SCIENCE P78


宇宙是由什麼所構成的？
What Is the Universe Made Of ?
查爾斯‧席夫（CHARLES SEIFE）
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    宇宙論者總是一而再地為宇宙的神秘與捉摸不定所牽引、困擾，甚至為它心神不寧。在15、16世紀，哥白尼、克卜勒和牛頓等人認為地球只是眾多行星之一，圍繞地某個天體運行，進而推翻了中古世紀普遍認為宇宙是一個封閉與微小的天文體系。1920年代，哈伯（Edwin Hubble）指出，我們的宇宙正在不斷地擴張。此重大發現動搖了宇宙是永恆不變的觀念。在過去幾十年來，宇宙論者發現，現有構成行星、銀河，甚至人類的物質，還不及整體宇宙的5%。對於宇宙萬物的新體認，當下的科學家正面臨著一個關鍵問題：宇宙是由什麼所構成的？
Every once in a while, cosmologists are dragged, kicking and screaming, into a universe much more unsettling than they had any reason to expect. In the 1500s and 1600s, Copernicus, Kepler, and Newton showed that Earth is just one of many planets orbiting one of many stars, destroying the comfortable Medieval notion of a closed and tiny cosmos. In the 1920s, Edwin Hubble showed that our universe is constantly expanding and evolving, a finding that eventually shattered the idea that the universe is unchanging and eternal. And in the past few decades, cosmologists have discovered that the ordinary matter that makes up stars and galaxies and people is less than 5% of everything there is. Grappling with this new understanding of the cosmos, scientists face one overriding question: What is the universe made of?
· 圖文：在黑暗中，黑暗物質將銀河緊緊聚集在一起；超新星的觀測卻驗證了另一股神秘的黑暗能量。
（In the dark. Dark matter holds galaxies together; supernovae measurements point to a mysterious dark energy.）
這個問題源自於多年來觀察的怪異結果。1960年代，天文學家發現銀河系迴旋的速度過快以致於無法單以恆星的重力來避免其飛散。似乎有某種看不見的東西使得這些恆星不至於飛離中心。這就是所謂的「黑暗物質」（dark matter）。
This question arises from years of progressively stranger observations. In the 1960s, astronomers discovered that galaxies spun around too fast for the collective pull of the stars’ gravity to keep them from flying apart. Something unseen appears to be keeping the stars from flinging themselves away from the center: unilluminated matter that exerts extra gravitational force. This is dark matter.

多年來，科學家們辨識出宇宙中某些黑暗物質。他們利用x射線望遠鏡隱約看到了這些物質以氣雲狀出現，或看到了黑暗物質樣似遙遠天體般閃爍劃過他們面前。科學家們也計算這些銀河中的無形物質所造成的時空扭曲。多虧了有關太初氣雲的豐富知識，物理學家認為望遠鏡僅能辨識出10％的一般物質。
Over the years, scientists have spotted some of this dark matter in space; they have seen ghostly clouds of gas with x-ray telescopes, watched the twinkle of distant stars as invisible clumps of matter pass in front of them, and measured the distortion of space and time caused by invisible mass in galaxies. And thanks to observations of the abundances of elements in primordial gas clouds, physicists have concluded that only 10% of ordinary matter is visible to telescopes.

但是，就算將可辨識的「一般」物質乘以10倍也不足以說明宇宙是由什麼構成的。當天文學家利用功能強大的望遠鏡觀察天空，他們看到的只是宇宙的渾沌面貌。銀河並非規則地點綴著天空，而是以細薄的光絲和卷鬚交織在廣闊的天際。就正如那些能見物質並不足以讓銀河以正常速度運行，這些一般物質也不足以說明這奧秘的宇宙。現在，天文學家認定，這些由另一種不明粒子所構成的黑暗物質，其引力必定與這浩瀚宇宙的結構有著重要關係。他們估計，在宇宙的組成中，神秘的黑暗物質約佔25％，是一般物質的五倍之多。
But even multiplying all the visible “ordinary” matter by 10 doesn’t come close to accounting for how the universe is structured. When astronomers look up in the heavens with powerful telescopes, they see a lumpy cosmos. Galaxies don’t dot the skies uniformly; they cluster together in thin tendrils and filaments that twine among vast voids. Just as there isn’t enough visible matter to keep galaxies spinning at the right speed, there isn’t enough ordinary matter to account for this lumpiness. Cosmologists now conclude that the gravitational forces exerted by another form of dark matter, made of an as-yet-undiscovered type of particle, must be sculpting these vast cosmic structures. They estimate that this exotic dark matter makes up about 25% of the stuff in the universe—five times as much as ordinary matter.

相較於黑暗物質的奧秘，科學家對於另一個神秘議題更具興趣：黑暗能量（dark energy）。1990年代末，那些研究遙遠超新星的科學家們發現宇宙向外擴張的速度並非如物理原理所預測的會緩慢下來，反而膨脹速度越來越快。是否有某些反重力（antigravity）的能量促使星系向外擴張？
But even this mysterious entity pales by comparison to another mystery: dark energy. In the late 1990s, scientists examining distant supernovae discovered that the universe is expanding faster and faster, instead of slowing down as the laws of physics would imply. Is there some sort of antigravity force blowing the universe up?

所有跡象都顯示答案是肯定的。關於各種天文現象的獨立觀測，涵蓋宇宙背景輻射（cosmic background radiation）、元素含量（element abundances）、銀河星團（galaxy clustering）、重力透鏡(gravitational lensing)、氣雲特性（gas cloud properties），都指向一個一致、卻異乎尋常的宇宙面貌。一般物質和不明粒子僅構成其中約30%，其他成分就是這眾所皆知、充滿神秘感的反重力黑暗能量。
All signs point to yes. Independent measurements of a variety of phenomena—cosmic background radiation, element abundances, galaxy clustering, gravitational lensing, gas cloud properties—all converge on a consistent, but bizarre, picture of the cosmos. Ordinary matter and exotic, unknown particles together make up only about 30% of the stuff in the universe; the rest is this mysterious anti-gravity force known as dark energy.

這表示，在回答「宇宙是由什麼所構成的？」這個問題前，必須先處理三組更為複雜的疑問：第一組問題為「一般黑暗物質是由什麼所構成的？它存在於宇宙何處？」然而，天體物理學有關大量物質在星系間造成光線彎曲的相關觀測已經提供了可能的答案。第二個問題則是「何謂怪異的黑暗物質(exotic dark matter)？」科學家已有些頭緒，很幸運的是，在未來十年內，埋在地底深處的黑暗物質阱（a dark-matter trap）或高能原子擊碎器（atom smasher）將有助於新型態粒子的發現。最後的這個問題——「何謂黑暗能量？」在過去十年不可能被提出。這個問題似乎超越了現有的物理知識，更甚於其他未被觀測到的天文現象。透過超新星的觀測、宇宙背景輻射，以及重力透鏡的觀察可提供黑暗能量之狀態方程式（equation of state）的線索——基本上，藉由此類觀測將可呈現出物質的黏糊狀態。此刻，對於物理學研究來說，黑暗能量的本質仍是一大迷團，這個疑問一旦被解決，必將在天文學界燃起一道曙光。
This means that figuring out what the universe is made of will require answers to three increasingly difficult sets of questions. What is ordinary dark matter made of, and where does it reside? Astrophysical observations, such as those that measure the bending of light by massive objects in space, are already yielding the answer. What is exotic dark matter? Scientists have some ideas, and with luck, a dark-matter trap buried deep underground or a high-energy atom smasher will discover a new type of particle within the next decade. And finally, what is dark energy? This question, which wouldn’t even have been asked a decade ago, seems to transcend known physics more than any other phenomenon yet observed. Ever-better measurements of supernovae and cosmic background radiation as well as planned observations of gravitational lensing will yield information about dark energy’s “equation of state”—essentially a measure of how squishy the substance is. But at the moment, the nature of dark energy is arguably the murkiest question in physics—and the one that, when answered, may shed the most light. 

100個待解決的科學問題（So Much More to Know）
從宇宙到社會的本質，下述100個問題跨越了自然科學領域。其中，這些問題可能正如上文所探討的；或許問題本身就是個重大議題。有些問題將驅使科學家進行更進一步的科學探索，甚至問題將延續到下個世紀；有些問題可能很快就會被解決。大部分的問題無疑將衍生出更多的疑問。
From the nature of the cosmos to the nature of societies, the following 100 questions span the sciences. Some are pieces of questions discussed above; others are big questions in their own right. Some will drive scientific inquiry for the next century; others may soon be answered. Many will undoubtedly spawn new questions. 
· 我們的宇宙是獨一無二的嗎？ 

· Is ours the only universe? 
· 某些量子理論學家及天文學家試圖釐清我們的宇宙是否僅是「多重宇宙」（multiverse）的一部份。但是，也有人認為這種「難以驗證」的想法應該留給哲學家去煩惱。
· A number of quantum theorists and cosmologists are trying to figure out whether our universe is part of a bigger “multiverse.” But others suspect that this hard-to-test idea may be a question for philosophers.
· 宇宙膨脹是什麼所造成的？ 
· What drove cosmic inflation? 
· 宇宙大爆炸後的瞬間，天地萬物以驚人的速度向外膨脹。到底為何有此強大爆破力？宇宙微波背景輻射（cosmic microwave background）及其他天文物理學的觀測漸漸縮小了可能的原因。
· In the first moments after the big bang, the universe blew up at an incredible rate. But what did the blowing? Measurements of the cosmic microwave background and other astrophysical observations are narrowing the possibilities.
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