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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

Stephen Durbin, Chairman (Purdue)
Roy Clarke, Vice Chairman (Univ. of Michigan)

Haydn Chen (Univ. of Illinois) Bob Batterman, ex officio
Philip Coppens (SUNY/Buffalo) (CHESS)

John Faber, Jr. (Amoco Res. Center) Arthur Bienenstock, ex officio
Doon Gibbs (NSLS) (SSRL)

Alan Goldman (Iowa State Univ./Ames Lab.) Brian Kincaid, ex officio (ALS)
Gene Ice (ORNL) Denis McWhan, ex officio
Samuel Krinsky (NSLS) (NSLS)

William Orme-Johnson (MIT) Paul Horn, Past Chairman,
Paul Sigler (Yale Univ.) ex officio (IBM)

William Thomlinson (NSLS)
Keith Watenpaugh (Upjohn)

Program Committee for the Fifth Users Meeting
Steve Durbin (Chair)
Bob Batterman

Alan Goldman
Keith Watenpaugh
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Proceedings of the Fifth Users Meeting
for the Advanced Photon Source

ABSTRACT

The Fifth Users Meeting for the Advanced Photon Source (APS)
was held on October 14-15, 1992, 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, funding opportunities, advances in
synchrotron radiation applications, and technical developments
at the APS. In addition, the 15 Collaborative Access Teams that
have been approved to date participated in a poster session, and
several vendors displayed their wares. The actions taken at the
1992 Business Meeting of the Advanced Photon Source Users
Organization are also documented.






WELCOMING REMARKS

Dr. Alan Schriesheim
Director, Argonne National Laboratory

Ladies and gentlemen, it is a pleasure to welcome you to Argonne National
Laboratory to participate in the Fifth Users Meeting for the Advanced Photon
Source.

Increased activity at the construction site brings us closer to the time when
Collaborative Access Teams will come in to construct their beamlines. The
abundance of paperwork that I have signed has moved through the system. The
result is efficient and effective construction done on budget and basically on time.

I know that the future is getting closer because we are having frequent
discussions about funding for the beamlines and where we're going to get money
for beamline research programs. The continuing dialogue with the funding
agencies is a sign of continuing progress of the Advanced Photon Source Project.

Periodically, Dave Moncton and I meet to discuss APS technical subjects, but
the bulk of my job is to see that this project gets the proper attention from
Washington. My perception is that no one in Washington has weakened, either in
the agency or in the halls of Congress, in their support of the Advanced Photon
Source.

In fact, if anything there is a stronger commitment. That has to be balanced
with the obvious fact that money is not exactly plentiful. It doesn't rain down on
our shoulders here at the Lab, and it doesn't rain down on anyone else's
shoulders in the technical community. That is not surprising. We live in a very
contentious system.

My commitment to you is to continue to use whatever clout the Director’s
otfice has to bring this endeaver to fruition . It is the highest priority project
within the laboratory. It continues to get the attention that a project with that
priority deserves.

So welcome again. I look forward to seeing you tonight.






Status Report on the Advanced Photon Source - Fall 1992
by

David E. Moncton
Associate Laboratory Director for the Advanced Photon Source
Argonne National Laborarory, 9700 S. Cass Ave., Argonne, IL U.S.A. |

1. Opening Remarks

Welcome to the Fifth Annual Advanced Photon Source Users Meeting, We seem to hold one of
these annual meetings every 18 months. We cannot help but keep the project on schedule given
that definition of a year. There has been substantial progress in every arca of the project. T hope

the next day or two will give you a clear picture of that progress.
2. Staffing

Project staffing is nearly complete with the exception of some additional technical people for
installation work, and perhaps another 25% added to the staff of the Experimental Facilities
Division (XFD). Total staff currently numbers approximately 400. We have made some key
appointments at all levels during the past year or so. We hope you are able to come into contact
with some of our staff during this mecting, and that you get a feeling for what we believe is an
excellent organization. We are particularly pleased to have had Edward Temple here for the tast
year and a half as Project Director. Yang Cho, who was Project Director at the outset, did an
excellent job in that capacity. He was a critical factor in bringing the project to its carly successes
and now he is concentrating his ctforts on development of plans for commissioning and
operating the facility. He also has other, part-time interests in the possible development of a

spadation neutron source at Argonne.
3. Schedule and Cost

As in the past, we want to be honest with the user community on the subject of schedule, so that
you can take all of our plans into account as you develop your plans for beamlines. As we look
at the project today we see some pluses and some minuses. On balance we would say that the

project is a quarter of a year behind the bascline schedule that we had set up some time ago. We

do not think this 1s an obstacle to meeting our future milestones, and we have developed a



number of plans to accelerate activities and thereby regain ground on our schedule. Whether or
not we are able o carry out these plans depends to a large degree on the funding situation for
FY93.

As of the end of FY92, the Project has committed $205M, or essentially half the purchasing
power of our construction budget. As far as the budget estimates for where we are to date and
what we believe it will cost to finish this project, we have over the last year used a significant
portion of our contingency fund. Nevertheless, we feel comfortable with the amount of
contingency that remains. Itis still 1S pereent of our cost to complete. We strongly believe that

this project will come in at a final cost that is within the original cost estimate.

The 1ssue that we are most concerned with at the moment is our FY93 funding level. We have
received word that the Department of Energy (DOE) wishes us to reduce our FY93 expenditures.
Fiscal year 1993 had been scheduled to be our peak construction year. The funding for FY93 was
planned to be $11T0M. We have been directed to begin the new fiscal year with expectations of
receiving $14M less than that level, or $96M. We are now working to develop a detailed plan for
proceeding with our work under the new funding limitations, and to assess the potential impact
of that reduction. There is a chance that we might see some restoration of those dollars at some

tume during the course of the fiscal year.
4. Reliability

We had a very exciting workshop here last January on the subject of accelerator reliability.
Pcople from various accelerator installations, including the Superconducting Super Collider, the
Continuous Electron Beam Accelerator Facility, and the Cornell High Energy Synchrotron
Source, met to discuss aceelerators in terms of what causes them to be unreliable and what can be
done o raise the level of reliabitity. That workshop has led to a number of follow-on studics.
Experts from the engineering schools in the Jocal academic community have been working with
us on particular problems, trying to use some of the more systematic techniques of reliability
engineering to help us improve the reliability of various aceelerator subsystems. We are very
pleased with that effort. In addition, we are anxious to work with existing facilities, which have a
wealth of operational data that can be very useful in characterizing reliability problems, and gain
an understanding of what really 15 in store Tor us, while at the same time helping the existing

facilities o better understand their problems.



5. Facility Construction

The status of conventional-facilitics construction as of two weeks ago 18 shown in the acrial
photograph of the APS site (Fig. 1). The entire complex is well along. The Project is Tooking
forward to the challenge of moving into the installation phase, and then seeing the first

accelerated beam.

The Experiment Hall is in various stages of completion. Concrete has been poured for about 3/4
of the Experiment Hall circumference. We are now awaiting completion of the vehicle
undcrpass, which will provide access to the infield. Once that underpass is complete, we can
abandon the temporary access road currently in use. We will then finish the conerete work in the
southern portion of the Experiment Hall. In the next few weeks, we hope to complete all of the
concrete work for the Experiment Hall and the Storage Ring Tunnel. Experiment dall steel has

been erected around more than haltf of its circumturence.

Fig. 1. The APS facility as of September 29, 1992,



Fig 2. The interior of the Storage Ring Tunnel.

The first portion of the Experiment Hall to be occupied will be the Early Assembly Area (EAA).
This is a region of the Experiment Hall devoid of beamlines and ratchet walls because of four
stratght sections that contain the three rf cavities and one sector that is used for injection. The
EAA will serve as a staging point for the acceelerator components from our production areas.
These components include magnets, vacuum systems, and the girders upon which they will be
mounted. The final assembly of those components will be done in the EAA just prior to
instalfation in the respective tunnels. Ve need this building very soon in order to stay on our

installation schedule. We anticipate occupancy in the next few months.

The Storage Ring Tunnel itself now exists around approximately 70 percent of the ring
circumterence. Figure 2 shows the interior of the Storage Ring Tunnel, with a lonely user waiting

{or heam.

The DOE has granted the Project beneficial occupancy of the linac and injection wings in the last
few months, The Linac Group of the Accelerator Systems Division (ASD) is busy installing
components in the linac tunnel. Figure 3 shows the first set of linac Helmholtz coils on the
mountng girder in the electron-gun end of the linac tunnel. On the other side of the linac tunnel
shield wall 1s the Klystron gallery, where all the linae power supplics and support systems reside.

Fipure 4 shows the first modulater power supply and water control systems in place. The low-

o



energy transport region of the synchrotron tunnel, where the linac intersects the synchrotron/
booster, is essentially complete (Fig. 5). Concrete work for the synchrotron tunnel is complete
and the enclosure has been covered with earth. Utility work is ongoing inside the tunnel (Fig. 6),

which is scheduled for occupancy in the very near future.
6. Accelerator Systems

The Accelerator Systems Division, under John Galayda’s leadership, is staffed up to
approximately 240 people. It is a truly excellent group. They have developed a set of impressive
manufacturing capabilities out in the Argonne 300 area, some of which you will see in the course

of this meeting.
6.1. Vacuum System

The Vacuum Facility is up and running. There are 40 sectors in the storage ring, cach with 6
vacuum chamber sections, for a total of 240 chambers, including the straight sections for the
insertion devices, which have a somewhat different cross section. Approximately 60% of the
storage ring vacuum chamber extrusions have been delivered (Fig. 7). The first chambers have
been machined to accept magnet pole faces and the various fittings that go on the chambers. Two
computer-numeric-controlled welding systems (Fig. 8) arc operational in the Vacuum Facility.
These devices will perform a total of 2400 precision welds while attaching photon-absorber
flanges and bellows connections to the chambers. We have invested a great deal of time over the
last four years in an R&D program to make absolutely certain that those welds meet all

specifications, and we are very pleased with the success of that program.
6.2. RF System

Radio frequency (rf) systems are difficult to make reliable, and they are critical to the
performance of a storage ring. The ASD RF Group has spent a great deal of time on R&D to
develop rt cavities that mect our specifications. Figure 9 shows the rf-cavity test stand, with a 1-
megawatt klystron and the waveguides that feed power to the stand. This stand affords us the
capability to test both synchrotron and storage ring cavities. We currently have on hand a
prototype copper storage ring cavity (Fig. 10) and all four production cavities for the booster
(Fig. 11). Full-power tests of these cavities have been very successful. We have just recently

gotten very good news on a single fixed-price contract for procurement ol all the storage ring



Fig. 4. The klystron gallery.

10



sy

Fig. 5. The low-energy transport tunnel.
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Fig. 6. The Synchrotron Tunnel.
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Fig. 8. Acuweld CNC-controlled chamber welding stations.
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Fig. 10. Prototype copper storage ring rl cavity under test.
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Fig. 12. Production synchrotron dipole bending magnets.
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Fig. 13. Synchrotron dipole magnet on test stand.

cavities, including a number of spares. The costs in this contract are significantly under our
bascline budget. We are also planning on having enough tf power in the storage ring to provide
complete redundancy in anticipation of possible failure. That is, we will have twice the number
of cavities necded to meet our minimum goal of 100 mA at 7 GeV. We have all spent too many
hours at synchrotron facilities looking at screens that read-out “rf trip,” or what have you, as the

reason for loss of beam.
6.3. Magnet System

Producing accelerator-magnet prototypes proved to be a very useful exercise because we were
able to discover problems in our magnet designs well before they cropped up in production units.
We altered those designs as needed. For instance, we climinated saturation in the quadrupole
magnets. We changed the design of our storage ring sextupoles to remove a combined function
of steering and sextupole focusing and separate those into two different magnets. Meanwhile,
production has begun on a number of the magnets. Figure 12 shows several production
synchrotron dipole magnets, with more being fabricated every week, both at Argonne and by

industry. All of these magnets undergo rigorous testing. Figure 13 shows a synchrotron dipole on



a test stand in our Magnet Measurement Facility. We are on the verge of beginning production

on storage ring sextupole and storage ring quadrupole magnets.
6.4. Power Supply System

There is a whole host of other accelerator-related activities 0o numerous to mention in detail
here. For example, the Power Supplics Group is =0 :din a rigorous program of procurement
and in-house tests. Special temperature-cor. . ¢ oms are used to heat the power supplics up
to high temperatures in the interesi of gaini. - 1 petter understanding of what their operational
reliability will be. We will also conduct high-power tests in order to weed out the weak power
supplies before they are installed. There is a frighteningly large number of power supplics in a
machine like the APS, all of which must work in order to keep the beam circulating. When one
multiplies the mean time to failure for every chip by the number of chips by the number of power
supplics, one gets a mean-time-to-failure for the entire system of approximately I week. That is a
daunting number. We are improving the designs of the power supplics by minimizing the number
of components and by using components with high reliability figures. Those efforts have been
somewhat successiul. If we are going to achieve good power supply reliability, we will have to
do a good job of diagnosing failures before they occur, making spares available, and making it

casy to automatically determine which powcer supply failed in order o change it
7. Experimental Facilities

The Experimental Facilities Division is close to all of your interests. This division, led by Gopal

Shenoy, is ramping up rapidly in order to take on a very big job.
7.1. Insertion Devices

Undulators have been under design and test here for many years. We have constructed proto-
types, and worked with both Cornell and Brookhaven to install prototype insertion devices and
test their performance. We are satisfied with our understanding of all the performance parameters
of these devices, particularly errors and how they deteriorate the synchrotron radiation that is
produced. We feel very comfortable with the ability of the external vendor community to provide
insertion devices that meet our specifications. We are ready to go out with the first package of
procurements for the Undulator Type A devices, which will be the primary source of radiation
for most beamlines. This procurement requires money, and we are concerned about our financial

ability to place that order in FY93.
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Research and development on undulators is going to be an ongoing activity for this project.

There are a number of opportunitics for enhancing the performance of insertion devices, and one

Fig. 14. Wedge-pole undulator trom STI Optronics.

of those is the wedge-pole design (Fig. 14), which helps eliminate saturation regions in the poles
and provides higher field at the same gap or permits use of larger gaps at the same field. In our
case, we are particularly interested in pushing undulator technology to higher photon energies. 1
would like to see this machine someday produce up to 100 kV in the first harmonic. That will
take some effort, but it is not out of the question. That development could have a tremendous

impact on the range of science done at a facility like the APS.
7.2. Optics Cooling

High heat loads pose a major challenge for this facility and others like it because of the high
brilliance and high power densities that are brought to bear. We must push the technology a
number of orders of magnitude beyond what is necessary at bending magnets on current
facilitics. Several years ago, we started an R&D program to explore the use of liquid gallium as a
coolant, This was a technology that had been part of the reactor program here at Argonne and
was taken over and applied to the high-heat load problem with great success. We have recently
spun off a small start-up company called Qmax, which is developing gallium-pump technology

for cooling high-power electronics as well as rotating anodes used in commercial applications.
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Hopefully, this company will be in a position to provide gallium pumps to be used in conjunction

with our monochromators.

To further ameliorate the effects of high heat loads, we have developed a very innovative crystal
geometry using a double erystal slanted at a very high angle to distribute the radiation over a
much larger arca. This geometry also has the secondary effect of orienting the crystal in such a
way that the inevitable thermal bump, even though it is of a reduced magnitude because of the
spread of the beam, is perpendicular to the diffraction plane rather than being in the diffraction
planc. The resultis that the ditfraction profile is not distorted. The combination of optimizing the
cooling channel gecometry and this inclination of the crystals has produced a monochromator
which has the inherent capability o withstand the power levels at the APS. Tt also has a broader
scanning range than a traditional asymmetric crystal, thereby preserving the full tunability of this
monochromator. The inclined geometry has been developed to the stage where a set of
specifications have been written and we have receeived bids from two companies for producing

the first prototype.

Another novel program is the usce of chemical-vapor-deposition (CVD) diamond for two
particular applications. One is as a blade for a photon monitor. Tests have shown CVD diamond
to have properties considerably better than the metal blades which are currently used. This
synthetic diamond is also being evaluated as a window material and perhaps even in a combined

function device that would be both monitor and window.

The XFD Engincering & Construction Group has taken their designs for front-end components
through conceptual design and Title 1 exercises, which is the first 30 percent of the work, and
they are deep into the details of those devices. All users should be aware of the central design
exchange, which is a computerized library of all the detailed designs that are being produced by
both the APS stalf and users. This arrangement allows all the parties involved to look at what is

being done and exchange design information,
8. User Programs
8.1 Collaborative Access Teams
Youare all aware of the extensive process that has taken place over the last three years in pursuit

of research proposals. Beginning with Letters of Intent and then on through the formal proposal

phase, to the review and acceptance of final proposals, all of the commitiees have worked very
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hard. These commitiees comprise members, drawn in the main from outside the APS, who have
given generously of their time and encergy o review proposals and make sure that the science
done at this machine is of the highest order. That process has resulted in the approval of a very
high-quality group of 15 Collaborative Access Teams (CAT), which, at this time, represent a
wide-ranging group of more than 500 people from 80 universities, 26 industrics, and 19 federal
and private research laborstories. We are still open for business; anybody thinking about putting
together a new CAT is more than welcome to submit a Letter of Intent, and if that is approved, to

follow on with a formal proposal.

To date, five CATs have submitted conceptual design reports. The Instrument Feasibility Pancel,
under the chairmanship of George Brown, reviewed these CDRs a month ago, and will be
meeting again in December 1992 to review a second set of CDRs. It is very exciting to see what
everybody is planning to do. Some of us are a little bit overwhelmed with the job of putting all of
this hardware on the Experiment Hall floor. But that is what we are here to do, and so we are
very excited to see the actual plun“s emerging. We hope that the first Memorandums of
Understanding (MOU) between Argonne and the CATs will be signed by carly 1993, We have a
draft MOU that is veing reviewed by the users committee. We want to be sure that the MOU
encompasses the needs of the APS as well as of the community, and that it is a document that
can serve in the future as a basis for a very solid and business-like arrangement between the
facility and the CATs. Management plans for the CATs are a prerequisite to an MOU signing.

These plans are in the preparation stage, and will be reviewed upon submission.

Collaborative Access Teams have to up to now acquired some $SOM in non-federal funding. Not
all of this is money in the bank, but it is very heartening to sce the success that the CATs have
had so far in a very tough funding climate. Every CAT has not gotten every dollar that they
wanted, but there are still a lot of battles being fought. Some of the funding agencies will need to
look more carefully at their long-range plans and see how these activities are going to be
incorporated. We at APS need to see statements of intent to fund beamlines from the various
sources of financial support for individual CATs. We are prepared to make our funding

commitments at the same time that the CATs make theirs.
8.2 Research Directorate

We have established a Rescarch Directorate made up of myself and a number of our sentor staff

at APS, as well as the directors of cach of the CATs. The Rescarch Directorate mects on a
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quarterly basis, and those meetings have become very productive. We are learning how to

develop a close working relationship.
8.3 Collaborative Research Program

The Collaborative Research Program is an opportunity for collaboration between APS stafl and
users with an interest in participating in the development of a particular instrumentation, but
whaose resources are not, in their judgment, adequate for the job they have to do. Our intent is not
to act as a funding agency for the outside user, but rather to form tcams comprising APS staff
and outside users. These tcams will focus on certain technical objectives that are judged by a
pancl composed of members of the APS staff, as well as members chosen from the users
organization, to have an instrumentation objective that has some application or utility beyond an
individual experiment. The process is working very well, as indicated by the number of
instrumentation proposals that have been aceepted by APS. Every year we put out a call for these
proposals, so I encourage you to think about contacting us if you have some particular

mstrumentation idea in mind and you would like to tcam up with the APS to achicve your goal.
8.4 User Technical Interface Group

Gopal Shenoy has effected a very important organizational change by establishing a User
Technical Interface Group whose function it is to act as laison between APS and the CATs. This

group is led is Steve Davey, and he has a big job to do.
8.5 User Housing Facility

In T9XG6, the State of Hlinois pledged financial support for a user residence facility to be
constructed on the APS site. We envision a 240-bed facility equipped with data links and various
other amenitics to minimize frustrations and make your stay at this facility as scientifically
clfective as possible. We would like to have this facility built in the FY94-96 time frame so that
itis available carly for users. The state’s financial commitment was part of the package put
forward by Hlinois to convinee the federal government to build the APS here at Argonne. That
commitment was made by then-Governor James R, Thompson, and ol course, we have a
difterent governor in Hlinois now. This state also has a substantial budget deficit now, as do
muny states. The result s that we are not exactly certain where this commitment currently stands.
So we are going hack into the system. We have done a design study for such a facility, we have

chosen asite location, we have coneept plans and a price tag. We are going to remind state
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government of its pledge of $15M to underwrite construction of the residence, which played a
role in getting nearly 1 billion federal dollars into this state. That is, we think, a tairly good return
on investment - $1B on a $15M investment.

9, APS Instrumentation Initiative

Because we are currently encountering difticulties in maintaining full funding for Phase 1 of our
construction program, why talk about a Phase 2?7 We believe the APS will offer a remendous
research capability in terms of the kinds of science to be done here and the number of beamlines
at which that science will be carried out.

As you all know, only about 60% of tiie 34 APS sectors, cach with two beamlines, will be
occupied during the first phase of rescarch activity. We are drafting a proposal for DOE on a
second construction phase, which we are calling the APS Instrumentation Initiative (APSII). The
intent of APSII is to achieve full use of the APS by the year 2000. That propesal would call for
the construction of the 4 (of a total of &) laborutory/office modules not constructed under Phase
1. The proposal also posits the preparation of 8 additional sectors in the same style as the first 16,
so that we would have a total of 24 sectors for Collaborative Access Teams using the same
arrangements as we have for the first 16. That, of course, would leave 10 unfinished sectors. It is
time for the community to think about the best way to use these additional facilitics, The APS
hopes to work with the users’ organization in developing this concept by targeting opportunitics
for developing very specialized capabilitics that may be outside the scope of what any individual
CAT could possibly do. These capabilitics would then be availatle to all the groups. We have
developed a long list of candidate heamlines that fit in this category. We seek input from the
users” organization collectively and from any of you individually. The intent is to implement 10

of these beamlines at the rate of 2 per year for a S-year period.

As part of this program, we are requesting base funding for the front ends and insertion devices
on these 10 beamlines, and also seed funding of perhaps $5M per year per. That level of support
would minimize the amount of fund-raising that has to be done in conjunction with building the
beamlines. We recognize that right now, the CATs are trying to raise money. We would like to
get those commitments more up-front in APSII than they have been in Phase | and thereby avoid
all of this cycling around. The cost of secing this facility fully implemented on that time frame is
on the order of $200M. We have submitted to DOE a Schedule 44 on this proposal with the idea
that we could be ready to start as carly as FY9S. We will just have to see what the landscape

looks like after the presidential election. We are likely to sce substantial changes in the DOE as a
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result of the trickle-down effect of an election. We are fooking forward to the opportunity to
work with some new people at the top of the DOE and o work with the people that we consider

our close friends in the program office who, hopefully, will stitl be there after the election.

. s -
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Basic Energy Sciences Support for APS Beamlines

William T. Oosterhuis
‘Division of Materials Scieiices/BES, ER-132
U.S. Department of Energy
Washington, DC 20582

[ am happy to be here, and I would like to welcome you on behalf of the DOE.

Today, I would like to make a few remarks about funding for beamlines at APS, how to go
about it, who to contact, and the prospects for success in getting the necessary support.

[ know that we have a big job ahead of us - the funding situation is very difficult this year
in FY93 for all federal funding agencies. It is clear that in order to get a reasonable
complement of instrumentation of the experimental floor in time to make use of the first
x-rays from APS, that it will require a coordinated effort by several federal agencies, as well
as by universities and industry. We had hoped that the FY93 budget would be much better
than it has turned out to be. Never-the-less, I believe that we are making progress in
getting some efforts started even in this difficult year of FY93. You will hear from several
of these federal agencies (NSF, NIH, DOE) as we go along today.

First of all, let me put forth a fundamental principal which I and my colleagues in the
agencies have accepted: If I am willing to support a research effort, then I shculd be willing
to provide the necessary instrumentation to carry out that research. Therefore, given the
wide variety of research made possible with the APS, it follows that we are all in this
together - no single funding source can - or should - bear the total responsibility for
instrumenting the APS.

It is important for you to understand that we need to receive proposals before we can act.
We are rapidly approaching the time in which it is necessary for proposals to be received,
in order that there be enough time to review these proposals, to make (lecisions on them,
to get the funding out - as scarce as it may be - if these proposals are to result in beamlines
which will be able to accept the early x-rays from the APS.

The Department of Energy had hoped to spend about $3B this year aa various activities in
Science and Technology (up from $2.7B last year). That is divided among several different
disciplines as st.vwn on slide 1.

Within Energy Research, we have five major activities: Basic Energy Sciences (BES), High
Energy Physics and Nuclear Physics, Superconducting Supercollider, Biological and
Environmental Research (OHER), Fusion Energy.

Two of these (BES and OHER) are principal supporters for the research which will make

use of the APS. I will speak about BES and Roland Hirsch will speak to you about the
opportunities in OHER.
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The Office of Basic Energy Sciences is composed of the following (slide 2):
Materials Sciences (DMS), Chemical Sciences (DCS), Engineering and Geosciences
(DE&GS), Advanced Energy Projects (AEP), Energy Biosciences (DEB), and Applied Math.

The operation-of User Facilities {slide 3) is‘included in the DMS and DCS operating
budgets. In addition, BES has two other major budget categories: Capital Equipment and
Construction which includes Construction of the APS, Accelerator Improvement Projects,
General Plant Projects.

The people to contact in BES about funding for beamlines are (slide 4):

Bill Oosterhuis/DMS (301) 903-3426
Bob Marianelli/DCS (301) 903-5804
Bill Luth/DE&GS (301) 903-5829
Roland Hirsch/OHER (301) 903-3682

The next question is: “will there be any money for beamlines in FY93?” The answer is yes.
The Division of Materials Sciences will make some money available to begin the design, if
not actual construction of beamlines in FY93, this fiscal year. We are doing this in the face
of no increase at all in our FY93 budget because we need to get going on this part of the
overall effort. The Construction of the APS is going very well indeed as you will see, but
the time to get started on the design an construction of beamlines is now.

How do you go about getting the necessary resources?
Contact the program people listed above.

Put funding packages together with requests to various funding sources somewhat in
proportion to the expected time that will be allocated to various research activities.

Try to incorporate everything needed for a given beamline, into the same proposal; send
the same proposal to each agency with an outline of what you are requesting from each
agency.

Cooperate!
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DOE Contact People with regard to Beamline Funding

Bill Oosterhuis/DMS (301) 903-3426
Bob Marianelli/DCS (301) 903-5804
Bill Luth/DE&GS (301) 903-5829

Roland Hirsch/OHER (301) 903-3682



ADVANCES IN SYNCHROTRON RADIATION
APPLICATIONS
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USING HIGH INTENSITY X-RAYS AT CHESS TO VISUALIZE HOW
POLYMERASES COPY GENETIC MATERIALS: 3-D STRUCTURE OF HIV-1
REVERSE TRANSCRIPTASE COMPLEXED WITH DOUBLE-STRANDED DNA

Jianping Ding, Raymond G. Nanni, Alfredo Jacobo-Molina, Reger L. Williams,
Xiaode Lu, Anqiang Zhang, Chris Tantillo, Arthur D. Clark, Jr., and Edward Arnold

Center for Advanced Biotechnology and Medicine (CABM) and
Rutgers University, Department of Chemistry
679 Hoes Lanes, Piscataway, NJ 08854-5638

1. Features of Synchrotron Radiation that Are Beneficial for Large Molecule
Crystallography

Synchrotron radiation (SR) is a unique X-ray source which provides a continuous
radiation spectrum of extremely high intensity. Since the cross-section of the
circulating electron or synchrotron beam is very small, synchrotron radiation
emitted from the beam is restricted to the orbital plane. This natural high
collimation ability of very bright SR permits the study of highly detailed structures
of complicated biological macromolecules and assemblies with large unit cells
where spot sizes must be limited to avoid spatial overlap. For example, in the
structure determinations of human rhinovirus 14 (HRV14) (Rossmann et al., 1985;
Arnold et al., 1987), Mengovirus (Luo et al., 1987), and numerous crystalline
complexes of small molecule antiviral agents with HRV14 (e.g., Smith et al., 1986;
Badger et al., 1988; Zhang et al., 1993), synchrotron radiation has played a very
important role. The continuous radiation allows for wavelength tunability and,
hence, can permit protein crystallographers to solve the phase problem using the
anomalous dispersion method by collection of multi-wavelength diffraction data
about an absorption edge of an incorporated heavy atom. The use of shorter
wavelengths can also extend crystal lifetime via reduced radiation damage of
protein crystals. These features associated with SR offer the potential to collect data
from very small crystals and allow for more rapid and higher resolution data
collection with shorter exposure times than is usually attainable from conventional
sources. In addition, the availability of white radiation makes possible studies by the
Laue crystallographic method. Entire data sets might be collected from individual
crystals with total exposure times on the order of a few seconds. This is especially
useful for highly radiation sensitive specimens. Other advantages offered by the
Laue photography are that the reflections in a large volume of reciprocal space are
sampled simultaneously and that the complication of moving crystal methods are
avoided since the crystal is stationary in this method. Time-resolved X-ray
diffraction studies are another important field of development in Laue
crystallography. The intrinsic pulsed nature of SR also promises a number of
exciting developments for protein crystallography.
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2. Overall Scheme of Our Synchrotron Experiments

A major purpose of carrying our experiments to synchrotron sources is to collect
high quality and high resolution diffraction data which cannot be attained from
conventional X-ray sources. A number of phases of preparation are crucial for
success of these experiments. The protein samples used for the crystallization must
be well prepared and purified. Since different crystallization batches may produce
different outcomes, a search procedure should be carried out to distinguish and to
classify the crystals according to their quality and size. Depending on the number of
crystals to be examined on a given trip, different modes of crystal transportation may
be considered.

In various trips to use synchrotron radiation at Cornell High Energy Synchrotron
Souces (CHESS), we have utilized facilities at the Al, B2, or F1 stations. The Al
station has a fixed energy of 8 keV (A=1.55 A) with a high flux obtained from a 6 pole
wiggler. It is mainly used for monochromatic oscillation photography and small
angle diffraction. The B2 station supplies a bending magnet white radiation beam
for Laue photography with energy tunable from 5 to 40 keV (A=0.7 - 1.7 A). The F1
station has a monochromatic and very high flux radiation from 25 pole wiggler with
energy tunable from 6 to 25 keV (1=0.8 - 1.8 A). It incorporates a BL3 level biohazard
facility and its own darkroom and the temperature of the BL3 portion of the station
can be adjusted to cold temperatures (~6-10° C) if desired. These features make it
very suitable for virus crystallography and small angle scattering. For optimal use of
beamtime, the diffraction experiment schedule should be well designed and each of
the experimental stations (crystal mounting, camera, darkroom and/or storage
phosphor scanner) should be reasonably arranged and continuously manned.

Initial diffraction results, such as the appearance of a diffraction pattern and its
quality, exposure times, spot shapes and spot overlap, should be carefully assessed to
ensure that the proper conditions of preparing crystals and the proper experimental
parameters of running the camera have been applied. The best crystals should be
studied at optimal times such as i) at the completion of injection and tuning when
the beam is at its highest intensity; ii) when soaking conditions have been
optimized; and 1iii) when experimental parameters such as exposure times and
oscillation range have been determined. During the data collection, the beam
alignment should be checked when i) the wavelength is changed; ii) after a few
cycles of successful refills; or iii) anytime a problem is suspected. The X-ray beam
position can be checked by exposing a small piece of X-ray sensitive paper (Kodak
Linagraph 'pink' paper) mounted on a goniometer head. The position of the
subsequent 'burn’ pattern with respect to the cross-hairs of the camera telescope or
viewing telescope should be monitored. The burn pattern should be taken
perpendicular to the X-ray beam direction, if possible, since non-orthogonal views
complicate the relationship bet. reen the burn pattern and the beam position. In
order to get immediate feedback from diffraction experiments, high speed Polaroid
film (type 57) can be used to track the quality, diffracting lifetime, and resolution
limits of crystals. Since background builds up more rapidly on Polaroid film



(complicating the detection of weak diffraction features), spatial resolution is poorer
and there is a smaller dynamic range than with conventional film.

Diffraction data sets are brought home in the form of either films or digitized
images. Data sets are then processéd and analyzed usinga modified version of the -
Purdue oscillation film processing package that has been adapted to run on our host
Silicon Graphics workstations (MTOPS: Machine Transportable Programs for
Oscillation Processing and Scaling, Kamer and Arnold).

In our recent trips to the CHESS F1 station, the use of storage phosphor image plates
(made by Fuji) has led to a significant enhancement in the signal quality of
diffraction measurements. Since storage phosphor image plates are more sensitive
and have a larger detection area than film, it is possible to use a larger crystal-to-
detector distance further for image plate than for film. As a result, the background is
lower (1/r2 dependency). The results obtained from using image plates have
indicated a significant improvement over those obtained in concurrent experir. ents
using photographic film. In one-third the exposure time relative to X-ray film (4-8
seconds per image plate vs. 16-24 seconds per film), we realized approximately a 0.5
A enhancement in effective resolution with a better signal-to-noise for the image
plate relative to the film. With the shorter exposure times required with image
plates, it is possible to collect more useful and higher quality diffraction data sets
within a given time allocation on the synchrotron beamline and with limited
numbers of crystals of good quality. In addition, since the image plates are reusable,
use of image plates reduces tremendously the expenses of synchrotron experiments.
On a typical trip to CHESS F1, we used to take 600 exposures on 1800 pieces of films
(ABC packs); the total cost was about $5000 (films: $3800, sleeves: $950, chemicals etc.:
$200). Instead, we now collect 1800 images on storage phosphors in the same time as
600 exposures on films, costing only about $540 for 45 X 2 = 90 8-mm video tapes
(one original set and one backup set).

3. X-Ray Diffraction Studies of Human Viruses and HIV-1 Reverse Transcriptase
: Using Synchrotron Radiation

In recent experiments, our group has used synchrotron radiation resources at
CHESS to study the three-dimensional structures of human rhinovirus 14
complexed with antiviral agents that bind to the capsid (at 3.0 A resolution) and
AIDS virus reverse transcriptase (RT) p66/p51 heterodimer complexed with a
double-stranded DNA template-primer and a monoclonal antibody Fab fragment (at
3.0 A resolution).

3.1 Complexes of Human Rhinovirus 14 with Small Molecule Antiviral Agents
We have been able to solve a number of complexes of HRV14 with small

molecule antiviral agents that bind to the capsid. For these studies we have
been using the cubic crystal form of HRV14 (a=445.1 A) that diffracts to at least
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0.5 A resolution, and the current results have been analyzed at 3.0 A
resolution. In favorable cases, the compounds can be soaked into the crystals
at a concentration that permits imaging of the bound drug and associated
conformational changes while retaining isomorphism. Two of the best
defined complexes that-have racently beeni solved using data from CHESS are *
HRV14 complexes with SCH 38057 (Zhang et al., J. Mol. Biol., in press) and
SDZ-880-061 (Oren et al., in preparation). SDZ 880-061 was synthesized by
chemists at the Sandoz Forschungsinstitut in Vienna, Austria (Rosenwirth et
al., in preparation) and is one of the most potent of this class of antivirals
against HRV14. It was fascinating to discover that this compound
significantly increased the radiation stability of HRV 14 cubic crystals (relative
to unsoaked control crystals) when using the CHESS A1 station (A=1.565 A).
SCH 38057 is a new antiviral compound synthesized by chemists at Schering-
Plough that seems to exhibit inhibition potentially via a number of different
mechanisms (Rozhon et al., Antiviral Research, in press). The 3 A resolution
electron density maps for both of these complexes have been interpreted in
detail and yield a clear interpretation of both the bound antiviral compounds
and conformational changes in the viral capsid that accompany drug binding.
Each of the compounds causes different conformational changes in VP1
protein. In fact, the conformational changes of the HRV 14 capsid proteins in
the SCH 38057 complex are more extensive than those observed in any of the
other HRV 14 antiviral complexes reported to date. Overall, these results
provide important information regarding both mechanisms of viral
inhibition and for further drug design that will take advantage of the three-
dimensional structure-activity relationships that being developed.

3.2 Structure of HIV-1 Reverse Transcriptase Complexed with a dsDNA and Fab

The HIV-1 reverse transcriptase (RT) enzyme is responsible for the catalytic
transformation of the AIDS virus RNA genome into a linear double-stranded DNA
that can be permanently integrated into host cell chromosomes. Currently, HIV-1
RT is the potential therapeutic target of the most widely used treatments for AIDS.
HIV-1 RT isolated from virions consists of two subunits, p66 (66 kDa) and p51 (51
kDa). They have the same 440 N-terminal amino acids which constitute the
polymerase domain and the remaining 120 C-terminal amino acids of p66 comprise
the RNase H domain (Goff, 1990). The structure of the HIV-1 RT/Fab crystals has
been solved at 7 A resolution both for the DN A-containing and non-DNA-
containing forms (Arnold et al,, 1992). The structure of HIV-1 RT complexed with a
non-nucleoside inhibitor nevirapine at 3.5 A resolution has also been reported by
Dr. Thomas Steitz's group at Yale University (Kohlstaedt et al. 1992). Recently our
laboratory has independently determined the structure of a ternary complex of HIV-
I RT/Fab/dsDNA at 3.0 A resolution. We report here some preliminary results
about the structure determination of this complex.

Our laboratory has used a variety of approaches to improve and to optimize
crystallization of HIV-1 RT, including protein engineering aimed at changing the
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specific amino acids on the surface, making complexes with antibody fragments, or
making complexes with synthetic nucleic acids that mimic template-primer
substrates. We have succeeded in obtaining high quality crystals of a ternary
complex of the HIV-1 RT p66/p51 heterodimer, a monoclonal antibody Fab
fragment (Fab 28), and a dsDNA oligomer that diffract X-rays to 28 As resolution at
CHESS (Jacobo-Molina et al. 1991). The dsDNA used for the studies is a
complementary 19 base/18 base DNA with a one-base overhang in which the duplex
region corresponds in sequence to the 18-base RNA/RNA duplex formed between
the primer binding site in the viral RNA genome and the 3' end of tRNA primer.
The sequence of the 19-mer is 5'-ATGGCGCCCGAACAGGGAC-3' where the 5'-A
forms the one-base overhang. The same crystal form has also been grown without
DNA, which also diffracts to 3.5 A resolution using the CHESS F1 station. A very
helpful feature of these crystals is that the DNA-containing crystals and the non-
DN A-containing crystals are isomorphous, thus permitting a convenient
comparison of the RT structure in the presence and absence of nucleic acid. The
HIV-1 RT/Fab/dsDNA crystals belong to space group P3,12 with a=168.7 A and
¢=220.3 A, and contain one complex per asymmetric unit.

We have been able to collect entire X-ray diffraction datasets to medium resolution
(~6 A, with I/o(I) > 2 and overall Rmerge (I) =5 - 10 %) from single crystals of the
HIV-1 RT/dsDNA/Fab complex using the Xuong-Hamlin Mark II system in our
home X-ray laboratory. Those results greatly facilitated the interpretation of heavy
atom derivatives and initial structure determination of RT at 7 A resolution.
However, the RT crystals show only a maximum useful resolution of about 4-5 A
using a rotating anode generator, and decay considerably following about 15 hours of
exposure. The lower resolution area detector work has been a powerful guide for
appropriate conditions to use in the precious time allocated for our synchrotron data
collection at CHESS. The high flux at CHESS has permitted us to collect datasets
from crystals of the HIV-1 RT/dsDNA/Fab complex at 2.8 A resolution.

High resolution X-ray diffraction datasets were collected at the CHESS F1 station
(x=0.91 A). The diffraction data from multiple crystals were processed, merged, and
scaled togather using the MTOPS package (Kamer and Arnold, unpublished). The
combination of all area detector and synchrotron datasets (4 native and 21 derivative
datasets) produced the best eleciron density maps from MIR/solvent {lattening
calculations. The datasets were merged using local scaling by resoltuton ranges
(Matthews et al., 1975) where the CHESS glycerol native dataset was used as
reference. Complete three-dimensional solutions for heavy-atom isomorphous
difference Patterson syntheses were generated using both minimum and sum
functions in the program VECTORMAP (Williams & Arnold, unpublished). Cross-
phased difference Fourier syntheses gave a clear verification of the major sites and
revealed additional sites that were initially confirmed using cross-vector searches
with known sites as input into VECTORMAPD. The initial solution of the heavy
atom derivatives at high resolution was provided both by interpretation of
difference Pattersons and by difference Fouriers using phases from the low
resolution derivative datasets at 7 A (Arnold et al, 1992). The phases used for
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locating heavy atom positions derived initially from SIR or MIR calculations, but
later corresponded to those improved by solvent flattening. The relative occupancy
parameters are on an arbitrary scale. The heavy atom scattering contributions were
calculated {from appropriate single atom scattering factors even for the heavy-metal
cluster derivatives; isotropic thermal parameters of B=20 A2 were used and not
refined. The parameters used for automatic mask generation during solvent
flattening (Wang, 1985) at 3.0 A resolution were: solvent fraction = 75%, empirical
constant § = 0.060, and radius = 7.5 A (PHASES package, Furey & Swaminathan,
1990). The native dataset was merged from 186 image plates and/or films obtained
trom 36 crystals with an R,m-.rgo (I) = 0.13, and has 76903 unique reflections (I>3s(I)) to
2.8 A resolution with a completeness of 88.1%. Secondary structural elements of
HIV-1 RT were interpreted using a number of electron density maps calculated
based on the MIR phases with resolution limits between 3.5 and 4.0 A resolution;
assignm: 1t of connections was facilitated »v the recently reported structure of HI-1
RT complexed with nevirapine (Kohlstaeat et al,, 1992). The atomic model has beer
built using program O (Jones ct al,, 1991). The most prominent electron density for
the DN A corresponds to the sugar-phosphate backbone. The phosphates are
particularly pronounced. Interpretation ¢f the Fab28 structure was initially guided
by matching the four 8-barrel domains of McPC603 (Satow et al., 1986) with the
electron density and is b ing completed based on the sequence of Fab28 (Ferris et al,,
unpublished). The MIR phased maps were improved with the solvent flattening
rrocedure, but many of the amino acid side-chain densities were still poor. We tried
different approaches to combine the initial partial model structure into the MIR
phase to improve the experimental map quality. The most successful strategy is to
generate the molecular envelope used for solvent leveling by combining the MIR
phases with those trom a partial atomic model which included only the backbone
atoms of the residues with unambiguity. The resulting map showed the improved
clectron densities in the connection regions and for the side chains where there
were weak densities in the maps calculated from MIR phases with the average
solvent tlatiening.

The overall tolding of the individual subdomains (named fingers, palm, thumb,
and connection) in the polvmerase domains of HIV-1 RT is similar, however, their
spatial arrangements within the respective monomers are dramatically different,
resembiig that reported by Kohlstaedt et al. (1992). The structure of the template-
primer 1s a hvbrid resembling A-torm IPNA near the polvmerase active site and B-
torm DNA towards the RNase Hactive site, with a significant bend at the A-/B-
junction. The most numerous interactions of HIV-T RT and the dsDNA (mainly
along the sugar-phosphate backbone) occur with the amino acid residues of the
palm, thumb, and tingers subdomains of poe. Highly conserved regions in the p66
palm near the polvmerase active site include a g-hairpin that interacts with the
primer strand ana a loop that imteracts with the template strand - These structural
clements, together with two o-helices ot the peo thumb, act as a clamp to position
the template-primer precisely relative to the polvmerase active site. The 3'-hydroxyl
of the primer terminus is close to the catalvtically essential Asp 110, Aspl85, and
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Aspl86 residues at the active site and is in a position for nucleophilic attack on the
a-phosphate of an incoming nucleoside triphosphate.
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POWDER DIFFRACTION WITH
SYNCHROTRON X-RAYS

ANTHONY K. CHEETHAM

Materials Research Laboratory,
University of California,
Santa Barbara CA 93106.
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IMPACT OF POWDER
DIFFRACTION METHODS

HYDROGEN STORAGE SUPERCONDUCTIVITY

Metal hydrides High Tcs
MAGNETS BATTERIES/FUEL CELLS
Fe-Nd-B B-aluminas
CATALYSIS FERROELECTRICS
Zeolites, clays PbTiO3 etc.
CERAMICS ELECTRO-OPTICS
Zirconias N.L.O.s eg. KTIOPO4
NOVEL MATERIALS BIOMINERALS

Ceo fullerenes Apatites
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SYNCHROTRON X-RAY STUDIES
OF POLYCRYSTALLINE MATERIALS

HIGH BRIGHTNESS / LOW DIVERGENCE

High resolution powder diffraction
Study of lattice distortions and superlattices
Structure determination from powder data

High intensity studies
Time-resolved studies by energy-dispersive methods
High pressure studies
Milligram powder samples

Structures from microcrystals

TUNABILITY

Resonant diffraction studies

High resolution crystal structures from short
wavelength data
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STEPS IN AB INITIO STRUCTURE
DETERMINATION FROM POWDER
DIFFRACTION DATA

(i) Unit__Cell Determination

Auto indexing
Selected area electron diffraction

(ii) Pattern Decomposition

Yields I px1 values and (?) space group
(Pawley and Le Bail methods)

(iii) Phase Determination

Patterson and Direct Methods

(iv) Structure Refinement

Rietveld method
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STRUCTURE SOLUTION OF GAPHI
Synthesis: GaCl3 + H3PO3 Reflux for 24hrs.

Synchrotron X-ray powder diffraction collected at
Brookhaven National Lab.
A= 1.2995A, 26range 15 - 100°

Indexing: Treor Autoindexing Program from 26 26
values measured using a Scintag Pad-V powder
diffractometer. Systematic absences indicated
possible space groups P21, Pm or P21/m. SHG was
approx 1.5 times that of quartz ==> non

centrosymmetric structiure.

8.1384(2), b = 10.0388(2), ¢ = 7.7024(2),
111.58(1), Z=2.

a
p
Space group: P21

Structure solution:Intensities for 551 reflections
were extracted from the profile using the Le Bail

method. 19 of these reflections were rejected as
having zero intensity.

Fs for 532 reflections were input into the SHELXS -
86 direct methods program.
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Structure solution involved refinement of 151 E
values ( E > 1.2), using 1486 unique TPR and 168
negative Quartets.

Gallium, phosphorus and most oxygen atoms were
located at this stage, following refinement and
difference Fourier calculations..

GA2(HPO3)3.3H20

LAMBDA 1.5406 A, L-S CYCLE €1 08SD. AND DIFF. PROFILES
T LI

T ] ] I I |

X10E 4
1.0

0.5

.0

0

COLNTS

m— —
T ] 1 1 1 1 1 | ! !

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
2-THETA. DEG X10E 2

Neutron Diffraction (with a deuterated sample)
was used to find remaining atoms and confirm the
stoichiometry as Gaz(HPO3)3.4H20.

Conclusion: Structure refined with 29 atoms in the
asymmetric unit, 118 structural parameters!
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Final Atomic Cocrdinates for Ga2(HPO3)3.4H->0O

Ga(l)
Ga(2)
P(1)

P(2)

P@3)
Oo(1)
O(2)
O(3)
O](:))
O(5)
Ow(6)
o(7)
O(8)
09
0O(10)
Ow(ii)
Ow(12)
Ow(13)
Dp(1)
Dp(2)
Dp(3)
Dw(61)
Dw(€2)
Dw(111)
Dw(112)
Dw(121)
Dw(122)
Dw(131)
Dw(132)

0.0226(10)
0.3766(9)
0.3439(12)
-0.0103(12)
-0.0859(14)
0.2586(12)
-0.0497(13)
-0.0568(14)
0.1242(12)
0.0906(14)
-0.2140(15)
0.4555(13)
0.1954(13)
-0.2162(12)
0.5391(13)
0.5698(14)
0.3224(12)
0.4925(15)
0.2089(11)
-0.0860(13)
0.0842(14)
-0.2550(15)
0.3010(16)
0.6701(19)
0.5376(15)
0.4005(15)
0.2216(13)
0.3614(17)
0.5187(20)

0.3523(7)
0.0757(7)
0.3714(12)
0.0776(11)
0.6313(11)
0.3682(11)
0.4829(10)
0.2223(10)
0.2071(10)
0.4827(9)
0.3406(10)
0.2595(10)
0.0480(10)
0.6551(10)
0.0007(9)
0.0915(10)
-0.1031(9)
0.1676(11)
0.3938(8)
0.0425(10)
0.6729(12)
0.4054(13)
0.7752(11)
0.0309(14)
0.1131(11)
-0.1797(11)
-0.1039(11)
0.1900(14)
0.1127(14)
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0.0645(11)
0.5854(11)
0.4556(13)
0.2485(14)
0.2189(15)
0.2396(14)
0.2035(14)
0.2059(15)
-0.0378(15)
-0.0849(16)
-0.1256(13)
0.5453(14)
0.3444(14)
0.3096(13)
0.4861(14)
0.8478(15)
0.6751(13)
0.1586(16)
0.5259(11)
0.3821(14)
0.3454(14)
-0.2428(16)
0.1647(16)
0.8855(19)
0.9477(16)
0.7265(17)
0.7159(14)
0.1081(18)
0.2653(26)



Ga(l)
Ga(l)
Ga(l)
Ga(l)
Ga(l)
Ga(l)

P(2)
P(2)
P(")
P(2)

P(3)
P(3)
P(3)
P(3)

Qw(6)
Ow(6)

Ow(12)
Ow(12)

Final Bond Distances (A) for Gaz(HPO3)3.4H20

— O(l)  1.899(12)
— 0(2) 1.912(13)
— 0QB) 1.949(12)
— 0@  1.971(13)
— 05  1.946(12)
—  Ow(6) 1.942(14)
— 0@3) 1.505(15)
— 0()  1.520(14)
— 0O®8)  1.583(14)
— Dp2) 1.418(15)
— 02 1.530(15)
— 0@  1.514(14)
— 00  1.479(14)
— Dp(3) 1.428(14)
— Tw(6l) 1.060(14)
— Dw(62) 0.929(13)

— Dw(121) 0.981(12)
—  Dw(122) 0.975(13)

&

Ga(2)
Ga(2)
Ga(2)
Ga(2)
Ga(2)
Ga(2)

P(1)
P(1)
P(1)
P(1)

Ow(l])
Ow(1l)

Ow(13)
Ow(13)

o(7)
O(8)
0(9)
O(10)
Ow(11)
Ow(12)

o(1)
o)
O(10)
Dp(1)

Dw(111)
Dw(112)

Dw(131)
Dw(132)

2.011(12)
1.915(12)
1.932(11)
1.899(12)
2.056(13)
2.027(12)

1.546(13)
1.448(14)
1.572(15)
1.402(11)

0.970(15)
0.921(14)

1.013(15)
0.944(17)






Some Examples of Ab Initio Structure
Determinations from Synchrotron
X-ray Powder Data.

Compound

a-CrPO4g4

1204

Al2Y4049
MnPO4.H20
PbC204

Clathrasil, Sigma-2
i.aMo50g

SeH2

UPd2oSn

CsH11NO2

NaCD3

BaBiO2 5
(VO)3(PO4)2.9H20
CuPt30¢
Ga2(HP0O3)3.4H20

Space
Group

Imma
P24/c
P21/c
C2/c
P1
l44/amd
P21/a
Ibam
Pnma
Pna24
1222
P24/c
P24/n
Pn24m
P21

No. of Atoms In
Asymmetric Unit

8
6
15
6
7
17
14
4
4
19
10
5
13 non-H
10
29 incl. H
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CO2 REFORMING OF NATURAL
GAS OVER Ln2ir207

CO2 + CH4 —-eeeees > 2CO + 2H2

Up to 90% conversion with ~98%
selectivity

Energy-dispersive X-ray diffraction with
synchrotron radiation shows that
decomposition takes place according to:
Ln2lreO7 ---> Ln203 + Ir + O2

Supported Ir is the active catalyst
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Energy-despersive
detector

Collimator

Incident
white beam

Sample (held between
thin quartz plates)

Sheotnare Shed-0 1 X2 arn-C29658- 1 5 4
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Absorption

Energy

The relationship between absorption, f ' and f "
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SOME APPLICATIONS OF
RESONANT X-RAY DIFFRACTION

(i) Neighbouring element contrast;
e.g. FeCo2(PO4)2

fo Fe2+ = 24 electrons, f'= -7.8 e-
fo co2+ = 25 electrons

(ii) Valence contrast in mixed valence cpds.
e.g. a—Fe2POs5 (FellFelllPOs)

(iii) Multiple site occupancies in zeolites,
high Tc¢s etc.

(iv) Site selective XANES studies

(v) Structure determination from powder
data
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Occupancy of Fe by neutron and resonant
X -ray powder diffraction in Co2Fe(P0O4)2%*.

Fe Occupancy

Site M(1) M(2)

Statistical 1/3 1/3
Distribution

TOF Neutrons 0.251(4) 0.498(8)

X-rays 0.243(5) 0.514(10)
Fe K—edcie —
Multiplicity 4 2
Coordination 5 6

* Overall composition constrained to the chemical formula.
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Scattering factor

The effect of oxidation state
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Energy/keV
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VALENCE CONTRAST IN Fe2POs

Resonant X-ray diffraction:
The Fe2+ K-edge:

M(1) site f ' = -9.74(5)
M(2) site f'= -8.04(7)
The Fe3+ edge:
M(1) site f'= -6.75(11)
M(2) site f' = -10.01(17)

Neutron diffractiog has been used to solve
the magnetic structure and refine values

for the magnetic moment at each iron site:

M(1)=3.89(3)uB
M(2)=4.22(3)uB

Both diffraction experiments confirm the
presence of Fe2+ at M(1) and Fe3+ at M(2),

and are in agreement with valence bond
calculations:

ZsM(1)=2.077(3), XIsM(2)=2.997(7)
(based upon the room temperature crystal
structure)
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DAFS: A NEW X-RAY STRUCTURAL TECHNIQUE
USING REAL PHOTONS AND VIRTUAL PHOTOELECTRONS

Larry B. Sorensen
Department of Physics
University of Washington
Seattle, Washington 98195

1. Synopsis

This talk described the work that my collaborators and I have done over the past
two years developing and applying the new x-ray technique DAFS. Most of the
material presented in the talk has been published in the three references listed
below. The essential physical idea behind DAFS is that causality and unitarity
require the diffracted intensities to have the same fine structure versus photon
energy as x-ray absorption. Consequently, DAFS unifies diffraction and XAFS
sensitivities into a single technique, and thereby provides enhanced sensitivities for
special applications.

2. References

1. H. Stragier, ].O. Cross, J.J. Rehr, I..B. Sorensen, C.E. Bouldin and ]J.C. Woicik,
"Diffraction Anomalous Fine Structure: A New X-Ray Structural Technique,”
Physical Review Letters 69, 3064 (1992).

2. C.E. Bouldin, J.C. Woicik, H. Stragier, J.O. Cross, J.J. Rehr and L.B. Sorensen,
"Diffraction Anomalous Fine Structure: XAFS with Virtual Photoelectrons,"
Japanese Journal of Applied Physics 32, 198 s2 (1993).

3. D.J. Tweet, K. Akimoto, I. Hirosawa, T. Tatsumi, H. Kimura, J. Mizuki, L.B.
Sorensen, C.E. Bouldin and T. Matsushita, "Structural Study of the

Si/B~/3 X+/3R30°/Gey Si1x Interface by Spatially Selective Diffraction Anomalous
Fine Structure (DAFS)," Japanese Journal of Applied Physics 32, 203 s2 (1993).
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DAFS: DIFFRACTION ANOMALOVS FINE

STRVCTURE

TDEA: HIGH PRECISION MEASVAEMENTS OF TNE
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DAFS PROVIDES: CREMmICAL SELECTIVITY
NEIGHBOA DISTANCES
NEIL 6N BOA FRACTIONS
NEIGNBOA DisOrIEAS
SPATIAL SECE&ECTIVITY
SITE S&EcE&criviTY
VALENCE K OasiTAL SENSiveIvITY

1) SPATIAL SEcECTIVITY
-
CAN SEPARATE COMPONENTS WITH DIFFERENT QS

STAMMWNED LAYEAS

ITmbea Ag
MIXED POWOEARS Ca
SUAFACE MONOILAYEARS
SOAFACE | BUAIED INTERFACE AEBCONSTAVATIONS Ge 85S¢

1) S/ TE SELECcTIVITY

SCATTEARIN & AmMPLITUVODE 'S A LINEAR COMBINATION OF

THE INEQUIVALENT SITE AMPLITIVOES =7 CAN SEPARATE

INGE Q UIVALENT SITES

BYver SAmPLE S 113 SUABRCONOVCETORS
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3) VALENCE AND OREB,)TAL SENS svIvITY

~—) NEaAR ED¢E AREGCIN
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THE COMPLEMENTARITY:
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PHOTO ABSOARPTION (XAFS)
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FOUR SYSTEmMS:

1) THIN EPITAXIAL COPPER FlemsS
SIMPLE STANDARD

2) Im Ga As MULTICAY ERS
SPATIAL SELECTIVITY

3) 123 SUPERCONDUCTOR THNIN £lemS
SITE SELECTIVITY § VALENCE SEmnSI1TIVITY

4) sif 8/ 6e S. NETEROSTAVCTUARE
MONO LAYER SENSITIVITY
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BURIED MONOLAY ER DAFS
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Backagrourd Intensity versus Wavelenath: ExXAFS
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SITE SENSITIVITY
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REFLECTION
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Intensity [I/Io]
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(003) DAFS
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CONVEARSATION IN GASLIT HALLS
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Coherent X-ray Optics: Soft X-ray Microscopes
and Making Things Harder

Chris Jacobsen, Department of Physics, SUNY Stony Brook

ABSTRACT

The advent of undulator sources on low emittance storage rings is enabling
several groups to make new advances in x-ray optics. Using a soft x-ray undulator
at the NSLS x-ray ring, we have developed a scanning transmission microscope that
is able to image <50 nm structures in wet, thick biological specimens; other
additional imaging modalities are also being developed. In addition, we are also
developing holographic approaches to microscopy and to the design of diffractive
masks for projection x-ray lithography. Scaling of these experiments to shorter
wavelengths will be discussed, and some new opportunities that may be afforded by
the APS will be considered.



X-ray microscopy at X-1

Development of new modalities

e XANES from sub-0.1 pm spot

e X-ray luminescence

e Zernicke and differential phase contrast

e Selected area diffraction

e Stereo and tomographic imaging

e Holographic microscopy
Applications

e Radiation damage studies

Cellular anatomy and ultrastructure

Biochemical mapping? (XANES and luminescence)

Elemental analysis (mostly Ca)

Polymer properties

What APS would do
Microanalysis with high spatial resolution (P, S, Ca)
Microdiffraction (optimum at ~ 1 keV)
Thicker water layers
Thicker samples
Micro-XANES on Z > 8 K-edges

What is needed

Modest to high coherence at 0.5-5 keV (both spatial and temporal)
Beam/beamline stability to < o
Micropositioning/scanning system with < 30 nm resolution, noise
Remote sample control capabilities (wet cell pumps, etc)

Support facilities including wet lab, optical microscopes.
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Why soft x-rays?

Short A: better resolution than optical microscope

Wet specimens:

23nm <A <43nm
(Oxygen K) (Carbon K)

Thicker specimens than electron microscope (no mul-
tiple scattering)

Lower dose than electron microscope (although dose
is still in the megarad range)

« Some elemental mapping capabilities
These basic advantages have been known for ~40 years.
Until recently, however, progress has been lirnited by:

o Lack of bright x-ray sources

o Lack of high resolution optics

o Lack of supporting technologies
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Chris Jacobsen, Stony Brook Physics

Partial coherence in scanning microscopes

Scanniny transmission microscopes with large detectors give incohereny,

hrwhtncld Hmages. H()\w‘.cr, res Iuwm 15 1imitmi by the coherence of he

v . N 1 -~ - 1 1 1 ~ .
o Focal spon phase space (full '.\'1(itn. full angle) with perfect coherence:

phase space = spot width - beam angle

o - ( "§»~)-(\'.31\5..\./\;
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Coherent flux (ph/sec/0.1% BW)
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Holography: microscopy by wavefront reconstruction

o Interfere the wave scattered from an object with a
reference wavefront.

« Tllumination of the processed hologram by the refer-
ence wavefront recreates the object wavefield.

e Two geometries are well-matched to the current sta-

tus of x-ray sources, optics, and detectors: Gabor
and Fourier transform.

Recording Reconstruction
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Hologram readout: from TEM to SFM

Transmission electron microscope:

measures thickness variations of photoresist, deriva-
tive of fringe profile (metal shadowing)

destructive to resist

spiral distortions on TEM limit effective hologram
numerical aperture (thus image resolution)

metal grain, multiple scattering, mass loss limits res-
olution to ~ 10 nm

requires resists on thin windows (durability)

multiple steps to digitized hologram (metal shadow-
ing, TEM photographs, scanning microdensitometer
OR contact print & PC-based page scanner)

Scanning force microscope (van der Waals force rather
than quantum méchanical tunnelling):

measures surface profile of photoresist
nondestructive (mostly)

potential for atomic resolution

field distortion can be made negligible
direct digital readout
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Computer generated holograms for projection x-
ray lithography

e Holographic optical elements serve as single element
aberration-corrected optics

o Fabrication requirements: equal resolution and regis-
tration as is required for proximity x-ray lithography

e The mask-wafer gap can be 50-1000 pm

e Recording geometry and illumination requirements
appear to be compatible with existing x-ray steppers
at synchrotron light sources.

o High depth-of-field: 467 /A~ 10 pm

e Especially high degree of immunity to image corrup-
tion caused by moderate non-localization of informa-
tion

But twin 1mage?

Resist
Hologram //iWafer

X—ray
Plane
V/,C‘; ve
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Technique for printing a noise-free image

Use x-ray refractive index n, =1 - 8§ — 103

and ¥ = exp(-1kn,t) for a material thickness ¢ (get é, 3
from Henke).

1. Backpropagate the desired wavefield from the wafer
to the hologram.

2. At the hologram, pick ¢ at each pixel to match
the phase exactly and the amplitude approximately

(ANOMALOUS DISPERSION!!)

3. Forward propagate the wavefield back to the wafer.
Re-impose the desired intensity levels but leave the
phase untouched.

4. Repeat steps 1-3 til convergence

The key is that we have a free parameter on each side
of the problem (the optical phase at the wafer, and the

material thickness at the hologram). See results of simu-
lations.

— Resist
Hologram ,/f— Wafer
N a4
A\ 9 £
- ;
X—ray ;
Plane
Wave
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Making zone plates harder

Fresnel zone plate zones should either be
e Opaque
e Phase shifting ()

Zone plate efficiency €
1 4w 4 4x
€ ~ ;—r—z—[l + exp(—Tﬁt) -2 exp(-——rﬂt) cos(—;\-—St)]

Making e.g., 0.05 ym wide, 0.5 um high zones is difficult.
e E-beam lithography in resist
e Sputter & slice
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Theoretical zone plate efficiencies:
02 pum zone thickness limit
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Theoretical efficiency
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HIGH-RESOLUTION SCATTERING WITH COHERENT X-RAYS
AND X-RAY INTENSITY FLUCTUATION SPECTROSCOPY

Brian Stephenson
IBM Research Division
T.J. Watson Rescarch Center
Yorktown Heights, NY 10598-0218

The use of coherent incident radiation in a scattering measurement provides a
wealth of information about the disorder present in the sample which cannot be
obtaincd using incoherent radiation. In general, the scattering of a coherent in-
cident beam produces a “spcckle” pattern whenever the sample contains ran-
domly distributed rcgions which scatter differently. If the arrangement of the
regions evolves with time, the speckle pattern will also change. Observation of
the intensity fluctuations at a single point in the speckle pattern, a technique
known as intensity fluctuation spectroscopy, has been widely used with visible
light to study processcs such as critical fluctuations ncar phase transitions in flu-
ids and the diffusion of particles in liquids. Using visiblc light, it is not possible
to study length scales less than about 200nm, or opaque materials. However, by
using cohcrent x-rays, the dynamics of processes involving atomic length scales
can be observed in a wide range of matcerials. In this talk [ will report on progress
in the development of x-ray intensity fluctuation spcctroscopy (XIFS). In our
initial work,! we produced a coherent x-ray becam of 0.15nm wavelength by using
a pinhole a few microns in diamcter and a high-brilliance synchrotron sourcec.
We used this beam to observe an x-ray speckle pattern in the diffraction from
anti-phasc domains in a single crystal of CuzAu. In a subscquent experiment
using the APS/CHESS x-ray undulator, we have carried out an XIFS study of
the kinetics of ordering in Cu;Au.2 Finally, 1 will discuss the prospects for using
XIFS at APS to study the dynamics of disorder having correlation lengths in the
1 to 100nm range, such as diffusion in amorphous systems.

1”"The Obscrvation of Speckle by Diffraction with Coherent X-rays,” M. Sutton,
S.G.J. Mochrie, T. Greytak, S.E. Nagler, L.E. Berman, G. Held, and G.B.
Stephenson, Nature 352, 608 (1991).

2Collaborators: E. Dufresne, M. Sutton, McG:ill Univ.; R. Headrick, CHESS; G.
Held, /BM; S. Mochrie, MIT; B. Rodricks, APS; C. Thompson, Polytechnic
Univ..



High-Resolution Scattering with Coherent X-rays
and X-ray Intensity Fluctuation Spectroscopy
New Frontiers at the APS

Brian Stephenson
IBM Research

Collaborators:

Eric Dufresne, Ken Elder, Mark Sutton, McGill Univ.
Tom Greytak, Simon Mochrie, MIT

Glenn Held, IBM

Steve Nagler, Univ. of I'lorida

Carol Thompson, Polytechnic Univ.

Lonny Berman, National Synchrotron Light Source
Randy Headrick, Cornell High Energy Synchrotron Source

Brian Rodricks, Advanced Photon Source



OUTLINE

Scattering with coherent light

>

>
>
>

Resolution and Coherence

Speckle from Disordered Systems
Intensity Fluctuation Spectroscopy
Opportunities with x-rays:
atomic-scale dynamics and structure

Producing a coherent x-ray beam

>

Source brilliance

Measurement of speckle from anti-phase domains in CuzAu
(Nature 352, 608 (1991))

Prospects for Intensity Fluctuation Spectroscopy at APS
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o Speckle pattern depends on exact arrangement
of domains, not just domain size distribution

e If incident light is not coherent,
resolution is insufficient to observe speckle pattern
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Intensity Fluctuation Spectroscopy

Well-developed technique using visible light (lasers)
Used to stuldy dynamics of processes such as

- density fluctuations near critical points

- diffusion of particles in fluids

4n
(A = 40004)
Use of x-rays (A = 14) would allow study of
dynamics ot atomic-scale fluctuations:

Visible light cannot be used for Q0 >

order in alloys, liquid crystals, etc.

charge density waves

quasicrystals

diffusion of defects

Such dynamiics can not be studied by conventional
time-resolved scattering with incoherent x-rays,
which 1s sensitive only to the ensemble average
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Coherent Light from an Incoherent Source

Longitudinal coherence length:

A A
{CO":?H Ob/um +‘1/)

Transverse coherence length:

. A Rsource
dcoh - 2 dsource / [, /u.m %L’F

2
Transversely coherent flux: Feon = (-—%—) x Brilliance ‘\

1.24 A X-ray NSLS CHESS APS
Source: Wiggler Undulator  Undulator
Brilliance 3 x 10" 3 x 10% 1.5 x 107
(ph/s/mm?2

/mrad2/104AA/A)

Feon 1.2 x 108 1.2 x 107 6 x 108
(ph/s/1074A4/4)
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Science with X-ray IFS at APS
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ADVANCED PHOTON SOURCE:
TECHNICAL DEVELOPMENTS
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Top-up Operation of APS

John N. Galayda

Fifth Users Meeting
October 13-15, 1992
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ADVANCED PHOTON SOURCE

Top-up Operation of APS

Definition of top-up
Immediate advantages
Immediate issues for utilization
Personnel protection
Chamber protection
Beam stability
Beam utilization

Long - term advantages

Long - term issues for utilization

John N. Galayda
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ADVANCED PHOTON SOURCE

Top - up Operation of APS
Definition of essentials:

Injection with
Insertion devices closed

Shuttters open
Beam stability specifications met
(except during a short time interval dt)

Negotiable parameter:

dT, injector repetition period; 0.5 seconds minimum

If beam lifetime is T, and current is I, then the
variation in stored current 1s

dI =1 (dT/T)




__ADVANCED PHOTON SOURCE

Advantages of Top - up Operation
(From presentation by D. Moncton @ 4th Gen workshop)

Experimen:s continue during injection - shutters
open, undulators closed

Achieve "constant current" operation
e.g., I = 100mA, T=40hrs, dT =1 minute
dIl = 0.04 mA
Current is stable to better than 0.1%
Improves stability of storage ring
Improves stability of optics
Maximizes available beam intensity

Eliminates changing S/N ratio
M..1imizes nonlinear monitor effects
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ADVANCED PHOTON SOURCE

Personnel Protection

Bremsstraklung in hutches during injection
with shutters up?

MCI 183 mrem for total loss of 300 mA in an ID
chamber ( H. J. Moe, APS-LS-141, revised)

Analyze credible trajectories of stored beam,
incoming beam during injection process

Investigation of safety of fellowing operation rules:

Shutters closed during fill from zero current
with high charging rate

Inhibit injection if stored beam is lost,
shutters up

Inhibit injection if incoming beam charge is
too large

Issues still under study
General radiation environment- increased simply

because average current = maximum current-
Same dose per amp-hour of beam
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ADVANCED PHOTON SOURCE

Chamber Protection

@ APS, mis-steered beam must be aborted in
1 millisecond, top-up or not

Extra effort to prevent disruption of feedback
orbit control by injection process

Vertical beam blowup for a short time after
injection would be invisible to a typical RF
beam position monitor - damping Time 9 msec

ESRF to add beam size measurement to
the chamber protection logic

APS to enlarge ID radiation exit port aperture-
EDM channel in beam pipe
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ADVANCED PHOTON SOURCE

Beam Stability
Synchrotron, betatron feedbacks should be OK

Orbit control feedbacks - care must be taken to
insure loop stability

Efforts will be made to minimize disturbance of
stored beam, to reduce potential of problems
from items above; eg,

Try to limit mismatch of injection bumps to
no more than 0.17 mm increase in beam size;

Beam will damp to within 5% of nominal size in
about 22 milliseconds
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ADVANCED PHOTON SOURCE

Beam Utilization
Data inhibit signal supplied to beamlines
Realtime monitoring of beam current, profile

Experiment compatibility with frequent changes
In current

Can one trust an Io monitor and a beamsize
monitor at the endstation, compatible with
experiments?

Charged-particle diagnostic techniques:
Beam current to better than 0.1% of full scale

Beam profile to better than 25 microns,
non-intercepting, visible light

Scanning aperture or filament: 5 microns or
better
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Data Sheet for Commercially Available Transformer

Jullen BERGOZ

Crozet, 01170 Gex, France
Tel. (33) 80.41.00.89

Fax (33) 50.41.01.99

Price list

Parametric Current Transformer for use as beam monitor in particle accelerators

20 Parametric cumrent transformer

simplified version

single range, full scale:
offset ranges

inearity error

resolution®

zero drift (1 houn)*

noise (0... 1 kHz)
modulator ripple (f=7 kHz)
long term dc zero drift
fequency range

output signal

output slew rate

built-in calibration source
absolute accuracy
built-in self-test function
*(integration window 1s)

Sensor dimensions: o.d.
id.
h

Power requirements:

Regulation:

Cdlibration/Offset control:

Includes:

front-end box

Available now

-290mA...0...+2°0mA
-80mA...0 -or- 0...+ S00mA
<10.02 % * zero ermror
<1x0.020 mA ms
<+0.025mA ms
<x0.025mAms
<+3mAms

<x0.1 mA/month
dc....20 kHz
-10V...0... +10V

0.1V / us max.

-250 mA and +250 mA
>+025%

280 mm max. ”"
170mmmin. — 6.7 rp
80 mm max.

+ 15+% 5% Vdc, 100 mA

- 15+5% Vdc, 100 mA
>+0.1%

unipolar switch, user-supplied

one tomoid sensor with two 3-meter cables leading to the electronics

one front-end electronics box. Dimensions are 185x130x70mm

one open-ended 3-meter cable leading to the user-supplied power

supply, calibration/offset control and monitoring device.
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Rings designed to optimize other performance

parameters at the expense of lifetime:

B-factories at PEP, CESR

e.g. top-up for 4 seconds every 5 minutes

Synchrotron radiation rings

Louis Emery, 1991 Particle Accelerator Conference
pg 1633

E = 4 GeV, emittance 0.025 nanometers, T<56 hours
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Beam Utilization

It is easy to design an experiment that depends
implicitly on slow, smooth variation of beam
current

Countermeasures

Do complete parameter scans between injection
pulses

Accurate realtime normalization to flux into
the beamline

Full interception of the beam striking sample
is highly desirable: practical only for harder
X-rays
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Can it be done? The accelerator problems
arc soluble and the top-up frequency 1s
negotiable. In fact it HAS been done:

Turning on SPEAR injection (to clear ions)
with feedback orbit control ON Is routine
(shutters closed)

Top-up operation of CESR 1s now routine
for high energy physics ; dT= 1 hour
X-ray experimenters can and do leave
shutters open

Some CESR experiments collect data during
top-up; preliminary scans, alignment, in
some instances real data

(e.g. protein crystallography)

155



ADVANCED PHOTON SOURCE

Longterm prospects
Trade lifetime for emittance
Trade lifetime for undulator gap
Trade lifetime for ring energy

Ring designs predicated on top-up
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Contributions to beam loss rate

Quantum lifetime: occasional emission of a very
energetic photon by synchrotron radiation;
Usually measured in years

Touschek scattering: intrabunch scattering,
transferring transverse momentum into
particle energy error

. . 1 E 2
Touschek loss rate «(positron density) — |
E max
Gas scattering N p221n E
AE
max
22 B
bremsstrahlung a P— 2] <>
E aperture
max

elastic
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Summed contributiens to lifetime, as listed in CDR:

1 _ 1 L 1 4 1 4 1
T T T, T T
q e t
quantum brem. elastic touschek

_ o 4+ P@D _ P@D I(bunch,mA)
187 hr 128 950

For APS with = 100mA, P =1 nT, I(bunch)=5mA

T =54 hours with 10% linear coupling

T= 34 hours with 1% linear coupling
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Generally, the vertical aperture is the tightest
constriction and thus determines the elastic
scattering loss rate.

Suppose we assume that, because we know how to
top-up, we can reduce the vertical aperture until the

lifetime is about

1 hour

What kind of undulators could be installed?
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APS
Period Ering Gap Ephoton K
(cm) (GeV) (cm) (kev)
3.3 7.0 1.0-3.3 3.5-13.5 2.4-0.4
2.3 7.0 1.0-2.0 13.0-19.5 1.1-0.3
2.3 6.5 0.4-1.6 3.1-16.0 3.0-0.4
0.53 7.0 0.35 120. 0.11

e In theory, particle beam lifetimes should be
about 1 hr. for apertures ~ 2 mm.

ESRFE
Period Ering Gap Ephoton K
(cm) ((zeV) (cm) (kev)

2.0 6.0 0.4-1.4 4.5-16.0 2.4-0.4
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The effect of small vertical aperture on lifetime
may be underestimated due to nonlinear coupling.
Particles that have undergone Touschek or
bremsstrahlung events might be lost on a vertical
aperture.

The APS/ASD accelerator physics group has been
studying nonlinear coupling in numerical
simulations and in experiments at the SRC,

Stoughton, WI.

Small gap undulator R&D program at NSLS
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DEVELOPMENTS IN
HIGH HEAT LOAD X-RAY OPTICS

Dennis M. Mills

Fifth Users Meeting
October 13-15, 1992
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Outline of Presentation

INCLINED CRYSTAL WORK

oow>

Overview of heat flux spreading
Diffraction properties
Experimental results

Modeling results

OTHER ONGOING PROGRAMS

GTMMoOOmT>»

Monochromator procurement

Liquid gallium pump

Pin-post pattern heat exchangers
Modeling efforts

HHL source development

Mirrors as first optical components
Diamond monochromators
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Members of High Heat Load
Optics Working Group

Staff:

Lahsen Assoufid (8/92)
Steve Davey

Patricia Fernandez

Ali Khounsary”

Wah Keat Lee

Albert Macrander
Dennis Mills

Kevin Randall*

Shawn Rogers

Robert Smither

George Srajer

Wenbing Yun®
Stefan Joksch (10/92)

S. Krasnicki (10/92)

Technicians:

*

members of another group

i

analysis and design for focusing
mirror for high power density
x-ray fabrication lab

laser simulation studies

FEA modeling, mirrors

exp. program, monochromator
design, bonding effort
diffraction modeling, exp.
program

group leader

HHL mirrors

heat transfer, FEA modeling,
cryogenic cooling, exp. program
liquid gallium pump, exp.
program

specifications for focusing
mirror for high power density
HHL mirrors

HHL optics program at HASYLAB
and with the ESRF

x-ray characterization, HHL
experimental program

Al Paugys
Ron Hopf
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LR

Psurface = Pbeam

Rotation J

Psurface = Pbeam sin®

Rotation /

Psurface = Pbeam sin® cosf3
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INCIDENT

FIRST CRYSTAL

SECOND CRYSTAL

(111)

(111)

END VIEW SIDE VIEW
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Diffraction Properties of Inclined Crystals

One of the concerns about the inclined crystal
geometry was its effect on the x-ray diffraction
properties, i.e., was the reflectivity altered from
that of the standard or symmetric geometry? No
significant differences were found using two
independent dynamical diffraction calculations:

. an 8 x 8 matrix calculation (code
developed by D. Berreman (AT&T) and

A. Macrander (APS)

and
. a 4th order dispersion curve calculation
performed by Paul Cowan (ANL).
1.0000 — 1 —— T 1 —
o INCLINED A
.”00.... .
0.8000 F . o, FLAT i
3 ...
3> eg
- _
=  0.6000 [ ¢ ¢ .
2 I S
© i o
m [ ]
e 0.4000 [ ] o N
Q 1 [ ]
o N 0
. "
0.2000 [ . S N
L ..o QQ"LV 4
M 1 R | ._ﬁ_gis_ﬁ*aj‘;m&

0.0000
23.288 23.290 23.292 23.294 23.296 23.298 23.300

Anale (dearees)
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Experimental Results Using the Inclined
Crystal

The inclined crystal geometry has been tested
under x-ray high heat load conditions at CHESS

using the APS/CHESS prototype undulator and at
the NSLS on the focused wiggler beamline X-25.

Summary of Results
Source Power Flux B Sur. Flux Result
(W) (W/mmz2) (°) (W/mm?2)
CHESS 379 48 70.5 6.3 13% loss

NSLS 37.7 118 85 4.1 no loss
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LOCATION OF FILTER
FOR HOT BEAM

LOCATION OF FILTER EXPERIMENT

FOR COLD BEAM

EXPERIMENT \

:

> i

SOURCE MONOCHROMATOR ION CHAMBERS
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50000

40000

30000

20000

Intensity (cps)

10000

15 keV, Si (333), 2 gpm

1 1 1 T | i 1
85° incline —» ]
o7 ~ . <— Flat N
,I/I ] 1 i ) ] Sy ]
-30 -20 -10 0 10 20 30 40

Theta (arc seconds)

W.K. Lee, A.T. Macrander, D.M. Mills, C.S. Rogers and R.K. Smither,
NIM A, 1992, in press.
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Modeling Results

Both analytical and finite element analysis of the
temperature distributions and corresponding
distortions of the inclined crystal have been done.
These agree well with our experimental results.
Prelimenary analysis of the performance of the
inclined crystal geometry with Undulator A have
been completed. A more refined and realistic
analysis of the inclined crystal's preformance with
Undulator A will soon be initiated.
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FLAT CRYSTALS WITH APS PROTOTYPE UNDULATOR
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Other Ongoing Programs

-  Monochromator Procurement (D. Mills, W. Lee)
A package for the procurement of the
mechanical and vacuum portion of the
monochromator has been generated. Vendor
proposals are now being evaluated.

« Liquid Gallium Pump (R. Smither)
A new DC liquid gallium pump has been
developed with considerable improvements
over the older AC model. That technology has
been licensed to a commerical vendor.

- Pin-Post Pattern Heat Exchangers (W. Lee)
A crystal with an integral pin-post pattern
heat exchanger optimized for the APS is being

procured.

-  Modeling (S. Rogers, A. Khounsary)
Effort is continuing on the inclined crystal

geometry. Analysis of mirrors as first
optical components and of cryogenic crystals
is being initiated.
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- HHL Source Development

There is a need for higher power and power
density sources for testing x-ray optical
components than currently exists. Two
programs are being pursued:

- focusing mirror for CHESS wiggler (G.

Srajer, L. Assoufid)
- high power lasers (P. Fernandez)

« Mirrors As First Optical Components (A.
Khounsary, K. Randall, W. Yun)
A program to explore the possibility of using
cooled mirrors as first optical components in
high heat load beams has been established.
Issues to be addressed are thermal distortion
of mirror figure, necessity for adaptive
optics, and robustness of coatings.

- Diamonda Monochromators (S. Davey, A.
Khounsary, R. Smither)
An initital experiment to explore the possible
use of diamond crystals as high heat load
optical components was completed. This
program will be continued with increased vigor
in the future.

187



188



Advanced Photon Source

Strategies for Achieving
APS Storage Ring
Photon Beam Stability Requirements

Glenn Decker
Storage Ring Manager
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Advanced Photon Source

D

II)

I

Beam Stability Requirements

Sources of Beam Motion
A) Mechanical

B) Electrical

Remedies
A) Component Specification
B)  Design Philosophy

C) Feedback
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d X

3 x’

oy

3y’

16 microns

1.2 microrad

4.4 microns

0.45 microrad

APS Storage Ring Beam Stability Requirements
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Advanced Photon Source

Insertion Device Property

Storage Ring Parameter Affected

Field Integral By di

Horizontal Beam Position Stability |

Field Integral Bx dl

Vertical Beam Position Stability |

Second Field Integral By dl dI’

Horizontal Beam Position Stability

Second Field Integral Bx dl dI’

Vertical Beam Position Stability

Quadrupole Integral (d/dx) By dl

Tune, Beam Size

Skew Quadrupole Integral (d/dx) Bx dl

Coupling, Beam Size

Sextupole Integral (d/dx)“ B dl

Dynamic Aperture

Octupole Integral (d/dx)’ B dl

Liynamic Aperture

Table 1 Ring Performance Parameters Affected by
Insertion Device Field Quality



Advanced Photon Source

n Normal Component By L b, | Skew Component B, L a,,
0 100 Gauss-cm 100 Gauss-cm

1 50 Gauss 50 Gauss

2 200 Gauss/cm 100 Gauss/cm

3 300 Gauss/cm? 50 Gauss/cm*

Table 5 Insertion Device Integrated Multipole Tolerance Specification

[dl (B, +iB, )=BoL 3 (b, +ia,)(x +iy)"
n=0
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Advanced Photon Source

I ﬂl

W
\

ID

RF BPM'’s

7

H

X-ray BPM'’s

e

| |

——— Photons

i
TV

H/V Steering Correctors

I |

Schematic of Local Feedback System
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ADVANCED PHOTON SOURCE

PHOTON BEAM POSITION MONITOR
DEVELOPMENT FOR APS FRONT ENDS

Tunch M. Kuzay

Beamline Engineering and Construction Group
Experimental Facilities Division

Eifth Users Meeting for the Advanced Photon Source
Argonne National Laboratory
Building 362

October 14-15, 1992



ADVANCED PHOTON SOURCE
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ADVANCED PHOTON SOURCE

Photon Beam Position Monitors

Design Goal:

Sensing 10% of undulator beam opening angle
and beam spatial size.

For BX and 3,, of 10 m,

y

86y < 8 - 30 um

aGy’ <1 -2 prad

The detection of such changes is achieved by using
two photon BPMs with a spatial resolution of + 1
and separated by 3 - 4 m.



ADVANCED PHOTON SOURCE

Progression of the BPM Development

° Conventional Metal Blades

« Metal Coated Diamond Blades (DBPM)
- APS Patent in Progress, 1991
«  Transmitting Metal Coated Diamond
Blades (TBPM)
- APS patent in Progress, 1992
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ADVANCED PHOTON SOURCE

APS PBPM Design Criteria

¢ Photo-Electron Emission Type
e Proven Performance
e High Sensitivity

e Coated CVD Diamond Blade

e Rolling Edge or Triangular-Bar
Shape Blades to suit Horizontal
Gap Adjustment for all IDs

e Use Blade Pairs to Design Out
the Blade "Shadowing" Problem
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ADVANCED PHOTON SOURCE

Novelties incorporated

in _the APS PBPM Designs

Separate
e Photo-emission
e Base Material

Base Electrical Isolation
is not Critical

Choice of Photo-Emission Coating
Material Best Suited to the Need

Thinner Blade Material
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ADVANCED PHOTON SOURCE

Experimental BPM Programs:

DBPM (1991)

« X-13 Soft X-ray Undulator Tests at NSLS
« APS/Chess Undulator at Cornell
4.3-7.9 keV energy band

TBPM (1992) -

« X-25 Focused Wiggler at NSLS
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ADVANCED PHOTON SOURCE

Beam Position monitor Support Base Vertical
Thermal Expansion for 1 0 CTemperature

Case

Change

Specification Thermal Expansion

1

2

SS Cylinder 16.2 um

SS Cylinder Filled
with Water At Constant
Temperature 0.82 um

Case #2 with
Ceramic Paper

Insulation 0.33 um

Ceramic Base
Cylinder 0.50 pm
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ADVANCED PHOTON SOURCE

Specification for Beam Position Monitor
Support System

Maximum Load 100 Ibs
Travel Range 5 mm
Resolution 0.5 -1 um
Repeatability (horizontal) 5 um
Repeatability (vertical) £ 2 um
Maximum speed 0.5 mm/s

Staightness of Trajectory 10-° rad/25 mm

Maximum deviation
for 100 |bs offset 12.5 mm/10> rad
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ADVANCED PHOTON SOURCE

BLADES OQUTPUT (IND1E-TA BAl 1E-8A)

COOITT.DAT

BLADES OUTPUT vs. 7

\\\\\\\\\ —_ B ’//__ o
1+ — “‘*Wf:;:;\
,’//. o
///
e ——
- /:.{:"
O b - e < '//‘;;_A":—._r<_— o e e e
T— e /,‘/”//’,/“
-~ »:f::‘//’/
P gy .
. ,>‘ S Diamond blade
-1 b L= N
= A
§/7/ \/
/
, / \
~ / \
Molybdenum Blade \
Al \ .
N\
! \
i
e b e i S S [ i
-5 - -0 -2 -1
(Thousandg)
Jinomicr ons
Diamond and Molybdenum Blade photo-electron

output tested at CHESS
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ADVANCED PHOTON SOURCE

Vertical Stepping Tests at NSLS-X25

/ Al Coated Blade

¥

O Beam Focal Point

Stepping by Vertical Stage
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Photoemission Output (micro—ampere)

ADVANCED PHOTON SOURCE

-10

-20

-30

APS/XFD Photon Transmitting Beam Position Monitor Test
X —25 White Beam NSLS92/051026/051027.DAT

! 1

0 1 2 3 4 5

Thousands
Monitor Vertical Stage Motion (microns)




Photoemission Output (arb. units)

ADVANCED PHOTON SOURCE

APS/XFD Photon Transmitting Beam Position Monitor (PTBPM) Test

AT NSLS X-25 NSLS92/051022B.DAT

©
n
T

o

-0.5 |

12 14 16 18 20
Monitor Vertical Stage Motion (microns)

1)
o
o
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ADVANCED PHOTON SOURCE

APS/XFD Photon Transmitting Beam Position Monitor (FTBPM) Test
AT NSLS X~-25 NSLS92/051022A.DAT

Photoemission Output (arb. units)

1
0.5 +
Iy
0
iﬂ

;\

[

2 4 6

Monitor Vertical Stage Motion (microns)
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LDDM Output (microns) (with 0.1 ppm Accuracy)

15

10

ADVANCED PHOTON SOURCE

APS/XFD BPM Vertical Stage Test

Laser Doppler Displacement Meter (LDDM) VST171.DAT

5 10 15
Monitor Vertical Stage Motion (microns)
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X —25 Focal Spot Vertical Profile (arb. units)

w

BN

(U3)

[ 3]

p—

ADVANCED PHOTON SOURCE

APS/XFD Photon Transmitting Beam Position Monitor Test
X~25 White Beam NSLS92/051026/051027.DAT

TR AL LY AT WA ! !

oo

0 1 2 3 4 5

Thousands
Monitor Vertical Stage Motion (microns)
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Photonemission Output (micro—ampere)

ADVANCED PHOTON SOURCE

APS/XFD Photon Transmitting Beam Position Monitor Test
X—25 High Temperature Test NSL.S92/051030.DAT

-10 |-

-15 F

-20 -

-30 |

._40 ] 1 ! 1 i

0 1 2 3 4 5
Monitor Vertical Stage Motion (mm)
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Magnetic Field Measurements
and
Undulator Performance

J. Pflager
APS/HASYLAB
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Magnetic Field Measurements
and
Undulator Performance

Problem Description

In its final stage, the APS, a 7-GeV third generation synchrotron radiation
source, will offer a total of 34 straight sections in which as many as 68 2.4-m-long
insertion devices (IDs) can be installed. The basic principle of an ID using
permanent magnets as well as soft iron pole pieces is shown in Fig. 1 (together
with the coordinate system used).

Magnets are arranged so as to concentrate the magnetic flux via the soft iron pole
pieces into the gap between the structure halves. Along the z axis, which is also
the electron beam axis, the field varies sinusoidally. The magnetic field strength
can easily be varied by changing the gap.

Figure 2 gives an impression how devices using this magnet technology may
finally look. One of the x-ray wigglers installed in DORIS III at HASYLAB is
shown. Figure 3 shows the brilliance of Undulator A planned for the APS. The
figure shows the emitted spectrum of Undulator A at a small (11.5 mm) and a
comparatively large (25 mm) gap. It is readily seen that the brilliance of the
harmonics can be tuned in a given range by changing the gap.

The goal of magnetic measurement is therefore to:

a) assure compatibility with storage ring operation even if all 68 devices are
used,

b) guarantee and check the quality of the emitted light.
Integral Field Properties

Here the interaction of an ID with the storage ring is of main interest. The ID can
be considered a "black box" that changes the state of a transmitted electron beam
as illustrated in Fig. 4. There might be a number of perturbing effects that can be
detected through magnetic measurements. APS tolerances, which guarantee
good operation of an 1D, are shown in Fig. 5. They are taken from ref. [1].

Differential Field Properties

The quality of radiation as obtained from a specific device is the main interest
here (see Fig. 6). The dominant equation, which determines the emission of light
of an electron in a real magnetic field, is given by the radiation integral as found
in ref. [2]. A detailed analysis of the field errors are given by Kincaid [3].

One quantity that is simple to derive is the optical phase. It is simply the
difference of the exponential of the radiation integral between a real and an ideal
trajectory.
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Measurement Techniques

An overview of measurement techniques that will be available at the APS is given
in Fig. 7. A magnetic bench suitable for Hall probe and moving coil
measurements in both horizontal and vertical directions is already available and
can be seen in Fig. 8.

Quick "on-the-fly" spectra as well as slow but accurate "point-by-point" data can
be taken. The total travel along the electron beam axis is about 3.0 m. On such a
bench, practically all magnetic quantities of interest can be determined.
However, long coils allowing for quick and precise checks of field integral errors
will also be made. They can be used "on site" in the storage ring. Rotating coils
allow quick high precision measurements of magnetic multipoles. Data from
both long and rotating coils can be thought of as complementary to the data that
can be obtained with the magnetic bench.

Examples:

Figure 9 shows a field distribution along the electron beam axis of the wedged pole
Undulator A prototype structure. It has 26 poles, a period length of 3.3 cm, and
reaches a maximum field of 0.7 T at a gap of 11.56 mm. Figure 10 shows an
example of the optical phase. Data from the SPring-8 prototype undulator, a
device with almost identical magnetic parameters as Undulator A, are shown.
The phase varies by only about +2°, which is quite a good result. Figure 11 shows
the calculated brightness of the third harmonic; a zero emittance beam and 7 GeV
are assumed. One sees that the brightness of the third harmonic is reduced by
about 30% although the magnetic performance of this device is quite high.
Generally, higher harmonics are much more sensitive to field errors than the
fundamental.

Field errors decrease the coherence of the radiation. Therefore, the intensity lost
in the third harmonic is found at other energies. Figure 12 finally gives an
impression how a real device like the SPring-8 prototype may perform at the Al i
with the appropriate emittence assumed. The change in peak shape is caused by
the finite angular spread of the beam. Aside from a small shift in energy, which
is an artifact of the calculation, there is about a 20% decrease in the intensity
between ideal and real devices. Because the SPring-8 prototype can be considered
an example of today's state-of-the-art magnet technology, the results give a good
impression of what can be obtained with a real device at the APS.

Conclusion
The importance of the magnetic measuring techniques for both integral and

differential measurements has been demonstrated. At the APS, all techniques
required to verify the magnetic performance of 1Ds will be available.

o
-—
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The results with the SPring-8 prototype demonstrate how magnetic
measurements can be used for optical characterization but also show the current
state-of-the-art performance of IDs.

iteratur
APS Design Report Undulator A Specification, Sept. 92

1.
2. J.D. Jackson, Classical Electrodynamics, Chapter 12, John Wiley & Sons
3. B. Kincaid, J. Opt. Soc. Am B 2, 1294 (1985)
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OVERVIEW

Problem Description

Integral Field Measurements

« Compatibility with Storage Ring
Operation

« Magnetic Specs

Field Maps
» |ndividual Device Performance

Measurement Techniques (to be)
Available at the APS

Some Examples
 APS U-A Prototype
« SPring 8 Prototype
« HASYLAB XUV 3
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ADVANCED PHOTON SOURCE

Introduction to the
User Technical Interface Group

Steve Davey

APS Fifth Users Meeting
October 15,1992
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ADVANCED PHOTON SOURCE

User Technical Interface Group

Program Goals

« Provide a seamless technical interface between
the APS users and the APS facility. The group
will provide a point of contact for technical
issues between the APS and the APS users.

- Facilitate the integration of the user technical
requirements with the APS activities.

« Coordinate the oversight of user beamline

technical activities from conceptual design
through commissioning.
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ADVANCED PHOTON SOURCE

User Technical Interface Group

Program Activities

e Assess user technical needs of each CAT

e Facilitate activities within the APS/XFD to
address APS user needs

e Fnhance technical documentation and
information exchange

e Assure APS technical developments are
included in beamline designs

e Coordinate beamline design reviews
-conceptual design in progress
-predesign
-engineering/safety design

e Ensure the quality and suitability of user
support
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ADVANCED PHOTON SOURCE

User Technical Interface Group

Activities for the Next 6 Months

1. CATs beamline conceptual design reviews
Design of 5 CAT beamlines were reviewed September '92
Design of 10 CAT will be reviewed December '92

2. Use input from the CAT's conceptual designs
to develop standard beamline components.

3. Provide guidance on the beamline pre-design
requirements to all the CATs

4. Issue documents to specify beamline UHV
standards and shielding requirements

5. Issue an updated document on the radiation
characteristics of the APS
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ADVANCED PHOTON SOURCE

User Technical Intertace Group

1993 APS/XED Workshops

1. Standard Components Workshop
February 1993

2. International ID Magnetic Measurement

Workshop
Spring 1993

3. X-ray Mirrors Workshop
Summer 1993



ADVANCED PHOTON SOURCE

User Technical Interface Group
Example of the
Integration of User Requirement

Design of laboratory for the production and
characterization of x-ray optics.

CAT input was obtained to ensure that the user
community needs were best filled.

The process:

1. APS proposed a design of the facility
-surface metrology laboratory
-mirror coating facility
-X-ray crystal optic fabrication facility
-X-ray characterization laboratory

2. User's needs were assessed
- X-ray Optics Fabrication and
Characterization Questionnaire (7/92)
- APS CATs Mirror Survey (7/92)

The planned facilities were described, and
specific recommendations were asked for the
facilities, techniques, and equipment.

3. User's needs were integrated into the facility
design.
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ADVANCED PHOTON SOURCE

User Technical Interface Group

Typical Activity:
Diffractometer Standardization

To facilitate the development and
standardization of the next generation of
diffractometer software and hardware.

The APS is investigating integration of APS
controls group EPICS software with standard
diffraction software.

-A basic laboratory setup is in the process

of being brought up in an EPICS environment.

-SUPER is being ported to EPICS.

Participation in the Computer Advisory
Committee that was formed by the APSUO.

An APS users survey will be conducted to assess

the user's diffractometer needs and to solicit
recommendations for improvements.

269



ADVANCED PHOTON SOURCE

User Technical Interface Group

c-mail

¢ scd@anlaps

¢ scd@anlaps.aps.anl.gov
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ADVANCED PHOTON SOURCE

User Technical Interface Group

Evolution of Activities

Near term (design phase):

e Provide a technical point of contact, assess
APS users technical needs, and assure the
highest level of user technical communication
and support.

e Coordinate detailed reviews of all the user
beamline designs, from concept to final
construction in order to assure
construction of the highest quality beamlines.

e Ensure that user input is incorporated into
APS/XFD designs and
Ensure APS technical developments are
incorporated into beamline designs

Long term (operational phase):

e Provide the users with technical interface
during commissioning and operations.
Continue to provide a technical point of
contact.
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ADVANCED NETWORKING AND
DATA SYSTEMS IDEAS FOR CATS

Rick Stevens
Mathematics and Computer Science Division
Argonne National Laboratory

Argonne, IL 60439

This work was supported by the Applied Mathematical Sciences
subprogram of the Office of Energy Research, U.S. Department of Energy,
under Contract W-31-109-Eng-38.
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BUSINESS MEETING OF THE ADVANCED PHOTON SOURCE
USERS ORGANIZATION

Roy Clarke called the Business Meeting of the APSUO to order on October
25, 1992. He congratulated Steve Durbin, outgoing Chairman of the APSUO
Steering Comamittee, on a job done well for the past 18 months. He pointed
out that Steve was instrumental in

* representing the users in Washington to help get APS "on the road,”
* working to promote the formation of the CAT Research Directorate, and
* presenting user needs to the APS.

In brief remarks, Steve Durbin indicated that the users organization is
perceived to be the genuine voice of the users on the various issues that
arise with respect to the APS. He mentioned that the APSUO Steering
Committee was often called upon to represent the users at various hearings
(DOE and Congressional) and emphasized that steering committee
testimony is taken very seriously.

The gavel was then passed to Roy Clarke, new APSUO Chairman, who
presided over the election of new Steer.ng Committee members. He
described the Steering Committee as an advisory body to the Associate
Laboratory Director for the APS and an advocacy voice for the APS. Twelve
candidates had been slated in advance by the Nominating Committee. No
one was nominated from the floor. Users were asked to vote for up to six
new members by ranking them in order of preference. The winning
candidates — Michael Bedzyk, George Brown, Kevin D'Amico, Mark
Rivers, Ian Robinson, and Heinz Robota — assumed office immediately
after the end of the Business Meeting.

Following the annoucement of the election results, Roy Clarke closed the
APSUQO Business Meeting.

289






APSUO STEERING COMMITTEE

Chairman:

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

Members:

Michael Bedzyk

Argonne National Laboratory
MSD/223

9700 S. Cass Avenue

Argonne, IL 60439

Phone: 708/252-7763

Fax: 708/972-7777

E-mail: bedzyk@anlsrs.msd.anl.gov

George S. Brown

Univesity of California,Santa Cruz
Department of Physics

Santa Cruz, CA 95064

Phone: 408/459-2327,

on Tues. & Thurs: 415/926-2092
Fax: 408/459-3043

E-mail: brown@ssrl750

Prtilip Coppens

State University of New York/Buffalo
Chemistry Division

157 Acheson Hall

Buffalo, NY 14214

Phone: (716) 831-3911

Fax: (716) 831-2960

E-mail: ¢he9990@ubvms

Kevin D'Amico

X-ray Analytics

P.O. Box 678

Upton, NY 11973

Phone: 516/744-4489
Fax: 516/744-4489
E-mail: damico@bnl.gov
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Vice Chairman:

Alan I. Goldman

Iowa State University

Ames Lab - US DOE
Physics A111

Ames, A 50011

Phone: (515) 294-3585

Fax: (515) 294-0689

E-mail: goldman@alisuvax

John Faber, Jr.

Sr. Research Engineer

Amoco Research Center
Warrenville Road and Mill Street
P.O. BOX 3011

Naperville, IL 60566

Phone: (708) 961-6294

Fax: (708) 961-6250

E-mail: faber@nap.amoco.com

Gene E. Ice

Director MICRO-CAT

Oak Ridge National Laboratory
Metals and Ceramics Division
A262 4500S P.O. Box 2008

Oak Ridge, TN 37831-6118
Phone: (615) 574-2744

Fax: (615) 574-7659

William H. Orme-Johnson
MIT

Dept. of Chemistry -18-407
Cambridge, MA 02139
Phone: 617/253-1862

Lab: (617) 253-1857

Fax: (617) 253-1998
E-mail: whoj@mitvma

Mark L. Rivers

Brookhaven National Laboratory
Bldg. 815

Upton, NY 11973

Phone: 516/282-7708

Fax: 516/282-7905

E-mail: rivers@bnlx26.nsls.bnl.gov



Ian K. Robinson
University of Illinois
Physics Dept.

1110 West Green Street
Urbana, IL 61801
Phone: 217/244-2949
Fax: 217/333-9819

Heinz J. Robota

Allied-Signal Research and Technology
Engineered Products and Process

50 E. Algonquin Road

Box 5016

Des Plaines, IL 60017-5016

Phone: 708/391-3129

Fax: 708/391-3291

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) 252-3222

E-mail: barr@arlaps

Boris Batterman

Director

CHESS

Cornell University

210A Clark Hall

Wilson Laboratory
Ithaca, NY 14853

Phone: 607/255-5161

Fax: 607/255-9001

E-mail: batterman@crnlches

Arthur I. Bienenstock

Director

Stanford Synchrotron Radiation
Laboratory

P.O. Box 4349/SLAC/Bin 69
Stanford Linear Accelerator Ctr.
Stanford, CA 94309-0210

Phone: 415/926-3153

Fax: 415/926-4100

E-mail: a@ssrl750
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Albert C. Thompson

Lawrence Berkeley Laboratory

Rm. 223/Bldg. 80

Berkeley, CA 94720

Phone: (510) 486-5590

Fax: (510) 486-4550

E-mail: thompson@csa.msd.anl.gov

Stephen M. Durbin

Purdue University

Physics Department

West Lafayette, IN 47907

Phone: (317) 494-642

Fax: (317) 494-0706

E-mail: durbin@physics.purdue.edu

Brian Kincaid

Lawrence Berkeley Laboratory
One Cyclotron Road

Berkeley, CA 94720

Phone: 510/486-4810

Fax: 510/486-7696

E-mail: bmkincaid@lbl

Denis McWhan

Director

NSLS

Brookhaven National Laboratory
Building 725B

Upton, NY 11973

Phone: 516/282-3927

Fax: 516/282-5842

E-mail: MCWHAN@BNL.BI'TNET



PROGRAM
FIFTH USERS MEETING
for the
Advanced Photon Source
October 13-15, 1992
Argonne National Laboratory

Argonne, Illinois 60439
Bldg. 362 Auditorium

JTuesdav, Qctober 13, 1992

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

Wednesdav, October 14, 1992

7:30-8:30 a.m.  Registration - Bldg. 362 Lobby

Morning Session: Advanced Photon Source: A Look Ahead (Stephen M. Durbin, Chair)

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

9:00 a.m. Advanced Photon Source Project Overview
David Moncton, Associate Laboratory Director for the APS

10:00 a.m. Break

10:30 a.m. Beamline Funding: Opportunities and Mechanisms
* DOE/BES -Bill QOosterhuis
* DOE/OHER - Roland Hirsch
* NIH - Charles Coulter
e NSF - Adriaan de Graaf

12:00 noon No-Host Lunch (Argonne cafeteria)
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Afternoon Session: Advances in Synchrotron Radiation Applications (Alan Goldman
Chair)

1:30 p.m. Using High-Intensity X-rays at CHESS to Visualize How Polymerases
Copy Genetic Material: 3-D Structure of HIV-1 Reverse Transcriptase
Complexed with Double-Stranded DNA
Edward Arnold, Rutgers University

Powder Diffraction with Synchrotron Radiation
Anthony K. Cheetham, University of California, Santa Barbara

DAFS: A New X-ray Structural Technique Using Real Photons and
Virtual Photoelectrons
Larry Sorensen, University of Washington

Coherent X-ray Optics: Soft X-ray Microscopes and Making Things
Harder
Chris J. Jacobsen, SUNY, Stony Brook

Using Coherent X-rays for Scattering at the APS
G. Brian Stephenson, IBM

3:30 p.m. Tours
6:00 p.m. Buses Leave for the Shedd Aquarium
7:00 p.m. Reception and Banquet at the Shedd Aquarium

Thursday, October 15, 1992
Morning Session: Advanced Photon Source: Technical Developments (Roy Clarke, Chair)
8:30 a.m. APSUO Business Meeting

9:00 a.m. "Top Off" - A New Operational Mode for the APS
John Galayda

9:25 a.m. Developments in High Heat Load Optics
Dennis M. Mills

9:50 a.m. Capabilities of the Storage Ring to Deliver Stable Photon Beams
Glenn A. Decker
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10:15 a.m. Break

10:45 a.m.

Tuncer Kuzay
11:05 a.m.

Joachim Pfliiger
11:30 a.m.

Steven Davey

11:50 a.m.
Experiments
Rick L. Stevens

Developments in Photon Beam Position Monitors

Magnetic Measurements and Undulator Performance

APS User Technical Interface Activities

Advanced Networking and Data Systems for Support Beamline

12:15 p.m. Election Results and Concluding Remarks
12:30 Adjourn
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APSUO Steering Committee

Stephen Durbin, Chairman (Purdue)

Roy Clarke, Vice-Chairman (Univ. of Michigan)

Haydn Chen (Univ. of Illinois)
Philip Coppens (SUNY/Buffalo)
John Faber, Jr. (Amoco Res. Center)
Doon Gibbs (NSLS)

Alan Goldman (Iowa State Univ./Ames Lab.)
Gene Ice (ORNL)

Samuel Krinsky (NSLS)

William Orme-Johnson (MIT)

Paul Sigler (Yale Univ.)

William Thomlinson (NSLS)

Albert Thompson (LBL)

Keith Watenpaugh (Upjohn)

Ex Officio Members

Bob Batterman (CHESS)

Arthur Bienenstock (SSRL)

Brian Kincaid (ALS)

Denis McWhan (NSLS)

Paul Horn, Past Chairman (1IBM)

User Meeting Program Committee
Stephen Durbin (Chair)

Bob Batterman

Alan Goldman

Keith Watenpaugh

User Program Administrator
Susan Barr

User Program Secretary

Linda Carlson

Exhibits Coordinator

Susan Picologlou
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Cele Abad-Zapatero

Protein Crystallography Laboratory, D-46Y

Abbott Laboratories
1 Abbott Park Road
Abbott Park, IL 60064
Phone: 708/937-0294
Fax: 708/937-2625

ErcanAlp

Experimeantal Facilities Division/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenus

Argonne, IL 60439

Phone: 708/252-7366

Fax: 708/252-4732

Massimo Altarelli

ESRF

B. P. 220

Avenus des Martyrs
F-38043 Grenoble Cedex
FRANCE

Phone:

Fax:

Yeldez G. Amer

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-6822

Fax: 708/252-3222

Janet B.Anderson

Accelerator Systems Division/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenue
Argonne, IL 680439

Phone: 708/252-7192
Fax: 708/252-6123
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EdwardArnold

CABM

Rutgers University

479 Haes Lane

Piscatawny, NJ 08854-5638
Phone:

Fax:

LahsenAssoufid

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-2774

Fax: 708/252-3222

YoshiroAzuma

Physics Division

Argonne National Laboratory
Building 203

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-4040

Fax: 708/252-6210

Susan H.Barr

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-5981

Fax: 708/252-3222

JuanBarraza

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-4661

Fax: 708/252-3222



RandolphBarton
Department of Fibers
DuPont

Experimental Station

P.O. Box 80302
Wilmington, DE 19880-0302
Phone: 302/695-2578

Fax:  302/695-9811

Paul A.Bash

Biolegical and Medical Research/MCS

Argonne National Laboratory
Building 202

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-3118

Fax:

BobBatterman

CHESS

Cornell University

210A Clark Hall, Wilson Laboratory
Ithaca, NY 14853

Phone: 607/255-5161

Fax: 607/255-9001

BrianBatzka

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, Il 80439

Phone: 708/252-7039

Fax:  708/252-3222

Robert N Back
Radiclogy/FMI

University of Chicago/ANL
5841 South Maryland Avenue
Chicago, IL 60637

Phone: 312/702-5271

Fax 312/702-5986
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Michael J.Bedzyk

Materials Science Division
Argonne National L.aboratory
Building 223

3700 South Cass Avenue
Argonne, I 60439

Phone: 708/252-7763

Fax: 708/252-7777

ScottBenes

Accelerator Systems Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Aver. .a
Argonne, IL 60439

Phone: 708/252-8950
Fax: 708/252-6123

Mark A.Beno

Materials Science Division
Argonne National Laboratory
Building 223

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-3507
Fax: 708/252-7777

ArthurBienenstock

SSRL

MS 69

P.O. Box 4349

Stanford, CA 94309-0210

Phone: 415/926-3153
Fax: 415/926-4100

John C. Bilello

Dept. of Materials Science & Engineering
The University of Michigan

2300 Hayward Street

Ann Arbor, Ml 48108-2136

Phone: 2313/764-6128

Fax: 313/763-4788



Howard K. Birnbaum

Materials Research Laboratory
University of lllinois-Urbana
104 South Goodwin Avenue
Urbana, IL 61801

Phone: 217/333-1370

Fax: 217/244-2278

Robert C.Blasdaell

Experimental Facilities Division/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenue

Argonne, Il 60439

Phone: 708/252-9639

Fax: 708/252-3222

Michaei K. Bowman
Chemistry Division

Argonne National Laboratory
Building 200, Room E117
9700 South Cass Avenue
Argonne, L 60439

Phone: 708/252-3546

Fax: 708/252-9289

Robert W. Broach

UOP Research Center
50 East Aiganquin Road
Des Plaines, IL 60017
.~ Phone: 708/391-3313

- Fax:  708/391-3719

George S.Brown

Physics Department

University of California-Santa Cruz
Santa Cruz, CA 95064

Phone: 408/4598-2327

Fax:  408/453-3043
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Bruce Bunker

Physics Department
University of Notre Dame
Notre Dame, IN 46556
Phone: 219/239-7219
Fax: 219/239-5952

(Grant B. Bunker

Department of Physics

lllinois Institute of Technology
Siegel Hall

3301 Dearborn Street
Chicago, IL 60616

Phone: 312/567-3385

Fax: 312/567-3396

Robert W.Burchtield

Dept. of Chemistry and Biotechnology Research
Eli Lilly and Company

Lilly Research Laboratories, Drop Code 1543
Lilly Corporate Center

indianapolis, IN 46285

Phone: 317/276-4263

Fax: 317/276-9159

Linda J. Carlson

Experimantal Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenus

Argonne, IL 60439

Phone: 708/252-5089

Fax:  708/252-3222

Yolanda J.Carlson

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

Argonne, IL 60439

Phone: 708/252-5089

Fax: 708/252-3222



David W. Carnegie

Expsrimental Facilities Division/APS
Argonne Natonal Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-6660

Fax: 708/252-6660

Kathleen A.Carrado
Chemistry Division

Argonne National Laboratory
Building 200

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-7968

Fax: 708/252-9288

Ben-chin K.Cha

Accelerator Systems Division/APS
Argonns National Laboratory
Building 362

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-8653

Fax: 708/252-6123

Joseph Chang

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, Il 60439

Phone: 708/252-5039

Fax: 708/252-3222

Diang E.Cheek

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-7039
Fax:  708/252-3222
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Anthony K.Chesetham

Materials Department

University of California-Santa Barbara
Santa Barbara, CA 93106

Phone: 805/898-8767

Fax:  805/893-8502

Haydn Chen

Department of Materials Science & Engineering
University of lllinois-Urbana

1304 West Green Street

Urbana, IL 61801

Phone: 217/333-7636
Fax: 217/333-7636

Lin X.Chen

Chemistry Division

Argonne National Laboratory
Building 200, Room E109
9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-3533

Fax: 708/252-9289

Tai-chang Chiang
Department of Physics
University of lllinois-Urbana
1110 Wast Green Street
Urbana, IL 61801

Phone: 217/333-2593

Fax: 217/244-2278

YanglaiCho

Office of the Director/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenus
Argonne, IL 60439

Phone: 708/252-6616

Fax:  708/252-4599



John J.Chrzas

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-8493

Fax: 708/252-3222

Daniel J.Ciarlette

Accelerator Systems Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue
Argonne, IL 60438

Phone: 708/252-4015

Fax: 708/252-6123

SorinelCimpoes

Department of Physics

llinois Institute of Technology
3031 South Dearborn Strest
Chicago, IL 60616

Phone: 312/567-8936

Fax: 312/567-3396

RoyClarke

Departmant of Physics
The University of Michig- .
Randall Laboratory

Ann Arbor, Mi 48109
Phone: 313/764-4466
Fax: 313/764-2193

Jerome B. Cohen

McCormick School of Enginesring
Northwestern University

2145 Sheridan Road

Evanston, IL 60201

Phone: 708/491-3243

Fax: 708/467-6573
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Roberto Colella
Department of Physics
Purdue University

Wast Lafayette, IN 47907
Phone: 317/494-0329
Fax: 317/494-0706

JeftCollins

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenus

Argonne, IL 60439

Phone: 708/252-6770

Fax: 708/252-3222

Charles Coulter

Division of Research Resources
National Institiite of Heaith
Bethesda, MD 20892

Phone: 301/496-5411
Fax:

Karen J.Coulter

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-8657

Fax:  708/252-3222

Paul L.Cowan

Physics Division

Argonne National Laboratory
Building 203

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-4055

Fax:  708/252-6210



Kevin L. D'Amico
X-ray Analytics

Box 678

Upton, NY 11973
Phone: 516/744-4489
Fax: 516/282-5239

Steve Daley

Computer Support / APS
Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-8477

Fax: 708/252-7187

Robert T. Daly

Accelerator Systems Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenuse
Argonne, IL 60439

Phone: 708/252-6966

Fax:  708/252-6123

Steven C.Davaey

Experimental Facilities Division/APS
Argonne National Laboratory
Building 360

8700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-5311

Fax: 708/252-3222

JoanneDay

Oftice of the Director/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenue
Argonne, iL 60439

Phone: 708/252-6992

Fax:  708/252-4599
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Adriaande Graaf

Division of Materials Research
National Science Foundation
1800 G. Street NW, Room 408
Washington, DC 20550
Phone: 202/357-7959

Fax: 202/357-9796

GlennDecker

Accelerator Systems Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-6635

Fax: 708/252-7196

Roger J. Dejus

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenus

Argonne, IL 60439

Phone: 708/252-5557

Fax: 708/252-3222

Eugene R.Dssaulniers
Procurement/APS

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-7582

Fax:  708/252-5090

Michas! J.Deveney
Analytical Department
Amoco Corporation
P.O. Box 3111
Naperville, IL 60566
Phone: 708/420-5527
Fax:  708/961-6250



Steven B.Dierker
Department of Physics
The University of Michigan
500 East University

Ann Arbor, Ml 48108-1120
Phone: 313/764-5276
Fax: 313/764-2193

Nick DiMonte

Accelerator Systems Division/APS
Argonne National Laboratory

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-7748

Fax: 708/252-6123

YuriDolin

Northwestern University
1033 University Place, #140
Evanston, IL 60201

Phone: 708/864-0077

Fax: 708/864-0196

Jerry Doumas

Applied Physics Technologies Corporation
P.O. Box 1277

Smithtown, NY 11787-99398

Phone: 516/361-7936
Fax:

Rebent V. Doyle

Dept. of Industrial Radiation Shielding
Shielding Industries Inc.

838 Main Avenue

Passaic, NJ 070558

Phone: 201/778-6200

Fax: 201/778-2177

David J. Duchamp

Dept. of Physical & Analytical Chemistry
The Upjohn Company

301 Henrietta Street

Kalamazoo, Ml 49001-0199

Phone: 616/385-7766

Fax: 616/385-7522

Stephen Durbin

Physics Department

Purdue University

Waest Lafayette, IN 47907-1150
Phone:

Fax: 317/494-3005

Pulak Dutta

Department of Physics & Astronomy
Northwestern University

2145 Sheridan Road

Evanston, IL 60208

Phone: 708/491-5465

Fax: 708/491-9982

Steven E.Ealick
Department of Biochemistry
Cornell University

207 Biotechnol=gy Building
Ithaca, NY 14853

Phone: 607/255-7961

Fax: 607/255-2428

Rodney cast

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-2878
Fax: 708/252-3222



Catherine E. Eyberger

Accelerator Systems Division/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenue
Argenne, IL 60439

Phone: 708/252-7575

Fax:  708/252-4599

John Faber, Jr.
Analytical Department
Amoco Corporation
150 West Warrenville
Naperville, IL 60566

Phone: 708/961-6294
Fax:  708/961-6250

Mohamed M. Faiz

Experimental Facilities Division/APS
Argonne National Laboratory
Building 360

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-6534
Fax:  708/252-4732

Patricia B. Fernandez

Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-2901

Fax:  708/252-3222

Patrica A.Finn

Chemical Technology Division
Argonne National Laboratory
Building 205

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252.4511

Fax:  708/252-4176
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Ted J. Fitzgerald

Department of Materials Science
Northwestern University

2225 Sharidan Road

Evanston, IL 60208

Phone: 708/491-7677

Fax:  708/467-6573
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Cornell University
Wilson Laboratory
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Phone: 607/255-2959
Fax: 607/255-9001

John R. Forrestal
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Argonne National Laboratory
Building 362, Rm. C048
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Phone: 708/252-4019
Fax: 708/252-6123

Frank Fradin

Physical Research Program Administration
Argonne National Laboratory

Building 221

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-3504

Fax: 708/252-6720
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Experimental Facilities Division/APS
Argonne National Laboratory
Building 362

9700 South Cass Avenue

Argonne, IL 60439

Phone: 708/252-2874
Fax: 708/252-3222
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Department of Physics
University of lllinois-Urbana
Loomis Laboratory

1110 West Green Street
Urbana, IL 61801

Phone: 217/333-3687

Fax: 217/333-9819

Paul H.Fuoss

AT&T Bell Laboratories
Rm. 7C201
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Murray Hill, NJ 07974
Phone: 908/582-4951
Fax: 908/582-7660
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Accelarator Systems Division/APS
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Building 360

9700 South Cass Avenue
Argonne, IL 60439

Phone: 708/252-7796

Fax: 708/252-4240
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Argonne National Laboratory
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Phone: 708/252-3509

Fax: 708/252-4470
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Northwestern University
1033 University Place, #140
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Fax:  708/864-0196
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Doon Gibbs

Brookhaven National Laboratory
Building 510B

Upton, NY 11973

Phone: 516/282-5608

Fax: 516/282-2739
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Experimental Facilities Division/APS
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Building 362

9700 South Cass Avenue
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Phone: 708/252-4788

Fax: 708/252-3222
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Building 362
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Materials Science Division
Argonne National Laboratory
Building ?23
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Argonne, IL 60439

Phone: 708/252-4769

Fax:

Alan Goldman

Physics Department

lowa State University

Ames Laboratory/U.S. Dept. of Energy
Ames, IA 50010

Phone: 515/294-3585

Fax: 515/294-0689



Gary R.Gunderson

Accelerator Systems Division/APS
Argonne National Laboratory
Building 362
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Experimental Facilities Division/APS
Argonne National Laboratory
Building 362
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Phone: 708/252-4312

Fax:  708/252-3222
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Building 362
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Building 362
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P.O. Box 80228
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Phone: 302/695-2097
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University of Central Florida
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Phone: 407/658-6818
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U.S. Department of Energy
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