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Academia Sinica Press Release

Cosmic Giants Shed New Light on Dark Matter
 (Release time: Taiwan time June 13, 2013, 9:00 am)

An international team of astronomers from Taiwan, the UK and Japan including two scholars from the Academia Sinica Institute of Astronomy and Astrophysics (ASIAA) has used the Subaru Telescope to measure the density of dark matter in fifty galaxy clusters and found that its density gradually decreases from the center of these cosmic giants to their diffuse outskirts. This new evidence about the mysterious dark matter that pervades our Universe conforms to the predictions of cold dark matter theory, known as “CDM”. The related study was published online in Astrophysical Journal Letters on May 17, 2013
Few scientists seriously doubt the existence of dark matter, which researchers discovered almost eighty years ago. Nevertheless, astronomers cannot directly see dark matter in the night sky, and particle physicists have not yet identified a dark matter particle in their experiments. “What is dark matter?” is a big unanswered question facing astronomers and particle physicists, especially because invisible dark matter probably makes up 85% of the mass of the Universe. 

The current team, led by ASIAA Postdoctoral Fellow Nobuhiro Okabe and Dr. Graham Smith (University of Birmingham, England), used the Subaru Prime Focus Camera (Suprime-Cam) to investigate the nature of dark matter by measuring its density in fifty galaxy clusters, the most massive objects in the Universe. “A galaxy cluster is like a huge city viewed from above during the night”, explained Smith.  

“Each bright city light is a galaxy, and the dark areas between the lights that appear to be empty during the night are actually full of dark matter. You can think of the dark matter in a galaxy cluster as being the infrastructure within which the galaxies live.”  The team wanted to use a large sample of galaxy clusters to find out how the density of dark matter changes from the center of a typical galaxy cluster to its outskirts. 

The density of dark matter depends on the properties of the individual dark matter particles, just like the density of everyday materials depends on their components.  

CDM, the leading theory about dark matter to date, predicts that dark matter particles only interact with each other and with other matter via the force of gravity; they do not emit or absorb electromagnetic radiation and are difficult if not impossible to see.  Therefore, the team chose to observe dark matter by using gravitational lensing, which detects its presence through its gravitational interactions with ordinary matter and radiation. According to Einstein’s theory of relativity, light from a very distant bright source bends around a massive object, e.g., a cluster of galaxies, between the source object and the observer. It follows from this principle that the dark matter in cosmic giants like galaxy clusters alters the apparent shape and position of distant galaxies. Lead author Okabe enthused, “The Subaru Telescope is a fantastic instrument for gravitational lensing measurements. It allows us to measure very precisely how the dark matter in galaxy clusters distorts light from distant galaxies and gauge tiny changes in the appearance of a huge number of faint galaxies.” 

CDM theory describes how dark matter in galaxy clusters changes from its dense center to its lower density edges in two ways. One is a simple measure of the galaxy cluster’s mass, the amount of matter that it contains. The other is a concentration parameter, which is a single measurement of the cluster’s average density, how compact it is. CDM theory predicts that central regions of galaxy clusters have a low concentration parameter while individual galaxies have a high concentration parameter.  

The team combined measurements from observations of fifty of the most massive known galaxy clusters to calculate their concentration parameter. They found that the density of dark matter increases from the edges to the center of the cluster, and that the concentration parameter of galaxy clusters in the near Universe aligns with CDM theory. The averaged mass map (attachment) is remarkably symmetrical with a pronounced mass peak. The mass density distribution for individual clusters shows a wide range of densities. Past research based on a small number of clusters found that they had large concentration parameters and did not conform to CDM theory.  Measurement of the average concentration parameter from a large number of clusters yielded a different result, which supports CDM theory. Okabe commented on the team’s findings, based on a larger sample of galaxy clusters: “This is a very satisfying result, which is based on a very careful analysis of the best available data”.

What does the future hold for the team’s continued research on dark matter? Smith noted, “We don’t stop here. For example, we can improve our work by measuring dark matter density on even smaller scales, right in the center of these galaxy clusters. Additional measurements on smaller scales will help us to learn more about dark matter in the future.” 

Team member, Professor Masahiro Takada from the Kavli Institute for the Physics and Mathematics of the Universe, Japan is also excited about the future: “Combining lensing observations of many galaxy clusters into a single measurement like this is a very powerful technique. Taiwanese and Japanese astronomers are preparing to use Subaru Telescope’s new Hyper Suprime-Cam (HSC) to conduct one of the biggest surveys of galaxies in human history. Our new results are a beautiful confirmation of our plan to use HSC for gravitational lensing studies.” 

The full article entitled “LoCuSS: The Mass Density Profile of Massive Galaxy Clusters at z=0.2” is available at the Astrophysical Journal Letters website at: http://iopscience.iop.org/2041-8205/769/2/L35/pdf/2041-8205_769_2_L35.pdf
The full list of authors is: Nobuhiro Okabe, Graham P. Smith, Keiichi Umetsu, Masahiro Takada and Toshifumi Futamase
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中央研究院新聞稿
50個星系團 照亮暗物質研究新方向
 (發布時間: 2013年6月13日 上午9:00)

由本院天文及天文物理研究所主導的國際天文團隊使用了Subaru望遠鏡測量50個星系團中暗物質的密度分布，研究成果呈現出暗物質密度具有由中心點向外圍遞減的特性，且遞減情形和「冷暗物質」（CDM）預測結果吻合。暗物質充斥全宇宙，其屬性仍然是謎，本次研究結果發現瞭解暗物質特性的新證據並於2013年5月17日發表於《天文物理期刊通訊》(the Astrophysical Journal Letters)。

天文學界早在80年前便首度獲得暗物質存在的證據，現在科學家大多認同暗物質的確存在。但在漆黑夜空中看不到暗物質，在粒子物理學者的實驗中，迄今也仍未找到暗物質的粒子。由於暗物質的質量占我們的宇宙總質量高達85%，「什麼是暗物質？」成為天文學者和粒子物理學者亟待解決的最重要問題之一。
星系團是宇宙中質量最大的天體，由本院天文及天文物理研究所博士後研究岡部信広主持的國際天文研究團隊，本次利用Subaru主焦點相機，共測量了50個星系團的暗物質密度特性。英國伯明罕大學（Birmingham University）的研究團隊成員葛蘭史密斯Graham Smith解釋：「星系團很像你在晚上飛過一座大城市的上空時所看到的鳥瞰圖。不妨把每一盞明亮街燈都當作一個星系，把街燈間空隙想像成充滿暗物質。星系團中，星系存在於一個由暗物質所提供的背景裡，背景裡有連接著街燈的電線、街道。」岡部團隊想藉大量的星系團取樣來找出「暗物質」密度如何變化，那道理好比從市中心到郊區，街道和電線分布密度並非總是相同。
我們每天日常生活中接觸到的物質，其密度取決於它的組成成分，同理，暗物質的密度也因暗物質粒子之不同而異。「冷暗物質理論」，在目前暗物質理論中居主流地位。該理論預測暗物質粒子僅在彼此間才相互作用，至於和其他物質的交互作用，可能僅限於藉重力才發生。暗物質既不發出也不吸收任何電磁輻射，在觀測上極度困難，因此岡部團隊採用「重力透鏡」的方式來觀測暗物質；根據愛因斯坦的廣義相對論，當極遙遠光源所發出的光束在接近大質量天體（譬如星系團）附近時，光束會彎曲，（條件是星系團位置必須在光源和觀測者之間，且三者大致排列成一直線），由於星系團裡的暗物質的緣故，造成背景星系形狀改變，因此可偵測到暗物質的存在。
根據這個原理，在觀測上發現，受到星系團裡的暗物質影響，遙遠星系的形狀和位置的確會改變。岡部信広表示：「Subaru是測量重力透鏡效應的最佳儀器，因為，它讓我們可非常精確地測量出很遙遠又很暗的星系受到位於星系團裡暗物質帶來的變化。」然而，受暗物質影響所造成的這種變化非常微小。這些極暗淡星系在外觀上的變化既然微渺，總數量又很龐大，如何取樣便成為關鍵技術。
冷暗物質理論用兩個數字描述星系團裡的暗物質分布如何由中心朝外圍由高而低遞減。其一是星系團質量，也就是它含有多少總數的質量。其二是結構參數(concentration parameter)，其方法是測量星系團物質分布的平均密實程度特質(compactness) 。冷暗物質理論預測：星系團的結構參數較低，個別星系的參數較高。

岡部團隊將50個已知質量最大的星系團在觀測中獲得的結果予以加總，獲得一個整體的平均參數。結果發現暗物質密度確實由星系團外圍向星系團中心遞增，且這個（取樣自鄰近宇宙）的星系團樣本所獲結論，的確與冷暗物質模型理論相符，這張平均分布圖顯現暗物質分布呈高度對稱，且中心的密度峰（peak）很明顯。個別星系團的質量密度分布值有高有低，不盡相同，先前的研究因星系團取樣數量太少，結構參數偏高，結果導致與「冷暗物質理論」的預測不符，這次岡部團隊將星系團數量增加，結構參數的平均值也隨之改變，結果正與冷暗物質理論相符，岡部表示：「這是以現今最好的數據，用非常仔細詳盡的分析法所得到的完善結果。」

岡部團隊對暗物質研究的計畫尚未告終，他們認為，下一階段還能從更小尺度去測量暗物質密度。那是在星系團的中心部份，那裏就像是大城市的市中心鬧區。探討在更小尺度上測量暗物質密度，將可幫助我們更進一步釐清暗物質的性質。

本篇論文共同作者，東京大學Kavli數物連攜宇宙研究機構高田昌広教授，對這個研究領域的未來充滿期待：「把很多星系團的重力透鏡觀測結果精確地合成為單一結果，是非常強大的技術。臺灣和日本的天文學家正聯手合作，準備以Subaru望遠鏡上的新一代超廣角相機(HSC: Hyper Suprime-Cam)來進行人類史上最大的星系普查計劃之一。本次研究新成果，證實了運用HSC這座超廣角相機來進行重力透鏡的研究，的確前景看好並且可行。」
全文請詳閱：
http://iopscience.iop.org/2041-8205/769/2/L35/pdf/2041-8205_769_2_L35.pdf 
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