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Where is the energy lost from the microtron?

The pulses in the microtron could reach spikes of 10 A. The current is lost because it doesn’t get capture in the other machine. It’s like shooting a big hose and trying to get water into a quarter inch hole. It gets lost, or it goes in, doesn’t get capture and it hits the walls.

The grazing incidence region? (See picture-yellow paper)

So the shallower angle allows it to reflect light?

Infrared can be 98-99% with any ordinary cheap mirror. So somewhere in here we have to switch mirrors (from reflector to grazing incidence). 
What about the vacuum Ultraviolet?

That’s called that because oxygen and nitrogen molecules which make up most of air, absorb completely, you couldn’t get the radiation to go a centimeter. So we pump the entire light path out, and it has to be a pretty good vacuum just to get the light to travel from here to the wall. In experiments, we need a vacuum much better than that to get their sample clean.


You mentioned there were a lot of upgrades to Tantalus? Primarily to the vacuum pump.

Essentially all the instruments on all of this have to be evacuated. Or if they’re not, the air or gas will go back into the ring and scatter the electrons into the wall and the current will go to nothing very fast. That happened on two occasions, one was with chlorine gas and that was big problem. The original vacuum was pretty good in Tantalus, not as good as here (SRC). One thing about this, is that this has the problem that you have to make the beam line longer, so this folds back on itself so the geometry is very different and there’s two more problems with it. So when you go with grazing incidence off something whether it’s a grating or a subsequent mirror, the imaging is terrible. So in other words, if you took a picture with a camera, you get an image and you’ll get an original image. If you take a really big camera, there will be distortion around the edges. With grazing, y you have terrible distortion. In the case of the instruments down here, it translates to having very little light coming through, much less than is there because it’s supposed to come out a small region and much of it is hitting the wall around it. With this one (reflector) the imaging is much better. So that’s the big problem with grazing, again you have not choice. And the third thing is that it is necessary in order to get just a little piece of this spectrum, which is what many experiments want. What you have to do is disperse the light so here is where it’s coming in, it’s all wavelengths. So this might be some sort of a curved grating which focuses it right here on the slit and the red would be here (right) and the blue here (left). In order to focus, you have to scan this and move this with the slit. Early instruments would move the slit, and if you do that you have to move the entire experiment, which is awkward and hard. What has to be done to scan this without moving the slit, and to keep it focused, you have a mathematical circle. One slit has to be on it, and the grating, and it has to have  radius and curvature equal to the diameter of this thing. Then when you scan, you have to rotate this (circle) and move it along the circle, and they did that. They did that with a motor and a screw that pushed this and rotated it, and a cam that did the translation. 
Tantalus didn’t have such a need for it, because the electrons were lower energy and they didn’t produce as fierce of soft x-rays as SRC does and no Hard x-rays, like SRC does.

In terms of energy and current? What dictates each one? What does a higher energy dictate?

The energy of the electron in the storage ring is higher, you get some light at wavelengths that are shorter than before. That’s the main reason that people want high energy, if they want to go to shorter wavelengths. It can cause people grief because it gets into their experiment (higher energies). Current increases the amount of light

The amplitude?

Well, the flux, it’s comparable to being outside in the sun on a cloudy day versus a sunny day, you get sunburned a lot faster.

Again it isn’t just current, to get a bigger current, the beam gets bigger in diameter, actually it’s not round it’s elliptical. The when you focus that on the entrance slit, not all of it may get through, and so a bigger current usually means more light on the experiment. If you double the current, you may not get double the light, you might get 1.8 times more light. So the current is to get more light, and the energy of the electrons is to give a different quality of light, a different wavelength range.

Concerning units, can you explain the vacuum units of Tor?

Yeah… we’re not supposed to use that. An Italian named Torricelli invented a barometer. One tor = one mm of mercury in a barometer. And so 1 atmosphere is about 760 Tor. On the other hand, there’s nobody in this country who uses the metric system for pressure (Pascal)

It said here, none of them had a vacuum better than 2x10-8 Tor. There it is!
Oh that was true. That was our number, that was what we had at Tantalus. Yeah, that’s because they weren’t built before there were storage rings, there were monochrometers that people used for vacuum ultra violet. And their light sources were gas discharges, like a neon sign, but inside a metallic tube, with hydrogen or helium gas and those were bolted directly to the monochrometers, and sometimes they even put a window there so the gas couldn’t get into the monochrometer. Or they would put a section, if they didn’t’ want a window because it would absorb, they would put a section where they’d havea couple of small apertures and they had a couple of small vacuum pumps there, so the pressure was pretty high in the lab, lower and lower, lower there. You had to have a pressure from 2x10-5 Tor in the monochrometer just to get the light to go the distance and not be absorbed. And 2x10-8 was what we got because ours had materials in it that you shouldn’t be using in a really good vacuum. It had brass and probably some lubricated rubber o-rings, it should be Vitan, a polymer that doesn’t outcast so much as rubber. The grating was some sort of epoxy base, which was gassy and there was pencil writing on the back, so there were materials in there that limited it. And another problem was we couldn’t bake it. In order to get all the water vapor out, we heat it to over 100 Celsius. Also, we want to drive the hydrogen out of the stainless steel, if you don’t do that the hydrogen will eventually come out of the metal. Hydrogen usually isn’t too much of a problem but the water vapor is. So they typically baked, and we had things in ours that couldn’t bake. So we couldn’t do better than 2x10-8

Was that respectable?

Not now and not here, we’d need a window if we were going to do that. It was better for those using the same monochrometers here yeah. It’s nothing to be proud of, and your surfaces will get contaminated with water vapor and oxygen before you could do any measurements whatsoever.

Can you tell me about when you started here, major roles?
I came here the first time before there was a storage ring, there was some paint on the floor marking where the magnets would go. But they didn’t have any money to finish it. The injector, the so called model, was built and running and they then wanted to build a storage ring to study the phenomenon of large bunches of electrons traveling around in a vacuum with focusing magnets and bending magnets to see what the effects were like that all the particle were repelling each other and how can you keep them together for significant amounts of time. The National Academy of Sciences occasionally appoints studies and they appointed one, Fred Brown was on it, and they recommended that the storage ring be funded enough to be finished and used as a light source, and that two ports be added that where the radiation would come out, it was to be all stainless steel and you wouldn’t see anything. At some point the air force decided to fund it, and it was built. There were two ports but they were useless because they were just windows, you oculd put your eye there and see the light, and that wasn’t a wise thing to do, it was like a welders arch, like a dazzling blue star.
The university of Chicago and Illinois funded the construction of focusing mirrors. They need to build a box to catch the light coming off tangentially. It wasn’t an easy thing, the vacuum can was fine, they knew how to do that with stainless steel. The trick was to make a grazing incidence mirror, because it had to go more or less a straight line, and it had to be smoother than normal mirrors, because the wavelengths were shorter and the amount of scattering you’d get. The things the scatter the light the most of a mirror or any surface are surface imperfections that are of the order of a wavelength in size. You make the wavelengths in size, and the smaller imperfections are amplified. So it had to be a really good mirror. They developed some technology here at PSL for making their own mirrors. And one beam line was put on with some focusing mirrors, that was the first one that was Chicago’s I’m not sure. WE were going to use theirs afterward, and the other one was Fred Brown’s and he put an instrument on that, but you couldn’t work very well because there was almost always no light. They had real trouble learning how to inject the electrons and capture them, and the currents were very small.
(19: 55) It was months before anyone ever got any useful data. Erholt Gebhardt, a postdoc in Chicago, he got the first data, then the Illinois, then us, then IBM came and built another beam line, and the was the third. And there wasn’t really room for any more. The building wall came awfully close to the storage ring. You couldn’t get anything in between it and the wall at the angle needed. So I think they ran with three beamlines for a while and they switched instrumentation. Then they got money for an enlargement and increase in the size of the building.
The building was half underground. The north side and the west side were earth and there were concrete walls. And the south side had a garage and overhead door. There was a stairway for pedestrians that were rarely used. What they could do was move the garage door out further into the drive way, and they excavated on the west and a little on the north side, down to floor level but they left the wall there. Then they built a roof to go across and match it. And only then did they worry about taking the wall down. AT that time the Montana state uni had a beam line-story about G J. Lapeyre award-
It didn’t seem to worry him that there’s 110-240 volt cables under there. Thankfully he wasn’t electrocuted. We had firemen we had deputies. It was a mess, his tool box was full of water. When he finished he started draining other people’s stuff. He’s still around and a colorful guy. He went a one room log cabin grade school.

Another interesting story…in later 1968 we measured reflectance’s of metals in Tantalus. That wasn’t particularly big as others have done it. Sometime in the 70s we started what was called modulation spectroscopy where you do something to your sample in a periodic fashion. You oscillate it’s temperature up and down or squeeze on it or apply electric volatage on it oscillate it to some frequency maybe audio range and see how that modifies the reflectance, and you measure only the modulated part. People thought there was nothing to see in this range, everything was going to be broaden so much you woulnd’t see anything, you could see a lot.

The first time we picked something we thought we’d see a big sample, and to this day I don’t know why we didn’t see anything. That was probably the most unusual thing we did there.

You left off before with Tantalus’ expansion?

Yeah, then we had our own beamline. That allowed for a total of 8. We had our own which we shared with Lapeyre, and we had to give a certain number of weeks a year to some external user, but we had a little control of that. WE could supply the user, i.e. someone we trusted, that way they wouldn’t inflict somebody on us. We did let some guy at the physics department here look at the reflectance of an organic crystal, and the crystal was a lot small when he finished, it had evaporated and presumable coating our grading.

The then learned to split beam lines. You couldn’t necessarily split them actively with light going to one or the other. That meant they could share a 16 hour day or alternate weeks and not have to break back. So it certainly evolved

So when they split it, did that affect the light?

No because usually not everyone was using the available angle, it was typically wasted in the beginning.

-SRC Hole-
They always wanted to build another storage ring, Tantalus was not built as a light source, it was built to study electrons in storage rings. There were many proposals, Aladdin, super Aladdin, an unnamed one. 

They went to NSF with the proposal and they had to generate some excitement in the community to get potential users and university members to write to NSF.

They got the money. The guy who was in charge was Ed Rowe. In my statement which is an exaggeration was that he wanted to build it himself with 75$ inspire parts. He indeed did want to build it almost alone, he did not have many people working for him. Mike Green, Charly Pruit. They were getting way behind and getting currents of microamps, not even milliamps. They built an injector for it, which was the worlds largest of its type and that worked beautifully, but they couldn’t capture the current.

So we had a users meeting in October (I forget the year) it was clear that they were in trouble. There were people here from NSF, it was clear that Rowe would not ask for any more money for more employees, the money would come from UW. So I was chair of users advisory committee that we had to get help. It was Saturday, and I told him if he didn’t see the president of UW on Monday that I would on Tuesday. Apparently he went Monday and he called me. They took a few people from PSL to work and they also agreed that they would hire a few. It still didn’t work. There was a problem and they didn’t know what the problem was. 
At some point it was already called Aladdin, and the NSF said “if you don’t get ___current by such and such a date, funding is over.” That’s often the sign that some people should look for a job right then and there rather than trying to get it running. But the university promised funding for one calendar year from that date. And that was a nice thing, no one left and they kept working oni t. I don’t know how it came to be but they brought in Keith Simon temporarily as director and they got me to come up as associate director. I lived in Aimes Iowa and I came up here with two uni rental cars one for Madison and back to airport. There were direct flights from Des Moine to here. So I was here for 3.5 days a week for 6 months and we hired 7 people in 9 months. But it was more than that, this was taken out of Ed’s hands. We put a plea to Lawrence Berkely lab who had lots of accelerators. They sent 6 people to look around here, some from Argonne…

One of the people that Keith Simon hired had an idea for what was happening. When  the electrson go in, there are some gas molecules in there. When they hit the molecule they typically will knock an electron off giving you a cation. So now you have cations floating around and they were absorbing the electron flow in the middle. If you think of ions being a plasma, it has some sort of resonant frequency where it will swing back and forth. They had some electrodes in there for monitoring the beam, they said “let’s put an alternating electrical current at the plasma frequency, we don’t know the frequency but we can scan, and that will make them move, the fastest motion will be in the middle and they won’t spend much time there because it’s moving fast. And low and behold they got an increase by a factor of a hundred or so. With only some of these working, they didn’t even cover the hole ring. What are left are what they call clearing electrodes in and currents went right up. 
The NSF had the curious psychological problem that the original Tantalus was advertised at running at 1 amp. It didn’t go anywhere near that. But no body wanted it to run that much. If you run 1 amp you get a big fat beam that you can barely use that much light. The DOE built a similar ring at Brookhaven called the National Synchrotron Light Source and they also advertised 1 amp before they built. They had people come occasionally from DOE and they’d show off by running at 800 mA but the users down on the floor, some didn’t pay any attention, they didn’t use the beam and they waited until it decayed to 400 mA. It was just too unstable and you’d get noise. Here they were getting to 250 mA in a relatively short time. It was a really sad history it was rough.

That’s what we run today correct?

Yeah it’s probably a little better now.

I forgot to mention this. Back in the early days when we had our first instrument there, they had a crew up in the control room for 40 hours a week and we’d get only 2 hours of beam per week and we didn’t know which 2 hours they were going to be. It was just so hard to inject it. They gradually over a couple of years improved it.

Oh and they had another big problem. Their magnets. The magnets here are powered by solid-state DC taken from the power lines. By silicon technology they converted it to DC. Up there (tantalus) they had what they called the amplidines, motor generator sets, big things probably 12 feet long. One end was a giant motor with a shaft, it went into the other end which was a generator. The motor was a AC and the generator made the DC, the barrins went out on those things a lot. I don’t know if they could put them in themselves a lot, and they had to order them. It cost a week or more, and they couldn’t do anything. I don’t’ know if they ever replaced them or not. So you got 1-2 hours a week. Later you might have gotten 30 hours a week, it was inconsistent.
Any last comments?

Things you don’t want to write about probably.

It was always a problem to get UW’s attention. They didn’t realized what they had, people came from all over the country and world to use it, and they were stingy when we needed office space for users, they couldn’t do anything. Well we finally got these trailers but it almost took death threats to get these buildings. Where do people stay when they come here? “There’s a hotel down the way.” They were less than ideal and a distance away, so the it drove the cost up for the experimenters. We had no sort of housing facility, the state said the don’t build housing no matter what.

Cliff Olson, went to the dentist in the area and was curious as to who built that building. It was really cheap. They just needed a building like this one, it was like pulling teeth to get this one. This gypsum board here was probably put up by storage ring technicians, and they had a lookout posted because the union sent a guy out to see if they were putting up wallboard that was supposed to be put up by union workers. And they came in on Sunday and they parked their cars somewhere else. Everything was done on a shoe strring.

This housing facility was weird, it was a gift by the farmer up the street. The state solution was the closing of a minimum security prison and they considered converting that into housing. Again, everything was done on a shoe string. It’s too bad, they really didn’t pay attention to this place. Other storage rings had housing standard, cafeteria, snack bars and all of that. Here, you were on your own. The university did not do much and some of the state law handicapped them, but some of it was that they didn’t do much.

Has it improved?

I really don’t know. I retired in 2003 and Cliff lived up here but I didn’t send any more students up here so I don’t really know. 

