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FOREWORD

Progress continues to be made toward the establishment of the Advanced Photon
Source (APS) at Argonne National Laboratory (ANL). A conceptual design has been
completed and reviewedf and construction is expected to begin soon. Based primarily on
insertion devices, the APS will provide radiation (x rays) characterized by very high
brilliance, a very low emittance, and a useful time structure. Scientists from industry,
universities, and national laboratories will have the opportunity to perform a wide
variety of important and innovative scientific experiments at this national users
facility. In order to ensure that the full potential of the APS is realized, potential users
have begun organizing so that diverse interests will be represented, and so that guidance
from users can be provided during the construction and initial-operation stages.

The first national users meeting for APS was held at ANL on November 13-14,
1986. The meeting was informational as well as organizational. Topics covered included
the current status of the APS project, an overview of the conceptual design plans,
scientific opportunities offered by the facility, current proposals and funding mechanisms
for beam lines, and user policies. The Advanced Photon Source Steering Committee
presented its final reports, and a national APS Users Organization Executive Committee
was formed. The meeting also provided an opportunity for thoid interested in forming
Participating Research Teams to present their plans.
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J.H. Weaver, University of Minnesota
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PREFACE

The First Annual Users Meeting for the Advanced Photon Source marks the
beginning of a new era in synchrotron radiation research. Although it will be several
years before the shutters are opened on the first beam line, now is unquestionably the
time to start planning for the spectacular scientific opportunities that the Advanced
Photon Source (APS) will make possible. The national v»sers organization elected at this
meeting is charged with coordinating plans and will act as an interface with APS project
staff at Argonne. All potential users should direct comments, suggestions, or questions
to members of this committee.

The pressing need for a national users facility providing tunable X-ray beams of
very high brilliance was voiced loudly and enthusiastically by more than 300 participants
representing almost every facet of the U.S. X-ray community. During the course of the
meeting, more than 20 groups presented their innovative plans for beam-line construction
and formation of Participating Research Teams (PRTs). Many more requests for
presentations were received than time permitted, and it was clear that beam-line
allocation would be well oversubscribed.

An important aspect of this meeting was the opportunity for users to interact
with representatives of various gov,.nmerit agencies. The organizing committee extends
a special word of thanks to Judith Bostock, Office of Management and Budget;
Congressman Harris Fawell, U.S. House of Representatives, Science and Technology
Committee; Louis Ianniello, U.S. Department of Energy; William Oosterhuis, National
Science Foundation; Harlan Watson, U.S. House of Representatives, Science and
Technology Committee; and Norman Peterson, Illinois Governor's Committee on Science
and Technology, for taking time from their busy schedules to share their insights with as.

Our appreciation also goes to Nancy O'Fallon, Vice President, for Research at The
University of Chicago, and to her staff for hosting the splendid reception and banquet at
the Chicago Art Institute. Finally, our thanks to all those who contributed to the
•scientific proceedings and, not least, to Miriam Holden and Bonnie Meyer, who capably
handled the meeting and ensured that it ran smoothly, and to my co-chairs, Bob Broach
and John Weaver.

Those present at the banquet will recall the challenge initiated by Ruprecht
Haensel, Director General of the European Sychrotron Radiation Facility, in his excellent
after-dinner speech. With providence, we will soon be able to make a toast to high-
brilliance facilities on both sides of the Atlantic.

Roy Clarke, Conference Co-Chair
University of Michigan, Ann Arbor
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ABSTRACT

The first national users meeting for the Advanced Photon
Source (APS) at Argonne National Laboratory — held November 13-
14, 1986, at Argonne — brought together scientists and engineers
from industry, universities, and national laboratories to exchange
information on the design of the facility and expectations for its
use. Presented papers and potential participating research team
(PRT) plans are documented in these proceedings. Topics covered
include the current status of the project, an overview of the APS
conceptual design, scientific opportunities offered by the facility for
synchrotron-radiation-related research, current proposals and funding
mechanisms for beam lines, and user policies. A number of
participants representing universities and private industry discussed
plans for the possible formation of PRTs to build and use beam lines
at the APS site. The meeting also provided an opportunity for
potential users to organize their efforts to support and guide the
facility's development.
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WELCOMING REMARKS

Alan Schriesheim, Director
Argonne National Laboratory

On behalf of the entire Argonne staff, I want to welcome you, to celebrate with
you, and to thank you. The welcome is especially warm because of the quality, quantity,
and diversity of the participants in the conference. Your presence here today confirms
the strong, broad base of user support for the Advanced Photon Source. We are honored
by the presence of so many world leaders in the disciplines that contribute to or use
synchrotron radiation as a scientific tool: physicists, materials scientists, geoscientists,
engineers, biologists, medical researchers, and so forth. It's a demonstration of the
impact that synchrotron radiation has had and the importance of the specific facility
that we are here to discuss today.

It is especially gratifying to welcome people from such a broad spectrum of
institutions: universities, national labs, industrial labs, the defense community, medical
research centers, and key executive participants in operating synchrotron sources. I am
also pleased to welcome the undergraduate and graduate students in the audience. We
count on them not only to use the Advanced Photon Source, but to carry the body of
knowledge forward in a new generation of scientists and technologists.

And we celebrate with you today because this user conference represents another
landmark in the development of Argonne's Advanced Photon Source. For more than two
years we at Argonne have fully committed our resources to this activity. Many
individuals who have made up the team have worked long hours under high pressure to
produce the best possible conceptual design. The landmark is important to you, the user,
as well, because you have worked as hard to realize the progress that we mark today.
The achievement and the credit are yours without question. And that is why I want to
say "Thank you."

You have organized yourselves in a very efficient, effective group. You have
arranged many critical workshops. You have evaluated the design and provided valuable
insights to help make this project a reality. In my opinion, you have set an example of
ho.? scientists throughout the world can work as a user group to bring productive input
into the design of a major facility.

I would like to add my special thanks to important leaders attending this meeting
from the executive and the legislative branch in Washington. They have played and will
continue to play a key role in transforming our scientific, technical, and physical plans
into political reality. For federally funded research, that is the only reality.

In particular, I want to welcome Representative Harris Fawell of the House
Science and Technology Committee, Lou Ianniello from Basic Energy Science and of the
U.S. Department of Energy, Judith Bostock from the Office of Management and Budget,
Harlan Watson of the House Science and Technology Committee staff, and William
Oosterhuis of the National Science Foundation.



During the past two years, the driving force behind the design team has, I am
sure you know, been Ken Kliewer, who wore two hats. He was the chief executive for
the synchrotron project, and he also served as Argonne's Associate Laboratory Director
for Physical Research. The Advanced Photon Source project has grown so rapidly that
Ken and I both recognized it would be necessary to appoint an associate laboratory
director with no other responsibility than the synchrotron project. Subsequently, Ken
moved on to new responsibilities at Purdue. While we conduct a search for his successor
as project director, *ve have been fortunate to have Tom Fields step in as the Associate
Laboratory Director for the Advanced Photon Source.

In one of Tom's past incarnations at the Lab, he was the Associate Laboratory
Director with responsibility for the High Energy Physics program, centered on the Zero
Gradient Synchrotron. Under his leadership during the past two months, the APS — the
Advanced Photon Source project — has continued to gather momentum, and many needed
refinements in the conceptual design have been made. Tha> progress and the work that
preceded it give us good reason to be proud of the record that the Advanced Photon
Source has forged.

The importance of the APS has been certified by seven peer review groups. I
don't think anyone can accuse us collectively of subverting the peer review process. The
development and approval of the APS through the advanced design and preconstruction
stage have been faster than anyone would have anticipated as recently as a year ago.
And as I mentioned earlier, the role and the effectiveness of users in the development of
the project represents a model for scientists around the world to emulate. But we all
have to recognize that this progress has been made in an environment of extreme fiscal
constraint. Our future progress leading to construction and operation will have to be
forged in the same environment. There is no question that we will have to show
exceptional achievement in scientific, technical, and financial planning.

I have to reiterate the importance of this project to the scientific and political
communities. If we lose sight of this importance, we run the risk of slipping into a self-
defeating cycle of delays, escalating costs, and critical revaluations that could threaten
this vital project. Our primary advantage is the high quality of science and technology
that is being incorporated into the design of the machine and the high quality of the
science that we expect to generate with this research tool. We have to articulate these
facts continuously.

In short, the very topic that you are going to be discussing over the next day and
a half represents, in my view, the best hope for a prompt start, completion, and
operation of the Advanced Photon Source. That's why I'm so pleased to welcome you, to
celebrate with you, and, of course, to thank you for your contribution. And I hope that at
some point we can all stand around and break a bottle of champagne over this machine.

I would now like to introduce to you our strong, continuing friend and supporter,
Congressman Fawell, in whose district Argonne resides. He is a member of the House
Science and Technology Committee. Congressman Fawell.
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Harris Fawell
U.S. House of Representatives

Science and Technology Committee

I want to add my welcome, too, because you are here in what we call the garden
spot of the universe, in the home of Argonne and nearby Fermilab, which are in a growing
high-tech corridor with such facilities as Bell Labs and Amoco Research, Nalco, AT&T,
and a host of others.

It's always good to be here at Argonne. because a lot of interesting things are
happening. I am a new member of Congress with 25 years of experience practicing law
and really no scientific background, so I rely heavily on my good friends at Argonne t
explain what is happening in the area of science and technology. I have enjoyed this
association very much.

A.t times I have wondered whether the professionals here have the sense of humor
that people sometimes say scientists don't have. I came out here vei'y early in my career
in Congress to say a few words in regard to the celebration of the turn-on of the ATLAS
accelerator. Ken Kliewer handed me a laser gun and told me to hit a certain target,
which amazingly I did within a not-too-embarrassing period of time. The machine
startedj and then about 200 balloons appeared from somewhere and corks began to pop,
and I found, indeed, that the professionals at Argonne are people with a good sense of
humor and good common sense, and that Argonne is a happy place to be. And that's
something to say for a national lab.

It's been exciting for me to become acquainted with the Integral Fast Reactor,
for instance, which is an inherently safe nuclear reactor with all that this means to the
world, like the ATLAS accelerator, and now the former 6 GeV. This latter device has
some aliases. It has been called the 7 GeV and the GXS, but now it's the Advanced
Photon Source.

The exciting aspect of the Advanced Photon Source, from what I can comprehend
as purely a layman, is that it produces the brightest beam of high-energy rays ever
available for research, 10,000 times brighter than was possible just a few years ago and
opening vistas of research in many fields of science such as material sciences, biology,
chemistry, medicine, physics, and geosciences. As Dr. Schriesheim mentioned, the
Advanced Photon Source will also be a national user facility — a national asset, certainly
not just belonging to Argonne or to this Congressional District, but available to all
scientists and engineers from academic and industrial and governmental labs around the
nation.

So I am delighted to be here, and also delighted, I must confess, that the
Advanced Photon Source is being built, we trust, here at Argonne. And the credits to be
handed out must go to Argonne, with its expertise and its reputation, which is long and
honored; to the University of Chicago as the contractor; to Dr. Schriesheim as the



leader; and to the tremendous staff and support personnel. Most important is the strong
support from the scientific community for the concept of ths APS and the concept of
peer review. I get the feeling that people are working together.

I gather that seven peer review groups ~ a number of national advisory panels
set up by the U.S. Department of Energy along with the National Academy of Sciences —
gave the APS the highest priority among national materials research facilities, so that as
a result an APS steering committee was formed, I believe in 1984, to evaluate every
aspect of the project. The steering committee was composed of some 35 eminent
scientists, engineers, and technologists representing all the disciplines that would benefit
from the APS, from accelerators and physics to medicine.

I am delighted that we have had that kind of peer review because that's how the
process should work: that is, plenty of peer review and light and a minimum of political
clout and heat. That's good for science, that's good for the taxpayers, and it's also good
for the economy and the future, because certainly high technology is the very foundation
for the economy of this nation in the next 10 or 20 years, and I suppose, all the way into
the future as well as today when we have a 2.3 trillion dollar national debt. We certainly
can't afford the luxury of choosing the second or third best, or worse. That happens
sometimes when we have politics, in the worst sense of that word, making a run around
peer review studies and scientific recommendations in regard to facilities or grants.

The Science and Technology Committee is aware of this. We observed it
happening in the past, and we are going to be looking closely for it in the future. We
have seen it happen also in higher educational grants where w» passed a large
appropriation bill that contained grants to colleges favored by those who could insert
amendments in committee. This kind of practice is galling when you recognize that the
conceptual design report for the APS indicates approximately $8 million needed for R3cD
in 1987 in order for constructioa to begin in 1988, rather than the $3 million set forth
from the President's appropriation suggestions. We do have a lot of work to do, and I
would urge all of you to communicate with your Congressman and Congresswoman and
make known your feeling in this regard.

Congress has to start prioritizing its spending, and it's a terrible thing for
Congress to consider. Perhaps in the scientific area we do have people throughout this
nation who are vitally interested in grants and facilities and federal funding, and who
have the ability to set aside self-interest and to look at what's best for science and for
the nation as a whole. And here we may be, indeed, able to set an example for everyone
in regard to prioritizing spending. It's something I want to continue to look at in the next
session and while working in the Science and Technology Committee. Let me close by
saying that the good news is that we are here because of strong scientific support for
what appears to be yet another tremendously interesting facility -- one with all kinds of
potentials, some of which, I am sure, have not even been dreamed of. And so I welcome
you again, and may there be many, many more annual user meetings for the APS here at
Argonne.

Thank you very much.
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Peter Eisenberger
Chair, Steering Committee of the Advanced Photon Source

Director of Research, Exxon Research and Engineering Company

Well, 1 would like to add my welcome and the welcome of the Advanced Photon
Source Steering Committee. As the two previous speakers have both said, the role of
user is crucial. It has been crucial in the past and will continue to be crucial in the
future if we are to make this project a success.

This meeting marks a transition in the activities of the users. Until now we have
been involved in what is known as the Advanced Photon Source Steering Committee,
which was basically a site-independent activity that attempted to contribute to the
design, cost estimation, and scientific justification of tne facility.

At this meeting we are making a transition to become part of the national user
organization specifically associated with the Argonne project, continuing some of those
past activities, but now doing them in partnership with Argonne. As the project proceeds
we hope to contribute to the actual implementation of this machine and, of course,
finally and most importantly, to perform the science and technology for which this
machine is intended.

At this point, it is therefore appropriate for me to thank the more than 40
members of the Advanced Photon Source Steering Committee for their efforts. There
are too many names to mention individually, but one person I think deserves mention is
Dave Moncton, whose efforts have been tireless with respect to seeing that the Advanced
Photon Source proceeds. I certainly would like to give him my own personal thanks.

At the afternoon business meeting you will hear about some of the prior
activities of the Advanced Photon Source Steering Committee and about some of the
activities that are intended for the future, and most importantly, you will have an
opportunity to vote on some members of the Users Organization.

As the two previous speakers have both stressed, the APS is really justified by
the depth and breadth of the scientific and technological impact that you users in this
room represent. It can only be funded if it provides those things you need to advance
your science and technology. If you can get along without the APS, a machine of this
scope and nature is not warranted.

As Dr. Schriesheim said, this machine has been peer reviewed by many different
groups and has come out as a number one priority for Major New Facilities for "Material"
Sciences, and I use that word in quotes. I personally believe that those studies really
underestimated the potential contribution that this machine can make on a broad front of
science and technology. As a matter of fact, it's hard for me to imagine that there has
ever been a machine of this nature with a potential for such broad impact on so many
different sciences and so many different, technologies.



10

We also are pleased about having in Argonne a facility that is committed to this
venture and has from the very beginning been extremely cooperative in merging its
efforts with that of the user organization. I think that we can use the APS as a model of
how users can contribute in the creation of a facility, and I also think that in the future
we can establish a model of how users and the national laboratory can work together to
benefit both groups.

Finally, I would like to acknowledge the helpful support of DOE, which from the
beginning has provided support and has encouraged the pursuit of this objective by
creating the necessary committees and by setting up the appropriate interactions to
evaluate the importance of proceeding on this initiative*

All this leads me to conclude that all the factors are extremely favorable: we
have a very well justified machine, and a broad base of support. Therefore, whether the
APS is funded is really up to us. In fact, I would say that we all have the task, as Dr.
Schriesheim has just indicated, to make sure that our voices are heard by the decision
makers in terms of the importance of this machine to our own efforts and our own
goals. Our opinions and efforts should be integrated with those of Argonne to ensure that
the machine actually represents our needs.

So finally, let me just conclude by welcoming you again. I believe that this
meeting will contribute significantly to ensuring that the APS does, in fact, meet our
needs.
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THE ARGONNE ADVANCED PHOTON SOURCE PROJECT:
A STATUS REPORT

Thomas H. Fields
Argonne National Laboratory

Introduction

1 would like to add my welcome to you on behalf of all of us working on the
Advanced Photon Source project here at Argonne. We are well aware that close
communication and cooperation among the user community, the goverument, and the
Argonne design group are essential in order to make good progress on a project as large
and complex as this. Of course, this user community is itself a very broad group and
includes researchers working in physics, materials sciences, chemistry, life sciences, and
other fields from universities, industry, and national laboratories. We are delighted that
so many of you have come to this meeting to discuss plans for the design and use of the
Advanced Photon Source facility.

As you know, the Advanced Photon Source (APS) will be based upon third-
generat'on design concepts. It will yield hard X-ray beams of unprecedented brilliance
by incorporating the latest ideas on the use of undulators in a low-emittance positron
storage ring. We are designing the APS facility at Argonne to be a workhorse that will
have many simultaneously operating beam lines to serve the needs of hundreds of
researchers at a time. Our goal is to build an X-ray source that will be flexible and fully
optimized to meet the diverse needs of the national user community.

Congressman Fawell pointed out that one of the many challenging tasks ' -e have
at Argonne is to find a good name for this facility. Our present intent is to use the
existing generic name for a hard X-ray synchrotron radiation facility — Advanced Photon
Source — for the next year or two at least. We welcome your suggestions regarding a
permanent name.

In this talk, I shall outline the evolution of the Advanced Photon Source
specifications and then summarize the design as it stands today. More detailed
descriptions of the APS design will be presented by my colleagues in other talks.

The Past Two Years

The initial choice of parameters for the APS machine and the beginnings of an
APS Steering Committee, chaired by Peter Eisenberger, were established at the Ames
meeting on October 8, 1984. That meeting was attended both by potential users of the
X-ray synchrotron source and by accelerator designers from several laboratories and
universities. Under the auspices of the Eisenberger committee, a series of in-depth
workshops on the APS were held subsequently. The reports that describe the results of
the workshops are of great value because of their detailed documentation concerning the
goals, parameters, and estimated construction cost of the APS.



As Dr. Schriesheim mentioned, during 1985 a group was assembled at Argonne
under the leadership of Ken Kliewer that worked very hard on developing the first
detailed design for the APS. In February 1986, the 1986 Conceptual Design Report
(CDR), a detailed construction proposal describing the design, costs, and schedule for the
APS facility, was issued by the Argonne project team.

Soon after the Argonne CDR was completed, the Patterson-Godel workshop
report describing the site-independent project planning study was completed. That
report contains independent estimates of the schedule for building such a machine, the
personnel required, and the costs. Shortly thereafter, in March 1986, Ed Temple of DOE-
Energy Research led a team that carried out a detailed review of the proposed project
documented in the CDR. The review team concluded their positive review with a number
of specific recommendations to Argonne for further developing the design and for
increasing the construction readiness of the project.

In April 1986, a Schedule 44 construction proposal was submitted by Argonne to
DOE proposing full construction of the machine starting in FY 1938, as described in the
CDR, In June 1986, DOE reviewed the management and administration plans for this
project.

In addition, a national Advisory Task Group, led by Gopal Shenoy, was appointed
by Ken Kliewer in June 1986 to provide information on user X-ray energy tunability
needs, which could then be used by Argonne to determine the optimum beam energy for
the storage ring. The task group started providing advice in a preliminary way in
August. Gopal Shenoy will go into greater detail about this later. I will outline below its
impact on our design up to now.

During the summer of 1986, a search for a permanent director for the APS
project got under way. I joined the project as acting director in September 1986,
replacing Ken Kliewer, who had gone to Purdue University.

The APS Design Group

Figure 1 shows an irformal organization chart of our project personnel and how
we have subdivided the design responsibilities. The directorate of the project consists of
myself, Yang Cho, and Gopal Shenoy. I report to Alan Schriesheim, and I also interface
with various advisory committees and with the DOE (particularly the Argonne Area
Office, headed by David Goldman). Of course, our team will become more formally
organized as we reach the construction stage of the APS project.

The APS design group consists of approximately 40 people (FTEs) at Argonne. In
addition, certain aspects of the work are being done by outside parties. The
Environmental Assessment is being prepared by the Oak Ridge Environmental Assessment
Special Group, and others, including the Illinois State Geological Survey, have helped or
are planning to assist in the geor^chnieal study of the site. We have had considerable
help on conventional facility conceptual design and cost estimating from Lester B.
Knight & Associates and from Hanscomb Associates, Inc.
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Current Design

Figure 1 shows an artist's view of the APS facilities. The storage ring is on the
inner diameter of the experimental building. The stored positron beam is obtained from
a linac-injected synchrotron. Beam lines up to 80 m long can be contained within this
experimental building. Figure 3 shows an example of the geometry of the beam-line
layout.

There is a central laboratory-office building for project personnel and visitors.
There will also be outpost buildings for experimenters to use as headquarters near their
beam lines. We are expecting to build a housing facility nearby. The APS complex will
be located on a section of open land on Bluff Road in the southwest part of the Argonne
site.

Table 1 lists the key parameters of the APS. The first column of numbers shows
the parameters established at the Ames meeting. The next column gives the parameters
for the Argonne design as described in our CDR. The right column is based upon our
present thinking that 7 GeV should be the normal operating energy of the storage ring, in
order to achieve a broad X-ray energy tuning range for the undulators. I will further
discuss the choice of 7 GeV as the nominal storage ring energy later in this talk.

The construction schedule set forth in the CDR is shown in Fig. 4. This assumes
a full start on the construction at the beginning of FY 1988, with the project being
completed 4-1/2 years later. This is the schedule that was proposed and reviewed this
past spring.

Cost Estimates

The cost estimate for constructing the APS facility, based upon a 6-GeV storage
ring with 15 beam lines (5 undulators, 5 wigglers, and 5 bending magnets) is about $305
million, including contingencies, in FY 1986 dollars. This number is based upon the CDR
estimate as revised upward by $21 million following the advice of the Temple Committee
review. Converting to then-year dollars for a 4-1/2-year construction period beginning in
FY 1988 increases the above estimate by about $70 million.

The Patterson-Godtl report, mentioned above, concluded that a 6-GeV storage
ring with 6 beam lines would cost $247 million in FY 1986 dollars. Increasing the
complement of beam lines to 15 increases the cost to $277 million, which is
embarrassingly close to the corresponding number ($284 million) that we had
independently stated in the CDR.

In addition to the construction costs, funding is needed to support the challenging
R&D work that must be done to finalize the design. The R&D cost is estimated to be $11
million in the CDR and $12 million in the Patterson-Godel report. Again, this is too
close. In FY 1987, there is approximately $3 million from Basic Energy Sciences for R&D
work on the APS.
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I wou.Vl like to mention two additional planning matters related to APS costs that
are described in the CDR. The first is that in order to obtain the maximum scientific
and technical productivity from this facility, we have requested DOE approval and
funding for a joint appointment program with universities, specifically for 20 to 30
professorships that would be joint appointments between various universities and
Argonne. This plan has been received enthusiastically by a substantial number of
universities and would offer important benefits ':o the APS project, as well as to the
universities. We also hope to have strong collaborative relationships with industrial and
federal laboratory groups.

The second planning matter concerns the enthusiasm and support that the State
of Illinois has shown for the APS project. Governor Thompson has written to
Alan Schriesheim expressing the state's intention to help fund the new 240-bed housing
facilities that will be needed for the APS. In addition, the Illinois State Geological
Survey group is planning to collaborate with Argonne on the geotechnical work required
at the APS site.

Choice of Energy

The criteria for undulator tunability that are being tentatively recommended at
this time by Shenoy's advisory group are listed in Table 2. The APS design team has
concluded that a cost-effective v/ay to meet these criteria would be to operate for the
long term with a 7-GeV storage ring of 8-mm free vertical aperture (gap of 10 mm) in the
straight sections. For initial operation, a conservative choice of aperture would be
12 mm (gap of 14 mm). This would then require the machine to be operated initially at
7.5 GeV to satisfy the criteria of Table 2. The circumference of the 7-GeV machine
should be about 1000 meters to keep rf power requirements reasonable. The larger
circumference would offer a good opportunity to increase the number of straight sections
from 32 to 40.

The above 7-GeV parameter choices are shown in the 7-GeV column of Table 1.
These choices are extremely critical ones; the technical issues involved and the cost
impacts will be described in the talks by Gopal Shenoy and Yang Cho. We are very
anxious to have your input and comments on our provisional choices.

The Future

We of the APS design group are looking forward to ongoing close contacts with
members of the user community. There are crucial design choices and other key
decisions to be made. Bringing the project to full readiness for construction will be an
exciting challenge for Argonne, for the DOE, and for the user community. We hope to
work with all of you on that challenge, so that this world-class research facility can be
built promptly and well.



17

Questions from Audience

Audience Member Please describe the plan for initially using a 12-mm aperture and
then using 8 mm.

Dr.. Fields We estimate that approximately one year of operation while
supplying photon beams to users with a straight-section vacuum pipe
of 12-mm inside vertical aperture will be necessary for us to learn
how to fully tune the storage ring lattice. Then we plan to change
to the smaller (8-mm) aperture vacuum pipe as the normal running
mode. Note that the minimum undulator gap will be 2 mm greater
than the above free apertures.

Audience Member Has any of the AE work started on the buildings?

Dr. Fields Only conceptual design work has been done on the buildings. To hire
an AE firm for the first real design work (Title I) requires
construction authorization.

Audience Member

Or. Fields

Could funding to move ahead on Title I design be obtained from non-
DOE sources?

We are ready and anxious to move ahead promptly. However, since
this will be a DOE-funded project, we can only hire an AE firm when
the DOE agrees.
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TABLE 1 APS Parameters

Parameter

At-Energy Injection
Using Positrons

Beam Energy (GeV)

Beam Current (mA)

Beam Lifetime (h)

Number of Bunches

Bunch Duration (p«)

Horizontal Emittance
(mrad)

Circumference (m)

Number of Straight
Sections

Straight-Section
Length (m)

Machine Aperture
(gap, mm)

Ames
Specifications

-

6

> 100

>10

1-40

10-100

<7xlQ~9

800

32

6 (standard)

8

6-GeV
CDR Design

Yes

6 (-* 7)

< 300

-15

1-60

20-70

7.1xl0~9

800

32

6

8

7-GeV
CDR Designa

-

7

> 100

-15

1-60

20-70

7xl0"9

-1000

32 or 40

6

8

Output Radiation

Fundamental Undulator
Energy, 8 mm (keV)

Bending magnets Bending magnets
Wigglers Wigglers
Undulators Undulators

20 20

Bending magnets
Wigglers
Undulators

Tunable, 20

aNovember 1986.
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TABLE 2 Tunability Criteria,, "7-GeV Design"

Stage of
Operation Criteria

Initial 1. Provide undulator first-harmonic radiation tunable over the
classical X-ray energy, via. 7 to 14 keV.

2. Provide undulator first-harmonic radiation of 20 keV.

Mature 1. Provide undulacor first-harmonic radiation tunable over 4.7 to
14 keV.

2. Provide undulator third-harmonic radiation tunable over 14 to
42 keV.

3. Provide undulator first-harmonic radiation in the 20-keV
range.
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FIGURE 3 APS Project Center and Partial Ring Segment Plan
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DOE EXPECTATIONS CONCERNING
THE HIGH ENERGY SYNCHROTRON SOURCE

Louis Ianniello
Deputy Associate Director for Basic Energy Sciences

U.S. Department of Energy

I am delighted to be here to represent the U.S. Department of Energy at th?s
First Annual Users Meeting. Dr. Trivelpiece, the Director of Energy Research, and Don
Stevens, the Associate Director for Basic Energy Sciences, were unable to be here today,
but they both extend their welcome to you and hope that you will work with Argonne to
design and eventually to use the very best X-ray source that it is possible to build.
Although within the Department this project is funded in Basic Energy Sciences, actually
other parts of the Department also will eventually use the machine.

Today i will review some of the key events that have led us to this meeting and
also bring you up to date on the budget status. Since other speakers have already
mentioned some of these key events, I will go through them very briefly (Trans-
parency 1).

The path in building such a large device is very tortuous. 1 think that the first
piece of paper that we had in our hands from the community recommending an advanced
X-ray source — synchrotron radiation source -- built from the beginning as an all-
insertion device was the study run by Peter Eisenberger and Mike Knotek. That was the
first study to say that a construction project for an X-ray source should begin. The
committee that performed that study had as members a broad group of people, but still
the focus was on synchrotron radiation.

In the meantime neutron sources and other projects were being proposed. Since
these were large, major facilities ~ mostly for materials research — the President's
science advisor at the time, George Keyworth, decided to have the National Academy of
Sciences look at all of the major materials facilities. So a National Academy of Sciences
study was conducted, headed by Fred Seitz and Dean Eastman, concentrating mostly on
neutron sources and synchrotron radiation sources.

That scudy put the recommendations into two categories, new facilities and the
upgrade of existing facilities. The 6-GeV facility was ranked as the top priority for new
facilities. I might point out that I'm using the term "6-GeV" because that's how everyone
re'iars to the facility. Actually the important thing is to set the energy of the positrons
so that the relationship between the positrons and the parameters of the undulator
produce the most useful photon energy.

About the time that the Seitz-Eastman report was released, we decided to hold a
meeting in Ames. This meeting, held in October 1984, looked at the parameters for a
high energy X-ray source, and it also established a committee that would carry on the
process of planning the facility to the state where it could be constructed. That
committee was named the Advanced Photon Source Steering Committee, and it was
headed by Peter Eisenberger. Two workshops were held, a machine workshop at NBS in
March 1985, and the scientific case workshop at Argonne in December 1985.
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The Godel-Patterson study got under way shortly after this latter workshop. Its
task was to determine a site-independent cost and schedule for such a facility.

It was then decided that an Energy Research Advisory Board (ERAB) review of
the Seitz-Eastman report was in order, to look at the report's conclusions and to
recommend to the Secretary of Energy which recommendations were appropriate to the
U.S. Department of Energy. The review concluded that almost all of the
recommendations for major facilities were appropriate, especially the synchrotron
radiation sources and the neutron sources.

The Secretary of Energy, in preparing the FY 1987 budget, decided thst. three
large facilities fell within Basic Energy Sciences, an advanced neutron source, a 1- to
2-GeV facility, and a 6-GeV facility, along with a fourth, a nuclear physics facility.
These large facilities were recomnv-r ded by the community, and we should plan to build
them.

About the time that decision was being made, Congress passed an FY 1986
budget and directed the Department to do preconstruetion R&D on these facilities. This
"advanced scientific facilities initiative" of the Department was incorporated in the FY
1987 budget that was sent to Congress in January 1986. In that plan, not only did the
Department request preconstruction R&D, it also assigned each of the four facilities to a
specific lab.

Argonne, because of its expertise and interest — it had been working on a design
for a 6-GeV facility — was directed to proceed with preconstruction R&D and to put
together a conceptual design for a 6-GeV facility. That conceptual design underwent a
preconstruction readiness review by the Department in March 1986 to determine whether
the Laboratory was ready to proceed with construction.

The review was very successful. Argonne had done an extremely thorough job in
putting together its conceptual design. Therefore, the Laboratory was told that it could
proceed with sending in a proposal for the construction of a facility.

1 will now briefly review some of the things going on in Basic Energy Sciences
and bring you up to date on the actual budget.

The 6-GeV facility was designated from the very beginning to be a user facility.
Basic Energy Sciences spends about 17 percent of its total budget to operate major user
facilities (Transparency 2). The two large programs within the purview of Basic Energy
Sciences are Materials Sciences and Chemical Sciences, and this facility is budgeted in
the Materials Sciences program (Transparency 3).

The work in Basic Energy Sciences takes place primarily at universities and DOE
laboratories (Transparency 4). Argonne is a DOE laboratory. Also included among the
DOE laboratories are Ames Laboratory and Lawrence Berkeley Laboratory, which really
are universities. If these two are considered as universities, about half of our money
goes to universities and about half to other laboratories.

Recently, as I mentioned, the Congress completed action on the FY 1987 budget,
which my next transparency summarizes (Transparency 5). We had asked in FY 1986, as
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we do every year, for operating, equipment, and construction funds, and the comparable
total of these in actual appropriated money for FY 1986 was $433.8 million. The
FY 1987 numbers demonstrate the steps the budget undergoes, starting with the
President's Budget Request at $441.4 million, the House action, the Senate action, and
then finally, the compromise at $536.7 million, which is higher than our request. That
sounds very good. However, the details of the congressional initiative/directions in our
program (Transparency 6) show that Congress said that within that total amount of
money we should fund a certain set of projects that were not in the request to Congress
from the President.

After also factoring in the Congressional construction and operating directions,
there were actual reductions in Materials Sciences of $1.9 million, in Chemical Sciences
of $2.5 million; and in Advanced Energy projects of $1.4 million.

Therefore, we were directed to spend a specific amount of money for these
programs. They happened to be budgeted at that amount, but the directive says that we
ean't take any cuts out of these programs.

So the good news is that we did get approval for the concept of advanced
scientific facilities, and we do have money to proceed with the preconstruction R&D for
the 6-GeV facility. However, we did not get everything that we wanted. We got some
cuts and some directions that meant that some of the money we had planned for one
thing has to be spent on other things. Even though our funding is down a little, it's
actually a pretty good budget, and we are very hopeful that we will be able to proceed
with early construction of this facility. Thank you very much.
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• Planniny Study-Advanced Synchrotron Radiation
Faci l i t ies (Eisenberger/Knotek)

• Major Materials Faci l i t ies (Seitz/Eastraan)

• Ames Coordination Meeting

• Formation of Advanced Photon Source
Committee and Workshops
- Machine Workshop (NBS)
- Scientific Case Workshop (ANL)

• EKAB Review of Seitz/Eastman

• Congressional Action on FY 1986 Budget

• DOE Initiative on Advanced Scientific
Facilities

• DOE Review of ANL CDR

• Congressional Action on FY 1987 Budget

Report Date

March 1984

August, 1984

October, 1984

March, 1985 ^
December, 198b

June, 1985

September, 1985

January, 1986

March, iy86

October, 1986

* Workshop Date

TRANSPARENCY 1 Some Key Activities Related to a 6-GeV Facility
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OPERATION OF
MAJOR USER
FACILITIES

TRANSPARENCY 2 Basic Energy Sciences Budget

MATERIALS SCIENCES 41%

CHEMICAL
SCIENCES 31%

PROGRAM DIRECTfON 1 %

ENERGY BIOSCIENCES 5%

ADVANCED ENERGY 4%

ENG. AND GEO. 8%

APPLIED MATH SCIENCE 10%

TRANSPARENCY 3 Basic Energy Sciences Programs



LABORATORIES
67%

OTHER
4%

UNIVERSITIES
29%

TRANSPARENCY 4 Basic Energy Sciences Institutions

BASIC ENERGY SCIENCES
$M

1986 1987

OPERATING

EQUIPMENT

CONSTRUCTION

$ 340.1

26.2

67.5

REQUEST HOUSE SENATE CONFERENCE

$ 380.1 $ 377.1 $ 389.2 $ 382,2

31.8

29.6

31.8

94.8

31.8

74.5

31.8

122.8

TOTAL $ 433.8 $ 441.4 $ 503.7 $ 49b.5 $536.7

TRANSPARENCY 5 Basic Energy Science Budget Actions, FY 1987
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CONGRESSIONAL INITIATIVES/DIRECTIONS
FY 1987 ($M)

ITEM COMMENT

CONSTRUCTION ITEMS

IOWA STATE UNIVERSITY
UNIVERSITY OF OREGON
ATLANTA UNIVERSITY
COLUMBIA UNIVERSITY
BROWN UNIVERSITY
UNIVERSITY OF S. CAROLINA
ARIZONA STATE UNIVERSITY
UNIVERSITY OF ALABAMA
ST. CHRISTOPHER HOSPITAL

FOR CHILDREN

SUBTOTAL

$ 6.0M
22.9
7.5
4.0
5.0
16.3
5.0
12.3

14.8

FIRST YEAR
THIRD YEAR
SECOND YEAR
FOURTH YEAR
SECOND YEAR
FIRST YEAR
FIRST YEAR
FIRST YEAR

FIRST YEAR

$ 93.8

OPERATING

FLORIDA STATE U. 6.0
BIOENERGY RESEARCH 1.9

MENDEZ FOUNDATION 1.5
PETROLEUM & GAS EXPLORATION 3.00
MATERIALS SCIENCES -1.900
CHEMICAL SCIENCES -2.500
ADVANCED ENERGY PROJECTS -1.432

DIRECTED TO PROVIDE $11.4M
DIRECTED TO PROVIDE $1.2 TO
OREGON GRADUATE CENTER

INCREMENTAL FUNDS NOT PROVIDED
INCREMENTAL FUNDS NOT PROVIDED

GPP - .930 PROVIDE AMES LAB. $600K

OTHER

SSRL 12.510
ADVANCED SS REACTOR 2 .5
LOS ALAMOS SPALLATION SOURCE 1.5

BUDGETED
BUDGETED
BUDGETED

TRANSPARENCY 6 Congressional Initiatives/Directions, FY 1987
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INSERTION DEVICES AND RADIATION CHARACTERISTICS*

Gopal K. Shenoy
Materials Science Division

Argonne National Laboratory

As you are aware, the design energy of the Advanced Photon Source has been
increased from the original design value of 6 GeV. I would like to address this subject
and point out the reasons and mechanism involved in choosing a new energy.

The original user requirement for an undulator with a 20-keV first-harmonic
photon energy, as proposed in a DOE meeting in Ames, can be met at a storage ring
energy of 6 GeV within the framework of Argonne's conceptual design. However, as
additional capabilities of the undulator sources were investigated, it became evident
that at 6 GeV, the tunability of undulators with fundamental energies above 10 keV is
rather limited. Figure 1 shows that as many as five undulators would be needed on a
single straight section to span the first-harmonic photon energy interval of 5 to 20 keV.
The expense of having so many undulators with different periods on a given straight
section and the complication of switching from one undulator to another were incentives
to look for alternative ways to increase tunability of a single undulator. The tunability
range is a complex function of minimum ring aperture (or undulator gap, G, cm), the
undulator period (xQ, cm) and the positron energy (E, GeV); it is determined by the
following equations:

E (k6V) = ° ' 9 5 E
? (1)

1 x (i + ir/2)
o

K = 0.934 B X (2)
o o

B = 0.95 x 3.44 exp [- f- (5.08 - 1.54 f->] (3)
o o

and

0.07 < 7 - < 0 . 7 .
o

The last equation is valid for a Nd-Fe-B hybrid magnet. The minimum value of the gap is
determined by the minimum aperture that can be used for the straight-section vacuum
chamber. The maximum value of the gap is governed by the range of G/xo over which
Eq. 3 is valid, and by the value of K. Equation 3 is valid for G/XQ < 0.7, and the undulator
will have acceptable brilliance for K > 0.3. The influence of the various parameters
involved in the above equation was determined to study the tunability ranges of
undulators with different periods at different storage ring energies. As users, of course,
we cannot define the minimum gap. That depends on the vacuum chamber aperture,

*This work was supported by the U.S. Department of Energy, BES-Materials Sciences,
under Contract #W-31-109-ENG-38.
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which has to be specified by the storage ring designers. As you may be aware, smaller
machine aperture leads to difficulties in positron injection and also reduces the lifetime
of the stored beam.

To address the ring energy issue, a National Task Group was established; a draft
copy of its recommendation is now available. I will briefly summarize this report:

• The energy of the ring will have to be established on the basis of the
ring design. The undulator performance, on the other hand, should
meet the following criteria.

• For the initial phase of operation, an undulator should provide first-
harmonic radiation tunable over the range of 7 to 14 keV. In
addition, 20-keV radiation should be available in the fundamental of
a second undulator, or, if possible, by the third harmonic of the first
undulator.

• At the mature phase of operation, the minimum gap and the ring
energy should allow the first undulator to be tunable over the first
harmonic from 14 to 20 keV. Again, although two devices per
straight section are considered reasonable, the third-harmonic
intensities of the first undulator might be large enough in many
applications to dispense with the need for a second undulator on the
same straight section.

The above recommendations are illustrated in Fig. 2, which shows the ring energy
as a function of the minimum gap for REC hybrid and Nd-Fe-B hybrid undulators that
will deliver tunable first-harmonic radiation from 7 keV to about 14 keV. At a gap of 1.4
cm, the stored positrons should have 7.5 GeV. However, this energy reduces sharply as
the minimum gap is reduced to 1.0 cm. A millimeter change in minimum gap translates
roughly to one-third of a GeV.

In this discussion, we have assumed that the undulator magnets are located
outside the storage ring vacuum chamber. At this time, this appears to be the best
approach. With tens of insertion devices in place, from an operational viewpoint, one
will face considerable down time if the devices are inside the storage ring vacuum.

The recommendations presented in Fig. 2 have been used by the Argonne
accelerator group headed by Yang Cho in arriving at the storage ring energy. He will
discuss more about this in his talk. The design leads to a nominal storage ring energy of
7 GeV, with the capability to run the machine at 7.7 GeV.

Figure 3 shows the tunability of the 3.3-cm-period undulator at 7 GeV. The
photon energy is about 3.5 keV at a gap of 1.0 cm and is tunable up to about 14 keV at a
gap of about 25 mm.

The other important limitation of the 6-GeV ring energy is the small value of K
at a given photon energy. Values of K larger than 1 produce large intensities in the third
harmonic. For the larger gap, K values are smaller than 1. For a given device, the value
of K will be larger for a specific photon energy at 7 GeV than at 6 GeV.
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The envelope of the peak photon brilliance at various photon energies for two
undulators is shown in Fig. 4. The energy of the positron is assumed to be 7 GeV. The
third harmonic from undulator A (x = 3.3 cm) is usable in many investigations. Even with
one tunable undulator, one can cover the spectral region from 4 to 40 keV. For
applications needing only higher photon energies (> 12 keV), one can build an undulator
with a shorter period. As an example, undulator B (Fig. 4), with a period of 2.3 cm, is
tunable from about 13 keV to 20 keV at 7 GeV.

Next, I want to introduce a new device that we have called the "broad-band"
undulator. The spectroscopists in this audience could very profitably use the radiation
from this source. The device consists of a single undulato:.1 divided into about five
sections. The gap in successive sections gradually increases. The spectrum from such a
device is approximately a superposition of five subspectra produced by each of the
sectioned undulators (Fig. 5). The gap relationship between various sections is
maintained to have a flat-topped brilliance spectrum over a range of roughly 1 keV. The
average energy of the device is tunable by varying the average gap of all the
subsections. This is a conceptual design that will be evaluated more closely in the near
future.

Next let me quickly make a few comments about APS wigglers. The prerequisite
for the wiggler is a large K value, which will produce a continuous and wide energy
spectrum. This is achieved by having large BQ and/or large XQ. The critical energy of
the spectrum can be made either large or small by proper choice of the peak magnetic
field. Figure 6 shows the energy spectra of two wigglers. Wiggler A has high critical
energy (33 keV), while wiggler B is typical of devices with low critical energy (9 keV).
Both kinds of devices have applications in many areas of science. Wiggler A can be
assembled with permanent magnet material in a hybrid configuration, while wiggler B is
best constructed with the available electromagnetic technology. Figure 6 shows wiggler
A can provide very high brilliance even at 100 keV, while the critical energy of wiggler B
is half of the APS bending magnet radiation (e = 3 9 keV).

On the APS, the direction of polarization of the on-axis radiation from a wiggler
can be made vertical simply by rotating a permanent magnet wiggler from its normal
configuration by 90°.

I want to make a few comments on the photon source size and the choice of beta
functions in the straight sections of the APS lattice. The spectral brilliance, the
quantity that is optimized in the APS design, is the spectral intensity emitted in the unit
phase-space volume of the radiation field. Hence, it is essential to minimize the phase-
space volume. In the hard X-ray range, the phase-space volume of the photon field is
totally determined by the positron phase-space volume. In terms of the beta functions 6
and 8 in the horizontal and the vertical directions, the rms Gaussian widths and
divergences of the positron beam are given by

Q in

where ex = 7x10 3 m and e = 7x10 iU m are the horizontal and vertical emittances. The
phase-space volume is given by S = 4iraxo ox'a ', and in the hard X-ray range it is
governed only by the lattice emittance.
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The source size, however, can be altered by changing the values of beta
functions. Their values can be optimized for the best performance of the lattice, but it
is advantageous to have a certain flexibility in choosing their values in the dispersion-
free straight sections. Thus, having small values of beta functions will produce small
physical size of the source but large divergence.

Small beta values are ideal for wigglers. In the undulator straight sections, small
values of the beta functions will produce broad energy peaks and higher intensity in the
region of the higher harmonics. Such a spectral distribution is useful for certain
applications, such as anomalous scattering. On the other hand, many investigations
demand smaller angular divergence of the undulator beam and sharper peaks in the
energy spectrum. For these cases, it is appropriate to use larger values of the beta
function. Because of the smaller emittance of the lattice in the vertical direction, the
vertical angular divergence is usually small. Hence, increasing only the value of Bx can
achieve smaller divergence photon beams.

Table 1 gives some typical values of the beta functions that are optimized in the
various parts of the APS lattice, along with the resulting source dimensions. Of course,
one is not limited to the set of beta values presented here.

Finally, Table 2 gives the parameters of design goals for the APS in the light of
the Argonne effort. Yang Cho in his talk will discuss many more details. My intention in
showing this is to give you a feeling for the anticipated experimental capabilities.

Two lattices are being considered at this time — the Chasman-Green (two
magnets) and Triple-bend achromat (three magnets). The two-magnet lattice has 40
straight sections, while the three-magnet lattice will have 32 straight sections. After we
use the straight sections for the accelerator functions, we will have the number of
radiation sources given in Table 2. Here we have assumed one beam line per source. One
can expect a minimum of 69 beam lines on a two-magnet lattice and about 55 beam lines
on the three-magnet lattice.

The choice of lattice will be made during the next two months, after critically
evaluating their respective merits. Yang Cho will tell you more about this in his talk.
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TABLE 1 The Values of Betatron Function in the Different Parts
of the Lattice and the Dimensions of Different Sources

Source (m) (m) (urn) (urn) (urad) (urad)

Bending Magnet

Undulator 1

Undulator 2

Wiggler

5.5

13.0

20.0

13,0

13.0

10.0

5.0

10.0

200

308

382

308

97

85

60

85

36

24

19

24

8

9

12

9
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TABLE 2 Advanced Photon Source Storage Ring
Parameters

Parameter V,-» I lie

Ring Energy, ER(CeV) 7 ± 10%

Beam Current, I (mft) 100

Magnet Bending Radius, p (m) ~ 40

Bending Magnet CriticaL Energy (keV) - 19.5

Ring Circumference (m) •- 1060

Symmetry Periods 16/20

Natural Emittance (mrad) 8xlO~9

x-y Coupling Parameter, k 0.1

Beam Height from FLoor (m) 1.5

Number of Bending Magnet Sources - 28/35

Insertion Devices (maximum) - 27/34

Straight-Section Length (m) 6

Insertion Device Length (m) 5.2

Long Straight-Section Length (m) ~ 8.5

Orbit Period (us) ~ 3.5

Ring Damping Time (ms) - 4.2

RF Frequency (MHz) - 350

Bunch Duration (p^) 50 - 100

Beam Lifetime (h) -10
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APS CONVENTIONAL FACILITIES*

Martin J. Knott
Argonne National Laboratory

Introduction

First, let me say that my background is not in conventional facilities or
architecture. Many of the APS design team staff do several jobs, and I suppose I drew
the short straw for this presentation; but in many ways the entire team has been involved
in conventional facilities.

Just as Gopal Shenoy and Yanglai Cho pointed out this morning, the design of this
facility is an intertwined relationship of user needs. My own background is in serving the
high energy physics research community, where the goals were always highest energy and
intensity, and little else counted. In research with synchrotron radiation, the goals are
much more complex. The same is true of the supporting conventional facilities. The
users' needs have come into consideration in nearly every facet, and I'll try to present the
facilities from the users' point of view.

During the design, we've had the help of many from throughout this multi-
disciplinary laboratory. The users have given us several "das" and "don'ts," and I will
point some of these out as I go along.

Argonne's Location

Figure 1 shows the relationship of Argonne to the Chicago area; it will start us
on a sequence of higher and higher magnification. We will start with geography and work
down to furniture.

Argonne is located southwest of the city and has convenient expressway
connections to the city and the principal airport, O'Hare Field. Several major
universities are located in the area. The Laboratory is about 25 driving miles from the
city center and the same distance from the airport.

The APS within Argonne

Figure 2 shows the 1700-acre Argonne site with the APS facility in the lower left
corner. As you can see, the expressway is near. Argonne is the workplace of over 3400

*This work was supported by the U.S. Department of Energy, BES-Materials Sciences,
under Contract W-31-109-ENG-38.
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scientists, engineers, technicians, and support staff, and this number swells with 600 to
800 visitors, depending on the time of year. The site for the APS was chosen from among
the others available because of its relative remoteness from sources of environmental
noise. This reason would seem in conflict with its location near the ANL site boundary,
but the area surrounding Argonne is a forest preserve.

APS Neighbors

The designation of "forest preserve" may need some explanation, because the
term is relatively local. The preserve is much like a national or state park and is
administered by the county. Figure 3 is derived from a forest preserve brochure and
shows the land that surrounds Argonne. This land was originally Argonne property but
was transferred to public use in 1973 and is now the Waterfall Glen Nature Preserve. It
is developed with hiking, bridle, and cross country skiing trails that go completely around
the Laboratory.

It occurred to me after hearing Judith Bostock's talk this morning regarding tight
budgets, that if we were to name the facility after some nearby landmark, we might
consider the forest preserve area adjacent to the APS site, named "Poverty Prairie."

The issue here is, of course, not forest preserves but rather the consideration of
a quiet — that is, vibration-free ~ neighborhood for the APS. This surrounding land is
permanent public land; this fact will preclude private development.

APS Neighbors within Argonne

Figure 4 shows the APS site in relationship to the other Argonne facilities. This
figure shows that just southeast of the APS we do have a private sector neighbor, a small
cemetery, but again, this is a permanently quiet neighbor.

This location corresponds to our current thinking. It has good topography and it
is not too far from other Laboratory facilities. Research areas of interest are located
just to the north — chemistry, physics, biomedical science, and material science.
Argonne is a multidisciplinary laboratory; this fact has helped our design team. We could
get to an expert on nearly any subject with about three phone calls. We have people
working on land topography, vibration measurement and analysis, and other aspects of
the APS design because of their proximity here at Argonne.

Another area that may interest users is the complex of buildings west of the APS
site that is, in fact, the site of this meeting, namely the Intense Pulsed Neutron Source
facility (see Fig. 4, middle of right edge). The next speaker, Bruce Brown, will be giving
you some insight as to their user experiences at this facility.

Figure 5 shows the APS facility at a higher magnification and includes examples
of extended beam lines. Beam lines up to 80 meters long can be contained within the
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experimental hall. Beam lines of up to 200 meters would reach as far as the curving road
that circles the APS to the south. At the eight o'clock position is shown the possible
location of a proposed medical beam facility. A beam line 1,000 meters long would reach
as far as Watertower Road to the north.

The facility labeled "proposed user housing" to the north of the APS is a possible
configuration and location for an APS user housing facility. The State of Illinois has
agreed to help with the financing of such a facility. Present plans call for a 240-bed
facility to be ready for occupancy one year before the APS becomes operational. We
have chosen a pleasant wooded location that is close to the other research areas and to
the cafeteria.

The APS Facility

Figure 6 shows all of the APS buildings. At this magnification the individual
beam lines can be seen (only the 35 insertion-device beam locations are shown). The
Argonne site utilities are available at a point directly east of the facility. These include
water, steam, sewer connections, gas, and electric power — all in sufficient quantities
for oui' needs. The utility connection point has been chosen for the APS utility building.
This building will house compressors, heat exchangers, pumps, cooling towers, and the
like. The final location will be determined, in part, by the fact that this building is a
potential source of vibration. All utilities are brought to the APS distribution loops via a
utility tunnel.

Two other tunnels provide access to the "infield region" of the storage ring. A
vehicle tunnel will allow emergency and service vehicles to reach the infield, and a
pedestrian tunnel connects injector facilities with the central lab/office building at the
12 o'clock location. The buildings in the infield consist of all accelerator and storage
ring support buildings — the linac, synchrotron injection and extraction, the synchrotron
ring itself, and the radio frequency buildings. The central control room is located in the
central lab/office building in order to be close to the operations and controls staff. The
control tunnel provides a direct link from the control room to the controlled facilities.

The experimental hall houses the storage ring tunnel, which is 1,060 meters long
at the positron beam orbit. The building is 27 meters wide. Four lab/office modules
located around the outer wall provide user facilities in close proximity to the beam lines.

Central Lfcb/Of f ice Building

The large building at the 12 o'clock position !is the central lab/office building.
This building contains a mixture of user, in-house research, and operational facilities:
shops, a high-bay assembly area, clean rooms, central computers, offices, labs, and
conference rooms. Figure 7 shows the support wing of this building, which has a common
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wall with the experimental hall. Nearly all of the areas can be expanded outward in the
future. Crane coverage of the central high-bay area and a truck air-lock facilitate large
equipment delivery. A number of large assembly labs opening onto the central area are
intended for magnet, insertion device, and large beam line component work. The two
clean rooms are large enough to handle the long vacuum assemblies common to the APS;
one room is Class 100 and the other Class 1,000.

Figure 8 shows the office wing of the central lab/office building. On the first
floor are the central APS control room and the data reduction computer facilities to
serve the experimental program. The remaining area is identical for all three floors of
this wing; it contains offices along the outer wall and labs in the inner core. These lab
spaces can be combined to form large conference rooms, a library, or stock rooms.
Again, maximum flexibility has been incorporated.

Figure 9 shows the auditorium wing of this building. It has a 600-seat capacity
and would be used for topical conferences on technology and research related to the APS
and to other Argonne programs.

Figure 10 shows a bird's eye perspective of the central lab/office building and its
relationship to the experimental hall. This figure illustrates one of the benefits of
designing facilities with a computer-aided design (CAD) system. Given enough computer
time, one could probably take a tour of the inside of the facility as well. The cross
section of the experimental hell is shown in some detail in the next figure.

Experimental Hall

Figure 11 shows two versions of the experimental hall. The top half shows the
building as designed for the 6-GeV, 800-meter-eircumferenee storage ring shown in the
1986 CDR, and the lower half shows the design for the 7-GeV, 1060-meter ring of the
present design. Because this building has a controlled climate and is so large, we have
made every effort to reduce its volume. The beam line length (from source point to a 3-
meter equipment circle and outer aisle) is 80 meters for both designs, but the larger
circumference actually results in a narrower building. The easy way to visualize this
change is to imagine a ring of infinite circumference that would require no building width
at all to accommodate an 80-meter beam line.

This shorter span can use a lower-height truss and bridge crane, and the building
height can come down as well. This is not a trivial consideration, because every foot
taken from the building height eliminates over a third of a million cubic feet of air to be
heated or cooled. The crane clearance is 21 ft. This is high enough to move 10-ft
objects over each other, to remove the meter-thick roof blocks from the ring tunnel, and
to clear the personnel and equipment racks atop the tunnel. The total building height is
32 ft.

Utilities will be distributed along the inner wall and in the truss space above the
ring tunnel. Beam-line utilities will be distributed parallel to the beam lines by a system
of underfloor conduits and boxes. These cross sections also show the lab/office module
buildirgs.
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Lab/Office Modules

Figure 12 shows one of these modules in plan view. Each module contains 20
offices and five laboratories, one of which is a Class 100 clean room. Rest rooms,
conference rooms and other common spaces, and mechanical rooms are included. The
truck air lock allows direct access (between beam lines) to experimental hall crane
coverage. These modules can be expanded outward without interfering with extended
beam lines, and more modules can be added in the future.

The beam lines alternate between bending magnet beam and insertion device
beam. Spacing between beam lines is about 3.5 meters where both exit the shield wall
and increases to about 6.5 meters at the 80-meter endpoint. Two radial cranes are
provided initially, with the worst-osse travel time being about 5 minutes. More cranes
can be added to the same rail system, of course. How much freedom these cranes have
to move during storage ring operation will be determined by how well we can isolate the
resulting vibrations.

Figure 13 shows the outside of the lab/office modules from eye level. Figure 14
is a computer view of the APS (in isometric).
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FIGURE 4 Project Neighbors



J II

OvS.
POSSIBLE *
MEDICAL
SEAM LINE

,METe«ROLOQY
* ECOLOGY

FIGURE 5 Project Area Plan



54

CENTRAL LAS/OFFICE

TYPICAL
LAS/OFFICE MOOULE

FIGURE 8 Projeet Site Plan



55

FIGURE 7 Support Wing, Central Laboratory/Office Building Ground-Floor Plan
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USER FACILITIES AT ARGONNE

Bruce S, Brown
Director, Intense Pulsed Neutron Source

Argonne National Laboratory

For the next 20 minutes, you are going to hear about user facilities at Argonne.
I'm supposed to talk about user facilities, and you're supposed to come away under the
impression that we have them. That will be easy because it's true. And secondly, I will
tell you that we know about user problems. And those aren't trivial, as 1 hope to impress
upon you.

The Argonne facilities are DOE-designated user facilities (Table 1). I can talk
about three of them very briefly.

I run the Intense Pulsed Neutron Source (IPNS), so you'll hear the most about
that. We also have a Tandem Linear Accelerator system and a High Voltage
Microscope. I want you to know without a doubt that we have user facilities that are
used successfully. I will discuss some details to give you an idea of what we're talking
about and then work up to larger facilities.

The Electron Microscope facility has run for about three years as a user facility
with the tandem feature. It performs on the order of 40 experiments a year with about
the same number of user^ and operates roughly 50 hours a week for 40 to 45 weeks per
year. Approximately five people are connected with running the facility. The university
represents roughly 50% of the work.

The ATLAS facility, the Argonne Tandem-Linear Accelerator System (Fig. 1),
has been running as a user facility for about two and a half years. We recently
celebrated a very significant development in the superconducting resonating part of the
facility. For studies on heavy ion reactions, the new superconducting niobium resonators
are a great technological accomplishment. Last year ATLAS performed about 51
experiments and had a total of about 90 users. ATLAS is somewhat larger than the
microscope center, but it also operates 40-45 weeks a year. ATLAS runs around the
clock for five and one half days a week with a staff of 15 people.

IPNS is the largest user facility at Argonne, and in a sense it is most like the
synchrotron source -- it scatters neutrons instead of X-rays. IPNS is an accelerator
system that we inherited from the Zero Gradient Synchrotron (ZGS), a high-energy
facility. We accelerate a particle (a proton), and it whizzes around in this relatively
small accelerator, the Rapid Cycling Synchrotron. The beam comes out of the
accelerator and hits a uranium target and makes neutrons. The beam is pulsing 30 times
a second, and the neutrons are brought out to the various purple blocks, which are the
neutron-scattering instruments. We have also set up some beam lines, neutral particle
beams, in the o'd ZGS tunnel. That's the work we have been doing for the Strategic
Defense Initiative (SDI) for about a year. We have 12 beam lines, and right now we have
ten instruments, with the capability of running them all at the same time.



ATLAS has about 13 beam positions. At the present time, only one runs at a
time. The same is true, obviously, of the electron microscope center.

That explains some of the difference in the size. A dedicated staff runs the
IPNS. The user mode requires about 45 people, so many more people are involved, and an
accelerator system is much more complicated, certainly more so than the microscope
center.

The SDI beam line does not run all the weeks of the year. It has had a synergistic
effort, in the sense that we used some of our spare capacity to build something else in
short order.

TaMe 2 shows that if we had adequate funding we could probably run about 30 to
32 weeks A year. We came close to that in Fiscal Year 1984. We've run somewhat less
for the past couple of years, doing some 200 experiments with approximately nine or ten
instruments going simultaneously.

Table 2 also gives the distribution of users. Some 180 scientists came to IPNS
for at least one experiment. Roughly a third of the users that did experiments were on-
site people.

A committee was put together last year, headed by Phil Pinkus (University of
California, Davis), to review the four neutron scattering ftt'lities under the purview of
the DOE. A report is coming out that will praisa the IPNS user program. That comes
from a great deal of effort. You just don't open your doors and say, "Here we are; we're
a user facility." You have to do a lot of things.

I want to talk about some common features that I see in user facilities, and you
may be able to extrapolate to the synchrotron source. Both IPNS and the APS are
accelerator facilities and are large, complicated pieces of equipment. Therefore,
considerable technical support is necessary.

From my experience in having run IPNS (which, by the way, we've been running
as a user facility for about six years), I would say that the whole idea of specialized
expertise is most important. In the final analysis, the person with a bachelor's degree
who knows about furnaces or cryogenics or the Ph.D. scientist costs almost the same
amount. You need to have an adequate number of people who do specialized things. You
need adequate technical support because you don't really want the graduate students or
Ph.D.s to have to change the diffusion pump oil. This is painful because we'd all like to
hire more scientists for the same money and do more science, but then we wouldn't be
taking advantage of these unique capabilities.

Beam time is free to users for publishable research. We like to think that all of
our research is published; it isn't. We all operate under a program advisory committee
system, a proposal system, in our particular case, twice a year people submit proposals
on regular forms. The proposals are reviewed by a peer committee that is made up
almost exclusively of non-Argonne people. This is relatively painful because all facilities
are oversubscribed. We're oversubscribed by a factor of three. That's bad in the sense
that we have to tell some people "no." It's good in the sense that a user facility should be
used.
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Oversubscription by a factor of threa is a rather uniform number. I understand
that the ILL (Grenoble) reactor is oversubscribed by a factor like this. The factor does
not keep increasing because being told "no" a number of times, some people go away.

Proprietary time is available on the basis of full cost recovery. The DOE has
made it much easier for us to give so-called class waivers that permit outside users to do
proprietary work if they pay the full cost. In our particular ease, the cost is roughly
$3,0OG for a 24-hour day.

We have an IPNS user committee that's elected by the user group. This
committee meets every year and a half. The next meeting will be held in about three
weeks. ATLAS user meetings are scheduled at the Washington American Physical
Society meeting. User committee members who feel that they do not get enough user
time will sometimes write letters to the funding agency in Washington politely saying
that !PNS requires more money for operation.

The interaction with our users is really awfully important. During our upcoming
user meeting, for example, we will have two 2-hour working sessions where we will break
into a half dozen different groups and talk about specific, everyday problems connected
with furnaces, data analysis, whatever. Of course, during the course of the year, we
have user interactions as well. We get people together to talk about specific problems.

Our users are not timid in expressing their concerns about things and the
limitations that we have: manpower and finances. We try to meet their needs, and their
input is very important. Everything I've seen and read indicates that there's a great
sensitivity in your synchrotron project already to how important users are.

The University of Chicago has been helpful in supplying travel money for our
users and users of other Argonne facilities. The University has also jupplied cars and
housing costs.

Also important are workshops for training users and advertising our capabilities.
We have three or four workshops a year. Participants in some workshops generate data
sets and use computer terminals to go through the appropriate analyses. Argonne's
Division of Educational Programs has organized these meetings and has been very
helpful.

We're generally not running in a Participating Research Team (PRT) mode. I
think it was Peter Eisenberger who mentioned last night the reason for PRTs: with 60
beam lines at $3 or $6 million a beam line, the money quickly gets pretty big. That is not
usually the case in our user facilities because they are smaller. We are just getting into
the PRT business. We do have one beam line where we have Exxon, Los Alamos, and
Schlumberger contributing money. Another party is interested and is looking into
participating.

However many things I've said about users, about supplying the expertise and
running the instruments, will be true in the PRT mode 9s well as in our scientific user
mode.

Other Argonne divisions are important. For example, at a multidisciplinary lab
we can nnore easily build something like the APS with reactor capability (because we
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have a uranium target). The degree of interaction with Argonne scientists is very
important. People come here who know their science, but who may not know anything
about neutrons or a computer. As time goes on and they interact with other staff
members, these people learn how to use the instruments, and they go off to work
independently.

The staff of the APS will be large. The IPNS staff is larger by a factor of ten
than the microscope center staff, and I suspect the Advanced Photon Source staff would
be larger by another factor of ten.

Some problems are connected with running a large user facility. 1 think it's
inevitable that there will be funding problems. At a facility like this we're constantly
trying to push the technology, trying to do more. For example, I believe that we're the
first to have the uranium target. We beat the world by three or four years. We're in the
process now of building an enriched uranium target to increase the flux by a factor of
three. There's never enough money, of course; it's always a problem. We do the best we
can. The SDI has given money to us for our services. That has solved part of the
problem of funding.

The funding problem, of course, is broader. It's not just operating time; it's also
user support. I mentioned technical and scientific expertise. Scientific people are
writing generalized data analysis codes, doing the appropriate analysis for new
instruments, etc.

We're constantly trying to improve even though we have operated for only five
and a half years; we've already taken some instruments out and are putting new
instruments in.

Communications are important but can be a problem. We constantly try to
communicate what we can do. For example, the enriched target waj supposed to be
installed in October. Well, obviously, it's not going to be, so the whole schedule got
shifted around, and we have called everywhere. People have teaching commitments,
etc., that affect their availability.

I understand we're talking about getting a supercomputer. That will be very
important to the APS and the users. The APS will certainly have to be computerized
with 60 beam lines. The length of APS experiments will vary. Some experiments can be
done in a few hours, and others will take up to a number of weeks. I think that most
experiments will take on the order of an eight-hour day. The experiments that go very
quickly are a problem, but a good problem. That kind of challenge, I think, is what you
want.

I hope that I've given you a sense of the kinds of things we can do, and have been
doing, to run these user facilities for over five years. I think that for the most part
we've been very successful. We've done a good job. Some complex problems are
connected with user facilities; there's no question about it. And there are rather unique
user needs., a whole spectrum of user needs. We feel we've been for the most part
respcnsive and understanding about these needs.
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I hadn't actually heard Marty Knott's talk before and I was glad to see the
detailed planning that has gone into supplying laboratory rooms and so on, We need to
plan as much of that now as we possibly can; we need to get the facility right now,
because it gets harder later.

As Peter Eisenberger mentioned yesterday, there are definitely some problems
with doing research at a distance — picking up and moving miles away from home. But
this is inevitable with the opportunity to work at a new, unique facility, properly
instrumented, with a great opportunity for cross-fertilization of research. This is
extremely valuable, and I think that makes all the adjustments worthwhile.

Thank you.
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Questions from Audience

Dr. Batterman

Dr. Young (Georgia Tech)

Dr. Brown

Any questions?

I'd just like to say as an IPNS user that you really do have
a great user program. It's very friendly, and I'm very
impressed with that. It's not just your facilities and so
forth, it's your staff, too. It's great.

I didn't even know you were going to say that. Thank
you. We try.
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TABLE 2 IPNS Operating Statistics

Icem

Weeks of operation

Number of experiments performed

Visitors to IPNS for at Least
one experiment:

DOE Labs — same site
DOE Labs — other sites
Other government labs
Universities
Industry
Foreign

Total

FY83

26

110

41
7
2
33
5
18

106

FY84

29

210

49
7
1

45
9
39

150

FY85

21

180

44
6
1

51
7

34

143

FY86

22

212

52
10
1
79
13
27

182
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TABLE 1 User Facilities at Argonne

Facility Type Facility Contact

DGE-Designated User
Facilities

Intense Pulsed Neutron
Source

Argonnne Tandem-Linear
Accelerator System

High Voltage Electron
Microscope Tandem

Planned DOE-Designated 6-GeV Synchrotron X-Ray
Facility Source

Other User Resources JANUS Reactor
(312) 972-7428

60-Inch Cyclotron
(312) 972-3686

Pulsed Electron Linac
(312) 972-3471

Dynamitron Accelerator
(312) 972-4039

B.S. Brown
(312) 972-4999

B.G. Glagola
(312) 972-3890

C.W. Allen
(312) 972-4157

Office of Physics Research
(312) 972-3504

T.E. Fritz

J.E. Gindler

C.D. Jonah

H.G. Berry
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TABLE 2 IPNS Operating Statistics

Item FY83 FY84 FY85 FY86

Weeks of operation 26 29 21 22

Number of experiments performed 110 210 180 212

Visitors to IPNS for at least
one experiment:
DOE labs — same site
DOE labs — other sites
Other government labs
Universities
Industry
Foreign

Total 106 150 143 182

41
7
2
33
5
18

49
7
1
45
9
39

44
6
1
51
7
34

52
10
1
79
13
27
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FIGURE 1 ATLAS (Argonne Tandem-Linear Accelerator System) Facility
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ARGONNE BEAM-LINE PLANS AND FUNDING OPPORTUNITIES]

Gopal K. Shenoy
Argonne National Laboratory

The Advanced Photon Source (APS) will attract a great many users, including
universities, and national industries, defense, and medical laboratories, and a number of
modes of usage will be represented. Since several of these modes involve users in the
planning and construction of beam lines, procedures and policies addressing user
involvement must be in place early. We describe a number of mechanisms for user
participation in the APS program. Of course, these mechanisms are expected to evolve
as a result of our ongoing interactions with the user community. Many of the ideas that
are presented here were generated under Dr. Ken Kliewer's leadership.

The storage ring can accommodate a large number of insertion device (ID) and
bending magnet (BM) ports. We will here assume that each port provides only one beam
line, even though it may be possible, and even desirable, to split wiggler and BM ports
into two beam lines in the future.

Present thinking is that 15 beam lines will be built by Argonne (to be called
Argonne beam lines); the other beam lines will be built by Participating Research Teams
(PRTs).

User access will take a number of forms, but in each case it will involve the use
of either an Argonne beam line or a PRT beam line. The policies and procedures that we
presently envision for access to these beam lines are described below. We will aim to
make more definitive decisions on such policies in 1988, based on advice from the
Program Advisory Committee of the APS and User Executive Committee. Of course, we
must also expect to make modifications of these policies as the project progresses.

The so-called Argonne beam lines will be of two types:

• Lines built by Argonne scientists, through the formation of a PRT

• "Quick Response Lines" constructed by and maintained by Argonne
for users

Our judgment is that the user-dominated research program at the APS source
will be far more effective if a substantial amount of in-house work is conducted by
scientists who have research as well as user-liaison responsibilities. Accordingly, we
have included in the construction project an initial complement of 15 beam lines to be
constructed by Argonne, of which perhaps two-thirds will be used primarily for Argonne-
based PRTs, while the remaining one-third are designated "Quick Response Lines" and
are devoted primarily to user research.

The Argonne PRT beam lines will include an extensive array of collaborative
programs with non-Argonne scientists. In addition, the qualified general user will have
access to these lines. Consistent with current policy at the National Synchrotron Light



73

Source (NSLS), we anticipate that a minimum of 25% of the time on these lines will be
available to the community at large via a proposal mechanism after the beam lines are
fuhy commissioned.

The "Quick Response Lines" will be operated in a different fashion. These lines,
though built and maintained by Argonne staff members, will be reserved for general
users. Access to these lines will involve a proposal review process, but we also intend to
provide a "quick response" capability much desired by many industrial users and by some
university users. One way to accomplish this would be to reserve one or more beam lines
for short experiments. Details must be worked out, but this quick response capability is
something that we see as of substantial importance.

All of the "Argonne beam lines," even those specified as part of the construction
project, need not be constructed by Argonne. We will establish a mechanism through
which a university or a laboratory user group can construct a beam line that is funded as
a subcontract to Argonne. In return, the "subcontractor" will have time preference on
the line. Although specifics remain to be defined, we anticipate that a complete beam-
line construction might translate into use of 75% of the time for three years, with the
remaining 25% available to the general user community.

Given the generally positive response to the PRT concept at NSLS, we anticipate
that the U.S. Department of Energy (as well as other funding agencies) will encourage
and fund proposals for the construction of PRT beam lines and will also encourage
industry to construct beam lines within the PRT guidelines similar to those used at
NSLS. Indeed, we see these beam lines as a vital component of the overall beam-line
plan.

At this point, the current PRT policy (whereby 75% of the time is provided to the
PRT members, with 25% of the time available to the general user community through a
proposal process) appears reasonable, as does agreeing to such an arrangement for three
years with the possibility of renewal.

We commented above that the Argonne beam lines are expected to support a
substantial measure of collaborative research with non-Argonne users. We have devised
a novel plan that will enhanc< these collaborative efforts, will expedite the assembly of a
committed user group, will enhance the educational impact of the source, and will bring
additional people into the process of constructing bearr lines. This plan is the
University-Argonne Synchrotron Research (UASR; pronounced "user") Professorship
program that we will propose to the U.S. Department of Energy.

We are proposing the UASR Professorship program as a new program to
accompany the Advanced Photon Source and not as a program to supplant the spectrum
of sabbatical and summer appointments for university faculty members and the several
kinds of student appointment that Argonne already makes through the Division of
Educational Programs (DEP).

Newer venues for APS participation are available through the Science and
Engineering Center at Argonne (SECA), a program expected to begin in 1988. More
details about this will be available through Dr. Harold Myron of the DEP.



Let me conclude by pointing out that I am delighted by youi- enthusiasm to begin
thinking about PRT formation. As the chart below shows, now is the best time to form
PRTs so that scientific research can start when the ring is ready for commissioning in
1993.

PRT SCHEDULE

FY87 FY88 FY89 FY90 FY91 FY92 FY93

PRT Formation

Design

Procurement

Fabrication

Assembly

Testing

Installation

Checkout

Beginning of
Experiments
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SURVEY OF DEFENSE LABORATORIES' NEEDS FOR HARD X-RAYS

Marvin J. Weber
Lawrence Livermore National Laboratory

University of California

I have been invited to present the results of a survey taken during the first part
of this year on the needs of the Defense Laboratories for synchrotron radiation. In many
respects this is an update or followup to a presentation given over two years ago by Phil
Coyle of our laboratory before the Seitz/Eastman Committee on Major Facilities for
Materials Research and Related Disciplines, where again the question was the role of
synchrotron radiation for the Defense Laboratories.

Let me begin by identifying the Defense Laboratories, as they are sometimes
called. These are the Lawrence Livermore National Laboratory (LLNL), the Los Alamos
National Laboratory (LANL), and the Sandia National Laboratories (SNL) in Albuquerque
and Livermore (Fig. 1). At present the total staff at these laboratories is about 25,000.
Of these, about 3500 are Ph.D. scientists and engineers. The operating budget last year
was over $2.5 billion.

The Defense Laboratories, like the other national laboratories, are multi-
program laboratories conducting research in many different areas (Fig. 2). The main
activities are devoted to national security and various energy programs; they are
supported principally by the defense program and other offices of the U.S. Department of
Energy. About one-half of our effort goes into nuclear weapons R&D, testing,
detections, and verification. Other large programs include both magnetic and inertial
confinement fusion, advanced isotope separation by using laser techniques, and beam
research with applications to the Strategic Defense Initiative.

Supporting these programs is a core competence in a number of fundamental
disciplines: atomic and nuclear physics, chemistry, materials science, biomedical
research, geosciences, astrophysics, and various advanced engineering studies. The
applications of synchrotron radiation to these fields are generally well-known to this
audience, and many examples have already been reviewed by previous speakers.
Research of interest to the Defense Laboratories is summarized in Fig. 3. In some cases
only the materials that we investigate are different. For example, yesterday we heard
about protein crystallography; one of the crystal structures we have studied recently is
that of BeH2> a m a t e " a l *na t n a s been around for some time but whose structure has
only recently been unraveled by using synchrotron radiation. Other materials of interest
may only be available in small quantities, or they may be radioactive and require special
handling. The properties and behavior of materials in extreme environments of pressure
and temperature and under shock loading conditions are also of interest.

Synchrotron radiation can also im; _ot a. wide range of X-ray science and
technology associated with the nuclear test program. The high-fluence requirements,
large dynamic range, and one-shot nature of the experiments makes development of
X-ray diagnostics inherently difficult. Measurements of dense plasmas and atoms in
unusual conditions, characterization of components (mirrors, crystals, gratings, filter
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foils, scatterers, and detectors), and developm^r.i. of complete high-resolution X-ray
spectrometers and multi-parameter, high-data-rate diagnostics can all benefit from the
availability of intense synchrotron radiation sources.

The needs for synchrotron radiation were recognized many years ago by the
Defense Laboratories, and surveys revealed potentially heavy usage. To serve the
requirements of the Defense Laboratories' research and programmatic needs, proposals
to build dedicated beam lines were prepared, and funding was received in 1984 as part of
the test ravitalization program. The project (Fig. 4) on X-Ray Calibration and Standards
Facilities (XCSF) was undertaken by a Participating Research Team (PRT) composed of
the Defense Laboratories and the University of California. It consists of two efforts:
one at the National Synchrotron Light Source (NSLS), headed by LANL, called for
building beam lines on both the VUV and X-ray rings; and one at the Stanford Synchrotron
Radiation Laboratory (SSRL), headed by LLNL, called for development of conventional
facilities and building a bending magnet line on the SPEAR storage ring.

The beam lines constructed, under construction, or fanned at NSLS and SSRL,
their operating ranges and their current status are summarized in Figs. 5 and 6. In
addition to the XCSF project, Sandia has a joint activity with Cornell University and the
University of Texas for the development of another beam line. LLNL is also constructing
a 31-pole wiggler beam line at SSRL. The beam lines at both NSLS and SSRL are
intended to be general-purpose beam lines serving the diverse needs of the Defense
Laboratories rather than any specific experiments.

With the above capabilities coming on line and in anticipation of construction of
advanced synchrotron sources in the future, Carl Poppe, whose Division at LLNL is
responsible for constructing the beam lines at SSRL, proposed another survey to see
whether the planned beam lines will serve our current needs adequately and to identify
any special requirements that might influence the planning for new synchrotron radiation
facilities.

A questionnaire was prepared and, with the help of W. Trela (LANL) and R.
Stulen (SNL), was distributed to personnel at the three Defense Laboratories. While we
believe that the results are representative of the foreseeable needs and demands for
synchrotron radiation, we recognize that all potential users may not have been identified
and that new and different requirements will undoubtedly be forthcoming in the future.
Thus the survey is intended to be representative rather than exhaustive.*

Responses were received from about 80 people. They represent a sample of
scientists, engineers, and technologists from a variety of different disciplines.
Approximately equal numbers were from the areas of physics, chemistry, materials
science, and engineering. Their proposed synchrotron-related activities were not
confined to research but included advanced engineering and development, as well as
X-ray diagnostics and instrument calibration.

*A more detailed summary of the survey is presented in a memorandum entitled "Survey
of Defense Laboratories' Needs for Synchrotron Radietion," by C. Poppe, M. Weber, W.
Trela, and R. Stulen. Copies may be obtained from IV? Weber.
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The first question was about the interest in and intended use of synchrotron
radiation. Responses were nearly equally divided among the following four categories?
materials science/solid state physics, chemistry/surface science, atomic/plasma physics,
and X-ray science and technology. The general types of research and applications
mentioned are summarized in Fig. 7.

The range of photon energies required was very broad, extending from the
ultraviolet to hard X-rays. As is shown in Fig. 8, the bulk of the interest is in the 30 eV
to 30 keV region. The requirements for photons of energy >50 keV, which cannot be
satisfied at existing sources, were mainly related to advanced diagnostics and
calibration.

Respondents were also asked about other spectral properties and beam
characteristics (Fig. 9). In general, the requests ranged from the modest to the
occasionally heroic, but were generally within the present state-of-the-art; there were
few outrageous demands. Almost without exception, a source that is continuously
tunable was needed or desired. Depending upon the application and the spectral range of
interest, the energy resolution &E/E required varied from 10 to 1 0 . Requirements in
terms of brightness or spectral brilliance were also sought. Brilliances ranging from 10
up to 10 or 10 [photons/s-mr -mm -(0.1% BW)] were requested; the latter values are
achievable only with planned undulators on low~emittance rings. In general, brighter is
better. Most experimenters either indicated that pulses of ~1 ns (characteristic of
existing synchrotron sources) were satisfactory or listed no requirement. However, some
experimenters required pulses <50-100 ps, which should be possible with proposed new
storage rings. Almost all requirements on beam size were in the 0.5-5 mm range and
readily accommodated. Beam polarization is important in various experiments and was
identified as a need by several respondents. The issue of the coherence of the beam,
which is important in some applications, was not mentioned.

There was also an opportunity to add other comments or indicate special
requirements (Fig. 10). A facility delivering a reliable, stable, well-characterized beam
was a universal need. It was evident from several replies that usage will depend upon the
ease with which experiments can be done without a sizeable investment of time and
effort on the part of the investigator in developing instrumentation and learning
measurtiuent techniques. A well-instrumented, user-friendly facility with a helpful on-
site staff is the ideal. Other requirements included good UHV experimental chambers
and capabilities for gas phase experiments. The abilities to handle high temperature,
toxic chemicals, and radioactive materials (e.g., Be, actinides, tritium-containing
samples), high-vapor-pressure polymers, and polymers in the presence of 10 to 10
Torr of reactive gases (e.g., CF4, NH3) were also cited.

The vast majority of studies proposed involved no classified research. However,
in some cases the data might have a classified end use. Some responders anticipated
experiments that ma;, involve conditions, materials or parts, and configurations of
materials that are classified. Possible classified research includes the physics of
materials at very high temperatures and pressures and of highly-ionized, high-Z ion
interactions, opacity measurements, and spectroscopy and structural investigations of
actinides and other classified materials.



For those who may be uncomfortable in the presence of hazardous materials or
have an aversion to classified research, Peter Eisenberger reminded us yesterday that
synchrotron radiation brings together researchers from various backgrounds attacking a
variety of problems. The presence of defense laboratory professionals at synchrotron
radiation facilities should increase the awareness of some very challenging problems and
emerging technologies. Another potential benefit is the introduction of advanced
instrumentation developed by the Defense Laboratories for diagnostics of inertia!
confinement fusion experiments and the X-ray laser and nuclear test programs
(Figs, lla-d). Many of these are applicable to synchrotron radiation and kinetic studies.
Included, for example, are an X-ray framing camera having a temporal resolution of
50 ps and a spatial resolution of 30 urn and a mierochannel, plate-intensified, grazing-
inc'dence spectrometer for the soft X-ray region. By combining a transmission grating
to disperse X-rays with a streak camera to record their time evolution, spectrometers
with 0.1-nm spectral resolution and 40-ps time resolution have been built. Work also
continues on the development of direct X-ray response detectors, high-speed detector
arrays for fast spectrometer readouts, and layered synthetic microstructures for various
X-ray optical components and microscopy.

In summary (Fig. 12), the Defense Laboratories have a broad, diverse need for
synchrotron radiation for both scientific and technological applications. This need is
growing, and we are attempting to satisfy it by developing state-of-the-art, general-
purpose beam lines at NSLS and SSRL. As these come into operation, the involvement of
the Defense Labora lories in synchrotron radiation R&D should increase. The number of
prospective users evident from this survey is greater than in previous surveys; this
indicates a potential saturation of our planned baam lines.

Specific requirements for hard X-rays appear to be satisfied in most respects by
the specifications of the Advanced Photon Source. What role the Defense Laboratories
play in this facility and special beam-line requirements should be clearer in a year or two
as the degree of our participation in synchrotron radiation experiments and our needs
become better defined. We believe, however, that our future needs for both soft and
hard X-rays are best met by participating with the national scientific community in the
development of new synchrotron radiation facilities.
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Questions front Audience

Dr. Batterman We have time for a few questions.

I have one question. I think it's a pragmatic question in the sense that
from your survey there were very few classified experiments. If they
were to be done, how would a facility like this accommodate such
experiments? What is the mechanism by which they would be done? Do
you have any thoughts on that?

Dr. Weber It would depend on the nature of the proposed experiment. If it were a
special, one-time experiment, it might simply be accommodated on an
existing beam line by providing adequate security during the
experiments. For example, the NOVA fusion laser facility at LLNL is
open to visitors, but it can be sealed off for classified target shots.

If a particular experiment or measurement emerges for which there is a
continuing, long-term need, then one might consider developing a
dedicated beam line for it. In the Argonne Conceptual Design Report
for the 6-GeV Synchrotron X-Ray Source, provisions for such a beam
line were discussed. The beam line would terminate in a separate
existing building with security provisions for classified experiments.



• Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratories (Albuquerque, Livermore)

• Total staff: 24,500 (FTE)
Total budget: $2.6 B (FY 1986)

• Major programs dedicated to national security and
energy developments

CO

FIGURE 1 Defense Laboratories
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Nuclear weapons research & development
Nuclear weapons effects
Nuclear weapons test detection and verification
Inertial and magnetic confinement fusion
Advanced isotope separation
Basic and supporting research

— Materials science
~ Solid state physics — surface science
— Chemistry — photochemistry
— Atomic physics — plasma physics
— Biomedica! research — environmental studies
— Engineering studies
— Geoscience — astrophysics
— Nuclear physics

FIGURE 2 Missions and Programs of Defense Laboratories



• Materials science
— Crystallography, iXAFS/XANES, microscopy, topography

« Solid state physics
-• Photoemission, anomalous dispersion, optical properties

• Surface science
— Photon stimulated desorption, SEXAFS

• Chemistry/photochemistry
— Photodissociation, photoabsorption, photoionization,

microanalysis, chemical imaging
• Atomic and plasma physic?

— Photoionization, photoemission, inner shell measurements,
ionized state absorption, transmission spectrossopy,
excited state processes

• Biosciences/environmental sciences
— Scattering, microscopy, microanalysis, holography

• Engineering studies
— Radiography, microscopy, exotic welding

• Fusion research
— X-ray imaging, diagnostics

FiGURE 3 Research Requirements of Defense Laboratories

00
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Beamline development project at IMSLS

LANL: Line on VUV ring (two stations)
Port on x-ray ring (one station)
$3.6M

Beamline development project at SSRL

LLNL: Conventional facilities development
Bending magnet line (two stations)
S6.4M

Participating Research Team (PRT):

The NSLS and SSRL projects are a collaboration
of Lawrence Livermore/Los Alamos/Sandia/
University of California
FIGURE 4 PRT Project of Defense Laboratories and University of California



• Western Synchrotron PRT
SNL, LLIML, UC)

VUV ring:
- Beamline U3A
- Beamline U3B

X-ray ring:
- Beamline X4A
- Beamline X4B

20-1200 eV
8-250 eV

0.8-8 keV
5-30 keV

(operational)
(planned)

(construction)
{construction)

Cornell - Sandia - University of Texas PRT
- Beamline U16A 25-1000 eV
- Beamline U16B 10-80 eV

(construction)
(planned)

FIGURE 5 Beam Lines at NSLS



University of California/National Laboratories PRT
(LL1ML: UCLSRR, SNL, LAND

• Beamline VII I — Bending magnet
- VUV branch 8-175 eV (construction)
- Soft x-ray branch 60-1100 eV (construction)
- X-ray branch 0,8-8 keV (planned)

• Beamline X — 15-period wiggler
- Hard x-ray branch 3-35 keV (construction)
- Soft x-ray branch 60-1100 eV (construction)
- X-ray branch (planned)

FIGURE 6 Beam Lines at SSRL
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Survey — winter 1985

• Respondents (80)
- LANL, LU\1L,SNL
- Scientists, engineers, technologists
- Physics, chemistry, materials science,,, -

© Activities
- Basic/applied research
- Advanced engineering/development
- Diagnostics/calibration

Q Proposed R&D Percent
Materials science/solid state physics 25
Chemistry/surf ace science 16
Atomic/plasma physics 25
X-ray science and technology 30
Other (bio/earth sciences, fusion,.. .) 5

FIGURE 7 Research Interests, 1985-86 Needs Survey



energies of interest:

Percent (%)

0
100 1000 10000 100000

Energy (eV)

Note: Several proposals cover more than one energy range
FIGURE 8 Photon Energies Required, 1985-86 Needs Survey
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• Tunable source
- Yes: 95%

• Energy resolution AE/E
- 1CT1 -1<T5

• Beam spot size
- ~1-10 mm2

• Monochromatic flux on target
- 106 - 1020 photon/sec

• Spectral brilliance
- 101 3 - 1018ph/s - mm2 - mr2 - 0.1% BW

• Pulse duration
- > 1 ns: 93%
- 50-100 ps: 7%

• Polarization

• Coherence
FIGURE 9 Spectral Properties and Beam Characteristics Required, 1985-86
Needs Survey



• Dedicated beamlines
— Well characterized beam parameters
— Adequate support staff
— Installation of ancillary equipment

• Hazardous materials
— Toxic chemicals
— Radioactive materials
— High vapor pressure materials

• Classified research
— Data might have classified end use
— Classified conditions, materials or configurations

FIGURE 10 Special Requirements Indicated in 1985-86 Needs Survey
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FIGURE lla Spectrometer for Soft X-Ray Region



FIGURE l ib High-Resolution X-Ray Spectrometer (transmission grating streaked speetrograph, TGSS-EM)
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FIGURE l ie Multilayer Diffraction Grating for X-Rays
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Adjustable
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FIGURE l id Diagram and Properties of Multilayer Monochromator
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• Defense laboratories have a large and growing need for
synchrotron radiation in many areas of science and technology

• These needs are presently being satisfied through collaborations
and development of state-of-the-art beamline facilities

- NSLS
- S S R L

• Defense laboratories believe that future needs for both soft and
hard x-rays are best met by participating with the national
scientific community in the development of new synchrotron
radiation facilities

FIGURE 12 Summary
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ILLINOIS STATE GOVERNOR'S MESSAGE

John Straus
Executive Director, Governor's Commission on

Science and Technology

Good morning, ladies and gentlemen.

I want to thank you for the opportunity to address your group this morning. I
bring you the greetings of Governor James Thompson, who, as some of you may know,
took a well-deserved vacation this week in Hawaii. The Governor was re-elected to an
unprecedented fourth term, and we felt that it was time for him to take a couple of days
off. Clearly, the Governor is sorry that he isn't here today.

My job today is to stand in for the Governor and for Dr. Stanley Ikenberry, who is
the Chairman of the Governor's Committee on Science and Technology, to officially
welcome you here to Illinois. We hope that this conference will be useful for you, and we
are very pleased to see so many people here today.

The Governor and the Governor's Commission on Science and Technology take
Argonne's work with the Advanced Photon Source very seriously. This illustrates Illinois'
attitude toward development of high technology in our state.

Therefore, it's particularly gratifying to see so many people come out. Illinois
views high technology as a means of economic development, and as such we invest in high
technology in this state. We invest in the development of new technology, we invest in
the transfer and application of those technologies, and we invest in the
commercialization of those technologies.

For that reason we were certain that the siting of the Advanced Photon Source
here at Argonne was a very good project and a very good investment.

Part of our philosophy of high technology investment is to involve those of you
who are in the scientific community. We want our high technology projects and things
like the Advanced Photon Source to be "user friendly," and we strive very hard to
accomplish that.

We believe there are many reasons to bring high technology to Illinois. First of
all, we are a high technology state. We aren't California; we aren't Massachusetts. But
we're right there after them.

We think that our resources make Illinois a good site for high technology. When
you add to that things like the location of O'Hare Airport, our excellent tourism and
culture, it becomes clear that Illinois is a place where good scientific research can be
done in a setting that offers a high quality of life.

Let me just close this morning by reassuring you that the development of high
technology in Illinois is a primary goal of ours. We are very interested in seeing
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Argonne's project develop more fully, and we will work with the people at Arganne and
with the people of the U.S. Department of Energy and other agencies to make sure the
photon source is built and built as soon as possible, so that we can get down to the work
that it brings to us.

Thank you very much, Have a good session.



PLANS OF POTENTIAL PARTICIPATING
RESEARCH TEAMS



101

EXXON'S INTEREST IN THE ADVANCED PHOTON SOURCE

D.E. Moncton
Exxon Research & Engineering Company

Current Program

Exxon has three X-ray beam lines and two VUV beam lines at Brookhaven, and
Exxon scientists are members of three teams associated with new insertion device beam
lines. At Stanford, Exxon participates in Beam Line 6 (the 54-pole wiggler) with SSRL
and Lawrence Berkeley Laboratory (LBL), and we are potentially interested in
involvement on the PEP storage ring.

A large number of people are associated with this effort: about a dozen principal
investigators, a number of post-docs, and many others within Exxon Corporate Research
who use synchrotron radiation from time to time, depending on their scientific needs. In
addition, a large number of potential users in the Exxon-affiliated research laboratories
may get involved as our facilities develop. Beyond Exxon, we have many collaborations
with outside institutions.

The science and technology goals for our program are fairly straightforward: we
want our synchrotron research to have an impact on Exxon technology. Our approach has
two distinct components. First, we endeavor to advance existing Exxon technologies by
using standard synchrotron techniques. We study systems that are unusual in the
synchrotron community but are very important to the technologies at Exxon, such as
asphaltenes or microemulsions. Second, we want to develop new synchrotron methods
and a new understanding of the fundamental science involved. Along this line, we have
been active in the development of, for example, X-ray microtomography and micro-
crystal X-ray diffraction, which are discussed in more detail below.

X-ray tomography is an exciting development that has been talcing place at
Exxon in collaboration between Harry Deckman, Brian Flannery, and Kevin D'Amico. It
has been very successful, recently achieving two-micron resolution for samples that are
cubic millimeters in size. This success is based on the development of detectors, the
development of computer programs, and the application of synchrotron radiation.

In the area of microcrystallography, which has applications to the studies of the
crystal structure of important catalysts, we believe that with existing X-ray synchrotron
sources, we can go down to micron-sized crystals.

Needs for New Facilities

One of the simplest ways to see why we are interested in a new facility is to look
at the techniques that we now use. There are many of them: spectroscopy techniques,
crystallography, small-angle scattering, surface scattering, more general wide-angle
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scattering, and tomography. In each of these cases, one can make very convincing
arguments for improvement of many orders of magnitude by using an X-ray undulator
source on the new Argonne facility. These improvements can be in the form of high
resolution in space, improved resolution in the time domain, or reductions in data
collection times and/or sample sizes.

There is not time to go through the details of every technique, but as an
example, consider X-ray tomography and the improvement that could be made if we had
an X-ray undulator.

One of the limits in the spatial resolution achievable in tomography is given by
the divergence of the radiation. Right now we're dealing with a beam divergence on the
order of a riilliradian. If we had an X-ray undulator source, the beam divergence would
be much smaller, on the order of a few hundredths of a milliradian. As a result, the
resolution would improve by one to two orders of magnitude.

Alternatively, instead of using the increased resolution to achieve beam
brilliance, one might use it to reduce the data collection time. Currently, images take a
couple of hours. But if one had an X-ray undulator together with a monochromator with
a one-percent bandwidth, one could improve the flux on the samples by a factor of 10 ,
reducing the necessary time from many hours to a few seconds. It would then be possible
to study the flow, for example, of fluid through porous rock. It is this kind of advantage
in many different applications that has motivated our strong interest in new facilities.

Conclusions

In a program that has the breadth of our research at Exxon, we have to have a
beam line that can tune over a wide range of photon energies. As a result, we've been
very strong supporters of the requirement that an undulator has to have substantial
tunability.

As we've seen in this meeting, Argonne staff have thought carefully about
undulator tunability. I think the proposed machine will provide excellent capability for
the kinds of resear ,n we want to do; I can assure you that if the government provides the
funding for the facility, Exxon will invest in the beam lines.
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IBM INTEREST IN THE ADVANCED PHOTON SOURCE

Paul M. Horn
IBM Thomas J. Watson Research Laboratory

Let me put on one of my two hats. One is the hat I wear when I'm a manager at
IBM Yorktown in the Physical Sciences Department. Let me tell you why, from that
perspective, we would love a source of this type. And then I'll put on my hat as a
scientist, and I'll tell you why I personally will be working at this facility when it exists.

In the Physical Sciences Department at IBM Yorktown, we're involved with a
variety of different things. Research goes on there in physics, chemistry, materials
science, biology, surface science. Right now, we have three main PRTs on both the soft
and the hard X-ray ring at the National Synchrotron Light Source. In all of these areas,
one can conceive of numerous things to do with a source of this magnitude. I can only
say as a manager and as a member of that department, a facility of this type cannot be
built without IBM being involved in a big way in numerous different aspects. I can't even
perceive the exact nature of that involvement at this early stage.

Now I'll put on my science hat. My own personal scientific interest has been in
the general field of statistical physics with specific interest in the role of statistical
fluctuation as it applies to structure. Specific examples include the problems of melting,
wetting, layering, and interface roughening.

One can conceive of numerous new fields in statistical mechanics that would
open with a facility of this type. For example, one can switch from problems in classical
statistical mechanics to problems in quantum statistical mechanics. Instead of asking
about positions of relatively large classical objects, like relatively large molecules and
solids, one can imagine talking about problems of melting of a quantum cell that's in
quantum fluids. We could look at the structure and melting of a quantum crystal as
opposed to a classical crystal, and look at superfluid condensates adsorbed on surfaces. I
would love to get involved with numerous problems in quantum statistical mechanics, and
they can only be attacked with a facility like the APS.

So as a scientist with interests in that area, somehow I'll find a way to get
involved with this facility.
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POTENTIAL PRT PLANS OF ARGONNE BIOLOGY DIVISION

E.M. Westbrook
Division of Biological and Medical Research

Argonne National Laboratory

One area that has not yet been discussed at this meeting is the biological and
medical use of synchrotron radiation. The APS will provide significant capabilities in
this area, and successful development and implementation of these capabilities at
Argonne will be of substantial importance to the success of the APS. A rumber of active
and valuable biophysical and medical imaging studies are going on at the synchrotron
sources in the U.S. and elsewhere. These will be described by some of the (U.S.) next
speakers. Today I would like to focus first on protein crystallography at synchrotron
radiation sources and describe our plans to establish adequate experimental facilities at
the APS for this discipline. Next, I will speak briefly about our plans at Argonne to build
a medical imaging center on the APS that is explicitly designed to perform coronary
angiography and other medical imaging tasks on a large scale and in a clinical setting.

I have worked in collaboration with Gopal Shenoy, Robert Smither, Michael
Strauss, James Viccaro, and others here at Argonne to draw up the conceptual designs of
three beam lines for the APS: two for protein crystallography and one for medical
imaging.

Protein Crystallography

We are planning for three experimental applications of synchrotron radiation for
protein crystallography at the APS: "routine" crystallographic data collection; multiple-
energy, anomalous-dispersion data collection; and Laue diffraction data collection.

When I say "routine," I use the term advisedly: there is nothing truly routine
about protein diffraction data collection. For example, to solve the structure of one
typical protein, a steroid isomerase enzyme, it was necessary for me to accurately
record the intensities of more than 250,000 Bragg reflections. Perhaps a better term
might be "traditional," although the current uses for protein structure analysis are
definitely not traditional. The collection of accurate diffraction data from protein
crystals is one of the major bottlenecks in the determination of protein structure.

Use of synchrotron X-ray sources for data collection not only can greatly
improve the quality of these data, but it also can speed up the data collection process by
several orders of magnitude. This is important because we must be able to determine
protein structures more rapidly if we wish to keep pace with advances now going on in
molecular biology. Today, genetic engineering allows one to artificially replace any
naturally occurring amino acid residue in a protein with one of up to 20 variants, and
proteins can have several hundred residues. Of course one must be highly selective
regarding which of these modified structures will be studied, but even so, one must
examine large numbers of related crystal structures if one hopes to draw valid
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conclusions about protein function and its relation to protein structure. To characterize
such variant structures, one must measure the diffraction pattern from each, a truly
monumental task if it is performed by traditional methods. And there are a very large
number of interesting proteins to study: The human genome alone codes for tens of
thousands of different proteins. Thus, synchrotron radiation sources will play an ever-
increasing role in protein crystallography in particular and molecular biology in general.

Multiple-energy, anomalous-dispersion data collection (MEAD) is a method that
may also play a powerful role in accelerating the determination of protein structure by
improving the way in which phases of the complex structure factors are determined. The
standard way to determine these phases is the Multiple Isomorphous Replacement
method. This method requires one to record and process data sets from many different
crystals, each differing from the others by the presence of a single heavy atom
substituent in the lattice. The method works but is cumbersome. In comparison, MEAD
involves recording Bijvoet differences from a single protein crystal that contains a
heavy, anomalously scattering atom — either one that occurs naturally, like copper in
azurin or iron in hemoglobin, or one that has been artificially introduced, like selenium or
uranium. These Bijvoet differences are recorded at several energies, strategically
selected near the absorption edge of the heavy atom, and the variation of this anomalous
dispersion with energy can be used to uniquely define the phase angles of the native
protein. By recording all data from a single crystal, one removes the intercrystal scaling
error and guarantees the precise chemical identity of diffraction samples. Although the
anomalous scattering effects are small, they can be measured sufficiently accurately for
the method to be effective. MEAD can really be carried out effectively only at a
synchrotron X-ray source, where the beam energy can be tuned while high flux is
maintained. A feasibility study of the method is now under way at SSRL; another will
begin at NSLS this year. Last year the method was used by Kahn and Fourme to
determine the structure of parvalbumin at LURE. We intend to dedicate an insertion
device beam line at the APS to MEAD phasing, and we have performed preliminary
design studies on that apparatus.

The third, and in many ways the most exciting, method for applying synchrotron
radiation to protein crystallography is Laue diffraction. An old method historically, Laue
diffraction involves simultaneous stimulation of many Bragg reflections by irradiation of
the sample crystal with polychromatic ("white") X-rays. This method allows a stationary
sample crystal to generate a substantial fraction of its entire three-dimensional
diffraction pattern, which can be recorded quickly; we expect a single image, containing
more than half of the useful diffraction pattern of the crystal, to be recorded in
substantially less than a millisecond. If this pattern can be re-recorded in sequential
images, it will be possible to record a moving picture of the crystal's structure (more
precisely, the Fourier transform of that structure) with a frame-to-frame time constant
that can be short with respect to characteristic temporal processes of that protein. We
are all thinking of enzyme kinetics: Can we image the movement of an enzyme in the
act of catalysis? Such experiments will require the development of several new
technologies, not the least of which is the capability to initiate synchronous catalytic
events at all points in the crystal simultaneously, but there are ideas of how to proceed
with these experiments. Time-resolved catalysis has already been crystallographically
imaged by Louise Johnson and her group at Oxford, who examined glycogen phosphorylase
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by monochromatic diffraction studies on a wiggler source at Daresbury's SRS. That study
required a special, poorly functioning enzyme substrate and very disadvantageous
conditions for the enzyme in order to slow down the reaction rate enough to image the
enzyme with "standard" methods. Laue diffraction should speed up the data collection
methods enough that these studies can be performed on good substrates and under ideal
conditions. Such studies have the capacity to answer many fundamental questions of
structure-function relationships in enzyme catalysis.

Medical Imaging

At the Tutorial on Synchrotron Radiation for Basic and Applied Research,
November 12, 1986, Herbert Zeman spoke of the efforts going on at Stanford's SSRL to
apply synchrotron radiation to the imaging of coronary arteries. This work, together
with parallel efforts at other synchrotron radiation sources, is designed to determine
whether a safer method than the one currently in use can be devised for coronary
angiography. The current method involves implanting a catheter into the femoral artery,
moving it retrograde into the ascending aorta, and inserting its tip into a coronary artery
at the base of the aorta. This catheter is placed under visualization with X-ray
fluoroscopy. Next, a large bolus of a highly concentrated solution of an iodinated
compound is injected through this catheter into the coronary artery, and an X-ray
cinegram (movie) is made of the passage of this X-ray-absorptive "dye" through the
arteries. The object of these studies is to detect filling defects due to occlusion of the
artery, which suggest the patient is at risk for a complete arterial blockade and
subsequent heart attack.

Risks with this procedure are many; although competent, well-trained, and well-
practiced specialists can minimize the risks, they cannot be eliminated. These risks
include the potential for acute kidney failure due to poisoning by the large quantities of
iodine; stroke or heart attack due to arterial occlusion, thromboembolism, or arterial
spasm; and biological damage from the high doses of X-ray exposure (typically 50-150
rad) and the large quantities of iodine.

Synchrotron radiation can be tuned to two energies bracketing an absorption edge
of an element like iodine. When absorption radiograms of the human body are recorded
at those two energies, features lacking iodine do not differ between the two images, but
features tagged with iodine are markedly different. Subtraction of the two images can
enhance contrast by factors greater than 150,000. This enhancement factor can be
traded for lower iodine concentrations and lower X-ray doses than those used for
conventional coronary angiography. Introduction of iodine contrast agent by vein rather
than by direct arterial catheter could make this procedure so safe that coronary
angiography could become truly routine, an outpatient procedure performed as a part of
the standard physical examination at age 35 or 40.

Significant numbers of heart attack victims die instantly during their first
episode, with no prodrome or antecedent signal of disease. Thus, development of a
prospective "screening" test for incipient coronary artery disease could affect the health
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and lives of thousands of Americans every year, if it could be made as safe as, for
example, a vaccination. This step, to bring synchrotron radiation to bear on the public
health of the nation, will require a very large increase in the numbers of tunable X-ray
sources, to handle the vast quantity of imaging studies that would need to be performed.

This revolution in medical imaging need not stop with cardiac imaging.
Dichromatography imaging can be used to view any feature in the human body that can
be tagged by iodine-labeled antibodies, such as metastatie tumors, local infections, or
anatomical anomalies.

Summary

At Argonne, we have designed three beam lines for biophysical and medical
uses. These are described in our conceptual design report. I suggest that a large group
of people will be interested in using the APS for these biological and medical
applications.
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Questions from Audience

Audience Member

Dr. Westbrook

Coming back to Paul Horn's statement that he can't imagine IBM
not being here at the Advanced Photon Source. Have you con-
sidered how much computer time would be required to analyze the
protein crystallography data collected?

There are a number of things to be said about that, but first of all,
computers are becoming faster and much cheaper. Without that,
all of this work would be impossible. Nevertheless, these tasks in
protein crystallography, and medical imaging also, require
tremendous computational effort to carry out. It is just as
necessary to develop excellent computing methods to handle these
problems as it is to develop powerful experimental tools such as the
APS.



109

NORTHWESTERN INTEREST IN THE ADVANCED PHOTON SOURCE

P. Georgopoulos
Northwestern University

I'll be very brief. Unfortunately, I left all the blueprints for the beam line back
in my lab, so I'll just have to improvise.

We have had many graduate students and many principal investigators involved in
synchrotron radiation research for the past seven or eight years. The involved faculty is
spread throughout material science, physics, and chemistry. The Biology Department has
expressed an interest, but at this point not enough time is available to us.

Up to now, at least eight or nine principal investigators from Northwestern have
been involved in synchrotron radiation research, more than half of whom make that their
primary research interest. And we have more in the wings waiting for beamtime.

Unfortunately, we are part of a PRT, sharing half of a front end at NSLS. So our
perspective of the need for the 6-GeV synchrotron is somewhat different. This does not
mean that we cannot use the new capabilities that would be available to us. However,
it's also a matter of present availability of synchrotron radiation to us.

The programs that I have listed are all ongoing programs. We have not let our
appetite grow too much. We're involved in order-disorder and general phase
transformations in alloys and compounds, in the structure of glassy materials, and in the
thermodynamics of two-dimensional systems {Physics Department). The Chemistry
Department has expressed an interest in and soon will look at some one-dimensional
conductors. Another major use of our beam line at NSLS is surface diffraction
techniques.

The proximity of this synchrotron is important to us. As Paul Horn said, we
cannot see how we could fail to be here. For our University, economics are important.
We do train a lot of graduate students. With eight or nine principal investigators, at
least two or three times that many people are involved in our synchrotron research at
Northwestern. These people have to be transported back and forth and stay at the
synchrotron for extended periods of time. That gets expensive.

Since we're on the subject of expense, I'll be the first to tackle the funding
issue. We feel that our Materials Research Center at Northwestern is a very good
framework for housing, if you will, the Northwestern effort in synchrotron research.
This Center is geared toward handling reasonable amounts of money. (I don't want to say
large amounts of money.) The people who are part of the Materials Research Center are
used to collaborative work. Because our operation happens to be a small one that
certainly cannot compete with Exxon and IBM and AT&T in terms of resources, the
Center is just the right size to supply the necessary resources for a successful beam
line. Therefore, the NSF is one of the sources of funding that we feel should be
approached. Some money, quite obviously, will be available through the central facility,
because I am not necessarily proposing a beam line over and above the number that will
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be available with the facility. Our beam line could be one of those developed by
collaboration.

Although it's a little premature, we are orienting ourselves toward a fairly
standard scattering beam line equipped with the usual full-circle diffractometer,
preferably in an upright position because we do intend to do surface scattering from
liquids, which would be a lot easier with the wiggler operating in the vertical plane. I
understand from yesterday's discussions that this will be possible, and it will not interfere
with the characteristics of the machine. For some more demanding cases, the wiggler
could be replaced by an undulator on the same vacuum vessel.

That's basically our concept of the beam line. It will have a wiggler: a low-
energy wiggler, not a high-energy wiggler, with a critical energy of 10 or 15 keV. We
don't anticipate extreme requirements of 20 keV. The objective here is flux, raw flux.
Many of our techniques require large amounts of flux. For surface diffraction, having an
undulator will obviously be advantageous. With what now appears to be available, we can
certainly have a very successful beam line.
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POTENTIAL PRT PLAN - STANFORD

George S. Brown
Stanford Synchrotron Radiation Laboratory

We have learned from our first glimpses of X-ray undulator radiation on PEP at
Stanford that this class of source is qualitatively and quantitatively so superior to
anything that we've become accustomed to, that the techniques that are going to be
developed over the next few years will bear on problems that we would simply not be
imagining at this meeting.

So what I'm going to discuss today are problems that would be addressed by
people at Stanford with this source if it were available today. I can't say for sure what
kinds of problems we would be addressing in five years because the techniques are going
to be so different from what we can imagine now.

The Geology Department at Stanford is interested in high brilliance X-ray
sources for studying the properties of the material under high pressures and high
temperatures as they exist in the earth's mantle. This work would be carried out by
Professor Gordon Brown; his interests, as you can see, are varied and involve using
techniques of high pressure apparatus, both in EXAFS spectroscopy and in large-angle X-
ray scattering. High brilliance beams are required because under these environments the
samples are very small and require essentially mieroprobe-like beams.

Two faculty members, Professor Hodgson of the Chemistry Department, who is
here, and Professor Doniach of the Applied Physics Department, are interested in
applying high brilliance X-ray beams to three general kinds of problems: X-ray absorption
spectroscopy, X-ray crystallography, and small-angle scattering. I'll say a little bit about
each.

The proposed spectroscopy work involves studying metal ion active sites in cata-
lysis. A number of collaborators besides the principal investigators are interested in
these problems, and you can get an idea from this transparency of what particular
systems they're interested in studying. I'm sure Keith Hodgson will be pleased to discuss
these programs in more detail privately. Further experiments conducted by Professor
Hodgson, in collaboration with Britt Hedman, Paul Phizockerly, and Ethan Mernt use
multiple wavelength phasing and Laue diffraction for microcrystal and kinetic studies.

In addition, a year ago in the scientific case workshop, Professor Doniach
discussed in some detail small-angle scattering and diffraction on a number of interesting
systems. One of the most exciting programs that he's interested in pursuing is time-
resolved scattering from DNA in order to help solve the problem of the decoding or the
sequencing of DNA which, as we all know, is an important problem that is going to be
receiving a lot of attention over the course of the next ten years.

Then, of course, I'd like to mention the angiography program that is presently
being conducted at Stanford. We've successfully now studied three human patients, and
we have demonstrated that the technique is feasible for obtaining high resolution
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coronary angiograms. This work is being led by Professor Ed Rubenstein of the Medical
School, and Hofstader from the Physics Department, along with several Stanford,
Berkeley, and NSLS collaborators. This project will continue to be developed technically
at Stanford as well as at the Light Source, but we're looking forward to taking the next
step here at Argonne, where we can perhaps study patients using perhaps shorter
wavelength and heavier metal dyes for obtaining angiograms that would involve even less
exposure to the human patient. We also anticipate studying other aspects of the anatomy
besides the heart, such as the skeletal system. For these studies, no other technique will
provide the kinds of resolutions that are necessary to understand the circulatory system
or this important human organ.

Finally, my own personal interest besides angiography is in the fields that Jerry
Hastings has already described: high resolution scattering and ultrahigh-resolution
scattering.

We at Stanford now have six perfect enriched YIP crystals, yttrium iron garnet
crystals that when put in a polychromatic undulator beam would give us an X-ray beam
of perhaps a thousand counts per second with an energy resolution of nanovolts and a
coherence length of SO to 100 meters.
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A PROPOSAL FOR A PARTICIPATING RESEARCH TEAM (PRT)
ON DYNAMIC DIFFRACTION

Roberto Colella
Physics Department
Purdue University

I would like to propose the constitution of a PRT whose members are not so much
related by geographic or institutional connotations, but rather by a common interest,
namely "Dynamic Diffraction," with emphasis on standing waves. The following people
have been contacted and have expressed an interest:

- A. Authier (University of Paris)
- B.W. Batterman (Cornell-CHESS)
- P. Cowan, T. Jach (National Bureau of Standards)
- S. Durbin (Purdue University)
- J. Patel (Bell Laboratories)

By "Dynamic Diffraction" I mean a lot more than silicon or germanium. In
several situations, as we will see later, ordinary mosaic crystals under special
circumstances behave like perfect crystals, and dynamic theory must be used in order to
interpret the experimental results. Many of the experiments contemplated by some
members of our future PRT will not make use of perfect crystals; nevertheless, the
common denominator between all PRT members will be the use of dynamic theory to
understand the physics of their experiments.

The concept of X-ray standing waves is well known (Fig. 1). When a plane wave
is incident on the surface of a perfect crystal, a standing wave pattern of
electromagnetic radiation is created inside and outside the crystal, in registry with the
lattice planes (Fig. la). As the crystal is rocked through the Darwin width (Fig. lb), the
registry between lattice planes and standing waves changes, giving rise to special
"signatures" in the fluorescence yield. Information can be obtained not only on the
lattice locations of the fluorescing atoms, but also on the structure of thin layers
deposited on the surface. An illustration of the power of this technique is given in
Ref. 1. In this work the authors show that, by monitoring the characteristic fluorescent
radiation excited by X-ray standing waves in GaAs, it is possible to distinguish the two
different kinds of lattice sites in a heteropolar crystal (see Fig. 2).

There are several variations of this basic technique. In the experiment described
in Ref. 2 (Fig. 3), the structure of a monolayer of gold on silicon was investigated. In
this case, the experiments were performed in ultrahigh vacuum, and the electron yield
rather than the X-ray fluorescence was monitored through the rocking curve. This is a
new experimental technique whose potential has not yet been fully explored.

Another new approach to standing waves is based on use of grazing incidence and
diffraction from planes perpendicular to the crystal surface (Ref. 3). Figure 4 shows the
scheme of a recent experiment based on this idea. According to Bragg's law in kinematic
diffraction, the diffracted beam iL = £. + T (222) is supposed to propagate inside the
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hows that a vacuum wave kf is always to be expected, even in the so-called
of diffraction," with tangential component k\ = t. cos a. + T (222), for

crystal, and no intensity is expected to be recorded by the counter position-sensitive
detector (PSD). A complete dynamic treatment of the diffraction process (Ref. 4),
however, shows
"Laue case
the case considered in Fig. 4. Such a wave, which we can'call "Laue-reflected," is
exceedingly weak and unmeasurable at ordinary values for the angle of incidence oj, but
it becomes appreciable at grazing incidence. Effects of this kind have recently been
observed (Ref. 5) by using a perfect Ge single crystal. An interesting application
suggested by the authors of Ref. 5 is to use the Laue-reflected beam to get information
about charge density and atomic locations along a direction parallel to the surface,
rather than perpendicular.

What is interesting in the work of Ref. 3 is the fact that structural information
about the first layers of surface is obtained from the structure of the ic. diffracted
intensity (Fig. 4) for a metal crystal alloy Fe^Al, whose degree of perfection is certainly
far from that of silicon or germanium.

While the authors of Ref. 3 use straight Fresnel optics to explain their results, I
prefer to think in terms of dynamic diffraction theory. At grazing incidence the Darwin
rocking widths become very broad, wider than the mosaic spread of "good" mosaic
crystals, and therefore even a metal crystal such as Fe^Al behaves essentially as a
perfect crystal, to which dynamic theory is applicable. This is an example of the point
made in the introductory part of this paper.

Another scheme to achieve essentially the same purpose of observing dynamic
effects in mosaic crystals consists in setting the angle of incidence close or equal to 90°,
perpendicular to the surface. This is another situation in which the Darwin width
becomes anomalously broad (Refs. 6,7). An interesting experiment on the (111) surface
of the Cu single crystal has recently been reported (Ref. S) in which the incident beam is
set at 90°, the scanning is done in X instead of 8, and what is monitored is the electron
yield rather than the X-ray diffracted beam. Clear signatures of a standing wave pattern
are visible.

The feasibility of the standing wave method for structural studies of
electrochemical interfaces has been recently demonstrated (Ref. 9). In this work
standing wave effects have been observed from a platinum-carbon layered synthetic
microstructure with a space of 56A, on which a double layer of iodide and copper was
deposited.

Another interesting case in which dyuamic diffraction theory is applied to mosaic
crystals is in the use of multiple Bragg scattering for solving the phase problem in
diffraction (Ref. 10). It is known that n-beam diffraction (n > 3) can be used to extract
phase information (Ref. 4). The general theory and all the computational procedures
were worked out in Ref. 4, published in 1974. However, progress was hindered then
because it was not known how dynamic theory, the only theory that preserves phase
information, could be applied to mosaic crystals. A big step forward was taken in 1981,
when we discovered the mechanism of Virtual Bragg Scattering (VBS; Ref. 11).
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A multiple Bragg scattering experiment is conveniently performed by rotating
the crystal, in form of plane-parallel plate, around the scattering vector (hkl), and by
monitoring the (hkl) intensity, normally a weak reflection, as a function of the azimuthal
angle <j> (see Fig. 6). When a node (HKL) goes through the Ewald sphere, a peak normally
shows up on the plot of (hkl) intensity vs. *. Such a plot is called a Renninger plot, and a
peak in such a plot is called a Renninger peak, after M. Renninger, who discovered this
effect in 1937.

What we discovered in 1981 is that appreciable perturbations of the two-beam
intensity can be observed in a Renninger plot at large angular distances (of the order of
degrees), on the <fr scale, from the excitation point of a Renninger peak, usually resulting
in an asymmetric pattern. Such asymmetry does carry phase information and can be used
to sort out phases of structure factors when properly analyzed (See Fig. 7 and Ref. 12).

Since the scattering on the wings of a Renninger peak is weak, and the
asymmetry extends over a wide range, we conjectured that VBS should provide a viable
method for phase determinations in mosaic crystals. Such conjecture was borne out by
our 1985 experiment in V3Si (Ref. 13), in which we were able to determine phases of
some forbidden reflections that were not known previously.

To be sure, anomalous dispersion is a physical method already in use for phasing
structure factors. Such a method is not applicable, however, to organic structures,
because in those cases there are not absorption edges close to the wavelengths used for
diffraction experiments.

At this point we felt that the crucial test of our method was with an organic
crystal. Problems were found, however, when we tried to work with benzil ( C ^ H J Q C ^ ) ,
with a relatively large un't cell (a = 8.42A; c = 13.7A). The reciprocal space of benzil is
densely filled with nodes, and it becomes almost impossible to isolate single Renninger
peaks on the <t> scale.

Using the high resolution of a synchrotron beam (beam line XR-18A; NSLS) we
were able to get highly resolved Renninger peaks, but no asymmetry was visible. We
realized later that the asymmetry effects in benzil are confined to very small angular
ranges, of the order of 2-3 are minutes, which is just about the mosaic spread of the
crystal. The only way to spread the asymmetry effect over a wider angular range is to
go to low-energy X-rays. We repeated the experiment at NSLS with 3.5-keV X-rays, and
this time the effect became amply visible (Ref. 14). In this experiment we used a large,
parallel-sided crystal slab. The next crucial step was to show that the same effect could
be obtained with a small, quasi-spherical crystal (diam. ~ 0.3 mm), which is what we
really expected, given the kinematic nature of the scattering in the VBS regime.

The experiment with the small benzil crystal was done in February 1987 on an
eight-pole wiggler line at SSRL (Stanford). The same reflection was scanned in the same
^-angular range as with the large, parallel-sided crystal slab used at NSLS. Exactly the
same result was obtained (Ref. 15), and the same phase was extracted from the data
(Figs. 8 and 9). The plot of Fig. 9, which shows directly the value of the phase triplet
involved, is obtained by making use of an analytical perturbational treatment of n-beam
diffraction developed by Q. Shen at Purdue (Ref. 16).
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We can conclude, then, that n-beam diffraction, in conjunction with the concept
of Virtual Bragg Scattering, can be used to determine phases of organic, mosaic crystals
with relatively large cell size and arbitrary shape, under the most general circumstances.

It goes without saying that for all the experiments envisaged for the future along
the lines described in this paper, synchrotron radiation is an indispensable ingredient for
success. The standing wave experiments require high resolution, especially when grazing
incidence is involved. The n-beam technique for phase determinations requires special
features that are only available with a synchrotron beafc* namely: i) 3.5-keV X-ray
photons; ii) high collimation in all directions, especially in view of applications to
biological crystals with large cell size; and iii) high intensity, because the whole idea of
VBS is based on weak interaction between crystal and X-ray photons.
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FIGURE 1: (a) Bragg diffraction is schematically
illustrated for a traveling x-ray plane wave and a set
of crystal planes. The parallel lines represent the
progressive nodal planes of the incident and diffracted
waves. These waves interfere in the regions where they
overlap, which extends well above the surface, creating
a stationary wave in the direction normal to the Bragg
planes, (b) X-ray reflectivity is shown for the dif-
fraction of a plane wave from a perfect crystal, plotted
against the scattering wave vector in units of half the
Darwin width. At Q = -1 the standing wave in the crystal
is drawn, showing that the atom planes lie at the nodes,
causing reduced absorption and unit reflectivity. At
Q = +1 the atoms are at the antinodes, with enhanced
absorption and reduced reflectivity.
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FIGURE 2 Angular dependence of the fluorescence
yield curves for Ga and As Ka and reflectivity
for (111) Bragg diffraction from a GaAs crystal with
incident Mo Ka rays. The detector was located at
a grazing angle of 7 mrad with respect to the (111)
crystal surface. The error bars for the Ga
fluorescence are the width of the experimental points.
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FIGURE 3 (a) Top: Schematic showing
the incident synchrotron beam striking
the monochromator, an ion chamber
for monitoring the incident.intensity
(Io), the sample set to diffract the
monochromatic beam [while at the
focus of a cylindrical-mirror electron
analyzer (CMA)], and an ion chamber
for detecting the diffracted intensity
(I). The sample and the CMA are in a
UHV chamber equipped with beryllium
windows. Bottom: An electron
spectrum recorded by the CMA with
13.6-keV x rays striking a surface
of 0.4 ML of Au on Si(ll l) . The peak
near 1700 eV is due to Au LjJJ photo-
electrons; other structures are
various Au and Si Auger peaks.
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FIGURE 3 (b) Left: Standing-wave yields are show for the Si LW (A) and KLL (O)
Auger peaks; the lowest curve shows the x-ray reflectivity data. The lower set of
LW and KLL Au^er yield curves (a) were collected from a clean, 7 x 7 reconstructed
Si( l l l ) surface. The difference in these LW and KLL curves is attributed to a surface
contraction of about 0.5 A. The upper set of LW and KLL curves (b) (displaced by
one unit along the ordinate for clarity) were taken from a 5 x 1 Au on Si(l l l ) surface
and indicate bulklike surface positions. Inset: Cross section of ideal Si( l l l )
surface with Au in hollow site. Arrows show range of Au positions noted in Table I
(see reference). Right: The lower curve is the measured reflectivity of a Si( l l l )
crystal (O) using 13.6-keV x rays. The upper curve shows the measured LJ-Q photo-
electron yield from an Au coverage of 0.4 ML (O), with the asymptotes normalized to
unity. The fit to this curve was derived from Eq. 1 (see reference).
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PSD

FIGURE 4 Schematic setup of a
GID experiment. The reflecting
Bragg planes and their reciprocal
lattice vector are shown. (The
specular beam is not shown.)
PSD is the position-sensitive
detector.

0J5-

FIGURE 5 Experimental data vs. Bragg reflection
angle for the reflectivity (•—•), iodine L
fluorescence ( • ) , and copper Ka fluorescence (•)
from a Pt/C LSM covered with an electrodeposited
layer of copper and an adsorbed layer of iodide.
Incident x-ray energy was 9.2 keV.
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FIGURE 6 Geometry of the experimental
setup. The x-ray beam is monochromatized
by a perfect flat crystal. The (222)-
diffracted beam intensity varies as the
crystal is rotated around the scattering
vector, signaling the crossing of the
Ewald sphere by reciprocal-lattice nodes.

FIGURE 7 (a) Integrated intensity (with respect to the angle of incidence e)
of the 442 reflection vs. *•, azimuthal angle, at 300 K. The horizontal
dotted line corresponds to the two-beam intensity, which has been used for
standardizing all points on an absolute basis. The zero on the + axis is
defined in the caption to Fig. 2 (see reference). The ordinate values
become very large near two + values, around 1 and 3°, corresponding to
two strong Umveganregung reflections, the 351 and 111, respectively.
The continuous solid line is calculated from theory, using ten beams, as
explained in the text, and with F442 = -0>035. Different symbols
correspond to separate runs. Note how the integrated intensity almost
vanishes at •» 4.2°. (b) Same as (a), except for T = 700 K, and
F422 = +0.035 in the calculated profile (see reference).
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FIGURE 9 Plot of intensity vs. Z showing phase triplet
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MACROMOLECULAR CRYSTALLOGRAPHY PRT

Keith Moffat
Cornell University

Let me try to present the maximum amount of diffraction data in the minimum
period of time.

Many of us are interested in the area already introduced by Ed Westbrook,
diffraction from biological systems. The object of the macro molecular crystallography,
one component of that discipline, is to determine the atomic structure and the
mechanism of action or the biological function of maeromoleeules such as proteins,
nucleic acids, complexes such as DNA and DNA-binding proteins, larger assemblies such
as viruses, and smaller molecules like hormones, enzymes, and immunoglobulins.

This area has attracted a great deal of industrial interest in the last five years.
Many drug and biotechnology companies have recently established macromolecular
crystallographic groups. Companies such as Upjohn, DuPont, Merck, Roche Institute,
Monsanto, Lilly, Kodak, Abbott Labs, Proctor and Gamble, Genex, and Genetec are all
examples of this industrial interest.

This interest has picked up because of the belief that macromolecular structure
is no ionger purely an academic and basic discipline, but in fact is very likely to lead to
the rational design of therapeutic agents, for example, anti-viral drugs and enzyme
inhibitors. To perform that rational design, one needs to determine the atomic structure
in order to infer the structure of other small molecules that interfere in some way with
the biological function.

Conventional macromolecular crystallographic experiments fall into two
classes. Experiments in the static class are carried out either with monochromatic
radiation, the traditional route, or with polychromatic radiation via Laue diffraction.

Some slides will illustrate the nature of the data that we are collecting. This is
an oscillation photograph of the diffraction pattern from a single crystal of rhinovirus,
the virus that causes the common cold. The crystal structure was determined by using
data collected at CHESS by Michael Rossmann and his group from Purdue University.
This single photograph requires about a five-minute exposure and contains about 40,000
reflections. An entire data set to determine the structure of such a virus would consist
of roughly 100 photographs; so, in fact, roughly five million measurements have to be
reduced in a supercomputer. An entire data set requires about 30 clock hours of data
collection at CHESS, and that represents perhaps eight or ten hours of actual exposure
time.

The results of a polychromatic diffraction experiment are illustrated in the next
slide. This is a Laue diffraction pattern of the enzyme phosphorylase obtained by Louise
Johnson, Janos Haydn, and their colleagues at the Daresbury synchrotron in England.
There are roughly 35,000 Laue reflections on such a pattern, with an exposure time of
only 250 milliseconds.
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The color in this next slide, a computer simulation of a Laue diffraction pattern
from bysozymne, illustrates the fact that in such Laue diffraction patterns, individual
reflections are stimulated by different wave lengths, each represented here by a
different color.

The last slide shows an initial experiment where we moved the photographic film
during such a Laue exposure and thus recorded the time dimension in a poor man's streak
camera. Moving the film during the exposure introduces the time dimension and allows
us to record changes in the diffraction pattern during the application of some structural
perturbation. In this case, we applied a temperature jump of about 4°C to a single
crystal of bysozymne, at a temperature substantially below the melting temperature.

What does the future hold with a new machine such as the APS? This Laue
technique that uses polychromatic diffraction is ideal for time-resolved
crystallography. Each one of those Laue exposures could represent a snapshot of a
dynamic diffraction pattern, where the time resolution is limited by the single-shot
exposure time.

What exposure times are feasible? If one uses the appropriate numbers from
CHESS for a polychromatic incident beam centered at about 1 A, then the integrated
intensity of a Laue reflection is about 4.5 photons per second per electron squared. If
you have a perfect detector such as, for example, the Kodak storage phosphor or Fuji
image plate that are being discussed, then a structure factor of 100 electrons would be
recorded with a precision of roughly one percent on intensity in one second. If, however,
you're forced to use the current detector technology of film, then the precision would be
much worse, roughly ten percent.

You can then extrapolate to the exposure times feasible with the next generation
of synchrotron sources such as the APS. It is very clear that even on an APS bending
magnet line, let alone a wiggler, the characteristic minimum exposure time is going to be
lower than that currently obtained at CHESS of roughly 10 milliseconds, and is going to
approach a biochemically much more relevant time, in the sub-millisecond to
microsecond domain. Many of the structural transitions that occur during catalysis are
indeed on the microsecond time scale and will thus be accessible with the next
generation of sources.

The ideal source for this type of Laue diffraction is not a bending magnet or even
a wiggler line, but rather an undulator. In an undulator, the bandpass of the first
harmonic is going to be on the order of the inverse of the number of periods, roughly one
percent. That is, jn fact, too narrow a bandpass for most biological investigations.

The wide bandpass undulator that Gopal Shenoy described yesterday, where you
have undulators in tandem with varying gaps, looks, in fact, far superior to a wiggler. We
would be very excited about the prospect of using that.

Our interest is in the single-crystal, time-resolved crystallography, seeking to
examine such processes as thermal unfolding in proteins and rapid structural changes
during catalysis or ligand binding. We are seeking to determine experimentally the
structures of the transient intermediates that have hitherto been experimentally
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inaccessible, and whose structures have only been inferred indirectly by piecing together
a series of static diffraction images.

Finally, it is likely that wiggler and undulator sources at the APS will make it
possible to examine even smaller crystals. This is important; the rate-limiting process in
structure determination for many of us is in the growing suitability of well-ordered large
crystals of biological materials. Although the problem of radiation damage is always
present for biological material, I believe that for the single-crystal studies, this problem
will be no worse at the APS than at CHESS. In other words, it's manageable.

Thank you.
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AEYANCED XPS PRT AT THE ADVANCED PHOTON SOURCE*

S.D. Bader
Argonne National Laboratory

"In the beginning" there was the Eisenberg-Knotek report. That report told us
that the Advanced Photon Source would generate lots of soft X-rays in addition to hard
X-rays. We are interested in soft X-rays.

The case has been made already for soft X-rays in the APS scientific case
report. After considering the possibilities at the APS scientific workshop of last
December, the people listed in Table 1, made the following recommendation:

We recommend that one straight section be dedicated to XPS studies
with the express intention of exploiting high brilliance to achieve high
resolution...a small spot size achievable with an undulator would
permit the use of smaller and presumably more perfect optical
elements. This is a direction worth exploring and exploiting.

That's what I'm here to talk about. We are interested in advanced x-ray
photoelectron spectroscopy (XPS). A more intense source would allow higher energy
resolution for looking at core levels, higher angular resolution in photoelectron
diffraction studies, high spatial resolution for focusing in a microprobe or microscopy
application, and so forth.

We are most interested in spin resolution, which in a sense, is a new dimension in
U.S. photoemission science. We're just beginning to do something at NSLS, and we
believe that an advanced XPS beam line at the APS would complement those studies very
nicely.

We need an undulator because even though dramatic advances in spin detectors
have made them more compact, they are still highly inefficient. We have to throw away
a lot of photons in order to do a spin-resolved experiment. We want to do spin resolution
because spin is a fundamental quantity, a quantum number. It's very important, for
instance, in studying magnetic material.

On the VUV ring at Brookhaven, we'll soon be able to map energy bands in single
crystals. At the APS we would be interested in looking at amorphous materials, layered
materials, polycrystalline materials, etc. A lot of the new permanent-magnet materials
do not exist as single crystals. But these are the materials used in the undulators that
are giving out the radiation. They are used in magnetic information technology, which is
very big business and an area in which the U.S. is lagging. There have been some
significant developments in Europe, while the U.S. really hasn't gotten into this area at

•This work was supported by the U.S. Department of Energy, BES-Materials Sciences,
under Contract #W-31-109-ENG-38.
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all. In addition to a basic-research case for fundamental interest in magnetism (all of
the Nobel prizes haven't yet been handed out), a technological case was presented in the
National Academy of Sciences report known as the White report. This report emphasized
that magnetic materials are an integral part of modern industrial society. The U.S. is
falling behind, partly because of a lack of basic research on magnetism. Bob White was
at a meeting here at Argonne last month to tell us more about opportunities in
magnetism, especially in magnetic recording technologies.

A number of the people working on the insertion-device beam line U5 at
Brookhaven (see Table 2) will certainly be interested in participating in the soft X-ray
beam line at the APS. One of the interesting things is that these people come from all
over the country — from industry, from universities, and from national laboratories.
They have joined together and are very interested in this project. If all of these
opportunities in synchrotron radiation are as exciting as we'd like to believe they are,
new faces should start appearing in the synchrotron community. Here (in Table 2) you
see some of those new faces. Others are pioneers in the synchrotron radiation area. You
also see some people who have been more rooted in the surface science community, in
electron scattering, and so forth. I think that that's an interesting development. Any
sort of PRT at the APS mijcht include this group and a number of others that would be
interested.

Now, the question is: Can we handle the heat load associated with the APS soft
X-rays? I refer to the Conceptual Design Report, Supplement B. Boyd Veal and Al Arko
of Argonne have tackled this problem. The report indicates that more than 10 photons
per second are usable in a one-percent band width. What I mean by "usable" is that the
heat loading is manageable using conventional premonoehromator and monochromator
strategics. This is very respectable in comparison with the characteristics of soft X-ray
insertion devices like those at ALS and NSLS.

One of the unique characteristics of the APS is that we can switch from soft X-
rays to hard X-rays in a single experiment in the same chamber. So we could combine
electron spectroscopy and structural studies. The hard X-rays are not as available on the
beair. lines of the other machines.

We are enthusiastic because we believe that we are on the verge of a revolution
in the understanding of magnetic materials by using synchrotron radiation. The scientific
motivation is present, the technological payoff is foreseeable, the scientific personnel
are eager, the beam-line technology is "do-able." We think that we are ready to face the
challenges of the twenty-first century. The message is: "Let there be light so that we
can enter the promised land."
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TABLE 1 Researchers Recommending Dedicated XPS
Straight Section

Researcher Institution

A.J. Arko Argonne National Laboratory

S.D. Bader Argonne National Laboratory

C.T. Chen AT&T Bell Labs

M. Knotek NSLS, Brookhaven National Laboratory

E.W. Plumner University of Pennsylvania

N.V. Smith AT&T Bell Labs

J. Stohr IBM Research Center, San Jose
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TABLE 2 Scientists Involved in the U5 Insertion Device Team and Their Research
Areas of Interest

Member Institution Expertise

S.D. Bader

R.J. Celotta
D.T. Pierce

F.B. Dunning
G.K. Walters

J.L. Erskine

H. Hopster

P.D. Johnson

G.A. Prinz

N.V. Smith

Argonne National Lab.
Argonne, 111.

National Bureau of
Standards
Washington, D.C.

Rice University
Houston, Texas

University of Texas
Austin, Texas

Univ. of California
Irvine, Calif.

Brookhaven National Lab.
Upton, N.Y.

Naval Research Lab.
Washington, D.C.

AT&T Bell Laboratories
Murray Hill, N.J.

Epitaxial Magnetic Films;
Magneto-Optical Studies

Polarized Electron
Spectroscopies; Spin
Detectors

Polarized Electron and Atom
Spectroscopy; Mott Polarimetry

Monochromator Design;
Electron Optics, Photoemission

Polarized Electron
Spectroscopy

Synchrotron Radiation;
Photoemission

Novel Materials
Processing and Synthesis

Transition Metals Photo-
emission; Synchrotron
Radiation
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ORNL INTEREST IN THE ADVANCED PHOTON SOURCE

C.J. Sparks
Oak Ridge National Laboratory

The Oak Ridge National Laboratory has a major interest in the structural
characterization of materials, including synchrotron radiation and all its possible
applications. However, I would like to speak to the bright future that synchrotron
radiation has in providing for X-ray microprobe analysis of materials. Several active
groups are pursuing the construction and application of X-ray microprobes: Lawrence
Berkeley Laboratory is working on the optics; a group at the NSLS, sponsored mostly by
the geological sciences, is studying its fluorescent application; and Oak Ridge is studying
its application to diffraction.

Without describing to you all of the applications of microprobe analysis, let me
argue that the more than 1500 electron microprobes in the United States, representing an
investment of over $1 billion, illustrate the importance of microcharacterization of
materials.

Yet photons (X-rays) have a tremendous advantage over electrons as an
excitation probe for many processes. For example, about 9896 of the 20-keV electrons
impinging on an aluminum target are consumed by straggling energy loss processes not
useful in producing signals of interest, but rather unwanted background. In comparison,
almost 100% of 20-keV X-rays impinging on the target give rise to signals of interest.
Shown in Fig. 1 are the various interaction modes of X-rays in matter, with some of the
spectroscopy methods and scattering processes that lead to both chemical and structural
information about matter. Since electrons have a much larger cross section for
straggling energy loss processes than do X-rays, the useful signal to noise ratio is greatly
improved with X-rays as the excitation source. All the analysis techniques listed in
Fig. 1 could be performed in micrometer spots with excellent signal to noise ratio.

The problem with X-rays is that they are difficult to focus into a very small
spot. Extremely accurate mirror surfaces are required- However, with undulator
radiation that is highly collimated, the demands on the optical elements are greatly
reduced. A hundred meters downstream from undulator radiation, the X-ray beam is only
about two millimeters in diameter. Thus, the optics are much simplified because surface
smoothness and figure error need to be obtained in an area of only a few square
millimeters. Work by Jim Underwood and others at Lawrence Berkeley Laboratory has
given promising indication that demagnifications of 1:100 can be achieved. This
^ a magnification would allow us to put about 10 X-rays s into a one-micrometer-
u.aineter area.

Therefore, X-ray microprobes will do more than just compete with the brightness
attainable by electron microprobes — they will lower the detectable limits by orders of
magnitude. Yet, in thick samples, one-micrometer-diameter X-ray beams offer the same
spatial resolution as is possible with electron sources. The realization of X-ray
microprobes with brightness comparable to that of the brightest electron microprobes is
within our grasp.
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THE USE OF SYNCHROTON SOURCES AT AT&T BELL LABORATORIES

D.B. McWhan
AT&T Bell Laboratories

This first Users Meeting for the Advanced Photon Source is a forum in which to
speculate about experiments with a source of high brightness that might be based on
experience gained on existing synchrotron sources. AT&T Bell Laboratories has had and
continues to have a strong commitment to basic research, and its scientists have been
active users of synchrotron sources from the early days at SSRL and CHESS. Research is
continuing at both SSRL and CHESS, and a major commitment of resources has been
made both on the X-ray and on the UV rings at NSLS. With the availability of
substantially brighter X-ray sources at the APS, it is reasonable to expect that AT&T
Bell Laboratories scientists will be taking advantage of these sources. A brief summary
of the five beam lines that make up the AT&T Bell Labs Participating Research Team at
NSLS is given below, along with a brief survey of some of the types of experiments that
are being done. Finally, several extensions of this work that will be possible at the APS
will be discussed.

AT&T Bell Labs is involved in a large number of beam lines at NSLS, both on
bending magnets and on insertion devices. Of the ten or so beam lines, we will
concentrate on the Participating Research Team that encompasses the five beam lines on
XI5 and X16 on the X-ray ring. An overview of the different lines is shown in Fig. 1.
X15A is a white beam line that was built by B. M. Kincaid and, in collaboration with M.
A. Marcus and J. R. Patel, is being used for EXAFS and standing wave experiments.
X15B is a high-resolution SEXAFS line that is being built by P. H. Citrin. X16A is a
tunable, focused diffraction line equipped with a UHV surface chamber for glancing-
ineidence diffraction studies of surfaces and interfaces; it was constructed by P. H.
Fuoss and I. K. Robinson. X16B is a focused, fixed-energy beam line that was designed to
do time-resolved and magnetic X-ray scattering by D. B. McWhan and S. G. J. Mochrie.
Finally, X16C is a tunable, general-purpose diffraction line that was built by the PRT. It
is evident that we have a broadly based effort that encompasses most of the different
types of measurements that are made with X-rays.

A major use of X-rays has always been the determination of structure. The huge
increase in intensity that a synchrotron provides over the conventional laboratory source
makes possible the study of increasingly subtle structural features. Some of these
features are summarized in Table 1, along with some of the materials that we have
studied recently. Broadly speaking, the structural studies span the whole range from the
surface reconstructions that occur on the surfaces of both semiconductors and metals,
through interfaces, to the study of epitaxy, and finally to the detailed structure of
multilayers. These studies also span the range from intensity-limited experiments to
resolution-limited experiments as one goes from surface structures to multilayers. As
the ability to chemically lattice-match the substrate and the overlayer improves, we
must go to increasingly higher resolutions to resolve the reflections from each
component. AT&T Bell Laboratories and other laboratories are adopting the Bartels
technique of opposing, channel-cut crystal monochromators to achieve the necessary
resolution.
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Table 2 lists different types of phenomena that are being studied. First, a
number of surface phase transitions have been studied on X16 at NSLS. Second, the use
of X-rays to study magnetism has moved with the advent of synchrotron sources from the
level of demonstration experiments to the study of new phenomena. Two recent
examples in which we have been involved are (1) the measurement of the modulation in
the magnetic moment in a multilayer composed of alternating ferromagnetic and
paramagnetic regions and (2) the attempt to separate the orbital and spin components in
order to determine their respective form factors. This separation is not possible with
neutrons, but it can be done with X-rays by making use of polarization analysis of the
incident and diffracted beams (see Fig. 2). The degree of circular polarization can be
tuned by accepting portions of the incident synchrotron beam that are displaced up or
down from the plane of the electron orbit. By choosing an energy for which the Bragg
angle of the (006) of graphite is 45 degrees, the polarization of the diffracted beam can
be analyzed.

Another area that is becoming important with the availability of high-intensity
sources is time-resolved scattering. We have demonstrated that the kinetics of the
nucleation and growth of the field-induced ferroelectric phase of barium titanate can be
studied on the 10-microsecond scale with a rotating anode source, and we are attempting
to make similar studies on the magnetic transition in dysprosium, where the lattice
distortion accompanying the field-induced spiral to ferromagnetic transition can be
followed.

The discussion above illustrates some of the things that are possible with existing
sources. Most of these applications rely on total flux. The major importance of the APS
will be in experiments that depend on brilliance. In the case of magnetic scattering
given above, the best way to achieve a circularly polarized beam is with a quarter-wave
plate. The throughput of this device is dependent on brilliance; the APS will open up the
area of magnetic scattering. One can conceive of combining the glancing-incidence
scattering technique and magnetic scattering to study surface magnetism. Another area
where brilliance is important is scattering from small samples that are encased in
something, so that extreme collimation of the incident beam is necessary. Obvious
examples are high-pressure studies in a diamond anvil device or the study of a small
crystal in a matrix.

In conclusion, AT&T Bell Laboratories scientists clearly have a good track record
in the field of synchrotron radiation. They have a strong commitment at existing
facilities; it is reasonable to expect that they will use the next generation of sources,
such as the APS.
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TABLE 1 Recent Structural Studies

Topic
Elements/Compounds

Studied

Surfaces Si, Cu, Au

Interfaces

Epitaxy

Multilayers

As on
Al on

<Ini-x
NiSi2

(sii_x

(CdTe)
GVm

Si
BaTiO3

GaxAs) on InP
on Si

Ge^n Sim
n ( Z n T e )m

TABLE 2 Types of Phenomena Studied

Phenomenon
Element/Compound

Studied

Surface Phase Transitions

Premelting Pb
Roughening Cu(llO)
Ferroelectricity BaTiO3

Magnetic X-Ray Scattering

Magnetic Moment Modulation ^n^m

Orbital and Spin Form Factors Ho

Kinetics of First-Order Transitions

Ferroelectric BaTiO3
Spiral to Ferromagnetic Dy
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CUNY INTEREST IN THE ADVANCED PHOTON SOURCE

P.A. Montano
City University of New York

I'm going to be brief. Our interest in the Advanced Photon Source is to continue
our work in the nature of bonding of microclusters of metals and semiconductors. The
major limitations that we face today are the limited number of photons that we can get
in our samples and the difficulty in obtaining single-size particles. By small particles, we
mean particles of 5, 7, up to 10 atoms.

The next generation of experiments in this area will address the problem of
determining the structure of single-size particles. Today the majority of the work is
done on a distribution of particle sizes. We can produce single-size particles, but not in a
very high concentration, and it will take a long time until that can be done. However,
with the particle concentration we can produce today, we will be able to perform
structural determinations of single-size clusters. And by doing that, we will be able to
gain a lot more insight into the evolution of both metal and semiconductor clusters.

The interest here is mainly curiosity from the physicist's point of view, but there
is also an important application in the study of reactivity of particles of a specific size.

Gopal Shenoy and I initiated this program about 11 years ago at Stanford, and we
have continued it and plan to expand it in the future with the advent of the APS. We
hope we will be able to improve our signal to noise ratio and obtain better data that will
allow a more detailed structural determination.

One of our requirements for a PRT will be to have flexibility to perform
different types of experiments. The beam line will have to be flexible enough to be
adapted to different users. We think that any beam line in a national facility should have
as a research philosophy accessibility to external users and should be flexible enough to
fulfill the needs of the experimentalists. Our idea is to create a PRT with a sound
scientific program and joint collaboration between the universities and national labs.

Our personal interest is really in the structure of small clusters. The need for
the high photon flux is evident. And I think that the major purpose of this presentation is
to show that we have a commitment and that if the photon source is constructed we are
going to be here; both universities are going to put in both manpower and financial
resources to implement our program.

Thank you.
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A PROPOSAL FOR A PRT FOR STUDYING SURFACES OF LIQUIDS*

J.M. Bloch
Argonne National Laboratory

The scientific interest in studying liquid interfaces includes topics such as simple
liquid surface reconstruction, differential melting of solid surfaces, surfaces of liquid
crystals and polymer solutions and melts, liquid mixture phase separation and liquid melt
preferential segregation, and the structure of adsorbate on the surface of a liquid.

To date only a very few groups (three or four worldwide) are equipped for doing
X-ray scattering research on the surfaces of liquids. Peter Pershan's group from
Harvard, sometimes in collaboration with Al Nielsen's group from Riso, in the last
several years has been doing very successful research on the layering structure of liquid
crystals next to the liquid-air interface. In this work, the reflectivity from the liquid
interface shows that the surface induces layering above the transition temperature where
the bulk liquid crystal becomes layered. Transparency 1 illustrates the study of the in-
plane diffraction from liquid mercury. (This work was primarily done by Scott Barton
and Britt Thomas, two graduate students of Stuart Rice, and I was only marginally
involved in it.) Here, as you can see, because the scattering peaks are more spread out
than in the bulk, the in-plane structure seems to indicate that the first few angstroms of
the surface of the mercury are more dense than the bulk of the mercury. This
corresponds well with theoretical predictions of density variations of the mercury near
the interface. A different X-ray method to study the interface uses the core level
fluorescence from the surface ions, excited by a glancing-incidence X-ray beam. We
used this method, Near Total External Fluorescence (NTEF), to study the concentration
profile of a polymer dissolved in dimethyl sulfoxide at the proximity of the liquid-air
interface. We were able to demonstrate that with our particular polymer and solvent the
polymer segregated to the surface, and the concentration of the polymer at the surface
was 50 times higher than its concentration in the bulk.

Scattering experiments of the type that I briefly reviewed here require an
instrument of the type shown in Transparency 2. This is a custom-designed X-ray
scattering machine. The two types of designs for a liquid diffractometer differ by the
way that they tilt the beam downward onto the liquid surface. Pershan's group uses a
crystal to tilt the beam. We use a mirror for that purpose. In both configurations, the
critical parameters are the accuracy of the angle of incidence of the beam towards the
liquid surface in the trough, the accurate positioning of the trough height, and the
positioning of the slits so that they separate the incident beam and the deflected beam.
This requires a rather heavy and costly mechanical instrument that is controlled via a
computer interface. For a typical scan, about 5 or 6 stepping motors move in a
coordinated motion.

•Work supported by the U.S. Department of Energy, BES-Materials Sciences, under
Contract #W-31-109-ENG-38.
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All the experiments to date were performed on tjnding magnet lines or a
horizontal wiggler line, so that the polarization vector of the radiation is lying in the
diffraction plane, which is also the liquid surface plane. This is not the preferred
geometry, for two reasons. First, the diffraction drops remarkably for large angles and
reaches zero for angles of 2e that equal 90 degrees. More importantly, incoherent
scattering from the surface is strong in this configuration. It adds a significant number
of background counts in experiments, especially when one tries to collect fluorescence
signals from the surface for NTEF or standing-wave experiments.

The complexity of the scattering instrument and the requirement for a horizontal
polarization configuration bring me to propose to dedicate one beam line at the new
synchrotron facility for studies of surfaces of liquids. This requires planning an insertion
device with wiggling in the vertical plane. Such a device is very advantageous in
studying surfaces of liquids. Two advantages to the vertical polarization geometry are
that (1) coherent diffraction in the horizontal plane can be obtained at about 90 degrees,
and (2) incoherent radiation from the horizontal sample surface is minimized. This
provides capabilities for X-ray fluorescence and standing-wave techniques that are not
presently feasible in the horizontal geometry.

The design of a vertical device is complicated on existing sources, but it is
feasible at the APS. In the single device of this type existing to date, at the Photon
Factory in Japan, much interesting physics has been studied.



* * * * *

TRANSPARENCY 1 The Diffractometer and Sample: Schematics of the Liquid Diffractometer
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CORNELL'S INTEREST IN THE ADVANCED PHOTON SOURCE

D.M. Mills
Cornell High Energy Synchrotron Source

Cornell University

I would like to present to you at this first APS Users Meeting an overview of the
synchrotron-radiation-related research interests of the Cornell community. I hope to be
able to convey the wide range of interests and techniques that are now being employed at
CHESS by this group. Although I cannot speak for these people, I think you will see that
nearly all of these groups would profit by having a storage ring with the characteristics
proposed for the APS.

Earlier speakers have told us how advantageous synchrotron radiation sources are
as compared to laboratory sources. I think they become even more attractive when
they're in your back yard. So it's not surprising that a large number of people from
Cornell are involved in research at the CHESS facility. I listed in Table 1 some of the
people working at CHESS to give you a feeling for the numbers and the type of research
involved. Nearly all these subjects have been dealt with by other speakers, so I needn't
go into the details of all the different techniques.

We have heard quite a bit about characteristics of the 6-GeV ring, and although
we certainly don't have an APS at Cornell, we do have a first approximation to it. The
storage ring at Cornell is capable of running at 6 GeV. Unfortunately, we don't now have
the low-emittance and X-ray undulators that have been discussed. But we do have a high
critical energy and characteristic time structure that's associated with these large
rings. We have been taking advantage of those two unique properties at Cornell in
several experiments.

Table 2 lists some of the research performed at CHESS that depends critically on
these characteristics. For example, we're beginning to do some inelastic and elastic
scattering, where the use of high-energy X-rays is advantageous. At CHESS we have a
short-wavelength crystallography station. We have also been developing an X-ray phase
plate to produce high-energy, circularly polarized X-rays for magnetic Compton
scattering experiments. A particular interest of my own has been the use of the short
pulse duration and high repetition rate of the emitted X-rays to perform time-resolved
studies. And at the bottom of the table are some miscellaneous programs that don't fit
into any particular category but do use the time structure or the high-energy photons
that are available at Cornell.

To summarize, with all this interest at Cornell in synchrotron radiation, it's hard
to imagine that the researchers at Cornell aren't going to want to be in on the action if a
6- or 7-GeV dedicated synchrotron source is built. And I think there is a lot of interest,
both among the CHESS staff and the Cornell community in general, in the possible use of
beam time at the APS.
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TABLE 1 Cornell Storage Ring Users and Interests

Study

SEXAFS/
EXAFS/
XANES

Real-Time Wide-
and Small-Angle
X-Ray Scattering

Interfaces
and/or Surface
Diffraction

X-ray Optics
(mirrors, per-
fect crystals,
diffraction,
etc.)

Protein
crystallography

aSW = standing wave

Investigator

H.
S.
J.
R.
T.

M.
D.
E.

H.
B.
M.
D.
J.
S.
W.

B.
M.
D.
D.

Abruna
Bauer
Burlitch
Merrill
Rhodin

Caffrey
Grubb
Kramer

Abruna
Batterman
Bedsyk
Bilderback
Blakely
Sass
Webb

Batterman
Bedzyk
Bilderback
Mills

See K. Moffat's
talk

•

Department

Chemistry
Chemistry
Chemistry
Chem. Eng.
App. & Eng.

Biology
Mats. Sci. &
Mats. Sci. &

Chemistry
CHESS
CHESS
CHESS
Mats. Sci. &
Mats. Sci. &
AEP

CHESS
CHESS
CHESS
CHESS

Physics

Eng.
Eng.

Eng.
Eng.

Interests

Electrochemistry
Catalysis
Catalysis
Cat/surf.
Met. surfaces

Lipids
Polymers
Polymers

Electrochemistry
SW* techniques
SW techniques
SW techniques
Surface structures
Grain boundaries
Liquid crystals

Dynamic diff./SW
Dynamic diff./SW
Mirrors/multilayers
Mono/circular
polarization
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TABLE 2 Cornell Storage Ring Users and Interests

Study

Diamond anvil
high-pressure
studies

Inelastic
(Compton)
scattering

Time-resolved
studies

Short
crystallography

Miscellaneous

X-ray-produced
ultra sound

Cake filtration
of sludge

Investigator

B.
R.
A.

C.
D.

A.
D.

B.
P.

W.

R.

Basset
Porter
Ruoff

Franck
Mills

Lewis
Mills

Batterman
Coppens

Sachse

Dick

Department

Geology
Chemistry
Mats. Sci. & Cng.

Physics
CHESS

App. & Eng. Physics
CHESS

CHESS
SUNY Buffalo

TAM

Civil Engineering

Requirements

high energy x-rays
(E > 20 keV) from
wiggler beam

high energy x-rays
(E > 40 keV) for
good momentum
resolution with
S.S.D.

short bunch length
(~102 ps) and big
interpulse period
(~102 ns)

high energy x-rays
(E > 40 keV)

time structure

high energy x-rays
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PLANS AT THE UNIVERSITY OF MICHIGAN

J.E. Penner-Hahn
Department of Chemistry

University of Michigan

I am here representing the University of Michigan. Unlike many of the groups
represented here today, we do not have a synchrotron in our backyard, nor do we have a
PRT arrangement at one of the synchrotron laboratories. The point I wish to make is
that, in spite of this, we have a large number of groups that are using synchrotron
radiation, that have been using synchrotron radiation for quite a while, and that will
continue to use synchrotron radiation in the future. We represent a community that is
perhaps much larger than might be guessed from the previous talks. This is the
community of people that cannot afford to build one or more beam lines at a synchrotron
lab, but that nevertheless have a number of experiments using synchrotron radiation,
experiments that can only be done with facilities like those that would be available at
APS.

My title was given as "A University of Michigan Beamline." I don't want you to
take this to imply that the experiments proposed would necessarily have to be performed
on a single beam line. We don't wish to get into the mode of proposing a beam line that
is based on compromises, and which is therefore not optimized for any specific
experiment.

What I'd like to do in the very short period of time that I have available is to tell
you something of the breadth of experiments going on at Michigan that rely on
synchrotron radiation. The intent of this presentation is to give some indication of what
we would like to do with the unique facilities that will be available at the APS.

Some of the people working in this group are Roy Clarke in Physics, Ron Gibala
in Material Science, Martha Ludwig in Biophysics (protein crystallography), myself and a
number of my colleagues in Chemistry, Erdogan Gulari and Johannes Schwank in
Chemical Engineering, and right next door (at GMI), Prem Vaishnava.

The work that Roy is doing with Bob Smither here at Argonne involves time-
resolved scattering and diffraction measurements. One of the key aspects of this work is
detector development. Our view is that in order to be prepared to fully use the
capabilities of the new synchroton, we need to concentrate now on detector
development.

The Clarke-Smither collaboration involves construction of a CCD detector. The
kinds of science that are being done with this detector involve scattering studies having
high resolution of both time and energy. In order to obtain reasonable statistics, future
extensions will require the high brilliance available from the proposed APS.

In the area of protein crystallography, the work that is being done at Michigan is
in many regards conceptually similar to the work being done elsewhere. Let me
emphasize — I think that this hasn't really been discussed — that large unit cells turn up
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in many protein measurements. These can have dimensions on the order of 250 to 300
angstroms. To resolve this kind of unit cell you need to have very good spatial
resolution. This requires a highly collimated beam and, of course, high intensity. Both
will be provided by the APS.

Again emphasizing detectors, we need to work on the development of area
detectors in order to make this kind of experiment practical. It is important in this area
to have very rapid data collection, not only for the sake of efficiency, but also in order
to collect data before the crystals have a chance to be decomposed in the X-ray beam.
This again requires the high intensities and high brilliance available at the APS.

The work thrt we are doing in chemistry is primarily centered on spectroscopy
and on scattering measurements. The basic idea is to structurally characterize new
materials. In many cases we wish to study small samples, or small areas within large
samples. Such micro-EXAFS studies will be facilitated by the APS. In other cases we
are studying biomolecules. Our intent in using the capabilities of the APS is to perform
experiments with lower concentrations and smaller sample sizes than can currently be
studied. In addition, we hope to be able to obtain better time resolution than is currently
possible.

All of these, of course, require the same attributes that previous speakers have
mentioned. We require high energy resolution and wide tunability. In this case we
definitely are in favor of the so-called flat-top wiggler. As before, high brilliance would
substantially aid this type of experiment.

Similar considerations are important to the group in chemical engineering and
the work that they are doing with catalysis. They are studying different kinds of samples
than we study in chemistry; however, their basic requirements in terms of beam-line
properties are very similar to those of our group in chemistry. Specifically, these
experiments involve measurements at low concentrations, microprobe measurements, and
time-resolved measurements. These again require tunability, high intensity, and high
brilliance, such as will be provided by the APS.

Prem Vaishnava and his group at GMI are also looking at EXAFS. They are
interested in extending these studies to lower concentrations than can be examined by
using available sources.

In conclusion, I would like to note that the reason that all of us will be involved
in some capacity with the new sources is that we have new classes of experiments at
lower concentrations, smaller sample sizes, and so forth, that are not feasible with the
current generation of synchrotron sources. We will be involved with APS because it will
provide the capabilities that will allow these new experiments to go forward.
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UNIVERSITY OF PENNSYLVANIA'S INTEREST
IN THE ADVANCED PHOTON SOURCE

J.K. Blasie
University of Pennsylvania

Some of the major interests of biophysical synchrotron radiation users are now
incorporated into the Biostructures Participating Research Team at NSLS. This
Biostructures PRT is an NIH-funded Biotechnology Resource. We're developing two beam
lines, X9A and X9B, primarily for time-resolved biological structural studies, including
time-resolved spectroscopy (namely edge, near-edge, EXAFS, etc.) and time-resolved
scattering/diffraction (as applied primarily to proteins in disordered systems such as
dilute solutions, partially ordered systems from fibers, and multilayers down to the level
of single monolayers) and some relevant work on single crystals.

As was already mentioned, an important synchrotron radiation issue is increased
flux in some cases as opposed to increased flux density in other cases. It's obvious to all
of us here that wiggler sources are best suited for some cases, and undulators,
particularly the broad-band undulator sources, are better suited for others. The bottom
line for us is, of course, that these kinds of improvements in flux and flux density
ultimately lead to improved time resolution.

The most important aspect of the Advanced Photon Source, namely the advance
over existing synchrotron sources, is that time resolution can be extended, at least based
upon the numbers presented to us here, from the millisecond regime down to the
microsecond regime. As Keith Moffat mentioned earlier, this is of really intense
biological importance. And, to "flog a dead horse," the critical aspect that Dennis Mills
mentioned a few moments ago is that this kind of improvement in time resolution can
really be achieved if and only if we have a parallel improvement in detector
development. Our PRT has been involved in detector development for some time; this is
really a plea for a lot of help in this area because it's critical at the really high count
rates at which one would like to work. A lot of work needs to be done.

Finally, as Paul Sigler mentioned, one of the reasons we formulated the
Biostructures PRT is because of the many especially critical aspects of doing biological
work with synchrotron radiation. I think that this again is the case with the Advanced
Photon Source. We need to carefully consider whether biologists need to be some small
part of many different PRTs or to make a major effort to form a single PRT with, as I
just mentioned, the necessity of more than one beam line.
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UNIVERSITY OF ILLINOIS' INTEREST
IN THE ADVANCED PHOTON SOURCE

F.C. Brown

Department of Physics and Materials Research Laboratory
University of Illinois

The University of Illinois, Urbana-Champaign, has long had a number of
individuals interested in synchrotron radiation research. A partial list of persons who
have published results or worked with such sources in recent years is as follows:

H. Birnbaum
F.L. Brown
H.H. Chen
T.C. Chiang
C.P. Flynn
E. Gratton
H. Frauenfelder
D.M. Ginsberg
R.O. Simmons
H. Zabel

Several of us at this meeting are now actively involved with synchrotron
radiation. For example, my colleague T.C. Chiang has an extensive program with
graduate students and post docs working on the University of Illinois beam line at the
Synchrotron Radiation Center at Stoughton, Wisconsin. His program includes the
photoemission of semiconductors and of metal-semiconductor interfaces for a variety of
systems.

Recently, I have been working on photoemission from ionic crystals, primarily
the alkali and silver halides. We are especially interested in point defects in such
crystals and the production of defects by the synchrotron radiation itself.

At the present time Haydn Chen is an active member of a participating research
team at the National Synchrotron Light Source, Brookhaven. You heard about this work
and about his PRT earlier in these sessions.

Both T.C. Chiang and I have been working with the soft X-ray part of the
spectrum, using the extended-range grasshopper monochromator (Ref. 1) at the SRC
Aladdin storage ring. This high-resolution monochromator covers 50 to 1500 eV photon
energy. By using gratings, a spectral bandwidth as small as 150 meV has been achieved
at the carbon K edge (285 eV). Some of the techniques we use in this instrument might
be carried over into the high- energy region. For example, we use Rowland circle
geometry with a relatively large, 5-m circle. The focusing properties of the Rowland
circle apply with both gratings and diffraction crystals. In the soft X-ray-grating
monochromator, bent-profiled mirrors are used with separate horizontal and vertical
focusing to minimize aberration. These same techniques carry over into the X-ray region
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and will be of help in the evolution of new beam lines. Likewise, precise motion control
with microstepping motors will certainly be of use in the new X-ray monochromators.

The three of us at this conference from Champaign-Urbana have been talking,
and we find that we are all interested in high photon energy. Together we have come up
with the idea of a general purpose, dual station beam line for 4 to 14 keV. Broadly
speaking, we are interested in using X-rays to probe the relation between local structure
and the electronic properties of solids — both in the volume and on surface. Surface
diffraction, the effect of surface adsorbates, orientation and reconstruction of surfaces,
and the use of very small samples are topics of interest. Furthermore, the techniques of
EXAFS and XANES edge spectroscopy can be pushed to lower impurity levels and smaller
sample size.

Most important, at this meeting our imagination has been captured by high-
resolution, inelastic X-ray scattering as described by Jerry Hastings, George Brown, and
others. We too would like to attempt inelastic X-ray scattering with 10 to 30 meV
resolution — better, If we can. One application of this technique would be to vary the
primary energy through X-ray edges as one changes from X-ray Raman effect to X-ray
edge luminescence. This would be a powerful new way to investigate excitations in solids
at specific edges. In some materials, perhaps the more complicated ionic systems, it
would be possible to explore high-energy photon excitation, which is so difficult with
inelastic neutron scattering.

We would thus like to implement an undulator beam line with a
premonochromator and two stations. Station I, the upstream station, would be for
general-purpose work requiring high intensity. Station II, the downstream station, would
be for the highest resolution. It could be used simply by moving the sample out of the
beam at the first station. The monochromator at Station II a distance down the line
would be temperature stabilized, and everything would be done just right for small
bandwidth. A second dispersing crystal would be used for radiation scattered from the
sample.

Finally, an all-purpose beam line of this sort would require a variable flat-top
undulator. Normally one would bring a broad band into the premonochromator for
radiation to Station I. When one is working with the highest resolution at Station II, the
undulator would be peaked for relatively monochromatic output. At least, this is the
direction of our thinking at the present time.

Reference

1. Hulbert, S.L., J.P. Stott, F.C. Brown, and N. Lien, Nucl. Instrum. Methods, Phys.
Res. 208, 43 (1983).
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POTENTIAL PRT PLANS

Joseph V. Smith
Louis Block Professor of Physical Sciences

The University of Chicago

I shall represent several constituencies both directly and indirectly. Particularly
I shall speak for a consortium of scientists at The University of Chicago and Argonne
National Laboratory who wish to develop a cluster of beam lines for diffraction and
fluorescence analysis.

I won't spend any time at all on details of the beam lines except to say that we
will probably need a cluster of four to cover the specialized studies discussed by the
consortium. A dedicated line will be needed for single-crystal diffraction, one for
powder diffraction, and one for fluorescence analysis. Furthermore, we shall need a
fourth, flexible line that is designed for rapid deployment of a range of special
experiments.

For the diffraction work, we shall be especially interested in extreme conditions;
measurements of very small crystals; measurements at low temperatures; measurements
at very high temperatures, up to 2500 Kelvin; and measurements at very high pressure.
Furthermore, we wish to relate our work closely to that of the neutron diffraction
community because many materials require the complementary information obtained
from neutrons and X-rays.

It is impossible to go into details here, but our current interests comprise a wide
range of materials of both theoretical and practical significance: catalysts, including
zeolite and aluminophosphate molecular sieves; organic conductors; superconductors;
complex oxides and sulfides; intercalates; thin films; comet dust and meteorites; volcanic
dust and atmospheric aerosols; coal and mineral impurities. With the capacity to study
tiny crystals and trace elements, essentially the entire animal and mineral kingdoms will
yield results of practical value.

I would like to speak briefly about the constituencies that I represent. First of
all, Stuart Rice, Dean of the Division of Physical Sciences of The University of Chicago,
wants me to express his strongest support for the development of the APS. In addition, I
am representing the Materials Research Laboratory, which will profit greatly from the
new opportunities offered by the proposed cluster of beam lines. We shall develop strong
initiatives to raise money from NSF for development and use of the beam lines and to
expand our joint research programs on material science.

Second, I want to represent the broad community of geoscientists. I am a
member of the Board of Earth Sciences of the National Academy and am on the planning
committee for evaluation of new initiatives. One of these involves the physics and
chemistry of materials. To understand the earth and other planets, it is necessary to
make measurements over a huge range of pressure and temperature for inorganic
materials, and to consider a wide range of organic materials as well. We are discussing
the need to double the funding over the next five years as a realistic goal.
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Third, I want to talk also on behalf of the community of materials scientists. As
a member of the Seitz-Eastman Committee a few years ago, I was involved in the
planning of the APS as well as of other facilities, including the neutron sources.

It became obvious to me during the meetings of the Seitz-Eastman Committee
that this country can survive economically with respect to other countries in the world,
and with safety from the military viewpoint, only if it doubles the expenditure of money
in the materials sciences. If we do not develop new materials, there is no way that we
shall be able to stay abreast of what is needed to defend this country. Currently the
education system is going downhill in the materials sciences. There is a severe lack of
money in the universities; only a few students are being trained, and it is essential to
recognize this problem. Funding for the APS must be coupled with funding to train new
scientists in the universities.

Finally, I want to speak for a lot of scientists who are already working at the
National Synchrotron Light Source at Brookhaven National Laboratory. I am working on
beam lines X13 and X26, and I am also associated with the High Flux Beam Reactor.
Roughly a hundred scientists are working on these facilities. There has been no time to
consult them, but I am sure that they will welcome the opportunity to collaborate on the
development of beam lines at the APS. We should be able to benefit greatly from the
pioneering developments at Brookhaven, using the experience to move efficiently in the
exploitation of the new opportunities at APS.

Let me conclude by saying that there's no doubt in my mind that over the next
ten years, there will be a revolution in the research that is going on in the materials
science communities. This revolution will be triggered both by development of big
science at the national laboratories and by associated small science in the universities.
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PRT PLANS OF THE PHARMACEUTICAL AND
BIOTECHNOLOGY COMPANIES

Keith Watenpaugh
The Upjohn Company

Various speakers ~ Ed Westbrook, Keith Moffat, and Paul Horn — have alluded to
the type of work that we are doing at the pharmaceutical companies.

In order to carry out the rational design of drugs or new proteins, the
pharmaceutical companies and the biotechnology companies must know their structures.
They must be able to do this in a short time span. If a new substrate is being designed
for a protein, we must be able to look at the binding of that substrate and get back to the
synthetic chemist quickly in order to have feedback in the design of new substrates.

The first slide is an example of a small protein as shown schematically. Each
corner in the ribbon represents an amino acid, which represents approximately ten atoms
in a three-dimensional arrangement. Bound into the top of this protein is a substrate. If
we wanted to improve the stability of this protein, which particularly interests the
biotechnology companies, we have some 20 amino acids with which to replace each of the
150 residues in the protein structure. Structural knowledge is essential to restrict the
number of possible experiments to a reasonable number. However, the drug companies,
in general, are interested in what happens when you bind substrates into a protein.

The next slide. By looking at that region of the substrate, riboflavin phosphate,
being bound into this protein, flavodoxin, we could suggest different substrates that
would have different binding affinities. This would be an example of rational drug design
through knowledge of the protein-substrate interactions.

If we look at the same protein from two different bacteria, we notice that we
have different binding modes to the flavin group. We can use this to our advantage in
designing competitive substrates to a protein. If we want to design a substrate that will
bind to one protein and not the other, we need to know the structure in some detail.

Finally, if we want to look at proteins in various oxidation states, high-speed
data collection is very important. Some oxidation states are very hard to obtain and
extremely difficult to maintain for more than a few minutes to an hour or so. We need
to be able to collect the data very rapidly to see the changes in conformation that can
occur in different oxidation states.

These are some of the things that we are considering. And the drug companies
have recognized in the last few years the extreme importance of protein and
macromolecular crystallography. Nearly all of the major pharmaceutical companies have
added crystallographers very recently.

We would like to set up a consortium to develop a beam line for the
pharmaceutical companies. Such a consortium may be possible through Manufacturer's
Association or by a direct agreement between the crystallography groups at the
companies. We are currently, in a very preliminary way, exploring how the
pharmaceutical companies could support a PRT.
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FIRST USERS MEETING
FOR THE ADVANCED PHOTON SOURCE

November 13-14, 1986

Argonne National Laboratory
Argonne, Illinois

Co-Chairs: R.W. Broach, Signal UOP
R. Clarke; University of Michigan, Ann Arbor
J.L. Weaver, University of Minnesota, Milwaukee

DATE/TIME EVENT/PRESENTATION TITLE SPEAKER/CHAIR

Thursday,
November 13

8:1J»-9:OO a.m.

9:00-9:30 a.m.

9:30-10:40 a.m.

9:30-10:00 a.m.

Registration

Welcoming Remarks

Session I

The Argonne Advanced Photon
Source Project

Alan Schriesheim, Director,
Argonne National Laboratory

Harris Fawell, Congressman,
House Science and Technology
Committee

Peter Eisenberger, Chair,
Steering Committee of the
Advanced Photon Source

Session Chair — Arthur Bienen-
stock, Stanford Synchrotron
Radiation Laboratory

Thomas Fields, Argonne National
Laboratory
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10:00-10:20

10:20-10:40
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11:15 a.m.-
12:00 Noon
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a.m.

a.m.

.m.

DOE Expectations Concerning
the High Energy Synchrotron
Source

Overview of the Budget
Process One More Time

Coffee

Session II

Insertion Devices and
Radiation Characteristics

Storage Ring Design

Lunch

2:15-3:45 p.m.

3:05-3:25 p.m.

3:25-3:45 p.m.

Meeting of APS Steering
Committee

Session III

2:15-2:45 p.m. Conventional Facilities

2:45-3:05 p.m. User Facilities at Argonne

Argonne Beam-Line Plans
and Funding Opportunities

Survey of Defense
Laboratories' Needs for
Hard X-Rays

Louis Ianniello, U.S. Department
of Energy

Judith Bostock, Office of
Management and Budget

Session Chair — David Huber,
Synchrotron Radiation Center

Gopal Shenoy, Argonne National
Laboratory

Yang Cho, Argonne National
Laboratory

Session Chair — Boris Batter-
man, Cornell High Energy Syn-
chrotron Source

Martin Knott, Argonne National
Laboratory

Bruce Brown, Argonne National
Laboratory

Gopal Shenoy, Argonne National
Laboratory

Marvin Weber, Lawrence
Livermore National Laboratory
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6:30-9:00 p.m.
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Business Meeting of the
Steering Committee of the
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Cocktails and Dinner at
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sponsored by The University
of Chicago

Peter Eisenberger, Chair,
Steering Committee of the APS
Users Organization
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Ruprecht Haensel, Director
General, European Synchrotron
Radiation Facility, Grenoble

Friday,
November 14

8:30-8:40 a.m.

8:40-11:45 a.m.

8:40-10:00 a.m.

Illinois State Governor's
Message

Session IV (Potential
PRT Plans)
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Director, Governor's Commission
on Science and Technology

Session Chair — Thomas Fields,
Argonne National Laboratory

David Moncton, Exxon

Dale Sayers, North Carolina
State University

Jerome Hastings, National
Synchrotron Light Source

Paul Horn, IBM, T.J. Watson
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Ed Westbrook, Argonne National
Laboratory



162

PROGRAM (Cont'd)

DATE/TIME EVENT/PRESENTATION TITLE SPEAKER/CHAIR
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University

George Brown, Stanford Synchro-
tron Radiation Laboratory
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University
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C.J. Sparks, Oak Ridge National
Laboratory
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Pedro Montano, City University
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J.M. Bloch, Argonne National
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PROGRAM (Cont'd)

DATE/TIME EVENT/PRESENTATION TITLE SPEAKER/CHAIR

11:45 a.m.- Session V (Panel Discussion: Session Chair — Martin Blume,
1:00 p.m. PRT Organization and Brookhaven National Laboratory

Funding Issues)

Panel Members: Arthur Bienenstock (Stanford Synchrotron
Radiation Laboratory), W.T. Oosterhuis (National Science
Foundation), Peter Eisenberger (Exxon), Louis Ianniello (U.S.
Department of Energy), M. Knotek (National Synchrotron Light
Source), D. Sayers (North Carolina State University), Gopal Shenoy
(Argonne National Laboratory), and C. Sparks (Oak Ridge National
Laboratory)

1:00-2:30 p.m. Working Lunch of APS Users Organization Steering Committee
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