery of the predicted fundamental particle, by the ATLAS and CMS experiments at CERN's Large Hadron Collider”.
So although the Standard Model accurately describes the phenomena within its domain, it is still incomplete. Perhaps it is only a part of a bigger picture that includes new physics hidden deep in the subatomic world or in the dark recesses of the universe. New information from experiments at the LHC will help us to find more of these missing pieces.

目前为止还不错，但是......现在还不是物理学家就此罢手的时候。尽管标准模型是目前对亚原子世界最好的描述，但它并不能解释完整的情况。该理论只包含了四种基本力中的三种，不包括重力。还有一些重要的问题它没有回答，比如“什么是暗物质?”，或者“宇宙大爆炸后反物质发生了什么?”、“为什么有三代质量尺度如此不同的夸克和轻子?””等等。最后但并非最不重要的是一种被称为希格斯玻色子的粒子，它是标准模型的重要组成部分。2012年7月4日，ATLAS和CMS在欧洲核子研究中心的大型强子对撞机(LHC)上进行的实验宣布，他们各自在大约126 GeV的质量区域观测到了一个新粒子。这种粒子与希格斯玻色子是一致的，但要确定它是否是标准模型预测的希格斯玻色子还需要进一步的工作。在标准模型中提出的希格斯玻色子是Brout-Englert-Higgs机制的最简单表现。其他类型的希格斯玻色子是由超越标准模型的其他理论预测的。2013年10月8日，诺贝尔物理学奖共同授予François Englert和Peter Higgs，“以表彰他们在理论上发现了一种机制，有助于我们理解亚原子粒子的质量起源，并且最近通过ATLAS和CERN大型强子对撞机的CMS实验发现了预测的基本粒子，从而证实了这一机制”。因此，虽然标准模型准确地描述了其范围内的现象，但它仍然是不完整的。也许这只是隐藏在亚原子世界深处或宇宙黑暗深处的新物理的更大图景的一部分。来自大型强子对撞机实验的新信息将帮助我们找到更多这些缺失的碎片。
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