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DR. SEGRE: …you can see a painting of it there, and it was one of the standard tourist places to go for people visiting Rome. So I was born there and I grew up there, until I was about 10 years old. My father was a paper, had a paper mill. They were quite well to do. I went to school, to the school of the city and I was also tutored privately. I had two uncles, both famous in their professions. One was a [inaudible] the other was a geologist, both members of the Italian Academy of Science. It was a sort of intellectual surrounding, but also very much in the country. 
MR. LARSON: Oh yes. So you did, obviously at your early age, you had encouragement in intellectual pursuits.

DR. SEGRE: Yes. Very much so. As soon as I learned to read and write, which was about age five or six, I got interested in physics. I don’t know who told me about physics, but there were books at home and I looked at illustrations and I became interested in it. I started. I found books describing experiments for children or little things like this. I started to do them and write them down.

MR. LARSON: That is quite amazing because I thought the books and literature for children in science didn’t come on until very much later in the century, but you had them at that early age. 
DR. SEGRE: Oh sure.  There were books by [inaudible], French, written around, the one I had was written around 1870, or something about this, translated into Italian. I learned also French very early from my mother. They described experiments, so I tried to do these things myself.
MR. LARSON: What are some of the types of experiments? 

DR. SEGRE: Well, I have a notebook…

MR. LARSON: I was wondering if you could show us some of that, your notebook on some of these experiments. This would be…
DR. SEGRE: This is for instance a notebook. It says “fisica”. Of course it’s in Italian. “Acustica”…

MR. LARSON: Oh yes. Sound…

DR. SEGRE: Here it’s dated. [Italian speaking] the 27th of March of 1912. 

MR. LARSON: Oh yes.

DR. SEGRE: [Italian speaking] and here is, “All colors are…” and then, “Colors of the rainbow are… These colors can be obtained if you pass the sun through a pitcher full of water. One can also obtain them if one passes the sun through a prism.” Here is a drawing. Here is the sun where I drew it passing through a pitcher, and then the sun passing through a prism.

MR. LARSON: Fine. Well, very good. All right. I was wondering if you might hold that up closer to your face…
DR. SEGRE: Then it says, “However, if you pass the color of the sun through the pitcher, one does not obtain the colors in the column,” like here, “but they are all in circles, one within the other.” 

MR. LARSON: Oh yes. Well, that is fantastic at the age of seven to perform, you might say Newton’s original experiments there. 

DR. SEGRE: Then I played with things. I was given a small induction coil. I played with physics instruments all my childhood.

MR. LARSON: That’s very interesting. You got a very early start. 

DR. SEGRE: We moved to Rome in 1917, when I was 12 years old, and there I didn’t have the facilities that I had in our house in Tivoli. Although we kept the house in Tivoli, in Rome I went to school and I had to learn Latin and Greek and more conventional things. I had also, in the meantime, acquired some physics books, mainly [inaudible] Physics which was written around 1860 [inaudible] [Michael] Faraday because he was still alive.

MR. LARSON: Oh yes.

DR. SEGRE: I read it with great passion. I practically memorized it. I read it back and forth. I still have it. Then my uncle, the geologist, gave me - decided he should give me - a newer edition of this book of [inaudible]. The one I had was of 1860. The one he gave me was of 1915. He wrote on it with a sort of dedication to the book to me, “My very dear nephew, with the hope that physics will always be used for the arts of peace,” because this was the time of the First World War.

MR. LARSON: Oh yes. That was during the First World War.

DR. SEGRE: That was very much a concern to us. Then after high school, in high school, I kept on reading. By then, I was reading more advanced physics. Then I went to the university as an engineering student. I went as an engineering student because I knew a fair amount of physics by then. I knew modern physics and physics in Rome didn’t appeal to me at all the way it was when I entered the university. 
MR. LARSON: When you entered the university, was that about…

DR. SEGRE: 1922.

MR. LARSON: 1922, oh yes.

DR. SEGRE: Just the same time as Mussolini came to power, I entered the university.

MR. LARSON: Oh yes.

DR. SEGRE: I entered the School of Engineering. The first years were very interesting. There were excellent mathematicians who taught us mathematics. Then when it became more professional, it also became less interesting for me, but by a tremendous stroke of luck, really something like winning the Irish Sweepstakes, [Enrico] Fermi came to Rome and started looking for students. I came to meet him. I had heard him talk in a seminar. I went to a lecture of his years before, around 1924, but by ’26, I had a common friend with him.
MR. LARSON: Oh yes. What university was he associated?

DR. SEGRE: Rome.

MR. LARSON: The University of Rome, he was associated.

DR. SEGRE: Through common friends I met him. He said, “If you are interested in studying physics, I will teach you. I will teach you physics.”

MR. LARSON: Oh yes. 

DR. SEGRE: Well, I, very promptly, it didn’t take me more than half an hour to understand that this was an exceptional man, a pretty unique opportunity, you see. So I jumped at it. I left engineering and moved to physics. 

MR. LARSON: Oh yes. Let’s see, what year was that in your academic career?

DR. SEGRE:’27.

MR. LARSON: Yes, ’27.

DR. SEGRE: I was in the fourth year of engineering. I would have finished my schooling the next year.

MR. LARSON: Oh yes. 

DR. SEGRE: Instead of finishing as an engineer, I finished it as a physicist. I took what is called a Doctorate in Physics which corresponds more or less to a Master’s Degree...

MR. LARSON: Oh yes.

DR. SEGRE: …in America, a little more because one had to make a little thesis and so on, but of course, for a year or two I was taught with, together with two or three other people [Edoardo] Amaldi, [Franco] Rasetti, [inaudible], and so on, but very few people were taught privately by Fermi, twice or three times a week very intensely. It was an absolutely unique experience.

MR. LARSON: Yes, that must have been unique and all those great men studying right with you also.

DR. SEGRE: That’s right. Well, I mean, Fermi repeated these type of instructions many times. He did it at Columbia. He did it at Chicago.

MR. LARSON: Oh yes.

DR. SEGRE: He did it at Rome several times. He was rather ruthless in choosing. He would devote an infinite amount of effort and pain and so on, but he wanted not to waste it, so he wanted to have appropriate recipients. In fact, if you go on the list of people who were taught by Fermi, you find all kinds of famous people, starting with Lee and Yang and so on and so forth.
MR. LARSON: Yes. I know there is a large number of people who have gone on to be leaders in the field of physics who were taught by Fermi, even up through the war, give a great deal of credit for his, learning right directly from Fermi.

DR. SEGRE: Even after the war.

MR. LARSON: Yes, and after the war.

DR. SEGRE: He did this continuously, all the years.

MR. LARSON: Oh yes. Well, that is… So you were able then to finish your academic work under, in physics.

DR. SEGRE: Then I was appointed assistant to [Orso Mario] Corbino, Corbino is there I think. 
MR. LARSON: Oh yes. 

DR. SEGRE: Corbino was the director of the Physics Institute. He was the Senator of the Kingdom in Italy, and a sort of political protector of all of us, a sort of mentor. He was a person we liked very, very much, and he did a lot for us. He was much senior. We were like his children in a certain sense.

MR. LARSON: Yes. 

DR. SEGRE: He had a great aspiration of improving physics in Italy and he found out that Fermi was the one who would do it. So he just fostered his cause, got him an appointment or whatever he needed. I became assistant to Corbino. Corbino was professor of physics, but was not very active. He taught, but he was middle aged and didn’t do research. Then I went, I started to work, at the beginning on subjects that Fermi suggested and so on, but rather soon, I found out that I could invent my own subjects, which I enjoyed very much. I was very much encouraged by Fermi to do it. If I would say, “I want to do this,” he would help me and so on, and it was very clear that he wanted to encourage people to find their own stuff. So I started to do spectroscopic work. Then I needed some spectroscopic instruments that they didn’t have in Rome and I went to [Pieter] Zeeman, who was there.
MR. LARSON: Oh yes, a very famous name.

DR. SEGRE: The Zeeman effect. 

MR. LARSON: Yes. 

DR. SEGRE: He also liked me. He was very nice to me and he helped me obtain a Rockefeller Fellowship. With that, I went to Otto Stern in Hamburg.

MR. LARSON: Oh yes.

DR. SEGRE: Then I was between Hamburg and Amsterdam for a while. Then ultimately I returned to Rome around 1932, or ’33, and soon thereafter we started the neutron work. 

MR. LARSON: Oh yes. Of course, let’s see, the neutron was just discovered in 1932. So almost immediately afterwards.

DR. SEGRE: The neutron work was started in the spring of ’34. So exactly 50 years ago. Yeah, exactly 50 years ago.

MR. LARSON: Wow! That’s amazing. What source of neutrons did you use for your work?

DR. SEGRE: We had radon-beryllium. The hospitals in Rome had a radon supply and they would pump the radon once a week. Through arrangements with the hospitals and with the Institute of Public Health, they allowed us to use the radon. Instead of giving it to the hospitals, they gave half to us for a certain period. So we had this radon-beryllium.

MR. LARSON: So you used radon-beryllium sources and that furnished enough neutrons for all of your work then.

DR. SEGRE: We had no idea that beryllium was [inaudible] at that time. We crushed beryllium. We manipulated it, and nobody was hurt. This is an emitter. We should all be, certain we made crazy things about beryllium, much more than the radiation. We knew that the radiation, we took reasonable precautions, but beryllium [inaudible].
MR. LARSON: Yeah, nobody at that time knew it was poisonous, in fact. It was very fortunate that you did not…

DR. SEGRE: I participated in all this work in, with Fermi. In ’34, in October of ’34, we discovered slow neutrons through a very adventurous history. I mean, it was in part a chance discovery, in part, well, it was a chance discovery to start with, but then we understood what made it. We knew that the neutrons were slowed down. That occurred in October of ’34, almost, that was a discovery that was made in one day. In the morning we didn’t know about slow neutrons. In the evening, the paper was written and sent.

MR. LARSON: Oh, that’s a remarkable story. That’s the fastest discovery and writing up of a paper in the history of science.

DR. SEGRE: Almost, I think. Well, for a week before, we had seen things that couldn’t be explained, very strange behavior, activation, an object would be activated on a table and would get some activity. On another table, it wouldn’t. 

MR. LARSON: Yes.

DR. SEGRE: We couldn’t understand in all kinds of reproducible experiments. Then we tried, I don’t know, probably Fermi, I wouldn’t swear to it that it was Fermi, we put a piece of paraffin between the salts and the substances and we saw a great increase of radioactivity. That was a reproducible effect, so it was clear that putting paraffin would increase the radioactivity. What it did, we didn’t know. That was new. It was noon and we went to lunch. At three o’clock we had our siesta, we slept. At three o’clock, we came back and Fermi said, “I know what [inaudible]. You know why the neutrons are slowed down by collision and they become more effected.” We understood immediately that they would become, be slowed down by collision, but why should a neutron with less energy be more effective than one with great energy. See, we had the theory of more energy, more effect. 
MR. LARSON: Yes, well of course at that time, we had no idea, and of course afterwards…

DR. SEGRE: Nobody had any idea. Fermi explained that, but as soon as he said, “They are slow neutrons and this is what it does,” then there were three or four crucial experiments, each one of us [inaudible], Rasetti, Fermi, we all knew of some reproducible effect, some crazy thing that had been going on in past days and as soon as the magic word, the key was given, then everything fell into place. By the evening we had written a pretty good paper on it. 
MR. LARSON: Yes, well of course the realization that the slow neutrons were so much more effective because they were captured and gave rise to radioactivity, that was something which afterwards is obvious, but might have gone for years without discovery.

DR. SEGRE: Yes, well, the next day we told Corbino about it and he said, “This is a thing that is going to have big industrial applications. Think about it.” so we applied for a patent at Corbino’s behest. 

MR. LARSON: Oh yes.

DR. SEGRE: Corbino had connections with industry. Then we worked on slow neutrons and we had a period of very, very intense activity for about a couple of years.

MR. LARSON: When you were doing this experiment, your original experiment on slow neutrons and you found this tremendous effectiveness in producing radioactivity, what were some of the elements that you…?

DR. SEGRE: We started all the elements from, in fact Fermi started all the elements from hydrogen, there was no helium, radium, beryllium, boron, carbon, nitrogen, oxygen, and none of them did anything. He said it had to work and fluorine was the first to work, you see.

MR. LARSON: Oh yes. 

DR. SEGRE: He went to increasing zinc. After that we tried all the elements we could lay our hands on. I went around Rome. I went with a sort of basket and bought, I went to chemical dealers and bought all the elements I could find in Rome at the time.

MR. LARSON: So you started with atomic element number one, and then just started there.

DR. SEGRE: That’s right. Ultimately, we arrived at atomic number 99. Ninety-two, of course, was not available. Then we started to see all the very strange things that occurred when you bombard uranium. We didn’t understand fission at all, had no idea.

MR. LARSON: That was, of course, before the discovery of fission.

DR. SEGRE: That was four years before.
MR. LARSON: Four years before.

DR. SEGRE: We started to see all kinds of mysterious things. We thought we had seen some transuranic. We made some mistakes. It was a mixture of mistakes and right things as always. Then, this was in ’34 before the slow neutrons.

MR. LARSON: Oh yes. 

DR. SEGRE: Then several things happened. We found slow neutrons and we concentrated on slow neutrons. We left uranium alone because we were just four persons and we couldn’t do more than we were doing. [Otto] Hahn and [Lise] Meitner started working on uranium in Germany. They confirmed our results. They were much better chemists than we were. Then I personally won a chair to Palermo in 1936…

MR. LARSON: Oh yes.

DR. SEGRE: And left Rome.

MR. LARSON: So you went to the University of Palermo, Sicily.

DR. SEGRE: I went to the University of Palermo. I regretted it very much. It was one of those things. It was a big promotion and I had the choice to either take this promotion or stay in Rome, but then I couldn’t have had any career because there were no jobs available. So I went to Palermo. In the meantime, there were terrible things happening in European politics because we’re now ’36, ’37, ’38, the rise to power of Hitler, approaching the Second World War.

MR. LARSON: So those were political years of great turmoil.

DR. SEGRE: Great turmoil and tremendous distress. Rasetti didn’t want to stay in Italy anymore. He didn’t like it. He came to America. I moved to Palermo. We all had the feeling that Europe was going to explode into a catastrophe.

MR. LARSON: Oh yes.

DR. SEGRE: So we spent the summer in America, also to get acquainted with people to see and so on, with the idea of coming here. Then my career separated from the people in Rome. I was in Palermo. I was no longer in Rome. In Palermo, I discovered the first artificial element, technetium.

MR. LARSON: Oh yes.

DR. SEGRE: On material which I received in a visit to Berkeley in the summer of 1936, ’37, I’m sorry.
MR. LARSON: That’s very interesting.

DR. SEGRE: It was the summer of ’36, I’m sorry.

MR. LARSON: Yes. What was the nuclear reaction that formed 43?

DR. SEGRE: It was bombarded in the Berkeley Science [inaudible] it was probably formed on molybdenum by an end reaction…

MR. LARSON: Oh yes. 

DR. SEGRE: …to make 43. Or also by neutrons. There were so many neutrons around in that cyclotron.
MR. LARSON: Yes. It would be hard to determine which.

DR. SEGRE: But either the end or neutrons [inaudible] molybdenum and then a beta decay. Anyway, there was plenty of this technetium which we worked out. [Carlo] Perrier, who was a colleague of mine at Palermo was a professor of mineralogy, and I worked on it in with great glee. I enjoyed it very much. Palermo, I knew, was a place which had been in disarray for many, many years. I was a new professor arriving there quite young and I was lucky enough to do something interesting. 

MR. LARSON: Yes, well that was amazing. Was that the same element 43 that then was a product of fission, or was that a different isotope?
DR. SEGRE: That’s right.

MR. LARSON: The same.

DR. SEGRE: I’m trying, because I have to give a talk in Rome now, I’m in the process of trying to identify some of the false transuranics in Rome, what they were. I’m pretty sure one of them was technetium. I was just looking to see which isotope it is. I’m hoping I can do it without doing experiments, otherwise I will have someone retry some of the reactions because the so-called transuranics that we found in Rome, we had the wrong idea that would be [inaudible] like [inaudible].
MR. LARSON: Oh yes.

DR. SEGRE: That was an error, but the error was shared by everybody. 

MR. LARSON: Oh yes. Everyone made the same mistake. 

DR. SEGRE: We treated them as [inaudible] but if you treat them as [inaudible] you collect technetium because technetium is very similar to [inaudible]. It’s practically the same. I think it will come out…

MR. LARSON: That’s very interesting. I had never heard that that had not been resolved, but I’m very anxious to find what you, when you give your talk in Rome, I want to follow that. 

DR. SEGRE: It will be one of the two things. Either I will find it out that somebody has done the work, find it in the literature, or one can do it by looking, or if worst comes to worst, one will make a little experiment and find out. 

MR. LARSON: Yes. Well, that’s a very fascinating story there because everyone was finding out so many products from the bombardment of uranium. It was terrible…

DR. SEGRE: I, myself, came to work at Berkeley in 1938, the summer, in order to study short-lived isotopes of 43, of technetium because in Palermo I could only study long-lived ones because stuff had to come from Berkeley to Palermo by ship, by boat.

MR. LARSON: Oh yes, and you had such a wonderful source of neutrons also at Berkeley.

DR. SEGRE: Yes. At Berkeley there was the cyclotron which could have everything. So I came here and while I was here, very early, we found, practically within a couple of weeks, using the chemistry I had worked out in Palermo, we found, [Glenn] Seaborg and I found a short-lived isotope of technetium which is the one that is medically important. It is used in all hospitals. Then while I was here, in Italy, Mussolini [inaudible] clause so I lost a job in Italy and I remained here.

MR. LARSON: Oh yes. Well, that was very fortunate for our country.
DR. SEGRE: Let’s see. That was about the summer of ’38, July, August. 
MR. LARSON: Oh yes.

DR. SEGRE: Now at the same time, Fermi was also preparing to emigrate because his wife was Jewish and he didn’t want to stay in Italy any more. His children couldn’t go to school, and what not. I was not in correspondence with Fermi at that time, at least I was in correspondence, but he couldn’t write me a letter that he planned to emigrate. He kept it very quiet, very secret, but then he came here in January of ’39.

MR. LARSON: Oh yes.

DR. SEGRE: Here, I mean he went to Columbia. 

MR. LARSON: And you were at Berkeley.

DR. SEGRE: I was at Berkeley. At Berkeley, in the beginning I worked on a lot of radio chemical things of various kinds.

MR. LARSON: Oh yes. 

DR. SEGRE: Nuclear isomers. Changing, separating chemically the nuclear isomers. Then of course in December of ’38, beginning of January ’39, we heard of fission.

MR. LARSON: Oh yes.

DR. SEGRE: That was…

MR. LARSON: That was an electrifying discovery.

DR. SEGRE: …pretty much an electrifying discovery. Not only that, but I mean after all what was behind it?  People in the business, including myself, knew quite well that there was a mystery in uranium. I knew quite well that there was a mystery in uranium. I had even told [Philip] Abelson in my first visit here to look after uranium because there was a mystery. I had looked at the curves of decay made by Abelson, but without the idea, without knowing, it was not seen. It couldn’t have been seen very easily.

MR. LARSON: Oh yes, but it required such a tremendous extrapolation in our knowledge of the time to even imagine such a thing as fission could occur, I think.

DR. SEGRE: With the strength of the sources here, probably with a little good chemistry, it would hit somebody on the nose because that’s what it did to Hahn, you see. Hahn did chemistry [inaudible] at a certain moment to say, “Well, this has to be barium. It can’t be anything but barium.” With the resources here, it should have been possible. Anyway, it didn’t happen. After the discovery of fission, then all kinds of things happened. It became apparent that either a chain reaction, or a bomb or something could be done.
MR. LARSON: Oh yes.

DR. SEGRE: You see, that was pretty much apparent immediately after the discovery of fission. Not everybody published it. Not everybody put it in newspapers but I’m sure that probably at least several dozen people, or a couple dozen people made their calculations more or less precise, more or less accurate, but it was clear that something pretty important was there.

MR. LARSON: Yes, well, as your work went on with the matter that there was more than one neutron given off, all of the rest of this evidence would become very apparent.

DR. SEGRE: It didn’t come in one day. First, the secondary neutrons came out, then more than one, and so on. I personally, at the beginning, worked more on studying fission products and other things. No, I didn’t try to make a reactor, nor did I join Fermi who was in Columbia. I tried more radiochemical things and other things with radioactivity until it became clear that the fissionable material [inaudible] was uranium-235. It was [Alfred] Nier and [John] Dunning…

MR. LARSON: Yes.

DR. SEGRE: …who found that. Then came the story that one had to separate the isotopes. I did not believe very much in the feasibility of the separation of isotopes. I was wrong.

MR. LARSON: Of course, near separated out…

DR. SEGRE: To separate quantities…

MR. LARSON: One one-hundredth of a microgram…

DR. SEGRE: Then late in ’40, I went to New York again and Fermi said, “You work on new elements and so on.” We had found [inaudible] we had made more new elements and what not. “I have a hunch that element 94 might be a slow neutron, mass 239 might be a slow neutron, pretty sure. Why don’t you look at this?” So, [Joe] Kennedy, Seaborg, [A.C.] Wahl, and I started to accumulate, tried to prepare a sample of plutonium, what is now called plutonium, to see whether it was fissionable or not. Now that is a complicated story because when we started the chemistry, plutonium was not known, was not well known. So between the developments of the chemistry of plutonium, however, it’s a long story, as I said. By the spring of ’41, we had enough plutonium and into a thin layer, that’s where the chemistry of plutonium [inaudible]…
MR. LARSON: Oh yes.

DR. SEGRE: …to see whether it was fissionable or not. We measured the fission cross section and we found out it was similar to that of uranium-235, which was right.

MR. LARSON: On that very small amount, you were…

DR. SEGRE: On one microgram.

MR. LARSON: …able to find out. Very valuable.
DR. SEGRE: That, of course, opened new items because if one could make a pile, a reactor, one could prepare plutonium and then one could extract it chemically by passing through the isotope separation.

MR. LARSON: Oh yes.

DR. SEGRE: You see, and if one had another nuclear fuel, or a fuel for a bomb, or a fuel for…

MR. LARSON: For regular reactors, power or whatever.

DR. SEGRE: …plutonium. That started a big enterprise. That became a big enterprise in itself. I’m going pretty fast now. This is ’41. Things start to grow and then there is Pearl Harbor.

MR. LARSON: Yes. 

DR. SEGRE: The strong push to do something for the war.

MR. LARSON: Yes, actually the effort was quite small, I believe, until Pearl Harbor. It must have more or less exploded afterwards.

DR. SEGRE: Yeah, it was not much smaller than it could possibly be done. You can’t start these things big.

MR. LARSON: That’s right.

DR. SEGRE: It takes time to grow. So by the time the scientific underpinnings were established, maybe if one had known everything and one wanted to do it as fast as possible, one could have done it a little faster, but not much faster. You couldn’t have recruited the people, found the scientific facts and so on. It takes time to do that.

MR. LARSON: Yes. Well, of course, I have often speculated if Pearl Harbor had come one year earlier, that perhaps this, the project might not have developed because people would have been diverted. 
DR. SEGRE: Also in the beginning, many of the people, of the Americans, were working on radar.

MR. LARSON: Yes. 

DR. SEGRE: See, the war effort was radar.

MR. LARSON: That’s right. I remember [Edwin] McMillan, Luis Alvarez, and so on.

DR. SEGRE: McMillan, Alvarez, all went to do radar, you see. For a while the atomic business was left to foreigners or people like [Eugene] Wigner, Fermi, [Edward] Teller…

MR. LARSON: [Leo] Szilard…

DR. SEGRE: [Hans] Beta… Then by ’42, the real big organization began to take place, the Manhattan District, the necessity of making a separate laboratory for making a bomb. The approach to criticality of the pile, the separation of the isotopes had become a little more successful. All this grew up very rapidly in ’42 and ’43. By the summer of ’42, we were working, by that time I had as a student [Owen] Chamberlin and [Clyde] Wiegand and other people were starting to work on making physical measurements. It would be important if we wanted to make a bomb. We did this in part in Berkeley and part in Wisconsin, but then this jointed effort like this was inefficient and it was decided to bring it all to Los Alamos. So I was one of the founders of Los Alamos, so to speak. 

MR. LARSON: You went there very early with [Robert] Oppenheimer.
DR. SEGRE: In fact, I was there. There was a famous conference in which we established what Los Alamos should do. Let’s have some coffee now. Okay.

[Break in video]

DR. SEGRE: …for reports. He locked in a room. He said, “Now I have something to do, stay in my study and read this in the meantime.” He gave me some sheets of reports, locked the room, and went away.

MR. LARSON: Oh yes.

DR. SEGRE: I was a little surprised. Why, that’s the first time and only time it had happened in my life that Fermi would lock me in a room. Why was I locked in? I don’t know. 

MR. LARSON: Well, it was such a tremendously important…

DR. SEGRE: Of course it was…

MR. LARSON: …and unexpected.
DR. SEGRE: …top secret material that he didn’t want. I should go take to the toilet. I shouldn’t leave it lying on a table, but I was locked in there for about an hour, or something like this. When I came back, I think I was all flushed in my face. I certainly was very shaken. 

MR. LARSON: Well, you were essentially right on the dawn of a new age there with fission almost achieved, rather the reactor.

DR. SEGRE: It was clear that the thing would work. Of course, I was not sure of anything, the pile, anything, in later years, but not at that time. I didn’t see anything. I just saw these reports. Then I saw the pile very early in ’43 for the first time. I came from Los Alamos to use the pile for something. I can’t remember what. Then I saw the pile itself and they would brag, see how quiet it is, how everything works wonderfully. You sit here and turn this. You see [inaudible] going back and forth.
MR. LARSON: Yes. It must have been a real thrill to see that that early, however, I was wondering if we might just back up just a little bit. You mentioned that you then went to Los Alamos. 

DR. SEGRE: Yes.

MR. LARSON: If you could describe a little bit about how you learned about going to Los Alamos and your early experience with going to Los Alamos. 

DR. SEGRE: Well, during the summer of ’42, this work on [inaudible] that would be needed for a bomb, fairly compartmentalized. I was doing the experiments with Chamberlin, with Wiegand, with other friends or pupils of mine, students, whatever it is in a certain part of [inaudible] Hall and in another part there was Oppenheimer, Seaborg, Teller, Konpensky [sp?], I don’t remember who else, theoreticians calculating and they would say, “Oh, we need to know the cross section of uranium at such and such an energy. You measure it.” Well, it wasn’t so easy to measure and the energy may be or may not be appropriate and so on. Then there was John Manly who was the coordinator for these measurements made all over the country. It was soon apparent that we couldn’t work that way. We had to have a laboratory where these things could be done. A laboratory devoted to making the bomb. That was the origin of Los Alamos.
MR. LARSON: Oh yes. 

DR. SEGRE: I was not in charge of Los Alamos, but as soon as the site was chosen, I was invited to go there. Of course, there were invitations that you couldn’t say no. 

MR. LARSON: That’s right. 

DR. SEGRE: You were “invited”, in quotation marks.

MR. LARSON: Like “volunteering” for the Army. 

DR. SEGRE: Exactly. Exactly. So I went to Los Alamos. Incidentally, there was a rather interesting thing that happened in the meantime. See, immediately after Pearl Harbor, as you remember, came a sort of rolling decree by the President removing all the enemy aliens from the coast, when the Japanese…

MR. LARSON: That’s right, internment. 

DR. SEGRE: That’s right. First the Japanese had to be interned, then the Germans and last the Italians. At that time, I was an Italian citizen. So it was clear that I would be interned. That was immediately after Pearl Harbor. Then it happened only with the Japanese. The Germans and Italians didn’t happen. I was very concerned by this because it would kill my work and I wouldn’t know what to do, and what not. So I told my wife, let’s hope that something happens, that we won’t be interned, but if we have to go, I have studied the map, we are going to go here. I took a map and I took my finger to Santa Fe, New Mexico.

MR. LARSON: That’s amazing.

DR. SEGRE: The reason I chose Santa Fe, New Mexico, was because it was a place in the interior, far enough from the coast because that was the whole story. They didn’t want the enemy aliens on the coast.

MR. LARSON: Yes.

DR. SEGRE: You see, I thought life would be cheap and a good climate and we would just wait to the end of the war and sit there and see what we could do. 
MR. LARSON: That’s amazing how you deduced that.

DR. SEGRE: Sure enough, we led them to Santa Fe. I always thought that was an amazing story. It’s true. It isn’t cooked up. So when we came to Los Alamos, there were all these [inaudible]. The place was very, very beautiful. I am very sensitive to natural beauty, to hiking, fishing, and so on. I like that very much. I found Los Alamos quite pleasant. I personally did not suffer very much of being confined or having a fence around me. It didn’t make much, a great difference.

MR. LARSON: Incidentally, what was the approximate date of your move to Los Alamos?

DR. SEGRE: It must have been the early spring of ’43.

MR. LARSON: Spring of ’43. 

DR. SEGRE: It was the very, very beginning. I mean, I must have been among the first 20 or 30 people to go there. Then I went there and a few weeks later my wife and children came.

MR. LARSON: Oh yes. Well, that’s very interesting.

DR. SEGRE: There was this famous [inaudible] conference where the program of Los Alamos was drawn up. I still have it. We can look at the date. I was at that conference. It must have been March of ’43, something like that.

MR. LARSON: Well, that was actually right at the start of Los Alamos. 

DR. SEGRE: At Los Alamos, I had to do my special, my main assignment at least at the beginning for quite a while. It was to study spontaneous fission of uranium and plutonium. 

MR. LARSON: Oh yes.

DR. SEGRE: Because if you want to make a bomb by a consistent [inaudible] the weight [inaudible], you have to have pretty strict limits in [inaudible] ammunition. So at Los Alamos there was a big, big project, headed by Joe Kennedy to purify the plutonium so there wouldn’t be any trace of a light element that could make neutrons with the alphas of plutonium. 

MR. LARSON: Oh yes. So…

DR. SEGRE: It had to be purified [inaudible] I don’t know how much, but [inaudible]. It was a very difficult thing. However, there was also some suspicion that there might be some spontaneous fission of plutonium. 

MR. LARSON: Well, how about uranium? You already found out that there was none?

DR. SEGRE: Uranium, you would want a little more at the beginning, you see.

MR. LARSON: Yes. 

DR. SEGRE: Then in uranium of course, the alphas are much fewer and the half-life is much smaller. There is no danger even if uranium is quite dirty. It doesn’t make [inaudible] by alpha and its own impurities. See the energy is small of the alphas and there is no problem. The spontaneous fission of uranium was known to a certain extent. It wasn’t known well, but it was not a big problem for uranium. 

MR. LARSON: With millions of years of half-life.

DR. SEGRE: [inaudible], but in plutonium, as soon as plutonium was produced in the pile, either with the pile at Chicago, or at the plant at Oak Ridge, but it came immediately to us and the first thing we had to do was judge the spontaneous fission. Low and behold, we started to see the spontaneous fission was quite expected. Not only that, but plutonium from the cyclotron had much less spontaneous fission than plutonium from the pile. From this, making some calculations, looking and so on, it was apparent that the plutonium that was made with spontaneous fission was plutonium-240, not 239, and the pile material would be poisoned by plutonium-240 so it couldn’t be assembled [inaudible].

MR. LARSON: Oh yes. So, the large amount comparatively speaking of 240 that is produced in a pile is impossible for a gun weapon then.

DR. SEGRE: To work, yes, that’s right. Then there was no point in purifying it, you see. You purify it with so much spontaneous fission that the purification would…

MR. LARSON: Yes. Probably a thousand times as much spontaneous fission as from the light elements. 

DR. SEGRE: So it was a big upheaval in Los Alamos. A big, big upheaval because unless something happened, the whole plutonium project, as far as bomb work, was dead. 

MR. LARSON: Yes. 

DR. SEGRE: Then the implosion was invented.

MR. LARSON: Oh yes. So you were there of course with the invention of the implosion.

DR. SEGRE: I had nothing to do with the invention of the implosion. I only told them that unless they invented something the bomb could not be made with a gun. With a gun, it couldn’t be made. 

MR. LARSON: Of course, there were so many brilliant people at Los Alamos at that time. Do you have any feel for who was predominately responsible for the implosion.

DR. SEGRE: For the implosion? Well, [Seth] Neddermeyer was the first to have the idea. There is no doubt about it, you see. Neddermeyer was not very, a very good organizer and although he had the idea, the implementation in a short time with all the technical difficulties that was done, the scientific part was done by [John] Von Neumann, by G.I. Taylor, by Fermi, by Beta, by thermodynamicists, you see, who worked out the theory of the implosion, but then one had to really do the thing.  Then there was another group of people: [George] Kistiakowsky, [inaudible] measured again. You see they started to make the implosion, but you make the implosion, but has it compressed enough.
MR. LARSON: Yes. 

DR. SEGRE: So they invented a way of checking whether the implosion had really worked or not. What they did was put a [inaudible] in the center of the imploding mass and if the implosion was really compressed you should see a dimension, a rapid decrease of the gamma ray because the compressed material is opaque. 

MR. LARSON: Oh yes.

DR. SEGRE: So they made all this. That was the experimental part, just to check because it’s easy to make theories, but then to see whether it would work or not.
MR. LARSON: Yes, it posed a tremendously difficult problem, simultaneity of the material and the necessary pressure and everything. It was a fantastically difficult thing.

DR. SEGRE: You had to see also that it was working. So this [inaudible] system was quite an ingenious thing. It was done by [inaudible], in that group. Then after that we came to the test, the Trinity Test. There we had, my group had something to do. We measured some gamma rays and some measurements of, chiefly gamma rays, yes.

MR. LARSON: Oh yes.

DR. SEGRE: Gamma rays accompanying the explosion immediately.

MR. LARSON: You were actually present then at the Trinity Test and made some of the measurements. That must have been a tremendous experience. 

DR. SEGRE: Then after the war, I came back to Berkeley and, of course, things had changed very radically because before the war there was no money and it was difficult to have help, jobs. After the war, things were much, much easier. I started to work for a while, for a few months on old subjects of radioactivity, mainly things that I had started before the war, or had been interrupted during the war, or I couldn’t do because of the war. One of the things I enjoyed very much was to change the half-life of a radioactive substance by chemical means. That was quite an interesting experiment that we did. The new accelerators started coming up and it was clear that the thing to do was to try to use it. 

MR. LARSON: Yes, the new accelerators had much higher energies. So the different nuclear reactions…

DR. SEGRE: I had worked on the 184-inch cyclotron before the war, very little, only to help to plan the magnet.

MR. LARSON: Oh yes.

DR. SEGRE: I only helped in the planning of the magnet, just a little bit, insignificant, but then, when these accelerators started to be working, to use them, and for a long while, for several years, we studied the nuclear collision. At that time, the proton-proton, neutron-proton collision was considered the central problem of physics. It turns out that it isn’t as important as one thought, but the whole idea was the hope of repeating… Let’s see, by starting these collisions, finding the forces between nucleons and then feeding them into the nuclear structure, and what not. Sort of what [Ernest] Rutherford had done, finding the nucleus by the deflection of the alpha particle.
MR. LARSON: Oh yes.

DR. SEGRE: So by the law of attraction or repulsion, whatever it was, between proton and proton, not due to electrical charge, but to natural forces, a collision is present. We worked very hard on that for several years. We did some very, very good work, which at the time set the standard, but it was not really the right problem because things are much more complicated [inaudible]. The nucleons are not nucleons, but have quarks inside them and the whole thing is much more complicated than we thought. It doesn’t separate. See, also the nucleus is also very complicated, but you can’t separate at a certain energy the nuclear repulsion very clearly from the structure of the nucleus. You don’t have to know much of this. Instead in a neutron-neutron collision things are much more complicated and you can’t make these separations so cleanly. So we did this work. It was a sort of standard work, but [inaudible]. Then…

MR. LARSON: Let’s see, which accelerator did you use?

DR. SEGRE: We used first 184-inch cyclotron.

MR. LARSON: 184-inch and what energies was that able to reach?

DR. SEGRE: Oh, we arrived in 100 million volts.

MR. LARSON: 100 million volts.

DR. SEGRE: About 100 million, yes. Of course then it started to have all kinds of polarization problems. You can polarize the protons and you can measure the polarization after the collision. These are very elegant and very nice experiments, but they really don’t add… They are elegant and interesting to the specialist, but they really don’t make a big step forward in physics.

MR. LARSON: Oh yes. 

DR. SEGRE: Then, after that the betatron came and started to work and we made the [inaudible] work, tried to, as soon as we were above the threshold for making anti-protons, we tried to find these anti-protons. Namely, the anti-protons, we expected them to be there, but it wasn’t clear if they should exist or not. It was a question that had to be settled: whether or not these anti-protons existed or not. See, it was a pretty important question, in that sense. 
MR. LARSON: Let’s see, was this about 1952, or something like that?

DR. SEGRE:’55.

MR. LARSON:’55 when this…

DR. SEGRE: The anti-proton work was ’55, ’54, ’55. There the essential problem was this: you produced a few anti-protons with a tremendous background, say, 50,000 different particles and one anti-proton. 

MR. LARSON: Yes, and how to identify it.

DR. SEGRE: You have to identify for sure, be sure what you saw and you had only a very, very short time, probably less than a millionth of a second to do all this, to distinguish it from all the others.

MR. LARSON: What detection apparatus did you use to detect the…? 

DR. SEGRE: We built essentially a mass spectrograph. 

MR. LARSON: Oh yes. 

DR. SEGRE: We measured the momentum, and the energy, and the velocity to be redundant, you see. The momentum and the velocity would have been enough, so we measured momentum, velocity and energy.

MR. LARSON: Oh yes.

DR. SEGRE: In fact, it would have been enough to measure, you have to measure two of these things.

MR. LARSON: Yes. 

DR. SEGRE: So, energy and momentum. We measured also the velocity. In fact, in theory, to measure two is enough, but in practice you have to measure three to eliminate background.

MR. LARSON: Oh yes. Well, the background with that number of other events must be very difficult.

DR. SEGRE: Say, 50,000 to one.

MR. LARSON: It would be like looking for needles in haystacks.

DR. SEGRE: It’s absolutely so. We constructed a thing that would give a signature, an electronic signature on a scope which would be unmistakable.

MR. LARSON: Oh yes.

DR. SEGRE: Then we made all kinds of tests to be sure to verify that what we had seen were anti-protons, namely for instance when we went below the threshold for producing them. We showed that they appeared.

MR. LARSON: Let’s see, at what energy do they start to appear then?

DR. SEGRE: Well, if you were operating with protons and anti-protons, they would appear at around six G.V., six gigavolts.
MR. LARSON: Yes.

DR. SEGRE: Because in the laboratory, six gigavolts, that makes the center of mass exactly two, which is what you need to create a proton and an anti-proton. You have to create them in pairs. You can’t create them alone. So we found this anti-proton ultimately and then we studied absorption properties and so on. Then we found the anti-neutrons later.

MR. LARSON: That was a fascinating whole new field. It was essentially made possible by the accelerators.

DR. SEGRE: Also, there soon after, other machines were more powerful than the betatron. 

MR. LARSON: Oh yes.

DR. SEGRE: We couldn’t compete anymore. 

MR. LARSON: Of course after that work, then it became popular throughout the world, you might say, and other places than in the United States.

DR. SEGRE: It was not only popular, but they also had better machines, more powerful machines. For instances, now, CERN [The European Organization for Nuclear Research] at the present moment has a machine that nobody else can compete with.

MR. LARSON: Oh yes. Let’s see, what energy is CERN up to now?

DR. SEGRE: It’s about, I don’t remember how much, but they create things that weigh around 80 gigavolts. So they must be around 200 gigavolts. 

MR. LARSON: It’s beyond what Flack [sp?] and Fermi, it’s beyond that.
DR. SEGRE: Oh yes. Way beyond Flack or Fermi.

MR. LARSON: So you’ve had a wonderful experience with that. Was that part of the work in which led to the award to the Nobel Prize. 

DR. SEGRE: I got the Nobel Prize for the anti-proton, Chamberlin and I. 

MR. LARSON: Yes.

DR. SEGRE: In fact, the people who did the work were Chamberlin, I, Wiegand, and [inaudible]. [Inaudible] at that time was just after his Ph.D. Wiegand had been an old, old friend and collaborator of mine. Both Chamberlin and Wiegand had been my students and then they came to Los Alamos with me and then we worked together all our lives, practically.
MR. LARSON: Oh yes.

DR. SEGRE: For many, many years. 

MR. LARSON: What year was that, the Nobel Prize?

DR. SEGRE:’59.
MR. LARSON: And that was awarded jointly with Chamberlin…
DR. SEGRE: Yes.

MR. LARSON: …at that time. that was a tremendous piece of work. Of course you then went to Stockholm to receive this and this was, must have been a tremendous experience to go through that.

DR. SEGRE: Not as tremendous as discovering things to see the truth.

MR. LARSON: Oh yes.

DR. SEGRE: I mean, although it’s a very nice thing to get the prize, but to see, to make a discovery is something very, very freeing. In fact, I remember, probably the first small discovery, not very great, that I did. In 1930, or something like this, I was a student and I had figured out that certain spectroscopic lines that nobody knew what they were, had to be quadruple radiation and if so, they should have the same amount of effect as a certain kind. I did the experiment. I turned on the magnet and I saw the pattern [inaudible] coming exactly the way I expected it. that was really a great thrill.

MR. LARSON: Oh yes. That’s sort of thing. I’m a chemist myself and I’m always thrilled when I’ve seen things first, you might say, in the test tube or the beaker and you could visualize this thing building large plants. I worked in the separation of lithium isotopes and a few things like that. It’s a great thrill to see right there in the beaker and then you visualize this as the solution to a big problem. 

DR. SEGRE: To discover something new is really quite an interesting, fascinating thing. 

MR. LARSON: Well, those discoveries that you’ve continually made through the years there, as they say, with the anti-proton, climaxing this, what are, since that particular time, what have you devoted your career to?
DR. SEGRE: Well, now I’m a little too old to do any science, any creative science. I have written books. I have written a book on, in fact, I’ve written two books. One which is out, From X-Rays to Quarks: Modern Physicists and Their Discoveries. I mean it’s a sort of history of all the things I have done, seen, not what I have done. It’s quite an amusing book.
MR. LARSON: Fine. Would you hold that up right under your chin, so to speak. From X-Rays to Quarks and what is that picture?

DR. SEGRE: That is a big conference of 1927, I believe.

MR. LARSON: That is one of the most famous.

DR. SEGRE: Solvay conference of 1927. This is [Albert] Einstein. This is [Wolfgang] Pauli. This is [Erwin] Schrodinger, and so on and so forth.

MR. LARSON: I suppose [Niels] Bohr, and some of the others…

DR. SEGRE: Bohr is here and [inaudible].

MR. LARSON: The quantum physicists of the time.

DR. SEGRE: Yeah, the quantum physicists of the time.

MR. LARSON: I know I’ve seen that picture.

DR. SEGRE: Now I have written a companion volume to that which I have the proofs here, so I can’t show you the cover, which is From Galileo to Hertz. You see this is from the time of [Martin] Hertz, 1895, something like that, to now. Then I have written the earlier period from Galileo to Hertz, which I am doing now. The next program, I don’t know.

MR. LARSON: That is a fascinating thing. Actually, my idea ultimately if I get all of these tapes of all of our pioneers of the last 50 years, I plan to write a book also. The only thing I have so far is the title. It’s a quotation from Newton, “on the shoulders of giants,” in which I hope to show…

DR. SEGRE: We are not really giants. Newton may be a giant. Einstein may be a giant, but…

MR. LARSON: But without these, sometimes without these particular people things might have been delayed at least for years.

DR. SEGRE: Not much.

MR. LARSON: I asked Lawrence once about how long fission would have been delayed if Hahn and [Fritz] Strassman had not [discovered it], and he said, “Oh, perhaps six months.” I don’t know…
DR. SEGRE: Probably less.

MR. LARSON: Less than that?

DR. SEGRE: Fission had to be discovered. I mean, it’s a little more, what you wonder is without [Max] Planck how long it would have taken to discover the quantum, you see, because the relativity, special relativity without Einstein would have been found within a year or two, for sure. 

MR. LARSON: Oh yes. That’s a very interesting observation.

DR. SEGRE: But quantum theory without Planck may have been delayed by five years.

MR. LARSON: Oh yes.

DR. SEGRE: Or even more. You see because it was a very roundabout way, it was in a place where nobody was sticking his nose, or anything of that type had been surmised. That is really, to me, a very surprising discovery. 

MR. LARSON: That’s very interesting.

DR. SEGRE: Probably Newtonian mechanics would have been found without Newton rather rapidly. [Inaudible] was rather near it and the [inaudible] would have figured it out, one way or another. [Inaudible] was very near it.

MR. LARSON: Oh yes.

DR. SEGRE: Of all the things to me the one which was strangest of all was the quantum. 

MR. LARSON: Yes, of course, you might say all of our modern science is so completely dependent. 

DR. SEGRE: Once [variable] H is discovered and once you see that, it has to stay there. Then, of course, a lot of things would have come out.

MR. LARSON: Oh yes. That’s a very interesting observation. I think it’s added a good deal at least to my understanding and interpretation of that. So… Well, fine. You’ve been very patient in answering all of these questions. Are there any other observations on science and physics or nuclear energy that you would care to make? 

DR. SEGRE: [Inaudible].

MR. LARSON: That of course is a worry that all of us have. 

DR. SEGRE: That’s plenty of work. I am unhappy about the scarce understanding that I hear around, even in high places of what it means to make an atomic war. I mean people start to speak of an atomic war as something that can be done.

MR. LARSON: Oh yes.

DR. SEGRE: It can’t.

MR. LARSON: No, this is the end of it.

DR. SEGRE: But a lot of people don’t believe it. 

MR. LARSON: Or really don’t come to grips with the thing and how important it is to actually do everything in an intelligent way to avoid this. So it’s a very difficult problem which needs a tremendous amount of understanding and wisdom in order to approach it.

DR. SEGRE: What I see is an armament race in which people build more and more, with things going on shorter and shorter notice, more and more automated. It’s a pretty scary situation.
MR. LARSON: Yes. Well, as they say, there is a good deal of lack of wisdom in this whole thing.

DR. SEGRE: Probably, also not understanding the nature of the problem.

MR. LARSON: Yes. So we have, I think you and others have written and talked about this and all of that, I think, will eventually lead…

DR. SEGRE: We talk, but no action follows, nothing follows.

MR. LARSON: It’s very worrisome.

DR. SEGRE: On the other hand, I’m not so scared about atomic energy.

MR. LARSON: Oh no.

DR. SEGRE: See, on one side, it’s ridiculous what they are doing, the scare about the reactors and on the other side the non-scare about weapons…

MR. LARSON: Yes.

DR. SEGRE: …is to me really hairy.

MR. LARSON: The difference between the problems is money orders magnitude, you might say, dozens of orders of magnitude in the difference of the dangers.

DR. SEGRE: Oh, of course.

MR. LARSON: This is something that people, they essentially think that they are the same.

DR. SEGRE: Like, treating them the same way as cancer and the little people.

MR. LARSON: Yes. Well, this, we certainly want to thank you, Dr. Segre for this wonderful exposition of your life and many contributions…

[End of Interview]
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