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プレゼンター
プレゼンテーションのノート
At first, thank you for giving a chance talk here. In fact, I have been in Trento in 2002, eight years ago. I am happy because I can visit here again. OK, shall we start ? This is the title of my talk of today. Gravitational wave and detectors. 
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プレゼンター
プレゼンテーションのノート
This is the contents. At first, I explain what gravitational wave is. Next, I will show the aims of detection and outline of detectors. At last, I will give recent results in observation and summarize my talk.
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プレゼンター
プレゼンテーションのノート
So, this is the first section, gravitational wave. But what is it ? I 1915, Albert Einstein finished the construction of his famous theory, General theory of Relativity. According to this theory, gravitation is curvature of space-time. In next year, I mean 1916, he predicted the existence of gravitational wave. This wave is the rippled of space-time.
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プレゼンテーションのノート
So, this is the first section, gravitational wave. But what is it ? I 1915, Albert Einstein finished the construction of his famous theory, General theory of Relativity. According to this theory, gravitation is curvature of space-time. In next year, I mean 1916, he predicted the existence of gravitational wave. This wave is the rippled of space-time.
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プレゼンター
プレゼンテーションのノート
So, this is the first section, gravitational wave. But what is it ? I 1915, Albert Einstein finished the construction of his famous theory, General theory of Relativity. According to this theory, gravitation is curvature of space-time. In next year, I mean 1916, he predicted the existence of gravitational wave. This wave is the rippled of space-time.
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プレゼンター
プレゼンテーションのノート
The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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プレゼンター
プレゼンテーションのノート
The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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プレゼンター
プレゼンテーションのノート
The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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プレゼンテーションのノート
The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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プレゼンテーションのノート
The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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プレゼンター
プレゼンテーションのノート
The speed of gravitational wave is the same as that of light. Moreover, it is transverse wave and has two polarizations as like light. This figure shows the polarizations of gravitational wave. These black dots represent free masses. Let us assume that gravitational wave comes along the line which is perpendicular to this screen. The horizontal axis implies time development.  Gravitational wave changes the distance between free masses. If distance between them stretches, this length becomes shorter. After that, length becomes the same as the initial one. Next, this axis shrinks and this axis stretches. This polarization is called plus mode. This is called cross mode.  
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プレゼンター
プレゼンテーションのノート
Unfortunately, the interaction of gravitational wave is too weak. Hertz demonstrated the generation and detection of electromagnetic wave and proved the existence of electromagnetic wave. However, artificial generation of gravitational wave is impossible. But how about astronomical events ? They can emit huge energy. Even in such a case, the gravitational wave is so large. The amplitude of gravitational wave is represented by strain, which is the ratio of change of length to length itself. In optimistic case, this value, h, is the order of 10^(-21). This is comparable with the ratio of diameter of hydrogen atom to distance between Sun and Earth. Up to now, nobody has detected gravitational wave.  


2. FHAFEEN KRS

FEEREAE: THEAER (BORS(E3-4km!)

HRHEH EHREREKAGRATRAHFHLIVFEHNDE
(RRYBEFHEHEES 20134F5A31R)

L—y—FsH (1o T

o’y
|
F

- b=Y=-R%BHSOXE :
B3 325 RICRE. ENiR

 BEEhAMTISELTS.

_ RMHBTRN.

EHEHFAH
@ I:*—L.JJ"J Y — m

ROBXOEHET% /" FERERD)

FHAROZTHELTIRE |Gl
EhiRES)

14


プレゼンター
プレゼンテーションのノート
Nevertheless, almost all physicists are sure that gravitational wave exists. Why ? Because indirect detection has already done. In 1975, the paper about discovery of binary pulsar was published. The authors are Hulse and Taylor. Pulsar is a kind of neutron star. Neutron star is a compact object. The diameter is in the order of 10 km. However, the mass is comparable with that of Sun. Binary pulsar consists of two neutron stars. Since compact and heavy objects rotates around their center, this binary generates gravitational wave. It implies that it emits energy. So, the period of binary changes. Hulse and Taylor group observed the period and found that its change agree with theoretical prediction by radiation formula of gravitational wave. The first paper of this topic was published in 1979, Nature. 
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
This is the next section, aim of detection. Nobody has detected gravitational wave directly. However, it has already detected indirectly. What is the motivation for direct detection ? There are two kinds of motivation. The first one is in physics. This is the experimental tests for theory of gravitation. The second motivation is related to astronomy. This is the new window for astronomical observation.  
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プレゼンター
プレゼンテーションのノート
OK, at first, I explain the motivation in physics. The details of experimental check are described in this book by Will. I just introduce two kinds of them. The first check is the measurement of speed of gravitational wave. Alternative theories of gravitation predict the difference of speed between gravitational wave and light. So, the measurement of difference is the test of theory of gravitation.   
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プレゼンター
プレゼンテーションのノート
OK, at first, I explain the motivation in physics. The details of experimental check are described in this book by Will. I just introduce two kinds of them. The first check is the measurement of speed of gravitational wave. Alternative theories of gravitation predict the difference of speed between gravitational wave and light. So, the measurement of difference is the test of theory of gravitation.   
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プレゼンター
プレゼンテーションのノート
The second test is related to polarization. Alternative theories predict the 6 kinds of polarizations. General relativity predicts only two transverse polarizations, this and this. This polarization shows the uniform stretch and shrink. In this three polarizations, this arrow represents the direction of propagation of gravitational wave. So, this polarization is not  transverse mode, but longitudinal one. These two mode are mixture of transverse and longitudinal ones. 
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プレゼンター
プレゼンテーションのノート
The second motivation is for astronomy. The detection of gravitational wave opens the new window, gravitational wave astronomy.  There are three categories of gravitational wave sources; burst source, periodic source, stochastic source. 
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プレゼンター
プレゼンテーションのノート
The second motivation is for astronomy. The detection of gravitational wave opens the new window, gravitational wave astronomy.  There are three categories of gravitational wave sources; burst source, periodic source, stochastic source. 
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プレゼンター
プレゼンテーションのノート
The second motivation is for astronomy. The detection of gravitational wave opens the new window, gravitational wave astronomy.  There are three categories of gravitational wave sources; burst source, periodic source, stochastic source. 
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プレゼンター
プレゼンテーションのノート
Unfortunately, the interaction of gravitational wave is too weak. Hertz demonstrated the generation and detection of electromagnetic wave and proved the existence of electromagnetic wave. However, artificial generation of gravitational wave is impossible. But how about astronomical events ? They can emit huge energy. Even in such a case, the gravitational wave is so large. The amplitude of gravitational wave is represented by strain, which is the ratio of change of length to length itself. In optimistic case, this value, h, is the order of 10^(-21). This is comparable with the ratio of diameter of hydrogen atom to distance between Sun and Earth. Up to now, nobody has detected gravitational wave.  
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プレゼンター
プレゼンテーションのノート
The second motivation is for astronomy. The detection of gravitational wave opens the new window, gravitational wave astronomy.  There are three categories of gravitational wave sources; burst source, periodic source, stochastic source. 
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プレゼンテーションのノート
The second motivation is for astronomy. The detection of gravitational wave opens the new window, gravitational wave astronomy.  There are three categories of gravitational wave sources; burst source, periodic source, stochastic source. 
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プレゼンター
プレゼンテーションのノート
Unfortunately, the interaction of gravitational wave is too weak. Hertz demonstrated the generation and detection of electromagnetic wave and proved the existence of electromagnetic wave. However, artificial generation of gravitational wave is impossible. But how about astronomical events ? They can emit huge energy. Even in such a case, the gravitational wave is so large. The amplitude of gravitational wave is represented by strain, which is the ratio of change of length to length itself. In optimistic case, this value, h, is the order of 10^(-21). This is comparable with the ratio of diameter of hydrogen atom to distance between Sun and Earth. Up to now, nobody has detected gravitational wave.  
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プレゼンター
プレゼンテーションのノート
Unfortunately, the interaction of gravitational wave is too weak. Hertz demonstrated the generation and detection of electromagnetic wave and proved the existence of electromagnetic wave. However, artificial generation of gravitational wave is impossible. But how about astronomical events ? They can emit huge energy. Even in such a case, the gravitational wave is so large. The amplitude of gravitational wave is represented by strain, which is the ratio of change of length to length itself. In optimistic case, this value, h, is the order of 10^(-21). This is comparable with the ratio of diameter of hydrogen atom to distance between Sun and Earth. Up to now, nobody has detected gravitational wave.  
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Moreover, they do not stop the observation ! This is the results of their 30 years observation. The horizontal axis shows years. This is the year of discovery. This is 2005. The vertical axis represents the change of period. Since the first paper in Nature was published in 1979, paper in Nature only shows this region. However, now, we know the results in wider region. These dots are results of observation. This line is the prediction of general relativity. So, measurement and theory are perfectly consistent with each other. 
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So, Hulse and Taylor won the Nobel prize in Physics at 1993. 
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So, Hulse and Taylor won the Nobel prize in Physics at 1993. 
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