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FOREWORD

Despite a downpour minutes before it began, the tour of the Advanced Photon Source
(APS) facility was the undisputed highlight of the Fifth Users Meeting for the APS,
held on October 14-15, 1992. More than 320 prospective users attended the two-day
conference at Argonne National Laboratory (ANL), which was sponsored by the
Advanced Photon Source, the ANL Division of Educational Programs, and The
University of Chicago Board of Governors for Argonne National Laboratory.

The participants came to hear about construction and R&D progress, talk with
representatives of major funding agencies, visit vendor displays, listen to scientific
presentations, and, above all, walk the APS site to gain a sense of perspective and
share the excitement of APS staff members at a point midway in APS construction.
At the APSUO business meeting, six new members were elected to the APSUO
Steering Committee. The current membership of the Steering Committee is shown
below:

APSUO Steering Committee

Roy Clarke, Chair (Univ. of Michigan)
Alan Goldman, Vice Chair (Iowa State Univ./Ames Lab.)

Michael Bedzyk (ANIL/MSD; Northwestern) Bob Batterman, ex officio

George Brown (Univ. of Calif., Santa Cruz) (CHESS)

Philip Coppens (SUNY, Buffalo) Arthur Bienenstock, ex officio

Kevin D’Amico (X-ray Analytics) (SSRL)

John Faber, Jr. (Amoco Res. Center) Brian Kincaid, ex officio (ALS)

Gene Ice (ORNL) Denis McWhan, ex officto

William Orme-Johnson (MIT) (NSLS)

Mark Rivers (The Univ. of Chicago/CARS)

Ian Robinson (Univ. of Illinois at Urbana- Stephen Durbin, Past
Champaign Chair, ex officio

Heinz Robota (Allied Signal Res. and Technol) (Purdue Univ.)

Albert Thompson (LBL)

Program Committee for the Sixth Users Meeting

Alan Goldman (Chair)
Michael Bedzyk
Ian Robinson
Al Thompson
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Proceedings of the Sixth Users Meeting
for the Advanced Photon Source

ABSTRACT

The Sixth Users Meeting for the Advanced Photon Source (APS) was
held on May 25-26, 1994, at Argonne National Laboratory.
Scientists and engineers from universities, industry, and national
laboratories came to review the status of the facility and to look
ahead to the types of forefront science that will be possible when the
APS is completed. The presentations at the meeting included an
overview of the project, advances in synchrotron radiation
applications, and technical developments at the APS. In addition,
there was a graduate student/postdoctoral poster session, various
demonstrations and displays, several vendors displaying their wares,
a tour of the APS Experiment Hall and three follow-up workshops:
Coherent X-ray Scattering, Microfocusing Technology and
Applications, and CAT Optics. The actions taken at the 1994
Business Meeting of the Advanced Photon Source Users
Organization are also documented.







WELCOMING REMARKS

Alan Schriesheim
Director, Argonne National Laboratory

It is a pleasure to see this group. I have watched the construction of this
project with some considerable interest and amazement, beginning with the
leveling of the field, examining all the arrowheads and Indian burial grounds,
and chasing off the Canada geese. It has been a remarkable sight to see the
actual facility being erected. Those of you who have had some limited contact
with what it takes to actually build something in the current era have some
idea of the pleasure that one gets when you run an institution such as this and
see that this nation can actually build something and not only pass pieces of
paper back and forth.

So it is with some considerable pleasure that I welcome this group today, and it
is with some considerable interest that I look forward to a meeting that we will
have in the new facility and the new auditorium. That will really be a
remarkable achievement, an asset for this laboratory, an asset for the region,
an asset for the nation, and, of course, an asset for the technical world.

I will say that the nation has decided that this particular project is a project
that is on the A list. I wander around Washington, and I have not found
anyone who I consider to be a person of good judgment who has not evinced
strong support for this project. Again, those of you who wander around
Washington in this year know that that is really an achievement in itself
because people are looking every place for a dollar to transfer to someone else.
We generally find people who are more than willing to look for dollars to support
this activity. I continue to look forward to that occurring.

It is with great pleasure that the laboratory is involved in this. We are
particularly fortunate in this state to have a Congressional delegation whom I
can call on the phone and who will actually answer my phone calls and who are
exceptionally supportive and active and involved, and a regional delegation who
are the same.

While I have the opportunity, I want to commend the Department of Energy
for its foresight in getting involved in these synchrotron projects, and 1
especially wanted to commend the Department of Energy for its continuing
good managerial involvement. It has been a pleasure to work with the
Department on this project. Finally before I leave I will express the obvious.
We wouldn’t be where we are today without exceptional leadership in terms of
the facility construction and the development of the Users programs, and that
is due to the really remarkable foresight of the managerial and technical teams
that Dave [Moncton] has assembled. In addition, you folks also show good
judgment in being involved in this project and so I commend you also.







Status Report on the Advanced Photon Source — Spring 1994
by
David E. Moncton

Associate Laboratory Director for the Advanced Photon Source
Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439 U.S.A.

1. Opening Remarks

The photograph in Figure 1 was taken exactly four years ago today. It shows an undisturbed,
79-acre site at Argonne. All that you see in the next photograph (Fig. 2) has been constructed on
that site in the last four years.

Our goal in designing and constructing the Advanced Photon Source (APS) has always been to
provide a facility which, to the greatest extent possible, maximizes the user’s time here. That
philosophy has, we feel, been manifested in the buildings and technical components alike.

Fig. 1. The APS site on May 25, 1990.
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Fig. 2. The APS site on May 12, 1994.
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Fig. 3. Plan view of the Advanced Photon Source.




Fig. 4. Interior of the APS experiment hall.

2. Facility Construction
2.1 Conventional Facilities

One result of that philosophy has been our awareness of the need to provide adequate conven-
tional facilities in support of the experimental program. We wanted the user lab/office modules
(LOM) to be as efficient as possible. For instance, they are located in close proximity to the
experiment hall (Fig. 3). They have space for shop facilities. A number of truck locks have
been designed into the facility so that users can bring equipment conveniently to their beamline
without leaving a door open to the weather. The first and second LOMs are under construction
at this moment. They are scheduled for completion by October of this year. The next two LOMs
(of a planned eight) are scheduled for occupancy in December of 1994. We have also issued a
notice to proceed on the fifth module, which should be available in 1995. Construction of the
remaining three LOMs will be decided based on availability of contingency funds and scientific
imperatives. The fifth module is one more than was called for in the original project scope. It is
being constructed at no increase in the project total estimated cost.

The experiment hall (Fig. 4) has been designed to be stable and quiet. We worked hard to
reduce the noise in the experiment hall. We believe it will be a pleasant place to work, where
one be will be able to hear a colleague from two feet away without shouting. The HVAC system
is designed so that the zones match the topology of each sector, providing some control over the
distribution of the air in each sector to offset any beamline hot spots created by equipment.
Suffice it to say that the buildings are meeting all of our objectives, and we are proud of our
Conventional Facilities Group for achieving that goal and doing so on schedule.




Fig. 5. Artist’s rendering of the APS central laboratory/office building.

2.2 Central Laboratory/Office Building

A 170,000-sg-ft central laboratory/office building (CLO), which will be located adjacent to the
experiment hall, is scheduled for completion in September of 1995. The CLO (Fig. 5) will have
a 550-seat flexible meeting facility, offices for APS staff and long-term visitors, and a number
of amenities for users, including various conference rooms and and 44 laboratories, each 500-sq
ft, located in a 4-story wing.

2.3 User Residence Facility

Detailed design for a user residence facility (URF) is on-going. The URF (Fig. 6) is being com-
pletely funded by the State of Illinois in what we think is a remarkable commitment. Illinois
Governor Jim Edgar came to Argonne recently and presented a check in the amount of $1.5 M
for design of the URF. We plan to finish the design by midsummer, at which point we hope to
have received the balance of the State appropriation in the amount of $17.4 M for construction.
We’re very grateful to the State of Illinois for following through on a promise made several
years ago by a previous administration.

The multistory, 140,000-sq-ft URF is to have a capacity of 240 beds — 160 in single, hotel-type
rooms, and an additional 80 beds in 24 quad units. The URF is designed to operate like a hotel,
with staff present 24 hours a day. Users can check in or check out and interact with the staff at
any time. The URF will have a dining facility to provide dinner for 200 people at a seating, a
meeting room, a user lounge, and various support facilities including a laundry. An innovative

Fig. 6. Artist’s rendering of the APS user residence facility.




consideration is the network of fiber-optic data links that will connect work stations in every
room to the residents’ experiments, allowing residents to monitor their experiments at any time.

In developing the rate structure for the URF, we have decided to run the facility on a full cost
recovery basis. We believe that will be possible because the building is being funded by the
State of Illinois. Since we will have no mortgage, we expect to use the resulting financial flexi-
bility to provide a discounted room rate for students. If you can think of anything else that
might make this building user friendly, please let us know.

Fig. 7. The APS electron gun and electron linac.

3. Accelerator Systems
3.1 Accelerator Commissioning

The first electron beam at the APS was accelerated in October of 1993. The electron linac (Fig.
7) is now operating at the design energy of 200 MeV and is performing very well. All modula-
tors and accelerating sections in the positron linac (Fig. 8) are operating. This segment of the
linac has been used to accelerate electrons (we are not yet producing positrons) to energies near
400 MeV for injection into the positron accumulator ring (PAR). We hope to produce and accel-
erate positrons in late summer or early fall of this year. Meanwhile, we are commissioning the
rest of the booster complex with electrons. PAR commissioning with electrons began in
February (Fig. 9). We achieved a few turns of stored beam in April and, in fact, injected into the
booster (Fig. 10) and achieved one turn. So we can now say that particles have traveled through
the entire injection system. We haven’t done any significant synchrotron commissioning at this
point, other than running some of the subsystems and working on the controls and diagnostics,
which are functioning extremely well.

As for the storage ring, it is approximately 60% installed. By the end of last week, 115 out of
200 girders were in place in the tunnel (Fig. 11). One can enter the storage ring tunnel and walk




s

Fig. 9. The APS positron accumulator ring.

Fig. 10. The APS booster synchrotron.
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Fig. 11. One sector of installed APS storage ring girders.

for quite a distance past seemingly endless sections of storage-ring girders. That is a source of
great pleasure for all of us. We are anticipating completion of storage-ring girder installation in
September of this year, followed by various other activities directed at completing the storage
ring by mid to late November. That schedule should allow us to meet the January 1, 1995, start-
of-commissioning milestone. I'm very pleased that the Accelerator Systems Division has not
flinched from the challenge of getting this complex machine into that tunnel on that time scale
and beginning commissioning. If you encounter someone from the Accelerator Systems
Division during this meeting, you might want to congratulate them on their success so far.

3.2 Control System Software

In addition to a great deal of work on hardware, there has also been extensive effort directed at
software development. One result has been our codevelopment (with Los Alamos National
Laboratory) of the EPICS (or Experimental Physics and Industrial Control System) software.
This high-performance, distributed run-time environment for data acquisition and control has
proven to be a great success. EPICS is being used to run all of our accelerators and beamlines.
It is designed for ease of use and has been adopted by a number of other accelerator laborato-
ries. When Governor Edgar visited us to deliver the $1.5 M for the URF, we took advantage of
his presence to help debug the EPICS system. We invited the Governor to push a button that
sent a signal via EPICS to fire the first official pulse of electrons in the linac (Fig. 12). The feed
from video cameras, which we were assured were looking at the fluorescent screens, started
flashing. All we asked was that the linac appear to be running, and I think it actually was.

4. Experimental Facilities
4.1 Insertion Devices

There is a tremendous amount of work going on in the Experimental Facilities Division (XFD),
as you will see during your visit. Some highlights include completion of the first production

11




Fig. 12. Illinois Governor Jim Edgar firing the first APS linac electrons.

APS Undulator A by the vendor, STI Optronics. The device is measuring up very well in vendor
tests. Its field characteristics are 10% in excess of our requirements, so we are sure that
Undulator A is going to yield the kind of performance that we’ve all been hoping for. By imple-
menting some mechanical improvements, we have eliminated the so-called “brilliance gap.” As
a result, these [Ds are going to provide a wide range of spectral tunability at brilliance levels in
the 1018 and the 1017 regime. Work is also proceeding on the design for wigglers.

4.2 Front-End Components

All of the bid packages for front-end components have been awarded and some of the first arti-
cles have been received. As part of the facility tour, you will be able to see the front-end proto-
type that has been assembled by the XFD Mechanical Engineering Group (Fig. 13). This proto-
type is being used to refine the design and also to train technicians. This way, when front-end
installation begins in the storage ring, we will be able to make efficient use of the limited time
that is going to be available due to the fact that this activity will be interleaved with storage ring

commissioning.

Fig. 13. Prototype APS front end.
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4.3 Monochromators

Another highlight of the year from the
Experimental Facilities Division is the success
of the inclined monochromating crystal. This
double-crystal monochromator, the basic crys-
tal-carrying assembly, was built by Kohzu. It
has been integrated with our liquid-gallium-
cooled, inclined crystal geometry and is ready
for test (Fig. 14). It, too, is available for you to
observe during the course of the meeting.

As you can imagine, many other achievements
have been attained by the Divisions. Tomorrow
you will hear about them in considerably more
detail, including specific planning dates for stor-
age ring commissioning, for undulator installa-
tion, and for beam availability throughout the
course of 1995 and early 1996.

We continue to be very interested in joining our
resources with those of ESRF and the Japanese
Super Photon Ring 8-GeV (SPring-8 ) in order
to deal with some of these challenging prob-
lems, particularly that of high heat loads. The
advent of diamond crystals affords an opportunity to combine some of the high-heat-load engi-
neering with diamond crystal technology to devise monochromators that work at extreme levels
of thermal load. The Japanese have made arrangements with their Sumitomo Laboratory to pro-
duce diamond crystals, and we find that a very attractive prospect. Diamond crystals are actual-
ly in use at ESREF, but there is also experience here in the U.S., primarily at NSLS. There is an
active effort around the world to develop diamond monochromators. It will require a very sub-
stantial effort to build a robust monochromator based on a readily available supply of diamonds
if we’re going to count on this kind of technology. There are a number of other projects where
the three laboratories can benefit from each other’s expertise.

Fig. 14. Kohzu vacuum/mechanical hous-
ing for inclined-geometry monochromat-
ing crystals.

5. Operations Objectives
5.1 Operating Energy

As the Project moves forward, we feel more and more assured that our principle performance
goals will, in fact, be achieved. We are not planning to operate at 7.5 GeV, but we believe we
can if we so desire. In fact, where appropriate we have used this higher energy as a design para-
meter to ensure that we could reach 7.5 GeV if need be. This approach affords a comfort mar-
gin that is important psychologically if nothing else, but that also might well be important tech-
nically. The machine can operate at 300 mA at 7 GeV, or 200 mA at 7.5 GeV. Of course, the
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initial plans are for 100 mA/7 GeV operation. We do not, at this point, have the technology
needed to cool a monochromator crystal being heated by beam currents that are substantially
higher than 100 mA. That is a long-term R&D objective. But we believe that all of the storage-
ring components, including the shielding, the crotch absorbers, and all the storage-ring hard-
ware, can tolerate as much as 300 mA. So, the challenge is in the optics. We believe that the
accelerator issues, while not trivial, are now taken care of.

5.2 Beam Stability

Beam stability is extremely important, as you know. We are doing many things to address that
concern, such as designing the entire complex to operate in top-off mode in order to provide
constant current to the users. We are quite confident that we will easily achieve the 10% of
emittance specifications that we have advertised for many years. The PAR seems to be working
very well. We needed the PAR in order to take full advantage of the high-frequency linac and
~ to achieve fast injections with positrons. By adding that ring to the accelerator complex, our
injection rates were increased to the degree that we can achieve 100-mA currents in less than a
minute. That is being done regularly with electrons at the European Synchrotron Radiation
Facility (ESRF) in France. It is a real pleasure for the ESRF user community to see injection
occur in less than a minute following a beam loss. That way, your whole experimental team
doesn’t diffuse away to the coffee pot and then require another hour for recollection. They get
the beam right back and nobody has time to leave. (If that’s a disadvantage, let us know.) As
difficult as it is to achieve that kind of injection with electrons, it is more difficult with
positrons because only a few positrons are produced in the target for every thousand electrons.
The accumulator ring will also provide extremely clean bunches for timing experiments.

6. Collaborative Access Teams
6.1 Memoranda of Understanding

The Proposal Evaluation Board (PEB) has to date approved 20 of our 35 sectors for use by 15
Collaborative Access Teams (CAT). The number of sectors that we currently plan to instrument
in the first phase is 16. There is an obvious difference between these two numbers. We will have
to rectify this gap by securing funds for additional front ends and insertion devices. The number
of sectors where we have actually entered into formal Memoranda of Understand (MOU) as of
this date is nine. The number of sectors for which we expect to have signed MOUs by the
beginning of August 1994 is 14. So we are still within our first-phase capability. The CATs
requesting the remaining six sectors are faced with funding problems. It will be some time
before they arrive here looking for front ends. In the meantime we will be working on the fund-
ing to provide additional front ends and insertion devices for the storage ring.

6.2 CAT Funding

Our CATs have had remarkable success obtaining financial support in a very difficult climate
for funding. Teams have raised some $115,000,000 so far, which is approximately 60% of the
initial estimate for construction of 14 sectors. That success is enabling these 14 sectors to pro-
ceed with design and construction of 28 beamlines. We believe that the majority of those beam-
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lines will exist when the APS begins operations in 1996. We do not foresee two or three years
of operations with only a small number of beamlines on the floor. Rather, we expect to have on
the order of 20 or so beamlines relatively soon with the balance to follow in good time.

6.3 Foreign Participation in Research at APS

We now have international participation from Canada, which has membership in two of our
CATs. We are in discussions with research institutions in Israel, Taiwan, and Australia about the
possibility of their involvement at APS. Israel has expressed some interest in developing a full
sector, although they may also join with another group. The other two countries are interested
primarily in collaborations of various sorts rather than in developing their own sector. Recently,
the Japanese have expressed curiosity as to whether we would accept a proposal from their
industry to do research at the APS. It is an interesting question, particularly for the Department
of Energy people in the audience, as to whether we would like to do that or not.

7. Concluding Remarks

All of the accomplishments noted here (and more) have been realized by many individuals,
including one large group of people who have labored on our behalf over the life of the project.
Users, obviously, have a vested interest in this facility. Those of us on the Project are paid to do
this job, so that’s at least one motivation, although we have others. But the people I'm address-
ing right now are not paid and they are, in most cases, without any direct interest in using this
facility. These people come here and give us their counsel. They have worked very hard over
the last six or seven years to assist in bringing this project to its current stage. So, as we move
closer to the day when the APS begins operations, it is very appropriate to thank all the mem-
bers of our various advisory committees for their splendid work.
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Summarized Excerpts* from
"The Possible Simplicity of Undulator Beam Research"

by
Jens Als-Nielsen
European Synchrotron Radiation Facility

For the past eighteen months at the ESRF, we have had beam in the ring and
several beamlines with insertion devices have been commissioned or are in the
process of being commissioned. When I was invited to come over to the
meeting here—and I appreciate it very much, it is a great place and a great
honor for me—there were essentially two choices. Either I could flash through
a number of experiments at a number of beamlines during that commissioning
period, or I could concentrate on one beamline, the one where I put my own
efforts, and tell you about our good and bad experiences of commissioning an
undulator beamline. Obviously, I picked the last choice.

... I want to tell you about the Troika concept. The basic philosophy is that
the undulator radiation is such a precious source and can do almost anything
for you, so it should feed more than one instrument. You can do that if you
have several monochromator stations. For example, we have a vertical,
double monochromator of the more conventional type, and then upstream
other monochromators that are x-ray transparent so that the beam can
continue to be used further downstream. At the same time, because they are
transparent, they don’t absorb much power. That may be one solution to the
heat load problem that we’ve been hearing about. This is killing two birds with
one stone. You get more use of your undulator radiation, and, at the same
time, there is a solution to the heat load problem, at least at the ESRF levels of
heat load.

So, I would like to go through some of these components along that beamline.
... I'will describe an extremely simple device that can be used to diagnose the
energy dependence and the angular dependence of the undulator radiation.
Then I will come back to the diamond crystals and also tell you how we have
been able to focus the very well collimated undulator radiation. Finally, I hope
to have time to mention a few of the experiments that we have been able to
carry out during this commissioning period. That is the outline. . . .

... As soon as the undulator is in the beamline and you can open the beam, you
want to characterize the undulator radiation. Is the spectrum [the same] as
you calculated? Do you have the number of photons you should have according
to calculations? Where is the beam? . .. One way to characterize the beam is
to use an extremely simple spectrometer device.

* These excerpts were summarized from a videotape of the meeting.
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In the beamline, you introduce two cooled Be windows with He gas in between.
As the undulator radiation comes through, it will be Compton scattered. If you
look at 90° with a solid state detector, then you will simply see the undulator
spectrum with, of course, a slightly distorted energy scale. It is distorted by
the Compton energy shift, which is not very much. Helium gas is nice because,
at 90°, you don’t have to go to too high an energy before all the scattering is
Compton. The cross section, of course, is known. Thus the count rate you get
in the solid state detector, if you know about the apertures, can be directly
translated into the number of photons in that spectrum. So, I think that is a
simple spectrometer.

We tried a little bit of that, and comparison of the measured undulator
spectrum, which only takes a few seconds, to the predicted spectrum resulted
in quite good agreement. This is a way to quickly measure the undulator
spectrum, and therefore you can do it at several positions of the aperture and
quickly find the central cone of the radiation. Remember, when commissioning
the undulator, it is a three parameter problem: . .. the two angular coordinates
... plus the energy.

A very simple way of producing an aperture in the undulator beam that can
take the heat load is to introduce a pair of cylinders that can be turned around
a point. In one position, you get the full aperture and the full beam through.
When the cylinders are turned, they close with respect to the beam. The beam
footprint on the these cylinders has some length and that reduces the heat load
problem. They are one inch in diameter and are chromium-plated hollow

copper cylinders with water cooling. Such a pair of cylinders is quite a nice slit,
and, at least at ESRF undulator beams, they can easily stand the heat load.
There is one set for the vertical collimation, and another set for the horizontal
collimation. The whole assembly is in a vacuum box. They are currently in use
on the Troika beamline and also on the machine diagnostic beamline. So, that
is one way of doing the initial commissioning of the undulator spectrum, and it
may be nice to leave it there for monitoring the undulator performance.

Now, I will talk a little about the diamond monochromator and its performance.
One problem is the heat load problem we have heard about already. One can
compare the advantage of diamond versus silicon. Consider that a thin disk of
diamond or silicon is put in the x-ray beam, which has a certain power and
power density. That will heat the crystal within a central area. Imagine that
the crystal is cooled at the periphery. Ask what is the temperature difference
between the cool area and the hot area, and how you can estimate how much
the crystal will distort under that heat load.

When you compare silicon to diamond, there is a considerable difference. First
of all, diamond only absorbs a relatively small fraction of the power in the
beam. So the power deposited in that optical element is less than in silicon.
Second, the heat conductivity of diamond is superb. It is the best heat
conductivity of any material known to mankind. Finally, the thermal
expansion parameter of diamond is a little bit better than it is for silicon. So all




together, there is an advantage of more than two orders of magnitude in the
relative figure of merit between silicon and diamond.

The only problem with diamond is its availability. We were lucky in the
beginning of 1992 to get a diamond crystal through a colleague I had at CERN,
where they use diamonds for a completely different purpose. I was able to
borrow that diamond crystal, and we have it. It is mounted on a copper
cylinder plated with chromium. One problem is strain-free mounting of such a
thin crystal. We learned from the Brookhaven group to use indium-gallium and
just let the diamond crystal float on that. It is held quite firmly by the surface
tension of the liquid indium-gallium. It is as simple as that.

Apart from the fact that the diamond is transparent so that you can have
several of them downstream and that you don’t have any heat load problem,
there is another advantage of diamond. When you put the diamond into the
beam and you have a plate glass window so that you can look at it, then the
diamond, [because of] the nitrogen impurities in it, fluoresces in the visible [and
can be viewed through the window]. In this way, you can see the x-ray beam
quite clearly, which is very convenient because then you know that you are
hitting the center of the diamond. It is a wonderful fluorescent material to put
in the direct undulator beam. That is an extra benefit.

We examined the performance of this diamond crystal at the Troika beamline
in the following way. The face of the diamond was (1,0,0), so therefore when we
used the (1,1,1) reflection, this becomes the asymmetric Laue configuration.
The crystal is at an angle with respect to the incident beam therefore there is a
difference between the width of the incident beam and the out coming beam.
That is the compression factor b, which describes the asymmetry. Then we
examine the diamond crystal with a silicon (2,2,0) crystal, which is cut
asymmetrically in such a way that the b factor becomes extreme and that
means that the receiving Darwin width of the silicon crystal becomes very
small. Therefore when you rock the silicon crystal, what you really see is only
the Darwin width of the diamond crystal. You can neglect the silicon Darwin
width for this asymmetric cut. The results show that the width of the rocking
curves is very close to the theoretical width of diamond crystal,
asymmetrically cut as we have it. We have done this investigation at several
beam sizes. If we open the beam size, the width increases. However, the
broadening is not due to the extra heat load but is due to slight imperfections in
that diamond crystal. But the broadening is not much, and therefore, for most
practical purposes, the diamond crystal performs very well although not
perfectly. . ..

... I would now like to spend a little time on some experiments we did to look at
how to focus the undulator beam by simple means. In our setup, we have a
(1,0,0) diamond crystal face used in the asymmetric Laue consideration [i.e.,
(1,1,1)] reflecting into a second crystal of germanium (2,2,0). Diamond (1,1,1)
and Ge (2,2,0) have almost the same lattice distance. So the exit beam from
the germanium will be almost parallel to the synchrotron beam - but not quite.
If we would like to do better than that, we put in a tangentially focusing mirror.
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The Ge (2,2,0) crystal produces focusing in the vertical plane by sagittal
bending, and the horizontal focusing is produced by the mirror. In order to limit
the mirror size, we use a W:Si multilayer mirror whose length is only about 20
cm. In this way, we have the possibility not only to focus but to have any
angle that we want in the exit beam. If we want a parallel beam, if we want a
focused beam, if we want a line focused beam, or if we want a point focused
beam—we can do all of that. . . .

... I would like to emphasize that the multilayer is a nice way of mirroring an
x-ray beam. A student of mine who is working at the ESRF in the Optics
Group has measured a number of these multilayers and found that they
provide quite respectable reflectivities up to 100 keV. . ..

. . . Let me now tell you a little more about certain experiments that we have
been doing. One experiment that we have been doing quite recently is maybe a
little bit of a surprise to you. It is not the kind of experiment you think you can
do at an undulator, but it turns out that you can.

We have some people who are interested in Quick EXAFS. They are catalyst
people and they would like to be able to obtain an EXAFS spectrum within a
second and then, in the following second, another EXAFS spectrum, and so
on—Quick EXAFS. I thought a little about that and have here a very simple
way of doing Quick EXAFS. The idea is that instead of a double mono-
chromator (which all EXAF'S experiments have), you have a single mono-

chromator—just a diamond and then a 20 arm after the diamond. You couple
them mechanically in 1:5 or 1:10 and then drive them from the same step
module so they always move in 1:2 with each power module. And then you
have a simple EXAF'S setup with an incident ion chamber and an outgoing ion
chamber and the copper sample between the two ion chambers, etc.

The other thing that is a little unconventional is—how do you record these
data, how do you get these data stored without spending too much time? The
idea is to use a multichannel analyzer (MCA) in its multichannel scalar mode.
So you just use the pulses to the stepping motor. You use that as the address
for the channel that you want to put it in. All of that is commercially available,
cheap, and you just use the stepping pulses to address the channel and the
input here, and you get an EXAFS spectrum. It all works out quite nicely.

But let me come back to how to do that at an undulator. First of all, we didn't
pick an odd harmonic to do it on; we did it at an even harmonic, the second
harmonic at a certain gap. As an example, we took a Quick EXAFS spectrum
of a standard copper foil, and, within three seconds, we obtained a quite
respectable EXAFS spectrum with all the significant features from copper.

Then we did it (two days ago actually) on a real catalyst system, which was a
mixture of copper oxide and zinc oxide on an aluminum support. We obtained
EXAFS spectra taken as we heated the catalyst to 160° C and let in the
reaction gas. We then observed what happens . . . with time. There were three
seconds between each of the spectra, and one can see quite clearly that copper
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oxide is reduced to metallic copper at a certain point. So, the message of Quick
EXAFS is that you can do it, it is simple to do, and you can do it perfectly well
at an undulator.

Conclusions:

1. SR [synchrotron radiation] research is not easy — but challenging and
rewarding. ‘

2. During commissioning, build up the beamline gradually with simple modules
(e.g., the He gas Compton spectrometer)

3. Undulator radiation is so precious that it deserves multiple instruments.

4. Focusing by simple means is possible (add-on Bragg-Fresnel crystals or
capillary tubes yield submicron beam size).

5. Coherent x-ray experiments and fixed wavelength diffraction are obvious
from third-generation undulator sources.

6. Spectroscopy research (MAD, resonant magnetic scattering, EXAFS, etc.)
is certainly feasible from an undulator source.

So as far as I'm concerned, undulators are wonderful, and that is where you
should put the emphasis.
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OUTLINE

Requirements to Work with Synchrotron Beams in the Transverse and
Longitudinal Coherence Limit.

Fraunhofer Diffraction from Pinholes:

Results form measurements on the ESRF “Troika” undulator beamline and the
NSLS X25 wiggler beamline will be used to make coherent photon flux
comparisons.

Coherent Scattering From Samples:

a) Importance of keeping Path Length Differences (PLDs) introduced by the
scattering geometry less than the longitudinal beam coherence.

b) Considerations for optimizing signal.

c¢) Ilustrate with coherent scattering results from crystalline domains in

Ko 3sMoOj3 (X25, NSLS).

Preliminary Results on Diamond Crystals Both as Monochromators and
Samples (“Troika”, ESRF).
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TRANSVERSE COHERENCE LENGTH ( 1 ) :

Finite Source Size = Loss of Tranverse Phase Coherence

Extended
Source

l,=AR/20

= Need an aperture of size L < [ ,. to isolate
the coherent fraction of the beam.
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SOURCE SPECIFICATIONS :

(E=8KeV,A=15A)

NSLS ESRF APS

X25 Wiggler “Troika” Undualtor Undulator A
G, (mm) 0.820 0.435 0.342
G, (mm) 0.038 0.096 0.091
O, (mrad) 2.0 0.019 0.024
Gy- (mrad) 0.1 0.012 0.009
Brilliance 1x10'° 5x 10" 2x10'®
(ph/s/mm?/mr?/0.1%BW)
R (m) [source to pinhole] 28 45 45
L, (Lm) 2.6 7.8 0.8
I, (um) 55 35 37
L (um) [collimat. pinhole] 3.0 8.0 10.0
Q2 (urad) [angle collimat.] 0.11 0.18 0.22
Coherent Fraction 9x 1077 6x 104 8 x 104
Flux (ph/s/0.01%BW) 2.4 x 106 4.2 x 108 1.9x 10°
[through pinhole]
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LONGITUDINAL COHERENCE LENGTH (L,):
Finite Bandwidth = Loss of Longitudinal Phase Coherence

l-—x —-l }-— AL 180° phase shift

AWANW/AWINVISVAGYARYAYA
\/ \VAAVEN/ANVAV VAV.VAV.VAV

’ g

L,=NA=(N-1/2) (A +AL)

=(A+AL) /2 AN
L,=A%/2 A)

AMA Lm) | e
2.0x 102 0.004 4.0x 101
Lax104 0.54 3.0x 10°
10% 106 76.0 2.0x 107

* Expected for APS Undulator A
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6 um Pinhole in 25 um Pt

Pinhole laser oblated by:
Dean Jorgensen, Optimation

28



For a 1 mm beam on a 5 um pinhole,

Area of pinhole
Area of beam

=3x107

= If a disc is 10 absorption lengths
thick, then same flux through

disc as pinhole

Absorption length for Pt at 8 Kev = 2.2 um
. Need backing apertures.

; ? z { 500 pm diameter
/] ¢ in 0.25 mm Ta
7 L/
/) /
. /
7 , 7S 200 pm diameter
d 4 { in 0.25 mm Ta
- %
i ? { 80 um diameter
7] 7 / in 50 pm Pt
Ze AL << { 5 um diameter
in 25 pm Pt
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BENDING MAGNET SOURCE

BRILLIANCE(ph/s/0.1%BW/mrad2/mm?)

104

1017

1015

10®

ot

UNDULATOR SOURCE

~N
— <
1/vVN
S — e
3 UNDULATOR A
- / _2
g (AE/E ~102)

] WIGGLER A
s BENDING MAGNET 1
< —_ \i
N U T | S S S D Y | U B N S R U S S Y
0.00 10.0 20.0 30.0 - 40

ENERGY(keV)
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FRAUNHOFER DIFFRACTION SET-UP
ESRF "TROIKA" BEAMLINE

e A=108A E=118KeV

* Primary slits ( 27m from source ) set to make
lx =1 y-~ 10 pm.

e l,~1um

5 um Analyzing Pinhole _

Diffracting Pinhole
(45 m from source) N

™ Flat SiC Mirror

™ g (220)
monochromator
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Counts / 30 sec

Counts / 30 sec

Fraunhofer Diffraction, Main Beam
5 wm incident.X 5 Wm analyzer

(Le=2.6pm, l,=55um)

! l 1 ’ 1 l 1

~200 0 200
A28 (prad.)
y
T I 1 i [
104 1 -
102 | _
1. J_ S L 1 , 1
~200 200

0
A2 Gx(uraa’.)
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EXPERIMENTAL COMPARISONS

NSLS TROIKA
A 1.5A "1.0A
AL/ A 1.4 x 10* Si(111) 5.9 x 10” Si(220)
Collimating Pinhole S um 10 um
Flux (ph/s) 3x 10° 3x 107
[through pinhole]
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D=23sin6/2

PLD =2D sinf = & sin’d
where 0 is the absorption length

monochromator

crystal \

For coherent scattering: L < lx , ly and PLD < lz = kz /2 AN .
At a distance R = 1 meter from the sample,

speckle size=RA/2L =25um (A=15A,L=3um).
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“Blocks” could represent:
Domain walls in incommensurate systems as charge density
waves, ferroelectrics, adsorbates.
Internal segments of polymers or viruses.
Colloidal particles.
Order-disorder fluctuations near a critical point.
Crystalline domains.

X-ray Photon Correlation Spectroscopy ( XPCS )

e Study dynamics of “block” fluctuations or motion by
analyzing the time evolution of their speckle pattern.

* Similar to visible light PCS, but with x-rays can probe length
scales down to interatomic spacings.




X25 Wiggler, NSLS

I ! |
20 __Incoherent
O —~—
3 +
S 20 | Coherent
o
3
<
fary
§ 0)
£ +
20 |+ Coherent
O N | |
—-100 100

For AA/A=14x10%A=15A, L,=A?/2AA = 0.5 pm.

For KO‘3MOO3 R 6=20 pm.

0
A28 (krad.)

= PLD = 3§ sin®0 < L, provided 26 < 19°,
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COUNTS / sec

500

400

300

200

100

Incident Beam Intensity

4pum pinhole

- F _

T T T

12 um 4

|

-200

-100 0 100 200
Front Pinhole Deflection, (um)
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Coherent Diffraction: Single Domain

10 pm incident x 5 um analyzer
X25 Wiggler, NSLS

I ' l K l
6 K.30M003
B (402)
2 _
g 4 _
O
@
°"9 = a
2 |
O } 1 | )
—100 0 100
A26y(p.rad.)

Icow / IsraGG ~ 103 = afew counts/sec in CDW peak.

39




(100 ) DIAMOND CRYSTALS
diffract from the ( 111 ) planes

£-Ray Beam

t = 400 um (synthetic diamond)
t =202 pm (natural diamond)
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DIAMOND AS MONOCHROMATOR

Analyzing Pinhole —> \
Collimating Pinhole\ \

SiC Mirror —

¥~ Diamond (111)
monochromator

DIAMOND AS SAMPLE

Analyzing Pinhole —% \

~

Collimating Pinhole

N

\ Diamond (111)
= siC Mirror

Si (220)
monochromator

4]




103

103

10°

Counts / sec,

103

10!

Scans parallel and perpendicular to the scattering plane using a

4 um collimating pinhole and a 5 pm analyzer pinhole from

(top) a Si (220) monochromator in Bragg geometry ,

(middle) a Diamond (111) monochromator in asymmetric Laue geometry &
(bottom) a speckle-pattern from a GaAs/AlAs multilayer .

— Bragg -~ Bragg —

I T I T l T ' ¥ ]' T ¥ l T ] T ] T ] T T

Si (220) Si (220)

A S| :

Diamond (1 11) 4 \ Diamond (111)

Laue \ Laue

\ 1" GaAs/AlAs

,.,/‘ ‘\'A\ (000)”
GaAs/AlAs J\ﬁ ‘h \{

~ (000) ., — _

I

| I SRR S S W ) 3 T B

200 0 200 200 200
A28y (urad) Azey(umd)




X-ray energy flow in an ideally diffracting
crystal in dynamical theory

[ Norio Kato, Acta Cryst. 13, 349 (1960) |

W=2 t sin( 26g )

Diffracted beam (R) and transmitted beam (T')
due to a single crystal.

40 -+ 40 ~
1 .% Transmission |
2 Reflection '5' Beam
§ Beam g
£ 30 30

~
&
W

10 1-0

21 0 =1 H 0 -1
p=tanf/tané, p=tan@/tan8,
(0) (b)

Theoretical spatial intensity profiles of a reflection
beam ({a) and a transmission beam (b), in the symmetrical
Laue case.
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Diamond Mono. Crystals

Laue Geometry

10 T T T 1 T T !

8 | SYNTHETIC 4X5um

Q ! (mono.) E=118KeV

g 6_— 1/u=2.58mmj

o 4T ]
1C_.D 5

I i

0 SO ar i j : Testtscgee—

" NATURAL ]

w

- (as sample)

10* Counts / 10 sec
- N

o

O 4
3, [ SYNTHETIC £ =400 pm
5\3 | (as sample) ;‘&io-w
20| =197 pm |
-
3 = -
O
Q1 k -
o | \ ]
T O t | 1 :

-200 -100 0 100 200

A206 x(urad)
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NATURAL DIAMOND (111) BRAGG

107

1

10

10

Ill[ 1

10

Counts/10 sec

Lllll

)
-
~

10

IHI

10° | R T R T DU R DU N DU N R B
-1560.0 -100.0 -50.0 0.0 50.0 100.0 150.0

Horizontal Scan (prad)
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X-ray Science with Polarized Radiation

Kenneth D. Finkelstein
Cornell High Energy Synchrotron Source (CHESS) and
Department of Applied and Engineering Physics,
Cornell University, Ithaca, New York 14853.

Collaborators
at CHESS Iowa State University McGill University
Qun Shen Alan Goldman Mark Sutton
B.W. Batterman J.C. Lang
S. Shastri
D. Bilderback 5/25/94

Introduction
Polarization Properties of Synchrotron Radiation

Sources

APS: What to Expect
Comparison to lower emittance machines

Beam Manipulation and Preparation
CHESS Undulator - Phase Plate Performance

Polarization Analysis

Complete Characterization by Multi-beam Bragg Diffraction

Selected Examples of Science with Polarized Radiation

Resonant (Near-edge) Diffraction
Some Recent Results using Energy Dispersive Methods

Conclusions
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Introduction
Polarization Properties of Synchrotron Radiation

Bend magnet radiation is linearly polarized in the orbit plane of the storage ring, but
contains elliptical polarization when viewed above or below this plane. Blum&“defines the
Stokes-Poincare parameters (P1, P, P3) which characterize respectively the degree of 0
and 90 degree linear polarization, +/-45 degree tilted linear polarization and left/right-
handed circular polarization in an x-ray beam. The fraction of unpolarized intensity is
given by Po=1-(P24Py24P32)172,
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Figure B.1 Normalized intensity of the o (I1 1) and = (I.) polarizations as a function
of the off axis angle v for 8keV photons at the CHESS Dline.( ¢ pp
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photne

J.c. LANC(1993))
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Measurements of the lim@- and circular polarization components of bend magnet
radiation made by Qun SheYrat CHESS E3 station. The beam is made monochromatic at
7.1keV by a double bounce silicon (111) monochromator and passed through a 0.25mm

high by 1mm wide slit about 25meters from the positron source. 20 7
( (]
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Other Sources

Wigglers: Linearly polarized sigma (or horizontal component) on axis, with the pi (or
vertical component) becoming unpolarized well above and below the orbit plane.

Undulators: Mainly linearly polarized, but with a complicated energy, and angle
dependence.

’ f H A’ﬁ/{b N{ C, Polarization of Undulator Radiation Zyg H o mon (C Lig7

90°

® A Fxed Energ 9~ ®

Fig. 2(a) and (b). Dependence of the direction of linedr polarization on the observing
direction for the first harmonic (Fig. 2(a)) and the second harmonic (Fig. 2(b)) with X=1.
Eaclr' circle represents a contour of 8, the aximuth is ¢ and the direction of each bar
inserted indicatés the plane of polarization.

v g7
z. 4

3 01 58
\f ; 0& E o From:
—_— V‘ = .
P d‘/hgéé. 33 2+ H. thmnp@
°
cf: 47/7%*& S0t (1980)
X I % # prtouic
1]
27 X Y
1 ;IOIQ ‘- —_—= |‘1‘(X\f/) T(K)
IR . -
bean . 2 I K= Clé’. c{ﬁ Chc”\
§ A parawmeter in
& 10 =% 3620 50 100 _ units ofF
Mre M 1Z Har monC |
Fig. 4. Spectra of the radiation from an undulator “ . ’ ?

(K=1, the first harmonic). The abscissa represents
the wavelength, normalized by io=4,/(2y%). The
broken line represents the intensity », of the
parallel component, the dot-dash line is the intensity
N, of the perpendicular component, and the solid
line is the sum of both components.
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APS: What to Expect
Comparison to lower emittance machines

As you have seen, one can obtain P1>0.90 at a first generation machine. Further, the
monochromator can strongly influence the purity of x-ray polarization on a sample. On
the face of it then, bend magnets at third generation machines will increase the available
high purity flux, but not by much. On the other hand as discussed below; undulator and
high brightness wiggler beams will permit phase plates to attain extremely high
throughput.

As pointed out to me by D. McWhan at this meeting, certain measurements will benifit
significantly from an increase in P from 0.9 to 0.99. Most notable are magnetic
scattering experiments where L and S (the orbital and spin components of angular
momentum in magnetic materials) are to be seperately determined. Another example of
this sensitivity to polarization purity occurs in the method of x-ray scattering from ferro-
magnetics discussed at the end of this talk.
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Beam Manipulation and Preparation

Control of the polarization can be achieved with Bragg diffracting linear polarizers and

. phase plates for elliptical polarization. Phase plates should be capable of providing high
intensity beams by using high brightness insertion devices as the source. Several phase
plates that have been tested are:

5
Bragg - Laue type at high energies Mills APS J CHESS

Bragg transmission type at medium energy Ishikawa@ PF, LV RE, E S‘QF, RPS

Bragg reflection type also medium energy Battermar@ CHESS

Experimental measurements where circular polarization is important:

X-ray magnetic circular dichroism

Resonant and noa-resonant magnetic scattering

Magnetic Compton Scattering

Determination of the phase of structure factors in crystallography
Nuclear Bragg scattering

Important qualities for elliptically polarized beams and sources:

Stability

High intensity

High polarization purity

Controllable polarization content (flipping of the helicity)
Energy tunable (diverse energy ranges)

Good angular collimation

Practical: initial cost, flexibility, reproducible performance

In 761:04// 7"/\67 al( 6Cuc04/f*</f‘m
P /uy/\ brughtness Source

* THRovel Fﬂ/'/' £
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CHESS/APS Undulator run: Bragg Reflection Phase Plate Performance

FRant
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C ,-ud&r.
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Fig. 8.48 The Fresnel rhomb.
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Polarization Analysis
Complete Characterization by Multi-beam Bragg Diffraction

(Quu Shew

(1) Linear Polarization: u{ M - 43 o,@ ' .

. 2
L [(1 4082 20)+(Pycos2X+P; sin2y)(1 —f:os 26)1 s (N @

I =

1(0°) — 1(90°) ?, ) PZ
1(0°) + 1(90°)

1(45°) — 1(—45°) 90
I(45°) + I(—45°) 135

[Pl] _ 1+cos?28 I:PI(ZG)} P(26) =

P, | sin?20 |Py(26)

Py(20) =
(2) Circular Polarization:

I =I-B(§){ c0s0 [Ags + Apy c0826]
+ Pycosé [Agy ~ Agy c0526]
+ Pycosé [Ays + Agrc0s26]
+ P3siné [-Ayy + Agrc0s26]},

where, I is the usual two-beam diffracted intensity, B(¢)= —1/[2cos8 A(L-0)A¢ ] defines
the deviation in azimuthal angle A¢ from the full multi-beam excitation with an effective

Lorentzian factor, and Agg, Aon, Ang and Aqy represent the strengths for 6—0, 6—n,
1 —0 and T scattering, respectively, in the MBD process. For maximum sensitivity

to circular polarizations, we choose an MBD reflection with 8+90°, which simplifies
eq.(3) to

Ligg = 1-B(¢) P3siné [~A;q + Ay, cos26]
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Selected Examples of Science with Polarized Radiation

X-ray Science with Polarized Radiation

July 24-25, 1994
Cornell University, Ithaca, NY. 14853, USA.

TENTATIVE PROGRAM

Sunday moming, July 24:

B.W. Batterman (CHESS, USA):
V. Belyakov (Surf.-Vac. Res. Cir, Russia):
E. Isaacs (AT&T Bell Labs, USA):

P. Carra (ESRF):

G. Drager (Halle, Germany):
K. Finkelstein (CHESS, USA):

Sunday afternoon, July 24:

E. Gluskin (APS, USA):
T. Ishikawa (U. Tokyo, Japan):
C. Malgrange (U. Paris, France):

POSTER VIEWING.
Dinner cruise on %Y,B&?}_ La__l_cg.

Monday morning, July 25:

U. van Buerck (TU. Miinchen, Germany):
M.J. Cooper (U. Warwick, UK):
C.T. Chen (AT&T Bell Labs, USA):

M. Hamrick (Rice U., USA):
C-C. Kao (NSLS, USA):
Y. Ma (U. Washington, USA):

M. Hart (U. Manchester, UK):

Welcome and opening remarks;
General overview;

Magnetic scattering on heavy fermion
systems;

Theory on dichroism and resonant elastic
scattering;

Polarization dependent XANES;

Elastic resonant scattering on metal oxides;

Advances on special insertion devices;
Overview on perfect crystal phase retarders;

Magnetic circular dichroism using energy
dispersive phase plate;

Nuclear resonant scattering;
Magnetic Compton scattering;

Polarization phenomena in soft x-ray
Spectroscopy;
Quasi-clastic resonant scattering;

Resonant raman scattering;

Resonant inelastic scattering as a band-
structure probe;

Concluding remarks.




Resonant (Near-edge) Diffraction

Templetog%nas pioneered the study of anisotropic anomalous x-ray scattering which@
is sensitive to the environment of resonating atoms in a crystal. More recently Kirfel has
demonstrated the influence of this effect on birefringence, pleochroic transmission and
anistropic fluoresence in non-cubic structures. At CHESS we have been studying the
multi-pole nature - of x-ray scattering using polarization apalysi a too for
understanding near-edge structure. Recent work by Hamricky” Blume and Carr as
helped to put these effects on a firm theoretical foundation.
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Some Recent Results using Energy Dispersive Methods
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Conclusions

There is a lot of interesting science to be done that will take advantage of the polarization
properties of synchrotron radiation. This talk has illustrated several examples: near edge
x-ray diffraction, and magnetic scattering. Other important areas are magnetic Compton
scattering, circular magnetic x-ray dichroism, and angle (and polarization) dependent x-
ray absorption spectroscopy to name a few.

The APS will provide high intensity, high purity polarized beams over a wide energy
range.

High brightness sources are essential if x-ray phase plates are to attain high throughput.

The polarization state of an x-ray beam can be determined quickly and accurately by
using a combination of single and multiple-beam Bragg diffraction.

Using the "handles" of: energy tunability, polarization selection, angle-dependence, and

Q-space selectivity, diffraction methods can provide enhanced sensitivity in the study of
electronic and magnetic structure.
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X-RAY MICROBEAMS:
CREATION METHODS AND EXPERIMENTAL APPLICATIONS

Stephen A. Hoffman*, Daniel ]J. Thiel*, and Donald H. Bilderback”

+ DND-CAT, Northwestern University, Evanston, Illinois 60208
* CHESS, Cornell University, Ithaca, New York 14853

1. Introduction

Many of today's most scientifically interesting
samples can only be prepared in volumes that
are too small to probe with conventional x-ray
characterization techniques. The existence of
tiny samples and the need for higher-resolution
x-ray imaging provide the motivation for x-ray
microbeam development. Here, microbeams are
defined as x-ray beams with a cross-sectional
dimension less than 10 um. Since the perfor-
mance of microbeam x-ray optics depends
largely on the brilliance of the x-ray source,
the construction of increased-brilliance syn-
chrotron sources has fueled the interest in de-
veloping microbeam optics.

Microfocused or condensed x-ray beams provide
smaller beam-confinement and increased inten-

sity-enhancement. X-ray beam confinement of-
fers increased spatial-resolution and improved
signal-to-noise ratios, while the enhanced in-
tensity can provide unprecedented elemental
and micro-volume scattering sensitivity. Some
of the many x-ray characterization techniques
that can benefit from the use of x-ray micro-
beams include fiber diffraction, protein crys-
tallography, microbeam spectroscopy, micro-
diffraction, x-ray imaging, strain mapping, and
grain size determination. The potential to ob-
tain structural information on crystals, fibers,
and powders of smaller dimensions than ever
before is driving the development of microbeam
x-ray optics to produce even smaller and more
intense x-ray beams than currently available.

2. Microbeam Creation Methods

The methods used to create microbeams of
x rays can be divided into three main cate-
gories: apertures, diffraction-based optics, and
reflection-based optics. A discussion of the
principles of operation, specific methods, and
state-of-the-art achievements for each cate-
gory follows.

2.1 Apertures

Apertures are the simplest method used to
create x-ray microbeams. The most common
types include: slits, straight capillaries, and
metal collimators. Because these devices have
no focusing or condensing features in their
operation, there is no enhancement of the trans-
mitted x-ray intensity (flux/area). According-
ly, the divergence of the x-ray beam is
unaffected by apertures, except for the outer
high-angles being cut off.

74

One of the state-of-the-art aperture microbeam
facilities is the X26A microprobe beamline at
NSLS of Brookhaven National Laboratory. At
this station, an 8 ym by 8 um full-width-at-
half-maximum (FWHM) hard x-ray beam
(energy > 5 keV) is created using a pair of tung-
sten-faced slits. Using a single slit they have
measured beam confinement as small as 1 pm
FWHM. Because they are simple and easy to
use, apertures will continue to be prominent in
the field of microbeams.

2.2 Diffraction-Based Optics

Diffraction-based optics focus x rays by either
Bragg diffraction or Fresnel diffraction. The
most common Bragg-diffraction microbeam
optics are multilayer mirrors and bent crystals.
The most common Fresnel-diffraction device is
the phase zone plate. Another more recently
developed microbeam optic is the Bragg-




Fresnel (BF) lens, which utilizes both types of
diffraction. Diffraction devices are monochro-
matic with varying amounts of bandpass. The
bandwidth transmitted through a Bragg device
depends on the number of crystal layers
diffracting. For a Fresnel device, the bandpass
is predetermined by an upstream monochromat-
ing optic. Since diffraction-based optics are
focusing devices, their focused beam size
depends on the size of the x-ray source. The
diffraction-based optics that will be discussed
below are multilayer mirrors, phase zone
plates, and BF lenses.

Multilayer mirrors are wide band-pass optics
due to the small number of synthetically-de-
posited layers (~10-100) in their construction.
The relatively large Bragg diffraction angle
(compared to glancing reflection angles for
regular mirrors) allows a large total angular
acceptance. Multilayer mirrors are usually con-
structed in a curved "saucer-like" shape, or are
prepared flat and then bent into this shape.
The mirrors are typically used in a
Kirkpatrick-Baez (KB) configuration in which
two mirrors are arranged consecutively at right
angles to one another and provide focusing in
two dimensions. The resultant beam size and
the focusing efficiency depend on the perfection
of the mirror-surface curvature and the quality
of the multilayer characteristics, such as sur-
face aberrations and layer-thickness consis-
tency.

Using a single multilayer mirror, a spatial res-
olution of 1 um FWHM (in one dimension) has
been achieved with hard xrays by the
Lawrence Berkeley Laboratory (LBL) group at
the Advanced Light Source (ALS). They rou-
tinely use two mirrors in the KB configuration
to achieve a 2 um by 2 um FWHM beam with
10-keV x rays. (2) The intensity gain with this
setup has been measured as a factor of 70 in-
crease over the flux/area that would be present
if no focusing had taken place.

Phase Zone plates are Fresnel-diffraction
devices that consist of circular zones with equal
areas and alternating compositions in a "jelly-
roll" formation. The two adjacent zone ma-
terials are chosen to produce a phase shift of
relative to each other as the xrays pass
through. This phase shift causes the diffracted
x rays from all zones to constructively interfere.
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The demagnification ability of the zone plate
is determined by the width of the outermost
zone. So far, zone plates have had outer
diameters on the order of 100 um, which makes
their total angular acceptance small. The
intensity gain from a zone plate is proportional
to the demagnification and the focusing
efficiency, which is the transmitted fraction of
x rays in the first order focus.

Using 8-keV xrays, the Advanced Photon
Source (APS) group at Argonne National
Laboratory have achieved a focal spot size of
0.65 um by 0.65 um with a zone plate. (3) The
focusing efficiency of this optic was 33%.
Smaller focal spot sizes have been achieved
with phase zone plates using soft x-rays. A spa-
tial resolution of 30 nm using 400-eV x rays has
been demonstrated by Anderson et al. (4).

The newest diffraction-based microbeam optic
is the BF lens. This device makes use of Bragg
diffraction from linear crystalline ridges with
surface areas that are distributed in a Fresnel
configuration. The result is that the Bragg scat-
tered x rays are Fresnel diffracted into a focal
point. As in the case of zone plates, the demag-
nification of a BF lens depends on the width of
the outermost zone (ridge). However, compared
to phase zone plates, the Bragg diffraction na-
ture and larger physical size of BF lenses allow
large incident angles, hence possessing a large
total angular acceptance.

An example of the present state-of-the-art res-
olution achieved with BF lenses is the creation
of a 0.8 ym FWHM (in one dimension) x-ray
beam at the European Synchrotron Radiation
Facility (ESRF). (5) This result is preliminary,
but the focusing potential for a BF lens is defi-
nitely promising.

The focusing ability of diffraction-based mi-
crobeam optics will certainly be improved at
the APS. With the increased brilliance, the
APS will have smaller source sizes and more
collimated beams. The smaller source sizes
translate into smaller focused beam sizes while
the increased collimation will allow greater
focusing efficiencies. The net result will be
smaller x-ray beams with higher intensity
gains.




2.3 Reflection-Based Optics

Reflection-based optics operate by the princi-
ple of total external reflection from the reflect-
ing surfaces. As long as the incident angle of an
x ray on the reflecting surface does not exceed
the critical value, the reflectivity is close to 1.
The value of the critical angle depends on the
energy of the x rays and the density of the re-
flecting material. Since a reflecting optic set to
a certain incident angle will pass all energies
with critical angles less than the incident
angle, these devices are low pass filters.

The most common type of reflection-based optic
is the standard total-reflection mirror. For the
purpose of creating microbeams of x rays, preci-
sion bent mirrors are used to concentrate the re-
flected rays into a focal spot. These mirrors can
be simply made of thin pieces of plate glass,
provided that the surface is sufficiently
smooth. Single-bounce reflection optics are

focusing devices, hence the focal spot size de-
pends on the source size.

Using a properly-shaped glass plate bent to
approximate an ellipse, a one-dimensional spa-
tial resolution of 2 um FWHM has been ob-
served by the DND-CAT on the X18A beamline
at NSLS of Brookhaven National Labor-
atory. (6) Two of these mirrors have been used
in the KB configuration to produce a focused
beam with a spot size of 5 um by 5 ym FWHM
and an intensity gain of about 250. -

The focusing ability of a bent mirror depends on
the perfection of the bent profile and the col-
limation of the incident x-ray beam. With the
smaller source size and improved collimation at
the APS, bent mirrors will provide a simple,
low-cost alternative to many of the other
microbeam optics. The final reflection-based
microbeam optic, covered below, is a tapered
glass capillary.

3. Tapered Capillaries

3.1 Monocapillaries

Glass capillaries have been used in the propa-
gation of x rays for more than 50 years. (7) In
1988, Stern et al. (8) proposed using tapered
glass capillaries to condense and confine x rays.
Since that time, monocapillary (single-bore
tubing) x-ray concentrators have been used to
make hard x-ray beams with diameters as
small as 50 nm and intensity gains approaching
1000. (9,10)

The x ray flux entering a tapered glass capil-
lary is condensed by multiple reflections off the
internal glass wall as the x rays pass through
the bore of the needle-like tube. As the diame-
ter of the tube decreases, the flux density in-
creases. If the incident angles between an x ray
and the glass wall remain below the critical
angle for total external reflection, then the
x ray is transmitted through the glass tube to
the small end. The gain in flux density is thus
determined by the ratio of the entrance and exit
opening areas, multiplied by the transmission
fraction for the device. It has been shown using
Liousville's theorem and emittance arguments
that tapered glass capillaries can have inten-
sity gains as high as 10°. (11)

A tapered glass capillary is a non-imaging op-
tical device. This feature allows tapered glass
capillaries to condense x-rays into spot sizes
that are independent of the source size. It is
important to point out that the beam diameter
is smallest directly at the tip of the glass tube.
One of the attractive characteristics of glass
x-ray concentrators is their achromatic prop-
erty, which allows them to condense light of
any wavelength.

Several experiments have been carried out to
demonstrate the experimental possibilities of
monocapillary x-ray concentrators. (9) The first
experiment was a Laue diffraction experiment
on a biological specimen of lysozyme. Using a
5.6-pm diameter x-ray beam, a Laue diffraction
pattern was observed from a 150-um thick sam-
ple in a 300-sec exposure. The x-ray beam had a
25-keV energy cutoff from an upstream mirror.
The diffraction pattern had a structural resolu-
tion of 2.2 A and used the smallest x-ray beam
ever employed for biological crystal diffrac-
tion. Using a microbeam like this will now
allow the structures of protein molecules and
viruses that only crystallize in tiny volumes to
be probed as never before.




In a separate experiment, a 0.31-um diameter
x-ray beam with an intensity gain of 31 and a
high energy cutoff of 25 keV was used to ob-
serve Laue diffraction from a 500-A thick sin-
gle-crystal, gold foil. This experiment showed
diffraction from the smallest diffracting vol-
ume ever observed (5x 103 pm3) with hard
x rays. Being able to obtain useful information
from such small samples will allow the study
of grain boundaries or micro-crystals, for exam-
ple, to take place.

To demonstrate the imaging resolution possible
with glass x-ray concentrators, a lithographi-
cally-prepared, 1000-A thick, gold pattern was
imaged. The capillary used for this experiment
had a small-end opening of 100 nm and an in-
tensity gain of 50. The pattern was shaped like
a tuning fork with 0.3-um wide features. An
analysis of the image gave an imaging resolu-
tion of 50 nm. This is the highest resolution
hard x-ray image to date.

3.2 Polycapillaries

One of the latest developments in the area of
capillary optics has been the use of polycapil-
lary tubing. Tapered glass polycapillaries op-
erate on the same physical principles as taper-
ed monocapillaries. For the purpose of making
microbeams on the scale of 10 um, ray-tracing
has shown that a much shorter length (1/5)
tapered polycapillary will perform just about
as well as a tapered monocapillary, provided
that the two concentrators have the same en-

trance and exit diameters. This may be a signif-
icant advantage for polycapillaries, consider-
ing that models of the ideal tapered monocap-
illary for condensing x-ray beams from 1 mm
down to 10 um are on the order of ten feet long.
Another advantage for tapered polycapillaries
is the existence of a "focal spot" located several
centimeters beyond the tip. This "focal spot”
can provide working room for experiments
where it is impossible to place the sample im-
mediately next to the tip.

We have drawn tapered polycapillaries from
glass tubing with 336 open channels in the bore.
A 460-pm diameter polycapillary was tapered
down to 150 pm. A minimum in the FWHM of
the exiting x-ray beam was measured 6-cm be-
yond the capillary tip. (12) Subsequent poly-
capillary drawings have produced tips as
small as 10 um. With the development of
better drawing techniques, polycapillaries are
most likely to find success in producing
10 micron-sized x-ray beams.

The outlook for tapered glass capillaries at the
APS is promising. As the performance of these
optical devices depends strongly on the colli-
mation of the entering x-ray beam, the high
brilliance of the APS should lead to much
better transmissions, and hence higher inten-
sity gains. The relatively inexpensive construc-
tion and the extremely high potential for in-
tensity gains and confinement give tapered
glass capillaries a solid position in the field of
microbeam optics.

Slits
Bent Mirrors
Multilayer Mirrors
Zone Plates
Concentrators

X-Ray Beam Dimension (um) Relative Area of X-Ray Beam
8x8 25,600
5x5 10,000
2x2 1600
0.65 x 0.65 170
0.05 x 0.05 1

4, Conclusion

A summary of the current state-of-the-art spa-
tial-resolutions for each of the microbeam
optics discussed in this paper is given in the
table above. However, in determining the ex-
perimental resolution for the application of a
particular microbeam technique, the absolute
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x-ray intensity at the position of the sample
should be considered. Because of differing setup
geometries, some of these techniques have to be
positioned further down stream than others.
This can lead to impressive intensity gains, but
less attractive total fluxes.




One can see by the breadth of this report that
the field of microbeam x-ray optics is currently
made up by a wide variety of methods, each
with attractive characteristics that are differ-
ent from the others. While not every type of
microbeam optic has been covered, those that

are most popularly being considered for use at
the APS have been mentioned. Since the oper-
ating and performance characteristics of all the
microbeam techniques are so varied, it is likely
that each technique will find a niche and be
present on the APS floor.

5. References

1. A microprobe facility on the X-26A beamline of NSLS at Brookhaven National Laboratory, rou-
tinely uses an 8 um by 8 um aperture for experiments with hard x rays (M. Rivers, CARS, University of
Chicago, private communication).

2. "Center For X-Ray Optics-1989," LBL-28001 UC-411 (University of California, Berkeley, CA,
1990), pp. 4-15.

3. W.B. Yun et al.,, Proc. Soc. Photo-Opt. Instrum. Eng. 1740, 117 (1993).

4. E. H. Anderson and D. Kern, in X-ray Microscopy III, A. G. Michette, G. R. Morrison, C. J. Buckley,
Eds. (Springer-Verlag, New York, 1992), pp. 75-78.

5. A 0.8-um beam at 15 keV has been made at the European Synchrotron Radiation Facility, Grenoble,
France, from a Bragg-Fresnel lens designed by A. Snigirv and V. Aristov (C. Riekel, private communica-
tion).

6. A 5um by 5 um beam was made with a pair of bent mirrors in the KB configuration using 6-keV

x rays at the X18A beamline of NSLS at Brookhaven National Laboratory (P. Georgopoulos, DND-
CAT, Northwestern University, private communication).

7. F.Jentzsch and E. Néhring, Z Tech. Phys. 12, 185 (1931).

8. E. Stern, Z. Kalman, A. Lewis, and K. Lieberman, Appl. Opt. 27, 5135 (1988).

9. D. H. Bilderback, S. A. Hoffman, and D. J. Thiel, Science 263, 201 (1994).

10. S. A Hoffman, D. J. Thiel, and D. H. Bilderback, Opt. Eng. 33, 303 (1994).

11. D. ]. Thiel, E. A. Stern, D. H. Bilderback, and A. Lewis, Physica B 158, 314 (1989).

12. S. A. Hoffman, D. ]. Thiel, and D. H. Bilderback, Nucl. Instrum. Meth. A (in press).




A Modern Method for the Solving of Macromolecular Structures:
A Case History -- A ribosomal protein fragment

R.M. Sweet and V. Ramakrishnan
Biology Department
Brookhaven National Laboratory

The scheme for determination of a particular protein structure:

Use molecular genetic methods to clone and express a particular protein or
protein fragment.

Expect to use anomalous-dispersion from specially placed heavy atoms in the
structure to determine phases.

This latter depends on the use of a versatile synchrotron x-ray beamline and an
adequate x-ray monochromator.

The difficulty encountered in this example:
Crystals cannot be grown of an interesting protein.
More information:

The protein is known to be flexible (UV spectroscopy on tyrosine residues shows
motion).

Treatment with proteases produces two fragments.
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The Solution:

Engineer two cleanly separated
fragments that can be grown in Se- '&ls_ CH
abundance in E. coli. | 3
Grow in a strain of the organism (":H z
that requires methionine -- feed it

Se-Met. CH2

I
HN-CH-COOH

Use diffraction data collected from
crystals of a fragment with the Se
atoms incorporated: Beamline
X12-C at the NSLS was employed.
Data were measured at three wavelengths near to the Se K-absorption edge.
Used the "Friedel Flip" method to get anomalous differences.
The structure was easy to solve -- the experimental electron density showed clear
resolution of nearly all the individual atoms in the structure.

A not-exhaustive list of detectors used for MAD projects:

Detector Group Place Example Projects

Video Ramakrishnan NSLS GH5

Multi-wire Kahn/Fourme LURE Lectin, Parvalbumin

Phizackerly SSRL Cu-protein, Myoglobin
IP, Weiss. Hendrickson, others PF Many

IP, Rot'n Hendrickson, others Several

IP, MAR Res. Ramakrishnan Ribo. Prot.




MAD Phasing: The state of the field

Fourteen structures have been published that depended only on MAD phasing.
Another 2-3 used MAD phases in combination with isomorphous replacement.

About half of these depended on Hendrickson’s idea of using Se-met
protein.

One used a brominated nucleic acid.
About five depended on natural first-row transition elements.
The rest are heavy-atom derivatives of atoms in the Z = 75 range.

There are 8-9 structures that are known to have been solved but are not pub-.
lished.

This example -- Ramakrishnan’s ribosomal protein fragment.
Kuriyan has two, including a variant of his DNA polymerase.
Hendrickson has four including:

Structure for which data were measured in January, chain was
traced by 3rd week in Feb, paper due out next month.

Structure with one ytterbium atom to phase a single molecular unit
of approximately 800,000 daltons.
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Installation and Commissioning Plans
for the Insertion Devices, Front Ends,
and Beamlines

Gopal Shenoy
Experimental Facilities Division
Advanced Photon Source

Contributors to this presentation:

Yeldez Amer
Glenn Decker
Patric Den Hartog
Glen Lawrence
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What is the Overall Plan for the
Commissioning of the Storage Ring,
Insertion Devices, Front Ends, and
Beamlines?
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What is the Two-Sector Test?

Objectives of the Two-Sector Test:

1. Test the performance of the high
energy transport line

2. Evaluate the performance of the
storage-ring hardware and vacuum
in the presence of the beam

3. Verify the shielding calculations
4. Investigate injection losses at the

high-dispersion sections of the
storage ring

5. Evaluate the performance of the
diagnostics monitors
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What is Insertion Device Configuration
Installation?

Objectives of the ID Configuration
Installation:

1. Ensure the compatibility of the ID
vacuum chamber in section 6 of the
storage ring

2. Check out installation procedures
for the ID vacuum chamber and the
ID

3. Train the installation crew

4. Evaluate the vacuum and ID motion
performance in actual location
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What is Two/Two Operation?

During this period, the storage-ring
tunnel will be accessible for
installation activities for a period of
two weeks, followed by two weeks of
operation.

In the present plan, the two/two

operation will begin in July of 1995 and
end in February of 1996.
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How Long Does It Take to Install an ID
Vacuum Chamber?
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What is the Sequence of Installation of
12-mm- and 8-mm-aperture ID Vacuum
Chambers?




ADVANCED PHOTON SOURGCE
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What ID Vacuum Chambers Will Be
Ready and How Many?

What Is the ID Delivery Schedule?

What Is the ID Commissioning Schedule?
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Is There a Similar Commissioning
Schedule for the Front Ends?
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What Are the Steps Involved before a
CAT Can Begin Beamline Installation on
the APS Experiment Hall Floor?
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When Should the Beamlines Be Ready?

Is There a CAT Beamline Commissioning
Plan?
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Summary of the Presentation

. The APS plans for the installation
of ID vacuum chambers, IDs, and
beamline front ends are aggressive
and are on time at present.

2. According to the present plan, the
commissioning of the IDs and the
front ends will begin in April 1994
and be completed in February 1996.

3. Those beamlines that are ready

first to receive radiation will be
commissioned first.




APS Undulator A
Performance Enhancements

Efim Gluskin
Experimental Facilities Division
Advanced Photon Source
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OUTLINE

Introduction
Magnetic field enhancement

Results of the ID vacuum chamber
developments

Undulator A spectral
characteristics - updated

Phase errors and magnetic
measurements

X-ray power output

First results of the magnetic
measurements of the first
Undulator A: performance
prediction
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ADVANCED PHOTON SOURCE
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ADVANCED PHOTON SOURCE
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FIRST OPTICS
MONOCHROMATOR PERFORMANCE
AND
OTHER HHL OPTICS R&D

Dennis M. Mills

Sixth Users Meeting for the APS
May 25-26, 1994
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ADVANCED PHOTON SOURCE

High Heat Load Monochromator

Program Goal

To procure a high heat load crystal mono-
chromator system that can deliver the undulator
beam to the sample with minimal loss of brilliance
with:

e APS operating at 7 GeV and 100 mA
e a 2.5-m ID with k=2.17 (4.2 keV first
harmonic)

Solution for Program Goal

The measured data and modeling indicate that a
crystal in the inclined geometry (with appropriate
inclination angle) cooled with liquid gallium will
meet the needs of this near-term goal. The
following should be noted:

e Liquid gallium has been selected as the
coolant for its superior physical
properties (as compared to water) such as
thermal conductivity and high boiling point.

e The inclined crystal geometry has been
chosen for its reduction in surface power
loading and improved heat flow.
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ADVANCED PHOTON SOURCE

HHL Monochromator - Mechanical/Vacuum

-Design Goals:

fixed exit operation

- 35 mm offset

tunable from 4-20 keV with Si (111)

high vacuum (10-6 - 10-7 torr) compatible
design independent of final crystal
configuration

operation with 2.5 m ID @ 7 GeV & 100 ma

Current Status:

The mechanical/vacuum portion of the APS
monochromator was delivered by Kohzu Seiki in
January 1994 and we have begun testing of the
mechanics. We also have motions (step motors,
servo-motors,) encoders, gallium pump read-out,
and vacuum pumps and read-outs under EPICS
control.
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ADVANCED PHOTON SOURCE

Power Density on the Crystal Surface

From the simulations and experimental resulis,
we have ascertained that the maximum surface
power density that our current cooling schemes
(i.e., slotted crystals with liquid gallium coolant at
1 - 2 gpm) can handle without substantial thermal
distortion on the crystal is about

4 or 5 watts/mmz2.

Initial finite element analysis of the APS
Undulator A thermal loading on back-cooled inclined
silicon monochromators has shown that, at closed
gap and 4.2 keV (worst case power loading) and
with an inclination angle of 85°, the thermally
induced slope error is 40 microradians. This is with
a heat flux of

6.1 watts/mma2.
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ANL/APS/TB-4

High Heat Load Monochromator Specifications

by Wah Keat Lee and Dennis Mills

February 1993

Advanced Photon Source
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ADVANCED PHOTON SOURCE

Liquid Gallium Pump

Performance Specifications

e Volume flow rate of 4 gallons per minute
(gpm) while operating with a head pressure of
75 pounds per square inch (psi)

e Gallium temperature controllable between
40°C and 70°C and regulated to £3°C with any
heat load from 0 to 5 kwatts

e System should be able to withstand internal
pressures of 200 psi and be able to be operated
under vacuum (<1 torr)

e A gallium-to-water heat exchanger capable of
removing 5 kW of power (with a 10 KW option)
with water cooling of <5 gpm and 80 psi

Current Status:

A commercially fabricated DC current pump was
delivered by Qmax and passed acceptance tests here
at ANL March 1994. We found the "settling time"
with a APower of 1kW was several minutes with a
temperature excursion of <3°C. Displays can be
readout through EPICS and we plan to have the pump
under EPICS control in the next several months.
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ADVANCED PHOTON SOURCE

Additional Activities and Tests Planned
for High Heat Load

Monochromator/Crystals/Ga Pumping System

1.

7.

Further tests of mechanics of monochromator
and of mono/crystal/pump system (examine
flow induced vibrations and possible approaches
for mitigation of any problems)

Fabricate and in-house test of 85° inclined xtal

Replace prototype 78° inclined crystal with
frit-bonded crystal assembly

Test inclined crystals with high heat flux
source (at CHESS with APS mirror, hopefully
Summer 94)

Complete monochromator control system under
EPICS (scanning capability/synchronous motor
moves, PZT) and incorporate control of liquid
gallium pump under EPICS

Improve prototype crystal mounts for ease of
use and rapid changes of crystals.

Begin development of feedback electronics for
maintaining stability of diffracted beam
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ADVANCED PHOTON SOURCE

Summary of High Heat Load
Monochromator/Crystal/Gallium System

e We currently have in hand a HHL monochro-
mator system that will work for many
Undulator beamline designs at the APS and could
be installed today if the APS were running.

* Final and complete testing can best occur
when the APS is operational with undulator
radiation. Until that time, we have been
working with other facilities to simulate the
thermal loadings expected at the APS.

* While we have tried to carry one approach to
completion there are other approaches that we
are investigating.

» We encourage Users to come to us with
ideas, particularly when APS can provide
support in terms of expertise, unique
capabilities, and/or equipment.
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ADVANCED PHOTON SOURCE

APS Staff Working on

Crystals:
Lahsen Assoufid
Bob Blasdell
Patricia Fernandez
Wah-Keat Lee
Dennis Mills
Shawn Rogers
Robert Smither

Mirrors:
Lahsen Assoufid
Ali Khounsary”*
Kevin Randall*
George Srajer*

Wenbing Yun*

Technicians:

We will add a Post Doc. in June.

High Heat Load Optics

FEA, HHL exp. program
ray-tracing inclined crystal,
diamond monochromator pgm.,
crystal bonding program
laser simulation, HHL exp.
program (on leave)

exp. program, inclined crystal
monochromator design, crystal
bonding program

group leader

FEA modeling, cryogenic
cooling

liquid gallium pump,
asymmetric crystals

analysis and design for focusing
mirror for high power density
analysis & design of HHL mirror
design of HHL mirror

specs. and procure. for focusing
mirror for high power density
design for HHL mirror

Al Paugys
Dale Ferguson

In addition | have requested an

additional Mech. Eng. be assigned to this activity starting ASAP.

* not full time HHL staff
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ADVANCED PHOTON SOURCE

Ongoing R&D Activities
Experimental: Monochromators and Crystals

e Tests of Kohzu monochromator (Lee, Mills)

e Test prototype inclined crystal on focused
wiggler beam at CHESS (Lee)

e Test of coolant distribution manifolds (for
the reduction of flow induced vibrations)
(Lee)

e Test (commercial) DC liquid gallium pump
at synchrotron source (Smither)

* Re-design and re-test Rocketdyne
crystals with optimized pin/post pattern
heat exchanger (Smither)

e Test of thick cryogenically cooled crystals
in-house and at CHESS in the Summer 94
time frame (Rogers)

« Tests and improvements of closed loop
cryogenic system (Rogers)

* A thin cryogenically compatible crystal has
been designed and is being fabricated. In-
house and HHL tests are planned for
summer. (Rogers and Knapp, MSD)
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ADVANCED PHOTON SOURCE

Perspective view of one half of the
proposed crystal.




ADVANCED PHOTON SOURCE

e Expand and accelerate R&D program in use
of diamonds as first optical components. In
collaboration with the ESRF and SPring-8,
encourage and work with single crystal
diamonds growers to increase size and
perfection (Blasdell)

e Test of variable asymmetric crystal in the
Summer 94 time frame. (Smither)

e In collaboration with HASYLAB, test
various HHL x-ray optical components on
DORIS Il wiggler beamline (early 1995)
(Lee, Smither)
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iamond Monochromator

Edge Cooled D

Design
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ADVANCED PHOTON SOURCE

Experimental: Mirrors and Multilayers

 Fabrication of a cooled prototype mirror
(Khounsary, Randall, and Yun)

Specifications:

Type horizontally deflecting

Angle of incidence 1.256°

Size 300 x 100 x 61 mm

Shape cylinder (p = 1400m)

Surface roughness 3 A ms

Slope error <2 pradians rms (no power)
<3 uradians rms (power)

Max. heat flux 3.2 watts/mm?2

Incident power. 2 kW

Coatings Ni, Pt, Rh

Substrate silicon

Cooling water

Expected delivery date is now June 1994.

e |Install, test and evaluation of CHESS high
heat load mirror. The HHL mirror for the
CHESS wiggler is about to be delivered.
(Expected delivery date is now mid June).
Plans are being made for installation in
June. (Srajer, Assoufid)
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ADVANCED PHOTON SOURCE

Comparison of power and power densities from
various synchrotron sources

Source Power Power Density

(kW) (w/mm?2)

CHESS F-2 wiggler (unfocused) 1.0 15

APS/CHESS prototype undulator 0.4 50

NSLS X-25 wiggler (focused) 0.04 120

CHESS A-2 wiggler (focused) 0.7 150-200

APS Undulator A (slit) 0.8 150

APS Undulator A (no slit) 3.8 150

In addition to using this mirror for producing a test
beam, we plan to examine mirror figure distortions
under thermal loads. Heat loadings similar to that
expected at the APS can be achieved by increasing
the angle of incidence over that typically used in
actual operation. Our plan is to attempt to optically
monitor thermal distortions in situ.




ADVANCED PHOTON SOURCE

Specifications for CHESS Wiggler Mirror:

Size

Shape

Surface roughness
Slope error

Max. heat flux
Max. power abs.
Meridional radius
Sagittal radius
Coatings
Substrate
Cooling

1200 x 80 mm

bent cylinder (torus)
3 Arms

1 uradians rms (no power)
2 uradians rms (power)
0.5 watts/mma2

2 kW

~ to 2.2 km (variable)
3.88 +0.02 cm

Ni with 300 A Pt
Glidcop

water
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ADVANCED PHOTON SOURCE

e Complete tests and evaluation of micro-
channel cooled substrates for multilayers.
(Khounsary, Yun)

Specifications:

Angle of incidence 0.5° - 6° (30 ev < E < 4 kev)
Size 90 x 45 x 43 mm

Shape flat

Surface roughness 1 A rms

Slope error <2 uradians rms (no power)
Max. heat flux 1.5 watts/mm?2

Incident power. 360 watts

Substrate silicon

Cooling water thru pchannels

The unpolished unit has been delivered and

tested in-house for vacuum compatibility and
pressure induced distortions from the coolant.
It has now been sent back for final polishing for
acceptance of multilayer deposition. Expected
delivery date is end of July.







ADVANCED PHOTON SOURCE

Modeling:

Modeling of warm Si inclined crystal for
Undulator A and flat crystals for BM and
Wiggler A source. This is currently being
summarized and written up for distribution.
(Assoufid)

FEA of diamond crystal with Undulator A
(Assoufid) |

Continue FEA of thin crystals (Si, diamond)
at room temperature and cryogenic

temperatures with APS undulator power
and power densities (Assoufid and
Rogers)




ANL/APS/TB-19

A Finite Element Analysis of
Room Temperature Silicon Crystals for the
Advanced Photon Source Bending-Magnet
and Insertion-Device Beams

by L. Assoufid, W.-K. Lee, and D.M. Mills

August 1994

Advanced Photon Source

(AN

Argonne National Laboratory 173
operated by The University of Chicago for the U.S. Department of Energy under Contract W-31-109-Eng-38
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PART 1 MAIN COMPONENTS ’ 1 OF 3

‘ APS BEAMLINE DESIGN TOOLBOX (SIDEVIEW)
|

| %- F230 D BEAMLINE FILTERS
i Fl L‘I’E RS o ] WITH COLLIMATOR K1 AND BELLOWS

F-F 575 mm + 452 mm
OA 13 mm (V) X 76 mm (H)

L1 ID U/W WHITE BEAM H&V SUTS

SI_’TS F-f 1750 mm

OA (IN) 85 mm (V) X 70 mm {H)
OA (OUT) 0-85 mm (V) X 0-60 mm (H}

L2 WITH ION PUMP ;

SLITS 1 WITH 10N PUMP

1

F-F 465 mm + 320 mm !
0A 0-30 mm (V) X 0-30 mm (H) f
i

L3 BM WHITE BEAM H&V SUTS

WITH COLLIMATOR K1 AND VALVE

= F-F 600 mm + 475 mm :
OA 0-30 mm (V) X 0-30 mm (H) i

i

SLITS

L4 BM MONO. BEAM H&V SUTS

F-F 465 mm + 320 mm
OA. 0-30 mm (V) X 0-120 mm {H)

LITS

LD UNDULATOR WHITE BEAM H&V SUTS
SL[TS i F-F 1490 mm

CA (N} 20 mm (V) X 35 mm (H)
OA (OUT) 0-7 mm (V) X 0-7 mm {H)

P4 ID INTEGRAL SHUTTERS/STOPS
SHUTTERS T WHITE BEAM MOVEABLE STOP WITH KIRK KEY
iT].J oA 133 o () % 80 mm () ggEMSSTRAHLUNG MOVEABLE STOP WITH KIRK KEY
- BA 15 (1) % 80 (80 UBLE MONO. BEAM SHUTIERS
‘ : P5 ID INTEGRAL SHUTTERS/STOPS
S H U TT E R S e ;‘: 352 o X 50 mm 4) g:g&sgwmﬁﬁ? r::(';sox STOP
BA 10 mem (V) % 80 e (  DOUBLE MONO. BEAM SHUTTERS
S07758 TOOLBOXS.DWG 04-12-1994
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APS BEAMLINE DESIGN TOOLBOX (SIDEVIEW)

PART 1 MAIN COMPONENTS 2 OF 3
Po6 BM INTEGRAL SHUTTERS/STOPS
SHUTTERS e SEEMeUR e mmos
oA 15 o ) X 120 m:'"(H)” DOUBLE MONO. BEAM SHUTTERS
: P/ BM INTEGRAL SHUTTERS/STOPS
S H UTTE R S == ;; ‘;‘;"3 ™ 0 % 120 om ) g:EITMESSBTERAAMHLﬁ:ED r&ﬁ" STOP
) o 0 120 s DOUBLE MONO. BEAM SHUTTERS
SHUTTERS é: P8 DOUBLE MONQ. BEAM SHUTTERS
i (F)_.: I;.aio::(\l) X 120 mm (H}
KOHZU KOHZUZ 15 wonocHRoMATOR
MONOCHROMATOR o s 30 mm WITH DAGNOSTIC SCREEN
M | R R O R UNDULATOR VERTICAL REFLECTION
P B P M B 5 PHOTON BEAM POSITION MONITOR
z:: 2753r5n:?v) X 72 mm (H)
E BSW3 ;
MONO. BEAM POSITION MONITOR
PBP M F-F 640 mrr; , " WITH VALVE AND WINDOWS
QA 38 mm (V) X 72 mm (H
PUMPS 6OPMP 60 L/S IN LINE ION PUMP

fF-F 317 mm

S07758 TOOLBOXS.DWG 04-12-1994
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APS BEAMLINE DESIGN TOOLBOX (SIDEVIEW)

PART 2 . SUB-COMPONENTS BELLOWS
BELLOWS W V2-82 6 CF X 4 1D. X 210 mm
BELLOWS W V2-83 & CF x4 D X 175 mm
BELLOWS {# V2—-84 6 CF X 4 10. X 110 mm
BELLOWS M V2—85 127 X 6 CF X 4 1.0, X 200 mm
BELLOWS [l V2-86 & cF x4 10 X 230 mm
BELLOWS [W] V2-87 & x6& CFX 4 LD. X 200 mm
BELLOWS M V2—88 12" x 8 CF X 4" 1D. X 200 mm
BELLOWS m V2-89 6" CF X 4 1D. X 250 mm W/2.75" PORT
BELLOWS m V2-91 10" X 8" CF X 6" LD. X 200 mm
BELLOWS m V2-92 12" X 8 CF X 6" 1.D. X 200 mm
BELLOWS [l Vv2-93 & crx6 1D x 200 mm
BELLOWS [} V2-94 & crx & D x 250 mm
BELLOWS [l V2-95 & crx & 0. x 230 mm

S07760 SUBTOOLS.DWG 05-24-1994
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APS SLAMLIND DESIGN TCOLBOX (SIDEVIEW)

PART 2 SUB-COMPONENTS ACTUATORS
LINEAR AT—87 STEPPING MOTOR DRIVEN
CTUATORS | 675 CF —— 30 mm
LINEAR A1—85 STEPPING MOTOR DRIVEN
ACTUATORS X - Z 25 mm FOR L5 SUTS
LINEAR % a1_gg  STEPPING MOTOR DRIVEN
ACTUATORS 8" CF == 30 mm

HEAVY LOAD

LINEAR
ACTUATORS STE%PI(I;J?_EA%O& DRIVEN
LINEAR % A3—81 PNEUMATIC DRIVEN
ACTUATORS 8” CF -— 31 mm
LINEAR A3_83 PNEUMATIC DRIVEN
ACTUATORS 8" CF -—— 70 mm
LINEAR PNEUMATIC DRIVEN
ACTUATORS 8 CF —— 33 mm
LINEAR PNEUMATIC DRIVEN
ACTUATORS 8” CF —— 35 mm

S07760 SUBTOOLS.DWG  05-24-19%4
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FIRST OPTICS ENCLOSURE




MONO. BEAM EXPERIMENTAL STATION
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Peak Heat Flux @ 56 m (W/mmz)
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—7mm Pb (pink beam)

7mm Pb (white beam)

T T T T T T T - - - - 2{mm Pb (white beam)

10°
S ) ﬁ
@ 1072
£
)
e
g
E 10"
D
0
(@]
]
10°°
10-8 !l'lllllll;lll]lll 11

0 50 100 150 200 250 300

Photon Energy (keV)

Fig. 2 Surface dose received on human tissues for different thicknesses of Pb on the
beam transport. The Pb is located 2 inches away from the 30 cm Cu scatterer, at
90° to the x-ray beam. The x-ray beam can be directly from the Wiggler A source
(white beam), or after reflecting off a Pt mirror at 6 = 0.15° (pink beam).
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Specifications for the Horizontally Deflecting Mirror

Grazing incidence angle

0.159

Incident beam power

1200 W

Peak heat flux

0.36 W/mm?2

Surface roughness

<4A

RMS slope errors (excluding thermal effects):

Tangential (along the mirror length)

<2 urad

Sagittal (along the mirror width)

<2 prad

RMS slope errors (including thermal effects):

Tangential (along the mirror length)

<4 urad

Sagittal (along the mirror width)

< 20 urad

Mirror length

1500 mm

Maximum mirror width

150 mm

Substrate

Si

Surface coating

Rh, Pt

1.2 m spec/5-22-94/AMK
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Rationale for Using a First Mirror

Power Filtering A mirror can substantially reduce the heat
load on downstream optical components resulting in simpler
designs. For example, one of the branchlines uses a
conventional double crystal monochromator downstream of a
first mirror.

Radiation Shielding By substantially suppressing higher
harmomcs, the reflected wide band-width synchrotron beam
requires a reduced shielding.

Polarization Preservation At grazing angles of incident the
source polarization is preserved.

Branching and Focusing A first mirror may simultaneously be
used for branching and/or focusing the synchrotron beam

Heat Flux Reduction Because of the small grazing incidence
angles, the heat flux on a mirror is correspondingly smaller than
on a diffracting element.

Variable Band-Pass Filter With an appropriate choice of
coating materials and/or grazing angles, a low-band-pass filter
with variable cut-off energy can be constructed.

Multi-Laver Capability With multi-layer coatings, the spectral
range of a mirror can be increased, although shielding
requirements may also increase.

Choice of Substrates A wider choice of substrate materials is
available for high heat load first mirrors than for double crystal
monochromators. Also, crystalline deformation in the
fabrication process (e.g., bonding/brazing) of complex cooling
structures necessary for high heat load optics.

But
Increased Optics Size Because of the small angles of incidence
in mirrors, the optics size can be large.

Tight Tolerances Roughness and (fabrication & thermal) slope
error tolerances for grazing incident optics are very tight.
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BUSINESS MEETING OF THE ADVANCED PHOTON SOURCE
USERS ORGANIZATION

Alan Goldman called the business meeting of the APSUO to order on May 26,
1994. He thanked Roy Clarke, outgoing Chairman of the APSUQO Steering
Committee, on a job done well for the past 18 months. He pointed out that Roy
had set a fine example to follow. In brief remarks, Alan indicated that the APS
is a unique facility for a lot of reasons, and one of the reasons is that it is
strongly user driven. That is, users, their opinions and their input, make a very
large difference at the APS.

The main purpose of the business meeting was to elect seven new members of
the APSUO Steering Committee. Nine candidates had been slated in advance
by the Nominating Committee. No one was nominated from the floor. Users
voted for the new members by ranking them in order of preference. The
winning candidates — Steven Ealick, Richard Harlow, Gabrielle Long, Ronald
Pindak, John Quintana, Larry Sorensen, and D. Mark Sutton — assumed office
immediately after the end of the Business Meeting.

Following the annoucement of the election results, Alan Goldman closed the
APSUOQO Business Meeting.
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APSUO STEERING COMMITTEE

Chair:

Alan I. Goldman

Ames Lab - US DOE

Iowa State University

Physics and Astronomy
Ames, JA 50011

Phone: 515/294-3585

Fax: 515/294-0689

E-mail: goldman@ameslab.gov

Members:

Michael Bedzyk

Materials Science Division
Argonne National Laboratory
Bldg. 223

9700 S. Cass Avenue
Argonne, IL 60439
Phone: 708/252-7763

or 708/491-3570 (NWU)
Fax: 708/972-7777

or 708/491-7820 (NWU)
E-mail: bedzyk@nwu.edu

George S. Brown

Department of Physics

Univesity of California,Santa Cruz
Santa Cruz, CA 95064

Phone: 408/459-2327,

Fax: 408/459-3043

E-mail: gsbrown@cats.ucsc.edu

Kevin D'Amico

X-ray Analytics, Ltd.

222 South Monroe St.

Hinsdale, IL 60521

Phone: 708/887-9941

or 708/252-3959

Fax: 708/887-9942

E-mail: kevin_damico@qmgate.anl.gov

Vice Chair:

D. Mark Sutton

Deputy Director, IMM-CAT
Centre for the Physics of Materials
McGill University

Physics Dept., Rutherford Building
3600 University Street

Montréal, PQ H3A 2T8

Canada

Phone: 514/398-6523

Fax: 514/398-6526

E-mail: mark@phyics.mcgill.ca

Steven E. Ealick.

Dept. of Biochemistry
Cornell University

207 Biotechnology Building
Ithaca, NY 14853

Phone: 607/255-7961

Fax: 607/255-2428
E-mail: see3@carnell.edu

Richard Harlow

Central R&D Department

E.I. Du Pont de Nemours & Company
Experimental Station E228/316D
P.O. Box 80228

Wilmington, DE 19880-0228

Phone: 302/695-2097

Fax: 302/695-1351

E-mail:
harlow@esvax.dnet.dupont.com

Gabrielle G. Long
Ceramics Division
National Institute of Standards &

"Technology
Bldg. 223/Rm. A163

Gaithersburg, MD 20899
Phone: 301/975-5975

Fax: 301/990-8729

E-mail: gabrielle@enh.nist.gov




Ronald S. Pindak

Deputy Director, MHATT-CAT
AT&T Bell Laboratories

600 Mountain Avenue, Room 1D-436
P.O. Box 636

Murray Hill, NJ 07974-0636

Phone: 908/582-2719

Fax: 908/582-4702

E-mail: ron@physics.att.com

John P. Quintana

DND-CAT Synchrotron Research
Center

Northwestern University

¢/o Argonne National Laboratory
9700 South Cass Avenue,
APS/400/Sec. 5

Argonne, IL 60439

Phone: 708/252-0223

Fax: 708/252-0226

E-mail: jpg@nwu.edu

Mark L. Rivers

Consortium for Advanced Radiation
Sources

The University of Chicago

5640 S. Ellis Avenue

Chicago, IL 60637

Phone: 312/702-2279

Fax: 312/702-5454

E-mail: rivers@cars3.uchicago.edu
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Ian K. Robinson

Physics Dept.

University of Illinois

1110 West Green Street

Urbana, IL, 61801

Phone: 217/244-2949

Fax: 217/333-9819

E-mail: robinson@uimrl7.mrl.uiuc.edu

Larry B. Sorensen

Dept. of Physics FM-15

University of Washington

Seattle, WA 98195

Phone: 206/543-0360

or 206/543-2770

Fax: 206/685-0635

E-mail:
sorensen@dirac.phys.washington.edu




APSUO Ex Officio Members:

Susan H. Barr

User Program Administrator
Argonne National Laboratory
APS/XFD, Bldg. 362

9700 S. Cass Avenue
Argonne, IL 60439

Phone: (708) 252-5981

Fax: (708) 252-9250

E-mail: barr@aps.anl.gov

Boris Batterman
CHESS

Cornell University

279 Wilson Laboratory
Ithaca, NY 14853
Phone: 607/255-0917
Fax: 607/255-9001
E-mail: bwbl@cornell.edu

Arthur I. Bienenstock
Director

Stanford Synchrotron Radiation
Laboratory

Stanford University
SLAC/Bin 69

P.O. Box 4349

Stanford, CA 94309-0210
Phone: 415/926-3153

Fax: 415/926-4100

E-mail: a@slac.stanford.edu

Roy Clarke

University of Michigan

Director Applied Physics Program
1049 Randall 1120

Ann Arbor, MI 48109

Phone: (313) 764-4466

Fax: (313) 764-2193

E-mail: clarke@umiphys

Brian Kincaid

Advanced Light Source
Lawrence Berkeley Laboratory
1 Cyclotron Road

Berkeley, CA 94720

Phone: 510/486-4810

Fax: 510/486-7696

E-mail: bmkincaid@lbl.gov

Denis McWhan

Director

National Synchrotron Light Source
Brookhaven National Laboratory
Building 725B

Upton, NY 11973

Phone: 516/282-3927

Fax: 516/282-5842

E-mail: mcwhan@bnl..gov




Program

SIXTH USERS MEETING
for the
Advanced Photon Source

May 25-26, 1994
Argonne National Laboratory
Argonne, Illinois 60439

Bldg. 362 Auditorium
(Overflow Location: Bldg. 360, Room L-119)

Tuesday, Mav 24, 1994

6:00-8:00 p.m. Registration - Holiday Inn of Willowbrook

Wednesdav, May 25, 1994
7:30-8:30 a.m. Registration - Bldg. 362 Lobby
Morning Session; Roy Clarke, Chair

8:30 Welcoming Remarks
Alan Schriesheim, Director, Argonne National Laboratory

8:45 Advanced Photon Source Project Querview
David Moncton, Associate Laboratory Director for the APS

9:45 The Possible Simplicity of Undulator Beam Research
Jens Als-Nielsen, European Synchrotron Radiation Facility

10:30 Break

11:00 The Study of Disorder in Materials Using Coherent X-ray Scattering
Ronald Pindak, AT&T Bell Laboratories

11:30 X-ray Science with Polarized Radiation
Kenneth Finkelstein, CHESS, Cornell University

Noon Picnic Lunch on Building 362 Lawn
Displays, Demos, Exhibits, and CAT Meetings
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Afternoon Session; Roy Clarke, Chair

2:00 X-ray Microbeams: Creation Methods and Experimental Applications
Stephen Hoffman, Northwestern University

2:30 Are We MAD? Can Anomalous Diffraction Solve the Phase Problem?
Robert Sweet, Biology Dept., Brookhaven National Laboratory

3:00 - 5:20 APS Tour
Bldg. 400, APS Site

3:00 - 5:20 Poster Session and Demos
Bldg. 400, Sectors 3 and 4

4:30 - 5:20 Reception
Bldg 400, Sector 3

5:40 Buses Leave from Bldg. 362 for Comiskey Park
7:00 - 11:30 Evening (Buffet and White Sox-Minnesota Twins baseball

game) at Comiskey Park

Thursdav, Mav 26, 1994

Morning Session; Alan Goldman, Chair

8:30 a.m. Installation and Commissioning Plans for the Insertion Devices,
Front Ends, and Beamlines
Gopal Shenoy, APS

9:10 APS Undulator A Performance Enhancements
Efim Gluskin, APS '

9:30 First Optics Monochromator Performance
Dennis Mills, APS

10:00 Personnel Safety and Equipment Protection Systems
Richard Parry, APS

10:20 APSUO Business Meeting and APSUO Steering Committee
Elections
10:40 Break
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11:10 How to Design a Beamline: Tools and Techniques

Deming Shu, APS
11:40 Mirrors as First Optics at the APS
Wenbing Yun, APS
12:10 p.m. Overview of the APS User Access and Orientation Process
Susan Barr, APS
12:20 APSUO Election Results and Concluding Remarks
12:30 Adjourn

sk ok sk ok ok sk ok ak ok kol ok ok ok ok ok ok ko ok ok ok ok ok ok

APSUO Steering Committee

Roy Clarke, Chair (Univ. of Michigan) Ian Robinson (Univ. of Illinois at Urbana-

Alan Goldman (Iowa State Univ./Ames Lab.) Champaign)

Michael Bedzyk (ANL/MSD; Northwestern) Heinz Robota (Allied Signal Res. and Technol.)
George Brown (Univ. of Calif,, Santa Cruz) Albert Thompson (LBL)

Philip Coppens (SUNY, Buffalo)

Kevin D'Amico (X-Ray Analytics) Bob Batterman (CHESS), ex officio
John Faber, Jr. (Amoco Res. Center) Arthur Bienenstock (SSRL), ex officio
Gene Ice (ORNL) Brian Kincaid (ALS), ex officio
William Orme-Johnson (MIT) Denis McWhan (NSLS), ex officio

Mark Rivers (The Univ. of Chicago/CARS) Stephen Durbin, Past Chair (Purdue Univ.), ex officio

Sixth Users Meeting for the Advanced Photon Source

Program Committee Tour Coordinators

Alan Goldman (Chair) Susan Barr, APS

Michael Bedzyk Rick Fenner, APS

Ian Robinson

Al Thompson APS User Program Office Staff
Linda Carlson

Exhibits Coordinators Diane Sandberg

Susan Picologlou, APS

Hans Leudi, Midwest Vacuum APS User Program Administrator
Susan Barr

Poster Session Coordinator

Frank Bellinger, APS
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Sixth Users Meeting
for the Advanced Photon Source

Graduate Student/Postdoc.
Poster Session

Wednesday, May 25 1994; 3:00-5:30 p.m., Building 400

Posters

Non-resonant Magnetic Diffraction Using an ESRF Bending Magnet
R. Bateson (ESRF) and S. Bramwell (ILL)

Symmetry Properties of Tapered Undulator Radiation
B. 1. Boyanov, G. Bunker, J. M. Lee, and T. I. Morrison (Illinois Institute of Technology)

Mn Catalase - The First L-edge Studies in Mn Proteins

J. Chen, M. M. Grush (Univ. of California, Davis), T. L. Stemmler, S. J. George ,

J. E. Penner-Hahn (Univ. of Michigan), G. Christon (Indiana Univ.), Y. Ma (Univ. of Washington,
Seattle), and S. P. Cramer (LBL)

Kinetics of the Pressure Oscillation-Induced Lamellar Gel/Lamellar Liquid Crystalline Transition
in Hydrated DMPC Using Time-Resolved X-ray Diffraction
A. Cheng and M. Caffrey (Ohio State Univ.)

EXAFS of Radioactive Species in Hanford Waste Materials
J. C. Hutton, M. M. Lamoureux, D. L. Styris, R. L. Gordon, N. J. Hess,
D. L. Blanchard (PNL), and S. D. Conradson (LANL)

Sagital Focusing Design of Second Monochromator Crystal
I. N. Ivanov, H. Cease, P. Jemian, and T. I. Morrison (Illinois Institute of Technology)

Observation of Synchrotron Radiation-Excited Nuclear Forward-Scattering from the 9.4 keV
Transition in 83Kr

D. E. Johnson (Old Dominion Univ.), D. P. Siddons, J. Z. Larese, and

J. B. Hastings (BNL)

Dynamical X-ray Diffraction from Quasi-Crystals

S. W. Kycia, A. I. Goldman, T. A. Lograsso, D. W. Delaney (Ames Lab. and Iowa State Univ.), D.
Black (NIST), M. Sutton, E. Dufresne, R. Briining (McGill Univ.), and

B. Rodricks (ANL)

Continuous Energy Diffraction Spectroscopy (CEDS): A New D-Space Matching Techniques for
Energy Dispersive Synchrotron Radiation Diffraction
P.L.Lee, M. A. Beno, G. S. Knapp, and G. Jennings (ANL)
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Structure and Substrate Relaxation of the Sb/Si(100)-(2x1) Surface
P. F. Lyman (Northwestern Univ.), Y. Qian, and M. J. Bedzyk (Northwestern Univ.
and ANL)

Determination of Short-range Order in Sol-Gel-Derived Amorphous Lead Zirconate Titanate by
EXAFS
L. Ma and S. Sengupta (Univ. of Illinois at Urbana-Champaign)

Photoemission Extended X-ray Absorption Fine Structure: A New Approach to Probe Surface and
Interface Atomic Geometry
P. S. Mangat and P. Soukiassian (Northern Illinois Univ.)

Synchrotron X-ray Fluorescence Analysis of Fluid Inclusions
J. Mavrogenes, R. Bodnar (Virginia Tech.), A. Anderson (St. Francis Xavier Univ.), S. Bajt, M.
Rivers, and S. Sutton (The Univ. of Chicago)

Low-Pressure Multistep Gaseous Primary Ion Counting
J. C. Milne, E. D. Johnson, and G. C. Smith (BNL)

Anomalous Diffraction Methods: Structure Determination of the MoFe Protein
of Nitrogenase

S. W. Muchmore (Purdue Univ.), N. Campobasso (The Univ. of Chicago),

W. Minor, and J. T. Bolen (Purdue Univ.)

X-ray Standing Wave and SEXAFS Study of Structural Phase Transitions in Ag on Si(111) at Sub-
monolayer Coverages
G. Navroski (Cornell Univ.)

X-ray Standing Wave Investigation of the Si(100) 2x2:Ga Surface
Y. Qian, M. J. Bedzyk, (ANL and Northwestern), and G. E. Franklin (Harvard Univ.)

Valence Determination and Hybridization Effects of Tb Doping in High T¢ Superconductors From
Type RBa2Cu30x and ThBapRCu308

U. Staub, M. R. Antonio, L. Soderhoim, J. S. Xue (ANL), M. Guillaume,

W. Hinggeler, and A. Furrer (ETH Zurich)

XRAP - A Software Package for X-ray Absorptions in X-ray Optics and their Thermal and Stress
Analysis
Z. Wang, R. Dejus, and T. Kuzay (ANL)

Magnetic Compton Scattering Studies of the Invar Effect in Fe3Pt
C.]. Yahnke, G. Srajer, D. Mills, D. Haeffner, and L.. Assoufid (ANL)




VENDORS

ADVANCED CONTROL SYSTEMS CORPORATION
10 Old Mine Rock Way
Hingham, Massachusetts 02043
Fax: (617) 740-4227

Contact person:  Leopold Bric
Telephone: (617) 740-0223

Advanced Control Systems Corp. specializes in stepping motor controls and
drives, as well as custom designed controls.

ADVANCED VACUUM COMPONENTS, INC.
2600 Boyce Plaza Road, Suite 145
Pittsburgh, Pennsylvania 15241
Fax: (412) 257-9987

Contact persons:

Todd A. Sickles Glenn Easterbrook Perry Barker
President Regional Manager Regional Manager
Pittsburgh, PA Livonia, MI Dallas, TX

(412) 257-9957 (313) 425-7272 (214) 530-6600

Advanced Vacuum Components, Inc. is a national distributor and representative
firm specializing in the supply of components and instrumentation for use in semi-
conductor processing and material research applications. Product lines include
RGAs, advanced mass specs for surface science and materials research, scanning
tunneling microscopes, vacuum heating and drying ovens, and UHV translators
and components.

BLAKE INDUSTRIES, INC.
660 Jerusalem Road
Scotch Plains, New Jersey 07076-2099
Fax: (908) 233-1354

Contact person:  David G. Rognlie
Telephone: (908) 233-7240

Blake Industries, Inc. specializes in Huber rotary tables, goniometer heads,
synchrotron and rotating anodes, beamline instrumentation and accessories.

BYRON ELLIS ASSOCIATES, INC.
690 First Avenue
Des Plaines, Illinois 60016
Fax: (708) 635-7281

Contact persons: Henry B. Stanfield or Alan Burrill
Telephone: (708) 298-7626
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Byron Ellis Associates Inc represents Perkin Elmer vacuum products;
Huntington Mechanical Laboratories vacuum components; Leybold Inficon leak
detectors, RGAs, and other vacuum instruments; Danielson Associates oil-free
pumps; and other vacuum system and component manufacturers.

CANBERRA INDUSTRIES
800 Research Parkway
Meriden, Connecticut 06450
Fax: (203) 235-1347

Contact person:  Dale Elmore
Telephone: (203) 639-2363

Canberra Industries designs and manufactures precision nuclear instruments,
systems, and software for environmental monitoring, site assessment, health
physics, waste management, and nuclear materials accountability. We provide
system solutions.

DEARBORN VALVE & FITTING COMPANY
1540 N. Old Rand Road
Wauconda, Illinois 60084-0857
Fax: (708) 526-1221

Contact person:  Frank Saelens

Telephone: (708) 526-6900
Dearborn Valve & Fitting Company is your local stocking distributor handling the
following:

* Swagelok tube fittings, adapters, quick connects, and hose products

* Whitey ball valves, needle valves, manifolds, and sample cylinders

* Nupro precision valves and filters

¢ (Cajon face-seal pipes and weld fittings, vacuum products, and orbital welders
* Sno-Trik valves, fittings, and tubing for severe service

GRANVILLE-PHILLIPS COMPANY
5675 Arapahoe Ave.
Boulder, Colorado 80303-1398
Fax: (303) 443-2546

Contact person:
Telephone: (303) 443-7660 or (800) 776-6543

Granville-Phillips will feature the new STABIL-ION ™ Gauge, which provides
calibration stability approximately 10 times better than commonly used, older
technology vacuum gauges. Comparison test information will be available
showing the shift calibration on older technology ionization gauges and how this
problem can be avoided.
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IDEAL TOOL & MANUFACTURING COMPANY
5615 S. Claremont Avenue
Chicago, Illinois 60636
Fax: (312) 476-8259

Contact persons: Eric Sund or Greg Sund
Telephone: (312) 476-1080

Ideal Tool & Manufacturing Co. specializes in the design, fabrication, and
inspection of large high precision machined components.

INEL, INC.
P.O. Box 147
Stratham, New Hampshire 03885
Fax: (603) 778-9171

Contact person:  Greg Stollstorff
Telephone: (603) 778-9161

Inel, Inc. specializes in curved position-sensitive detectors and other beamline and
diffraction instruments.

KOHZU SEIKI CO., LTD.
2-27-37, Mishuku
Setagaya-Ku
Tokyo 154
Japan
Fax: Tokyo 03 - 3413 - 5768

Contact person:  Hiroyuki Kohzu, General Sales Manager
Telephone: Tokyo 03 - 3413 - 2131

Kohzu Seiki Co., Ltd. specializes in the design and fabrication of high quality SR
monochromators, topograph devices and different meters. Other products include
a variety of precision stages, laser-related devices, ultraprecision optical
instruments, etc.

KURT J. LESKER COMPANY
1515 Worthington Avenue
Clairton, Pennsylvania 15025
Fax: (412) 233-4275

Contact person: Mike McKeown
Telephone: (412) 233-4200

VG Components Group (Vacuum Generators, VG Microtech, and VG
Quadrupoles) provides a wide range of components and assemblies for
synchrotron rings, beam-lines and end stations. This product range has recently
been further enhanced by the addition of the Daresbury Laboratory X-ray
Monochromator, now manufactured and marketed by Vacuum Generators. Kurt
J. Lesker Company is the exclusive USA agent of the VG Components Group.
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LEYBOLD VACUUM PRODUCTS, INC.
Local address: Corporate address:
800 West Fifth Avenue, Suite 230E 5700 Mellon Road
Naperville, Illinois 60563 Export, Pennsylvania 15632
Fax: (708) 983-3022 : Fax: (412) 733-5960

Contact person:  Michael K. Woodhead  Contact person: Robb Trappen
Telephone: (708) 983-3009 Telephone: (412) 327-5700

Leybold Vacuum Products specialize in vacaum pumps
(mechanical/dry/vane/turbo/cryo/systems), valves, fittings, and gauges.

McPHERSON
530 Main Street
Acton, Massachusetts 01720
Fax: (508) 263-1458

Contact person: D. M. Schoeffel
Telephone: (508) 263-7733

McPherson offers turnkey beamline instruments and components, such as SGM.
PGM. TGM monochromators, slit assemblies, precision apertures, mirror
manipulators, insertion devices, chambers, control software, etc. McPherson's 40
years of experience in the design and manufacture of spectroscopic
instrumentation provides invaluable know-how in the offering of synchrotron
radiation instrumentation.

MEYER TOOL & MANUFACTURING, INC.
4601 Southwest Highway
Oak Lawn, Illinois 60453
Fax: (708) 425-2612

Contact persons: Frank J. Meyer or John Carusiello
Telephone: (708) 425-9080

Meyer Tool & Manufacturing, Inc., IMTM) specializes in the design and
manufacturing of precision, vacuum, and cryogenic components, equipment, and
systems for the scientific, research, and development communities.

MIDWEST VACUUM, INC.
201 E. Ogden Ave., Suite 15-1
Hinsdale, Illinois 60521
Fax: (708) 323-2142

Contact persons:

Hans Luedi or John Raffl Bob Prenzler

Cynthia Positano Indiana, Michigan, Minnesota, Wisconsin,
Illinois and Michigan Ohio, and Missouri and Ohio

(708) 323-5399 (317) 848-5712 (612) 457-1518

Midwest Vacuum, Inc., represents manufacturers in vacuum and UHV-related
fields. Products include RGAs, valves (from Viton to all metal), shutters, fast




closing valves, bellows, translators, feedthroughs, crystals, scintillators, particle
detectors, dry pumping systems, dry He leak detectors (oil free), mechanical
pumps, turbos, compound turbos, drag pumps, ceramics and components, and
novel all-metal seals. The company is also active in special systems and
fabrication.

NEWPORT / KLINGER CORPORATION - FRYER CO.
1791 Deere Avenue
Irvine, California 92714
Telephone: (516) 745-6800
Fax: (516) 745-6812

Contact person:  Jim Stathis (Midwestern Regional Office)
Telephone: (612) 376-7727
Fax: (612) 376-7646

Newport Corporation provides a full array of vibration control systems (work
stations), motion systems (x-ray diffractometers), compatible optics, fiber optics,
positioners, and instruments for rapid, trouble-free integration into your
experiment or process. Fryer Co. will display Nikon microscopes incorporating
imaging capabilities.

OXFORD INSTRUMENTS
600 Milik Street
Carteret, New Jersey 07008-0429
Fax: (908) 541-7769

Contact person:  David E. Andrews
Telephone: (908) 541-1300

Oxford Instruments' range of products for the synchrotron radiation research
community includes a double-crystal monochromator, as in use by the Swiss-
Norwegian beamline at the ESRF; high heat load beamline components including
shutters, window assemblies, filters, masks, and beam position monitors; and
insertion devices from both superconducting and permanent magnetic material.
Both standard products and custom designs can be fabricated.

THE PHYSICAL SCIENCES LABORATORY, UNIVERSITY OF WISCONSIN
3725 Schneider Drive - Route 4
Stoughton, Wisconsin 53589
Fax: (608) 877-2201

Contact persons: Fred Middleton Farshid Feyzi
Telephone: (608) 877-2222 (608) 877-2213

The Physical Sciences Laboratory (PSL) is a self-supporting Specialized Service
Facility of the University providing prototype design and construction services to
the research community at the University - Madison and other facilities around
the world. PSL will undertake developmental projects having mechanical,
electrical, scientific, and software requirements, as well as provide replications of
prior developments.
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SCM METAL PRODUCTS, INC.
2601 Weck Drive
P.O. Box 12166
Research Triangle Park, North Carolina 27709-2166
Fax: (919) 544-7996

Contact person: Thomas M. Murphy
Telephone: (919) 544 8090

SCM Metal Products, Inc. manufactures specialty powder metal products and
associated products that are based on powder metallurgy, GlidCop®, copper
dispersion strengthened with AlyOg particles is the featured product for this

exhibition.

TECKNIT SHIELDING SYSTEMS / TEST EQUIPMENT DISTRIBUTORS
838 Main Avenue
Passaic, New Jersey 07055
Fax: (201) 778-2177

Contact persons:

Robert Doyle Keith Thams

Tecknit Shielding Systems Test Equipment Distribution (TED)
Passaic, New Jersey Chicago, Illinois

(201) 778-6200 (708) 424-0282

Tecknit Shielding Systems, represented by TED specializes in the design,
manufacture, testing, and installation of x-ray and rf beam spools, collimators,
and hutches. Custom design and construction upon request.

VARIAN VACUUM PRODUCTS
121 Hartwell Ave.
Lexington, Massachusetts 02173
Fax: (708) 350-9196

Contact persons:
Richard Larson Norm Brunner

(800) 926-3000 x3078 (800) 926-3000 x3138

Varian is a manufacturer of high vacuum pumps, components, gauges, leak
detector systems, and related hardware. Varian also specializes in basic vacuum
and leak detection training programs for maintenance and operation of this
equipment.
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