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Introduction
It is my pleasure to bring you up to date on the progress of construction for the

Advanced Photon Source (APS) here at Argonne National Laboratory (ANL). Eight
years have passed since an ad hoc committee on "future opportunities and technical
needs for synchrotron-radiation-based research" was formed by the Department of
Energy's Office of Basic Energy Sciences. That committee, chaired by P. Eisenberger
and M. Knotek, proposed that the highest priority be given to construction of a high-
energy storage ring designed to provide fundamental undulator radiation in the hard
x-ray region of the spectrum.1 In reaching that conclusion, the committee consulted
with members of the U.S. synchrotron-radiation-research community as to their
future needs. That example was followed in the planning and design for a facility to
meet the requirements set down by the Eisenberger-Knotek committee. Prospective
users from industry, universities, and national laboratories have been a sought-after
and important source of counsel and inspiration for APS planners. As a result, the
facility that is beginning to rise at Argonne is truly a national user facility.

The APS will have 68 beamlines for research, with that number divided evenly
between insertion device and bending magnet beamlines. X-ray beams emanating
from the insertion devices situated in the APS storage ring lattice will achieve
unprecedented levels of brilliance. Research and development in support of that goal
began well before ground was broken for construction at the APS site. We are now
seeing significant gains in the technologies that will make possible forefront
research at the APS. Synchrotron radiation sources have traditionally supported
research across a broad range of disciplines. The APS will not deviate from that
tradition, as evidenced by the proposals to form Collaborative Access Teams (CAT) at
the APS.

Project Status

Facility modifications
Some significant conceptual changes have been made to the APS Experiment Hall

(Fig. 1). Previously, radio-frequency (rf) apparatus had been housed in two buildings
located on the storage ring. The effect of this configuration was to create two separate
"shadow" areas in the Experiment Hall where no beamlines could be used for
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synchrotron radiation research. The rf buildings have now been eliminated. The rf
cavities and their associated power supplies and klystrons have been consolidated
near the 12 o'clock position on the Experiment Hall. As a result, the two shadow
areas are now combined in one location. The injector facilities, while not altered
technically, have been relocated slightly counterclockwise on the Experiment Hall
infield. Taken together, these modifications have created five straight sections in a
row where there are no insertion devices. That shadow area of some 30,000 ft2 can be
used for a variety of other activities. The first use has given that space its name: the
Early Assembly Area (EAA). Here the magnets, power supplies, and vacuum
system components, which will be constructed in various buildings away from the
APS site, will be brought together and assembled on storage ring girders, thus
expediting completion of the accelerator system.

Additionally, the Control Center, the Central Laboratory/Office Building (CLO),
and the Multi-Functional Building have been reconfigured and now lie in the path of
the shadow area. This change will assure that there is absolutely no radiation in
that area that would require non-radiation workers to have film badges. Access to
office buildings, conference rooms, and libraries will be completely open.

Conventional facilities construction
The current forecast for construction expenditures is consistent with the original

$456 M total estimated cost. APS has spent $52 M to date, with $343 M estimated for
completion. The difference of $61 M resides in the contingency account. Overall,
procurement of construction subcontracts is running at or under budget, due in part
to the current buyer's market. Additionally, APS planners have made the facility
designs more cost effective. The detailed design phase for almost all technical
buildings (with the exception of the CLO and the user modules around the periphery
of the ring) is nearly complete. Conventional facility construction began in July 1990
following ground breaking in June 1990. Site preparation activities were conducted
in the late summer and early fall of that year. Contracts totalling nearly $40 million
are to be awarded during FY1991. In April, work began on the Utility Building, the
first structure to be erected on the site, with completion scheduled for spring 1992.
Also in April, a subcontractor began pouring the 274 concrete caissons that are the
support footings for the Experiment Hall. Other subcontracts recently awarded
include those for the cooling tower, site grading, and site utilities. Work will begin
soon on the Linac/Injection Wing structure, the first step in construction of the
technical facilities. Beneficial occupancy is to occur in April of 1992. Fiscal year 1992
will also see beneficial occupancy of the synchrotron building (December 1992).
Having the storage ring available for commissioning in June of 1995 will allow some
early user beams. Various beamlines will come on over time, with the official
completion of the project scheduled for late 1996.
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Technical components

1. Accelerator Systems Division
The R&D program for APS technical components has benefitted from early and

careful planning and design. As a result, the program is very well advanced, with
many items in the prototype stage and seme hardware for operations already
procured. In FY1991, the detailed design for critical storage ring components such
as the rf cavities, the vacuum system, the storage ring quadrupole magnet system,
and the beam position monitors (BPM) will be completed.

A. Vacuum system
A vacuum system prototype comprising five extruded-aluminum 6063T5 alloy

vacuum chamber segments connected by bellows and conflat flanges has been
assembled. The prototype, which is equivalent to a full sector (l/40th) of the APS
storage ring, permits complete testing of the manufacturing process, the vacuum
integrity, the bakeout process, and the alignment of the chambers. This last factor is
critical, as the chambers will carry the beam position monitors (BPM), which must
be capable of detecting the particle beam position to better than ± 0.1 mm in order to
assure the required beam stability. When a chamber is baked out, the BPMs move
with the expansion and contraction of the chamber material and then must return to
their original locations within very demanding tolerances.

B. Magnets
The APS storage ring magnets are crucial to successful operations, particularly

the more than 400 storage ring quadrupole magnets, which have very precise
magnetic-field tolerances. A second prototype storage-ring quadrupole has now been
completed and tested, and indicated changes are being incorporated into the final
design. A magnet test facility, to consist of four test stands (one dipole and three
multipole), has been established in order to assure that all APS magnets achieve
magnetic field requirements.

C. Girders
The girders that will support magnets, vacuum systems, and power supplies are

central to the performance of the APS storage ring, which will have a low emittance
and heavy tolerances. A resonant dynamical response by the girder to ground
vibrations could lead to an amplified deflection of the stored beam. A girder has been
loaded with a prototype storage ring magnet together with concrete blocks to simulate
the weight of the other magnets on the girder, and three-dimensional dynamical
testing of the girder assembly has been done. Lessons learned from this exercise will
be applied to the girder design, leading to greater stability.
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D. linac
Procurement of the linac has been gratifyingly successful in that linac

components have been obtained under budget and on schedule to date. The first of
these components, led by the electron-gun assembly, are beginning to arrive. The
gun is expected to be operational shortly, and we hope to have electrons accelerated to
60 MeV by fall of this year.

E. Radio-frequency systems
Mindful that radio-frequency systems have historically been a major challenge for

storage rings and synchrotron facilities, the APS staff began very early in the project
to develop an rf acceleration cavity prototype that could be run at high power. Due to
this lead time, the prototype storage ring copper cavity arrived at Argonne on
schedule in spite of earlier subcontractor delays. The cavity has met all performance
requirements and is now undergoing "hot" tests on the rf test stand. This stand
consists of a 250-kW klystron and an rf waveguide to provide power to the cavity.
Synchrotron rf acceleration cavities are being fabricated by Interatom G.m.b.H., of
Germany; delivery of the first cavity is expected in the fall of 1991.

2. Experimental Facilities Division
Insertion devices (ID), high heat-load optics, front-end engineering, and a variety

of associated novel techniques are being addressed by the Experimental Facilities
Division (XFD).

A. Insertion devices
A 3.3-cm-period undulator was designed in collaboration with staff from the

Cornell High Energy Synchrotron Source and installed on the Cornell storage ring,
CESR, three years ago, where it had a very successful run. We are on the verge of a
several-weeks-long run of that device beginning in June. In tests at the U-5 port of
the vacuum ultraviolet ring on the National Synchrotron Light Source (NSLS), the
second prototype APS ID has confirmed our choice of materials and the
constructability of the design. These tests have also demonstrated industry's ability
to successfully construct insertion devices. Attention is now turning to tapered
undulators, devices to produce circular polarization, and other novel ID techniques.

B. Optics cooling
Optical beamline elements at the APS will be required to accommodate intense

heat from x-ray beams. The next-generation light sources now being constructed in
Europe (European Synchrotron Radiation Facility) and Japan (SPring-8) are also
challenged by this problem. Researchers at ANL have settled on liquid gallium as an
optimal coolant for monochromating crystals. Iiquid-Ga is being delivered
efficiently by an APS-designed induction pump. The first version of this pump has
been modified, resulting in a factor-of-five increase in flow rate. New concepts are
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being devised for the monochromating crystals. Combining these advances has
resulted in the ability to move further into the power densities that are appropriate
for these new-generation machines. Power densities in the few tens of watts per
square millimeter, approaching 100 W/nim2, will be manageable. That would
permit the APS to achieve brilliance levels of 1018 (photons • s*1 • mm2 • mr2 [0.1%
bandwidth]-1), corresponding to 5 or 10 mA stored in the storage ring. The full 100-
mA current would afford brilliance of 1019 with a few hundred watts per square
millimeter. Attaining that final level of brilliance is the focus of ongoing R&D.

COptics
In collaboration with R. Bionta of Lawrence Berkeley Laboratory, APS staff

members have been making circular Fresnel jelly-roll structures measuring a few
tenths of a millimeter in diameter to be used as hard x-ray zone plates. These zone
plates have been used successfully at the NSLS to focus hard x-rays into spots of a
micron or so. As work on these novel techniques progresses, one can expect to see a
number of new instruments and new optical devices become available to the user
community.

Project staffing
There are currently 265 staff members at APS, ahead of the scheduled recruiting

pace. Emphasis has been on adding technical staff in the Accelerator Systems (ASD)
and the Experimental Facilities (XFD) Divisions. It is particularly gratifying to have
John Galayda as Division Director of the ASD. His appointment places that Division
in the hands o/ someone who has had the experience of designing, constructing,
commissioning, and operating the NSLS, experience that is critical to the APS.

User Issues

Collaborative Access Teams
Nineteen proposals to form Collaborative Access Teams, requesting use of 44

beamlines, were received for screening by the APS Proposal Evaluation Board (PEB).
These proposals represent more than 400 principal investigators from 18 industries,
77 universities, 7 medical schools, and 19 research institutions (national labs and
others). There have been 12 requests for APS standard undulators, 4 each for two
types of wigglers, and 4 other devices have been requested. Scientific disciplines
represented in the proposals include structural biology, materials science,
geoscience, chemical science, soil/environmental science, medical imaging,
biophysics, and basic energy science.

Scientific Review Panels
The PEB is now commissioning four panels for the scientific review of proposals to

form CATs. This review process will include an effort to think through the
standardization of beamline components. The objective is to assemble the most
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reliable beamlines for the lowest possible cost, and to put as much engineering as
possible into the fewest devices required. This review process is to be complete by
October 15,1991.

Independent Investigators
Each sector on the ring will be managed by a Collaborative Access Team (CAT),

which will make at least 25% of its beam time available to independent investigators.
A number of proposed CATs are structuring themselves so as to afford considerably
more than 25% of their beam time to outside users. That is particularly the case with
proposals put forth by the ANL's programmatic divisions. The Basic Energy
Sciences Synchrotron Radiation Center that is being supported by the ANL Materials
Sciences, Chemistry, and Physics Divisions is planning to provide 50% of its beam
time to investigators from outside ANL. Plans for the proposed Structural Biology
Center call for allotting a major share of beam time to the external research
community.

Collaborative Research Program
A new Collaborative Research Program has been instituted to further cooperation

between the APS and outside users who have an interest in a particular
instrumentation development idea. Users will be invited to present formal written
proposals, which will be reviewed by members of the XFD staff and the APS Users
Organization Steering Committee. Accepted proposals will receive expertise and
support, such as engineering, from the APS to complement resources brought by
users.

User housing facility
A new, on-site, 240-bed housing unit to accommodate APS users without a

residence in the Chicago area has long been a goal. A vacant parcel of land within
walking distance of the facility has been selected and is the subject of environmental
studies required for construction approval. Insights gained through consultation
with user administrators at other synchrotron facilities have contribute greatly to a
conceptual design,which is now well advanced. Discussions with the State of Illinois
on this idea began in 1986 and led to a commitment by then Governor James R.
Thompson to provide State financing for such a facility. Five years later, Illinois'
financial situation is more austere, but we believe the State will honor its
commitment.
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Fig. 1. Plan view of the Advanced Photon Source
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