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My real contact began in 1985 when my predecessor Keith Symon had to step down. The University, on short notice, looked around to find someone to get on board. They finally came around to asking me, I was chair of the department at that time, and I agreed. It was a situation where the NSF had put the University and SRC on notice that they were contemplating shutting down SRC. Eric Block, director of NSF at time, would be making the decision. My understanding of what had happened before was that the NSF asked agroup of outside experts on storage ring developments and physics, to look over and evaluate what was going on here and the possibilities of reaching the performance levels that were mentioned in the original proposal. The experts were not very optimistic about it. This information was passed onto Block; he had not made up his mind publicly however. Shortly after he announced he was going to shut SRC down, there was some money left over Erv Shane, came up with another million dollars from Wisconsin Alumni Research Foundation (WARF) to keep operation going for approximately one year, with the money leftover from NSF and the Uni, we could see ourselves continuing. 

This was important, what had happened and wasn’t seen important by the experts. Thanks to Don Kerst a plasma physicist who was involved in Tantalus, recognized the critical problem. He was a member of the department of that time. He made some suggestions for installing the charged electrodes in the tank. The idea was to pull the ions away from the path of the electrons. He said that this was done at Tantalus and had remarkable effects. Just to demonstrate the effect to everybody, they turned the electrodes off and Tantalus’s beam died off. He demonstrated how important these electrodes were.

The SRC staff picked up on this and began step by step installing these clearing electrodes into Aladdin. It was not a simple job because you had to turn off the storage ring and break the vacuum and insert leads and metal strips. You had to bolt it all together then pump it out and it would take about several weeks. This was January 1985, maybe a little more.

The more electrodes installed showed greater increases in current in the ring. We knew this, and people we talked to knew it yet NSF didn’t pay attention. Eric Block I think just wanted to wash his hands of it and turn it off. Through back door channels of communication of those lower down in the NSF, we got word of our understanding and fixing of the problem. They recommended that we just be patient and keep doing what you’re doing. By the end of fall it was completed and we reached our performance goals, 100 mA or so. We met all the objectives and design specification and the NSF said submit a proposal. It was reviewed and reviewed successfully. We were back in operation but we were always in some form of operation. That interim period of the funding, we were starting to move equipment from Tantalus in and began operating here (SRC) we weren’t going to run the old ring no matter what. 
After that, in 1986, the funding came through and we were off and running. We started building up the program, in a few months we shut down Tantalus and moved the operations over here. The facility just grew from there.

Can you tell me about your time at Tantalus?

My attention was directed towards Aladdin, and I was never actively involved with Tantalus. Being a theorist I didn’t have any contact there

Were you involved in research and administration?

Over the years I became involved with research. Initially it was administration. Aladdin and Tantalus were all part of the SRC, they were separate units but the staff was common. I had my own research program in magnetism and materials, and at that time it didn’t have much overlap with research going on here. I did drop teaching and departmental administration but other that nothing.

Can you tell me about after 1987 when Aladdin was on its forward track?

You almost have to look at the proposals and what was funded. But we had a mixture of beam lines and we started off with things that were available on Tantalus and some things that were built for Aladdin. We used the older equipment and we designed new equipment what we call insertion devices and undulators. We were not unique among synchrotrons and many were on board of insertion devices. But on a low budget, we were able to build our own, better than those available at Brookhaven.

Can you explain the insertion device?

There are two components. They arrays of magnets which in our case sit outside the pipe where the electrons go around and by controlling the strength of the magnetic field, which is perpendicular to the plane, you can control the energy of the light coming out. Instead of having a broad spectrum, from what are called the bending magnets, you can concentrate the spectrum into a very narrow energy ranges, more intense. 

Is the insertion device between the injector and ring?

No, they are not inserted into where the electrons are located, they aren’t inside. You can see them sitting outside of the ring. Our first device was one that was used at Lawrence Berrkely labs, one of the first ones made with permanent type magnets. We got it here and got it up and running, we hooked it up to a beam line and we made use of it. Then we designed, we purchased another one, the second one from a company that was going bankrupt out of the westcoast and this was their last insertion device and we spent time setting it up. Then we built a custom beamline to go with that. Then the third was one we designed and built here. Instead of permanent magnets it had electro magnets, it was joing SRC PSL and users from Univ Illinois. The users provided the money for the instrumentation.
Can you guide me through process of engineering a new piece of equipment?

The contacts were many, accelerator group, engineering group. Then with the users, ideally would say “we would like an enhanced energy or output in these particular ranges.” The energy of the ring was set to either 800 MeV or 1 GeV and in between. Just knowing what the users wanted and the capabilities of the ring, the people in the insertion device could then work back and say “you need such and such device, and your vacuum chamber is this big.” Then you bring it back to the users and tell them that’s what they could do. They usually modified their request, it’s a back and forth period that could extend a couple of years until a decision was made, then the detailed engineering begins. We build most of our own. The insertion device, if it was made of permanent magnets, someone else would do it according to our specs. Then we contract and look at the bidders. Much of it was handled by purchasing regulations so it went to the campus so we’d look at lower bidders. Then we had to contract a sign between uni etc… Then two years later the device shows up with minimal back and forth commentary during its construction. Then we test and give feedback. 

Accommodating these devices to the ring is an issue, you don’t want to disrupt the flow of the electrons. You sometimes have to put on additional controls to offset the effects of the new device. There are well known ways of doing that.

In terms of materials, is there a preferred magnet passive or electro?

I think most of them are the passive magnets made with rare-earth iron boride magnets because they have stronger fields, you’re limited with an electromagnet in comparison. So the E.M. are good for producing intense radiation at low energies, but in the major spectrum, it’s better to use permanent magnets but they’re a lot more expensive. We could build our own EM magnets for a ¼ of the price. 

We also have superconducting magnets, also expensive, but you can produce very high energy photons with them.

What about mixing up magnets?

Well you know there’s something similar in these permanent magnets and that is that you get these little blocks of neodymium iron boride, I think is a common one. And they are not identical, you mix them up for the same reason, you don’t want the strong ones over here and the weak ones here, you smooth it out by randomizing the distribution.
Is there way to test proper balance?

Yeha you can measure the field, you build your ray and make a detector that goes down the line. What you’re really interested in is the uniformity of the field, you don’t want a lot of bumps and rattles.

Concerning the energies, Aladdin runs at ~800 MeV-1GeV Can you explain how an electron “gains” energy and what that means?

There’s a sharp cutoff, it’s continuous but it cuts off. A blackbody continues indefinitely. There are formulas that calculate such. 

What does higher energy mean for an electron?

It’s the energy of motion, electrons have a little mass, but some, and if it were moving slowly at non-relativistic speeds the energy it would have would be kinetic energy 1/2mv2. When you get up to relativistic speeds, it’s a different formula. In the case of Aladdin, the electrons move 99.99999% 

So when you increase the energy, you’re increasing by say ~.9?

Yeah, or even sometimes less. You’re limited by the power and the magnets that help bend. You cannot have too much energy because the magnets can only exert so much of a bend. It’s like a car going around a corner too fast. You have to figure in the radius curvature of the magnets and it has to be consistent and the energy of the electrons has to be consistent. You can adjust for different electron energy by adjusting the bending magnets, but you can only do so much. You can have a weak field and low kinetic, a medium, but you can’t keep going up and up, but you can’t get much higher than 1.5 Tesla.

I was thinking about that, with Tantalus and its small size, were the magnets more powerful to bend them more sharply?

No, they had probably the same, that’s limited by the properties of iron. But they had lower energy, they had ~400MeV. Whereas Aladdin has 800MeV-1GeV

What else were you involved with at Aladdin?

I was involved in working with Hartmut Höchst and we were building a device for creating circularly polarized radiation. What comes out of Aladdin is linearly polarized and we wanted circularly polarized.  We engineered a quadruple reflection polarizer that was designed and built at PSL, that was really the first I guess real instrument of its type. Hartmut provided the scientific specs and materials. 
Can you explain what that does and how it manipulates the signal?

The electric field in an EM wave oscillates perpendicular to the direction of propagation. If it oscillates along a line perpendicular, then it’s linearly polarized. You can also have an Electric field rotating in the plane of the direction, that’s circularly and you can in betweens like elliptically polarized. The situation from the SRC is that the radiation is linearly polarized, and there are particular experiments especially those with magnetic materials where you learn more by using circularly polarized radiation than you do with standard radiation, it has to do with the magnetization. The electrons in the solid react differently with the circular, you can probe more deeply.

The thinking was to build polarizer insertion devices that have an array of magnets, but we couldn’t afford it. So we built and designed our own reflection polarizer. At the low energy it was as effective, but it was a lot of cheaper, like a factor of 10. So we got some nice experiments done. Recently the SRC received a insertion device with adjustable magnets that can actually produce circularly polarized without going through this reflection business.

How does the reflection cause it to change?

There’s certain materials and in this case it was gold film which can change the character of the polarization of the light. If you come off something strictly linear, it will give it a little bit of a twist. If you take advantage of the optical properties of the polarizer, and the optical properties of the gold and make the right adjustments and use 3-4 reflections and you can get a circular polarized light

This is probably very Newtonian question, but don’t the bends decrease the energy in the wavelength?

It doesn’t alter the energy in any perceptible way. The frequency of the light is the same but the polarization character changes. It was former SRC user, Nevell Smith, who first suggested this many years ago, but Hartmut helped make one. 

You said it was the magnetic field or the electric field?

The electric field. But having circularly polarized light allows you to study magnetic materials which by definition respond to magnetic fields. It gets a little complicated but you can imagine the spinning electric field connects with the different atomic levels of the magnetic solid.
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“But on a low budget, we were able to build our own undulators, better than those at Brookhaven.”

Can you describe the differences between the undulators here and those at Brookhaven?

I better retract that last comment. Maybe I was a little too enthusiastic. They certainly were a lot less expensive. IN particular, we had some built for us and we built some. The first undulator was on the long straight Eastern side. That was a hand-me-down from Stanford. It was a permanent magnet undulator and it was designed by a person who was an expert, who worked at the Stanford linear accelerator, his name escapes me but Mike Green would know. They no longer needed it so they gave it to us for nothing. So it got us off the ground in the insertion device business.

Do you recall when?

I think it was early 1990s.

Then we had that hooked up to a beamline, it may be hooked up to Pupa’s beamline. Then the second undulator we got was again put together by a company called Broback, a company that had the lowest bid, however, they were going out of business and they were desperate, hence them winning the bid. They were based somewhere in the Oakland Berkeley area, they sent it to us, it was half done. The scientists and engineers who actually designed it came out and helped us set it up. 

(We then examined a map of the Aladdin ring.)

SECOND PART:

So we were talking about the differences, pros and cons, between permanent and electric magnets.
Electric magnets are limited in the field strength, and so they are really suitable for producing rather low energy, say 50 eV and below beams. However, permanent magnet undulators can go much higher into the 100 eV. 

Can you describe why?

With an electromagnet you saturate it with current. So you have iron type magnets and you run current through it and you can only raise the field to only so high. Then in principle you could go higher but it would take an enormous amount of energy. They’re limited to 1.7 Tesla.

To reduce FEL’s of higher energy you need higher field, more wiggles. Remember that the radius of curvature to a particle in a magnetic field is inversely proportional to the field. So you get the wiggles or fluctuations and increase in curvature requires stronger fields. You can get that by bringing the upper and lower magnets together (hand motion). There are sections in the tank that are pancake flat like where the magnets can come closer and closer. In Japan, and I think in Europe build undulators inside the vacuum tank. You can get real close even down to the size of the electron beam itself, you can get real strong energies. You can get high fields out of electromagnets if you go to superconducting magnets. WE don’t have any here but the Advanced Light Source at Argonne and so forth. Typically they are used just to produce, not so much monochromatic light, but just high energy photons. It’s hard to get a superconducting undulator, but a superconducting wiggler you can more easily.  The advanced light source can produce hard X-rays even though the beam is at 3GeV like a 7GeV flow in a bending magnet.

How does a Superconducting magnet differ from an electromagnet?

It is a type of electromagnet, but because it’s made of superconducting wire, you can put enormous amounts of power into it. In an electromagnet you have to cool because of resistive heating. That limits you as well as the properties in iron. But superconducting magnets might not have any iron in it, just from the coils produces the magnetic field, and you can drive 100s-1000s of amperes with little or no loss.
What about a single pole wiggler that Walt talked about?

I’m not sure about that that was before my time. 

Have you heard of that design being used today?

Well maybe not a single pole, but two or three poles.

You are theorist, can you explain broadly how the groups of the SRC interact i.e. theorists, accelerator division, engineers etc…

I’m a condensed matter theorist so I don’t know, I’m not so much with the accelerator people but with the users, they have a lot of people here who work in the material sciences and that’s my research that I help with. Problems I’m interest in were mostly involving magnetism, and at the time there wasn’t that much interest in the synchrotron radiation community. I was working with people doing neutron scattering and magnetic resonance at other places, so I was pretty separate from what people did out here at first. But later I got more involved with the users such as Hartmut and Richard Hatch.

But I was mainly here as a manager and my research field was separate. I think we had mutual respect for the accelerator and engineers. I didn’t know what they were doing in detail nor did they.

Are there any other groups?

There’s accelerator physicists-optics-engineering-users + scientists who work with them (like Ralf Wehlitz and Hartmut Höchst)-Administration Outreach-

Joes’ background is accelerator physics so he has much more immediate interaction with the accelerator group.

Would you consider theorists as a group?

No.

Our last interview we spoke of building a new project which took generally about 2 years, can you expand?

I think so, you start with preliminary and conceptual designs, if it’s a significant project you have to have money somehow from government and the university or users. So there’s back and forth in that. You keep developing and refining the plans. That’s a somewhat indeterminate length. Once you get the go-ahead, you do the detail engineering design, the ones that the machinists work from and you start to build things and you assemble and sometimes you have to buy a mirror and optical components. I think years ago we made our own mirrors but not anymore, it’s a special skill to make high quality mirrors, so today we buy them and they are not cheap. 

Then you build it and install it on the ring, then there’s the checkout period and it sometimes its long and painful and sometimes its short. But you still have to make sure it performs according to specs


What’s considered short?

I’d say 6 months and long could be several years. You started off by saying that you conceptualize, what about the mathematical and physical parameters? 

That starts early, you have in mind a set of specifications an energy range or resolution or something like that, some performance specs. There are programs that will tell you “if you want to reach this level of resolution or energy range you have to have these dimensions and you have to have this level of performance and design in the mirrors.” You kind of pull things in together, and then you go back and forth and sometimes you have to compromise one or the other. If you want a broad-spectrum range you won’t have the same energy resolution.  You talk to the users or potential users and get input from them. It’s just a lot of back and forth and discussion, you do calculations and such. Finally, you get to something everyone, some more enthusiastically than others, sign off on.
Do you think after 2 years after the object is installed that the people who design it feel it’s obsolete?

No not really. You know the game is, you brag that “I have the best equipment…” Lots of pieces of equipment are still in use after many years because you don’t need the best performance, you know you’re interested in finding out information and data from materials that could be 90% of the best.
