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[00:00:00.00] [MUSIC PLAYING] 

[00:00:05.68] ARTHUR ZAJONC: May I begin, Your Holiness? It is our great pleasure to be here for discussion and dialogue with you between Buddhism and the sciences. We have here three physicists, two astrophysicists, and also a professor of Chinese history and philosophy, Tu Weiming, who is here from Harvard University. Before I introduce today's presenter, let me just say something about Tu Weiming and his role here in this dialogue. 

[00:00:42.20] Professor Tu, as I said, is a student of especially Confucian thought and Asian thought. He was born in mainland China, educated in Taiwan and also in the United States. Since 1981, he has been at Harvard University. We have asked him to join us in order to facilitate the dialogue between Asian thought and Western scientific thought. This is something he has done on other occasions. 

[00:01:13.69] He has also worked with you on a few other occasions in larger settings. 

[00:01:17.83] DALAI LAMA: Yes. 

[00:01:18.29] ARTHUR ZAJONC: So we're very grateful for Tu Weiming being with us. He especially will work with us in the afternoons. Before introducing Anton Zeilinger, I'd like to say a few things about the context of the material that we're going to present. 

[00:01:39.17] The history of physics and astrophysics, astronomy in the West, has a long history. One could say it goes back to the ancient Greeks. However, the great revolutions in physics and astrophysics took place around 1600, around 400 years ago. And if one had to in a nutshell, characterize the features of that revolution, one would say that in astronomy, and I'm sure George Greenstein will speak more about this. 

[00:02:12.42] TRANSLATOR: In a nutshell. It's fine now. 

[00:02:16.02] ARTHUR ZAJONC: Very briefly, the observations, which have been done for many centuries of the skies, of the stars and the planets, became ever more perfect. But the theory, the understanding before the 1600s, was one which was guided in large part by metaphysics and religion. And it was only in around the years 1500 to 1600 that a change in cosmology took place, the so-called Copernican revolution. 

[00:02:54.98] So the first revolution in astronomy, then the Sun was placed at the center of the solar system and the planets moved around the Sun. And in physics, in the natural sciences, a similar transformation revolution took place. In this case, exact observation were for the first time connected to a mathematical treatment of the natural world. 

[00:03:22.31] Also, one moved from observation, simple observation to experimentation, for example, this apparatus which will be shown to you is an experiment. This is not a phenomenon that occurs in nature. So in physics, then one has a revolution between the experiment, mathematics, observation, and the same sort of thing takes place in astronomy or cosmology. 

[00:03:50.63] Now this is the background, however, for what we would like to speak to you about, in particular, the kinds of physics and astrophysics which has been developed in this century, since the year around 1900. I know that you've talked with other physicists on other occasions concerning these revolutions. They are, again, two in number. Primarily, one could say the special and general theory of relativity, the theory of relativity of Albert Einstein. This made for great advances in particular direction. The second quantum mechanics, and the new understanding of substance that one has at the hand of quantum mechanics in particular. 

[00:04:34.80] Now, the technical details of these two subjects are, of course, highly mathematical and very difficult. But the questions, the philosophical questions which are raised by both relativity and quantum mechanics, can be expressed in a relatively straightforward and direct way. And over the next five days then what we will do is to begin with, we will treat quantum mechanics. 

[00:05:00.84] Professor Zeilinger will speak to us concerning the experimental foundations, what experiments have been done that show us that quantum mechanics is an appropriate understanding of the subtle realms of atomic physics. Following that, then David Finkelstein will speak to us concerning not only quantum mechanics, but also certain elements of space and time, and the theory of relativity. Then I will build on their presentations, trying to bring these two together, and to raise certain larger questions about the implications of these two theories. 

[00:05:41.36] On the fourth day, then George Greenstein will speak to us concerning the modern understanding of the stars and the heavens, the new astronomy and cosmology. And then finally, on the fifth day, Piet Hut will build once again on the cosmology, showing a certain set of calculations, theoretical astrophysics, and then again opening up into some of the larger questions which arise out of the new cosmology. 

[00:06:12.45] So in these five days, then we will treat both the physics, quantum physics and relativity, and also the new cosmology and astrophysics. I'd like to say that we all come here also very anxious to have a real dialogue. Yeah, that we wish to learn also from you with regards to the Buddhist understanding and your own understanding of these questions, and the kinds of interests that you have. So please ask us anything that you would like to know. 

[00:06:44.97] If I may, then I'd like to introduce our first presenter. Anton Zeilinger is a professor of physics at the University of Innsbruck. He is also the director of the Institute for Experimental Physics. This Institute is famous throughout the world for the experiments that it performs, especially in the foundations, the foundations of quantum mechanics. 

[00:07:09.22] I would say if there was one laboratory in the world which is renowned, which is famous for these experiments, then Professor Zeilinger's laboratory is such a place. So it's a great privilege to have him here. Anton, then I will turn the floor over to you. 

[00:07:24.70] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:07:25.19] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:07:26.28] TRANSLATOR: His Holiness would like to say a few words. 

[00:07:35.14] DALAI LAMA: Brother [INAUDIBLE], I'm very happy. I think many faces are our old friend, so something like reunion of old friends. And there's some new faces also. At this time, I brought some Tibetan work, some teaching. In 

[00:08:04.39] TRANSLATOR: The educational field. 

[00:08:06.79] DALAI LAMA: And also two monks. I thought that up to now the I think quite [NON-ENGLISH]. 

[00:08:23.63] TRANSLATOR: On several occasions. 

[00:08:24.89] DALAI LAMA: On several occasions which I think get I think the great benefit as a result of talking with scientists. Of course, some books you see come later, but I thought as [NON-ENGLISH] young, new generation, Tibetan, importantly, [NON-ENGLISH]. 

[00:08:48.04] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:08:51.04] DALAI LAMA: Unfortunately, no no, none. 

[00:08:56.12] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:08:58.40] DALAI LAMA: Yes, yes. I mean [NON-ENGLISH]. 

[00:09:02.65] TRANSLATOR: No. 

[00:09:03.34] DALAI LAMA: No. 

[00:09:04.16] [NON-ENGLISH SPEECH] 

[00:09:09.84] I thought, you see, now I think the time will come that more people from Tibetan side, as you say, they should have the opportunity to get the atmosphere besides of course the discussion. I think the information later they can read in these books or some of these documents. Right? But I think it's useful to participate in the same room. They may get some benefit, a personal feeling that's why I think it will be useful. 

[00:09:50.97] Then perhaps I think if you, I think especially you-- 

[00:09:55.27] TRANSLATOR: Scientists. 

[00:09:56.05] DALAI LAMA: Scientists. Perhaps I think adds information, adds an awareness, an awareness, I want to explain something. In Buddhism, in general, and particularly in the Bodhisattvayana or Mahayana, some people call this Mahayana. The basic attitude is at the beginning, you should remain as a doubt [INAUDIBLE] 

[00:10:36.16] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:10:38.05] DALAI LAMA: Skeptical attitude, even with their own words better remain skeptical. And because of this skeptical attitude, it automatically will have been questioned. Question being clearer to answer or investigation. So therefore, the attitude is basically as I was thinking, relying more on investigation rather than faith, right? 

[00:11:15.98] So I felt that it is helpful because of that kind of attitude, it's very, very helpful to communicate with the scientist. And then also there was a lot earlier [NON-ENGLISH]. 

[00:11:44.35] TRANSLATOR: And also In Buddhist ethical discourse, often one speaks about wrong views as constituting a form of negative state of mind, and wrong views are of two kinds. One is exaggerating on actually what is already there, superimposing a form of existence or a status onto a thing which is not the property which is not there. And that is said to be one form of wrong views. And the other one is denying what is actually there. So both nihilism and form of absolutism are both seen as wrong views. 

[00:12:27.45] And this seems to suggest that even in the ethical discourse, holding onto a correct understanding of the reality seems to be very much emphasized. 

[00:12:41.72] DALAI LAMA: So therefore, the scientific finding is very, very helpful to a [NON-ENGLISH]. Then I think according to our past experience, some of the Buddhist's view, Buddhist's explanation, may give scientists in their particular field, some new way to look. That seems to my past experience as a result of discussion. So some scientists get some kind of a new interest or enthusiasm to know more about this explanation in their particular field. 

[00:13:33.72] So because of this background, I always feel that it is very, very useful, very productive, meeting with scientists and those with a concerned subject should be very open about [NON-ENGLISH]. 

[00:14:01.64] TRANSLATOR: So what I would like to emphasize is that given that both science as a discipline and also Buddhism as a system of thought, both share this basic commitment to openness and skepticism at the initial stage. I feel it is important to have this understanding that in our discussion there should be total openness on the part of all the participants. 

[00:14:31.78] TRANSLATOR: This entails a free exchange of ideas with no pre-set rules. 

[00:14:39.13] DALAI LAMA: Now, as you know, I'm getting older, so therefore some part of my brain might not function properly. So I would like to welcome the new faces. To those new faces, puts you see, right away more questions, meaningful questions, so that you see our discussion becomes more meaningful. So these are the [NON-ENGLISH SPEECH]. 

[00:15:22.43] TRANSLATOR: His Holiness is encouraging particularly the Tibetan participants to listen carefully. And then if they have questions, they should volunteer and ask them. 

[00:15:33.77] DALAI LAMA: So that's all. Thank you. 

[00:15:35.40] ARTHUR ZAJONC: Thank you. Yes? 

[00:15:43.78] ANTON ZEILLINGER: Well, maybe we can have the transparencies right away. Yeah. Your Holiness, your remarks on skepticism are exactly what drives us in science. Because only if you are skeptical to whatever somebody tells you, no matter how famous or how important he is, only then you can learn really something new. That's it. To me, it is the only road to new knowledge. Yeah. 

[00:16:19.94] So, OK let's take the first transparency, maybe. In the beginning, I would like to just remind Your Holiness where I come from. I come from Innsbruck in Austria, which is like, I mean the topology there, the mountains are a little bit similar, like here, actually, looking on the mountain this beautiful morning, it looked exactly like when you look out of my house here. 

[00:16:49.31] [LAUGHTER] 

[00:16:51.67] So here's Innsbruck. Back there are the main roads, and along the ridge of the main Alps, we have the border to Italy. Just south of this, we have the southern part of Tyrol, where Your Holiness-- 

[00:17:06.87] [INTERPOSING VOICES] 

[00:17:08.83] DALAI LAMA: Probably. 

[00:17:09.51] ANTON ZEILLINGER: Yes, probably. This is actually, I mean, here it separated into two parts since 1918. But it's really the same people on both sides. You have been there. I know, yeah. So another picture of the mountains is this one, a very beautiful mountain. It's called Dachstein, which means the roof, roof stone. The roof stone, and you have some glacier and some lake in front of it. And I put this up. I have here a picture of the way we view the world in everyday life, in classical physics. 

[00:17:50.50] In everyday life, we usually don't doubt whether the mountains are there if we don't look at them. I mean, one can question these things from a philosophical point. But in classical physics or in everyday life, the mountain is there. Even if I don't look. 

[00:18:12.68] Now in quantum physics, we know that this position cannot work anymore. And I want to give you in the next hour or so, some of the reasons why we believe this. And I do this using the dispassion of the nature. 

[00:18:36.49] TRANSLATOR: [NON-ENGLISH] 

[00:18:37.73] ANTON ZEILLINGER: I do this using a discussion of the nature of light, just light as we see it. Because that was a driving force in this development. A very important observation was made. I think it was in the year 1807, 1800 by a medical doctor. He was Thomas Young. He did an interesting experiment, the famous double slit experiment. 

[00:19:09.49] So what Thomas Young did, he had a source of light. And he had a wall, a wall with two holes in it. And he observed what do you get back here. How does the picture look like here. And that is an experiment I brought with me here with modern day equipment. So this is what you see here is a little laser here, a little laser, which it produces light of a red color, as you can see. It's very monochromatic, which means it has one color only. 

[00:19:48.44] TRANSLATOR: [NON-ENGLISH] 

[00:19:49.38] ANTON ZEILLINGER: One color only. And back here, we have two slits. This is closed, but there are two slits open side by side. 

[00:20:02.82] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:20:07.66] ANTON ZEILLINGER: This is the pattern back there. The important point what you see here is you see some distribution of the light, but you see some blank, some dark spots between. You can see that, right? 

[00:20:22.70] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:20:23.34] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:20:25.54] [LAUGHTER] 

[00:20:26.99] ANTON ZEILLINGER: We can bring it up maybe a little bit. No it doesn't-- 

[00:20:34.31] UNIDENTIFIED PARTICIPANT: It can sit right here. 

[00:20:37.87] TRANSLATOR: [NON-ENGLISH] where it's clear. [NON-ENGLISH] 

[00:20:40.15] ANTON ZEILLINGER: Can you see this now? If I close one slit-- 

[00:20:44.03] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:20:45.79] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:20:48.08] DALAI LAMA: [NON-ENGLISH] 

[00:20:51.81] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:20:55.58] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:20:57.63] ANTON ZEILLINGER: Let me see. Let me look closely. Come closer. 

[00:21:00.39] [LAUGHTER] 

[00:21:01.27] Please come closer. You see these black things here where we have no light? 

[00:21:07.59] DALAI LAMA: Oh, yes. 

[00:21:08.17] ANTON ZEILLINGER: Yeah? 

[00:21:08.91] DALAI LAMA: With the dots. 

[00:21:10.71] ANTON ZEILLINGER: Yes, if I may just pass behind you, you maybe stay here and I can show you something. Maybe I just. OK. 

[00:21:19.47] DALAI LAMA: I'll just sit at that same side. 

[00:21:21.67] ANTON ZEILLINGER: OK. So you see? You see the black things. And what I can do now is I can use, if you look here for a second-- 

[00:21:32.48] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:21:34.12] ANTON ZEILLINGER: If you look here for a second, there are two slits here. 

[00:21:37.68] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:21:38.72] ANTON ZEILLINGER: Some very fine ones, you can see it from the back side maybe. And what I do here is I can cover one slit. 

[00:21:44.92] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:21:49.20] ANTON ZEILLINGER: Using this, I can cover one slit. And what you see is these black things disappear. It's now homogeneous. 

[00:21:57.20] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:22:00.76] ANTON ZEILLINGER: OK? The black stripes disappear. 

[00:22:04.30] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:22:07.96] TRANSLATOR: You're talking about the black stripes? 

[00:22:09.90] ANTON ZEILLINGER: The black stripes, yes. I'm talking about the black stripes. 

[00:22:13.18] DALAI LAMA: Yes. 

[00:22:13.32] ANTON ZEILLINGER: Now, it's no now is not black stripe. It's only one slit open, now both open. And suddenly, you get black stripes. 

[00:22:20.80] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:22:25.56] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:22:28.24] ANTON ZEILLINGER: OK. OK. This is a very important-- a very important observation in the history of physics. So how is this to be understood? Now, I have to tell you that there was a discussion for a long time in the history of physics whether you can understand light, whether it is a wave, a wave or something. People did not know what kind of wave or something, or whether it was particles coming, little pieces of something. 

[00:23:03.66] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:23:04.56] ANTON ZEILLINGER: Particle. And the interpretation for this experiment was considered to demonstrate that light is a wave, because if what you get is you get the effect that the wave goes through both slits. Through both slits the wave goes, and then depending on where you observe the light on the screen, at some positions, the two waves which came from one slit and the other one, they are oscillating against each other, just like water waves, so they extinguish each other. 

[00:23:47.01] So if you have two waves, like water waves. 

[00:23:50.39] DALAI LAMA: Yes. 

[00:23:51.25] ANTON ZEILLINGER: What can happen if they meet? Each wave oscillates in some way. Now, at the point where you look at the point of observation, it could be two extreme cases are possible. Each one oscillates. Either they oscillate anti each other, it just happens you can see it on the sea, if you look on the sea. One could oscillate like this, and the other one contrary, which means that you add the two when they meet. You get 0. No wave. They extinguish each other. 

[00:24:29.74] On the other hand, if they happen to at the point where you look, if they happen to be going the same way, the two waves, then they reinforce each other. 

[00:24:42.58] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:24:44.60] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:24:47.66] TRANSLATOR: Why does that-- 

[00:24:48.74] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:24:50.14] TRANSLATOR: Would this work equally well if that laser were of a different color than red, if it were blue or yellow? 

[00:24:54.62] ANTON ZEILLINGER: Yes, yes. The important point is that we now know that this wave works for everything. Literally, I mean, we believe we know now it works for light, for different light. It works for water waves. It works for radio waves. We now know even that it works for atoms. People have done the same experiment with atoms, where you send atoms through a two slit assembly, and the atoms also can have a wave. Nature, and that wave can lead to the same phenomenon. So it is a universal phenomenon. 

[00:25:34.27] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:25:39.99] TRANSLATOR: You will be explaining why there are strips. 

[00:25:42.51] ANTON ZEILLINGER: Right. OK, the reason why there are two holes is you just want to give the wave two possibilities. We want to give the wave the possibility to go through here and through here. 

[00:25:55.91] TRANSLATOR: But we're waiting for the explanation of why there are bars when there's interference of waves. Can you explain that? 

[00:26:01.05] ANTON ZEILLINGER: OK. Now, why are the bars in the interference of waves? Now, an example, if you look at the screen you saw, we saw bright and dark spots. Now the waves which go to a certain point on the screen, have to travel slightly different distances. Because if we enlarge this, if we enlarge this, if this is one slit, this is the other slit, if I look at an observation point over there, then it's a little bit further away from there than over here, a little bit further distance, which means that this wave here, they start out in the same way. They start out in the same. But this wave has to oscillate a little longer until it goes there. 

[00:26:54.68] And if the distance is right, then they can arrive at just the way that they oscillate into each other, or at another point, the distance is such that they oscillate in the same way. So in other words, the points of observation here really mark, they really are related to different path links and different travel times for the two waves going through. 

[00:27:27.65] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:27:30.85] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:27:32.83] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:27:45.11] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:27:46.51] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:27:48.49] TRANSLATOR: Here's his question, and that is in terms of these waves now. So we're picturing waves like water waves, waves of light going. Since they're going so quickly, why would they be exactly the same when they strike that paper? Why wouldn't some strike at a certain point and the other side at another point? Why wouldn't those black lines be moving around? Why are they still? 

[00:28:07.49] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:28:11.38] TRANSLATOR: And if you could, we're just looking for my growth perspective, a macro perspective. But if you looked at a micro perspective, would you see some movement there in the black lines and in the red? 

[00:28:19.52] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:28:42.10] TRANSLATOR: Since the waves of light coming from your source, since they're in constant motion, total state of fluctuation, when they strike that paper, if you could look very, very precisely at through a microscope, would you see some kind of movement there on the reflecting surface? Would you see some kind of a movement or vibration of the black lines and movement in the red, or would be completely static? 

[00:29:01.10] ANTON ZEILLINGER: Well, there's yes, there is one point and that is what you see, your eye is very, very slow. These waves are really vibrating at the frequency of 10 to the 14 hertz, 100 million times, 1 million times per second, very very fast oscillation. 

[00:29:26.13] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:29:30.28] [LAUGHTER] 

[00:29:33.10] DALAI LAMA: Hard to believe the situation. 

[00:29:36.39] TRANSLATOR: He half-believes you. He's taking a skeptical [INAUDIBLE]. 

[00:29:39.11] [LAUGHTER] 

[00:29:40.11] DALAI LAMA: Of course. 

[00:29:41.83] ANTON ZEILLINGER: Oh, very good. So this is too fast to see. So this is a rapid oscillation. What you see-- 

[00:29:50.57] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:29:51.71] ANTON ZEILLINGER: Yes, what we see is we see-- 

[00:29:54.33] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:30:00.83] TRANSLATOR: Is there any difference in the oscillation in terms of the direction of the light within a gravitational field, whether it goes down, up? Any difference in the frequency? 

[00:30:08.83] ANTON ZEILLINGER: Well, light changes frequency when it goes up in a gravitational field. When light goes up in a gravitational field, the frequency may get very slightly smaller-- 

[00:30:23.19] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:30:25.63] TRANSLATOR: There is some effect of gravity on the-- 

[00:30:27.07] ANTON ZEILLINGER: Yes, there is an effect. 

[00:30:28.49] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:30:29.39] TRANSLATOR: When you're in a widened space, where the gravitational fields are marginal? Deep space? 

[00:30:34.47] ANTON ZEILLINGER: Well, it is what counts is only the difference in gravity. So the difference between here and there, the difference in gravity comes. In deep space, there is no gravity, so there is no change. 

[00:30:48.59] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:30:53.99] TRANSLATOR: What is the reason? How do you explain the fact that the frequency of blue is different than that of red or yellow, and so forth? Why is there a correspondence? Why do the colors correspond to these different frequencies? Or is that just a reality? 

[00:31:07.99] ANTON ZEILLINGER: Well, this is how we are made. This is how our eyes were made by evolution. I mean, it turns out that what we see, we only of the whole of the many, many, many wavelengths of light, we only see a very, very small section. And our eyes have been made in such a way that we see that they are more sensitive for those frequencies of light which the sun produces. 

[00:31:42.96] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:31:51.39] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:31:52.54] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:31:57.52] TRANSLATOR: So the question is that still this frequency, the correspondence between the frequency of light and the color, His Holiness was asking, what about the colorblind people? Today see all frequencies are the same way? 

[00:32:12.05] ANTON ZEILLINGER: Well, we have in the eye, we have different receptors. We have one type of receptor on cells, which can only see dark and light. They cannot see colors. And we have another type of receptor which can see color. And colorblind people, if they are completely colorblind, they only can see dark and light. They cannot see colors. 

[00:32:42.77] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:32:45.55] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:33:21.70] TRANSLATOR: His point here is for the colorblind. If they're colorblind, do they simply not see frequencies that a person who has color vision would see, or do they see those frequencies, so to speak, not as colors, but as shades of gray? 

[00:33:36.10] ANTON ZEILLINGER: It's the second. 

[00:33:37.34] TRANSLATOR: [NON-ENGLISH] 

[00:33:37.94] ANTON ZEILLINGER: They see them as shades of gray. 

[00:33:40.22] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:33:43.74] ANTON ZEILLINGER: They see them as shades of gray. OK. So what we learned and what physics learned from Thomas Young's experiment is that we can understand light as a wave. And that was basically completely understood until the beginning of our century, when suddenly a new experiment came out. And this is the next sheet. 

[00:34:15.43] The phenomenon, was known for some time, and it was explained in 1905 by Albert Einstein. And I should mention that it's actually this phenomenon where Einstein got the Nobel Prize for. He never got the Nobel Prize for relativity theory because it was considered to be too radical. 

[00:34:38.51] So he got the prize for this, which is not less radical. 

[00:34:42.63] [LAUGHTER] 

[00:34:43.87] But the phenomenon observed was the following. People did experiments and they had a metal plate. Here's a metal plate. And simply they'd shine light on it. They did shine light on it, just a line of light. And they observed that under certain circumstances, electrons, which are small elementary particles, are emitted from the metal. 

[00:35:15.36] And people did not understand why. And it was not possible to understand this until Einstein came and said, there is a very simple way to understand it. And the simple way is simply let us assume that light is made of particles. These particles have been called photons later, photon. 

[00:35:38.68] Let us assume light simply is made of particles. And what happens when this light comes on a metal surface, it sometimes a photon kicks out an electron and that's it. Just like one ball kicks another ball, a very simple picture. In that way, it was not only a picture, but he also could explain certain quantitative predictions. He could explain how fast the electrons are and so on with his simple picture. 

[00:36:10.33] And I have an experiment here, which demonstrates that also for you. And this is what we have here. Here we have a little box which contains a small photon detector, a small light detector. It is really exactly what you see here, a metal plate, and the light can hit it. And then we can register this electron. Electrically, we can register the electron. 

[00:36:43.97] So I hope it works. You never know with this experiment. And what we have here is a little loudspeaker, a little speaker, which makes a click every time a photon is detected here. 

[00:37:00.02] DALAI LAMA: I see. 

[00:37:01.68] ANTON ZEILLINGER: OK? So-- 

[00:37:05.28] [CLICKING SOUNDS] 

[00:37:07.21] [LAUGHTER] 

[00:37:11.22] So every time this clicks is a photon registered in here. And when I close it, it's nothing. 

[00:37:19.38] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:37:22.90] TRANSLATOR: The source of the light is outside? 

[00:37:25.12] ANTON ZEILLINGER: Yeah, I mean it's light in the room. 

[00:37:26.98] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:37:28.74] TRANSLATOR: Will you hear more activity there if you take it outside in the sun? 

[00:37:33.28] ANTON ZEILLINGER: Well, we can try to point it at a window. It's more coming from the window, less coming from-- 

[00:37:45.11] DALAI LAMA: [NON-ENGLISH] 

[00:37:47.14] ANTON ZEILLINGER: OK? 

[00:37:48.50] DALAI LAMA: Yes. 

[00:37:50.94] UNIDENTIFIED PARTICIPANT: What if you put the laser on? 

[00:37:52.36] ANTON ZEILLINGER: Well, it's going to be the next step. 

[00:37:56.42] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:37:59.98] ANTON ZEILLINGER: OK, so we have now, and that was an interesting situation in principle because we have two pictures. We have the wave picture and we have the particle picture of light. And the question was for a long time, how How can we understand that little-- 

[00:38:23.41] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:38:31.79] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:38:39.93] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:38:51.43] TRANSLATOR: And so His Holiness was asking whether the light particles coming in and the electrons, whether they are both particles and if so, whether they're a different type of particles. And my response was, I hope I'm not incorrect here, they're the same insofar as they're particles. But there are different types of particles. 

[00:39:05.73] ANTON ZEILLINGER: That's correct. 

[00:39:06.43] TRANSLATOR: The question coming then-- thank you. And then the question His Holiness poses then, is when these photons, the photon particles are coming in, do they come in and actually displace the particles of the electrons, or since there are different types of particles, can that displacement occur without actual contact and physical displacement, like two billiard balls coming in? The question is clear? 

[00:39:29.27] ANTON ZEILLINGER: The question is clear. It is a very hard one. 

[00:39:32.59] [LAUGHTER] 

[00:39:34.27] The reason is that in quantum physics, we have given up such pictures. We can describe up to a certain extent, we can describe the phenomenon as if this particle coming kicks out the other particle. OK? But we have learned now that we really should talk only about the phenomena we can observe. 

[00:40:04.52] TRANSLATOR: There is a problem here, Anton. And that is when you speak of pictures, we have two pictures of light, of particle and wave. But when His Holiness asks you this question, then you say we have no picture. It looks like a discontinuity in your explanation. 

[00:40:17.64] ANTON ZEILLINGER: We have two pictures which are conflicting. OK? And in terms of continuity of explanation, we know that both pictures we know today, we did not know that at Einstein's time. We know that both pictures should only be used in order to help us a little bit to see what's going on. But they are really both not adequate. 

[00:40:53.69] TRANSLATOR: Can you explain that point a little bit? Just elaborate simply. And that is just explain why it is a single phenomenon, cannot be both a particle and a wave because of the mutually exclusive properties that particles and waves have. Could you elaborate. 

[00:41:06.01] ANTON ZEILLINGER: I try to explain this in a moment. 

[00:41:09.39] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:41:12.37] ANTON ZEILLINGER: OK. I would like to underline the problem we have here, but just coming back to our wave phenomenon, to the double slit. OK? 

[00:41:25.13] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:41:28.89] ANTON ZEILLINGER: If I switch this again and on and if it works still, yes. 

[00:41:34.00] [CLICKING] 

[00:41:35.37] So right now-- 

[00:41:37.16] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:41:37.95] TRANSLATOR: His Holiness says, why do you have to shake it? 

[00:41:40.25] ANTON ZEILLINGER: That's a bad counter. 

[00:41:43.40] [LAUGHTER] 

[00:41:45.50] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:41:49.01] ANTON ZEILLINGER: This is what we experimentalists have to work most of the time with. We spend most of the time fixing problems like this. 

[00:41:58.34] [LAUGHTER] 

[00:42:02.62] So here's our speaker. Maybe the batteries are getting old. And what I now do is I put this here. 

[00:42:12.94] [CLICKING] 

[00:42:14.94] Do me see? 

[00:42:15.60] DALAI LAMA: Yes. 

[00:42:16.14] ANTON ZEILLINGER: The light coming through the double slit to the two slit is also particles. 

[00:42:23.38] DALAI LAMA: Oh. 

[00:42:23.94] ANTON ZEILLINGER: It is also made of particles. But now we have exactly the problem which Your Holiness was mentioning before. We have two pictures. We have the wave and the particle picture here. And how can we understand what is going on? 

[00:42:39.38] Specifically, if we detect the particle back here, if you detect the photon back here, we can ask ourselves, which slit did it go through? We have two slits. And the particle, which is an object like this, can only go through here or here. It does not make sense to talk about the particle going through two slits at the same time, in the same way as it would not make sense make sense to say that I go through two doors at the same time. 

[00:43:13.67] With two doors-- 

[00:43:14.59] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:43:15.43] ANTON ZEILLINGER: --I can only go through one door, not both ways. 

[00:43:18.95] TRANSLATOR: But I think you have to explain a bit further, because even in this single line there are quite a lot of particles. But are you speaking of just one particle, [INAUDIBLE] in a particle [? jigsaw. ?] 

[00:43:30.27] ANTON ZEILLINGER: These particles go in one after the other, one after the other. OK? 

[00:43:38.07] TRANSLATOR: Maybe I can explain-- 

[00:43:39.77] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:43:44.07] TRANSLATOR: No. 

[00:43:46.07] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:43:49.48] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:43:51.10] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:44:00.60] TRANSLATOR: OK, here's the point. I was explaining that a wave can go through, a single wave, having this length can go through, it's quite feasible course, it can go through two slits simultaneously, but a single particle cannot. And I mentioned, for example, like water waves, we see it very obviously, but His Holiness's point here is response to get greater clarity of understanding is but the water, which is rising in the form of the wave, it itself is made up of many particles. And so why are you presenting these as being totally so different when a wave itself may be composed of particles, whereas in other words, what's the big deal? 

[00:44:33.78] ANTON ZEILLINGER: Well, the reason is that, yes, the reason this is an important point now is that we can do this experiment with individual photons. I cannot do it here because that would imply a more complicated setup. But I can do the experiment such that I have only one photon going through now, and I register. I detect where it is on my-- 

[00:44:59.81] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:45:00.73] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:45:03.16] ANTON ZEILLINGER: It only went through-- our laboratory [INAUDIBLE]. 

[00:45:05.45] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:45:08.77] The control experiment photon [NON-ENGLISH SPEECH]. 

[00:45:12.17] ANTON ZEILLINGER: So you send one through. You register where it is on the screen. You register. Then a minute later, you send the next one through. You register where it is. The next one, you register where it is, and so on. You do the experiment with one photon at a time, but say with 1,000 photons. And then what you see is that these photons have exactly the same distribution as the pattern which you saw. 

[00:45:44.38] So there will be spots where the photons-- 

[00:45:46.74] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:45:50.02] TRANSLATOR: His Holiness is [INAUDIBLE] on attention now. And that is these sort of quarks, quarks, where do they fit into this picture? 

[00:45:55.88] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:45:57.16] TRANSLATOR: These are the photons. Is a photon made up of quarks, or is that? 

[00:46:00.18] ANTON ZEILLINGER: Not at all, not at all. No. 

[00:46:02.52] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:03.48] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:46:06.38] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:10.46] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:46:19.70] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:21.31] TRANSLATOR: But photon is divisible. 

[00:46:23.38] ANTON ZEILLINGER: It's not divisible. 

[00:46:24.66] TRANSLATOR: Not divisible. Atom is divisible? 

[00:46:26.92] ANTON ZEILLINGER: The photon, as far as we know, there is no further constituent of the photon. 

[00:46:33.58] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:46:34.92] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:36.52] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:46:38.34] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:40.62] TRANSLATOR: Oh, that's an interesting question. So the photon, it cannot be divisible into more basic particles. Does it have spatial dimension? 

[00:46:49.23] ANTON ZEILLINGER: As far as we, not. 

[00:46:51.67] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:46:54.39] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:59.63] TRANSLATOR: So if you connect, say 10 photons, one after another, so that wouldn't occupy any spatial dimension? 

[00:47:08.31] ANTON ZEILLINGER: Not at all. 

[00:47:09.11] TRANSLATOR: The question is, if you had 10 lined up, would they be longer than one? Would they be longer than one or the same length as one? 

[00:47:18.11] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:47:18.87] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:47:28.47] TRANSLATOR: And moreover, is a photon something that has a sustained existence? Does it have continuity? Or does it immediately arise and immediately vanish? 

[00:47:37.31] ANTON ZEILLINGER: This question is a very, very difficult one. 

[00:47:41.79] [LAUGHTER] 

[00:47:43.31] Yeah this is the deepest question which we can raise in this issue. Because when we do the experiment, the problem is what can we really talk about? We can talk about the laser here, the source. And we can talk about the detector. So we know that something came out here. We know that something which, let's call it a photon, was registered here. But in order to answer the question whether it has continuity, the modern view in physics is that we would have to make an experiment which tests whether it has continuity. 

[00:48:27.23] So we would have to watch it all the time. 

[00:48:30.51] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:48:34.19] TRANSLATOR: I didn't know. 

[00:48:35.55] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:48:41.96] TRANSLATOR: Yeah. Here's a simple question. And that is here you have a photon detector. And whenever the photon strikes the detector, it makes a sound. What happens to that photon after it struck it? Does it simply vanish or does it hang out someplace? 

[00:48:54.72] ANTON ZEILLINGER: In that case, it's gone. 

[00:48:56.64] TRANSLATOR: Just disappear? 

[00:48:57.57] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:48:59.12] ANTON ZEILLINGER: Disappear. 

[00:48:59.80] TRANSLATOR: And so if it had any continuity, that continuity is gone. 

[00:49:03.36] ANTON ZEILLINGER: If it has any continuity, it is gone. 

[00:49:06.16] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:49:07.70] ANTON ZEILLINGER: But we wouldn't even say now that it had continuity. We say that something started here and something was registered there. But today, we would say that we should not make any picture how it really got from here to here. 

[00:49:23.50] TRANSLATOR: I think perhaps the point here is-- 

[00:49:25.72] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:49:33.04] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:49:35.96] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:49:39.35] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:49:45.41] TRANSLATOR: Conservation. That means that something of a photon literally turn into nothing and thereby violating conservation rules or something else? 

[00:49:53.41] ANTON ZEILLINGER: There is something called-- 

[00:49:54.83] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:50:05.93] ANTON ZEILLINGER: There is some conservation. 

[00:50:08.25] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:50:10.31] ANTON ZEILLINGER: The photon disappears, but its energy, which its energy is transferred to the electron. Blue photons have photons which you see as blue, have a higher energy than red photons, which in this experiment means that if you take blue light, the electron is faster, because it takes all the energy of the photon. 

[00:50:40.50] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:50:54.92] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:51:00.37] DALAI LAMA: [NON-ENGLISH] 

[00:51:05.83] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:51:08.31] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:51:09.30] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:51:10.79] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:51:13.27] TRANSLATOR: [NON-ENGLISH] 

[00:51:14.26] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:51:27.66] TRANSLATOR: This is hard. His Holiness is going back to the colorblind situation. And that is the energy that's in the higher frequency of blue, as opposed to the lower energy in red, that's something in the nature of the photons themselves, and not something simply that from our own side, from the side of our visual faculties. That's something kind of out there too, so to speak. 

[00:51:44.77] ANTON ZEILLINGER: Right, yes. 

[00:51:45.39] TRANSLATOR: And so for a person who's colorblind, is that person able to detect in some way, even though the person is colorblind, is that person able to detect the higher energy of blue and the lower energy of red? Or does that just vanish for that person? 

[00:51:58.97] ANTON ZEILLINGER: For that person, it just vanishes. 

[00:52:01.29] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:52:02.15] ANTON ZEILLINGER: Because the point is that the way that colors are detected is they produce specific chemical reactions in the cell. Blue can make a different chemical reaction than a red light. OK? And the person-- 

[00:52:23.33] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:52:29.39] TRANSLATOR: [NON-ENGLISH] 

[00:52:30.83] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:52:33.00] TRANSLATOR: I'm not sure that's true. His Holiness is asking if it's a blue light, if you had a blue laser there and tried that energy into your photodetector, would you have more noise coming? 

[00:52:40.94] ANTON ZEILLINGER: No. 

[00:52:40.96] TRANSLATOR: No, no. 

[00:52:41.68] ANTON ZEILLINGER: No. 

[00:52:42.42] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:52:53.19] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:53:15.00] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:53:16.45] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:53:19.83] TRANSLATOR: His Holiness's point is that given that blue light is supposed to have stronger energy-- 

[00:53:25.60] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:53:26.88] TRANSLATOR: So when you hit a blue laser light through the slit here, can we say that we can detect a higher noise? 

[00:53:35.81] TRANSLATOR: I think there may be a confusion here of whether the sound is detecting purely the quantity of photons, or whether the sound is the loudness of the sound is in any way correlated to the energy of the photons. It's not the latter, is it? 

[00:53:48.83] ANTON ZEILLINGER: In this case, we just count the number of electrons, which come out. 

[00:53:55.61] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:53:58.65] [LAUGHTER] 

[00:54:01.53] TRANSLATOR: Yeah, His Holiness was thinking with a higher frequency, you would have actually more electrons going on, more electrons being emitted. And my understanding is it's not more it's simply that they're going a bit faster. 

[00:54:11.61] ANTON ZEILLINGER: Right. They're going with greater velocity. 

[00:54:13.07] TRANSLATOR: That's clear. That is. 

[00:54:13.99] [NON-ENGLISH SPEECH] 

[00:54:15.65] ANTON ZEILLINGER: So it's not more. Just one click per particle. 

[00:54:26.41] OK. So I was mentioning before that we have this phenomenon that even if we do the experiment with one photon at a time, one now and the next one in five minutes, the next one in five minutes, then the distribution of these particles would have the same pattern as you saw it before. But then the problem now is that we cannot have a picture anymore of a wave made of many particles. 

[00:55:03.50] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:55:04.18] ANTON ZEILLINGER: Because you send only one particle in at that time. 

[00:55:08.08] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:55:10.95] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:55:17.38] TRANSLATOR: Even if it's a single photon, it will be going like this. And I said, no, it goes straight. Is that right? 

[00:55:21.88] ANTON ZEILLINGER: Yes. 

[00:55:22.26] TRANSLATOR: OK. 

[00:55:24.02] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:55:31.99] TRANSLATOR: That now he's getting the confusing quality of this, and that is OK. So one photon doesn't go rippling, rippling along through space. It goes straight. But now if you have a lot of photons, do they go rippling? I said, no, that's not true either. 

[00:55:44.09] ANTON ZEILLINGER: Definitely not. 

[00:55:44.35] TRANSLATOR: And now explain this weirdness. Where does this wave come in, if all of the photons are going completely straight, where's the wave come in? 

[00:55:52.65] ANTON ZEILLINGER: So the picture we have now in modern physics is that we only talk about a wave going here through if we don't ask, where does the photon go. If we ask where the photon goes, then it's a straight line. If we don't ask where it goes, then we can talk of a wave. 

[00:56:16.47] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:56:23.47] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:56:34.43] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:56:37.27] TRANSLATOR: That is rather like doing a divination. 

[00:56:38.81] [LAUGHTER] 

[00:56:41.30] TRANSLATOR: Throwing the dice. 

[00:56:41.93] TRANSLATOR: Throwing the dice for divination. 

[00:56:43.47] ANTON ZEILLINGER: Yes, well, it is something like that. 

[00:56:47.23] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:56:49.97] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:56:58.11] TRANSLATOR: OK. It's clear. 

[00:56:59.51] ANTON ZEILLINGER: OK. 

[00:57:00.75] TRANSLATOR: Now he recognized the real problem. It's a quantum problem. He's now got it. 

[00:57:05.25] ANTON ZEILLINGER: And the way we look at this problem today is that we say you can have a wave picture or a particle picture, depending on which experiment you do. If you do an experiment where you determine the path the particle takes, how it goes, then you use the particle picture. But then you should never think in the wave way. If you do an experiment like the two slit and you don't ask where the particle goes, then you can understand it as a wave, but never both at the same time. 

[00:57:47.00] Now this is a very deep idea. It was invented by Niels Bohr, a famous-- 

[00:57:54.70] DALAI LAMA: Dutch. 

[00:57:56.68] ANTON ZEILLINGER: Danish. 

[00:57:57.41] TRANSLATOR: Danish 

[00:57:57.87] ANTON ZEILLINGER: Danish physicist, this idea he called it complementarity. You can have different concepts like particle and wave, which for us exclude each other. They exclude each other. So we don't know how to test our discussion now. We don't know how to make sense out of this. 

[00:58:21.12] And Bohr said these two ideas exclude each other. They are complementary. And why are they complementary? He says they are complementary because the apparatus you have to use to see the wave is a different apparatus from the apparatus you have to use to see the particle, the path, the particle. So if I want to find out where the particle goes through the two slits, I have to use another apparatus. I have to put one of my little detectors right here, a small detector right behind one of these slits. 

[00:58:56.93] And that is a different experiment then if I let the wave go through. So this complementarity is a notion that we have two exclusive concepts like wave and particle. And the interesting thing and this is a very important point, which is new in modern physics, is that the observer, an experimentalist, decides by choosing the apparatus-- 

[00:59:26.60] DALAI LAMA: [NON-ENGLISH] 

[00:59:28.06] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:59:30.66] ANTON ZEILLINGER: The experimentalist decides which of the two features, particle or wave, is a reality. So the observer has a very strong influence on nature, which goes beyond anything in classical physics. 

[00:59:50.50] TRANSLATOR: Am I right in saying that then, in terms of the person understanding that independent of both of the types of apparatus, nothing can be said about the nature of light, independent of any system of measurement whatsoever. 

[01:00:01.32] ANTON ZEILLINGER: That's correct. 

[01:00:01.82] TRANSLATOR: [NON-ENGLISH] 

[01:00:05.61] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:00:16.10] TRANSLATOR: [NON-ENGLISH] 

[01:00:17.09] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:00:20.62] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:00:30.67] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:00:34.07] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:00:36.02] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:00:40.11] TRANSLATOR: So in terms of it's not clear yet, observer participancy. Because what we have so far is the apparatus participancy. But the observer, that is you the observer, there's your apparatus and there's the light, about which you can't say anything independent of the apparatus. But it's not at all clear yet why an observer is in any way involved. It's very clear now why one apparatus as opposed to another, is involved and has a very direct impact upon the perceived nature of light. 

[01:01:06.41] But where does the observer come in? Observer participancy has not been established. 

[01:01:09.49] ANTON ZEILLINGER: Well, this is a question which is debated in physics. My own position is that the observer only comes in-- 

[01:01:21.44] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:01:27.12] [LAUGHTER] 

[01:01:29.10] [NON-ENGLISH SPEECH] 

[01:01:34.32] ANTON ZEILLINGER: The observer comes in as the one who decides which experiment to do. 

[01:01:41.33] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:01:59.16] ANTON ZEILLINGER: He selects the apparatus. So in this experiment here, I can decide if I want to look at which path the photons take, in which case I put a detector, in which case I can talk about particles. Or I decide not to look at which path the photon takes, in which case, I can see the pattern, and in which case I can talk about waves. 

[01:02:36.37] OK? So this is how the experimentalist comes in. I would say there is not more than that. There are some people who claim that there is more influence on the experiment. I would say this is not the case. 

[01:02:55.56] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:03:01.85] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:03:04.25] Is this wave particle, wave particle duality, does that pertain also to sound? Is it same thing or different? 

[01:03:12.77] ANTON ZEILLINGER: In principle, it does. The problem is that it is very hard to see for some because in the case of sound waves, these particles have a very low energy. But it can be seen in sound waves in solids, in crystals. And there it actually has been seen. 

[01:03:39.18] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:03:41.44] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:03:43.37] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:03:45.30] The question here is if there is no atmosphere I said it's more difficult to ascertain that or for the time being, not possible to ascertain that for sound traveling through atmosphere. But as you suggested, it is ascertainable in a solid, such as a crystal. His question just to confirm the point here is, if there's no atmosphere. 

[01:04:01.04] ANTON ZEILLINGER: There is no sound. 

[01:04:02.50] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:04:04.50] ANTON ZEILLINGER: If there is no atmosphere, there is no sound. Well, it is an interesting difference between light and sound. Sound needs a medium to travel. Sound is air. 

[01:04:20.47] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:04:21.79] ANTON ZEILLINGER: Sound needs air or something massive, or water. Light does not need that. Light can travel through emptiness, through vacuum. It's a very interesting difference between light and sound. So maybe I can now address another question, which is also a very important one for us in quantum physics. 

[01:04:47.11] If we do this again, put up the screen again, the pattern is still open. So we see this pattern below there. Now I mentioned before that we can do the same experiment, we can do the same experiment with individual photons, one after the other, and we will see that one, that the first photon, will say land here. The second one will land here. The third one here, and so on. Just randomly, we observe it. 

[01:05:26.05] DALAI LAMA: [NON-ENGLISH] 

[01:05:26.95] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:05:27.75] ANTON ZEILLINGER: And the question is, why does this first one, why does the first one, for example, come here? Why does a specific particle come at a specific point? Is there an explanation for that? And the important point now is that as far as we understand today, this, what we call the individual event, the individual event, is completely random. 

[01:06:01.15] Let me just underline the point, the difference. If I play dice-- 

[01:06:07.27] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:06:08.67] ANTON ZEILLINGER: [INAUDIBLE] the dice. Then I get a certain number on my dice. And in classical physics, I can at least make a mental picture. I can explain this is our understanding in classical physics. I can explain why now I get 3, the number 3. Because I turn my hand that way, and the dice rolls that way, and it hits the surface in a certain way, and so on. I can build up a chain of reasoning which in principle could explain it. 

[01:06:46.86] I don't have the subject. I don't have the information. But I could build up a chain of reasoning. We call this randomness. In classical physics, we call it subjective randomness. Because I, as the subject, don't know why. It's just my ignorance. In quantum physics, we also have randomness for the individual event, but this is now objective randomness. 

[01:07:15.69] DALAI LAMA: [NON-ENGLISH] 

[01:07:16.81] ANTON ZEILLINGER: It's not only that I don't and it's not that Alan doesn't know, but if you permit me to use such simple words, the particle itself does not even know. 

[01:07:31.13] TRANSLATOR: If there was God, God doesn't know, right? 

[01:07:32.83] ANTON ZEILLINGER: And if there were God, he doesn't know either. 

[01:07:35.17] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:07:36.39] ANTON ZEILLINGER: OK. 

[01:07:37.70] [LAUGHTER] 

[01:07:39.09] TRANSLATOR: Until it hits. Until it hits. 

[01:07:41.49] ANTON ZEILLINGER: Until it hits. There is no reason. There is no reason why in a specific run of the experiment, you get this result. And this is really the first time in physics that you see something like that, that we see events for which we cannot build a chain of reasoning. What we can build a reason for is the whole pattern. 

[01:08:06.45] If we collect many of the photons, then we see the stripes and so on. And for that, we can make our beautiful wave picture. But for the individual one, there is no way to make a picture. Some people just, I mean and this has led to big debates, as you can imagine. Some people even said that what we observe in the individual quantum event is a spontaneous act of creation, because something-- 

[01:08:37.44] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:08:38.54] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:08:44.96] ANTON ZEILLINGER: It is create without any reason before. OK? So with this, I think I have finished my exposition of quantum physics of individual particles. And as the next one, I would like to go to the quantum physics of two or more particles, which also has its own deep, deep mysteries for us. 

[01:09:17.47] ANTON ZEILLINGER: OK, so maybe we go on to the mysteries of two or more particles. 

[01:09:22.71] [LAUGHTER] 

[01:09:26.95] So to do this, first of all, to introduce you to the notion of polarization, because we need this for later. 

[01:09:40.51] TRANSLATOR: Can you explain? 

[01:09:41.79] ANTON ZEILLINGER: Yes I explained this now, polarization. When we ask ourselves in classical physics, a wave is something oscillating. OK? Something oscillates. If you look, for example, at a water wave, we call this a transverse wave, a transverse wave, because the wave moves that way, propagates that way, but it oscillates transverse to the direction of propagation. 

[01:10:25.15] Now it turns out that light is also a transverse wave. It is a wave of electric and magnetic fields, but it is a transverse wave, which means that if light propagates that way, the electric and magnetic fields oscillate this way. This is the nature of polarization. 

[01:10:48.12] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:10:54.87] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:11:01.38] TRANSLATOR: His Holiness still has the sense, he is still working out of a classical framework, and that is. Then you have a whole bunch of photons going like this. 

[01:11:09.49] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:11:11.37] ANTON ZEILLINGER: In classical physics, yes. In quantum physics, no. OK? 

[01:11:17.53] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:11:18.93] TRANSLATOR: What is the nature of the substance? What's the essence of the waves? What's going up and down? If it's the photons are going straight, what's going up and down? 

[01:11:26.53] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:11:27.13] TRANSLATOR: It's material. It's material. It's formed. So what is it that's going on? If the photons are going straight, what's going up and down? 

[01:11:33.89] ANTON ZEILLINGER: In quantum physics, we would not say anymore that this is material. In classical physics, it's the electric and magnetic fields. 

[01:11:43.25] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:11:44.81] ANTON ZEILLINGER: The same as a radio wave. 

[01:11:47.29] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:11:50.71] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:11:54.89] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:11:56.33] TRANSLATOR: OK. this is really important to get this stuff right. And that is let's forget the water waves. Let's deal with the light waves. That which oscillates, that which is going up and down, does it have a shape and color? 

[01:12:09.10] ANTON ZEILLINGER: No. 

[01:12:11.86] TRANSLATOR: So in quantum mechanics, you don't say, what is the wave made of. 

[01:12:16.06] ANTON ZEILLINGER: You don't say what the wave is made of. 

[01:12:18.62] TRANSLATOR: And you do say? 

[01:12:19.86] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:12:23.22] TRANSLATOR: So it's a bit like the nature of time. 

[01:12:25.66] DALAI LAMA: Or space. [NON-ENGLISH SPEECH] 

[01:12:32.30] ANTON ZEILLINGER: It has been made in classical. In quantum physics, we use the word is a probability wave, because it's a very strange thing. 

[01:12:45.75] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:12:46.14] ANTON ZEILLINGER: It is just a mental construction. 

[01:12:48.00] TRANSLATOR: It's adding complexity. 

[01:12:49.58] DALAI LAMA: Yes, let's deal with something more basic. Probability wave is really way out there. But His Holiness is trying to find [INAUDIBLE] and thus far, and that is if you say in quantum mechanics that the wave itself is not material, It doesn't have a shape, it doesn't have a color, then is light space in time insofar as if you ask, do space and time exist. You say yes. If you say where, show it to me, point it out, you can't. You can't say there's space. 

[01:13:12.37] ANTON ZEILLINGER: Oh, yes. 

[01:13:13.19] TRANSLATOR: [NON-ENGLISH SPEECH] a 

[01:13:15.15] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:13:16.28] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:13:17.33] ANTON ZEILLINGER: Yeah exactly. That's why you can, right. 

[01:13:22.01] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:13:27.45] TRANSLATOR: But one speaks about the speed of light in quantum physics. 

[01:13:31.61] ANTON ZEILLINGER: That's right. But then what you do is-- 

[01:13:35.27] DALAI LAMA: [NON-ENGLISH] 

[01:13:36.19] ANTON ZEILLINGER: That's right, absolutely. 

[01:13:39.79] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:13:45.79] Speed. 

[01:13:46.26] TRANSLATOR: Speed. 

[01:13:47.23] DALAI LAMA: Speed. 

[01:13:47.83] TRANSLATOR: Isn't the speed itself something material, something physical? Isn't the speed itself something physical? 

[01:13:51.97] TRANSLATOR: No, no, no, no, no. When we speak about speed, aren't we talking about something that is material, something that it is physical? 

[01:14:00.17] ANTON ZEILLINGER: Yes. 

[01:14:00.51] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:14:04.67] TRANSLATOR: Isn't there something material that has a speed? That's really the question. And when you speak of the speed of light, isn't there something material or physical that has a speed is going from here to there, and it's a physical nature? 

[01:14:16.23] ANTON ZEILLINGER: Well, I have to-- yes and no. I mean, what's in the quantum picture, how would I measure this? I would switch this on and off and I would look, I would look at how long does it take my detector to make a click. So I know the beginning and I know the start. From the distance I can determine the speed. 

[01:14:42.27] TRANSLATOR: So the point you're making is that there is a fundamental philosophical kind of difference in the attitude between classical physics and quantum physics, in the sense that in quantum physics you only talk about on the basis of observed facts. 

[01:14:57.06] ANTON ZEILLINGER: Absolutely. Absolutely. Because we know that any picture we make about what's going in between is only valid in that specific experiment, and not in another one. That's important. 

[01:15:15.64] DALAI LAMA: To the banality, life is much simpler to do that. [NON-ENGLISH SPEECH] 

[01:15:22.10] TRANSLATOR: [NON-ENGLISH] 

[01:15:24.08] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:15:33.03] TRANSLATOR: His Holiness says when you turn on your laser here, and out here there's something detecting, there's got to be something in between, something in between that's moving, isn't it? 

[01:15:43.84] ANTON ZEILLINGER: I can actually detect that something is between. I can put a detector here, which registers the photon, but then it cannot go there anymore. 

[01:15:57.09] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:16:02.67] TRANSLATOR: [NON-ENGLISH] 

[01:16:03.64] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:16:05.57] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:16:07.03] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:16:09.93] TRANSLATOR: In Buddhism, there is a concept of a certain material substance may not be the right word, but certain material kind of phenomenon which is said to be not visible, but it is obstructive. So something comes in the way. It gets obstructed. 

[01:16:28.59] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:16:31.29] TRANSLATOR: And then there are forms, materials which are both visible and obstructive. And they are said to be certain types of forms, which are both non-obstructive and also not visible. 

[01:16:44.57] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:16:47.73] ANTON ZEILLINGER: How do they exist then? 

[01:16:50.05] [LAUGHTER] 

[01:16:53.95] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:16:57.78] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:16:58.66] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:17:09.60] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:17:15.30] TRANSLATOR: Why you know of their existence is because they obstruct something. 

[01:17:18.74] ANTON ZEILLINGER: But if somebody that said that there are objects-- 

[01:17:21.66] [INTERPOSING VOICES] 

[01:17:25.30] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:17:29.34] TRANSLATOR: But this is slightly problematic because it's within the Buddhist thought, there are different schools of thought. And this particular concept of material phenomenon is mentioned in one of the texts which belongs to Abhidharma school. 

[01:17:45.20] TRANSLATOR: This is classical physics. 

[01:17:46.26] TRANSLATOR: Classical, yeah. The first version of classical physics, and the example that is given is if someone has taken a vow, and that vow is said to be a form. But that's not both visible, nor it is obstructive. 

[01:18:02.43] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:18:09.39] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:18:11.79] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:18:24.15] TRANSLATOR: So there's a complex discussion of different types of material phenomena. 

[01:18:29.35] ANTON ZEILLINGER: That sounds very interesting. OK. So now let's step back and look at a very simple phenomenon. This is some phenomenon of polarization. Professor Finkelstein will show more tomorrow about this. I just want to show you here the essence which I need for the basis for the-- 

[01:18:51.28] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:18:52.44] You need to run through polarization quickly and simply. 

[01:18:54.80] ANTON ZEILLINGER: Polarization, as we mentioned before, was this oscillation, this fact. 

[01:18:59.84] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:19:01.00] ANTON ZEILLINGER: You have light. You have light. It oscillates transverse. And if the light beam goes like this, it can also like that, or I like that, or I like that, different ways. And these are different forms of polarization. That's all there is. 

[01:19:20.44] TRANSLATOR: Polarization is the simple phenomenon that is observed. 

[01:19:24.10] TRANSLATOR: The direction. 

[01:19:26.12] TRANSLATOR: Polarization this way. 

[01:19:29.64] ANTON ZEILLINGER: And this is a very simple setup here. This is again our laser beam, laser beam. And here we have a polarizer, a polarizer which lets only light through which oscillates this way. That's the only light through. The other light does not go through. Only light which goes through here. 

[01:19:51.77] And here I have a second polarizer. And if you see here back here, the red point. This is because this polarizer and this polarizer, as you can see from the pins here, they are parallel to each other. 

[01:20:07.39] DALAI LAMA: Yes. 

[01:20:07.81] ANTON ZEILLINGER: So what goes through here goes through here. But now I rotate this one. Now, now they are orthogonal. Orthogonal, this one this direction. So what happened here is this went through. But now it meets a polarizer which selects the orthogonal direction, nothing goes through. OK? 

[01:20:33.67] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:20:36.17] TRANSLATOR: So where is the light going now? 

[01:20:38.53] ANTON ZEILLINGER: Well, in that case, in this case of a single polarizer, it is absorbed inside here. 

[01:20:45.10] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:20:53.88] TRANSLATOR: Why doesn't it reflect off someplace? Why does it absorb into that second floor? 

[01:20:56.92] ANTON ZEILLINGER: Well, because this is simply the way this polarizer is built. I mean, they are more complicated ones, better ones where it actually takes off in some other direction. 

[01:21:06.54] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:21:07.28] ANTON ZEILLINGER: It's not a matter of principle. 

[01:21:09.02] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:21:10.34] TRANSLATOR: Is it because this lens is made of a different substance or-- 

[01:21:15.88] ANTON ZEILLINGER: Well, the way it is made is in principle very simple. And that is I mentioned before that polarization is oscillating electric fields. What does it mean oscillating electric fields? It means that if it meets the polarizer, the electrons start to oscillate there too. OK? 

[01:21:45.66] And in the polarizer, the electrons can only oscillate in one direction, not in the other one. So in the direction in which they can oscillate, the light makes them move. But then the electrons, now I need the concept of electrical resistance. Now this motion, this motion of the electron caused energy. And therefore a light polarized that way is absorbed. 

[01:22:21.66] In the other direction-- 

[01:22:23.62] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:22:24.14] TRANSLATOR: [NON-ENGLISH] 

[01:22:25.04] DALAI LAMA: [NON-ENGLISH] 

[01:22:27.46] ANTON ZEILLINGER: In the other direction, the electrons cannot move, so the light goes through. OK, but the details are not important because there are many, many different ways to bring the polarizer, many, many different ways. But the important point is we have a feature of the photon now of the light, which is simply this transverse oscillation, as you see. 

[01:22:52.51] And we know that if the two polarizers are parallel, then everything goes through. If it's orthogonal, nothing goes through. OK? 

[01:23:06.63] So this was an introduction to polarization. And now I want to use it to talk about two particles. 

[01:23:15.87] TRANSLATOR: So this experiment is to show that there is this polarization. 

[01:23:20.05] ANTON ZEILLINGER: This experiment was just to show that there is polarization. 

[01:23:23.57] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:23:27.67] ANTON ZEILLINGER: Because we need it. We need it in the discussion now of two particles. And for that, I need the next transparency. Let's switch off my laser light here. There we go. So now we talk about an experiment which it actually has been performed many times now in the laboratory. 

[01:23:51.88] But it's a little bit too complicated to bring it here. But if Your Holiness ever comes to Innsbruck, I would be pleased to show it to you. So what we have here is we have a source. Let us now just say this is a simple source. We don't have to know what the inner workings of the source is, what the mechanism is. 

[01:24:18.24] All we have to know is it puts out two photons. The two photons always simultaneously, one goes this way, one goes this way. That's what we know about the source. We don't have to know more. And then we took polarization measurements on each side and put in one of the polarizers here. 

[01:24:42.29] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:24:48.01] ANTON ZEILLINGER: All right. And now we put one polarizer here and one polarizer here. And we have a detector back here just like this here. And the detector which makes a click when the photon goes through. And we simply ask an experimental question. We are now doing a Gedankenexperiment. The notion of Gedankenexperiment is-- 

[01:25:14.33] TRANSLATOR: Say it in English. 

[01:25:14.53] TRANSLATOR: Thought experiment. 

[01:25:16.05] ANTON ZEILLINGER: Even the English use the word Gedankenexperiment. 

[01:25:19.03] TRANSLATOR: It sounds like German to me. 

[01:25:20.25] ANTON ZEILLINGER: So thought experiments have been very important in the development of physics in the 20th century, because the consequences of relativity theory and of quantum mechanics were very strange. But people could not do real experiments in the beginning. So we're thinking about experiments, but strictly using the rules of physics. 

[01:25:47.66] So experiments in your head, but they have to follow exactly the rules of physics. So this is a thought experiment. And these are the cheaper experiments actually. 

[01:25:59.96] [LAUGHTER] 

[01:26:03.58] So what we have here is a source which produces two photons. And we consider now what happens when we put a polarizer here and here. And we ask for coincidences. A coincidence is simply defined as a coincidence happens if I register one photon here and one here. 

[01:26:26.30] Sometimes it can happen that only this one makes a click. Sometimes it can happen that only this one makes a click. And sometimes it will happen that both make clicks. Just [INAUDIBLE] when we pulled up the experiment. And then the way I-- 

[01:26:45.07] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:26:46.71] TRANSLATOR: This is not thought experiment. This is real experiment. 

[01:26:49.23] ANTON ZEILLINGER: It has been a real experiment. It has been done many times. 

[01:26:52.23] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:26:53.27] ANTON ZEILLINGER: It has been done many times. 

[01:26:54.79] DALAI LAMA: Yes. 

[01:26:55.79] ANTON ZEILLINGER: OK. And in ever more refined ways. 

[01:26:59.59] TRANSLATOR: That it started out as a thought experiment, and now-- 

[01:27:01.43] ANTON ZEILLINGER: It started out as a thought experiment. It actually started out and the first ideas in that direction were presented by Einstein again, in a famous paper it's the so-called Einstein-Podolsky-Rosen paradox. And this version was polarization was invented by David Bohm in 1952. 

[01:27:24.67] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:27:26.49] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:27:28.31] ANTON ZEILLINGER: And the fact that there are problems in that experiment was really discovered by John Bell. 

[01:27:34.96] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:27:38.86] ANTON ZEILLINGER: [INAUDIBLE] died three or four years ago, something like that. 

[01:27:42.26] TRANSLATOR: Geneva. 

[01:27:42.56] TRANSLATOR: Geneva. 

[01:27:44.08] ANTON ZEILLINGER: So now the experimental observations which I would like to report to you are very basic. The first observation is that whenever these two, you can now orient these polarizers in a different way. You can orient them in different ways. Whenever these polarizers here are oriented parallel, whenever they are parallel, and it does not matter whether they are parallel like this or parallel like this or parallel like this. Whenever they are parallel, then you get coincidences. 

[01:28:17.14] That means for each photon registered here, I register a photon here. 

[01:28:23.78] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:28:26.02] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:28:27.48] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:28:28.92] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:28:30.12] TRANSLATOR: This is always. 

[01:28:31.68] ANTON ZEILLINGER: This is always. 

[01:28:32.60] TRANSLATOR: That is invariable. 

[01:28:33.99] TRANSLATOR: It's variable till now. 

[01:28:34.91] ANTON ZEILLINGER: Yes, this is variable. You have to account for the fact that your detectors are not 100% efficient. But if you take that into account, then there is no problem. Either both are detected or both are not detected if they are parallel. So now we can start to make a picture to understand what this means. OK? 

[01:29:01.07] Now the most natural picture to make is that these two photons start their travel with the same polarization. Sure, because if they have the same polarization, then if one goes through, if one goes through, the other one will also go through. Or more generally speaking, this is more generally speaking, each photon goes on. I mean, I now use a very simple picture. Each photon has a list of instructions. 

[01:29:35.58] It knows, OK, if the polarizer is like this, I have to go through. If the polarizer is like this, I don't go through. So it's a set of rules. Each photon has properties which define what to do when it meets a polarizer. And you can simply explain now that they both do the same by simply assuming that the two photons have the same set of instructions. 

[01:30:01.46] TRANSLATOR: And the same polarization? 

[01:30:02.76] ANTON ZEILLINGER: The same polarization, or if it is not polarized, maybe it's a little bit more complicated, maybe the same feature. OK? 

[01:30:10.38] Well, the interesting point is, and this is the great discovery of John Bell, that if you use this picture that the photons start their trip with well-defined properties which tell them what to do, then you arrive at certain predictions for the number of coincidences when the two polarizers are not parallel. 

[01:30:34.54] We now ask ourselves, OK, wait a minute. If one polarizer is oriented like this and one is like this, I will not get coincidences all the time, but sometimes. Sometimes this one will go through and this one will go through. Sometimes only this. Sometimes only this. 

[01:30:52.46] And then I ask myself, and this is what John Bell did. He asked himself, if I use this picture, that the two photons have the same polarization, the same property. What do I expect for how often do both go through? And it turns out that this picture, for a certain number of orientations, predicts a lower number of coincidences than quantum physics. 

[01:31:20.82] TRANSLATOR: That really is a complex-- polarizing. Do you want want to do that again because I'm not sure I got it. 

[01:31:26.02] ANTON ZEILLINGER: It's just the presentation mutation of, let's put it-- 

[01:31:30.03] TRANSLATOR: Is it important that he gets that point? 

[01:31:31.85] ANTON ZEILLINGER: Let's not. 

[01:31:32.91] TRANSLATOR: If it's not important that he gets that part, let's skip that one, because I agree-- 

[01:31:36.59] ANTON ZEILLINGER: The important point is that there is a conflict. But the important point is there is a conflict between a model which we can understand, namely the model that what these photons do is based on their properties. There's a conflict between that model and observation. So in other words, the observation, the number of coincidences which we see in experiment, are in conflict with that model. That is the important point. 

[01:32:06.71] And with any model, we can make, that is absolutely striking, not just the one which we have been thinking now. Because we could be stupid, we could not be clever enough to find the right model. But with any model, with any model, which tries to explain what is going on, on the basis of properties of these particles. 

[01:32:27.76] TRANSLATOR: And the number coincidences is higher than anything predicted, regardless of the picture used. Is that right? 

[01:32:33.42] ANTON ZEILLINGER: That's right. For certain [? angles, ?] the number of coincidences is higher than what you got for any such people used. And therefore you cannot-- 

[01:32:42.92] TRANSLATOR: It would be better to use theory than picture, because picture always brings the idea of an image. 

[01:32:46.79] ANTON ZEILLINGER: Oh, yes. OK, yeah. 

[01:32:48.92] TRANSLATOR: So your main point is, that I mean any model that is developed on the basis of some understanding of properties of the photon becomes problematic when it is compared with the experiment. 

[01:33:00.24] ANTON ZEILLINGER: Yes. 

[01:33:00.88] TRANSLATOR: Well, let's deal with proper prediction. 

[01:33:02.16] ANTON ZEILLINGER: And then-- 

[01:33:02.64] TRANSLATOR: More than [? prediction. ?] 

[01:33:04.48] ANTON ZEILLINGER: Then what is the conclusion of this? What is the conclusion of this? I mean, what it now means is that the fact whether one photon goes through or not is not determined by its properties. It is again, completely random in the same way as we had it before. It's again completely random. So the fact that each photon goes, whether this one goes through or not is completely random, and this one goes through is completely random. 

[01:33:40.09] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:33:50.77] TRANSLATOR: So say you have at the beginning, you have the polarizers and the parallel position. So then it's invariably the case that the light will go through or-- 

[01:34:03.53] TRANSLATOR: The coincidence. 

[01:34:04.79] TRANSLATOR: The coincidence-- 

[01:34:05.69] ANTON ZEILLINGER: It both goes through or both-- 

[01:34:06.91] TRANSLATOR: Or both go through. 

[01:34:07.67] ANTON ZEILLINGER: Right. 

[01:34:08.65] TRANSLATOR: Now, if you change the polarizer on one side but not the other, now the randomness is perceived on both sides. 

[01:34:17.05] ANTON ZEILLINGER: The randomness is always perceived on both sides. Each photon has always a 50% chance to go through or not to go through. 

[01:34:25.84] TRANSLATOR: Even when you have parallel? 

[01:34:27.04] ANTON ZEILLINGER: Even when it's parallel. If it's parallel, you both go through or both not go through. 

[01:34:32.23] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:34:33.69] TRANSLATOR: You're saying Anton, that even though it's random, the probability is 50/50? 50% chance of coincidence. Is that right? 

[01:34:42.40] ANTON ZEILLINGER: No, no, no. No, no, no. 

[01:34:43.88] TRANSLATOR: Completely random. 

[01:34:44.61] ANTON ZEILLINGER: No, no, no. The mystery now, the real mystery is that each one performs randomly. Each one has a 50% chance to go through or not. Each one is random, but they always do the same. How can that be? 

[01:35:01.18] DALAI LAMA: They always. 

[01:35:02.36] ANTON ZEILLINGER: They always do this thing. 

[01:35:04.02] TRANSLATOR: Can you say that again? That's a very important point, if you make that clear. 

[01:35:06.64] ANTON ZEILLINGER: If the polarizers are parallel-- 

[01:35:08.30] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:35:09.54] ANTON ZEILLINGER: --each one behaves randomly. Each one goes through randomly or not, randomly on each one, but they do the same. 

[01:35:18.46] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:35:19.02] ANTON ZEILLINGER: Now, how can it be that the two are random, each one is random, but they do the same? There's a little illustration of this, a little illustration. Suppose you have two dice, which now we should give one to your friend. And he goes off to a star far away. And then at some time, you throw a die and your friend throws a die. And it turns out that even as both of them are completely random, they always give the same number. How can that be? 

[01:35:58.51] That is the mystery. So one word physicists use to describe this, but I should say that this is not an explanation. One word to use is to speak of nonlocality. To say that the photon measured here knows what the other photon is measured. 

[01:36:19.06] TRANSLATOR: If you can keep away from the cognitive terms, because I think it obfuscates more than it clarifies. 

[01:36:24.28] ANTON ZEILLINGER: I'm sorry. Nonlocality, OK, thank you. That would mean that the measurement result, maybe we put up the first one again, not this one, the one before. Nonlocality would mean that the measurement result obtained here for this photon does not only depend on what orientation I use here, but also on the orientation chosen on the other side. 

[01:36:53.68] TRANSLATOR: Anton, you're introducing extremely important term, this nonlocality. You probably want to come back to it later. Can you give a short and very clear definition simply what do you mean by that term nonlocality. 

[01:37:02.84] ANTON ZEILLINGER: Well, I can give the definition of locality as given by Einstein. The definition of locality is given by Einstein means that what is observed here and now should not depend on what somebody does far away at that very time. 

[01:37:30.50] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:37:35.87] TRANSLATOR: [NON-ENGLISH SPEECH] So when we're talking about-- 

[01:37:41.13] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:37:42.45] TRANSLATOR: --dependency here, the fact that what happens here on one side seems to be dependent on what happens on the other side, we're not talking in terms of causal dependence, are we? 

[01:37:56.21] ANTON ZEILLINGER: That is a very deep question. There are people who tried to make causal models to explain this, and this is an issue of debate-- 

[01:38:06.79] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:38:07.61] ANTON ZEILLINGER: --but I personally would say-- 

[01:38:10.53] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:38:11.78] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:38:13.29] ANTON ZEILLINGER: I would say no 

[01:38:15.09] [INTERPOSING VOICES] 

[01:38:16.18] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:38:19.07] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:38:20.98] ANTON ZEILLINGER: That is really a matter of debate. 

[01:38:23.58] TRANSLATOR: And is it true that in modern physics there is generally not an acceptance of the notion of simultaneous causality? 

[01:38:29.46] ANTON ZEILLINGER: That's right, yes. This was basically stated by Einstein most clearly that any cause that can propagate with the speed of light at most. 

[01:38:42.46] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:38:44.14] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:38:46.14] DALAI LAMA: Oh. 

[01:38:46.90] ANTON ZEILLINGER: OK. So this was the story of two particles. And maybe I just close with two remarks here if you permit me. It becomes even more strange. But time does not permit me to go into this. And it's very complicated if you talk about three particles. 

[01:39:08.66] [LAUGHTER] 

[01:39:10.22] You might want then I keep going and then talk about four and five and six, and it will never end. So I have to stop it. But maybe we can have the next transparency. The notion which we use to describe this connectedness of two particles, the name is entanglement. I don't know if-- 

[01:39:31.88] TRANSLATOR: [NON-ENGLISH SPEECH] 

[01:39:36.02] ANTON ZEILLINGER: This is entangled. 

[01:39:37.56] TRANSLATOR: [NON-ENGLISH SPEECH] entanglements. 

[01:39:41.38] ANTON ZEILLINGER: So the idea is that these two particles, even if they are separated over a very large distance, they always remain one system. They're not really separated in a deep sense. 

[01:39:55.18] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:39:56.43] TRANSLATOR: [NON-ENGLISH SPEECH] Are you implying that the entire universe is internally entangled? 

[01:40:02.08] ANTON ZEILLINGER: Well, that is a nice idea, but I would not want to take a position on that because as an experimentalist, I would not know how to prove that. 

[01:40:10.42] [LAUGHTER] 

[01:40:15.03] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:40:21.63] TRANSLATOR: His Holiness was saying that probably someone who can prove it will have to be able to live very long to see the whole-- 

[01:40:28.23] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:40:31.91] ANTON ZEILLINGER: He needs a lot of money. 

[01:40:34.25] [LAUGHTER] 

[01:40:39.31] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:40:43.59] TRANSLATOR: Could we maybe ask the Pentagon to sponsor some of the research. 

[01:40:48.11] ANTON ZEILLINGER: But then we need an enemy. There's no enemy anymore. The Pentagon needs an enemy to get lots of money. 

[01:40:55.39] [LAUGHTER] 

[01:41:01.27] OK, so let's just conclude with this picture. This is a picture which I really like to describe the situation of entanglement for the three particles. This is actually, you see the three rings? This is called the Borromean rings. Borromean family was a noble family which lived in Northern Italy, and they had a castle on Isola Bella, on Lago Maggiore. And on the entrance of the castle, you see the coat of arms, which are these rings. Now, what's special about the rings? 

[01:41:34.32] The special thing, if you look closely, is that they are connected in such a way that if you take one out, the other two are not connected anymore. And this is the situation in the entanglement of many particles. They are all connected, but if you take one out, the others are not connected anymore. OK, so this is quite interesting. Maybe I conclude with the last transparency. Yes, the intellectual and philosophical hero was Niels Bohr. And about all our debates is a very, very wise sentence, which "No phenomenon is a phenomenon until it is an observed phenomenon. 

[01:42:15.97] So like here, we show the phenomenon is the phenomenon of particle or wave. And we should not talk about the phenomenon unless we really observe it in the real experiment. And I think this is a point where I would like to stop. hope it was somewhat of interest for Your Holiness. 

[01:42:37.68] DALAI LAMA: Yes. 

[01:42:41.65] [NON-ENGLISH SPEECH] 

[01:42:48.25] TRANSLATOR: What time do we at? 

[01:42:49.81] ARTHUR ZAJONC: 2 o'clock. 

[01:42:52.53] Thank you. Anton it was really wonderful. For all of us and His Holiness very much appreciated. 

[01:42:57.73] DALAI LAMA: [NON-ENGLISH SPEECH] 

